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Outline

Predicting my, & interpreting measurements in the SMEFT
Global fits with EWPO, Higgs & Diboson data

Mapping to single field extensions of the SM

Interplay with CKM unitarity

Beyond dimension-6: scalar triplet model
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SMEFT is... L= i

Model independent

Heavy new physics: M > Eexp
* Underlying assumptions SM field content & gauge symmetries
Linear EWSB: Higgs = doublet
Systematically improvable ,
E
* Double expansion higher dim. A2 & {gs, g, g’} more loops

K. Mimasu - MWDays23 - 19/04/2023 3 my, in the SMEFT



SMEFT is... fa =3 45

Model independent

Heavy new physics: M > Eexp
* Underlying assumptions SM field content & gauge symmetries
Linear EWSB: Higgs = doublet
Systematically improvable ,
E
* Double expansion higher dim. A2 & { Jds, g, g’} more loops

Global

* Model independence: we don't know what operators NP will generate

* Patterns & correlations among observables are key
* Ultimate goal: complete SMEFT likelihood confronted with HEP data

EWPO, Higgs, multiboson, top, DY,

Z(c;) = indirectly constrain many UV models
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My, measurements

[Bagnaschi, Ellis, Madigan, KM, Sanz & You; JHEP 08 (2022) 308|
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My, measurements
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ATLAS update, Run 1 re-analysis: m, = 80360 = 16 MeV
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My, measurements

[Bagnaschi, Ellis, Madigan, KM, Sanz & You; JHEP 08 (2022) 308|
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SM + fit to S & T parameters: m,;, = 303/8 &= 24 MeV
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my, prediction in SMEFT

om? sin20.. 92 [ cos® sin @
2W — ﬂw V hw " hw (4C§l) _ZCH) +4Chwp
mgy, cos 20, 4A*\ sind, cos 0,

Dimension-6: 4 operators modify muyAGg, agy, M)

« Shift input parameter relations w.rt SM = myA G, agw, m,, C;)
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my, prediction in SMEFT

Sm’ sin26. 2 0 sin @
myy _ w V COS W+ W (4C§z) _2Cll) +4Cywp
miy cos 20, 4%\ sind, cosf,

Dimension-6: 4 operators modify muyAGg, agy, M)

. Shift input parameter relations w.r.t SM = my(Gpr, agy, m,, C;)

Opp = (H'D*H)"(H'D,H) o T
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myy, prediction in SMEFT

Sm sin26, 2 0 sin &
TV - v - —Cpp +——— (4CI(;;,’) _2Cll) +4Chwp
mi cos 20,, 4A* \ sind,, cos 6,

Dimension-6: 4 operators modify myA G, agw, M)

. Shift input parameter relations w.r.t SM = my(Gpr, agy, m,, C;)

Opws = H't'HW,,B" < 5 Opp = (H'D*H)" (H'D,H) o< T
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myy, Interpretation in SMEFT

New physics can yield correlated effects in many places

« SMEFT motivates global approach = 5m€V does not occur in isolation
* e.g. modified widths/branching fractions, production & decay kinematics, ...

* Biases in interpreting data that hasn’'t accounted for such effects?
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myy, Interpretation in SMEFT

New physics can yield correlated effects in many places

« SMEFT motivates global approach = 5m€V does not occur in isolation
* e.g. modified widths/branching fractions, production & decay kinematics, ...

* Biases in interpreting data that hasn’'t accounted for such effects?

W boson width shift: - - Y (Bcopdeo ¢
' | A2 \3 H = 3 Hg
[Bjorn & Trott; PLB 762 (2016) 426-431] —
« Affects overall normalisation & shape of  F ™o
template my & p, distributions E N—
=
* Estimated bias dominated by “
normalisation, which is left to float in
experimental analyses LY Talm
L | S 10 T
» No significant bias expected form 1y,
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myy, Interpretation in SMEFT

Other contact interactions?

* |Interference effects with charged-current 4F operators

« May be overwhelmed by narrow W peak...

* Constrained by charged current Drell Yan. Not studied so far...
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myy, Interpretation in SMEFT

Other contact interactions?

* |nterference effects with charged-current 4F operators

« May be overwhelmed by narrow W peak...

* Constrained by charged current Drell Yan. Not studied so far...

| EP |l extraction: o (e+e_ — W+W_)

As discussed in [Bjorn & Trott; PLB 762 (2016) 426-431]

. Various methods to extract myy, assuming the SM for s(W*W™)

* Other possible SMEFT effects not accounted for

. Triple gauge coupling modifications (Oy,), W- coupling shifts, dipoles?

Safest to do a simultaneous fit to my, & C;
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INput scheme

myy, IS a prediction when using, e.g., {aEW, Gp, mZ} as Inputs
» Weuse: agy=127.95, Gr=1.16638%x 10> GeV™>, m,=91.1876 GeV
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INput scheme

myy, IS a prediction when using, e.g., {aEW, Gp, mZ} as Inputs
» Weuse: agy=127.95, Gr=1.16638%x 10> GeV™>, m,=91.1876 GeV

f my, 1S part of the input set...
* Other data must be used to compensate

e« €.9., {mW, GF, MZ} INnput scheme: use aEW(mZ) iInstead

O0Lw oMy,

2
AEW {my,Gp,my} My 1apw,Gp,mz}
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INput scheme

myy, IS a prediction when using, e.g., {aEW, Gp, mZ} as Inputs
» Weuse: agy=127.95, Gr=1.16638%x 10> GeV™>, m,=91.1876 GeV

f my, 1S part of the input set...
* Other data must be used to compensate

e« €.9., {mW, GF, MZ} INnput scheme: use aEW(mZ) iInstead

O0Lw oMy,

2
AEW {my,Gp,my} My 1apw,Gp,mz}

apw prediction deviates from SM if CDF my;, is input

» Oy uncertainty dominated by parametric my, error
* Similar constraints expected in this case
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Global context

Global new physics searches via high precision/energy

[Han & Skiba; PRD 71 (2005) 075009]

* £ & W-pole data: handle on the EW gauge sector ., . e piva: JHEP 02 (2015) 039)

* LHC: thriving Higgs & top programmes

* Probing gauge interactions at high energy (VV, VBS, VVV, ...)
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Global context

Global new physics searches via high precision/energy

[Han & Skiba; PRD 71 (2005) 075009]

/& W-pole data: handle on the EW gauge sector [Falkowski & Riva: JHEP 02 (2015) 039]

* LHC: thriving Higgs & top programmes

* Probing gauge interactions at high energy (VV, VBS, VVV, ...)
Cross-talk between EWPQO, Diboson & Higgs data

0.15 | - | |

« Significant correlations among operators = data

0.1

* Allows for a closed fit to flavor-universal SMEFT | B

[Corbett et al.; PRD 87 (2013) 015022] e
[Pomarol & Riva; JHEP 01 (2014) 151] )
[Ellis, Sanz & You; JHEP 03 (2015) 157] |
[|Biekotter, Corbett & Plehn, SciPost Phys 6 (2019) 6, 064] ~0.05] \ |

[Ellise, Madigan, KM, Sanz, You, JHEP 04 (2021) 279]... ;' Combined

20 S R
—-0.2 —=0.1 0. 0.1 0.2 (0.3

AS

[Ellis et al.; JHEP 06 (2018) 146]

AT

LEP I+1]
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Global context

Global new physics searches via high precision/energy

[Han & Skiba; PRD 71 (2005) 075009]

* £ & W-pole data: handle on the EW gauge sector ., . e piva: JHEP 02 (2015) 039)

* LHC: thriving Higgs & top programmes

* Probing gauge interactions at high energy (VV, VBS, VVV, ...)
Cross-talk between EWPQO, Diboson & Higgs data

0.15F T T T,

« Significant correlations among operators = data
* Allows for a closed fit to flavor-universal SMEFT .
[Corbett et al.; PRD 87 (2013) 015022] .
[Pomarol & Riva;, JHEP 01 (2014) 151] .
[Ellis, Sanz & You; JHEP 03 (2015) 157] '

[Biekoétter, Corbett & Plehn; SciPost Phys 6 (2019) 6, 064] 0.05) ;
[Ellise, Madigan, KM, Sanz, You; JHEP 04 (2021) 279]... ; Combined

can the SMEFT accomOdate the mW 02 -0l 0. ol 02 03

AS

measurements alongside other data? /ciisetal; JHEP 06 (2018) 146]
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T h f . .I: fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory
vag  [JHEP 04 (2021) 279]

John Ellis,>"¢ Maeve Madigan,d Ken Mimasu,® Veronica Sanz®/ and Tevong You
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T h f . .I: fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory

John Ellis,*"¢ Maeve Madigan,? Ken Mimasu,® Veronica Sanz®/ and Tevong You”%9¢ [‘JHEP 04 (202 1) 279]

Global SMEFT interpretation of 4 categories of data N

14 « Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 » LEP2 & LHC diboson production: differential WW, WZ, Zj]

72 * Higgs measurements: signal strengths & STXS
137 « Top data: single-top, ttbar & asymmetries, ttV, tZ, tW
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T h f . .I: fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory

John Ellis,*"¢ Maeve Madigan,? Ken Mimasu,® Veronica Sanz®/ and Tevong You”%9¢ ['JHEP 04 (202 1) 279]

Global SMEFT interpretation of 4 categories of data N

14 « Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 » LEP2 & LHC diboson production: differential WW, WZ, Zj]

72 * Higgs measurements: signal strengths & STXS

A UICLLCA. v "’ 3 , .
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T h f . .I: fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory

John Ellis,**¢ Maeve Madigan,? Ken Mimasu,” Veronica Sanz®/ and Tevong You®%¢ [‘JHEP 04 (202 1) 279]

Global SMEFT interpretation of 4 categories of data N

14 « Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 » LEP2 & LHC diboson production: differential WW, WZ, Zj]

72 * Higgs measurements: signal strengths & STXS

~ e~ ]~ ] ~ 1 am oy | —~ — . — ~ e~
A UICLLCA. v '-"- Vie A O T J , )

204 measurements across categories

* Chosen to be statistically independent & maximise reach

* Correlations included when publicly available (mostly are)
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T h f . .I: fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory

John Ellis,**¢ Maeve Madigan,? Ken Mimasu,” Veronica Sanz®/ and Tevong You®%¢ [‘JHEP 04 (202 1) 279]

Global SMEFT interpretation of 4 categories of data N

14 « Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 » LEP2 & LHC diboson production: differential WW, WZ, Zj]

72 * Higgs measurements: signal strengths & STXS

~ e~ ]~ ] ~ 1 am oy | —~ — . — ~ e~
A UICLLCA. v '-"- Vie A O T J , )

204 measurements across categories

* Chosen to be statistically independent & maximise reach

* Correlations included when publicly available (mostly are)

1
Linear EFT approximation: Hx E I+ Z aX_ +0 (F)
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[Bagnaschi, Ellis, Madigan, KM, Sanz & You, JHEP 08 (2022) 308]

Degrees of freedom

EWPO: OHWB:: OHD: O”j Ogl): Ogl)a OHE: Og) Og) OHda OHu

q’ q’

Bosonic:  Opn, Ong, Osw, Ous, Ow, Og,
Yukawa: Org, Oy, Opr, Ol 20

Universal U(3)” flavor scenario + Yukawa

Bosonic
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S & T parameter fit

Vo o _8

A2 VB qen

V2 - B g2g12 .
A2 HD— 5 2y
A 2m(g% + g")
NO my;, data

SM compatible < lo

Without CDF my,

SM compatible < 20
With CDF my,

SM incompatible > 30
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SMEFT 1it (marginalised

| s o (1TeV)? |
1.0- h95%CL marginalised; C; X
0.5° |
0-0': """"" 1T T B DL R R T _+_ """ BN I B D T +' 1- """ * """"" I . __ """""
_0-5' 4 | " ¥ = N | [ ] [ ]
—1.0-
—1.5-
—2.0- 4-param fit, no My, M 4-param fit, CDF My, update ||
: | w2020 fit, no My, 2022 fit, CDF M, update |
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@ S 5 Py R t oty 32 2 2
= ¢ 2 T T ¢ T T & O
Q o — —
— o o
— —
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Direct vs Indirect myy,

Focus on 4-parameter subspace: all possible combinations

------ I S s B S S B S S B B S S B E
Chwa 80385 + 5 - A w—SM
CHp 80408 + 7 —e——i e my world avg.
Cy 80386 =5 - MM SMEFT no my, | Indirect’
Crit 80390 + 6 - o SMEFT 2022 | Direct’
Chwa,CHD 80409 = 7/ ——1+0-
Cuwa,Cy 80389 + 6 o=
Chws,C 80392 + 6 o HoH
Crp,Cr 30412 + 8 - E .
Chp.Cpii 80410 + 8 ——+o
Cy,C 80390 + 6 = =
Crwa,Crp,Cy 80412 =+ 8 o e E—
CHWBICHD:CE;) 30410 =8 pr————1-OH
CHWB,C;;,C(B;) 80392 =0 ==
Chp,Ci1,.Cl5) 80412 + 8 o
CHWB:CHD:CH:C;(—;?) 30412 +8 -
20-parameter fit 80412 + 8 o
30200 80300 30400 30500
my [MeV]
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Direct vs Indirect my,

Focus on 4-parameter subspace: all possible combinations

Chws 80385 + 5 =
1-param Chp 80408 + 7 ——o—ie- M world avg.
Cy 80386 =5 = =0 SMEFT no my, | Indirect’
Cit 80390 + 6 - 1o SMEFT 2022 | ‘Direct’
Chwa,CHD 80409 = 7/ ——1+0-
CHWB,C;(;B) 80389 +£ 6 == M
) CHWB:CH; 80392 £ 6 =
2-param Cup,Ci 80412 + 8 o ]
Chp,Cy 80410 + 8 —— e
Cy,C 80390 + 6 = =
Crwa,Crp,Cy 80412 =+ 8 o e E—
CHWBICHD:C;(-,'?;) 30410 + 8 e =
3-param CHWB,CH,C(?) 80392 £ 6 —o— HeH
Chp,Ci1,.Cl5) 80412 + 8 o
4—pa|’am — CHWB:CHD:CH:C;(—;?) 380412 + 8 o %
20-parameter fit 80412 + 8 o
30200 80300 30400 30500
my [MeV]
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Direct vs Indirect my,

Focus on 4-parameter subspace: all possible combinations

""" r--~~~+~+~ "~ -~~~ .~~~ ~+~+~ ¢+ T T T T T T
CHwa 80385 +5 - H SM

'1_param CHD 80408 + 7 —— @+ mW W0r|d avg'
C;(;3) 80386 =5 0+ HOH SMEFT no my | Indirect’
CHi 80390 + 6 aaliag SMEFT 2022 | ‘Direct’
Crwa,CHp 80409 = 7/
CHWB,C;(;B) 80389 + 6
C C 80392 + 6

2-param AWB =H

para Cup,Cy 30412 +8

CHp,Cyy) 80410 + 8 |
Ci,Clj) 80390 + 6 Quasi-flat
CHWB:CHD:C.’(!3) 80412 +3 direction:
CHWBICHD!CH! 30410+ 8

3-param Criws CinCY 80392 + 6 Always
CHDscff:C;(-H) 80412 +8 (CHD! Cll)

4-param —>| Crws,Crp,Ci,Cli/ 80412 + 8
20-parameter fit 80412 + 8

30200 80300
my [MeV]
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0.02¢
- Crrwns Ceny, CO), C
2022 my update HWB: “HD? H] ° [l
N No my
%f 0.00 2 parameter fit
4 parameter fit
- + SM
—~0.02¢}
0.02f
_ 0.00}
@
-0.02}
0.010f
0.005}
- |
g I
= 0.000}
O |
—0.005¢}
-0.010f . T I T
-0.08 —-0.04 0.00 0.04 -0.02 0.00 0.02 —0.04—0.02 0.00 0.02
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2022 my update

No my

2 parameter fit

4 parameter fit
+ SM

Quasi-flat direction

CH WB> CHD’

Z0.02

0.02

—0.04-0.02 0.00 0.02
C

3
CH

’ Cll

my, in the SMEFT



Single-field SM extensions

What SM extensions can account
for the anomaly at tree-level?

Fit preference: o
. Negative Cywg, Cyps CSI) & positive Cj;

Chwa
CHp

Cy
i
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Single-field SM extensions

What SM extensions can account
for the anomaly at tree-level?

Fit preference:
. Negative Cywg, Cyps CSI) & positive Cj;

Considered single field extensions
[de Blas et al.; JHEP 03 (2018) 109]

* Complete tree-level matching dictionary is known

CHwa

CHp -

Cy -

* Interpret in terms of simplified 1 parameter versions of the models

(3)
HI

Model || Spin || SU(3) | SU(2) | U(1) || Parameters Model || Spin || SU(3) | SU(2) | U(1) || Parameters
Si 0 1 1 1 (Mg, kg) B 1 1 1 0 (Mg, g%)
5 ) 1 3 0 (Ms;,\s2) B 1 1 1 1 (Mg, , AB,)
> 5 1 3 -1 || (Mg, )s,) = 0 1 3 0 (Mz=,k=)
N % 1 1 0 (MN, AN) W1 1 1 3 1 (MW1 g]ﬁ!l)
B 1 1 1 1 || (Mg, Ap) W 1 1 3 0 || (Mw,giy)
K. Mimasu - MWDays23 - 19/04/2023 18 my, in the SMEFT




Dimension-6 matching

%4

Cy Cru Ctu CoH

yr

4

yr

8

VLL 0
_1 _Yr Y _ %
! 2 2 2 2
V4 —Yr — Yt — b

| L1\ 1\2 12 1\2

Spin-0, 1 o\ Mz ) | Y7\ =) |[Yi\m=z) | Yo\ M=

- I I
Triplets _? —Yr — — %
—3 —Yr — Yt —Yb

Cywg is loop-generated by weakly coupled models Q
[Arzt, Einhorn & Wudka; Nucl.Phys.B 433 (1995) 41-66]

All models can generate one of the required coefficients
*Only 5 predict them with the right sign
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Masses and couplings

Mass limits (in TeV)

W - - e BSM nggS
coupling g = 1
= .
B_ l = l
N . | - l
E - ®
3 4 : 2 7 : 9 10
—_— =] —————— A =1TeV
Model || Pull || Best-fit mass | 1-0 mass 2-0 mass 1-0 coupling?
(TeV) range (TeV) | range (TeV) range
W, || 6.4 3.0 2.8, 3.6 2.6, 3.8] 0.09, 0.13]
B | 64 8.6 8.0,9.4] | [7.4,10.6] | [0.011, 0.016]
= | 6.4 2.9 2.8, 3.1 2.7, 3.2] || [0.011, 0.016]
N | 51 4.4 4.1, 5.0 3.8, 5.8] | [0.040, 0.060]
E || 35 5.8 5.1, 6.8 4.6, 8.5] || [0.022, 0.039]
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[Blennow, Coloma, Fernandez-Martinez & Gonzalez-Lopez, 2204.04559]
[Cirigliano, Dekens, de Vries, Mereghetti & Tong; 2204.08440]

CKM unitarity

p-decay + CKM unitarity imposes significant constraint on
one combination of coefficients in U(3)°

* Semi-leptonic analogue of muon decay:

21
_ 2 2
Ak = Vaal + 1V = 1= 5 (Gl - €2 + €y = €2
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[Blennow, Coloma, Fernandez-Martinez & Gonzalez-Lopez, 2204.04559]
[Cirigliano, Dekens, de Vries, Mereghetti & Tong; 2204.08440]

CKM unitarity

p-decay + CKM unitarity imposes significant constraint on

one combination of coefficients Iin U(3)5 extra qgtt
4F operator
* Semi-leptonic analogue of muon decay: / ’
A — 2 2_ 1= 29° 3) 3) (3)
CKM:‘VudI +‘Vus‘ - —F CHq_CHl +C”—Clq
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[Blennow, Coloma, Fernandez-Martinez & Gonzalez-Lopez, 2204.04559]
[Cirigliano, Dekens, de Vries, Mereghetti & Tong; 2204.08440]

CKM unitarity

p-decay + CKM unitarity imposes significant constraint on

one combination of coefficients Iin U(3)5 extra qgtt
4F operator
* Semi-leptonic analogue of muon decay: / ’
A — 2 2_ 1= 29° 3) 3) (3)
CKM:‘VudI +‘Vus‘ - —F CHq_CHl +C”—Clq

* Measurements of nuclear transitions and kaon decays indicate:
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[Blennow, Coloma, Fernandez-Martinez & Gonzalez-Lopez, 2204.04559]
[Cirigliano, Dekens, de Vries, Mereghetti & Tong; 2204.08440]

CKM unitarity

p-decay + CKM unitarity imposes significant constraint on

one combination of coefficients in U(3)? extra qGee
4F operator
* Semi-leptonic analogue of muon decay: / ’
A — 2 2_ 1= 29° 3) 3) (3)
CKM:‘VudI +‘Vus‘ - —F CHq_CHl +C”—Clq

 Measurements of nuclear transitions and kaon decays indicate:

A gy = — 0.0015 + 0.0007

A ~xys Probes a direction that is correlated with 5m%v

 Per-mille level constraint should compete with my, = new information

» Also sensitive to irrelevant parameters for myy,, bring correlations with, e.g.,
Drell Yan & other EWPQO, Diboson rates...

K. Mimasu - MWDaysZ23 - 19/04/2023 21 my, in the SMEFT



my, 2020 w/ LHCb (3) (3)
Diboson & Higgs
1 Z-pole CHWB’ C‘HD‘fl CH ) Cll’ CHq
mwy 2022 w/ LHCD
Ackm C(S) — O
Combined 2022: 2 parameter fit ql

L1 Combined 2022: 5 parameter fit
+ SM

0.05F %
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0 05 - : ' ; : C . L : '
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i : : : : : i | :
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i A . : H H i i 2
: d : % H 5 :
1 : : : + . H 1 - .
E # + - o E E E
T : B A al 1 E !
. : . S I . - 4 L 9
i . i |: i " = : I
. i B - : - iy I - .
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0.1-0.05  0.00 0.05-0.1 0  0.1-003 _ 000 003
CHwa
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myy, after CKM unitarity

"""""""" r--~r~-r r~+~ 1~~~ 11t [t r Tt 1 Tt
Chwa 80385 +5 - HH w— SM
Chp 80408 + 7 e my world avg.
Cy 380370 £4 ol @ —— SMEFT+Ackpm, NO My
Cit 80380 * 5 o 1o SMEFT 2022+A ¢
Crwa,CHp 80409 + 7 e
Crwa,Ci 80385 +06 F&- HH
Crwa, C(B) 80387 £ 06 - a4
Cup,Cy 80411 =7 R X
CHD=C(3) 80411 =7 el
C!!=C(3) 80384 +5 e
CHWB:CHD:CH 80411 =7 @
CHWB:CHD'.ICH,\' 80411 =7 -1+
Crwas,Ci,C 3H; 80390 + 6 - Hed Quasi-flat
Ctp,Ci,C}; 80411+ 7 ——-— direction
Chwa, CHD CH C 80412 =7 =t =+ _
20-parameter fit 8041+t +=8——+0H iftea
30200 80300 30400 80500
my [MeV]
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CKM unitarity & DY

[Cirigliano, Dekens, de Vries, Mereghetti & Tong, 2204.08440]

0.3

C (TeV?)

-0.3 L ] . - i 1 i i L l A
-0.4 -0.2 0.0 0.2

Ca (TeV‘z)
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[Ellis, KM, & Zampedri; 2304.06663]
[See also Corbett, Helset, Martin & Trott; JHEP 06 (2021) 076]

Beyond Dimension-6

Precision?

. . B L (?
Are dimension-8 effects important” EFT validity?
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[Ellis, KM, & Zampedri; 2304.06663]
[See also Corbett, Helset, Martin & Trott; JHEP 06 (2021) 076]

Beyond Dimension-6

Precision?

Are dimension-8 effects important?

EFT validity?
« Explicit study of Y=0 triplet scalar, =

1 ] 1
L = E(DHE‘.“)(D”E‘.“) -5 2(E°E%) — kigH'E%°H — A=(B*E*)(H'H) — Z;75(5'35&)2
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[Ellis, KM, & Zampedri; 2304.06663]
[See also Corbett, Helset, Martin & Trott; JHEP 06 (2021) 076]

Beyond Dimension-6

| | _ . Precision?
Are dimension-8 effects important” EFT validity?
« Explicit study of Y=0 triplet scalar, =
1 1 1
Pe = —(D,BEY)DHEY — —MZA(B*EY) — kxH % °H — 1=(B*BY(HH) — —no(BYE%)?
= =5 (D,EHD'E) - —Ms( Ks =(EENHH) — - 0e(8°E)

« my, dominates the constraints on this model

Dim-6: Opp, = (H'D*H)” (H'D,H) Dim-8: 62 = (H'H)(H'6'H)(D H'c' D*H)

A2
C5w 2

2 A ) A A A A 2

oMy ¢w Chp oMy Cw [ Sw(Cow — Sw) Cip _c®
2 A ) - 9A HS

My | p= Cow 2 My Ip_g 2Cow
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[Ellis, KM, & Zampedri; 2304.06663]
[See also Corbett, Helset, Martin & Trott; JHEP 06 (2021) 076]

Beyond Dimension-6

Precision?

. . B L (?
Are dimension-8 effects important” EFT validity?

« Explicit study of Y=0 triplet scalar, =

1 1
s = —(D E7)(DFE®) — —M =(B*E?) — kgH'E%“H — Az(E*E*)(H'H) - Zm(:ﬂ:ﬂ)2

« my, dominates the constraints on this model

Dim-6: Opp, = (H'D*H)” (H'D,H) Dim-8: 62 = (H'H)(H'6'H)(D H'c' D*H)

2 A 2 A A A A 2
oMy __‘w Chup oMy, __‘w Cw(Cow — Sw) Cip —C®
miy |p- Cow 2 my Ip=g  2Cow Cowy 2 i
Dim-6: Dim-8:

) 2 2 2 2

K3 K& 4u K3 K&

— _9n_= _ _n_=& _ 2 _ 2B [ 4 _ =
SN O [y
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[Ellis, KM, & Zampedri; 2304.06663]

Pre-CDF

Single parameter: Kz
95% CL interval, Az==n==0

D8 1|
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[Ellis, KM, & Zampeadri; 2304.06663]

Pre-CDF

Single parameter: kx Two parameter: Kz, Az
0. 95% CL interval, A==n==0

— EWPO, Dim-6
— EWPO, Dim-8
— EWPO & pjf, Dim-8 |
-- 68 % C.L. |
— 95 % C.L.

— Unitarity/
Boundedness

0 0.1 0.2 0.30 0.1 0.2 0.3 0.4 0.5

D8 1|

0 0.2 0.4 0.60 0.2 0.4 0.6 0.8 1.0
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[Ellis, KM, & Zampedri; 2304.06663]

Profiled

Single parameter: Kk Two parameter: Kz, Az

) I;rofiled k2>, incl. theory bounds

— EWPO, Dim-6
— EWPO, Dim-8

— EWPO & i, Dim-8 |
-- 68 % C.L. |
— 95 9% C.L.

— Unitarity/
Boundedness

0 0.1 0.2 0.30 0.1 0.2 0.3 0.4 0.5

0 0.2 0.4 0.60 0.2 0.4 0.6 0.8 1.0

K. Mimasu - MWDays23 - 19/04/2023 27 myy, in the SMEFT



[Ellis, KM, & Zampedri; 2304.06663]

CFT Validity

Relative W-mass shift, dmy; n==0

_ Dim-6
| — Dim-8

'|— Full model

| — 6mw=6mSP+ 20
| == 6my=6myF-20

Unitarity/
Boundedness

0 0.1 0.2 0.3

K. Mimasu - MWDays23 - 19/04/2023 28 myy, in the SMEFT



[Ellis, KM, & Zampedri; 2304.06663]

EWPO & j

el, my only

d

mo

Dim-8 (CDF my)

/
h?

—  Full (my only)

Unitarity/

Boundedness

N

0.5 0.0

0.2 0.3 0.4

0.1

0.0

myy in the SMEFT

29

K. Mimasu - MWDays23 - 19/04/2023



Conclusions

myy, is a precise probe of a direction in SMEFT space

* Crucial input to global fits, lifts a quasi-flat direction

SMEFT can globally accommodate m%,DF

« Higgs & Diboson data relatively less precise = Full 20-parameter fit remains
consistent with SM

« SMEFT can help to pinpoint specific tree-level UV completions
RGE effects in

» Beyond tree-level? EwrPO @ NLO [Pawson & Giardino; PRD interpreting CDF my,
101 (2020) 1, 013001]
[Gupta; 2204.13690]

Interplay with CKM unitarity

Study of Dimension-8 effects in the scalar triplet model

* Dim-8 better reflects the constraints w.r.t full model

* Until the SMEFT expansion breaks down in strong coupling regions
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SMEFT: SM v2.0

D)D)
L=Lsu+ Z ZAD—ZAL
i,D
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SMEFT: SM v2.0

D) (D)
L= Lsm+ Z ZAD—Z4
i,D

BSM particle masses M &=»  Generic new physics scale A
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SMEFT: SM v2.0

(D) (D)
L=Lsw+) S pi
i D

BSM particle masses M <€=»  Generic new physics scale A

. (D)
Taylor expansion of A ge ¢}> Tower of operators @i

@(D) D Low energy (SM)
i fields & symmetries

K. Mimasu - MWDays23 - 19/04/2023 32 myy, in the SMEFT



SMEFT: SM v2.0

D) (D)
L=Lsw+ ), pi
i D

BSM particle masses M <€=»  Generic new physics scale A

. (D)
Taylor expansion of f gens {:} Tower of operators @i

@(D) D Low energy (SM)
] fields & symmetries
| c?
Model parameters { gho\p. M} <€=» Wilson coefficients o (8hsve Mi)

measure g; . new physics
model parameters

measure c; . coupling strengths
of new BSM interactions

"‘Matching”

K. Mimasu - MWDays23 - 19/04/2023 32 myy, in the SMEFT



SMEFT: SM v2.0 fe=Y 5

SM = low energy effective description | su(3). x SU@). x U(1)y
» New physics = tower of irrelevant (D>4) operators ( G ) P

* Respecting low energy field content & symmetries
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SMEFT: SMv2.0 4«=3 w0

SM = low energy effective description | su(3). x SU@). x U(1)y

* New physics = tower of irrelevant (D>4) operators B GT . 9
P \v+h+iG°)

1
2

* Respecting low energy field content & symmetries

alGC X2 €16 Wy, WP WK X?H?: (p'p)*Ge,GH” ggh(h)
A H : (p'p)’ H*D?: (" D*p)*(¢" DH ) SMz
Vi W H? : (0'0)%(qiuj @) V*XH : (g 0" u; ¢)B, dipole
vy GPHD: (01D, )@ ;) 6 (@™ 45) (@ v @) AF
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SMEFT: SMv2.0 4«=3 w0

SM = low energy effective description | su(3). x SU@). x U(1)y

* New physics = tower of irrelevant (D>4) operators B GT . 9
P \v+h+iG°)

1
2

* Respecting low energy field content & symmetries

alGC X2 €16 Wy, WP WK X?H?: (p'p)*Ge,GH” ggh(h)
A H : (p'p)’ H*D?: (" D*p)*(¢" DH ) SMz
Vi W H? : (0'0)%(qiuj @) V*XH : (g 0" u; ¢)B, dipole
vy GPHD: (01D, )@ ;) 6 (@™ 45) (@ v @) AF

More than ‘just’ a parametrisation of ignorance

* Unlike anomalous couplings * Renormalisable QFT (order-by-order)

o Finite energy range (~A) * Well defined matching procedure
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SMEFT interpretation

(6) (6)
EXP _SM Z an,i(u) c;, (1) 1
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SMEFT interpretation

|[mproving sensitivity means improving...

n

(6) (6)
EXP _SM Z anjz‘(ﬂ) c;, (1) 1
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SMEFT interpretation

|[mproving sensitivity means improving...

(6) (6)
_ EXP _SM __ anjz‘(ﬂ) c;, (1) 1
_ on "0 T Zz A2 -O A3

Global nature
AS many observables
as possible

|dentify patterns &
correlations In fits

EXploit energy-growth
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SMEFT interpretation

|[mproving sensitivity means improving...

(6) (6)
n ’I, 1
B S0 (3

Global nature Sensitivity
AS many observaples Experiment
as possible Best measurements &

understanding of

|dentify patterns & uncertainties and
correlations In fits correlations

EXploit energy-growth Theory

Best avallable
predictions for
observables (NLO,
NNLO, N3LO,...)
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SMEFT interpretation

|[mproving sensitivity means improving...

Global nature Sensitivity
AS many observaples Experiment
as possible Best measurements &

understanding of

|dentify patterns & uncertainties and
correlations In fits correlations

Interpretation
Relles on accurate
knowledge of the size
& correlation among a

Determining ci(®
requires most precise

available SMEFT
predictions

EXploit energy-growth Theory:

Best avallable
predictions for
observables (NLO,
NNLO, N3LO,...)
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Iheory

[Grzadkowski et al.; JHEP 10 (2010) 085]

== 5\ ( R LL)(RR)
- — 2 (LL)(LL) (RR)(RR) (LL)( e
3 H" and H"D = € e }(E 'uEt) c):.g (IP'TF F)(ES'T €t
i ; H' H)(Lye H) O | G )@rt) | 0. [ (@mer)(en At
o FABC GAvBpiCh O, (H'H) O.u ( bper o " ) O (ﬁﬂ”u,—}(ﬂﬂ“m) O,. (I_ﬂﬂir)('tfﬂ U )
¢ T Gy "G TH)O(H' H o (H'H)(gyu, H) 0, (@79 )\ 87" 4 " ] 0 (L Yulr)(dsy* de)
Os | fABCGAGEPGSH || Ouc (H H)0(H H) -  H)(,d, H) 05 | @wr'e)(@'r'e) | Ou (A7) (d7" ) N i yadh
O, IJHW}::WJPWH# O, (HTD#H) (H*DpH) Oun (H'"H)(qpd, O“:' (;u'hu (@ qr) ., (€ fyuer)(fiﬂ#uf) 0O,. (?p’?’p'i‘r)(fs"f”ﬁt}
LIK v Jpwﬁ'.u & i ol O (€76, )(dy"d,) o (@p v gr) (TsyH ue)
c)':i W W 9 2 @;q ( FT.H J ){q.ﬂ'ﬁ}r T qt) ed P H - (8) TA )(u F,T.Aut)
XEHE ﬁbEXH Y HﬁD '@iﬁl {upﬁaﬁur)(t{!’}““diﬁ g?r} (qP}“# qr)(dgzﬂdt)
— 1 ] 1 25 H qd q:r' 5
O HYH GA gAwv O... (IPJ""er)TIHWi,_, Ol (HTE_J?# H)(1~"1;) 0% | (tpy T, )(dy* T dy) o) (1 Ti?ﬁq \(dy*TAd,)
pik it — 3 : - | qd p r/\"s
C) - HtH é.-"-l G."-lll'..!.u ﬂeﬂ (IPU'PFEr}HBpu .E'-H} (H.I.ED.#{' H){IFT TFE’*} B = — B . lﬂti]].
Hé n = oAy \ B A o (H'iD, H) (&, e,) (LR)(RL) and (LR)(LR) P NT gk
O uw HVH Wﬁywmy O.c (Gpot*T ur)H pav :4} ’r pig p ) 5 Te)d q{) 0... Euﬂ—ysjk [(dg]TCuﬂ [(q;u) C'It]
= — I L ] 7] y led r 8 = . T
Onw HVH W, Wi Ouw (@ ur)r HW,, o (if L‘DIF H}(qu ﬁ ) 0“}1 (‘fi’;: )ik (T5dy) Ouan e*PVe i [(Q‘IJ}TEQE;},[ u?mC;gzﬂ
— 7 (3) * 7l - qug _ r #
O H'H B,, B Ous (3p0*“ur) H By O | (HDy H) @7 ar) Oplas | (@T ur)ejn(@Te) || Oy ﬂﬁTE’",:fm [(“53; (;i} [(]']'[)(E“Ce)] ]
. — _ ¥ o U
Ows | H'HB,B" O | (@™ T d)H Gy || On. | (HiDu H)(W"ur) | g | ey k() || O (d)" Cu :
O Hi+TH WI BHv O, ( Pﬂ'“”dr)‘r‘rﬂ' W;{H Oua (Hliﬂu H )(‘fp’?’pd’r} G;:::u (E%ﬂ',wer)&‘jk(ﬁﬂ""m)
Ousn | HTHWLE” | Ouw | (50" d)HBu | Oues | i DH) iy ds)
HWBEB

K. Mimasu - MWDays23 - 19/04/2023

39

myy, in the SMEFT




Iheory

[Grzadkowski et al.; JHEP 10 (2010) 085]
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Warsaw basis with CP & B conservation

* Full ‘'oosonic’ sector: HIggs, triple-gauge & gauge-Higgs

* Scenario 1: Flavor-universal degrees of freedom

U(3)L X U(3)e X U(3)a X U(3)u X U(3)s
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[Grzadkowski et al.; JHEP 10 (2010) 085]
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Warsaw basis with CP & B conservation

* Full ‘'oosonic’ sector: HIggs, triple-gauge & gauge-Higgs

* Scenario 1: Flavor-universal degrees of freedom

J(3) x UB)e x U(3)ax UB)y x U(3)g  + Yukawas: Oy, Opy, O, Oy
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[Grzadkowski et al.; JHEP 10 (2010) 085]

X3 H® and H*D? Y2 H? (LL)(LL) (RR)(RR) (LL)(RR)
O fﬂﬂﬂ'gﬂpaf,ﬂgg}p O, (HTH)E 0., (H*H}(I_pﬂ.,-{{} 0., (Lpyul: ) (Isy"L) 0.. (Epyuer)(EsyHey) 0. (Ep"r'pir)(ﬁs yHe,)
Oz fAHGGﬂPGEPGE# Ouc (HiH)D(HTH) O.u (HTH) (ﬁpﬂrﬂ) 05:3 (quﬂq’f‘) {anpqi) O.. ('ﬁ‘_PTuuT}(TfSTFHi) O, ('!_p”f#ir )(ﬂ_a T“ut)
Ow e T RW WP R Ouwp | (H'D*H)" (H'D,H) Oun (H'H)(gpd, H) O | (pyum'a:) @V 7'q) || Ou (dpyudyr)(dsy" dy) O (LpVulr ) (dsy" de)
v LIKyy vy Joyy Ku O’ (Lpulr ) (@s* ) O (€ (UsyHuy) 0 (Tpyugr) (€7 er)
O £ WH W,_.- WP lq - p Y ubr )\ Gt eu EpTutr u_s"]'“ (% ge Gp Y ulr )\Es7" €t
X?H? v X H V?H?D 0 | Lyur'l) (@' q) 0. (Epvuer)(dsy"dy) 0. (3 79r) (857" 1)
- g 0. (Tpyuter) (dsy*dy) O | (@ YuT"qr) @y T us)
1 A ~Auv v I I (1) fa m b L qu PR FIATS :
Ove | H'HGLG Sew | (Geteam Bl | Ox | (W M)y 08 | (@ Tu)(dyTAd) | 08 | (@va.)(deyd)
Oua H'H G, G Q.. (IFJ-“”E,}HEM O, (HHD# H)(l,7'v",) 0 (qp’}f“T‘qq,—)(dﬂ“Tﬁdt)
Ouw H'H W], Win O.c (qpo*T4u,)H G2, O, (H1iDy, H)(Epn"er) (LR)(RL) and (LR)(LR) B-violating
Ouw HYHW], Wi Ouw (@potur)T' HW], 05 (H'iD, H)(g,7"q,) O..., (Lie,)(dsqi) O, ey [(d)TCul] [(g)7)T CLE]
~ - N . o :
O H'H B, B** O, (Gpo*ur)H By, 0% | (H'D! H)(gyr'v#q,) || || Owaa | (@ur)eju(@sde) Ougu e*ejx [(g57)" Cq*] [(u}) " Cey]
Ous HH B,, B™ 0 (Go™TA)HGS, || © (YD, H)(@u,) Oaa | (BT ur)eje(@5Tdr) | O e*Pejnerm [(g57)" Cal*] [(a7™) " CIY]
- - e tgwt | o e oh.  @een@u) | O e [(dg) T Cuf] [(u7)" Cel]
O - H TIH %I:,B“ O ew (fj'pﬂ'“ d.)r Hwﬂp Ora (jHHEDu H)(dpﬁrpdrj D;::“ (IgJFpEr)Ejk(qfﬁﬁ"ut)
Oyive H'T"HW,, B" O, (Gpo*’d,)H B, Osrna i(H'D, H)(u,y"d,)

Warsaw basis with CP & B conservation
* Full ‘'oosonic’ sector: HIggs, triple-gauge & gauge-Higgs

* Scenario 1: Flavor-universal degrees of freedom

J(3) x UB)e x U(3)ax UB)y x U(3)g  + Yukawas: Oy, Opy, O, Oy
ctf. Minimal flavor violation

[Buras et al.; PLB 500 (2001) 161]
UEB)Lx U(B)e x U(2)a X U(2)u X U(3)d 5 ambrosio et al. NPB 645 (2002) 155]
[Aguilar-Saavedra et al.; arXiv:1802.07237]
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* Scenario 2: top-centric flavor symmetry
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[Ellis, Madigan, KM, Sanz & You, JHEP 04 (2021) 279]

Degrees of freedom

Flavor

scenario
EWPO: OHWB: OHD: Olla Ogl)a Ogg)a OHEn O(Hgf)jr: ng}: OHd: OH'U.L

Universal  |Bosonic:  Opn, Oug, Oaw , Ous, Ow, Og,
Yukawa: Org, Oun, Own, Oin, 20

3 1
OE{ZQ ) Og'fg);) ’ OHf . OtGa Otw ’ OtB ;

3,1 3,8 1,8 R 8 8 8 ]
OquOQqJOQq:OQu,OQd,OtQ,Otu,Otd_

‘Top specific’
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[Ellis, Madigan, KM, Sanz & You, JHEP 04 (2021) 279]

Degrees of freedom

Flavor

scenario

EWPO: OHWB: OHD: O”:’J Ogl)a Ogl)a OHE: 01(331; Og;: OHda OHU

Universal  |Bosonic:  Opgno, Oy, Oaw , Ous, Ow, Og,
Yukawa: Org, Oun, Own, Oin,

‘Top specific’

Yukawa
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SMEFT fit

Individual Marginalised
SMEFT Best fit 95% CL Scale Best fit 95% CL Scale
Coeff. A =1 TeV] range % TeV] || [A =1 TeV] range % |'TeV]
Crawp -0.01 [-0.009, -0.0034 | 19.0 0.25 0.3, +0.81 1.3
Cup -0.03 [-0.035, -0.019 | 11.0 0.6 1.8, +0.63 0.9
Ci 0.02 [ +0.014, +0.034 ] 10.0 .0.05 [-0.099, +0.0043 ] 4.4
c? -0.01 -0.019, -0.0083 | 14.0 .0.01 [-0.11, +0.076 | 3.3
cth 0.00 -0.0045, +0.013 | 11.0 0.16 [-0.15, +0.47 | 1.8
Che 0.00 -0.015, +0.0071 | 9.6 0.28 [-0.34, +0.9 ] 1.3
Cy) 0.00 [-0.013, +0.011 9.1 -0.05 [-0.11, +0.012 | 4.1
Cy) 0.01 [-0.027, +0.043 5.4 0.07 [-0.2, +0.06 | 2.8
Chd -0.03 [-0.13, +0.072 | 3.1 -0.44 [-0.96, +0.079 | 1.4
Cire 0.00 [-0.075, +0.073 | 3.7 -0.18 [-0.62, +0.26 | 1.5
CHBes -0.27 [ -1, +0.47 | 1.2 1.1 [-3.2, +1] 0.69
Crc 0.00 [-0.0034, +0.0032 | 17.0 -0.01 [-0.026, +0.013 ] 7.2
Cruw 0.00 [-0.012, +0.006 | 11.0 0.18 [-0.33, +0.7 | 1.4
Cus 0.00 [-0.0034, +0.002 | 19.0 0.09 [-0.074, +0.24 | 2.5
Cw 0.18 [-0.072, +0.42 | 2.0 0.15 [-0.1, +0.4 2.0
Co -0.75 [-4, +2.5 ] 0.56 1.3 [-6.1, +8.7 0.37
Coy 0.01 [-0.015, +0.025 ] 7.1 0.00 [-0.017, +0.027 | 6.7
Cun 0.00 [-0.0057, +0.005 | 14.0 0.00 [-0.0056, +0.0052 ] 14.0
Cont 0.00 [-0.016, +0.024 | 7.1 0.02 [-0.027, +0.058 | 4.8
Cert -0.09 -1, +0.84 | 1.0 9.7 [-8.8, +3.3 ] 0.41
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Operators

Dim - 4 OH4 (HTH)2 H®, H°D?* and H*D* (LR)(LR)H? + h.c
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