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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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Single top

Kinematic distribution and resummation

detection efficiency of the
quark events @ LHC events, after imposing the
needed kinematic cuts

Variable Definition Experimental

/() pseudorapidity of the light quark (untagged) jet () uncertai nty is
m(£vb) top-quark mass reconstructed from the charged lepton, neutrino and b-quark jet o

m(jb) invariant mass of the tagged (b) and light quark jet () around 12%
mt(W) transverse mass of the reconstructed W boson q’ q
m(£b) invariant mass of the lepton (£) and the tagged jet (b)

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
scalar sum of the transverse momenta of the jets,

the charged lepton and the missing transverse momentum

transverse missing momentum b t
AR of the reconstructed top quark and the charged lepton

transverse momentum of the reconstructed W-boson }
pseudorapidity of the reconstructed top quark Better understanding and

pseudorapidity of the b-quark jet (b) further improvements on

transverse momentum of the reconstructed top quark
the theory are needed

2
Resum large log 1nQ—2 to improve the kinematic

L

distribution 4



CSS Formalism (For Drell-Yan-like processes)

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

_ (¢ d—“(ln QA—I—B)
W(Q,b) =e "Moo rAH C® f1CQ f2
J. C. Collins, D. E. Soper and G. F. Sterman, Nucl. Phys. B 250,199(1985)

Only for initial state soft gluon resummation
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Single top quark vs
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. Drell-Yan process

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)



Color coherence effects
ST
I pp—t+jet _ij|<4.5
I ly;l<4.5, T=0
% I —3y<|;j|<4 5 ]
Q2 ¢ Ty - 3<ly;l<4.5, T=0
= :
=
_|
o
=
5
o]

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

forward region |t| = 0

Subleadinglogs in this process would be enhanced in the jet




do/dq, [pb/GeV]

Finite bottom quark mass

M. A. G. Aivazis, J. C. Collins, F.I. Olness and W.-K Tung,
S-ACOT scheme: PRD50,3085(1994), PRD50,3102(1994)

J. C.Collins, PRD58,094002(1998)

M. Kramer, F.l. Olness and D.E. Soper, PRD 62,096007(2000)
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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. )



Compared to Pythia

Res/Pythia
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The resummation predictionis different
from Pythia when 3 < |y]| < 4.5
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Red: 3 < |y]| <45

1 color coherence factor plays an important role
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do/dq, [pb/Ge V]

Phenomenological results

Resummation scale: Black: resummation calculation

Hr = \/m? + Ple + Ps1 showers by Pythia

Green: leading order matrix element with parton
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l/odald¢” [bin]0.05]

Phistar distribution
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Kinematic acceptance

Inclusive cross-section [pb]
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The difference between
Res and Pythia: 3% — 8%

Experimental uncertainty
is around 12%
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Summary:

Soft gluon resummation are important for the single top quark

production. 0. 6GF T T T
_ '_(b) Bl Res B Res, T=0 ]
o) Z . i
Color coherence effects: S i B Pythia .
S C ]
=04 S =13 Tev .
The difference between Res S X pp—itjet ]
and Pythia: 3% — 8% s p=Hr, 3<ly |<4.5
AL i .
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q q q q ™
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Backup
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Resummation Formalism

e

dio d2g iz B
dytddeP3Ld2qL - Z (271.)2 € Wab—ts (11?1,1112, b) + Yot
ab

Wabses (@1, 22, ) = @1 fa(@1, F = bo/bu)a2 fo(@a, pp = by /b, )e™5ue(Q binesb) = Fnr(Q7P)

HRes d HRes d
x Tr lHab_,tJ(uRes)exp[—/b —“’YST]Sab—»tJ(bo/bs)exP[— _#’Ys]]

o/b. H bo/b. H

B dy? Q? Q? — m? Q? — m?
Ssud(Q?, ug, b. =/ L,[ln(—.)A+B+Dln £ 4+ Dyln ‘]

, , Q b From final state radiation
fNP(Q‘!,b)=glb2+g-21n@ln b_..1 b. =b/\/1+b2/b'r2nax

A=Cp22 B=-20p"2,Dy =Dy = Cp==
21
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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
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Resummation Formalism

d
Spy= /0 fc}’f, C4 (0L 1y (b)) Lover (b ) L1 (0) Luac(0) L] 5 (be) Lavri () L1 (0) L1115 (0)[0)
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Example:
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2
t

)

Subleadinglogs in this process would be enhanced in the jet
forward region |t| = 0
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Finite bottom quark mass

S-ACOT scheme:
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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.l. Olness and D.E. Soper, PRD 62,096007(2000)
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b
mb;tO mb=0

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

= Trz(l —x)bmy K1(bmy)

(1)
+Pq/g

) [ Ka(bm) ~ 0 — m)1n(5E) |

Cb/ (z,b,mp,ur) = Trz(l — z) — In (ubl(;b> q/g( z).

19



Finite bottom quark mass

do/dq, [pb/GeV]
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do/d|y,| [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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