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ETASTIC BACKWARD SCATTERING OF NEGATIVE PICHS
ON NEUTRONS AT 23 AND 40 GeV/c
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V.Bozik, V.FPogldaov, V.Shepelev, E.Shumilow
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Abestract

The differential cross sections of the elastic backward
scattering reszction T n = .97" has been measured ab

2% and 40 CeV/2 in the u-interval -0.07 £ u £ 0,01 (GeV/‘c‘)a-



In this letter we present the results of the measure-

- ment of elastic reaction

.

J+ N - N (forwar )+ Ji 7 (vackward)

at 23 and 40 GeV/c *). « The experiment was ‘performed at
Serpukhov Synchrotron b; the optical spark chamber technique.
The method used allowed oﬁe to select elastic events by re-
construction of the event kinematics using the angalar me-
asurements., On tﬁe_ other hand, the detection system was
srranged so that to detect all particles (charged or no_t )
coming from the target. Thus, one could pick up elastic
events without meking use of any kingmatical constraints 1.
o The experimental_ lgyout is shown in Fig.l. The pion
béan :L:Sc:l.dent on the 'Da tai‘get was defined by a scintillat-
ion counter telescope. A typical beam intensity was 5x10°

' » ‘particles per 500 msec burst. The one meter long cooled by

o . deuterivm.
.liqm.d heliun solid'target was surrounded by 5 optical spark

 . ehambers to detect the backwnrd scattered p:Lon as well as
“a.ny ot:her pe.rt:.cles or gammas coming from the target. All
_'events w:l.th charged parbicles and  § 's produced in forward

o direction wer":,re;]ected hy an anticoincidence system. Two

;j__spark chambers and scinti.,.lat:xon counters wer: used to dekect

e tha forward 501115 neutron. The Beam pa.rticles were removed

’) Prelimnary results were reported at the XV-th Internati-—
onal. Oon:terence on Eish energy Ph,ysics, Kiev, 1970.



from the neutro@detector. by a 6 m-sweeping magnet. The
spark chambers were triggered by e coincidence between the
beam telescope, plon counter and neutron detector and a
veto of the anticoincidence system ),

After taking the data the pictures were scanned and
all events with at least one particle going firvm the target
area were taken for coordinate measurements.

For thé‘ final analysls the coinputér progran for geomet-—
ry and kinematics reconstruction was used. After reconstruci-
ion some events (8%) with the interaction pion falling out=
side the fixed target volume were rejected. The events (9%)
with more than one particle golng out of the target were
also rejected. | '

Por the reconstructed events ﬁhe elastic kinemntics
check has been made: the measured neutron coordinate"‘(n;im-
ron star vertex) was compared to ‘the calculated one. The pe=
levant distribution has shown alniost Ganssian shépe with no
visible inelsstic background ) thus no more selection
criteria turned cut to be neceasary. In the eventa taken
as elastic w: cvalliae the inelastic background con‘baminat-
ion being less then 1 or 2%.

The appara“us accepta.nce was caléulated by a Monte Car-
lo. program, After taking im:o account all necessary correct-

- new
ion;sm ) the overall uncerbainty in the cross sectlon values

‘) '.131e detai.ted description ot the apparatus will be given
.-,elsewhere. o , - ¢ :

.y
o ) The- re;lected eventa vrlth more than one track coming
.:trom the target have not shown elastic ‘kinematics,

L 1]
) The Glaube; correction being small (less than 13-2%)
was unnecessar.y.



18 20%.
The results of the experiment are listed in the Table,
In Fig.2 the angular distribution at 40 GeV/c is shown
One can clearly see the sharp backward peak., The straight
line shown in Fig.2 is a least square fit of the differenti-

sl cross section values to the exponential law

dsdu = A exp (BW)

The value of B is (2626) (GeV/e)™ ; A = .444%,053
/\«b/(Gev,’cz)2
Fig.3 shows the energy dependence of (d%“) =0 "+ Por
comparison the W' P (the same isotopic state as NN )
data 3 at 5.9, 10, 13.7, 17.1 GeV/c are alsc stown. The com-
parison of our data with the Cornéli-BNL results > indicates
that the S-dependence at higher energies bec anes less steep.
One can try to understand this result from the point of

;iew of Regge pole'model. The analysis of the:existed data
on plon backward elastic scattering below 20 'GeV/c has been
zade ¥ and the outcomé was that one can fit the experimental -
results 55 to the Regge pole formulae.by introducing the

N(T %) and A (T = 3/2) baryon exchange. The obtained in~
.’ tercept values for the tmo trajectories iavolved

O Q{A(O}g +0. 2 o(N(O) =4 -»-35) were in no conbradict-
1on with linear ex+rapolations on Chew-Frautschi plot. It
was also concluded from thls analys:.s that the 'T P back-
ward scattering below 20 GeV/c is mostly determined by N-
 exchange, et Snen
' - Ouy dat;a at 23 and 40 GeV/c when compared w:.th the data
“5 above ~ 10 GeV/c indicate that the- slope of the enersy |



dependence of the cross sectlon ( dsyal.u )u =0 coxrresg~
ponds to some positive value of effective ol (0) as if
the A -exchange would likely to be essential, But if one
assumes to have almost pure A -exchange in W~ YL('SV’P)
backward scatterlng above ~~ 10 GeV/c one immedlately rums
into contradiction with isotopic relation., For T & 3/2 ex~
change one should have the ﬁT‘F) backward scattering
| cross section to become nine times more than M P cross
sectioun while in the experiment §(p) /G‘ (M p) ~ 1/5
(at 10-16 GeV/c). On the other hand, the backward peak at
40 GeV/c (see Fig.3) as in WP  scattering below 20 GeV/e
turns out to be several fimes sharper than the peak obtained
in WP scattering (pure T = 3/2 ¢e:c<>ha.nge)3’-5 . Thus again
indicateg that up to 40 GeV/c the TN N(T*P) backward
scattering is still governéd by the T « % exchange, Thus we
should admit the nucleon trajectory is essentlally nbnline-
\ar, when regching u=0 it runs far above the Chew-Frautschi

plot linear extrapolation.

' ) 2
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TABLDE

! .
PGev/ie W (Gev/c)® !‘*G;u Hb/cev/e)?
+ 0,013 2,3% 0,6
o+ 0,008 1,7%°0,5
23 - 0,011 . 0,35% 0,13
- 0,030 0,27 0,11
_ 04000 1,1 £ 0,2
+ 0,005 . 0,462% o,osé,
- 0,005 0,439 0,077
w0 ~ 0,015 | - 0,317% 0,069
- 0,025 0,223% 0,075
= 0,035 0,157% 0,064
} - 0,050 0,171% 0,069
i - 0,070 0,065% 0,065

) _
»000 0,444% 0,053




Figure Cgptions

Pig.1l. The experimeéntal layoutb
01620304 beam telescope counters

Cw  pion counter

Cn, , Cn, meutron detector counters

' AjA-AzA A, Veto counters intsrspersed with
‘ lead (Fb)
K5 » By 1,2 Opfical spark chambers

D2 deuterium target
Fe iren ‘slﬁ.eiaius
sneepiné mégnet '
Fige 2, The backvrarti elastiec M N - differential

cross section at 40 GeV/c incident pion momen=-

tum as functioneof u.

Fig.3. The incident momentum dependence of (d%u)uzo
Our. data tog ether' with the Goz;nell-B’é-‘L results.
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