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Outline

« SMEFT precision
 N(N)LO QCD
« NLOEW
» Sensitivity and degeneracies

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

 Size of NLO corrections

* Number of operators appearing at NLO

Based on 2305.03763 with
Benjamin Pecjak, Darren Scott and Tommy Smith
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Precision in SMEFT
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Dim6/2 effects
Dim8 effects
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Precision in SMEFT

Dim6/2 effects SMEFT@NLO
Dim8 effects
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New sensitivities + new degeneracies
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Precision in SMEFT

Dim6/2 effects SMEFT@NLO
Dim8 effects

[Trott (2106.13794)]

A =
New sensitivities + new degeneracies
SMEFT truncation, Dim6/2
Nim8 effects Heinrich, Lang (2212.00711)]
Ellis, Mimasu, Zampedri (2304.06663)] Asteriadis, Dawson, Fontes (2212.03258)]
Corbett, Desai, Eboli, Gonzalez-Garcia, Martines, Reimitz (2304.03305)] geoSMEFT
Degrande, Li (2303.10493)] ‘Corbett, Martin (2306.00053)]
Dawson, Fontes, Houiller, Sullivan (2205.01561)] Martin, Trott (2305.05879)]

Anke Biekotter - JGU Mainz


https://arxiv.org/abs/2106.13794
https://arxiv.org/abs/2212.00711
https://arxiv.org/abs/2212.03258
https://arxiv.org/abs/2304.06663
https://arxiv.org/abs/2304.03305
https://arxiv.org/abs/2303.10493
https://arxiv.org/abs/2205.01561
https://arxiv.org/abs/2306.00053
https://arxiv.org/abs/2305.05879

RG running (beyond one loop)
Aoude, Maltoni, Mattelaer, Severi, Vryonidou (2212.05067)]

PreCiSion in SM EFT Bern, Parra-Martinez, Sawyer (2005.12917)]

Cao, Herzog, Melia, Roosmale Nepveu (2303.07391)]
Jenkins, Manohar, Naterop, Pages (2310.19883)]

Dim6/2 effects SMEFT@NLO
Dim8 effects

[Trott (2106.13794)]

A =
New sensitivities + new degeneracies
SMEFT truncation, Dim6/2
Dim8 effects ‘Heinrich, Lang (2212.00711)]
Ellis, Mimasu, Zampedri (2304.06663)] Asteriadis, Dawson, Fontes (2212.03258)]
Corbett, Desai, Eboli, Gonzalez-Garcia, Martines, Reimitz (2304.03305)] geoSMEFT
Degrande, Li (2303.10493)] ‘Corbett, Martin (2306.00053)]
Dawson, Fontes, Houiller, Sullivan (2205.01561)] Martin, Trott (2305.05879)]
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N(N)LO QCD effects eparatory work

See also summary in
[Durieux (HEFT2023)]

* [n MC generators

Vh [Alioli, (Cirigliano), Dekens, (de Vries, Girard), Merghetti (1703.04751), (1804.07407)]
hh [Heinrich, (Jang), (Jones), (Kerner), Scyboz (2006.16877), (2204.13045)]

WW/WZ [Baglio, Dawson, (Homiller), (Lewis) (1812.00214), (1909.11576)], [...]

e NLO QCD automated [Degrande, Durieux, Maltoni, Mimasu, Vryonidou, Zhang (2008.11743)]

g9 — hh/Zh/ZZ/WW [Rossia, Thomas, Vryonidou (2306.09963)] See [Marion’s talk
[.] (LHC EFT/Higgs WG)]

 NNLO QCD SMEFT results

LT
pPp — Z h — Z E bb (6 ops) [Haisch, Scott, Wesemann, Zanderighi, Zanoli (2204.00663)], (17 ops)
[Gauld, Haisch, Schnell (2311.06107)]

tt (1 op) [Kidonakis, Tonero (2309.16758)]
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NNLO QCD effects in Vh

[Luc’s talk at (Higgs WGQ)]
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[Haisch, Scott, Wesemann, Zanderighi,
Zanoli (2204.00663)]

[Gauld, Haisch, Schnell (2311.06107)]
Linear and quadratic SMEFT

contributions in three different
EW input schemes

NLO QCD: [Alioli, Dekens, Girard,
Mereghetti (1804.07407)]
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[Gauld, Haisch, Schnell (2311.06107)]
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NLO EW effects

e EWPQO [Beliafronte), Dawson, Giardino (1909.02000), (2201.09887), (2304.00029)],
Partial results: [Hartmann, Shepherd, Trott (1611.09879)], [Biekotter, Pecjak, Scott, Smith (2305.03763)]

e h— bb [(Cullen), (Gauld), Peciak, Scott (1904.06358), (1607.06354), (1512.02508)]
o h— [Dawson, Giardino (1807.11504); Dedes et al. (1805.00302); Hartmann, Trott (1507.03568), (1505.02646)]

o h — /VZ [Corbett, Rasmussen (2110.03694)]
On-shell: [Dawson, Giardino (1801.01136); Dedes, Suxho, Trifyllis (1903.12046)]

e h— // [Dawson, Giardino (1801.01136)]
e h — WW [Dawson, Giardino (1807.11504)]
e Drell-Yan (partial) [Dawson, Giardino, Ismail (1811.12260)]

e DD — tt_/tt_H/tH [Martini, (Pan), Schulze, (Xiao) (1911.11244), (2104.04277)]
o 4-quark opsin 99 — N, h = bb, pp = TR (pjasiar, de Blas, Grober (2202.02333);
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NLO EW effeCtS How large are the NLO effects?

How are NLO degeneracies affecting global fit results?

e | EWPO | [(Bellafronte), Dawson, Giardino (1909.02000), (2201.09887), (2304.00029)],

Partial results: [Hartmann, Shepherd, Trott (1611.09879)], [Biekotter, Pecjak, Scott, Smith (2305.03763)]

e h — bb  [(Cullen), (Gauld), Peciak, Scott (1904.06358), (1607.06354), (1512.02508)]
o h— vy [Dawson, Giardino (1807.11504); Dedes et al. (1805.00302); Hartmann, Trott (1507.03568), (1505.02646)]

e h—~Z [Corbett, Rasmussen (2110.03694)]
On-shell: [Dawson, Giardino (1801.01136); Dedes, Suxho, Trifyllis (1903.12046)]

e h— // [Dawson, Giardino (1801.01136)]
e h — WW [Dawson, Giardino (1807.11504)]
e Drell-Yan (partial) [Dawson, Giardino, Ismail (1811.12260)]

e DD — tt_/tfH/tH [Martini, (Pan), Schulze, (Xiao) (1911.11244), (2104.04277)]
e 4-quark opsin gy — h, h — bb, pp — tth [Alasfar, de Blas, Grober (2202.02333)]
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Size of NLO SMEFT effects in EWPO
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‘Dawson, Giardino (1909.02000)]
‘Giardino (HEFT2020)]

Single
B Marginalized (8-parameter fit)

EW corrections cause up
to 30% effects In fits!


https://arxiv.org/abs/1909.02000
https://indico.cern.ch/event/855352/contributions/3759828/

NLO degeneracies

EWPO: 10 ops @LO, 32 ops @NLO
(suppressing flavour indices)
[Dawson, Giardino (1909.02000)]

ST(Z — 1T17)H© =

ST(Z — 1T )NEO

U2

/\2{—0.14086¢6 +0.191C) — 0.037CS) + 0.114Cy — 0.057Cyp

_00713C¢WB} GeV
2

A2
—0.0349Cyw 5 — 0.0001C4w — 0.0002Cq — 0.0005C. + 0.0035C,,,

_ “{_0_1596%6 +0.1834C) — 0.0221C% + 0.0985C; — 0.0508C,p

~0.0002C 44 — 0.0042CS,) + 0.0032CY + 0.0049Cy,, + 0.0002C,q
+0.0001C;, + 0.0034C;,” — 0.0031C.” — 0.0045C;, — 0.0001C

—0.0027C, — 0.0007C, 5 — 0.0007C, 1 — O.OOOICW} GeV
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Higgs self coupling [Alasfar, de Blas, Grober (2202.02333)]
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NLO degeneraCieS Assuming a U(3)” symmetry at the high scale

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan

EWPO: 10 ops @LO, 32 ops @NLO
(suppressing flavour indices)

?}2

ST (Z — 1117)H0 = /\2{—0.1408@6 +0.191C) — 0.037CS) + 0.114Cy — 0.057Cyp

_007136¢WB} GeV

2
0T (Z — 1T )NO = U{—0.15966¢6 +0.1834C) — 0.0221C% + 0.0985C; — 0.0508C,p

A2
—0.0349C,w 5 — 0.0001Csm — 0.0002Ceq — 0.0005C,. + 0.0035C,.,
~0.0002C 44 — 0.0042CS,) + 0.0032CY + 0.0049Cy,, + 0.0002C,q

+0.0001C;, + 0.0034C;,” — 0.0031C.” — 0.0045C;, — 0.0001C

95% CL limit on C/A? [TeV 2]

—0.0027C, — 0.0007C, 5 — 0.0007C, 1 — O.OOOICW} GeV
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NLO degeneracies

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan

EWPO: 10 ops @LO, 32 ops @NLO
(suppressing flavour indices)

?}2

ST (Z — 1117)H0 = M{—o.14086¢6 +0.191C) — 0.037CS) + 0.114Cy — 0.057Cyp

_007136¢WB} GeV

2
0T (Z — 1T )NO = U{—0.15966¢6 +0.1834C) — 0.0221C% + 0.0985C; — 0.0508C,p

A2
—0.0349C,w 5 — 0.0001Csm — 0.0002Ceq — 0.0005C,. + 0.0035C,.,
~0.0002C 44 — 0.0042CS,) + 0.0032CY + 0.0049Cy,, + 0.0002C,q

+0.0001C;, + 0.0034C;,” — 0.0031C.” — 0.0045C;, — 0.0001C

95% CL limit on C/A? [TeV 2]

—0.0027C, — 0.0007C, 5 — 0.0007C, 1 — O.OOOICW} GeV
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NLO degeneracies

EWPO: 10 ops @LO, 32 ops @NLO
(suppressing flavour indices)
[Dawson, Giardino (1909.02000)]

5

— LO
— (part.) NLO
5 0 \ '
L ™~
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Higgs self coupling [Alasfar, de Blas, Grober (2202.02333)]

Assuming a U (3)° symmetry at the high scale

EWPO+Higgs+Top+Dijets+Flavour+Drell-Yan

[Bartocci, AB, Hurth (2311.04963)]
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Electroweak input schemes In
SMEFT

Based on 2305.03763 with
Benjamin Pecjak, Darren Scott and Tommy Smith




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
M 91.1876(21) GeV
Gr 1.1663797(6) x107° GeV?
a(Mz) 0.007127(2)

Anke Biekotter - JGU Mainz

[Brivio et al. (2111.12515)]
WG note recommends

{GF7 MW? MZ}

Considerations:

* Number of Wilson coefficients
appearing

(at LO and at higher orders)

 Convergence in term of the
Wilson coefficients

10


https://arxiv.org/abs/2111.12515

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

. Theascheme-{@a My, Mz}

. M W and M 7 are renormalised on-shell

. (vis renormalised in M S-lite scheme

e The LEP scheme - {04» GF, Mz}

* Inputs renormalised as above

[Cullen, Pecjak, Scott (1904.06358)]

e Sometimes called “«¢ scheme” in the SMEFT

Anke Biekotter - JGU Mainz
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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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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)]

Anke Biekotter - JGU Mainz
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Large-MT corrections for W decay - SM

9
MW7O
5 AW
VT o My — 00
K(4 1 J)
o (4,1,0)
Ky

W |1 +U§K$’O’J)

~ Al 4 2aMy

Ar§4 Y~ —3.4%

o Kéé’l’“) =0

LEP i _

2]2

;‘zl—l—AT
Y

2
Cu Arttt) ~1.5%

Cow

1

Us

(4,1,0) (6,1,0)_
KGN + K

W — 1, SM
o —4.2%
ay, —0.3%
LEP 2.0%
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Tadpole and divergence
free




Corrections for W decay - SMEFT

W T, | SM  Cup Cmws C%) C¥

77 33 1221
o —42% —-1.7% -3.0% — 2.2% —
ay, —0.3% — — 2.5% 22% —0.2%

LEP 2.0% 8.1% 3.2% 5.1% 4.6% 2.5%

60 _ Mw My (1 + 2U%O§j’2)
33
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Corrections for W decay - SMEFT

W — 1, SM CHD CHWB Cl(r?l) Cg’l) C Il
77 33 1221

o —42% —-1.7"% -3.0% — 2.2% —

o | —03%  —  —  25% 22%

LEP 2.0% 8.1% 3.2% 5.1% 4.6% 2.5%

60 _ Mw My (1 + zv%cg’})
33

No large MT
contribution

Anke Biekotter - JGU Mainz 15



Corrections for W decay - SMEFT

W — 1, SM CHD CHWB Cl(r?l) Cg’l) C Il
77 33 1221

a —4.2% —1.7% -3.0% — [2.2%] — No vl
ay, —-0.3%  — — 257 |22% dependence
LEP 2.0% 81% 32% 5.1% 4.6% 2.5%

60 _ Mw My (1 + zv%cg’})
33

No large MT
contribution
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Corrections for W decay - SMEFT

W — TV~ SM CHD CHWB ng) Cg’l) C Il
77 33 1221
Q —42% —-1.7% -3.0% — No vl

a, —-0.3%| — —  [2.5% |2. dependence
LEP 20% | 81% 32% |[51% 4.6% 2.5%

Similar MW

(4,0) | (6,0) _ Mw My 2 (3) d d
FW,TI/ + FV[/JTV — 2 1 T 2UTCVHZ epen ence
127 Urp 33
No large MT

contribution
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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

Independent

. 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

Independent

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

M —> 00
: dependent
O O O 1 O O
AKGH) = K§H) 4 oK GPVRGYT + — 7 K Oy

| V2 my 33
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H decay a scheme - SMEFT Scheme

independent

) - 3mpMpy | (60 (600 (41 (&LJ

M — 00

Scheme
dependent

AK}?alva) — K‘(/Sjlaa) _|_ Qngl)K‘(/gaoaa) | K(4’1’J)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

33 33 33 33 33 MOSt cases
2UV4 ) _
V2 (1.8 4+ 1.7) Camr p x 1072 + ...
My 33
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H decay a scheme - SMEFT Scheme

independent
3 2M 0‘ O‘
s —3 00 3TVZ (0
Scheme
dependent

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

some are common to all processes. : most cases

Anke Biekotter - JGU Mainz 16



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

{GF7 MW7 MZ}

L =TT

0(3)

.?.7

3
o'

7333

(3)
C’12”21 ng

NLO
NLOy

—1.02970 008

0.001
—1.021710 500

0.0151200%

0.004
0.0151 ) 005

1.006 9000 [0.006 10509

1.0060-50210.006+9-59

—0.2897 0005

0.006

0.258T 0 0os

0.002
0.27210 005

—1.89770005

0.005
—1.8641 3007

LO
LOg

0.015
—1.0007 0012

+0.012
—1.021 %4010

0.0007 0 050

0.000
0.015 001

1.00070 004 10.000F0-001

4
1.006 9 004 10.006 0 005

Resummed LOx result reproduces NLO result well

—0. 169+8 o1l

NLO;: large-m: result

Anke Biekotter - JGU Mainz

0.355 0015

+O 009

0.046
—1.76470 010

0.048
—1.8387 ) 0as
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Summary

* Tremendous progress in SMEFT precision calculations!
« SMEFT @NLO is curse and blessing:
new sensitivities + new degeneracies

EW input schemes
* NLO corrections are scheme and process dependent

* Potential for resummation of scheme-dependent (universal)
corrections

Unterstiitzt von / Supported by

Alexander von Humbdldt

| | Stiftung/Foundation
Anke Biekétter - JGU Mainz 19



Summary

* Tremendous progress in SMEFT precision calculations!
« SMEFT @NLO is curse and blessing:
new sensitivities + new degeneracies

EW input schemes
* NLO corrections are scheme and process dependent

* Potential for resummation of scheme-dependent (universal)
corrections

Unterstiitzt von / Supported by

Thank you for your attention!

Alexander von Humbdldt

_ | Stiftung/Foundation
Anke Biekétter - JGU Mainz 19
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Tools & Methods

» Calculations performed in unitary gauge and Feynman gauge

» Calculated using in-house FeynRules implementation and cross-
checked with SMEF Tsim [SMEFTsim: Brivio, (Jiang, Trott) (1709.06492), (2012.11343)]

* Flavour diagonal but not flavour universal
* FJtadpole scheme  [Fleischer, Jegerlehner (1981)

 Evanescent operators defined in chiral basis, naive dimensional
regLﬂarisation for Y5 [Dekens, Stoffer (1908.05295)]

* Tools: FeynRules, FeynArts, FormCalc, LoopTools, PackageX

Degrande et al. (1108.2040), (1310.1921)]
‘Hahn et al. (hep-ph/0012260)]
‘Hahn et al. (1604.04611)]

Anke Biekotter - JGU Mainz
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https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/2012.11343
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.23.2001
https://arxiv.org/abs/1908.05295
https://arxiv.org/abs/1108.2040
https://arxiv.org/abs/1310.1921
https://arxiv.org/abs/hep-ph/0012260
https://arxiv.org/abs/1604.04611

Warsaw basis

[Grzadkowski et al. (1008.4884)]

1: X3 2. H® 3: H4D? 5: W2H® + h.c.
Qa | FABCGIGEGS  Qy | (HIHY  Quo | (HUH)OHH)  Quy | (H'H)(pe,H)
Qs | fABCGAGErPGSH Qup | (H'D,H) (H'D,H) Qu.u | (H'H)(gu,H)
Qw | /KWW IPW ik Qan | (H'H)(gpd, H)
= | KW I I Kn
4: X2H? 6: v2XH + h.c. 7:¢2H?D
Que | H'HGA,GA™ Qew | (lyo* e )T!HW], 4 (H'i'D o H) (")
ue | HYHGA GAw Qe (I,o"ve,)HB,,, 3) (HfiDLH)(lpT Vi1,
Quw | HHHWIL W™ Q. | (g™ T4u,)H G4, Qe (H'i'D ,H) (&, e,)
pi | HHEHWLW Q| (g u)r! HW], QL (H'iD . H)(@v"a,)
Qus | H'HBLB"  Qus | (30"u,)HB,, Q% | H'DLH) @G v e,)
HE H'H E,,,,B“" Q4 (cjpa“"TAdr)H G’f},, QHu H*z(B H)(pyHu,)
Quwp | HIFTHWL B  Quy | (quo™d,)r ! HW!, Qa (HY'D . H)(d,y"d,)
wivp | HITTHW!, B Qas | (g,0""d,)H B, Quua + hc. | i(H'D,H)(u,y"d,)
8:(LL)(LL) Plus another 24 four-fermion
Qs ([p%lr)(l‘”#lt) operators

22


https://arxiv.org/abs/1008.4884

The LEP scheme

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

Mg, = My, |1 LAr — ZEAr? |+ O (Ar°)

Anke Biekotter - JGU Mainz
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Renormalising o

— (£ 2 : " :

. @(M3) : renormalised in five-flavour MS-light scheme (all
particles heavier than the b quark are decoupled, their corrections
are calculated on-shell) [culien, Pecjak, Scott (1904.06358)]

. Related to @(0) via

_ 2\ _ (0) .
og(é)(Mz> 1 _ Aa(ﬁ)(M%) &(M%) B I — A(O(é)()M%)

. Related to on-shell @(M%) via

_ " a(0) /100 20, M2\
a9 (u?) = a(M2) |1 - (27 . ln,u—22>

Anke Biekotter - JGU Mainz


https://arxiv.org/abs/1904.06358

W — 1v: - SMEFT

109

T
L Wrv

AVVTI/ =

_ (4,1)
~(4,0) 1+ AWTV
- Wrr

| SM NLO
| LO
. NLO

Cpf—i

CHwpfF——m———————————
CHI3,33———

CHbox |

CHW F

CHI1, 33F

CHI3, jj F

CHg3, jj
CHg3,33p——

Cil,i33i
Cig3, 33jj F
CHB |
CHe, ii |
CHIL,jj F
CHu,jj"
CHd, ii |
CHal,jj |

Cig3,3333p—

Anke Biekotter - JGU Mainz

AW+ A

Orange triangles:
relative sign of NLO corrections

Dashes lines:
Large-MT limit

Largest contributions from

top loops (dashed lines)
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Corrections for H decay - SMEFT

h — bE SM CHD CHD OdH CHWB Oj(t?z) C 11
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - -
o NLO EW 52%  21% -11.0% 4.2% -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 -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% - 07% -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

Anke Biekotter - JGU Mainz
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Corrections for H decay - SMEFT

h — bl_) SM CHEI CHD CdH OHWB Ci(t?l) C 11
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - -
o NLO EW H52% 21% -11.0% 4.2% -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%
«, NLO EW 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% - 07%  -0.9%
NLO correction | 19.5% 22.3% 21.9% 22.2% - 21.0% 19.3%
5 _
pO0) , pe0 _ 3mMu [ (QCH e VBT
87TUT I 2 my 33

Anke Biekotter - JGU Mainz

)

26



Corrections for H decay - SMEFT 7=1,2

h — bl_) SM CHEI CHD CdH OHWB Ci(t?l) C 11
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - -
o NLO EW 52%  21% -11.0% 4.2%  -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 SU demlnant

(6,0) _ Bm%MH

(4,0)
Loy T 1

hbb

. i
1 4 v% (QCH — §C’HD — \/§U—TCdH>

my 33

2
SWUT

Anke Biekotter - JGU Mainz



Corrections for H decay - SMEFT 7=1,2

h — bf_) SM CHEI CHD CdH CHWB Ci(t?l) C 11
33 77 1221
NLO QCD 20.3% 20.3% 20.3% 20.3% 20.3% - - NO VT
o NLO EW 5.2% | 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 SU demlnant

(6,0) _ Bm%MH

(4,0)
Loy T 1

| i
1 4 v% (QCH — §C’HD — \/§U—TCdH>

my 33

hbb 8TVF

Anke Biekotter - JGU Mainz 26



Operators appearing at NLO

Alpha 12 29 29 29
alpha_ Mu 13 30 12 33
LEP 33 30 | 23 33

Anke Biekotter - JGU Mainz
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Operators appearing at NLO
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Operators appearing at NLO

Alpha 12 29 29 29
alpha_ Mu 13 30 12 33
LEP 33 30 | 23 33
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Operators appearing at NLO

Alpha | 12 | 29 29 29
1 1
Clyls ChiasCies Chu, Cra.
' 11 i7 17 11 11
alpha Mu 13 | 30 @ 12 33
LEP 33 | 30 | 23 33

Anke Biekotter - JGU Mainz 27



Operators appearing at NLO

vl

Alpha 19 59 59 59 Operators overlap between different inputs

Operators may overlap with those appearing in the
bare matrix elements

alpha_Mu 13 30 12 33

LEP 33 30 23 33

Anke Biekotter - JGU Mainz 27



SM NLO
LO
NLO

{Gr, My, Mz} Ci(My) =1/TeV?

L+ Ay + Ay?) + Ay

FWTV
"

AW’TV —

{€€ll'ebrH
{2211y
11" 1IHH

{1221y

{€€EE ‘bl
{/fe€ ‘ebiH
{1€€1°1IH

41 €E'MNy
1€€'€bHH
1/M'€bH~
{€€'TIHH
AM)H

1 8MH>H

1 MH>H

41 dHH

{ X0QH

{ €€ 'EIHy
11I"€IHH

NS

10-6!

SM NLO |

LO
NLO

{a, My, Mz} Ci(My)=1/TeV?

Lowest number of operators

at NLO in %« scheme

1 €€ "TbHH
1/"1bH~
1 11°'PH>

1 €€ 'NHH
11'nH~

1M TIHH
111'9HH

4 €€°gn5H
48H)H

feeeeeby |
1lfe€ "'ebiy
41€€'1IH

4 €€'Mn5
1€€'€bHH
1/M"€bH~
11M"€IHH
1€E€'TIHY
1M)H

{1 MH»H

4 XOQHH

4 EE'EIHY
4 GMH H

4 dH)H

NS

106!

LEP

SM NLO

LO
NLO

(Gr, a, My} Ci(My)=1/TeV2!

LUV

28

1€€ll'ebiy
12211l
4 €€ 'TbHH
11" 1bH~
1 11'PHH

4 €€ 'NHH
= .\.\.:IU

1M 1IHH

1 11'9HH

41 €€°dny
48HH
41221 l1H

1 EEEE ‘ebry
1lfe€ '€biy
11€€lH

4 €E'MnH
4 €€ ‘€bHH
1/l"€bH~
1 €€ TIHH
1M>H

1 MH»H

4 XO4H 5

1 €€ EIHH
11M"€IHH

41 GMHH

4 dHH

NS

10-6!
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=1/TeV?
SM NLO

LO
NLO

{GF, My, Mz} Ci(My)

W' — 1v: - SMEFT

{€€ll'ebrH
{2211y
11" 1IHH

{1221y

{€€ee’ebiy |
{/fe€ ‘ebiH
{1€€1"11H

41 €E'MNy
1€€ ‘€bHH
1/M'€bH~
{€€'TIHH
AM)H

1 8MH>H

1 MH>H

41 dHH

4 X0qHH

{ €€ 'EIHy
11I"€IHH

NS

10-5
10-6!

L+ Ay + Ay + Ay

- FWTV
T

AW’TV

SM NLO |

LO
NLO

{a, My, Mz} Ci(My)=1/TeV?

Lowest number of operators

at NLO in %« scheme

1 €€ "TbHH
1/"1bH~
1 11°'PH>

1 €€ 'NHH
11'nH~

1M TIHH
111'9HH

4 €€°anH
48H)H

feeeeeby |
{llee€bi5 |
41€€'1IH

4 €€'Mn5
1 €€ '€bHH
1/1"€bH
11M"€IHH
1€E€'TIHY
1M)H

{1 MH»H

4 XOQHH

{ €€ ‘E€IHH
4 GMH H

4 dH)H

107

LEP

SM NLO

LO
NLO

(Gr, a, My} Ci(My)=1/TeV2!

10% ¢

Smallest SMEFT NLO
corrections in ¢» scheme

28

1€€ll'ebiy
12211l
4 €€ 'TbHH
11" 1bH~
1 11'PHH
1€€'NHH
= .\.\.:IU

1M TIH

2 11'9HH

41 €€°dny
48HH
41221 Iy

4 €€€€ ‘€b/H
1lfe€ '€biy
41€€'lIH

4 €€'Mn>
4 €€ ‘€bHH
1/l"€bH~

1 €€ TIHH
1M>H

1 MH»H

4 XO4H 5

4 €€ 'EIHy
11M"€IHH

41 GMHH

4 dHH

10~°
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SM NLO

LO
NLO

= 1/TeV?

{GFr, My, Mz}  Ci(My)

/Z — 177 =-SMEFT

gell'ebiy
ZZIT Iy
12211y

Ife€ ‘ebiH
EEEE €L/
€€€E 'ThIy
Ifee '1bi
IIEE ‘PIy
EEEE NIy
lle€ ‘niH
EEEE ‘N9,
ffeg ‘na5
IIEE ‘P35
€€€E ‘aby
gell'ab5
EEEE DIy
Ifeg ‘a1
gell*slH
IIEE ‘995
EEEEIIH
€22€'llH
el
EITE I
'aH

€€ 'Mny
€€ 'anyH
€€ ‘€bHH
II"€bH~
€€ 'TbHH
II"1bH A
I1'PH~

€€ 'NHH
I'nH~
T"1IHH
M>

MH»>H

8H>H
XOQIU

€€ '9HH
€€ ‘EIHH
T"€iHH

€€ 'TIHH
GMH~

SM NLO
LO
NLO

{a, My, Mz} Ci(Mz)=1/TeV?

decay)
IONS 1IN & SC

appearing in muon

Largest absolute SMEFT

some 4f operators
NLO correct

(

o scheme does not contain

Ifeg 'ebiy
EEEE €L/
EEEE 'TLIH
Ifee "1biH
NEE ‘Pl
EEEE N|H
ffee ‘niH
EEEE ‘NS5
ffeg ‘na~
NIEE ‘PO
geee ‘aby
gell'ab5
EEEE DIy
ffee a1y
gell's1y
lIEE '995
EEEEIIH
€22E Ny
el
ETTE lIH
"aH~

€€ 'Mny
€€ 'any
€€ ‘€bHH
I'ebH~
€€ ‘'TbHH
II"1bH~
'PH~

€€ ‘NHH
I"'nH~
I"€iHH
T"'TIHH
M5

MH>H

8HH
XO0gHH

€€ '9HH
€€ ‘EIHH
€€ 'TIHH
GMH~

Q
I
O

heme

SM NLO

LO
NLO

{GF, Qa, Mz} C,(Mz) = 1/TeV2

Large relative SMEFT NLO
corrections in ¢« scheme (LR

interference effect)

v

()]
Al

gell'ebiy
ZZIT Iy
12211y

Ifee “ebjH
geee‘ebiy
€€€E 'ThIy
Ifee ‘1b]H
HEE 'PlH
€EEE NIy
Ifeg 'niH
EEEE ‘N9
ffe€ ‘na~
IIEE ‘PO
€EEE ‘9by
gell'ab5
€EEE 915
ffee *alH
gell*slH
1IEE ‘995
€EEE Iy
€22€ 'y
fee iy
€TTE IIH
T'aH

€€ 'Mny
€€ 'any
€€ '€bHH
II"€bH~
€€ 'TbHH
II"1bH~
II'PH~

€€ 'NHH
I"'nH~
M"1IHH
Mo

MH»>H

8HH
XOQIU

€€ '9HH
€€ ‘EIHH
T"€iHH

€€ 'TIHH
GMH~
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Z — 1717 =-SM

0.095/ . {Gh ar, Mo Large differences between
{Gf, My, Mz} schemes at LO (5 %)
0.0907 v {aew, Mw, Mz} -

Schemes closer at NLO

[ - [GeV]
o
(@)
o0
Un

X v
0.080 | |
Largest correction given to alpha
0.075} - scheme
O O
~ ~/
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H — bb-SM

0.0030

< {Gr. ey, Mo Large NLO corrections

1{Gfr, My, Mz}

0.0028+ -
v {agw, My, Mz}

LEP and %« scheme are identical

2 0.0026 ¥
O
$ 0.0024 4.0 My
=0 MG = =2
\ 4 UT
0.0022} X :
0.0020 5 5
~ ~J
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SM NLO
LO

{Gr, My, Mz}  Ci(My)=1/TeV?

1€€ll'ebrH

NLO

H — bb-SMEFT

LEP and %« scheme are identical

(up to numerics)

42211 Iy
11" TIHH
41221 l1H
2 IM"€IHH

4 €€€€'gpbnb~ |
4 EEEE '8Pb5
4 €€€€ 'TpbNbY |
4 EEEE 'TPb,
1 €€°apyH

4 €€ 'HNH

4 €€ 'PNHH

4 €€ ‘€bHH

4 €€ 'TbHH

41 €€'OPy

4 €€ 'PHH

1 EE'MPH

4 €EE'/MNy
19H)H

4 MHH

{1 MH>H
418H>H

1H)H

1 €€ 'HPH

4 dHH

4 XOQHH

. 1NS

10°°

More operators contribute in the «

scheme

LEP

Cup — V2

1
2

|:1 + U% (20}{5 —

2
SWUT

32

- ————————'ebH
@) . 9)
i =N/ HUIU
L= 0 {1'pH~,
293 4 €€ 'NH
wnw az )
= \TDIU
— — 1 11°EIHY
e | | | | _ _ qeell*eb5 41" TIHY
A 4221115 4 €€ '9HH
L = @) 1" TIHY 1 1['aH
i W m_u M_ =Rxaanls| {€€'any
41'€IHH {M>
1 €€ee‘gpbr | 4 €€€€ ‘gpbr
1EEEE8PD; L 1 £€€€ ‘8pb-
{€€e€TPOI | 4 €€€€ "Tpbr
i jegee 'ob; | 1 €€E€ "TPDb:
L 1€e'apy | & { €€°8P5
I w {e€€'Hny | ﬂ_ 4 €€ 'HNH
- = 1€E'PHy | = 1 €€ 'PNHH
I ﬂ_ -mmumczu S 4 €€ '€bHH
-~ 4 €€ _chu %) 1 €€ 'TbHH
S 1€€°0P) i 41 €€'OPy
i N.V.n 4 €€ 'PHH L. { €€ 'PH>
- lee'mpy | X e
> €€ 'MPH
L .L_U 1 €€ MNH i W; 4 €€'MnH
= T m\_ﬂw - = 4 9H)
S [ ) {MH>
S 1R - 1 8H>
NG 48H)H i 1H>
-
i 1HD I { €€ 'HPH
- 4 €€ HP)H i 1 amMH~
- 4 dH)H I | amy
L R XOQIU I ] XOQIU
- e NG L Tl
-4 o — o m < [Te) O T L Liiies L | L Ly L M L Ly N | T _\/_m
2 2 &5 5 & © o - T A N
4 4 O O o o o o
- 4 O O o o o o
— _I_QQ — — — — — — — — — —
[#54vl |94y
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Cuwn

3
cy)
33

C'H U
33

Resummation for W decay

CuB
33

CuW
33

NLO

0.000
1.713% 5071

0
3.621+0-000

—0.07910815

O 038

+0.000

O 00

O 0

LO
LO
LOgk
LO'k

0.120
1.7427 5150
0.110
1.6177 5110
0.031
1.6977 051

+0.040

3.73310 151
3.54010 15

0.033
3.6107 ) oas

0.070
3.5421  ora

.0
0.0001 9 002
.0
0.0001 9 002
—0.0631 9005

0.010
—0.0651 5000

0. 000+8 123
0.
0.0001 5 163
—0.19310.918

+O 029
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0. ooo+8 e
7
0.0001 9172
0.
0.19310-023

0.000
0.2007 035

0. 000+8 822
0.0007 0 005
—0.0681 151

—0.0701 0155

0. 000+8 823
0.0007 0 020
—0.03170170

O 113
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