


El - 3267

A.A. Nomofilov, L.M. Sitnik, L.A. Slepetz,
L.N. Strunov, L.S. Zolin

THE REAL PART OF [T p ELASTIC
SCATTERING AMPLITUDE IN THE COULOMB

INTERFERENCE REGION AT 3.48 AND
: 6.13 Gev/c

Submitted to JETP Letters



It is known that a measurement of the real part-of 7N elastic
scattering amplitude at about zero angles is a good test for the validity
of dispersion relations and, consequently, bf the ngn'era.l principles of
the. local field theory, A number of recent papers have been devoted to
* this subjec‘t/ 1 . ) ’ |
In the present paber some data are reported on measurement of

- the elastic scattering in the range of 'squared 4-momentum transfers

"'1.22x10-3'5 -t <_A4.22x10—‘3(GeV/ c)2 (See Fig, 1), The results of our
meaSuré;énts at 3.48 and 6,13 GeV/ c were alreédy published in Prof,
Van Hove’s review paper'presenfed at the 1966 International Conference on
| High Energy Physics in Berkeiey. Since that time we have somewhat
increased the. statistics for 6.13 GeV/ ¢, and repeated the most careful

analysis of the - data,
: Re A

n

ImA, )
lear elastic scattering amplitude has been determined from the Coulomb

The ratio a = “for the real and ihe imaginary parts of nuc-
and nuclear 5catfering interference 'effect, Treatment of elastic differen-
tial cross section by Bethe's formula 2 gives values of a B--(O.l?f 0,07)
at 3.48 GeV/c and a je- (0.2240,09) at 6.13 GeV/c. Note. that a mean -
relative. phase shift- between the —Cou.lomb and nuciear séattering has been
calculated: in this formula in the framework of the -nonrelativisﬁc quantum
mechanics.. A simile:r formula is derived in Soloviev's papezj 3/ on the

~ basis of the relativistic quanfum field theory. v
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. where A_ is the Coulomb scattering amplitude, elmA . and Im An

are the real and imaginary parts ot the nuclear ampitude ‘respectively,

B is a lab. pion velocity, 6 . is a cum, scattering angle, . k is
the pionr wave number in t‘he center-of mass é,yéteny ‘and' a is. the pro-
ton dimensions.In Bethe's formula we have ll:a 5 ‘under the sign 6t
logarithm instead of % . . . o

Treatment of the experimental data by Soloviev’s formula gives
values of “a, = -(0.1210'.67) at 3.48 GeV/c and @, ==(0.17+0.09)
at 6.13 GeV/c™ . o :

In order to detegtv small anglé 7 p /'scattering eVents, we “have
4,5

adopted a' method using recoil protons/ . Recoil protons were gene-.

‘rated and recorded in a magnetic cloud chamber 50x50x15 cm3 dn
size filled with hydrogen at 3‘.5 atm,, through which passed a pion flux"-
of (1-—2)x104 Barticleé per expans_fon. The chamber was insensitive to.
individual relativistic particles of .the beam, Use 'was,nllade of the-fact
that, for our " t —interval, recoil proton ionization: losses exceeded those
of beam pions 80 times or even more, A special ‘exposure. in which the
chamber recorded relativistic particles has been made to determine ‘the .
_direction of the beam particles. 30 .and 30 thou_sahd pictures were—scén—
ned twice for 3.48 and 6.13 GeV/ ¢, ‘respectively. About. 12,000 events
which satisfied preliminary : selection criteria "have been analysed.  In the..
main they turhed out to be elastic events and 5% of all the cases were
contained in our . t ~interval, in which an essential contribution was "~
made by the interference effect, The single scanhing efficiency was ‘
(90-94)%. Elastic events . were separated from the background by momern-
tum-angle kinematics. The selection of _elastic scattering .is' shown in
Fig. 2, which gives the - distribution of events as a function of the devia-
tion from ‘kinematic line after the subfraction of the bacl!cg,round.;’lhe ;
backgfound level is 9 times less than the height of the peak consisting .
of 355 at 3.48 GeV/c and 224 events at 6,13 GeV/c that satisfy the

»x/In general, if both ReA_ (7 7p) and ReA, (s*p )’ are negative, =
we have |a_|> |a_| for # "p scattering while for 7 *p scat /3
tering we woild obtamn | a_| <ja_|. ‘The use of the formula from ref,
in the analysis of the data {1c) Seems to give a better agreement be-
tween the experimental data and calculations on the basis of the forward
dispersion relations, o L : )



- selection - critéria ( the’ reco:.l proton comes to rest in the chamber gas,’ )
its momentum is 35,5 p. <. 65 -MeV/ c , track projection length exceeds

1.cm). ‘The: mam source of: backgrcund recoil protons were  neutrons
which are always present near:. an Operatmg accelerator, Inelastxc events
made no contrxbutxon to the- background for kmematlc reasons., The
_ weight of -each event, whxch satxsfles selectlon crlterla, was determmed
taking mto account azmuthal symmetry, of "np_ : scattermg. ’I‘he momen-~
tum . of recoil\proton was measured with a ‘high accuracy by its path in
the :chamber gas, As a.result, we obtained a very good t ,—resolution
‘At=1x10 4( GeV/c)2. Note that in this method the ~ t -resolution does
__not vary’ with ‘increasing energy. of the incident particle. The condition
‘Acoutomb = A ua - necessary for ‘observing an\interference, does ‘not
'practicauy depend on an .incident particle energy, being a function of

t-. on.ly.t This makes it possible. o' use -the above ment1oned method .
. at considerably: higher energles.

An-absolute measurement of the plon flux was made-* w1th the help
~of - the : nuclear..emulsion ‘placed behind the chamber to overlap the ‘entire
beam. An mteg,ral electromc system was a.lso used to -measure the plonf
flux in each: expanslon. “The 3.48 GeV/c pxon beam .with: momentum -
'Spread Ap/pm= 15% con51sted of - (7+1)°/o of .y —mesons and(2 4+03)%«
of electrons.,- ’I‘he 6. 13 GeV/ c beam thh Ar = 2,2% consisted of 6% p
_and e. The ‘contamination of E - and,v ko Ss/as neg11g1ble. ‘A value of:

nﬂ'x n ,x L was .determined with ‘an ‘accuracy of 3% (v a " is a pion
flux, n,  is hydrogen density, L - is a length of the -chamber : active
volume), .- :

For the chosen interval of momentum transfers, the cross section - :

was obtained to be Ao = (0244+.o 017)mb and A o-(0.219+ 0.020)mb

|

at 3.48 Ge\l/ cand 6,13 GeV/ G respectxvely. The values of a were deduced from

the angu.lar dlstmbutlons by usmg the method of least squares, A good x*
was obtamed by .using Bethe's formula as well as wmat of L.D. Solov1ev.
In the calcu.latlons the value o .- was taken from ref/ 6 . ’I‘he angu—

tot
lar dependence for the real andothe unagmary parts of the nuclea.r scat—
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tering a.mphtude was as sumed to. be equal and was, detenm.red from

/7.8

refs, . Values of ‘d shghtly vary with varying the angular dependence

of An (9). For example, if vary B - in the formula: ‘:l\=exp(Bt) in
- the limits of experimental errors. we receive a< 2% for a=0.2,
Suppose that. ReAn and ImAx - have different- angular dependences.
. - - . Re A“ 1
Then taking B Rea, /B N =10 and ~§——- - we obtain for our

treatment the variation of a by 10% and 1%, respechvely.

B

o

In this eXperiment, the main error in determing « .is a statistical -

one, - - -, . T ; :

; The ‘values of a listed in-Fig. 3 tdbhhed in .this érticle

correspond to the treatment_ by ' Soloviev's' formula, The curve a(T)
is calculated on- the basis of the‘ forward dispereion relationsl ,9’:,]'4l .
In these calculations the total cross sections. at high energies were
approximated by the function ¢ = o+ S s As is ‘seen from Fig, 3 -
for a momentum of-3.48 GeV/c, and 6. 13k GeV/c the results of calcula- -
tions and values .of a obtained in our experiment are in good. agree-
.meht. . : k '
‘ It has been shown m/ * for a#N . :scattering at energ1es up to
several ‘hundred MeV that the expemmental data  are consistent with dis~
persion relations, Papers/ 13,14,1¢/ md1cate that up to 18 GeV there is
consistence of the exﬁerunental data. on elastic charge exchange

7Tpn%n with the forward. dispersion-relation calculations, As in

ref./ 1h/ and - in our paper subrhitted to the Berkeley Conference/ 11/,
here we conclude that there is no.evidence for violation of dispersicn

relations for n—p ,forward scattering up to 6 GeV at-least™ .

X7 i )
Footnote Recently, when' this . publj caL}on has been already in print, we

foténd out that the -authors of ref 1¢/ pave repeated the measurements of-
TP and  pp scattering in the region of Coulomb: interference in
the energy range 8-26 GeV, After having treated their results by
L.D.Scloviev's formula they obtained now complete ‘agreement between
the experimental values of a = Re A /ImA and- the F.D.R. calculations,
Thus, all the experimental data agree w1t.h t.he ca.lculatxons made on the
basis of forward dispersion relations,
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348 Gev/c
e = L

Fig, 1. n p -elasti_c scattering differential cross section, 3.48 GeV/ c:
& ~our. data, 'O - data from ref) 11/, ¢ _derived from
the data of ret 8/ 6.13 GeV/c: .e. -our data. '

The éurveS'calc&létéd by Bethe's formula,
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Fig., 2. Distribution of recoil protons by the devlauons from the kme—
matic momentum-~ angle line,
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Fig. 3. The dependence of te ratio 'of the real to the imaginary part
. . of the forward n p elastic scattering nuclear amplitude
. upon lab, pion energy, © . -our data, . @ -data from
ref. 1c/, '@ ~ derived from the data of ref./ 12/ The theore-
“tical curve is that calculated in ref) - :
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