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OUR GOAL

BASIC FACTS
▸ Production of dibosons can be used to constrain 

deviations from SM predictions or to look for new physics 

▸ TGCs as well as fermion pair-gauge boson couplings 
contribute to WW and WZ productions
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OUR GOAL

▸ However,            can play a role in the diboson production 
even taking into account the EWPD constraints.
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 Our goal is to study the impact on the TGC bounds the 
inclusion of fermionic vertices in the analyses of the WW and 
WZ productions

Z. Zhang [1610.01618]; Baglio, Dawson, Lewis [1708.03332]
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DIMENSION-SIX OPERATORS

▸ We extend the SM adding  dimension-6 operators 

▸ There are 59 independent dimension-six operators 

▸ The subset of bosonic operators relevant for our analysis is 

Leff = LSM +
X

n

fn
⇤2

+ · · ·
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[Grzadkowski et al.  arXiv: 1008.4884]

OW = (Dµ�)
†cWµ⌫D⌫� , OB = (Dµ�)

† bBµ⌫D⌫�
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OWW = Tr[cW ⌫
µ
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⌫
cWµ
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O�,1 = ( Dµ�)†��†(Dµ�) , OBW = �† bBµ⌫
cWµ⌫�
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DIMENSION-SIX OPERATORS

▸ These operators induce changes in the TGCs:

L W W V = ! igW W V
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with

�gZ1 = gZ1 � 1 =
g2v2

8c2⇤2

✓
fW + 2

s2

c2 � s2
fBW

◆
� 1

4(c2 � s2)
f! ,1

v2

⇤2
,

�! ! = ! ! � 1 =
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DIMENSION-SIX OPERATORS

▸ We consider the following operators that contribute to EWPD

O
(1)
�Q,ij = �†(i

$
Dµ�)(Q̄i�µQj), O

(3)
�Q,ij = �†(i

$
Da

µ�)(Q̄i�µTaQj),

O
(1)
�u,ij = �†(i

$
Dµ�)(ūRi �

µuRj ), O
(1)
�d,ij = �†(i

$
Dµ�)(d̄Ri �

µdRj ),

O
(1)
�e,ij = �†(i

$
Dµ�)(ēRi �

µeRj )
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 The last operator enters the EWPD but it is negligible in 

diboson production 

we assume that these operators generation  independent 

and diagonal

Zq̄q
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DIMENSION-SIX OPERATORS

▸ Some amplitudes with anomalous couplings grow with energy
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OUR PROCEDURE

▸ We considered 10  parameters that we Þtted using:

i. Electroweak precision data 

ii. ATLAS and CMS 8 TeV data for the production of WW and WZ 
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OUR PROCEDURE

▸ We constructed a        including the EWPD, ATLAS and 
CMS 8 TeV data for WW and WZ productions. 

▸ We used MadGraph/Pythia/Delphes in the simulations 

▸ We validate our procedure comparing with the bounds 
extracted by ATLAS and CMS, eg, 
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RESULTS

▸ Effect of the  operators containing fermions
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▸ operators with largest impact on the Þt: O
(1)
�d , O

(1)
�u , O

(3)
�Q

<latexit sha1_base64="oO9a2MPTAIxmHnHCQg+08JufLVg="></latexit><latexit sha1_base64="b1Dq50637omcjWEgUNzbCb700tk="></latexit><latexit sha1_base64="b1Dq50637omcjWEgUNzbCb700tk="></latexit><latexit sha1_base64="b1Dq50637omcjWEgUNzbCb700tk="></latexit><latexit sha1_base64="b1Dq50637omcjWEgUNzbCb700tk="></latexit><latexit sha1_base64="etfaaADjdHjt03UVoRhT82QyfTA="></latexit>

ATLAS WW ATLAS WW
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RESULTS

▸ Combining WW and WZ for ATLAS and CMS
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RESULTS

▸ Effect on the TGC bounds

including all operators including just TGC operators

!12

95% CL constraints

f B ! [" 15.2, 20.4]

f B ! [" 12.0, 33.9]
<latexit sha1_base64="cMqmRlc5IdsRrBxrlxjOpBY9vw4="></latexit><latexit sha1_base64="cMqmRlc5IdsRrBxrlxjOpBY9vw4="></latexit><latexit sha1_base64="cMqmRlc5IdsRrBxrlxjOpBY9vw4="></latexit><latexit sha1_base64="cMqmRlc5IdsRrBxrlxjOpBY9vw4="></latexit><latexit sha1_base64="cMqmRlc5IdsRrBxrlxjOpBY9vw4="></latexit><latexit sha1_base64="cMqmRlc5IdsRrBxrlxjOpBY9vw4="></latexit>

fW 2 [�3.9, 4.0]

fW 2 [�5.9, 2.7]
<latexit sha1_base64="g7lRxB3YBTuQksW+AQRd0YB7Xhs=">AAACHHicbZBNS8MwGMdT361vU49egkPwoKXt5uZuQy8eFdwLtGWkWboF07QkqTDKPogXv4oXD4p48SD4bUznFN8eEvjz/z0PT/IPU0alsu03Y2Z2bn5hcWnZXFldW98obW61ZZIJTFo4YYnohkgSRjlpKaoY6aaCoDhkpBNenRa8c02EpAm/VKOUBDEacBpRjJS2eqWK75lRL++MoU859A4rVuOgatmB6etToM4UHGngWvUC9E pl22rUXNd2oGPZk4KF41SPal9OGUzrvFd68fsJzmLCFWZISs+xUxXkSCiKGRmbfiZJivAVGhBPS45iIoN88rkx3NNOH0aJ0JcrOHG/T+QolnIUh7ozRmoof7PC/I95mYqOg5zyNFOE449FUcagSmCRFOxTQbBiIy0QFlS/FeIhEggrnac5CaFWP65WHPhXfIbQdi3HtpwLt9w8mcaxBHbALtgHDqiDJjgD56AFMLgBd+ABPBq3xr3xZDx/tM4Y05lt8KOM13d1oZzY</latexit><latexit sha1_base64="g7lRxB3YBTuQksW+AQRd0YB7Xhs=">AAACHHicbZBNS8MwGMdT361vU49egkPwoKXt5uZuQy8eFdwLtGWkWboF07QkqTDKPogXv4oXD4p48SD4bUznFN8eEvjz/z0PT/IPU0alsu03Y2Z2bn5hcWnZXFldW98obW61ZZIJTFo4YYnohkgSRjlpKaoY6aaCoDhkpBNenRa8c02EpAm/VKOUBDEacBpRjJS2eqWK75lRL++MoU859A4rVuOgatmB6etToM4UHGngWvUC9E pl22rUXNd2oGPZk4KF41SPal9OGUzrvFd68fsJzmLCFWZISs+xUxXkSCiKGRmbfiZJivAVGhBPS45iIoN88rkx3NNOH0aJ0JcrOHG/T+QolnIUh7ozRmoof7PC/I95mYqOg5zyNFOE449FUcagSmCRFOxTQbBiIy0QFlS/FeIhEggrnac5CaFWP65WHPhXfIbQdi3HtpwLt9w8mcaxBHbALtgHDqiDJjgD56AFMLgBd+ABPBq3xr3xZDx/tM4Y05lt8KOM13d1oZzY</latexit><latexit sha1_base64="g7lRxB3YBTuQksW+AQRd0YB7Xhs=">AAACHHicbZBNS8MwGMdT361vU49egkPwoKXt5uZuQy8eFdwLtGWkWboF07QkqTDKPogXv4oXD4p48SD4bUznFN8eEvjz/z0PT/IPU0alsu03Y2Z2bn5hcWnZXFldW98obW61ZZIJTFo4YYnohkgSRjlpKaoY6aaCoDhkpBNenRa8c02EpAm/VKOUBDEacBpRjJS2eqWK75lRL++MoU859A4rVuOgatmB6etToM4UHGngWvUC9E pl22rUXNd2oGPZk4KF41SPal9OGUzrvFd68fsJzmLCFWZISs+xUxXkSCiKGRmbfiZJivAVGhBPS45iIoN88rkx3NNOH0aJ0JcrOHG/T+QolnIUh7ozRmoof7PC/I95mYqOg5zyNFOE449FUcagSmCRFOxTQbBiIy0QFlS/FeIhEggrnac5CaFWP65WHPhXfIbQdi3HtpwLt9w8mcaxBHbALtgHDqiDJjgD56AFMLgBd+ABPBq3xr3xZDx/tM4Y05lt8KOM13d1oZzY</latexit><latexit sha1_base64="g7lRxB3YBTuQksW+AQRd0YB7Xhs=">AAACHHicbZBNS8MwGMdT361vU49egkPwoKXt5uZuQy8eFdwLtGWkWboF07QkqTDKPogXv4oXD4p48SD4bUznFN8eEvjz/z0PT/IPU0alsu03Y2Z2bn5hcWnZXFldW98obW61ZZIJTFo4YYnohkgSRjlpKaoY6aaCoDhkpBNenRa8c02EpAm/VKOUBDEacBpRjJS2eqWK75lRL++MoU859A4rVuOgatmB6etToM4UHGngWvUC9E pl22rUXNd2oGPZk4KF41SPal9OGUzrvFd68fsJzmLCFWZISs+xUxXkSCiKGRmbfiZJivAVGhBPS45iIoN88rkx3NNOH0aJ0JcrOHG/T+QolnIUh7ozRmoof7PC/I95mYqOg5zyNFOE449FUcagSmCRFOxTQbBiIy0QFlS/FeIhEggrnac5CaFWP65WHPhXfIbQdi3HtpwLt9w8mcaxBHbALtgHDqiDJjgD56AFMLgBd+ABPBq3xr3xZDx/tM4Y05lt8KOM13d1oZzY</latexit><latexit sha1_base64="g7lRxB3YBTuQksW+AQRd0YB7Xhs=">AAACHHicbZBNS8MwGMdT361vU49egkPwoKXt5uZuQy8eFdwLtGWkWboF07QkqTDKPogXv4oXD4p48SD4bUznFN8eEvjz/z0PT/IPU0alsu03Y2Z2bn5hcWnZXFldW98obW61ZZIJTFo4YYnohkgSRjlpKaoY6aaCoDhkpBNenRa8c02EpAm/VKOUBDEacBpRjJS2eqWK75lRL++MoU859A4rVuOgatmB6etToM4UHGngWvUC9E pl22rUXNd2oGPZk4KF41SPal9OGUzrvFd68fsJzmLCFWZISs+xUxXkSCiKGRmbfiZJivAVGhBPS45iIoN88rkx3NNOH0aJ0JcrOHG/T+QolnIUh7ozRmoof7PC/I95mYqOg5zyNFOE449FUcagSmCRFOxTQbBiIy0QFlS/FeIhEggrnac5CaFWP65WHPhXfIbQdi3HtpwLt9w8mcaxBHbALtgHDqiDJjgD56AFMLgBd+ABPBq3xr3xZDx/tM4Y05lt8KOM13d1oZzY</latexit><latexit sha1_base64="g7lRxB3YBTuQksW+AQRd0YB7Xhs=">AAACHHicbZBNS8MwGMdT361vU49egkPwoKXt5uZuQy8eFdwLtGWkWboF07QkqTDKPogXv4oXD4p48SD4bUznFN8eEvjz/z0PT/IPU0alsu03Y2Z2bn5hcWnZXFldW98obW61ZZIJTFo4YYnohkgSRjlpKaoY6aaCoDhkpBNenRa8c02EpAm/VKOUBDEacBpRjJS2eqWK75lRL++MoU859A4rVuOgatmB6etToM4UHGngWvUC9E pl22rUXNd2oGPZk4KF41SPal9OGUzrvFd68fsJzmLCFWZISs+xUxXkSCiKGRmbfiZJivAVGhBPS45iIoN88rkx3NNOH0aJ0JcrOHG/T+QolnIUh7ozRmoof7PC/I95mYqOg5zyNFOE449FUcagSmCRFOxTQbBiIy0QFlS/FeIhEggrnac5CaFWP65WHPhXfIbQdi3HtpwLt9w8mcaxBHbALtgHDqiDJjgD56AFMLgBd+ABPBq3xr3xZDx/tM4Y05lt8KOM13d1oZzY</latexit>

fWWW 2 [�2.4, 2.5]

fWWW 2 [�2.3, 2.5]
<latexit sha1_base64="tFvOoAxA4gF3+3DbXD5lwlsbyNs="></latexit><latexit sha1_base64="tFvOoAxA4gF3+3DbXD5lwlsbyNs="></latexit><latexit sha1_base64="tFvOoAxA4gF3+3DbXD5lwlsbyNs="></latexit><latexit sha1_base64="tFvOoAxA4gF3+3DbXD5lwlsbyNs="></latexit><latexit sha1_base64="tFvOoAxA4gF3+3DbXD5lwlsbyNs="></latexit><latexit sha1_base64="tFvOoAxA4gF3+3DbXD5lwlsbyNs="></latexit>



RESULTS

▸ The impact of LEP II 
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RESULTS

▸ Effect on the TGC bounds

including all operators including just TGC operators
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95% CL constraints

+ LEP



RESULTS

▸ Effect on the  couplings bounds the EWPD

!15

red: EWPD 

blue: EWPD + LHC + all couplings 

Magenta: EWPD + LHC without TGV



CONCLUSIONS

▸ Inclusion of anomalous couplings of gauge bosons to 
fermions modify the TGC measurement at LHC. 

▸ With more data, the WW and WZ productions can be used 
to constrain the fermionic couplings. 

▸ For the future we need to use the Higgs data 
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Thank you


