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Single top-quark production

+ Top quark can be produced singly at LHC via electroweak interactions,
including t-channel, s-channel, and associated production
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probing EW coupling (Vtb)
polarized top-quark production
test of heavy-quark scheme
constraining parton distributions
measuring top-quark mass

sensitive to various new physics



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

needed
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Kinematic distribution and resummation

detection efficiency of the

Single top quark events @ LHC events, after imposing the

needed kinematic cuts

Variable Definition

[7()I pseudorapidity of the light quark (untagged) jet (j)

m(£vb) top-quark mass reconstructed from the charged lepton, neutrino and b-quark jet

m( jb) invariant mass of the tagged (b) and light quark jet ()

mt(W) transverse mass of the reconstructed W boson

m(£b) invariant mass of the lepton (£) and the tagged jet (b) q
n(lv) pseudorapidity of the reconstructed W-boson

cos O(L, fevbrs.
Hy(l, jets, ET)

E?iss
AR(€vb, £)
pr(¢v)
n(¢vb)
n(b)
pr(€vb)

cosine of the angle 6 between the charged lepton and the

light quark (untagged) jet () in the rest frame of the reconstructed top quark W

scalar sum of the transverse momenta of the jets,

the charged lepton and the missing transverse momentum

transverse missing momentum

AR of the reconstructed top quark and the charged lepton b t
transverse momentum of the reconstructed W-boson

pseudorapidity of the reconstructed top quark

pseudorapidity of the b-quark jet (b)

transverse momentum of the reconstructed top quark

QZ

Resum large log In=- to improve the kinematic
distribution

L



CSS Formalism (For Drell-Yan-like processes)

The large logs will be resummed into the exponential form factor:
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Single top quark vs. Drell-Yan process
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A. Final states carry color,
Soft gluon radiationfrom final state
will contribute

B. Jet algorithm will enter into the
calculations as well

Only out of the cone radiation
contributionsto theimblance
between the top quarkand jet
system

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



t-channel Single top quark



Resummation Formalism
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Resummation Formalism

g =2 / PV T s(an,0,B) + Y,
dy,dy;dP7 d%q 4 (2m)2° ab—tJ (L1, T2, ab—stJ
Color Space Cik = %irdj, Copy =T5.Tj)

¢ > k ‘ g > k
J > ] ;
[
Hard Function g | HO+HY HY
HY 0
i Y
Pyt Pk | | |
S:(pq+pb) :(pq_pt)
w
. N ) )
pb,Jb pt t t:(pq _pCJ)

10



Resummation Formalism
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Subleadinglogs in this process would be enhanced in the jet
forward region |t| = 0
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Phenomenological results

Resummation scale: Black: resummation calculation
5 5 Green: leading order matrix element with parton
Hr = /m{+ P35, + P11 showers by Pythia
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Blue: Asymptotic part; Red: NLO calculation ;Orange: Y-piece
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Color coherence effects

do/dq, [pb/GeV]

(a)| """"" RARARRREN RARARARRE ARRARRREN

pp-t+jet W [y;|<4.5

W |y;|<4.5, T=0

W 3<[yj|<4.5 -

B 3<|y;l<4.5, T=0

color coherence effects
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Blue: |y]| <45
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
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Monte-Carlo Approach (Pythia)
Parton showers

Backward Radiation
W (Initial State Radiation)

Kinematics of the radiated gluon, controlled by
Sudakov form factor with some arbitrary cut-off.
( In contrast to perform integration in impact
parameter space, 1.e., b space. )
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do/dly,l [pb/0.5]

Pseudorapidity distribution of the leading-jet
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CT14LO PDF is used in
the Pythia prediction
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Res/Pythia
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The resummation predictionis different
from Pythia when 3 < |y]| < 4.5
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color coherence factor plays an important role
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Phistar distribution 3 < |y]| < 4.5
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Only dependson the jetand top quark movingdirections, not their energies
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s-channel Single top quark

PS, BY, CPY, FY, work in progress
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s-channel single top quark production
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dojdq . [fb|GeV]

Resummation effects of final state:

Red curve: turn off final state radiation
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Summary:

Soft gluon resummation are important for the single top quark
production.
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