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Directions for Particle Physics

• Dark Matter
• Neutrino Masses
• …

• higher energy scales
• precision
• unexplored directions

• New symmetries
• New Particles 

Experiments BSM Models

Open Problems



Why EFTs?

• Dark Matter
• Neutrino Masses
• …

• higher energy scales
• precision
• unexplored directions

Open Problems

there seems to be a mass gap 
between EW and BSM scale

LHC data

No new heavy particle

Model independent!

Experiments EFT



About SMEFT

Studies of Drell-Yan 

powerful framework to study BSM   
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Why Dim-8 ?: convergence of expansion, negative cross-sections
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Impact of dim-8 operators on diboson production



Setup for Study

• Z observables
• LEP2/Tevatron
• ATLAS
• CMS

Experiments SMEFT@dim-8

Universal Theory} EWPO

} EWDB

Impact of dim-8 operators

sequential analysis

for dim-6 operators1510.08462 J.D. Wells, Z. Zhang

systematic study of SMEFT effects on: 
EWPO, TGC, input parameters, 
oblique parameters

HISZ basis



Setup for Study

• Z observables
• LEP2/Tevatron
• ATLAS
• CMS

Experiments SMEFT@dim-8

Universal SMEFT formalism} EWPO

} EWDB

Impact of dim-8 operators

sequential analysis
+ potential dim-8 operators

2005.00059 C. Murphy

2005.00008 H-L. Li, Z. Ren, J. Shu, M.-L. Xiao, J.-H. Yu, Y.-H. Zheng

for dim-6 operators1510.08462 J.D. Wells, Z. Zhang



Set of operators

Affecting kinetic terms:
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Canonically renormalise kinetic terms

dim-6 dim-8

(HISZ basis)

+ remove kinetic mixing term
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Set of operators

Affecting kinetic terms:
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OBW = �†B̂µ⌫Ŵ
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Absorbed by redefinition of coupling constants

dim-6 dim-8

(HISZ basis)

<latexit sha1_base64="8/crUccSw7gckobbzpsGkBV0X2I="></latexit>

O
(1)
W 2�4 = (�†�)�†Ŵµ⌫Ŵ
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Set of operators

Covariant derivative terms:

dim-6 dim-8
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O�,1 = (Dµ�)
†��†(Dµ�)

Contributing to Higgs vev corrections and
gauge boson mass terms
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Set of operators

Covariant derivative terms:

dim-6 dim-8
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O�,1 = (Dµ�)
†��†(Dµ�)

Corrections to Higgs vev and gauge boson mass term 
cancel each other
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Set of operators

Relevant for TGC:

dim-6 dim-8
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Full Set of operators and input parameters
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Part 1: Electroweak Precision Observables
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MW , �W

Average W-boson mass + width (LEP2/Tevatron):
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Part 1: Electroweak Precision Observables
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ê2

2
f̃BW

i

+
v̂4

⇤4

1

8ĉ32
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Part 1: Electroweak Precision Observables
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4ĉ2

v̂2

⇤2

h
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Part 1: Electroweak Precision Observables
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Breaks correlation
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ĉ32
ŝ2
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ê2ĉ2(�2 + 3ĉ2)f̃�,1f̃BW

i

<latexit sha1_base64="+084xTamuim4MwAoTXqW+06B6GY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoQY8V7Ae0oUy2m3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUEdogMY9VO0RNOZO0YZjhtJ0oiiLktBWObqZ+64kqzWL5YMYJDQQOJIsYQWOldvcWhcBeq1eueFVvBneZ+DmpQI56r/zV7cckFVQawlHrju8lJshQGUY4nZS6qaYJkhEOaMdSiYLqIJvdO3FPrNJ3o1jZksadqb8nMhRaj0VoOwWaoV70puJ/Xic10VWQMZmkhkoyXxSl3DWxO33e7TNFieFjS5AoZm91yRAVEmMjKtkQ/MWXl0nzrOpfVP3780rtOo+jCEdwDKfgwyXU4A7q0AACHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8AuoWPxQ==</latexit>

�W sets constraints

<latexit sha1_base64="i/Ncnx9gHjFOy6CMHiTnRJFtkPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDti2M4Q==</latexit>

W



Part 1: EWPO

<latexit sha1_base64="XC7DMF1tEBcILooBDe3FBPAg2AQ="></latexit>

�̃2

EWPO
⌘ �̃2

EWPO
(f̃BW , f̃�,1, f

(3)

W 2�4 , e�4F )

dim-8
weakens bounds by at 

least a factor 10
<latexit sha1_base64="dF+6Crk3MgfGTaf6BdYEuOyGO8c=">AAACHHicbVDLSgMxFM34rPVVdekmWAQXpcyoqMuiYF1WsCp0ypDJ3GmDmQfJHaEM8yFu/BU3LhRx40Lwb0zrLHwdCJyccy7JPX4qhUbb/rCmpmdm5+YrC9XFpeWV1dra+qVOMsWhyxOZqGufaZAihi4KlHCdKmCRL+HKvzkZ+1e3oLRI4gscpdCP2CAWoeAMjeTV9lwUMoA8LLzc7QxFwyka1A0V47kbgERG295pkZepdmEuVa9Wt5v2BPQvcUpSJyU6Xu3NDRKeRRAjl0zrnmOn2M+ZQsElFFU305AyfsMG0DM0ZhHofj5ZrqDbRglomChzYqQT9ftEziKtR5FvkhHDof7tjcX/vF6G4VE/F3GaIcT866EwkxQTOm6KBkIBRzkyhHElzF8pHzLTDJo+xyU4v1f+Sy53m85B0znfr7eOyzoqZJNskR3ikEPSImekQ7qEkzvyQJ7Is3VvPVov1utXdMoqZzbID1jvn5uSoa4=</latexit>

f̃�,1,
�GF

G̃F



Part 2: Diboson Data

Most of it constrained by EWPD
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ê2
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� ê4

ĉ2
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ĉ4
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ê2

ŝ2
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2ŝ2
M̂2

W

⇤2


fWWW +

v̂2

2⇤2
f (1)
W 3�2

�
+

M̂4
W

2⇤4

ŝ2
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Summary and Conclusion

• Study of impact of              corrections in EWPO and EWDB

• EWPO study with effective coefficients
• Inclusion of dim-8 operators in universal theory, CP conservation

• TGC analysis mostly impacted by dim-6 squared
• Energy dependence allows to constrain all coefficients independently 

Future: We expect stronger bounds on TGC in the future 
 combined analysis: 

Inclusion of indirect contributions, possible anomalous fermionic couplings
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Corrections to 
the Z and W couplings

<latexit sha1_base64="HLjCy9lVSXyN8XwbotV6b+AFoaA="></latexit>

�g1 =� 1

4

v̂2

⇤2


2

✓
�4F +

v̂2

⇤2
�(8)

4F

◆
+ f�,1 +

v̂2

⇤2
f (2)
D2�6

�

� 1

32

v̂4

⇤4

⇥
�12(�4F )

2 + 4�4F f�,1 � 3(f�,1)
2
⇤

'� 1

4

v̂2

⇤2

h
2�̃4F + f̃�,1

i
� 1

32

v̂4

⇤4

h
�12(�̃4F )

2 + 4�̃4F f̃�,1 � 3(f̃�,1)
2
i

<latexit sha1_base64="qGMSPos4vi2sRVN7zI5J6dq4Jao="></latexit>

�g2 =
v̂2

⇤2

1

2ĉ2
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ê2

2
f̃BW

i

+
v̂4

⇤4

1

8ĉ32
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Corrections to 
the Z and W couplings
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Corrections to TGC
<latexit sha1_base64="b3loFfktD+lcgUf/tzNqX7ZRUrI="></latexit>

gZ1 =1 +
1

2

v̂2

⇤2


ê2
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� ê2

4ŝĉŝ4
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⌘
(fB + fW � 2f̃BW )

+
ê2

4ŝ2
v̂4

⇤4
f (3)
W 2�4



Corrections
 to TGC
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