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AZIMUTHAL CORRELATION IN DIS�Andrea BanfiUniversità di Milano-Bi
o

a and INFNSezione di Milano, Italy(Re
eived June 28, 2002)We introdu
e a new angular 
orrelation in DIS pro
ess and study itsdi�erential distribution in the region in whi
h the observable is small. Weperform a perturbative resummation at single logarithmi
 a

ura
y andestimate leading non-perturbative power 
orre
tions.PACS numbers: 13.60.�r 1. Introdu
tionEnergy�energy 
orrelation [1,2℄ was one of the �rst 
ollinear and infraredsafe (CIS) observables studied in QCD. It involves the polar angle betweentwo produ
ed hadrons in e+e� annihilation.An analogous observable in a pro
ess with in
oming hadrons should in-volve an azimuthal angle. In DIS we then de�ne the azimuthal 
orrelation [3℄H(�) =Xa;b ptaptbQ2 Æ(�� �ab) ; �ab = � � j�abj ; (1.1)being �ab the angle between ~pta and ~ptb, the transverse momenta of produ
edhadrons a and b with respe
t to the photon axis in the Breit frame. Thedi�erential distribution in H(�) takes its �rst non-zero 
ontribution at order�2s , so that its study is better performed in DIS events with two high ptjets. Su
h events 
an be sele
ted for instan
e by 
onstraining the two-jetresolution variable y2 [4℄.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3323)



3324 A. Banfi2. The observable at parton levelSin
e the observable is linear in outgoing parti
le momenta, we 
an re-pla
e the sum over hadrons in Eq. (1.1) with a sum over partons. The Bornpro
ess is qP1 ! P1P2, with q the virtual boson, P1 the stru
k parton insidethe proton, P2 and P3 two outgoing hard partons. Sin
e P2 and P3 are inthe same plane, we have Pt2 = Pt3 = Pt and �23 = 0.Beyond Born level the QCD pro
ess is q p1 ! p2 p3 k1 : : : kn, with kise
ondary partons. Outgoing partons pa (a = 2; 3) are displa
ed from Paby soft re
oil 
omponents, so that �23 no longer vanishes. Furthermore, onehas to 
onsider also the 
orrelation of se
ondary partons ki with p2 or p3.For small � we 
an 
onsider ki soft and, to �rst non-trivial order, H(�)
an be split into a hard and a soft pie
e:Hh(�) = 2P 2tQ2 Æ(�� j�xj) ; �x = Pi koutiPt ; (2.1)Hs(�) = 2P 2tQ2 Xi ktiPt �Æ(� � j��i � �xj)� j 
os ��ijÆ(�� j�xj)� : (2.2)The hard pie
e Hh(�) depends on the total out-of-plane re
oil of p2 or p3,whi
h is proportional to the sum of kouti , the out-of-event-plane1 momenta ofemitted parti
les. The soft pie
e Hs(�) represents the 
orrelation of ki withp2 and p3. The angle ��i is �i2 (�i3) for ki near p2 (p3). The subtra
tion term
omes from the in-plane re
oil of p2 and p3 and ensures that the observableis CIS. 3. Perturbative resummationThe �rst order PT 
ontribution to the di�erential H(�) distributiond�=d� is given by:�d� (�)d� = 2�sCT� ln 1� + : : : ; CT = 2CF + CA : (3.1)The presen
e of su
h a logarithm is due to an in
omplete real-virtual 
an-
ellation. Moreover, terms of the form �ms lnn � arise at any order in PTtheory. For small � they be
ome large and need to be resummed to givemeaning to the perturbative expansion.Resummation of logarithmi
 enhan
ed terms 
an be a
hieved by intro-du
ing the impa
t parameter b, the Fourier variable 
onjugate to �x. We1 The event plane 
an be identi�ed for instan
e by the Breit axis and the thrust-majoraxis [5℄.
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 (SL) a

ura
y, i.e. having under 
ontrol all dou-ble (�ns lnn+1 �) and single (�ns lnn �) logarithms in ln� . We �nd that onlyHh(�) 
ontributes to SL level, while the e�e
t of Hs(�) is subleading.The PT answer 
an then be written as a 
onvolution of the Born matrixelement M20 with a fun
tion whi
h resums all double and single logs:d�PT(�)d� �M20 
 2� 1Z0 Ptdb 
os(bPt�)P(b�1)e�R(b) : (3.2)In the above expression, due to 
oheren
e of QCD radiation, (virtual) gluonswith frequen
ies below b�1 re
onstru
t the proper hard s
ale for the partondensity P of the in
oming parton. Gluons with frequen
ies above b�1 buildup the Sudakov exponent R(b), the `so-
alled' radiator. This fun
tion, thesame o

urring in three-jet event shapes [5,6℄, depends on the 
olour 
hargesof the three hard emitters and on the geometry of the hard underlying event.The behaviour of d�=d� near � = 0 
an be understood by 
onsideringthe physi
al e�e
ts whi
h 
an keep the angle � small. One me
hanism isradiation suppression. This is the only one relevant in most event shapes andgives rise to a Sudakov form fa
tor with a 
hara
teristi
 peak [7℄. However,sin
e our observable measures radiation only through hard parton re
oil, itmay happen that � is kept small by su

essive 
an
ellation of larger out-of-plane momenta. It is this e�e
t whi
h prevails at small �, so that d�=d�,unlike event shapes, has no Sudakov peak, but rather approa
hes a 
onstantfor �! 0 [2℄. 4. Non-perturbative power 
orre
tionsThe soft term Hs, although subleading at PT level, gives rise to theleading NP power 
orre
tions:d�NP(�)d� �M20 
 2� 1Z0 Ptdb 
os(bPt�)P1(b�1)e�R(b)B(b) ; (4.1)Extra
ting the term of B(b) linear in b we �nd:B(b) = �b (C2 + C3) Q2Z0 d�2�2 ��s(�)� : (4.2)In this expression C2 and C3 are the 
olour 
harges of the two outgoingpartons P2 and P3, and � is the (invariant) transverse momentum of theemitted gluon with respe
t to ea
h outgoing parton.



3326 A. BanfiEquation (4.2) involves the integral of the running 
oupling in the in-frared. Giving sense to that integral requires a genuine NP input whi
h 
anbe provided for instan
e by the dispersive approa
h [8℄. This in
ludes thefollowing steps:� extension of the 
oupling in the infrared via a dispersion relation;� promoting the gluon to be massive: this allows the gluon to de
ayin
lusively;� taking into a

ount non-in
lusiveness of the observable by multiplyingthe result by the Milan fa
tor M [9℄.The �nal result thus be
omes:B(b) = �b (C2 + C3)�NP ; �NP =M 4�2�I (�0(�I) +O�s) : (4.3)The quantity �0 is the average of the dispersive 
oupling below the (arbi-trary) infrared s
ale �I . This NP parameter has been measured through theanalysis of mean values and distributions of two-jet event shapes both ine+e� annihilation [10℄ and DIS [11℄.The NP 
ontribution to the azimuthal 
orrelation distribution is then:d�NP(�)d� = ��NP(C2 + C3)hbi ; hbi�=0 � 1LQCD �LQCDQ �
 : (4.4)Here b is averaged over the PT distribution in Eq. (3.2). From Eq. (4.4) wesee that power 
orre
tions s
ale like a non integer power of 1=Q (
 ' 0:62).5. Results and 
on
lusionsIn �gure 1(a) we show the behaviour of azimuthal 
orrelation at HERAenergies for Q2 = 900 GeV2, xB = 0:1 and 1:0 < y2 < 2:5. We see thatthe distribution goes to 
onstant for �� 1. The e�e
t of power 
orre
tionsis to further deplete the distribution by an amount proportional to hbi. In�gure 1(b) we report also the �0�0 azimuthal 
orrelation taken from E706data [12℄. We observe that also in this 
ase the distribution �attens toa 
onstant value thus suggesting the me
hanism of 
an
ellation of out-of-plane momenta dis
ussed in Se
tion 3. In 
on
lusion, we have now a newobservable that 
an be used not only to provide a further measurement of�s and to 
onstrain the parton densities, but also to investigate the natureof hadronisation e�e
ts in hard QCD pro
esses.
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(b)Fig. 1. Qualitative 
omparison between azimuthal 
orrelation in DIS (a) and �0�0azimuthal 
orrelation in hadron-hadron 
ollisions (b).This work has been done in 
ollaboration with Giuseppe Mar
hesini andGraham Smye. I am also grateful to Yuri Dokshitzer for helpful dis
ussionsand to Gavin Salam and Giulia Zanderighi for useful 
omments and supportin the numeri
al analysis.
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