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Evidence for quark spin-flip in pomeron exchange
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Abstract

Spin-parity analyses of thesx system in the reactiogp — (w7w)p for photon laboratory energies from 20 to 70 GeV
have shown that production of the” = 1 b1(1235 meson dominates, with #” = 1~ background at the level of 20%.
Using vector-meson dominance arguments, this background is shown to be consistent with theedata esn wr. The
energy dependence of the data imply that the mechanism is a combination of reggeon and pomeron exchange. Assuming tha
the latter is relevant only for thé” = 1~ component and extrapolating # = 200 GeV, it is argued that this accounts for
most of the preliminaryozr signal observed by the H1 Collaboration in the same reaction. A residual peak can be ascribed to
the b1(1235, which requires a quark spin-flip from pomeron exchange. Precisely the same mechanism occurs in the reaction
p — a1(1260 p.
0 2005 Elsevier B.V. All rights reserved.

Preliminary data from the H1 Collaboratidi] tation requires. The transitign — b1(1235 does not
on the reactionyp — (wn®X at (W) = 200 GeV satisfy the Gribov—Morrison rul§,3] which relates
and (W) = 210 GeV was provisionally interpreted as the change in spim\J to the change in parity be-
diffractive b1(1235 production. After subtraction of  tween the incident particle and the outgoing resonance
the non-resonant background predicted by Pythia, the by Poyt = (—1)2” Pyy. Further it is well known experi-

cross section foyp — b1(1235X is mentally that pomeron exchange conserves helicity to
a good approximation, so that helicity-flip amplitudes
o(yp — b1(1235X) are small. This is in agreement with the phenomeno-
= 7904+ 200(stap & 200(sysh nb. (1) logical y,, coupling of the pomeron to quarké]. The

. . o . gq pair from a photon are in a spin-triplet state, as ex-

At first sight it is unlikely that theb1 (1239 can be  opyjified by vector-meson dominance, but the quarks

produced by pomeron exchange, which this interpre- in the b1(1235 meson are in a spin-singlet state so
quark helicity flip is required for ther — b1(1235
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lower energy, that the reactionp — (wr%)p is not increased by a factor of about 1.25 giving 730 nb, com-

dominated by pomeron exchange. patible with the cross section observed. The reggeon
The Omega Photon Collaboratifs] at CERN per- part of the cross section is negligible at this energy.

formed a spin-parity analysis of ther® enhancement What is the origin of this/ * = 1~ component? An

photoproduced in the energy range 20 to 70 GeV, with estimate can be made using simple vector-meson dom-
(W) = 8.6 GeV. They concluded that the enhance- inance arguments. For a vector final stéitethe cross
ment is consistent with predominant(1235 produc- section foryp — Vp is related to that foete™ — V

tion, with ~ 20% J ¥ = 1~ background. This conclu- by [8]

sion was confirmed by a SLAC experimdf{ at an

2 2
energy of 20 GeV,W = 6.2 GeV, with a polarised d%oyp-vp(s,m”)

beam. It should be noted that a spin-parity analysis dtdm?

of the H1 data cannot be performed because of lim-  _ Oete——v (M?) doyp-yp(s, m?) (6)
ited acceptance. It was possible to measure the energy 4m2q dt '

dependence of the reaction in the CERN experiment, Using the optical theorem to relate the amplitude at
with the result t = 0 to the total cross section fdfp scattering and

30\¢ integrating over gives
o(Ey) =a(39)<E—) , 20<E,<70GeV (2) ) )

Y do')/p*)Vp(s’m ) o MOpte——v (M )(O‘TOt ( ))2
with dm T 328 Vv

)
0(39) =086+0.27 b «=06+02. 3) whereb ~ 5 GeV 2 is the slope of the near-forward
Such an energy dependence is not consistent with differential cross section.
dominance of pomeron exchange, which would re-  The cross section fopp — 7 7~ 77~ p over
quire an increasing cross section, nor is it consis- the same energy and four-pion mass ranges asthe
tent with pure Regge exchange, which would require photoproduction data has been compared with the data
a somewhat faster decrease with increasing energy.onete™ — m 7~z 7~ by the Omega Photon Col-
A natural interpretation is that the observed energy laboration[9]. This gave the result
dependence arises from a combination of pomeron .
and reggeon exchange. As a simple first approxima- °vp—vp = 16.7+3.4 mb. ®)
tion, consider the cross section to be given by non- Three models were considered in the spin-parity
interfering reggeon and pomeron exchanges, the for- analysis[5] of the yp — #tn 77~ p data: wx
mer relating primarily tob;(1235 production and states with/? =1t,1-,0-, JP =11, 1" andJ? =
the latter relating entirely to the production of the 1+ 1- with the I~ constrained to be-channel helic-
JP =1~ state. The energy dependence of the cross ity conserving. It is the third one that we use here.
section(2) can be well reproduced by The data[10-12] for e*e™ — wm are shown in
% 2 Fig. 1(a) and the comparison witho /dm in Fig. 1(b).

o(s) = As™ + Bs™, “) The errors arising fron{8) have not been included.
wheree andn have the standard valu§g] 0.08 and The normalisation in this comparison is absolute and

0.4525 respectively and shows that the model produces the saife= 1~

. . cross section as the reggeon plus pomeron fit, within
A=0.107pb B=2315ub ©) the admittedly large errors.
At E, = 39 GeV the pomeron contribution to the A similar comparison can be made with the HERA

cross section is 25%, in good agreement with what is data and this is shown iRig. 2 after converting the
observed for the/” = 1~ component in the data. Ex-  preliminary H1 data from events/bin o /dm as-
trapolating the pomeron part ¢4) to HERA energies  suming 790 nb as the integrated cross section. At the
gives a cross section of 584 nb. As the HERA data in- upper end of the mass range the agreement is reason-
clude diffraction dissociation of the nucleon, the result ably good, perhaps surprisingly so given the overall
extrapolated from the fit to the CERN data should be errors in the procedures we are using. However the
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