Happy Birthday George

Berkeley and the 60’s
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LBL circa 1965

Right: Univ. of California Campanile
in the foreground and San Francisco
in the distance.

Below: The Bevatron and the Physics
and Chemistry Buildings (50 and 70)




Wilson Powell and Bob Birge
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LBL Nobel Laureates - 1970




LRL

Ed McMillan
| |
P_hysics _Nuclear Chemistrv.

Lofgren group

— Alvarez group

—  Powell — Birge group

—— Glaser (Trilling — Goldhaber) group

——  Segre — Chamberlain group

—— Moyer — Helmholtz group
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LRL Bubble Chambers

Alvarez 15” Hydrogen Chamber
Glaser Xenon Chamber
Powell 30” Heavy Liquid Chamber

LRL 25” Hydrogen Chamber



12 “ Xenon Bubble Chamber
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72” Hydrogen Chamber
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25” Hydrogen Bubble Chamber
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Franckenstein
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Sakata Model

Mesons (B=0):

p | n A
pl? |m | K
n|n |7 | K
AK K| 2

Barvons (B=1):

S=1 X =(Apn)

Note that there are three diagonal states. pp. nn, AA.

Therefore. there should be 3 independent states, three neutral mesons:
n’=( pp - nn) /2 with isospin I=1

X"=( pp + nn)/ 2 with isospin I=0

Y'= AA with isospin I=0

Or the Iast two can be mixed again.

(Actually, later discovered 1) and 1)’ resonances could be interpreted as
such mixtures.)

2 = (An _Hj mixed with (A p p) —* what 15 the orthogonal muxture?

I =(An p)

S=2 = =(AAp)
= = (AA n)

5=-3  NOT possible

Resonances (B=1):

AT=(pprn B
A" = (p n n) mixedwith(p p p)
A’ = (n n n) mixed with (n p p)
A= (nnﬁ}

—* what 15 the orthogonal muxture?
—* what 15 the orthogonal muxture?



Eightfold Way and SU(3)

Sa i
ok o) @ P M~939 MeV
-l- X X7 M-1193 MeV (3) and ~1116 MeV (A)
-2 - = B M- 1318 MeV
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S.IL
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J*=0" Mesons
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Extending Eightfold Way to Resonances

Sa .
. D
b K K= M~890 MeV
\ .
0 p P M-770(p), ~780 (), ~1020 (§) MeV
-1 K* Jost M~ 890 MeV
Q=1 Q=0 Q=+l
2 N B .
I A Y] >
-1 0 1 L
J*=1"Meson Resonances
(all discovered by 1961)
Sa

[
5

“O=+1
1 L

-1 0

Spin 3/2 Barvon Resonances






Quarks, AS/AQ, Al=1/2

Y,
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Powell Birge Group

PO*~ELI=BIR=. CHOUP
Lo IC ,..'2 Y
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Wilson, Larry and Bill Fowler

Rutherford Appleton Laboratory 4/16/2015



We celebrate the beginning and end of
every run
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Steel plates for K° regeneration
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Gary installing scotchlite
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George’s Pubs
Hadron Resonances

Evidence for Duality Constraints in A -> it + A(1236) Decays
U. Mehtani, S. Y. Fung, A. Kernan, T. L. Schalk, Y. Williamson, R. W. Birge, G. E. Kalmus, and W. Michael
Phys. Rev. Lett. 29, 1634 (1972) — Published 11 December 1972

Dip Structuresin t*+ p -> p* + p at 1.55-1.84 GeVc
Y. Williamson, S. Y. Fung, A. Kernan, U. Mehtani, T. L. Schalk, B. C. Shen, W. Michael, R. W. Birge, and G. E. Kalmus
Phys. Rev. Lett. 29, 1353 (1972) — Published 6 November 1972

Strange-Particle Production from ni+p Interactions in the c.m. Energy Range 1820 to 2090 MeV
P. Hanson, G. E. Kalmus, and J. Louie
Phys. Rev. D 4, 1296 (1971) — Published 1 September 1971

m+p Elastic Scattering Data between 1820- and 2090-MeV c.m. Energy
G. E. Kalmus, W. Michael, R. W. Birge, S. Y. Fung, and A. Kernan
Phys. Rev. D 4, 676 (1971) — Published 1 August 1971

Study of the Reaction mt+ p ->2*K* between 1850 Mev and 2090 MeV c.m. Energy
G. E. Kalmus, G. Borreani, and J. Louie
Phys. Rev. D 2, 1824 (1970) — Published 1 November 1970

Study of the Enhancement in the Ap Invariant Mass Near the $A Threshold in K d -> Aprt Interactions Around 1.0 GeV/c
Gideon Alexander, Bronwyn H. Hall, Nathan Jew, George Kalmus, and Anne Kernan
Phys. Rev. Lett. 22, 483 (1969) — Published 10 March 1969

Study of Y;* Resonant Amplitudes Between 1660 and 1900 MeV
Wesley M. Smart, Anne Kernan, George E. Kalmus, and Robert P. Ely, Jr.
Phys. Rev. Lett. 17, 556 (1966) — Published 5 September 1966




n' p Elastic Scattering Data between 1820- and 2090-MeV c¢.m. Energy*

G. E. Kalmus, W. Michael, and R. W. Birge
Lawvrence Radiation Labovatory, Universily of California, Berkeley, California 94720

and

S. Y. Fung and A. Kernan
University of California, Riverside, California 92502

(Received 18 September 1970)

Total and differential elastic cross-section data are presented at eight incident 7* momenta:
1.28, 1,34, 1.40, 1.43, 1,55, 1,68, 1,77, and 1.84 GeV/c. These data were obtained from a
hydrogen-bubble-chamber exposure at the Bevatron, and contain more than 65000 events.
This represents more than 1} times the world’s data hitherto available in this energy region.
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Evidence for Duality Constraints in A-»m+A(1236) Decays™

U. Mehtani,t S. Y. Fung, A. Kernan, T. L. Schalk, and Y, Williamson
University of California, Riverside, California 92502

and

R. W. Birge, G. E. Kalmus,{ and W. Michael
Lawvrence Radiation Laboraltory, University of California, Berkeley, California 94720
(Received 22 August 1972)

Partial-wave analysis of #* +p—n"+A*" at 1820~2090 MeV c.m. energy shows that this
reaction is dominated by the F4,(1950) resonance decaying to A(1236) with s-channel helic-
ity 2. The analysis also gives evidence for Fy5(1890)—~ m+A via F wave, The coupling of
F,; to helicity-3 states, and the unexpected dominance of F- over P-wave decay for
F4:(1890), can both be interpreted as arising from the constraints of s-¢ channel duality.
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STUDY OF Y * RESONANT AMPLITUDES BETWEEN 1660 AND 1900 MeV *

Wesley M. Smart, Anne Kernan, George E. Kalmus, and Robert P, Ely, Jr,
Lawrence Radiation Laboratory, University of California, Berkeley, California
(Received 18 July 1966)

A partial-wave analysis of the reaction K~ +n— A +r~ has confirmed the spin-parity
assignments for ¥,*(1765) and ¥,"(2030) and measured the mass, width, and Arx branch-
ing ratio of 1’1*{1‘?65} as 1776 £6 MeV, 129 +16 MeV and 0.14 £0.02, respectively. A
tentative spin-parity assignment for ¥,*(1660) and ¥;*(1915) is also made. The reso-
nant amplitudes ¥,*(1765) and ¥;*(1915) are in phase at the resonant energy and are

180° out of phase with ¥{*(1660) and ¥ {*(2030).
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George’s Pubs

Strange Particle Decays

BETA-DECAY BRANCHING RATIO OF THE LAMBDA HYPERON
Robert P. Ely, George Gidal, George E. Kalmus, Larry O. Oswald, Wilson M. Powell, William J. Singleton, Frederick W. Bullock, Cyril Henderson, David J. Miller, and F. Russell Stannard
Phys. Rev. 131, 868 (1963) — Published 15 July 1963

FORM OF THE INTERACTION IN LAMBDA-HYPERON BETA DECAY
Robert P. Ely, George Gidal, George E. Kalmus, Wilson M. Powell, William J. Singleton, Cyril Henderson, David J. Miller, and F. Russell Stannard
Phys. Rev. 137, B1302 (1965) — Published 8 March 1965

ENERGY SPECTRUM OF THE 1t*_IN K => 1t* 1t° t° DECAY
George E. Kalmus, Anne Kernan, Robert T. Pu, Wilson M. Powell, and Richard Dowd
Phys. Rev. Lett. 13, 99 (1964) — Published 20 July 1964

EXPERIMENTAL TESTS OF TIME-REVERSAL INVARIANCE IN Ky,5* DECAY
Ugo Camerini, Ronald L. Hantman, Robert H. March, David Murphree, George Gidal, George E. Kalmus, Wilson M. Powell, Robert T. Pu, Carl L. Sandler, Sergio Natali, and Matteo Villani
Phys. Rev. Lett. 14, 989 (1965) — Published 14 June 1965

EXPERIMENTAL STUDY OF K¢,* DECAYS
R. W. Birge, R. P. Ely, G. Gidal, G. E. Kalmus, A. Kernan, W. M. Powell, U. Camerini, W. F. Fry, J. Gaidos, R. H. March, and S. Natali
Phys. Rev. Lett. 11, 35 (1963) — Published 1 July 1963

EXPERIMENTAL STUDY OF K;,* DECAY

Robert W. Birge, Robert P. Ely, Jr., George Gidal, George E. Kalmus, Anne Kernan, Wilson M. Powell, Ugo Camerini, David Cline, William F. Fry, James G. Gaidos, David Murphree, and C.
Thornton Murphy

Phys. Rev. 139, B1600 (1965) — Published 20 September 1965

MEASUREMENT OF K;,5* DECAY PARAMETERS

Andrew C. Callahan, Ugo Camerini, Ronald D. Hantman, Robert H. March, David L. Murphree, George Gidal, George E. Kalmus, Wilson M. Powell, Carl L. Sandler, Robert T. Pu, Sergio
Natali, and Matteo Villani

Phys. Rev. 150, 1153 (1966) — Published 28 October 1966

EXPERIMENTAL STUDY OF K* -> 1t® + e* + v_DECAY
George E. Kalmus and Anne Kernan
Phys. Rev. 159, 1187 (1967) — Published 25 July 1967

STUDY OF KE4 DECAYS

Robert P. Ely, Jr., George Gidal, Vasken Hagopian, George E. Kalmus, Kelvin Billing, Frederick W. Bullock, Michael J. Esten, M. Govan, Cyril Henderson, William L. Knight, F. Russell
Stannard, Ortwin Treutler, Ugo Camerini, David Cline, William F. Fry, Hermann Haggerty, Robert H. March, and William J. Singleton

Phys. Rev. 180, 1319 (1969) — Published 25 April 1969
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Beta-Decay Branching Ratio of the Lambda Hyperon*

RoBeErT P. ELv, GEORGE GIpAL, GEORGE E. KaLmus, Larry O. Oswarp, Wirson M. PowkLL,
AND WiLLiaM J. SINGLETON

Lawrence Radiation Laboratory, Universily of California, Berkeley, California
AND

FreEpErRIcK W. BuLrock, Cyri. HENpERrsON, Davip J. MILLER, aAND F. RUSSELL STANNARD
University College London, London, England
(Received 7 March 1963)

Lambda hyperons were produced by K~ mesons at rest in the Berkeley 30-in. heavy-liquid bubble cham-
ber filled with a mixture of 769, CF;Br— 249, C;H; by weight. A search for the 8-decay mode A — p+e 47
was made. A total of 192 000 A decays of the type A — p-4x— was observed. Three methods of separating
the g-decay mode from the mesonic decay and from other forms of background are discussed. The most
successful method of calculating the branching ratio r=(A — p+e +2)/[(A — p+a)+ (A — nt=?)]
made use of the Ay decays identified by the electron’s stopping or starting to curl up in the chamber; also, »
was calculated from Ag decays in which the negative secondaries left the chamber. The nonmesonic nature
of these secondaries was established either by § rays or by decay kinematics. The values of 7 obtained by
the different methods all agree within the errors. The best value obtained is »= (0.8240.13) 1073,

r=(0.82=40.13) X 1072,
PDG 2002  r= 0.832 +/-.014 X 1073
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STUDY OF KE4 DECAYS

Robert P. Ely, Jr., George Gidal, Vasken Hagopian, George E. Kalmus, Kelvin
Billing, Frederick W. Bullock, Michael J. Esten, M. Govan, Cyril Henderson,

William L. Knight, F. Russell Stannard, Ortwin Treutler, Ugo Camerini, David
Cline, William F. Fry, Hermann Haggerty, Robert H. March, and William J.

Singleton
Phys. Rev. 180, 1319 (1969) — Published 25 April 1969

550,000 pictures — 24 stopping K* per picture
1 meter CERN heavy liquid chamber
Filled with C,F.Cl

+ ot -+
K'—-n +m +e +v 269 events

K*t~rt+1t+e”™+7 0 events

Fiz. 1. Diagram illustrating the various angles
referred toin the text.
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Congratulations George

Many Happy Returns
Glasgow - 1994
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