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Mueller Navelet jets were proposed 25 years ago as a detésivef BFKL dynamics at hadron
colliders. We here present the first next-to-leading BFKIdgtof the cross section and azimuthal
decorrelation of these jets. This includes both next-tatieg corrections to the Green'’s function
and next-to-leading corrections to the Mueller Naveletiges. The obtained results for standard
observables proposed for studies of Mueller Navelet jetsvshat both sources of corrections
are of equal and big importance for final magnitude and benhafiobservables, in particular for
the LHC kinematics investigated here in detail. Our analyaveals that the observables obtained
within the complete next-to-leading order BFKL framewofktte present work are quite similar
to the same observables obtained within next-to-leadiggrithm DGLAP type treatment. There
is still a noticeable difference in both treatments for tagar of the azimuthal angular moments
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1. Introduction

The understanding of the high energy regime of QCD is one@k#dy questions of particle
physics. In the semi-hard regime of a scattering processhinhg >> —t, logarithms of the type
[asIn(s/[t])]" have to be resummed, giving the leading logarithmic (LL)iBBkYy-Fadin-Kuraev-
Lipatov (BFKL) Pomeron [1] contribution to the gluon Gregffiinction. The question of testing
such effects experimentally then appeared, and variots hese been proposed in inclusive [2],
semi-inclusive [3] and exclusive processes [4]. The badéaiis to select specific observables
which reduce the importance of usual collinear logarithaffects a la DGLAP [5] with respect to
the BFKL one: the involved transverse scales should thu¢$ siendlar order of magnitude. We here
consider the Mueller Navelet (MN) jets [6] in hadron-hadamiliders, defined as being separated
by a large relative rapidity, while having two similar traesse energies. In a DGLAP scenario, an
almost back-to-back emission is expected, while the albBEKL emission of partons between
these two jets leads in principle to a larger cross-sectidgth a reduced azimuthal correlation
between them. We report on recent results where both the Nk function [7] and the NLL
result for the jet vertices [8] are taken into accdurthese new results have been obtained based
on a fast Fortran code, which allowed us to go beyond theesuafiRef. [10] where we developped
an exploratory Mathematica code. Detailed results will lEsented elsewhere [11].

2. NLL calculation

The two hadrons collide at a center of mass engrgproducing two very forward jets, whose
transverse momenta are labeled by Euclidean two dimerisiestorsk;; andk;», and by their
azimuthal anglegy 1 and@ . The jet rapiditiesy; ; andy;, are related to the longitudinal mo-
mentum fractions of the jets vig = “\‘}' e". For largex; 1 andx; 2, collinear factorization leads to

do = /dx /1dx fa(x1) fo(X2) d0an
dlky1|dlky2|dy; 1 dy;o ; o Lo a2 dikya|dlkg2|dys1dyso’

where f,), are the parton distribution functions (PDFs) of a parton)ar{lihe according proton.
The resummation of logarithmically enhanced contribwgiare included througkr -factorization:

2.1)

da-ab
diky1|d|ky2|dy;1dys2

where the BFKL Green’s functio® depends o8 = x1Xps. The jet verticed/; p were calculated at
NLL order in Ref. [8]. Combining the PDFs with the jet verticene writes

do
dlkj 1| dlky2|dys1dys2
where @Ky, %ok /dx F(x)V (ki %). 2.3)

:/d(Rle(RJ,Z/dzkldzkzva(_klyxl)G(k17k27§)vb(k27x2)7 (2.2)

Z/dflb,l d%,z/dzkldzkz D(ky1,X31, —K1) G(K1,k2,5) P(Ky2,X52,K2)

In view of the azimuthal decorrelation we want to investigate define the coefficients

Gm E/d(RLl dgy 2 cos(Mm(@1— @2 — ﬂ))/d2k1 d?ko P(K31, %31, —K1)G(K1, k2, §)P(K32,X1.2,K2),

IThese vertices have been recently recomputed in Ref. [@]fifl BFKL approach.
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from which one can easily obtain the differential crossisacand the azimuthal decorrelation as

do Cm
=%, and (cogmg¢)) = (cos(m — —m))=—-. 2.4
d’kll‘ d‘k‘]’zl dyJ71 dyJ,Z 0 < q ¢)> < ( ((R],l M2 ))> 650 ( )
The important step is then to use the LL-BFKL eigenfunctions
En v(kl) == i (kz)iV7% ei”“’l (2.5)
3 n_\/z 1 )
although they strictly speaking do not diagonalize the NIEKRB. kernel. In the LL approximation,
8 w(myv)
= (4= 38m0) [ WOy (KasloalChulrcla) ()« (@9
where Cny(|Kgl,Xs) :/d%dzkdxf(x)V(k,x)EmN(k)cos(m(m, (2.7)

and w(n,v) = Neas/Txo (|n|, 3 +iv), with xo(n,y) = 2W(1) =W (y+3) —W(1—-y+3). The
master formulae of the LL calculation (2.6, 2.7) will also iged for the NLL calculation, the
eigenvalue now turning to an operator containing @derivative [12, 13], which acts on the impact
factors and effectively leads to a contribution to the eigdure which depends on the impact factors.
At NLL, the jet vertices are intimately dependent on the jgbdathm [8]. We here use the
cone algorithm, with the cone parameRe= 0.5°. At NLL, one should also pay attention to the
choice of scalesp. We find the choice of scalg = /51502 With i = %ﬁkii rather natural,
since it does not depend on the momekia to be integrated out. BesidesJ, the dependence with
respect tagy of the whole amplitude can be studied, when taking into agtthe fact that both
the NLL BFKL Green'’s function and the vertex functions agedependent. In order to study the
effect of possible collinear improvement [15], we have, igddally, implemented fon = 0 the
scheme 3 of the first paper of Ref. [15]. This is only requirgdhe Green’s function since we
could show by a numerical study that the jet vertices aredfgepoles and thus do not call for any
collinear improvement. In practice, the use of Egs. (2.8) Rads to the possibility to calculate
for a limited number ofm the coefficient<Cy,, as universal grids i, instead of using a two-
dimensional grid irk space. We use MSTW 2008 PDFs [16] and a two-loop strong augplith

a scaleur = /[kya|- ka2l

3. Resaults

Fig. 1 (left) displays the cross-section as a function ofrtative jet rapidityY, for the LHC
center of mass energy’s = 7TeV, for which most of LHC data are taken at the moment, while
Fig. 1 (right) shows the relative variation of the crosstisecwith respect to MSTW 2008 when
changing the PDFs according to Ref. [17]. This explicitdipws the dramatic effect of the NLL
vertex corrections, of the same order as the one for the Grierction [13, 18].

2A detailed study [11], based on the work of Ref. [14] where j#tevertices were computed in an approximated
smallR treatment, shows that the difference between an exacitegitand this approximation is small.
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Figure1: Left: Differential cross section in dependenceYofor |k; 1| = |ky2| = 35GeV, at/s=7 TeV.
Blue: pure LL result; Brown: pure NLL result; Green: combipna of LL vertices with the collinear
improved NLL Green’s function; Red: full NLL vertices withé collinear improved NLL Green’s function.
Right: Relative variation of the cross-section in the fulllNapproach, for various choices of PDFs with
respect to MSTW 2008 ones.
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Figure2: Left: Azimuthal correlation in dependencerior |k 1| = |kj 2| =35GeV, at\/s=7 TeV. Blue:
pure LL result; Brown: pure NLL result; Green: combinatidnLd. vertices with the collinear improved
NLL Green’s function; Red: full NLL vertices with the col@ar improved NLL Green'’s function. Right:
Relative variation of the azimuthal correlation in the fNILL approach, for various choices of PDFs with
respect to MSTW 2008 ones.

Fig. 2 (left) displays the azimuthal correlation as a fumctof the relative jet rapidity’, for
the LHC center of mass energys = 7 TeV, while Fig. 2 (right) shows the relative variation of
the cross-section with respect to MSTW 2008 when changiad?Fs using the sets of Ref. [17].
The decorrelation based on our full NLL analysis is very $nsamilar to the one based on NLO
DGLAP. Fig. 2 (right) shows thacosg) is much less sensitive to the PDFs than the cross section.

Detailed studies [10] have shown that the main source ofrtaioées is due to the renor-
malization scalgur and to the energy scalgs. This is particularly important for the azimuthal
correlation, which, when including a collinear improvede@n’s function, may exceed 1 for small
Ur = M. A noticeable difference can be expected between BFKL antdARype of treatment
for the ratio(cos2p) /(cos¢) . The BFKL results are shown in Fig. 3. We refer to Ref. [10] for a
comparison with the DGLAP approach gk = 14 TeV.

In order to get more insight into the azimuthal correlati@vween jets, we have studied the
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Figure 3: Left: Ratio of azimuthal correlation&os 2p) /(cosg) in dependence o¥ for |Kj1| = |Kj2| =
35GeV, at/s=7 TeV. Blue: pure LL result; Brown: pure NLL result; Green:nebination of LL vertices
with the collinear improved NLL Green’s function. Right: Beve variation of <<°c°:;0‘;> in the full NLL
approach when using other PDF sets than MSTW 2008.

Ag@ distribution, a quantity which is accessible at experimdite ATLAS and CMS. Computing
(cogng)) up to large values afi gives access to the angular distribution, since

ldo 1

—— = — 142 cos(ng) (cos(n . 3.1

5 40 ZH{ +23 cosing) ( <<p>>} (3.1)
The results, for various values ¥f are shown in Fig. 4. Our full NLL treatment, when com-
pared with a mixed NLL+LL approach, predicts less decoti@tafor the sameY, and a slower
decorrelation with increasing.
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Figure 4: Azimuthal correlation. Left: NLL Green’s function combithevith LL vertices. Right: NLL
Green'’s function combined with NLL vertices.
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