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initial condition for small-x evolution equation (BFKL) from
lattice QCD / global fits ?

@ small-x evolution ——> TMD physics

4 evolutions of TMDPDF from lattice QCD / global fits: DGLAP+CSS,
no BFKL

4 different factorization, different IR structures, different evolutions,
different nonpertubative TMDPDF — not universal

# need a universal TMDPDF / factorization that contains IR structures
of both DGLAP and BFKL in the appropriate limits



high-energy limit collinear limit

DGLAP
BFKL 333’
dipole(xz = 0, b)) CSS(b,) ® PDF(xg, b, = 0)
all collinear twist leading-twist
Xp-dep: resum all sub-eikonal b | -dep: resum all sub-lead twists

N/

Nnot known how



MSTT(-erious) factorization
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summary gluon TMDPDF(xp, b | ) operator

NLO (2-gluon) corrections to MSTT factorization
pbackground fields

new general structure: IR & UV div. In trans. mom. + IR & UV In rapidity

DGLAP,

BFKL 0SS

WW(x =0, b)) CSS(by) ® PDF(xg, by = 0)



few technicalities — background-field method A—- H+B

B = B9+ B%8
hard modes;
ntegrated out T g ki =pyy > k= =ryy
....................................................................... O /
B4 dynamical mode;
—

integrated over for fixed B"$

Bbe ki, = MR > K~ =P

T~ fixed




few technicalities — regularization schemes

% divergences in k;, — oo (uyy) & k; = 0 (up): dim-reg

% divergences in k= — oo (vyy) & k= — 0 (pr): n-scheme

/‘oodk__)yn/oodk_‘k_k‘_”‘
o Kk~ o Kk~

XB kT > 00:7—>1

rapidity divergence In the calculation: z =

xBizp-iJ-_k— kT —>0:2—-0



CSS/SCET: missing ingredients

collinear modes are
approx. on mass-shell

No trans. mom. supplied

by the background field
NO Vvirtual corrections



MSTT

NLO (2-gluon) correction to Bij(xp,b1) = /_ " dze P (P, S|T{F" (7, b, )

o0

g‘UOﬂ TMDPDF operator x [z7, 00|y} T{[c0,07]4"F" (07,0, }|P, S)




INclude virtual corrections
ke > 2ktk™

-., on mass-shell region
2kTk™ = ki = u*
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real emissions
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virtual emissions
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SOft factor
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MSTT factorization of gluon TMDPDF at NLO

1
- dz '
fij(a?B,bl,u%V,C) — fz’j(chabJ_aU%Rap) —4Ofch/d“2ple"“bl/0 2(1— 2) /koL ijsim (2,01, K1)

] 2 —i(p| —k )z LB 2 , asN¢ 1 2 /~‘UV U
'I'sz lm(zaplakl)_ /d <1 € PL—kL) L.flm(7aZ_I_H“IR’p) " o (_ §(LgUV) LMUV In (2 12)
o, N Lo 1 1- B o N, oy
iy b 2 S CLNIR d I - (— b 2 §-7C /d2 /d—2 2P | (b—Z)L
Xfy(xBa _I_aﬂ’IRap) - b /0 < (1 _ Z)_|_ Z-;f_'?( - 9 _Laﬂ’IRap) ) 21 pJ_:e

> (% 1112 /J‘IR L In FIR AU’IR i P 12) gilDj Pm + PiPigm; flm (xB, 21, ;U'%Ra P) part Of DG LAP

P2 pl ¢ pl "
a. N, ) 67 5N CSS
| dzZl/szplezpl(b z)l( Po f)fz'j(f’?B,ZL,M%RaP) +0(a3).

27 2N, p? 18 9N,
art of BFKL
_ b p? _ +
L=i(2—)  {=xgP
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gluon MDPDF parametrization:

fii(xp,b1) = xpP™| —

collinear limit
fzj(xb» b, = 0) = f,(x)

i f1(£CB,bL) (

gij n

2

bib;
b2

") hi(z5,b1)

«

small-x [imit
bb
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collinear limit of MSTT

P~ bII > k| — P~ WR

virtual corrections vanishes,

no rapidity IR div. constant piece —> IR div. k,

1 1
ng(z):(l—z)+ g 2+ 2 — 27

fl(xBa bJ_a“’%JV: C) — .fl(xBaOJ_au'%R)

o, N

1
c dz B 84
LgIRA 7ng(z)f1( N 70J_au'%R) |

SNC
2T

1 KLUV 2 KLUV /'I'%J'V i 2
(__(Lb ) —I—Lb In 12)f1(37B,0J_,MIR)

- 2 ¢?

DGLAP CSS
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Xz — 0 limit of MSTT

1/z of P,.(z) generates additional rapidity IR div.

as N,

T

2
s Ve (2m)%6% (k1) In HIR

/deJ_esz_bJ_LgLIR | ;
T pJ_

KrkL(pL, k1) =

BFKL
fi(ze,pi,1ov,C) ~Hi(pL,p) +1n g /dszKBFKL(pL, ki)Hi(pL —k1,p)

CSS N 1 ¢ ’ '
= C/dzbl(_ S(LYOV)? 4 LY In B0 2 )/ﬁkle"“bl%l(m—klvp)

o 2 212
s N, ,BO ,U,%-V 67 5Nf
: 1 : ) ).

om (ch 12 T8 T ow, )T PLp)
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Xp — 0 limit: MSTT vs Glauber SCET

ke > 2k*k™! propagator ~ 1/k>
Glauber SCET: ke >kt ~ k™! kM ~ Q(A%, A%, 2) mid rapidity
MSTT: kT > k%> k™! k* ~ Q(1,A%, ) forward rapidity

(+,—,1), ikl
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summary gluon TMDPDF(xp, b | ) operator

NLO (2-gluon) corrections to MSTT factorization
pbackground fields

new general evolution

DGLAP,

BFKL CSS

WW(XB — ()9 bJ_) CSS(bJ_) X PDF(-XBa bJ_ — O) 19



