
Anomalous Top Charged-current 

Contact Interactions in 

Single Top Production at the LHC

Fabian Bach
in collaboration with Thorsten Ohl

DESY Hamburg
Terascale Alliance Workshop, Karlsruhe, 2013/12/03



Outline
1. Motivation

2. Effective Field Theory & Anomalous Couplings

3. Single Top Differential Cross Sections

4. Conclusions

Outline



1  Motivation

Phenomenological studies on anomalous top couplings

example: tbW vertex

SM

~ γµ(1-γ5)

b t

W

• idea:
� use the large statistics at LHC to constrain trilinear top couplings to

vector bosons with previously unknown precision 

� model-independent effective approach to parameterize any new physics



1  Motivation

Phenomenological studies on anomalous top couplings

example: tbW vertex

SM off-resonant

new physics

+

~ γµ(1-γ5)

b t

W

b t

W

• idea:
� use the large statistics at LHC to constrain trilinear top couplings to

vector bosons with previously unknown precision 

� model-independent effective approach to parameterize any new physics



1  Motivation

Phenomenological studies on anomalous top couplings

example: tbW vertex

SM off-resonant

new physics

+

~ γµ(1-γ5)

b t

W

b t

W

Z’

• idea:
� use the large statistics at LHC to constrain trilinear top couplings to

vector bosons with previously unknown precision 

� model-independent effective approach to parameterize any new physics



1  Motivation

Phenomenological studies on anomalous top couplings

example: tbW vertex

SM off-resonant

new physics

+

~ γµ(1-γ5)

b t

W

b t

W

Z’

model builders,  

SuSy people:

put your 
favorite particle 

here!

• idea:
� use the large statistics at LHC to constrain trilinear top couplings to

vector bosons with previously unknown precision 

� model-independent effective approach to parameterize any new physics



1  Motivation

Phenomenological studies on anomalous top couplings

example: tbW vertex

SM off-resonant

new physics

+

~ γµ(1-γ5) e.g. ~ σµνqν(1+γ5)

b t

W

b t

W

• idea:
� use the large statistics at LHC to constrain trilinear top couplings to

vector bosons with previously unknown precision 

� model-independent effective approach to parameterize any new physics



2  Effective Field Theory & Anomalous Couplings

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach



2  Effective Field Theory & Anomalous Couplings

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• no dim5 top operator without new fields

�



2  Effective Field Theory & Anomalous Couplings

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

anom. top couplings: all operators 
with ≥ 1 heavy fermion fields

Φ

DµΨ

Fµν

…

{Ox}

SM fields

[image: dropbox]

• no dim5 top operator without new fields

�



2  Effective Field Theory & Anomalous Couplings

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

b t

W

{Ox}
[image: dropbox]

• no dim5 top operator without new fields

�



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

b t

W

{Ox}
[image: dropbox]

• no dim5 top operator without new fields

�



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

u

d

t

b

q

q

t

t
q

q

b

b

b t

W

{Ox}
[image: dropbox]

• no dim5 top operator without new fields

�



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

u

d

t

b

q

q

t

t
q

q

b

b

usual parameterisation
e.g. [Aguilar-Saavedra et al. ]

b t

W

{Ox}
[image: dropbox]



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

u

d

t

b

q

q

t

t
q

q

b

b

usual parameterisation
e.g. [Aguilar-Saavedra et al. ]

b t

W

just another way of writing 
a ffff contact interaction

{Ox}
[image: dropbox]



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

u

d

t

b

q

q

t

t
q

q

b

b

usual parameterisation
e.g. [Aguilar-Saavedra et al. ]

b t

W

just another way of writing 
a ffff contact interaction

{Ox}
[image: dropbox]



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

u

d

t

b

q

q

t

t
q

q

b

b

b t

W

{Ox}
[image: dropbox]

possible basis for trilinear 
tbW couplings including
all interference effects
[FB, T Ohl ‘12]



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

q

q

t

t
q

q

b

b

b t

W

u

d

t

b

{Ox}
[image: dropbox]

today!

possible basis for tbqq‘ 
contact couplings
including all interference

effects (MFV scheme)



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

q

q

t

t
q

q

b

b

b t

W

u

d

t

b

Find the full package in

Whizard 2Whizard 2Whizard 2Whizard 2

Including all tbW, ttZ, ttA and ttg + contact couplings!

{Ox}
[image: dropbox]



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

q

q

t

t
q

q

b

b

b t

W

u

d

t

b

LHC observables for top charged currents:

1) top pair production � largely QCD, not sensitive

2) singe top production � electroweak, sensitive to tbW, tbqq‘

3) top decay products ���� electroweak, sensitive to tbW

{Ox}
[image: dropbox]



2  Effective Field Theory & Anomalous Couplings

b b

γ/Z

• integrate out model-dependent heavy excitations of new physics contributions

� effective operators with higher mass dim and suppression scale Λ:

Effective Operator Approach

• dim5 greatly restricted by gauge invariance without new fields (Λ ~ 1013 GeV)

�

t t

γ/Z

W

b t

γ/Z

W

t/b t/b

W

q

q

t

t
q

q

b

b

b t

W

u

d

t

b

LHC observables for top charged currents:

1) top pair production � largely QCD, not sensitive

2) singe top production � electroweak, sensitive to tbW, tbqq‘

3) top decay products ���� electroweak, sensitive to tbW

���� today!

{Ox}
[image: dropbox]



3  Single Top Differential Cross Sections

Single top differential cross sections

parameter point
phase space point

@



3  Single Top Differential Cross Sections

Single top differential cross sections

detector selection

parameter point
phase space point

@

partonic processes



3  Single Top Differential Cross Sections

Single top differential cross sections

differential detector response:

CPU/HDD intensive � later!
detector selection

parameter point
phase space point

@

partonic processes



3  Single Top Differential Cross Sections

Single top differential cross sections

differential detector response:

CPU/HDD intensive � later!
detector selection

parameter point
phase space point

@

partonic processes:

1) t-channel tj + tbj production:

2) s-channel tb production:

partonic processes:



3  Single Top Differential Cross Sections

Single top differential cross sections

differential detector response:

CPU/HDD intensive � later!
detector selection
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partonic processes:

1) t-channel tj + tbj production:

2) s-channel tb production:

partonic processes:

• g�bb splitting dominates pdf

• b tagging

� 2nd b part of the signature

� kinematics needs matching
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• automatically subtract LO splitting from fb
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differential distributions of final state objects:
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binned likelihood test:

with i over all bins in the analysis

� 9 observables: √s, ET
miss, pT(b), η(b), pT(l), η(l),

pT(j), η(j), cosθl
in both channels

@ L = 100 fb-1
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scalar plane vector plane

Detector level analysis

• detector level 1σ bounds: scalar vs. vector couplings
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3  Single Top Differential Cross Sections

scalar plane vector plane

Detector level analysis

• detector level 1σ bounds: scalar vs. vector couplings
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3  Single Top Differential Cross Sections

vector plane

� separate analysis of s and t channel might hint at vector ���� scalar nature

scalar plane

Detector level analysis

• compare parton level 1σ bounds:
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3  Single Top Differential Cross Sections

scalar plane vector plane

Detector level analysis

• back at detector level 1σ bounds:

� s channel diluted at detector level
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3  Single Top Differential Cross Sections

• distinguishing the couplings: vector ���� scalar
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3  Single Top Differential Cross Sections

Detector level analysis

t channel @ scalar plane

• distinguishing the couplings: left-handed ���� right-handed
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Detector level analysis
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kinematics:
θllll / pT(llll)
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• distinguishing the couplings: left-handed ���� right-handed

discriminant:

btag=1

-0.10 -0.05 0.00 0.05 0.10

-0.10

-0.05

0.00

0.05

0.10

SR

S
L

9.

52.

%



3  Single Top Differential Cross Sections

Detector level analysis

• disambiguation of anomalous coupling structures from single top production

∆VL or contact cpl.?



3  Single Top Differential Cross Sections

Detector level analysis

• disambiguation of anomalous coupling structures from single top production

∆VL or contact cpl.?

binned 

likelihood∆VL vector or scalar?



3  Single Top Differential Cross Sections

Detector level analysis

• disambiguation of anomalous coupling structures from single top production

∆VL or contact cpl.?

binned 

likelihood∆VL vector or scalar?

s � t

channelleft- or right-handed? VL
off



3  Single Top Differential Cross Sections

Detector level analysis

• disambiguation of anomalous coupling structures from single top production

∆VL or contact cpl.?

binned 

likelihood∆VL vector or scalar?

s � t

channelleft- or right-handed? VL
off

ch. lepton: 
pT(l), cosθl

SR SL



3  Single Top Differential Cross Sections

Detector level analysis

• disambiguation of anomalous coupling structures from single top production

∆VL or contact cpl.?

binned 

likelihood∆VL vector or scalar?

s � t

channelleft- or right-handed? VL
off

ch. lepton: 
pT(l), cosθl

SR SL

challenge to detector 

performance: 

channel purity!
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4 Conclusions

Conclusions

• abundant top production at the LHC 

� precise measurements of top properties

� look for non-SM couplings, minimal parametrisation from EFT

� quartic terms required (e.g. ttgg, 4-fermion)

• the WhizardWhizardWhizardWhizard 2222 front

� all anomalous top couplings at hand
� implementation validated

• single top results

� window to charged-current contact couplings

� experimental s vs. t channel disambiguation crucial
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• Ward identities:

WhizardWhizardWhizardWhizard Validation

kkµ =  0
!

• single top cross sections (s channel, no pdfs vs. LO analytical):

for ttgg, ttWW, tbWA, 

tbWZ amplitudes

Backup: Validation



• top decay W helicities vs. LO analytical:

WhizardWhizardWhizardWhizard Validation

• top spin analyzers[Aguilar-Saavedra et al. ‘06] (vs. LO analytical):

Backup: Validation



Unitarity bound on the contact coupling size

LHC @ 7 TeV: VL
off < 0.75

LHC @ 14 TeV: VL
off < 0.25 (exp. sensitivity ~ 0.05 @ 10 fb-1)

• perform a partial wave analysis on the udtb contact diagram

• depending on input pdf‘s, infer unitarity limit on the coupling strength

~C/Λ2, in terms of VL
off

Backup: Unitarity
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• different approach: fix VR, gL,R from W helicities

� single top production as a window to charged current contact interactions

Contact interactions & differential cross sections

S(8)

u

d

t

b

S(1)

u

d

t

b

• basis for contact interactions:

kinematically 

degenerate!

2 2

colors

� color structure of (pseudo-)scalar contact couplings:

{VL,VL
off,SL,SR}

Backup: Differential cross sections
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single top spectator jet:

ρz ~ 0.9     in the SM [Mahlon, Parke ‘00]

• use top decay products llll, v, b „spin analyzers“ [Aguilar-Saavedra et al. ‘06]

with X = llll,v,b

• top polarization along axis z

� spectator defines „good“ axis

• fix αX = αX(VR,gL,gR) from W helicities: αllll = 1, αb = -0.41 (SM point @ LO)

� anomalous top polarization from cosθllll

Interlude: assessing the top spin

Backup: Spin analyzers


