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Introduction

The two pairs of line-reversed reactions

+ + +

Tp + KZ | o (1)
Kp + @sf | - (2)
and | |
o > Ky*H(13ss) | | (3)

- Kp - w‘Y*+(13$5) o EEON

provide experimental test of exchange degeneraéy in hypercharge exchange
reactions. The reactions are expected to be dominated by vector and
tensor K* exéhanges. Exchange Degeneracy (EXD).of these trajectofies
implies equal cross sections for reactions (1) and (2) [(3) aﬂd (4)]

at the same value of the four-momentum transfer, t.. The polarization
ofAfhe final state hyperon shouid be eithér zero.(strong EXD) or, if
differenﬁ from zero,.it shoﬁld have equal magnitude and qpposite sign |
(weak EXD) in line—reversed'reaétions.1 In order to see these Exchaﬁge

Degeneraéy predictions, we write the differential cross section and

- » _ o . .
Work supported by the Department of Energy under Contract No.
EY-76-C~03~-0515. ’

(Invited talk presented at the Seoul Symposium on Elementary Particle
Physics, Seoul National University, Seoul, Korea, September 1-5, 1978.)



-2~

polarization in terms of the Regge amplitudes

d 2 2
L= a "+ A

- o ) 4 49 - 2 Im (A A% o (5)
dt + 7=

where + (~) refer to s-channel helicity non-flip (flip) amplitudes. -

For the line~reversed reactions

C(x* + %) s

]

A +
ATy ~ K'Y

A (Kp > Y h) K" + K**)i (6)

where Y refers to either the I or Y*(1385)'and

~ing x*
* K* s
K* =8, (l-e )(~—.)
K So
: . Cpkk
—-ima K
K% = 8 (1 te ) (——SO) (7

Here B and o represent the residue.and trajectory for the vector K* and
tensor K** Regge poles. The weak exchange degeneracy hypofhesis
assumes the K* and K trajectories are equal,(aK* = aK**), but the
rgsidues are not equal (BK* # BK**). Complete degeneracy of the
trajectories is assumed in ‘the stréng exchange degeneracy hypothesis
with ¢ and B equal fér the vector and tensor K¥ exchanée.. These

assumptions lead to the predictions discussed above.

Experimental Technique

Recent tests of EXD predictions have been done at higher energies
and with high statistics. The line-reversed reactions are also studied

in the same experimental setup. These experiments have been done by



two basic experimental techniques: 1) missing-mass method and 2) the

target sensitive method using a hybfid bubble chamber.

-

Berglund et al. use the ﬁissing—mass method to obtain their 7 and

10.1 GeV/c data at CERN.2 The ANL-FNAL-SLAC collaboration3 also use the
missing mass technique to study the W+p reactions at 35, 70, and 140 GeV/e -
and K p at 70 GeV/c; only their 70 GeV/c t+p data is available at this
time. |

. The experimental sétup for the missing-mass meﬁhod consist of
meaéuring only the beam‘ﬂ+(Kf) and the>forward K+(n_). The mass of the
particles aré identified by the signals from éerenkov counters>in the
beam line and forwérd spectrometer.  Figure 1 sho&s the missing—massrsquared
distribution for n+ in fhe beam_and K+'in the'spectroﬁeter, summed over:
all 70 GeV/c data_from the experimeﬁ; of Arenton et al,3 éinﬁe ali
exclusive reactions are obtained at tﬁe same time, the experimenters
obtain the cross sectionms for &, Y*(1385), etc. byvfitting to the

missing-mass distribution in various momentum-transfer regions.

The other technique uses the hybrid bubble chamber at SLAC.'4 The

fécility, shown in Fig. 2, consists of a rapid cycling bprle'chamber
followed by anvelec;roﬂic system'(proportionai wire chambers, Eerenkov,
and scintillétor hodoscopes). The chamber expands at its maximﬁm ratg
-(typicaily 15pps) and when an event of interest is recorded in the .
electronic system, the lights of the chamber are flashed and the picture
is taken. Since it ﬁékes three milliseconds for the bubbles in the
chamher to grow large enough to be photographed, the Aecision as to
whether or not to flash the lights can be made with the aid of a small

on-line computer. The 4rn detection of charged tracks in the bubble



chamber allows a cleaner separation of reactions by topology and

kinematic fitting than in missing-mass techniques. The invariant mass

+

B

distribution of the Aw+-system from both the 7' and K induced reactions
show a prominent peak due to the Y*(1385) production as seen in Fig. 3.
These distributions show the ability of the bubble chamber to isolate

reactions and thereby reduce background.

History of Exchange Degeneracy in Hypercharge Exchange Reactions

Previous measurements of reactions (1) to (4) have mostly resulted
from experiments done by different groups using different techniques,5;6
thus making comparisons difficult to,iﬁterpret. The early experimental.
test of Exchange Degeneracy'bccured at lower energieé»and the data
showed large violation of EXD predictions, viz, dU/di (n+p) < dc/dt_(K—pL
and the Z+ polarizations did not reflect.about zero.6 However, a good
description of the lower-energy do/dt and polarization measurements"for
both reactions (1) and (2) was made from the model of Navelet and
Stevens7'psing an effective cut parametrization iﬁ addition to the
K*(890) and K** (1420) pole terms. Their model predicted significant
violationsg of exchange degeneracy in thg energy region of 10 to 12 GeV/c

and even at 70 GeV/c.

+ + - -+
Recent Results for the Reactions w p =+ K+Z and K p > 7 I

Differential cross sections from the SLAC-Imperial College
experiment8 forvthese reactions to ltl = 1 (GeV/c)2 are shown in Figs.
4(a) and 4(b). They confirm eaflier results in showing a simplei
exponential behavior for |t| < O.Av(GeV/c)?} There is no evidencé for

a turnover in the forward direction, indicating dominance of the non-flip



helicity amplitude, at least at low momentum fransfef. At both energies
the n+ induced reéction slopes are steeper than for the K reactions,
although the difference is less at the higher momentum. Slopes for both
reactioﬁs increase with energy while the interceéts decrease. The
difference of intercepts, however, shows a barely significant energy
variation. At 7 GeV/c cos dyp = (Ag_ —A /(A +'Aﬂ+) is 0.063  0.067
whereas.if is -0.021 * 0.059 at 1.5 CeV/c. Exchange degeneracy predicts
cos ¢VT = 0 and within errors this is satisfied at both energies.: The

10 GeV/c data of Berglund‘et al.2 show simiiar behavior for the differential
cross sections, however, at larger momentum transfer émall EXD violations
are seen,

Strong EXD is ruled out at these energies by the non-zero polari-
zations (see Fig. 4c, d), however; the mirror polarizations for the
line—réversed reactions support weak EXD. This simple reflection
symmetry of the I polé;ization for thié pair had not been seen before.

In Fig. 5a, the 11.5 GeV/c data is again shown for £he w+ and K induced
reactions together wiﬁh the sum (Fig. 5b) of the polarization from the

ﬁ+ and the K; reactions. The x2 for the hypotheéis that a;l these points
lie on the abscissa is 3.9 for 6'degrées of'freedom.

The predictioﬁ of the model of Navelet and Stevens7 is compared to
the summed poiarizations results in Fig. 5b. It is shown as the solid
‘line on the figure andvis in obvious disagreement with the‘experimental
data. |

Data on the reaptions w+p - K+f+ and ﬂ+p *‘KfY*+(1385) have been
reported using‘the Fermilab Single Arm Specfr¢meter facility at 70 GeV/c,;3

2

For -t < 0,1 GeV” the Y*(1385) signal is much smaller than the I, whereas

for larger t the two signals become comparable (see Fig. 6). Their results



show positive ¢ polarization, Fig. 7, which also rules out strong EXD
at 70 GeV/c. The values appear to be more positive than the Navelet~"
Stevens7 predictions, but very similar to the 7 and 11.5 GeV polarizations

measured by SLAC-Imperial College.s_lo

+ - -
The Reactions w+p -> K%Y* (1385) and K p » 7 ¥Y* (1385)

The polarization of thé Y*(1385) is obtained by a combined maximum
likelihood fit to the Y and A decay di;tributions in terms of the trans-
versity density matrix'elements. The results are shown in Fig. 8. Im
neither reaction is there any significant evidence for~non—zero polari-
zation. While this agrees with strong exchange degeneracy predic;iohs,
it is also predicted on the basis of the additive quark¥1 and Stodolsky-
Sakurai12 models., |

The differential cross sections are shown in Fig. 9. Both reactions
have a turnover at low momentum transfer showing dominance of the helicity
flip amplitude unlike I production. Thé line~reversed pair Y* reactions
show significant differences at small ltl, however, most of'this difference
is Qf kinematic origin: angular momentum conservation forces the two Y*
cross sections to turnover at different valués of momentum transfer
yielding different crossfsections at small [t[.lo

To describe this effect quantitatively, the SLAC group made fits

to the differential cross section using the funetion: ’

do _ bt .
it [Al - AZ (t - tmin)] € (®

where Al and Az approximate the helicity non-flip and flip contributions,

respectively. The fits give a good description of the data as seen in



Fig. 9. The non-flip parameter A1 is about 3% of the flip term A The

9

values of A2 agree within errors for the line-reversed reactions giving

-

confirmation of EXD predictions. They obtain at 11.5 GeV/c

- ) +
< cos ¢VT > = — g = 0,05 £ 0.10 .
A, (K p) + Ay(mp) '

The only other experiment which has previously studied both péirs
of reactions in a single experimental setup is a missing mass experiment
at 10.1 GeV/c.2 They found reactions.(3) and (4) viblated EXD predic—‘
tions with a ratio of the K p to n+p croés‘sectioné of 2.0 + 0.2
(see Fig. 10). 1In the same t-region the SLAC-11.5 GeV/c data gives a
ratio of K to n+ cross sections of 1.33 + 0.14, In contrast,:the tﬁo
experiments agree on their results for the reactioms w+p > K.+z+ and

Kp - agt. 210

The main difference between the two experiments is the

- amount of background in the region of the Y*(1385). in Fig. 11, the'
miésing—mass—squared distributions for thé two experiments are given.
‘The SLAC ekperiment has very 1ittle backgréund because they measuré.in
the bubble chamber the other tracks -and thereby enchance the signal from
the Y*{l385) over background by topology and kinematic fitting. Since
the 2+ éignél is large, uncertainties in background éubtraction.are not
as impqrtant.‘

» | "Figure 12 shows the energy dépendenée of the w+¥ Y K%f+ and

‘ﬁ+b -> K*Y*+(1385) reactions at t = —O.l GeVZ. We séé a faster falloff

for the 2+ than for the Y* reaétion. This means that other exchanges '

' A * *k
than the weak degenerate K890 and KI&ZO may be pregent.



Amplitude Analysis of ¥*(1385) Production in the Line~Reversed Reactions:

7o > KTY*(1385) and Kp ~ 1 Y*(1385)

The additive quark model assumes that peripheral interactions occur
by a single quark-quark scattering proéeés. Only in the single sqattering.A

process does quantum number exchange take place.

qj v S

Qa G
de ' Qy
Gz - - G2
43 . Q3

The spectator quarks recombine with the scéttered quarks to form the
final state hadrons. A single scattering process means baryon exchanges
are not allowed and the small u-channel cross sections support this.

The 0ZI rule13 is a airect consequence:of this limitation. AThe
reaction T p - ¢n is forbidden by'tﬁis rule as well as 7™ p > Yn. The
¢ () is mainly é state of s8(ct) quarks. In order for the reaction to
take place two scattering procésses would belrequired.

The predictions of the additive quark model for the corfelatioﬁs
between the charge propertiés and gpip configurations in peripheral
collisions have been.successfully tested in a number of reactions. The.
constraint that only one quafk in each hadroﬁ interacts, ﬁlaces requi;g—
ments on the allowed spin states of the final hadrons. One can also
: identify.the quark-quark amplitudes in different reactioms, then obtain

relations between these reactions.



Kp ~» 7 Y"(1385)

+ + : '
ool L, 3 9)
2

in general can have four independent amplitudes. If the quark model

relations are satisfied only one amplitude remains. To see this we

show in the diagram below the scattering process Kfp > W-Y*.‘

-u o
K s 4
d ]

P u u Y*
u u

" Here we see that the scattering pfoeess is sd -~ ds of spin 1/2 pérticles.
We choose the axis of spin quantization in the direétion normal to the -
quark—quark'scattering plane. The spin projection on this axis is
called the transversity.

The spin projection of a single quark can only change by zero or
one unit along any axis. Thefefore, a change of tﬁo or more pnits éf
angular momentum at any vertex, is forbidden. A transversity flip at
the baryon vertex requires a flip in.the opposite direction ét the meson '
vertex to conserve traﬁsversity. .Since the final state meson has spin
0 , only transversity non-flip amplitudes are allowed by the additive
quark model in reaction (9). This implies

T =0

T3 17% 31
2 22

oW

=3

{0)
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In this model, any double-flip amplitudes éome from more thaﬁ one scatter'
min téf~quafk—quark scattering process.,
'SLAC and Imperiai College14 measure for the first time in one .

 detector the complete decéy angular distribupion on Y* » Am, A »;pw-.in
the w+p aﬁd Kp line~reversed feactions. The results. for the four
measureable transversity amplitudes are shown in Fig. 13 together with
the predictions of the additive quark model11 and Stodolsky—Sakuréi12
models. In general, the data agree with these predictioﬁs. Héwever,
the only significant non-zero double-flip values are at small t similar
‘to what has been observed at 4.2 GeV/c in Kp interactions.6 In the
quark model described above, these double-flip contributions imply
double quark scattering processes; This effect.also may be associated
with a finite helicity non-flip éontribution to the Y*(1385) vertex.

At t = tmin’ all helici&y flip amplitudes go to zero and any‘remainihg

non-flip contributions forces the transversity amplitudes to the values:

The trend. of the data is in qualitative agreement with these values.

Conclusions

In cbntrast to theAlower energy data, the 11.5.GeV-results for the
two pairs of line-reversed, hypercharge—exchapge reactions are consistent
with exchange degeneracy predictions for both helicity—flip and non-flip '
amplitudes.

The Y*(1385) decay angular distributions indicate that the.quark

model and Stodolsky-Sakurai predictions are in agreement with the main
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features of the data. However, small violations are observed at small-
momentum transfer. While the Y*(1385) vertex is helicity-flip dominated,
the non-vanishing of T3/2_1/2 and-T__3/2 1/2 suggests some fln;te he11c1§y

non-flip contribution in the forward directionm.
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Figures

1) Missing-mass-squared distribution fér w* in the beanm and Kf in the
spectrometer, summed over all 70 GeV/c data. Figﬁré from Ref. 3.

2) Perspective drawing of.the SLAC Hybrid Facility. Thé cylindrical
bubble bhamﬁer is represented in a cut-away drawing of its magnet
body. Steel hadron filters are indicatgd before S4 and S5.

3) Invariant mass distribqtion of tﬁe Aﬂ+ syétemvat 11.5 GeV/c. .

Figure from Ref. 8.
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Differential cross sections and I polarizations for the reactions

+ + + - - : :
Tp->Kgz and Kp > 7 ¢ at 7 and 11.5 GeV/c. Figure from Ref. 8..

-

a) Z+ polarization for the SLAC 11.5 GeV data.
b) Sum of the polarizations for the n+ and X reactions. The
curve is the prediction of the model of Navelet and Stevens (Ref. 7)

as described in the text.

‘Preliminary differential cross section at 70 GeV/e for the

reactions W+p +_K%E+ and ﬂ+p > K%Y*+(1385). Data from Ref. 3.

Preliminary results on tﬁg polarization of the recoil Z+. The curve
is the prediction at 70 GeV/cvof Navelet—Stevens.7 Data from Ref. 5
and Ref. 8.

Y*(1385) polarizafion at 11.5 GeV/c.

. 4 : . [do ,0-.y _do ., +
Differential cross sections and cos ¢VT = [dt X it (m pi]/

. - . - - % ’
[-g—:'(K p+ < (,n‘*p)J for 17p » K'Y*(1385) and K'p > 7 ¥ (1385) at

'11.5 GeV/e. 'Figufe from Ref. 10.

do ,.- \[do , + |
dt (K p)/ dt (u p). (Note

1/3.) 10.1 GeV/c data from

L]

Differential cross sections and R

) Rel )
cos ¢VT = REl and R = 2 f-COS»¢VT

Berglund'et al. Figure from Ref. 2 (19755.

Missing—mass—squaréd distribqtions for ﬂ*p-*-K+ MM.

a) Berglund et al. at lO.l‘GeV/c. Ref. 2.

b) SLAC 11.5 GeV/c data from Ref. 10 for the féaction ﬁ+p *'K+Aﬁ+.
Depéndence on P, . of the L and Y*(1385) production at t = 0;1.GeY/c

Data from Refs. 2,3, and 8.

Absolute values of the Y*(l385) transversity.amélitudes as a
function of momentum transfer. The dashed lines are predictions

~ , 12
of the additive quark modelll and the model of Stodolsky-Sakurai.

Figure from Ref. l4.
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