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MY PHDTOPIC

ì Studies of electroweak vector (W, Z) boson production at small transverse

momentum (pT )in hadron collisions

ì pT distribution extensively investigated: a way to discrimate between the naive 

parton model and QCD

ì Bulk of data at small pT, but fixed-order theory predictions diverge

in the limit pT→0
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..and that happens to all orders



SUDAKOV FACTORS I

ì These dominant contributions can be taken into account to all orders in perturbation
theory by means of summing them (resummation) → Sudakov factors

ì Double Leading Log Approximation (DLLA) [Dokshitzer, Dyakonov, Troyan‘80][Soper‘80][S.Ellis, 
Stirling‘80]

ì derived under assumption of strong ordering: kT, 1
2 << kT, 2

2  <<...<< kT, n
2 

~ qT
2 << Q2

ì the Sudakov factor leads to dampening of the cross section as qT → 0

ì Transverse momentum conservation can be accounted for properly in Fourier space
[Parisi, Petronzio‘79]
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SUDAKOV FACTORS II

ì Resummation of all terms at least as singular as 1/qT
2 [Collins, Soper‘81-‘82][Kodaira, 

Trentadue‘82-‘83][Collins, Soper, Sterman’85]

ì Further work by [Catani, d‘Emilio, Trentadue‘88], ResBos collaboration [Balazs, Qiu, Yuan, Nadolsky, 
Berger, Cao, Chen,.. ‚’94-...] and [Catani, Grazzini, de Florian, Bozzi, Ferrera, Cieri, Sargsyan,Tommasini‘01-...]  
(Hqt, HRES) as well as in the SCET framework [Becher, Neubert‘10][Chiu, Jain, Neill, Rothstein
Echevarria, Scimemi, Idilbi, Ebert, Tackmann, Stewart,..][Li,Zhu‘16][Gehrmann, Lübert, Yang‘18][Chen et 
al.’18]

James Stirling Memorial 
Conference, 17.09.19A. Kulesza, Sudakovs

Bq
(2) coefficient calculated by James and C. Davies 

in ‘84, enabling more precise comparisons with
data [Davies, Stirling, Webber‘85]



WORKON SUDAKOVS
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ì New work by Keith Ellis and collaborators [K. Ellis, Ross, Veseli‘97] [K. 
Ellis, Veseli‘97]

ì In practice, resummation in b-space has some drawbacks, 
e.g. needs prescriptions on how to deal with the non-
perturbative region of large b and for matching with fixed-
order results, which would be overcome by resummation in 
qT space [K. Ellis, Veseli‘97] 

ì Extension of the DLLA formula down to and including

!"# log '(
)*(

+#,-
terms, closed analytical form
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ì James‘ work with S. Elllis in Seattle

ì Contributions from all soft-collinear but one hard-collinear

exponentiate, shown directly in pT space [S. Ellis, Stirling‘80] 

ì Logarithms of „kinematical“origin (i.e. from transverse

momentum conservation) fill the dip at qT → 0 [S. Ellis, 
Fleishon,Stirling‘80] 

ì They enter at !"# log '(
)*(

+#,.
level and below

ì Same discussion applies to energy-energy correlations in e+e-

collisions
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WORKON SUDAKOVS II
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ì Toy model with subleading logarithms only due to kinematics, derived from b-space expression



WORKON SUDAKOVS II
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ì More realistic scenario, with subleading logarithms from the matrix element

qT space

b space



WORKON SUDAKOVS III

ì Another approach to resummation of transverse spectra directly in qT space [Frixione, Nason
Ridolfi‘98] (FNR)

ì We focused on investigating differences between our approach and that of FNR, especially
regarding kinematical logarithms
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ì Recent renewed interest in 
resummation in momentum space: 
[Monni, Re, Torrielli‘16][Bizon et al.‘17]
ì up to N3LL +NNLO accuracy



APPLICATIONS
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[AK, Stirling‘01]

[AK, Stirling‘03]

-> Data on Υ production used to determine
the NP contribution
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[de Florian, Ferrera, Grazzini, Tommasini‘11]

[AK, Stirling‘03]

HqT

NNLL+NLO

-> Data on Υ production used to determine
the NP contribution



DOUBLE PARTON SCATTERING

ì Substantial part of my collaborative work with James

ì Started after a workshop at CERN which we both attended → talk by D. Treleani on DPS background
to Higgs production at the LHC

ì James had (of course!) also worked on the DPS in the past [Halzen, Hoyer, Stirling‘87]

ì James‘ idea was to consider production of same sign W‘s as a probe of DPS [AK, Stirling‘00]
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Single Parton 
Scattering vs

Double Parton 
Scattering ⊗



DOUBLE PARTON SCATTERING

ì Substantial part of my collaborative work with James

ì Started after a workshop at CERN which we both attended → talk by D. Treleani on DPS 
background to Higgs production at the LHC

ì James had (of course!) also worked on the DPS in the past

ì James‘ idea was to consider production of same sign W‘s as a probe of DPS

ì Now, CMS measures it! (Moriond 2019)

ì More work followed [Gaunt, Kom, AK, Stirling‘11] [Kom, AK, Stirling‘11]→ see Jo‘s talk
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Single Parton 
Scattering vs

Double Parton 
Scattering ⊗
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ì It was an extreme privilege (and
luck) to be a PhD student, and later
a collaborator of James. I am 
indebted to him for teaching me
particle physics and showing the
brilliance of research work

ì James was the most kind and
supportive, all the way through my
PhD and later on in my career
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Thanks to the organizers


