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€ Phenomenology of t-channel single top process
i Acceptance
= Kinematics of the final state objects
> Kinematical and spin correlation

@ General analysis of toF quark polarization and W helicity
iz General Formulation of t-b-W couplings

. What have we known from indirect measurements?
iz How to perform direct measurements at Tevatron & LHC?
iz Distinguish different models of EWSB

@ Summary and outlook
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Introduction

Top quark pair production at hadron colliders

N

Single top quark production at hadron colliders
© Theoretical tools for NLO calculation

1 Narrow width Approximation (NWA)

i Phase Space Slicing Method (PSS)
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Introduction Top pair production at the hadron collider

Top quark:

@ Huge mass, almost 40x heavier than the next lighter quark bottom

1= Top is only fermion whose coupling to the Higgs boson is important in SM
——> Itis alaboratory in which we could study EWSB.

@ Short lifetime

=z Top quark decays before it feels non-perturbative strong interaction
1 _ mMe \ 3
Tdecay — F_t ~ 4.4 x 10 25 (]__86) S€eC,
1 1
AQC D 0.2 GeV

—— studying the bare quark

~ 3.3 x 10~ %*sec

iz Top quark decays through the weak interaction, By (t — W) ~ 1

—— Spin information are well kept among its decay products.
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Introduction

Top pair production at the hadron collider

Top quark production at the Tevatron

@ At a hadron collider, the largest production mechanism
of top quarks is through the strong interaction.

q t g + m TV LY
1

'\'I
g N 7 neutrino
g t
antigroton Deam 2 proton: beasm
5" At the Tevatron
qq dominates (~85%)
[E%: At the LHC I'lL'IJ[l'.i]'Il.} vr: % ] J
dominates (~90%) g 0 @
88 o electron Jet 2 (b)
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Introduction

Top pair production at the hadron collider

Top quark pair production cross section

TEV (1.96 TeV) ~ 7 pb

0.8 events per hour at
recent Tevatron

LHC (14 TeV) ~ 900 pb

0.8 events per second at
initial/low lumi LHC

1 Why is qq annihilation dominant
at the TeVatron but gg fusion
at LHC?

015> Why does cross section increase

by 100x for only 7x increase in Vs?
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Introduction Top pair production at the hadron collider

Top quark decay

good siatistics

Event topology
determined Top quark is unique among
by decay of e fermions: 1y, > My

two W's:

Br(W — leptons) =
low background
low siatistics
Br(W — quarks) =

WIN o =

jets

large backgrounds
large combinatorics

C.-P. Yuan (MSU) Phenomenology of single top quark @ Tevatron



Introduction Top pair production at the hadron collider

Dilepton channel

v @ @ Typical Event Selection:
Signature: « One high p lepton (>15 GeV)
N * Two b quarks » Oppositely charged high pr
e * Two high pr leptons . lepton or isolated track (>15 GeV)
* Two neutrinos » Two or more high py jets (>20 GeV)
e Missing Et (>25 GeV)
"'r..*_b?‘-"-: 5
@ v Small branching ratio— low statistics

Backgrounds: Large S/B
e Diboson (WW, WZ, Z22) _ . . ;
o Dtell-Yan Two neutrinos— underconstrained kinematics

&7 -"TT Need to assume knowledge of some quantity
* W+jets with fake lepton
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Introduction Top pair production at the hadron collider

Lepton + Jets channel

(1) . :

i Signature; Typical Event Selection:

e Two b quarks * One high pt lepton (>20 GeV)
. * Two light quarks == « Four or more high pr jets (>15/20 GeV)
@ * High py lepton * Missing E1 (>20 GeV)
* Neutrino * b-tagging (optional)
®
q q

Larger branching ratio —®better statistics

More background
Backgrounds:

o W+jets
* Multi-jet with fake lepton

One neutrino— overconstrained kinematics
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Introduction

Top pair production at the hadron collider

Top quark mass: measured from top quark pair production

@ Top quark mass: one of the most important parameter in SM
> receive large quantum correction from the Yukawa interaction with Higgs boson
together with M, can constrain the unknown Higgs boson mass

TevatronRunzPreliminary :Illl.lllII|IIII|IIII|IIII|III|_
- . - 80_70__expenmemal errars 68% CL: LEP2/Tevatron (today) _|
World Average 178.0+27+3.3 I m;: CDF Runl :
(Run.fomyj i [ ——— m,; DO Runl s\_)s“' |
& 80.60 - t fo -
DO Dlle ton 155 0+142+ 7.0
(L= 230pbp kL <
, P . &
CDF Dljepton 168.1+)5 + 8.6 I
(L= 200pb™) -
—_
DO Lep;on+Jets 170.6 +43 + 6.0
(L= 230pb™) .
= el
CDF Lepton+Jets 173.5+37+3.0
{Il_ 318pb j - Heinemeyer, Weiglein '05__
TR R U TS T S S S BT S i
140 150 160 170 180 190 T I T T
Top mass (GeV/c m, [GeV]

[mH — 114199 Qev My <208GeV @95% CL
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Introduction

Single top quark production at the hadron collider

Single top production in SM

@ Single top quarks are produced at hadron colliders through interactions
involving a Wboson and b quark — 5 v b‘2

q t 7 q g s

W HH'

=

o
=

-
I~

5 — channel t — channel Wit

@ At tree level there are three modes:

v S-channel W exchange (Q? = p?, > 0)

Large rate at Tevatron Run II, small rate at LHC
major background for SM Higgs seaches

= t-channel W exchange ( Q? = p‘QV <0)

Dominant rate at Tevatron Run II and LHC
helping out with W-fusion Higgs searches

. . 9 5 9 g i
iz Wt associated production (Q — piy = mW)

Very tiny rate at Tevatron Run II, large rate at LHC

background to gb — g1t atLHC : g
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Introduction

Single top quark production at the hadron collider

s-channel vs. t-channel

@ s-channel @ t-channel
iz Smaller rate = Dominant rate
ww Extra b quark in final state = Forward jet in final state
a sensitive to charged resonances @ sensitive to FCNCs
"= Possibility of on-shell production = New production modes
= Need final state b tag to = t-channel exchanged of heavy
discriminate from background states always suppressed
9 t q q

3
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Introduction

s-channel vs. t-channel
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Single top quark production at the hadron collider

Since they are sensitive to different physics and have different final
states, o enll o, should be measured separately.
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Introduction
Single top quark production at the hadron collider

Discovery potential (LO study)

@ s-channel (double b-tagging) @ t-channel (single b-tagging)
signal: 2 b-tags, 1 charged lepton signal: 1 b-tag, 1 forward jet,
and 1 charged lepton and F'r
L8 12 - |
1.6 i a Tevatron - I;':.'-:'-.. Tevatron
s L ] oE .
14} ; ~ bk
=12 " ALLW jj modes - =8 . -
) L - = e UL ALL W jj mac
Siof ) 1 4p :s-channel 5.
— — . e 81 1. b | =
< s | % i TR t-channel = | ;
= I Wy 3 1
._E 0.6 Il.f u |. = = d = | _
04 Fo - £B,%, "y
'.-r 4.{. I;q_h'- i . : 3 - :E 5 1 1= _I '. —
0.2 K ::-'.:1'"" : ‘I"“'_":H--u-f, "ol ] B _"'- th h\ I
i S i ;
0.0k e wrat BRP ORI Tt S o i P s N PR S = = S
100 150 200 250 100 150 200 250
M (GeV) AT (GeV)

iz 1. Stelzer, Z. Sullivan, S. Willenbrock, PRD 58, 094021 (1998)

= Complete signal and background study,
A. S. Belyaev, E. E. Boos, L.V. Dudko, PRD 59, 075001 (1999)
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Introduction

Single top quark production at the hadron collider

DO Run-II single top analysis with 230pb’

Reinhard Schwienhorst, pheno 2005

s-channel t-channel
NLO x-sec 0.88 pb 1.98 pb
DO Run-I <17 pb <22 pb
CDF Run-II(160 pb™)  <I3.6 pb <10.1Tpb
DO Run-Ii <6.4 pb <35.0pb

* DO Run-II use Neural Network and binned likelihood method

@ This 1s just the beginning
= Expect 3X dataset by end of year
= Improve all aspects of the analysis
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Introduction
Single top quark production at the hadron collider

Precision measurement of th at the LHC

John Parsons, Top Quark Symposium, Michigan, April 2005

@ Able to separate single top signal from the large backgrounds ( +p , WJj, Wb )
as well as from each other

@ ATLAS has shown that it 1s possible to separately 1solate each of the three processes :

30fb!
Process S B SB  s/vB 0V
t-channel 27k 8.5k 3.1 286 0.40% Cecison
Wt 6.8k 30k  0.22 39  1.40% .

s-channel 1.1k 2.4K 0.46 23 2.70%

only simple kinematics cuts being imposed

Statistical error on 1/, will be smaller than systematic errors from luminosity
determination and from theory prediction

-
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Introduction

Theoretical tools for NLO calculation

Why NLO?

@ [tis very important to understand the acceptances at NLO, including the QCD
corrections to both single top quark production and decay.
= reduce the dependence on the unphysical scale
= 1mprove the matching between theoretical and experimental jets

? Recent progresses

7. Sullivan, hep-ph/0408049

= J. Campbell, R.K. Ellis, hep-ph/0408158
Q.-H. Cao and C.-P. Yuan, hep-ph/0408180
Q.-H. Cao, R. Schwienhorst, and C.-P. Yuan, hep-ph/0409040
Q.-H. Cao, R. Schwienhorst, J. Benitez, R. Brock, and C.-P. Yuan,
" hep-ph/0504230

=

IS
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Introduction

Theoretical tools for NLO calculation

Categorizing single top processes

@ We separate the single-top processes into smaller gauge invariant sets to
organize our calculations.

d b d b
INIT FINAL SDEC
b b b
b t’_é< b t@_LQH b ¢ +
B BREE SEG
LIGHT HEAVY TDEC

@ includes soft + virtual and real emission corrections.

@ Keeping track on each individual contribution is useful to compare event
generators with exact NLO predictions.

C.-P. Yuan (MSU) Phenomenology of single top quark @ Tevatron




Introduction

Theoretical tools for NLO calculation

Categorizing single top processes

@ We ignore the interference effects (IEs) between the top production and decay,

virtual

@ Characteristic time scale for top quark production and its decay:

In general, production and decay are separated by

§ y a large time.
g — @ i —> [Es ~ zero.

1 ! Soft gluon ( £¢ ~ 't ) radiation, near the top
threshold, leads to nonfactorizable corrections.

— IESN&SFt/mt
R. Pittau, PLB 386,397 (1996)

Ty ].—E'
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Introduction

Theoretical tools for NLO calculation

Methods used in our NLO calculation: NWA

@ To link the top quark production with its decay and also preserve the spin correlation
between the final state particles, narrow width approximation (NWA) is usually adopted.

i keep only diagrams with a resonant top propagator

w In the limitof T, — ( , using

/dp2 1 o
(p7 —mi)2+mil7  m Iy

= the matrix element squre becomes

2

MP = [ Maeel-+ 7))

mely

= and the phase space is

1
AP = dPyprq o~ dp; d®ge..
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Introduction

Theoretical tools for NLO calculation

Methods used in our NLO calculation: NWA

i

NWA (fixed top quark mass)

= works well in both s-channel and t-channel single-top processes for the total
event rate and distributions of various kinematics variables.

= cannot reproduce the distribution of the reconstructed top quark invairant mass.

® The “modified” narrow width approximation (MNWA) is adopted in our calculation.

1= Generate Breit-Wigner distribution of the intermediate state top quark mass
in phase space.
w Use the generated top quark mass to calculate the matrix elements.
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Introduction

Theoretical tools for NLO calculation

Methods used in our NLO calculation: PSS

Divergencies: Ultraviolet, infrared (soft and collinear) singularities.
Example: w — qg'(g), g, q' are massless quarks.

@ Virtual corrections:

dqp e P — o0 UV, soft and collinear
f * (p2) (P )(pPE)

@ Real corrections:

[Ba]

q

a _
74 72
W o+ L \pe| — 0 when p, — 0 (soft)
F_; Pg;? or pg || pq (collinear)
\E_, \‘@f or pg || p;: (collinear)

@ UV: removed by renormalization. Soft: cancelled (KLN)
@ Collinear: absorbed into PDFs or FFs.
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Introduction

Theoretical tools for NLO calculation

Methods used in our NLO calculation: PSS

There are a few modern techniques that allow us to calculate the
differential QCD corrections. These techniques combine analytic
calculations with numerical integration.

@ Phase space slicing method with two cutoffs
H. Baer, J. Ohnemus, J. F. Owens, PRD 40, 2844 (89)
B. W. Harris, J. F. Owens, PRD 65:094032 (02)

@ Phase space slicing method with one cutoff
ete: W.T. Giele, E.W.N. Glover, PRD 46, 1980 (92)
initial hadrons: W.T. Giele, E.W.N. Glover, D.A. Kosower, NPB403, 633 (93)
massive partons, fragmentation: E. Laenen, 5. Keller, PRD 59, 114004 (99)

@ Dipole subtraction method
dipole formalism: S. Cantani, M. Seymour, NPB 485, 291 (97)
massive partons: L. Phaf, 5. Weinzierl, JHEP 0104, 006 (01),
S. Catani, 5. Dittmaier, M. H. Seymour, Z. Trocsanyi,
NPB 627, 189 (02).

Trick: how to handle the real emission corrections?
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Introduction

Theoretical tools for NLO calculation

Methods used in our NLO calculation: PSS

Phase space slicing method with one cutoff (su,i,)

@ Introduce a theoretical cutoff (smi,) to split the phase space of real
emission corrections into three region: soft, collinear and resolved (Hard).

@ Make approximation to the matrix element in

soft and collinear regions. .
adl ||

i =2pi'p
g P g2
W o Eikcnal Factor | soft P Fi
Splithing lemel | collinear el ved
g 7
- - - N i e
@ Add in virtuzal corrections and mass featt 3 g &
Sinin S5'y

factorization terms, IR divergencies
disappear, but the result depends on cutoff
Smin-

@ Resolved region corrections are integrated out numerically, which also

depends on Smin.
Summing them up gives a theoretical cutoff independent prediction.
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Introduction

Theoretical tools for NLO calculation

Theoretical cutoff dependence (s-channel)

@ Summing over the soft, collinear, virtual and resolved corrections will give us
a cutoff independent result.

O — T Inclusive s-channel single top quark
200} e cross section at Tevatron with
100 — —i = =m form=178 GeV.
of = The decay branching ratio
ooF T t — bW T (— e'v)is included.
= — T — total ]
200 """ T os+VE :
real 3 Our calculation does not depend on
300 H — 1 the theoretical cutoff s__ .
481 % }§E§M ? % 3og0%a . .
h In the following calculation, we take
e s =5 GeV?.
4& i | | | | I | I 1 | 1 11 1 11

,_._
—
o
—
o
=]
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Introduction

Theoretical tools for NLO calculation

Inclusive s-channel single top cross section

The branching ratio of t — bW™(— eTv) is included (CTEQ6M1 PDF)

o Fraction of

(fb) NLO (%)
Born Level 3.2 65.0
O(as) INIT 10.7 22.3
O(as) FINAL h:h 11.5
O(xs) SDEC | 0.57 1.19
O(as) sum 16.8 35.0
NLO 47.9 100

The INIT contribution dominates in the O(a,) contributions.
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Introduction

Theoretical tools for NLO calculation

Theoretical cutoff dependence (t-channel)

@ Summing over the soft, collinear, virtual and resolved corrections will give us
a cutoff independent result.

Inclusive t-channel single top quark

?SD _I | ] T I T I I T7F T | I 1 T | I_
- ] cross section at Tevatron with
300 — -
: : = —=m form=178 GeV.
20 - The decay branching ratio
of E t — bW (— eTv)is included.
20 ,,H*""‘#Fnrﬂ = :
- S — ol [ 3 Our calculation does not depend on
- =T == S+V| ] .
s00f-—---" | real | the theoretical cutoff s __ .
:l | 1 [ | l [ | I | | | 1 | | | 11 I:
EI | T 1 | 1 1T 177 | | I I I I IE
110 - E
105 —% $ 353 3333 T oo 3 For t-channel single top process, we take
100 F- g s =1GeV-.
95 :I | 1 1 1 1 | | | 1 | | 1 1 11
1 10 100
(GeVv™)

mm
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Introduction

Theoretical tools for NLO calculation

Inclusive t-channel single top cross section

The branching ratio of t — bW T (— eTv) is included (CTEQ6M1 PDF)

o Fraction of
(fb) NLO (%)

Born Level 99.2 94.6
O(as) HEAVY | 5.56 .31
O(as) LIGHT 1.03 0.98
O(as) TDEC | -0.81 -0.77
O(as) sum 5.54 5.28
NLO 104.8 100

The HEAVY contribution dominates in the O(as) contributions because the

bulk part of the radiative corrections originating from the light quark line have
been absorbed into the definition of the light quark PDFs.

C.-P. Yuan (MSU)
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Phenomenology of s-channel single top process Jet finding algorithm and kinematics cut
Acceptance

Kinematics of the final state objects

Part 11

Phenomenology of the s-channel single top process

Jet finding algorithm and kinematics cuts

N

Acceptance

©® Kinematics of the final state objects
1 Top quark reconstruction

> Kinematical and spin correlation

= packground to Higgs boson searches
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Phenomenology of s-channel single top process Jet finding algorithm and kinematics cut

Jet finding algorithm

Born level s-channel single-top signal:
2 b-jets, 1 charged lepton and Er (1 parton =1 jet)

NLO s-channel single-top signal:
2 b-jets, 1 charged lepton and E7 (+ 1 non-b-jet) _ _
Jet algorithm is used to define the infrared safe observables. & 7

© Soft problem: adding an infinitely soft parton should not \S
changed # of jets

@ Collinear problem: replacing any massless parton with an exactly & e
collinear pair of massless partons should not change # of jets. x f

o ¥
© insensitive to hadronization and longitudinal boosts :

Cone algorithm is used in our analysis:
Lorentz-invariant open angle Ry = \/(mi — 1j)2 + (¢i — ¢;)2
where 77: pseudo-rapidity, ¢: azimuthal angle
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Phenomenology of s-channel single top process Jet finding algorithm and kinematics cut

Kinematical cuts

@ Smaller |pz(r)| of two-fold solutions is used to reconstruct the W boson.
(~ 70% efficiency)

@ Basic kinematical cuts:

PE>15GeV |, |me| < P,
Er > 15GeV |

Ef >15GeV , |nj| < nf™,
'&'E‘f'j :_} RCH[' 3 -&E‘ﬁ :_} cht.

@ To understand the impact of kinematical cuts on the acceptances, two sets of
cuts are considered:

loose cuts: tight cuts:
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Phenomenology of s-channel single top process
gy 9 PP Acceptance

Acceptance of inclusive two-jet events (s-channel)

th + tbj o [fb] Acceptances (%) (a): loose cuts 7™ = 2.5, p"* = 3.0
LO NLO | LO NLO and Kee = 0.5

(a) 2.7 | 323 | 13 64 (b): loose cuts ni"®* = 2.5, n"™* = 3.0
(b) 19.0 | 21.7 | 61 46 and Ry = 1.0

(c) 14.7 21.4 47 45 (c): tight cuts ™ =1.0, ??I:_'rrax i -y )
Eﬂd ECHI — ﬂ.5

@ The acceptances are sensitive to the kinematical cuts.

@ A large Rcu: reduces the acceptance significantly because more events fail
the lepton-jet separation cut.
@ With tight cuts, LO and NLO acceptances are almost the same.
@ With loose cuts, LO and NLO acceptances are quite different.
—= cannot use k-factor with LO kinematics
— Ao~ 10%, A|Vip| ~5%
— Important to have full NLO kinematics

@ To maximize the acceptance, the loose cuts (a) are used in the following study.
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Phenomenology of s-channel single top process

Final object distributions

Kinematics of the final state objects

@ Lepton and £7: not sensitive to NLO QCD correrctions.

L")

o [fbiGaV]

o [fbiGaV]

b and b distributions

—MLO
Taami
[= - AT

QG-

o [fbiGaV]

o [fbiGeV]
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NLO corrections broaden the
LO distributions and shift the

peak position to lower valule.

b and b are sensitive to DEC
and FINAL contributions,
respectively

INIT contribution dominates
over FINAL and DEC.

— soft gluon resummation
improve the prediction on
kinematical acceptance
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Phenomenology of s-channel single top process

Kinematics of the final state objects

To quark reconstruction

@ The two b-jets in the final state cannot be distinguished
experimentally (by detectors).

@ To study the kinematics and spin correlations, top quark event
needs to be reconstructed.

Task: b-jet needs to be separeted from b-jet.

@ Thus, a prescription is needed to identify the correct b in order
to reconstruct top quark event.

Best-jet algorithm
Jet (or 2-jet system) which gives an invariant mass closest to 178 GeV,
when combined with W boson.
Leading-jet algorithm
highest pr jet in the event as "b-jet’".
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Phenomenology of s-channel single top process

Kinematics of the final state objects

b 1dentification efficiency

@ fraction ot picking up correct b @ reconstructed top quark mass
; i —allevents ; 35 —trueb jet
3 0.5 bewt-jet is b jet 3 best jet
& leading jet & b jet e - leading jet
= 04 =

0.3

0.2]

o1 [/

% "_ﬁ_'"_‘iﬁ'ﬁ_"_m‘iﬁs‘ﬁ" 200 ‘P 80 170 180 190
b-jet E, [GeV] Mtop) [GeV]

best-jet algorithm: 80% more evident

Leading-jet algorithm: 55%

The best-jet algorithm shows higher efhiciency than the leading-jet algorithm.
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Phenomenology of s-channel single top process

Kinematics of the final state objects

Reconstructed top quark (W + best-jet) distribution

g T 20 i
= B g
= |
i i
155
10
|

=

top rapldity

@ NLO corrections change pr of top quark event in the small pr region
largely.
@ NLO corrections shift the top quark event to more central region.

@ Best-jet algorithm results in distributions that are very similar to those
obtained using the true b (or b+ g) from the top quark decay.
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Phenomenology of s-channel single top process
Kinematics of the final state objects

Kinematical correlation between b and b

@ At Born level, b (best-jet) and b (non-best-jet) are highly correlated.

I 12
g | F: By g i s
3 U-E-Ei =Dl sum 3 1[': 01 o) mam
[IE,'.'IE g :
0.2 ' \ 8 3\
0.15 | a 1
0.1 v L [ )
gJL....—_-_.---._._ il ' | e o |
=00 =100 a 100 =4 -2 a 2 4q
P'I'{hthen} = P'I'{hgtnﬂr|-h-=l1.:II [GE‘!’] q“mheﬂ} ™ r“mnu n- I:re:.'llI [GE‘!’]
@ At NLO

@ Transverse momentum difference is not largely affected.
@ The O(a,) corrections have a larger effect on the pseudo-rapidity

difference.
@ The addtional gluon radiated from FINAL and DEC corrections

tends to weaken the correlation between b and b.
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Phenomenology of s-channel single top process

Kinematics of the final state objects

Top quark polarization

In SM, top quark produced in single-top event is highly polarized. Polarization
of top is defined in its rest frame.

Degree of polarization depends on the direction of z-axis in top rest frame.

@ Helicity basis: th(j)

7: along the top quark direction of motion in the c.m. frame of system.

i

@ Helicity basis (th)

z: along the top quark direction of motion in the c.m. frame of th.

© Optimal basis (maximal spin correlation)
z: along the direction of d-type quark (predominantly, from anti-proton)

& top rest finme

/ti-”"m/: g P P Fraction
g g kT oW
2 ’ u 2%

Halicity basis Optimal basi
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Phenomenology of s-channel single top process

Kinematics of the final state objects

Top quark polarization

@ Among the top quark decay products, the charged lepton is maximally
correlated with top quark spin.

1 dr(e—bt) 1/ NNy
r(t — bev) dcos® 2\ T N_+ Ny >°°

@ 6 is the angle, in the top-quark rest frame, between the direction of the
charged lepton and the spin of the top quark.

@ Helicity basis: top spin along its moving direction
@ Optimal basis: top spin along the anti-proton moving direction

@ The degree of polarization D and the fraction of polarization F,

N_ — N, Foe 1ED

= 5
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Phenomenology of s-channel single top process

Kinematics of the final state objects

Top quark polarization

@ Helicity basis (tb)

Pt - pi
2 = - = COR ket = Tt
B oas ™ A = If'h‘\ o . |pt| J |-D' | . _
E S L pr: three-momentum defined in
2 g = T fi f the two | '
- S Ny ~_ c.m. frame of the two incoming
15| . partons
1 | by
. iy p¢*: charged lepton
% s nﬂ_fé 1 s -u.s_u;}iis 1 three-momentum defined in rest
ca E"t wicky bmlx ca E"t wliciby basls
N ” frame of top quark.
@ Optimal basis .
Pp - Pt
T = T COS bopr = = T =3
9 ag e / 7 = B ;ﬁ'.ll |'DF_" . |Pf |
N B - i-
N ) / . AT S Pp: anti-proton .
) / _ m/ | three-momentum in the rest
b i frame of top quark
s - | e | Py : charged lepton
= - three-momentum in the top
without cuts with cuts and quark rest frame.
parton level reconstruction
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Phenomenology of s-channel single top process

Kinematics of the final state objects

Degree and fraction of top quark polarization

D F
LO | NLO | LO | NLO
Helicity Parton level 0.63 | 0.58 | 0.82 | 0.79
(tb) Reconstructed events | 0.46 | 0.37 | 0.73 | 0.68
Helicity Parton level 0.63 | 0.54 | 0.82 | 0.77
(tbj) Reconstructed events | 0.46 | 0.37 | 0.73 | 0.68
Optimal Parton level -0.96 | -0.92 | 0.98 | 0.96
Reconstructed events | -0.48 | -0.42 | 0.74 | 0.71

o The strong spin correlation at parton level is smeared out after event
reconstruction due to the imperfect W-reconstruction.

9 NLO QCD corrections also smear out the spin correlation.

Q With t-reconstruction, both bases give about the same fraction of polarization.
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Phenomenology of s-channel single top process

Kinematics of the final state objects

Intrinsic background to SM Higgs searching

@ Invariant mass of (b jet and b jet) @ SM Higgs searching channel
; D.E‘I =g ;' I:I_l:ﬁl- — 011 iy | LR
:3 | ®rn ‘3 I - 1
= i i, 1 O fi e
218 ﬁ o o [\ "
=\
| || 'l.l OJ.'IJI |I_ I'"-.
oos| | \ 0ot |'I" M'“q.-
| - ID;J - e, S
L -H_#‘_:=. I - L i
3] "'ﬁbﬁ"'éﬁd;ﬂiﬁﬁf'iﬁmﬂ o 100 mnmmapu_ ﬁnﬂ]
ety Bt LY -y r
e 2 115 < my < 130 GeV
@ Angular distribution of cosp in bb @ The DEC contribution flattens out the
O(as) corrections compared to Born level
= - | = :q‘ i — closer to Higgs signal distribution
La] P 2l THA . W
0 i 3 me — This becomes more important as
——e E "
15; / | \\ T o - shape i1s concerned.
1{!‘_'.-"' “'-._l "j i
5] 1
53
%5 © o5 1 4 ©5 0 95 1
coslé) (jet, bb) cos{é) {jet,bb)
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Acceptance
Event topology

Phenomenology of t-channel single top process , ! . ,
Kinematics of the final state objects

Part 111

Phenomenology of the t-channel single top process

1 Acceptance

@ Event topology

® Kinematics of the final state objects
1z Spectator jet and b-jet
1z Top quark reconstruction

iz Spin correlation
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Acceptance
Phenomenology of t-channel single top process

Acceptance of inclusive two-jet events (t-channel)

tq + tgj o [fb] Acceptances (%) (a): loose cuts 7™ = 2.5, q}“” = 3.0
LO | NLO | LO NLO and Reur = 0.5

(a) 65.6 | 64.0 | 66 61 (b): loose cuts 7" = 25, p™* = 3.0
(b) 56.8 | 48.1 | 57.3 46 and Reur = 1.0

(c) 31.1 | 34.0 | 31.2 32.4 (c): tight cuts ™ = 1.0, n™* = 2.0

End Rcu[ = D.E

@ The acceptances are sensitive to the kinematical cuts.

@ A large R, reduces the acceptance significantly because more events fail
the lepton-jet separation cut.

@ With tight cuts, LO and NLO acceptances are almost the same. In
contrast to the case of loose cuts, NLO accpetance is larger than LO.

@ With loose cuts, LO and NLO acceptances are quite different.
— cannot use k-factor with LO kinematics

@ To maximize the acceptance, the loose cuts (a) are used in the following study.
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Event topology

Phenomenology of t-channel single top process

Event Topology

Collider signature: (besides of y+and g,)
third jet

""""" -, untagged jet
R {666 q spectator ~ @ Born level type inclusive 2-jet events:
1R . B .
Je 1 b-jet, 1 untagged jet (spectator jet)

@ Exclusive 3-jet events:

1 b-jet, 2 untagged jets
¢+ charged lepton @ Exclusive 3-jet events (Wg-fusion):
2 b-jets, 1 untagged jets

b—tagged jet

g
missing Energy
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Phenomenology of t-channel single top process , ! . ,
Kinematics of the final state objects

Unique signature of the t-channel process

New method to detect a heavy top quark at the Fermilab Tevatron

C.-P. Yuan
High Energy Physics Division, Argonne National Laboratory, Argonne, Illinois 60439
(Received 15 May 1989)

We present a new method to detect a heavy top quark with mass|~ 180 GeV|at the upgraded Fer-
milab Tevatron (V'S =2 TeV and integrated luminosity 100 pb~') and the Superconducting Super
Collider (SSC) via the W-gluon fusion process. We show that an almost perfect efficiency for the
“kinematic b tagging’ can be achieved due to the characteristic features of the transverse momen-
tum P and rapidity Y distributions of the spectator quark which emitted the virtual W. |Hence, we
can reconstruct the invariant mass M°"° and see a sharp peak within a 5-GeV-wide bin of the M**
distribution. We conclude that more than one year of running is needed to detect a 180-GeV top
quark at the upgraded Tevatron via the W-gluon fusion process. Its detection becomes easier at the
SSC due to a larger event rate.

The first paper in the literature to discuss the unique kinematics of
the forward jet in the t-channel single-top event.
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Phenomenology of t-channel single top process
9y J PP Kinematics of the final state objects

Unique signature of the t-channel process

Asymmetric rapidity distribution of the spectator jet
helps to suppress backgrounds ——  Its kinematics needs to be well studied.

Asymmtric: u__>u
val se

=Jp proton moving direction
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Phenomenology of t-channel single top process
9y J PP Kinematics of the final state objects

Transverse momentum and energy distributions of the spectator jet

1.2- < Bom B i
1__ w O(0) sum 0'35_ . w O(cty) sum
i 0.3;—
0.8 0.25-
0.6 0.2
- 0.15
0.4 0.1
0.2+ 0.05-
0;—' e e I T i 0_
R 1 £ G M O I S A I 005 st T
0 50 100 150 200 250 0 100 200 300 400 500
Jet, p; [GeV] Jet E [GeV]
pectator spectator

@ The p, distribution of spectator jet peaks around ~ M, /2.
@ The energy distribution peaks around ~ M.

Large pT and E can be used to distinguish the spectator jet from the soft gluon jet.

s The O( ) corrections shift its p, to low value due to gluon radiation from th light quark line.
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Phenomenology of t-channel single top process

Kinematics of the final state objects

Rapidity distribution of the spectator jet at NLO

L —NLO

20: ---Born

- O(o) sum

Jet

spectator N

® The O( ) corrections even shift the spectator jet to more forward direction

due to additional gluon radiation.
impose harder cut on the spectator jet rapidity to suppress backgrounds

o The shift is small because the O( ) corrections are small.
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Phenomenology of t-channel single top process

Why so?

4
2
e (5 Cmmy LI LS
'2f — - —0(a) sum
i llllllll oot ---HEAVY
4l SEEEE e LIGHT
- TDEC
l | R L
2 0 2

Jet

spectator M

Kinematics of the final state objects

2.5——
- T PA: P(u) A(b)
2 ~Hebt AP: A(u) P(b)
- —heavy: PA
1'5__ ---heavy: AP
S
050 i
L SR
A e A S |
-2 0 2
Jet

spectator N

@ LIGHT and HEAVY corrections have almost opposite contributions.

@ LIGHT shifts the spectator jet to the forward direction while HEAV'Y shifts it to the central region

@ TDEC contribution does NOT change the distribution.

C.-P. Yuan (MSU)
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Phenomenology of t-channel single top process

Kinematics of the final state objects

Transverse momentum of the b-jet

— 0.15¢
- - By
1.2F ~Born 0.1 ] .
1: e O( ) sum - i E
005 | L
0.8- o |
0.61 E B
- -0.05 7;
0-4_ E B ; i o(a)
' o - — _— f.‘r.“._5= sum
0.2} ) 0'15 & E - HEAVY
ol Th e 0.15} LJ LIGHT
§ - TDEC
_....I..m:i...é".'}-.l.... i i T ®E = g =i U T R T s M L T N R A Y A T O AR N T
o 50 100 150 200 0 50 100 150 200
Jet, p; [GeV] Jet, p; [GeV]

- p% distribution is predominantly determined by top quark mass therefore peaks at ~ m;/3

@ The O( ) contributions shift p(l} to lower value.

@ TDEC contributions dominate over the LIGHT and HEAVY contribution.
collinear enhancement
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Phenomenology of t-channel single top process

Kinematics of the final state objects

Two b-jets in the Wg-fusion process

—bNLO 100

201

.....

...........

0 50 100 150 200 50 100 15(
jet E; [GeV] b-tag jet p; threshold [GeV]

@ Easy to separate two b-jets

pr(b) distribution peaks around zero due to collinear physics.

@ The fraction of events with two b-tagged jets is high for low jet p_, but drops quickly.

@ For exclusive three-jet events, the fraction of events with two b-tagged jets is much higher.
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Phenomenology of t-channel single top process
9y J PP Kinematics of the final state objects

b-1dentification efficiency

T —all events é —all events
1 '2; ; -b-tagged jet is b jet 0.4~ ——-b-tagged jetis b jet
1 3 ~best-jet is b jet 0.35C -+ best-jet is b jet
i leading jet is b jet - leading jet is b jet
0.8 e
B . . , 0.25) : .
0.6/ inclusive 2-jet 0. 2_ exclusive 3-jet
0.4 0.1 5—
0 2: 0-15—
0 B Y NI T 2 A, | = ' .| ] L S I T G ,, g, |
0 50 100 150 20( 00 50 100 150 20(
b-jet E, [GeV] b-jet E, [GeV]

@ Leading b-tagged jet corresponds to the b quark from top decay most of the time

Leading b-tagged jet Best-jet

inclusive 2-jet event: 95% inclusive 2-jet event: 80%

exclusive 3-jet event: exclusive 3-jet event: 72%

A works well due to the kinematical
difference between andg
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Phenomenology of t-channel single top process , ! . ,
Kinematics of the final state objects

p; determination and efficiency

@ Two ways to determine p’, based on the scenario of b identification

best-jet algorithm leading b-tagged jet algorithm

using W-boson mass constrain to get two-fold solution of p

W 2 v v
My = \/(pe ‘|‘pl/) — P21 5P
using top mass constrain using leading bh-tagged jet
b to pick up correct b-jet to pick up correct b-jet
from top quark decay from top quark decay
p’/ smaller [p| using top mass constrain
& to pick up correct Y
EfT. ~70% LO:92%  (NLO: 84% Jgp Mainl¥ duc (©
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Phenomenology of t-channel single top process

Kinematics of the final state objects

Smaller p: vs. Top quark mass constrained p;

7:_ —true b jet 10 —true b jet, W from top mass constraint
- ---leading b-tagged jet " ---leading b-tagged jet, W from top mass constraint
6 — -best jet 49 8 -_
C - -leading jet B
5- i
6L
4= smaller |p| i
3t 4l
2= :
: o[
1 g -
10‘ A R e I S AT S o
60 170 180 19( ‘P60 170 180 19(C
M(top) [GeV] M(top) [GeV]
Leading jet : worst The overall height of the mass peak is higher than
Leading b-tagged jet: good in the left figure indicating this method reconstruct
Best jet: best W boson and b jet correctly more often.

We can also properly reconstruct the true top quark

Best jet algorithm can pick up wrong width with very high efficiency.

jets to get correct top quark mass.
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Phenomenology of t-channel single top process

Kinematics of the final state objects

Kinematics distribution of the reconstructed top quark

Y
7

= —NLO —NLO
1.2 5 S
---Born ---Born
. 35 .

----- O(c,) sum - O(0L) sum

0.8
0.6
0.4
0.2

0 50 100

-0.2-. .,

150 20¢
top p; [GeV] top rapidity

@ The O( ) corrections tend to shift top quark p_ to large value.

o The O( ) corrections only have a small effect on top quark rapdity.

LIGHT and HEAVY corrections cancel with each other and leave top quark rapidity
almost unchanged.
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9y J PP Kinematics of the final state objects

Top quark polarization: spin bases

@ Helicity basis:
tq(j)-frame
z: along the top quark moving direction in the c.m. frame of incoming partons

tq-frame
z: along the top quark moving direction in the c.m. frame of top quark
and the spectator quark

» Beamline basis:
z: along the incoming proton beam direction

@ Spectator basis:
z: along the moving direction of the spectator quark

A

7z . © top rest frame
t? ) = e Z A T
7 &
e LS ey e, S ey e S =y
d g d 8 d 8
Helicity basis Beamline basis Spectator basis
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Phenomenology of t-channel single top process

Top quark polarization

Kinematics of the final state objects

—NLO 80;

L —NLO _
100, § 100
80 80/
60/ 60}
40f 40/
20 20
o o-
Do 5 ¢ g s 5 ¢ & [ jrg & G f g @ a5 -10;.“\ P IS S RIS Do o ¢ oy 5 @ & [ g & g & @ @ a5
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
COSB(E,t)he"c“y basis cose(e’z)beamline basis cose(e’q)spectaior basis
—NLO 50F —nLo 60;— —NLO

---Born

AP 5 v ewng e g1

BB 5 ¢ ew w5 e g r

PRI R RN S S Lo
0.5 1 -1

IR TR (I A 0 W T T A 0 L
0 0.5 1 -1 0.5 1

1 -05 0 0.5 -0.5 0
cose(e’t)heliciiy basis cose(e’z)beamline basis cose(e’q)spectaior basis
Helicity (tq-frame) Beamline Spectator

C.-P. Yuan (MSU)
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parton level

with cuts and
reconstruction

drop off
ARG]
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Kinematics of the final state objects

Degree and fraction of top quark polarization

LO NLO LO NLO At the parton level,

Helicity Parton level | 0.96 | 0.74 | 0.98 | 0.87 :g'ffatm‘? hf‘“e larger d-O-P}
tq(7) | Recon.event| 0.84 | 0.73 | 0.92 | 0.86 n tag)-frame

Helicity Partonlevel | 0.96 | 0.94 | 0.98 | 0.97 A Fior svent reconstraction: j

tq Recon. event | 0.84 0.75 0.92 0.88 — tq-frame and tq(j)-frame
Spectator | Partonlevel | -0.96 | -0.94 | 0.98 | 0.98 have almost the same d.o.p
Recon. event | -0.85 | -0.77 | 0.93 | 0.89
Beamline | Partonlevel | -0.34 | -0.38 | 0.67 | 0.69
Recon.event | -0.3 | -0.32 | 0.65 | 0.66
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Phenomenology of t-channel single top process , ! . ,
Kinematics of the final state objects

Degree and fraction of top quark polarization

Helicity Partonlevel | 0.96 | 0.74 | 0.98 | 0.87 rame have farger d.0-p
tq(j) | Recon.event| 0.84 | 0.73 | 0.92 | 0.86 e
Helicity Parton level | 0.96 | 0.94 | 0.98 | 0.9/
tq Recon.event | 0.84 | 0.75 | 0.92 | 0.88
Spectator | Partonlevel | -0.96 | -0.94 | 0.98 | 0.98
Recon. event | -0.85 | -0.77 | 0.93 | 0.89
Beamline | Partonlevel | -0.34 | -0.38 | 0.67 | 0.69 Helicity basis (tq-frame) J

LO NLO LO NLO [At the parton level, J

tg-frame and tq(j)-frame
have almost the same d.o.p.

[After event reconstruction,

Recon.event | -0.3 | -0.32 | 0.65 | 0.66 give almost the same d.o.p.

as the spectator basis.

.
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Phenomenology of t-channel single top process , ! . ,
Kinematics of the final state objects

Degree and fraction of top quark polarization

LO NLO LO NLO At the parton level,
Helicity Partonlevel | 0.96 | 0.74 | 0.98 | 0.87 :g‘fmtm‘? hf"“e larger d.o.p.
tq(7) | Recon.event | 0.84 | 0.73 | 0.92 | 0.86 a0 rame
Helicity Partonlevel | 0.96 | 0.94 | 0.98 | 0.9/ A Fior svent reconstraction:
tq Recon.event | 0.84 | 0.75 | 0.92 | 0.88 tq-frame and tq(j)-frame
Spectator | Parton level | -0.96 | -0.94 | 0.98 | 0.98 have almost the same d.o.p.
Recon. event | -0.85 | -0.77 | 0.93 | 0.89
Beamline | Parton level | -0.34 | -0.38 | 0.67 | 0.69 Helicity basis (tq-frame)
Recon.event | -0.3 | -0.32 | 0.65 | 0.66 give almost the same d.o.p.

as the spectator basis.
AN

= Beamline basis gives the worst degree of polarization (d.o.p.) of top quark.

iz At the LO, there is no difference between the Helicity basis (tq-frame and tq(j)-frame)
and the spectator basis

i High order QCD corrections blur the spin correlation effect, except for the beamline basis.
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General formulation of t-b-W couplings
What have we known from indirect measurements?

General analysis of top quark polarization and W helicity How to perform direct measurements at Tevatron and LHC?

Part IV

Distinguish different models of EWSB

Top polarization and W helicity

@ General Formulation of t-b-W couplings
@@ What have we known from indirect measurements?

73} How to perform direct measurements at Tevatron & LHC?

0 Distinguish different models of EWSB

In collaboration with:
C.-R. Chen and F. Larios, hep-ph/0503040.
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General formulation of t-b-W couplings

General analysis of top quark polarization and W helicity

General Formulation of t-b-W couplings

@ Top quark couplings to gauge bosons in the non-linear chiral Lagrangian framework
(SU(2)xU (1) Invariant)
L= E'y“(/i];LPL + R;RPR)tZ; + 8,,2;50“”(/<;;LPL + lilePR)t
+b(kl, Pp 4 ki PR)OES™H + b(k), Pp 4 KL PR)t0, S + h.c.

Here, k. and kp are two arbitrary complex parameters,

1 , a_ _‘moa
E = (2l Fix?), ¥ = =5 Tr(r"¥D,%),

\/§ K
t\ f tr = fir
(+),==m=2(0), -
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General formulation of t-b-W couplings

General analysis of top quark polarization and W helicity

General Formulation of t-b-W COU.pliIlgS (not necessary to be on-shell)

@ New physics effects can be summarized in effective Lagrangian:

L= TW by (fi P + f{*Pr)t

I8, Wbo (FE P, + fEPR)t

- B(fEP, + fRPR)S W H

| J B(fllLPL + ffPR)té?MW_“ + h.c.

—— 8 different form factors
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General formulation of t-b-W couplings

General analysis of top quark polarization and W helicity

General Formulation of t-b-W couplings ( for on-shell t and b )

® Gordon Identity ——> reduce from 8 to 6 form factors

LD ’Y,uao'/u/qyacm

q, term: not contribute for either on-shell or off-shell W boson.

= on-shell W boson in top decay = off-shell W boson in single top production

b Y d

¢ x g, =0 b t
4>

1

,

q)‘ “1 W+ U
qu X (Pu +Pd)u ~ 0

a’/ " \b

—— reduce from 6 to 4 form factors
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General formulation of t-b-W couplings

General analysis of top quark polarization and W helicity

General Formulation of t-b-W couplings

@ The general t-b-W effective Lagrangian (dim-4 and dim-5 couplings)

g _7 L R
L = W~ by" Pr, + fi"Pr)t
tbW \/§ 7 Y (fl L fl R)

)

V2my

8, W, bat" (fy Pr, + f5' Pr)t + h.c.

> Inthe SM,

=1 fi'=fyr=f=0.

The couplings may be sensitive to new physics.
Iy
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General formulation of t-b-W couplings

General analysis of top quark polarization and W helicity

Propose a most general analysis

Choose independent experimental observables to study
the constraints of effective w-t-b couplings.

g Four independent variables i Four experimental
in the effective Lagrangian observables
L
1 B
f 0 top decay
R four _
U fom J- (fo+f+f,=1)
L factors o
9 t } Single top production
R Y, 0-8
2
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General analysis of top quark polarization and W helicity

What have we known from indirect measurements?

What do we know from indirect measurements?

t
=G
b

b
t
R W
Z b

Indirect limits on dim-4 and dim-5 couplings

coupling LEP |b—sy bosl'I”
_rL 1
&=f-1] o0 0.3 05
R
1 0. 0.4
R
fi 0.002
L
1 0.005

@ one coupling at a time.

1> May cancel with other contributions (originated from other light fields)

> Assume no other new physics effect

C.-P. Yuan (MSU)
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General analysis of top quark polarization and W helicity How to perform direct measurements at Tevatron and LHC?

What do we know from direct measurements?

U bt u_, d
coupling |  Tevatron LHC ) >W‘< _ /E\
€L 107" 107 / b t
5 0.3 0.003 u t
i 0.7 0.08 >
I 0.3 0.05 O i ‘
@ one coupling at a time.
Tevatron: (2 fb™') X (6 pb) ~ 10* Ttevents
LHC: (100 fb_l) X (8><102 pb) ~ 10° 7t events
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General analysis of top quark polarization and W helicity How to perform direct measurements at Tevatron and LHC?

How to perform direct measurements at Tevatron and LHC?

@ Measurement of W helicity fractions in top decay

= fo- 0+ f_—(1 —cosf —(1 0
I'y dcosf f04s1n T/ 8( cos f) +ijS( + cosf)
@ Theoretical prediction:
LO: Beyond LO:
I' at2
= — =0.71 —
fo I, 2o f,=0.701 b:
r
fo= s == =029 £ =0297
I, a, +2
T, f.=0.002
i I
2
o m _ 1780 OeC) EW.my. Iy, jep 5h/0209185
" m, 804
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General analysis of top quark polarization and W helicity How to perform direct measurements at Tevatron and LHC?

How to perform direct measurements at Tevatron and LHC?

@ Measurement of W helicity fractions in top decay

1 dI'y
I' dcos@

3 3 3
— fOZ sin” @ + f_g(l — cosf)? + f+§(1 + cos §)?
@ Experimental measurements: (from ¢¢ pairs @ Tevatron)

DO:  f,=0.56 +0.32 f, <0.24
hep-ex/0404040

CDE: f =091 £0.38 f, <0.18
hep-ex/0411070

A
——> Expected @ 2 fp— 1 f_fo ~ 10%, fy+ <0.05

0
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General analysis

How to combine f, and f_(or f_ ) measurements
with the single top cross section measurements?

@ Can g, be expressed as small

O'tN("')f0‘|‘("')f—‘|‘("')f+‘|‘("')

U d
W+
I [
b t !
b
@ Can g, be expressed as "y * +
os~ (- Vfo+ (- Vfo+(C-)fr+(--) 14
d b
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Single top cross sections and distributions

@ NLO QCD correction to differential cross section have been calculated.
NWA is adopted in order to keep top quark spin information.

@ Spin correlation effects have been examined in different spin bases.

- —NLO 60F 1o
o5t -8m  S-channel - s t-Channel ...
- --0(a) 50:_
20 40~
15/ 30-
10/ o A
: 10-
o
0O 5 0 05 1 AOE
costlet) . ., . ) 05 0 0.5 1
optimal basis cosb(e,q)

spectator basis

LO : CTEQG6LI, NLO : CTEQ6M, for m; = 178GeV

Tevatron (t NLO)I LHC (t LO)

LHC (7 LO) ILHC (7 NLO)I

Channel Tevatron (t LO) LHC (t NLO)
t-channel 0.827 0.924 146.0 150.0 84.9 88.5
s-channel 0.27 0.405 4.26 6.06 2.59 3.76
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Four observables 1n terms of four independent variables

_ at(1+x0) L Rj2)? R Lia2)?
fo_at(l—l-xo)—l-Z(l—l-xm-l-xp) o=k fola )+ U fola ) -
X, =(fi+fra)
B 2(1+x,) = ()
f__at(1+x0)+2(1—|—xm+xp) = (it faa only depend
2y AP+ on gy
P not fL’R .
1

J= a,(1+x))+2(1+x,+x))

_ SM
Ao=0—o0

fotf_+r.=1
Ao, =a,x,+a,x,+a,x, +asx; Ao, =byx,+b,x,+b,x, +bsx;
~() for () o (o) f o Fasx, ~(C) fot () o+ () fotbs s
t-channel| © “om “p s s-channel D, D, bp b
Tevatron| 0.896 | -0.069 | -0.153 | 0.247 Tevatron| -0.081 | 0.352 | 0.352 | 0.230
FED T 4652 | <191 | -34.2 | 625 WSO T 141 | 567 | 567 | 6.34
CTEQ6L1

Phenomenology of single top quark @ Tevatron
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Coefficients v.s. top quark mass (or ¢ in new physics models)

| | I | | | =

— .

k 0 |

10% & Aoy ~ aop(fo) + - a_| ]

L = =

i - .

[

= 10'F =

= = 5

g L 5

10 = E

10tk 1
200 400 600 800 1000

| | | | | | | E

! _

2 0 Acs ~ by (f- + f+) + 0505 |— b, =

& b (b)]

0 m-opt [ |

= 10 =

g - bj 3

g .

10 s-channel @ LHCH
10~ 200 400 600 800 1000

m (GeV)
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Distinguish different model of EWSB

An 1llustration with two couplings (to simplify discussion)

@ Assume b, couplings are small (for 7,~0) — ¥ = L v — f,~0

- 2(1+€,+a, i) If /¥ - 0, then
T @ (l+e + fRla+2(1+€,+a, f5) A B
a,+2

@ The sign of A f_ depends on models £ <0 o Af <0

i MSSM e, =001, f5=0.005 fog -4

( €L can be either positive or negative. SUSY-QCD
and SUSY-EW corrections have opposite contributions.) hep-ph/0306278

> TC2 e,=—001, f¥=-0.005 Jod [ 4
(typically, €, <0) hep-ph/0501145
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Distinguish different model of EWSB

(assume fF ~ L ~ o for small »5 contribution)

MSSM  TC2 +
€, 001 001 . | Tewon
f> 0.005  -0.005
A fol fo" 0.5%  0.5% _
Af_IfY 1.2% -1.2% il e
Tevatron Ac,lo}” 2.1% -2.0% Ig,
Tevatron 40,/0 S 3.2% -3.1% osf
LHC Ao, /o)  2.2% 2.1% :
A / M o o 0‘2:— LHC
LHC o,lo, 3.4%  -33% .
AT, IT” 35%  -3.4% "
0__ } E: [:3 MSSM
_0'1—_(]_ILSI B S R Y It'{lj“l (YR F I(],Il;

C.-P. Yuan (MSU) Phenomenology of single top quark @ Tevatron



single top physics
Tevatron —— P LHC
discovery precision
Summary and outlook machine measurement

Summary and outlook

@ The s-channel single particle inclusive rate (with acceptance) 1s dominated by the initial
state contribution, while the t-channel single particle inclusive rate is dominated by the

heavy quark line contribution.

@ With loose kinematical cuts to maximize the acceptances, the full NLO kinematics needs
to be studied. (A constant K-factor with LO kinematics won't work)

€© In order to reconstruct top quark event, the best-jet algorithm is better in the s-channel
process, while the leading b-tagged jet algorithm is best in the t-channel process.

@ Higher order corrections change the kinematical and spin correlations largely.
After event reconstruction, in the sense of d.o.p. of top quark,
Optimal basis __ Helicity basis (tb-frame) 1in s-channel
Spectator basis _ Helicity basis (tq-frame)  in t-channel

2

C.-P. Yuan (MSU) Phenomenology of single top quark @ Tevatron



single top physics
Tevatron —— P LHC

discovery precision

Summary and outlook machine measurement

Summary and outlook

@ NLO QCD corrections to s-channel single top process is important to SM Higgs
boson search via WH production. In particular, NLO top quark decay contribution
has to be included to make more reliable background prediction

@ LHC is a precision measurement machine for single top quark physics.
VvV can be measured accurately to percentage level at initial low lumi LHC

@ The precision measurement of W-t-b coupling can probe the new physics etfects.

Use top quark polarization and W Helicity to test different models

In five years, single top physics will go from discovery to precision.
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