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SBCTIONS ~Prepr1nt ITEP 93-13/ 

Tu.B.Lepikhin - M., 1993 - 16p. .. 
The Coulomb corrections to t.he Glauber formula for- the 

absorption cross-sections of hadrons by nuclei are calculated. The 

influence of the real part of the nuclear potential is taken into 

account. Calculat.ions are 'made in the, frame of High energy 

appro~ch. A comparison with data of annihilation cross-sections of 

antiprotons' on nuclei is made. 
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INTRODUC'l'ION 

In t.he work [1.] the unusual behavior of the antiproton 

nuclei cross-sections was noticed. na~ely too strong dependence' ,on 

atomic weights A in comparison withexpe¢i$d dependence about 

~ A2/3. It was suppo,sed t.hat. such behavior may be descr1bed by the 

influence of Coulomb potential. In this article the attempt to 

eva11.late Coulomb influence 9n the ant.1proton...nuclei annihilat. ion 

in t.he frame of High Energy approach (2] is made. 

CALCULATION 
We 'prOCeed from well kn~wn formula for d1vergence of flow in 

quantum mechanics:, 

d1vj = ;.!m V·',,12 

here V is a potential and ~ 1s a wave funct.lon. 

Using this formula one can easy obtain t.he express_lon for the 
absorption cross-sect.ion in the potent.ial V : 

.. 
"--- To obtain the value of cross-section by means of t.his formula 

it is necessary to know the wave function in the region where the 
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imaginary part of pot~ntlaL'is not zero: To'finda. wave funct.ion 

we will use the ·L1,ppmano-Shwinger integral equation: 

• &.... ')..LRIr-r' r ~~ 
",rr) == e1.N - (;;JI~ f e , VCr') ,,,rr") rr-r' 
r- ' 4rrjiZlr-r r ,. 'r- '. 

In the frame of High Energy approach one finds the, solution of 

this e~.t ion in the form: . 

vAI) :: eikr '~r) 

SUbs~ituting' this wave function into. Lippmann-Shwinger 

equation after a number of usual transformations, on~ can get the 

integral equation for function ¢(r) : 

z " .
 
t/Xx~y,z) = 1 - h~ J( 1 - .e2i.R(Z-~) ) V(X1y~~J 4Kx,y,~) d~
 

~. . 

'. Here, as usual, the Z..;.axis direction is the direction of the 

inlt.ial particles momentum. In the standard way one can get from 

this'anequivalenl differential equatlon for ¢(r) : . 

~t -2Lk ~ +' ~ V~¢ :: 0
 
dz dz t, <J
 

We find the solution of this equation in the form:
 
z
 

¢(x,y,z) :: exp { J I(x,y,~) ~ }
 
-00 

After not difficult transformations one can get the equation 

for f : 

I ' + f2 -2ikf + 2k V :: 0 . hlJ 

In the frame of the high ene~gy approach we can neglect the 

der ivai ive of I. After that ,we obtain. a usual quadratic e<[lJat ion 

/' 
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for f. Solutions of this equation are
 

=ik .~ ~~2 - 2k Vf 1/2 .",:" '11 v 

To choose the right sine we may compare this solution with 

, Glauber model or with optical model, in which the ~ave' function 

has the form: 
z 

VI ~ exp{ -; tJ fV(~)~ } 

-00 

Expanding the square root. one can find that minus sine must 

be chosen. Thus we get the wave function in the form: 
Z __. ..;..'_._.-...... 

ikryJ(x,y,z) = e .ext{ ik f( 1 - 1'1 + ~ V)~} 
, -00 

Substituting this expression into the formula for the 

absorption cross-section. we· finally get : 
'z 

crabs = - ;1) JrF-b d2 ~m v.exp{ -ikJ1~T ~.v - -.1T~'V~ ]~} . 
-00 

It is our final formula, and we are going to investigate lhe 

influence of the Coulomb potential' on the antiproton-nuclei 

annihilation cross-section by means of thiS, expression. But as a 

first step we consider the relation between this formula and that 

of standard Glauber approach [3]: 

It is well known that 1n Glauber model the absorption cross 

section doesn't depend on the real part of the potential [4), and. 

as aconse.qUence, on .theCoulomb potential. Let us consider how it 

can be derived from our expression. To do it, one can -take the 

, expansioh of the square root In the int.egral 
,;' 



, '4 

11,+ j; '·V .= 1 ~ ~:V, +,~~~ 

, and keep only first two members .. In this case the expression ··1n 
'. 

the square brackets tikes the form: 

..( 2 ' ..(' ,) ~ 2i 
, 

' 1+ ~·V'" " 1+ Pv.V , I 

~ pv ·ImV 

and the- expression for the.absorption cross s~tion becomes: 
_ ,2

c'abs= -;uJd:'Q dz.lm v"exp{ 1,2tJ fImv~} 
-- . -00,_ 

'There is no dependence on the teal part of, the potent tal i·n
 

this formula. From 'this derivation it 1s' clear that ~this
 

dependence disappears when we neglecl. the high powers of the
 

potentialip the square root expansion. If we don't do it, we can
 

lake intoaccount:t.he real part -of nuclear 'potential and 'Coulomb
 
". "'" 

potenti.a!'a&"ld eva!~te their influence 'on 'the absorption 'cross 

section., _\Bulbefore t~t we conSider thetransf~r~tion ,or our 

formula into the,standard expression for the absorption crass 

section in Glauber approach. 

After integration on z one gets 
00 

'::J.bs =J~b (1.- exp{ ,,2tJ JIm V~} 
-00 

I~ optical model in the frame of Glauber approach the optical
 

nuclear. potential is expressed through the amplitude of the,
 

ela~tiGScatteri~g'on zero angle leO) in the form:
 
.' ' 

. ,1 V ;;" ~ Nr) ·/CO).- n.u· opt f""r< 

Here N is the number of nucleons in th,e nuclei; p(r) is the' 

/ 
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s 
!l0rmali.zednuc1ear ,density and R is t.he. wave·numbet.' of' initial 

particles. The amplitude feO) maybe ~ptessed by means of Op~ical , . 

;theorem through the total particle-nucleon' crOss section ·-.'Tiet: 

After this transformation we have: 

~ - ~Np(r)gtot(~ + i)_Vopt 

In! this formula & is the ~ati6'of the r~ai part the amplitude 

to the ,imaginary one. Substituting this expr.ession lnto>the 

formula- for the absorptioncross-section.ws get.,. standard 

express ton for this cross section in Glauber approach £3J 
\l) 

(Tabs ='J~b(l '-exp<- NatotJp~b)z)qz}) 
-00· 

Returr:t now to out' formula for the 'absorption crosssect1on 

. . z· , , 
Uabs = - h Jcfb dz 1m' v.exp{ -iJ~f[A:+~·v· - .,11' ~.v* .)~} 

:-OJ 

It's clear fro~ this that both Coulomb pot~ntial and the real 

part of the optical nuclear potential have 1nfluenceon the 

absorption cross section. In the case of .the antiproton-nuclei 

interactions almost all absorption cross section is ,annihilation 

cross section and it seems to be easy to"compare experimental 

results and calculations by 'meansof this formula. But the true 

nuclear ,optical potential isno\ known. Moreover, exact Coulomb 

potential is not known too, ~ause it. depends on the exact charge 
~, • •• I- distribution in nuclei~ which-is unknown. Butt if WE! want only' 

.. evaluate these' i~'luence;,' we may use any apprQpr lat.e 'model. In 

,this wark we consider' the optical pote,ntl.al in Glauber ~pproach 
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(may be it s~ms· tobes.trange make correcti,ons to the formula by 

means of this formufal. In this case, unknown fact.or is the rat.io 

of real t.o imaginary parts of t.he amplit.ude. As, the nuclear 

densit.y. we t.ake Woods-Sakson dist.ribution: 

/ pC r) :: Po --,,....--=--

1 1" exp ( R ; r )
 

Here R :: rO'-A1/3 is the average nuclei radius" T is a falloff 

paramet.er-, and J pCr} -4rr'rzdr = 1 . Paramet.ers To and T are taken 

from [53 and ~qual r = 1.15f~,T':: 0.45 fm 
o 

As a result., t.he'expression for the absorption cross section 

becomes: 
2 

(Tabs = - ;11 rrf.b d2 1m Vt .exp{ -ikr(-.11"~·Vt- -li+ ~'V~ ]~}' 
-Q) 

. Here, Vt is t.he sum of nuclear and Coulomb potentials
 

Vt = Vn 1" V
c 
the nuclear potent.ial has the form : 

Vn =- ~ Np(rJat.otC~ iJ1" 

and Coulombpotent.ial is: 
r 00
 

Vc(rJ :;' -4rr Zez ( ~ 'J p(r' Jr,zdr' 1" Sper' Jr' dr')
 
o r 

As far as t.he amount of t.he rat.io of real to imaginary part.s 

or t.he amplitude ~ is not known, we have made calculations for two 

c~es: one ~it.h £ :: 0.0 and anot.her With ~ :: 0.5. The amounts of 

ut.ot. have been taken from [63. rne result.s of the calculations are 

in the t.able N LThe 'Comparison of the experimental results and 

tpe calculations for four enetgles is ShOvffi in the fig.1. 

, It's clear from our results t.hat, at least. in the fr~e of 
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huclearPQt.n~lal ~ noi.deS9r1.be-'1j\e inCrease. of:A--:citpe!)d~ep~:.::· 

.~ '. :' '., ',.·· ......"r··· ",>:'-.:..:... , -~..-' ,.:.;'. ,',.' :.. ' .r;", . -.' " '''t:': .:.-~. :', ',.. ",.;~~~.-

't,be'annlbilationcross sections'at-low~nta'¢\bserved in '-H) , ,,' 

"H~~ei"~ calcolat.~c~rr~ct16n~ "Change amount.s'·~~' ~lhil'atto!'l 
'cross sections in ttue d1r.e~t1on.Maybemoreexact' nucl~·opt:~6.L.' 
pot.ential and charge dist.ributions in, nuclei' can giv~ bett..~r' 

. . . - .,~ 

approach to t.he e1tpEliimental resulis ( which. fiom the' other hand, 

need to be mortl precise ). 
. ' 

It.,must. be mentioned that at. lo,w momenta coriec~ions p-ow.-.. 

From t.his point of view. it is interesting to, ~culate 

corr~t.ions to the usual Glauber, formula at the low 'momenta. These~ 

corrections-have been calculated for the' ~oment.um range fro~' '0.30 

'GeV/c to 0.70 GeY/c. The possibility of appLication of high' ~nergy 

approach and Glauber JOOdel in this range of moment.um"ha.s· beer),' , 

considered in works I 4J. In caiculating of cross' sections by' our 
. . ,,' 

formula the same parameters of nuclei density were "used. Total 
.. ., . '.' 

antiproton - nucleon cross sections were taken from [6] .-Results 

are collected in the TaJJle 2.· 

To see,more prec~sely the dependence of corrections on the 

initial particle momentum, let's -'consider a relat.iva 'corrections 

of the absorption cross sections. i. e. the ratio of tne . 

correCtions to Glauber cross sections. Fig.2 shows the ~elat.ive 

corrections at the change of the real to imaginary ratio e .. from 

·C.Oto O:S,in depending on the initial antiproton momentum. Y-ax~s 
represents the value: ·s = a(e;=O.5) - 0(,=0.0) ar~ X-aXis 

-
." d{e;-OJ 

. represents the initial antiproton momentum p.Fig. 2-a represents 

data calculated Without Coulomb potential and Fig.2-b represents 

data With Coulomb potential. These flgufers show us that· the 

/ 

... . ./ 
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influence or t.he real part of nuelear- potential rap~dly1m:teues, , ' ..
 
,._ ..', -. ~i'-~ ~ .. : ', ... -:., ~.".-:....,".-,:_. ,..~_: .. ~ ... (. '-". ~-", ... _,.' .....,
 

when t.h~ antlprottmlilQment.umdecreases/ ThQa.JII(lUnt.s ot, eorr$CUcms
 
'can achieve t.en$~of ·p~rcents. ·Bt'Sldes tha,t dne can"·see, th~i ,the 

chan9~ ofS cioesn'tQepend on the 'at~ic '. weight -of'the tar-gel 
. . .... - .' '. . 

nucleus .A. 

Flg.3 shows t.he r,elaUve corrections,with andw1thout. CouloJ!ib
 

p~tent1~ldependi.ns on t.he init.ial anliproton . momentum: Y:"aXis
 

represents ~ne ' value: S-= O'<c~t~o-~go cull, and X-axis
 

represents t.he in,ilial antiproton momentum p. On the ,f~g. 3-a the
 

data calculat.ed Without 'real part. of the nuclear potential ( L e ~
 

= 0) are represent,9d. ~nd thefig.3-b repres;nts dat.a calculat.ed
 

"wi.t.h th1S part ( 1.,e. e=O.5 LFrom these figures one can see t.hat 

the eontribution of Coulomb potent1al t.o lh~ ,annihilation cross 

s$Ct1o~ essentially depends on, t.he atomic weight "of. the ta!"get 

nucleus or, IlOre accurately. on it 'scharge Z~ ,The growth ,of 

¢Ot"recUans' at 19'1t·lllOment.a. is rather cons1derable. a.t leaSt. for 

heavy nuclei. 

CON9LmI'ONS ,,'
 
FrOID: results presented here. one can m:ake conclusiOn, that
 

anomalous A-dependence ofannlhllation cross sectionS obServed' in '"
 
. ...,. 

£1] at. the IIlOIIent 0.70 GeV/c. hardly may' be accounted 'for- the 

influence, of eoulombpotenttal, at least, in the fnme of high 

energy approach. Although Coulomb potential gives necessary type 

corrections to the annihilation cross sections. i.e. incr-easi~g 

thelr A-dependence. the amounts of corrections are not enough to 

e:,plain the effect. Pernaps. it is necessary to have more detail ' 

and more exact consideration or'more adequate model. 

FtOll t.h9 ether-hand. d91l!Onstraied calculations show that the 



..!..- " 

·:>9t:i . .	 . ." 
"", . ", ~ ... :;.	 .' - " 

. annlhHat.lop ;cr~'~lonS de~d on bOth Coulomb' pottmtl_l<anctt:,.... 

t.he.real,·part.:·of the. n~~~. ~tentla.l.:. Ccrres~i.lI§· cQttee.h~j~sL..·· 
;apldly increase, ~ the lnillat Dio~nt~ :d~e~e,:and ·theJ:-~. 

• dependel'lcr~on .atomic Weight" are . very' Ciltf~t: ~~l& the
 

. cor:r.ctlons due to the real part of the nuclear potent~~ldotf' t
 
. depend on the atomic weight, the corrections clue· to .Coulomb
 

potential	 stron~ly depend on it. 

From 'all mentioned above, one can conclude that f~ther 
. . .'	 -'.'. 

lnvesqgation of the antiproton nuclei arinihllation c~oss sections 

at"": low momenta is' the·· interest'il'lg apd' important." problem from 

theOretical and experimental points af view. 

" .........
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tati~;i.-'cal~1~1na:~r~s~~~ti:o~si:·~n·, ~m2) - 
.p-.<..... 0{l1adr} 

V/C, 0.70 13._80 
12.60 
'iO.78 

9.97 
g.:$ 
8.20 

"13.80 
·12.60 
10.78 
9.97 
9.55 
8.20 

13.80 
12.60 
10.78 
9,$7 

. 9.55 
8,20 

13.80 
12,60 
10.78 
9,97 
9.55 
8.20 

13,80 
12.60
 
10,78
 
997
 
9	 t::to

• ~J 

8.20 

0-(';'=0) 
cui 

38.2510. 
36.4219 
34.4308. 
33.4388 
32.8798 
30.9675 
44.3205 

.... '2.9701 
40.8239 
39.7504 
39.1665 
37,.6405 
OOA~383 

68.1125 
65.~438 

64.11.15 
63.~BO 

60.8300
 
-105.8737
 
103.3402
 
99.8676
 
98.1766
 
96.2544
 
94.1265
 

114.. 2423
 
111. 6546
 
108,0130
 
lOti. 24m
 
105.2924
 
102.0342 

no cuI 
~.5155 

36.3344 
34.3715 
33. W2 

,32.8440	 .. 
30.9127 
4'.1056' 
42~8293 

40.7249 . 
39.6708 
39.0876 
37.0130 
69;3089 
fJ7.6990 
65.12~4 

63.8396 
63.1303 
60.6144 

104.3023 
102.2835 
99.1533 
97.6001 
96.75,'8 
93.7521 

112.4769 
110.3737 
107.1281 
105.5252 
1045291 
101,5880 

cr(f:=0.9) acE=0.:5) 

cui no cui 
38.6392 '38.5334 
~7:0963 37.0403 ....... .
 

3,4;8699 - 34.8370 
3i 7434- 33.7522 
33.14~ 33.1594 

'31. 1124 31.1321 
45.5880 . 49.4076 
43.8402 '.43.7'516 
41.3864 41.3335 
40. 17~ .. ~0.1496
 

39.5179 39.5002
 
37.8340 37.2997
 
72.3130 71. 7439
 

'59.7754	 69,4Z28 
66.5002 6Q:3068 
64.9663 64.7816 
64.0928 63.9462 
61.2566 61.1849 

/

109.8889 108.3694 
106,129' 105.1864 
101. 7629	 101. 1784
 
99.6519 992349
 
98.4936 98.1661
 
94-.9000 94.7483
 

118.6052 116.9350 
114.7140 113.5817 
110.0969 109.3550 
107.8902 107.3098 
loo.eG08 106.1799 
102.8754 102.6820 

9
 
9· 4 '0-:'-95
 
~ :4 1.26
 
9 .4. 1.53 
9 4. 1.76 
9 , 2.50 

$' 
~ 

~ 

~~ 

'.. 
~ 

"".
 

12 .6
 
12 6
 
12 6.
 
12 6
 
12 , 6
 
12 6
 

,	 
27 13
 
Z7 13.
 
27 13
 
27~13 

Z7
 
27
 
56
 
56
 
56
 
96
 
96
 
56
 
64
64
 
64
 
64
 
64
 
64
 

13
 
13
 
26
 

.26
 
26
 
26
 
26
 
26
 
29
 
29
 
29
 
29
 
29
 
29
 

0.70
 
0.95
 
1.26
 
1.63
 
1. 76
 
2.50
 
0.70
 

·0.96
 
1.26 
1.53 
1.76 
2.50 
0.70 
0.95 
1.26 
1.53 
1. 76
 
2,50 
0.70 
0.95 
1.26 
1. 53
 
1. 76
 
2.50 
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A o(e=O) 

cUl 
112 48 13.80 158.4574

Table 1. (continue) 

crCe=O) 0<&=0.5) (1(£=0: 5) 

no 'cul cuI no cul 
154.9359 164.7546 161.4246 

.,,< 112 48 12.60 154.6179 .152.3856 159.0961 197.0395
 
112 4-8 10.78 ·150. Ogr2 148.5650 153L 1731 151. 8344
 
112 48 9.'J1 147.9015 14-6;6704 150.3369 149.3118
 
112 ""'48 9.·55 .146.7260 f4.5.6556 148.7666 147.9491
 
112 48 8.20 142.8483 142.0495 144.1450 143:8715
 
207 82 13.80 228.3856 221.1527 237.7829 230.8657
 
207 82 12.60 222.5782 217.9946 229.2823 224.9809
 
207 82 10.78 216.5513 213.4240 221.2131 218.3798
 
207 82 9.97 213.6723 211.1776 217.3165 215.1800
 
207 82 9.56 212.0944 209.9610 214.8765 213.4408
 
207 82 8.20 207.6596 206.0452. 209.6686 208.5740
 

Table' 2. Cal;ulating cross-sections (in fm2) 

~. 

A p 
GeV/c 

9 4 0.30
 
9 4 0.36
 
9 4- 0.40
 
9 4 0.45
 
9 4 0.50
 

'9 4 0.55
 
9 4 0.60
 
9 4. 0.70
 

12 6 0.30
 
12 6 0.36
 
12 6 0.40
 
12 6 0.45
 
12 6 0.50
 
12 6 0.55
 
12 5 0.60
 

23.85 
21. 74
19.97 
18.46 
17.45 
15.65 
13.88 
13.80 
23.85 
21.74 
19,97 
18.46 
17.45 
15.65 
13.88 

0'(0$=0) 
cuI 

45.8788 
44.1900 
42.8500 
41.6877 
40.8247 
39.3636 
38.3920 
38.2510 
53.5889 
51. 6219
 
50.0919
 
48.7938
 
47.8142
 
46.2178
 
44.4961
 

aCe=O) 

no cul 
45.0305 
43.7722 
42.5076 
41.4009 
40.5928 
39.1697 
38.2383 
37.5155 
52.3476 
50.9190 
49.5263 
48.3187 
47.4325 
45.8954 
44.2304 

cuI no cuI 
49.1.308 48.2805 
46.8621 46.4718 
48.1097 44..8002 
43.6432 43.3862 
4Z.4946 42.2919 
41.1264- 4.1'.2641 
39.8374 38.7831 
38.6392 38.5334 
57.5592 56.3288 
54.9133 54.2600 
52.9030 52~38C7 

51.2353 90.8020 
49.9111 49.g{)53 
47.3844 47.6984
45.2552 45.7098 

.
 



Table2.'cOnt.lnue) 

A 0<&"=0). 0(&=0) a(.t=O·.5) cr(£=0.5:>
cuI no cuI cul no cuI 

12 ' 0; 70- 13.80 44.3206' 44.1056 45.6880 '45: 4076
 
G! 0,'30 ""23.89 82.9304 79.9475 ,S9.9590 87.1-099
 

'G1 0.36, 21.74 80.0945 78.0905' 85.8071 8$.9469
 
Z1 13, 0 __40 ..19. fJ171. 8349 76. 2469 82'. 7981 81. 3007
 

'Zl'13 0.45 18. ,46' 76.0182 74.6778 80.3819 79.1245

\2:1 '13 0.50 17.45 74.5865 '73.504tr, 78.3639 77.3967
 
'G113 0.55 -15.65 7e.49Z0' 71. 5745 75.7350 74. '8854
 
Z7 13 0.60 13.88 , 70. c:777 69.5048 72'. 8769 72.2845
 
23. 13 O. 70 ,~ 13.80 69.9383.' 69. 3089 72. 3130' 71. 7439
 
56 26 0.30 23.85 126.1912 118.2'745 136-.1514 1~~3877
 

'~'	 26 0.36 21. 74 120.3830 115.5439 129.57BB '124.9485
 
56 26 0.40 , 19.97 117.0886113.1446 125.1985121. 4376
 , ,
 
66 26 0."5 , 18,46 114.,(559 111.1210 121.6294 11S.4583
 
96 26 0.50 17.45 112.2709 .109.5790 11,8.5165 115.9675
 
56 26 0.55 lS.65 109.4512 107. 1623 114.8948' 112. 6969
 
56,26_ 0.60 13.88 106:5079 104.5829 110.9631 109.2949
 
56 ,~. 0.70 13.80 105.8737 104.3023 109.8888 - 108.3694
 'c 

64 z9 0.30,' 23.-85 ',,135.2592 127. 2949 146. 9779 1~. 3742
 
64 29 0.36 21.74 130.025'''' 124.4057 140.1082 134.4688
 
64 29 '0.40 19:97 126.3908 121. 8259 135.3980 130.8474
 
64 29 0.49 '18'.46 -123.8634 119.8156 131. 2415 127.5584
 
64 29 0.50- 17.45 121.1623 118.4219 127.8613 124.9014
 
64 29 0.99 15.65 118.1551 115.4927 123.9670 121.4485
 
64- 29 0.60 13.88 114.9923 11Z.7668 ,119.8103 ' 117. SC'.J06
 
64 29 '0.70 .13:80 114.2423 112.4769 118.6052 116.9350
 

112 .48 0.30 23.86 188. 1622 173. '1678 205.0650 190.4128
 
112 48,' 0.'36 Gl.74 180.3315 169.4693 194.'5709 184.0335
 
112 48 0.40 19.97 175.1171 166.2358 187.4363 178.9841
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