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Motivation

Short-distance factorization:

iy o =3 [ dz1 dos fuler, ) Clanlun), o/ (@22),ma/u) folaz, )

e High-energy logarithms in hard-scattering function...

Clas,z,mu/p) = 9z)+ ds [c(l)(m) +2eW () L]

T

+ (a—) 2 [c@) (z) +e@(z) L+ 22 (z) LE] TR

T

L =In(m/u®),  =mi/s

e ...as well as in the evolution of parton density functions
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T o e 0, i heavy top effective
c‘:‘ﬁ’ theory

Moments of hard-scattering function:

1
C‘N(&S,mhv/g):/ dzz ~1C (o, z, mp /1)
0

e N — 0 (small-z) behavior to all orders in a,

On(as,mu/p) = Ry(yw) (mp/p*)™ hy(In,N)
L -~ ’ \_\’_‘I

RG factors finite part
where
vN = @s/N + 2 ¢(3) (as/N)* + ... (BFKL)
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Off-shell cross section

h( ) B /dgkl k% Tl/dzkz k% 2
N(Y1,72) = 71 72 ?rk% mﬁf wk% m%

¢ computed by coupling gg — H to eikonal gluon polarizations

(eik) 2K71 k5T
M (k1!k2!p) = —Mﬁlﬁz(klak%p)

Vkik3
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MSbar transverse momentum dependent
factorization

m3 on = /d2+25k1 d*+%°k, Fn(ki, p,€)

X aN (kl/mH,kg/?HH,&S(mﬂ/ﬂ)E,E) FN(kzzﬂJ E)

dk? )
where F(z,k, ”’E):/-Q(zﬂ)-iﬂ ;w ) G (k, p)
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The renormalization group R factor

N R T W
&\\ | //’P‘ . /;f 2CI ,
- 2GlI *
Y
p i Y P I 1 Y P '
a a#g a |

e Perturbative expansion (z — 0):

R(z) —6(1 —z) ~ 1.40 ¢ In*z —0.11 o In°(1/z) +...

e Relationship with RG evolution:

1 (k" 2
Fa(kisp) = R [ (—) | T (HE)

L \Mprp/N H
N g N,
e—0 series of
poles 1/e
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Perturbative resummation of small-x logarithms
[H, PLB 535 (2002) 159]

#® gg channel: (Miop — 00)
Cyqo(as, z, m3 /u?) sy Gr 6(1 m)-i—%C (—2lnz +2 L)
gg\Qs, T, Mg [ I 28871/2 T A v )
NLO
2 2
+ (%) C5 (—31n3m+21n2mL—21nm L2)+
™
NNLO i
& quark channels: (Miop — 00)
m?,Gr [« s\ 2
Coolag, z,m2 /p?) = F[ S Cp(—Inz+ L +(—5) CrC
ag /1) 28872 | F( )+ () CrCa
1 3 3
X (—§1n3$+§1n2mL—§lnmL2)+ } ,

2002 2
. 2 2y _ smyGr (“s) o (1,3 2 _ 2 .
Coglas, z,mi /p*) = 28873\ Cs ( 311‘1 z+In“x L—Inxz L* ) +
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Beyond x — 0: CCFM exclusive evolution

_ dqf As(q) D n T z
zA(z, ki, q) = zA(x, ke, qo) As(q) + /dzf lk As(q’)P(z,khq );A (;,q)
@ solve integral equation via

iteration: T f p—
. =1 |from g to g
i branching at 0
rAo(z, ki, q) = =z Az, ke, go)A(g) |Wo _branching 3331 |wio branching

t A (z, ki q) = xA(z, ki, q0)A(g) +/“dqq: jé;))fdzﬁ(z)gA(m/z,kg,qD)A(q;)

@ Note: evolution equation
formulated with Sudakov form
factor is equivalent to “plus”
prescription, but better suited for

O

numerical solution for treatment of Xt  /
kinematics r=xlx, U YT P(z)
» kt dependent shower by CCFM evolution C
* new parton density from DIS precision data ~ *o0'0 €
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KT-dependent gluon density from precision DIS data

[Jung & H, Nucl. Phys. B 883 (2014) 1]
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FIG. 6. Exrperimental and theoretical uncertainties of the unintegrated TMD gluon density versus

x for different values of transverse momentum at p° = m%
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KT-dependent gluon density from precision DIS data

—— $F' 5 .l mn‘" -
ez 5 Gy a1z Gev’ 'u22 Gy’
= F2+Fac it
=3 fit
d

[Jung & H, Nucl. Phys. B 883 (2014) 1]
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data with TMD gluon
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ATLAS pT and rapidity spectra
Higgs — gamma gamma
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Can we go to large transverse momenta“?
Total H_T distribution in
W + n jets final states at the LHC

Hy (W+ = 1 jets)

Dooling, Jung & H, arXiv:1406.2994

Hy (W+ = 3 jets)
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mode A: uncertainties from renorm. scale, starting evol. scale, expt. errors

mode B: include factorization scale uncertainties
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Application to vector bosons + jets at
high energy

— Use exclusive CCFM evolution
— Determine TMD pdf from high-precision DIS data

— Obtain predictions for final states associated with Drell-Yan using
high-energy off-shell matrix elements

e High-energy effective theory — effective vertices

: o i " [Bogdan & Fadin, NPB740 (2006) 36]
F [Lipatov & Vyazovsky, NPB597 (2001) 399]
[} } 0 J

e Parton matrix elements (gauge-invariant, despite off-shell parton)

|
k'

bbb [Ball & Marzani, NPB814 (2009) 246]
. [Hentschinski, Jung & H, NPB865 (2012) 54]
II'I I
|

g

F. Hautmann: Antwerp Workshop, June 2014



W + n jets final states at the LHC

Dooling, Jung & H, arXiv:1406.2994
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(left) Delta-phi between two hardest jets; (right) vector boson - third jet correlation
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Summary

The small-x perspective on
transverse momentum dependent parton distributions
provides
*  well-defined QCD evolution in high energy limit (BFKL)
" resummation of N — 0 poles in hard scattering functions

“ extendable to next-to-leading-logarithmic accuracy

" exclusive parton-shower formulation via CCFM
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W + n jets final states at the LHC

Dooling, Jung & H, arXiv:1406.2994
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ATLAS preliminary Conf-2013-072
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