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+Light-Cone quantizations, light-cone wave functions
approaches to JIMWLK equations, LO calculaitons

4+ NLO calculations, subtleties with finite mass included



LC Quantization
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LC Quantization
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Energies of free partons:
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LC wave function

Y
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Valence Modes: modes above ! | Valence — e —
Large Y, slow modes. Background Charge as — —
a source of the soft modes. A —
Soft Modes: Modes below ! . Not energetic Soft
Enough to participate in scattering
| . .
! depends on the scattering process involved |‘I’>Y0 = |v) > |‘I’>YO+5Y _ |¢> ® \v>
Consider the scattering of soft !'! " living in a small rapidity window ",
and to extract JIMWLK Hamiltonian using:

2= (]S~ 1[y)

Need to integrate out modes above ! .
L) =1 )+ 2 (x), Af(X)= AT (x)+ A(x)
Leading power Hamiltonian:
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LO JIMWLK
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Leading Order interaction:
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Modes expansion:
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Non-commutative charge distribution, need to be careful when do perturbation

Eikonal Scattering (Soft Modes)
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For highly boosted partons, good approximation.
Actual form of Sﬁb IS not important, the dense target just color rotate the projectile



LO JIMWLK
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LO JIMWLK
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NLO W|th Masswe Quarks
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Mass relevant: Kjgg, Kyg ;
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NLO with Massive Quarks
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NLO with Massive Quarks ( I\'LO)

— o =SSR sy

|¢;'> =_ /A dk*dp*dgTdrt / dkd?pd2qd>®r

(93(r) | Hyaql a5, (0)T5,(0) ) { a5, (P)T, (9) | Hoaql 92:(k) ) (92(k) | Hy| O)
) By(r)Eqq(p, 0) By (k)

3 ,a a4d
€ g°p%(—k) tr |t*t?| k;

- / dk+dp* / d’kd?p ( Z [2 zk_ P
A 3279/2y/k+k4 (P 4 R )

kt—pt
2k ; a-p+pm a-(k—p)—PBm
X X3, (k_f ST T Kt —pt 7)) XM
2k; a-p+pBm a-(k—p)—pm d
* X, (k+ Tt T T ph X)a '(k)>

(1-&k" . k—p)

Y

e’ A 1 d2k 1 g3pa(_k) kz
- +
- /A dk /0 dg/(27r)2 6477/2  \/k+k2
AL2
y [(462_4“2_4&) (-24meC Ok’ +m’ -1) +2| 320

k? € Kars

1

New divergence appear because of mass! E divergence! (Not really IR, weird features of LC quantization)

Cancelled by a mass dependent counter term. ) )
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Why need a mass dependent counter term?

(@) (b)

2
LC dispersion relation: m?2 = kTk~™ — k2. Atfixed (K7, kg): 6Eg(k) = g%
OFP, 2nd order energy correction:
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Adding counter term contribution to the loop

diagram:
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NLO W|th Masswe Quarks ( I\"‘O)

Kernel:
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NLO with Massive Quarks
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NLO with Massive Quarks
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+NLO JIMWLK with massive quarks, in addition to nasty
integrals, new divergence appear.

+Expressions are very cumbersome, and the Kernels are

expressed as 1-D integrals. Heavy and Light mass limit are
hard to obtained (not simplified compared to the full

expression). Can EFT methods help? (SCET, boosted
HQET)
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