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1.Introducti'on 

Glauber model is one of thoae few theoretical schemes which are 
now succesafully applied for deacription of interactiona be~een slow 
antiprotona ( PL~300 'NIeV/c ) and nuclei /1-5/. A poaaibility of 
Glauber's model being applied to antiproton-nuclear acattering at i'nter

2mediate energies, is analysed in detail in Ref./1- / . We shall anly 
stress that conditions for application of the eiconal appraximation 
are quite good even at comparatively low energies owing to a very 
disti'nct diffraction structure of the elementary RN amplitude. (Por 
example, the slope parameter in the differential cross section of 
elastic pp- scattering i8 b""'32 (GeV/c)-2 even at T""'40 MeV /6/, 
while ãn pp-acattering b",,6 (GeV/c)-2 at T"" 1 GeV). Theref'ore 
the mai'n requirement for application of Glauber' a model PLr'> > 1 

i'n the case of pA-scat.tering impiles that PL r ......, 3-4 : a~ready 

at these energies the Glauber model describes the experimental data 
quite well. One should also bear in mind that the model cannot be 
applied to deacription of a large angle scattering. Beaides, the 
elementary amplitude f muBt not vary with the energy toa rapidly, 
i. e. i t is important that the following inequali ty W8a vaild: 

• 2 tdf/dE·1/f·6E ~~ 1 , where hE "-' k]/2m k p 1B a characteristic 
Penni momentum. 

A common di.fficulty of ali pA- acattering modela ia a poor experi
mental knowledge of the maãn parametera of the HN-i'nteraction- amplitude 
Beaide the fact that there ia no phaae analysis of NN-scattering, and 

tbe spãn and isospin structurea of the BN-amplitude are :l.naufficientl,y 
studied, there are practically no accurate experÜ1ental low-energy dat 
an the value of such fundamental characteristic of the elementary act 
aS"the total croas aection for interactiOIlB of antiprotonB rlth 
neutrons ~~~t. The available data on direct measurements of np
scattering either have 50% statistical errors/1/ ar are of pre
liminary characte~8/. In principIe, the value of G" !ot cen bo _ pn 
determined witb the help of potential modela of NU - jnto~Qot1onQ via 
fitting the parameters of the NN-potentail by difteront1nl oraDD 
sectiona for elaatic pp-scatteríng and charge exobotlBo PP--)iin. 
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However, these results strongly depend on the type of the NN-potential 
employed. Ex.traction of informatíon on C"' .!ot from the data on antipn 
proton scattering on deuterium is much more model-independent/9- 12/ . 
Still, in this CHse there exist some problems relnted to final state 
interactions (e.g. see Ref./ 1 , 2/ ) . NeglectinE of these corrections 

Leada- to a ,..rr ong conclusion t ha t cross ne ct í.ons for unnihilatian of 
free neutrons and neutrons bound in the nucleus are the same/9/ . 

This error is reflected even in the compilr:ltion/ 13/ whe r-e (;-~nn ia 
taken from the data/9/ on antiproton-neutron annihilntion in l~e 
deuterium with no corrections. 

This paper analyses the problem of determinntion of crass sectiona 

(J~~t from the data on antiproton-deuterium interoctions at PL = 
= 200 - 800 MeV/c • It hus appeared thu-L the uvailable data on the 
value of çv jâ t /9-12/ lead to completely different vulues of 

~~ot. Recently, however, cross sections for interactibns of anti
prot~~ with differen t nuclei have been meosured n t LEAn (CEltN /5,14,15/. 
This additional experimental informntion allows selecting the most 

preferable version of the ene:gy dependence of ~~~t.calculation of 
cross sectiona for inelastic pA- scattering shows that the best agree
ment with the experimental data 1a achieved for ~~ot obtained from 

tot '/11/ pn
measurements of ~-d by Hamilton s group. In the interval 

200 6 PL ~ 800 Mevlc ~ ~~t i5 well upproximated by the following 
simple expression: 

»: G'~ot (mb) = 65.52 + 38.09 / PL (GeV/c) 
pn 

:t The material is presented in the following way. In Sectian 2 

1! .netrisotion of the elementary amplitude of the NN-interaction is 
11 
1, aaaed , In Section 3 the procedure of extrnction of pn cross 
IJ 
I tons from·pd-scattering data is analysed. In 0ection 4 the resulta 

~ I 'Ilculu tions of pA-scattering cross sections nre given , Discussion 
I 
{,J ho results and the main conclusions are in 3ection 5. 

II !, rarl:lmetrisa tion of the elemen tury arnpli tude of the NN 
I ;!..nteracti on 

1; 
• lo purometrised the umpli tude of rm-scuttering in the followingI: 

( f (K tot . \ I 1. IJ :z )
·í·.{f)~ S·' (:1- - \fj ) exp(- z t)j Cf ) 

::í ,) 4J/ (1) 

,-I J::: f, n 

fi 
I! 

:{ O'l.eiiÜH:·ÜH~il V.Hcmyr. I
tf UtJtBIr.11 !ec.:reaoi2!udfi 
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here q =k' - k ; k La _ in the c s m. s , , C" ~ot is thernoment um _	 J 
total cross section for pp- or pn-scattering, b i8 the slope

j
 
_ parnme ter, 

~J
O. = He f" (O) / Im f J" (O) • 'l'he spin dependence of the
J 

NN-interaction Ls not tllken into rcc ount in (1); there are experimental: 
indications that spin effects in r r'C:lttering are small/6 , 16/ . An 

expresaion like (1) ia quite often used for analysis of data on pp
and pA-scattering, but one ahould keep in mind that it is not valid 
for description of lnrge-ungle scattering. 

The total crass section G" ~~t was determined from the resul ts 
Df the recent LEAH experirnent, which showed that the simple 
dependence 

c-~ot(mb) = 65.78 + 53.759/PL (GeV/c) (2) 
pp 

works well in the interval PI = 388 - 599 MeV/c /17/ •. UnfortunateIY, 
the discrepancy in avu í.LabLe 'data on C'"' ~ot is quite lurge (e.g. 
see Ref./13/ ) . The use of approximution (2) at PL> 600 MeV/c leads 
to values of G" ~~t which ure 10-20 mb higher than the resulta in 
tbe	 compilation /13/. 

To determine the energy dependence of the ratio ~. , we approxi
. /18 19 6/	 v .Jmated the exper~mentul dato ' , by a polynomial: 

2 3fp = 1.3347 - 10.J42·PL + 22.277·PL - 13.6J4·PL· (J) 

Here PL is in GeV/c • A de
gree of description of the 

p:~ data by parametrisation (3) 
01,1 can	 be estimated from 

• 0.3	 Fig. 1 • It ia aeen that (3) 
works well in the interval 
PL = 200 - 750 MeV/c • 

02 

0.1 

However, its threahold 
behaviour is incorrect. For 

-0.1 example, it follows from 

(3)	 that f p(O) = 1.33 , 
while from analysis of 

1,00 p-atomic data/20/ it follows200 600 800 P, (Me'J/C) 

that ? p(O) = -1.42 
But this defect of parametri 

Fig. 1 • Energy dependence of the value sation (3) is of no effect 
jPp= Re f(O)/Im f(O) • The solid line in calculations of pA cross 

is the reault of fitting by formula (3). sections i.n the range of 
Experimental data are taken from/ 6 , 18 , 19/ . relatively high energies. 
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Fur'ther i t was assumed ·tha t p p == ti>n • Since ?p und?n 

are small in the en&rgy region under consideration, this assumption 
does not practically affect the final results (see discussion in sect. 
4.3) • 

The energy depe~dence of the slope parameter b was ,determinedp
by fitting the data from Ref./6 , 18 , 21, 22/ using the following formula: 

b = 0.25· (R + A/k)2 ,	 (4)p o 

where R = 1.3395 Pm, A = 0.691 , k (Ge~/c) i8 the antiproton momentumo
 
.in the c.m.s •• Parametrisation (4) describes the experimental data
 
in the region PL = 0.2 - 2 GeV/c quite well (see Fig. 2). 

u Fie. 2 • Energy dependence of 
~ 
Q) 

the slope parameter b of the~ p
differential cross section for 
elastic pp scattering. The 
solid line is the résult of 
fitting by formula (4) • 

60i 
Experimental data are taken 
from Ref./6 , 18 , 21/ • 

40 

20 

For determination of the slope parameter in pn scattering it waa 
assum~d that bn/bp = R , where R is defined by the ratio 

R = c ~ot / C-- ~ot . (5) 
pn pp 

This relation i3 characteristic of a purely diffractive 8cattering. 

~~termination of pn cross sections from the data on pd scattering 

~rhe total crDas section for the pn interaction- can be determined 
from the data on pd scattering by means of a standard Glauber technique 

5 



Ref./ l,23,24/).(see e.g. It ia shown in Ref./ l/ that the total 

cross section for the pn scattering C-- ~~t is related to G"" ~~t 
in the following way: 

i.ot	 -fot -foi Q C i (6)-tot	 tot 
r- ~ .z "7_"_

G"-ol ~ + C'-.pn v pp pTl (L- P )L V +.!-e (i4~) ppF	 g J/'" J j:=:LJ O'J Zp 

Coefficients Cj and Oj are defined by parometrisation af the 
deutron formfactor in the form 

:z 
\f

c1 
[1' ') z: ?--- Cj e xF' ( - Yj Cf.-z) . (7) 

J:: .í, 

For Hamada-Jonhston NN-potential Cl= 0.4 , 02= 0.6, y = 4.6 Fm2 , 

Oz. = 0.88 Fm 
2 

• 
O~ 

Relation (6) can be written in tbe form of a cubic equation with 
respect to R from (5) and solved by oasigning values to ()--' ~~t , 

(J ~~t, ? ' b as well as to deuteron parometers Cj and Oj .p 
The energy dependence of the total cross section ~ %~t ia well 

expressed by o simple formula: 

tot /
(J pd = Ad * Bd PL .	 (8) 

How~ver, tbere is great difference between coefficients Ad 6nd Ed 
obtained in different experimente (see Table 1). Therefore we 
defined A and from the data by fi tting the G'" j;~t takend Ed 
from tbe compilation /13/, where the results of threePexperiments 

. /9 10 2 c /are given for the range PL ~ 900 MeV/c ' ,:J. 

Table 1. Parometrisation coefficienta of C- ~~t = !l.d + Dd/PII • 

Refs.	 Ad (mb) Bd(mboGeV/c) PL rone;e(GeV/c 

1. Hamilton et al~ll/ 132 71 0.355- 1.C\66 

2. Kalogeropoulos et al~9/ 30 126 0.27 - 0.465 

3. Carroll et 81./12/ 129 78 0.36 - 1.05 

4. ,Present paper	 108.59 94.6 0.27 - 0.813 

(fitting	 by the data
 
of compilation/13/)
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It is shown in Fig.3 (upper pa r t ) how our approximn tion of C-~~t 
describea tbe data /9,10/ (daahe d Lí ne }, The solid line shows the 

experimental data from Ref./ 11/, the dü.sh-nnd-dot line ia for Ref./12/. 

The total crass sections (J .!~t frorr: Ref s /9 10/ are seen to differt 

/11/ P .
from the data of Ref. , especially in the region PL c: 400 MeV/c • 
The difference may seem of emall impo~tance, but it leads to differences 
in (j' ~~t which atrongly affect cu Lcu La t í oria of cross ae c t í ona for 
the antiproton-nuclear ecattering. 

The lower part of Fig.3 sbows the value of the ratio R from (5). 
One obtains the va1ue when solving (6) wi tb C" iât bosed on data 
from /11/ (solid line), Ref.l9,10/(deshed Lí.ne ) or Her./12/(dash

and-dot Lí.ne ) • It ia well seen tha t tbe largcst dif ference between 
these dependences is in the low energy region P1J -c: 400 MeV/c, where 
R from /9,10/ is noticea bly lBrger t hon one, ond i t follows :trom 
/11 t 12/ t ha t H 4:. 1 in t.he whoie en er-gy region under consideration. 

Fig. 3 (above ) .• Energy dependenceGtot 
(mal 

of the total cross section for 
600, 

pd scottering. The solid line\ 

\'
\ shows resulta of the experiment 

/11/, the dash-end-dot line ia 
for resulta of /12/ • The dasbed 

line ia approximation of tbe 

5001 

\'l! 
\\\1LooI data /9,10/ by formula (8) •

':1.:i Experimental pointa are taken 
from /9,10/.~ 

300 

(below)· Energy dependence of 
tbe ratio R (J ~ot/.ú".!otCI 

pn pp 
The solid line ia the reault 

12 of calculationa by (6) with 
13IR.~ 

11 -----	 rvtot /11/
101	 v pd from data of , the 

09 -  -:::..~ 
08 I doshed line ia for calculationa 

07 with C-- ~~t from /9,10/ and 

200 LOO 600 P, IM~V/c from Ref. /12/ (dash-and-dot 
line. 

4. Calculation of cross sections for scattering of ontiprotops on 

~ 

Calculation of crose sectiona for tbe ontiproton-nuclear Bcattering 
wa8 performed in order to find which of the dependences for ~ i~t 

7 



discussed in Sect. J Ls be t t e r Lr; describing t.he experimental da ta. 
The amplitude of t he un t Lpro t on-nuoLsur- interaction in tbe 

Glnuber uppr-oa ch nas the forn/?J/: 
• -I>	 ;; 

lR J t}6 *- - r(--.D- '\J-jl (i{) = ~ e ~L i l.j ~ &. Sí)···.) SoA) 
;;2 v/ J 

A	 A 

'f. ~ lo)· ~ J3L . JZg ~(~ L ZK) 
L J J::: i. J	 J<=:i.) 

(9) 

wher'e PL La the nntiproton momen t urn in the l~'\b frame, f J- and 'iJ t 
are the wave functions 01' ü. nucleus in the finnJ. und. initial states, 
and r (b , 3 1 , ••• ,8 A) ia t}le nuclear profile function which is - --.D 

......	 r-I __ -1" I 

expressed viu nucleon profilo f'lr.ctions }j (b-S j ) in the following 
way: 

r(	 g) Si) ... » ~A ')::: !i ~ n 
A 

[ { - r (i- i )J (10) 
J J;>J::::i 

here -b is the impact pürumeter, s. are projections oi the radius-
vector r. on the plane, perpendic~lu.r to PL • The function ~ 
ia a Fou~ier translorm 01' the amplitude f/q) from (1). J 

1.1	 Calculation of cross sections for P~He scattering 

·For wave functions of 4He ground state the approximation of 
independent particles is uao d-r c: 

'-Iz 
~é-1i)···):rL{)\ = n o. LL.o) + (11)

J J Jj == i. 

where one-particle densi ties Jo. (-Z .'\ were determined in the oscilla tor 
~ J J ) 

basis: 

2Jé?-J):=- (E1 a) 
-3 

exp(- 7.,; / a ) . (12 ) 

2The value of the parameter a was determined from the data of /26/ by 
2the	 4He charge radius R h= 1.672 Fm. The corresponding value of a 

2 c 2 
for~tbis Rch is a = 1.916 Fm • 

From (9)-(12) we obtnin tbe following form for the amplitude of the 
elastic p4He scattering: 

8 

l1/"a..:<" 

_	 (-.t")' i6(.r, o .. ::. 2. L J< e e;- c8j (1-2-) +- c.. (~Z ))) 
LL.	 V Aé'M L-j== p.rJ 

(1 J) 

where kACM ia the antiproton momentum in the nuclear c.m.s., and tbe 
terms D (q2) and D ( q2 ) describe single and double scatter1ngn 
on p.ro t oris an~ neutrons of 4He : 

fl1	 z 2. Zz. rn m1-.:L r, q.... 0:. )
/1). (r/I.) ~ 2- C E. (-i) ex p{- -'H'lJ (14)z: J rnJ V m= i. 

the -Germ Cpn(q2) corresponds to a consequent rescattering on protons 
Bnd neutrons: 

r'Y1 K.z .:l m TY)-I-K-I-J..k2)	 C CC n ( 0_ = Z- L 2.... .z. E. 
p En ( -i)

F r m=1. K=i	 (15 ) 

z, :z Z.
 
Jpn (m,K). e-Xp(- Opn (rn,k).fj- )
 

Here 
iot. 2. 

E...==C'"_. / ~ s- (f.
J J =p, r} ) (16 ) J r J 

Z a Z g.
Oj=Li + ~- .) j = f, n

c2	 (11 ) 

~	 ~ Z ( Z ~)
)"fYl (rYl,K) = 'OF 'on / mo.., + k?fp . 

1.2	 Cross sections for scattering of antiprotons on nuclei 
with A? 12 

T·) describe the nuclear structure of nuclei wi th A ~ 12 a single
parti~le density of tbe form 

l-oi -:1tf(7-)·==vPo ( :L + exp( ~-)) (18 ) 

was	 ulJed. The parameters d and t were taken from the eA-scattering 
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wheré CPo (b) is given by (21) wí.t.l: !;h: f'o Llowí.ng po rume be re s
data/27/ wi th ~CC01U1t o r the difference between the charce densi ty and 

the nuclenT denstt:y ( sl?e the discUGsion in Sect. 4.3) • 
Uaf.ng expr-oc s í on (9), Vle trnnsform the amplitude o f the elwsti.c -to+ -fo-/:êi iot 

scattering of the nntinucleon on the nucleus to gct the followine;:	 0.5.«(;'--
F' F +-C'_ 

pn 
) 6'c=. 05 (bF r ~n).(25) 

q,ZRZ ~max 
~L ('!-- ') c=. l K e 6A"ch J :lo (I).- g) ç(ê) ~ oie. (19) lio 

wbere b max -- 4 •,.2I~ ,cnd 

f' \~ 11 rJ
r ( g) 1- - ( 1- -- ePa (g)) (-1 - Cp~ (i)). (20) 

o. 

Here epJ o», j p,n ore profile functions 
o 

G'to~ (i -
;; 
-»> cpJ u) 

z: , (21)cpJ l g) PJ	 j PI n 
o	 L; ;;r 6 

J 
where z ;;MQX 

2 J( e- & / r2 fdJcpJ(g)	 S '(5) . 
o 

exp C- s:z/ :2 bJ' ). lo (~·s / e. ) :; o{ s . 
J

(22) 

Here b'S/b ) is the modified Bessel function, T(s) i3 the soI o( j 
called thickness function 

000 

(23)Tcs) ==- J f(~I~)of~ 
- ()O 

2 2wbere z2= r - 8 ,and ~ (z,s) is tbe nuclenr density from (18) 

The optical approximntion /23/ is good for calculntion of cross 
sections for interactions be~veen antiprotons und beüvy nuclei. In 

this aPProximation the profile function ~ (b) ia defined by 
averaged parameters of pp and pn-amplitudes: ~\ 

ç{g)= i exr (-- A . épo (e) '), (24) J 
1:1 

note t ha t the use of ç (b) in the form (20) 01' (2~)-(25) in 

caleulotion of cross sections for the lnelnstic seattering of onti 

protons on nuclei \'1i tb A ~ 12 mekes little difference. 
Presently tbe most complete experiment~l duia ore uvoilable for 

reaction cross·sections C'"Q clefincd as 

-	 C'-e1!.C'R.. G'-t. o{ 

Therefore we mainly une Ly ae d this fel} ture of tl1e pA s ca t t er-Lng, 
Another renson for considera tion of j ua t C-R 1.'3 thn t i t i13 determi
ned through (j tot _ and CVel vrbí.ch dcp cnd , mu í.n'Ly, on the 
scottering amplitude at amall ang Les , 00, the G1fmber uppr-oach i3 
more reliable for ealculations of theae cross ~ection8. 

4.3	 Influence of variOU3 model pornmeters on vulues oí EA
 
cross seetions
 

In our scbeme the amplitude of the eJementury InI interaction is 
given by fou.r axper í.mentu I parameters: a-.!~t, b ,t? and 

tot	 P. P P 
r:;- pd • Besides, two assumptions Ire mude: pp -x: Yn and 

bn/bp = R • Tberefore we first checked to whllt cxtent tbese assump
tions influence ce Leu La t í.ons of p/\ acu t t e r i ng cross a e c t í.ona , It 
upp ea re d t ha t n 205'~ chang e in tbe relation br/hp = fi only_ causes a 
2-J~~ chunge in the va Lue of G"R(4 He) • 'l'he umpli tude of 1m 

s ca ttering being considered purely Lrnag í.nar-y ( ~ P c Pn = O) lenda 
to pructicully ne~ligible variation af CV li • /\t lnst, if tbe value 
of b is simply chnnged by 20~~) , t h.ío v Leads to o. 5:" change in ú"'n(4Ue ) . 

p	 -
Undoubtedly, such variations of NN interoction purameters must affect 
the differentinl cross sections for ~A scattering much stronger 
(see / 4/) , total cross sections for pA scattering are mainly 

~efined by the total cross sections ~~~t and ~ ~~t as well os 
by nuclear density parometers. . 

For description of pA scattering one must in expressions (18)-(23) 
give the nuclear matter distribution. For this purpose one should 
determine relation between parameters of tbe charge distribution, 
meo.sured in eA scottering, Dnd parameters of nuclear density (1B) • 

r1110 



It is known /28/ that the root-rneun-square radiua of the point-like 

nucleon density ~ r~ > 12 related to parameters of the Fermi 
density (18) wlth a good úccuracy in the following way: 

;z 
z	 3 01 t- ~- J/2 -t 2

<0 rn > = S m	 (26 ) 5 rn 

where d and t [lre the hEllf-density radius Elnd diffuseness of m m 
nuclear matter d.í s t r-í.bu t í.on , A similar relation for the charge 
distribution like (18) is : 

2 3 01 2 1- / Z z
Z Z- / > - ~ -+- - -C +- <:: z, p .> (27 ) rJ 

CIl - 5 P 5 r 

where ~ r~ > , .( r~h > urE! r.m.s. radii of charge distribution for 
the proton and for the nucleus. 

The va Lues of d urid tpdi rff~r i~ general from d and t • \'/ep m m 
assumed that dm = d) • Then the diffuseness parometer tm cün be 

determined irom (26)-(27) : 

-G .!J (Z z 3 c/e,t - ~ 2 <. Z-ch > - z Zp > -- 5 r (28 ) 
rn 7- 0/ 

In Fig.4 one can see how this renorn~lisHtion of the diffuseness 
parameter changes the resu1 ta of calculation of CVI{ for in t eru c t í.ons 
of antiprotona wi t h: 2C1fe and 27 AI nuclei. A atrong dependance of (]- R 
on t is see~. In principIe, the antiproton-nuclear scattering must m 
indeed be most sensitive to the size of the nuclear diffuse elige, 
since this is the region the mujority of pA-annihilation eventa 
occur (30/. Table 2 lists t and d values used.m m 

Table 2.	 Parameters of the Ferroi density (23).
 
Data on <. r ch '> I dp anel tp were taken from/27/.
 

A <rch > (Fm) dp(Fm) t p( Frn) tm(Fm) 

64 eu 3.88 4.2 0.569 0.527 

40 08 3.43 3.51 0.56J 0.52 

27Al 3.05 2.84 0.569 0.526	 
'~ 

20Ne	 ,}2.969 2.805 0.571 0.5 

:~ 

12	 ·1
l .. I 
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G. 
\(11)81 
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\
 

110 \ --tA! 
\ 

\
 
1000 \
 

-, 

rol900 

1
l 

1"" 
800 

600700 

~J200 400 P.lMeV/c) 
1 

Fig.~ • Dependence of the cross 
s ec t í on (JR= (Jtot - (Jel on 
the antiproton momenturn PL for 
different nuclei. The solid 
lines are the results of calcula
tions wi th the do. ta of Hamilton 
et 01./11/ , the dashed lines are 

with the data from/9,10/.the sarne
 
Experimental points: D. _from/5,14/,
 

.. - from/297 , O - from/ 31/, 

where tbe data of Garrettn et aI. 
/15/ are analysed. The deta on 

(J R for pd scattering /9,10/ 

are shovm by black squares and 
triangles .). 
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Fig. ~ • Influence of renorma

lisation of the diffuseness 

parometer t on the cross section 

G-'l{ for inelnstic renctions. 
The solid lines show the r~sults 

of cnlculution of CVR with t 
determined from (28) , the 
dushed line is the sarne with 
t from eA-scnttering da.ta 
(see Tuble 2) • ~erimentnl 

data are tnken from /5,29/ • 
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5.	 Discuasion of resulta and conclusions 

Now let ua consider influence of vürious neutron cross sections
 
(;- ~ot on C-- R. Fig.5 shows resul ta of c a Lcu La t f.on of C-R for
 

pn	 tot I'-tottwo extreme cases: CV- Lu -p (i.e. the ratio R from (5) is lesa 
pn p í'- tot "'" tot

t han one ) - solid lines, v- »» - (R>1) a t low energies 
pp	 tot pn /11/

- dasbed lines. In the former case C'"Y>d was taken from " "; \while the latter from fi fit of the resulta by data from /9,10/. 
lt is well seen tbat the deacription of pA cross sections is 

much better for R..::. 1 • This ia mos t evident for low energies and :1' 
ligbt nuelei. , ~ 

Thus, compariaon with the experimental data on antiproton-nuclear 
acattering ia in favour of the aolution wi th R Lo1, i. e. tbe total 
croas section for the scattering on prot ons rnus t be larger thun the 
cross section for the'untiproton-neutron scatteriuc. A similar 
dependence ia 8lso obaerved at energies over 1 Ge~ ( e.g. see /32/ ) . 

Taking into account tbe isoapin atructure of the NN amplitude, one 
may obtain tbe following relation: 

C"
+ot

02C'(I-:ci)R J:2	 i. (29)L... 
()'-~ot V-(I-=O) + (/'-{]c:1) 

pp 

It meaDa tbat the amplitude of the NN scattering in the state 
with isoapin 1=0 is larger tban in the state witb 1=1. Tbis conclu
aion agreea witb calculations of potential modela of tbe NN 
interàction/J 3- 35/. Despite completely different forma for NN 
potentiala, alI tbeor!tical modela predict domination of the iso
singlet state in tbe NN amplitude. 

The energy dependence of the total croas aection ~ ~ot can be pn
successfully approximated by the following simple expreasion 

(J	 ~ot (mb ) = 65.52 + 38.09/PL (GeV/c) • (30) 
pn 

This value was determined from (6) witb tbe data on .~ ~ât from/11/ 

and on ~~~t from/ 6/. So tbe validity region for app~oximation(30) 
ahould not be toa large ( PL ~ 600-800 MeV/c ). lt ia however 
interesting thut tbe value of tbe energy-independent term in (30) 
turned out to be tbe some as in parametriaation of ~ ~ot (see (2».

tot	 . pp
Energy dependence of Upn baving been determined (30) , one 1 

,Ican oalculate the total cross section for tbe elastic pn scatteril~: 

d ( Ufoi: )Z- (';z, ) / r-- t	 '\ 
()- F n .=- 15 n P + =i j 6 J/ n (31 ) 

. \ 
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and thc oross section for pn annihilation: 

a~n -iot ....... d
 
()	 p n -z: C'- p n - Cfi n . ( 32 ) 

It hua oppeared that these quantities cnn be so.tisfoctorily 

described by approximate formulae: 

~~I (mb) = 29.3 + 1J.04/PL (GeV/n), (33) 
pn 

cr~nn(mb) = 36.22 + 25.0S/PL (GeV/c). ()4) 
pn 

Noteworthy is that tbe value of ((~~ culculated by formula (31) 
must be, generally speak~ng, somewhat underestimeted, since tbe 
elementary amplitude Fii(q) was expressed vin (1), wbicb is vulid 
only for scattering at small angles. Consequently. the value of the 
annibilation cross section G~ ~~ obtnined from (32) will be a little 

overestimoted. 
The solid line in Fig.6 sbows 

tbe enerey dependence of c-~~ 
calculated by (31)-(32). 
Experimental points correspond

G r-; 8IUl 
(me) to	 mensurements of v pn wi th 

\ 
G deuterium torget. It ia 

importunt tbat ()~~ dota from 
these experiments cOIUlot be 
Ldnrrt Lf Led wi th croas sections 

200 

150 
for annibilotion on tbe free 
neutron. This problem arose 

, lone o~o as a result of experi
menta /10/ wb~re tbe cross 

aection for annLhf.Lat Lon on tbe~ proton in deuterium ~ ~ 

10 

? f 

wos found olmost to coincide 
50 -- 

witb tbe cross section of 
annibilotion on tbe free proton 

r--ann v p ,i. e. 

C- ann 
200 1.00 600 P, IMeY/cl 7J- ann ~ 

t'I '" p
Tbis unexpected result gave rise 

Fig. 6 • Crase sections of to a wrong conolusion that a 

annihilation on free and similar relation is valid for 

bound neutrons (aolid and annibilation on the neutron: 
'0: ann '"'-' C-ann /9,10/dashed lines, respectively). v n "'-' n • 

15 



BeBides, opplicubility of Glauber's model for pd Bcattering WaS doubted 
/9,36/, because the Gluuber correctiol18 Vlere to lead to o noticeable 
difference between ~ ~nn und ~ ~nn • An uccurnte consideration 
/1/ showed, however, that beside shodow corrections 6 and d!p 

. ~ n
the corrections for rescattering of annibilation v( -mesons sbould 
be taken into account: 

aYln"-' nnn 
LA.u c 

Y) 
s. + CíY'I 05 ) 

~(J.nr) _ C-?\/1n 
p p 6p +- C-0 

where C1 and C2 are corrections for rescattering effects. It was 
proved in /37/ tbat 

C + C ::: O . (36 ) 1 2 

Tbus, if ?f ~nn :::v Cv ann , then ~p ::: C2 • Taking account of (6),p
we find that renormalisation of the cross section for unnihilation on 
the coupled neutron ~ ~nn is the largest 

c;lnn ~Cf ann (7)() O- - S-p.. 
ri n n 

The dashed line in Pig.6 show the result of calculation of ~ ann 
n 

under an assumption of the rnax.Lrna L renormalisa tion (37) • The values 
"'-' ann rv anuof v n and v n are seen to differ from 100 to 20 mb • 

Hence, one must tnke nccount of this difference. 
We think, however, that the results of measurement of cross 

sections for pd scattering in bubble chambera/9,10/ are somewhat over
estimated • Evidence of this is, firstly, that they lead to R > 1 
for R from (5) at low energies, while this is in contradiction with 
both theoretical predictions /33-35/ and the experimental data at 
higber energies/32/. SecondlyÕ the croas' aection ~R for reactions 
on deuterium obtained in /9,1 / is almost the same aS ~R for the 
p4He acattering (see Fig.5) • It ia difficult to imagine the reaaon 
why CVR(pd) differs so little from CRep4He ) . Tberefore it is 
quite possible that ~ann on the free and bound protons differ 
sligbtly from each other. Then renormalisation of the annihilation 
cross section on the neutron will be lesa than tbe moximum one (37) • 
Conaequently, one can expect that the solid and dasbed lines in Fig.6 
determine only the upper and lower 11mita fo~ C"::nn ,and more 
accurate determination of () ~nn requires fresh reliable informa tion 
on antiproton annihilation in deuterium. 

The main conclusions of the paper are as follows. Reaction cross 
aeotion ~R for interactiona of antiprotons with nuclei have been 
analyaed VIi tbin Glauber' a model for varioua U ~~t aaaumad , 

Vn~u(!C1 o f ()~~ I. woro de termined from the data on j3d s ca ttering. It 
turnecl 0\1 t thu t tho va Lue of C'it haa a quite a strong dependenee on 
tl~o rUr runonona pur-ame t er of nuclear distribution. The nuclear da ta 
oro ahown t o hove the beat description wi tb u!ot..(. C-!ot • The 

tot pn pp
(-meJ"gy dopondence of (J pn is well deacribed by relation (0) 
The elnotio and unnihilation cross sections for ontiproton-neutron 
Lnto rn c t í ona hove been ca LcuLat ed , It is shown that cross sections for 
nnnihilution on free and bound neutrons can s t r ongLy differ from each 
other. To clear the problem up, more experiments on nr~ihilation in 
deuterium at LEAR energies are deairable. 

The authors are greatly thankful to B.O.Kerbikov, Yu.A.Simonov, 
A.Rotondi, F.Nichitiu, V.V.Burov, B.Z.Kopeliovich, G.Piragino, 
S.A.Bunyatovand I.V.Falornkin for their interest to tbe work and 
voluable diacuss~ona. 
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IH 

l(OllrUlI1TIOl( n.A., CanO)l(HHKOB 11. f. E4-86-487 
B~nHMUAa~CTBHe aHTHnpoToHoB C HeATpoHaMH 
li nl~pnMH npH aaepraax ~EAR 

HblnOnHeH aaarras 3Kcnepm~1eHTaJ1bHbIX naaasrx no norrasu-r ceseaa-: 
11M pac ce aaaa aHTHnpOToHOB na p;eATepHH B HHTepBane. P L = 200
800 M3B/c c uerrsio onpenenenaa BenHqHHbI no.naor'o CeqeHH5I B3aH
Mop;eAcTBHH aHTHnpOTOHOB c HeATpoHoM a~t .llonyqeHHWe pa3Hwe 

tot pn 
aaõopsr nrra Hcnonb30BanHCb B KaqeCTBe HCXOP;HbIX AJ1H BbltIHCupn 
neHHH CeqeHHA aHTHnpOTOH-Hp;epHoro B3aHMop;eAcTBHH. OKa3anocb, 
qTO nanaste no pA-pacceHHHIO onHCbIBalOTCH rryxnre acer-o , ecna 
a ~t(M6) = 65,52 + 38,09/P L (fgB/c). PaccMoTpeH Bonpoc 06 on
pep;eneHHH CetIeHHH aHHHrHnaIJ;HH aHTHnpoToHoB Ha HeATpoHax. 

Paõor a BbITIOnHeHa B Jlaõop a-ropmr Hp;epHblx npo ôrtere 0I15UL 

Ilpcnpmrr Oõsenaneauoro IlliCTHTYTa snepasrx accnenoaanaâ. Jly6Ha 1986 

Kondratyuk L.A., Sapozhnikov M.G. 
Interactions of Antiprotons with Neutrons 
and Nuclei at LEAR Energies 

Experimental data on total cross sections 
scattering on deuterium in the ihterval P L ~ 

E 4 -86-487 

for antiproton 
200 - 800 MeV/c 

has been analysed in order to defermine the value of the to
tal cross section for the antiproton-neutron interaction alot. 
Different sets obtained for a ~t were used as pn input dat~n 
for calculations of cross sect~ons for antiproton-nuclear in
teractions. It turned out that pA-scattering data are best 
described if a ~t (mb) = 65.52 + 38.09/PL (GeV/c). Determina

pn 

tion of the cross section for antiproton annihilation on neut
rons is discussed. 

rhe investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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