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Jet broadening in deeply inelastic scattering
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In deeply inelastic lepton-nucleus scatteri(i@lS), the average jet transverse momentum is broadened
because of the multiple scattering in the nuclear medium. The size of jet broadening is proportional to the
multiparton correlation functions inside nuclei. We show that, at leading order, jet broadening in DIS and
nuclear enhancement in a dijet momentum imbalance and averaged Drell-Yan transverse momentum square,
(q%), share the same four-parton correlation functions. We argue that jet broadening in DIS provides an
independent measurement of the four-parton correlation functions and a test of the QCD treatment of multiple
scattering[ S0556-282(198)08021-1

PACS numbg(s): 13.87.Ce, 12.38.Bx, 13.60.Hb, 13.85.Qk

. INTRODUCTION dy~ . . _dy;dy,

= ixpTy
Tq/A(X) f 2 e 2

When a parton propagates through nuclear matter, the av-

erage transverse momentum may be broadened because of X g(yI_y—)0(y2—)1<pA|Zq(o),y+|:a+(y2—)

the multiple scattering of the parton. The nuclear dependence 2

of such broadening provides an excellent probe to study XE(y D)ty ) Pa); (18
q H

QCD dynamics beyond the single hard-scattering picture. A

reliable calculation of multiple scattering in QCD perturba- gnd

tion theory requires to extend the factorization theofdrmh

beyond the leading power. Qiu and Sterman showed that the B dy~ oy dy, dy,
factorization theorem for hadron-hadron scattering holds at Tg/A(X)_J om © 2T
the first-nonleading power in momentum trangig}, which

is enough to study double scattering processes in hadronic L 1 N .
collisions. According to this generalized factorization theo- X0(yy —y )o(yz )xp+ (PalF " (O)F, " (yz)
rem, the double scattering contribution can be expressed in

terms of universal four-partofiwist-four) correlation func- XFE 7y )FT4(y7)|pa)- (1b)

tions. The predictions of the multiple scattering effects rely
on accurate information of the four-parton correlation func-By comparing the operator definitions of these four-parton
tions. Various estimates of the size of these four-parton corcorrelation functions and the definitions of the normal
relation functions were derived recenfl§—5]. It is the pur-  twist-2 parton distributions, LQS proposed the following
pose of this paper to show that jet broadening in deephmode![3.6]:
inelastic lepton-nucleus scatterif®IS) can be used as an
independent process to test the previous estimate of the four-

parton correlation functions.

Toa(X)=N2AY¢ (%), 2

. . . wher x) with f=q,q,g are the normal twist-2 parton
The four-partor(twist-4) cqrrelatlon func.tlor?s are as fun-' disterigtﬁi%Nn( o)f a nucle(c])nq, gna:z{eis 2 fr(zze Sarar:eterpti ctJ)e
damental as the normal twist-2 parton distributions. Whilegy o 1y, experimental data. Using the Fermilab E683 data on
twist-2 parton distributions have the interpretation of thedijet momentum imbalance, LQS estimated the size of the
probability distributions to find a parton within a hadron, four-parton correlation functions to be of the order

four-parton correlation functions provide information on)2.g05-01 Ge¥ [3]. The higher value\?~0.1 Ge\?
guantum correlations of multipartons inside a hadron. Jusf/as obtained by keeping only the valence quark contribu-
like normal twist-2 parton distributions, multiparton correla- tion, while the lower value.2~0.05 Ge\? was obtained by
tion functions are nonperturbative. QCD perturbation theorykeeping only the gluonic contribution. Since both the quark
cannot provide the absolute prediction of these correlatiomnd the gluon initiated subprocesses contributing to the mo-
functions. But, due to factorization theorems, these correlamentum imbalance, dijet data indicate th&tshould be be-
tion functions are universal; and can be measured in somgveen 0.05 Ge¥and 0.1 Ge¥Y [3].
processes and be tested in other processes. The nuclear enhancement of the average Drell-Yan trans-
Luo, Qiu and StermaiiLQS) calculated the nuclear de- verse momentumA(q%), also depends on the similar four-
pendence of dijet momentum imbalance in photon-nucleuparton correlation functiong4]. However, Fermilab and
collision in terms of nuclear four-parton correlation functions CERN data on nuclear enhancement of the average Drell-
[3]: Yan transverse momentum,(q2), prefer a much smaller
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size of the four-parton correlation functiofs7,8. Actually,  ron andp is the momentum per nucleon for the nucleus with
as we will show below, the Drell-Yan data favor the four- the atomic numbeA.
parton correlation functions about five times smaller than Letqgy be the transverse momentum of the Drell-Yan pair,
what was extracted from the dijet data. This discrepancy maye define the averaged transverse momentum square as
result from different higher order contribution to nuclear en-
hancement of the average Drell-Yan transverse momentum dona dona

i i initi (ap)"= | daiq? €)
and the dijet momentum imbalance. We have pure initial- T T 4102d o2 do?

. . . Q-dar Q
state multiple scattering for the Drell-Yan process, while for
a dijet system, we have pure final state multiple scattering. Ify Eq. (3), Q is the total invariant mass of the lepton pair
is necessary to study the higher order corrections to thesgith Q2=qg2 The transverse momentum spectrum,
two observables in order to test QCD treatment of muItipIedU/szdq% is sensitive to the multiple scattering, and has

scattering. It was argued in Ref®,10] that the higher order the AM-type nuclear size effect. We can write the cross sec-
contribution to the Drell-Yan nuclear enhancement is impor+jon as

tant. Meanwhile, it is also important and necessary to find

different observables that depend on the same four-parton Opa= Ooat OOAt - -, (4)
correlation functions.
We show in this paper that jet broadening in deeply iN-\vhere O'EA’ O-EA! and “--.” represent the single, double

elastic lepton-nucleus scattering provujes an !ndependerétnd higher multiple scattering, respectively. The single scat-

measurement of the four-parton correlation functions. At the ring is localized, hencerS, does not have a large depen-

leading order in deeply inelastic scattering, a quark scattere§ ' " hA _ .

of the virtual photon forms a jegknown as the current jein ence on the nuclear size. TherefomﬁANAUhN W'Fh. N
depresents a nucleon. As we will demonstrate explicitly, the

the final state. Because of the multiple interaction when th usi tiodo/dO2 h h K I
scattered parton propagates through the nuclear matter, tl{gcIUSIVE Cross sectioto Q as a much weaker nuclear
Hependence after integration over the whole momentum

transverse momentum of the final state jet is broadened i

deeply inelastic lepton-nucleus scatter{dd]. We show be- spectrum. Hence,

low that the size of the jet broadening is directly proportional s

to the four-parton correlation functions. These four-parton J' da2a? dopa dopa
correlation functions are the same as those appeared in the qTquQ2dq$ dQ?
nuclear enhancement of the dijet momentum imbalance. Cur-

rent data for the dijet momentum imbalance and nuclear eny order to extract the effect due to the multiple scattering,

han(Z:ement ~of average Drell-Yan transverse momentuMye introduce nuclear enhancement of the average Drell-Yan
A(q7), provide two different sizes of the four-parton corre- yransverse momentugg?) as

lation functions. Using these data, without additional param-
eters, we predict a range of the jet broadening in DIS. Future A<q$>5<q$>hA_<q$>hN_ 6)
experiments at the DES¥p collider HERA with nuclear

beams can provide a direct test of QCD treatment of thg \ve keep only the double scattering contribution and ne-

multiple scattering. , _ glect contribution from the higher multiple scattering, we
The rest of this paper is organized as follows. In Sec. Il,,5e

we derive the nuclear enhancement of the average Drell-Yan

transverse momentum by using the same method used by doP do

LQS to derive the dijet momentum imbalance, and show that A<q$>~J' dog2—2 / A )

our result is consistent with that presented in R4}. In Sec. dQ?%d q% dQ?

[, using the same method, we derive jet broadening in DIS

in terms of the same four-parton correlation functions. Fi-From our definition,A(g?) represents a measurement of
nally, in Sec. IV, we use the values bf extracted from data QCD dynamics beyond the traditional single-hard scattering
on dijet momentum imbalance and nuclear enhancement gficture. The nuclear enhancement of average Drell-Yan
average Drell-Yan transverse momentum to estimate jefansverse momentunzk(q.zﬁ defined in Eq.(6), is a result
broadening in DIS. We also present our discussions and comyf the multiple scattering between the parton from incoming

(CEN (5)

clusions in this section. beam and the nuclear matter before the Drell-Yan pair is
produced.
Since we are interested in the averaged transverse mo-
Il. NUCLEAR ENHANCEMENT mentum square, we do not need to know the angular infor-
OF AVERAGE DRELL-YAN mation of the Drell-Yan lepton pair. After integration over
TRANSVERSE MOMENTUM the lepton’s angular information, the Drell-Yan cross section

. . . can be written as
Consider the Drell-Yan process in hadron-nucleus colli-

sions, h(p’)+A(p)—1*17(q)+X, where q is the four-
momentum for the virtual photoy* which decays into the do—hAHI*I:(
lepton pair.p’ is the momentum for the incoming beam had-

)(_guvwﬁ’:ﬂy*(q))r (8)
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dopa i+~ .

402 O'OEq: egj dx’ ¢gn(x")

x j dX bga(X) QP -xX's), (1)

with s=(p+p’)? and the Born cross section

2

- drag,
oo=—. 12
(a) ° o@? (12
2, ? r 2, ? . . . .
XPp xp Consider only double scattering inside the nuclear target,
a we can factorize the double scattering contributioW\fa)
M —w V as
xp+ky / xp/ 7 (x+x;)p
(x1—X2)p+Ke ' WA '
UENCIEDY f dx’ pyn(xX We, o (X,0), (13)
_/

(b)
where superscript “D” indicates the double scattering con-
x'p’ tribution, andf sums over all parton flavors. In E@l3),
WfDAHy*(x’,D) is the hadronic contribution from the double
v scattering between a partéand the nucleus. At the leading
order in ag, W?Aﬂy*(x’,D) is given by the Feynman dia-

— k.
\ \(xl %a)pte grams in Fig. 1. According to the generalized factorization
(x+x%)p  Xp+ke theorem(2], \7VfD A, (x",D) can be factorized as
e
Wia e (X' D):Lf dxdxldXZJ dkETM(x,Xq, X5, Kr)
(0) bA—y ' 2%’ T 1N A2,

FIG. 1. Lowest order double scattering contribution to the
nuclear enhancement of Drell-Yau?2); (a) symmetric diagram;
(b) and(c): interference diagrams.

X H(X,X1,X2, K7, X' p’,p,q) TP, (14

whereI'® is the phase space factor for the double scattering.
whereW*" is the hadronic tensdi12]. To simplify the no-  For the diagram shown in Fig.(d, for example, the phase

tation of following derivation, we introduce space factor is given by
WhAHy*(q)E_g,uVWﬁK*»y*(q)' (9) 4
d’q
_ | | - S=——2m* S (xptxp+X'p Tk Q)
At the leading order, the single scattering contribution to (2m)
Wha_,(Q) is given by L 2 )
2
= —— 5| X+x;— ——— ——| 8(qF—k)dQdeF.
< x's x's x's
WhA—}y*(q):% de/ ¢a/h(x/) (15)
2 T&em . . P u
XJ' dX dgia(X)| €g—3—| (100 At this stage of the derivationT andH in Eq. (14) both

depend on gauge choice, even thoitq)® is gauge in-
variant. In this paper, Feynman gauge is used in our calcu-
where superscript “S” signals the single scattering; and thdation.

corresponding inclusive single scattering cross sectiphdb In Eqg. (14), the hadronic matrix element
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TO(X,X1 X5, K7)

|aEf dxdx dx,eXP Y eXiP (v ~¥2)gix2P ™Y, 12
= = 2 k
:f dy” dy, dy, dyr eXP' Y gixip (g —¥;) Xl_TT“Lif
2m 27 2w (24)2 X's
2 2
. _ 1 — 1 kt  Q )
ix2p "y, gikryT Z tys + X S| X+Xg— ———
xXe 2e 2<pA|A (Y2 :OT)¢q(0)7 k-2|- - 1 X,S X,S
Xl_XZ_ T —le€
X hg(Y AT (Y1 ,Y17)|PA)- (16) X's
=(47)6(y” —y;)6(—y;)e Py
Because of the exponential factors in Ef6), the position Xei(ki/(x’s))p*(y}y;), (18)

space integrationdy™’s cannot give large dependence on
the nuclear size_ unless_the parton momentum fracti_on in ONRjith = Q%s. For the diagram shown in Fig(t), we have
of the exponentials vanishes. If the exponential vanishes, thg sjligntly different phase space factor

corresponding position space integration can be extended to

the size of the whole nucleus. Therefore, in order to get large 1
nuclear enhancement or jet broadening, we need to consider FE=75
only Feynman diagrams that can provide poles which set X'S
parton momentum fractions on the exponentials to be zero _
[3]. At the leading order, only diagrams shown in Fig. 1 haveThe corresponding partonic part® has slightly different
the necessary poles. These diagrams contribute to the doutieles

scattering partonic part(x,Xx;,X,,kr,x"p’,p,q) in Eq.

Q? 2\ 12 2
X+X2_75 6(q7)dQ°dgs. (19

(14). HP ! 1. . (20)
For the leading order diagrams shown in Fig. 1, the cor- k% ~ Xptle
responding partonic parts have two possible poles. For ex- X1~ E“f

ample, for the diagram shown in Fig. 1, the partonic part has

the following general structure: Integrating over parton momentum fractiodxdx dx,, we

have
Ha~ ! - ixp*y” aix1pT (Y] — V5 )aiXaP V5
(XD +x.p+kp)2+ie lp=| dxdxdx,e eX1P 1 7Y2 Jgl%aP 2
1 1 1 2
X X > — | X 27
(X'p’+ (X1 Xp)p+kp)’—ie ky . XeTle x's
1= T'f’lé
X(_g/.w)ﬂ/“} XS
) =(=47)8(y; ~y1) 0y ~¥2)
* K2 el (X p Ty~ i (G1(x$)p™ (y7 —v5) (22)
X1— T'HE
XS Similarly, for the diagram shown in Fig(d), we have
1 - _
x v 17 le=(—47%)6(yy —¥;)0(=y1)
T .
XumXpm T e w @l (X pFy " @i (G )Pt (yy —y5) (22)

It is easy to show that the numerator spinor trace gives the
same factor for all three diagrams. Therefore, the total con-
tribution to jet broadening is proportional tg+1,+1., and
this sum has the following feature:

whereH*” is the numerator which is proportional to a quark
spinor trace.

The first step to evaluate E(fL4) is to carry out the inte-
gration over parton momentum fractiodxdxdx,. Using

o - - doP o

one of theé'-funcnons in phase space factor in E€_ﬂ15) to f!x i Sotl g+ g+ 1o 0y~ —y1) 0(—Yy3)

dx integration, and the two poles in the partonic part in Eq. dQdqsg

(17) to perform the contour integration fakx;dx,, we ob- 5 o )

tain X[o(qr—ks)—6(a7)] (23

114033-4



JET BROADENING IN DEEPLY INELASTIC SCATTERING PHYSICAL REVIEW [38 114033

+[6(y —y1)0(—Y5) —0(y; —Y,)0(—y;) is the Eikqnal contribu;ion. in .Feynman
o o gauge to make the normal twist-2 quark distributitga(x)

—0(y, —y, )0y —Yz) in Eq. (11) gauge invariant. Equatiof25) is a good example
- _ 2 to demonstrate that the double scattering does not give a

—0(y1 =y2)0(=y1)]é(an). (24 large nuclear size effect to the total inclusive cross section.

It is clear from Eq{(24) that for the inclusive Drell-Yan cross On th? other hand, from Ed24), the double scattering
section, do/dQ? the double scattering contribution, contr|_but|on to the averaged transverse momentum square
dcrEA/d Q?, does not have a large dependence on the nucle&P" 9IVe @ large nuclear size effect

size. The integration ovefq% eliminates the first term in Eq.

(24), while the second term is localized in spacerfk’ is 5 5 5 hA

not too small. When ther/x’ is finite, andp™ is large, Aan)~ | daray 402

exdi(#x')pTy~] effectively restrictsy~~ 1/((7/x")p*)—0. i

When y~—0, the combination of the three pairs of 5 > 2 ) )
¢-functions in Eq.(24) vanishes, “f dar gl 6(qr—kp) —a(ap)]~ks.  (26)
D D
dUhAEJ dq%( dUhAz) Actually, k2 in Eq. (26) needs to be integrated first. But Eq.
dQ? dQ’dar (26) already demonstrates that(q2) is proportionalk?,
o _ L o which is the kick of the transverse momentum the parton
[0y —y1)0(—yz)—0(y2 —y1 )0y —Yz) received from the additional scattering. The bigger the
—8(y; — ;) 0(—y1)] nuclzea_r size, thg bigger the effecuké.. As shown below,
A{qs) is proportional to the nuclear size.
—0 asy —0. (25) After demonstrating the physical picture of transverse

momentum broadening in the Drell-Yan process, we are now
Physically, Eq.(25) says that all integrations of 's are  ready to carry out the algebra. Working out the spinor trace
localized. Actually, at the leading order, the term propor-for all three diagrams in Fig. 1, and combining three dia-
tional to 6y —yi)0(—y,)—0(y, —y,)0(Y —VY,) grams and dropping the term localized in space, we obtain

dopa o [ dydydy, Lty dPyT
Mad o= | ddatore [ ax vanoc) [ axa@ s [ Sy v ey O
_ _ U | _
X f d2relr Tl K090 0 =32 = (D[ A (5 ,0r) g 0) ¥ aly DA™ (y1 Yar)Ipa)
4772as > 12 )
X 3 [6(ar—k7) —a(a7)] (27)
477261’5 ’ ’ 1) 2 ’
~o0| — }q‘, fdx Bain(X )fdxﬁq,A(x)a(Q —xx's), (28)

whereo is defined in Eq(12) and the four-parton correla- as the collinear expansion, and keep only the first nonvan-
tion function is given by ishing term which corresponds to the second order derivative
term,

8(05—K3) — 8(ah)~— &' (aD)(—gupkikf. (30

dy” . . _(dy;dy,
Tihoo= [ e [ 2222 0y —yp)0-yy)
1 We use the factdﬁé“kf inﬁlfq. (30) to convert thek A kEA™T
Z v o + VEte(yo into field strengthF*"F*™ by partial integration. Here, we
><2(pA|Fa (V2)9al Q)7 4y )F (V1) IPa)- work in Feynrr?an gauge. 1¥hltoa terms a.gsociated with other
(29) components oA are suppressed byd/ compared to those
with A*, because of the requirement of the Lorentz boost
invariance for the matrix elemerit8]. T{,(x) defined in Eq.
In deriving Eq.(28), we expendﬁ(q%—k%) atkr=0, known  (29) is the four-parton correlation function in a nucleus. The
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s .
k,
k1 k1 qg
U
q A (x;—%2)p \(x+xa)P
-+
v
(a)
a _/

~
P P q
y , %
/
(b) xp/ xptky f (x+x,)p
(x1—x2)p+ky
FIG. 2. Diagrams for DIS(a) diagram representing,,, ; (b)
diagram representing/*”.

superscrip{l) represents the initial state interaction, in order (b)
to distinguish from the similar four-parton correlation func-
tion defined in Eq.(1a). More discussion on the relation
betweenT a(x) and T{)4(x) will be given in Sec. IV.
Combining Eqs(6), (11), and(28), we obtain the nuclear
Joy
v

s

enhancement of average Drell-Yan transverse momentum at

U,

leading order inag: l ;:;;
> e f dX’ igin(X" ) TA(T/X" )X’ xp \% % \(x+xa)P
q

x;p+ky (x1—%2)p+ky

4772
Ada% =( 3 S)

% egj dxX’ dgin(X") dgal T/x)/x’
(31 _

(c)
I1l. JET BROADENING IN DEEPLY INELASTIC
SCATTERING FIG. 3. Lowest order double scattering contribution to jet broad-

) ) L . . ening: (@) symmetric diagram(b) and(c): interference diagrams.
Consider the jet production in the deeply inelastic lepton-

nucleus scattering,e(k;) +A(p)—e(ky) +jet(l) +X.  k;
andk, are the four momenta of the incoming and the outgo
ing leptons, respectively, arpis the momentum per nucleon the A type nuclear size effect due to the multiple scatter-

for the nucleus with the atomic numbet With | being the ing. On the other hand, the inclusive DIS cross section

observed jet momentum, we define the averaged jet trans; 5 12 2412 113
verse momentum square as do/dxgd Q= [dI7 do/dxgdQ-dI; does not have thé

power enhancement. Instead, it has a much weaker A depen-
dence, such as the EMC effect and the nuclear shadowing.

transverse momentum spectrudu/szdq$, the jet trans-
‘Verse momentum spectrumg/dxgdQ?d|2, is sensitive to

<|_2|_>eA:f di?2 doea / doea , (32  To separate the multiple scattering contribution from the
dedQZdI$ dxgd Q? single scattering, we define the jet broadening as
wherexg=Q?%/(2p-q), q=k;—k, is the momentum of the A(12)=(13)A—(]2)eN (33

virtual photon, andQ?= — 2. The jet transverse momentum
I+ depends on our choice of the frame. We choose the Breieeping only the contribution from the double scattering,
frame in the following calculation. Similar to the Drell-Yan similar to Eq.(6), we have
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A(12)~ J di2 Ten / QTen (34 wp,=2 f dxdxdx, f dIET) (%, %1, Xz k)
Bszle dxgd Q? a
In the rest of this section, we derive the leading contribution XH (X X1,%2,kr, .0 1), (37)

to A(12) by using the same technique used to derive nucleayith the matrix element
enhancement of the average Drell-Yan transverse momen-
tum, A(g?), in last section. TE(X, X1, X5, k1)
The general expression for the cross section in DIS is
—X L 72 T iy gixap (v —Y,)

de dy; dy, d’
2w 2w 27 (27)?

1 €? d3k,
do=——L  W*

— 35
2sQ* """ (2m)%2E, (39

) . 1 _
ixopTys aikyT — +
with s=(p+k;)2. In Eq. (35), the leptonic tensot ,,, is xener e T2<pA|l’bq(0)7
given by the diagram in Fig.(3), N 3 3
XA (Y2 ,00)AT (Y1 ,Y11) ¥a(Y )IPA), (38)

1
sziTr(y- Kiv,7-Kav,), (36)  where superscrip(F) indicates the final-state double scatter-
ing. The matrix element(P is equal to theT(") in Eq. (16)

and W~ is the hadronic tensor given by the diagram shownif we commute the gluon fields with the quark field513].
in Fig. 2(b). The leading order double scattering diagramsin Eq. (37), H,,(X,X;,X2,kr,p,q,1) is the corresponding

contributing to jet broadening are given in Fig. 3. partonic part.
Feynman diagrams in Fig. 3 give the double scattering For the diagram shown in Fig.(®, the partonic part is
contribution to the hadronic tens®,,, as given by
2, = CRY ———— —(2m) 8((xp+x,p+kr+)?) (17— kdI
a (Xp+Qq)%+ie (Xp+x,p+Qq)2—ie
k2—2q-k 1 1
.0 . L S12_12\412 .y T T
=C-H,, (20-0)° O(15—kp)dIT8| Xx+x1—Xp 200 ) X—Xgtic XFxp—Xg—ic’ (39

whereC is the color factor for the diagrams in Fig. 3, and given®y 1/6. In Eq.(39), the § function is from the phase space,
andﬂw represents the spinor trace and is given by

H,= (A7) 2 asaen€i Ty DY,y (XPTXap+0) 7y 1 ¥y (Xp+a) v,1P,P, . (40)

wherep,p,, is a result of our definition for the hadronic matrix element in E3§).
Following the derivation of&(qT> in last section, first, we carry out the integrations of the parton momentum fractions by
using theé function and two poles in Eq39),

k2—2q-ky 1 1
2p-q /X—Xgtie X+X,—Xg—ie€

Hazf dxdxdx,e™P "y eXaP (V1 ~¥2)ei*2P V2 §(12—Kk2) 5| X+ X, —Xg—
:(zw)Ze(ylf_yf)0(y27)eixsp+y75(|$_k%)ei((k$72q-kT/2p~Q))P+(yI*y;)_ (41)

Similarly, we have the corresponding integrations for the interference diagram shown inl#ig. 3

Hbzfdxdxldxzeixp*y’eixlp”yi—y£>einp*y£5(|2)5(x+x1—xB) t 12
T X—Xgtie KZ—2q-kr
X+X1—XB—W‘|—|€
= —(2m)20(y; — Y1) 0(y; —y )P Y 5(12)e(F-2a ke ey v, ), (42)

and for the diagram in Fig.(8)
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1 1
X+x;—Xxg— (k2—2q-kq)/2p-q—ie X+ Xa—Xg—i€

HCEJ dxdxdx,e™P’ Y 1P (V1 —¥2)ei2P Y2 5(12) §(x— Xg)

=—(2m)20(y; ) 6(y; — yg)eiXBp*y’ 5(|$)ei((k$72q- kp)/2p-a)p* (y; —y5) (43)

Combining Egs(41), (42) and(43), we again have the same which is the same as that obtained in Réf. It is a direct
structure as that in E¢24). Therefore, like in the Drell-Yan result of the model proposed by LQS] that both jet broad-
case, we conclude that the double scattering does not res@hing in DIS and nuclear enhancement of average Drell-Yan
into any large nuclear size dependence in the inclusive DI$ransverse momentum share the same simple expressions, as
cross section. For the jet broadening defined in Bd), we  shown in Eqs(45) and(46). In addition, Eqs(45) and (46)
drop the term proportional tod(y; —y~)6(y,)—6(y,  tell us that at the leading order, jet broadening in DIS and
—y1)0(y; —y )—6(y; —y2)0(y,), which is localized as nuclear enhancement of average Drell-Yan transverse mo-
the single scattering. After carrying out the algebra similar tomentum,A(qg2), have the same magnitude, if the averaged
those following Eq(26), we derive jet broadening in DIS as jnjtial-state gluon interactions is equal to the corresponding
final-state gluon interactions, i.€€¢a(X)=T{a(X).
> eﬁTq,A(xB) From the simple expression in E@5), we conclude that
q (44) at the leading order, jet broadening in DIS has a strong scal-
ing property, that it does not depend on beam ene@fyand
Xg - This scaling property of jet broadening in DIS is a direct
consequence of LQS model for four-parton correlation func-
whereX, sums over all quark and antiquark flavors. In Eqg.tions, given in Eq. (2). However, whenxz=<0.1, y~
(44), dqa(x) is the normal twist-2 quark distribution inside ~1/(xgp*) is no longer localized inside an individual
a fgju?euzy and t?ea)four—parton correlation functidfa(Xs)  nucleon [11,14. Therefore, terms  proportional
's defined in Eg(1a. 10 0yr Yy )O0Yz)— 00y —yD) 0(yr —y ) —0(ys
From Eq (44), we conclude that based on the Iead|ng_y2—)0(y2—)’ are no |0nger localized and need to be kept for

order calculation, we can uniquely predict jet broadening inthe jet broadening calculation i is small. Consequently,

ii);ﬁ'fnvrlltcht?our: _?_ny (f)r(et)a ?: rrir:s;irr’eg ti:eaaooliﬁg? ggnei;:;reeri?_the Xg scaling of jet broadening in DIS needs to be modified
' AAVIB b _in smallxg region. In additionQ? dependence may be modi-

Therefore, jet broadening in DIS can be used to test the QC db the f ; lation funcii d
treatment of the multiple scattering in a nuclear environment! cd Pe€cause he four-parton correlation func Qfa(x) an

In addition, the jet broadening given in E(4) is directly the normal quark distributionpqa(x) can have different

. 2 scaling violation. In principle, all dependence or whole con-
proportional (0T qa(X). Thereforexg dependence ak(IT) 4o could be modified due to possible different high or-
can provide immediate information on the functional form of

the four-parton correlation function der corrections. N'evertheless., we believe that gxperimental
' measurements of jet broadening in DIS can provide valuable

information on the strength of multiparton correlations and

IV. DISCUSSION AND CONCLUSIONS the dynamics of the multiple scattering. Examing the scaling

From Egs.(31) and(44), both jet broadening in DIS and property of jet broadening can provide a direct test of LQS

nuclear enhancement of average Drell-Yan transverse méPede! for four-parton correlation functions, given in Eg).
mentum are directly proportional to the four-part@wist-4) Similarly, from Eq. (46), we can also conclude that
correlation functions, which are defined in Eq¢a and nuclear enhgncement of average Drell-Yan transverse mo-
(29), respectively. Since field operators commute on thé“fntumaMQﬁ has a small dependence on beam energy and
light-cone [2,13], the four-parton correlation functions, Q° of the lepton pair. Data from Fermilab E772 and CERN

ToalX) andTg',)A(x), are the same if the phase space integralNA10 [7,8] demonstrate weak energy dependence. It signals
that the simple model by LQS for four-parton correlation

are symmetric. With the model given in E@®), we predict ; ) . _
jet broadening in DIS as fqnctlons is reasonable and the Ie_zadlng order calculation
given here are useful. At the same time, the observed energy
dependence indicates that the high order corrections to
NZAYS, (45 A(qg?) cannot be ignore@9,10].
Using Eq.(46) and data from E772 and NA10 on nuclear

and predict nuclear enhancement of average Drell-Yan trangnhgncement_of average DreII-ZYan transverse momentum,
verse momentum square as A{qs), we estimate the value of* as

A<I$>=(4”2“S)

; e2daia(Xe)

2
4drtag

A==

Amla
2\ _ S
Agr)= (_3 )AzAlfs, (46) A3y~0.01 GeV, (47)
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which is at least a factor of five smaller tha\rﬁijeﬁo.OS broadening, we can test LQS model for the four-parton cor-
—0.1 GeV, estimated by LQS from momentum imbalance relation functions. Future experiments at HERA with a heavy
of the dijet datd 3]. ion beam[11] should be able to provide much more infor-
Having derived\? from the dijet and the Drell-Yan data, mation on dynamics of parton correlations.
our result in Eq.(45) provides an absolute prediction of jet  In summary, we have derived analytic expressions for jet
broadening in DIS, without any additional free parameterbroadening in DIS and nuclear enhancement of average
Since jet broadening in DIS and momentum imbalance oPrell-Yan transverse momentum in terms of universal four-
dijet are both due to the final-state multiple scattering, weparton correlation functions. Using data on dijet momentum
will use the value op\gijet to predict the jet broadening as imbalance and nuclear enhancement of average Drell-Yan
transverse momentum, we predicted the size of jet broaden-
ing in DIS without any free parameter. However, because the
dijet data(pure final-state multiple scatteringnd the Drell-
Yan data(pure initial-state multiple scatteringavor two dif-
On the other hand, with a smaller value)(ﬁY in Eq. (47), ferent sizes of the four-parton correlation function, measure-
we will predict a much smaller jet broadening ment of jet broadening in DISpure final-state multiple
scattering will provide a critical test of QCD dynamics of
the multiple scattering. Since at the leading order, nuclear
enhancement of average Drell-Yan transverse momentum,
. . . . A(g%)py, and jet broadening in DIS\A(12)p5 are indepen-
Direct experimental measurement on jet broadening can Ceffent of four-gluon correlation functioffy,, measurement
tainly pr_owde an |n_deper_1dent test__of our QCD treatment ofof A<q‘2|'>DY and A<|%>DIS provide a direct comparison be-
the multiple scattering. Since the dijet momentum imbalancyeen initial-state multiple scattering and final-state multiple
and nuclear enhancement of average Drell-Yan transversgatiering. On the other hand, jet broadening in DIS and dijet
momentum suggest very different size of the four-parton coryomentum imbalance are both due to pure final-state inter-
relation functions, it is extremely important to exam jet 5etion. Any discrepancy with Eq48) signals either a con-

broadening in DIS. _ _ tradiction between different data sets or a need for better
~ Furthermore, from Eq(44), we see that the jet broadening {hgoretical understanding of the multiple scattering.
is directly proportional to the four-parton correlation func-

tion Tqa(Xg). Information onxg dependence of the jet
broadening can provide a first ever direct measurement of the
functional form of four-parton correlation functions  This work was partially supported by the U.S. Department
Tya(Xg,A). By examing thexg-scaling property of the jet of Energy under contract No. DE-FG02-93ER40764.

2
4dmcag

3

A%~

) NGijeAY*~(0.66-1.3D) aAM. (48)

42 aq
3

NES

) A3yAY~0.13x A3, (49)
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