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I have been asked by the organizers to place Nicola Cabibbo’s
contributions to hyperon physics in perspective. ------ Also to
substitute for Leon Lederman.

| have some hope to fulfill the first assignment, but little hope for the
second.
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All | can do is recall my first encounter with Leon. | was a
Chicago grad student attending a conference at Argonne Lab.
Chicago and Columbia were famously rivals, each having their
own cyclotron. Val Telegdi (my thesis sponsor ) was first speaker,
Leon second, and Yoichiro Nambu third. When 1t was Leon’s turn
he began: “I feel like a piece of ham - sandwiched as | am
between two such well-bred speakers”. The audience roared with

laughter--- for me the ice was broken.



“I feel like a piece of ham
sandwiched as | am between two such
well-bred speakers”.




In 1999 | made a visit to Nicola in Rome, arranged by
a mutual friend Cesare Silvi, then President of ISES.
(Nicola had been director of INEA)

This began a friendship that lasted over a decade.

Every trip to Rome would start with a cultural
experience and a “lesson”. This one was a visit to his
office In the Vatican.



Nicola Cabibbo’s Vatican Oftice
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It has been two years since the we lost

Nicola Cabibbo;

A long time In the life of a physicist, but a
short time to form a perspective on a scientists
contributions

It takes more like 50 years to assess
contributions to science

(S, Chadrasekhar, private communication) In
what follows

I will use Nicola’s words whenever possible,
even though he was writing In the third person.




1958: intimations of Cabibbo Universality

PHYSICAL REVIEW VOLUME 112, NUMEER 1 OCTOBER 1, 1958

Radiative Corrections to Muon and Neutron Decay

S. M. BERMAN
Norman Bridge Laboratory of Physics, California Institute of Technology, Pasadena, California
(Received June 11, 1958)

the value given above to (2.332+£0.05)X 10~ sec, while
the experimental value is (2.2240.02)<10~¢ sec. The
disagreement between experiment and theory appears
to be outside of the lmit of experimental error and
might be regarded as an indication of the lack of uni-
versality even by the strangeness-conserving part of
the vector interaction. However, it is very difficult to
understand the mechanism for such a slight deviation
from universality; that is, if universality is to be broken
at all why should it be by such a small amount? One



Intimations of Cabibbo Universality

A key clue can be found in the thesis of Feynman’s student Sam Berman

The issue was the comparison between the experimental value of the
Fermi coupling constant as deduced from neutron and muon beta
decay: Could the slight discrepancy be accounted for by radiative
corrections? Berman and Feynman discovered that radiative
corrections for beta decay had the opposite sign from that needed to
close the gap between beta decay and muon decay. The conclusion of
the thesis was, “The disagreement between experiment and theory
appears to be outside the limit of experimental error and might be
regarded as an indication of the lack of universality even by the
strangeness conserving part of the vector interaction.”



In 1963 Cabibbo proposed a theory of the weak
current, parameterized by a single mixing angle 6c, In
the context of the octet model of SU(3) symmetry.

UNITARY SYMMETRY AND LEPTONIC DECAYS

Nicola Cabibbo
CERN, Geneva, Switzerland

(Received 29 April 1963)

The central assumption was that the weak current J, is a member of an octet of
currents J, = V! 4+ A! . where V] and 4!, are octets of vector and axial currents.

J, = cosbc (J) +iJ7) +sinée (J) +iJ)). 1.

By assuming that the vector and axial parts of the weak current are “parallel.”
i.e., the same element of the respective octets, the theory included the V' — A4
hypothesis.! and it also included the conserved vector current (CVC) hypothesis
by assuming that the vector part of the weak current belongs to the same octet as
the electromagnetic current.



UNITARY SYMMETRY AND LEPTONIC DECAYS

Nicola Cabibbo
CERN, Geneva, Switzerland

(Received 29 April 1963)

In September 2008, during a visit to UC Merced,
Nicola told me this was the highest cited PRL

When expressed in terms of quarks. which were only proposed in 1964,
Cabibbo’s weak current takes the simple form

Jo = €08 Octiye (1 + ys)d + sinbeuye(1 + ys)s. 2.

Also in 1964 Bjorken & Glashow (73) proposed the existence of a fourth charge
2/3 quark, the charmed quark, coupled to the (cosf. s — sinf. d) combination.
The mixing between d and s quarks would then be described by a 2 x 2 matrix.



Intimations of CP Violation

Soon after Cabibbo proposed the mixing hypothesis, S. Glashow
suggested to him that the same picture could naturally accommodate
CP violation by allowing the mixing angle to be complex (adding a
phase). However, it was obvious that a 2x2 unitary matrix (in the
case of four quarks) can always be reduced to a form with real
elements and thus necessarily preserves CP.

In 1973, Kobayashi & Maskawa noted that the mixing of three quark
families entails a single complex phase that cannot be eliminated by
field redefinitions. They thus proposed that the four-quark model
should be extended to a six-quark model in which mixing offers a
natural explanation for the existence of CP violation.



Intimations of CP Violation

In the standard model with six quarks, the network of transition amplitudes
between the charge —1/3 quarks d, 5. b and the charge 2/3 quarks u, ¢, t1s described
by a wmtary matrix V. the CEM matnix. whose effects can be seen as a nuxing
between the d. 5. b quarks.

d’ Vd Vs Vip d
& = F,:-d F,:-E I‘:-g. & . 3.
b’ Via Vi Vib b

—



The next visit was to give a seminar a University of Rome La
Sapienza But first the Galleria Nazionale d'Arte Moderna
and the role of Margherita Sarfatti in 20" century Italian art
Then over a pizza in the museum park, | learned that Nicola
had derived his inspiration for a rotating the weak current from
a Faraday Rotation of the Electric Field

é




= _ FRAMCOISE LIFFRAN

Margherita
Sarfatti

L'égérie du Duce

Giuseppe Pelizza da Volpedo Il Quarto Stato

Galleria Nazionale d'Arte Moderna



A road map for four decades of experiments
| have circled the three most influential measurements

UNITARY SYMMETRY AND LEPTONIC DECAYS

Nicola Cabibbo
CERN, Geneva, Switzerland
(Received 29 April 1963)

Table I. Predictions for the leptonic decays of hy-

perons,
Eranr_:hmg ratio

From Present Type of
Decay reference 2 work interaction
A—=pt+te~+7 1.4 %  o0.75x107% v-0.724
=n+te +0U 5.1 % 1.9 x107% V+0.854

= _,,HE Y 1.4 % 0.35x%x107* Vv+0,024
i AL T g 0,14%  0,07x107% W¥-1.254
@ It+e D 0.28%  0.26x107% V-1,254




Form factors, the language of hyperon decays

2.1. Baryon Matrix Elements

The transifion matnx element for the generic hyperon beta-decay process B —
be~v. where B and b are the imtial- and final-state baryons, can be written in the

form
M= 53, (07 + 04 ugi,y (1 + ys 5
. \5 AV a ) HEYe EPASTE -
where -
/2(g-) [
‘ M5 o Mz !
g2(g”)
and OF = ¥ - 5" 7.
" ( ! Mp &
The momentum transfer 1s g% = (p, + p,J)* = (pg — Par. and the coupling

strength 1s G = Gl for |AS| = 1 and Gy = GV, for AS = 0, where



How to measure form factors

TABLE 2 The contribution of different measurements to
the determination of the form factors in hyperon beta decay

Measured quantity [, HRIG &/h &lh

Branching fraction J

Polarization Vv J

e—v correlation® Vv Vv Vv
1 . ']

Electron spectrum N,

*The e—v correlation 13 only sensitive to the magnitude of gy /f; and g5 /7.



Throughout the 1960’s and 70’s there was an abundance of
competing models. During this time period S. Glashow called
RW enquiring about the latest sign of A/V in lambda beta
decay, citing a theory that would prefer a negative sign.

It was important to measure the sign of g1/f1 (Axial
Vector/Vector) using polarized hyperons.

PHYSICAL REVIEW D VOLUME 16, NUMBER 7 1 OCTOBER 1977

Measurement of the angular correlation parameters in the 8 decay of polarized A hyperons*

J. Lindquist,’ E. C. Swallow,* R. L. Sumner,® J. M. Watson,! R. Winston,” and D. M. Wolfe**
Enrico Fermi Institute, The University of Chicago, Chicago, Illinois 60637

K. Reibel, D. M. Schwartz,'" and A. J. Stevens*
Ohio State University, Columbus, Ohio 43210

T. A. Romanowski
Argonne National Laboratory, Argonne, Illinois 60439
and Ohio State University, Columbus, Ohio 43210
(Received 28 October 1975; revised manuscript received 23 May 1977)

We present our final results from an experimental investigation of the 8 decay of polarized A hyperons
with a large-aperture magnetic spectrometer. Our data sample consists of 544 events. We obtain
A, =0.7240.12, A, = 0.05+0.12, and 4, = —0.47 4-0.12 for the three spin-asymmetry parameters, and
A, = 0.07+40.12 for the electron-neutrino correlation. The lepton-plane correlation with the A spin,
D = 0.11 4-0.20, is consistent with no violation of time-reversal invariance. Our data yield an axial-vector-
to-vector form-factor ratio of g,/f, = 0.53*J 5. The Cabibbo-model value is g,/f, = 0.71.
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FIG. 2. Plan view of the experimental apparatus.
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I MEASUREMENT OF THE ANGCULAR CORRELATION... 2113

compared to g, F, = CHZESSN from A_,. A combined
fit ko &bl four paramelers Eit‘:‘.s_.g:lrj"l_*-ﬂ-ﬁll_ﬂ:f_'::
with ¥® =35.42 far three degress of freecom [prob-
wn ity 14°%). It 15 apparest that Lke Ey .-"_|"1 war g
from the spin asymmetrics 15 smaller Lhan that
Teoms A, amd that vesults fiom all polavized A
gxperbmncnts agecs on thic point. Thz: moediasro _5:E
far the combined fit aleoe seflects this dichobomr.
An anzlogous ¥ compuiation using the comventicnal
Cabithn form-factnr salues gives 9w 744 for Faar
degress of fresdom (probakality 1171,

Taese consistent differences could indicate some
adeiLiconal poalribuelion Lo [he decay @alrixd element
not eoatained in the copventisnzl :.LI'.'IE].FE.i.E- Clns
such possibility would e the presence of 4 g,
term.* It iz, of course, also possible that the ex-
perimanis are susject Lo sooe common 85atematic
problem; Ior example, an érroc o the délermind-

B2 pihich

thomn of the A —pv asyommelry pprameler
aets the acale Ior the A polarimtion.
The== guestions aside, hyperon F=-decay expesi=

ments, and perticularly measurements on polar

ized A —peF, have apambipiocsly established (ke
relalive aign of the veelor and axial-veelor inler-
aotion in Sirangenesg-changing well proceases .
Howewer, o definitively test the Cabibbo poodel,™
and w eaplore Lhe pabare ol syonoelry Lreaking,
additional high-staliatics pelasizsed hyperoo fd-decay
experiments are needed,
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At the ime of the last dnnual Review of Nuclear and Pariicle Science article on
yperon decays (20, nearly 20 years ago, the key expenimental tests of the Cabibbo
theory had not yet been done_ Although the Lorentr struciure of lambda beta decay
had been found to be approcomately ' — 4 as reqmred, the theory faced s first
critical test in ©— — ne— we decay. Taking the F/'D matio from amy two decays, say
neniron and lambda, the theory requuired the Lorentz strocture of E - beta decay to
be F + 4 Thas surprising sizn reversal was considered at the tme the “zo or no-go0™
test of the Caabbo theory. Meassurng the sign cominonsly reqpuined polanzed 3.
Low-energy experiments relied on terfary polanzed sigmas from pions or kaons.
The statistics were meager, the control of systematics problematic, and the resalts
less than compelling If amything. the data appeared to fvor the I — A4 sign (20a).

ton and development of yperon beams When such beams were discovered to
be significanily polanzed. a new era of precision expeniments with excellent con-
trol of systematics bepan. With the ality to produce and rverse polanzation
comelations between momenta and polanzaion could be messured m a precse
and bias-cancelled way. New precise experiments sefiled the question of the -
beta decay m favor of the Cabibbo predichon (see Section 3.2). The heh-eneryy
Inyperon beam proved o be the enabling technology for camying out precision
measurements of hyperon-decay properties.
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STRONG NTERACTIORS OF HYPEROXS
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W B, Nemethy, V. Hungerbuehler, R, Majka, F.N, Marx,
o o Bandwaiss, W. Taneabaurm, and W, WHIis
e «-; Yale Unlversity, New faven, Connecticut 05520 -
M. Atae, 3. Ecklund, P.J. Gellom, J. Lach, J. AacLachlan,

A. Roberts, R. Stefzaski, and D, Therist
Fermilab, Baotevis, filincis GOSLD
L.L. Wang
Prockhaven Wotional Laboratory, Upton, New York 1973
W, Cleland, E. Epgpls, Jr., P Lowenstein?
M. Beribner, ond J. Thampson f
University of Pitisburgh, Pittsherz, Pennsylvania 15213

ABSTRACT

We preseot v summoery of he strong internction resu'ta obbained
with the Yole=FMNAL-ENL hyperoa beam at the Orookhaven AGHS, We
report differentizl cross sections for Inperon-procon elastic acaltecing

- with samples of 6200 Z7p evenis and 67 27p events,. We alse roport
an our zearch for hypecon resoncnees in inelastic scatcering, Floadly,
we review the prospects for pew resulis on hyperom interactions,

INTROUDUCTION

In order to do hizh statisticol expocrimests on charged hyperons,
we have built a "hyperon beam'' at Brookhaven Hetionel Laboratory,
Beoause of the shoet lifetime of hyperons, the beem s designed Lo be
very short aad (o lake advaplase of elativistic tme diation, The
hyperons are produced in @ targe: im the slow extracted proton beam e
the AGS. A heavily shielded masgmesic chaonel &elects forward aegabve
hyperons with p . 20. Protons and neuirons are absorbed n the
channel wall, .

We have osed this beam to study ike productic., wezk decays, and
stzony interactions of pegative Dypercas.® Here we report on our
results for hyperon scatiering,

¥ ELASTIC SCATTERING _ .

" he cheanel delivers a Muwx of approdmately 1=, 100 & aod
ot per ‘machkine midse ot 2 momentum of 23 CeV/e, Figure 1 depicts
the bedm and assoclated deteotion ar.rm:;ﬂmﬁ far elastio scaiters; a
dateiled description gppears elsswhere.® Bedm pirtieles of mass less
thae 1 GaVye® are tagged by 2 threshold erenkow couater which Forms
pari of the channel. A eluster of hizh presswre, hich resolution
@00 um) spark chambers determines the momentem of the emerging

.t Peesontly with Broskhawen Wational Leborabacy, UpTOm, Maw York 10973 Y i



beam particle to + 1°/, , A 40 cm long liquid hydrogen scattering
target is followed hy a second high resolution spark chamber® cluster
that measures the scattering argle to £ lmr, A set of 5 small scin-
tillation counters defines the bcam, A hole veto counter behind a lead
sheet discriminates against upstream hyperon decays and againsi

inelastic scatters with 7r°s.

o ~w

MIGH RESOLUTION
SPARK CHAMBERS

TARGET :
; [,.-—}smx cnmae\ns CALORIMETER
- e
7"* \ 4 h
. B2 e 1
'ROTOH ",J -R--"" e __-,' e, . -4! l “l"l
BEAM : T 8036 SCINTILLATION
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333’:}%%%:1. GCOUNTER (S)
scaLe— 224

Fig. 1. Apparatus for elastic scattering,

The hydrogen target is surrounded by a recoil detector (Fig., 2)
which selects scatterea events, The pulse height of an inner, thin
scintillator (DE) measures dE/dx, The protons are stopped in a 4 inch

2hénlr coaintillatarn /) vwhinh Mo ciivoe thate ¢APNT 1rtrmaAatsa 2 5 iy Saen -
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High-precision measurement of polarized-Z ~ beta decay
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FIG. 17. Electron and pion ¢.m. decay distributions for 8,
data. Parity conservation in the £~ production process requires
zero slope for the cos(8,) and cos(6,) distributions. Note the
differing ordinate scales for the pion and electron plots.



(F. = R)F_+F,)

FIG. 16. Electron and pion c.m. decay distributions for 8,
data. Parity conservation in the £~ production process requires
a zero slope for the cos( 6, ) distributions. Note the differing or-
dinate scales for the pion and electron plots.



This is the first high-statistics experiment in which all
of the £~ —ne ~ ¥ decay products were reconstructed us-
ing a polarized £ beam. The control and investigation
of systematic errors was greatly facilitated by our ability
to reverse the direction of the £~ polarization and to
orient it in either the horizontal or vertical plane. By
simultaneously recording a sample of 2~ —nw~ events,
we were able to use the known value'® of a. to determine
the £~ polarization to be P = 40.236x0.043 at our 2.5-
mrad average production angle. Including both sys-
tematic and statistical uncertainties, we determine the de-
cay asymmetry parameters to be a,= —0.51910. 104,
a, =+0.509+0.102, and a,= —0.230+0.061.

With these values, we have unambiguously established
the sign of the axial-vector-to-vector form-factor ratio
g,/f to be negative. This was done by three distinct



The next visit was to work on our review. But first the Villa
Borghesa and the Gallery. | was asked to particularly
examine a Correggio and report what | saw. Nicola called
my attention to the thin dark line across each finger nail.
The artist had faithfully depicted dirt under the finger
nails of the model. That was when | truly understood
Nicola’s attention to detail.




By this time we were deep Into our new project,
writing a review of hyperon beta decay




Annu. Rev. Nucl. Part. Sci. 2003 53:39-75
do1: 10.1146/annurev.nucl 33.013103.155258
Copyright (C) 2003 by Annual Reviews. All rights reserved
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This may approprizbely be called “the last hyperon beta decay.™ It 1s the last of
the observable bets decays of the ociet to be messured The expermment was longz
considered sufficiently problematic to be below the radar of most compilatons. A
notable exception was the ongmal Cabibbo proposal (1).
Paradomically, this 1s in some respects the most accessible beta decay. The
=t 15 3 mmigque signahme for the beta-decay mode (the amalog two-body mode 15
fortndden by enerzy conservaiion), so event samples are remarkably free of two-
body backgrounds that typacally plague experiments. Moreover, the final-state
Et polarization is self-analyzing becanse of the large asymmetry of the decay
£t - pa" (e = —0.98). It is thos sufficient to smdy angular comelations with
the proton. However, attaimmg a sufficient event rate required 3 new generaton of
hyperon experiments that combine the hgh-enermy advantages of hyperon beams
with the high phasespace H:E,rmn:enfnemalkamhma4ﬂﬂm5wiﬂ1ﬂﬂ
desired properties arcse in the comtext of recent precision studies of CF violation
m neuital kaon decays (36, 16). In place of the narmow phase-space selection of 3
hyperon-beam masmet the new experiments use an identifying feature of erther
the production or decay process. In effect, the event 15 “tagped ™ In the decay
2 — E+g—w,, only the beta-decay mode has sufficient (-valoe to producea E+.
Identified 29 — Ax" can be used as the primary source for the stady of A decay.
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First Measurement of Form Factors of the Decay E* — Z*¢~ 7,

A. Alavi-Harati,"* T. Alexopoulos,'* M. Arenton,'” K. Arisaka?® 5. Averitie,™ R.F. Barbosa,™* A R. Barker®
M. Barrio,* L. Bellantoni,” A. Bellavance? 1. Belz,'"® R Ben-David,” D.R. Bergman,'® E. Blucher? G. 1. Bock,”
C. Bown.* 5. Bright* E. Chen.! 5. Childress.” B. Coleman,” M. D. Corcoran,? G. Corti,” B. Cox.” M.B. Crisler,”
A_R. Erwin,® R. Ford,” A. Glarov.* A. Golossanov,” G. Graham? J. Graham* K. Hagan'' E. Halkiadakis,'®
J. Hamm," K. Hanagaki® 5. Hidaka® Y. B. Hsiung,” V. Jejer,'! D.A. Jensen,” R. Kessler,* H.G. E. Kobrak ?
1. LaDue® A. Lath'® A, Ledovskoy,! P.L. McBride,” P. Mikelsons® E. Monnier,*" T. Makaya” K. 8. Nelson,!!
H. Nguyen,” V. O'Dell,” M. Pang,” R. Pordes” V. Prasad* X.R. Qi B. Quinn,* E.J. Ramberg” R.E. Ray”
A. Roodman* M. Sadamoto ® 5. Schnetzer,'® K. Senyo.® P Shanahan,” P 5. Shawhan* J. Shiclds,'! W. Slater?
M. Solomey? 5. V. Somalwar,'® B_L. Stone,'® E.C. Swallow?® 5 A, Tacgar,! K. J. Tesarck,'® G B. Thomson, ™
P A_ Toale.* A_ Tripathi® R. Tschirhart.” 5.E. Tumer.® Y. W. Wah.* J. Wang.! H. B. White.” J. Whitmore,”

B. Winstein.* R. Winston,** T. Yamanaka * and E.D. Zimmerman*

{KTeV Collaboration)

! University of Arizona, Thcson, Arizoag ES721
*iniversity of California at Los Angeles, Los Angeles, California 90005
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*The Enrico F . . o .
“The feasihility was first studied by M. Solomey werking with University of Chicago un-
derzraduate A Affolder

T e e, Ramase e, TRy Wiy oo
Y Fermi National Accelerator Laboratory, Batavia, Minois 60510

dOsaka University, Tovonaka, Osaka 560-0043 Japan
*Rice University, Houston, Texas 77005

" Rurgers University, Piscatoway, New Jersey 085854

"' The Department of Physics and Institute of Nuclear and Particle Physics, University of Virginia, Charlottesville, Virginia 22001
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{Received 10 May 2001; published 11 September 2001)

We present the first measurement of the form facior ratios g, /f; (direct axial vector to vector), ga/fi
isecond class cument), and fa/f (weak magnetism) for the decay E" — ¥ T, using the KTeV
(ET000 beam line and detector at Fermilab. From the £ polarization measured with the decay £ —
pr and the & = T comelation, we measure g,/f, to be 1.32 =33 (stat) = 0.05(syst), assuming the
SUG)y (Aavor) values for g=/f; and f2/fi. Our results are all consistent with exact SU(3); symmetry.

SUG )y (DAVOr) VRILES TOr gaffy 800 fa/f. LN TESUIEs Are all Consisienl Wikl exact SU0)y Symmedry.

1The feasihiliry was first studied by N. Solomey working with University of Chirago un-
Gerpraduate A. Affolder



MUON FILTERS MUON COUNTERS

LEAD WALL
CsICRYSTAL CALORIMETER
HODOSCOPES

DRIFT CHAMBER 4 BACK-ANTI

BEAMLINE TRD
DRIFT CHAMBER 3 HADRON-ANTI
MAGNET TRD
DRIFT CHAMBER 2
DRIFT CHAMBER |
' SPECTROMETER ANTI
HELIUM BAG
DECAY REGION
o o
$
RING VETOS ; L

KTeV E799




Acce

Events /0.2 ( Norm.to 1)
=3 ¢
% S

z
b

0.015

0.01

0.005

0

ytance corrected proton - electron correlation in & frame ( Summer )

L I | -3 l 1 L L [ I 1 1 I -8 L] l L L L I 1 1 l/ ] I I LI

KTeV orelimina?y

Sz = —1.000 £ 0.036

¥/v=98/8

S, = 1.020 £ .037 g £ .043 4

For= — Xt e 7,

lllllllllllllllllllIlllllllllllllllllll

-1

-0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1
cos( p.e ) ( £’ Frame )



What we have measured

TABLE 3 Summary of octet baryon beta-decay data (Values are drawn from Reference 11
unless noted otherwise)

Decay Lifetime (s) Branching fraction Rate (pus™1) g1/ f1
n— pev  885.7(8) 1 1.1291(10)10—° 1.2670(30)*
— pe~v D 2.632(20)°10-10 0.832(14)10-3 3.161(58) 0.718(15)
Y- — ne v 1.479(11° 107 1.017(34)10°° 6.88(24) —0.340(17)
Y- — Ae v 1.479(11)° 107 0.0573(27) 10~ 0.387(18) fi/gr = —0.01(10)¢
— Aetv  0.8018(26) 107! 0.020(5)10~° 0.250(63)
E- —}M v)ﬁSQLli}lﬂ‘m 0.563(31)10°° 3.44(19) 0.25(5)
E- — 1.639(15)107'%  0.087(17)10°° 0.53(10)
pO0(90) 1019 0.257(19)° 103 0.876(71) 1.32(4.22/—.18)
B =16
bS =16
S=13
dg =15

*Mean of two independent measurements (3, 37) by the KTeV Collaboration.

Erratum: R=.886(71) (KTeV) for neutral cascade beta decay



13

SU(3) breaking in Hyperon decays

First order SU(3) symmetry breaking effects are expected to manifest themselves in
g1/f1. The recently measured decay =° — X+ e~ 7 provides a direct test because it is
predicted to have the same form factor ratio as the well-measured neutron beta decay:
n — pe . The KTeV results are consistent with this prediction, but the errors are
currently rather large. One can fit the data of the 5 semileptonic decays for the linear
combinations F' + D) and F — D which will then have essentially uncorrelated errors.
This fit yields

F+D=12670 £0.0035; F— D =—0.341+0.016; x> =2.96/3d.f.

Surprisingly, even with today’s improved measurements, no clear evidence of SU(3)
symmetry breaking effects emerges. They appear to be much smaller than expected!

There have been many attempts to compute SU(3) breaking effects for the vector form
factor f1(0), with results ranging from positive to negative corrections. I expect the
final word to come from Lattice QCD, and that the corrections will be small.

N. Cabibbo BEACH - 2004



NEW since annual review article

A bsirmct

From 56 days of dain taking in 32, the MNA4E] experiment observed 6316 52 I+e v, candidates {with the subsequent T+ — p.;'r"]
decay) and 555 EE_... E{:"'u:r candidates with background contamination of 215 & 44 and 136 4 B events, respectively. From these samples,
the branching ratics BR{Z® — Te 1) = (2.51 £ 0.0%m £ 0.0%ym) % 10~ and BR{Z® — TFetug) = (255 L 0. 14su £ 0.10gm) x 107
wen measaned allowing the delermination of the CEM mafrix slement | V| = ﬂ.lﬂ?ﬂ-ﬁ. Usimg the Particle Data Group average for | V|
ohinimed in semilepionic kaon decays, we measared the miso gy ff; = 1.20 2 0005 of the axial-vecior o vecior form factoms.

2 2006 Elsevier B.V. All rights reserved.

lfunm'erselj.r. the 2y /1 mtio could be extracted from Eqg. (18]
using the current ¥y valoe obtained from kaon decays [18]:

g1/ fi = 1.20 4 0.0dsr & 0.03 0. (20)

where the uncertaimty coming from the present branching ratio
measurement (br) takes into account the weak dependence of
the acceptance on g,/ fy wself. The external error (ext) includes
the contributions from V. Z© lifetime and §5 /f; uncertainties.
Chur measurement is in agreement with exact SU{3) symmetry
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Experiment:

gl/f1 =1.20 +/- 0.05

For neutron decay

2012 PDG value i1s 1.2701 +/- .0025

Even for this SU(3) mirror of the
neutron which 1s 40% more massive
There I1s no evidence for symmetry
breaking



What can we say about weak electricity (g2)?

In determining g, from the Dalitz plot (ev correlation)
one Is actually measuring g,* = g, — 89,

Rate ~V, 2 [f,2+ 3 9,"2 +28 9," ]

Rate ~V* f,2[1+ 3 (9, /f)? + 28 (9,/f,) (9./f1)] H

gz hides Inside the axial vector
L_ike the shadow



TABLE 5 Values of F;; derived from g,/ f; and rate

Decay Rate (us ) g,/ Vs

A — pe v 3.161(58) 0.718(15) 0.2224 £+ 0.0034
Y —nev 6.88(24) —0.340(17) 0.2282 £+ 0.0049
=~ — Ae v 3.44(19) 0.25(5) 0.2367 £ 0.0099
=0 - Tte v 0.876(71) 1.32(4.22/—.18) 0.209 + 0.027
Combined — — 0.2250 4+ 0.0027

PDG 2012: Vus = 0.2252 (9) from kaon decays



An Interesting calculation

Let’s reverse the reasoning and introduce the correct rate (including g,)
and treat Vus as a known guantity (0.2252) from pure vector K-decays.

Let x* = (g, - 8g,)/f; and y = g,/f;

Vus dx+y

0.2252 1+3x+2

We can rescale Vus as

The trend is to have a small (negative) g, in both lamba and sigma beta decay
(y = —0.3)

However, the values are not yet statistically significant.



Appeal to Experimentalists:

Refined Hyperon Beam experiments to measure
the Axial Vector form factors more precisely

Motivation: Historically, the axial vector

form factor g1 in neutron decay was connected to
spontaneous symmetry breaking) and Nambu-
Goldstone boson () by the famous Goldberger-
Trieman relation



Appeal to Theorists

So far we have g1 beautifully following the
SU(3) pattern predicted by Cabibbo.

How about dynamical calculations,

(like the G-T relation) for the hyperons.

And while we are at it, how about calculations
for the induced terms,

like g2 which may not be so small after all.
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EPILOGUE

In case you have been wondering,
WHERE IS UC MERCED???
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element can be written i an effective two-component form (21), a techmque first
mtroduced (25, 26) 1 the context of muon capture. We can then define an effective
Hamiltonian for the decay B — bev, so that

M = (be|Hug|Br) 10.

with

l —a,-e .. . o~ o l=g,-0
Hoz = V2Gg jf |Gy + G4Gy - Gy + G50y - €+ Gpap - 1] :

2 2

11.

Here ¢ and i are umt vectors along the electron and antineutrine directions, and
e, 1, and Eg are the energies of the electron, antineutrino, and mmtial baryon. The



In the rest frame of the final-state baryon, particularly convenient 1f 1ts polarization
15 an observable, the effective couplings are giﬁ:en by

Gy=fitdfr— _M “(fi+ Af),
Ga=-—g1+in+ o E(f + Af),
Gy = R [—(fi + Af) — g1 + Ag].
and Gy = L;ﬂ{fl—l—ﬁﬁ—gl-l—ﬁg;}. 13.

In etther case, § = (Mg — M)/ Mg and A = (Mg + M)/ Mg =2 — 4.



How good is the SU(3) value of f; (0) ?
Ademollo &Gatto Theorem

[Q4+é5~ 2]4—!'5] — 2]3 4+ \-/EQE — QEI‘II + V. 78,

For example, taking the expectation value in a baryon state B = X~ ., we obtain
the s ule

- v — il--l-F 2
! R
29.

m|=Z+4n",etc <n|=n+n’, p+n, etc
1. f, (0)> =-(Qem +Y)g + 2" order terms
2. 2" order terms are <0 for X~ since there are no

~—+1, etc(S=-2, 1=3/2) resonances

N\

Corrections to f, (0) are small, and at least for ¥~ < 0



We have some information from polarization measurements
In polarized =~ beta decay, g,"/f, < 0, g,/f; >0 by 1.5c
In polarized A beta decay, g,"/f,> 0, g,/f;,<0 by 2c
Allowing for g, would increase V f,?

Conclusion:
The g, contribution is small (second order)

In making the conventional assumption (g,=0)
we underestimate Vus.



Our Result for Vus (PRL 06/2004)

TABLE I Results from V,,, analysis using measured g,/f, values.
Decay Rate e,/ Vi
Process (psec™)
AN—pe v 3 16158) 0. 718(15) (0.2224 = 0.0034
2T —ne v (LEE(24) —(0. 340017 ) (L2282 = 0.0049
E —Ae v 3.44(19) (0.2513) 0.2367 = 0.0099
E' =ty 0.876(71) 1.32(+.22/ —.18) 0.209 + 0,027
Combined (0.2250 = 0.0027
Erratum: R=.886(71) (KTeV) for neutral cascade beta decay

A =0.0008 (16) in agreement with unitarity



