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Eyl!K A., ¢ummnoa A.T., O!"'ueaeuKuil B.H., 
3acnaacKuil A.H. E2 · 6847 

CnuHOBbie acpcpeKTbi npu O'!eHb BbiCOKUX aaepl"'ugx u X (960)-Meaoa 

06cyJK.Qaercg TpaeKTOPHll Pe.r:tJKe, Ha KOTopoil MOJKer neJKaTb X (960) 
-Meaoa, ecnu el"'o cnua...:'!eraocrb paaaa 2-. B aToM cny'!ae X -rpaeKTOPHl'l 
HMena 6bi uarepcenr a(O)=l, KaK rpaeKTOPHll noMepaH'!yKa. 06MeH X nome­
coM IIplfBO.QHT K CIIHHOBb!M acpcpeKTaM B ynpyl"'OM pp -p!iCCel!HHH IIpH CBepx­
BbiCOKHX 3Hepl"'Hl!X1 KOTOpb!e MOI"'YT 06'bl!CHH1'b 38MeTHbie U3MeHeHH5! 
napaMeTpa HaKnoaa, aapel"'HcrpirpoaaHHbie He.naaao a JSR-aKcrrepHMeHTe. 

llperrpHHT 06'be~HeHHOrO HHCTHTyTa H,llepHbiX HCCJie,[lOBaHHif. 

,lzy6Ha, 1972 

Bujak A. 1 Filippov A. 1 Ogievetsky V. 
1 Zaslavsky A. · E2 · 6847 

Spin Effects at Very High Energies and X(960J Meson 

A Regge trajectory is discussed on which the X 0(960) 
meson can lie if its spin~parity is 2-. The intercept 
of this X tr.ajectory would be a(OJ= 1 as for the pomeron. 
Such a possibility is not excluded'by the experimental 
data available. X pole exchange results in spin effects 
in' ·elastic pp scattering at very high energies which may 
explain the marked slope parameter change observed 
recently in the ISR experiment. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1972 

At present there· 
assignment of the X(~ 
We consider a Regge 

. if its spin-parity .will 
'• 

a x ( t) Co; ax (0) .~ < 

We suppose that the.·; 
most other Reg~e traJ 

Thus the intercept 
unity just as for the P 
for the X -trajectory 
( T',..o,G~l,a=l, but. 
not contradict the phE 
experimental data in t 
parity, the X -trajed 
part of the forward 
asymptotic behaviour. 
are unpolarized is de: 
the X pole exchange d 
scalar mesons. 

At .the. same timt 
predictions for elast 

·mesons, the Compton 
are also the reactions 
suppressed; e.g. "± p 

Below we show t 
energies the existence 
the appearance of the 



I 

At present there still exists an uncertainty in the spin-parity 
assignment of the X (960) meson, its 1 P may be equal to a-or 2- / r ,2/ 
We consider a Regge trajectory on which the X 0(960) meson can lie 
if its spin-parity .will be 2 -. Then 

ax ( t) "" ax (0) ~ a ' t :. 
c . X 

2 ~ a (0) 
X 

, 2 
~a m 

X X (1) 

We suppose that the X trajectory has a slope a; - 1 (GeV) -
2 

like · 
most other Reg~e trajectories. Then we obtain from Eq. 1 

a,[O) - 1 • (2) 

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 same as for the pomeron except parity 
( y,.., o, G~1, rT-=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 if particles 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. 

At the same time the model with X -trajectory gives definite· 
prediction's for elastic · p p -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. "± p .... A± p, K p .... K"(l.420)p,etc. 

Below we show that for elastic p p -scattering at very high 
energies the. existence of X -trajectory, with unit intercept results in 
the appearance of the spin structure ' .J / of the forward scattering 
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amplitude. These spin effects can lead to the marked change of the 
· slope parameter at small momentum transfers which has been 
observed i"n the ISR experiment/4,5 / and has widely been discus­
sed 16 1. 

The pomeron gives a contribution to the ·s -channel helicity 
amplitudes /.71¢r=<++l++'>and ¢3 =<+-1+-·>.The X pole contributes 
to the amplitudes ¢2=<++1--·> and ¢4=<+-1-+>. Fpr the evasive 
solution the X exchange contribution to ¢ 2 is proportional to the 
momentum transfer t. However for the conspiratorial solution /3, 7 I 
the amplitude ¢ 2 survives at. t = 0 if one introduces a conspirato­
rial trajectory a c (tJ= 1 + a~ t with vacuum quantum. numbers. In 
this case the forward p p -scattering amplitude becomes spin­
dependent and these spin effects survive at asymptotic energies. The 
differential P P cross -section at small I t I is written down as -

2 ·s 
dda_ ·-I2VP (tJ exp(2a; ten-.- J + 

t ' so 

+ IVx(tJexp[(-!~77 +en ·ssJa~ t] + 
0 

+ u c r t J exp [ r - .i.E + en 2_ J a , t ] 1 
2 + o [ r _.!..._ J 2 J , 

2 ·so . c ~- ·sa 

(3) 

where a ' , a; , a; are the slopes of corresponding Regge 
trajectories and UP(t) , Ux (tJ , U c (t) are connected with the residues 
of the trajectories r (tJ , rx (t) , r c(tJ by the relation U(t)= 
=, sec ( ; a 't) l(t). The cohspiracy condition gives 

Ux (OJ,. Uc (OJ, ax(OJ =ac (0) = 1. · (4) 

The X exchange gives an important contribution at small momentum 
transfers which decreases rapidly with increasing I t I because .. 
a~ > a; . The formula (3) predicts therefore the change of the slope 
parameter at small! tl. In fact a good agreement with the data in 
ref. I 5 I is ·achieved if one chooses ( s = 1 (GeVJ 2) 

0 

'( t r tJ ~- r pCOJ exp (3,2 -:-J, 
p so 

t r (t)-r (t) ==r (0) exp (7,9--) 
X C X ·s 

0 (5) 

r x (OJ _ 0,3 , 
--; (0) 

a.' =a' - 0,3 (GeV y-2 
, a' = 1,1 (GeV J - 2 

(input). 
p C X ·.,. 
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These estimates are preliminary because we dispose now only 

· of Table I and figures in ref. I 5 I, When the more detailed information 
is available the results of fitting the differential cross-sections will 
"be repor.ted. The above model with parameters (5) does not contra­
dict the value· of the -slope parameter at · Serpukhov Is!, It gives · 
predictions for the Batavia· p p scattering experiment. 

In spite of the spin dependence of the amplitude, the proton 
polar.izatioil along the normal to the reaction plane vanishes. The 
model gives certain predictions for other polarization effects. 

Let a 1 
, ad be the total p p cross-sections in the singlet 

and triplet states, m being spin projection on the momentum. The 
unitarity condition gives 

where a tot is the total cross-section for the reaction with 
nonpolarized particles. The positivity condition for total cross-sec-

r.x(OJ 1 · rx(O) 
tions gives I 1~-2 . The above estimate (O -0,3 (5) predicts 

r P (0) ·- r P ~ · • 

the existence of marked spin effects in p p -scattering. These spin ef­
fects are characteristic for our model and they are absent in other 
atterri:pts to explain the slope parameter break16 ~ We predict the ab­
sence of a slope parameter break for the elastic scattering of pions 
and kaons 

rr p .... rr p , K p .... K p (7). _ 
in which X -exchange is impossible, and for the elastic .scattering 
of protons on spinless nuclei, in particular 

4H -. 4 p + . e .... p~ + . He , (8) 

where spin effects are absent. The situation is quite different in all . 
models which do not involve spin effects, in particular in those based 
on some modification of the pomeron, etc. I 6 I. They imply a slope 
parameter break for reactions (7), (8) unlike our model. 

It is important to take into consideration th~ X exchange effects 

in the treatmenf of the o + ..1. + .... 2 + ..1. + reactions, ·in particular 
2 2 
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rr !:p .... A; p and K p-+K*(1420) p. A slow decrease ofthe cross-sections 
of these reactions has recently been discussed /91 as well as a slow 
decrease of the cross-section of the photoproduc'tion of the. B (1235) 
meson ( JP, J+/1r1In the photoproduction of~vector mesons it is worth 
performing exact measurements of the spin-density matrix ,element 

p00 at high energies. A more detailed paper devo.ted to related 
topics will be published elsewhere. 

In conclusion we stress once· more the importance of an 
· inambiguous determination of the X 0(960) meson spin-parity*. We 

believe the following experiments to be the most crucial: 
1) Adair distribution for the forward K-p -• A X 0 reaction I 11 I 

The spin alignment will give a marked effect onlywith cut on small 
· enough angles, Oc.m. ·- 0.1 rad,, maximum Oc.m.- 0.25 rad. Unfortu­

nately the new excellent data I 12 • 13 1 on this reaction do not permit 
•1--t 

to know the· Adair distribution _ 0 0 · · 1 
14

; 

2) Spin correlations in the annihilation P P.... X.,. P at rest . 
" . py TJ27T 

.3) Measurement of the differential cross-section for the reaction 
• .J .J .'1 I )' .; He ... X 0 + H.e ; 51 • 

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. 

References 

L Particle and Data Group. Phys .Lett., 39B, 1 (1972). 
2. V.Ogievetsky, W.Tybor, A.Zaslavsky. Phys.Lett., 35B, 69 (1971). 
3. D.V.Volkov, V.N.Gribov. JETP, 44, 1068 (1963). 
4. U .Amaldi et al. Phys.Lett., 36B, 504 (1971); 

M.Holder et al. Phys.Lett., 36B, 400 (1971). 
5. G.Barbiellini et al. Phys.Lett., 39B, 663 (1972). 
6. A.A.Anselm, V.N.Gribov. Phys.Lett., 40B, 487 (1972); 

G.Cohen-Tannoudji et al. Preprint ITP-72-121E, Kiev (1972); 
V.Barger, R.Phillips, K.Geer. Nucl.Phys., B47, 29 (1972); 
S.Minami. Lett. Nuovo Cimento, 5, 490 (1972). 

7. G.Cohen-Tannoudji, Ph.Salin, A.Morel. Nuovo Cimento., 55A, 412 
(1968). 

---!N~t;~th~t-f~~-th;-M-(.96.i)meson J PC may also be equal to 2-+ /13/ 

After summing over not very small production angles no signi- · 
ficant production dependent X decay correlations are observed· 
in (12,13/In the 2- case these correlations also can be suppressed. 
In t

12
,1

3 /iw upper bounds for polarization effects are given if the 
X0(960)meson is 2 - . 

s· 

f 

.I 
! 

(; 

.);, 

I 
·i 

~ 

8. G.Beznogikh. e1 
9. D.R.O.MorrisoiJ 

Y.M.Antipov et· 
R.Bartolatid et ~ 

10. H.H.Bingham et 
R.L.Anderson e 

11. LKlosinski, I.I 
359•(1970). . 

12. · I.S.Danburg eta 
13. M.Aguilar-Beni 
14. L.Genina, R.Le 

Dubna (1971);. Ya 
15. V.Khose, A.Zas. 



ithecross-sectioris 
'I·· as well as a slow 
IC'tion of the B (1235) 
··mesons it is worth 
sity matrix .element 

devoted to related 

· importance of an 
spin-parity * o We 
crucial: 
\X 0 reaction 111 I 
:y with cut on small 
0.25 rad. Unfortu­

action do not permit 

'·x 
0 

P 
0 
at rest 1141 . " .. 

I TJ217 

tion for the reaction 

r1selm, S.B.Gerasi­
N .Gribov for useful 

)72). 
ett., 35B, 69 (1971). 
I. 

'· 
(1972); 

121E, Kiev (1972); 
r, 29 (1972); . 

Cfmento., 55A, 412 

be equal to 2-+ /13/ 
on angles no signi- · 
1s are observed, 
~an be suppressed. 
ts are given if the 

8. G.Beznogikh et al. JINR Preprint , Bl-6613, Dubna (1972). 
9. D.R.O.Morrison. Phys.Lett., 25B, 23B (1967). 

Y .M.Antip()V et ·al. ,Phys~Lett., 40B, 147 (197~ ... 
R.Bartolaud et al. Phys:Lett., 39B, 257 (1972 . 

10. H.H.Bingham et aL Bull. Am.Phys.Soc., 17, 69 (1972). 
R.L;Anderson et al. Phys.Rev., Dl, 2_7 (1970). 

11. !.Klosinski, I.Rembielinski, W.Tybor. Acta Phys.Polon., Bl, 
359 (1970). . .. ' . . 

12. I.S.Danburg et al. Preprint BNL, 16908 (1972). 
13. M.Aguilar-Benitez et al. Phys.Rev., D6, 29. (1972). 
14. L.Genina; R.Lednicky, A.Zaslavsky. Preprint JINR, E2-6144, 

Dubna (1971); Yadern.Fiz., 15, 1028 (1972). 
15. V.Khose, A.Zaslavsky. Nu~l.Phys., 38B, 261 (1972). 

Received by Publishing Department 
on December 15, 19 72 o 

7 


