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Last year at CSI....

Last year at Corfu Summer Institute:

@ Quantization of SMEFT with d = 6 ops in standard basis
o Full set of SMEFT Feynman rules!

@ SM-like propagators without mixings

o Coefficients for the d = 6 operators appear only in vertices
e Quantization in linear R¢-gauges

@ BRST invariant SMEFT Lagrangian

We have chosen the physical observable h — ~+ to work out
details at 1-loop and up-to 1/A? in EFT expansion

GQi
Lovprr = Lsv+ Y A2 (1)

larXiv:1704.03888
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@ LHC's ratio Ry :

R _ [(BSM, h— ~vv)
T T(SM, h— )

=1+ 6Rh—>7'y

ATLAS:  Rpsy = 0.997017,
CMS:  Rpyy, = 1181010

@ We want to be as model independent as possible so :

BSM=SMEFT

SMEFT : complete set of d = 6-operators in “Warsaw” basis
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A New Improved Calculation

@ Prior to our work the most complete calculation had been
performed in References?

@ Our work3 improves the current state:
© By exploiting Linear R:-gauges
@ Analytic proof of gauge invariance
© Simple renormalization framework
@ Analytical and Semi-numerical expressions for dRx_s~~

@ Bounds on Wilson coefficients

We are in good agreement with the analysis*

2C. Hartmann and M. Trott, arXiv:1507.03568, 1505.02646
3A.D, M. Paraskevas, J. Rosiek, K. Suxho L. Trifyllis, arXiv:1805.00302
*S. Dawson and P. P. Giardino, arXiv:1807.11504 [hep-ph].
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Operators participating in Rp_-

Qw = 6IJK W}iu W’;/P WPKH
Q.o = (¢Te)D(p )
Qup = (9D )" (¢! Dup)

Q;pB - SOT@ Bul/B/“/
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Qow = @l Wy, Wi = (¢"i Dy o) (Ir'y"17)
Quws = ¢t W,ﬁuBW '

Qe = (1,0 &) 9By

QuB:(
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Operators participating in Rp_-

_ K lvpde i Ke
Qw =¢ Wﬂ Wy W,

Qoo = (¢Te)0(p1) Quy = (T
Qup = (#'D )" (' D) Qap = (¢70)(@pdr )
Qs = '@ BB Qu = (vl (™ 1)
Q) = (¢l D, @)(Iyr'u11)

Q= plip Wi, Wi

Qews = @i W, B
Qe = (Iy0" €1) By Qew = (Lo €)' W],
Que = (o™ up)¢ By Quw = (Gpot u))T'o W),
Qus = (4,0 d})p B Qaw = (Gpotdl)r'o Wy,

17 CP-conserving operators (not including flavour and H.c.)



Diagrams

For the on-shell S-matrix amplitude we need to calculate:®

plus external wave function renormalizations for the photon and
the Higgs required by the LSZ reduction formula.

®We use the complete set of Feynman Rules in SMEFT and in R¢-gauges
from A.D, W. Materkowska, M. Paraskevas, J. Rosiek, K.Suxho, JHEP 1706,

143 (2017), arXiv:1704.03888
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Examples of Diagrams
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Examples of Diagrams
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Examples of Diagrams

Only in SMEFT

Athanasios Dedes The decay h — ~~ in the SMEFT



Renormalization

We assume perturbative renormalization. We are working at 1-loop
and up to 1/A? in EFT expansion.

@ We regularize integrals (necessarily!) with DR

© We use a hybrid renormalization scheme: on-shell in
SM-quantities® and MS in Wilson coefficients

© We establish a £-independent and renormalization scale
invariant h — ~+ amplitude using the j3-functions of Refs’

@ All infinities absorbed by SMEFT parameters’ counterterms

© A closed expression for the amplitude that respects the
Ward-Identities

6A. Sirlin, Phys. Rev. D22, 1980
"R. Alonso, E. E. Jenkins, A. V. Manohar and M. Trott, arXiv:1308.2627,
arXiv:1310.4838, arXiv:1312.2014
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Renormalization

The renormalized parameters are translated to well measured ones
{g',8,v,\, e} — {agm, Mz, My, Gg, My, my}
and the renormalized Wilson coefficients to RG running quantities

C— C(n)

Nothing special w.r.t textbook renormalization technics !!
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One example of a R_,,,-piece

A triangle diagram with SMEFT dipole operators affecting the
~v — f — f vertices results in

(6) 2My
&Rhﬁ'y'y 7MW tan0W Z Nc fo X

f=e,u,d
> [57D0)
f,
’ (CIB 4+ 2T3tan 6y, CV).
; Iy Gr /\2 f
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One example of a R_,,,-piece

A triangle diagram with SMEFT dipole operators affecting the
~v — f — f vertices results in

(6) 2My
&Rhﬁ'y'y 7MW tan0W Z Nc fo X

f=e,u,d
> [57D0)
f,
’ (CIB 4+ 2T3tan 6y, CV).
; Iy Gr /\2 f

D(x), I, are analytical loop functions
re = 4m?/M?
CfB,fVV

(]

-coefficients in fermion mass basis
1/(GgA?) SMEFT expansion parameter
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One example of a R_,,,-piece

A triangle diagram with SMEFT dipole operators affecting the
~v — f — f vertices results in

(6) 2My
&Rhﬁ'y'y 7MW tan0W Z Nc fo X

f=e,u,d
> [57D0)
f,
’ (CIB 4+ 2T3tan 6y, CV).
; Iy Gr /\2 f

D(x), I, are analytical loop functions
re = 4m?/M?
CfB,fVV

(]

-coefficients in fermion mass basis
1/(GgA?) SMEFT expansion parameter
large correction if f = u and i = 3 (the top quark)
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One example of a R_,,,-piece

Large corrections may occur for A=1 TeV and C = 1:

1 SMEFT loop integrals

Prefactor X 2-a2 * T"SM loop integrals

h=yy

= 0(10) x 0(1071) x O(1)

12

0(1).

Not easy to be found without doing the actual calculation
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| w2 ] CB ()
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Ais in TeV units and p is the renormalization scale parameter
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@ A renormalization group independent result
@ Bounds on C's from dRp_yy S 15% for p= My

|C¥P] _ 0.003 |c#W] 0011
A2~ (1 TeV)?’ A2~ (1 TeV)?’

|C#WB| _ 0.006
A2~ (1 TeV)?’

Csf| _ 007 cyv| _ 0133
A2~ (1 TeV)2’ A2~ (1TeV)?'

@ Bounds for C¥"B comparable to the EW ones

@ Bounds onto all other Wilsons from h — -y are an order of
magnitude stronger than other observables (e.g., top-quark)
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We present:
@ h — 7~ at one-loop in SMEFT with d = 6 operators

@ Confirm a gauge invariant, £-independent, amplitude

© A convenient renormalization scheme

@ Examination of all contributions from CP-conserving operators
@ A compact simple formula for the ratio Ry

@ Only five CP-conserving operators affect mostly the
amplitude. Bounds set from current LHC data.

A BSM approach worth pursuing further ...
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