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Mueller-Navelet jets

Process:  proton(p;) + proton(pz) — jeti(ki) + jetz(ka) + X ...LHC physics!

1 1
do d&;‘j(xlxzs,y)

S — dxi /de filx, )0 i) 5
dXJldXszszIdzka l',j:;f?,g’o/ 0 J dXJldXszzkjldszZ

o large jet transverse momenta: l?fl ~ I?Jzz > AQQCD = pQCD allowed

XJ1%J,25
[k 1llky 2l

= BFKL resummation: ), (aﬁ,o) alln"s + aly al In"t s)

o large rapidity gap between jets (high energies) = Ay = In

o) ¢

large — rapidity

| deta (kaz, $32) Moueller-Navelet jets at LO:

a back-to-back di-jet reaction

zero rapidity
-

Picture from
large + rapidity
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The BFKL resummation

pQCD, semi-hard processes: s > Q2 > AéCD

. I, (44) .
total cross section for A+ B — X: oag(s) = ——28~ < optical theorem

& Pomeron channel: t = 0 + singlet colour representation in the t-channel
o Regge limit: s >~ —u — o0, t not growing with s

@ BFKL resummation:
leading logarithmic approximation (LLA): af(Ins)"
next-to-leading logarithmic approximation (NLA): a1 (Ins)"

A A

» Img (.Aﬁg) factorization:

convolution of the Green’s function
of two interacting Reggeized gluons
with the impact factors of the
colliding particles.
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d+ioo
s dD’2q1 'dD’qu dw [ s\¥
I =—> [Z_"®,(5 Dp(—a ——(Z) G,(G. g
m; (A) (2n)D—2/ 37 A(ﬁh,so)/ a7 8(—G2.%0) / ¥ <50> w (41, G2)
J—ico

@ Green'’s function is process-independent

— determined through the BFKL equation
[Ya.Ya. Balitsky, V.S. Fadin, E.A. Kuraev, L.N. Lipatov (1975)]

@ Impact factors are process-dependent

— known in the NLA just for few processes

* forward jet production

(zap1, k) (zp1, k)

quark jet vertex gluon jet vertex

[J. Bartels, D. Colferai, G.P. Vacca (2003)

(small-cone approximation) [F. Caporale, D.Yu. lvanov, B. Murdaca, A. Papa, A. Perri (2012)
(small-cone approximation) [D.Yu. Ivanov, A. Papa (2012)

(several jet algorithms discussed) [D. Colferai, A. Niccoli (2015)

" F.G. Celiberto = BFKL effects and central rar /22
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BFKL cross section...

do

1 1

i d(A7,' '(X1X25, ‘H)
_— = fi fi — e
dxy, dxy, d2ky, d2k;, i,j:q,q,go/ dxq 0/ dxa fi(x1, ) fi(x2, ) dxy, dx, d2k ), d2k ),

» slight change of variable in the final
state

» project onto the eigenfunctions of the
LO BFKL kernel, i.e. transfer from the
reggeized gluon momenta to the
(n, v)-representation

» suitable definition of the azimuthal
coefficients

do 1 i
= = = Co+ Y  2cos(ng)Ch
dxj, dxy, d|Ky | d|Ky, |dy dpy, — (270)2 n;

with g =y —¢, — 7

Xy XJp S S0

...useful definitions: Y = In 22—, Yo = In 0——
[k |1k, [k |k, |

T F.G. Celiberto  BFKL effects and central rar
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...and azimuthal coefficients

c, = / Ty YY) )X )+ )R D ()] 42 (3,
(1) (1)
q’(nv) ¢’ (nv)
xcy (nv)e(nv) |1+ as (Ur) ( c (n o) + o (mv)

where

om-av-a (32 48) v(2+d o)

KO (1,0) = om0+ B xn) (<x o)+ 2 020 (200 4 2in () )

...several NLA-equivalent expressions can be adopted for C,!
— ...we use the exponentiated one

[F. Caporale, D.Yu Ivanov, B. Murdaca, A. Papa, (2014)]
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Exclusion of central jet rapidities

Motivati

o Atgiven Y =y, —vy ..

— |yy;| could be so small (S 2), that the jet i is actually produced in the central
region, rather than in one of the two forward regions

— longitudinal momentum fractions of the parent partons x ~ 1073
— for |y;| and |ky| < 100 GeV = increase of Cp by 25% due to NNLO PDF
effects [J. Currie, A. Gehrmann-De Ridder, E. W. N. Glover, J. Pires (2014)]

! Our BFKL description of the process could be not so accurate...

...let’s return to the original Mueller-Navelet idea!

& remove regions where jets are produced at central rapidities...

— ...in order to reduce as much as possible thoeretical uncertainties
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BLM method

NLO BFKL corrections to Cy with opposite sign with respect to the leading order
(LO) result and large in absolute value.

<

...call for some optimization procedure...
¢ ...choose scales to mimic the most relevant subleading terms

@ BLM [ S.J. Brodsky, G.P. Lepage, P.B. Mackenzie (1983)]
v preserve the conformal invariance of an observable...
V' ...by making vanish its Bo-dependent part

* "Exact” BLM:

suppress NLO IFs + NLO Kernel Bo-dependent factors
* Partial (approximated) BLM:
a) (ygLM)z = kikp exp[2(1+21) —f(v) — 3] + NLO IFs fo
b) (uB*M)” = kikz exp[2(14+21) =2 F(v)— 5+ ix(v.n)] + NLO Kernel o
f (v) = 0 for this process

[F. Caporale, D.Yu. Ivanov, B. Murdaca, A. Papa, (2015)]
O o YT T T T T T T T T VYR
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Observables and kinematics

@ Observables:

¢-averaged cross section Co, (cos [n (¢, — ¢y, —m)]) = g—g . with n=1,2,3
cos2(t—Apl) _ G (cosB(m—ag)) _C3
os(n—49)) G (cos2(m—Ag)) G VN AT u
o Integrated coefficients:

" ¥1,max " Y2, max 00 00
C, = / dys / dy» / dky, / dk),

Y1,min ¥2,min Jy min KJy,min

6()/1 — Y2 - Y)9 (‘yl‘ 7.)/|$\ax> 0 (‘.)/2‘ 7}/rgax>cn (.le’.yJQ’ kllrsz)

@ Kinematic settings:
o R=05and /s =13 TeV

o ySax S lyn,| <47, with y§, =0, 1.5~4.7/3, 2.5

<& 1. ky > 20, 35 GeV; ky, > 20, 35 GeV;

symmetric cuts, 2 choices
2. ky, > 20 Gey;

ky, > 35, 40, 45 GeV; asymmetric cuts, 3 choices
@ Numerical tools: FORTRAN + NLO MSTW 2008 PDFs + CERNLIB
[A.D. Martin, W.J. Stirling, R.S. Thorne, G. Watt, (2009)]

http://cernlib.web.cern.ch/cernlib
O o YT T T T T T T T T
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Rapidity range

S(y1—y2-Y) Cn (Yuq: Y3, kyy k)
N 0 47,
Y 4.7 4.7
-4.7 0 4.7
o Y =yn—vs,
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Rapidity range

S(y1—y2-Y) 9(\3!1\ - ygax) 9(\)!2\ - ygmx) Cn (Yuq: Y3, kyy k)

~Via 0 Yo 47
9. , 4
T
!
H
H
i
i
i
H
H
i
i
i
H
H
i
i
i
:
4 47+ Mo
Y 47 4.7
47 =yl
o &
-47 ~Viaax 0 Voax 47
y,‘ Y =yu—Yp




Results

0000e00000
Numerical analysis

Rapidity range

47 47 _ c c
/ dyl /747dy2 O(YI —Yy2— Y) 9(‘y1‘ - Ymax) 9(‘Y2‘ - ymax) C" (lelyjz' le’kJZ)

—47
~Via 0 Yo 47
9. 4
Y=15
47+ ¥
Y=55
Y 47 4.7
Yy=35
47 =yl
Yy=15
Li7 ~Viaax 0 Voax 47
» Y =y =y,
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GvsY — BLM method
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Cl/CO vs Y
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C2/C0 vs Y
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G/CGvs Y “exact” BLM method
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BLM comparisons of (; and R,y vs Y
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Conclusions

Conclusions

Comparison of predictions for Cy several Ry, ratios in full NLA BFKL approach

compared to

@ Implementation of exact BLM method ————— two different partial ones!

@ Symmetric and asymmetric kinematics of detected jets
[F.G. C., D.Yu. Ivanov, B. Murdaca, A. Papa, (2015)]
@ Central rapidity range exclusion...

— in order to rule out from the final state a kinematics which could not be
descripted by the BFKL approach

» effects on R, negligible

Pl

We strongly suggest experimentalist collaborations to measure Cy by escluding central
rapidity range...
¢ ...to discriminate BFKL from different theoretical approaches (HEF, fixed order
DGLAP, ...)

¢ ...to discriminate from different BFKL approaches (C, representation, scale
optimization method, ...)

" F.G. Celiberto = BFKL effects and central rar 129
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The “exact” BLM cross section

_ _ -conf
B X /+°° (Y= Yo)mOM (B (48O (B ({0 + T () )
n

‘kJ1HkJ2‘

x ("M (

VE’LM))QCl(n'V' ‘Ell |,XJ1)62(I1, v, |EJ2 "XJz)
(1

_ 1 — _ —
MOM (, BLM C:E '(n,v, lknlixn) | & '(n,v, |kl xs) | 20N
T+ags " (ug ™) = = N
ci(n v, lky |, xy) c(n v, kg, xz) c

with the ‘ulf-\,LM scale chosen as the solution of the following integral equation...

ZMOM (,,BLM ,
_ XpXp / < ) £ kg D) (aMOM(HBLM)>3
‘kJ1HkJ2‘ ° R
Bo |5 (ug™)? 2
XCl(n,V)C2(n,V)2NC 3+In X -2 1+3I
_MoMm By - S X(nv) [ x(nv) (H??LM) 2 _
+ad M (ug )Ins0 =5 < =5 +3+|n 00 -2 1+3l =0

~ F.G. Celiberto  BFKL effects and central rart 2016 00
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...which represents the condition that terms proportional to Bg in C,
disappear

T
1—4/144as (uR) n] ,

with T = TP 7o,
2
Tﬁ:_@ 1+ =/
! ( +3),
Tconf:%|:17[_|_3(I—1)€+(1—;/)62_:—)53],

where | = 2f0 In(XH ~ 2.3439 and  is a gauge parameter.
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The BLM cases (a) and (b) cross section

a)  (MBM)? = kiko exp [2(1+21) — F (v) — 3] ~ 5%kika

b)  (uBM)? = kiko exp [2(1+21) =2 F(v) — 3+ bx (v, n)] < (11.5)2kiks
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[k ||
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symmetric kinematics
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[F. Caporale, D.Yu. Ivanov, B. Murdaca, A. Papa, (2014)]
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