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CnuHosrle addex T TIPH O4YeHb BBICOKMX SHepruax u X (960) -me3on

. O6cyxnaercs TpaekTopua Penxe, Ha KoTopoli Moxer nexars X (960)
~ME30H, eClM ero cnuH-4eTHOCTb pabHa 2 , B arTowm cinyyae X -~Tpaexropus
HMeNla 6b1 HHTepcenTt a(0)=1, Kax TpaekTopma Momepanuyka, O6men X oMo~
COM NPUBOAHT K CHHHOBHIM abdekTam B YOPYTOM pp ~pacCesiHMi NpPH CBepX-
BLICOKHX - O9HEPTHAX, KOTOPHIE MOTLYT O6BICHHTL 3aMeTHble U3MeHeHus
napaMeTpa Haki/loHa, 3aperHCTPHpPOBaHHbIe HenaBHo B ISR-skcnepnamenrte,

[Ipenpunr O6negmuennoro WHCTHTYTa SJAEPHHIX MCCledOBaHHui.
Ay6ua, 1972

Bujak a., Eilippov A., Ogievetsky V., E2 - 6847
Zaslavsky A.

Spin Effects at Very High Energies andAmvavMeson

A Regge trajectory is discussed_on which the X°m6w
meson can lie if its spin-parity is 2 . The intercept
of this x trajectory would be a(Q)=1 as for the pomeron.
Such a possibility is not excluded by the exXperimental
data available. x pole exchange results in spin effects
in’-élastic pp scattering at very high energies which may
explain the marked slope parameter change observed
recently in the ISR experiment.
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‘At present there still exists an uncertainty in the spin-parity
assignment of the X (960) meson, its J P maybeequalto Oor 2- J1,2/
. We consider a Regge trajectory on which the X 0(960) meson can lie
if its spin-parity will be 27, Then B

a x (t) =.ax(0) ral t: 2:=a (0) r»u;mi - NeY)

We suppose that the X trajectory has a slope ax ~ 1(GeV) ~? like -
most other Regge trajectories. Then we obtain from Eq. 1

«f0) =1 - | @

Thus the intercept of the X trajectory is expected to be equal to -
unity just as for the Pomeranchuk trajectory. The quantum numbers
for the X -trajectory are the sameas for the pomeron except parity
(T=0,G=1,0=1,but P=-1). Such an interesting possibility does
not contradict the phenomenological Regge analysis of the available
experimental data in the intermediate energy range. Dut to unnatural
parity, the X -trajectory does not contribute to the spin independent .
part of the forward elastic scattering amplitudes. Therefore the
asymptotic behaviour of the total cross-sections ifparticle"s involved
.are unpolarized is defined only by the pomeron. It is also clear that
the X pole exchange does not contribute to the scattering of pseudo-
scalar mesons. o ' o ‘

At the same time the model with' X ~trajectory gives definite
predictions for elastic 'pp -scattering ,photoproduction of vector
-mesons, the Compton effect, etc., at very high energies. Of interest
are also the reactions in which the pomeron contribution is somewhat
suppressed; e.g. wtp- At p, Kp » K*(1420)petc. )

Below we show that for elastic pp -scattering at very high
energies the existence of X -trajectory with unit interceptresults in
the appearance of the spin structure - 4/ of the forward scattering



amplitude. These spin effects can lead to the marked change of the
-slope parameter at small momentum transfers which has been
’obse/r6v/ed in the ISR experiment/,5/ and has widely been discus- -
sed . . ' B

The pomeron gives a contribution to the ‘s -channel helicity
amplitudes /7/¢;=<+il+>and é3 =<+-|+->.The X pole contributes
to the amplitudes ¢2=<++|--> and ¢4=<+-|-+>. For the evasive
solution the X exchange contribution to ¢, is proportional to the
momentum transfer t. However for the conspiratorial solution /3 7/
the amplitude ¢, survives at_ t= 0 if one introduces a conspirato-
rial trajectory a.(t)=1+a¢ t with vacuum quantum numbers. In
this case ‘the forward pp -scattering -amplitude - becomes: spin- -
dependent and these spin effects survive atasymptotic energies. The
differential PP cross-section at small |t| is written down as '
t In ——ES-(-)) +

~do - o 2 ’
de— =120, ) exn (2a;

el el stnF)ar ] o . ®

. ’ I ‘S ’ 2 t 2
+ e () expl(= T +{n ‘-'s;)‘-’c‘,]«r' +OL=7 T
where 4*, q4; |, as are the'slopes of corresponding Regge
trajectories and U, (), Ux(t) , Uc (t) are connected with the residues
of the trajectories r_ (1) , r, (t) , r (t) by the relation U(t)=
-sec(_’2’ a’t)f(t). The conspiracy condition gives

Ue )=V, (0),  ay(0)=a (0)=1. - (4)

The x exéhange gives an important contribution at small momentum
transfers which decreases rapidly with increasing |t| because ..
cag > a,. The formula (3) predicts therefore the change of the slope

parameter at small [¢|.In fact a good agreement with the data in -
ref. /5/ is achieved if one chooses ( s, = 1 (GeV)Q) :

F=r O exp3,2-L), £ (O~t () =r (0) exp (7,9-L)
P ‘ . 'S ¢ X : 'SO ) (5) -

r (0 '
1 (0

=03, af =a’,~ 0,3(GeV)" | @’ =1,1 (GeV) ™ (input).



These estimates are pre11m1nary because we dlspose now only
“of Table T and figures in ref. /57 +When the more detailed information
is available the results of fitting the differential cross-sections will
‘be reported. The above model with parameters (5) does not contra-
~dict the ‘value of the -slope parameter at Serpukhov /8/ It gives

predictions for the Batavia pp. scattering experiment.

. In spite of the spin dependence of the amplitude, the proton

polarization along the normal to the reaction plane vanishes. The

model gives certain pred1ct10ns for other polarization effects.
Let o1 ,. oo’ be the total pp cross-sections in the singlet

and triplet states, m be1ng spin pro_]ectlon on the momentum. The

unltarlty condition gives

‘ rx (0) (0) s 3 - '-
o _(]—2-—70)—)0,0,, 00_(1+2_(0)')0tot’ L =0_ =0 (6)

where o, is the total cross-section for the reaction with
nonpolarized part1c1es The pos1t1v1ty condition for total cross sec-

r(0) rx(0)
tions glves I—(O-)-—ls . The above _estimate TT(T-~O,3 (5) predlcts;“
p . P ‘

the existence of marked spin effectsin pp-scattering.These spin ef-
- fects are characteristic for our model and they are absent in other
attempts to explain the slope parameter break/‘s/ We predict the ab-
sence of a slope pdrameter break for the elastic scattering of pions

and kaons
ap > ap, Kp o Kp SRR ¢))

A1n which X -exchange is impossible, and for the elastic scatterlng
of protons on spinless nuclei, in partlcular

P+ -4He'* P+ #He ’ ' (8)

where spin effects are absent. The situation is quite different in all
models which do not involve spin effects, inparticular in those based
on some modification of the pomeron, etc. /67, Theyimply a slope
parameter break for reactions (7), (8) unlike our model.

It is 1mportant to take into consideration the X exchange effects

in the treatmenf-of the 0 +—; »2 % 2l+ reactions, “in particulai‘ :



mtp~ALfp and Kp-K%1420)p. A slow decrease of the cross-Sectiohs .
of these reactions has recently beendiscussed /9/' aswellas a slow .
decrease of the cross-section of the photoproduction of the B (1235)
meson (]1)=1*‘)/""/1n the photoproduction of-vector mesons it is worth
- performing exact measurements of the spin-density matrix element
oo at high energies. A more detailed paper devoted to related
topics will be published elsewhere. ‘ . o
~In conclusion -we stress once. more the importance of an
" inambiguous determination- of the X °(960) meson spin-parity . We
believe the following experiments to be the most crucial: ’ _
1) Adair distribution for the forward Kp - A X% reaction / 1!/
The spin alignment will give a marked effect only with cut on small
: énough angles, 0c.m. -~ 0.1 rad, maximum Oc.m.~ 0.25 rad. Unfortu-
nately the new excellent-data / /2. 13 /- onthis reactiondo not permit
to know the-Adair distribution . - 0 0 - 14/
2) Spin correlations in the annihilation PP~ X X,2P at rest :
‘ py W27
.3) Measurement of the differential cross-section for the reaction
¥ + ‘He X0, JH.e/I‘S’ RO ~ ‘
The authors are sincerely indepted to A.A Anselm, S.B.Gerasi-
mov, S.G.Matinian, W.Tybor and especially to V.N.Gribov for useful
discussions and comments.
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;Note that for the M (963)meson J©C mayalsobeequal to 2~"/13/

After summing over not very small production angles no signi- "

ficant Production dependent X decay correlations are observed:
in /12,13/1n the 2~ case these correlations also can be suppressed.
In /12,13/30 upper bounds for polarization effects are given if the
x %960)meson is 2 ~
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