. ,} {“" )"})’\ ‘ﬁﬂ’ - ey
N
-
. AN - .
; ..d—.p AR N em D
|
SUOIARY OF KAON FACTORY WORKSHOP SR T I
an

Ernest M. Henley
University of Washingtoa, Seattle, Washingron 98195

ABSTRACT

Some highlights of the physics sessions of the workshop are presented.
Particular exphasis is placed on the differezﬁe{}‘f\inves‘tigadons which
can be carried out with kacns and antiprotons than with pions and protonms.

1. TINIRODUCTION

The oIganizers of the Kaon Factory Workshop chose a non—expert to
swzarize the physics discussion. Perhaps they reasoned that they would
get a wore balanced overview. Undoubtedly, I will disappoint them in that
cy cwn blases color the presenrarion that you are about to hear. I
apclegize befozehand. In my review I will give names of speakers or other
raferences onl en they are required, as several speakers overlapped in
the 7hysics they presented. (I must admit that another reasonm is cow—
ar 2, .as I am not certain in all cases as to who deserves the credits.)
I zrelegize to all the spearers and contridbutors beforehand. Table 1 lists
the speskers In the sessions 1 atrended. There was also a technical
session, which was held sirmclitaneousiy with a plenary session, and which I

Wnat is the interaest in an accelerator ro produce kacms? In general
ters. the inlerest centers on the nuclear physics studies which can be
carsied out with the next generation of higher—emergy (3-60 GeV), high-
intensity (1-100 ua) accelerators. The tange of parameters is large; de-
sign studles are not zomplete. To =y kaowledge, such accelerators are be—
ing censidered at TRIUMF, a:z LAMPF, at CEIRN (the proposed low-emergy
antiprezon Ting - LIAR), 2ad in the USSR. The lure of such accelerators
lies in the high-quality kaon and antiprotos beams that they can produce.
35 ZAR has deen propesed as z definite facility, ‘ler me describe it im

ittle cere detall. The propesal comsicts of an accumulator rting wich
p-3 aseaprance which can stere antiprotons produced at the PS; these oy
an ozens ¢an be ceoled by elecirons and can be decelerated .cr accele-

rates to give antiprorons of momenta ina tange of 300 MeV/e < p <

Geviz. During the ‘accumulation and cooling period ¥ impuriries decay

az a clean beaz witha high energy resoiurion (3p/p & 1073%) can

i pean of ¥ Rfsec'is eavisaged. The quality of

ows cme to plan experi 2 such 3T PP ones in & giseous hydro-

G v long and at. atmosptheric rressure. ‘ B

on the draviag-boaids. . There ate lower—energy aod . .
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the &GSy, at CERN {<rowm the PS), andiat the REK
that aciual data exist, T show you in Figs. X
zal resulrs obrained by the Carnegie-Mellon Uaiversity
and presented by R.A. Eisenstein on the elastic scattering of ¥¥ and
3 : various curves are opliccl model analyses which were diz-
cussed. at the same session. You might note that the fit to the K elastic
scatcering €ross sectioa is recarkably good. 1 believe that we are likely
to see an increasing emphasis on iavestigations with K* and p.prior ro the
next coazerence in This series. :

“- P

¢ antiproton beams available at the 3Brookhaven p:.&(a,a—.
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foree, *havge svametry-d>ragking, via A®-I° mixing, may b2 relatively large
iz the L-N'system. Tne XX force, illustrated in Fig. 3(b), also differs

censiceradly Irom the +N force. The KN systam can and does form reso—
[tances;. close to threshold there are the £(1i05)—actually slightly below
threshold—and zh ‘(1570)-/-_ » which has a small width of only ~I1S \&ev
A3awn, It Iis this difference from the much shorter—lived 4(1232) formed by
pions which is being accentuated by physicists: Can one profitably use
the szall widcth of the £(1520) as a tocl to study the effect of the
nuclear cadivin on a resonance? What are the effecrs of the Fermi motien,
of collisicnal breadening, and of pew decay chanmels vmavailable to the
free 1{152C)? Ve heax{several talks oz these matters. -
CI course, studles of the free particles are useful for testing and
iiziting droposed basic theories of particie physics. Recent gauge

s which 4o net censerve fuon nmbet predict a small bracching ratio

: ;0"”) for Ky, ~ e7u7; the present experimental liwif is 2 x 1979,

1
>

2 <

- o
<nis ratio already X sets limits on the mass (230 TeV) of the gauge LJS
besan e:::':a.'*zed and the experimental Yizit can n:doubtedlv be improved.
Qther rzre decay modes zve 2lso of inverest..

T‘:-v velationship of the study of the static properties of strange

icles and rescnences to their underlying guark structure, to confine—

nZ to {periuriative) QCD was also discussed. The presence of the
walence guark brings in a new degree of freedom whica enriches the
oy and mav give us new iasights into Che mechanism of quark con-

how 1o apply QLD vo this problem.

nirast to rhe R*, is perhaps the most strongly
nuclei. It is thereiore exceedingly sensitive
s is, in Zact, one fearure which makes the

In addition, as we neard in a reporz by

(pavyonium) exhibit rather strikiag: features,
_r.e un/‘e.mmo qu:nm sr.ructure of nncleons.

¥y o
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¢ -rhat is their charac:er? Can a'b-
2 to form nuclei far from the region of srability through
=Iission processes? | -

171, SOMI THAYSICS QUESTIONS

mrarize seme of cthe phyvsics which becemes accessible with
$TOT S b\- :}osing 2 series cf questions. The guestions,

nol valsed ar the werkcsheop, thoupgh many of then (but not
scussed there,

P

4 ..) force be detemncd with sufficient
scattering as a tool Lo 2XIrall neutTon
culariy teutron tadii of neciei? It is the lack of such

- . -
w3 Ihe N

= ch at present -prevents the use of KV beams to determine
radii. The Iscgpin 1 XN force appears to be repulsive in low
waves. bome cozivitutions: to the force are shown in Fig. 3(b).

Does the KT meson preferenzially excite simple wodes of morion of
the nucieus, e.g., the giaar jsoscalar resonances? In other words, is it

a uselul as well as new prodte of guclear structure? Tt appears that such
is the case.

I1. DIFFERENCES OF PROBES

What i{s it that makes kaons and antiprotonms interesting probes fox

nuclear stwdies? It is primarily the cifferences of their iaceracticss

with nucleons which appeal to the nuclear phrsicist. The E* Las strange-
ness +1: since therz are no barycns-with such strangensss, the K- camst
be absorbed in nuclei to form hyperfragmerts. For both E*, the loag-range
single—pion exchange force with nucleons is absent. The = is the weakest
koowa hadronic probe of the nucleus. It 1:37 scatter only elastically or
inelastically, except for forming “exotic™ i* resopances at ooenTa above
~£00 NeV/c. . In the quark language, which is becozing “de rise:.: ar chese
conferenoes, ‘'such resocances are thought to be S—guark obiects (q 313 they
are narrow resonances.  From the above consideraztices, it follcus thav
the mean free path of ¥* pzrticlea 3o noclei below ~300 ¥ \‘lc s Iarge,
»5 fo. : .
In contrast ro Kt parricles, the K~ interacts strongly with mucleors.
Because its strangeness is ~1, it can be absorbed readily br single
nucleons to- form hyperonms. It thus differs from pioms which are absorbed
primarily on two mucleons. This difference, alcne, makes E~ studies more
sensitive to the nuclear surfoce than piorms, Morecver, it is this atrorpe
tion mechanism which permits us to study Eypernuclei, a swvbject vhich v <
presented earlier at these sessions by B. Povh. 1Ihe /XN force is quire
different from the NN one. As we heard, there is come evidence rhat the
spin-orbit force is very weak. The one-pion exchange force is.absear, )
except through isospip mixing of the 50 and I®, but K and K* exchacges are
allowed [see Fig. 3(a)]. Because of the lcaug range of th2 pion exchange

Fig. 3. Contriburioms te {a) a X force, (b) a KX force.



= is the mature of Texoric™ Z* resonances? Can onre study the
ne nuciear medium on these resonances in inelastic K% scatter~
—eats?

11!

at 1s the nature of the X™XN fcrce? Some contributions are

in Tig. 3(4). BHow well can one determine the AN, the IX, and
“crces with ¥7 beazms? Consicerable information has zlready been
cbtained on the .3 force. ’

I} It seexms that a study of the A(1520) im the nucleus may help us
waderstand the effect of the tuclear medius on a narrow resomance. Will
such siudies help us to sorT out what happens to 2 brosder resomance such
as the L{II32)% Tc what extent will it help us understand what happens
az higher energies where overlappianz Y* resonances occur?

"3) Canm kacaicz aters de usad to stuly the nuclear surface, or are
such studies spolled by our lack of kaowledze of the KN force and che
.Tcle of the [{I403)7? Whar can we learn froa I atoms?

s
£} Is tre reccilless fermation of hyperons (pp- ~ 550 MeVie for AS,
300 MeV/e forx If) an important techanism in the formation of hvper-

>

¥ The stuly of hypernuclel has already been a rich source of new
2tica. It is from these sTudies that featuTes of ‘the AN force have
eiuzed. AT the workshop, the start of a table of ‘-hrpernuclear iso-

1

will we be-.adle to extend this talle and what

3

ike ¢ spinless strange neutrron in hyper—
on ¢an we extract from detailed high
ectroscepic studies of 1 hyper—

2 study, in which the . can be con—
T ¥nat are the structtral changes
cf this izpurity in the puclear cedius? Can

o

palarizazion in this way?
resons exist in heavy avclei? These
L] T2 is i¢ 3nalog resconances. have been
s2rved. Tnay ar? states with th: sare antisym—
Te as the nucleus with a neulrsn instesd of a o,
ncirle dees not restyict Che 1 orbitals as It

L
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ToEngwer o % nuclei suffd-
ns £ iently large
ther rauclei?
dous ion for kaons
3 SDELTIos 1 o
an be used uca hyperavclel.
ivmstell us abo.x.. :he L .crcc_’ Can the
unlerlring 6-quark basis for AL hyper-

12} The Jdecavs of Y¥'s and Z%'s mav be amenable to quark~parton and

I3 zcdel studies., Will such work be fruitful in teaching us about the

connecstion of the quarx aznd mesen pavsics approaches?

i2) How useful are X° beams for studying nuclear structure? Although

—_—

beams of K~ or Xy and Kg mesons wers not I3
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regeneration experiments suggest that studies with thenm can yield irfcrma-
tion cn wuciear demsities.

13) Will studies with kaon bears help us to uyndersrand betrer the
vcannec:ion berween the guark and meson picmres of hadrons and - their
forces? - :

14) Can the rare decay modes LL ~ 1e> and k¥ ~ r3p%e? be obscrved"
1f sc, they way revolutionize, S elicinace or tie down sore of the
ambitious gauge theorics of weak, electrozagnetic and streng iateractions
which continue to be proposed.  Kote that both straugeness and ruon
oumber are broken ‘in these decays, whereas oni omy ouon m.n:ber ccrsesvarion
is spoiled in v ~+ ey. C .

15) Can veak interactions be studied usefully Ydt’z kaom beams? For
exanple, there bave been snggesti«ous that the Cabitbo angle reduces to
0° ia strong electromagnetic fields. Cau this prediction be zested?

The above questions Tefer to only parts of the issues raised by the
speakers in the vorkshop. ' It is clear that one cap use kaoms, —uch like
pilons, to procbe nuclear spectra and other noclear properties. I thought
it more helpful to stress the differeace of the physics questions that
can be explored with kaons rather than pions. Alrhough 1 bave pressoted
the phrsics ;tn rerms of questions, I showld pcint out .that I *elieve the
ansveryto Dy questions se—be "Yes”. ‘Kacn beaxs dg-oper new and
interes:!ng avenues with wbich to explore nuclei #ad hadronic pr operu.es

&I_fi’.r_‘lt___ ’ .

Altzough there vas considerably less exphasis in the vorkshep o4 sanri~
protons than om kaons, stvdiss with this prode car be & rick scurce of new
insights. ¥e heard about sone of these possid ili’xes fro= B.~Y. Chan.

1) ¥%hat is the relatiomship of the i force to thatr ¢f owd muszlecns?
In a single-boscn—exchange redel, the Tex} paris of these potentiazlis sre
Telated by G-parity. Tha short range w—exchange potential, for imszazcse,
becomes strongly attractive. But vhar Is the effext of the .abzorprical

2)  Are there bound states of the Tp ‘systes, za 4 88w --a’ are Their
quaarum pud>ers and other properties? Are zhese c~c~ or §°3° brund grirk
states?

3) _How many narrow rescnances 2re there: cl:)se to tkreskold ¢
Pp syster? Wwhat is their structure? ATe they g g- states
simpler “molecular™ trpe states? wLat cavses their small
Vhy do they decar predominantly to 3 rather thzn o picns?

%) The pd reacticn nay be used to explore Pa states, Likewize the
charpe exchange of antiprotoas cight besuszd 10 STuey Tp STATLS 204 TEsC—
[ances. . NGt STTPrises 2walit us there? o

5) Tte anribilacion of D by r© presitably occurs inside the guark
bag. The an:ipromz\. thus appesrs to be a prive candidite to ell us some-
thing about the underlving gquark structere of nuclecns, of -the size and
character of the bag, and of th: conmeclicn befween cuark and meson
phvsics. Will this goal be realized?

€) The study of T-nuclews scattering shows 3 1otal cross section
larger than 25 (5/3)(r%)), t&'z.ce the geomerric area cf an object with uri-
form demsity of : radius (r2 y 2. W{ll the expectation of usizg 7 aters
ro study the extreme outer edges of r.he ruclear surface be realized?

"~ 7) Victh P beams one can form 4/, 71, and other exoic systens such
as 2NN, Whar are their properties?
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The charge exchange reaction of § can give n beans These open ver
another field of study.

Ag,ain. I have not discussed p sucleus sc.atcering to study spectrosa:opy
Polarized p beams open up yet new horizons.

1V. CONCLUSIOXS

. The workshop demonstrrated that a new and exciting realm of physics
would be opened by a higher—energy accelerator, eﬂphuistican\' called a
Kaonr Factory. ’

Finally, on behalf of all of the participants in the workshop, I
would like to thank the organizers: Harold Fearing, J. Reginald Rickardses,
and especially Michael X. Craddock who did most of the work, for organiziog
2 very stimnlating set of sessions.
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Fig. 1. K" + 32C elastic scattering differengial cross section.
Soze optical model fits zrc’)*$§~$nown

Fig. 2.

Some optical model fits are shown. 2

K™ + ¢ elastic scattering differential cross section.

PR,

4y P

-

ag
d

[

g(m\b/sr)

K¥- ¢  QooMey/c 494 HeV

¢ CHU - HoUSTON - BNL

{gwﬁga"—&mu@ (S-wme + ?«wAv‘ ) K

— nagnn (5,07 WAVES &+ P WAVE) ki
——a BLET (S,D,F WS + P wevg)

!

-

1

f

i

-

}
R
-




~ 4‘
-~

oy




