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Motivation

What renormalization scale do you have to choose when you work with a
truncated series or resum only certain logarithms?

B. Murdaca (UNICAL & INFN) On the BLM optimal renormalization scale September 14, 2014 2 /25



Motivation

What renormalization scale do you have to choose when you work with a
truncated series or resum only certain logarithms?

@ Natural value dictated by kinematics.

B. Murdaca (UNICAL & INFN) On the BLM optimal renormalization scale September 14, 2014 2 /25



Motivation

What renormalization scale do you have to choose when you work with a
truncated series or resum only certain logarithms?

@ Natural value dictated by kinematics.

@ Optimization method.

B. Murdaca (UNICAL & INFN) On the BLM optimal renormalization scale September 14, 2014 2 /25



What renormalization scale do you have to choose when you work with a
truncated series or resum only certain logarithms?

@ Natural value dictated by kinematics.

@ Optimization method.

...BLM method!
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@ Theoretical setup
@ BFKL approach
© BLM method

© Semihard processes
@ Mueller-Navelet jets
@ Electroproduction of two light vector mesons
@ ~*~* forward scattering

© Conclusions

B. Murdaca (UNICAL & INFN) On the BLM optimal renormalization scale September 14, 2014 3/25



Outline

@ Theoretical setup
@ BFKL approach
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The BFKL approach

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

@ Regge limit (s — o0)
= BFKL factorization for Ims.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 (as Ins)™)
NLA (resummation of all terms as(asIns)”).

5+loo

s dD 2 dD 2
I — GLA/' g 7_‘
msA 7(27r)9*2/ 3z CI1,SO)/ (—G2,50) / i ( ) (g1, G2)

§—ioco

@ 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)]
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Solution of the BFKL equation

@ The Green's function obeys the BFKL equation
(@~ ) = Guld, @) — [ 3K (G, 4) Gu(dG2)

@ Transverse momentum space definition

=

@) = Gildi) ,  (@]G2) = 6P (G1—d2),  (AIB) = (A|K)(K|B) = / d?kA* (k)B(k)

Qp

@ The kernel operator Kis ~
K(G2, G1) = (G2|K|d1)

@ Straightforward solution in the transverse momentum space

i=(w-KG, — G,o=w-K)™, K=aKk’+a?k', a;=—5

@ Solution for the G, operator with NLA accuracy

G = (0~ 3RO 4 (1 — &K (82K7) (w - 3K0) 1 4+ O {(azkl)z}
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@ Basis of eigenfunctions of the LO kernel

Rons) =xtolinw), o) =200 = (5 +5+iv) v (3 +5 i)
- 1 -2 v—1 ind
nvy=—— 2 e cosf = gx
(G ln,v) 3 (@2 q
d?q

<nl7ul‘n7 vy = / ? ((_f 2)"V*iu -1 ei(n—n/)g =5(v— V/)(snn/

@ The action of the full NLO BFKL kernel on these functions may be expressed as follows:

Rimv) = as(ur)x(nv)lnv) + a2(r) (x(l)(nﬂ/)+ ﬁ"cx(n,u)m(ué)) In, )

4N

0
4 a2m) (o) (12 ) )
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@ Basis of eigenfunctions of the LO kernel

ROln vy = x(mu)lmv),  x(mw) = 24(1) — (g TNt iu> — (g vi- ,-u>

v-1 ;
2 ¢! 9, cosf = gx

(ln) = —=(@%)’

<I‘l, V/‘I‘l I/) _ / d2 ( )lufiulfl ei(nfn/)g — 6(1/ _ l//)(;
) ) = o2 = nn’

@ The action of the full NLO BFKL kernel on these functions may be expressed as follows:

Rinw) = as(ur)x(mv)lnv) +a2(ug) (x<1>(n,u>+fw"cx(nwn(ué)) In, )

0
4 a2m) (o) (12 ) )

Impact factors

@ Projection of the impact factors ¢;(§) onto the eigenfunctions of LO BFKL kernel, i.e. the
transfer to the (n, v)-representation

I 1 = 2yiv—1% in
c,-(n,u):/dz_'d)q(q)ﬂ\/i( 2) 2 i

Here ¢ is the azimuthal angle of the vector g counted from some fixed direction in the
transverse space.

v
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@ Impact factors are process-dependent;

only very few have been calculated in the NLA:
o colliding partons
[V.S. Fadin, R. Fiore, M.1. Kotsky, A. Papa (2000)]
[M. Ciafaloni and G. Rodrigo (2000)]

v* — V, with V = p°, w, ¢, forward case
[D.Yu. Ivanov, M.I. Kotsky, A. Papa (2004)]

o forward jet production
[J. Bartels, D. Colferai, G.P. Vacca (2003)]
[F. Caporale, D.Yu. lvanov, B. M., A. Papa, A. Perri (2012)]

(small-cone approximation) [D.Yu. lvanov, A. Papa (2012)]

o forward identified hadron production [D.Yu. Ivanov, A. Papa (2012)]

¥ — ¥ [J. Bartels et al. (2001) —]
[V.S. Fadin, D.Yu. lvanov, M.I. Kotsky (2002)-(2003)]

[I. Balitsky, G.A. Chirilli (2011)-(2014)]

[G.A. Chirilli, Yu.V. Kovchegov (2014)]
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To study a process...

too s\ @s(r)x(nv)+a2 (r)K M (n,v) )
o= [ v (—) o2 () 1 (n,v) 2 (n,v)
—o0 S0

(1) (1)
a ¢ (nv) '’ (n,v)
X [1+ s(#R)( () + o (n2) ﬂ
with
K@) (n,v) = x(n,v)+ 8BTOCX(”’ v) <fx(n,1/) + ? +ldiz/ In (Z E:’Z;) +2In (,uf?))
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To study a process...

+oo s\ Es(rRIX(m)+EF (R)KD (m)
= [ () o2 () c1 (m,v) & (n, )
—o0 S0

(1) (1)
a ¢ (nv) '’ (n,v)
X [1+ s(#R)( () + o (n2) ﬂ
with
K@) (n,v) = x(n,v)+ 8BTOCX(”’ v) <fx(n,1/) + ? +ldiz/ In (Z E:’Z;) +2In (,uf?))

@ Optimization method
BLM scale setting: in an observable the scale is chosen such that it makes vanish the
Bo-dependent part.
[ S.J. Brodsky, G.P. Lepage, P.B. Mackenzie (1983)]
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To study a process...

+oo s\ Es(rRIX(m)+EF (R)KD (m)
= [ () o2 () c1 (m,v) & (n, )

—o0 S0
a’ () gV, ))}

x c (n,v) c (n,v)

1+ as (uR) <
with

10 d n,v
KM (n,v) = x(n,v)+ 8BTOCX(”’ v) (*X (n,v) + . +z$ In (%) +2In (,uf?))

@ Optimization method
BLM scale setting: in an observable the scale is chosen such that it makes vanish the

Bo-dependent part.
[ S.J. Brodsky, G.P. Lepage, P.B. Mackenzie (1983)]

It is supposed to mimic the effect of the most relevant unknown subleading terms.
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Outline

@ Theoretical setup

@ BLM method
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Optimization method

@ Step 1: change of renormalization scheme

NS MOM
o .
o3 (ug) = a¥OM (ug) (14 BT wieh T 7 T,

Bo 2 f Ca {17 3 ( 1) ) 13}
T = 2 (1421 Teorf = A4 Z(1—1 1— =1 -
(+3> and s |2/ T NeF 3)¢ 768

1 |
/:—2/ de— ") 53439, 0.
o PP—x+1]
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Optimization method

@ Step 1: change of renormalization scheme

MOoM
oS (ug) = aMOM (4g) (1 L F(MR) T) with T = T8 4 Teonf

B__@ g conf_&|:7 e _ (_1)2_131|
T8 = 2(1+3/> and T = IS -ner(1-51) e - ce

1 |
/:—2/ dx[&:2.3439, £=0.
0

x2 — x + 1]
U
ﬁ/j: duv Y —Y0)aMoMy(u, )( MOM) o {1+ < (1) N Eé:))
+aMom <E§1) + Cél)) +5¢;"’0"”ﬂ + (a;"’o"” (Y - Yo) ( Confx(u n) + % (v, n)>
a e Ca
+aMom {% +aMoM (y _ vy) (Z—X 8/2 ( (v, n)

+ i% In <Z—:> +2In (Hf?)))}}
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@ Step 2: choice of the BLM scale

Bo ( 2 > 5 13
2ol o (14204247 |
2CAH )|

2 1 5 1 c1 1 2
1-Z-= 24f o (2 )+ 22 =0
x[ 3 4x(u,n)+6+ W)+, n(c2)+2 n(//R)H

+ayoM (1ir) (Y = Yo) x (v, n)
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@ Step 2: choice of the BLM scale

Bo 2 > 5 u3
Lol o1+ 4247 |
2CAH (+3 F3 i)+

2 1 5 1 c1 1 2
1-Z-= 24f o (2 )+ 22 =0
x[ 3 4x(u,n)+6+ W)+, "(C2)+2 n(//R)H

3

KR = KR (l/vnvkl')
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@ Step 2: choice of the BLM scale

Bo 2
2CA{|:2<1+3/>+ +f( <k1k2

[ l—gl—fx(yn)—i— +f (v )+Zdi| (%)-ﬁ-%ln(//é)”:o

M (1r) (Y = Yo) x (v, n)

3

MR = KR (V7 n, kl)
Partial BLM:

a) (/JELM)Z = kikz exp[2(1+ %l) —f(v)— %]
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@ Step 2: choice of the BLM scale

Bo 2 5 1
— 2114+ =1 -+ f |
2CA{|: (+3)+3+ (v)+n<k1k2

2 1 5 id fa\ 1., .,
1ot 24 LA -
X{ 3l XA g+ n<62>+2 ”(“R)”

3

HR = KR (V7 n, kl)

Partial BLM:

a) (,,E,LM)2:1<11<2 exp [2 (1+§/)_f(y)_ g]

b) (MELM)2:k1k2 exp [2(1+%I)72 f(zz)f%Jréx(zx,,n)]
September 14, 2014 14 / 25
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@ Step 2: choice of the BLM scale

Bo 2 5 1
—_— 2114+ =1 -+ f |
2CA{|: (+3>+3+ (V)+n<k1k2

2 1 5 id fa\ 1., .,
1ot 24 LA -
X[ 3l XA g+ n(62>+2 "(“R)”

3

HR = KR (V7 n, kl)

Partial BLM:

a) (,,E,LM)2:1<11<2 exp [2 (1+§/)_f(y)_ g]

b) (MELM)2:k1k2 exp [2(1+%I)72 f(y)ngréx(zx,,n)]

f (v) is a function that depends on the considered process.
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Outline

© Semihard processes
@ Mueller-Navelet jets
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Mueller-Navelet jets

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

1 1
do / / Y6 (2 1) dé; j(xaxas, )
B —— Ix2 fi(x1, Xoy b)) ————
dindazdhndikn o b [ e fiba, )i 1) o Pk
= g0 o
ko
P2
Sudakov decomposition:
le—XJ1P1+XJ SP2+kJ11_, ki1, =—ki1, s=2p1-p2
2 _ 2
Kja1 = —kji2

@ large jet transverse momenta: I?Jz,l ~ Eﬁz > /\(2QCD ——  perturbative QCD applicable
@ large rapidity gap between jets, Ay = In %, —  s=2p1-p2> EJ212
J,1 J,2 ’

— BFKL resummation: >, cp alIn" s+ dy af In"~1s
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Observables of interest

Moments of the azimuthal decorrelations

large — rapidity
| deta (kuz, i)

7L o —3 A zero rapidity
Cn 1 plane 2
Cos |n — — T = —
(cos [ (d — b, ) Co’ jets (kut, ba)
<cos (mAd)» large + rapidity
Rm,n = T A T
(cos (nA0)) oo
Picture from
[D. Colferai, F. Schwennsen, L. Szymanowski, S. Wallon (2010)]
27 27 don
Cn dd)_}1 d(b_/z cos [n ((;5_]1 7(1)_12 77r)] ——, with dJ,':dXJ,.dk_/’.
0 dJ) dJ)
=
+o0 s\ FsRX(mFES (K D)
Cn = / dv ( ) s (pr) c1 (n,v) c2 (n,v)
oo S0

X

1+ as(pRr) <C§1) (n. ) + <" (o, V)ﬂ

c (n,v) o (n,v)
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Our analysis

In order to compare our predictions with the LHC data [CMS Collaboration (2013)]
@ Observables:
C1 CZ
(cos (m — Ag)) = oo (cos[2(m — A@)]) = o
0 0
(cos2(r—AQ)) _C2  (cos[3(r— AR _ C3
(cos (m — Ag)) C1’ (cos[2(m—AP)) C2

C3

(cos[3(m — Ag)]) = o

with A(Z):(Z)JZ —(;5_]1 .
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Our analysis

In order to compare our predictions with the LHC data [CMS Collaboration (2013)]
@ Observables:
C1 CZ
(cos (m — Ag)) = oo (cos[2(m — A@)]) = o
0 0
(cos2(r—AQ)) _C2  (cos[3(r— AR _ C3
(cos (m — Ag)) C1’ (cos[2(m—AP)) C2

C3

(cos[3(m — Ag)]) = o

with A(Z):(Z)JZ —(;5_]1 .

@ Kinematic settings

e R=05
0 \/s=T7TeV

Cn is averaged over the following intervals:

o 35 GeV < ky, < 60 GeV, with i = 1,2
0 0<yy;, <47, withi=1,2
Ay=Y =y1+y2,3<Y <9
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Outline

© Semihard processes

@ Electroproduction of two light vector mesons
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Electroproduction of two light vector mesons

«—x BLM,
+—+ BLM,

001}

Picture from [D.Yu. Ivanov, A. Papa (2007)]

Py AP R HR N U
0

Q1 = Q2 = Q, with Q2 = 2500 GeV?
flv) = v@B+2iv)+v@B-2iw)—p (S +iv)—v (3 -iv)
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Outline

© Semihard processes

@ ~*~* forward scattering
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~v*v* total cross section

= P
i, ) M

@ NLO impact factor
[I. Balitsky, G.A. Chirilli (2013)]

+ quark box LO diagrams
[V.M. Budnev, I.F. Ginzburg,
G.V. Meledin, V.G. Serbo (1974);
I. Schienbein (2002)]
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~v*v* total cross section

S f(v)=0

g P
B3, =) M c

»—x BLM_
+—+ BLM

* L3 data
* OPAL data

@ NLO impact factor 4
[I. Balitsky, G.A. Chirilli (2013)]
+ quark box LO diagrams 0

i
-
|
S
;{
L L e e e e AL B i

[V.M. Budnev, I.F. Ginzburg,
G.V. Meledin, V.G. Serbo (1974);
I. Schienbein (2002)]

=

Q1 = @ = Q, with Q%2 =17 Gev?

Comparison with LEP2 data [P. Achard et al. (2002); G. Abbiendi et al. (2002)]

For more details, see lvanov’s talk!

[D.Yu. lvanov, B. M., A. Papa (2014)]
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Conclusions

Implementation of a partial BLM method for NLO BFKL = two different choices of scale!

We tested the two solutions on different semihard processes:

@ Mueller-Navelet jets = agreement between the two different choices and with data at
large energy;

@ electroproduction of two light vector mesons = very small constant discrepancy;

@ collision of two highly-virtual photons = small constant discrepancy and no agreement
with data = see Ivanov's talk!
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