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QCD and Collider Physics III: 
W/Z transverse momenta, resummation, 

uPDFs

Literature:
Ellis, Stirling, Webber: QCD and Collider Physics
Field: Applications of perturbative QCD
CTEQ summerschool 2000, 2003
References in lecture

http://www-h1.desy.de/~jung/qcd_collider_physics_wise_2006

transverse momentum of W/Z
perturbative region
Qt resummation
intrinsic kt

connection to uPDFs
definition and features
advantages

The end
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Factorization in Drell – Yan 
Fred Olness, CTEQ 
summerschool 2003
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QCD corrections for Drell – Yan I

Calculate real correction
with
real diagrams contain collinear 
divergency                                   
and soft divergency 
coefficient is DGLAP splitting fct:  

K. Ellis, LHC lecture,
http://theory.fnal.gov/people/ellis/Talks
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Pqq(z) »
1 + z2

1¡ z

jM j2 =

·
û
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QCD Corrections to Drell – Yan II

Virtual emissions, integrated over z (R. Field, App. pQCD, p179ff):

Define K -factor (1st order): 

compare to DIS 
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QCD corrections for Drell – Yan III
C.P Yuan,
CTEQ summerschool 2002

soft divergencies 
cancelled by real and 
virtual emissions
factorise collinear 
divergency into 
renormalised parton 
density
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Measurement of W - mass
Fred Olness, CTEQ 
summerschool 2003
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Transverse Momentum of W/Z
Fred Olness, CTEQ 
summerschool 2003
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Original References
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D – Y  x-section at large pt

with

large pt 

Antreasyan PRL 48 p302 (1982)
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x-section at small pt

Evaluate integral:

gives then:

with:

R. Field, Appl. of pQCD, p195 ff
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Pt distribution in Drell Yan
Fred Olness, CTEQ 
summerschool 2003
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Resummation
C-P Yuan, CTEQ 
summerschool 2002
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Monte Carlo approach
C-P Yuan, CTEQ 
summerschool 2002
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Kinematic constraints
Fred Olness, CTEQ 
summerschool 2003
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Resummation 
Fred Olness, CTEQ 
summerschool 2003
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Intrinsic kt 

using Fourier transform of Delta function gives with
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gives:
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Intrinsic kt II
Fred Olness, CTEQ 
summerschool 2003

perturbative 1/pt2
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Transverse Momentum of W/Z
C-P Yuan, CTEQ 
summerschool 2002
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Transverse Momentum of W/Z
Fred Olness, CTEQ 
summerschool 2003
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Q
t
 - Resummation

http://hep.pa.msu.edu/wwwlegacy/

http://hep.pa.msu.edu/wwwlegacy/
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Resummation in heavy quark prod.

Compare fixed 
NLO calculation of 
top production with 
resummed 
calculation from 
Monte Carlo
Similar effects at 
small pt are 
observed: 
Supression of 
xsection at small pt
At large pt, 
resummation is too 
small, NLO is 
better

Frixione et al, hep-ph/035252
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Defining uPDFs
start from integral equation:

use unintegrated pdfs:

same as before.... but included explicitly dependence on transverse 
momentum k

t
 in addition to evolution scale q

what are the ordering constraints                and               ?
what is the splitting function?

  because of phi integration:    define updf:
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k
t
-factorization

need to couple gluons to photon
use high energy (kt -) factorization: 

(Catani,Ciafaloni, Hautmann NPB 366 (1991) 135, 
Gribov, Levin, Ryskin,  Phys. Rep.100 ,(1983),1, 
Collins, Ellis, NPB 360 ,(1991) ,3)

with

t-channel gluon with virtuality                        dominates the process in 
the high energy limit
collinear limit obtained by: 
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¾̂(ŝ;0; Q) ¢ £(Q¡ k?)



24H. Jung, QCD & Collider Physics III: LHC, Lecture 12 WS 06/07

“off-shell” matrix elements

calculation using standard Feynman rules

use high-energy polarization projection: 

ME is finite for
ME has tail to large k

t
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BFKL equation

Non-Sudakov form factor screens 1/z singularity, 
..... as the Sudakov does for 1/(1-z)

here use: 
recursive equation for BFKL, solve it numerically with iteration...

J. Kwiecinski, A. Martin, P. Sutton PRD 52 (1995) 1445
Forshaw,Ross, QCD and the pomeron, p165
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CataniCiafaloniFioraniMarchesini evolution

Apply color coherence in form of angular ordering

with:

gives:

integration much more complicated due to angular constraints
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Advantage of uPDFs

Advantage of uPDF:
initial condition clearly seen in 
small k

t
 region

even at large scales q
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k
t
 effects at LHC: Higgs production

from G. Davatz, HERA – LHC workshop 
hep-ph/0601012, hep-ph/0601013

Higgs

gg ! Higgs ! W+W¡ ! l+¹ºl¡º
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The end of the winter term !

questions ?
please give us feedback: critics are very welcome
lectures continue in summer term: 

Mondays 14:00-16:00
start after Easter
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HERA – LHC workshop

You are welcome to participate
some topics:

W/Z production for PDFs
  Drell-Yan for small x

Resummation effects
  pt spectrum of W/Z and Higgs

multiparton interactions
  discussion forum


