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Outline

* Electroweak input parameters and their influence
on one-loop calculations in the SMEFT

e Size of NLO corrections

* Resuming scheme-dependent NLO corrections

Based on 2305.03763, 2312.08446 and WIP with
Benjamin Pecjak, Darren Scott and Tommy Smith
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https://arxiv.org/abs/2305.03763
https://arxiv.org/abs/2312.08446

Input schemes

o Lagrangian written in terms of {91, Gw, v}
e Choice of input parameters

{91, Gw, v} — {input 1, input 2, input 3}

* [ypical choices

My 30.433(9) GeV
My 91.1876(21) GeV
Gr 1.1663797(6) x107° GeV?
a(Mz) 0.007127(2)
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Why does the choice of input scheme matter?

In the SM;
* Precision of input parameters
» Convergence of the perturbative series

In the SMEFT:

* Number of Wilson coefficients appearing
(at LO and at higher orders)

* Practicality (parameters appearing in propagators)
* Convergence in term of the Wilson coefficients
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Teaser: perturbative convergence for leptonic W decay
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Corrections to the LO Wilson coefficients at NLO
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Teaser: perturbative convergence for leptonic W decay
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Corrections to the LO Wilson coefficients at NLO

Are there patterns and can they be understood?
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Meet the schemes

. The @ scheme - \Gr, Mw, Mz} « Wilson coefficients
. Mw and M 7 are renormalised on-shell renormalised in M5 scheme

. G Fis renormalised through muon decay
e Sometimes called «M W scheme” in the SMEFT

e The o scheme - {Oéa My, Mz}
. M W and M 7 are renormalised on-shell

. (v is renormalised on-shell or in V[ S-lite scheme [Cullen, Pecjak, Scott (1904.06358)]

e The LEP scheme - {04» GF, Mz}

* Inputs renormalised as above

e Sometimes called “«¢ scheme” in the SMEFT
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https://arxiv.org/abs/1904.06358

The ¢« vs o schemes

& scheme

e Inputs {Gr, Mw, Mz}

« GrorYuisrenormalised by
requiring that Fermi decay Is
exact to all orders

ZL — iQ 1 — UZAU(6’O’“) _ %Avﬁl’l’“) _ Avff’l’“)
v v v
1,0 po L %

Tree-level One-loop One-loop
SMEFT SM SMEFT
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The ¢« vs o schemes

& scheme

e Inputs {Gr, Mw, Mz}

« GrorYuisrenormalised by
requiring that Fermi decay Is
exact to all orders

Ll A = Aot
U v 0
1,0 ©oL o _

Tree-level One-loop One-loop
SMEFT SM SMEFT
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The ¢« vs o schemes

Xy scheme (v scheme

o Inputs {GFr, Mw, Mz} . Inputs 1% Mw, Mz}

. Gror Yuis renormalised by » Differs from the “~ scheme through
requiring that Fermi decay is the.way w§ renormalise the vev
exact to all orders * Ua s a derived parameter

QMWsW
_ _ Ve =
1ty L Ap@im A6 Vara
12 12 v 12 v v
T,0 poL e - 52]04 B 5MW | 5SW 56
Tree-level One-loop One-loop va  Mw  sw €
SMEFT SM SMEFT
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The LEP scheme

e Inputs {aa Gr, MZ}
. My is a derived parameter

o [ 82 I
ME = MZ |1 — 22 Ar — 272 Ar2| + O (Ar®)
Cow Cow
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NLO corrections

* Process dependent pieces and scheme dependent pieces
» Counterterms contain tadpoles and divergences

Physical processes
* Tadpole and divergence free 9

* ook at decay rates

M | M2
. W — Dyl = —o |~
[Dawson, Giardino (1909.02000), (2201.09887)] 127 | v7

o 7 — [T

e H — bb (Cullen, Pecjak, Scott (1512.02508)]
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https://arxiv.org/abs/1512.02508
https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2201.09887

Corrections for W decay - SIM  rin+rin = 5250 (1))

Mv2vo MVZV _ 2 1-(6,0,0) 1 (4,1,0) (6,1 a)_ Tadpole and divergence
2 W — 9 1+ UUKW | 2 KW ™ KW free
U Mg —5 00 Vs L Vs i

K(4,1,a) Av<4’1’0) 4 QAM‘S;’;)

Kyt = ArgtY ~ —3.4%

K‘(/éalnu) — O
2
R = _ Zw A o1 59
Cow
2
Ya =1+ Ar

2)2
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Corrections for W decay - SIM  rin+rin = 5250 (1))
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Corrections for W decay - SMEFT
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Corrections for W decay - SMEFT
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No large MT
contribution
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Corrections for W decay - SMEFT
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No large MT
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Corrections for W decay - SMEFT

W — - SM Cup Cygwsas Cl(fjl) Cl(;l) C
77 33 1221
o —42% —-1.7% -3.0% — No vl

ay  |[F03%]  — —  [25% - dependence
LEP 20% | 81% 32% |5.1% 4.6% 2.5%

Similar MW
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12 UT 33
No large MT
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Corrections for H decay - SMEFT

h — bl_) SM Cyo Cup CdI—I CHWB CSZ) C Il
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - -
Qo NLO EW 52%  21% -11.0% 42%  -6.7% - -
NLO correction | 15.1% 22.4% 9.3% 24.5% 13.6% - -
NLO QCD 20.3% 20.3% 20.3% 20.3% - 20.3% 20.3%
a, NLOEW 0.8 % 2.1% 2.0% 1.9% - 09% -0.8%
NLO correction | 19.5% 22.4% 22.3% 22.2% - 21.2% 19.5%
NLO QCD 20.3% 20.3% 20.3% 20.3% - 20.3% 20.3%
LEP NLO EW 0.7% 2.1% 1.6% 1.9% - 0.™% -0.9%
NLO correction | 19.5% 22.3% 21.9% 22.2% - 21.0% 19.3%
5 _
pO0) , pe0 _ 3mMu [ (QCH e B0
STV | 2 mp 33
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Corrections for H decay - SMEFT

h — bl_J SM CHD CHD CdI—I CHWB C.g’l) C Il
33 77 1221
NLO QCD 20.3% 20.3% 203% 20.3% 20.3% : :
Qo NLO EW 52%  21% -11.0% 42%  -6.7% - -
NLO correction | 15.1% 22.4% 9.3% 24.5% 13.6% - -
NLO QCD 20.3% 20.3% 20.3% 20.3% - 20.3% 20.3%
¢, NLOEW 08% 21%  2.0% 1.9% - 0.9% -0.8%
NLO correction | 19.5% 22.4% 22.3% 22.2% - 21.2%  19.5%
NLO QCD 20.3% 20.3% 20.3% 20.3% - 20.3% 20.3%
LEP NLO EW 0.7% 2.1% 1.6% 1.9% - 0.7% -0.9%
NLO correction | 19.5% 22.3% 21.9% 22.2% - 21.0% 19.3%
5 _
pO0) , pe0 _ 3mMu [ (QCH e B0
STV | 2 mp 33
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Corrections for H decay - SMEFT 7=1,2

h — bE SM Cyo Cup CdI—I CHWB C.g,l) C Il
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - .
« NLO EW 52%  21% -11.0% 42% -6.7% - -
NLO correction | 15.1% 22.4%  9.3% 24.5% 13.6% - -

NLO QCD
NLO EW
NLO correction

NLO QCD MW
NLO EW dependence
NLO correction SuU demlnant
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my 33
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Corrections for H decay - SMEFT 7=1,2

h — bE SM CHD CHD CdH CHWB Cg,l) C Il
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - - NO VT
« NLO EW 52 % (| 21%) -11.0% 4.2%  -6.7% - -
NLO correction | 15.1% 9.3% 24.5% 13.6% : : dependence

NLO QCD
NLO EW
NLO correction

NLO QCD MW
NLO EW dependence
NLO correction SuU demlnant
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(4,0)
Loy T 1

| i
1 4 v% (QCH — §C’HD — ﬂv—TCdH)

my 33

hbb 8TVF
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H decay o scheme - SMEFT

) 3m; My | 5> ( +-(6,0) (6,0,0) 1 (4,1 11,0
hbb = _02 1+%(KH + Ky ) | 2 (KH )_|_K1(/V )>

M — 00 o

+ K9V 4+ AKSH)
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H decay a scheme - SMEFT Scheme

iIndependent

. 3myMp [, 5 (-6.0), [-6.00) I (@), (41,0
| = et v (g ) + o (i) )
M —> 00 o _ O

dependent
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H decay a scheme - SMEFT Scheme

iIndependent

X 3m; My | 5 (6,0) (6,0,0) 1 (4,1) (4,1,0)
| = T (e () + o (i) )

M —> OO
HG Scheme
: dependent
o o o 1 v, -
AKGLD) = gG1o) | o@D p(6.00) = To prldlaq

| \/§mb 33
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H decay a scheme - SMEFT Scheme

independent

) - 3mpMpy | (6 0) (6 0,0) (4 1) (4,1,0

M — 00

Scheme
dependent

AK}?alva) — K‘(/‘ialaa) _|_ Qngl)K‘(/gaova) | K(47170)CdH

1
v2

(K<6 Dy ARG “)) — ! — Cup(1.6+9.7) + (0.0 — 17)Crrws Scheme dependent
“ corrections larger in
— (3.7 +6.8)C5;) + (0.0 — 8.8)(Cpryy — Cy)) + (0.0 — 3.1)Cup + (—4.6 + 0.42)Cyy J

2V, ) _
fv (1.8—|—1.7)CdH>><10 SIS
My 33
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H decay a scheme - SMEFT Scheme

independent
3 2M 0‘ O‘
s 500 3TVZ (Vo
Scheme
dependent

| Scheme dependent
SMEFT corrections come from several sources but corrections larger in

some are common to all processes. : most cases
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Why should | care? Resummation!

* Knowing where the NLO corrections come from allows us to include
these in the LO results already

1 1 1 | 1 >
——| = — 1+ 5—ArtY | = S 1+ SArtY 4 (Ar§4’1)) T
Vpg M0 Vg _ VT | va | v Va VT o
1 [ 1, wn]l 1
— g _1 02 Ar, | =%
 Formulate as replacements for SMEFT
1 1 i K(4,1,0) ]
N 1 2K(67070) I W I K(G,l,()')
U% ng _|_UJ W U?f %4 )
1
53 — 52 (1 " Afr‘£4’1) + Av§6’O’U)Ar§4’1) — QCS;AT§4’1)> ,
o 33
1
o & (1= A0+ MufP00 ) — 20 A )
g 33
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Z decay - resummation

Z =T O c) C y &%) Crp Cre
]J 7733 1221 33 33
NLO |[—1.0297%700510.01510 507 [1.006 5 500 [0-006 5005 [ —0.2897 5007 10.258 0002 |—1-8977 0005
NLO; ||—1.02175700510-01570005 | 1.006 70 003 |0.006 10 009 | —0.266 10 0os [0.27270 005 |—1.864710 003
LO || —1.000%¢ ;2 [0.0001 656 |1.00073 004 |0.00070 001 [—0.16975:017 [0.355 50015 |—1.7647 0016
LOKk ||~1.021%39:2]0.01575982 | 1.006 5 98¢ 00065 253 0.2670999] 1 g3g 008

Same large corrections in e+ e- -> Zh
[Asteriadis, Dawson, Giardino, Szafron (2406.03557,2409.11466)]
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https://arxiv.org/abs/2406.03557
https://arxiv.org/abs/2409.11466

Electroweak precision observables in different schemes
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https://arxiv.org/abs/2412.07651

Conclusions
EW input schemes for the SMEFT

» Corrections can be understood in the large-MT limit

* Possible to resum (some) corrections

« EWPO@NLO: analytic results to be published soon
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Conclusions
EW input schemes for the SMEFT

» Corrections can be understood in the large-MT limit

* Possible to resum (some) corrections

« EWPO@NLO: analytic results to be published soon

Thank you for your attention!
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Discussion - changing the basis

O = (¢T¢)|Du§b|2

 Enters MW and MZ shift, thereby enters GF
» Partial cancellations of shifts
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