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Mueller-Navelet jets

proton(pi) + proton(p2) — jeti(ki) + jeta(ke) + X

K2

TS _ J1 2 _ 2 _
Sudakov decomposition:  k; 1 = xj1p1 + a8 P2 +kyj11 o, kJ’1l = —ka1 . s=2p1-p2
K? .
_ J,2 2 _ 2
kJ,2 = Xy2p2 + XJyzspl + kJ,2L ) kJ,zL = _kj’z

@ large jet transverse momenta: EJZ,l ~ EJZ,z > A(ZQCD —  perturbative QCD applicable

@ large rapidity gap between jets, Ay = In % —  s=2p1-p2> EJ212
J,1llky 2 ’

—  BFKL resummation: 3", cp aZIn"s+dy a2 In""1s
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@ Introduction

@ Theoretical setup: BFKL and collinear factorization
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BFKL “survival kit”

Total cross section A+ B — X, via the optical theorem, o = ImsA

@ Regge limit (s — o) A A
= BFKL factorization for Imgs.A:
convolution of the Green’s function of two interacting
Reggeized gluons and of the impact factors of the
colliding particles.

@ Valid both in
LLA (resummation of all terms (asIns)")

NLA (resummation of all terms as(asIns)™). B B
d+ioco
s dP—2g dP—2¢g, dw [ s\¥
Ims A = 7/ﬂ7¢A(d’1,So)/ﬂ7¢B(—f_f2,Su) / — (*) Gu(q1, G2)
g (2m)b—2 G2 G,? s 27 \ sg «

@ The Green'’s function is process-independent and is determined through the BFKL
equation. [Ya.Ya. Balitsky, V.S. Fadin, E.A. Kuraev, L.N. Lipatov (1975)]

w G, @) = 8°72(d — @) + [ 4P 2GK(1,9) Gul@. @)
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@ Impact factors are process-dependent;

only very few have been calculated in the NLA:

o forward jet production [J. Bartels, D. Colferai, G.P. Vacca (2003)]
(small-cone approximation) [D.Yu. lvanov, A. Papa (2012)]

o y* — A* [Bartels et al (2001) —]
(coordinate representation) [l. Balitsky, G.A. Chirilli (2011)]

o v*¥ — V, with V = p° w, ¢, forward case
[D.Yu. Ivanov, M.I. Kotsky, A. Papa (2004)]
e colliding partons
[V.S. Fadin, R. Fiore, M.1. Kotsky, A. Papa (2000)]
[M. Ciafaloni and G. Rodrigo (2000)]
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@ Step 1: “open” one of the integrations over the phase space of the intermediate state to
allow one parton to form a jet

(1'11)14, I:/) (’JUJPl, E])

quark vertex gluon vertex
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@ Step 1: “open” one of the integrations over the phase space of the intermediate state to
allow one parton to form a jet

(zap1, l:,;) (z1p1, EJ)

quark vertex gluon vertex

@ Step 2: take the convolution with the PDFs and the jet function

Z f> ® (quark vertex) ® S; +  f; ® (gluon vertex) ® S
a=q,3
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@ Step 1: “open” one of the integrations over the phase space of the intermediate state to
allow one parton to form a jet

(zap1, l:,;) (z1p1, EJ)

quark vertex gluon vertex

@ Step 2: take the convolution with the PDFs and the jet function

Z f> ® (quark vertex) ® S; +  f; ® (gluon vertex) ® S
a=q,3

@ Step 3: project onto the eigenfunctions of the LO BFKL kernel, i.e. transfer to the
(v, n)-representation

d(g) 1 _n \n .
o) = [@q %D 1@ E (1) a=iv-

1
., I?=o0
2
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Jet definition

LO: one-particle intermediate state

jet
The kinematics of the produced parton a is completely fixed
by the jet kinematics a
NLO, virtual corrections: one-particle intermediate state .
(see Fig. 1) Fig. 1
jet jet
2 2 1 NLO, real corrections: two-
+ particle intermediate state
b (see Fig. 2)
Fig. 2
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The Impact Factor in the LLA

The starting point is given by “inclusive” LO parton impact factors:

NZ—1 Ca

¢q:g277 bg = — &

@ Step 1: “open” the integration over the one-particle intermediate state, i.e. introduce a
delta function

I/PL, ') I/PL, i)

ERREE

@ Step 2: take the convolution with the PDFs and the jet function (D = 4 + 2¢)

1
do'? (g - c
Jdij(q) - /dx /dezka(H) (kf 6) s x)

0

| Eh00+ X A0

a=q,q
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© The Impact Factor in the NLA
@ Collinear and QCD coupling counterterms
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Collinear and QCD coupling counterterms

The collinear singularities which will arise in the NLA calculation are to be
removed by the renormalization of PDFs and QCD charge:

ah
—
x
SN—r
Il
ah
—~
x
=
m
SN—
I
N
N8
/N
™=
_l’_
=3
=
5
N———

% ['qu(z)fq(?aMF) + qu(z)fg(g,up)]

% [qu(z)fq(f,HF) + ng(z)fg(f,HF)]

. oslm) (T1Ga 20 (1, ik
asas(,uR){lJr 47 (3 3 €+|nu2

= % +7e — In(4m) = r6((14;)§)

| =
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@ Collinear counterterm:

1 1
dcbj(‘?”collinear ct. _ O 1 :U'%: (0) 2)/=.
— e g-t,-lnF by /d,@/dXSJ (g B8x)

0 0

a=q,G

X l:z(qu(ﬁ)fa(x)"rpqg(ﬁ)fg(x))+((::Ié (ng( e (x) + Pgq(8 Z fa ( X)>:|

@ QCD renormalization counterterm:

d)(@)leharge cv _ s (1
dJ 2 \ €

4)emn
" 6 3

1 (¢
></ dx (CAfg(X)+ 3 fa(x)) 5@(g:x)

] F

a=q,3
In the following

1), =

doy’(q) as
J — (O)V a
dJ 2 7 @)
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© The Impact Factor in the NLA

@ Quark-initiated subprocess
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Virtual corrections

(zp1, '7 (1, kJ

I I S

(V)= 1F[1—5] F2(1+5) 4 g 2) .
Vo' (d) = e (4m)¢ m /0 dxazq:qfa(x (@

2 11 N
X|Ce|—=3)4+(—=—Ca— )+ CAIn— + finite terms
€ 6 3 G2
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Virtual corrections

(zp1, ': (zsp1, kJ

I I S

(V)= 1F[1—5] F2(1+5) 4 s 2) .
Vo' (d) = e (4m)¢ m /0 dxazq:qfa(x (@

2 11 N,
X |:C,: (7 — 3) + ( 6 Cp — ?F) + CAInq—} + finite terms

QCD renormalization counterterm

dq)J(CT)Icharge ct _ Gs <1 +1n l‘ﬁ?) (11CA _ &) q>570)

2

dJ T om 6 3

I

Cp N
e (ch” D filx )%”(q:x)

a=q,g
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“Real’ corrections: quark-gluon intermediate state

Starting point

o dP— 2k 572
( ) = (47r / dx Z ﬁ-,,(x)/ / dB Pgqle k2<c_ffl?>2(l?f,36—f>2

a=q,q

N 2 - RN
x {CF/BZ (6-F) +aa fﬁ)k-(kfﬂci)}sf) (7 KK xB:x)
B, 1— 3 and K, q— K: relative longitudinal and transverse momenta of the gluon, quark

@ term proportional to Cr

(RNCF) (o~ FL—e] TP(1+¢) @ .
Va (@)= ame 1+2z—:)/ an:qfa(X [(7 3) RAUR

1
+ /0 dB Peq (8) S (g; xﬁ)} + finite terms
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“Real’ corrections: quark-gluon intermediate state

Starting point

o dP— 2k 572
( ) = (47r / dx Z ﬁ-,,(x)/ / dB Pgqle k2<c'ffl?>2(l?fﬂc_f>2

a=q,q

N 2 - RN
x {CF/BZ (6-F) +aa fﬁ)k-(kfﬂci)}sf) (7 KK xB:x)
B, 1— 3 and K, q— K: relative longitudinal and transverse momenta of the gluon, quark

@ term proportional to Cr

(RNCF) (o~ FL—e] TP(1+¢) @ .
Va (@)= ame 1+2z—:)/ an:qfa(X [(7 3) RAUR

1
+ /0 dB Peq (8) S (g; xﬁ)} + finite terms

Virtual corrections

Vi) = 1Mol te) o )E/ldx 3 00 5P ()

e (4m)s T(1+2¢) g8

|:CF - = 3 %CA —% + CAIn _‘2 + finite terms
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Collinear counterterm

1 1
d¢J(6)|collinear @fie Qs 1 FL?? (0) 2)/=.
=L <E+InF > o/dBO/dXSJ (§; Bx)
C
X | 22 (Paa(B)fs () + Pag(B)fy () + - < Pes(8)fy () + Peal(8) D £ m)]
a=q,q a=q,q
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Collinear counterterm

1 1
d¢J(6)|collinear @fie Qs 1 H%‘ (0) 2)/=.
—— = = <E+InF @, o/dBO/dXSJ (g Bx)
C
X |: (Paq(B)fa (x) + Pag(B)fg (x)) + ?: < Pgg(B)fe (x) + Pgq(B Z fa (X)>:|
a=q,q a=q,q

@ term proportional to C4

_ Ca
VL;R)(CA) () =

(am)?

c\

M1 —e] r2(1+5)Pq(B) (2) /=
aqqf(x {/ 8 —— T2 "”CF S (@ xB)

D—2 =2
= |
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Collinear counterterm

1 1
d¢J(6)|collinear @fie Qs 1 H%‘ (0) 2)/=.
—— = = <E+InF @, o/dBO/dXSJ (g Bx)
C
X |: (Paq(B)fa (x) + Pag(B)fg (x)) + ?: < Pgg(B)fe (x) + Pgq(B Z fa (X)>:|
a=q,q a=q,q

@ term proportional to C4

B. Murdaca (UNICAL & INFN)

(RNCA) (1 _ _Ca [P 1T =] T2(1+¢) Py (B) @)
Vo (@) = (4,,)5/0 d 2, fi() {/o B Fat2e ch 57 (@ xB)

D—2 22
+/dw”5k;2(;i—z)zln (|z|+|sc;—z|)25(2)< — Kix) | + fnite terms

After the projection onto the eigenfunctions of the LO BFKL kernel
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Collinear counterterm

1 1
d¢J(6)|collinear @fie Qs 1 H%‘ (0) 2)/=.
—— = = <E+InF @, o/dBO/dXSJ (g Bx)
C
X |: (Paq(B)fa (x) + Pag(B)fg (x)) + ?: < Pgg(B)fe (x) + Pgq(B Z fa (X)>:|
a=q,q a=q,q

@ term proportional to C4

(RNCA) (1 _ _Ca [P 1T =] T2(1+¢) Py (B) @)
Vo (@) = (4n)€/., d 2, fi() {/D B Fat2e ch 57 (@ xB)

D—2 22
+/dw”5k;2(;i—z)zln (|z|+|sc;—z|)25(2)< — Kix) | + fnite terms

After the projection onto the eigenfunctions of the LO BFKL kernel

Virtual corrections

1Tl -] FP(1+e) ro2\e L
vi(G) = - o r(1+2s)( 2) / dx > f(x) SP(Fix)

a=q,3
CF ¢ A ¢CA —% + CAIn— + finite terms
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Outline

© The Impact Factor in the NLA

@ Gluon-initiated subprocess

B. Murdaca (UNICAL & INFN) NLO forward jet vertex Diffraction 2012 19 / 23



Virtual corrections

1JP1 kJ) ijl kJ

A A e

_ 2
Vi@ = - Z[(147r)i] £(£1++2? (@%)° /dx SUACR S

N 11 2
x [(i _ fCA) + Ca (In (ii) + 7)} + finite terms
3 6 g2 €
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“Real”’ corrections

Starting point (Tg = 1/2)

@ quark-antiquark intermediate state:

(Ra3) Ne [t dP—2k g2 ~28(1-58)
v ()_(ﬂ)/ f(x)/ dB/ o T (1 v )
X[cuﬂ(lp)k’-(ai)
Ca (k—Bq)?

B,1— 3 and K, q— K: relative longitudinal and transverse momenta of the quark, antiquark

:| 5_(]3)(67 E7 E,Xﬁ;X) )

@ two-gluon intermediate state:

1 D—27 r1—Po =2
Vi @) = A [ g0 / CE [ e T el
0 Bo

(47‘()5 Cr rlte

x {52(1?_5)2 +(1—B)2K2 - B - Bk (4 E)}sf)(a_z?,z?,xﬁ;x)

B,1— 3 and K, q-— k: relative longitudinal and transverse momenta of the two gluons
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@ term proportional to Ng

r[l — 5] |'2(1 +5) 1 d f:g(x) |:2 Ca (2) ((7' X)

(R) (Ne) =
V, =N, - = 5
€ (@) =Ne e Tt 20) Jo 3¢

1
42 / dB Peg(8) S (G xﬁ)] + finite terms
]

@ term proportional to C4

R (Ca) gy - Ca [* ML—e] 21 +e) 2 U@ oy [
W@ =2 o {t e (@ ((-3) P@n+ [

@z Ca [dP2k  §2 s0 @ s 7.
% Fee (92 (q’xﬁ)]+(4rr)€/ T e—qp (e g—gpe L Gt
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@ term proportional to Ng

CoATED Moo [2 5P @0

(R) (Ne) (=
Vv, =N 2C
€ (@) =Ne e Tt 20) Jo 3¢Cr

1
42 / dB Peg(8) S (G xﬂ)] + finite terms
]

@ term proportional to C4

R (Ca) gy - Ca [* ML—e] 21 +e) 2 U@ oy [
W@ =2 o {t e (@ ((-3) P@n+ [

@z Ca [dP2k  §2 s0 @ s 7.
% Fee (92 (q’xﬁ)]+(4rr)€/ T e—qp (e g—gpe L Gt

After the projection onto the eigenfunctions of the LO BFKL kernel there is a complete
cancellation of divergences.
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Conclusions

@ We have recalculated, completely within the original BFKL approach at the next-to-leading
order, the jet vertex relevant for the production of Mueller-Navelet jets in proton collisions.

@ It has been explicitly shown that the result is free of IR and UV divergences.

An essential role in the cancellation of IR divergences has been played by the projection
onto LO BFKL eigenfunctions.

@ The energy scale sp remains untouched and need not be fixed at any definite value.

@ Fixing the sp scale at the value suggested by J. Bartels, D. Colferai, G.P. Vacca (2003), we
find a complete agreement before the projection.
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