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MACHINE DESCRIPTION

The Spiral Reader is a machine designed for fast measurement of T2 inch
bubble chamber film. Measurement is by the digitization of darkened points on the
film as a slit admitting light to & system of photomultipliers is spiraled out from
an event vertex. Coordinates of digitized points are recorded, stored, and output
on magnetic tape. The Spiral Reader is operated in conjunction with a PDP-4 com-
puter which partially controls machine functions and stores data prior to its output.

A TO9M computer program called POOH sorts the dlgitized points into tracks
and decides which are associated with the event whose vertex was measured. The
result is data which resembles Franckenstein output and can be operated upon by the
normal Panal and Package programs for analysis.

PREPARATIONS FOR MEASUREMENT

No measurements can be made unless an output tape is readied and the meas-
uring program loaded in the computer. If you are the first operator of the day it
may be necessary to do both of the above.

QUTPUT TAPE

To begin a new output tape select a blank tape from the rack on the tape
unit and label it according to the example in the Output Tape Log. Number it one
greater than the previous tape which has been removed and fill in the required in-
formation in the Output Tape Log. The tape is hung according to the diagram on the
unit and made ready by pushing in sequence the buttons, "Reset”, "Low Speed Rewind",
and "Start", so that the "Ready" light comes on. There is a location in the measure-
ment log for entering the tape number ."S.R.No.".

Output tapes are to be hung, ended, and disposed of as follows: When the
machine is run only at night (weekdays), tapes are to be ended at 6:00 a. m. and a
new one hung. The operator is to fill out the computer job sheet and designated
computer output tape labels and then deliver the Spiral Reader output tape to the
computer center input-output area on the first floor of Bldg. 50-A. When the
Reader runs 24 hours a day (weekends), the tape is to be ended and the above procedure
followed twice daily, at 6:00 a. m. and 6:00 p. m. Examples of the jobsheet and
labels are posted’at-the Spiral Reader.

A tape is ended by writing an "End of File" on the tape. This can be done
after the completion of an event by typing nine X's on the typewriter at which point
the machine will respond with "Magnetic tape ended, unload it".

LOADING THE MEASURING PROGRAM

The measuring program (PDQ) is loaded into the computer via paper tape.
This is accomplished through the following steps: '

1. Check that lights in aluminum box near computer console read "oK",
if "ERROR", call Electronic Maintenance.

5. Tind the current version tape of PDQ in the racks on the front of the
computer.

3. Press "Examine" switch on the computer console.
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L, Toad the paper tape into the reader, placing the tape in the box on
the right side of the reader. Flip up the handle in the center of
the reader and insert the tape such that the drive holes in the
blank leader on the beginning of the tape are nearest the back of
the reader. The tape must be pushed all the way back over the reading
head and the handle flipped back To its original position.

5. Set the address switches on the computer console to the octal location
17770.. This is accomplished by putting the left ten switches in the
up pobition and the right 3 down. »

‘ 6. Press the "Start" switch on the computer console. Paper tape should
| now begin passing through the reader. If no response, check switches
3 and tape reader and press "Start" again. If the Tape sTill doesn't
begin reading, refer to page two of the binder labeled "Operator
Instructions”., A successful start is evidenced by the printing out
on the ty~ “riter near the Reader console of the following:

2%

GREETINGS

oP (3)

If the tape cannot be made to load, call a programmer for assistance.

FIIM HANDLING

Film is handled in the reader in much the same way as on a Franckenstein
except that the film drive is put in the loading mode by raising the drive lid.
Closing the 1id enables the drive. Film is loaded according to the diagram taped
inside.the drive unit. The film is advanced by means of the film joystick on the
left side of the console. To find a specific frame, push the view three button with
the stage moved all the way forward. The proper frame will then be found by moving
the film so that the data box appears closest to the operator in the image projected
on the Spiral Reader table.

MEASUREMENT

on the right. Close examination of the image in the center of the table is afforded
by the magnified picture shown on the television monitor in front of the operator.

I7 for some reason the event should not be measured, ignore it and move to the next
event on the list.

ﬁ! Iocate the listed event on the frame by moving the stage using the joystick
I
|

INDICATIVE DATA

Typé-in the indicative data in response to the machine according to the
specified format. See the follewing page for an example:
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0P (3>088
YYHMDD>64ﬁ2ﬂ@
T I 'ﬁ:‘; 57

;‘3? 33035
«\.OL (&5)33g6

3VCCC 2UCCC 1VECCs 224 Sk,

SYCCC_2YCCC IVCCC 156 SEC.

Bach word of indicaitive data is entered by pressing the space bar. The machine re-
sponds by asking for the next word. If a mistake is made typing indicative data

and you realize it:

‘(a) Ybefore depressing the space bar after the mistake, press "Llne Feed"
' and type in the correct information

(b) after the space bar has been pushed, continue pushing the space bar
until the comment BT(2) has been passed. Now type the letter "s",
The mechine should again ask for OP(3).

FIDUCIALS

Depress the three buttons labeled: "Group 3", "Group 2", "Group 1", so that
all .are blue. Press the button labeled "View 3". '

The next step is the measurement of fiducials. Six in all are measured.
The order of their measurement is as follows:

FID near rake 13 View 3

11 1 1 1 " 2

H 1 it 1 1 l

FID near rake 2 View 1

1 1 14} 1 1

2
W 17 n m 1]
3

(The ‘Spiral Reader switches views automatically for fiducials)

The actual measurement of & fiducial is effected by centering the television
screen image by use of the joystick and handwheels so that the crosshalrs ccater on
the fiducial mark and pressing the button marked "FID". Each time the button is
pushed, an "F" is typed out on the typewriter.
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VERTEX

When all fiducials have been measured, the next step is to center the
television screen crosshairs on the vertex of the event in view 3. Press the "Vertex"
button. The view number is then typed out. If the measurement is successful, the
letter "V" will follow the view number after a few seconds. Occasionally the machine
returns an error comment. What to do in this event will be explained later.

Note that a display of the vertex measurement appears on an ‘oscilloscope in front .

of the operator. This 1s a plot of increasing:azimmh along the X-axils, and increasing
radius along the Y-axis. The display should be consistent between views. If there
are horizontal bands showing no points or the display is chopped off, call Electronic
Maintenance. : o

CRUTCH POINTS

After the vertex measurement in view 3, crutch points in that view are taken.
They are recorded by pushing the button marked "X-Y". ©Place one point on each track
of the event beginning with the beam track, moving clockwise around the event Vvertex.
It is essential that crutchpoints in views 2 and 1 be put on tracks in the same order
as in view 3. :

POOH is assisted in its job of sorting and reconstruction by the placement
of "erutchpoints" on each of the tracks of an event. The operator is required to
manually measure one point on each track to label for POOH those tracks which are
associated with the pertinent event. ©POOH discards all data on a track which are
beyond the crutch point. To get the most meaningful.data, crutch points must be
placed as far out on the track from the vertex as possible while keeping the event
vertex within the circle drawn on the Spiral Reader table upon which the film image.
is projected. If the track leaves the chamber, stops, decays or scatters, then the
best placement of the crutch)point is rat.: the point of decay, interaction, etc. Also
a crutchp01ng should not be put past a point on a tradk where it has curved through
more than 20  of arc from the vertex.

After measuring all crutchpoints in view 3, push the button labeled "View
Complete" and change to view 2 by pushing the appropriate button. PFollow the same
procedure as in view 3 starting with the vertex. - Push "View Complete" and move to
view 1. Finlsh view 1 and push "View Complete". Now depress the button marked
"ADV" (advance) to move on to the next event. All events are measured in all 3 views.

Should you measure some part of the event incorrectly, you can at any point
up to pressing of the "ADV" button delete the event by means of the "Delete Frame"
button. You must then begin the measurement over, starting with the fiducials in
view 3. When you are finished measuring for the day fold up the paper printed by the
typewriter and place it in the binder labeled "Online".

"FERRANTT CHECK

Every hour on the Spiral Reader a light labeled "Ferranti Check" (red) comes
on and the logic prevents the measurement of any events past the one which might be
in progress. At the completion of the event a scalar return check of the Ferranti
system is to be made. A check should also be made after the first event measured.
There is no manual reset in the system, but a reset occurs w1th the measurement of the .

first fldu01al of an event.

\

Behlnd the operator in the electronic racks are two groups of lights each of
three columns. The top group is the X-~-display, the lower is the Y-display. Each
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group confains 18 lights of interest. These lights display the coordinates of the
crosshairs on the stage in the following way:
7

lé

o ' | O el (23 alke Ferranti reset position
0 O '
o . ~
o o Lights on = 0O
O A Lights off =
D/“.’El oM af? Jans CW47‘> O ) .
2oy cosed 9| O " é 2 8 ,?_1’ Octal location indicated here
o —sl @& |#27 e O e equals 1TTTTT

When the Ferranti display shows the reset coordinates (before movin% the stage after
the first fiducial of any event), only the light labeled here as "2 " should be on.
The light labeled "direction of last count" indicates which way the stage is moving.
On indicates the stage is moving to increasing values of x or y, off ‘indicates de-
creasing values. The test consists of driving the stage around randomly for a short
period and then centering agein carefully on the first filducial. ‘If the Ferranti
display doesn't agree with the reset pattern to within + 5 counts, you should run
the test after the next event also. If the test again - fails call Electronic Meinte-

nance.

Error comments typed by the machine under certaln circumstances are listed
below:

Measure vertex again - insufficient data
Timer overflow from vertex '
Error stop, no data input, continue starg
Binary écala.r errozi '
Tape is busy when it’ shouldn't BE
OQutput buffer not ready

The operator response to the above comrhents is to measure the point again.
If the error comes often call Electronic Maintenance. If you get the comment:

' Error stop, see PDQT
try restarting the program. If restarting doesn't help call a programmer.

.The comments:
Vertex expected

Fiducial expected

Crutch points expected
indicate probable operator error. The proper point can be measured as the machine

ignores the wrong sequence measurement.
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If the machine gives trouble which yoﬁ cannot correct, make sure that
someone on the list below is notified: '

Machine Trouble

Electronic Maintenance ’ 586#
Mechanical Maintenance 5289
Jerry Butler 522-4873

‘Progfém'Trduble

Jim Baldridge
Jon Stedman’

Programmer s Office: Jim Burkhard ) 5711

Frank Hodgson)

Other Trouble

Glenn Armstrong 5711, 843-3216
Willard McCarty 5885, 843-5165
- Jack Lloyd : 5885, YE4-2Th5

Gerry Lynch . © 5001, -LA6~5260
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The first few‘steps in %he analysis of bubble. chamber film are fairly standard.
" Events are scanned and then measured; the output from the measuring machines is fed

into a coppﬁfer, and a set of interpretations is tried fof each event. Fitted physical
quantities“such as momenta, coordinates, and angles of the tracks, and statistical
results from trying the.various hypotheses are stored on data summary tapes; and the
set of summary tapes serves as aﬁbasié for the phyéics to be extracted frbm’the
experiment. i

At the foundation of all subsequent analysis, however, lies the problem of
identifying the particle that made each track in a given evgnt, i.e. which'hypothesis
is the correct one. TheAcomputer unambiguously identifies many events‘by conserving
energy and momentum, but some events still remain ambiguous after the computer has
processed them. Looking at these ambiguities is one of the ways in which we "clean up"

the data and make our interpretations more likely to be the correct ones.

II. How the Computer Fi@s Events

Consider the case of a simple tws-prong in anti-proton film. The two simplest
interpretations are: - .

1) P+P>P+ P 3

2) P+ P->n-,+vn+

From measuring machine data we can find the components of momentum of each of the

three tracks ~- nine pieces of<informat10n in all: Plx’ Ply’ Plz’ Péx’ Péy’ Iéé,

P3x’ Fzy'.PEZ' For each track the computer calculates the momentum midway along the
track. The momentum at the beginning of each track is then extrapolated from the

midpoint value using an energy loss formuls which depends on the mass of the particle

assumed. So the sets of nine momentum cbmponents will be different for the two




LAWRENCE RADIATION LABORATORY = UNIVERSITY OF CALIFORNIA ' MEMO NO. PAGE

PHYSI1CS NOTES NFD 542 2

SUBJECT NAME
INSTRUCTIONS FOR SCANNING AMBIGUITIES ﬁigdw Hess/Emerson
' ‘ Feb. 11, 1965

interpretations.” We can also calculate the energy of each track using a well-known

‘vjm Py +RY +Pa oy !

I
='7b/rd:;r"T§§:+’P§5'+'F§ﬁz

relativistic formula:

_\/mz *?w"’ 33'\'?1 '

Now our interaction must conserve momentum and energy, so we can write:

- 6) Plx.=~P2x + IBx

1) Py =B+ Py

8) PlZ P2Z I P}Z

9) e =&y + &g

The computer now compares the left and right hand side of gach équation.
Tf our measurements were infinitély‘accurate, th§ problem would be soived. One (or

both if some other reaction took pléce) of. our sets éf values just would not match up
and we could discard~th;t possibility. Unfortunately things_afen't that simple;
because of errors in measuring, turbulence in'the bubble chamber, ete, neithe? set of
values will match up exactly. '

For each hypothesis the values of the p's and e's are pulled from their
measured vaiues until there is agreément in all equations; theh s quantitative measure
of how much pulling was done is calculated. Thi%neasure, a function of measured values,
pulled or fitted values, and errors of the measured values, is called chi-square. It

is so constructed that "good" fits have low values of chi-square and "bad" fits have

high values. We expect the correct interpretation to have the lowest chi-square most

Hf the time.
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Suppose now we include the possibility of a third reaction into our set:

10) P+ Pox +x + x°

Here we cannot measure Phx’ Phy’ or th <80, roughly speaking, we proceed as follows.

We use the three equations of momentum conservatlion to solve for the values of Phx’

Pl;y and P, and then use these results to find e, (e,+ = \Fm}f—\- Pax -\—’P;"j +?E )
Now we can still test the energyibalanceequation for consistency, but it is the only one
we have left to make such a test. Again we can form a chisquare, but sinée chisqua:e
is a sum of positive terms, one for each equation, (or constraint as it is called)
it is incorrect to compare the chisquare for reaction (10) naving one constraint
with chisquare for reactions (1) or (2) having four constraints. For comparison
purposes there is another function, called confidence level, which depends upon
chisquare and the number of constraints. Confidence levels can be compared directly
and, if no additional information is available, the computer chboées the .interpretation
with the highest confidence level. .

Finally, -suppose we add one moré pi zero to the right side of our reaction

1) F+Pon +a +1°+2° | i
In this.case we are stuck. Weha#e six unmeasured momenﬁum components, (three for
each pi zero) and using all of our equations we cannot reconstruct the event, let
alone have any equations left ovér to check for agreement. What is done is to use
the four éonservation equations to calculate what mass one neutral particle would havq*
in order to conserve momentum and energy in the reaction. This mass is called the
missing mass. Note here that no quantities are pulled and we cannot form a chisquare
as we can with the fitted hypotheses; So that we can compare reaction (11) with (1),
(2), or (10), a specially constructed confidence level is computed.

Hyperon events are more complicated than the simple two-prongs described so

far because they involve more than one vertex and momentum-energy conservation applies
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to each. H&perons are fitted by two different tecﬁniques: CPM chains and multi-
vertex fits. In CPM chains Eggg;of the tracks are fitted first; the fitted momentum
‘of one of the particles is then used as input "measured" momentum at the next vertex
and so on. For examble, in an e&ent type 52; the §ee-is tried alternately as a kaon
aﬁd & lambda decay, and then the_fitted momentum of the kaon or lambda is used for
checking the momentum-energy conéervation'at the production vertex. Iﬁ the case of'
sigma decays the length of the sigma frack is often so short that an accurate momentum
measurement is impossibie. Ther%fore in addition to trying a decay fit and then
moving back to the prod;ction vertex, a two-vertexifit is also applied in which &1l of
the tracks of both the production and decay vertices are used at the same time.

For a great number of évents, all but one of the hypotheses tried will fail
(failiﬁg hypotheses are those which have extremely high chisquares and hence extremely
low confidence levels), and the event is called unambiguous. For other events two
or more interpretations will have confidence levels above a chosen cut off point and
these are-labeled;aﬁbiguous. For these events it is desirable to use whatéver addi-
tional information we have at ourdisposalito eliminate hypotheses so that we may be
more sure ofwselecting“fﬁe correct interp}etation.

|

IIT. The Computer Peintout

For each event that is ambiguous and that is "potentially resolvable" (one
_Or more 6f the hypotheses could possibly be eliminated) we obtain a page or two of
pertinent information from the data summary tapes. ' These data are divided into
several blocks of varying importance.
A, Identification Data
ROLL, FRAME, BEAM TRACK, and EVENT TfPE give the usual information.

The number following MEAS is how many times the event has been measured. CL is

. |
increased each time the event Boes through Program 19, and this happens each time the
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event is looked at on the scanning table. MPNO and OPNO are the numbers of the

measuring machine and the measurer respectively.

B. CPM Data and Coordinate Data

The CHISQ, RJ/COMB, IC, and TRACKS are given for each CPM. This information
will not ge usea in ambiguity reéolution work. The beam average and error give the
approximate momentum of the beamvfor that roll and'the.error associated with it. The
beam averagepmomentum isiaveraged'with’the measured beam momentum for a given event
so that shoft'inacauratély meésuréd beam  tracks still have good momentum estimates. The
coordinates of the beginning (meééured point closeéﬁ to the window) and the end (point
at the producfion verte#) of the :beam track are given. The origin of the coordinate
system is on the bottom of the chamber betwéen rakes 7 and 8 and approximately midway
between the sides of the chamber. The scale of the system is in centimeters. It is a
right handed coordinate system as seen on the scanning table. X rums from left to right
ranging from -21 cm., to +21 cm. Y runs the length of the chamber from -85 to +93 cm.
Z runs frém the bottom to the top of the chamber ranging from O to 39 em. The dip,
azimuth and momentum a@ the end of the beam track are also given. The dip (aléo called
lambda) is the angle'ihé track makes with:the X-Y plane., Positive dip means that the
track is rising. The azimuth (also called phi) is the angle between the X-axis and the
projection of the track}in the X-Y plane.. Both azimuth and dip are measured in degrees.
The dip ranges from -90 to +90 degrees and the azimuth ranges from O to 360 degrees.
The information in CODE and WEIGHT have to do with fiducial volumes, escape corrections

and other related matters that do not concern ambiguity scanning.

C. Pang Data .

This block gives ihformation about measured (as distinguished from fitted)

values for each track. [For each track number the first quantity given ié the mass in
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Mev of a particle that could hafe made it. A minus sién indicates that the charge of
the track is negative. The second quantity is the length of the track in cm. This
. 1s the length in space along the track from the first point measured on it to the
last one measured. Next come the beginning and ending momenta of the track. They are
different because of energy loss,- and different for particles of different mass be=-
cause the energ& loss will not bé-the same. The ngxt guantity DP/P is very important.
It is the uncertainty iq the moméntum divided by tﬁe momentum itself. When this
quantity is above .5 it means that the momentum of the track is difficuit.to determine

from the measurement. The dip and azimuth are values at the track beginning.

PARC and KPTEST give information on the range of tracks. Using the length

of the track as given earlier and, the range-energy relationship, the starting
momentum that would cause a particle to travel Just that far is calculated and listed
under PARC. To see if the track really did stop PARC is compared to PBEG. The
difference of these two numbers is divided by the estimated error in the quantity and
the result written under KPTEST,(actually'the reciprocals of the momenta are used but
the concept is the same). When this number is negative it means that PBEG is-smaller
than PARC and the partigle assumed for that track in actuality did not have enough
momentum to make a track as long as measured. This is probably as hard to understand
as to explain, and you aie best off by setting‘ap & few hypothetical examples and
thinking them through until you are convinced that for most tracks the KPTEST will be
large and positive, for stopping parﬁicles it will_be near zero, and for incorrect
assignments it will sometimes be negative.

The quantity *DENS* gives the expected ionization density of a track
corresponding to the measured value of momentum and is explained in the section on
ionization. The colum headed PRANG gives the production angle in degrees of each track

leaving the production vertex. For tracks leaving a decay vertex PRANG gives the angle
between the parent particle track and the decay product track., For those tracks

which decay (including neutrals) EFM gives the effective mass of the particle o :
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computed from the decay product tracks. For tracks from a vee decay EFM gives the

opening angle. PRANG and EFM are used primarily in failing event analysis.

D. Fitted Data

Followingvthe bank of Pang information is a set of information for
each "still-possible" CEM. For fitted CPM's "still-possible” means that X

isn't too high. For missing mass hypotheses "stiil-possible" means that all connected

CPM's are "still-possible".

o
[

|
A CPM is either a vertex fit or a missing mass hypothesis. There are

three kinds of vertex fits.

1. Decay fits: The fit of a decaying particle will always be listed:

as a vertex fit. TARGET 1 will

Next will appear CHISQ (IC = N)

chisquare for the fit. The confidence level will not be calculated for a decay fit.
Next are given the mass, azimuth (PHI), dip (LAMBDA), and momentum of each track in
the fit. The quantities XI(PHI), XI(S),iand XI(K) are a measure of how much the azimutl
energy, and curvature had to be changed ﬁo satisfy the constraints.
is how much you changed the quan%ity divided by what you would expect to change it by.
Lastly, the ionization:density 5ased on the fitted value of momentum is given. The

ionization from fitted momentum, rather than measured date shéuld be used when

resolving ambiguities.

2. One=vertex producfion fits: An ordinary production fit.will have

TARGET 1 = 938.2 and TARGET 2 =‘-1¢0. Chisquare and the number of constraints are

0. and TARGET 2 will = -1.0 (meanihng: no target 2),

X where N is the number of constraints and X is

given and used to compute the confidence level. The confidence level is the

probability that chisguare with that many constraints would be higher than the one

calculated.

3, Two-vertex fits: These fit a production and decay simultaneously.

The number given




LAWRENCE RADIATION LABORATORY ~ UNIVERSITY OF CALIFORNIA NFD MEMO NO. PAGE
PHYSICS NOTES 542 8
susJeCT ' Hardy/Hess/Emerson
INSTRUCTIONS FOR SCANNING AMBIGUITIES DATE
Feb. 11, 1965

TARG 1 = 938.2 and TARG 2 = 0.0. On two vertex fiis the measured momentum of the
decaying particle is not used in the fit. Two vertex fits are used only in 62's, T2's,
. B2's, 8h's, 92's, and 9k4's.

A CPM can also be a missing mass hypothesis. This means that at least
two neutral particles went off and were undetected. "The momenta and energies of the
detectable particles are added ﬁp to see what energy and momentum has to be included
1o conserve momehtum and energy. These numbers are written as missing energy + its
error, and missing momentum * ité error. Another quantity and its error is also cal~
culated from these. It is the ﬁissing mass squareq calculated by taking Ei - Eﬁf
Also written down is the minimum possible value for this quantity and a confidence

level for the CPM. The values of momentum used for the detected particles come from

previous decay fits or from the measured values.

~

IV. Test and Techniques

Ambiguity resolving consists of applying as many as possible of the
following tests to each CPM of an event énd discarding those hypotheses which are

inconsistent with your observations. f

A. Ionization Density
This is the stréngest test that is applied to ambiguity resolution but
it must be understood and used with care since the tendency to rely on it too heavily

is strong.

To a very good approximation the density of bubbles along a track is given
by 10/62 where Io is the minimum ionization density and B is the particle's velocity
divided by c. In terms of momentum and mass

2 (» mﬁﬁ ~ . . 2 .
(\2) B T+ (P m)2 (P and M given in MeV/c and MeV/c™ as on the printout
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Note that for a given momentum, heavier particles will have a smaller B
than lighter ones and hence ionize more. From (120 can also be seen the rule of thumb
" that the density will equal 2Io'when P is equal to the particlds rest mass. In the
bubble chamber we of course will not view each trackrperpendicular to its line of
flight and the apparent densitinill_depend upon the angle of dip of the track. On
the printout for each track of each hypothesis is printed the "apparent" density

factor 1/ ﬁ’- cos A Wﬁere A is the dip angle. Since the views are different

the cog¢ A factor is just an average over the three views. For nearly horizontal
tracks the variation in density .  from view to view will not be much but extreme

care needs to be taken for steeply dipping tracks
To apply the ionization criterion, look at the density factor computed

for a given track under the various hypothesés; the vertex fits and the missing masses.
) The ionization as seen on the table must be consistent with the factor presented in
the fit. In some cases there will‘be no problems; a track will be minimum ionizing wher
& hypothesis calls for 8.0. In most situations, however, the selection will be much
more difficult. Almost all of the time you should be abie to tell a 2,0 from.a 1.0
and almost none of the time can you tellsl.h from 1.0, or 8.0 from anything higher.
To check what 2.0 }ookg‘like you can look at two superimposed beam tracks since single
beam tracks in this experiment are always minimally'ionizing. Use tracks ﬁhich'you
know tO»compare‘unknoﬁh‘tracks. For example, if you havg a kﬁown 1.5 you can see if
the unknown track ionization‘is lighter or heavier to decide between 1.2 and 1.9.
For lightly ionizing tracks pay attention to the frequency and lengths of gaps.

| Try to compare the‘ionizaﬁion near the beginning of the track. Tracks
at the top of the chamber have a higher apparent density because of different »
hydrogen conditions,and'a rising trackrcan change ionization noticeably. Be careful

of very short tracks since the density factor represents an average. (Bubble formation

is a statistical process and we expect statistical fluetuations to occur. On long
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tracks we -sometimes see long gaps or dense spots but are able to judge the density

over a long enough region to see that those segments are atypical. On short trapks

. we have no such recourse). For a short track, a deviation from the average could signi-

ficantly change your estimation of the ionization.

Bubble chember conditions can change from roll to roll and even from frame

to frame, having a drastic effect on bubble density. Always use nearby beam tracks

and known tracks to calibrate yburseif for each event.

B. Delta Rays

A S -ray of given radius can be produced by a particle of given mass

only if that particle has at least a given minimum momentum.

momentum P, energy W, and mass N,

' 2‘"\&? W+ We)

’O (A\NEWESY =
v

ax 22.3 [ (Mamel + 2We (W= M)]

The exact formula can be approximated fairly well by

/e\m‘(wwess = %3 WRWERE V'L: y=l

i
N '

The factor 22.3 is from the templates which give P(MeV/e) = 22.3 /0 QLD

;. = Ni+n®

For a particle of

This takes into account scanning table magnification but is only exact in the middle of

the chamber. At the top the factor should be 18.0 and at the bottom it is 24.0.

Look along:all tracks except the incident beam to see if delta rays are

present. Use the circle template attached to this memo to find the minimum_momenta

different particles ﬁust have to cause such delta rays. Note that for a given

momentum lighter particles can produce biggerhdelta rays than heavier ones. This test
the

can be used'only to rule out the heavier, not/lighter of two particles. Be sure that

the circle selected fits snugly along the beginning of the ray and for dipping deltas

and hard to measure ones be conservative by using a smaller circle.

The momentum
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for a track o a given hypothesis must be larger than the minimum from the template.
The two numbers given on the template refer to 8 ~rays made in the top and the
‘middle of the chamber. For S'-rays at the bottom of the chamber usé the momentum

value for the middle of the chamber.

C.. Information from Range

In addition tq calcula%ion of the momentum from the curvature of the
tracks, a'momentum is computed b&;making the assumption (usually false) that the
particle stopped at its last measured point, using the mass dependent range-energy
formula. In most cases - this momentum will be less than the one calculated from
curvature since most particles leave the chamber rather than stop. For a correctly
identified stopplng particle, the values should be very close to one another. In
some cases, however, this momentum will be higher than the one from curvature, i.e.
the particle should have stopped before getting that far. To facilitate using this
test, the printout in the Pang data section contains a heading of KP test. Large
positive values of KP give no information; values near zero indicate that the track
should be checked for stopping. Large neéative values (more negative than -3.0)
state that the track is inconsistent with ‘the given particle 1nterpretat10n. In
computing the KP test, PARC is calculated using the measured length of the tracks. It
sometimes happens that the actual length as seen on;the scanning table is longer than
the measured length because tracgs are chopped or are longer in one of the views. Also
if a track has a secondary interaction we can infer that it would have been longer had
it not interacted. If, .in computing PARC we somehow were able to use these lengths
rather than the measured ones, we would obtain a larger value of PARC. This in turn
would make the value of KP less positive or more negative since PARC is subtracted from
PBEG. Therefore, when a borderline case occurs (i.e., KP = -2.7) and we see that the

measured length is less than the true length we can throw the hypothesis out since the

KP should actually be more negative.
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D. Stopping and Decaying Charged Tracks

A stopping positive track must be a proton. Check all heavily ionizing

. tracks to see if they are stopping. If they are, use a stopping template to identify

it. Remember that the template agrees very well only for tracks with small dip angle.
A p-e decay can identify the particle as a kaon or a pion. The u from a
kaon can go much farther than a-'p. from a pion; the u from a pion at rest will go

about l.1 cm.

1
1

Information can be’"gained by observation of secondary interactions. For
example when a pos:.tlve particle interacts and two protons leave the vertex the in-
coming positive. particle must have been a proton in order to conserve baryons. (only

true in Hy £ilm).

E. Neutral Tracks

A Dalitz pair at the productuion vertex indicates either a z° was
produced (2° 1% e+ &) or a x° was produced (°-» ¥ + ef + ¢7) and only
CPM's consistent with the production of one of these particles should be kept. MM
hypotheses are always consistent with = { production. When you see a mid-air Dalltz
pair it could have come fromaA (A ->n+n: -1+ X + e + e ) or fromaKo
(x° - L ra’a3Y + o e-‘v)i. Since & x° travels only a short distance (lO")+ cm)
before decaying you can check the output for a Ao or a K° produced in the direction of

the Dalitz pair. (Favoring a CPM with the neutral produced in that direction).

Dalite Poie

%vcw\ A o w® Carvmpirom 2lecteon
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Slightly less useful than Dalitz pairs are pair productions ( ¥ - éﬁ+e5.
The vee will point to where the 'K was produced. ' A pair production Vee pointing
* to the production vertex indicates production of a x° or a z°. e e e triplets and
Compton electrons convey the same informetion as e+e-dpai¥s except Compton electrons
don't point ba;k to production.

When a neutron is produced (at production vertex or decay vertex of a 2)
it can react with a proton making a régoil,proton visible in the éhamber ar 'a neutron
star (if it has more thén 790 MéV/c). Observation of these interactions lets one

pick CPM's with neutrons going off in the direction of the interaction.

7. Computer Oversights

In the fitting of events, the length of decaying tracks is not taken
into account and extremely long tracks are less likely to be decays than short ones.
The mean free path for a decay is given by

N = BET
For a Z°, A = 4.8 cm, for a Z+f 2.4 em (when P = M). In deciding between a 2~ and a
K~ the particle has to.go sbout 5.2 I~ mean free paths before it becomes. more likely
to be a K. (6.0 meen lives for a ). a particle will travel more than 6 mean free
paths only %-percent of the time.

In missing‘mass hypotheses, since no fits are made, kinematically
unallowed situations sometimes get gonfidence levels above the minimum l;mits. Check
the production angles of baryons to see that none come backwards in the lab. For a
given beam momentum and production hypothesis more stringent conditions exist (see
graphs at the end of this memo) but the forward production rule will always apply in
hydrogen film. |

In two vertex fits of sigma hypotheses, the magnitude of the sigma

momentum measurement is always thrown away. For most events the tracks are so short,
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the measuréed momentum is very inaccurate and nothing is really lost by doing this.
For longer tracks, however, the momentum is known fairly well. For some of these

- events the momentum as fitted in the CPM will bé inconsistent with the measured value
and the FEM shoula be rejected. On two vertex fits, therefore, Check the error
DP/P of the kinked track and if it is £ .3, see that the fitted momentum is within

the range of the measured momentum * 2BP (DP = DP/P XP)

(>~ Confidence levels
? You need not invesﬁigate CPM's ﬁhich have a confidence ievel of 0, or
0.000. The computer automatically considers them as eliminated.
In deciding between .CPM's in general, you should completely ignore the
confidence levels; do not let them bias your decisions. It is to be exptected that
occasionaily a CPM with a confidence level-of .99 is thrown out while one -of .0l is

retained.

V. Comments. on the Printout

For each event cross out each CPM that is inconsistent with your
observations of the event. Cross out also each CPM that depends upon the ones already
eliminated. For exampie, if you decide that the vée in an event type 30 is a kaon
rather than a laﬁbda, eliminate all production CPM's that have. track L as a lambda.
Refer to Scanning Memo 507 to see which CPM's are connected to one another. Pay
particular attention to event types 6x, Tx, 8x, and 9x, for which the coﬁnectiogs
cannot always be direct;y‘inferred from the output.

Occasionally you will decide that the informétion for the event is totally
in error. The event should be completely crossed out and an appropriate comment made

at the bottom of the printout. Comments are: remeasure, remeasure as an event type xx,

discard (with explanation), or zoon.
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Events should be remeasured if any df the Pang data is in error such as
an obviously wrong momentum, too large an error on a long track, a stopping track not
" measured along its enﬁire-length, t00 small an er?qr on a short track, or tracks too
drastically chopped to give good fits.
The most common event type mislabeling ocuurs in event types 82, 92 and 30
in which an‘éssociated vee is missed. CTheck carefully in the direction of "missing"
strange particle (as éetermine@vin the fits). If a vee is found, have the event

remeasured with the appropriate event type. Less common are other errors such as

calling a 30 with a vertex Dalitz pair a 32 and labeling an 82 as a 92.
Discard events are events for which the correct interpretation is something

of no interest to the. experiment. For example, & two prong with the subsequent

scatter of a pi minus will sometimes be called a 92, or the vee for a 30 may be an

% 3 electron-positron pair. Note that events should be junked only if the correct inter-

' pretation is no longer of value. A T2 whose vee turns out to be an electron pair

should be given the comment Remeasure as 3 92.

Diséard events which are outside of the fiducial volume or fail the beam
criteria as Stated in Memo 507. If an event should actually be a zoon for some reason,
label it as such.

For events in which a neutral interacts, process the event as you would
normall& (using what information you can from the interaction) and make a comment at
the bottom of the output for the event.

For events with vees and for which both the lambda and kaon hypotheses
have high chisquares ( 2 20) examine the event carefully to see if both decaying
tracks are properly measured and the proper vertex is used with the vee. If you find
a s]Oppily measured track or an alternate vertex, have the event remeasured making a

note as to how the remeasurement is to be done (také care on tract 5, vertex is in

€12, etec.)

Finally, initial each evant after you have cbmp?etef it.
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This addendum pertains to the first scan of the 1.7 BeV/c film. General
procedures for this scan are given in Memos 456 and 472 (the usual K-63 scan in-
structions). Some slight modifications and additional instructions are presented
in the following pages of this memo.

PHYSICS

Some of the physics projects which motivated the plcture-taking at 1.7 BeV/c

are the following:

1. the rare decay mode W-—> Z7% (not firmly established)

2. the Y* (1660)— =t (existence established, but quantum
and other states numbers uncertain)
3. the Y¥* (1765)—> 2{077' (existgnce fairly well established, but
and other states quantum numbers and branching rations unknown)

L. a -7 resonance at 650 MeV (some evidence seen, but not established)

5. leptonic decays and usual (not yet seen at this laboratory)
and usual (non-leptonic) (useful for better estimates of spin
decays of the = and decay parameters)
The first three of these phenomena are found in Event Type 32 (a vee-two-prong); .

o .0 ‘-I\-.r"
items (2) and (3) involve a ==, and any conversion of a & (from the decay2”"’)

into an elecfron-position pair - in hydrogen or in the lead plate - will provide
useful additional information.
Projects (2) and (3) will also be pursued throigh the study of /| -multipion

-+
events (types 32 and 34) and 2 -multipion events (types 82, 84, 92, and 94).

Project (4) involves type 82,

GENERAL REMARKS

As we are in competition with other laboratories, especially on the first
three projects, it is important that the scanning for the event types indicated

be done efficiently (but carefully).

MY .12y
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PLEASE CONSULT WITH PHYSICISTS IF YOU HAVE ANY QUESTIO_NS. Those you should
contact are Janice Shé.fer, Lina Galtleri, Stan Flatte and Deane Merrill (or Margeret
Alston, Dick Hubbard, and Peter Wohlmut).

Some K-T2 physicists (M.A., D.H., P.W.), as well as a few of the K-63
Physicists, wish to have the extra séa.rmj:l'r‘xg described in tﬁe follovﬁng pages
carriec_i out. This shouid not detract significa.n’cly from the speedy accomplishment
of the work discussed above. -

CHANGES FROM OLD INSTRUCTIONS

1. The primazfy interaction must be in the region below rake 14t (not 15)
and the beam track must be at leasi_:_2 cms . long.. '(Beam track’ 1s defined in Memo.
456).

2., ¥ -rays and V's . .

See page 1l of Memo. 456, paragraph 3 (c) delete "or one track is
clearly greater than 1 BeV/ c and one is clearly less than 150 MeV/ ci’; i.e. paragraph
3 (c) should read: Both tracks have momenta.clearly less than 1 BeV/c.

3. In addition to the use of Binary code # 8 and # 17 when required,
see Memo._ll'-_56, page 12, paragraph 4 (c); wuse ‘binary code # 19 if the probable
origin of a V is off the line of flight. .

L. When you see what you think is a J—= /A —2¢& 1in space check the
following:

a. That the " W " becomes more curved at the ,¢ end of the track (i.e. it
really is a stopping TU ).

b. The "/,(_" does not point within + l()Ao of a primary interaction. This

— ., 7
is required in case we can find examples of ,—, = Z_ -+ @"L.‘L »Yi :
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The occurence of this decay mode of the = has never been observed but is pre-
dicted by theory so if you find any event that looks possible, call it a ZOON
(ET 200) and tell Peter Wohlmut, Dick Hubbard or Jan ShaferL (The leptonic decay
= 5A+E 2V is also of considerable interest. Use binary switch 15 if the
negative secondary is possibly an electron.)
5. Be sure to record all V's beyond the lead plate.
2. In most cases this will be a normal event type where the V is
assoclated with a primary interaction below rake 1k,
b. If there is no obvious interaction below rake 14, or the primary
interaction is above the lead plate record only the V as an event
type # 300.
ADDITIONS
We are eager to look at /ﬁ (and k° and = o) interactions in the chamber;

and to find rare leptonic decay modes. It is very important to record binary

switches properly and to look for recoils, (774, K+ or E,) and golf clubs.
The following event types are necessary additions:
PET 130 Op and V where the V comes from a "recoil", (;%,K+p)
(PET 30 with recoil)
132 2p and V where the V comes from a "recoil”
(PET 32 with recoil)

330 " Op and golf club

332 2p and golf club
Tn addition all other events with an associated recoil should be called ET 200 and
put in the Zoo book.

ADDITTONAL RESTRICTIONS

There are several rules to be strictly adhered to in deteriming if an event

is a valid 130, 132, etc.
) o |
1. Unless the vee is a definite K , construet a trapezoid or triangle

|
whose boundarieé lie along the tangents to the prongs of the vee and
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the perpendiculars to those lines through the primary vertex. If

a pl plus, K plus or proton recoil occur anywhere in this area on
all three views, record the event as the appropriate 100 event type.
In cases where the construction presents the cholce of two areas,
chose the larger one.

Examples of the above are shown on the next page.

For definite Ko's, scan cérefully for any possible recoils on the

whole frame.

For vees whose prongs cross over, it will suffice to look for recoils
along the line of flight. \

Call events 100's, (i.e. 1L40's, 130's, etc.) if there exists one
or'more recoils greaﬁer than 2 mm in length within the boundaries

in all three views, and if the gaps between primary vertex, recoil,

.and vee are all greater than 2 mm. Any event that fails this criterion

should be called as a 100 event type‘with B.C. 25 (i.e. short gap).
If one end of a recoil is within the defined area, and the other is
out, remember that the recoil has to have positive charge (curl
countgr clockwise). Do not attempt to determine curvature on a

recoil less than 2 cm. iong.

NOTE that after some practice the trapezoid need not be actually

constructed, you can estimate by eye except for borderline cases.

Feel free to-make comments in the appropriate places, and scan carefully

for all vee type events.

If there are any questions refer them elther to Margaret Alston(ext.BTllL

Room 360, Peter Wohlmut (rm. 330A) or Buz Marten, Dick Hubbard or Jan Shafer (226 ext.

5001).

A list of neutral interactions in which we are interested is appended.
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I. Introduction

The purpose of this proposal is to show that by the use of modern
physical methods, it is possible to examine the interiors of the three large
pyramids, in search for presently unknown chambers. The author can state
quite unequivocally, as a physicist, that if such chambers exist, they can be
found by the methods described in this proposal. When he is discussing the
reasons for thinking that such chambers might exist, he is of course not
speaking with any authority at all, and he begs the indulgence of his archeo-
logical friends on those few occasions when he may appear to be injecting his
own ideas into what is properly an area for debate only by qualified experts.

The Egyptian pyramids are associated in the lay mind with the name
Cheops, the builder of the "Great Pyramid”, in about 2600 B. C. We shall be
primarily concerned, in this proposal, with three pyramids: the Great Pyramid
of Cheops, and the pyramids built by his father and by his son. The "Bent
Pyramid" at Dahshur was built by Sneferu, the father of Cheops, and the "Second
Pyramid" was built by Chephren, the son of Cheops, adjacent to his father's
pyramid, at Gizeh. To a casual student of the pyramids, there is an enormous
difference in the presently known complicated internal structure of the two
earlier pyramids, as compared with the apparent internal simplicity of the
latest of the three (Chephren's pyramid). PFigures 1, 2 and 3 show what is known
today of the systems of chambers and passages of the three pyramids.

Two contrasting explanations can be given for the qualitative difference
observable in the three sets of plans. The one that is apparently favored by
modern Egyptologists is that Chephren, who was probably aware that his father's
pyramid was robbed almost immediately after the burial ceremony, concluded that
his pyramid could not be made secure. He therefore abandoned the attempt to

mislead potential robbers, and had himself buried in a chamber centrally located
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on the "ground floor" of his pyramid. This theory accounts for all the known
facts, but it does not answer the question, "Why did Chephren expend the greatl
effort required to erect his pyramid if he did not believe that it would preserve
his body for the future life?"

7 ""An alternative theory that has had many adherents among past genera-
tions!of archeologists is that each of the three kings encouraged his pyramid
architects to use all their ingenuity to mislead future grave robbers into be-
lieving that “someone had sacked the burial chamber before they arrived on the
scene. This would, of course, convince the robbers that it was useless to probe

further into the pyramid structure. One can use the presently known internal

" structure of the Great Pyramid as evidence for, but certainly not proof of,

this éecond theory. The fact that the subterranean chamber of the Great Pyramid
wa.s kpown to Herodotus in the fifth century B. C., but that the upper two chambers
were not discovered until the ninth century A. D., is consistent with th& second
theory. The passage to the upper chambers was so well concealed that it was

only by accident that Ma'mun's tunnelérs found it in the ninth century; this

is again consistent with the deception hypothesis.

If one adopts this hypothesis, then the apparent barrenness of the
Second Pyramid at Gizeh can be attributed to the greater success of Chephren's
architects in hiding their upper chambers from grave robbers. If one does not
adopt this hypothesis, then he shoﬁld ansﬁer the following difficult question:

"Why would Chephren, after a boyhood spent watching his father's slaves erecting

‘a beautiful and complex series of chambers and passages in the Great Pyramid, be

content to erect a solid and uninteresting pile of limestone blocks as his own

pyramid?"
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As stated in the opening paragraph, the purpose of this proposal is
mérely to point out that with modern techniques, one can probe the Second
Pyramid, and decide unambiguously whether or not there.-is a presently unknown
burial chamber somewhere in thé huge volume of the pyramid. If a chamber
were 6b§érved, ité boéi%ion Wouié be located accurately enough”és that tuﬁhelérs
could dig directly to it on the first attempt.

One could, alternatively, try the device first in the Great Pyramid, to

Ebnfirm thét'fﬁe detectof>would fiﬂd the internal structure known to exist in
that pyramid. However, the physics and engineering aspects of the device are
‘'so straightforward that such a preliminary test does not appear to be worth the

| effort. The effort arises fromAfhe—fééf that theneﬁuibmenf“mﬁéfwbe‘;ggrup iﬁ>; o
(j\ the subterranean chamber of the pyramid being probed. This chamber in the Second
Pyramid is now accessible, and free from debris, and it is not normally visited
by touriéts. For these reasons, it is ideally suited for fhe firstréttempt aﬁ
"X-raying" a pyramid. There is the additional incentive to probe the Second
Pyramid that stems from its camplete absence of known structure above the ground
level. ‘ -
The subterranean chamber of the Great Pyramid is largely filled with

rockslthat were taken from atéhaft excavated in the floor of the chamber by Col.
Howé;d"ﬁyséménd Perring in 1837. M(iﬁcidentélly,.Howard Vyse and Perring eﬁpeﬁ&éd
a great deal of effort in digging and blasting a series of shafts and tunnels in
the Great Pyramid, looking for the "true burial chamber" of Cheops.) If the

examination of the Second Pyramid were to reveal the presence of a new Chamber,

one would certainly probe the Great Pyramid and the Bent Pyramid in a similar

(»/ fashion. Under these circumstances, one would be happy to expend the effort
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required to clear Cheop's Subterranean Chamber of its accumulated debris.

But until that time, we shall assume that we are planning to probe the in-
terior of the Second Pyramid.

Several criteria must be met before the "Pyramld Progect" can be started.

- e e

Flrst of course, the progect must have the off1c1al bless1ng of the United
Arab Republic. One of the reasons for writing this proposal in such detail

is so that Egyptlan archeologists may have the opportunlty to study it at their

lelsure, and to confer with their colleagues in the field of cosmic ray in-
strumentation concerning the validity of the calculations. It is to be hoped

that 1f and when they are satisfied with the physical measurements aspects of

the progect they would recommend to Pre51dent Nasser that the progect be

supported.

The author has discussed the project in some detail with Dr. A. R.
Fikrrwﬁassan, an Egyptian high energy physicist with experience at the CERN
laboratory in Geneva. Dr. Hassan has worked with spark chambers and electronic
data analys1s, and he has expressed an interest in the progect He has recently
wrltten that he has heard from Dr. F. Bedew1, the Head of the fuys1cs Departmeut
Faculty of Science, Ein Shams University in Egypt. He says, "Dr. Bedew1

1nformed me that Eln Shams Unlver51ty would fully cooperate w1th your Group

in carrying out your Progect inside the Pyramid. Dr. Mofty has not written
to me yet." (Dr. EL Mofty received his Ph.D. degree in Physics at the University
of Callfornla, for work performed at the Lawrence Radlatlon Laboratory, and
he is a member of the Atomic Energy Commission of the United Arab Republic. )

From what has Been said above, it seems that unless some unforseen
difficulty arises, the project apparently appeals to competent Egyptian physicists

as an interesting one.
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The present document will also be sent to a number of American
archeologists, particularly to those who have access to independent judgements
|
from high energy physicists on their own campuses. (For example, the Oriental

Institute and the Enrico Fermi Institute for Nuclear Studies are only a few

‘ blbcks apart at the University of Chicago.) If the project appears worthwhilé
to the archeological community, both Egyptian and American, then it is possible

that one of the philanthropic foundations might arrange to set up a cooperative

project with participation by the University of California and an appropriate
. . i ,
organization in the United Arab Republic. It is to this end that this proposal

is addressed.




LAWRENCE RADIATION LABORATORY « UNIVERSITY OF CAL!FORNIA MEMG NO.

PHYSICS NOTES NID pLLEE

PAGE

€

HAME

SUBJECT .
Luis W. Alvarecz

DATE

March 1, 1965

ITI. "X-raying" the pyramidé.

The English language has no simple word or phrase to describe the.
process we propose to employ in probing the interiors of the larée pyramids.
Our use of the word X-ray in quotes come closest to the mark, because the end
result of the program will be a photographic transparency showing thé known
chambers and passages, and hopefully, the presently unknown chambers this
proposal is designed to find. (In féct, the program will produce a paifﬁof
stereo X-ray photographs, so that the chambers can be located in all three
dimensions.) If we constructed an exact scale model of the Bent Pyramid,
according to figure i,'and asked to have this model X-rayed by a specialist
in industrial radiography, we would be presented with an almost'exact duplicate
of the "X-ray photographs" mentioned earlier in this paragrapﬁ. In figure ka,
the industrial radiologist has placed a small "radicactive source" of X-rays
in the Lower Chamber of the model, and the X-ray film is placed so thatiit
touches the apex of the model pyramid. (We use the Bent Pyramid, rather than
the Second Pyramid in this example, because the latter has no'known upper )
chambers to show on the X-ray film.) With this technigque, we‘can say that the

process of taking the photograph "projects", or "maps" the pyramid onto the

X~-ray film. Just as there are many ways of mapping the spherical surface of

the earth onto a plane surface (e.g. Mercator's projection and conical projection),

there are many ways to map the interior structure of a pyramid onto an X-ray
film.
To make a map or projection, we need three things: (1) a point from .

which to project the "rays", (2) the object to be projected, and (3) the sur-

face on which to make the projection. We are fortunate in having point sources

of X~rays available, so we can perform the "projection operation" illustrated .
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in figure 4a. But we have no point sources of the very penetrating radiation

needed to probe the interior of a largé limestone pyramid. For this reason, we’

cen't duplicate the projection of figure 4a, "on full scale". The cosmic.
radiation with which nature provides us'appears to come with "equal brightness"
from all points in the sky. Such an "isotropic" radiation can be used in a
mapping operation, but only if we measure the direction of approach éf each
cosmic ray, as it is fecorded in the subterranean chamber of figure Ub. The
projection operation'is mathematically equivalent to that of figuré Lha, but
the.directions of all useful: rays are reversed in the two examples.

The details of the cosmic ray detectors are described in sections IV

and V, and in more detail, in Appendix C. Section V also describes a modifiéd

form of the mapping scheme shown in figure L, that has the advantage of keeping'

the map dimensions finite; the map generated.in figure b4a extends elmost to

infinity, if the whole volume of the pyramid is to be recorded on the X-ray

For the present, we need only remember that the cosmic ray detector

-is located near the center of the ground level section of the Second Pyramid

(figure 3), and that it is capéble of recording the azimuth and elevation
agles of approach of each recorded cosmic ray. Fortunately, appropriately
located chambers are accessible in each of the three pyramids discussed in

the introductory section of this proposal.
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III. Properties of thé cosmic radiation.

The "penetrating compoﬁent" of the cosmic rays is now kﬁown to consist
of a stream of electrically charged particles of a rare variety - the mu mesons,
or muons as they have recently been rechristened. Energetic muons are born high
in £he earth's atmosphere, as the result of collisions between still more
energetic "primary cosmic rays," and the nuclei of air atoms. (The origin
of thé primary cosmic rays is of great cosmological interest,Abut it is a bitq

far afield from pyramids, and so won't be discussed here. )

Muons lose energy by friction, just as a rifle bullet does when it

bores its way into a fence post. The laws governing the rate at which a muon

loses energy are particularly simple; every time a muon penetrates one neter

of water, it loses 200 million electron volts (MeV) of energy. Therefore, if it

has 200 MeV to start with, it stops after penetrating one meter of water; a

physicist would say "A 200 MeV muon has a range of 1 meter of water." éy the

same token, a éOOO MeV muon has a'range of ten meters of water. If a'particular

muon is slowed down by passage through rock of density 3, its range will be

Qne third as-great as it would have been ih water. Conversely, if we find a

muon that has a range of 10 meters of such rock, we know that it originally

has three times as much energy as the 2000 MeV a muon needs to penetfate 10

meters of water. » -
Because of the simplicity of the laws relating energy and range of.mugns,

it is customary to express the range of a muon in "meters of water equivalent"

(m.w.e.). (For example, 100 meters of rock with a density of 2.5 has a "thickness" .

of &50.m.w.2.) We then need only a single range-energy curve (figure 5) to

. tell us &ll that is known about the penetration of muons into any materiél.

.-
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All muons of a particular energy have the same range (if it is measured in MmeW.&.),
regardless of the densit& of the material into which they are penetrating. For
convenience in designing the pyramid experiment, scales of m:y.e.'have been
added to figures 2 and 3. The Great Pyramid has a present day height of 137
meters. Since the density of limestone is 2.66, the heighf of the pyramid, or
' (in meters of water equivaler

any other relevant distance through the core to be measured directlyj’without
recourse to calculation.

In the 1950'5; soon after the Geiger counter had been developed into
a reliable detector of electrically charged particles, physicists made the first
good measurements of thé relationship between cosmic ray intensity, ana depth
underground, measured in m.w.e. The measurements were often made in the sloping

shaft of an abondoned mine. A "Geiger counter telescope,"

sensitivg only to
muons from within perhaps a 15 degree cone about the vertical direction, was
placed on a mine car, éo that the whole apparatus could be moved easily from
one depth to another. The result of severél months of operation of such an
experiment was a curve like that shown in figure 6. (Dr. S. A. Goudsmit a
distinguished physicist and amateur archeologist, once proposed making such
measurements in the pyramids.)

Figure 6 is called a range spectrum, or an intensity-depth, curve, becaﬁse
it tells how many cosmic ray muons penetrate at least as far as the indicéted
depth. Until now, wé have been treating cosmic rays as though they were a
doﬁ&ward stream of almost vertically directed muons. But in fact, we have
implicitly been sclecting a vertically directed stream from the Lotallly of
cosmic rays, by the use 6f a "telescope" - an arrangement of (ieiger counters

that is sensitive only to muons arriving nearly parallel to its axis. As

long as we make our measurements with nothing but air above the apparatus, we -
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find that we observe the same counting rate, no matter what direction odf
"counter telescope" is pointing.. (This was supgested in the earlier discussion
concerning the mapping procedure.) It is furthermore true that the counting
rates in two identicél'"telescopes" - one pointing vertically and the other
inclined at any angle above the horizon, will be the same, not only wheg thére
is nothing but air above them, but also when the same thickqeés of rock is
introduced into, and along the two "lines of sight" (Figure 7). It is this
:fortunate aspect of the cosmic radiation that makes the pyramid project so easy
to investigate by mathematical methods. We need only a single curvé (figure 6)
to tell us what counting rate to expect when "looking through" the pyramid in®
any direction; it is sufficient to measure the thickness of rock iﬁ that
'diréction, from the subterranean chamber to the surface of the pyramid.
A more mathematical description of the properties of cosmic rays will
b given in Appendix A. The brief summary given in this section should suffice
to show that:
1) 'Cosmic rays are able to penetrate rock thickness as great as those
encountered in the pyramids.
2) 1If the rock thickness is decreased (as for example, by creating a
hollow chamber in the line of sight) the counting rate increases.
If the method is to be successful, two further criteria must’be met:
3) The counting rate, in apparatus that can be placed in the subterranean.’
chamber, must be high enough to yield a "grainless" X-ray picture
in less than a yrar of operation. The effects of "statistical
tfluctuations”™ in the cosmic ray countinyr rate will be dealt ﬁith

in Appendix B, and thie conclusion will be reached that the fluctua-

tions will not he large enourh to indicate the presence of non-

»
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existent chambers.

Random deflections of the cosmic ray muons as they pass through the
rock must be small enough £o keep the images of the chambers from
being "washed out" on the X-ray plates. The random “"scattering"
of muons is underst&od mathematically, and although it could give

trouble in the simplest kind of apparatus, the trouble is easily

eliminated in the proposed design.

We can therefore conclude the non-mathematical sections of this proposai

not detect the chambers it is designed to find.

by stating that there are no technical reasons why the proposed experiment would
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IV. Cosmic ray detectors.

If we merely had to count cosmic ray muons in the Subterranean Chamber,
Geiger‘counters would do the job admirably. But in order to reconstruct the
X-ray picture of figure Lb, we must also measure the two angles that specify
the direction of arrival of each muon. The recently invented spark chamber does -
this job so much better than Geiger counters could possible do, that we shall
confine our attention f‘rpm here on to spark chambers alone.

The simplest variety of spark chamber consists of two flat metal plate;
spaced about a‘centimeter apart. When a muon penetrates the two plates, an
electronic circuit suddenly applies a high voltage between the two pla£es. The -
high voltage causes a spark to jump between the plates, very nearly along the
trajectory of the muon. The spark can easily be seen with the naked eye, and
it is customarily recorded by two cameras. The two cameras Jook into the
narrow gap, with their optical axes at right angles to each other; s0 tgét
the true position of the spark can be located by “stereoscopic reprojection.”

Many millions of spark chamber photographs have been taken in the last
three.years, but the present day trend is toward bypassing the photogrephic
process altogether, and reéording the coordinates of the spark direétly on
maznetic tape. So instead of sensing the recording the light from each spark,
we plan to sense the electric current that flows, and record the signal electro-
marnetically. This proceudre obviates the need for the time-consuming and
expensive use of technicians to measure and record the positions of millions
of individual sparks.

The electrical and mechanical designs of the spark chambers to be

employved in X-raying the pyramids are deseribed in some detall in Appendix C.
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Of the various techniques presently available for eliminating photography, we
have chosen the "Nickel wire - Masnetostrictive readout.” This ingenious method
has been developed within the past year at the Lawrence Radiation Laboratory,
vy Dr. Victor Perez-Mendez and his co-workers. A detailed description of the
modus operandi of a Perez-Mendez spark chamber would be out of place in a
proposal of this sort. It should suffice to say that if a muon traverses tvo
such spark chambers (both of which are horizontally oriented, and spaced a - .
foot apart in the vertical or %, Qdirection), the x and y coordinates of the
sparks in the two planes will automatically be recorded on magnetic tape. The'
accuracy of each coordinate measurement, ()L,,gp,; Xs i};b) will be better
than one millimgter, so if the two horizontal spark chambers are spaced 12
inches apart, the desired angular information concerning the muon will have
errors less than three milliradians - quite small compared to other errors
we shall soon discuss.

We shall digress for a moment to the subject of angular erro?s, because
it is important that we be aware of the magnitude of what might be called _ ‘

"tolerable angular errors.” The three known "burial chambers" in the two

large pyramids are roughly the same size, and it is reasonable to expect that

aﬁ& as yet undiscovered "true burial chambers" in either pyramid would not be

very much smaller than these known chambers. The three chambers of interest

arelfhe ¥ing's and Queen's chambers of the Great Pyramid, and the Subterranean
Chamber in the second Pyramid. All three chambers are about 18 feet in height,.
and 17 feet in width, their lengths are 33 feet (X), 18 feet. (Q), and k6

feet (Sg). We shall therefore assume we are looking for a chamber that is

1/ feat by 25 feet in floor area, and 18 feet high. We will furthermore

assume tnat this chamber is 300 feet from the subterranean chamber (in either
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prramid).  (The muximum distance containable within the Great Pyramid is about
(00 FPeet; the correspondiny lenglh is about LOO feet for the Second Pyramid.)
The anrle subtended by the "standard chamber" at the muon detectors is Fherefore
assumed to be about 20 feet/300 feet, or 67 milliradians, or 3.8 degrees.

One would have serious reservations about attempiing to probe the
pyramids with a detecting device whose ability to certify angles was poor compared
to this value of 67 milliradians. But on the other hand, one would not be
willing to pay much to improve the angular uncer£ainty from 20 milliradians to
2 milliradians; with .either of these small values, the unknown chamber could
be detected unembiguously.

t is a simple matiter to design the spark chamber system so that out-
put data supplied to the magnetic tape recorder is accurate to a few milliradians.
This is true, if by accuracy, we mean the ability of the apparatus 4o record
the trajectory of the muon as it passed throush the two spark chambers, within
the guoted angular limits. An additional angular error must now be investizated;
it cen best be appreciated by asking the question, "How nearly true is it that
the muon we record in our spark chambers is still moving along the same straight
‘line that defined its trajectory as it passed through the burial chémber?"
Whenever electrically charged particles pass through matter, they suffer random
snd normally small changes in direction. Such angular dispersions are calculable
fron what physicists call "Scattering Theory". The comparison of experimentalj
seatbaring observations with theoretical predictions has been exceedingly

Proainfil - the atomic mnnelens was dlscovered by Rutherford in this manner, in

Tre seatterinz of muons in rock 1s described by a particulerly simple

retnenatical equation that has been found experimentally to agree with the
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theory. As lowy as the muon has enouyh enerry to penetrate at lgast a fow
tens of meters of water eguivalent, its path will almost indistinguichable frgm
a straipht line. But as the muon traverses its last few meters of water
equivalent, it scatters (on the average) through ever larpger angles. Let us
now remind ourselves that fthe muons we are most interested in are those which
would have stopped in the rock just above our spark chambers if no burial
chamber were present along the "line of sight". The existence of the void
in the rock allows these particlar muons to pass through the spark chambers,
and gives us more counts than we would otherwise have recorded from thgt
direction. We see, then, that all the "useful information"about the burial
chamber is carried by muons that are just able to penetrate the spark chamber
system, and stop'in the rock just below the detectors. Unfortunately these
are just the mesons that pass through the spark chambers with the greatest

. *
angular scattering from their original direction through the pryamid and from
the burial chamber to the subterranean chamber. An optical analogy would be
a 35mm colored slide projector that was out of focus. We must therefore,- seek

"sharpen the focus" of our "muon projector system". We have seen

a way to
that the scattering difficulty arises from the fact that we are looking at
ruons very near the "end of their range." We therefore, cure the difficulty

LA

by measuring the trajectories of the muons several meters of water equivalent

vefore they end their ranpe. We could do this in principle by moving our

spark chnambers into a newly excavated chamber some meters above the subterranean

Hy

chamber. If we made sure that the muons were still able to penetrate down
into the origsinal subterrancan chamber, we could use the angular information

we obtained "ip above," with confidence that it represented the truerdirection
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of the muon, before scattering in the underlying rock had chanrzed that direction.
Fortunately, the subtlerranecan chambers in all three pyramids are nizh
enough that we needn't cut any more holes in the pyramid. We place our spark
chambers near the roof pf the subterranean chamber, and stack iron bars tetween
these angle detecting devices and another set of simple ordinary detectors near
the floor level. The iron bars and the detector below simply assure us that
any muon whose direction we sense in the spark chambers has enéugh energy left
in it to penetrate the several feet of iron, and be counted.in the floor level
detection device. A physicist would say, "We've 'hardened the beem' with the
iron absorber, so it's less subject to scattering errors."
In the mathematical Appendix B, we shall calculate the "mean projected
scattering angle", < é >, of a muon that has come from a burial chamber 18
feet tall, located 300 feet from the subterranean chamber. We shall also demané
that the muon be able to penetrate at least five feet of iron after its direction i
has been measured. The résult will be that the mean projected scattering angle -
is 33 milliradians, which is equivalent to saying that at 300 feet, the

"

"fuzziness of the image” of the chamber edges on the simulated X-ray picture

would correspond to a linear distance of 10 feet. This result means that there

'should be no difficulty in observing'an unknown burial chamber, by looking at
the "Z-ray photograph.” We would not have been much better off if the "spread"
nad been 1 foot, but the project would not be worth talking about if this
nunber had turned out to be ;OO feet. The scattering of muons in the rock
presented the only potential hazard to the theoretical success of the project.

As we hrave just noted, if the scattering had been worse by a single order of

ma:.nitude (factor of 10), the pyramids could not have been probed by any presently

known radiation.
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apoaratus have been discussed, one by one, and their values have been chosen
to optimize the overall design:

a2 side, will ve mounted horizontally, and spaced a foot apart.

Two square spark chambers, each seven feel on -

n the first two appendices, the basic paramcters of the detection '

Under the

lower spark chamber will be a layer of iron about five feet thick, and below

the iron will be a simple layer of scintillation counters. The general layout

is shown in figures 10 and 11. The detectors will be set up near the weatern

wall of the subterranean chamber in the second pyramid.

If-the image of an

. unknown chamber appears on the "X-ray photograph," as it should do in a month's

time, if the chamber exists, the detector will be moved about 35 feet eastward,

to the far wall of the same chamber.

The angular displacement of the chamber

image, caused by this detector displacenment, will allow the elevation of the

rew chamber above the subterranean chamber to be determined by a simple tri-

gonometric calculation.

All of the apparaius

D)

the entrance vassages of the

three pyramids of interest.

has been designed so that it can be carried through

The spark chambers

will have to be dismantled and reassembled inside the subterranean chamber.

Tie tape recorders can best be installed in a wooden hut near the entrance to

P

to the subterfanean chamber.
After all the apparatus
operaticns could be carried out
would verity thal the cquipmont
mogenetic tupe on Lhe recorder.
in Cairo, zo the origina

associstes; the duplicate would

he pyramid, and connected to the detectors by cables which thread the passage

has been installed and checked out, the further

by a single individual living in Egypt. He

was working each day, and would haty a new

The inserived tape would probably be duplioated &

he available for analysis by our Epypllan

be sent to Berkeley for similar processing.
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Many ways to display the data are available. The most meaningful would
be to print out-the number of counts obtained in each "elementary unit of solid

angle," much like the "pressure map" printed by the weather bureau. In
Appendix A, we have suggested that 1600 counts per clement of 8.5 x 8.5 5quare
feet would be adequate to locate a “standard burial chamber.” The last digit
in this count is certainly of no significance, but the second digit,‘representin:
the number of tens of counts is of some significance; we expect to have an
extra 160 counts if we are looking through a "standard chamber.” The apparent
magnitude of the fluctuations can be increased by a simple operation; the
computer can subtiract some constant number of counts from each sample, or more
correctly, some number that varies smoothly from one direction to anoﬁher, SO
"[f that the residual number-of counts is essentialiy constant over the whole "map"
of the pyramid. It is a simple matter to generate, by the computer, the proper
number to be subtracted. This number would be an analytic function of the
pyramid geometry and the cosmic ray spectrum. When it was subtracted from the
experimentally observed matrix of counts, the resulting matrix would be an
aimoét constént set of individual counts, with an enhanced fractional increase
Trom the direction of an existing burial chamber. - )

Tne data analysts in Berkeley and Cairo would devote most of their
attertion to the printed matrix of "differential counts," looking for smell
regions in which several neighboring cells had statistically significant couﬁts
over the "pbackground." If such a region of interest showed up, it.would be
a simple matter to convert the matrix of mumbers into a simulated X-ray photo-
grapit.  One would simply program the computer to display the matrix on its

(;: cathode ray oscilloscope, and the display would be photographed by a camera.
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Sucli procedures are common i% the author's gpecialty of hirh energzy physics.
|

The cathode ray oscilloscope!spot would b programmed to move over the whole
ranive of x and y variables (North-South and East-West), remaining at each spot
for a time proportional to the number of counts recordgdAfrom that direetion
(minus the slowly varying baseline count). The result would hardly be dis-
tinguishable from the X-ray photograph of the model pyramid discussed earlier,
except that its "contrast" would be considerably enhanced; a smaller chamher
would show an amplified chamse in intensity relative to that from neigﬁboring
directions through the pyramid.

This is an appropriate place to discuss in more detail how one would
rmap the pyramid onto a flat photographic film. In figure 4, the X-ray photo-

' if one wished

crapir of the model pyramid would extend nearly "out to infinity,’
to map regions of the pyramid'down to the same altitude as the subterranean e
chamber, which in the second pyramid is almost at sround level. (Thisedifficulty
with some kinds of maps is well known in the Mercator's Projection, where

the polar regions are greatly distorted, and the two poles are "plotted on

the map at infinity.")

A simple way to map %he interior volume of the pyramid onto a finite
arez of photographic film is to adopt the following procedure: calculate from
the angles of arrival of a cosmic ray muon where that muon first penetrated
the rock surface of the pyramidj project that point of entry onto the base of
the pyramid, to give an x and y "base coordinate."” Plot that particular

count on the "A-ray film," at those two "base coordinates.” From what has
Jast been sald, it is obvioug that all counlted munns will give rise to points

plotted within the' aquare base contour of the pyramid. Trom the x and y coor-

dinates ol the sparks in the two spark chambers, plus the stored eguations
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of the four flat faces of the pyramid, the ccmputer can calculute the "vase
coordinates" for each muon in a few milliontns of a second. The compdtér will
then immediately add one count to the number of counts previously stored at
that "vase x and y address” in its memory.

For purposes of orientation, we need to know approximately how many
words in the computer memory are required to store all the information in the
simulated X-ray photograph. If we use our 'resolution area" of 72 square feet
(8% foot square), we note that the base of the largest pyramid contains 8,300
such unit areas. A typical modern computer has 16,384 words in its "fast
memory," each word with 36 binary bits. According to Appendix A we wiéh to
store approximately 1600 counts in each memory locatiomn. If we assume wé
maj allow that number to increase to 8,000, we still need only 13 ‘of the 36 bvits

15 _ 8,192). From this we

in each word to accomodate that amount of storage, (2
see that there 1s vastly more storage capability in the computer than we can
possible’use; we use less than one third of each word, and about one half of
all the available words. There is, therefore, more thqn enough memory capacity
available to store th¢ arithmetic program, the input and output routines;
and the display program for the cathode ray oscilloscope. )

A typical day at the computer would involve the following operations:

The operator would unpack the tape just arrived from Esypt, and would hang

it on s tape transport unit at the computer. He would at the same time hang

1= t

the "library tepe," with its complete "memory dump” from the last day's computer
run. The library tape would then be "read into core," so that the state of the
memory on Lhe previous day would be recrcated, just as though no time had

clepsed tetween bhie previous run and the present one. The program in the memory
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would "step the new tape forward," looking for coordinates of spark chamber
sparks - the “erd of recofd" mark on the previous day's tape would hnave told
the computer that no more spark coordinates were available, and that it wes
time to "dump the memory" onto the library tape, and let some other user have
the.computer. Now, with a ne& tape to read, a "start" instruction from the
operator will put the computer to digesting a new day's accumulation of data
on the direction of arrival of muon§ at the pyramid.
It is probable that the operator would not he able to restrain his

"-

curiosity, so he would ask for a print-out of the numbers in the memory "iians."
Tt would take only a few minutes to print all the information available-in the
memory, so the operator would have a day by day record showing the growth of-
any "suspicious enhancement” to a statistically significant signal, as more
Gata arrived from Cairo, with the passage of time.

' e

Until now, it has been assumed that the spark chamber trays are oriented

horizontally. This is certainly the way one would start operating, but 1t is
also likely that if no burial chamber was found overhead, the ééark chambers
would be reoriented with thei& perpendicular axes pointing successively at
about 500 from the horizon aiong the.h cardinal compass directions.v The
effective detecting area of ﬂhe spark chamber system for muons coming in at
larze angles to its perpendicular axis is greatly reduced from its geometrical
area. But by looking.successively in five directions, with overlapping

coverage (Vertical plus N, E, S and W at 500), the whole volume of the pyramid

can ce prohed for unknown chambers in any possible locatiom.
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Appendix A

Matlhematical description of the penetrating cosmic rayes.

Fizure 6, the intensity depth curve, has been discussed qualitatively in
section IIT. The intensity as plotted in figure 6 is more properly called the
"integral flux,"” where the word "integral" comes from the fact that at a particular
depth, we plot the flu# of particles with ranges from that depth all the way to
infinity. The flux is defined as the number of particles crossing a square centimeter
per second, and per unit solid angle.

The curve in figure 6 is seen to be approximately straight, and certainly
guite straight in the range of interest to pyramid probing. As long as the curve can

be considered to be straight, it can be approximated by the power law

5

) \ L

\ T~ //;Z 3

- = Iy ! -

— ; Cf/%?} </ (./i,.j> e
) 2 \\ £ }

. . New o . i

where n is called the "spectral index." We can assign Ro the value of 300 m.w.e.,
since that is some sort of mean range of interest to a “Ypyramid prober,” as can be
ascertained by inspection of figures 2 and 3. The index of the distribution in the
neighbortood of 300 m.w.e. is close to 2, and we shall assume it to be exactly 2 ig
trne calculations to follow.

We can now obtain a mathemafical formula that closely approximates the
integral flux in the interval of range given by 300 m.w.e. * a factor of 2, i.e.

from 150 m.w.e. to 600 m.w.e. This expression is obviously the first term in the

Taylor expansion about the point R_ = 300 m.w.e. From figure.6, we then have:
-5 (500 m.w.e.}h- )
= 2.2 —
J (R) x 10 = (4-2)
2.0
J (R) = - (AS3)
R2

-

. . s -2 -1 -1
wrere R is in m.w.e., and J(R) is in cn sec ster
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It is now important to note that il we decrease R by a small fraction (for
example 10 ©/0), the {lux will increase by twice that fraction (for example 20 ©/o).

This relationship comes from the definition of n:

-d lom J )
"% T3 Ton ¥ (a-4)
. aJ . & _ GR
Since 4 log J a2 and d log R = R’
dJ = -2dR,
J R . (A-5)

as noted in the example. The spectral index is fortunately greater than 1, so that a
given fractional change in range (caused by the presence of a burial.chamber) is ﬂurngd
into a fractional intensity change that is twice as large. If one were greedy, hﬁ
might wish for a larger index, to yield a higher "magnification factor." But if the
index were nigher, the intensity at 300 m.w.e. would be less, and one would have fewer
éounts in a given interval of time; he would therefore be troubled with statistical
proclens. Fortunately, nature has provided us with a cosmic ray spectrum that is
admirably suited to the job at hand, and it is idle to.speculate on its improvement.

We shall now calculate how large a spark chamber we need to accumulate a
staiistically’significant increase iﬁ the number of counts from the direction of =

suspected "void," or chamber in the otherwise solid rock. In the next appendix,

wve assume that we are looking for a "standard chamber" with a size that is found three

ct
e

mes in the two large pyramids. The "standard chamber" has a floor area of 25 feei x

=

7

7 feetr, and a height of 18 feet. We further assume that the chamber is physically
300 feet from the cosmic ray detechor. Tor statistical redundancy, we shall assume

"sub-chambers," each one being part of the maln chamber,

ttat we are lookiry for six
and each naving a floor area of 6.5 feet x £.5 feet. The chance that any obliserved
increase in intensity along a particular direction is due to a statistical fluctuation

iz pgreatly decreaced if we can say, "We have six independent indications that & chamber

existe in & particular direction, and each of these indications is larzer than the
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stavistical flucluations we sce in any otner direction." (The fact that we ray he

Jooking: diagonally through a turial chamber does not invalidate the arsument just miven-—-
e 7 J 3 ;

the "signal" observed by the detecting device actually depends almost entirely on the
volume of rock missing from the solid pyramid, and scarcély at all on its distripbution
in height and floor area.) '

We may now assume that we are looking at a series of "cells in solid angle,"
each subtended by an 8.5 foot square at a distance of 300 feet. The elemént in solid
angle is then

. =2
A{&_il_:z; '2 =8 x 10"1L steradians. (£-6)

500

From equation (A-2) we find the integral flux at 300 m.W.e. to be

J(300) = 2.2 x 10~ cm-2 sec-l ster_} (A-7

. . . : . . 2
In the =olid angle given by (A-6), and assuming a detector with an area of A cm, we

have & counting rate given by

M=8x 10_u x 2.2 x 107 A counts/sec (A-8)
M=1.7% x 10'8 A counts/sec. (A-9)

We must now determine the producﬁ of the area A and the observation time
T, that will yield a statistically significant number of counts, N, from the small
element of solid angle ‘defined by 1 "sub-chamber." We first estimate the "magnitude

of thre signal,”

from equation (A-5); we take the thickness of rock that the cosmic rays
nave traversed to ve 350 feet, and the height of the burial chamber to be 18 feet.
Trerefor ATR/R = 18/350 = 5.1 © c uently, the i ase i ating rat
lrerefore LA R/R = 350 = 5, 0. onsequently, the increase in counting rate
along this line will be about 10 ©/o. If the expected rumber of muons in a counted
sumple is 100, we expect a "standard deviation" of 10 counts in a family of many such

counted samples. T we wish to be more and more sure that our onbserved "10 /o sisnal"

and not statistical origin, we musi accumulate a larser sampie of counfg--
|

andurd deviation, expressed as a Fru#Lion of the Lotal counts, 1s glven by
©

|

H
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- g —T= -
- v/
"- ".'

/fM/ Y { k

- Tables of the "Probability of occurance of deviations" shows the following

probability, /én/ , of finding a deviation larger than n standard deviations:
!

n 3 " 5 6 7
. -3 7 )
lf?’W 2.7 x 10

If we were unprotected by the redundancy of the 6 "sub-chambers" and had

6x 107 6x 10 2 x 10 '3 x 1072

to be quite sure that an observed 10 °/o increase in counting rate was due to a
real void, we might be tempted to make /éh/ less than 19-8. But with the ?edundancy,
it seems perfectly safe to ask that n be only about 4, so /év is one chance in
16,000 for each sub-chamber. A closer look at the statistical problem shows that the

main gain in designing to look at "sub-chambers,” is that we insist on having enough

spatial resolution to see the finite extent of the burial chamber--we actuallf don't
' ®

gain:anything significant in insurance against statistical fluctuation; the 6 times

larger number of counts for the complete chambér would reduce the standard deviation

'by a factor of Y87 = 2.5, Therefore we would pass from 4 standard deviations on’

each of the six sub-chambers to 10 standard deviations for the chamber as a whole.

'As one can see from the table, a 10 standard deviation effect can always be takenzto

23

be real; the probability against a statistical fluctuation is less than 1 in 10

T
Now that we want ourlsignal to be b times the standard deviation, we héed

42 = 16 times our original count of 100 per "element of solid angle." From this fact,
and equation (A-9), we may now write

N = 1600= 1.75 x 1070 ar (a-11)
2
wﬁere T is the total time of observation (in seconds). The product AT is now

AT = 10% en® sec. (A-12)
. _ L 2 T N
If A is 1 square meter = 10 em, T = 10' sec = 4 months. If A = 4 square

meters, T = 1 month. This seeﬁs to be a good compromise; if we make A less than

|
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i/3 équare‘ﬁeter, the observation time is greater than a year, which appears to be
going in the wrong direction; At the other extreme, if we try to shorten the obéerva—‘
tion time to one week, the counter area becomes larger than the "resolutién area, "
vhich we have chosen to be a square 8.5 feet om a side. We therefore see reasons
against méking A too large or too small, and a reasonable compromise seems to be to

use a pair of square spark chambers each about 2 meters on a side.

We are most fortunate that the intensity of the naturally occurring cosmic

rays fit our needs so well. A two order of magnitude decrease (factor of 100) in

intensity at 300 m.w.e. would have made the experiment quite impossible, and a one

order of magnitude decrease (factor .of 10) would have made it exceedingly difficult.

Appendix B.
Mathematical analysis of the scattering problem.
Before attacking the problem of the "multiple scattering" of ;uons in ﬁﬁe
pyramidal limestone, it will be profitable to understand in a bit more detail.the
fsignal" ﬁodulated onto the cosmic ray beam by the presence of a burial chamber:

Figure 8 shows a portion of the intensity-depth curve (figure 6), plotted on linear

graph paper, as distinguished from the log-log paper employed in the original figure.

Figure 8 shows that J(R) varies as R™2 near R, which we have defined in Appendix A

" to be 300 m.vw.e. We also check that ZQJ/J(RO) =-2 A R/Ro’ as demanded by

equation (A—5).

We now assume a detector with an area of 1 cme, subtending a solid angle
of 1 steradian, and. a counting period of 1 second; under these conditions, every unit
of J (R) corresponds to a single muon. In the absence of a void, and assuming the
rock thickness to be Ro’ the number of muons paésing througﬁ Lthe spark chambers is

J(RO). With the void excavated, we count;an additional number of muons egual to

|

| .

| . .
/N J, the altitude of the shaded triangle. The muons with range less than R - AR

i
]
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- useful to postulate that this flux of muons originates in the void, and to treat it as

never reach.the'spark chambers, either with or without.the void. The muons with range
greater than RO always pass through the spark chambers, with or without the void.

The analysis just presented shows that we can divide the muon flux into
three components: one we never see because its range is always too short; the third
we always see, regardless of the existence of a void, so it can be considered to bé a
background that tells us nothing about the internal structure of the pyramid. The
middle class of muons either registers. in our detector, or is prevented from reaching

it, depending on the existence of a burial chamber. Under such circumstances, it is

if it were a new flux superimposed on the constant background of muons with a rahge
greater than Ro' )

| We can now inquire into the properties of this "new flux" of muons, which
carries all the information concerning the void in the rock. We see imﬁediately that

this bomponent has a distribution in range in rock below the deteéctor that is uniform

from zero to a distance equal to the height of the burial chamber. The two extremes

are the following: a) a muon with a range just larger than R would have missed, the

detector in the absence of the void, but a void of height ZK R will endow the muon with

a range of zﬁ R beyond the detector. b) A muon with a range R - zﬂ R will jusf

reach the detector if the void is present, and consequently its extra range in the rock

Below the'detector is zero. In the linear approximation we are using, the range distri-

bution of "new muons" in the rock below the detector is "flat" from zero to a value

equal to the height of the void.

We must now investigate the scattering of the "new muons" in their passage

from the burial chamber to the detector. (One might thiuk that the scattering should

be calculated from the surface of the pyramid Lo the detector, but any scatteriog

between the surface and the burial chamber is of no significance--the "geomeiry is

' so that as many muons "scatter in" as "scatter out," and we can take the flux

o
poor,
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of muons at the depth of the burial chamber to be the random "parent population.” " In
addition to what has just been said, the écattcring of these high energy muons iéléd
.small as to be inconsequential.)

As was discussed in section IV, we shall reduce the scattering of the "new
muons', by not allowing any of them to approach closer than 11.5 m.w.e. to the end of
their range. In this appendix, we shall show that 11.5 m.w.e. (5 feet of iron) is a
réasoﬂéble amount of absorber to use as a "beam hardener," by calcuiating the mean
scattering angle as a function of "hardener thickness."

The "multiple scattering" of muons in passiﬁg through rock is a random
process, qonsisting of millions of small deflections, each of which adds to or subiracts
from the scattering angle already accumulated. The magnitude of such a sum of random
but inherently equal deflections will increase as the sguare root of the thickness of

' and

the rock. But as the muon approaches the end of its range, it becomes "softer,'
the individual scattering eventis cannot be treated as "inherently equal;" each
succeeding scattering event becomes larger as the muon approaches the end of its range,

so the mean angle increases faster than the square root of the thickness of rock.’

The basic formula applicable to the multiple scattering of muons is the

following: o L
- 15 ey /r ya
Y =N
\\'///}5/‘0./ é_‘- \,//’;hf.'/\ . Z— (["/'-/D ¢ (B"'l)
<ﬁ%?proj is the mean scattering angle (in radians) projected onto a single coordinate

axis. E is the energy of the muon, mcasured in millions of electron volts. L is the
thickness of a thin "slab". of material, so the muion eneryy can be considered to be
constant as it traverses the slab. L (rad) is the "radiation length" of the material.

For limestone (CaCO5), L{rad) = 0,26 m.w.e.
|
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From the published range-energy cur&es for muonsl, We>find that it is sufl-
ficiently accurate to use the expressién: |
E(MeV) = 200 R (m.w.e.) (B-2)
which was introduced in section III. If we measure all distances, I , in m.w.e.,
we may make the following substitut;ons into equation.(B-l):
E =200 X
L=AX

L(rad) = 0.26

Furthermore, since both E and 15 MeV are in the same units, we can ignore the

dimensions, MeV. Finally, we can square both sides of the equation, preparatory to

integration
- Ax
L = 226 % 202 5 5-3)
~N

Equation (B-3) gives the mean square projected angle of scatﬁgring of a muon
with range L , when it traverses a thin slab of thickness lfkl;. If we wish to
find the scattering of a muon in a thick absofber, we must integrate (B—E)Abetween
the limits )L/’ and }QZ, the residualiranges the muon has when it enters and

leaves the thick absorber. Thus,

‘e
<£f€f;3b - 2.26 x 1077 'M?%T (B-})
x, .
5 T
<@//J = 0147 Vl_, 89 (8-5)

We shall now evaluate equation (B-5), numerically, assuming X, to be
equal to 200 m.w.e. (Within the accuracy of the experimentally available numbers, we

might as well have taken 2:2- to be infinite; this confirms Lthe earlier statements

1 A. Buhler, T. Massam, Th. Muller and A. Zichichi. Range Measurements for muons in

3

the GeV (10" MeV) Region, CERN preprint, 64-31 NP Division, 2L, June 196h.
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that the scattering contributed by the energefic muons is quite negligible).

Figure 9 is thé result of the numerical evalnation of equation (B-5);

it show55<x£> proj 25 @ function of X, , the residual range of a muon. As numerical

examples, we see that a muon whose direction of travel is measured vhile it still has

a residual range of 22 m.w.e., can be expected to show its original direction to withiﬂ

a mean uncertainty of 30 milliradians. If we didn't measure its direction until it

had only 1 m.w.e. of residual range, the measured angle would depart from the original

direction by an average angle of 143 milliradians, or 8.2 degrees. The marked effect
of the 5 feet of iron absorber is easily seen in figure 9. The somewhat unexpected

effect of the chamber height in hardening the muons can also be seen. If the burial

chambef‘being posfulated were only 1 m.w.e. in height (rather than 14.5 m.w.e), the
value of ’<:622E in the presence of the iron hardener would be 4O mr., rather than
33 mr. But in the absence of the iron hardener, the values of <f@;§3fbr high and
low chambers would differ by about a factor of two.

There is no way to determine the optimum value for the thickness of the

J

iron hardener. The value of <1?;3* would drop from 33 to 25 mr., if the iron thickness

was doubled to 10 feet. Thisjdoes not appear to be a worthwhile return on the invested

| :
iron. One would probably start the measurements with one or two feet of iron under

‘the spark chambers, and gradually pile in more iron, until the thickness was five or

.six Teet.

One might suppose that a giventhickness of lead would be more effective in
reducing écattering, fhan is tﬁe proposed iron. But in fact, the two materials are
almost equally effective; the increased density of lead just makes up for an'effecé
we have so far been able to overlook in the present analysis--elements of higher
atomic weight are élightly less effective absorbers, on a m.v.e. basis, than are

lighter elements.
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Appendix C.
Mechanical and electfonic design studies, and cost estimates.
The main body of this appendix is a paper prepared by two members of the

Physics Instrumentation Group at the lawrence Radiation Laboratory, Dick A. Mack, and

Fred Kirsten. The author is véry grateful to them for their comprehensive and

authoritative estimate of the cost of mounting the experimental program outlined in
this proposal. Their costs were estimated on the assumption that considerably larger
spark chambers were to be used--5 meters on a side rather than the 2 meter design that
finally emerged from the main study. An examihation of the detailed cost figures does
not show that very substantial savings result from the change in size. The chamber
costs are reduced by about gi,000, and the scintillator costs are reduced by $15,000.
All other costs are unchanged. The total savings are thus about 10 ©/o of the
estimated cost, which is less than the "20 ©/o Contingency" of #27,400, and the "15 ©/o
Miscellaneous Items" of $20,500. We shall therefore quote the estimated cost, under
the following assumptions, to be ﬁl?0,000. ¢

The cost estimates of Mack and Kirsten were based on the assumption that
the equipment was designed and Fabricated in the (non-profit) shops of the Lawrence
Radiation Laboratory. Since mo%t of the mechanical and electronic devices are standard
laboratory "off-the-shelf items", the estimates are certainly realistic. Similar
equipment is available commercially from a number of suppliers, so the commercial
prices have been kept competitiye with those of the laboratory.

An alternative method of.cost estimation can be contemplated if for some
reason, the Atomic Energy Commission might authorize the Lawrence Radiation ILaboratory
to lend the (standard) electronic equipment to the "Pyramid Project". Such loans
have been authorized in the pas%, when the receiving agency has been a Government-
supported university project, with interests paralleling those of the Iawrence

Radiation Iaboratory. (Such university loans are of course not restricted to the

University of California.) In the event that such a loan program might be implemented,

the estimated cost of the program would drop below ﬁlO0,000.




i . October 6, 1964

MEMORANDUM

TO: L, W. Alvarez
FROM: Dick A, Mack and Fred Kirsten

RE: Cost Estimate for Pyramid Spark Chamber and Electronics

Based on the discussions we have had, the following estimates the
cost of a spark-chamber array and the associated pulsing and readout circuits
to be used in your proposed experiment in Egypt. Each part of the system
is based upon known experimental techniques which have been used at this
Laboratory. We believe the extrapolations that have been made for the larger
chambers and scintillation counters are entirely feasible, A block diagram is
shown in Fig. 1.

It is assumed that the equipment would operate around the clock for
approximately a year, and that once a day local personnel would change magnetic
tapes -and make routine operational checks, All electronic circuits would
be constructed in modular form so that the required maintenance and repair
skill would be a mimimum, One spare chassis or printed circuit board has been
included for each function. If a spare unit is placed in service, the
original unit can presumably be returned either to Cairo or Berkeley for
service,

All material, components and test equipment have been estimated at the
present net cost to the Laboratory. Labor charges have been estimated at
$12 per hour, Certain assumptions that have been made in the estimate are
given in the last paragraph.

The grand total is estimated to be $184,300

(THI5 TOTAL 1€ REDUCED T E 170 000,
ON THE R£ZHS/IS OF AEDJCED /RN ad jf
CHARNIBEES S12E — L . Jeviecs)) 14 / LIy
- v VLT . fz AT
FEB 28, /1945 il 5
Dick A, Mack

Physics Instrumentation Group

DAM:mt
E«Lul / 6/{,«2)?2’: // "
Fred Kirsten

Physics Instrumentation -
Systems Group

g

-
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A.  SPARK-CHAMBER CONSTRUCTION

It is proposed that the sparL-chamber array consist of two chambers each
capable of yielding both the X and Y coordinate position for each spark. The
construction must lend itself to rapid assembly and disassembly in the field,
(Auxiliary electronic circuits will ignore events where a) each chamber does
not fire or b) more than one sparT occurs in a chamber.)

The best chamber construction appears to be that of using etched (or if
necessary milled) copper strips on long mylar sheets, as described by Victor
Perez-Mendez and others, This method of construction for a large demountable
chamber is less fragile and appears preferable to a chamber with wires strung
from supports.

Rectangular coordinates for each spark could be obtained by running the
etched wires at the top and bottom of the chamber transverse to each other,
This method has been described by Neumann for stretched wire chambers. See
Fig., 2.

Several methods of readout might be employed:

1. A memory core attached to each chamber wire and subsequently
scanned in a coincident-current readout system, or
2, Coded arrays of cores yielding the spark address with a smaller

amount of scanning required than. required in (1), or

3, A magnetostrictive wire transverse to each set of chamber wirks and

giving. . a single-coordinate address for each spark,

Method 3, first described by Gianelli and refined by Perez-Mendez, appears

to offer the simplest system and is recommended for this set-up.
For two 5 x 5 meter, etched-yire chambers the construction costs have been

estimated as follows:

Master etching template $ 500

# Etching costs ($50 for a 1.5' x 1.5' sheet) 2400
% Copper-clad mylar cost ($3/ft2)_ 3300
Material cost for chamber frames 200
5 Magnetostrictive readout transducers and high-voltage 300
connectors
Design time of chambers 2000
% Machining and assembly costs for 2 demountable chambers .. 2000

each 5 x 5 meters

$10,700

i

For chambers of different dimens#ons these costs can be pro-rated.
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B, SCINTILLATION COUNTER CONSTRUCTION

" 34 ¢

It is proposed that two scintillation counters be employed to encompass the

same solid angle as subtended by the spark chamber array and used to trigger

the spark-chamber pulser,

COSTS:
Pilot . Y Scintillator

# 1) 5 x 5 meters x 0.625 cm thick ($125 for 1 x 4 feet x 1/4")
# 2) 5 x 5 meters x 0,625 cm thick plus 4 sections 2 x 5 meters

around edges of iron shield.

2
Total of 90 m> 19=§5§E=- . $31.25/rt°
m

# Machining edges of scintillator (assume 1 x 4'
sheets require 1.5 hours machining each)
# Gluing scintillator to make 5 m long strips

Light proofing to be done with aluminum foil and
black cardboard at site --

$30, 400

$ 4,400

$ 900

$35,700

*For scintillators of different dimensions these costs can be pro-rated.
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ELECTRONICS EQUIPMENT

1, Spark-chamber pulser And power supplies,

The Spark Chamber puléers can be triggered with a scintillation-
counter coincidence circuit, see Fig. 1. The following standard units

(including spares) are recommended for this use:

18 Phototubes and shields $4400
18 Phototube bases % 3600
4 Pulse OR Circuits 800

2 Pulse AND Circuits 300

2 Spark-chamber trigger amplifiers 64,00

3 Spark-chamber distribution boxes 1800

2 High-voltage power supplies for spark chambers 800

2 Clearing field power supplies 400

2 High-voltage power supplies for phototubes 1200

2 Phototube voltage - divider panels 500

2 Bins and power supplies for fast electronics 1000

Assembly and checkout time for pulser and 4000

coincidence system,

2. Spark-chamber Read-out Equipment ~ per Fred Kirsten
)

To record the coordinates of each eveni it is proposed that the
magnetostrictive readout signals be used to gate time-interval scalers.
The spark-chamber trigger signal would gate on each of four scalers
with a capacity of 1024 coupts. The magnetostrictive readout would
gate each scaler off at a tﬁme corresponding to the position of the
spark in that chamber, For a time base the scalers would count from
a 1-Mec clock oscillator,

The following readout iogic circuits (including spares) would
be required: .
Amplifier and discriminator eircuits $1400

4 Scales of 1024 1700
Tape transport control circuits 1400
Spare boards 3000
Test routine equipment 2300
Power supplies 1200

2 Incremental magnetic tape transports with 12,000

drive electronic5q

Engineering design[and checkout of individual au. ©.7500

chassis $30,500

$25,200

77
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ELECTRONICS EQUIPMENT (Continued)

3. Magnetic Tape

It is estimated that in the most compact data format, one 2500 ft,
reel of tape would be required: per day. At $25/reel, tape costs for
200 day's operation would be -- $5000

(The tape is, of course, reusable as soon as the raw :.i- $5000
data have been read into a computer,)
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D. ELECTRIC POWER AND LINE REGULATORS

(j~ Adequate power with sufficiently good regulation may be available at
the site. However, for this estimate it is assumed that we would have to
generate our own power, A diesél generator with an output of 10 kVA,
115/230 volts, 1 phase, 60 cyclé with + 10% load regulation should be adequate.

Paul Breitenbach supplied ‘he following figures:

Diesel-generator 5 kVA  $1200
10 kVA 1800
15 kVA 2600
30 kVA 5000

$1800

Operating costs including fuel, maintenance and depreciation $ .054/kWh,

This assumes fuel costs $.50/gal., the usage is 0.1 gal/kWh, and

depreciation is 20%/year.

= For 1 year's operation at an average power consumption of

5 kVA, the power cost is ——- $ 500
A 5 kVA line voltage regulator is essential for the correct

- operation of the electronics equipment; a second unit would be
(,: used for standby operation,

Stablline line voltage regulators with protection and

control circuits, $3200 each --- $6400,
Cabling, coaxial and power -- $2000

@

$10,700
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E. TEST EQUIPMENT, TOOLS, SPARE PARTS

1, It is recommended that the following test equipment be assigned
to the experiment:

1 - 30-Mc bandwidth oscilloscope with 2 plug-in amplifiers,
high voltage and low voltage probes.

High impedance voltmeters with HV probes,

Volt-ohm milliammeters.

Pulse generator, Total $3600
Radioactive source for checking scintillation counters.- Borrowed

R o VI N
N

2. It is recommended that the following amount be included
for hand tools, electric drills and associated equipment § 300 -

3. It is recommended that some spare electronic components
(e.g., transistors and tubes) be included for repair
of chassis in Egypt --—— $ 500

$4400

F. TESTING

It is recommended thét the entire spark-chamber, scintillation counter and
electronics array be first checked out at IRL and then be field tested at an
underground location nearby. It is estimated that 12 man weeks of time would

be required for these tests. §6000

G. SETUP AND INITIAL OPERATION

Tt is recommended that one man from ILRL go to the site to assist in un-
packing, assembly and early operation. A maximum of three months has been

estimated for this period. §87OO



H. EXCEPTIONS

|

kfij\! The following items have Egiébeen included in this estimate and are assumed
to be covered elsewhere:
l. Transportation of?equipment and personnel to site.
2. Packing and insurance for equipment.
. Any procurement c%sts of equipment and components.

|
. Storage and equipment operating hut.

3

i

5. Iron shield in spark-chamber array.

6. Air-conditioning for equipment.

7. Electric lights at site; however, 5 kVA of power is available for
this purpose.

8. Gas supplies for spark chambers.

9. Fresh-air supply in spark chamber area.

10. Operating personnel at site beyond one electronics man for 3 months

(i to supervise unpacking, assembly, and initial checkout of equipment.
.
I. TOTAL _  ===m—memeeeomeoeoes $136,900
20 /o Contingency 27,400

15°/0 Miscellaneous items 20,500

GRAND TOTAL -------mmaeman £18k,800
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PROCESSING AND ANALYSIS OF DATA FROM PHOTOGRAPHS
made by Bubble Chambers and Spark Chambers

A. H. Rosenfeld
P rofessor of Physics
University of California at Berkeley

INTRODUCTION

At present U. S. high energy physicists measure and process between one and two million
bubble chamber events each year. It is likely that this measurement rate can double every
two years for a few years. I would like to try to answer two questions:

1. What is the point of processing more millions of events each year?

2. What level of support will be needed to raise our measurement rate for bubble
chamber and spark chamber film, and how should the support be divided between
the universities and the national laboratories?

I. WHY IS THERE A NEED TO PROCESS MILLIONS OF EVENTS EACH YEAR?

Gell-Mann, on Tuesday, showed you a slide displaying 18 lines, each line representing a

state of strongly interacting matter, either a "meson" or a "baryon". He explained that we
have been able to find relative nrder between some of these states, so that we have discovered
"meson familes™, and "baryon families” and classified them according to the Eightfold Way,
or the newer scheme called SU(6).

In order to identify each of these new states one usually needs a clean sample of hundreds, and
sometimes tens of thousands, of events. This should not be so surprising; we are used to
doing even micro-chemical analysis with samples containing far more than a thousand atoms.
A familiar analogy would be that to predict mortality rates -- or the outcome of an election --
one has to interview a sample containing thousands of people.

The current difficulty in particle physics is that very many different things happen in a high-
energy interaction, so that to find a clean sample of a thousand events of a given sort, one
may well have to sort through tens or hundreds of thousands of measurements. All this work
may permit us to establish the properties of one new state. But in order to complete the new
"periodic table" and have a chance to understand the order behind it, we have to deal with
tens or hundreds of new states. Hence millions of measurements are called for.
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Instead of just reasoning by analogy, let me show you two slides which tell how many events
were involved in the discovery in 1964 of the ""A meson", which subsequently, with more
events turned out to be two mesons now called Al and A2,

The first figure involves what we call a scatter plot, so let me explain what that means.
Suppose you take a sample of 100 men, and you ask them each their age and their salary.
You can then lay out the scales where salary is plotted vertically and age horizontally. This
plot would have a hundred points, and might look like Fig. 1. It is a scatter plot and would
tell you quite a lot about the relation between age and salary.

The plot that I am going to show next, Fig.2, instead of 100 points representing 100 men, has
1784 points representing measurements of the 1784 events in bubble chamber film measured
by the Trilling/Goldhaber group at LRL (Berkeley), and the scales, instead of being salary and
age, are the masses of pairs of particles leaving the interaction. If these particles did not
interact in an interesting way the density of population would be nearly uniform over the
allowed triangle. You can see that instead there is a distinct structure: a horizontal band
which represents a proton-pion resonance (unstable state of strongly interacting matter)

and a vertical band which represents a two-pion resonance known as the rho-meson. The
Trilling/Goldhaber group were looking for a clean sample of rho-mesons so that they could
investigate in turn whether the rho resonated with any other pions leaving the interaction

to form a new rho-pi meson. Unfortunately the physics is complicated where the two
population bands cross (i.e., where most of the events fall), so they had to select for

their sample just the 400 events in the vertical band above the horizontal band.

Note that each dot (event) of which they could use only 400, represents a lot of work.

P erhaps 250, 000 pictures had been scanned to find 4000 candidate events, which were

then measured on a digitized microscope in two or three stereo views. These measurements
were then fed to a computer which worked for about 2 minute to reconstruct each event.
During this time each event went through about 85, 000 words of computer program involving
several million actual computations (add, subtract, multiply, etc.). The computer certified
only 1784 of the 4000 events as simple enough to be eligible to go on the scatter plot.

For each of the 400 rho's the Trilling/Goldhaber Group computed the mass of the combination
of the rho with another pion and plotted their result in Fig. 3a (top). You can see the peak

at the left, which the group named the "A meson". With only 100 A -mesons they could

barely establish its existence and mass, and could not possibly discover the rest of its
properties (there remain six other "quantum numbers" to be established). It is as if one
were driving through the fog and just made out a shape ahead, without being able to tell
whether it is a signboard or a car, or a truck, or which way it is going. In summary,

4000 measurements yielded an inadequate sample of 100 A mesons.

As soon as the A-meson was reported, members of the Alvarez group, also at Berkeley,
realized that they has relevant data. They already had measured and cataloged a large number
of events with rho's. These libraries of measurements stored on magnetic tape are extremely
valuable. Several times, after some other group announced the existence of a new particle,
we have been able to use existing measurements to establish all its remaining properties
(""quantum numbers") almost overnight.

Adding some new events, the Alvarez group started with 7000 measurements, and their

final result is shown in Fig. 3b. The improved statistics revealed that there was not one
"A-meson" peak but two separate peaks, fairly well resolved. The leftmost peak (containing
about 100 events) they called Al, the righthand one (with 200 events) they called A2. The
200 events were enough to suggest the other properties of the A2,
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To complete the story, it then became apparent that if the A2 had the quantum numbers
suggested by the 200 events, then it should have a certain rare decay mode into two K
mesons. The group then MowsmeRE¥sly scanned 180, 000 pictures, and found 5000 to 6000
candidates for this decay mode. Measurement and processing of the candidates showed
that about 30 of them were really decay products of A2, establishing all the rest of its
properties. Nobody has yet found enough Al decays to sort out its properties -- in fact
it is not yet sure that it is really a resonance. Perhaps a new experiment starting with
70, 000 events instead of 7000 will answer these questions.

A European collaboration (Aachen, Berlin, CERN) has just measured 7000 more events
bearing on Al and A2. They found about 200 clean rho's and their final mass distribution is
shown in Fig. 4. They confirm the two peaks, but can determine no new properties of
either meson.

In summary, to find a clean sample of perhaps a thousand events one may have to start
by measuring tens or hundreds of thousands of events, and then make several different
selections along the way, each time throwing out the majority of these painfully acquired
measurements.

II. PAST, PRESENT AND FUTURE DATA PROCESSING EFFORT

A. Nadonwide Totals

In April 1964 I asked friends in the dozen largest bubble chamber groups in the U.S. for
estimates of their measuring rates, personnel, etc. Adding their answers I found the
following totals:

Estimated events measured in Calendar 1964 1,000, 000

Ph.D. physicists heavily involved with data processing 125
(Total Ph.D."'s in High Energy Physics ~1000)

Full -time -equivalent scanning and measuring technicians 300

Measuring projectors (these average $50, 000) 65

By now I would guess that the annual measurement rate has grown to perhaps 1.5 million,
but I doubt if the other totals have greatly changed. Probably, to take into account the
efforts of all the other smaller groups one should raise the totals above by 30% to 50%.

Of the 300 technicians, I would guess that at any given time perhaps 50 are scanning pictures
(looking for interesting events), 125 are measuring, and 125 are involved in data processing
(programming and dealing with computers and their output).

B. Historic Trends

Fig. 5 shows the recent history for the group in which I work and with which I happen to be
most familiar -- the Alvarez group at LRL, Berkeley. Its measurements have risen from
80, 000 events in FY'61 to 300,000 in FY'65. This represents a doubling every two years.
Since 1962 the amount of computing that we do has been going up along with the measurement
rate. (Before 1962 our computer programs were not yet working). Currently, to compute
300, 000 events per year, we use more than half the time on the IBM 7090 or an IBM 7044.
Such computers cost about $1 million, after educational discount.
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Fig. 5 shows two very encouraging facts -- although our measuring rate, and the amount of
computing that we do, has been doubling every two years, the number of physicists needed,

and the cost for computer time, have both remained nearly constant. The reason that our
computer costs have not doubled along with the measurement rate is the rapid rise in
computing power per dollar -- every year sees the announcement of new, faster computers,
for about the same price as current models. Specifically the data processing capacity (we

call it "throughput") per dollar of U.S. computers has been doubling every two years during the
last decade, and it looks as if the trend will continue.

I have discussed one group, that of Alvarez, but I think its trends will apply for most other
groups.

C. The Future

Dr. William Fowler, of the Shutt Group, has recently made an estimate that the number of
bubble chamber pictures produced per year will rise from 10 million in 1965 to 40 million in
1975. But the average chamber running now is a few feet long; the chambers of 1975 will

be between 10 and 20 feet long, so they will produce about 3 times as many events per picture.
In addition the events will be more complicated, and in the bigger chambers there will be
more secondary interaction to measure and analyze. So I conclude that the number of events
available per year will double roughly every three years for the next ten years, and the

actual data analysis load will rise slightly faster than that -- perhaps it will double every

two years. This is our raw material input; how shall we keep up with it?

Let me state my conclusions at the outset, then return to justify them.

I predict that the scanning load will be handled simply by increasing the number of people who
scan. However one full time person can scan about 100, 000 pictures a year, and so 50 people
probably handle the national scanning load now. I think we'll have to increase this to 200 in
the next 5-10 years.

I predict that the measuring will be handled at little increase in expense by the computer -

controlled automatic measuring devices known as FSD and PEPR. These cost $200, 000 each
and would be installed at 10-20 universities and at the national laboratories.

I predict that the computing load will be handled by one or two million dollars of computing
equipment at each of 10-20 universities and at the national laboratories.

e % 3k

The Advent of Automatic Measuring Systems

Prof. John Pasta will discuss semi-automatic and automatic measuring. But to expand on my
predictions I shall show some pictures made with the computer -controlled measuring device
that I know best -- PEPR, which is being developed at MIT in collaboration with Berkeley and
Yale. It consists of a cathode-ray tube (precise TV tube) controlled by a computer costing
about $325,000. We hope that in 5-6 hours a day PEPR can measure about a thousand events.
(This is typically the output of a dozen conventional measuring machines, staffed around the
clock.) The computer would then spend the rest of the time doing the necessary calculations
on the measurements.

Fig. 6a shows a bubble chamber photograph we recently gave PEPR to process. To save it
some time, we told it that there was an event about one third of the way "downbeam". Fig. 6b
shows the region the computer scanned. This figure is not a photograph of the film; rather it
is a playback on the computer's desplay ' scope of data scanned by PEPR and stored in the
memory of the computer.
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Fig. 6c shows how the computer disentangled and measured the event. It discarded the
spiralling electron, the "through" beam tracks, and the fiducial mark near the interaction of
interest. Then it found the vertex of the interaction and the outgoing prongs, and followed
them to their end in a most satisfactory manner.

Even older than PEPR, is a very similar cooperative development called FSD, which is now
installed and running at BNL, LRL, CERN, etc. The next generation of these computer -
controlled measurers will doubtless incorporate the better features of FSD and PEPR. With
10-20 of such devices I am confident that we can raise our national measuring rate from the
current 1-2 million events annually to 10-20 million in the next 5-10 years. These automatic
measurers will also be in demand to measure spark chamber photographs, particularly if
wide-gap spark chambers fulfill their present promise, so this load may become as large as
the bubble chamber load.

You may note that I have spoken of these automatic devices as measuring machines, and not
as scanning machines, although the figures show that the machines can scan. But it does not
yet appear to be economical. My present feeling is that human beings, after 100, 000
generations' experience, are still better at recognizing bubble-chamber events than are
computers, which have only had about 5 generations to evolve. For the case of spark
chamber photographs scanning by computers is already economic#.

L

Universities vs National Laboratories

These new automatic measuring devices are cheap enough that there is no reason why they
should not be installed on university campuses, where the physicists and graduate students

can keep in day-to-day touch with what they' re doing (it is still a rather tricky business). And
of course the scanning and data processing should be done on campus too, for the same reasons.

However, I should point out that most of the important developments in data processing in the
last decade have been made at the strong centers in the national laboratories, where big

groups have the resources and equipment to innovate. (There are of course notable exceptions,
the inventions of the bubble chamber, the spark chamber, and PEPR). The university users
groups and the groups at the national laboratories have published comparable amounts of
physics, but I think it is fair to say that the techniques have been developed mainly at the
national laboratories. Hence, in addition to the campus groups, the AEC should continue
extensive support to a few very strong centers, equipping them not only with modern computers,
with the new peripheral equipment whose importance is now becoming apparent: mass
memories and the time-shared consoles with display ' scopes and light pens.

Finally as to my prediction that it will not take much more than $1 million of computer

on each campus to process the measurements. I come to this conclusion simply by noting
that the rise in computer throughput per dollar is about the same as the rate of rise in
our measuring power. Of course if this happy trend in the computer industry should not
continue, then our computer expense will go up steeply. It will mount in any case, - since
as we process more and more events we will have less time to handle any part of an event
by hand -- this will put more load on the computer. Further at higher energies it becomes
more difficult to interpret the events.
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Fig. 6a. Original bubble chamber photograph scanned by PEPR., PEPR was instructed to
scan the beam area about 1/3 of the way from left to right.

Fig. 6b. Redisplay of data on the PEPR display oscilloscope. PEPR read in all the bubbles in the
area of interest, stored them in the computer core, and re-displayed them. In addition
to an interaction with one incoming and four outgoing tracks, there is visible an electron
spiral, many non-interacting beam tracks, and an '"x" fiducial mark on the bubble
chamber glass,

Fig. 6c. Tracks of interest as filtered, followed, and measured by the PEPR computer.
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A. The Interesting Physics

The need for a large liquid hydrogen (deuterium) chiémber for use with the 200-
Gev proton éychrotron is based on the necessity to further our understanding of weak,
strong, and electromagnetic interactions. Notable among the experiments for which
the burble chamber is ideally suited are the following:

1. Neutrino interactions

| 2. Decay of strange particles
3. Electromagnetic decay of strongly produced resonant states

L.,  Strong-interaction reactions with outgoing neutral and charged particles

B. The Experimental Difficulties of Bubble Chamber Physics at High Energy

The experimental difficulties can be summarized as foliows:

1. The loss of vital information about a reaction because outgoing
neutral particles escape detection in the chamber.

2. The difficulty of identifying outgoing charged particles as pions, kaons,
protons, muons or electrons.

3. Momentum measurement accuracy of charged particles of high momentum.

k., The small production cross section of neutrino interactions.

C. How the 100 cubic meter chamber can solve these difficulties.

Considered in the above order, the solutions are:

1. Neutrqns, neutral pions — 34 rays, and neutral strange particles can be
detected provided sufficient path length exists between the primary
interaction and the walls of the chamber. Keeping in mind that, a) the
neutron -proton mean free path is 10 meters, b)}the }ﬁ -ray radiation
length is 10 meters, c) the mean decay length of a 15 Gev/c Ki meson is

one meter, and d) roughly one meter of high momentum track length is
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necessary for accurate momentum measurement of the secondary tracks, one
realizes that 3 meters from the primary interaction to the nearest

wall would be veryAhelpful. ngnty to thirty per cent of all neutrgons
and %‘ rays will convert in this distaﬁce. For those experiments that
would require a larger Sﬁ conversion efficiency there would be suf-
ficient space to put lead plates.

2. The existence of lead plates surrounding the primary interaction volume
would also aid in the identification of electrons. Additional plates,
provided they were thick enough, would aid in the identification of
muons. In practice the best way of identifying the leptons emerging
from neutrino interactions is to use a beam known to consist of either
neutrinos or antineutrinos. If lepton conservation 1s strictly obeyed,
then in most reactions the negative (positive) particle emerging from a
neutrino (antineutrino) interaction is a iepton. For this reason it is
essential to produce the neutrino beams from momentum analyzed meson
beams as described in section X of the main report.

5. The value of having long, unobstructed, tracks in liquid hydrogen for the
purpose of determining both direction and magnitude of momentum hardly
needs mentioning.

4., The need for large volume is usually considered to be required primarily
by the low neutrino cross secti6n. We place it last in importance
because the reason we propose a 100 mj chamber rather than 50 m; is
because of topics 1, 2, and 3 sbove. The 200 Gev accelerator will
produce adquate neutrino fluxes to give reasonable counting rates for

both 50 m; and 100 mj chambers.
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D. Estimated Construction Cost

Detailed proposals for L0 m3 and 26.5 m3 chambers have been made by the BNL

and Argonne laboratories, with estimated costs of $15 and g1k million respectively.
The chamber configuration that we propose differs little from these proposals. The
size is greater. A possible shape is that of a 6 meter diameter sphere with 1 meter
sliced off both top and bottom to allow the pole tips of the magnet to be placed
closer together.

Preliminary estimates, aided by the more detailed cost estimates of BNL,

cuggest a total cost of $38.5 million distributed as follows:

1. Chamber and Expansion § 6.0 m. 9.0
2. Magnet% (20 kilogauss) and Power Supply 11.2 10.0
5.‘ Cryogenics L7 6.7
L. Opties 2.4 2.k
5; Electronic controls 2.6 2.6
6. Building 11.6 6.0

Total $38.5 3h.7
1st estimate 2nd estimate
|
* Conventional magnet. Development of cryogenic magnets for this

purpose may alter this cost estimate.

E. Operational costs

|
These costs are estimates assuming a full time crew of operators working three

shifts. It is further assumed that the chamber will be taking pictures approximately

fifty percent of the operating time of the accelerator (¢ L4 million pictures/year).

1. Magnet power + crew #3.0 million
2. Film (20 cm, 3 views/pulse) 3.0

Total $6.0 -
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January 5, 1965
MEMORANDUM
To: M.L. Stevenson
From: H. Paul Hernandez
Subject: 100 Cubic Meter Liguid Hydrogen Bubble Chamber
The BNL report gives a chamber volume of 40 cubic meters and a cost of 15 million
dollars. The ZGS report gives the chamber volume of 26.5 cubic meters and a cost of

114 million dollars.

The cost of the 100 cubic meter chamber might be as follows:

Million Dollars

1. Chamber and Expansion 6.00
2. Magnet and Power Supply (20 kG) 11.2
3. Cryogenics .7
4. Optics 2.4
5. Electronic Controls 11.6
6. Building 2.6
7. Beam Transport Equipment and
Neutrino Shielding 1.5
Total Lo.0

Beam transport equipment and neutrino shielding might be low if ti is is a very com-
Plicated beam line and the shielding is massive. On the AGS studics, the shielding
estimates have been running low.

- The operating cost paragraph might read as follows:

The chamber is assumed to have a full-time crew of operators working
three shifts and will be taking pictures fifty per cent of the operating
time of the accelerator. The operating cosf will be about 3.3 million
dollars per year, including film. The film cost is estimated at around
$300, 000.

Paui Hernandez

* :
I gave Paul the wrong film size., It was a factor 3 too small.
MLS
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I

‘A, TITIE:

The Alvarez Group proton experiment is designated P65, and will be
called Experiment # 17.

B. OBJECTIVE: .

1o The P65 experiment, utilizing a proton beam between 5.0 to 5.5 Bev/c
and 6,5 to 7.0 Bev/c in momentum, is designed to systematically and
comprehensively explore this region of high energy physics. In
particular, it is expected to substantially inerease the amount of data
in this region (thus improving the statistics), and will analyze
hypeion final states, baryon-meson and baryon-baryon resonances,
meson resonances of a high mass, and determine cross<sections |
for a large number of interactions in proton-proton collisions.

2e The high moﬁéntum proton beam (7.0 Bev/e) represents the highest
eneréy that may be obtained from the Bevatron, and covers an area

of research not well developed at this time,

C. CHARACTERISTICS OF THE P65 EXPERIMENT :
Te- The first distinction between this beam and other beams run by the
Alvarez group is that the particles striking the Hydrogen target have
a positive unit charge and baryon number. Thus the final states of all

7 interactions must have a net charge of +2, and include two baryons

S
4

// or hyperons,
/2, In addition, a proton-protun collision can produce a deuteron (charge -
// +1 and baryon number +2), which will be observed as a track in the

bubble chamber,

“-- Ad




in the final state ( e.g. two protons plus 14 pions at the highest
beam momentum). This will be seen later in the discussion of event
types. Vees will usually appeaf with two or four prong events, but

more charged prongs may appear with them,

* LAWRENCE RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA MEMO NO. PAGE
PHYSICS NOTES SLB- 2,
NAME
susJect G.Smith, P.Uohlmut
P65 SCANNING INSTRUCTIONS DATE
3mSmb5
_ C. continued
2. Due to the high incident momentum, many particles may be produced

D. GENERAL SCANNING INSTRUCTIONS:

1o The experiment will record about 500,000 frames of film, beginning
in'g§§§% 1965,. which should take approximately 6 to 9 months to scan
completely.

20 Rolls to be scanned will be listed in a binder Iu Recn 303 labelled
WP65 CURRENT SCAN"; and each scanner will be assigned rolls. Each
scanner will then mark the date when he begins and ends a roll in
the appropriate places in that book,

3. Completed scan shects should be placed in the P65 ROLLS COMPLETEY

binder. These scan sheets should be complete in all respects, containing

all the appropriate information under the headings listed on the
sheets. This will be discussed further,
be Care should be taken in filling out the scanning room log book each

time a scanner uses & scan table,
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D. . continued

56 Any malfunction of a scan table should be reported to mechanical

or elécﬁfical maihﬁenance. Under nd'circumstances should a table

be used which impedes the observation of the film in all three

views, or prevents the views or ‘the grid to be superimposed.

6. The following information should be recorded on each scan sheet:

Columns

1=4
5=
8
9-10

11=12
13

14=15
17-18
27-28

16
19-21

22=2/,
32=34 .
43=45
51=53

2526
35-36
L6=LT
54=55

3739
56~£0
6165
66~70
Ti=80

R

‘ ___:af VERTICES

Description

Number of roll being scanned

Frame number of event being deseribed’
Scan mumber (1 for 1st sean,2 for.second)
Beam track of event belng described (-ﬁscﬂ

S T DLy

Torperiment number 17

ALWAYS EQuALS 1

Date the page is seanned
R

Event type of evenu\being described

Grid location of vertex being described

Flag mumbers for vertex being described

Scanner number
Binary codes 1~10 .
Binary codes 11-20
Binary codes. 21=30
Any scanner comments'

411 information must appear in the appropriate columns, or the error

will be charged to the scanner in the computation of scanning efficiencies,

Data which must appesr at the top of each page includes the Roll, Date

and Scanner number,
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D, continued

7o The bubble chamﬁapllvolume to be considered in looking for primary
event types lies between the beginning of the chamber and rake 15.
A frame should not be scanned if it contains:

a) Too many beam tracks (INI)=the amaxs mvm a//bwgd =
is Flex Jble - consveT Ex/oel-i meat ceordingtes;

i
i

e ——— e et

b) Poor film quality ( EAD )

c) No beam %racks (NT)

The scan sheet should contazin however, the notation TMI,BAD,NT in
columns 1-~4 in red pencil for the appropriate frames,
8.  Definitions:

a) A non-beam event is defined as an event with the incident
beam direction deviating more than + 5° from the general
beam direction,

b) A secondary event is ome which is produced by one of the
outgoing particles from a given primary interaction,

c) A ZOON is an event which cannot be deseribed by a
combination of primary event type, flags and binary switchesgq

d) A vee conmsists of two tracks originating at some point
in space, and being oppositely charged.

% The following criteria apply to valid events:
a) All events produced by true beam tracks, and all vees

are considered walid events.

svticle frem chavged tmk§7

b) Becondary strange z—-=:o} events' should be recorded by !

using either BC20 or BC26. If the event is one that would

normally be recordedﬂypu, would indicate that there is a

secondary strange LS8 interaction by using BC 28. -

If the primary event is one that is not normally recorded

you would record the sécondar i

v@u‘bra,/ vy Ecig ebibéforag‘ &Y AL nz‘.t?%yp;sgs; ? %:-,B% 33705

Bl 5 Cplos i C. 23 fF Gpprem,
c) All vees fshould b& #édor efg.b,u IRCe),

t
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d) Primary events with the beam track less than 1 em long
in View 2 should not be recorded.

. gor charged (KE) ‘
e) Pi-mescn decays should not be considered in determining the

primary event type.
10. QOther rules:
a) Assign beam track numbers successively'with beam track
number 1 assigned to the event closest to the bean
entrance window. If several events occur the same
distance from the window, assign the lower beam track number

to the event closest to the rakes,

|
1
|
i

ba) If in doubt as to vhere an electron or dalitz pair points,
use the correct binary code with all the possible events, - -
C{d) Electron pairs at primary vertices are not considered-

ProngSo

RY.-21R7?
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E. EVENT TYPES:

1o

2.

3.

4o

Secondary decays and interactions should be noted by means of one
of the flag digits listed below, These should be recorded in the
column labelled FH for the vertex they describe.

P Leseription

One negative track interacts

Several negative tracks interact

One positive track interacts

Several r~2-77 3 tracks interact

One negative track decays

Several negative tracks decay

One -positive track decays

Several positive tracks decay

Tracks of both charges interact or decay

In addition to FH, g second flag Fé will be used. This information -

should be entered in the F, coulumn for the vertex to which i%

2
applies:,
Eb Description

1 through 8 15253,4,5,6,7 or 8 positive tracks are
. darker than minimm but are not pi-mesons.

Care should be exsrcisediin using these flags correctly, and as often.
as they apply. |

Binary codes are used to further describs a given évent. Care must
be taken in recording these binary switches since they add useful

descriptions to an evente
P
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E.Z continued

Binary Switch

25

nunbers :

2

L

PET XY7

0Y2
112
2YZ
3YZ
4LYZ

512

oA

26 v
50 The following convention nbids fo?ldescribing events ugth event type}

Each event will have assigned three digits which will uniquely describe
it, The three digits are X¥Z, vhere X refers to a code for charged
decays, Y refers to the numbor of vees, and Z refers to the numbsr

@n

of POSTVIVE charged prongs at the production vertex. Thus:

Description

Unmeasurable event

Frame number obscured 7 :
Secondary EnreppcTIon oF A MEVTRAL
GAPTICLE From pirimary VW EeX .

Dalitz pair at charged vertex

Blectron pair associated with event

Vee possibly misidentified

Ieptonic decay

Incident track nossibly non-bzam

Inghher iatomatisic possibly produced vee
Midegir AaTiTZ palr v B .
VePdoos net funt back to primavpinterection
Secondaryginteraction of charged track of
p:.:-imgry TOree:x | Sz %’@&ﬁ%fj? pt.:} réicl?

Vee points at negative decay vertex

Positive charged track in space (recoil)
possibly associated with vee

BEsam track has delta ray of greater momentum
than allowed for proton.

Neutron skap - associated yith event . .
: Y rRangC. pay ticdS intrac tie‘;& whn

SECLoNDARY S7
SRS TN 35 e U5s Frbcokiid
.fw:m (.M{.:‘] =
tracK

Deseription

o charesd decays from primary event, Y vees,
7 nooidive prongs at production.

1 positive decay, Y vees, Z positive tracks
at production. :

2 positive decays, ¥ vees, Z posi
at production. .

1 negative decay,Y vees, Z pocitive tracks

at production

2 negative decays, Y vees, 2 positive tracks

at production. .
1 positive, 1 negative Qecay, Y vees, Z positiv
tracks at production,

tive tracks
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E.5 continued

examples :
PET XYZ Deseription
200 Zoon
co2 no decays, no vees, 2 prong
008 no decays, no vees, 14 prongs (& positive prongs
024 no decays, 2 vees, 6 prongs
010 no decays,. 1 vee, no prongs (unassociated vee)
133 1 positive decay, 3 vees, 4 prongs
316 ' 1 negative decay, 1 vee, 10 prongs
507 1 positive decay, 1 negative decay, no vees,
12 tracks
_: 00| NoN :Maﬂﬁcrwt BT wiTh B,C M
b TWE EXPT, CooRDINATOR Wik ANNOVNCE ET.. TO
be Secammed ~ this vy ot e ’"06(’564&:/@ ce /)
& —/
ﬂoqiS‘ble E. 9,
‘ 7.  Sketches ‘of several event - uypéé*éigﬁgﬁbwn on the following pages.

RL=-2187

e S A T TG W I g LT T e D O e Fo MRS R RN R A B 1T g T -
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F. General and Miscellaneous Instructions

1l. Most of the scan sheet is‘self-explanatory; however, there are certain
conventions which must be rigidly followed.

a) All the information recorded on the scan sheets must be placed in the
proper columns. Measuring cards and permanent record cards are punéhed from
the data on the sheets by pefsons who know little or .nothing about the experi-
ment. They are instructed to punch the data exactly as it appears on the scan
sheet. Also errors in event type; beam track no., etc. can easily go unnoticed
until a check is made.

b) The scan sheets are to be filled out in lead pencil only, preferably a
dark lead. Other colors may be used by the library for specific purposes and
should be gbsolutely avoided. In the top right corner of each sheet put the
roll number, your initials and scanner number, and the date. Write neatly:

c) Note the first and lest frame scanned and the totel net number of frames
scanned on each roll in the upper left hand corner of the sheet; these will

be useful later in cross section determination. Do not sketch any events.

+. ) -~ )
2. Charged Ef’s, being short lived ( ff = 0.75 x 10 losec., §E==l.6 x 10 losec.)
often decay (~ 30-40%) close to the vertex ( <1 cm.). For this reason our scanning

. T
efficiency can be low, particularly for close in E{decays into pnohwhere the darkly

ionizing proton mekes it difficult to distinguish a kink. Carefully check for charged
decays.

3. Association of V's with interactions

“a) Origin of V's

Excluding a 3-body decay (discussed later), the following rule will help
determine the origin of a V (not el): Draw tangents to each track at the
vertex as shown in the diagram. The origin of the V will lie within the

angle formed by the tangents. If you can find no such origin in the picture,

S e T e e T G, TR ke SR S

BL-2187




LAWRENCE RADIATION LABORATORY » UNIVERSITY OF CALIFORNIA MEMO NO. PAGE
. NFD s5hd
PHYSICS NOTES /

SUBJECT ’ NAME - N
L.R.Paradis, et.al

PROTON EXPERIMENT SCANNING INSTRUCTIONS PART IT DATE

October 29, 1965

this might suggest two possible explanations: (1) the V is "stray", having
been produced outside the visible volume of the chamber or (2) it is a lep-
tonic or 3-body decay. Each of these categories will be discussed in some

detail later.

—

) ILine of flight of V:

If the two prongs of a V intersect (or can be made to intersect by extrapo-
lation), the line of flight of the V is defined to be the line going through
the vertex and the intersection point. If the two prongs do not intersect,
the line of flight is the line which divides the opening angle roughly in-

versely as the radius ‘of curvature (it is closer to the track with the larger

radiug of curvature).

N
s\
,f-*igs ~ P Strictly speaking, 2/ = Sin91/31n92
~
j; Té% If the angles ©,, 6, are not very
2 S . .

~ = ;' la.rge,_j':"2 //Ql = 91/92
YN 4 ef & /1'3/'127

c) . Several Possible Origins

If there are several interactions with which the V could be associated according
to the previous instructions, it should be considered coming from the interaction
point on, or closest to, the line of flight. I there is some doubt as to

whether there might be another interpretation use Binary Code # 1T.

Y, TLeptonic Decays:

If one of the tracks of a V curls up (hence is an et ore ") or decays into

+ (o]
an eT or e (hence is a i) note this fact with Binary Code # 15. One half of all K''s

RL-2187
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-10
produced will be Ki's with a lifetime of 0.89 x 10 ~ sec, small enough that essentially

all IQ_LO's will decay in the chamber. They will decay into 2xn's > 99%.of the time;

i

occasionally they can go leptonically.

Its decay modes are K; -

= o'co + 1(0
:L- -
- T pt{ 4+ ¥ (leptonic)
oF
The other half of the K 's will be Ko's with a lifetime of about 6.8 x 10‘8se¢, long

2
o
enough that almost all K2's escape from the chamber. However, a small number will

decay in the chamber. The Kg alwgzs decays via three~body modes:
KZD} T +{ui + V  (leptonic)
e
1r+ + 1 + ©

n:++3t?+1r

(o]
Three body decays gquite often appear not to conserve momentum because there is a neutral
track unobserved.

5. Unassociated or Stray V's

Sometimes you. will find a V (meeting all the criteria for V's previously stated)
which certainly has no possible origin in the frame, although one or more interactions
are present in that'frame.‘ We are even excluding the possibility that the V is a
leptonic decay, the general properties of which were described in the preceding section.
It is difficult tg rigorously define the differences between a possible leptonié decay
(no curling ef or u - e decay) and = “stray" V; however, certain cases are obvious. For
example, suppose you found a lambda in & frame with one interaction, say a two prong.

In addition, suppose that the lambda were upstream (toward beam entry window) from the
two prong. Then, in this case the lambda could not be assoclated with the two prong from

energy and momentum conservation and would truly fall into the category of "stray"V

(B, T. 010).

RL-2187
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6. Dalitz pair in "mid-air":

If the two prongs of the V both curl up (and hence are e*) but the opening
angle is not zero, then we have a "Dalitz pair in mid-air". :ifl’r:i;féifiili:.;t 1% menerel. suel)
DRt pulrs 4y ;.Ld.—a;;f”,jl Note that in general such Dalitz pairs in mid-air (unlike

\t{-ray pairs) do not point at interactions and can therefore not be associated by
inspection with a particular event. In a picture with a '.'Da.litz pair" in mid-air in
which there is an event which you are asked to record, set Binary code 18, if .there
are several events set Binary code 18 for all of them, if no eventé = ilgnore Dalitz
pair in mid-air.

T. List of Definitions

a) Unmeasuresble event:

An event which is partly obscured by the rake, flare or other tracks in the
chember. These should be kept to a strict minimm. YSE B, C. %,

b) Dalitz Pair at Charged Vertex:

At the primary vertex if one or more tracks coming from the point of interaction
' curls up and hénce is an ei,. we say that there is a Dalitz péir associated.

Dalitz pairs at a primary vertex will not be considered "prongs" in the
determination. of the event type. After the event type has been decided, ignoring
the Dalitz pa.ir, note the presence of the Dalitz palr by setting Binary Code 12.
This change will make it necessary for everyone to be much more alert in order
to catch all\ these Dalitz pairs, and to avoid inany conflicts between the first

and second scanse.

RL-2187
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SCAN TABLE MEASUREMENTS

The opties of the bubble chambser system'relate scan table measurements to

real quantities as follows:

(1) Magnification on table: = 0,69
(i1) Dip angle A :

7“6';4 A= 426 S/Z——

1,2, refers to some track
superimposed in Views 1,2
at vertex A

The top plane of the bubble chamber glass is tilted to the horizontal at an
angle of 7%9, and the camera lenses are in this plane, Thus measurements of
tracks on the table are slightly skewed with respect to the direction of the mag-
netic field (vertical direction on the table).

Curvature templates are calibrated for the center of the chamber and may
be in error as much as 25% at the top of the chamber, The corrected momentum from

the measured template momentum is given by:

P(cprrected) = P(4emplate)X Q _)g= gipth cgrrection
cos A ? = momentum

©
|

An additional gource of error in scan table measurements ocours vhen the
vertex being measured is not dirsctly belov the axis of'the camera lens. The
vertex then is being photographed obliquely and all angles and momenta have to be
reconsiructed talking ﬁﬁe angle from thc lenz axis into account,

For most purpcses, measurcments on the scan table ignoring all the above
corrections suffice to glve a general idea of the kinematics of an event, However,
since substencial errors exist in relating scan table measurements o real value,

no decisions should be made in discarding events on the basis of close tolerances,
Thus it is not a good idea to eliminalc events on the scan table when a 25%

correction to some quantity yiel&s an acceptable result,
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MAXIMUM LAB ANGLES FOR HYPERONS

Table I lists the maximum angle at which a hyperon can be produced in the

laboratory.

TABLE I
"Seam Mom. | Max. degd Lab BMax. deg.-
Bev/c : Max.: .
oy oy =
Pi (.Z’:,aa‘k ‘éf _,% ———
5.0 35.0 38.5 12.2
7.0 39.0 | L6.0 2k,
|
i

These upper limits were calculated from the reactions which involve the
production of the hyperon, plus the least number of édditional particles:
p+pop+k +A
- D +:k+ +Z °
p + K += On®

From the table above'ﬁhen, it is obvious that a decaying track from a

proton-proton primary interaction produced at more than hSo is not a hyperon.
T u& decays look like the following:

] > e
Stopping n's arevdark and produce a p approximately 0.7 cm. long on the scan table.
However, leptonic decays of hyperons, various decay modes of the X meson, and decays
where the electron is not observed (only one kink), may look like = decays.

There may be éome pion contamination in the proton beam, but this should
represent a small percentage of the total flux. Hyperons produced by pion interactions
may be producded at angles up to about 550 (for the Lambda particle). Therefore, to
include all hyperon decays we should consider the pion interactions as well, Thus,

(o KE) T

the first crlterlon in determlnlno wnetnur & decaylnﬁ track 1s a nvor not is the pro-

B

duction angle of the track. If it 1s more than 60 with respect to tne beam direction,

R LA e me et o o e
e T e A %" 2t e —

RL-2187 o ) :
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a hyperon decay may be excluded.

The decay code of the event type XYZ only refers to hyperons, and so the
o
decaying track whose production angle is greater than 60 is not to be considered in

the event type.

\ (e} ’
If the decaying track lies within 60 of the beam direction, a further test

may be applied Da$ ed on ib‘ﬁ/iﬁ&tlb 2w amned cVRIBTORC. RE emedy iy
G & fer eiplielt smstirveflonSe
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DELTA RAYS

The association of a delts ray with a beam track yields some information as
to the mass of the beam particle when its momentum is known.

There is an upper limit to the energy a proton of a given momentum may impart
to an electron. Thus knowing the number of beam tracks which produce delta rays of
momentum greater than that allowed for protons yields a measure of the contamination

s ) =‘-l +t +v + '
of other particles in the beam. (k 'S, = 's, p 's, € 's).

Table I summarizes the maximum momenta for delta rays produced by protons

of a given beam momentum, and gives the scan table diameter of the delta ray.

TABLE I
 Beam Max Table
Momentum {delta ray ! Diam.
Bev/c momentum | inches
1ev/c
5.0 25.5 2.5
5.5 30.5 3.0
6.5 43.0 L.2
T-O L"9-5 )'l"9

A delta ray template is given on pagegﬂgfor the various beam momenta. If
a qs%?q ray of greater diameter than that shown for the given beam momentum is found
onéz;;eam track, the event should be recorded with binary switch 2k. If the beam
track does not interact, the event type is O0l, binary switch 24 (no decays, no vees,
1 positive track).

It is understood that the electron momenta drawn are the maximum allowable
for the proton beam given. A proton may produce a delta ray of lower momentum.

There will also be n+, u+, e+ contamination in the beam to a small extent.

Table IT summarizes the maximum momenta that the above particles can impart to

electrons:

BL-2187 o |
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TABLE IT
—
Particle Momentum
Bev/c
T ;
b 2.5
.
"p, R )'I'-S
+
e T.0

Obviously a delta ray produced by one of the above particles will be of sufficiently
high momentum to be indistinguishable from other negative tracks. However, the net
charge of the supposed interaction will be zero, and again the event type should be

a 001, Binary Switch 2k.

RL-2187
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PRELIMINARY STUDY OF THE REACTION:
+ o)
p+p->d+ -+ nanx
The total cross-section for the production of a deuteron at a proton

incident momentum of 7.0 Bev/c has been quoted as approximately 100 micfobarns.

prong events, to search for the reaction:

-+

pH+p=—-d+n = nuo; n=0,1,2...

The kinematics for the above reaction with no «°'s is shown in Table I,

and the accompanying figures.

lab angle are restricted further.

1
This

number scems adequately high to justify scanning at least a special subset of two

o
When additional #t 's are produced, the limits of maximum

where Gl

momentum

\

Extrapolated from:
Ce. Cocconi, E. Lillethum, J.I'. Scallon, C.A. Stahlbrandt,
C.C. Ting, J. Walters, A.M. Wetherell. "Proceedings of the
Sionna Conference, 1963". International Conference on
Elementary Particles. Sionna 1963.

Ref. L:

TABLE I
Beam Lab Lab Deuteron Pn+
Mom7ntum max. min. min. max. %pg 6<L/ Lab. Bev/c
Bev/c he) P P4 p * 1.876 B/c 0 max. at .=
d Bev/ c d W Bev/ c T deg. 2] ma.% .
5.0 5.330 1.186 0.337 3.800 14 .70 25.0 3.35
5.5 5.85k4 1.23%  § 0.37k k.260 10.80 2k.5 3.88
6.5 6.859 1.247 é 0.38k 5.250 7.60 2k.0 4.86
7.0 7.381 1.275 ] 0.366 5.750 5.25 23.5 5.62
§
: ]
The graphs may be read in a polar coordinate system:

1lab angle of particlel

RL-2187

O s A R



LAWRENCE RADIATION LABORATORY « UNIVERS!TY OF CALIFORNIA SIFD Hﬂago ND. T .PAGE
. PHYSICS NOTES * 0 4.7,
susJect P65 SCANNING INSTRUCTIOLS NMMET pete Wohlmut
DATE
P65 SCAITIFRS MANUAL, ADDENIUM # L April 6, 1965

i

The calculation of % deuterons with momentum less or egual to 1.876 Bev/c
is calculated with the assumption that the production of the deuteron at any center
of mass angle is equally probable. This is somewhat in error, but will suffice for
the first approximate analysis. .
If it is assumed that the cross-section for the above reaction is 100
microbarns over the momentum interval 5.0 to 7.0 Bev/c; we expect approximately
4,000 events of the above type in SOO,OOYframes of film. Restricting ourselves
to deuterons which are darker than minimum ionizing, (approximately 10% on the
average of the total sample) we hope to find approximately 40O events in this subclass|
Therefore, when scanning, all two prong events with a positive track darker
than minimum, and greater than 1 Bev/c in momentum should be recorded, If there is

eny doubt as to the ionization of a track, it should be assumed darker than minimum.

LY
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WUEN IS A VEE A GAMMA RAY PATR?

In this addendum methods are presented which aid in distinguishing some ;ees
as electron pairs. These instructions supercede previous instructions (K-63, Memo
# L56, p. 11), although the K63 instructions are embodied in our new instructions.
We present four methods of electron pair detection, any one of which is sufficient

to identify a pair.

METHOD I (Kinematics and Tonization)

The standard method of K63 should be well known. In this method one of the
members of zero degree~opening angle vee has momentum less than 150 MbV/c and

both tracks are minimum ionizing. It is not necessary that the high momentum

track be greater than 1 Bey/gl,as stated in the K63 instructions. The vee is

then identified as an electron peir since pions are twice minimum at a momentum
of 150 MeV/c. (see Fig. la)

Also, if both members of a zero degree-opening angle vee have momentum
less than 1 BeV/c and are both minimum ionizing, the vee is identified as an
electron pair. The reasons for this are: (1) since a proton from lambda
decay is twice minimum ionizing or darker at a proton momentum 6f 1 BeV/c
or less, the vee cannot be a lambda and (2) kinematics require that there
cannot be a zero degree-opening angle decay of a Ki with both pions having
less than l'BeV/c momentum without one of the pions being darker than twice

minimm (less than 150 MeV/c). (see Fig. 1b)
%,

f"\ f""\ (1 Bev/c)
S‘ (1) angle = 0° . \%\

”‘ﬁ - | (&1 Bev/c) X

!
(2) 211 tracks minimum 5@

o ‘ﬁ (1) angle = 0°
) , ¥
X’JU 150 Mev/c) 1\ "
i ¢ 2) all tracks
4
i %.,
Fig. lo *ige 1b
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METIOD IT (Kinematics alone)

If application of Method I fails to identify the vee as an electron pair,
Method II should be tried. The momentum of the positive (p+) and the negative
(p_) members of zero degree-opening angle vees resulting from lambda and Kz decays
is plotted in Fig. 2. An error of 25% in the measurement of momenta with ‘templates
on the scahning table has been allowed for. Any zero degree-opening angle vee
with both tracks of minimum ionization (and not having been rejected by Method I)

lying outside the shaded area can be identified as an electron pair.

METHOD ITT (Delta-rays from vees)

It is conceivable that some electron pairs may not be identified by Methods I
and IT. For example, the rather conservative error of 25% on momentum measurements
could permit some electron pairs to slip through our net. Method IIT is a helpful,
although probably not frequently used,technique of identifying electrons. For
E, T. 012 it has been calculated that the meximum momentum delta-ray which can be

produced by any track from a lambda decay or Ki decay is T73 Me V/c at 6.6 BeV/c

incident proton momentum and LO6T MeV/c at 5.45 BeV/c. It has also been calculated

that the maximumtotal momentum of an electron pair is 5360 MeV/c at 6.6 BeV/c and
k255 Mev/c at 5.45 BeV/c, which may be shared in any proportion between the elec-
tron and positron. This means that the maximum momentum delta~ray which can be

produced by a member of an electron pair is 5360 MeV/c at 6.6 BeV/c and 4255 Mev/c

at 5.45 BeV/c.

All this proves that if the negative member of a zero-opening angle vee of

minimum ionization on both tracks makes a delta-ray and both outgoing tracks from the

scehttering are greater than 773 MeV/c at 6.6 BeV/c or greater than 46T MeV/c at

5.&5 BeV/c, than the vee is identified as an electron pair (both outgoing tracks from
the scattering must be greater than the given vslues since the two electrons involved

in the collision are indistiguisheble). (see Fig. 3a).

RL-2187
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than 012's.

(see Fige. 3c). i . '
AT 4’ . ww
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. e v - £ . -
R N
4 o p
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Fig. 3a . Fig. 3b .

L6T7 MeV/c at 5.45 BeV/c the vee is an electron pair. (see Fig. 3b).

Sy k)

.
e

LN
e *

o

Fig. 3c

Similar calculations can be done for other topologies containing vees.

L Al
b

-

)
v . o
[ I ;,wffy
: AR

If the positive member of a zero degree-opening angle vee of minimum ionization
on both tracks makes a delta-ray greater than 773 MeV/c at 6.6 BeV/c or greater than
An extreme example

of this is the case where the incident positron transfers all its energy to a delta—ra&

o

PO
L T

However,

since 012's are the dominant topology («~ T5%) of all events with vees, we request that

scanners apply the above criteria to all events with vees (except 010's whose origin

METHOD IV (Identification of positrons by pair annihilation)

rare.

has interacted with a hydrogen electron to produce et + e

.~

o

ks

we do not know). This will not result in any systematic errors in Judgment, but only

in a slightly reduced efficlency for detection of electron pairs in topologies other

When a positive member of a vee of zero-degree opening angle with both tracks

minimum ionizing ends in the chember, the vee is an electron pair. The positron

. You may observe

one or two or no associated electron pairs (see Fig. 4t). This process is relatively

Lo fo

Bl
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‘%J ". - M! \')(() ” i A &‘-':m:;" B - -—F“‘j':; "
‘;: ‘ / . ia
Py
' (1) angle = o°
% (2) all tracks minimum
¢
Fig. b4

COMMENTS ON METHODS I - IV

(1)

(2)

(3)

If you are in doubt concerning a particular event, don't spend more than

10 minutes or so puzzling over it. Consult a physicist, experiment coordinator
or supervisor. If still in doubt, consider the vee legitimate and proqeed
scanning.

You may throw away an occasional leptonic decay by applying the gbove tests.

We have considered this and feel this is necessary in order to clean out
unwanted electron pair background.

In addendum #1, p. 1.1 you ere told " Thus it is not a good idea to eliminate
events on the scan table vhen a 25§ correctioc n to some quantity yields an
accepltable resvlim. In general, this is correct. However, for electron

pair identification we believe the following technique is more appropriate:

In measuring the momentum of &« track find the curve on the template which is
least curved end most curved and just coasistent with the curvature of the tracke.
This defines a runre of poséible morenta for the track. In subsecuent tests

involving ©ris measurewent if uny value in this range indicates that the vee

is lepgltinate, then record the vec as siche

nL~-2187
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IDENTIFICATION OF SIGMAS BY CURVATURE AND TONIZATTON

As described in Addendum # 2, if the laboratory angle of a suspected hyperon as
measured with respect to the incoming beam track is greater than 600, the decaying
particle is not to be considered in the event type. If it is less than 600, the

following four tests are individually sufficient to rule out charged sigmaé:

(I) The decay has the characteristics of a n-p-e decay. See page 2.1 of
Addendum #2.

(II)The decay has the characteristics of a stopping K* decay apd fits the stoﬁping
K template. The decays shown in Figs. la and 1b include approximately ol

of all possible charged K decays at rest

+ P
K %Y 63% ; ‘ts= decays
- - fo) E M + + G 6
=n° 21% POK— o Tatn %
7 o
. : T e L,
2 Fer
S e
5% G"’T
\wEf
Q%
\
b,
Fig. la

(iII) The curvature of the decaying track is clearly greater than that of a stopping
proton at 17.95 Kg. The minimum sigma momentum in this experiment is approximately
300 MeV/e, well above that of a stopping proton template (approximately 250 MeV/e).
This should not be attempted if the decuying track is less than 2 cm. long.

(IV) If the previous 3 tests do not apply, the following test should be made. In
Tig. 2 we have plotted the momentum of the decaying track versus the ionization
(relative to a beam track) that one would expect for a charged sigma. Permitting
dip angles up to 45° on the scan table and uncertainties of 30% on the measure-
ment of momentum with templates for tracks of length greater than 6 cm. and iloni-
zation by eye, the allowed region for sigmas 1s the shaded area. In summary,

if a decavine track of length 6 cm. or greater with a dip angle less then 450

RL-2187
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.13 found to lie outside the shaded ares, the decay is not to be considered in

the event type.

COMMENTS of TESTS (I) - (Iv)

(1) Same as comment (I), addendum #5, p. 5.5.

(27) We have not provided you with an explicit way of measuring ionization, and
therefore your results can only be interpreted as estimates. However, you
may find it helpful to know that under most bubble chamber running conditions
o track of greater than 3.5 - L times minimum is almost solid black. This
may be an ald in calibrating yourselv§§ to ionization reading.

(:37} Charged KE decays (clearly not f?fﬁaecays) have no bearing on the

determination qf the event type.
(4) The same applies for sigma momentum messurements ss discussed with regard
to electron pairs, addendun #5; p. 5.5. 4is the decaying track rets shorter
( down to 6 cm.) the range of possible momenta will increase, particularly

for hirh momentum tricks.

RL-2187
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Pete Wohlmut
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LIST OF POSSIBLE PROTON INTERACTIONS

This addendum provides a list of all the interactions which may be observed

in the P65 run in Hydrogen. The ch@¢ks in the left column indicate which hypothesis

is tried in the TO94, TOhh Package. CONST. refers to the number of constraints in

the production fitJMULT. refers to the multiplicity or the number of combinations

of mass assignments at the production vertex.

in BEV.

MASS is the mass of the final states

Tf any reactions have been omltted, they should be brought to the attention

of Gerry Smith.
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SUYBJECT NAME “I .b
EXPERIMENT 17 (P65) EVENT TIPE MEMO _—Poliohimy
: L=b=55

The event types discussed here refer %o ‘the P65 Experiment ( see scanning
instructions, Memo # 548).

511 the possible reactions for a specified topology are given in Addendum
#5 of the P65 Scanners Manual (Memo 548). From this addendum it can be seen
that the number of reactions, and mltiplicities of given topologies are exces-
sively large——=too large for the current date processing systems to handle.

This memo will appear in three parts. The first (pages 1=17). restricts
itself to those event types compatible with PACKAGE énd DST-EXAMIN as they now
exist, Due to the restrictions in the above systems, severe editing of reactions
and event types is necessary. Only those interactions complying with current
progrem restrictions and which are likely to occur in this experiment have been
programmed, The second part of this memo will deseribe TVGP-WAMPUM event types
when the system is ready. The third part will incorporate the changes in the
conversion to the CEC 6600 gystem.

The conventions used for listing a given reaction are shown below:

5
G CPM HYPOTHESIS
/. N —= fe+7s

2. b+Pr ——e>/% 4-Ai; 4-;/W4L

/&g) means: store values of track 4

,/L4 means : use swum values of tr, 4 from cpm 1.
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ITNSTRUCTION: #08 CHANGING THE 1M DATE May 11, 1905

. I. Introduction

The purpose of this memo is to provide explicit and detailed irstr.ctio.s for
an; operator wio has occasion to change tie W, Tt is importa::t tiat these
instructions be followed to the letter; & failure to do so will often res.lt

in hours of uunecessary work for the libraries.

There are two tape transports in the T™™T room. Dach is used tor & dirferert
«franckenstein under normal circumstances. Occasiorally mairterance ma: ave
both franckensteins writing on the same output tape, trus using only” o e tape
transport. Tie tape transports are otierwise exactl alike. Tie followiig

instrictiors appl, eg:all:” to both.

If. %.ern to -ud t.ie IMT Tape

The 1T tape for & Traickenstei~ should be ended when:

1. Tie "end of tape" ligh.t goes or.

2. A4 note from the librar; on a measureme:t card acks tiat
the "WT be charged.

3. Mainternance asks t'at the tape be charged.

RL-21R7
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I1T. low to nnd t.e IMT Tape

1. Look i the "IMT Tape Log" (kept i~ tiie IMT room) to determi-e
the mmver of the M tape thah Jo. are erdi-g.
2. Go to the [ranckeustein and dial this IMT tape n mbFer i as a
"special word",
3. Press tie following butto s:
a. special word (3 times)
b. track complete force)
c. special word {3 times)
d. +track complete (oncé)
e. special word (3 times)
f. eveit complete {once)
L, 1f a parit. error occurs while Jou are doing the arove, ack.owledge”
and go oii.

2. Go to the !MI room and fill ont tihe "LMT Tape iog", listitg all

pertirent informa .ior.

SILL [ THUESH COLUTGD

“T.e comments col.um: sio:ld explai» ar - iro.. le
ttat o had i starting or erding l.e tape.
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6. Push *he black "rewind" button on the IMT control panel.

(. After the tape has rewound, open the plastic door of the tape
transport. Turn ti.e handle labeled "Tensiorn" (between the
upper and lower tape reels) in the clockwise direction. This
releases the tension ou the tape and you may novw rewind the last
few feet of tape by hand.

8, Remove the full tape reel from the upper bult.

9. irite the following irformation on the tape larel:

e. the R, ¥, I, of the last event

B. the nwmber of everts on the tape
(obtain this figure from the
counter to the left of the

plastic door)

c. the date and time ended

10. Put the tape into a plastic case and leave it in tie proper library.
11. If you have troutle with any of the above steps, see your Shift

Supervisor.

e -
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IV How to Start a llew LT Tape
1. Clean the magnetic recording nead on the tape transport to he loaded.
Do thie carefull. witli & cotton swah and alcohol or trichlorethylene.
2. Take the ring out of a blark tape and atiach a tape lanel containin
the following information:
a. the 7, .‘r"', B of the first evep
b. the date and time started
c. the TMT tape number S
3. THang the tape on the upper hub of the tape trarsport. If tie
reel is liung correctl,, the tape will come off the top of the reel
nd to the right.
L, Re sure tlat tie "Teasion" hardle between the upper and lower tape reels
is in its full; clockvise\yqositiow. Turn tre upper reel until there
is enougl; free ?. threfd the trausport. Thread the tape according
to the following diagram.
Ai CovER
Poi pesspdl
heao - Fragile
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fWind the tape onto the 1ower reel uhtil‘the’silver strip is visible,

bat has not yet passed through the recording head.

: Turn tre “Tbnsion" Landle fPllJ counter-clockwise. e reels end

"tape tension arms should then take their proper positions.

Press the black "start" button to the left of the transport being
loaded. The tape will advance & short distance and then stop.
Go ‘to the frapckenstein aud dial the IMT tape number in &s a

"special word".

-Press the following,buttons'

B ,é.‘ special word (3 times)

Be rack complete (once)

¢. special word (3 times)

& "traekfcomplete (once)

'&"e,a“spec1a1 word (3 times)

£, event complete (ovce)

10..

Iifa parit» error oecure wnile you are pressiy g the above b"ttons,

| do the followimg

'&. Press the black “rewind” ‘bubton on the DMI control panel.

,:b; After the: tape Las rewnund, open the plastic door of the

. 11. TPORTANT - Fill out the "IMT Tape Log”,

' tape transport. Turn.the "Tension" handle in the clockwise
:; direetion and rewind the tape until the silver strip 1sxonto
-the upper reel.

e, Fcllow steps 5 - 9 above.

' 1isting all pertinent information. .
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EXAMPLE:

FILL I THESE OCLUMNS

if you nave trovtle with any of the

Supervisor.

S § /
L ] Vo .
y
za V50, | mdat o

Suppose you are starting DMT # 990155

a-ove steps, see your Shift









