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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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State of the art: single top quark production

Better	understanding	 and	further	
improvements	on	the	theory	are	
needed	
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State of the art: single top quark production

4

NLO:
G. Bordes and B. Van Eijk, Nucl. Phys. B435 (1995)23-58
R. Pttau, Phys. Lett. B386(1996)397-402
T. Stelzer, Z. Sullivan, and S. Willenbrock, PRD56(1997)5919-
5927, PRD58(1998)094021
B.W. Harris, E. Laenen, L. Phaf, Z. Sullivan and S. Weinzier, Int. 
J. Mod. Phys.A16S1A(2001)379-381
PRD66(2002)054024
Z. Sullivan, PRD70(2004)114012, PRD72(2005)094034
P. Falgari, P. Mellor and A. Signer, PRD82(2010)054028
R. Schwienhorst, C. P. Yuan, C. Mueller and Q. H. Cao, 
PRD83(2011)034019
J. M. Campbell, R. Frederix, F. Maltoni, and F. Tramontano, 
PRL102(2009)182003
J. M. Campbell, R. K. Ellis, and F. Tramontano, 
PRD70(2004)094012
Q.-H. Cao, R. Schwienhorst, J.A. Benitez, R. Brock and C.-P. 
Yuan, PRD72(2005)094027
….

Soft-gluon resummation: (threshold)
J. Wang, C.S. Li, H.X. Zhu, and J,J, Zhang, arxiv:10010.4509
N. Kidonakis, 2011-2016
J. Wang, C.S. Li, and H. X. Zhu, PRD87(2013)no.3, 034030
Alekhin, Moch, Their, 2016

Matching with Parton Shower:
S. Frixinoe, E. Laenen, P. Motylinski and B. R. Webber, 
JHEP03(2006)092
S.Alioli, P. Nason, C. Oleari and E. Re, JHEP09(2009)111
S.Frederix, E. Re and P. Torrielli,  JHEP 09 (2013)130

NNLO:
M. Brucherseifer, F. Caola and K. Melnikov, PLB736(2014)58-63
E. L. Berger, J. Cao, C. P. Yuan and H. X. Zhu, 
PRD94(2016),no.7, 071501
E. L. Berger, J. Cao and H. X. Zhu, arxiv:1708,09405

Apologize	 if	missing	your	works!



Kinematic	distribution	and	resummation

Single	 top	quark	events	@	LHC
detection	efficiency	of	the	
events,	after	imposing	 the	
needed	kinematic	cuts
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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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t-channel	Single	top	quark
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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
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t̂ = pq ' − pq( )2
û = pq ' − pt( )2
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Example:

Resummation Formalism

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

T = ln
�t̂

ŝ
+ ln

�(t̂�m2
t )

ŝ�m2
t
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Phenomenological results
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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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Color coherence effects

color	coherence	effectsHaL
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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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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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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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Compared to Pythia

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

T = ln
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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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Phistar distribution

S =13 TeV
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Only	depends	on	the	jet	and	top	quark	moving	directions,	not	their	energies
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s-channel	Single	top	quark

PS,	BY,	CPY,	FY,	work	in	progress

19



s-channel single top quark production

SM BSM
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Resummation effects of final state:

SSM	𝑚01 = 2.5	TeV

Red	curve:	turn	off		final	state	radiation	

S =13 TeV

HaL

ppÆt+je t

m=m tj, PJ¶>30 GeV

»y J»<3 , »yt »<3

W-pie ce W-pie ceDY

0 10 20 30 40 50 60
0

50

100

150

200

q¶@GeVD

ds
êdq

¶
@fb
êG
eV
D

S =13 TeV

ppÆW 'Æt+je t

m=m tj, PJ¶>30 GeV

»y J»<3 , »yt »<3

W-pie ce W-pie ceDY

0 10 20 30 40 50 60
0 .0

0 .2

0 .4

0 .6

0 .8

1 .0

q¶@GeVD

ds
êdq

¶
@fb
êG
eV
D

SM
BSM

21



Summary:

Soft	gluon	resummation are	important	for	the	single	top	quark	
production.
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Color	coherence	effects:


