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Probing small-x color field, DIS dipole picture

» Amplitude for quark: Wilson line
+
]P’exp{—ingdWA*(y*,X*,x)} A V(X) € SUNe)
XT —00

» Amplitude for color dipole N (r = [x —y|) = 1 — <Ni Tr Vi(x) V(y)>

» r=0: color transparency, r > 1/&x: saturation

DIS: leading order dipole picture

» ~* — gQgin vacuum

» qq interacts eikonally with target

» o is 2xIm-part of amplitude

“Dipole model”: Nikolaev, Zakharov 1991
Many fits to HERA data, starting with Golec-Biernat, Wusthoff 1998
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Leading Log and NLO: add gluon
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» Soft gluon: large logarithm
BK evolution gaiitsky 1995, Kovchegov 1999
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» NLO: full gluon kinematics
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Light cone wave function

» Know free particle Fock states: |[yv*)o, [|9Q)e, |9gg)o etc.
» Interacting states are superpositions of these:

Y=+ e +¥" "9 @Igd0 +47 " ®[qGg) + -
» Calculate in QM perturbation theory, e.g. ground state |0) wavefunction:

—n (n| V[0)
PN =3 gt

n
» Here 1/AE is ~ the lifetime of the quantum fluctuation from 0 to n

» “Energy” E conjugate to “time”, LC fime is x© == LC energy k~ (energy “not conserved"!)

Connection fo Feynman perturbation theory
» Matrix elements (n| V |m) are vertices in Feynman rules
» LC energy denominators from propagators, infegrating over k~ pole

Natural for high energy scattering, x* is the relevant “time”
» Collinear factorization: LC quantize proton
» CGC/dipole picture of DIS: LC quantize probe photon
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Masssive quarks

Beuf, Paatelainen, T.L. 2112.03158 [hep-ph] 2103.14549 [hep-ph] +t.b.p.

» F5 important at HERA, EIC program, precision tool for saturation in DIS
» Calculate v* — gg to one loop with massive quarks

New theory challenge: mass renormalization in LCPT

B'=p—kh
=k-zp

» 2 helicity nonflip-structures dp v, o< g = more UV div.
> 1 helicity flip 6p, —p, ox Mg

E, X\, kTt =zp"
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@ » 2 flips: UV-divergence « m3 g > 1 flio: UV-divergence o mg
- EmermelEe az, In L0 eh@iE) » Renormalize mq in LO vertex
denominator
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~* — qq with massive quarks

New result Beuf, Paatelainen, TL. 2112.03158, 2204.02486 full LC gauge 1-loop structure of v* — QQ
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Cross section, real and virtual correction
B. Ducloué, H. Hanninen, T. L. and Y. Zhu, (arXiv:1708.07328 (hep-ph)).

Evaluate cross section as o)1 = 017 + o + 079 0

1
LO LO 2
MC N - N/ dzl/ D12, (21, Xo, X1) 2N (X))
0 X, X]
dip Lo 21, af = 2 5
T ot ~ale [ ¥roal |37 5) "3

X0,X1,21

w%§§+w¢ o3, ~ s [tz a0l 2 (KD Nora(X(2)
[ CLL 21,22,X0,X1,X2

K~ 2 —wwwwmamm%mw@ﬂ.

* UV-divergence cancellation LL: subtract leading log, already in BK-evolved A
» Parametrically X(z) ~ xg. but X(z) ~ 1/z essentiall
(“kr-factorization” with fixed rapidity scale is unstable @ NLO. Analogous probemin p + A — h+ X)
» Factorization already demonstrated for massless QUArks see 2007.01645 [hep-ph] poster HaNNinen

No1(Xs)
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