
Bin	Yan
Michigan	State	University

May 7-9, 2018 @
PHENO 2018

Transverse Momentum 
Resummation for single top quark 

production at the LHC

In	collaboration	with	Qing-Hong	 Cao	,	Peng	Sun,	 	C.-P.	Yuan	and	Feng	Yuan,	
arxiv:1801.09656

1



Single top-quark production
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✦ Top quark can be produced singly at LHC via electroweak interactions, 
including t-channel, s-channel, and associated production 
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Kinematic	distribution	and	resummation

Single	 top	quark	events	@	LHC
detection	efficiency	of	the	
events,	after	imposing	 the	
needed	kinematic	cuts
Single top-quark production
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Resum large	log											to	improve	the	kinematic	
distribution
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Experimental	
uncertainty	is	
around	12%

Better	understanding	 and	
further	 improvements	on	
the	theory	are	needed	



CSS	Formalism	(For	Drell-Yan-like	processes)

The	large	logs	will	be		resummed into	the	exponential	form	factor:

Only	for	initial	state	soft	gluon	resummation

Dotted:        Pert (       ) 

Dot-dashed: Pert (       )

Dashed: CSS (1,1,1)

Solid:    CSS (2,2,1)
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Single	top	quark	vs.	Drell-Yan	process

A.	Final	states	carry	color,
Soft	gluon	radiation	from	final	state	
will	contribute

B.		Jet	algorithm	will	enter	into	the	
calculations	as	well

Only	out	of	the	cone	radiation	
contributions	to	the	imblance
between	the		top	quark	and	jet	
system

C.	Color	coherence	effects	
between	the	initial	and	final	states	
are	important	(t-channel)
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Color coherence effects

Blue:	 𝑦$ < 4.5
Red:		 𝑦$ < 4.5,	turn	off	 the	color	
coherence	factor	T

Black:	3 < 𝑦$ < 4.5
Green:3 < 𝑦$ < 4.5,	turn	off	the	
color	coherence	factor	T
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Subleading logs	in	this	process	would	be	enhanced	in	the	jet	
forward	region	 𝑡̂ → 0
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ŝ�m2
t



Finite bottom quark mass 
S-ACOT	scheme:

A.	Belyaev,	P.	M.	Nadolsky and	C.-P.	Yuan,	JHEP04,004(2006)

𝑚/ ≠ 0 𝑚/ = 0

M.	A.	G.	Aivazis,		J.	C.	Collins,	 F.I.	Olness and	W.-K	Tung,	
PRD50,3085(1994),	 PRD50,3102(1994)
J.	C.Collins,	 PRD58,094002(1998)
M.	Kramer,	F.I.	Olness and	D.E.	Soper,	PRD	62,096007(2000)
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Monte-Carlo Approach (Pythia)
Parton showers
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Compared to Pythia

The	resummation prediction	is	different	
from	Pythia when		3 < 𝑦$ < 4.5

T = ln
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t )

ŝ�m2
t
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Blue: 𝑦$ < 4.5
Red:	3 < 𝑦$ < 4.5

color	coherence	factor	plays	an	important	 role

ŝ = pq ' + pb( )2 t̂ = pq ' − pq( )2
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Phenomenological results
Black:	resummation calculation
Green:	leading	order	matrix	element	with	parton
showers	by	Pythia

Resummation	scale:

Blue:	Asymptotic		part ;	Red:	NLO	calculation	;Orange:	Y-piece

3 < 𝑦$ < 4.5𝑦$ < 4.5
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S =13 TeV
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Phistar distribution
3 < 𝑦$ < 4.5

𝑦$ < 4.5

Only	depends	on	the	jet	and	top	quark	moving	directions,	not	their	energies
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Kinematic acceptance
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The	difference	between
Res	and	Pythia:	3% − 8%

Experimental	uncertainty	
is	around	12%



Summary:
Soft	gluon	resummation are	important	for	the	single	top	quark	
production.
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Color	coherence	effects:
S =13 TeV
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The	difference	between	Res	
and	Pythia:	3% − 8%
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Backup
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Resummation Formalism

A = CF
↵s

⇡
, B = �2CF

↵s

⇡
, D1 = D2 = CF

↵s

2⇡

From	final	state	radiation
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Resummation Formalism

Color	Space

Hard	Function

Single top-quark production
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Example:

Resummation Formalism

Subleading logs	in	this	process	would	be	enhanced	in	the	jet	
forward	region	 𝑡̂ → 0

T = ln
�t̂

ŝ
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Finite bottom quark mass 
S-ACOT	scheme:
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S.	Berge,	P.	M.	Nadolsky and	F.	I.	Olness,	 PRD73,013002(2006)

𝑚/ ≠ 0

𝑚/ = 0

large	qt

Small	qt

Finite bottom quark mass 



Pseudorapidity distribution	of	the	leading-jet

E.	L.	Berger,	J.	Gao	and	H.	X.	Zhu,	JHEP1711(2017)158

CT14LO	PDF	is	used	in	
the	Pythia prediction
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