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soft gluon resummation 
(KT resummation)
 Consider the production process pp →H(Z)+X

Wh Q i th t t d Q i th f H(Z)Where QT is the transverse momentum, and Q is the mass of H(Z), 
and L = Log[Q2 / QT

2].

 We have to resum these large logs to make reliable 
predictions



Differential cross section can be written  as : 

W term can be factorized into :

Aft l i ll th l i W t t th i tAfter evolving all the scales in W term to the same point   

For g g → H + X A(1)=CA a /p B(1)=-2CAβ0 a /pFor g g → H + X     A CA as/p B 2CA β0 as/p
For q q → Z + X      A(1)=CF as/p B(1)=-2CF/3 as/p



Z production in pp collisionZ production in pp collision

ResumResum
Z/γ*

ResumResum

NLONLO

5

NLONLO
Kulesza, Sterman, Vogelsang, 02



Higgs production in pp collisionHiggs production in pp collision



 The K resummation works very well The KT resummation works very well 
in Drell-Yan or Higgs inclusive 
production processesproduction processes

We can apply it into the processes 
including three, four or more color g ,
particals



F t i ti b kiFactorization breaking
factorizationfactorization 
breaking effects
Collins-Qiu 2007;Collins Qiu, 2007; 
Vogelsang-Yuan, 
2007;Rogers- Gl b l (l+ l  l 2 & l  l )2007;Rogers
Mulders 2010

Glauber gluon (l+ l- << lt 2 & lt ~ l )
It breaks ward identities 

1) It shows at NNLO for unpolarized pp collision1) It shows at NNLO for unpolarized pp collision, 
unless you integrate out KT

2) We assume the breaking effect is about MP/KT , 
when  MP<< KT <<Q, the breaking effect is not 
large comparing with pQCD contribution



Heavy quark pair production atHeavy quark pair production at 
the hadron colliders C. S. Li et al Phys.Rev. 

D88 (2013) 074004

The cross section can be factorized into 

( )

The Hard and soft part have to be expanded by a group of
color basis



Th ft f t ’ d fi itiThe soft factor’s definition 
We can definite the soft factor as:We can definite the soft factor as:

the evolution equation:

Then you can get the W funtion:Then you can get the W funtion:



C. S. Li et al Phys.Rev. D88 (2013) 074004





Dijet production at the hadronDijet production at the hadron 
colliders
 Most abundant events
 Almost back-to-back
 De-correlation comes
Hard gluon jetg j
Soft gluon radiation  
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There three kinds of large logarithms in the processes: 
(Log(q /P ))2 Log(q /P ) and Log(R)Log(q /P )(Log(q /PJ))2 , Log(q /PJ) and Log(R)Log(q /PJ)

where

It will contribute to ∆φ
distributiondistribution.

It will not



Soft and collinear gluon at one-loopSoft and collinear gluon at one-loop

Virtual
Ellis-Sexton 86

Jet (Narrow Jet Approx.)
Jager-Stratmann-Vogelsang 
20042004

Soft Soft
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Initial state Final state 
(out of jet cone)



The soft factor satisfiesThe soft factor satisfies



C h kCross checks
 Divergences cancelled out betweenDivergences cancelled out between 

virtual, jet, sot contributions (dimension 
regulation applied)regulation applied)

 Final results :double logs, single logs, .. 
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Quark channel: qiqjqiqj



After solving the evolution equations

where

For g g → jj  Agg=CA as/p Bgg=-2CA β0 as/p

For q q → jj A =C a /p B =-2C /3 a /p
for quark jet Di=CF as/p

For q q → jj  Aqq=CF as/p Bqq=-2CF/3 as/p

For q g → jj  Aqg=(Agg+Aqq)/2  Bqg= =(Bgg+Bqq)/2
for gluon jet Di=CA as/p



Compared to the dataCompared to the data
NLL Resummation:
Sun,C.P.Yuan, F.Yuan, PRL2014

D0 data

F ll NLO Nag 2002 NLOJET++
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Full NLO: Nagy 2002, NLOJET++  



At th LHCAt the LHC
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Higgs plus one jet productions inHiggs plus one jet productions in       
pp collision

 the leading order feynman diagrams



Th ft f tThe soft factor
The definition of soft factor:

At the one loop orderAt the one loop order

Sudakov form factor:



Higgs + jet production in pp collisionHiggs + jet production in pp collision

Higgs+Jet, Sun, C.-P. Yuan, F. Yuan, 
Phys.Rev.Lett. 114 (2015) 202001



Resummation scale dependenceResummation scale dependence

 The resummation scale dependence between hard part andThe resummation scale dependence  between hard part and 
Sudakov factor will be cancelled to each other order by order

 However, we found

s ~ P ◊ P 2 +M 2 EXP(|y -y |)s ~ Pt ◊ Pt +Mh EXP(|yJ-yh|)



Hard factor at NLOHard factor at NLO
for G G ö G H

for G Q ö Q Hfor G Q ö Q H



q^ distribution of Higgs plus leading q^ gg p g
jet system



Higgs P^ distributionHiggs P^ distribution



distribution of the azimuthal angle 
between Higgs and leading jet



Comparison to MC generators and p g
Fixed Order



Higgs plus two jets production inHiggs plus two jets production in 
pp collisions at large ∆yjj region
 The dominant contributions at tree level

H



Sudakov factorsSudakov factors

 Where A and B coefficients are the same as Where A and B coefficients are the same as 
Drell-Yan or Higgs plus 0 jet production. 

 The coefficient D is decided by color structure of y
jet. 

 In the large Δyjj region, |u1|>>|t1|



y = - y = 2 and y =0yJ1= - yJ2 = 2 and yh =0
√S=13TeV

 qT is the total transverse momentum of Higgs qT is the total transverse momentum of Higgs 
plus two leading jets 



SSummary

 The soft gluon resummation can help us to 
make a precise prediction of the SMp p

 We also can use the resummation effect to We also can use the resummation effect to 
suppress some background event



Th k h!Thank you very much!


