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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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OBB = �†B̂µ⌫B̂
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OBW = �†B̂µ⌫Ŵ
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Absorbed by redefinition of coupling constants

dim-6 dim-8

(HISZ basis)
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Set of operators

Covariant derivative terms:

dim-6 dim-8

<latexit sha1_base64="08uzRI+7+hz2z0UhXWetyDMK1FE="></latexit>

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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⇢
⌫ Ŵ
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Full Set of operators and input parameters
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Part 1: Electroweak Precision Observables

<latexit sha1_base64="qNwKM3Q1YeLm49PnG3pWmQfszpg="></latexit>

�Z , �0
h , A`(⌧

pol) , R0
` , A`(SLD) , A0,l

FB ,

R0
c , R0

b , Ac , Ab , A0,c
FB , and A0,b

FB (SLD/LEP-I) ,

Z observables

hep-ex/0509008

SLD, DELPHI, ALEPH, L3, OPAL, LEP 

<latexit sha1_base64="9In2tw7Fnt1ZXYBwCgg1E2oKV7U=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgQsqMiArdFF3oRqhgH9AZhkyaaUOTzJBkhDJ05cZfceNCEbd+gzv/xkzbhbYeSDg5515u7gkTRpV2nG+rsLC4tLxSXC2trW9sbtnbO00VpxKTBo5ZLNshUoRRQRqaakbaiSSIh4y0wsFV7rceiFQ0Fvd6mBCfo56gEcVIGymw92+DFoTQq3rV4/yC3jXiHBkxfwV22ak4Y8B54k5JGUxRD+wvrxvjlBOhMUNKdVwn0X6GpKaYkVHJSxVJEB6gHukYKhAnys/Ga4zgoVG6MIqlOULDsfq7I0NcqSEPTSVHuq9mvVz8z+ukOrrwMyqSVBOBJ4OilEEdwzwT2KWSYM2GhiAsqfkrxH0kEdYmuZIJwZ1deZ40TyruWcW9Oy3XLqdxFMEeOABHwAXnoAZuQB00AAaP4Bm8gjfryXqx3q2PSWnBmvbsgj+wPn8AveqWIQ==</latexit>

MW , �W

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

2ŝ2
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Part 1: Electroweak Precision Observables
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ĉ4(�2 + 5ĉ2)(f̃�,1)

2 � 1

16
ê4
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Part 1: Electroweak Precision Observables
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Breaks correlation
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Part 2: Diboson Data

Most of it constrained by EWPD

<latexit sha1_base64="JamTmfgHbHwE4LRUAzY9Twr6zSg="></latexit>

LWWV =� igWWV

n
gV1

⇣
W+

µ⌫W
�µV ⌫ �W+

µ V⌫W
�µ⌫

⌘

+ V W
+
µ W�

⌫ V µ⌫ +
�V

M̂2
W

W+
µ⌫W

� ⌫⇢V µ
⇢

o

e.g.:
<latexit sha1_base64="+xqoWyZy3wxWj2pQXlMk3BrhWdA="></latexit>

gZ1 =1 +
1

2

v̂2

⇤2


ê2
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ŝ2ĉ2
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3ê2

2ŝ2
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ĉ2
f (1)
W 2B�2

<latexit sha1_base64="A8Xwh6PKI2wOuYZC8wFW1moTCO4="></latexit>

�gZ1 =
ê2
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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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ŝ2

18ĉ2
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Ŝ

⇤2
sin ✓

✓
fB +

v̂2

2⇤2
f (1)
B�4D2

◆
,

M
�
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Corrections to 
the Z and W couplings
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ŝ22
4

h
(1 + 3ĉ4)
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Corrections to 
the Z and W couplings
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ĉ4(�2 + 5ĉ2)(f̃�,1)
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ĉ4
ĉ2
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ê2

ŝ2
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2 � 2ê2f̃BW
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