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1 Introduction

Multi scales are involved in measurements of Collider
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Mostof theglobal observables studied so far havethepropertyofexponentiation
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A SCET admits scale separation at fields operator level



At SCET I AM SCET I
Observables

Jet BeamThrust Jet mass Transverse Momentum Dependent TMD

Threshold limit in Des DreaYan ppv
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Inclusive B Xst Massive Form Factor e.g EWSudakov h bb or
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2 Method of Region

Light cone decomposition
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For obsevable wat how to obtain radiative corrections to leading power
contribution in w efficiently

Factorization
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Factorization can be understood by Method of Region

Example thrust in ete collisions
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Soft momenta can Not be transformed to becollinear by boost



NLO calculation in QCD
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To determine coefficient ppa.us we use
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For real radiation
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ailk.fi 9 g I m tittonine
L p

Phasespace integration

Sdtiffg 2s Ilja 2T81pi Itta at Ocp Itta27181k 2798d f p k k

For Wcollinear to Pi

kit Rik It I.tt

Pil hip le i a
2 I t PI't alight p up

212K Pik Pint 2124kt In.pe aK QinK
pi n n t Il Titel 1 T

fdtiffg e fdp'dT 2s Itta at ftp.l dftja2T8ip 13 2798d f Pe72 fdtlclk P.tk

fatale p sfdtlclp P.tk dits R P

with
collinearpart

fatale p at2s Itta 2T tipi Ilja at step es 271dg'd f p 72

K j
K

fdtlclp P.tk atf1 d 2T ftp.t fhtal2Tl8tlw 2T4d81d p Pi k

II Idolsin'd

fdtlclp P.tk effete're it se e119111 Y E

MJfactor



me
33g
int

s NeGettin dthip p

xfdtclp P.tkInfinite pithMUIR 511218102472041171 18ps pinsat
HMV

Forkucollinearton

j

Mo Nee g g t tu es

Jokily's fdtlzlp.plMo Gfig fdtelp P.tk 2 1 fifth piis.in

fdtlzlp.plMo Gfifie it stet 119111 Y 45.1 211 45 s p's in sk
Jaggi's It se t tEE 2471ftE fatalepi mo e's of l

sjolts

my ingrown
Factorization at diagramlevel

forK collinear to pi using Diracequation pulp kUlp pulp o II

iii iii

ifsGg 5112127114 672 ULP k TIPKIP70 VIPs pispin

ifs GEin511.1711ktKIT P KIVP ONNIP pi np a u
ifsCe In 511.17 2 p K1Vp72mn17 In 511.12 ko p kiVpUcp Up2mn17

vanishbyusingKulpa kUlp Kulp 0LEE n V11.12 IKE N'B Limping

fdtclp P.tk fig G H K 77 211picn.p.jcz.us

fdTclP ktk GSporty k igneif if inti
H5,173 spinleap tip 5,113 corresponding to contribution of diagramb in jettune

Gating can be rewritten as

GaiagÉ s LuvNeef dth p 7 Intuitionvia Jim rule S3s p

To s Ifes



Einstein
Eikonal approximation
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DiagC
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In thefollowing we use t function to express the expansion of T th
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Thecontribution of virtual correction hard
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Power Counting
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quarkfieldcollinear to n

4 Y with 5 41 y and y IN a
figment impotent

To determine thepower of fields and N we first consider the collinear propagator
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Effective Lagrangian

Covariant derivate

iDu iz GAIT iz Gs AM Asu T

We first focuson collinear Lagrangian
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Becauseboth soft and collinear gluon fields are involved in Du

51 in.DE gives interactions between collinearquarks and soft collineargluon
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How to remove interaction between collinear fields and soft gluon
Decouple transformation

Multi pole expansion

Wehave to expand the position arguments of ultra soft fields in the transverse
direction and thedirection of it since the Iultra soft fields vary moreslowly
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expansion is
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Whensoftfields are involved in interaction with collinear fields

thecollinear distance x 1 I I hit softmomentus inhomogenously
So multipoleexpansion is necessary for power expansion of Lagrangian
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Wilson Lines

Collinear W x II exp igsfidtn.ae xtth1

ultra soft Sn x D exp igfidthAstxt tht a decouplefrom n collinearfield

Animportant property is that thecovariant derivative alone theWilson line is zero
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Gauge Transformations and Reparameterization Invariance
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Decoupling Transformation

As seen in the SCET Lagrangian 54 in.DE involves interaction between
collinear and soft fields

To decouple softfields fromcollinearfields we redefined collinearfields
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As a consequence of thefield transformations we find
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Thesoft gluon field no longer appears in the collinear Lagrangian

Keystep towards factorization



Factorization of cross section at operator level

match thecurrent J 474 onto an effective currentoperator in SCET Containing a collinear

quark and an anti collinear anti quark
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At the operator level the cross section can be written as
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µ Fixed order calculation of M ehh
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Jet function at NLO

definition I ripJg p t Im i ddx é o IT Wto 510 31 1 Wix o

where Wix is collinear Wilson live Feynmanrule
y
In igfjdtne.fiiaeikNttn

dynein ight in eitiWix I exp iglidta Antti
YEaei ig III

is

Lo I a pTippy Imlifadxe Yiue 41 it MIKEY an.uME Lenin

I th pl ti Imf patio 8115 jailpatio patio

I hip 8113

NLO

Cutkosky rule

1 Cutthroughthedigram in all possible way suchthat the cut propagators canbeput on shell

2 ILm it 2h A patio 1272 81131 ppwhy 127718IPK

3 Sum the contributions of all possible cuts
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DiagC
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NLO jet function is given by
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The calculation is totally the same with eikonal approximation



Computation of higher loop integrals

Scaleseparation in SCET leads to trivil scale dependent lowenergy matrix elements

Thetechniques to compute trivial scaledependent Feynman integrals
Mellin Barnes representations

not easy to obtain analyticalresults
Sector decomposition for threehopintegrals

Dimensional recurrence relations t IBP reduction HyperInt
Automatical Analytical

Dimensional Recurrence Relations DRR hepth19606018 OVTarasov

F d d CiFil di dt2

This linear relation can be derived fromalpha parameters representationof
Feynman integrals

Feynmanparameters representation see Deskin's QFT
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DimensionalRecurrenceRelation can be derivedby usealphaparameter representation
because d dependence of Alpha parameter is easier
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Here we can see d dependenceonly appears in detMla and prefactor
LxL matrix



So an integral in d dimension can be rewritten as

Flaid naiiiiii Ida Juan nay

mm
yggetMial

detMlai exp i Jalal 1911 Eanmi

Florid it detMfilm Fla dt2

Flat d 1 11 detM Im F laid121

detM pm denotes detmia with replacement ai 21am

Actually 212mican be rewritten as raising operator ht of propagator Di

3m Fla dt2 f an 11F fan anti iantidt2

an it F laid121

So mass term is not necessary in a propagator

Finally the dimensional recurrence relation is givenby
Fta id 1 15detM land'll Fla dt2

Example
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b 719Td a b e fspabe

detM det atanas ait art as

Ila b c d y aattbat cast Ila b c id 12

atlatl b cidtz b Ila btl c dt2 c I a b Ctl dt2

Shift to higherdimension Id 6.8.10 helps to decrease infrared IR divergences

e f Jada a indfadkekit Ike ithardfakeKita d n 2E 4 2 4.6.8

d f La Eco regularize IR polesarising from Ke o

d 72A E o regularize UV poles arising from Kees



positivesign

fddksuyaciutiiijigiu.my it tidyyea crypt jazz g ri zagspas s

exponents of propagators
have negativesigns

increase d decrease E suppress IR

increase exponents a b c increase E suppress UVpoles

Calculation of Idkelk K is in Minkowski space

Sadue faxoil x fake fax faxe Saduein atfdxeixfadkfdxei.ch

atfdxeixfddkyt.int atfdxeixfddkeuz.ly I fdxeixif.de ddkeeiNExtiol
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Integration by part IBP reduction

An integral consists of L internal momenta ul and M external momenta f

F a It fake itDusk19111

using IBP relation we have etfddkegjiycp.fi an 0 PM ki or fi

There are Ll Lt M IBP relations in total ie YyKil and Jayfill

etfakefu P painiayan 0 AnOiOn Flat 0

Solve linear equation system one fan express Ffa by
linear combination of master integrals IM Is



Stratergy to compute Feynman integrals byusingmethod of DRR

1 Relate MIS Eld to theintegrals Ild 1211 with DRRmethod

Mathematica package LiteRed by R N Lee

2 Reduce Ild 1211 to MIS Ci dt2 with IBP method

FIREG by Smirnov Kira2.0 by J Usovitsch

3 Build linear relations between MIs in d and dt2

i e Eld12 d Eld a DRR relation

4 Findfiniteintegrals Fildi di 4.0.8 byshiftingdimension and

increasing exponents of propagators

Reduzed by von Manteuffel

5 UsingLBP reduction to get linear relation

Fi di Icij Gj dil

G UsingDRR relation we can get
Eld Miel Feld

7 Evaluate finite basis Fildi HyperInt by E Panzer

Example Two loop jet function

aki pik Pik.tk pins t.kz


