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Abstract

Developments of the fracture functions formalism in theteah of
DIS jet cross-sections and Semi-Inclusive Drell-Yan psscat hadron
colliders are briefly presented.

Fracture functions were introduced in Ref. [1] in order teegh QCD-based description of
semi-inclusive Deep Inelastic Scattering in the targegrirantation region. The first analyses of
HERA data [2] revealed a non-negligible contributions te IS cross-sections of events char-
acterized by absence of hadronic activity in the remnartiivn. Recent analyses of diffractive
data collected by H1 and ZEUS collaborations have now cosfirsubstantial contributions
of perturbative QCD effects in diffractive DIS cross-sen8 [3]. This experimental evidence
strengthens the idea itself of fracture functions. Theseperturbative distributions, hereafter
indicated byM;'L/P(m, z,Q?), give the conditional probability of finding at a given sc&)é a
partoni with momentum fraction: of the incoming hadron momentui® while a hadronh,
with momentum fractiony, is detected in the target fragmentation region of P. In Ri¢fit was
shown within a fixed orde®(«a) calculation that the additional collinear singularitiezorring
in the remnant direction can be properly renormalized ontyoducing fracture functions. An
all-order proof of collinear and soft singularities factation intoM;'l plz,2, Q?) was finally
given in Refs. [5] and [6], respectively. This theoreticalckground offers the basis for an
accurate analysis of diffractive data and the possibittyully exploit factorization in order to
extract diffractive parton distributionge. fracture functions. In this brief contribution we will
report on recent developments in this topic. In particulanwill focus on the extension of frac-
ture functions in the context of DIS jet cross-section ararthossible applications to hadronic
collisions.

As is well known, hadrons resulting from a hard interactiom @ften collimated in a def-
inite portion of momentum space. Hadron jets are the higlilig signature of the dominant
collinear branching of pQCD dynamics. For this reason jessisections are the natural and,
possibly, the most effective representation of hadronal Btate. While jet cross-sections with a
given, in general low, number of partons in the final statecateulable within pQCD, a descrip-
tion of the beam-jet in terms of pQCD is however precludedtynitrinsic soft and kinematical
nature. It results from the fragmentation of the spectatotoms of the hadron remnants plus,
eventually, semi-hard radiation coming from the evolutiéthe active parton at low momentum
transfer. Since at the forthcoming hadron collider topEsrdnimum bias and underlying event
will play a central role and will probably plague the extiantof hard scattering events signals,
we have proposed and introduced in Ref. [7] a new semi-iinv@yset-like distribution, here after
indicated with M (z, Q?, 2, t), referring to it as to a jet-like fracture function (z, Q?, z, )
expresses the probability of finding a partbmvith fractional momentume of the incoming



hadron and virtualityQ?, while a cluster of hadrons; is detected in a portion of phase spate
specified by two variableg, and¢. The regiorR is limited by the constraint

R: ti=—(P—h)?<t, ty<t<Q@?, (1)

where the value of is arbitrary chosen and can be conceived as the analogobse olfustering
variable used in ordinary jet-algorithms. Once the clustgprocedure is performed, the variable
z is obtained by summing the fractional longitudinal momeuitall hadronsh; satisfying the
constraint in eq. (1):

z=> z, hieR. 2)

In analogy with the standard inclusive DIS, which makes uUsgaoton distributions functions,
we may write the beam-jet DIS cross-section as

1 do.R,jet
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In this framework, the parton initiating the space-like czafe is specified by the initial state
radiation itself,i.e. the closest in rapidity to the hadron remnant. It has a foaeli momentum
1 — z, wherez is overall fractional momentum taken away by the hadron$ wit< ¢ and
has the highest allowed virtuality, according to strong ordering. Whenis chosen in the
perturbative region, as shown in Ref. [7], jet-like fragtfunctions obey a standard DGLAP
evolution equations:
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This equation describes how the virtual photon resolvesiteibutionsAM%, when the virtuality

of the latter is varied. In particular it resums potentidflyge collinear logarithms of the type
a”log™(Q?/t). In real processes, strorgprdering is only partially realized and one could in
principle improve the theoretical description includinigtrer order and coherence effects. As
discussed in Ref. [7], the introduction #f(*, allows one to include the beam remnants jet in the
perturbative treatment of DIS jet cross-sections. Moregefelike fracture functions could find
applications also in hard diffractive processes. In eveh&sacterized by the absence of hadron
activity in the remnant direction, this absence can be doedeas theshadowin the detector of
the propagation of the exchanged object intttehannel. The rapidity gap can then be considered
as amissing jet It can be defined in terms of a jet-like fracture functionedfied by the value

t of the measured particle at the edge of the gagp,the one with the highest rapidity (a part
from the proton itself). The study a@fap topologymight be important to investigate diffractive
phenomena and jet-like fracture functions could be a ugedllin this context.

The knowledge acquired at HERA on Deep Inelastic proceseiterget fragmentation re-
gion is expected to be essential in the LHC diffractive ptygirogram. Dedicated experiments
as TOTEM will measure leading baryon production, while carad CMS-TOTEM measure-
ments will trigger on a wide class of diffractive processharacterized by a large momentum



transfer [8]. The fundamental step in transporting infaiorafrom diffractive Deep Inelastic
Scattering at HERA to LHC is to assume factorization to haltiard diffractive hadron-hadron
reactions. The Tevatron analysis has put, however, sedioulsts on such an hypothesis. A non
universality of diffractive parton distributions, as eadted from diffractive DIS, emerged when
these distributions were used to predict hard scatteriegtewcross-sections [9]. In such a re-
actions, at variance with diffractive DIS where factoriaathas been shown to hold in Ref. [6],
theoretical arguments has been given such that the detedtparticle in the target fragmentation
region leads to a factorization breaking effect [6, 10]. #as reasons our understanding of the
dynamics of diffractive processes is strongly correlatéth the understanding of factorization.

Hard diffractive processes can be approached with pQCDnigebs and the Drell-Yan
process plays indeed a central role in this context. In@adi it is the only hadrons-induced
process for which factorization has been shown to hold dtawd collinear level [11]. Fur-
thermore QCD corrections to this process have been catclfatr inclusive and differential
distributions in such a way that it constitutes a fundamdstding process of QCD at the hadron
collider. For this reasons we have performed in Ref. [12] £pnalysis of the Semi-Inclusive
Drell-Yan process

P+P—-~y"+h+X. 5)

In eq. (5)P; and P, stands for the incoming hadrons; the virtual photon of invariant magg?
andh the additional hadron measured in the final stat€)?is large enough so that perturbation
theory applies, the factorization property of the congdetross-section should depend on the
region of phase space in which the final hadfors detected. In particular, ik is produced

at sufficiently high transverse momentupﬁi, then the relative cross-sections can be predicted
by pQCD. On the contrary, ik is produced at Iovxp%l | and thus detected in the target frag-
mentation region, arguments against factorization haeas ladready given in Refs. [6,10]. The
formalism of fracture functions allows one to performed atrie-leading order QCD analysis of
the Semi-Inclusive Drell-Yan process without introducimgphysical scale in order to separate
the dominant production mechanisms in each region of phasees The first step in order to
perform consistently such a calculation is to provide agrarhodel formula for the considered
process. Since in zero-th order QCD initial state radiai®absent, we assume the hadron
is "non-perturbatively” produced in the target fragmeiatatregion of P, (Rz,) or P» (Rp,) by
means of a "bare” (in the renormalization sense) fracturetion M;'L/P(x, z). In the follow-

ing we will consider the differential cross-sections foogucing a lepton pair of invariant mass
Q> > AQCD, accompanied by an additional hadremith fractional energy: = 2E),/v/S (de-
fined in the hadronic center of mass frame) and integrateditsv&ransverse momenturpi -

By defining the combination// (z, z) = Mé”/Pl (x,2) +M§L/P2 (z, z), the parton model formula
for the semi-inclusive Drell-Yan cross-sections reads:

d DY 4 2 1— zd d
. ng :Qggy / dzy /T ;;z fq<x2>+<xmx2>]a(l_$)
T q
(6)

A pictorial representation of this formula is drawn in Fig).( In the following we will restrict
ourselves to the discussion of NLO corrections togiiehannel. The corrections to eq. (6) have




Fig. 1: A pictorial representation of the parton model formula fen&-Inclusive Drell-Yan process, eq. (6).

Fig. 2: A pictorial representation of the second term on r.h.s. in(@)] The observed hadrdnresults
from the hadronization of initial state radiation (gluon).

the following formal structure
DY, (1 h (07 (0} B
dogg "V = MP® f3© |1+ 20| + 52F,® f3© Dy © Koy, (7)

where the symbok stands for the convolution on the momentum fraction of theti@pating
partons. The more involved part of the calculation does isbiis evaluating next-to-leading
order diagrams in which the final state parton hadronize timtoobserved hadroh. These di-
agrams are at the origin of the second term on the right hatedcfieq. (7). An example of
such a diagram is shown in Fig. (2). The coefficient functiéi}s and Kgq at this level still
present poles due to collinear singularities. It is howgasible to show, see Ref. [12] for de-
tails, that all collinear singularities can be subtractexhf the coefficient functions by the same
factorization procedure firstly used in Ref. [4] in the comtef Deep Inelastic Scattering. We
consider this result as a direct evidence of collinear faation for the Semi-Inclusive Drell-
Yan cross-sections. The present QCD-based calculatids Heaever only with standard soft
gluon exchange between active partons but it is blind toglotin exchange between spectators.
Since our findings support factorization at the collineaelewe implicitly confirm the general
widespread idea indicating soft exchanges between speciadrtons as responsible for factor-
ization breaking in semi-inclusive hadronic collisions.h#v diffractive parton distribution, as
obtained from HERA data, are used in the present calculatienresulting predictions would



be valid only in the case that factorization hypothesis fi0lds a consequence, any deviation
observed in the data not accounted for by the present NL@ledlon, could be interpreted as a
manifestation of factorization breaking. A comparisonhadaita would also establish whether a
factorization breaking shows up only in a diffractive kireim regime or if it manifests itself also
in processes with a gapless final state containing, as weihghe hadron in the target fragmen-
tation region. At the same time it would be interesting talgfwvithin the proposed approach,
light mesons production which is sensitive to the soft, mghitiplicity, fragmentation process.
For this reason, in Ref. [12], we address the Semi-IncluBix&l-Yan process as a prototype
of factorization analyzerSince we expect that the factorizing properties of the zsextions
to be extremely sensible to thé , of the measured hadraln, we guess that a more efficient
observable in this context would be the triple-differeintiess-sections:

dO.DY

—_—— 8
dQ?dp?  dz’ ®
for which an analog of the present calculation is still nadikable. The possible identification
of an intermediate scale or range of scales at which therfaatmn breaking effects start to
manifest themselves would constitute an important insigiotthe dynamics of the factorization
mechanism.

Let us conclude by listing some further possible develogmei the formalism. The
present work can be generalized to double hadron productibime evaluation of a double
hadron production cross-section needs a €h?) QCD calculation. However, as discussed
in Ref. [12], an approximate result could be obtained if onasiders the production of two
hadrons at lowp? | observed in opposite fragmentation regions with respethéoincoming
hadrons. In this case higher order corrections for thisggeshould be the same as for inclusive
Drell-Yan process, when the proper kinematics is taken awount. Finally we are thinking
to a generalization of the present approach to include giitiated hard processes [13] whose
relevance in diffractive Higgs production was first suggdsh Ref. [14].
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