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1 Effective Field Theory & Anomalous Couplings

Effective Operator Approach

> integrate out model-dependent heavy new physics excitations
=>» effective operators with higher mass dim and suppression scale A:
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1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators
> effective operator approach:
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Anomalous top—gauge couplings from effective dim6 o perators

> effective operator approach:
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1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators

> parameterization of ttZ/ttV Couplings [e.g. Aguilar-Saavedra ‘08] .
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Anomalous top—gauge couplings from effective dim6 o perators

> paramEterization of ttZ/ttV Couplings [e.g. Aguilar-Saavedra ‘08] .
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1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators

> paramEterization of tbW Couplings [e.g.Aguilar-Saavedra ‘08] .
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=>» 8 couplings?

> what about tbW charged currents ?
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1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators

> gauge-invariant dictionary:

gauge boson
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Anomalous top—gauge couplings from effective dim6 o perators

> gauge-invariant dictionary:

gauge boson
Z Y W+

~H FZ
< 1V,1A '
£
g

- z v
~ 10" q, F2V,2A FQV,QA

T 2

~ exact QED: form factors ~ @? related to ffff couplings + higher dim. effects



1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators

> gauge-invariant dictionary:

gauge boson

Z Y W+
~ A i R T 1vyL
EJ Y X ' oVp = S o
~10M”qy Fsy 0 F;V,QA
t t b b '
L -
Y Z
~ exact QED! ~ heavily constrained

by LEP data!



1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators
> gauge-invariant dictionary:
gauge boson
Z Y W
~ A M L.R ! 1xF
.'Ej) ’Y Xtt ‘ 6VL — §Xtt
g
~ oM q, d‘Z,, " d_"Y_/’ A
¢ t 6 real numbers from h b
2 complex operator I
coefficients! ~ Xy =0
Y Z
~ exact QED! ~ heavily constrained

by LEP data!



1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators

> gauge-invariant dictionary:

gauge boson
Z Y W
~ A L.R B JR;
< gl X, > oV, = X[,
EJ : z v i ! Z [~
~ 1077qy A7, v, 9r = J (dV,A)
¢ t 6 real numbers from h b
2 complex operator I
coefficients! ~ Xy =0
Y Z
~ exact QED! 6 real numbers for ~ heavily constrained

e*e” 2 tt > bbW*W- by LEP data!




1 Effective Field Theory & Anomalous Couplings

Anomalous top—gauge couplings from effective dim6 o perators

> gauge invariance + CP conservation
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2 WHIZARD Implementation

Anomalous dim6 top couplingsin  WHIZARD

> WHIZARD implementation:

gauge boson
Z Y W=+ g
. X" QED Vi QCD
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[ Full package available in 1 \
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> WHIZARD implementation:
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Anomalous dim6 top couplingsin  WHIZARD

> WHIZARD implementation:
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Anomalous dim6 top couplingsin  WHIZARD

> WHIZARD implementation:
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2 WHIZARD Implementation

Anomalous dim6 top couplingsin  WHIZARD

> WHIZARD implementation:

gauge boson
Z Y W
D !
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2 WHIZARD Implementation

WHIZARD Validation

> Ward identities : e )
k ! o  fortigg, ttWW, toWA,
H K - tbWZ amplitudes




2 WHIZARD Implementation

WHIZARD Validation

> Ward identities : - 2 )
K ! 0 for ttgg, ttWW, tbWA,
L K tbWZ amplitudes
Y "
> single top cross sections (s channel, no pdfs vs. LO analytical):
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WHIZARD Validation

> top decay W helicities vs. LO analytical:

2 WHIZARD Implementation
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2 WHIZARD Implementation

WHIZARD Validation

> top decay W helicities vs. LO analytical:

1.0¢
} V=1, Vg=1 V=1, gg=1
1 dr 0.8} - LO
—_— I e W2
I'dcos 6*

0.2}

..........

1 cosf” e LB g
0.5 1.0 — 1. -0.5 0.0 0.5 1.0

> top spin analyzers [aguiar-saavedra etal. 06]  (VS. LO analytical):

sample Ai] Ai] Ei]

VL VR qr, Jgr LO W2 LO W2 LO W2

1| 0] 0] 0] 0500/ 0500 [ -0.198 | -0.199 || -0.167 | -0.164

1 B L | 1101 0] 032 | 0.326 || 0.000 | 0.000 || -0.329 | -0.327

Ax =§PzOéX (9) 1| 0] 1] 0] 05021 0500 | -0.324 | -0.322 || -0.195 | -0.194
1] 00| 1]-02421-0.2321 0.166 | 0.161 || 0.055 | 0.056

0l 1] 1] 0 |-0055]-0057]|-0.166 | -0.159 || 0.242 | 0.230

O | 1|0 | 1| 0195 | 0.195 || 0.324 | 0.322 | -0.502 | -0.501

O | 0| 1| 11| 03531 0.355 | 0.000 | 0.000 || -0.353 | -0.354
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Observables in top pair production at a Linear Coll ider

> ttbar production neutral-current:
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Observables in top pair production at a Linear Coll ider

> ttbar production neutral-current and decay charged-current:
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> |lepton polarizations: P,- = +0.8, P,+ = F70.3

> 6 observables considered in [amjad et al. ‘13 :

=» Cross section
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=> helicity angle = lepton angle in top frame

=>» ttbar asymmetry A, =
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Observables in top pair production at a Linear Coll ider
> ttbar production neutral-current and decay charged-current:
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3 Anomalous Couplings in ttbar Observables

Observables in top pair production at a Linear Coll ider
> isolate effect of gx:
b
e ~ Jr — ::0.5, 10.05
t v N
/
et B
> |lepton polarizations: P,- = +0.8, P,+ = F70.3
> 6 observables considered in jamjad et al. ‘13] -
=» Cross section ] .
Influence
N (costy > 0) — N (cost; <0) of charged
=> ttb t g _ )
arasymmetry Az = (cosf > 0) + N (cosf; < 0) current in
- \ : decay ?
=> helicity angle = lepton angle in top frame




3 Anomalous Couplings in ttbar Observables

Influence of the charged current at decay

> helicity angle (P=-+):
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Influence of the charged current at decay

> helicity angle (P=-+):
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3 Anomalous Couplings in ttbar Observables

Influence of the charged current at decay

> helicity angle (P=-+):

0.14———— T
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g 0.08 e |

= 0.06 =l :

< 0.04; _ —
0.02 - [ :

-1.0 —-0.5 0.0 0.5 1.0
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[ Remaining effect @ gg = £ 0.05? - closer look... ]




Influence of the charged current at decay

> asymmetries and selection efficiencies:
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Influence of the charged current at decay

> asymmetries and selection efficiencies:

e Al [ Al) LA () A0 |

-0.5 0.183(7) 0.734(6) 0.545(6) 0.145(1) 0.176(1)
-0.05 0.714(5) 0.180(1) 0.210(1)
0 0.421(7) 0.192(7) 0.707(5) 0.472(6) 0.182(1) 0.215(1)
0.05 0.698(5) 0.456(6) 0.189(1) 0.219(1)
0.5 0.259(6) 0.629(6) 0.457(5) 0.195(1) 0.299(2)
> , moderate or significant deviations from g = 0 values (L = 250 fb!)

> largest effects in selection efficiency , but 8, also affected at g = +0.05 level

> effects at realistic neutral-current coupling values?

> neutral-current cancellations possible?

[ =» Dedicated analysis with neutral vs. charged current relations? ]
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4 Conclusions & Outlook

Conclusions & outlook

> effective field theory incorporates electroweak gauge symmetry into couplings
=>» reduced overall number of independent parameters

=> relations between ttbar production and decay form factors

> WHIZARD front
=>» electroweak top-gauge couplings from effective field theory
=» gauge symmetry relations implemented

=» validated in algebraic identities and various physics processes

> dedicated analysis of neutral/charged current interplay in prod. and decay?






WHIZARD'Ss anomalous couplings vs. form factors dictionary
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