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The motivation and aims

In the SMEFT, one-loop calculations are being used to increase precision
of predictions and global fits are being done at LO / NLO

The choice renormalisation / input scheme becomes an integral part of
any calculation.

This talk is based on our study into different possible choices of inputs
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Inputs in the Standard Model (EFT)

After Electroweak symmetry breaking, the bare Lagrangian is written in
terms of a number of free parameters.

In SMSEFT) calculations, to define these, it is common practice to make
the following choices:
@ C; are renormalized in the MS scheme

@ My and m; are renomalised on-shell. All other ms = 0. (Except my, for H — bb
which is renormalised in an MS-light like « (shown later))

@ Approximate Vj; = §;;

This still leaves us with three undetermined parameters

{g1, 8w, vev} — {input 1, input 2, input 3}

My 80.433(9)GeV/c?

Mz 91.1876(21) GeV//c?

G, 1.1663787(6) x 10— °GeV?
a(Mz) 0.007127(2)

These three inputs the define the renomalisation scheme
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Why does the choice of inputs matter?

Attention is necessary when choosing the inputs. There are
considerations arising in the SMEFT in addition to those in the SM.

In the SM we should consider:

@ Precision of the inputs value

@ Convergence of the perturbative series

The additional EFT considerations:

@ Number of additional Wilson coefficients appearing at LO and NLO from
renormalisation 1

@ The convergence of terms with Wilson coefficients

LWe are taking the perspective of trying to do fits on unknown=Wilson coefficients
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Our Work

What have we done?

o Calculated corrections needed for all electroweak process in the
SMEFT for 3 common scheme choices (to be introduced)

@ We have worked up to dimension 6 at one-loop in the SMEFT. The
Warsaw basis was used and no flavour assumptions were made.

@ Compared convergence and number of Wilson coefficients appearing
for corrections in different schemes

@ Allowing insight before hand to which input scheme(s) may be more
suitable

@ Specific examples of W, Z and H decay in the paper. Biekoetter,
Pecjak, Scott, TS (to appear)

o | will present (preliminary) results for these
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The Schemes

The ", scheme” - {G,, My, Mz}
@ My, and My are renormalised on-shell

@ G, is the Fermi constant and renormalised through muon decay
@ Sometimes called "My, scheme” in the SMEFT literature

The "« scheme” - {a, My, Mz}

@ My and Mz are renormalised on-shell

@ « is the fine structure constant renormalised in a given scheme

The "LEP scheme” - {a, G,, M7}

@ Inputs are renormalised as above

@ Sometimes called "« scheme” in the SMEFT literature
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Renormlisation Calculations

Quick overview of how we have renormalised in each scheme and some
notation. The methods were taken from (Denner,Dittmaier
[arXiv:1912.06823 [hep-ph]] )

Full details in the paper (Biekoetter, Pecjak, Scott, TS (to appear))

For all our calculations, we used an in-house FeynRules model alongside a
SMEFTSim (Brivio [arXiv:2012.11343 [hep-ph]]) model file to crosscheck
results.
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The o, scheme - {G,,, My, Mz}

To use the ), scheme we write the bare Lagrangian in terms of vy, My
and M.

@ My and Mz are then renormalised on-shell

@ We define the variable v, as a substitution for the input G,

@ v7 is renormalised through

zi — iz (1 _ VEAV(&O,H) _ %Avﬁ’l’“) _ AV£6,1,M))
% v v
T,0 Iz Iz

Where AV,S"J’”) is the counterterm needed to impose Fermi decay is
exact to all orders
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The « scheme - {«a, My, Mz}

This scheme differs to the «, scheme through how vt is renormalised.

@ Vv, is now a derived parameter given by

2I\/IW5W
Vo = —F—
“ VarTa
@ we write the corrisponding equation relating v,, and vt
1 1 1
- == [1 — ZAVEO) — S AL Ava(fvlva)}
VT,O Va Va

° Avg’j’”) are identified by treating the below equation as a relation
between bare parameters (using the first equation to substitute out
Vo), renormalising and then matching onto the above

1 1 Cw Cw
— = (1 +2v3 [CHWB + CHD:|)
vE Y, Sw

s 4s,,
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The LEP scheme - {a, G,, Mz}

The LEP scheme is slightly more difficult to deal with

@ vr is renormalised as in the «, scheme
@ The renormalised W boson mass is now a derived parameter

. M2 4y
2 Zz m
e, = 2z (1 - )

z

@ Again, treating this as a relation between bare parameters we can
define the counterterms AI\/I‘(/;/’J’”)

~ ~ ~ 1 ~ ~
Mo = M (1+ Vi AR (Kw) + —5 AR (M)
%

+ AN (M)

2 14 14 &2 .
w__ | ZAq4Le) 4 EAV£L4,1,H) _ §7;VAM(Z471’“)

L)
w 1-2¢82 |2
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An aside on «

Our definition of « in this work matches the work of (Cullen, Pecjak and
Scott [arXiv:1512.02508 [hep-ph]])

@ We use a five flavour QEDxQCD where all particles heavier than the b
quark are decoupled and effectively calculated on-shell which we call

a(p)

@ We can show how @ (My) relates to the quantity a(Mz) by considering
the two relations

a(Mz) = 2(0)

(0 _ «(0)
(M) = 1 T 1- Aa(My)

1-aa(Mz)’
@ Eliminating «(0) gives

al(Mz) = a(Mz) (1 - Aa(Mz) + AaO(My))
@ Which evaluates to

O (p) = a(Mz)

o0 (10, 18]

27 9 u?
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The operators appearing

By using each of the following as an input, it will introduce the following
operators into the calculation if renormalised

Input LO NLO
My 16 Ops
A/1Z' (3}4[), (zf1VV13 29 ()[)S
G, | c®,c¥ ¢ 1

" HIo>=h 1251 3 Ops

« CHWB 9 OpS

@ Need to remember we use three of these inputs at a time

@ The operators appearing may/will overlap between inputs and bare
matrix elements

@ However, the need to introduce a counterterm to Mz will more than
likely introduce a number of new, scheme dependant operators at
NLO
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A major difference between schemes is the treatment of vy. To see the
difference, we will look into the size of the SM NLO corrections.
@ In the o, and LEP schemes we have

1 1 1
= (1= Sav®Y ) = = (1-0.001 - 0.049 [top, tadpole])
Viu Via Vi

@ Whereas in the o scheme we find

1 1 1
— (1 - —2Av(4’1)) = — (1 —0.046 — 0.051 [top, tadpole])
VO(

v3 3
1
= — (1—10.014 — 0.053 [top, tadpole]) .
Vv
I
@ Where we have numerically substituted v, for v,
@ We see a difference of 1.3% between the two schemes at NLO

@ A largish NLO correction in the « scheme brings them down from a
5% difference at LO
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The source of the large corrections in the o scheme is well known and
can easily be identified

@ The quantity v, defined in the o scheme is a derived parameter
2MWsW

AT

Va =

@ As mentioned we renormalise v through treating the following as a
relation between bare parameters

1 1
— = <1+2V — {CHWBwaCHDD
vi o V2 Sw 4sw
@ Doing so leads to the realisation
ova _ OM 65, de
Voo W _de

Vo MW Sw e
65w < <6MW 5MZ) ~ 7 (5MW JMZ)
§W B MW MZ - MW MZ

° Th|s enhancement leads to a larger corrections in the o scheme
in the SM This also applies to the SMEFT

17/29



Salient Features
[e]e]e]e] }

Caveats of counterterm analysis

Counterterms are unphysical. Definitive conclusions cannot be made.

Despite these limitations, we can establish a few predictions on how each
scheme will perform before we see if they do indeed translate to the
decay rates.

@ The need to renormalize Mz may lead to additional Wilson
Coefficeints appearing at NLO

@ The o scheme will receive larger corrections at NLO than the o, or
the LEP schemes
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Values of input

Table of values for possible inputs

Decay Rate Results
O@000000

My | 125 GeV || mip(My) 3.0 GeV
me | 175 GeV || a(My) 1/128

My | 80.4 GeV Gr | 1.17 x 10-5GeV?
Mz | 91.2 GeV || as (Mp) 0.1

1, the scale was set to the scale of the process
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Results

Plots only including the SM contributions will be given as decay rates

SMEFT results are in terms of fractional correction to tree level result

)
[ Xab 4,1 6,0 6,1 iy T
D= T 1 G ABD ALY, )= T
rXBb rXab
For the decay
X —ab

We will look at the three heavy boson decays

W — 1v,
Z = ete
H — bb
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W — rv. - SM

0.26 -
x  {Gr, agw, Mz}
o Large differences 0.25} {Gg, My, Mz}
(~ 5%) between the v {aew, My, Mz}
schemes at LO ' '
< 0.24 1
@ NLO result brings ) v
O]
the schemes closer =0.23
together £ y X
@ Largest correction S '
. 0.22
given to o scheme
° Uncv_ar_talnty _due to 0.21
precision of input
parameters ~ per
mille 0.20 9 9
<
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W — tv, - SMEFT

1

M(4’O) i \/éMwDIFL 10(: preliminary Gr 1) =amevt | SNLO
0 - NLO
VT 1072
Em’?
] . 10 (aﬂ)
o Differences in 107
coefficients at
LO between -
preliminary (Qow, My, Mz} = 1Tev? | SMNLO
schemes 107 o
1072
o Fewer T
coefficients e (@)
appearing in the 10
«,, scheme at e
NLO 10
o (G, aew, Mz} & =1Tev? | stmo
o Larger Mo
1072

corrections BIIN (LEP)
appearing at LO  wo-
and NLO in the 10
o scheme )
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@ Same inferences as 0.095¢ {GE, agw, Mz}

from W decay {Gg, My, Mz}

o Large differences 0.090} {agw, My, Mz} -
(~ 5%) between the

schemes at LO

@ NLO result brings
the schemes closer
together

X

«

0.085¢ X

FzﬁI[GeV]

0.080¢f
@ Largest correction

given to o scheme

@ Uncertainty due to 0.075r

precision of input
parameters ~ per
mille

Lo}
Niot
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/ — ee - SMEFT

M(4‘0) . (DirL + 2DirR) I\/I% o preliminary M M) 17TeN? ‘, i;;““’
0 T Mave NLO
MZVT 1072 -
2 (DirL + DirR) Ma/ 3107
- 10-4
Mzvr (o)
1079)
100k
@ Same number of " ot
Operators appear 101 pretiminary {@ew, M. Mz} 5 =1/TeV? l shno
i i NLO
in each scheme 102
at NLO F10) (@)
107
o Larger o
corrections ol
appearing at LO .
and NLO in the 1071 prefiminary {Gr. aew. Mz} 5 =1/TeV? l f(l)’lNLO
NLO
« scheme el | L
i 10> (LEP)
@ oy, scheme gains <
. 1074
particularly small o
corrections at
NLO

25 /29



Decay Rate Results
0O000000e

H — bb SMEFT

10*
o0 preliminary {Gr, My, Mz} & =1/TeV? } iglNLo
1071 NLO
=102
my (DirL + DirR) 2w~
MgLO) =0 (7) 107 (O(u)
vT 1075
10'5:
@ The LEP and «,,
SChemes are o preliminary {@ew, My, Mz} 5 =1/Tev? } fgw\.o
- NLO
identical in this ol
case S0
107* (a)
@ As we have w0
1076 L
become to 5
expect, the o o
Scheme 100 preliminary {Gr., agw, Mz} AL:I/TE\/] } fgl NLO
. -1 NLOQ
introduces a lot . LEP
of operators at S10° ( )
107
NLO
10°°
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Summary

We have calculated the corrections needed for any electroweak process in
the SMEFT

We have applied these corrections to the examples of heavy boson decays

Here | have presented the results in three scheme choices:

The ", scheme” - {G,,, My, Mz}
The "« scheme” - {a, My, Mz}
The "LEP scheme” - {a, G, Mz}.
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Conclusions and Extra things

From the results presented we can draw a few conclusions

@ Large number of Wilson Coefficients appears no matter the scheme
especially at NLO.

@ Minimising bare parameters appearing at LO may decrease scheme
dependent Wilson coefficients appearing at NLO

@ The a scheme only introduces 2 scheme dependant Wilson
coefficients at LO - potentially useful for global LO fits

@ However, in general, convergence is worse for the o scheme and
more coefficients are introduced at NLO

@ The size of the corrections is will be heavily process dependant
however, we can say refraining to use G, as an input can have the
consequence of inducing larger corrections.

As a byproduct of our calculations, we have derived relations allowing
conversion between scheme choices at the level of decay rates. Again, to
be in the paper.

29/29



	Introduction
	Meet the Schemes
	Salient Features
	Decay Rate Results
	Summary and Conclusion

