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I The long standlng lnvestlgatlon of nuclear target effects ln the 
hl@-p, hadron productlon Is abundant by dramatlc events. Flfteen 
years ago Cronln's group [ I 1  has dlscovered lnterestlng effect of 
antlshadowlng ln the lncluslve hlgh-p, hadron productlon off nuclel. 

I Parameterlzlng the atomlc-number dependence of the cross sectlon as 
I A ~ ,  they found an exponent a to be an lncreaslng functlon of the 

transverse momentum p,, extendlng unlty yet. Thls observation 
1 contradlcted expectations from nalve parton modelp~dlcting the llnear 
i A-dependence. The matter Is. the lnteractlon of hard polntllke 
t partons should not be screened by nucleus. However, the multlple 

scattering of partons lnslde the nucleus makes the A-dependence more 
I 
I strong, and can explaln. In prlnclple, the antlsl~dowlng phenomenon 

(see for Instance revlew 121). There was proposed the "smoklng gun" 

I experlment of the hlgh-p, symmetric-hadron-palr productlon, where 
rescattering should be suppressed. As a consequence. llnear 
A-dependence was expected. Indeed some measurements L3.41 conflrmed at 
first thls suggestion. It seemed that tlme as a great trlumph of 
the theory. 

1 However. Sulyaev's group contlnulng thelr 70 GeV measurements [51 

I discovered a puzzllng phenomenon: as p, value was Increased the 
exponent a drops conslderably lower than unlty, 1.e. strong nuclear 
screening appeared. Thls unexpected result contradlcted theory ones 
more. 

An explanation was suggested by Kopellovlch and Nledermayer [61 

who recalled the effects connected wlth the braklng of leadlng quarks 
I after lnelastlc colllslon due to the partlcle emlsslon, and took Into 
I account the nontrlvlal energy-dependence of the leadlng hazadmn 

1 

formation zone. As the klnematlc boundary comes nearer (%+ 1 1, soft 
nuclear rescatterings become a shadow for hard process. 

The recent measurements [71 by E605 Collaboration of the hlgh-p, 
hadmn-palr production at 800 GeV confirmed the Sulyaev's effect. 



These results promted us to make calculatlons wlth more reflned 
formulae than In [61, taklng Into account the tm.nSVeT~e motlon of 
quarks In the Incldent hadron and transverse momenta of hadrons In the 
produced jets. More correct formula for the foI?natIon zone of soft 
hadrons changes sllghtly the results at small-p,. We analyse,except 
the 70 GeV data [5l,the 400 GeV [3.8.91 and new 800 GeV [71 data also. 
Some amblgdltles are connected wlth the absence of partlcle 
I.dentlflcat1on and bad knowledge of the two-partlcle correlation 
parameter at hlgh energles. Up to thls unsertalnty we obtaln a good 
descrlptlon of all data. It Is amuslng that the 400 GeV data 181 
consldered for a long tme [I01 as outstandlng from the other data 
totality, also lle down nlcely on our predlctlons. 

The paper Is organized as follows. In the next sectlon the 
standard approach to the hlgh-p, symmetric-particle-palr productlon on 
a nucleon target Is presented. The effects of nuclear medlum are 
dlscussed In sect.3. The correspondlng formulae for nuclear target are 
obtalned In sect.4. Numerical results of calculatlons are compared 
wlth the experlmental data In sect.5. The last sectlon Is devoted to 
the conclusions and proposltlons of further Investlgatlons. 

2. Fonrmlae lor symnetric-hadron-pair production 
on nucleon target 

It Is assumed that hlgh-transverse momentum hadron-hadron process 
occures as a result of slngle large-angle scattering ab + cd of 
partons a and b followed by fragmentatlon of c and d Into observed 
particles wlth large-pT. In thls framework the cross sectlon for 
large-p, smetrlc-hadron-palr pmductlon In the process AB + CD + 
anythlng (at Ocm= 90° and @ = 180°) can be represented In the 
following form t 1 1  I : 

where G;(G:) represent the probablllty for the constltuent a(b) of 
partlcle A(B) to have fractlonal longltudlnal momentum x ; D: (D:) Is 
the probablllty that the constltuent c(d) fragments Into hadron C(D) 

wlth fractlonal momentum z; p, Is transverse momentum of hadron C(D) : 
xT= 2p,/*; z = x,/x; <$> - (0.4 Gev/c12 IS the constituent 

2 transverse momentum squared In the lnltlal hadrons A and B; <q,> - 
(0.25 Gev/c12 Is the mean transverse momentum squared of the partlcle 
C(D)Arelatlve to the dlrectlon of motlon of the constltuent c(d); 
du/dt Is the cmss sectlon of subprocess ab + cd. 

We parameterlze the functlons G and D as follows: 

Parameters a and p are equal to: 
for valence quarks In proton 

%(x) : C = 2, a = -1/2, p = 3 

%(XI : C = 1 ,  a=-1/2, p = 4  

for sea quarks us(x) = Es(x) = ds(x) = CIs(x) = 3sS(x) = 35 s (x): 

C ~ 0 . 3 ,  a = - 1 ,  P = 7  
and for the quark + meson fragentatlon functlons D;(x) = D$(x) = 

3D;(x) = 3D,d(x): 

C=3/4, a = - 1 ,  p = 2 .  
If the role of constituents a and b Is played by the quarks, then 

[I21 

where h = 2300 mb G ~ v ~ ;  L,i and u are the Mandelstam variables for the 
subprocess. 

In the case of baryon productlon one should add subprocesses wlth 
dlquarks (palr of valence quarks). The correspondlng parameters are 
flxed [I31 by the expermental data and the quark countlng rules: 

for scalar ud-dlquark dlstrlbution In nucleon 

for the dlquark + nucleon fragmentatlon functlon 

C=3/4, a = - 1 ,  p = 2 ,  
and for the quark-dlquark and for the dlquark-dlquark subprocess 

cross sectlons 
d o d q q =  ( d ~ / d i ) ~ ~ f ~  ( $1  



~ ( 0 ~ )  = (I+Q~/M~)-', 
where f (Q2) Is the dlquark form factor; Q2= 2;i2(;2+i2+c2) ; M2= 12 
(G~v/c)~. The experimental data fix also effectlve weight of the 
quark-diquark component of nucleon [131: W a 0.7. 

3. How does nuclear medium influence the hard process? 

In fact, the hlgh-pT partlcle production off nucleon bounded in 
nucleus can dlffer considerably from the free-nucleon scatterlng. It 
is possible to polnt out a few sourses of the nuclear Influence: 

1) The energy of Incident hadron is Spent after inelastic 
collision to the particle production wlth constant longitudinal 
denslty of the energy losses dF/dl = -ieeff. It Is twe In any 
reasonable model of multiperlpheral type. In the simplified version of 
the colour-strlrig model [14.151 the factor ie,,, is the strlng tension 
known from the Regge-trajectory slopes, ie - 1 GeV/F, In fact, the 
value of zeff can exceed thls statlc one due to soft gluon 
bremsstrahlung [161, for instance. Indeed, the flrst crude analyses 
of the nuclear target effects on J/O production [17,181, where braking 
of hard partons plays the same role, and on the high pT 
particle-pair-production [61, provided the value of ieeff- 2+3 GeV/F. 
consistent wlth theoretical estimation [161. 

Thus, the real energy of the hard process, we are Interested In 
is less than the initial one by value AE ie A1, where A1 is the 
longitudinal dlstance between the points where the first inelastlc 
collision and the hard scatterlng have occurred. Thls energy bias can 
be essential at any high energy when xT+ 1. 

Note, that considered rescatterlngs are of planar type, they are 
possible due to large longitudinal dimension of nuclei. There are also 
known nonplanar rescatterlngs of Glauber-Grlbov type [191. But they do 
not Influence the structure function of the quark having hlgh 
virtuality. 

11) The kinematics of symmetric-hadron-pair production is such 
that it suppresses the contribution of events wlth large difference 
between transverse momenta of the colliding partons. On the other 

hand, the soft rescatterlng of a parton Inside a nucleus Increases 
its transverse momentum as A1 pA a <G>Np where p, is nuclear 
denslty; a and <k$>N are the cross section and the mean mmentum 
squared of parton-nucleon scattering. This effect brings forth an 
additional screening of the symmetric-hadron-pair pmdyction. 

Ill) The hadronlzatlon of hlgh-p, parton needs tae, and the 
high-p, hadmn is emerged somewhere on a distance 1, far f m m  the 
collision polnt, known as a formation zone. We estlmate the value of 
1, In the framework of strlng model, but the results have more general 
character. 

It is known from the old parton model [21 that 1, grows linearly 
with momentum, p, of produced particle. It is true in the strlng model 
also: 1,- p/z. However, as the momentum p is increased more and more. 
this dependence Is broken. It was first proposed in [20.61 that the 
formation zone 1, disappears, when relative part, z, of the parton 
momentum carried by a hadron, tends to unity. Indeed. the parton on 
the end of the strlng Is braked by the strlng tension and cannot 
produce a leadlng hadron wlth z + 1 after some time. In this region 1, 
depends on z as [20 -61 : 

k 1, = (I - z), (4) 

where k is the inltlal momentum of parton (k=p/z). 
It Is important to emphasize that distance (4) is not in fact 

connected wlth formation of a hadron wave function. The latter needs 
for a large time, whlch is determined In the lab. frame by the Lorenz 
time delatlon factor. One is Interested ,however, In the moment when 
the leadlng parton colour Is screened by means of the last strlng 
breaking. Produced colourless object turns Into a hadron over large 
distance, only if It has no Inelastic interaction up to leavlng the 
nucleus. On the other hand, the rescatterings of a colour string 
Inside a nucleus do not Influence considerably the hlgh-x, part of 
momentum spectrum [201, as a quark stays after the colour exchange In 
the triplet state, twlstlng only in the colour space. If the 
Interactions of a parton durlng its propagation over distance (4) do 
not change the measured cmss section, one can consider it as 
nonlnteracting at all. 1.e. dlstance (4) plays a mle of the formation 
length. 

It Is seen that If 3 + 1. 1.e. 1, + 0, parton colour must be 



screened Inmedlatly a f t e r  Its scat ter ing and the colourless 
conflguratlon can be absorbed by nucleus. Thls f ac t  displays a s  a 
nuclear screening and Is conflmed 120,211 by the experimental data. 

Flnally. we see that the fonnatlom zone l f ( z )  goes to  zero on the 
ends of interval z + 0 o r  1 .  The corresponding functions l,=kz/z and 
expression ( 4 )  are well sewing together a t  z=1/2. Detailed Monte-Karlo 
calculatlonsl in the s t r i n g  model show that the maximum of the 
function l , (z)  Is shif ted to  the smaller values of arguments, but t h i s  
fact  does not Influence the hlgh p, behavlour. we are  interest-  in. 

i v )  It should be taken into account the difference between 
J 

nucleus and f ree  nucleon s t ructure  functions. The influence of widely 
known NC-effect [221 reaches maximum magnitude of about 10+15% f o r  
heavy nuclel  a t  Bjorken variable x = 0.6 i 0.7 , 1.e. It Is negligibly 
small in comparlson wlth the observed effect  [51. However.at hlgh 
value$ of x 2 0.9 the nuclear s t ructure  functlon exceeds considerably 
the nlrcleon one and as  a r esu l t  strong nuclear antlshadowing should 
appear. But these values of x, are f a r  from the kinematic region. 
where the experimental data ex l s t  now. 

V )  Fmm the Regge-phenomenology of so f t  inclusive reactions AB + 

AX one knows that hlgh-x, reglon Is domlnated by the dl f f ract lon 
dlssoclation. The reason is clear:  both the s t ructure  function G(x) 
and the f r a g e n t a t l o n  one D ( z )  go to  zero when %= xz + 1 . Such 
supprt?sslon Is absent I f  a l l  the valence quarks are  keeped. 1.e. 
diffrdctlon scat ter ingtakes  place. Analogous mechanism Is possible f o r  
the large-pT reaction and i t  should dominate a t  the high-x, values. We 
look forward to the l inea r  A-dependence f o r  t h l s  contrlbutlor, because 
only a point-like conflgwatlon can s c a t t e r  wlth large-p,. But nuclear 
matter Is known to  be transparent f o r  such conflguratlons 123-251. We 
expect also more importance of t h l s  mechanism, 1.e. scat ter ing with 
large-p, of a l l  the valence quarks, f o r  the nucleon productlon than 
f o r  the meson one. I n  the former case. indeed, the single quark 
scat ter ing contrlbutlon is suppressed by small probabili ty of diquark 
plck up, but the dlquark scat ter ing Is suppressed by Its form factor .  
Thus one can expect of d i f ferent  nuclear screening of the nucleon and 
f o r  the meson hlgh-pT yie lds  in the case of proton beam. 

4. Fonnulae f o r  symnetric-hadron-pair production 
on nuclear target 

Let u s  separate two contrlbutlons to the cross section f o r  the 
hi&-p, symmetric-hadron-pair production on a nucleus. The f l r s t  one. 
a::: , corresponds to  the case when the lncldent hadron undergone no 
inelas t ic  col l ls lon before hard scatter-. Interactions of the 
partons with hlgh-p, a f t e r  the hard co l l i s ion  do not play any role  
withln the formation length l f ,  accordlng to the conslderatlon in 
previous section. I n  the same time, any lnteractlons a f t e r  screening 

of the high-p, partons colour sould be forbidden due to  sharp 
p,-dependence of the cross section. Taking a l l  t h l s  into account, the 
contrlbutlon ac: can be writ ten as  follows: 

where da/di is  the cross sectlon of partons a and b scat ter ing.  For 
the gq h e  scat ter ing we use the Fleld-Feynman parameterization [ I 2 1  
da/dt a (st3)-'= 8(x2x;s4)-'. 
The formation length has a form 

I f  1, is large in  comparlson with nucleus dimension, the hard 
scat ter ing takes place mainly on the front surface of a nucleus. 1.e. 

" 'a A2I3.  But i f  xT+l. then l f + O  and the hard scat ter ing is ('inv 
contributed mainly from the nuclear edge, 1.e. a:::+ A l l 3 .  

The second contr1b~; ion a E i  . Includes a l l  possible ine las t i c  
rescatterlngs inside a nucleus before the hard col l is ion.  The braking 
of partons a f t e r  the f l r s t  ine las t i c  col l is lon leads to  some s h i f t  of 
the kinematic variables characterlslng the hard scatter-: %R=E-zAz. 

N.S  .Amelin, private communication. 



%+%T=2p,/81/2, 1,+:,. The correspondlng expression has a form 

Here all the Values marked by waved label should be calculated by 
uslng the shifted value of Incldent energy E. 

Far away from the kinematic boundary, where 1, is large and -' 

energy loss to the braklng can be neglected, all the nucleons 
contribute to u ~ > A .  But if x + I ,  then the hard scatterlng Is pushed 
out to the nuclear edge and o~~O:A1/'. 

We use the nucleon structure functlon instead of the nuclear one 
In equations (5). (6). The screenlng of the latter at small x is 
unessential because it has to do wlth very small x, values arid is 
Integrated over x b x,. It was mentloned In the prevlous sectlon that 
the WC effect L221 is small enough to be neglected also. 0nl.y In the 
large x-region x20.9 the nuclear structure function exceeds 
considerably the nucleon one. This effect can be easily Included in 
(5). (61, but we ignore it now In view of absence of experimental deta 
In this xT-region. 

An essentlal contribution to the final p, cross section 
originates also from the statistlcal mechanlsm. 1.e. Independent 
occasional production of two high-pT hadrons wlth symmetric momenta 
L61. There are few evidences of this: I) the correlation function 
defined as 

Is of the order of unity at small p,s pi, but it is Increased 
dramatically with pT3 p;. such behavlour is clearly demonstrated by 
the 70 GeV data L261. where pi ra 0.7 GeV/c. Similar growth of R(p,) at 
p,2 pi is observed at higher energies also 127,281 ; 11) the slope of 

the different la1 cross sectlon d2a/dpEl dpE2 Is very high and is 
compatlble wlth the "double Incluslvew pmduction at pT6 p; but it is 
broken L291 to a conslderably smaller value at p,b pi. 

A - dependence of the statistic mechanlsm contrlbutlon to the 
cross sectlon of symmetric-palr pmductlon can be easlly evaluated as 
follows. Let us parameterize the A - dependence of Inclusive 

Q1 (P,) 
productlon of a hadmn h wlth high-pT as aOA . Then the exponent 
aS,(pT) correspondlng to the statlstlc mechanism of high-p, pair 
pmductlon can be found by using expresslon (7) regarding the 
correlation parameter R as energy-lndependent 

Here a,-2/3 Is the exponent correspondlng to A-dependence of the 
cross sectlon of hadron-nucleus Inelastic Interaction parameterized 

also as ~ ~ h .  

The exponent al(pT), as was mentloned In the lr~tmductlon. Is a 
rising function of p,, consequently the value of ast (p,) should grow 
steeply wlth pT while the statistic mechanlsm dominates. At higher pT 
the hard parton scatterlng Is turned on. so the expqnent a(p,) falls 
off due to nuclear absorptlon. 

Thls nontrlvial behavlour of exponent %(p,). which characterizes 
the A-dependence of high-p, hadron-palr production, is the result of 
mlxlng of two mechanisms with approprlate welghts [61: 

Here as,(pT) and uhard(pT) are the contrlbutlons of the statlstlc and 
hard scattering mechanlsms; as, (p,) and hd(p,) are the 
correspondlng exponents. 

5. Comparison with experimental data 

Following the experlmentators who represent thelr results on the 
A-dependence of high-p, hadmn pmduction as exponent a vs p,. we also 
try to express the calculations In the corresponding form. Note that 



parameterization can be crude because value of a depends on A in 
many cases. In order to bring our calculatlons closer to experimental 
situation we determine the value of a,(pT) using cross sections on 
nuclei Cu and Pb. 

Flrst we compare our calculatlons with 70 GeV data L4.51 where 
the most detailed Information exists. The exponent aha,a(pT) IS 
computed by using formulae of chapter 2 and 4, where all the 
parameters are fixed except the effective string tension aeeff. As was 
mentioned In chapter 3. its magnitude does not coincide with the 
statlc value z=(~~Dcz~;)-' and apparently exceeds It. Earlier we obtained 
a good description of the data on hlgh-x, J/@ production [171, hlgh-x, 
(and small-pT) hadmn production [301 and hlgh-pT symmetric-pair 
production [61 using aeeff=3(GeV/Fm). Here we try two numbers: aeeff=3 
and 2 (GeV/Fm). The corresponding results for 4nar,(pT) marked by 
labels A and B respectively are displayed in fig.1 by dotted lines for 
the case of two-pion production. 

In order to calculate as,(p,) according to (8) we fitted the data 
on pT-dependence of Inclusive pion production [311 with the 
parame terizat ion 

and found y=0.1, a=0.123, p=4.15. 6=0.1. The relation between 
statistic and hard scattering contributions can be determined by 
f ixing value of pi - the polnt where these two coincide, and the 
d1.f ferenci be tween the slope parameter, characterizing p:-dependence 
of two contributions. In accordance with the data [31 I we fixed the 
former by pg=0.7 CeV/c and the latter by b(Ce~/c)-~. The flnal results 
for a2(pT) are shown In flg.1 by full curves. They clearly display the 
nuclear antishadowlng at small pT and strong shadowing at hlgher pT in 
accordance with the data. 

The A-dependence of the nX production cmss section is computed 
just In the same manner. The only difference is another Set of 
parameters characterizing pT-dependence of a, in accordance with (10): 
y=0.26, a=0.2. p=0.44. b0.06. The results for a,(pT) are shown in 
flg.2 by two curves A and B corresponding to =3 and 2 GeVIFm. Both 
agree with the data [51. 

Flg.l.Pxponent a2(pT) for 
'8 &$I symmetric-pion-pair production off 

nuclei at 70 GeV [ ? I .  The marks A 
4 and B correspond to aeeff =2 and 3 

(GeV/Fm) respectively. Dotted curves 
show the contribution of hard 
mechanism only. Full curves are 
obtained taking into account 

s.m 
S,lPUIO 

statistic mechanism contribution. 

Flg.9.Exponent a2(pT) for 
synunetrio-pion-kaon production 
off nucleiat 70 GeV [51. The marks A 
and B comespond to aeef f=2 and 3 
(GeV/Fm), respectively, Curves are 
obtained taking into account both 
stat istio and hard mechanism 
contributions. 

The mechanism of hlgh-pT proton production differs from meson one 
In two items malnly: I) dominatlng contrlbutlon of diquark scatterlng; 
11) possible contrlbutlon of the diffractionlike scatterlng with 
hlgh-pT. Both have been considered above. If one takes Into account 
the former but @.ores the latter for a moment, he obtains a,(pT) for 
Symmetric pp-pair production shown as curve number 1 In f Ig.3 (z=3 
GeV/c). We have used here more simple parameterization of a, (pT) than 
expression (10): a, (pT)=a+bpT, whlch nicely fits the 70 CeV data [31 1 
on Inclusive hlgh-pT prcion production with a=0.83, b=0.117. The curve 
1 In flg.3 underestlmates the measured t61 cross sectlon at pT21 CeVIc. 
However the value of a2(pT) is highly sensitive to the impurlty 
of statistic mechanisms known with finite precision. In part. If 



parameter p: is fixed at p,0=.78 GeV/c (instead of 0.7 GeV/c). what is 
allowed by the data, then new curve number 2 agrees with the data 
better as is shown in fig.3. 

.-- ...... I.! ........ 
1 i 

....... 

Fig.3. Exponent a2 (P, ) for 
symmetric-proton-pair production off 
nuclei at 70 GeV [51, calculated 
with Zeff=3 GeV/Fm. Curves 1 and 2 
correspond to the values pg=0.7 and 
0.78 (GeV/c),respectively. Curve 3 
results from the 10% - addition of 
diffraction-like mechanism 
contribution, characterized by 
linear A-dependence . 

The behaviour of a2(pT) at higher p, strongly depends on presence 
of diffractive-like mechanism characterized by linear A-dependence. 
If one adds for Instance Only 10% of such contribution (Independently 
of pT), then the behaviour of a2(pT) changes drastically as is shown 
in flg 3 (curve 3). 

The next Set of data we intend to discuss are the results of 
measurements r8.3.91 of U,(p,) at energy 400 GeV which are 

Flg.4. Exponent a2 (pT ) of 
symmetric-hadron-pair production off 
nuclei at 400 GeV (0 - [81. - 
[91. A - [31). The marks A and B 
correspond to Zeff=2 and 3 (GeV/Fm), 
respectively. Curves are obtained 
taking into account both statistic 
and hard mechanism contributions. P,(UU~CI 

presented in flg.4. There exists a widely spread opinion (see for 

1 instance ref. [lOl) that the data 181 shown by full clrcles in fig.4. 
lie too high in contradiction with the totality of other data and 
theory (even the authors of 181 have come to a slmilar conclusion). 
However we see that behaviour of a,(p,) in flg.4 is typical one: the 
antishadowlng at low-pT is changed by shadowing at hlgher values of 
p,. Moreover. one can easily describe these data by our formulae. The 
fit with expression (10) of the 400 GeV data [I 1 on p,-dependence of 
inclusive charged particle production gives the following parameters: 
7=0.163. a=0.174. p=4.41. 6=0.1. Note that number 2/3 for the value of 
a, in (8) is very approximate. We adjusted sin= 0.776 in order to get 
better descrlptlon of the data shown in fig.4 in the low-p, region. 

Comparison of data on the correlation parameter R(p,) (defined in 
(8)) at different energies: 70 GeV [261. 400 GeV [271 and 800 GeV 
[281, demonstrates that value of the parameter p$ (the polnt where 
R(p,) starts its steep growth. 1.e. the hard scattering is turned on) 
rises with the incident energy. Indeed. at 70 GeV ~$4.7 GeV/c. at 400 
and 800 GeV/c linear extrapolation to small values of R(pT) leads to 
crude estimates pi4 .5 and 2.1 GeV/c, respectively. We have chosen 
pTO=l .64 in the limits of experimental uncertainty. These small 
adjustments result in a good description of experlmental data on 

a, (p, shown in fig.4 by curves A and B. 
Collaboration E-605 [71 announced the possible observation of 

shadowing in the high-p, symmetric hadron-pair production off nuclei 
at 800 GeV. We see from the previous consideration that this 
phenomenon is not a novel one. We computed a, (p,) putting p$=2.1 
GeV/c. The results shown in flg.5 agree with the data [71. 

Fig.5 Exponent a, (p,) of 
symmetric-hadmn-pair production off 
nuclei at 800 GeV 1281. The marks A 
and B correspond to Zeff=2 and 3 
(GeV/Prn),respectively. Curves are 
obtained taking into account both 
statistic and hard mechanism 
contributions. 



High-energy hadron-nucleus Interaction is a traditional tool for 
the investigation of the space-the pattern of strong Interactions. By 
rescatterlng an unformed hadronlc states withIn a short time interval 
(about 1 Fm) after the Interaction, on another target (bounded 
nucleon) one obtains though Indlrect but unlque Infomatlon concerning 
the pmperties of unformed states. 

The high-pT symmetric-hadron-palr production off nuclei is one of 
the mostly studied reactions because theoretical Interpretation is 
simplified conslderably in this case by suppression of the multiple 
scatterlng contrlbutlon. Nevertheless this contrlbution. as Is shown 
above. is not elmbated at all, but dominates the hadron pair 
productlon In the Intermediate reglon of p,~1 GeV/c. where 
considerable nuclear antishadowlng can exist. We avolded computing of 
multlpie rescatterlng lnslde a nucleus (most uncertain theoretlcally) 
by meam of using the available experlmental information, and 
concentrated ourself on the problem of hard scatterlng. 

Two maln phenomena influence the hard parton-parton scattering 
Inside a nucleus: 1) the braklng of color charges after the Inelastic 
lnteraqtion on face nuclear surface due to the particle emission. This 

I soft process shadows nevertheless subsequent hard Interaction If the 
latter is measured near the kinematical boundary. ii) Soft 
Interaotions of fast coloured parton don't Influence its braklng. 
Consequently one should not forbid soft rescatterings up to the moment 
when parton picks up another parton and forms a colourless object of 
Small mass, which subsequently will turn Into a hadron. The Inelastic 

1 Interactlons of this object should be forbidden if one wants to have a 
hadron wlth high-x,. These conditions are realized In formulae as a 
formatlon length 1,. The hlgher is x,. the shorter is 1,. 

These phenomena are tightly connected with the magnltude of 
parameter whlch we called effective colour strlng tenslon ze,,. 
because It is just thls value In the naive strlng model. see,, Is a 
free parameter In our model. It does not colncide wlth (and apparently 
exceed) the static value -1 GeV/Fm. flxed by the slope of Regge 
trajectorles. because the Inelastic collision. 1.e. the colour 
exchange. is always accompanied a gluon bremsstrahlung. Previous 

Investigations of soft 1301 and hard [6,17.181 high-energy nuclear 
reactions (see,e.g. review [321) found ze,, In the rangeof 2+3 GeV/Fm. 

Present analysis of avallable data on high-p, 
symmetric-hadron-palr productlon off nuclei In the framework of this 
elaborated model demonstrates a nice agreement. The braklng of 
coloured objects during the hadronizatlon Is displayed as nuclear 
shadowlng In high-pT region, where the multlple rescatterlngs are 
Irrelevant. 

It is desirable to have new experlmental data on thls subject at 
high energles Including partlcle ldentlflcation. It is Important in 
part to investrigate proton-pair production at higher p,. in order to 
emphaslze the dlffractlon-llke mechanism. Experiments wlth meson and 
hyperon beams are of peat interest too. 

Acknopledgements. We have benefltted from conversatlons with 
V.V.Anlsovich, A.V.Efremov and R.M.Sulyaev. We thank also 
J.A.Cylttenden for the E605 data 173. 

References 
1. CP Collaborztion. Cronln J.W. et al.: Phys. Rev. D11, 3105 (1975); 

Antreasyan D. et al.: Phys. Rev. D19. 764 (1979) 
2. Nilcolaev N.N.: Uspekhl Flz. Nauk 134, 369 (1981 ) ;  Sov. Phys. Usp. 

24, 531 (1 981 ) 
3. McCarthy R.L. et al.: Phys. Rev. Lett. 40, 213 (1978) 
4. Abramov V.V. et al.: Yad. Fiz. (Sov.Phys.) 34, 1271 (1981 ) ;  Pisma v 

ZhETF (Sov.Phys.) 38. 296 (1983) 
5. Abramov V.V. et al.: Z. Phys. C - Particles and Fields 27. 491 

(1985) 
6. Kopeliovich B.Z.. Nledemayer F.: Yad. Flz. 42. 797 (1985); SOV. J. 

Nucl. Phys. 42. 504 (1 985) 
(1983) 

7. E605 Collaboratlon. Crittenden J.A.. FERMILAB-report (1987) 
8. FInley D.A. et al.: P4a. Rev. Lett. 42. 1031 (1979) 
9. Hslung Y.B. et al.: Phys. Rev. Lett. 55.  457 (1985) 
10. Sulyaev R.M.: Report presented at tke 9th Int. SemInar on High 

Energy Physics Problems. Dubna. 19%; IHEP Preprlnt 88-1 00. 
Serpukhov (1 988) 



1 1 .  Baler R..  Engels J.. Petersson B.Z.:  Z .  Phys. C - Par t l c i e s  and 
Flelds 2. 265 (1979) 

12. Fle ld  R.D. and Feynman R.P.: Phys. Rev. D15. 2590 (1977); 
Krlpfganz J. and ~ a n f t  J.: ~ u c l .  ~ h y s .  B124. 353 (1977) 

13. K l m  V.T.:  Mod. Phys. Lett .  83, 909 (1988) 

14. Casher A., Neuberger H..  Nusslnov S.: Phys. Rev. D20. 179 (1979) 
15. Gurvlch E.G.: Phys. Let t .  87B, 386 (1979) 
16. Nledemayer F.: Phys. Rev. D34, 3494 (1986) 
17. Kopellovlch B.Z. .  Nledemayer I?.:  JINR, E2-84-834. Dubna (1984) 
18. E537 Collaboratlon. Katsanevas S. e t  a l . :  Phys. Rev. Let t .  60. 

2121 (1988) 
19. Grlbov V.N.: ZkETF 56, 892 (1969); Sov. Phys. JETP 29, 483 (1969) 
20. Kopellovlch B.Z. .  Lapldus L.I.: Proceedings of the 6-th Balaton 

Conference on Nuclear Physlcs, pp.73-102. Balatonfured, Hungary. 
1 973. 

21. Blalas A. and Gyulassy M . :  Nucl. Phys. B291, 793 (1987) 
22. EM Collaboratlon. Aubert J.J. e t  al . :  Phys. Let t .  123B. 27523. 

Kopellovlch B.Z..  Lapldus L.I . ,  Zamolodchlkov A.B.: Plsma v ZkETF 
33. 612 (1981 1; Sov. Phys. JETP Let t .  33. 595 (1981) 

24. Bertsch G . .  Brodsky S.J. .  Goldhaber A.S., Gunlon J . G . :  Phys. Rev. 
Lett. 47. 297 (1981) 

25. Mueller A.H.: Proc. of the XVII Rencontre de Morlond, 1982; 
Columbla Unlverslty prepr ln t .  CU-TP-232 (1982) 

26. ebramov V.V. e t  al . :  Plsma v ZhETF (Sov.Phys. ) 33. 475 (1981 ) 
27. Jos t l e ln  H. e t  al.:  Phys. Rev. D20. 53 (1979) 
28. E605 Collaboratlon. J a f fe  D.E. e t  al . :  Phys. Rev. D38, 1016 (1988) 
29. Abramov V.V. e t  a l . :  Yad. Flz.  (Sov.Phys.) 41. 137 (1985) 
30. Kopellovlch B .Z . :  P ~ o c .  X I X  LNPI Wlnter School of Physlcs, v.2, 

pp.169-202. Lenlngad. 1984; Proc. X X  LNFI Wlnter School of 
Physlcs. v.2. pp.140-167. Lenlngad. 1985; Proc. X I 1 1  ITEP School 
of Physlcs, v.1. pp.3-51. Moscow: Energoatomlzdat, 198731. Abramov 
V.V. e t  a l .  : Yad. FIZ. (sov.Phys. ) 41 , 357 ( 1  985) 

32. Fredrlksson S.. Ellam G . .  Berlad G . .  Bergstrom L.: Phys. Rep. 
C144, 187 (1987) 

R e c e i v e d  h y  P u h l  i s h i n g  T l e r a r t m e n t  
on O c t a h e r  2 4 ,  1 9 8 9 .  

KHM B.T., Konennoenu 6.3. 
3~pannpoeanne n a n ~ n 3 ~ p a ~ n p o e a n n e  npoueccoe 
C ~ O ~ ~ U H M H  pt Ha RApaX 

B npOTHBOnOnOMHOCTb n p e ~ c ~ a 3 a n n ~ ~  nanenoir n a p ~ o ~ n o i r  mAenn powcaenne CHM- 

MeTpHUHblX aAWHHblX nap C ~ O ~ ~ ~ U I H M  nOnepertHblM HMnynbCOM 3KPaHHPYeTCR RAWM. ~ T C  
c OueenAHocTbr) cneAyeT n3 3 ~ c n e p n ~ l e n ~ a n b ~ u x  Aannux, nonyuennux npn 3 n e p r n ~ x  
70, 400 n 800 r 3 ~ .  rnae~o i r  npnunnoir 3KpaHHpOBaHHR RenReTcR Topmwcenne naplo- 
Hoe, 06ycno~nen~oe HcnycKannen uacTnq nocne Heynpyroro coyaapennn. B 06nacrn 
Manblx p, AoMnHnpyeT C T ~ T H C T H ~ ~ C K H ~ ~  M ~ X ~ H H ~ M ,  1.e. cnyrtakH0e powcaenne napbl 
aApOHOB B C H M M ~ T P H U H O ~  K O H @ H T Y P ~ ~ H H .  3101 BKnaA npHBOAHT K RAePHOMY aHTH3Kpa- 
HnpoeaHna npn Manblx anaueHnRx pT.  C y q e c ~ e y ~ n e  3 ~ c n e p n ~ e ~ ~ a n b ~ b l e  Aannble xopo- 
UO OnHCblBalDTCR npH 3HarteHHH B @ @ ~ K T H B H O ~ O  K O ~ ~ ~ H L ~ H ~ H T ~  HaTRYeHHR u8elH0fi lpyfi- 
KH OKOflO 2 t 3  r 3 B / @ ~ .  

Klm V.T., Kopel lov lch 0.2. E2-89-727. 
Shadowlnq and Antlshadowlng I n  the Product lon 
o f  Hlgh-pT Hadrons o f f  Nuclel  

On the con t ra ry  t o  na lve par ton model p red lc t lon ,  the  symetr lc-hadron-  
p a l r  product lon I s  shadowed by nuclear mat ter  a t  h lgh  t ransverse momenta. I t  
has been c l e a r l y  demonstrated by measurements a t  70, 400 and 800 GeV I n c l -  
dent onorgy, Tho maln reaaon o f  shadowing I s  tho brak lng o f  partons duo t o  
emlsslon o f  particles a f t e r  s o f t  l n e l a s t l c  c o l l l s l o n .  The hlgher I s  xl, the 
more I s  the In f luence o f  braklng. The low-p, reg lon I s  domlnated by s t a t l s -  
t l c  mechanlsm, I .e, occasional c r e a t l o n  o f  hadron-palr I n  s y m e t r l c  conf lgu-  
r a t l o n .  Th ls  c o n t r l b u t l o n  causes the nuclear antlshadowlqg a t  low-p . The 
e x l s t l n g  expi r lmenta l  data a re  n l c e l y  descrlbed I f  the e f f e c t l v e  co jour -  
s t r i n g  tens lon I s  about 2 + 3  I;eV/Fm. 

The l n v e s t l g a t l o n  has been performed a t  the Laboratory o f  Nuclear 
Problems, JINR. 
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