


The ela.st.xc ha.dron-hadxon scattermg plays an important role in the investigation
of strong interactions. For the description of the mtera.ctlon at small dlsta.nces we have
the exact theory, QCD, but for:the.interaction at large distances, that is the ‘basis
for the elastic scattering at small angles, the calculation in the framework of QCD
is. impossible at present. ‘These two domains are tightly. connected:and. the experi-
mental determination of the parameters of elastic scattering is:very.: unportant for the
development of the modern strong interaction theory [1). v .

The potential of interaction of cha.lged hadrons is a sum of coulomb and nuclear
interactions. After tlie ell\ona.l summation. the terms with the coulomb a.nd nuclear’
interactions appear. As a result,-the ‘total interaction amplitude has a complicated
. structure and depends on the spin parameters, However, currently, at sufficiently high
energies and small scattering angles the cont.;"ibution of spin-ﬂip amplitudes can usually’
be neglected [2). / . ',

A surprisingly high value of the ratio p of the real to imaginary pa.lt of the fox-
ward elastic scattering amplitude obtained by the UA4 Collaboration [3] gave rise to
various, theoretical mterpreta.tlons (4. A new experiment was made by the UA4/2
Collaboratlon (5] to conﬁrm or to specxfy this va.lue of p. ThlS expenment gives unique
expeumenta.l data: a very small value of |t] was reached for alarge. enough energy and
the dlfferentxa.l cross section was obta.med with suﬂ'icxently sma.ll errors. In a plehml-
nary publlca.tlon the authors gave the ca.lcula.ted value p = v0 135 £.015., Thls va.lue of‘
p refutes the prewous UA4 data and is close to many odderon models. But 1s 1t rea.lly
so?

In paper [6] the existence of four poss1b1htles is notlced for understa.ndmg the lar ge
value'of p. In this work, we carry out a careful-ahalysis of the new experxmenta.l UA4/2

data trymg to take mto account only these experimental data.’ Tlns ana.lys1s shows, .

from our viewpoint, that the value of pis suﬂ'icxent.ly large a.nd is not in contradiction
with the UA4 experimental data. M01eove1 ‘these da.td, maybe, bllOW for the ﬁlbt t.nne
a real possnblhty for the existence of the spin-flip amplitude at supe:lugh energies in
the range of small |¢].-

The differential cross. sections- measured in the expenment are_described by the
square of the scattermg amplitude

k da'/dt =7 (Fc(t) + (1 +p(s t)) ImFN(s t) =F2( (s t) + a(,a)) ImFNFc), (1)

where F; = =F2aG2/ ltl is the coulomb a.mphtude, a is the fine-structure constant and
G(t) is the proton electromagnetic form factor squared; p(s t) = Re F(s,t)/Im F(s,t).
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J‘ustr this formula is used for the fit of experimental data détermnining the coulonib
and hadron amplitudes and the coulomb- hadron phase to obtain the value of p(s,t).
Sol;fing (1) for the imaginary part of the hadron amplitude, we get

2 1 o ldo(s,t) gy
p+ap (ot ap) o, (= AT SN (2)
14 p? FC+[(1+p’)’ ¢ (1+p2)‘7r dt I

- Here, the one-to-oné correspondence of the imaginary part of the hadron an1])lit!.§d¢
and;p(s, t) is seen. . At each point of the transfer momentum, using p(s,t) we can obtain
ImF(.é,t) from'the experimental data on the differential cross‘sections.” The phase of
the éoulomb-hadron interaction has been calculated and discussed by many authors {7}

and has the form [§) ' ". , .
o elst) = Fly+In(Bltl/2) ¥ In(1+8/(BAY) +
" (41t1/A%) In(4£]/A%) + 2]t]/A%), e (3)

Im Fr(s,t) =

where A'is & constant entering into the dipole form factor. The pure,h;;'.d.roxj 'Vam.'pli)tude

‘ 1s i‘epré’sénted’in‘ the exponential form in the range of the diffraction pe‘a‘k [a.u‘d a small
R N : :

interval of ¢:

o F(s;t) = A (i+p) exp(—B(s,t)/2 |t]), R 7 (4)
whete A is the interaction cffective constant. In the exper\imeht thg c}o'e'fﬁc'i’é:r"lt p(s’,vt ) is
obfaihéd from the analysis of the diﬂgi‘ential cross sections in the region of thg ?9,“1.91an
hadron interfererice’ where the coulomb and hadron amplitudes.are uearly'ggual 1o
oné another and their interference term has tlie maximum relative contnbutyu. The
’imé,g'inary part of the amplitude of elastic scattering is connected with the,totalc)ross
section o ’ | '

Oiot(s) = dnIm T(s,t = 0). N o
In "v;)i'llc‘ (5], tﬁe Q;lue ofp was obtained by using formula (1), but the value,of;‘l in

: (4) was determined from another exbe:iment (9]. This experiment gives oo (1+ P )=
63.3mb. and for p = .15 one obtains o, = 61.9mb. It is just the value used in work (5]
fo vcor‘n:iaute p. Therefore f‘.hevfoi'mula. for the imagin;ry part of the scattering amplitude
iS_réprésep’te'd' as follows: L : ‘

ImT(s,t) = Ay - exp(—B-t]); - » < (5)

Ag = (0l (14 42) = 63.3)/(1 + p3)/ (47 - 0.38937966). »

The constant A, is in fact dependent on o}, and p; defined from another experiment.

Note that the error of ;7,10, is not included in the final error of py.
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As is noted in previous paper [10], the procedure of extrapolation of the imaginary
part of scattering amplitude is very significant for deterfninihg Tt~ The importance
of the extrapolated contribution is seen from paper [11] where the contribution to
Otot Of oup, the directly measured value, and of Ag,; and Aoy, the extrapolated
contributions of the elastic and inelastic cross sections, are shown at energies /s ,=
30.6 GeV, 52.8 GeV and 62.7 GeV. One can see that the growth of the total cross
sections is due to Ao, by 50% for pp and nedﬂ} by 100% for pp sca.tt.ex;ing.

.. .If-we can determine the value of p using (2), then we obtain almost the same value’

(see Table, variant 1) p=10.137 % .007,:th§."erroxj is only statistical. lnsiguiﬁcaxi; ‘

difference from the result [5] may consist in more precise numerical calculations. Let

‘us take the value A, — Aas.afree parameter, In this case we olytain p = 0.148 + 0.018
‘(see var. 2 in Table ). : '

In'these two variants we,:suppos:e that the amplitude has a constant slope in this

-range of transfer momenta. Let us examine this supposition as this unique experiment

allows us to do it. We will reduce the number of the considered experimental points
from' 99,95,90,85 ... to 50 and }therefo‘re the interval of transfer momenta from [t] =
120. . 10"3Gc:V2 to Jt| = 18- 1073GeV?, and will Obtajn a new value of p; and B;. We
show that the value of p; grows and the value of B,- decreases (see figs. 1 and 2 ).
Therefore our method of determination of p depends on the invé{stigated interval of J¢f.

Let :us examine another. form of the scattering amplitude which is Jt] -dependent

in form (see var. 34 ‘and 5,6 in Table ). For variants 3,4 we also take the constant
A, as in wvorl‘(,‘ (5] and obtain some decrease of x? and growth of.p. The values of the

constant C are 0.86 + 0.48 and ~0.15 £ 0.08 1'espectii/ely. ,:lu" variants 5;6 we change

again A, to A as a free parameter. The x? continues to decrease and p grows. In these

'var'i‘ants'the values of the coustant C are 1.80 + 0.56 and —0.27.3 0.097 respectively.

We obtai_n the decrease of x? almost by 8% and large growth (of‘p. But which formn of
‘the scattering amplitude will be obtained in these cases? As the value of the coefficient
Cis positive in variants 3,5.and negative in variants 4,6, we obtain a decrease of the

fslopé of the scattérihg amplitude in these cases when t — 0. It is to be recalled tliat

the slope of differential cross sections grows in the range of [t] near 0.05 — 0.4GeV? and
now we see that it decreases when |t| — 0. This is very unusual and imposes strong
restrictions both on the:ordiﬁary pomeron and the odderon models. This behavior of
the scattering amplitude is, maybe, due to-its some oscillations {12} or can be obtained

by taking into account the next rescattering term of the amplitude. In tle latter case_

we also obtain a large value of p (see var. 7,8 in Table ).

This requires one or two additional free parameters and raises problems with the sum- -
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= /lt]- A, - exp(—B - |t])

T_abie,
: ) 50
N. F(s,t)tt Ex? B (GeV~2) p Tt (M)
=1
1 A, -exp(=B/2-t]) 106.52 | 15.52+0.06" | 137 +.007 | 62.13
2 ~ A-exp(=B/2:[t]) 106.06 | 15.50 £0.07 | “148£.018 | 62.79
37| A, cexp(—B/2-|t|—C»?) | 103.24 | 1516 £0.20 | .147 +£.009° | 61.96
4 | A, exp(=B/2-|t| - C VI | 10290 16.21 £0.36 | .168+.018 | 61.56
5| A-exp(=BJ2:|t|=C-?) {10020 | 14.91£0.25 | .188+.027 | 63.74
6| A exp(—B/2-|t| - C- /It]) | 98.44 | 16.66 +£0.43 | .2437 +.045 | 634
7 A, - exp(—B/[2-|t]) 99.42 | 1676+ 0.43 | 197 £.029 | 63.89"
' ~Az-ezp(—B+t]) ’ o '
8 Ar - ezp(=By/2- |t]) 98.0 | 15.74£0.26 | 236 £.061 | * 64.26
—Ay - ezp(—By/2- [t]) ' ‘ '
9| A-ezp(=B/2-lt])and | 9862 | 1567 % 0.065 | 233022 | 6279
| F* = /- A-eap(=B-t]) ' ’
10| A, -esp(~B/2-[t)and |102.90 | 15.63£0.08 | .152:£.011 | 6187
== /lt]- A, - exp(—B - |t]) ' ; ‘
Ayy-exp(—BJj2-|t)and | 998 | 15644008 | .178+.011 | 6282

) 'I‘lg' 1. [V'lié‘ depdldunée of the sllopc,"

mation of non-leading terins of the sca(.t,ermg, amplitude.. This leads us to the tauge ol
theoret.xcal models whereas we WlSll to stay only jn the fraimework of this experient.
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Flg 2. Tlle dependelu.e ot p on Lll(. ex-
amined mt.elva.l of |t];

AH- f01 vauant. 2,
' K] fox vauaut 9 (see 'lab]e )

‘B, on the exammcd interval o[ |l| P
4& for variant 2 , ‘ )
¢- fox vauant 9 (see Txble )

However, ‘maybe, the matter is simpler.- Let us consider: t.he 1)OSSlb]llty of t.hc
contribution of the spin-flip amplitude to the dxﬁerentlal cross sections. The simplest
form of this amplitude that gives a sufficiently large contribution in the range of small
t| and does not change the form of the differential cross sectious at large |t]-is, [or
example, as follows: ' I

F*(sit) = VIll- A-eap(=B- ). )

In this case we don’t introduce additional free pa.ramet.ers.* As we ‘can see from variaut

9 of Table , we obtain the same minimum of x? ‘without additional’ paranieters for

the slope.’ Let us examine again the behavior of our parameters as a [unct.xon of the
considered interval of transfer momenta. We obtain that in this variant. the values
of the slope and p do-uot change with decreasing intervals of - [¢| (see figs. 1 and 2.
This shiows that the possibility of the existence of the spin-flip amplltude and’ its
manifestation in this expemnent. is sufficiently large. However, we obtain.a very l(ube '
value of oo - (1 + ), different from 63.3 £ 1.5mb by three errors. The degree of the
increase of o is examined [13]. It is ‘clear that such-a large value'of o requires

, specxal explanatxon If we use the ﬂxed value of A, ‘and make Agin free parameter,

then we obtain variant 10. The i mcrease by one|error for oy leads to A,g in variant
11. Evndently, there is a direct rela.t.xonshlp between the values of p and A,

-



Thus, we can make t.he followmg conclusion. The new UA4/’ expunnenml data
measured with very small errors and in a sufficiently small interval of transfer somenta

allow us to calculate the normalxzauon coeflicient, determme the values of P and the

slope (B) based only on this expeument The analysis of these expeumeutdl data

gives an essentially large value of p, most hl\ely, p=10.1940.03 (only statistical (.uor)
This contradicts neither the value p = 0.168 + . 018, when we lean upon tlre carlier
obtained oy,; nor p = 0.24 £. 045 when we take ¢ Tt as a free palameter The ¢ qll(.bl.lOll
of manifestation of the spin-flip amplitude in the'diffraction scattering is exceptionally
interesting. We show that this possibility is suﬁicnently probable. llllb is tightly con-
nected with the value of oy,;. It would be very important to have sole experimental
points in the range before |t],,.,., at which the relative maximum of interference of the
coulomb nucleon amplitudes occurs. In this case the normalxzatlon will be entirely
determined by the coulomb amphtude It sharply decreases the etrors of the obtdmed
Oty p and B. The mamfestatlon of spm—ﬁlp amplitude requires polauzahon experi-
ments in the diffraction range Soirie models _predict sufﬁcrently large effects in this
energy range (see [14, 15]) especially in the range of the diffraction minimum for the
polarization and in the range of |t| = 1 = 3GeV? for ANN.
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Cemorns O.B. - | E2-93-454
YT0 MOXHO Y3HATh ‘
13 HOBHIX RAHHHIX Kosutabopamyuu UA4/2

TmaTeabHEI aHANMNH3 HOBHIX AaHHHX Koyuabopauun UA4/2 nokasnBaer,
YT0 3TH  JAAHHHE  [AKOT = CyMECTBEHHO  0Oablylo  BEJHMUHHY
p = ReT(s, t)/Im(s, t), He NPOTHBOpPEUALTYIO NPEABIAYIINM AaHHKIM K0JUI1a60-
panun UA4, UMerorcsd onpenesieHHEE OCHOBAHUA ITOAraTh, YTO STOT SKCOEPH-
MEHT BOepBHle O0HAPY XNBAET BO3MOXKHOE CYyIIECTBOBAHME aMILITUTY/AH C Iepe-
BOPOTOM CIIMHA MpPH CBEPXBHICOKMX SHEPrusx M B 001acTH Manux nepenay
HMITYJTBCA. -

Pabora suinonxena s Jlaboparopuu reopeTuyeckoit huzuky M, H.H.Boro-
mobosa OUAH.

Mpenpunt OfbEAHHEHHONO MHCTUTYTA SAEPHBIX UCLIeaoBanuit. Jybua, 1993

Selyugin O.V. E2-93-454
What Can Be Learnt from the New UA4/2 Data "

-A careful analysis of the new data of the UA4/2 collaboration reveals that
these data give an essentially large value of p = ReT (s, t)/Im(s, t) that does not
contradict the early UA4 experiment. There are grounds for thinking that this
experiment reveals for the first time a real possibility of the existence of the
spin-flip amplitude at superhigh energies in the range of small transfer
momenta.

The investigation has been performed at the Bogoliubov Laboratory of
Theoretical Physics, JINR.
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