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Abstract

The production cross sections of pions, protons and anti-
protons at zero angle were measured in collision of 70 GeV
protons with Al end W targets. The Measurements were performed
at secondary momentum values egual to 0.4,0.6,0.8,1.0? and
2.0 GeV/c. Pellicles of nuclear emulsion were used to detected
and to identity the particles in the secondary beam.
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le Introduction

Last years high energzy hadron interaction with atomic nu-
clei attracts a considerable attention /see, for example, revi-
ews 143 and references therein/. Thig is due to the pogeibility
to obtain a new physical information about hadron girong inter-
action from analygis of hadron-nucleug interaction featuresg
and, in particular, fronm investigation of gecondary partiecle
spectra behaviour.

High energy part of secondary particle spectra, e.g. had-
ron fragmentation region (with X ZQ.140.2), ig investigated
a8t modern accelerators in more detail. The information about
low energy ( x = 0+ 1) hadron production Off nuclei is very
Pure. But this region of particle momentum includes the cent-
ral and nucleus fragmentation regiong of rapidity spectra and
1s very sufficient to check the modern theoretical model cagl-
culations on hadron interaction with atomic nuclei.

From the practical point of view low energy antiproton
production in high energy proton-nucleug collisions ig of par-
ticular interest as a ground for antiproton source design 1t 5
schieme of pp storage ringé T eéspecially, using electron
cooling techni que 457 :

In this paper the results of production c¢ross section me-
asurements of pions, protons ang antiprotons at zero angle in
proton-nucleus colligions at 70 GeV were presented. The cross
Sections were measured off Al and W targets in the following
values of beam momenta 0e4,0.6,0.8 GeV/c for anti?r?tone, :
0.4,0.6 GeV/c fop protons, 0.4,0.6 and 2.0 GeV/c for positive
piong and 0¢4,0¢6,048, 1.07 and 2.0 GeV/c for negative pions.
Peliidlés pf nuéiaa: emulsion were uaéd ﬁs a detector of the
bean particles allowing to identify them by inhizaﬁion meagure-
ments. Our data continue a secondary hadron spectrs investiga-
tions for protonhnucleua'cmllisions'a% IHEP fas



2. Experimental set-up and measuring
procedure

The experiment was performed at high acceptance low ener-
gy single arm spectrometer at IHEP /6c,7/ (FPigs 1). The spec-
trometer works with the target placed in axtracted from acce-
lerator proton beam. It accepts the secondaries up to 15 mrad
range of horizontal plane angle, up to 60 mrad range in ﬁg;tl—
cal plane angle and has a momentum resolution equal to fb =
= £1.0%. To prevent particles losses in the beam-line due to
scattering and nuclear interaction the beam-line from target
up to detector was evacuated.

In the experiment we used Al and W target of 1 cm and
0.03 em thickness, respectively. Target thickness was choosen
approximately equal to O.1 radiation length to reduce an elec-
tron contamination in the beam. It was possible to replace the
target during the exposition without gwitching off the magne-
tic- elements of the spectrometer.

Proton beam profile measurements were performed by a se-
cond emission coordinate chamber (SEC) placed before the tar-
get.

We used BR-2 nuclear emulsion pellicles with a thickness
of 0.5 mm ag a detector of the secondary beam particles. Du-
ring the exposition the pellicles were placed at the end of
the beam-line, where background level was the lowest and the
beam spot was smaller than the pellicle dimeneions. To increase
the particles track length the pellicle was placed with the
angle of about 10+¢15 degrees to the beam awig. The position
and coordinate dimensions of the gsecondary beam at the pellic-
1e were determined by proportional chamber MWPC with 2 mm ano-
de wires spacing. '

We used fast extracted proton beam in the experiment. Du-
ring the exposition the proton beam intensity, namely, number
of extracted proton bunches, was choosen 80 that a total num-
ber of secondaries crossing the pellicle, didn'% exceeds
2+3.1D5. In this case it was possible to measure the grain den-
gity on the relativistic particle tracks without mixing them.
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The expositions were produced at negative secondary beam mo-
mentun egual to 0.4,0.6,0.8, 1,07 and 2.0 GeV/c, and at positi-
ve one egual to 0.4,0.6 and 2.0 GeV/c. To reveal a possible
biases and evaluate sgystematics in the data we remeasured the
negative particle cross sections at 0.6 GeV/c on Al snd W tar-
gets. The resulis are statistically consigtent with each other
and we join the gtatigticsg at this momentum value.

2w Production cross section evaluation

The production crose rection of hadron h was determined
according to the formula:

dﬁdk_j 3 N,

o{jpdﬂ.. P=0" erﬂﬁ-h-}('(ﬂifdrﬂ-.]gf}

, Where

N = number of hadron L produced in the target during the

exposition, Hfﬂ,ﬁ = number of incident protons, n - number of

nuclei in cm” of target material, =x - leungth of the target in
i} cm and (JP‘iijjif - acceptance of the spectrometer taking
into account the angular distribution of hadrons h at the

target, misalignments of target and magnetic elements of the
apectrometer and so on.

=

The determination of these quantities is deascribed below.

J3e1le Determination of hadron
amounts

a) Antiprotons

To measure antiproton production croeg section in this
experiment the momentum values of negative secondary beam we-
re choosen to be equal to 0.4, 0.6 and 0.8 GeV/c when the
grain density on antiproton tracks approximately in 3.2 and

1¢5 times exceeded the grain dengity a relativistic particle
tracks /3/. :

We ascanned the every exposed pellicle by an area to find
an antiproton tracks. These tracks were easy visually detected
among the enormous amount of relativisfic tracks crossing the



pellicle in the same direction. The every pelliele was scanned
twice to find real number of antiprotons in the pellicle and =a
coefficient of effectiveness of individual scanning. According
to these measurements the coefficiencts appear to be close to
unitye.

2 For all selected tracks we measured the grain density 3*'
dip angle A&f of the track in pellicle and plane angle Pf' re~
lative to neighbouring relativistic track. The distributions
of selected candidates versus 3*’, angles &7 and FF in com-
parigon with the distributions of relativistic particles on
L% and ?.’“_'1 are shown in Fig. 2a.
ud ul

The angles. 4 and §
racterize the angular spread of beam particles and the multip-
le scattering of relativistic particles in the nuclear emulsi-
on pellicles. The arrows in Fig. 2 poini out the 3 standard
deviations boundaries from the means for these quantities. The
atandard deviation of grain demsity - is determined by a sgua-
re root of a number of grains on the tr%ﬂFﬂ' The ptendard de-
viations in Af and j:f relative to 4 and F.“'E include the
difference of multiple scattering of relativistic particles
and antiprotons in the pellicle.
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To check the effectiveness of 3* ’ &f and 9? selecti-

on criteria we measured the multiple scattering of the candida-
tes relative to neighbouring relativistic particle. The obtai-
ned distribution for candidates is compared in Fig. 2b witih

the similar distribution for protons, obtained in measurement
in the emuFsionm pelTicle exposed in positive secondary beam of
the gsame momentum. As it is seen from Fig. 2, the candidates

N 2 and N 7 with large probability are not: antiprotons. These
selection critéria were used to select antiprotons in the pel-
licles exposed in the secondary beam of’ other momentum values.
The selected tracks were regarded as antiprotons and were -used

to determine -the antiproton production cross sections. The to-

tal antiproton numbers selected are listed in Table 1.
b) Pions

The_pions-g;qﬁﬁction.crq@s sections were measured at O.%,
0.6,0.8, 1.07 and 2.0 GeV/¢ values of negative secondary beam

_ far-relativiatic particles cha-.. . =

&

1

momentum and at V.%, 0.9 -=and 2.0 GeV/c of momentum values for
pogitive secondary beam. At these momenta the pions are rela-
tivistic with approximately minimal grain density on their
tracks. Another component of the relativistic beam is muons
from pion decay along the beam-~line and electrons, which are

the main component (~80% at 0.4 GeV/c) of the low energy "had-
ronic" beams.

The total numbers of relativigtic particles crossed the
emulsion pellicles were determined by the beam intensity profi-
le measurements in the numerous poimts in the pellicle.

The total pion numbers in pellicles were obtained now by
substracting the muon and electron contamination in the beam
of relativistic particles. Muon component in the beam was cal-
culated by Monte~Carlo simulation of the spectrometer by
"DFC AY TURTLE" computer programme. It sppears to be equal to
sbout 13% of the pions at 0.4 GeV/c and ~6% of the piong at
2.0 GeV/c . :

The origin of heavy electron contamination in the low
energy "hadronic", beams is neutral pions, producing gammas,
which converts in e'e pairg in the farget material. To deter-
mine the electron contamination in the beam at a given momen-

tun it is necessary to know the whole momentum spectrum of neu-
tral pions.

We accepted the neutral pion momentum spectrum as an ﬁriﬁhﬂ
metic mean of momentum spectrum of negative and positive plons
from /6b,e/. The calculated values of h&}TNE*ﬂ&) for Al and W
targets in our experiment are showm in Fig. 3. The difference
in electron and pion acceptances of spectirometer due to more
sharp electron angular distribution is teken into account in
the calculation. The validity of the electrcn.ﬂompnnent calcu-
lation was performed for the emulsion pellicles exposed at
O«4 and 0.6 GeV/ec secondary beams. At these values of partic-
le momenta electrons have higher (~5+T%) grain density on the-
ir tracks then other relativistic particles in the beam. To
geparate the electron tracks from othefs_we measured the grain
deneity on relativistic tracks in the pellicles. These measu-
rements allowed reliably to distinguish . electrons from pions
and muons and to determine the electron component in the beam.

J



The measured grain density distributions were fitted by
two gaugsian peak function. The derived amplitude of the peak
with the higher grain density gives the electron contamination
in the relativistic beam. In Fig. 3 the comparison between
calculated electron component Ne /(MNe+ Ny) and measured
Tor positive (a) and for negative (b) secondary beam are shown.
As it ig seen, they are in good agreement.

The number of pions among relativistic tracks in the pel-
licles was derived by substraction of electrons according to
calculated curves for electron contamination presented in
Pige 3. These pion numbers being corrected for pion decay along
the spectrometer determine the pion production cross gectiongs

in our experiment.

However, these pion production cross sections are possibly
contain a gystematic error about 10%+15% due to neutral pion
gpectrum ambiguity.

¢) Protons

The number of protons in the pellicles was determined ac-
cording to beam profile histogramm for the tracks with 3 times
higher grain density at 0.4 GeV/c and with 2 times higher grain
density at 0.6 GeV/c relative to the minimal one.

These tracks can be easy found in the emulsion pellicle
and present approximately 10% of the positive beam intensity.

3.2, The spectrometer acceptance calculation

The calculation of the spectrometer acceptance was perfor-
med by lionte-Carlo simulation of the beam channel with the
help of "DECAY TURTLE" computer programme /9/. At the simulati-
on the proton beam profiles, measured in the experiment, mis-
alignments of the magnetic elements and the target, and of the
collimaters were tsken into account. The proton and antiproton
engular distributions are taken flat inside the angular accep-
tance of the spectrometer with a good accuracy. The pion angu-
lar distribution at the target was accepted as for pp-collisi-
on analogous to work f&efz*a Y
= _gfi‘é"'_ = /.-?é,-*"{:’m.t“*"')/mr
ﬂ'fﬂ y where

my = ‘} F_f- +m®  m - particle mass, P. - transverse momen-
tum, mgy - pion mass, ‘g* - particle rapidity in c.m.s. of

Rl 2
pp-collisgion, ‘r ~ pion rapidity distribution variance.

The accuracy, of the spectrometer acceptance calculations
in our experiment was mainly determined by uncertainties in

the target and first magnetic quads migalignment and is equal
to F*lﬂ%a

3«3« Proton beam intengity measurement

The proton beam intensity N;.u-t used in the pellicle
exposition was determined by measurement of proton current
circulated in accelerator before the extraction of the beam.
The accuracy of the proton intensity measurements was about

n-10%¢:ThE stability of extracted proton intensity was cheked
by the second-emission chamber before the target. This chamber -
was not separately calibrated and, therefore, the obtained in

_the experiment production cross sections may include a possib-

le systematic error ~ 10% due to uncertainties of proton beam

extraction coefficient.

El&l Results

The measured prudu&tion cross section of negative and
positive pions, protons and antiprotons are presented in Tab-
le 2. Error bars of presented values are due to statistics,
uncertainties in the spectrometer acceptance and in proton
baam intensity determination. These data are possibly contain
the systematic error about 204 due to factors described asbove.

The A-dependence of the cross sections is generally des- *
cribed in the form: Ay s
Y o 9 ==
~ A

aLFaUZ'.
The results on A-dependence measurements for pions, protons
and antiprotons in this experiment are ligted in Table 3. The
data on production cross section ratios, namely, on proton to
paaitive pion ratio and antiproton to negative pion ratio are
shown in Table 4. The error bars of A values, determining the




A-dependence of cross sections, pregented in Table 3 and par-

ticle cross section ratios, presented in Table 4, doesn't in-.
clude the uncertainties in acceptance calculations, as 1f the

exposition on Al end W targets are performed in the same con-

ditions, end hadron cross section ratios, in addition, doemm't
include the uncertainties in proton beam measurement.

4. Discussion

The data of this experiment allow to determine the pion
production cross section behaviour versus lab. rapidity for
central and necleus fragmentation regions in proton-nucleus
collisions at 70 GeV. The rapidity spectra of positive and ne-
gative pions obtained in this experiment and from work /6e/ on
Al and W targets are shown in Pig. 4. As it is seen, the yields
E d"N’/JP’cf pions increase with decreasing of pion momentum.
The observed behaviour of plon rapidity spectrum produced on
nucleus is to be quite natural, because every subcolligion of
priﬁery proton in the nucleus and secondary hadron cascade
gives a contribution in pion production to this reglon.

The increase of hadron yields in low rapidity region for
hadron-nucleus interaction was discussed in many theoretical
papers /see, for exemple, 1,2,3,10 and references therein/ and
was established in proton-emulsion collision experiment /11/.

The conclusion about strong A-dependence of pion cross
gections in low momentum region is confirmed by A-dependence
measurements in this experiment. Fig. 5(a,b) showed the beha-
viour of power ::{,=%[(Ed3ﬂf'd?3)q7{'5d3”/dFa)ﬂj [ b (ﬁwf{A’MJ
determining the A-dependence of cross sections, according fto
. this work and work /fée/.

The A-dependence of proton and antiproton cross sections
ig shown in Fige 5 (c,d)e It is seen, that A-dependence of
these hadrons is rather different: value of 4 for protons
rapidly grows with proton momentum decrease to the region of
proton evaporation from the nucleus, and, controversely, ol
value fqr”antiprntnns ﬂoeﬁn't practically depend on momentum
and equal approximately %o 2;3,.which means the yield equality
" 'in proton collisions with heavy and light nucleus.

10

The dependence of R = (F[W*)w/(i"/ﬂ~ ) AL from this
work and work /6e/, as a function of particle momentum, is
shown in Fig. b« As it is seen, the antiproton fto pion ratio
(P /) practically is independent of atomic weight of nucleus
in this momentum region. Similar results on this ratio were ob-
tained in the work /12/, investigated proton-nucleus collisions

_gt 10 GeV. The authors interpretate their results as an eviden-

ce for wesek antiproton absorption inside the nucleus.

The momentum dependence of FP/Ar+ ana P/r~ -ratios are
presented in Fig. 7. The proton to positive pion ratio (FP/x*)
increases with decreasing of particle momentum and strongly de-
pends on atomic weight of the nucleus. The antiproton to negati-
ve plon ratio {F/'JT') decreages in the same way as antiproton
yield with psrticle momentum decreasing.

Tn conclusion authors express their gratitude to °
S:5.Gerstein, I.I.Gurevich, fsn:'irﬁkl;iﬂﬂky and V.A.Jarba for
attention and support of this work, and to 0.V.Zhirov for nume-
roue useful discussions. i s
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Table 1. The antiproton. numbers .detected in
this experiment. . auos

B(GeV/c)
T;;;;%HEMJ 0.4 046 5.8
W 0 15 -
Al 2 11 20
14

Table 2.

The hadron production cross sections.

a) Negative particles

15

d’8 / (barn/GeV/c.sr-nucleus)
P d‘P OU?. § =p®
({GeV/c) |Target pione entiprotons
W 3.58£0.57 < 3.6210"°
Oe4
AL (6.44%1.09)+ 107" | (1,9%1.3).107
W (4.39t0.96) (2.04%0.70) -+ 10~%
0.6 =
Al (8+44%1.85) 107 (3.§nt1.333-10‘g
0.8 Al (8.18£1.48)+107" | (7.36%1.99)+10"
1,07 W (4.37%1.69) -
2 (6.01£1.00) =1
2,0
Al (1.39%0.22) %
.b) Positive particles
0[2{._‘, (barn/GeV/c+srenucleus)
dlﬂdjl 'B-:u." c
Target pions ~ protons
W 2.87%0.43 1.4150.23
ol Al (5.35%0.96). 10" " (1.93%0.37)+ 10" "
W 3.24%0.88 1435%0. 27
0.6
Al 6.58£1,32) < 107! (1.14%0.19) - 107"
_ w T+6651.07 -
2,0 _
Al 1e60%50, 24 -




L *3Td

(unr) -z Troy

%nm
ov
o
R op
08
ed 1y (URE) Tump

¢-OLe(LL°2320°6) | . OL*(6¥°L3LL"¥) [ _OL+(OL 2556°2) | 20°05LL*0 G0°039€°0 Y
- g-OL*(62°L3¥9°¥) ¢-0L*0°L F ¥0°0z2t°0 ¥0°0361°0 )
18318
8°0 9°0 ¥e0 9°0 gz 175U (o/42D)3
I
-/ d « 4/ %,

S0T1BI PTOTA WOIPBH  *§ OTqBT

& HeT o

.m.—.tD-Tmm-D 5 =X .H...ﬁ |DM..—.N-._. .—___.—..-_luﬂﬂa—, .m-..._.wﬁ
o Py— - 0C*0=sre YT - .__._. o . - . Y ® Fi
2L*05bL*0 YL +0+78°0 | 2L*0zl8°0 2L*0318°0 8L*05€8°0 | L1°0388°0 5
0°2 9°0 . b0 - e 9°0 0 (o/AeD)d
: gsoToT3a8d SAT}BSON _ seToTsaed 8ATITSOL

SUCT1008 SS50d0 m_ pue o_ ¢ I Fo eouspuadep~-y¥ Jo P Jamod eyl °f oTqBL



3 P, GeV/c

i

PP, GeV/c

1USAD

&

<

GlueAd PogoaTag

SU0R0LT

e 52 7T SFe-oid i gy

ok : | . o7 - ok -
(PTm) g’ _:,tw+~|+|kuhpﬁuh. 2 ;
auo I.HNHuH : |
oy : ogs> "  OfFs
(peaw) P ; ﬁakuklb|fhug.
‘Hm.-H
§3{08I3 *ATHBTOY
ok oz~ Ok~
] T T |
BIW ?_ g Z
(pBam) mu. j - _r:
ol Lo, V=
(poam) 7 o G
dl <[8]

£

7]

!

ElUSAS DoL08TaY

T



2

3
S aiE j N‘:?ﬁ ge0"
P o a—AC
o —W it
5 This work . work /6e/
L 4 I
) {
i i) ¢
1
3
d>N
il

!'G A AM
0~ This work d = EH(ET /Ek'( 7
o~ work /be/
Q ’
0o el s (S e R e B e 2/3
0 { |
1,0 2,0 3,0 Pglaev/e

e

'Gl? }_____,_}____....__-___........_.2/3

I,0 24 U { 3,0

X Px-,GeV/c

e R TP S o e
1

1,0

{________._ st A

fi v

2,0 _ 3,0 PF 7, GeV/c




R- (P'/._fr-)w i /:fr‘).M

1,8 o- This work
®— work /6e/
T
'I“q
.LQ_*__ﬁ__ f { { E f
10,6 L
0,2
Eohety ];JD : EJTD 3|1D
Fig. 6

P/a+
a - W - o- W
A AE_ - »aI.E.
§ '.i‘his work work /6e/
% a)
]
X i
I,0 2,0 3.0 P,GeV/c
Rlai
e o- W o- W
- a- Al a- AC
i This work work /be/
A
b)
H L ¢ I'Dg %‘
¥
x
! 3
1,0 T 2,0 31UI BGevie

Fig- i




J1.M.Bapros, B.i.Koros, I1.K.leGenes,
JI. A Maxappuna, A.Il.Mumaxopa, B.C.Oxanxus,
P.A.P3aesn, B.H.Caxqpnn,'C.C.MHMchxHH,
B.Il.CuaxTun, M.C,30moTopen

V3MEPEHVE CEYEHUA OBPA30BAHMSI ALIPOHOB C
VIMILYJIECOM JI0 2 I'sB/c B IPOTOH - ANEPHHX
CTOJIKHOBEHMSAX TIPY 70 I'sB

[IpenpunT
$B82- 42

PaGora nocrynmuna - 25 mapra 1982

OrsercrBenHnit 3a sunyck - C.I.Jonos

llopnucano k neuaru 2.04-I982r, MH 03196 :
Popmar Gymarm 60x90 1/16 Yen, 1,5 neu.n, 1,2 YUETHO=-U3[. .
Tupax 290 sxs. Becruiarno, 3amxas § 42, ' <

Poranpunr WA® CO AH CCCP, r.Hosocu6upek, Kt



