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Motivation

Parton distribution functions and gluon saturation

@ At small momentum fraction, x, the gluon density skyrockets.
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Gluon saturation

@ How do we understand hadron structure
as x becomes small? — Color Glass
Condensate

@ Things becomes separated at large Q% —
Collinear Factorization (CF).

In 1/x

Y =

o One can both decrease x and increase Q2.
Can one match these frameworks with
each other?
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Outline

@ Introduce the CF structure function result for total cross section as our aim for the matching
o Discuss the dipole picture

o Idea for matching: Kinematical Constraint and large Q2 limit in CGC
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Outline

Collinear Factorization

@ The parton model and CF is calculated in the infinite momentum frame (IMF)

@ Structure function F2g for massless quarks where p = £kg

2
FQg x g(uZ) ® %sr {|Og (%) Pgg + <Cg _ f;Cheme>}

Cy = Pyglog (15;5) +1 - 8¢+ 8¢2
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The dipole picture

@ The dipole picture is applied in the target rest frame (TRF).

q(ko, X0)

Gk, 1)

@ It is common to work in the mixed space representation
StP / d’ky d’ky  dz
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@ The structure function for the gluon in this picture is given by
Q? Q? Jxp Q? “p
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The dipole picture

o If one integrates over momenta one gets the optical theorem result.

* dz ok _ 2
P 2 2 — > o — —
U'LYO o< / md X0 d°x1 ‘\U'V 99 (z, xo,xl)‘ <Tr |:U(X0)UT(X1) - ]I]>
o As Q? becomes large, one can show
ol " o og(Q?)

o We want to capture more than the log(Q?) behavior
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Game, set, match

@ Use the invariant mass of the final state qg-pair to match the DP cross section to the CF
cross section

@ Dipole picture kinematics, TRF

m2+ﬁ2
M2 = (ko + ki)? =...= —f——
99 (ko + k1) z(1-2)
@ Parton model kinematics, IMF
1-¢
M = (ko +ki)> =...= Q (T)
m? + p2 _QZ(I—E)
z(1-2z) £
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Kinematic Constraint
@ It is suitable to use the coordinates
P d*ks d*p

LT %] n) (2np
X —C<Tr[ {U(J(l —2)+ DU (—dz+7) — 11} {U(fLT'er WNE Q- 2)+7) — ]I}]>

@ The light cone wavefunctions are defined as
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The Wilson line correlator at small & and o’

o As Q2 becomes large, &’ and T’ becomes small which allows us to expand the Wilson line
correlator.

(Telu@ - 2) + 7). ) 2220 (Tr [(0:U(@) UN () (9,U(7)) UT(7)] )

@ This Wilson line correlator integrated over vV and v’ is known as the Weiszicker-Williams
gluon distribution

sl k)= =2 [ &y LV 9 (1 [(0,u() U (7) (.U UT(7)] )

as | @n) 2ry
> S, NZ-1 d?r eikeT 72Q2
o 0y = c 1—e 2
xE(x, ke) mas  Nc /(27r)2 F2 €

Magnus Bertilsson (University of Jyvaskyla) June 28, 2025 10/14



Cross sections at small dipole size

o After performing integrations over u, u’ and angles one gets

2
. . P
o) Pocas/dzkgxg(x, kg)/dzpdz 0222(1—2)2m

* N 2m2p2 p4+a4
VP / 2 2 7 2 2 F
o x as dkxg(x,k)/dpdz —— 4+ (2 + (1 - 2)) ————
’ £ y (p? +e7)* (P? +ep)*

@ At this point it is suitable to perform the matching to the collinear factorization

w? =2 2
pc+m

1= dm?. s m2, - = —Ff
/4mg 9 ( 9 Z(1-2z2)
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Cross section and F¥

o Multiplying the integrand by 1, integrating over z and the momentum p, and performing the
substitution ng — & gives us the cross section

* = 1
oli6 xas [ dhoet k) [ dee[QX(Q — 2md(1 - ©)\/1 - amie/ @21 - €)
B
— 4mp(m7e — Q*(1 — 2€))coth ™" (1/ 1—4m2¢/Q(1 — s)) ]
*p / 2 - ! 2 2e 2 2 2 2
0Tl xas [ dhorgtak) [ de[ - @1 ampe/Q1— (1 — 267 + amie(1 - ©))
xB
+4(4mEQPE(1 — &) — 8mie? + Q*(&2 + (1 — €)*)coth™? (1/ 1—4m2e/Q@2(1 — g)) ]
@ Taking the limit mf — 0 gives us the same result as for CF

Fr,10 as/dzkgxg(x,l?g) /1 d¢ |:qu(£) <Iog (%) + log (%)) -(1- 25)2:| s
xB
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Summary and Outlook

o S: At small x, one uses the dipole picture and the color glass effective theory.
@ S: We match the Dipole Picture Framework to the Collinear Factorization
@ O: We want to improve on the precision of cross section calculations.

o O: Additionally, we want to compare calculations to existing HERA data and make
predictions for the EIC experiments.

o O: Apply this approach to get corrections for the BK evolution equation.
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Thank you
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