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Introduction

Introduction

e The Higgs boson may exist or not (most people hope it
@ Supersymmetry may exist or not (some people hope it
o New fermions may exist or not  (fewer people hope it

e The top quarldefinitely exists (we are happy for it
and we must study its properties at LHC
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Introduction

Top quark properties

Possibly new physics influence
e Mass [] Measured at Tevatron
But no standard theory for masses

Sensitive to new physics corrections
e Couplings [] Predicted in the SM
May be measured / bounded

e Spin [] Testable in top production and decay
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Introduction

Probing top couplings

top decays — W'b [many authors]

o Wtbvertex [] [ single top LHC [Boos et al., EPJC 99|

ttZ, tty at LHC [Baur et al., PRD '05,06]

° Zttytt L] [ atllC
t [ ttat LHC [Cheung, PRD '96]
°9 figat ILC [Rizzo, PRD '94]

e Ztg,7tq,gtq [] FCN production and decay [many authors]
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Introduction

GeneraWtbvertex

(Additional termsp*, etc. rewritten with Gordon identities)

VR, 0L, Or Z€ro at tree level V. ~ 1, normalised to unity

VR, 0L, Or €xpected to be (very) small
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Top decays anWV helicity

Top decays antV helicity

Equivalent descriptions df— Wb — (*vb

e /angular distribution .,  angular asymmetries
in W rest frame, determined B+ helicity fractions

e / energy distribution .,  energy asymmetries
in t rest frame, determined B/ helicity fractions andV boost
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Top decays anWV helicity

¢ angular distribution i'W rest frame

Assumet, W on shell

1 dr 3 3 T
Tdcoss; — 81 COMiN PR+ gll—cosdi) FL+ 5 sir 0} Fo

¢ momentum inV rest frame

¢; angle betwee ,
W momentum irt rest frame

0] =m— O 04 angle betweeid andb in W rest frame

F('[—>W+b):FR+F|_—I-F0 Fi=T/T

Fi [] determine distribution
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Top decays anWV helicity

helicity fractions

(xw = Mw/m, X = my/my, |G| =W momentum)
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Top decays anWV helicity

helicity fractions

(xw = Mw/m, X = my/my, |G| =W momentum)
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Top decays anWV helicity

helicity fractions

(xw = Mw/m, X = my/my, |G| =W momentum)
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Top decays anWV helicity

Influence of finite width corrections

But .. .Is this a good approximation? Yes!

0.8 T e
07; Andlytica B
L T + MCsimulation| |
L T iy, i
06 A oy
o A i
0 ¥ *x
Q 05+ Y —
o +Jr ++
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= 04F %, il
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L 03F X -
H r *
02k A
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Finite width correctionslo notaffect angular distribution
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Top decays anWV helicity

Equivalent parameter sets

Helicity fractions Helicity ratios
Fi=I/T prL =TrL/To
FR+FL+Fo=1 independent quantities
prL = FrL/Fo Fo=(A+pr+p) !

FrL =prL (14 pr+pL)~?

They can be obtained from a fit fadistribution

They are sensitive to anomalous couplings

Which one is better? See experimental precision
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£ angular asymmetries M rest frame

1 dr 3

3 3
T dcosd; 8( + cosb;) R+8( cost; )2 FL + = sirf 0} Fo

Taket € [—1, 1] fixed and define asymmetries

_ N(cosf; >t) — N(cost; < t)

A= N(cos§; >t) + N(cosd; < t)
t=0 [ Am=3Fr-F)
t=—(2**-1 [ A, =38[Fo+ (1+3)Fg] DetermineF;
t=222-1 [0 A_=-38[Fo+ (1+p)F] without fits
B=2"-1

Asymmetries depend on anomalous couplings ...

Better or worse? See experimental precision
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Top decays anWV helicity

¢ energy int rest frame

Related to cod; by boost

1
E, = 5(Ew+d|cost;) Ew.|d|constants

1dr 1

FOE " (Emwe Emn? |
+6(Emax— EZ)(EE - Emin) FO]

With Emax = (Ew + |d|)/2, Emin = (Ew — |d])/2

3(Er — Emin)2 Fr+ 3(Emax — EE)Z Fo

Descriptions equivalent but larger errors Er
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Top pair decays antd spin correlations

Top pair decays antll spin correlations

Top decay: distributions ihrest frame

1 dr 1
= —- 21 X = Wt g,
chosgx 2( + ax COSQX) Ea v, b: ;4,4

fx angle betweeX momentum andop spin

SM tree level (no anomalous couplings)
apr =ay =1 a,=aq=-031 ay+ =—ap =041

[]  Information onanomalous couplingandt polarisation

Antitop: ag = —ax if CP conserved
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Top pair decays antd spin correlations

Top quarks produced (almost) unpolarised@gngg — tt
X fromt decay

[l  compare distribution of | _ -
X' fromt decay

Double distribution in helicity basis:

1 do 1
o = ~(1+ Caxag cosfx costy
o dcosfx d cosfy 4< + Caxax X %)

U(tRfR) + O'(thL) — O'(tRfL) — U(thR)
U(tRfR) + O'(thL) + O'(tRfL) + O'(thR)

~ 0.31 (SM tree-level)

C =

l

CP:o(trir) = o(t.T) P:o(trfL) = o(tLir)
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Top pair decays antd spin correlations

Opening angle distribution:

1 do 1
——=—-(1+D 1 COSQOyx/
o dcospyy 21+ Daxax cospxx)

X momentum irt rest frame
wxx angle between -
X" momentum irt rest frame

D ~0.217 (SM tree-level)
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Top pair decays antd spin correlations

Define asymmetries

N(costx cosby, > 0) — N(cosbx cosby, < 0)

A X! =
XX N(cosfy cosfy, > 0) + N(cosby cosfy, < 0)
= anxay(/
~ _ N(cospxxs > 0) — N(cospxx: < 0)
AXX’ =

N(cospyx > 0) + N(cospyx < 0)

== *D X/
2 axox

Sensitive to new physics:

[] in production(C, D) [Bernreuther et al., PRD '98]
[Cheung, PRD '97]
0 indecay(ax, ax:)
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Top pair decays antd spin correlations

Measurement of spin correlation parameters

Spin asymmetries less sensitive to anomalous couplings

Use expected precisions [Hubaut et al., EPJC "05]
to constrain uncertainty [JAAS & Coimbra group, in prep.|

Aw — C=0310+£0024 (exp)tgéégg5 (09r) tiﬁgiz (o9L) J—rgooaz (6VR)
Aj — C=0.3100.045 (exp) 5 o007 (99r) 55000 (09L) “5.0095 (6VR)

~ _6 _

A — D =0217+0.011 (exp) esas, (59%) T21%7¢ (590) *5 02 (3VR)

5 =5
Aj — D=0217+0.024 (exp) 0005 (99R) 700008 (90L) 05006 (3VR)
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Top pair decays and CP violation

Top pair decays and CP violation

Until now we have assumed réé&k, 9., gr
...but this may not be the full story ...

Helicity fractions depend on phases through interference terms
More important fogr  []  larger phase effects

gr = £0.055 gives 3 effect,gr = +0.055 gives~ 0.30

Spin correlation asymmetries do not help

Can CP violating asymmetries help? Perhaps ...
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CP violation in top decays

CP-violating asymmetry [Bernreuther et al., PLB '93]
T2 = (Po — Pp) - (Be+ x Pr-)
(for dilepton channel only)

, _ N(T2>0) — N(T2 < 0)
1 AZP_ N(T2 > 0) + N(T2 < 0)

int, trest frames (largeh)
Momenta measure
in laboratory frame  (smallek)

Sensitive tagr but not toVg andg,
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Top pair decays and CP violation

CP violation in top decays

t, Trest frames laboratory

0.02

0.01]

-0.01

-0.02 002 . | |

%, Ppr

Measurable?
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Top pair decays and CP violation

Other asymmetries, e.g. based on products

Ti = & (Ber —Pe-) (Be+ X Pe-)-©
Tz = (Pt— ) (Ber x Pe-)

A1 = Ep+ —Ep-
Az = Pr-Pe+r — Bt Be-
Az = c0Sf,+ — Ccosl,-

Insensitive to CP-violatingg, g., Vr

[]  Test CP violation in production [Schmidt, Peskin, PRL '92]
[Bernreuther et al., PLB 93]
[Khater, Osland, NPB '03]
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Top pair decays and CP violation

Summary

e Many ways to studyVtbvertex, some better than others
[] Joao’s talk

e Constraining th&Vtbvertex as far as possible can help
disentangle new physics in production

(spin correlations, CP violation)

@ There are lots of work stilltodo ...
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Top pair decays and CP violation

Effect of my in helicity fractions

FL
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o E [
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Top pair decays and CP violation

Effect of my in helicity fractions

Fo
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Top pair decays and CP violation

Dependence df; on anomalous couplings

Fr

F, x10°

0.28F
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Top pair decays and CP violation

Dependence df; on anomalous couplings
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Top pair decays and CP violation

Dependence of asymmetries on anomalous couplings
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Top pair decays and CP violation

Dependence of asymmetries on anomalous couplings
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Top pair decays and CP violation

Dependence of spin asymmetries on anomalous coupli
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Top pair decays and CP violation

Dependence of spin asymmetries on anomalous coupli
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Top pair decays and CP violation

Dependence of spin asymmetries on anomalous coupli
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Top pair decays and CP violation

Dependence of spin asymmetries on anomalous coupli
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Top pair decays and CP violation

Spin asymmetries: comparison
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Top pair decays and CP violation

Spin asymmetries: comparison
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Top pair decays and CP violation

Effect of phases in helicity fractions
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Top pair

decays and CP violation

Effect of phases

in helicity fractions
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Top pair decays and CP violation

Effect of phases in spin asymmetries
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Top pair decays and CP violation

Effect of phases in spin asymmetries
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