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What it is the local operator whose anomalous dimension analytically
continued to the unphysical point reproduces the Odderon intercept?

m Twist-2 gluon operator and anomalous dimension of light-ray
operators.

m Odderon in dipole-Wilson lines formalism.
m Odderon and twist-3 operator.
m Scale dependence of Twist-3 operator and spinor formalism.

m Conclusions and Outlook.
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Anomalous dimension of local Operators

m Scale dependence of hadronic-cross section is driven by anomalous
dimension of local operator

m Application of OPE in DIS: expand the moments of structure function in
inverse power of the hard scale Q

F(,0%) /dx ZQ,,Z 407, (02) (PIO%,(0)|P)

G. A. Chirilli (Unive burg Odderon and tw y Operators i e - June 13, 2017 3/14



Anomalous dimension of local Operators

m Scale dependence of hadronic-cross section is driven by anomalous
dimension of local operator

m Application of OPE in DIS: expand the moments of structure function in
inverse power of the hard scale Q

F(.0%) /dx ZQnZ 9(7, 05(0%)) (PO (0)|P)

After diagonalization of mixing matrix we get the multiplicatively renormalizable
operators

Q2 < piog JOP) =7 (){P|0;,;(0)|P)

Perurbative series of anomalous dimension:

Z ™ (k (aY Qz))
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Moments of structure function at low-x region

m Regge behavior of structure function: 7 (xz, 07) ~ x, * (a— 1 is
the intercept)

m Scale dependence of structure function at low-xp
m for xz — 0, F(j, 0*) has poles at j ~ 1: unphysical point

m analytically continue the anomalous dimension ~4(;) from integer
Jj>2toj~ 1and then invert the moments of structure functions

m Twist n = 2: use DGLAP expression for v¢_,(j)

m Twist n > 3 case is difficult already at j > 2
m Number of operators increases with twist

m size of corresponding matrices depends on j

m = analytical continuation to unphysical point of the anomalous
dimension of twist n = 3 operator is even more difficult.
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Alternative strategy

m Calculate small-x behavior of structure functions F(xz, %) within the BFKL
formalism.

m and compare it with twist expansion of the moments of the structure
functions F(j, 0%) (Jaroszewicz (1982))

Gluonic structure function at low-xp. DIS: Agcp < P* = M?> < Q% < s

m Q? behavior of gluon structure function are driven by the anomalous
dimension of twist-2 gluonic operator

d i—2 : j—2
PR VP = (0 )P, T
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Alternative strategy

Giluonic structure function at low-xp. DIS: Agcp < P? = M? < 0% < s

m Q7 behavior of gluon structure function are driven by the anomalous
dimension of twist-2 gluonic operator

d i—2 . j—2
HEFL VP = 0P VP

m Gluonic structure function obtained in the BFKL formalism
1, -
1 L QZ 5+11/
2\ 1-N(v)
F(xg, 0 )—ﬂ/duf(y)xB <ﬁ)
N(v) pomeron intercept;

m To write the low-xp structure function in this form at NLO one has to

m use the NLO impact factor obtained with the composite Wilson line formalism
(I. Balitsky G.A.C (2012))

m and use the NLO BFKL eigenfunctions (G.A.C, Yu. Kovchegov (2013))
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Alternative strategy

’y:%+iV
F(i 2\ ldx xj—ZF 2N 1 1+[o; f(’Y) Q_2 B
(],Q)_/() BAp (XB’Q)_Z_m / 7]_2_N(,}/) <P2>

2
m analytic continuation: j — 2 — w complex continuous variable;

m Residues w = N(v); expand N(v) for small v and solve for

asNe

ogN, 2 2 Q2 e
'y(ax,w):ﬁ+(’)(as), F(w,Q7) ~ (ﬁ
We get the analytic continuation of anomalous dimension at the unphysical
point j — 1 of twist-2 operators: F4, V' F/*
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Light-ray operator

m This procedure does not tell us the explicit form of the operator
Fe, V4~ 'Fi at the unphysical point w — 0.

m the operator is a light-ray operator (Balitsky-Kazakov-Sobko (2013-2016),
see also Balitsky (2014))

oo
Folxl) = / dL L [ de_ FUL- +x_+x0)[Lo +xox | Fo(x_ +x1)
0

The anomalous dimension of this operator is the analytic continuation of
the anomalous dimension of local operator FZ+V’+_2F*+“1 with j integer.

m How to see this:
m The expansion on the light-cone of the evolution equation of non-local
(light-ray) operator reproduces the anomalous dimension of local operator
(Balitsky Braun (1982))

m Due to this observation the identification of 7, (x, ) as the analytic
continuation of local operator to the unphysical point is trivialized.
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Light-ray operator

m This procedure does not tell us the explicit form of the operator
Fe, V4~ 'Fi at the unphysical point w — 0.

m the operator is a light-ray operator (Balitsky-Kazakov-Sobko (2013-2016),
see also Balitsky (2014))

oo
Folxl) = / dL L [ de_ FUL- +x_+x0)[Lo +xox | Fo(x_ +x1)
0

The anomalous dimension of this operator is the analytic continuation of
the anomalous dimension of local operator FZ+V’+_2F*+“1 with j integer.

m How to see this:

m The expansion on the light-cone of the evolution equation of non-local
(light-ray) operator reproduces the anomalous dimension of local operator
(Balitsky Braun (1982))

m Due to this observation the identification of 7, (x, ) as the analytic
continuation of local operator to the unphysical point is trivialized.

m What can we say about twist-3 operators?

m What has to do Odderon with all this?
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Low-x evolution of Odderon

m In the linear case the Odderon follows a dipole-BFKL type of evolution
equation (Kovchegov-Szymanowski-Wallon (2003))

m To solve the evolution equation use BFKL eigenfunctions with odd n
I4n

N e\ B
m E"(21,22) = (”'2 ) (—1"7) = (=1)"E™(z1,21)

2122

m The leading high-energy intercept is Nogy — 1 =224y (n= 1,1 =0) =0
(Bartels-Lipatov-Vacca (2000))

m The odderon intercept is equal to 1 to all loop order in the planar Limit
(Caron-Huot (2015))

m Hint in this direction is also coming from integrability and AdS-CFT
Correspondence (Alfimov Gromov Kazakov (2015)).

In Wilson line formalism Odderon is understood as

r{U(x U (y1)} = e{UT(x1)U(yL)}

where U(xy) =P {ig [dx"A~(x*pi +x.)}  with pl’ light-con vector
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Odderon in Wilson lines formalism

m Let us find a relation between Odderon and light-ray operators

m choose y; = —x, and expand Wilson lines for x; — 0 to the first non trivial
order

w{U(e U (=21 )} ~ xixixk / dxydvads d F2 () F2 () Fé (x3)

the resulting operator is a twist-3 operator. Find its scale dependence.
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Scale dependence of twist-3 operator

Introduce spinor notation (Braun-Manashov-Rohrwild (2009);
Braun-Manashov-Pirnay (2012))

Fa,B af — GaagﬂgFl“’ =2 (6d3f055 - eaﬂfdﬁ)

Here f,3 and de are chiral and antichiral symmetric tensors, f* = £, which
belong to (1,0) and (0, 1) representations of the Lorenz group, respectively.

m Consider the following twist-3 operator (P; permutation operators acting on
the fields coordinates)

FE(z) = 26CYL°5 (1 F Pos £ Pio)F " (21)F, ,(22)F5,, (23)

m rewrite it in spinor notation

F(@) = — et (st ) @)y () — sl () (o) )}

Cl_l‘f”: :fah(' and Ca_hc — duhc'
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Scale dependence of twist-3 operator

We need d* since Odderon is odd under Charge conjugation.

(@) =~ {1 s alfs s o) — sl ) ol ) )

m Observation: fff and fff types of operators do not mix under
renormalization.

0 0 | oy i\
(ua—ujtﬁ(g)afgjtﬂml )}' =0

where

H:, H
HE = (HgQ H%F)
FQ FF

we are interested in gluodynamics so we only need (by = 5N, — %nf)

Hyp = Nc<ﬁ12 + 7?23 + 7:l\31 — 6(7‘[172 + ’HB)) — by
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Evolution kernels

we also need the Bukhvostov, Frolov, Lipatov Kuraev (BFLK) kernels

1
n da o N L .
el z) = /0 o PMZI’Q) — ¥ (e, ) — A 1@(21,Z21)} ,
1
[He)(z1,22) :/0 da a1 p(z5,75),
1 a .
[H+¢](217Z2) :/Oda/o dﬁa211*25212*2¢(z?2,zgl)7
~ 1 o o o
Al = [Lan [apae 2 (35) ot
0 0 af
1 1
[ ¢llar ) = /0 do / dp &P R (. 4),

1
H ) (1, 20) = /O do a1 o (2, ),
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Scale dependence of odderon twist-3 operator

m Odderon twist-3 operator in spinor notation
tr{U(x )UT(—x1)} ~ x'x/xk /dxldxzdx3 d™ Fi(x1) F-b',-j(XZ) i (x3)
X Vi“r(xl) *ﬁJr(xl)} Vi‘i’(xz) *fi+(x2)] [ﬁr+(x3) *ﬁ+(x3)]

m fff andfff are 3/2 helicity operators and do not couple to the proton
state,

m so in the forward matrix element only fff and fff types of operator
survive.

m It turns out that

x'xlxk d™ (PIFY(x1) F2(x2) FSy(x3)|P)
o X d™ (PIF4L (u)FL (1) F< (x3) + Fo (0 F2i(0) FS (x3) + F& (01 ) FY (x) FSi(x3) [ P)
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Scale dependence of odderon twist-3 operator

m This operator is not multiplicative renormalizable so we cannot compute its
anomalous dimension and its analytic continuation to the unphysical point.

m Idea:
m We know that the Odderon intercept is 0: x(n =1,v=0) =0

m Consider the following forward light-ray operator and check whether it is 0 in
the unphysical point.

+oo u
| an g vl @ | PP OF0) + PR OF0) + F60P 085, 0)]

o</ duu / dt [Hry + bo) [/L(juy/ﬁ,(01]‘;,(1)+_/L,m_ < () L (0) + £ (1) f2 4 (0) 7% (u)
JO B
£ OFL L (WfY L (0) = £4 4 (WS (OFF 1 (0) = 2 (005 (0)F% 4 (u) ;O(W)

m next construct by analytic continuation the corresponding local operator.

m This is opposite to the twist-2 case: there we new the local operator and
constructed the by analytic continuation the operator in the unphysical point.

m Work in progress ...
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Conclusions and Outlook

m Light-ray operators are the analytic continuation to the unphysical
point of twist-2 local operator.

m Expansion of the dipole-Wilson line Odderon generates twist-3
operators.

m Spinor formalism simplify the analysis of scale dependence of
twist-3 operators.

m Outlook
m Assemble the result for the scale dependence of Odderon-light ray
operator.

m Construct by analytic continuation the local operator from the
Odderon-light ray operator.
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