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High energy scattering
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Non-linear term at high
density

m Balitsky-Fadin-Lipatov-Kuraev, 1977-78

ON(z,rT)
dIn(1/x)

= a; Kprkr, ® N(z,r7)

m Balitsky-Kovchegov: Non-linear term, 98
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Hard processes at small-x
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m Manifest dependence on un-integrated
gluon distributions
~\] .[1Dominguiz-Marquet-Xiao-Yuan, 2010
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Additional dynamics comes In
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m BFKL vs Sudakov resummations (LL)
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Sudakov resummation at small-x

m Take massive scalar particle production
p+A->H+X as an example to demonstrate
the double logarithms, and resummation

P ifm S—

3 — > WW-gluon distribution
A

do(LO) B /dQIJ_dQIl
dyd2k, ) T (@n)2 ©

*L 7200y (20) S™ T (21, 7))

L ) = (T AUV @)U ) )] ),
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Explicit one-loop calculations

) 3
EI] :W'WW LT RT LT Oo0 E%f | ED:l % @?
g g E T (a) (b)
(d) (e) (f)
'iff W 1 Ww
I[]Qp{iﬂn} gﬁjjm_-wx ® 8 [IJ_;H'_] + _E S {E'_:yJ_}Pgrfg & I[]Q[In} .

m Collinear divergence = DGLAP evolution
m Small-x divergence = BK-type evolution

Dominguiz-Mueller-Munier-Xiao, 2011
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Soft vs Collinear gluons

m Radiated gluon momentum
kg = QgP1 T 69]92 i ng_ ;

m Soft gluon,

m Collinear g
m Small-x co

a~B<<1
uon, a~1, B<<1
linear gluon, 1-B<<1, a>0

Rapidity divergence
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Examples

m Contributes to
Collinear gluon from the proton
Collinear gluon from nucleus
Soft gluon to Sudakov double logs
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Final result

m Double logs at one-loop order

do(LO+NLO) T ——
lco=oo [ LT i (o) 2 gy = D)
dyd®k, (27)

TE
2
Qg QQTE 1 QETE ."TE
1 —C [y In —— 11 == S i
{ -+ A | M0 % 5 (]'l % —+ .

m Include both BFKL (BK) and Sudakov

d or(resum) dEIJ_dQIl i s T T—
d‘yd'gkl |kJ_‘$:Q — {Tn.f {i}ﬂ)g e 1 J_E sud (G, J_}S}"zlnlfmﬂ (IJ_JIZ_)
2
Qg T
xzgy(z, p* = c/r7) [1 ! ??m] |
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Photon-Jet correlation

m Leading order

S
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Dipole gluon distribution
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One gluon radiation (real)
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BK-evolution
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Contribute to soft
Gluon radiation
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LS /{EL — b1 )?(yL —bi)? [S}’ (1,9y1) =Sy (x1,b1,y1)
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Soft gluon radiation

g“@; ”‘é;s@

@ ( s Op +Cy\ | o Q%
P ﬁ;‘\w jl><_27r 7 >ln (
s el
m AZ from (a,b) contribute to C/2 (jet)
m AZ from (c,d) contribute to C

m Interference contribute to 1/2Nc
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m A 2D Cp, |AP2CL/2 |A5]22CL/2
m 2A,*A;, 1/Nc suppressed
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m A 2D C, |[A|*2CH/2 |As]2>C /2
m 2A*(A;+A,)2>-Nc/2
m 2A*A,, large Nc suppressed
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_] |A1|29CA, |A2|29CA/2, |A3|29CA/2
N 2A1*(A2+A3)+2A2*A39-NC
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Sudakov leading double logs

m Each incoming parton contributes to a half
of the associated color factor

Initial gluon radiation, aka, TMDs

do
dy1 dyg dPE d2 kL

x H(P?) / Py dPy, e EVOW, (21, y))

Sudakov , M
) H(PE) /dszdzyleml'RLeSS“**(PL’RL)WM (x1,y1)
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Phenomenological applications

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

T
3
o

y

A,
rrererre”r ﬂ

6/7/2016

T S BN B B B LI B ¢

10 GeV x 100 GeV ep, No Sudakov

- Q?=1 GeV® — eAu, No Sudakov -

E_ - - - ep, With Sudakov _E

;_ - - eAu, With Sudakov _;

4 26 28 3 3.2 34 36 38
A¢ [rad]

Di-hadron azimuthal
Correlations at the
Electron-ion Collider

Zheng, Aschenauer,Lee,Xiao, Phys.Rev. D89 (2014) 074037
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Beyond leading logs

m Additional nuclear effects, such as energy
loss will come In

Liou-Mueller, 1402.1647

% Mg%< Interference between

Them, leads to energy

Loss calculated In
ME% mwé(@ Liou-Mueller
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Next-to-leading-logarithms (NLL)

m Matrix form in the Sudakov resummatlon

% | [ | [ I
o1 folon, = bofbu)oa fll, = by Je S5 @0) 5|
e dy Q dy | = [ 100 < PT%* < 130 (GeV) |
Tr Hab—i»cdexp[_ _P}/Stlsab—)cdexp[_ — ] 1 3 '
bg/bl IL bn/bL E '
Sun,Yuan,Yuan,1405.1105 | 5 |
@* d,u Q2 Q2 Q@ - ﬁ.-f""ﬂﬁ DO@ Tevatron 1
102 + .
Kidonakis-Sterman, NPB 1997 | 4~ |
Banfi-Dasgupta-Delenda, 03 e e I NLO
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Dijet with large rapidity gap

1deo
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. NLL, ur = pr BLM
A —e— CMS data
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0.1 \ _
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Ducloue,Szymanowski,Wallon
1309.3229, only take into account
BFKL

Sudakov resummation will dominate
Small angle distribution
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Conclusion

m Sudakov double logs can be re-summed in
the small-x saturation formalism

m Soft gluon and collinear gluon radiation is
well separated in phase space

m Shall provide arguments to apply the
effective kt-factorization to describe dijet
correlation in pA collisions
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