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QCD status of factorization ansatz for double parton distributions
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This article brings attention to what is knowable from perturbative QCD theory on two-parton distribution
functions in the light of recent CDF measuremefffys. Rev. D56, 3811 (1997] of the inclusive cross
section for double parton scattering. It is shown that the solution of generalized Lipatov-Altarelli-Parisi-
Dokshitzer equations for the two-parton distributions is not at all the product of two single-parton distributions,
which is usually applied to the current analysis as an ansatz.
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The Collider Detector at FermilabCDF) Collaboration The main purpose of this paper is to analyze the status of
has recently measured a large number of double parton scahe factorization ansat®) for many parton distributions in
terings[1]. Thus new and complementary information on thethe perturbative QCD theory. Here one should note that the
structure of the proton can be obtained by identifying andyeneralized Lipatov-Altarelli-Parisi-Dokshitzer equations for
analyzing events in which two parton-parton hard scatteringsnany parton distribution functions have been derived for the

take place within ong@p collision. Double parton scattering first time in Refs.[10,11] within the leading logarithm ap-
provides information on both the spatial distribution of par-Proximation of QCD using a method by Lipatp¥2]. Under
tons within the proton’ and possib'e parton_parton Corre|acertain initial conditions these equations lead to solutions
tions. Both the absolute rate for the double parton proces¢hich are identical with the jet calculus rules proposed for
and any dynamics that correlations may introduce are therénultiparton fragmentation functions by Konishi-Ukawa-
fore of interest. The theoretical estimations of the effect unVeneziand13]. Because of a very old affair it is necessary to
der consideration have been done in a number of work&ecall some features of that investigation to be clear.
[2-9]. In Ref. [14] the structure functions ofp scattering and
For instance, the differential cross section for the four-jete” € annihilation were calculated in the leading logarithmic
process(due to the simultaneous interaction of two parton@pproximation for vector and pseudoscalar theories. Similar

pairg is given by[4,5] calculations in QCD were made in R¢L5]. Lipatov shown
[12] that the results of these calculations admit a simple in-
dodog, terpretation in the framework of the parton model with a
do :% U—eﬁDp(Xl’Xs)DE(XZvXU’ (1) variable cutoff parameteA ~Q2 with respect to the trans-

verse momenta, and derived an equation for the scaling vio-
wheredo; stands for the two-jet cross section. The dimen-lation of the parton distributioD{(x,A) inside a dressed
sional factoro . in the denominator represents the total in-quark or gluon, which is in fact equivalent to the one pro-
elastic cross section which is an estimate of the size of thposed by Altarelli and Parigil6], within the difference that
hadron, oeg=271% (the factor 2 is introduced due to the it was not applied by Lipatov to QCD.
identity of the two parton procesgeWith the effective cross ~ After introducing the natural variable
section measured by CDFo{q)cpr=(14.5-1.7"3%) mb
[1], one can estimate the transverse sjze 0.5 fm, which is
too small in comparison with the proton radius extracted t= 27Tb|”
from ep elastic scattering experiments. The relatively small
value of (oef) cpr With respect to the naive expectationer)
was, in fact, consideref¥,8] as evidence of nontrivial cor-
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whereg(u?) is the running coupling constant at the refer-

2 . . .
relation effects in transverse space. But, apart from thes‘éncée sczalm , Ny is the number of flavors, this equation
correlations, the longitudinal momentum correlations carf€2ds12,15,18
also exist and they are the subject of the present investiga-

tion. Usually the two-parton distributions are supposed to be dDl(x,t) dx' X
y p pp ' => J G D! (x",0)Pj/_; vk (©)]
jiroux

the product of two single-parton distributions times a mo- dt
mentum conserving phase space factor
D. (X %) =D (X Q%D (X ,02)(1—X —X;), 2 It is interesting that expression for t_he kerné’ls’m Lipa’gov
p(Xi%;)=Dp(xi, QTID,(x;, Q7)1 X)) method already includes a regularizationxatx’, which
whereD ,(x;,Q?) are the single quark/gluon momentum dis- Was introduced in Re{.16] afterwards.

tributions at the scal@? (determined by a hard procéss ~ This method allows one to obtain also the generalized
Lipatov-Altarelli-Parisi-Dokshitzer equation for two-parton

distributions Dfljz(xl,xz,t), representing the probability
*Email: snigirev@lav0l.sinp.msu.ru that in a dressed constituenbne finds two bare partons of
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typesj, andj, with the given momentum fractions; and
X,, namely(see Refs[10,11,17 for details,
dD!Y2(xy %5, 1)
dt

1-x,0 X7 X
_2 f 2 1D1112(Xl,x2 t)P; ﬂl(xl)

1- xldx2 X

jai
+E f D ! 2(X1’X2’t)PJ’Hiz(X_é
X1

P [ —
X1+X2

+2 D (x1+x2 t)

J"—=iqlo

(4)

where the kerne[l/(x1+x2)]Pj,ﬂ-ljz[xll(xﬁxz)] is de-
fined without 5-function regularization. The result for the
m-parton functions can be found in R¢LO].

It is readily verified by direct substitution that the solution
of Eq. (4) can be written via the convolution of single distri-
butions[10,1]]

1dz, (1-xdz
11]2 1 2
D (Xq,X5,t J f f |
J’J’J’

1
X(Zl+22,t,)ZlT

z
(= 1
z, 17

Z,+2,
—,t-

X1 i X2
t—t"|D? t’
z; i\ z,

This coincides with the jet calculus rulgk3] proposed origi-

©)

xD't =
1

nally for the fragmentation functions and is the generaliza-

tion of the well-known Gribov-Lipatov relation installed for
single functiond 14,15 (the distribution of bare partons in-
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DIH2(x; ,x,,1) # DI(xy,1)D 2, 1). ®)

Of course, it is interesting to find out the phenomenological
issue of the equations under consideration. This can be done
within the well-known factorization of soft and hard stages
(physics of short and long distangd48]. As a result, Egs.

(3) and(4) describe the evolution of parton distributions in a
hadron witht(Q?), if one replaces the indeixby indexh
only. However, the initial conditions for new equationst at
=0 (Q?= u?) are unknowra priori and must be introduced
phenomenologically or must be extracted from experiments
or some models dealing with physics of long distanfats
the parton level:D!(x,t=0)=&;8(x—1); DI¥2(xy,xz,t
=0)=0]. Nevertheless the solution of E@) with the given
initial condition may be written as before via the convolution
of single distributiong11]

L 1dz; (1-xdz
D:‘]ljz(xlix21t):2 lf ZDJlIZ(ZlizZIO)
i,
i X X5
XD —1,t)DJ2(— t)
1\ 21 12\ 23

+ >

T

INETA

1dz, (1-xdz
dt'f 1J “%p

x(zl+221t )

Z3
Zl+22
it )DJZ(—t t’)

Z; i\ z,

The reckoning for the unsolved confinement problem
(physics of long dlstancéas the unknown two-parton corre-

¥z, 1l
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)

lation function D“’Z’(zl 2,,0) at some scalg.?. One can

side a dressed constituent is identical to the distribution Oguppose that this function is the product of two S|ng|e parton

dressed constituents in the fragmentation of a bare parton iflistributions times a momentum conserving factor at this
the leading logarithm approximatipriThe equations for the  scaleu?:

multiparton fragmentation functions are obtained by Lipa-
tov's method in a similar way11] and beyond the given

j1i2 _ni1 i2 o
|nvest|gat|on Dh (Zl 12210) Dh (Zlao)Dh (2210) 0(1 Zl 22)' (8)
The solution(5) shows that the distribution of partons is
correlatedin the leading logarithm approximation Then
- - - 1dz; (1dz X1 X
DLljz(Xl,Xzyt): DLl(let)DLz(Xzyt)"‘z _l 2DJl(Zl,O)DJZ(Zz, 0)D I — .t Dlz( 2t
iy Jx Z; i1\ 2y Z;
1dz; (1-xdz
x[ﬁ(l—zl—zz)—l]]0(1—x1—x2)+ > dt’f 1f ' ZDL
i’iis
X (Zy 42y 1) ——Pos o _a D Lt/ DJZX—t t/ 9)
1re2t Sz, Vel 2 vz, il z i5\ z, '
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where where the integration runs along the imaginary axis to the
right from all n singularities. This can be done numerically
again. However the asymptotic behavior can be estimated.
Namely, with the growth of(Q?) the second term in Eq7)
becomesdominantfor finite x; and x, [20]. Thus the two-

is the solution of Eq.3) with the given initial condition parton distribution functions “forget” the initial conditions
D},(x,0) for parton distributions inside a hadron expressedinknowna priori and the correlations perturbatively calcu-
via distributions at the parton level. lated appear.

This result(9) is, as a matter of fact, the answer to the The CDF Collaboration found no evidence for the kine-
question set. If the two-parton distributions are factorized afhatic correlation between the two scatterings in double par-
some scaleu? then the evolution violates this factorization ton events. This can mean only that the factorization ansatz
inevitably at any different scale@?# u2), apart from the (2) is the acceptable approximation at the sc&epr
violation due to the kinematic correlations induced by the~5 GeV accessible to CDF measuremerjtg(min)
momentum conservatiofgiven by ¢ functiong.! =5 GeV[1]]. The explanation is simple: in the kinematical

For a practical employment it is interesting to know theregion of finitex;,x, and largeQ?, where correlations are
degree of this violation. It can be done numerically using, forimportant, double parton collisions give a negligible contri-
instance, the CTEQ parametrizatifitg] for single distribu-  bution to the cross section. Thus, the typical hard scale and
tions as an input in Eq9) and considering the kinematics of longitudinal momentum fractions of CDF measurements are
some specific process. Partly this problem was investigatetglatively small to observe the correlations under consider-
theoretically in Refs[11,20 and for the two-particle corre- ation. There are no arguments to assert that the af@giz
lations of fragmentation functions in Ref21]. That tech- acceptable at larger scales of hard processes accessible to
nique is based on the Mellin transformation of distributionLHC measurements. For instance, one can believe that the
functions as evolution term will be relevant if one observes double parton
scatterings in equal sign heaWy boson production at the
LHC. This relatively rare process was studied in Reg],
has a good signature and large eno@fhto probe longitu-
dinal momentum correlations.

After that, the integrodifferential equatiori8) and (4) be- To_summarlze_, the_ analysis shows th_at within the leading
come systems of ordinary linear-differential equations of first29@rithm approximation of the perturbative QCD theory and
order with constant coefficients and can be solved explicithyin® factorization of physics of short and long distances, the
[11,20. In order to obtain the distributions i representa- (Wo-parton distribution functions being the product of two
tion an inverse Mellin transformation must be performed single distributions at some reference scale become to be

(10

) idz , X
Dh(x,t)=2> J YD{](Z,O)D},(E,t
i X

ML(n,t)=J’01dx X'DL(x,1). (12)

[N (LY
Dh(X,t)—fﬁX Mh(n,t), (12)

dynamically correlated at any different scale of a hard pro-
cess. These correlations are perturbatively calculable using

Eq. (9).
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