Impact of dimension-ei ht SMEFT operators in the EWPO

sis in Universal SMEFT

Peter Reimitz

Instituto de Fisica, Universidade de Sdo Paulo (IFUSP) rb I F U S P
‘ FA PESP Based on: ?UQ

Instituto de Fisica da USP
arXiv 2304.03305

T. Corbett, J. Desai, O. Eboli, M.C. Gonzalez-Garcia, M. Martines, PR

Jets, dark sectors, and
other mysteries...

Pheno 2023, May 08-10, 2023




Directions for Particle Physics

Experiments BSM Models

» higher energy scales
* precision
* unexplored directions

* New symmetries
Open Problems * New Particles

e Neutrino Masses



Why EFTs?

EFT

Experiments

» higher energy scales
* precision
* unexplored directions

Model independent!

No new heavy particle

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



About SMEFT set constraints on

coefficients
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About SMEFT set constraints on

coefficients

powerful framework to study BSM

Logg = Lsnm + Z (6) + Z ” 0(8)
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About SMEFT set constraints on

coefficients

powerful framework to study BSM .~ -

Leg = LM + Z (6) + Z ” 0(8)

| Mgi|? + MEy MO + | MO 12 4 e M)

Why Dim-8 ?: convergence of expansion, negative cross-sections

Studies of Drell-Yan 2003.11615, 2106.05337, 2207.01703, 2207.10714, 2203.11976

ttH 2110.06929 EWDPD 2007.00565, 2102.02812

EW pairs 2303.10493 Impact of dim-8 operators on diboson production

Higgs 1808.00442, 2107.07470, 2007.00565, 2109.05595, 2106.10284



Setup for Study

Impact of dim-8 operators

Experiments

e / observables

 LEP2/Tevatron } EWFO
e ATLAS
. oms | EWDE

sequential analysis

SMEFT@dim-8

Universal Theory

151008462 ].D. Wells, Z. Zhang  for dim-6 operators
~——~$ HISZ basis

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



Setup for Study

Impact of dim-8 operators

Experiments

e / observables

 LEP2/Tevatron } EWPO
e ATLAS
. oms | EWDE

sequential analysis

SMEFT@dim-8

Universal SMEFT formalism

151008462 ].D. Wells, Z. Zhang  for dim-6 operators

+ potential dim-8 operators
2005.00008 H-L. Li, Z. Ren, J. Shu, M.-L. Xiao, J.-H. Yu, Y.-H. Zhe1

2005.00059 C. Murphy



Set of operators (HISZ basis)

Affecting kinetic termes:

Oww = &TW,,, WH O%)Q)@‘* -~ (q):q))q)iﬁ/w‘ﬁzyq)
Opp = (DTBWBWCI) (?5%4 = (CPT(I))(I) BiWB A b

Opw = o' B, W Oniver = (P fI))(I)TW“fq)BW
o) s = oTW e W@

Canonically renormalise kinetic terms
+ remove kinetic mixing term



Set of operators (HISZ basis)

Affecting kinetic termes:

Oww = &TW,, WH O%)Q)‘P‘* -~ (@:@)@:ﬁ/wlﬁzvcp
Opp = (I)TBHVE“’/CID (?19)2@4 = (<I>T<I>)<I>TBiWB A b

Opw = ®'B,, WHd Optvrge = (P fID)CID WMT(I)B,UV
o) s = oTW e W@

Absorbed by redefinition of coupling constants



Set of operators

Covariant derivative terms:

Ol 4o = (@10)2(D, @) D' e

2
02 s = (o'o)(@te’®)(D,®) 0! D"

Op1 = (D, ®)T 0T (D'D)

Contributing to Higgs vev corrections and
gauge boson mass terms



Set of operators

Covariant derivative terms:

Oggqﬁ — ((I)T@Q(DMCI))TDM(I’

Op1 = (D, ) ®dT (D)
i 0P = (2'0)(d'o!d)(D,®) ¢! DFO

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



Set of operators

Relevant for TGC:
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Direct modifications to TGC



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

hep-ex/0509008
SLD, DELPHI, ALEPH, L3, OPAL, LEP

Z observables Ty, ob , At , R , A/SLD) , AY, .
R, R), A., A, , AYS , and AY. (SLD/LEP-I) |

Average W-boson mass + width (LEP2/Tevatron):
PDG Chin. Phys. C40, 100001 (2016)
Mw : [y LEP2/Tevatron

1 2 S 3
XEwro = Xbwro (Fow, fo.1, Aar, Filyan fitae ALt Fihas )

We cannot constrain all coefficients




Part 1: Electroweak Precision Observables

hep-ex/0509008
SLD, DELPHI, ALEPH, L3, OPAL, LEP

Z observables Ly , op , A , RY , A/SLD) , A%’é ,
R, R), A., A, , AYS , and AY. (SLD/LEP-I) |

C )

Z coupling to fermions (97 (1+Ag1) + Q Ags)
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Part 1: Electroweak Precision Observables

Average W-boson mass + width (LEP2/Tevatron): PDG Chin. Phys. C40, 100001 (2016)
LEP2/Tevatron

My , Tw
AMy 1 %7 23 e? o
MW T 4éy A2 [6 fow =25 Aar - f‘“} ’ A2A4f
4%
1t v Y S Y a7 o2 14 (7T =66+ 3c4) 5
s SR 30)Bar) + 18 (=24 50) (o) - (ot (fw)

A2

C . N x L. . N L., N
— Z(9 — 6C2 +5C4)A4r fo,1 + 162(7 — 265 + 3¢4) Ayp faw — 56262( 2 302)f<1>,1fBW}

Cancellations for

A2 A2

%2 N2 W

b = b = f(3)2¢4



Part 1: Electroweak Precision Observables

Average W-boson mass + widths (LEP2/Tevatron):

W
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I'v sets constraints

Breaks correlation



Part 1: EWPO T il il 11
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Part 2: Diboson Data

Channel (a) Distribution|# bins| Data set Int Lum
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Most of it constrained by EWPD



Part 2: Diboson Data
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Consider only direct

contributions




Part 2:

Diboson Data

effective coefficients
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Summary and Conclusion

Study of impact of 1/ A4 corrections in EWPO and EWDB
Inclusion of dim-8 operators in universal theory, CP conservation

« EWPO study with effective coefficients

» TGC analysis mostly impacted by dim-6 squared
Energy dependence allows to constrain all coetficients 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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Energy
dependence
of amplitudes
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Corrections to

the Z and W couplings
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Corrections to
the Z and W couplings
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