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IS THE OPTICAL THEOCREM VIOLATED?
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In this letter we analyse pp, pp, n°p, n°d, K*p and K*d data to check the hypothesis of the break of the opticai

theorem presented in our previous paper.

In this paper we want to find experimental support
for the idea expressed in our previous paper [15] indi-
cating the posibility of the break of the optical theo-
rem in the strong interactions without violating the
unitarity of the S matrix.

The optical theorem leads to the following relation

(do/d1),=q = 02,/16 7h?, : (1)

where (do/d#),-q denotes the elastic differential cross-
section for the unpolarized initial beam taken at £=0.

It is quite difficult to show the violation of the in-
equality {1) since the left-hand side of this inequality
can be only extrapolated from the data for smali angle
elastic scattering. Ail such extrapolations are uncertain
and depend on the experimental cut made in the smail
t. Besides usually the inequality (1) was treated as the
main always true constraint on such an extrapolation.

We analyse the data presented in the compilations
of data [4,7,8.13].

For pp the elastic total cross-sections are decreasing,

for the beam momentum p=12 GeV/c the lowest vaiue
is 11.59 mb and for higher energies are not reported

in [13]. The total cross-sections, up te p=350 GeV/c,
tend to the constant value around 40 mb.

Enstrdm et al. made in their compilation [13] a
good job. They gave their best fits to different authors
data for do/d ¢ in the different small ¢-regions for
t<0.4 (GeV/c)?. They used the exponential formula
A exp (—B|¢t]). We reproduce on fig. 1 their plot of
the values of 4 =(do/d ¢),=q in the fit for 0.05 <7
<04 (GeV/e)l.

As one camsee on fig. 1 for 1 <p <2 GeV/c the
values of 4 vary between 78 and 1018. The values of
B (not seen on fig. 1) vary, in the same p-region, be-

* Present address: ICTP Trieste, Italy.

244

Ecy (GeV)
2 3 4 I §
1000 & T T e
+ o  ESCOUBES 83 7
L o FOLEY 83
i . Lyxca 83
9. v CIYZEWSKI 8s
3) L ; . FERBIL 85 2
sl X s . FOLEY 85
750 x  BARISE 88
- L x  BOECKWMANN 58
v a DOMINGO §7
w r e KATZ 87 7
~ L «  BERRYHLL 58
S~ e  DAUM 58
Fel r 8  KITACAK! ge 1
L] BAXER 88 ~
g 500+ a  BIRNBAUN 89
r » COOPER 70 7
—_— L ®  BACON 71
o [ »  KALBFLXISC 71
W o B Y « PARYZIZ 71
) I ~
[o— H
" sse b T % ~
~ e o
- i X 1 x T j
DT ] oK ,
o A * + 1
0 L1 1 O gt It L -11
0 B) 10 15 20

Pieam (G2V/c)

Fig. 1. The values of the (do/d t);=¢ from the least - squares
tit of the Dp elastic do/dr to the form da/d? = (de/d )=y
exp (br) over the interval 0.05 < |ri< 04 {GeV/c)* taken

from the compilation Enstrom et al. {13].

tween 8 and 17. At the same time the total cross-sec-
tions form more or less smooth curve and their values
change from 117 to S0 mb.

The possible comments are: the data are inconsis-
tent, the cuts in small 7 are different, the extrapola-
tion procedure can not be trusted. The fits given by
some authors differ from those of Enstrom but they
were made with the constraint (1}. The fits withou!
this constraint made in [13] for0<t<0.4 (Ge\"/f)z
show bad violation of the optical theorem. The results
are displayed on the table 1. The values of the for
ward differential cross-sections are from page 85 of
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i n hoam (d?,’d!)[:.j "H"H_'ﬁ al
- ’ \ a,,\, 1€ rh'
{Gevﬂ_} lmbl(G i L) [I“Lb/(Ge\’/C) ]

‘a 0.450 101.91=11.19 1660

19} 0.550 9.49+ 1.07 1350

9! 0.650 2672 049 1000

o 1125 131.31£12.36 621

(2 1137 310.59:20.18 539

" 1430 209.89:76.27 529

ks 1.500 20252+17.74 507

18] 1.510 416,142 7.71 507

16} 1.650 39245+ 687 491

(] 1.750 173.88:13.56 472

(2i 2.000 78.57= 8.26 419

Ly 2.450 235.26+ 667 357

Rty 3.550 157.16247.12 253

i} 5.700 189.34:10.23 198

5] 8.00¢ 165.63= 0.62 180

4] 15.910 36.27:15.38 119

5] 16.000 104.20= 167 119
ref. [13]. The minimal values ofot%[‘% 7h are cal-
culated using the formula (o, (-error)?/16 7. Theugh
fata which do not show the n\l tion of {1)also exist

e number 2 1abiz | have 10 be rakzn serously

since they cuime trom many different experiments.
Some of them have rich statistics namely: Parker {16]
276000. Cooper [10] 135000, Cline [9] 125000.
Boeckmann [6] 15000 pictures frorn the hydrogen
butble chambers. The other data [1,2, 5. 14] are ob-
tained with use of spark chambers and counters.

All these facts indicate that the problem is serious
and urgent. A careful z:alysis of the data and the ex-
periments is needed to confirm or to reject the break
of the optical theorer in pp interactions shown on
the table 1.

The data for the pp scatrering are more complicat-
ed, the different types of formuiae were fitted to the
forward peaks. We show on the fig. 2 the vaiues ob-
tained in ~he best fits to the ditferent authors data
only with the use of the formula do/dr=(do/d D=p
exp (—bit) for 0.03 < |71 <0.3(GeVic)? made by
Binary etal. [4].

The solid line in fig. 2 is the optical theorem lower
limit calculated from o,,. Bennary makes the follow-
2 comment: “The two points falling bellow this line
i »pr ented by <) are from an experiment that starts

a relatively high ¢ value of 0.13 (GeV/c)2™. How-
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Fig. 2. The values of the (do /dr);=q from the least-squaras {1t
of the pp elastic do/d/ to the ‘o"n do/dr = (do; uﬂ[ 0

exp (b¢) over the interval 5.03 < i1 < 0.3 (GeV.¢)? taken
from the compilation Benm., et al. [4].

ever we see 9 points below the optical imit on the
fig. 2. We also s22 muny points above so it is difficuls
to conclude.

For m*pand K*p reactions [7,8&] the total elastic
cross-sections are decreasing, the total cross-sections
tend to constant values or slightly increase (K™p) The
data for the total elas : cross-sections are not report-
ed in [7.8] above p = 30 GeV/e for #7p. above p =20
GeVic for n'p and K=p. The analysis of the do/d¢ in
the observed cases is needed.

A preliminary analysis was done recently by
Eberhard [12] who wanted to check his own non
unitary modei [11]. The need of a careful check of
the optical theorem was raised also by Bell {3]
Eberhard fitted the differential elastic cross-sections
for #"p and 7 p between 0.5 and 2.6 GeV ¢ and be-
tween 8 and 26 GeV ‘c. using the minimum ° method
and the Coulomb interference formula. He found the
discrepancy of about § ~10%% from the optical theores
namely all forward differential cross-sections are abou'
5—-10% too small. One of the possible explanations
Eberhard gave was the break of the optical xheore'n

Another remarkable fact is the veryv poor set of the
data on the elastic pd. 75d and K*d elastic cross-sec-
tions [7.8]
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For pd one has two sets of rather inconsistent data
on the total elastic cross-sections and only up to
p=20GeV/'c. For n*d anc 77d one has only one ex-

erimental point in each case and only for p <4 GeVic.
P ! 3

For K7d the data exist only forp < 3 GeVic and for
K*d there is no data for elastic scattering.

In owr epinion it can be a hint tha: in those reac-
tions the optical thegrem can be violated and should
be carefully checked.

Iso analysing the ISR data one should consider
the possibility of the break of the optical theorem
and one shouid try to use the methods do not depend-
ing on its validity.

We do not feel competent to give a comprehensive
answer to the question in the title of this paper. How-
ever, we hope that our analysis indicates that a pos-
sibility of the affinmative answer has to be considered
seriously.

A final and more conclusive analysis should be
done by the experimentalists who alone know how
much the belief in the optical theorem could irflu-
ence sometimes the analysis of the data (for example
the overestimation of the errors).

At the end we wail to add a remark how the spin
polarization of the iritial pariicles can influence the
inequality (1).

One can prove thut for the initial state descrived by
an arbitrary spin mairix p the following inequality
holds

(dofd1)2q= (Otgx.):‘ 16 7%° . )

where (do/dr)? and 0.2, denote appropriate differen-
tial and total cross-section respectively. Of course
their values can depend on p so if one compares
(do/dr)P! and 0f} one can, in principle, get the viola-
tion of the inequality (2). However. 0, is not expect-
ed to depend on the initial spin states what is support-
ed by the experiments. Thus since oipo‘ ol“n‘ the vio-
lation of the inequality (1) due to neglect of the spin
effects can be very small and cannot explain the large
descrepancies reported in the table 1.

At the very end we want o elaborate on the incon-
sistency of the data for pp |1 3] mentioned above.
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. This inconsistency is very serious as seen from the o
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On the table 1 the data violating the inequzhity (1) 3.;6
displayed. However, there is a large number of dat
which do not violate this inequality {‘,3 }. Moreover.
there are scmetimes just 2 few tens ot MeVic betwesn
the beam momentum at which the measured value
violates the inequality (1) drammatically and ano
one wie

the
re the measured values do not vislate it. If
this iriconsistency were confirmed by the future anal-
ysis it could confirm our impurity idea from the paper
[15]. In the iments we deal with
different statistical mixtures with respect to the ur-
controlled parameter £ [15]. For the total cross-sec--
tions the averaging over the different measurements
could smooth the resulis but for the differential
elastic cross-sections the eff
drammatically observed. With
the paper and open the d1scussicn.
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