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Outline

Intreduction
ihe eliective field theory approach

INUmericaliresulis and comparisen With
data

IHIgher eraers



Factorization

Physicsioffinterest at hara
scalerivii

Parton shewer evolution
firem My, to Aocp

Einal state’ hadronizatien at
AYelon)

Multiple: parten; interactions
nadron decays; ...




Factorization

Scetch of a proton-proton collision
at high energies

IHow do)we make sense ol this goeey mess?



Factorization and Resummation

Evolution off PDE allews Us te resum the' lange
logarithms of'harnd and non:=perturbative scales

Final state restriction Introduces new: scales

Example: low transyverse momentum distrbution In
Drell-Yan, Higgs production



Transverse Momentum Spectrum

O Observable of Interest

Restrict pil: new: scale

IHIggs’ DeSoN searnches
VW=mass, measurement

Tests of pQCD
Transverse nucleon structure  cor at for 2 production:

hep-ex/0001021



Low pT region

The schematic perturbative seres fier the pii distrpution
of pp — (V,h)+X

Resummation; has; beens studied in; great detail 1 Collins:
SepPer-Sterman fermalism

Resummation has heen studied recently’ using Effective
Eield Theory approach



Collins-Seper-Sterman: Fermalism

Singular as at least Q72 as
Qr—0

Impertant 1N region of
smalll Qr

Tireated with resummation

Obtained frrom fixed erder
calculation

Less Singular terms

Impertant In region of

large Qr
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Collins-Seper-Sterman Formalism

Y term neglected for the purpese here
A,B,C have well=defined perturbative eXpansions

Integration o Impact parameter B intreduce: Landau
pole: a treatment must Work for any/ value: ef P

Resummed: expenent in b space = difficult in
mateching to fixed erder calculation in pr space



EET Eramework

IHierarchy. off scales suggests' EET appreach with well
definedl power counting

Low! pr region deminated by sofit and collinealr emissions
fromi initial states

pr =0 Finite pr Finite pr

Colliding parteniist part efi mnital state pr radiaten heam
Jet



EFT Framework
QCD(ns =6) = QCD(ns =5) » SCETp, = SCET pycp.

Top quark
interated out. @
Matched onto

SCET. SCET,,

Soft-collinear

factorization. @ @
—
PDFs.

o
dzdy

~H®G of ® f; Newly defined objects desribing

soft and collinear pT eissions



SCET Cross Section

Schematic form off SCET cross-Section:

Use sofit collinear decoupling te factoer out the soit Sectol

Beam function| Is; essentially: Unintegrated nuclieon
distribution function and can be matched to PDE
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RUANING

tien fermuia:

2
70 HeG'eef,
dp,dY
¢ pIcture ofi running:
o ~ M
H
SCET Runing
G r ~ Pr
DGLAP Running
Fif)




Z-production: Comparisen W/ Data

Geod agreement Withr aata

Theoery curve determined completely by perturoaative
funcitons and standard PDES.



Check to pQCD

« EXpancded resummeai iormula to omorlre 1O fixed oraer
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IBF and SF at NNLO

Requireadl for NNLL resummation

Soft function has heen worked out as; eur first step
Eully Inrmoementumy, pesition and impacit-parameter space

Anomalous dimensions and renermalization; ebtained N momentum
andi Impact-parameter space

|mpact-parameter beam functien Is still 1 progress

INVON BB G EPISHOISSOINTHNCHON



Soft Function at NNLO

Anemalous dimensiens: In PosItion and Impact-parameter
Space

Oldfresult confirmed: Belitsky: (hep-ph/9808389)
INEW: IR IMpact-parameter space

New! renormalized sofit fitnctioni i full position: and Inmpact-
parameterFspace



Summany/

EFactorization fermulas:

Pertureative pildistrlution given: in telims; ofi
pPerturvatvely calculable functiens and the standard
PDES

NEL resummeation in geed agreement with data

Next step: NNLL resummation
Soft function dene
Beam function In| progress



Backupp: Slides



Match onto SCET

« Mateninel Equation: }?3%‘
Oucp :jda)l_fda)zC(a)l,a)z)O(a)l,@) -999?9'

Soft and Collineser emissions
build into Wilson lines
determined by

of SCET.

5 4 | gluon jet
E | OpEerator: ’,

¢
[ (gBﬂ)wl @ SﬁT]} S = Soft Wilson line
T[S:

uet W' = Collinear Wilson line
175 @\ quark jet
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Impact-parameter Eeam Eunction
« Unintegrated nucieon runction

We are here _ DE—)J—J“JEJOfJ

E b~ iEn_ o
By (@1,1f,b1,p) = —e= Y. D (ml[gBsh a7, b1)|Xs)

initial pols. Xy

X {Xn|6(P — 217 - p1)gBin1 (0)]|p1),

One loop graphs



One loop graphs



Zero-bin and Soft Subtraction

Naive: calculation off IBE deulle ceunts the: soft region:
Zere-hin subtraction required

Equivalence b Zero-bin and: sofit subtraction:

IBE can| be matched onte PDES 16 separate perturbative
and nen-perturative: scales

Define Transverse momentum: Eunction:



SCET Cross Section

Br:” (wi, k. by, ) Brog(wae, kb)) S(wy —p, — kK, ws — pi — ki by, )

'Jgﬁ (wla y+1 Yi, u’)
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—actorization Formula

» Factoerization fermula I il aetail
d?
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X El.(ml';532,“'62:p'T)g1 ($1:$1:$23m2:pT:K’J'T)fi/P(m’l’ uT)fj/P(maiﬂT)

Hard function. Transverse momentum PDFs.
function.
~ The tra nsverse mementum 'flJ'fJf"'F]D'fJ S| & convoelution of
tne IBF matcning| Coericient and the Inverse seit function
i / ’ y Y T e
g ($1:$1:$2:3’2:PT:Y:NT) 2 dt dtﬁ (2 )2J0(|b-|-|p11)
Collinear pT emissions X Iﬂg,, ’,t;l;,b ,pT) Ifg‘j( ,, n,bJ_,uT)

Soft pT emissions X 8 (z:1Q — €*4/pk +m} — 5’ T2Q — e ¥ 4/p3 + mi — fn b1, pr)



