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November 9 was the 50"
anniversary of the & discovery
and the beginning of the
November Revolution.



Unfortunately, a 50" anniversary is a rather long time, and many
of the principals are gone. More at the end of this.

Following are my recollections of 1974 and the “November
Revolution”.
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In the early 70’s

e Nucleons have point like constituents consistent with quark
charge assignment and spin = %.

e QCD* explained the absence of free quarks.

e Asymptotic freedom explains scaling, but needs deviations
from scaling (which will show up!)

e Bootstrap, nuclear democracy, vector meson dominance,
diffraction models all fading away.

e QCD color fixed the Pauli principle problems.
e QCD gluons carry half nucleon momentum, rest by quarks.
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e*e” Annihilation at SPEAR

Led by Burton Richter, SPEAR was
approved after a long struggle. Built
for $6M, with operations
commencing 21 months after
approval.
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SPEAR, before SSRP and SSRL,

was a parking area

End Station A, deep
inelastic scattering,
pointlike structure in
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The first of the ~41r, cylindrical, electronic
detectors with tracking in an axial B field,
conceived by Burton Richter. Built by a large
collaboration (for the time) of 35 people.

Critically different from the spectrometers at, e.g.
the CERN Intersecting Storage Rings (ISR)

Ready for data in February 1973
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The detector

MK-I was the first to break from measuring inclusive reactions
with relatively small acceptance spectrometers. It had a new
combination of large acceptance and u-sec time resolution.

MK-I was ~4s, cylindrically symmetric with an axial B field.
~all collider detectors have followed this model.

It was enabled by a tracker technology
suitable for low mass cylindrical layout:
small angle stereo wire spark chambers
- read out electronically with
magnetostrictive delay lines. AP/P ~2%
for P =1 GeV/c

INFN Frascatti 18 November 2024



MK-|

« All other subsystems were scintillator viewed by PMT's.

« The electronics scale would have been very difficult with
discrete transistors, but was a reasonable match to small
scale Integrated Circuits. (Long before ASIC’s)

« The scale of the detector was so large that Richter recruited
Perl’s group from SLAC and the Goldhaber-Trilling group from
LBL for a total of 35 people.
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By modern standards, MK-I was rather small...
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MK-I
~4 m long, ~ 4m diameter, ~170
tonnes

ATLAS

46 mlong, 25 m
diameter, 7000
tonnes
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SPEAR in 1973 -1974

We were working on an overdue paper on R=0,/ 0, VS VS

R=); q;>was strangely large in results rom__ADONE and the

|

CEA, hinting at colored quarks.

“Accepted Wisdom” was that resonances were unlikely, but if
something was there it would be several hundred MeV wide
and with an R increase of a few.

At SPEAR, in 1973, we measured R from 2.4 to 4.8 GeV in 200
MeV steps, and the runs at 3.2 and 4.2 GeV seemed high. In
June of 1974, we re-measured 3.1, 3.2, and 3.3 GeV-and 4.1,
4.2.and 4.3 GeV just before the summer shutdown. | did a
quick analysis and left the logbook note “ The Whiz-Bang
Analysis Team says there is no bump at 4.2 Gev”.
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1974

e Several of us, led by Roy Schwitters, looked harder at the data
around 3.1 GeV, and found that runs at the same nominal
energy had statistically inconsistent values of R. Suspecting
software, we went to the first video display at SLAC connected
to the mainframe (a huge monstrosity that had to be reserved
in advance), and we classified event pictures and made tallies
by hand. Nothing could be found wrong with the analysis.

e That summer, SPEAR was upgraded to SPEAR 2, and planned
to run above 5 GeV. Roy, Ewan Paterson, and | argued with
Richter to go back to 3.1 GeV. Burton argued that it was more
interesting to move forward into new territory. That Friday,
Gerson Goldhaber reported (incorrectly as it turned out) that
the high 0 runs at 3.1 had an excess of K_. We were given the
weekend “to waste”.
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The epicenter of the
Control Room.

The Control Room Scene

Reel to reel tape drives.
Reels mounted by hands!
140 Mbytes/Reel
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A modern version of
the Teletype, but still
an important human
interface
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Saturday Evening
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SPEAR Beam Energy
S .

o The SPEAR bend magnets, and
-'5: -|aB pals (A?.‘ . thus beam orbit — set the beam
! energy. The DAC that set the
magnet current was too coarse,
< ¥ and one bit stepped over the
/g z% m %M%%@Z’Tf; resona.\nce. We realized that .
an B Lol o Lol liarge. T changing the RF frequency slightly
24;‘ € 2 and "%‘”"? il B charge would change the beam radius,

(A_e_i o il SA S and could Vernier the energy.
E» JRF D2 fo L

sy 3 -
(A?& = . [2 (/"3 tMpp + Mys t /Vu) + S *{m"
°/ arpr7 /K x280 %
[ CenS

e aloee . RS D, FRSVIN,
@femf/m et éf”&..a %

AO7E - 2B s @dWWﬁ Wa/_g:za'.%a
p 3 |

INFN Frascatti 18 November 2024 I



Sunday
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Monday

Discovery of a Narrow Resonance in ¢* ¢~ Annihilation*

J.-E. Augustin,{ A. M. Boyarski, M, Breidenbach, F. Bulos, J. T. Dakin, G. J. Feldman,
G. E. Fischer, D, Fryberger, G. Hanson, B, Jean-Marie,f R, R, Larsen, V. Liith,
H. L. Lynch, D. Lyon, C. C, Morehouse, J. M. Paterson, M. L. Perl,
B. Richter, P. Rapidis, R. F, Schwitters, W, M. Tanenbaum,
and F. Vannuccii
Stanford Linear Accelevator Center, Stanford Universily, Stanford, California 94305

and

G. 8. Abrams, D. Briggs, W, Chinowsky, C. E. Friedberg, G, Goldhaber, R, J, Hollebeek,
J. A, Kadyk, B, Lulu, F. Pierre,§ G. H, Trilling, J. 8. Whitaker,
J. Wiss, and J. E, Zipse
Lawrence Berkeley Lahoratory and Department of Physics, University of California, Bevkeley, California 94720
(Received 13 November 1874)

We have observed a very sharp peak in the cross section for e *e™ — hadrons, e'e”, and
possibly u*p® at a center-of-mass energy of 3.10540.003 GeV, The upper limit to the

full width at half-maximum is 1.3 MeV,

We have observed a very sharp peak in the
cross section for e*¢” —~ hadrons, e*e”, and pos-
sibly p 'i” in the Stanford Linear Accelerator
Center (SLAC)-Lawrence Berkeley Laboratory
magnetic detector® at the SLAC electron-positron
storage ring SPEAR. The resonance has the
parameters

E=3.105+0.003 GeV,
r=1.3 MeV

(full width at half-maximum), where the uncer-
tainty in the energy of the resonance reflects the

uncertainty in the absolute energy calibration of
the storage ring. [We suggest naming this struc-
ture (3105),] The cross section for hadron pro-
duction at the peak of the resonance is = 2300

nb, an enhancement of about 100 times the cross
section outside the resonance, The large mass,
large cross section, and narrow width of this
structure are entirely unexpected,

Our attention was first drawn to the possibility
of structure in the e’e”— hadron cross section
during a scan of the cross section carried out in
200-MeV steps. A 30% (6 nb) enhancement was

3 PRL's published on 2
December — SLAC, BNL, and
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Visible width dominated by SPEAR energy spread. True width extracted

from Breit-Wigner shape : [ =91.0+3.2 keV (later result)
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The J

Remarkably, Sam Ting was at SLAC that Monday for a meeting of
the SLAC PAC. Roy, Vera, and | were in a tiny conference room
editing the latest draft of the PRL, when Pief summoned Roy to
his office. Roy returned, white as a sheet, and announced that
“Sam has the same thing”. A joint seminar by Roy and Sam was
held that afternoon.
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The obvious question was were there more narrow
resonances. Bob Melen changed the DAC and SPEAR controls
so that the energy could be controlled in fine steps, and Len
Shustek and | invented a way to turn the IBM mainframe into
a useful realtime computer.

Terry Goldman and | concocted a positronium model of the
W, and predicted 3.7 GeV for the ,S state, so a little below
that is where we started the scan.
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Thursday - 21 November

SLAC AHRO 1291-013_B3f10_pa5
SP17 Il Logbool

19

SPEAR was stepped in s e
increments of ~1 MeV for 3
minute runs, analyzed in
~realtime and plotted. Very
late that evening...

Brief consideration of going =
for the " that night — but LR
decided to rescan the @/’
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SPEAR- Mk-1 scanning

~ 3 minutes/point
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W’ Announcement to ~world

j G‘(Ir;»jm,,‘l;
"L called Pief ~5:00 AM, Adele says he is
T i taking a bath — should she get him?
e s SLAC computing
ocloligd T T i i1 (4= 2hev

EERE /preempts everything.

' - uBk

Discovery of a Second Narrow Resonance in e'e” Annihilation*

G. 8. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Goldhaber, R. J. Hollebeek,
J. A. Kadyk, A. Litke, B, Lulu, F. Pierre,i B. Sadoulet, G. H. Trilling, J. S. Whitaker,
J. Wiss, and J. E. Zipse
L Berkeley L "y and Depy of Physies, 'y of Cali) i, keley, Calif 94720

IFERETOM s JUOE DIt oL.ivE B

and
FRIOM OPF (OPERATOR ) MIBECHI) WEALYIME ANALYSIS OF MUK 1538 FHDING

J.-E. Augustin,§ A, M. Boyarski, M. Breidenbach, F. Bulos, G. J. Feldman, G. E. Fischer,
D. Fryberger, G. Hanson, B. Jean-Marie,§ R. R. Larsen, V. Luth, H. L. Lynch, D. Lyon,
C. C. Morehouse, J. M. Paterson, M. L. Perl, B. Richter, P. Rapidis, R. F. Schwitters,

W. Tanenbaum, and F. Vannuccill

Stanford Lineav Accelevaloy Center, Stanford Univevsity, Stanford, California 94305
(Received 25 November 1974)

DUE TO NEW PARTICLE DISCOVERY..THE &VS. WAS NOT TRIKEW DOWH THIS AM

We have observed a second sharp peak in the cross section for e*e™ - hadrons at a

center-of-mass energy of 3.695% 0,004 GeV, The upper limit of the full width at half-
maximum is 2.7 MeV.

TAKEN D0MN THIS l The recent discovery of a very narrow reso- [full width at half-maximum (FWHM)], where the
b b nant state coupled to leptons and hadrons'™ has mass uncertainty reflects the uncertainty in the
raised the obvious question of the existence of absolute energy calibration of the storage ring,
other narrow resonances also coupled to leptons The ¢(3695), like the #(3105), was found using
and hadrons. We therefore began a systematic the SLAC -Lawrence Berkeley Laboratory mag-
search of the mass region aceessible with the netic detector at SPEAR.? The luminosity moni-
Stanford Linear Accelerator Center (SLAC) ¢ e~ toring, event acceptance criteria, and storage-
storage ring SPEAR and quickly found a second ring energy determination have been deseribed
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W’ — 2S Charmonium State
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Radiative Transitions

COUNTS/(2.5 % Bin)

e*e” can go directly only to states with
same JP=1": y, @, Y(3770)

Other states from radiative decays, e.g.
e'e” -y —Hy+X

Y’ self identification decay!

Crystal Ball at SPEAR, E.D. Bloom et al
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Events per 20 MeV/C?

Charmed Neutral Mesons - 1976

1 11
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WEIGHTED COMBINATIONS/ 20 Mawi2
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Jets in e*e” Annihilation

.
e Annihilation initial product could be e*e’, or u*w, or qq
* qq, as they move apart, create a train of more qq pairs that

combine to form hadrons, and conservation of momentum
from the back to back initial pair leads to opposing jets.

e Inearly 1975, Gail Hanson found strong evidence for jet
structure at SPEAR Il, and that angular distribution of the jet
axis required spin % partons.

B e e e o N A N

> r //\\
Ty | * Phase Space

Z 0.34 - /4 4
F$Jet Model <P >= 315 MeV/c
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There is a 4" quark: Charm

THEORY s

J.D. Jackson e Frascatti 18 NoverfR 2BC W itters & R. Gould
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Richter & Ting Share 1976 Nobel Prize

"for their pioneering work in
the discovery of a heavy
elementary particle of a new
kind"

2 years after the November Revolution
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R=0,/ Oy :Zi qiz W, Y’ and their radiative tails removed.

4 colored quarks + T+ QCD corrections...
Haim Harari (Lepton Photon 75) first explained R=5 in a model with the
“old” quark triplet and a new, heayy antj-quark triplet.

30



7 - the heavy lepton

A heavy lepton would decay (among other modes) to an e or ¢ and a
neutrino and antineutrino. Events with coplanar e and ¢ with missing
energy and no other visible particles, would have to come from
heavy lepton pairs.

In 1975 Martin Perl discovered 24 e-u events, with 4.7 expected from
misidentification, ~9¢. By 1976, other possibilities except a heavy
lepton between 1.6 - 2.0 GeV were eliminated.

Martin Perl (left) and Frederick Reines (center)
receive the 1995 Nobel Prize in physics from His
Maijesty the King of Sweden at the awards
ceremony last December. (Photograph courtesy

e-u event in MK-1
of Joseph Perl)

Thanks to G. Feldman INFN Frascatti 18 November 2024



Discovery

Most “discovery” in physics is a painstaking process:

« Hints from theory

« Extensive data taking

« Careful analysis to extract a signal
e Isit>507

« Careful review

« Well planned announcement

The LHC Higgs discovery at the LHC is a rather good example
of this.

INFN Frascatti 18 November 2024

32



The W and the W’ were different, and different

from each other.

The W was totally unexpected. Perhaps a broad bump, but nothing
vaguely like this.

Statistical significance was never a thought. We could (quite literally)
hear the peak.

The “announcement” was by chaotic telephone calls, resulting in
PRL waiving their news embargo.

The interval from discovery to publication submittal was 3 days!

“Nothing so strange and unexpected had happened in particle
physics for many years,” - Richter - Nobel Prize lecture.

The WP’ mass was “suspected” via a crude positronium model by
Terry Goldman and me.

There was a systematic search that took a few hours to find it.
Again, there was no question of statistics.
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In Memoriam
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Rudy Larsen, Ewan Paterson, Burt

Martin Perl, Burt, Gerson Goldhaber
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Gerson Goldhaber
George Trilling
John Kadyk

Norm Dean - SPEAR Vacuum Engineer
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Roy Schwitters

Burton, Ewan
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Summary

In the late 60’s to early 70’s, the SLAC-MIT deep inelastic experiments
provided the experimental evidence first for partons and then their
identification as quarks.

The discovery of charm in 1974 convinced any last doubters and
established the Standard Model.

In the early days of quarks and the standard model, SLAC was a good place
to be!
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The machine and detector collaborations

SLAC - LBL Magnetic Detector Collaboration

SLAC

J.E. Augustin
A.M. Boyarski
M. Breidenbach
F. Bulos

J.T. Dakin
G.J. Feldman
G.E. Fischer
D. Fryberger
G. Hanson

B. Jean-Marie
R.R Larsen
V. Luth

H.L. Lynch

D. Lyon

C.C. Morehouse
J.M. Paterson
M.L. Perl

B. Richter

P. Rapidis

R.F. Schwitters
W.M. Tanenbaum
F. Vanucci

LBL and UC Berkeley

G.S. Abrams
D. Briggs

W. Chinowsky
C.E. Friedberg
G. Goldhaber
R.J. Hollebeek
J.A. Kadyk

B. Lulu

F. Pierre

G.H. Trilling
J.S. Whittaker
J. Wiss

J.E. Zipse

SPEAR Storage Ring Group -1972

M. Allen

J. E. Augustin
A.M. Boyarski
B. Richter
N. Dean

G.E. Fischer
J. Haissinski
J. L. Harris

L. Karvonen
M. J. Lee

J. Rees

R. R. Larsen

R. McConnell

P. Morton

A. Sabersky

R. Scholl

J. Voss

W. Davies-White

H. Wiedemann

deceased



