Physics of
selected

Top Quark Properties

Manuel Perez-Victoria
University of Granada & CAFPE

Top 2012 Winchester, September 19, 2012



TOP QUARK t Large Yukawa:
sensitive fo

Discovered at Fermilab |
s netorauark | EWSB (and new

is as short-lived as it is .

massive ng In ; y ?)

o b "\“/ Ph S|CS.

lifetime, a mer
econd, 1s the bn cs

lh six quarks. Top

Quarks are an enigmatic
particle whose personal

life is sought after by De Cays b eFO re
thousands of physicists, ..
hadronizing

Aerylic felt with
gravel fill for

MArImum mass.

0000000000000 $10.49 ® Mass

LIGHT HEAVY S

T0P QUARK ® Spin

sPARTICLLEZ 'O ® Couplings




Outline

General top couplings (model independent)
Modified couplings from extra quarks
Charge asymmetries (model independent)
Charge asymmetries from extra bosons

Conclusions




Top couplings




Top Couplings

Dimension 4




Top Couplings

__9

V2

[Wt% I?L’y’ub[/ + Wtfg t_R’}/’ubR] W/j_ +h.c.+...

9 [XtL ??Lﬁ/’utL —I—XtR I?R’y’utR — le; EL’)/’LLbL — XbR BRV’MbR
Cw

2 _ 1- ]
— 253 <§t*y“t — gb*y“b> Z, +

)
2 My

'my Yy tt 4+ myY, bb| H
Dimension 4

~

thl;:%bg(l) thgz()

X*=X;"=0

= 0




Top Couplings

_ . I assume new physics only
Dimension 6 affects the third family
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Top Couplings

Observation #1

Wt non unitary in general

112

W = <1+ AQ—Q) 1%

hermitian matrix

[Wt’g can be smaller, equal or greater than 1]

L
—ATLAS [Ldt=1.041fb"
- \s=7TeV

No theoretical reason for
prior Wy <1
except in specific models

-V, |>0.75@ 95% C.L.

Probability density




Top Couplings

Observation #1

Wt non unitary in general

2
Wl = <1+3ﬁ-§2\ %
A? g,

hermitian matrix

[Wt’g can be smaller, equal or greater than 1]

ATLAS
Vip| = 1.13%0 13
/!

No experimental
reason, either

No theoretical reason for
prior Wy <1
except in specific models




Top Couplings

Observation #2

[ Gauge invariance relates t. and b ]
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Only one
L v parameter
20Wyy = 0X{ in left sector

E.g. models with custodial protection of Ry




Top Couplings

Modified couplings to W and Z
from New Physics at tree level:

Al ’_ | » ’

New vector bosons New quarks
mixing mixing with
with the Z, W the SM quarks




Extra quarks

Chiral 4th generation

In bad shape until recently...

® No theoretical motivation

® Problems with EWPT (but survive with
heavy Higgs)

® Direct limits imply large (~ 3) Yukawa
couplings => perturbativity in danger




Extra quarks

Chiral 4th generation

In bad shape until recently...

® No theoretical motivation

® Problems with EWPT (but survive with
heavy Higgs)

® Direct limits imply large (~ 3) Yukawa
couplings => perturbativity in danger

Almost excluded after Higgs discovery

® Large enhancement of gg—H not observed

® Strongly disfavoured by EWPT (Higgs is light!)




Extra quarks

Heavy vector-like quarks

® Appear in many motivated extensions of SM
® Do not change gg—H in simplest cases

® Constraint but not excluded by EWPT

® Direct limits do not require large Yukawa
couplings

Only 7 relevant multiplets:
T

o () (D) (1) (5

Easy to be T — charge 2/3 X — charge 5/3
exhaustive! B — charge —1/3 Y — charge —4/3




Extra quarks

Modified couplings
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Extra quarks

Modified top couplings

Heavy quark direct searches

Aquilar-Saavedra, Benbrik, Heinemeyer, MPV, in preparation




Extra quarks

Decays of T (charge 2/3)

Br(T'— Wb)=1-Br(T — Zt) — Br(T — Ht)

Br(T — Zt)




Extra quarks

Decays of B (charge -1/3)

Br(B — Wt) = 1 — Br(B — Zb) — Br(B — Hb)
G,
(&

=
T
T
o)
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Br(B — Zb)




Extra quarks

Direct limits on vector-like quarks

Corrections to top couplings
observable CFl)f ILCP 3

Aguilar-Saavedra, Fiolhais, Onofre '12

e 611 GeV 24
¢ 358GeV 1.5, 3.y

o 17 2—5/67 32/3

still room for discoveries & indirect effects!




Top charge asymmetries

Top forward-backward asymmetry @ Tevatron
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Top charge asymmetries

Inclusive FB asymmeftry Parton level

CDF [+j5.3fb"

CDF dil 5.1 fb~

CDF I+ / dil

DO [+/5.4 fb”
Cross section
agrees with SM

CDF [+/8.7 fb”

naive world avg
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Top charge asymmetries

High-invariant-mass FB asymmetry Parton level

CDF [+/5.3 fb"

CDF [+/8.7 fb"

R R R R R R N

-0. 0.1 :
A, (m;>450 GeV)




Top charge asymmetries

BSM explanations
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Need negative .
interference: o <0

Grinstein, Kagan, Trott, ‘11




Top charge asymmetries

BSM explanations

Ut—OF—I—UB
ot — B

O'F—|—O'B

App =

New physics must satisfy one of the following egs.

0 , o, negligible linear
F b
new —I_ Onew)

—(o quadratic




Charge asymmeiry @ LHC

pp symmeftric... but p mostly made out of valence quarks

® On average q carries larger x than g
® This defines, event by event, a preferred direction

® Positive FW asymmetry translates intfo antiquarks being
more central than quarks

Tevatron 4 top
anti-top

Vi




Top charge asymmetries

Heavy new physics

q

Four-fermion operators (dim 6)

- (QWHTAQ) (CWMTAQ) ,
(@Y'T0'Q) (q.T"o"q) .

B (EWMTAt) (TWMTAU) ) Delaunay et al. ‘11
(fw“TAt) (CZ%LTAd) 7 Aguilar-Saavedra, MPV ‘11

quadratic corrections




Top charge asymmetries

Tree-level exchange of new bosons

S u
channel channel channel

u/d

a/d u/d

RS 0 £1/3, +4/3
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Top charge asymmetries

Colour:
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Top charge asymmetries

AFB vs Ac:
simple models

""lblq""l' L

Model predictions from
Aguilar-Saavedra, MPV ‘11

1 I 1 | 1 1 I 1 1 | 1
03 04
AFB (Inclusive)




Top charge asymmetries

Collider-independent
Agquilar-Saavedra, Juste ‘12 Char‘ge Gsymmefries

App = AyFy + Agky A, — asymmetry in uu — tt
Ac = A F,D, + A, F;D, A, — asymmetry in dd — tt

Tevatron

{)-055 7z
orof /2 AFB vs Ac: :
o015 model independent
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Top charge asymmetries

Collider-independent  SM predictions
Charge asymme.l.ries Aquilar-Saavedra, Bernreuther, Si

In preparation

L1 BT Ay Ad Ay Ad An A

<2 00 D0S7S 0.0393 00542 0L0GST 0.0612 004,35
$00 — 450 00E5T 0.0662 00906 0.060G 01023 00732
450 — 500 01230 00658 01160 0LOTST 01311 00947
ol — 550 01447 01018 01368 00922 01538 0.1129
ool — 600 01645 01154 0.1557 0.1055 01760 01276

Tevatron

H = T po= 2mg =g 2
T Ay Ag Ay Ag Ay, Ag .
< 400 (U625 0.0611 0.0579 0LOS63 0.0667 0.DG682 COﬂS'S'I-en.l-
LHC 7 400 — 450 DUDE45 0.0591 0.0809 L0530 0.0920 00633
450 — 500 01165 0.0636 0.1098 QU613 0.1201 0.0779

o0 — 550 01158 0.0566 0.1094 OU042]1 0.1212 0.0585
anl — 600 L1459 0.100% 0.153789 01017 01577 0.1076

600 — 850 015334 0.10d1 014858 00938 0.1617 0.1165

850 — 700 01646 01050 0.1531 00850 0.1668 0.1143
700 — 750 0170 0.1246 0.1664 011598 0.1799 0.1162

o0 — 800 01818 01247 0.1772 01169 0.2074 0.1451




Top charge asymmetries

IfT'IPClC"' of tail constraint Aguilar-Saavedra, MPV ’

0 3 : . . 0 3 ; . : 0 3 !
(m“ > 450 GeV) (mn > 450 GeV) A (mn > 450 GeV)




Top charge asymmetries

New measurement of tail
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Top charge asymmetries

ImPGC'I' OF flgh'l' 'I'Clll ConSfrain'l' Aguilar-Saavedra, MPV ‘11

(estimate; new dedicated

(( 1.5 x SM) analysis necessary)
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Top charge asymmetries

My favourite surviving explanation: light octets

® s channel, but hidden if resonance broad
or below tt threshold

® If very light, small couplings

® If very light, can have universal couplings and avoid
flavour problems

® Can accomodate App >0, Ac <0




Top charge asymmetries

Light octets may give rise to peculiar profiles
Aguilar-Saavedra, MPV ‘11

flat rsing hill
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Conclusions

® Top quark might have non-standard couplings

e Deviations in couplings related to direct searches of
new particles

® Model-independent correlation of Ztt and Wtb
® Model-dependent correlation with Hit as well

® Tevatron FB asymmetry still alive, but very
constrained by LHC

® New tools can be used to distinguish new physics
from experimental issues




