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The two pairs of line-reversed re.uc:l.ons

o - KT ¢4}
Kp + gt [¢)]

and
5+ gvaass) @
. Kp + w¥TQass) [0}
4 1 teat of exch d y in hyp h
reactions. The 1 are exp d to be v by vector and

tensor K* h

y (EXD) of these trajectories
toplien equal crose sections for resetions (1) and (2) [(3) ond ()]

at the sasu value of the four-momencum tvansfer, t. The polarization
of the final state hyperon should be either zere (strong EXD) or, if
different from zero, it ghould have cqual magnitude and opposite sign
(weak EXD) in line-reversed rua:tin.‘m.‘ In order to see these Exchange

Degencracy predictions, we wrice the differential cross section and
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polarization in terms of the Regge amplitudes
da 2 2z
a = Al +lal)
X TR
a by A &)
whers + (=) refer to s-chanmel helieity non-flip (flip) amplitudes.
For the line-raversed reactiona
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where ¥ refers to efther the % or Y*(1365) and

~ina, O
* - K*, {8
€ nhean ()

-ing Oyasn
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Here @ and o represent the residuye and trajectory for the veccor & and

tensor K™ Reggs poles. The weak d ypothesi
assumes the K* and K™ trajectories are equal (ul(‘ - ux“). but the
residuas are not equal (BK" ] ER"). Complete degensracy of the

trajectories ie agsumed in the etrong h -l hyp 8

with a and 8 equal for the vactor and temsor K* exchauge. Thee:

asoumptions lead to the predictions discussed above.

Experimental Technigue

Recent tests of EXD predictions have been done .\

gher energies
and with high statistics. The line-reversed reactions are alsoc studied

in the sama experimental sctup, These experimeots have been dome by

i _‘. T UGUTED &ﬁ




-3-

two tasic ues; 1) mei:od and 2) the
u!'gat sengitive method using a hybrid bubble chacber.

Berglund et al. use the missing-mass method to obtain their 7 and
10.1 GeV/c dota at CERN.2 The ANL-FMAL-SLAC collsboration’ also use the
ndasing mass technique to study the n'p reactions at 35, 70, and 140 GaV/ec
and E”p at 70 Gev/c; only their 70 GeV/c w'p data is availsble at this
tize. ’

The experimental setup for the missing-mass method counsist of
measuring only ¢& bean w'(K) and the forvard K'(s7), The mass of tha

les are fied by the signale from & in the

beam line and forward spectroueter. Figure | shows the qtssxngamul-aqmed
distribution for w+ in the beam and x* in the. spactromater, summed over: '
all 70 GeV/c data from the experiment of Arenton et n:l..:’ Since al.i
exclusive veactions are obtained at the same tima, the cxperimenters

cbtain the cross sections £or £, T'(1385), ate. by fitting to the
niesing-mase distribution in vari>us womentum-tvanster fegtons.

The other technigue uses the hybrid bubble chamber at suc.‘ Tha
;‘im:t:l.i.ty. shown in Fig. 2, coneists of a rapid cyeling bubble chamber
followed by an alectronic system (propuruana.!. wire chambers, Ee:enkov,
and seinttilator ). The ch hde at its rate

{eypically 15pps) and vhen an event of interast ia recorded in the

electronic system, the lights of the chamber are flaghed amd :im plceure

18 teken. Since it .taku threo milldsecends £or the tubbles im the

chamber to grow large enough to be photosruphqd. the decision an to

whether or not to flash the u!?‘&m bﬁ‘:‘a with the aid of a small
1
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chamber allows a cleaner of a1 by 1 and

kinematic £itting than in mlesing-mase techniques, The invarfsnt mass
distribution of the Aw+ system from both the |l+ and K~ induced reactions
show 4 prominent peak duc to the Y‘(uas) production as seen in Fig. 3.

These distributions show the ability of the bubble chamber to isolate

4 and therehy reduce k d

Hintory of Exchange Degemeracy in Hypercharge Exchange Reactions
Previous measurements of vesctions (1) to (4) have mostly reaulted
5.6

from exp dotie by groups using different techniquas,
thus making comparisons difficult to interpret. The early experimeatal

test of Exch d at lowar and the data

showed large violation of EXD predictions, viz, du/de (n+p) < do/de (K7p),
and the :+ polarizations did not reflect about nu'o.‘S However, = good
deseription of the lower-energy do/dt and polarieation measurements for
both reactions (1) and (2) was made from the model of Navelet and

Y ueing an effective cut pavamotrization in sddition to thu

&*(890) and R (1420) pole terms., Thair model predicted significant

violatd of 7 in the emergy reglon of 1C to 12 GoV/e
and even at 70 GeV/c,

Becent Besulte for the Reactions n'p » et and Kp~+ P
pifferential cross sections from the SLAC-lmperial College

expeﬂmm:a for these reactions to |t| = ) (GeV/c)® ara chown in Pigs.
4(a) and 4(b). They confirw earlier resules in showing a simple
exponentis”. behavior for || < 0.4 (GeV/e)?: Thete is mo evidenca for

a in the fi d d1 1 doutnance of the nom=£lip
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' helicity amplitude, at least st lov womentum transfer. At both energies
the #* tnduced reaction slopes src stecpar than for the K~ reactiens,
although the difference is less at the higher moment'm. S!.upl- for both
mtuom incresse with ensxgy while the intercq;n decteses, The :
dLf £ of 1 p t  shova 3 berely siguificant esergy
variasion, At 7 Ge¥/c €08 foy & (A ~A /(A +A 4 du 0.063 £ 0.067
vwherens 1t is ~0.021 + 0.059 st 11.5 Gev/c, Exch d

eo-ow-oandudunenmtmn cinfied ac both 3 . Tha

10 GéV/c dats of Borglund ‘et al.? show sizdlar behavior for the differential
crosa sectiona, however, at larger momentum tranefer émnl.l EXD violations

Strong EXD 1s ruled out at these iee by the n o polass
zationa {(eee Pig. 4c, Q), hwwar; the mirror polarizations for the

Iins-raverssd reactions support weak EXD, This simple reflection

y of the I polari for this puir had not been geen befora. -
In Pig. Sa, the 11.5 CeV/c data 2a again ghewn for the v and K* induced

resctions together with the sum (Fig. 5b) of the polarizarion from the

2

o and the K” rescticns. The x° for the \.ypar.he.-u that all these poiuts

1io on the sbaciess is 3.9 for 6 degrees of freedo.,

The prediction of the model of Navelet and 7 10 4 to

the, summed pah!lzntinnn results in Fig. 5b. It is shown @e the solid

‘14ne on the figure and 1s in obvicus disag vith the 1

duta.

Data op the veactions n*p + &'t and I*p »> l+‘l'+(1333) heve been
teporead using the Ferntlab SiiLgle Arm Spectrometer Facility at 70 cev/e,3
Por -t < 0.1 GeV® the Y"(1385) etgnsl ia much smaller than the £*, uhereas
for larger t the two signale b-come comparable (eee Pig. 6). Their results
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show positive l:+ polarization, Fig. 7, which aldo rules out a&cns 0o !

at 70 GeV/c. The values appear to be more positive chan the Navelet--

Stavens’ predictions, but very similer to the 7 snd 11.5 GeV polsrisstions

messured by SLAC-Imperisl College.® 10 - - ) .

Tha Resceions v'p » K'y**(1385) and Kp + e ¥*¥ (1388
The polarization of the ¥¥(1385) is by a

1tkeldhood fit to the T snd A ducay distributions o terms of the transe
vereity density matrix elemeuts. The results are shows in Fig. 8. In i

" petther reaction 1s there any signif: for polari-
zation, While this agrees with atrong exchangs degenaracy predictions, . ’ :
1t 10 alao predicred cn the basts of the addsrive quark! and Stodolsky~ ';
s-x.-..\:u“ models. ' ) [

I

The differential cross sections are shown 1a Pig. 9. Both reacticms

have a ae low £ 0 d of the helicity

£11p amplitude unlike I produccd The line d patr YV

ahiw aggnificant gifferences at small [t|, however, most of this difference

is of & .1 1gd angulsr congervation forces the two T*
€ross gactions to turnover av different values of momentum transfar
yislding different eross sections at small |t .m

To describe this cffect quantitatively, the SLAC group made £its -

to the 1al crose sectioc using the F 4
dg DL
2. [“x —ay (- t-“)] ¢ ®

whera Al and Ay approxiscate ths helicity noo-flip and £l4p connibueinl.

respectively. The fite giva a good description of tho data as seen in



Pig. 9. The non-flip perumeter A, is about 3% of the £1ip corm Az. The

values of Az agree within errota {or ch: u.ne-xmmd reactions giving

eoufion of EXD predi They obtain at 11.5 GeV/e

‘“'%T’

- ——————— = Q.05 0.10 .
AZ(K P+ Az(n [2]

The only other experiment which has previously studied both p;.lu
of reactions in s eingle experimental setup is a missing maas experiment
at 10,1 (:ev/«.2 They found reaetions (3) and (4) v!bla:ad' EXD predic-
tions wvith a vatio of the K p to n+p cross sections of 2,0 & 0.2

‘ (sem Tig. 10). 1In tho same t-region the SLAC 11.5 GeV/c data gives &
ratio of K o q cross gectiona of 1, 33 + 0.14. In contrast, the two
upnunm:s agres on their rasults for tke resctions n+p - r."'z'* and
Kp+ect, #110 e patn difference batueen the two ‘exporiments is the

- emount of background in the ragion of tie Y*(1385)., In Pig. 11, the

g for the two experiments arc given.

"The SLAC experimsnt hus very Mrele ! they : in

the budble chouber the other tracks-and thereby enchsnce the signal frow

the ¥*(1385) over found by tapology and titting, Stace

the -t signal is l.rges uncertsinties in background eubtraction are not
as importa~%.
+ Ki +* .
Figure 12 ghov'y the ensrgy dependence of the v p+ K2 and
"'p - z‘!“*(m.'n raoctions at t = -0,1 G:Vz- We see a fasrer falloff
tor tie L taan for the Y* reaction. This means that other exchanges

then tho vaik degenarate Kgg, and K{}z0 m8Y be present.



Ssvplitude Anslysie of ¥*(1385) Production in the Li.nrkmaul Reactions:

Pa S 4 !'guss] asd Kp + 7Y (1385)

Tha additive quark model Jumes that per

oecor

by a single quark~quark seattering prm@. Only in the single scattering.

P does qu mumber take place.
9 9
[ %
Qe %Y
a %
9 s
The ape quarks with the scattercd quarks to fori the

final etata hadrons. A single Bcattering process means baryon exchauges

are not ailowed and the small h 1 cross t1 this,

The Q1 mlsu 18 a direct consequonce of thio 1Lnl.tl:‘!.nn. Tha
" resction % p + ¢n 1o forbidden by this rule as well es ¥ p + ¥n. The

¢(9) ie mainly & state of sB(cE) quarks. In order for the reaction to

taks place cuo would be .req a4
Ths predicei of the quark model for the correlatl
betwaen the charge prepertide and gpin 1 1n pet ‘al

collisions have Leen successfully teated in a nueber of :qeum. The '
un-tn!‘nt that only one quark in each hedron interacts, places require-
meats on the allowed spin states of the final hadrons.  One cen slso
sdontify the quark-quark asplitudes in different reactions, then obtain

relations betvesn these Teactions.



. -
As a1 exampla, the u.u:tion )
Ko + 7(1385)
o %“ . 0"%‘. ®
in genaral cen h-vx four indspsnden: mp.liwdns. if the qurt-wdd.
Telations are satisfled oriy cne amplitude Temaina. 1+ gee this we

alow 1 the d balow the 1ng p Kprath
5y e *

' u__—__.._.u

dera ¥6 see that rae cattextug process is sd + da of spin 1/2 p'n:iclea.
Wa choosa the axie ~f spin quantization in the divection normal to the °
qurk—qultk'scn::artna plane. The apin piijection on this axia is
called the trangvareity.

‘The spin projecticn of a single quark can only change by zero or
ons unit along suy axis. m&etou, a change of m or mora _units ;:f
angular momentum at avy vertex, is forbidden. A transversity f£lip at
the baryon vertex requires a flip in the opposite direction at the mesom
vartex to conserve tnl;wonuy- .Bince the final atate meson has spin
0", only transveraity von=flip amplitudes ara allowed by the additive
quark @adel in reaction (9). Thia implien
3 177 3170
2 2 22

0)
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In this model, sny double-flip amplitudes come from more than ome SCAttar

in :ﬁa quark-quark scattering process.

14

SLAC and Imperial College = measure for the first time in one .

the couplete decey sngul don on Y* + Av, A +p¢” in
tha v'p -ml p ‘ 3 The for tha four
ity ampl are shown dn Fig. 13 together with'
the prediccions of the additive quark nodllu and B:odollky-smurluu

models. In general, thd data agree with these predictions. Howaver, I
the only significant non-sero douhle-flip values sre at mmsll t aimilar
to wha: fias boen oheerved st 6.2 GeV/e ia K'p dnterscticns.’ Tn the
quark model described sabove, these double-£1ip contributions foply
double 3uerk scattering procaesses. This effget ‘nna -'ny be associated
with & finite helicity aoneflip contribution to the 1'(!355) vartex,

At tw tain all helicity £1ip amplitudes o to zcro amd any ‘rlhllnll‘!;

non~f1ip contributions forces the tsiry ampi to the val
T 3 ‘T T
3.4 = -/_ . L .1J = Jg-
l L2 8 L [

‘The trend of tho data is .t qualitAtive agreement with thess valuss.

Conelugiona

In contrast to the lower energy data, the 11.5 GeV results for the '

two pairs of 11 sed, hyp ge reactions are consistent
with y prediccd for both helicity-flip and non=flip
amplitudea.

Tha !'(1385) decay angular distributions indicate that tha quark

model and Stodolsky-Sakural predictions arc in agreerent with the madn
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features vf iLc dote. Howaver, gmall violations are observed at small -
sowentun transfor. While the Y*(1385) vei-tax s halicity-£1ip dominated,
the nonevanishing of Ta/2-3)2 803 T_y 12172 suggests some fioite helfeity

-pop=E11p ion ip the ard d ]

Kagm.d;-u{m
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Figures .

1) N.llulm-m.ls-squnud distribution for n:" in the beat and l"f in tha
spectromater, summad over all 70 GeV/e data. Fig\lu-i from Ref. 3. '

2) Parspective drawing of the SLAC Hybrid vheulty. The eyu_.nd!!.ed
bubble ch is tod in 8 y drawing of its magnat
body. Steel hadron filtars are indicated before 84 and B5.

3) Iavariant mass distribution of :l.ia ant syetem at 11.5 GeV/e. )

-i2=-

Figure from Ref. 8.
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Diffarentiel croas sections avd I polarizaiions for the reactions
|+p+ et ad Kp+wi * at 7 aud 11,5 Gev/e. ‘Figure from Rof. 8, .
») £ polarization for the SLAC 11.5 GeV dara.

b) Sum of tha polarizations for the »* and K- reactions. The
curve is the prediction of the mdel of Navelet aud Stevens (Ref. 7)
3 described in the text,

Prelimiviary dilfatgn:ﬁl: crose section at 70 GeV/c for the
rescriona v'p + g% and v Fos ¥ ?‘*(ms). Data from Baf. 3.

’ t:d.imiiury resulrs on e'h;. polarization of the recodl t*. The curve

15 the prediction at 70 Ge¥/c of Navalet-Stevens.! Dats from Ref, 3
and Bef. 8.

¥*(1385) polarization at 15.5 CaV/e.

nuhzentm eross sectiona and cos [-‘—“ «p) - ﬁg (w"’p)] /

£ » + (- p)] for w*p + K'I(1385) and £p + 71 (1385) at

" 1L.S GeV/e. ngnre from Ref. 10.

16)

11}

2

Differentisl crcu sactions and R = — p) / (' n). {Nate
cos oﬂ -ﬁm R>2+cosdy ™ 1/:!.) 10.1 GaV/c dara from
Berglund et al. Figute from Rof, 2 (1975).

Misaing: ed o for v'p + K M.
«)} Berglund et al. at 10.1 Gev/e. Ref. 2.
b) SuAC 11, 5 GeV/c data from Ref. 10 for the reaction r - g,

" papendence oo ’hb of the I and Y"(1389) production at ¢ = 0.1 Gev/e

Dats from Refo. 2,3, and 8.

Absolute valuea of the T*(1385) rransvereity amplitudas as &
function of monentum transfer. The dashed linee are predictiona
of the additive quark moded’’ and the model of stodolsky-Sakurai.l?

Pigure from Ref. 14.
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