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SPEAR — 1972. This photo of the first storage ring at SLAC was proudly completed
with typed-on performance figures. The view is from the east end of the site looking over the
Research Yard.



ontrol Room (1972) Positron Source (1964

The positron beam at SLAC will be produced by the method developed
by Pine and Yount at the Stanford Mark III linear accelerator.® Elec-
trons are accelerated to some relatively high energy and then hit a
thick radiator inserted in the machine. The radiator thickness (several
radiation lengths, typically) is chosen to be that at which the maximum
number of charged particles exists in the shower induced by the incident
electron. That part of the accelerator downstream of the radiator is
adjusted to accelerate positrons. At shower maximum in the radiator
most of the positrons have energies near the critical energy in the ma-
terial. Mark III experiments have shown that in tantalum most of the
positron energies lie between zero and 20 MeV. This whole energy bin
is accelerated to a high energy; the positrons have the same absolute
energy spread at any final energy.

The present conversion efficiency f measured at Mark III for

500 MeV electrons incident on a 3.2 radiation length target is2
- + -
f=2x10"*e'/e

for a positron energy spread of 20 MeV, within the phase-space acceptance
of the accelerator. This measurement was made by comparing the current
of positrons accelerated to 500 MeV, within a 20 MeV spread, with the
electron current incident on the radiator.

The conversion efficiency is approximately proportional to the
energy of the electron incident on the radiator, and hence we can simply
scale the efficiency measured at Mark III in order to compute the posi-
tron beam intensity expected at SLAC. The number of positrons per pulse
within the storage ring acceptance is given by

E AE

N, = fXx —x—=xN_
500 20

'D. Yount and J. Pine, Nuclh Inst: and Methods 15, 45 (1962).

2A. Browman, private communication.
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Stories
Wiring with Scott

Scott and |, travelling daily from Berkeley in an LBL car, were given the job (by Marty) of connecting
said, the TDCs . Seemed simple enough, so we got to work. The cables were 4ns Lemo and went from the
discriminators to the TDC via 4ns LEMO cables. There were a lot of cables sand a crate full of camac
module so we carefully checked everything and went back to Berkeley in the evening rush. There were a
lot of cables completely covering the crate, so we were quite proud of our work.

and Marty

When we returned the next morning , we were surprised at what we saw. The cables had been
completely redone by Marty. They were neatly bundles and bound with cable ties. The face of the modules
were no longer covered. Instead, it was easy to extract a module and be reasonably sure that only the few
cables removed were to be plugged back in. (required a special tool).

High Voltage with Rudy

| was on the night shift with Rudy Larson. One experienced physicist and one grad student. When the
beam crashed and the klystron needed to be reset, we headed out the side door of the control room to the
klystron cabinet. We needed a tall ladder and a hook to ground the top of the unit. Just before heading up,
Rudy turned to me and said, “do you know CPR ”. | said no and held the ladder tight. (Later at CERN |
learned CPR, fire fighting, and putting out electrical fires.)

(Rudolf Reinhold Larsen, 94 — The Glenn County Observer)
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https://glenncountyobserver.news/2023/12/11/obituary-rudolf-reinhold-larsen-94/

More stories
Choice of running energies

| don’t know who | asked, but when it was decided to start at 3.0,3.8,4.8 for high statistics and scan
in 100 MeV intervals, | asked why it was as large as 100 MeV. The answer had something to do with the
scale of strong interactions at high energies.

Strike and energy setting

In the middle of the runs, there was a strike by the operators, so the machine was run instead by
physicists. The energy was set by a n oscillator in the control room .

You needed to be sure that you did not cross any resonances of which there were many.
Tracking names -> Pearl

The original names of the tracking routines were Marsha, Elsie, Doreen, and Pearl, but eventually it
was just Pearl — another story.

Vertex finding and fitting Circe and dumpdup and Boojum and Snark

| was also writing code to find vertices and to combine that with better recalculations of the track
momenta.. This led to circe, dumpdup, boojum, and Snark. Those of you familiar with Alice might see
something here and the code was full of quotes from CS Lewis.

Burt and tracking/leaving/returning

| went to SLAC almost daily during the runs, and while there often met with Burt — he was really
interested in the tracking and often had very good suggestions.




Computer systems November 1972

Sigma 5 CPU with 48k 32-bit words
1.17 megahertz Sigma 5
Fortran

Display 1024x1024 (8"x8")



IBM 1620 Arizona State University 1964

Learning to Program on the IBM1620
at ASU while in high school
(sophomore)

Course for HS students at

Arizona State University (ASU)
to teach programming in Fortran

oooooo

ASU (Tempe Arizona)) computing (Fortran)



Evenings at ASU — prime numbers (Junior year)

GE-225 Phoenix was GE computing home
ASU 1965
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Willy Chinowsky &

Digital PDP8

Joined Willy Chinowsky in Segre-Chamberland group at LBL

First Assignment

Bevatron tests of shower modules and scintillator
Paper tape input program

Machine Language

My focus: tracking and fitting, vertex finding



Early Flow diagram

Outside to inner layer Tracking
Duplicate removal

Vertex finding and fitting

Check with simulations
Write display routines

Check results on simulations
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Second Problem
Wire chamber radii (missing inner measurements)

Table 1.
Approx.
Wire # of # of
Chamber # R L Spacing Wires Wands
Chamber Rad” 1 53" 106" 1/24" 31540 16
60 2 44" 95.6" 1/24" 26500 24
3 36" 86.4" 1/24" 21700 28
45 4 26" 86. 7" 1/24" 15700 §& |
Table 1
30
15
0
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Tape format Event Classes
DST

Similar to object oriented Event Code Subtype
Event on tape with Pointers to data, oiEeckags 0 Mo vextex found

1 <2 tracks not hitting posts

tracks, vertices, ... 2 illegal trigger
Had to work on SLAC and Berkeley t ommie 2-prong, cosnic tining

computers s

2p, no TDC information

N o= o

>2p with a cosmic pair

0 2p, vertex at vacuum chamber
1 >2p, vertex at vacuum chamber
2 1p, vertex at vacuum chamber
3 vertex outside Z cut
4 vertex outside radial cut
3 QED, EE 0 2p, large showers, good TDC
1 2p, large showers, bad TDC
2 >2p, with collinear EE pair
3 2p, one large shower
4 Mu Pair 0 collinear 2p, low pulse height, good timing
1 upn or non-collinear yp candidate:s
§ Hadron 0 >2p
1 2p non-coplanar
2 2p charge * 2
6 Unknown vertex fit failure

lp from4 <R < 6 cn

2p, non-coplanar, 4 < R < 6 cm

vertex lies at R > 10 cm

23p, 4 <R < 6 cm

2p, coplanar, 4 <R < 6 cm

collinear pair with no TDC in a multiprong

NV AN S

collinear or coplanar # pair with 0 < R < 2 cm



Filter percentages

Filter
Total

Data EARLY Number S

Sampla NTASH TIME COSMIC NPTS NROAD of Sur-
2 _ Events [vival
3.0 GeV
B = 4k S 0% 18246 | 12.3%| 75893 | S51.1% 7741 | 5.2% | 5180 3.5%]148575 127.9%
3.8 GeV
B = 4kg 9 0% 42801 15.5%116556 | 42.3% | 14186 | 5.2% |10719 3.9%]275357 |33.1%
4.8 GeV
B = 4k 149 0% 51712 | 13.8%]143688 | 38.3% | 11842 | 3.2% 37440 | 10.0%]375073 |34.7%
4.8 GeV
B = 2kg 32 0% 41380 | 19.8%] 66099 | 31.7% 6368 | 3.1% |21680 | 10.4%]208630 |35.0%

Table 4. Number of Events Eliminated by Filters
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Inclusive features of multi-hadron final states produced in the annihilations of electrons and positrons are presented.
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Fit to tracks (thesis

Pg 33
a) Circle Fit

The equations for a least-square fit to a circle are

Xz - Z (rl = 9)2 e l(xl - xo)z * (Yi - Yo)zlllz
1

2 2
A% g, AL, N
R T A 1
p’zri X _Ii_gz"i"‘a Y.Zyi_gzyi"o
R % "N mie = YotW N T

The equations are highly coupled, and there is no convenient
way to iterate them. The problem of fitting points to a
circle has been solved by Ascoli. The method consists of

minimizing

-26-
sin % = %‘4_’, where R is the radius of point P

¢=25in'1-§-; + g

N R_,1(frR)3 3 (r])S
¢D+2{§F+-3—1[$] *EI[E]*...}

©
i

2
In cases where %'[%EJ <<1, the radius of curvature and initial

angle of the track can be estimated by using

Ry
¢1—¢J+p
Ry

= * —_—
$2 = ¢o +

R Ry
(01-p)=(¢¢-p—']

Ry - Rz

Ry
e Y ¢D-¢1'D_

R1 and R2 are approximately 1.4 and 1.1 respectively so that
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I I l . I::) ::E;;‘EEE; lI:I
g to a helix. Thus, the fit for Zo {the origin in Z) and tani

(the tangent of the dip angle) uses

Z. =2 + S.tan)

i 0 i
where

S, = Zpsin"[l‘i)

1 om——

2p

Ly = [ - X2 + (v, - Y)2]V/2

with xo, Yo P determined by the XY fit. The method is to

minimize
e 2
(z; - @5+ §;tand)]

X =
Z ) -
%

where % is used to account for the different resolution on the
4° and 2° spark gaps. The solutions of the minimization

equations are

¢ 3\ r R 3
25 Il - ¢ &1
2 2_—2 2 2
L 9.2 6.2 0.2
tan\ = 1 1 1
D
[ s2) ( 3
s 2 S; 2,5,
e ) B8 ) R
, s %l 9% A
0 D
where
%] [5 2 5 ]2
D = wd I B | i
! a,2? ) 0.2 Za 2
i i



Thesis contains fits of the data to several models

nothing fits

-114-
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The strike

Results from the energy scan
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Richter in Control Room
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RUN 1540 REC 610
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cs2 1 7 9 10 19
1 -1.52% 8 0.017 0.000 2.178
2 -0.281 7 0.332 0.000 1.108
3 1.339 o 0.011 0.000 1.679
4 0.111 <} 3.325 0.000 7.118

<000 3 4 S 5 13
1 0.004 0.008 -0.003 0.003 21.776




