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Effective Field Theories

e Effective Field Theories for indirect tests of new physics

What direct searches look for

(e.g Z° search in dilepton spectrum)
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Effective Field Theories

e Effective Field Theories for indirect tests of new physics

What indirect searches look for

(e.g Z° effects in dilepton spectrum)
If Ecoir < M7z one can still test

IIII|IIII|l||||lIII|[III|IIIIIIII]|II[[

g - Eon " =Diepton iy virtual effects of NP looking for
w  10° “ : N “deformations’” in SM measurements
Ry / ] Z' . (3 TeV) 5
2 10 : | For Econ << Mz these low-energy effects can be
3 : . . .
7] ] A | well described by effective interactions
10° - i :; N V2 Vs
E :q. | q®> K M2
10° E ”
— I ]
- Noresonance | o —
1 = = wl w
0 = butzSM | | 3
1 - | o | | | In general, the whole set of such possible
500 1000 1500 2000 2500 3000 3500 4000 4500 deformations can be studied with minimal

Dielectron Invariant Mass [GeV] reference to the nature of the UV theory

L=~Lsu+ Ly + Lz 5, Lrg

Jorge de Blas Seattle Summer Study Meeting 2022 - Higgs/EW Fit: From the HL-LHC to u+ u- colliders
University of Granada July 21, 2022



Effective Field Theories

e The philosophy of Effective Field Theories:

o —

A

We don’t need to know this to describe the physics here

QFT +

Particles, Symmetries
Expansion pars/Power counting

e SMEFT: SM particles and symmetries at low energies, with the Higgs scalar in an
SU(2)1 doublet + mass gap with new physics (entering at scale A, NP decoupled

for A—>oo)
Luv(?) — Ler=) 4.4 ﬁﬁd = Lsm + %55 + ﬁﬁa + .-
E<A d—4
’ ’ Observable A

Effects q= ’U,E < A
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Effective Field Theories

e The philosophy of Effective Field Theories:

o —

A

We don’t need to know this to describe the physics here

QFT +

Particles, Symmetries
Expansion pars/Power counting

e SMEFT: SM particles and symmetries at low energies, with the Higgs scalar in an
SU(2). doublet + mass gap with new physics (entering at scale A, NP decoupled

for A—>oo)
Lov(?) —  Leg =D g 4 5a=ala = Lsm + ;L5 + 32L6 +
BE<A d—4
Ed:Z-CflOi O] =d —— (2)
¢ ¢ Observable A

Effects q= ’U,E < A

Model-independent within assumptions

General but does not necessarily capture
all possible interesting new physics scenarios
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Effective Field Theories: The SMEFT
e LO SMEFT Lagrangian (assuming B & L) = Dim-6 SMEFT: 2499 operators

Warsaw basis operators (Neglecting flavour)
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Effective Field Theories: The SMEFT
e LO SMEFT Lagrangian (assuming B & L) = Dim-6 SMEFT: 2499 operators

Warsaw basis operators (Neglecting flavour)

Operator Notation Operator Notation Operator Notation Operator Notation
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EWPO EW diboson Higgs Top (Had. Coll., Lept. Coll.)
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Global SMEFT analyses

e Many EFT operators entering in Higgs processes at LO (tree level and O(1/A2))
“Model-independent” only when including ALL contributing operators

e But SMEFT automatically incorporates correlations between Higgs and other
processes imposed by gauge invariance + linearly realised EW symmetry

Study the different sectors globally
(i.e. including all operators)

= Use Global fit (i.e. EW/Higgs/Top/Flavor)

to constraint all directions

® |n this talk | will introduce (and discuss part of) the global SMEFT studies
performed for the Snowmass.

® More details in the following talks by M. Peskin,V. Miralles and Y. Du.

Jorge de Blas Seattle Summer Study Meeting 2022 - Higgs/EW Fit: From the HL-LHC to u+ u- colliders
University of Granada July 21, 2022




From the ESU2020 to Showmass
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SMEFT studies: ESU2020 — Snowmass
® ESU2020: The starting point for the Snowmass SMEFT studies E“'°pea“g"ateg)
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J. B.etal., JHEP Ol (2020) 139

® Special emphasis on the Higgs sector and sensitivity to BSM deformations of
Higgs couplings

® Expressed in terms of “effective couplings”:

g%;fX2 FH—>X FZ N L &MZ A ’gZee L’Q ’gZee R’Q
- ° —ete T . e .
FH—>X 6 sin” 0, cos? 6, ‘gZee L2+ |gZee Rl
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SMEFT studies: ESU2020 — Snowmass
® ESU2020: The starting point for the Snowmass SMEFT studies E“'°pea“g"a‘e99

Inputs of SMEFT fits
Higas diBoson EWPO
- N 99 (WW,W2) | (Z pole, mw, ...
Higgs
Rates (signal strength)
—_ c-BR
n = LEP2
oSM.BRSM Yes () (aTGC dom.) LEP/SLD No
(Inclusive) cross section
OzH = 0'(€+€_ — ZH)
Only possible at Yes (U, ozH)
lepton colliders (Complete with HL-LHC) Yes (aTGC dom.) Yes Yes (365 GeV, Ztt)
o Y,
( aTGC J
(Sglza 5’4377 Az Yes (”, OZH) _ Yes
Complete with HL-LHoy  Yes (HEIIMIY) oo d. Return, Giga-z) | Yes (000 GeV, Zit)
[ EWPO )
MZa FZa FZ—>f> A{«“B,LR’
Yes (U, ozH)
Mw, Tw, Tw (Complete with HL.LHo) YeS (@TGC dom) Yes No
Z physics via Z-pole:
Vs=Mz: ete - Z — X
or Rad. Return: Yes (Full EFT Yes
Q/E >My: ete” - ~vZ —~vX Yes (i, oz parameterization)  (Rad. Return, Giga-2) Yes
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SMEFT studies: ESU2020 @ Snowmass

® Snowmass: Updated for the SMEFT studies

Inputs of SMEFT fits
[ Higgs h
Rates (signal strength)

c-BR

H = SsMpRrs™

(Inclusive) cross section
OzH = 0'(€+€_ — ZH)
Only possible at

L lepton colliders y
aTGC
(Sglza 5’4377 >\z
[ EWPO D

MZa FZa FZ—>f> A{«“B,LR’

MWa FW, FW—)f

Z physics via Z-pole:
Vs=Mz: ete - Z — X
or Rad. Return:
Q/§>MZ: ete” - ~vZ —~vX

Jorge de Blas
University of Granada

Higgs

Yes ()

Yes (U, ozH)
(Complete with HL-LHC)

Yes (U, ozH)
(Complete with HL-LHC)

Updated
Yes (U, OzH)
(Complete with HL-LHC)

Yes (U, ozH)

Yes (u)
125 GeV/3 & 10 TeV

diBoson
(WW,W2Z)

HL-LHC

Full EFT param.

Full EFT param.

Full EFT param.

Full EFT param.

Full EFT param.

Full EFT param.

(Z pole, my, ...)

(Rad. Return, Giga-2)

NEW for

Snowmass 2021

EWPO

Top

LEP/SLD Yes
Updated
Yes Yes (365 GeV, Ztt)
Updated
Yes

Yes (500 GeV, Ztt)

Updated
Yes No

Yes Yes
(Rad. Return, Giga-2)
No. From LEP/SLD No
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SMEFT studies: ESU2020 @ Snowmass

o NOWINZ 2 Ndated 10 ne NV T studies NEW for
Snowmass 2021
HL-LHC ppoWW, WZ
EFT parametrisation from diBoson EWPO Top
(WW,W2) (Z pole, my, ...)
' C. Grojean, M. Montull, M. Riembau, JHEP 03 (2019) 020
\
Rates (signal strength) HL-LHC

0= asﬁ:ggsm HL-LHC Yes () ull EET param. LEP/SLD Yes

Full EFT param. Yes No

(r Updated
o Optimal Observable analysis Yes Yes (365 GeV, Ztt)
of ete— W-W+
“— Max. Statistical info ‘ yog UPdated
Explores all x s Full EFT param. | a4, Return, Giga-z) Yoo (900 GeV. 2t
differential info in e
— phase space distr. S(®): _ Updated
Mz

S(®) = So(®) + 325 ciSi(P)

N Si(®)S;(#)\ 1 Yes
cov(c;, cj) = (EdeI) So (P) ) + O(ck) Full EFT param. (Rad. Return, Giga-2) ves

\/g J.B., G. Durieux, C. Grojean, }J. Gu, A. Paul, JHEP 12 (2019) 117
V'8 3 See M. Peskin’s talk for details Fl EFT paraph. ~ No. From LEP/SLD No
. JV
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SMEFT studies: ESU2020 @ Snowmass

® Snowmass: Updated for the SMEFT studies NEW for

Snowmass 2021

Inputs of SMEFT fits Hias diBoson EWPO o
(WW,W2) (Z pole, mw, ...)
( Higgs h
Rates (signal strength) )
o-BR Yes (i) Muon Collider Higgs precision

H = SsMpRrs™

High-E: via WBF or ZBF
M. Forslund, P. Meade, arXiv: 2203.09425 [hep-ph]

u*u~ Single Higgs Production

(Inclusive) cross section

Oz7H = 0'(€+€_ — ZH) e (“’ GZH)

(Complete with HL-LH(

Only possible at 10003
lepton colliders 1005 "
- P p
Yes (U, ozH) 10,
aTGC (Complete with HL-LH( =) i
— 5 1y
012y 0K~y Ay i
0.100:
Yes ( Upd)ate g
a4 ) es (Y, OzH 0.010L
EWPO f (Complete with HL-LH(
Mz, Tz, FZ—>f7 AFB,LR’ 0.001 Y R
05 1 5 10 50
Vs [TeV]
MWa FWa FW—)f
Yes (U, OzH) 125 GeV: yp—H

Z physics via Z-pole:
Vs=Mz: ete - Z — X
or Rad. Return:
Q/§>MZ: ete” - ~vZ —~vX

J.B., J. Gu, Z. Liu, arXiv: 2203.04324 [hep-ph]

Yes (p)
@ws & 1@%" EFT param.  No. From LEP/SLD No
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SMEFT studies: ESU2020 @ Snowmass

® Snowmass: Updated for the SMEFT studies [NEW for j

Inputs of SMEFT fits

diBoson EWPO
(WW,W2Z) (Z pole, mw, ...)

[ Higgs )
Rates (signal strength) -
S BR Yes (1) ol RET e LEP/SLD Yes
H = ZsMBRS™ P '
r

EWPO updates

Yes (365 GeV, Ztt)

=t Conservative assumptions for A ¢

""""""""""""" ESU2020:
"""""""""""""""""""" ] ] Updated
o - _ Different ete- colliders Yes
SSSSSESSESEISEIS RN, | | [H [ EESESETEttotiettt! | | RSt :i:ﬁ‘lo . _ . Rad. Ret Gi a'Z) Yés (500 GeV, Ztt)
firceeee | EEraeEs Smeeer BE: using different assumptions (Rad. Return, Gig
B [T | I for common systematics
"""""""" (e.g. QCD in Arg®-9) Updated
bR N B | R I 1 Yes No
,,,,,,,, Snowmass:
A B L w0t Consistent assumptions on Yes v,
o E - (Rad. Return, Giga-2) s
————— common systematics, ' ’
applied uniformly to all
+e- collider pr |
| B /. 10 e'e collider proposals No. From LEP/SLD No

gi=cgi=° gt gk gf=*g¥ g? gf
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SMEFT studies: ESU2020 @ Snowmass

® Snowmass: Summary of collider scenarios considered in the ﬁ

SMEFT studies

See Backup slides
for details on the
EW/Higgs inputs

used from each
collider project

Jorge de Blas
University of Granada

Machine | Pol. (e7,e™) Energy | Luminosity
HL-LHC | Unpolarised 14 TeV 3 ab™!
250 GeV 2 ab!
(e | GF80%. £30%) | 350 GeV | 0.2ab7!
500 GeV 4 ab~!
(F80%, £20%) | 1 TeV 8 ab™!
380 GeV 1 ab™!
CLIC (£80%, 0%) 1.5 TeV | 2.5ab™!
3 TeV 5ab~!
Z-pole 150 ab™?
2mw 10 ab~!
FCC-ce Unpolarised | 240 GeV 5 ab™!
350 GeV | 0.2 ab™!
365 GeV 1.5 ab™!
Z-pole 100 ab™!
2mw 6 ab~!
CEPC Unpolarised | 240 GeV | 20 ab™!
350 GeV | 0.2 ab™!
360 GeV 1 ab™!
125 GeV | 0.02 ab™!
MuC Unpolarised 3 TeV 3 ab!
10 TeV 10 ab™!

Snowmass 2021

‘ HilL umi
HL-LHC PROJECT

e
11"

/ /)

f 7 \
International
UON Collider

/ Collaboration
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SMEFT studies: ESU2020 & Snhowmass
® ESU2020: The starting point for the Snowmass SMEFT studies Empeans"amG)

SMEFT assumptions

SMEFT truncated at the dim 6 in the EFT expansion (Calculations performed in a modified version of
the Warsaw basis)

CP-even operators

Neglect effects from 4-fermion operators other than the 4-lepton operator contributing to x decay
(and hence to Gg).

4-fermion operators assumed to be constrained better in non-Higgs processes (e.g. pp — ff or
ete- — ff at high E)

No dipole operators (Relevant for general analysis of Top processes, but are neglected in our studies)

Two types of flavor assumptions: flavour universal (18 NP pars) and flavour diagonal (30 NP pars)

Neutral Diagonal: SMEFTnp fit

-Hff and Vff (HVf}) diagonal in the physical basis -Better for exploration of H & EW

. . . - capabilities at future colliders
-Vff (HVff) flavour universality respected by first 2 quark families _Cﬂmbersome from model-building

point of view to avoid FCNC

Parameter counting in the parameterization of LHCHXSWG-INT-2015-001 Higgs /VVV
SMEFTnDp = {0m, Cggy OCzs Cymys Czmyy Czzs Cz[0y OYts OYcy OYby OYry OYp, Az }

+ {(097™)qs» (095 %) qi» (097" )5 (097°)es (095 ) qi» (095 ) s (095°)e |

VIif/hVif 5 SM + 30 New Physics Parameters

q1=q27#q3, L=e,u,T
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SMEFT studies: ESU2020 — Snowmass ( NEW for ﬂ]

-
® Snowmass: Updat 4-fermion operators included in Snowmass studies,

combining low-energy and and efe—ff at high-E

Also considered constraints on CP-odd boson operators .
e SMEFT truncated at the d rsion of

the Warsaw basis) See Y. Du’s talk in this session

e (CP-even operators

effects from 4-fermion operators other than the 4-lepton operator contributing to
and hence to Gf).

4-fermion operators assumed to be constrained better in non-Higgs processes (e.g. pp — ff or
ete- — ff at high E)

2d in our studies)

e Two types of flavor assump* S ; = - —aa-mnars)
4-fermion and dipole operators also included in Top
observables
-Hff and V{f (HVf}) diagonal in t See V. Miralles’ talk in this session EW
_Vﬁ(HVfﬁ ﬂaVOUF Unlversallty I’e - O Iy TImTort Z— gquarntartmmmroo 'Cumbersome Trom model_building

point of view to avoid FCNC

Parameter counting in the parameterization of LHCHXSWG-INT-2015-001 Higgsﬂ/VV

SMEFTnDp = {0m, Cggy 0Czy Cy~y Czys Czzy Cz[0y OYty 0Yey OYbs OYr, OYp, Az}
+{(097")qi» (097 V) > (397" )2, (897 °)es (095% )i (0977 ai» (3975 )e}

VIif/hVif 5 SM + 30 New Physics Parameters

q1=q27#q3, L=e,u,T
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SMEFT studies: ESU2020 — Snowmass [NEW or ﬁ]

® Snowmass: Updated for the SMEFT studies

SMEFT assumptions

e SMEFT truncated at the dim 6 in the EFT expansion (Calculations performed in a modified version of
the Warsaw basis)

e (CP-even operators

e Neglect effects from 4-fermion operators other than the 4-lepton operator contributing to x decay
(and hence to Gg).

4-fermion operators assumed to be constrained better in non-Higgs processes (e.g. pp — ff or
ete- — ff at high E)

® No dipole operators (Relevant for general analysis of Top processes, but are neglected in our studies)

e Two types of flavor assumptiop=——&=—=—uuaiauanl LoD ' qal (30 NP pars)
Working on relaxing this assumption

N More on this later...

-Betier Tor exploration of H & EW
capabilities at future colliders
-Cumbersome from model-building
point of view to avoid FCNC

Parameter counting in the parameterization of LHCHXSWG-INT-2015-001 Higgsﬂ/VV

SMEFTITND = {5m9 Cggs oc, Crvys Czysy Czzy Cz[, OYt, 0Ycy OYpy OYr, 5yu7 Az }
+ {095 qi5 (097 N ais (0957 )2, (097 ) e (095 ) s> (095 ) as» (095 ) e }

VIif/hVif 5 SM + 30 New Physics Parameters

q1=q27#q3, L=e,u,T
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EW/Higgs fit results
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Snowmass SMEFT studies: EW/Higgs fit

107"

1072

Higgs couplings

1073
1074

107"

1072

Higgs couplings

1073

1072
1073

1074

Vff couplings

107°

107"
1072

1073

Vff couplings

1074

Jorge de Blas

precision reach on effective couplings from SMEFT global fit
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Snowmass SMEFT studies: EW/Higgs fit

precision reach on effective couplings from SMEFT global fit

Snowmass 2021
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Snowmass SMEFT studies: EW/Higgs fit

precision reach on effective couplings from SMEFT global fit
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Snowmass SMEFT studies: EW/Higgs fit

Snowmass 2021

precision reach on effective couplings from SMEFT global fit
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Snowmass SMEFT studies: EW/Higgs fit

precision reach on effective couplings from SMEFT global fit

Snowmass 2021
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Snowmass SMEFT studies: EW/Higgs fit

Snowmass 2021
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Snowmass SMEFT studies: EW/Higgs fit

precision reach on effective couplings from SMEFT global fit

Snowmass 2021
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Snowmass SMEFT studies: EW/Higgs fit

The Top Yukawa coupling

IFH \ I [HC Run 2 + Tevatron + LEP B +HL-LHC S2

BE3st] All the details in V. Miralles’ talk

101.
_2_
10 c8

Cta COq tq COq
Operator Coefﬂcnents
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Global fit: including 4-fermion, dipoles, etc
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Snowmass SMEFT studies: EW/Higgs fit

Jorge de Blas
University of Granada

95% Interval (TeV—2)

The Top Yukawa coupling

B HL-LHC B HL-LHC + CEPC HL-LHC + FCCee B HL-LHC +

All the details in V. Miralles’ talk

] Need of high-E lepton collider
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Operator Coefficients
(" Values in % units | LHC | HL-LHC | ILC500 | ILC550 | ILC1000 | CLIC
5 Global fit | 6.12 | 2.53 1.57 1.30 0.739 | 1.48
| ndiv. it | 508 | 1.85 1.41 1.17 | 0705 | 1.26
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Muon Colliders and the High E frontier
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Snowmass SMEFT studies: High-E u*u- colliders

e Muon colliders: direct reach benefits from absence of Parton Luminosity

suppression From A. Wulzer
Muon Coll. ,/sL 500 | or(sr) = ou(/sSL,5H) |
O'L(SL) — —[§6’]L
< 200
Hadron Coll. \/sH e
1 1 dr dL Ij o1
ocu(F,syg) = — L2286 |
H( ? H) SH sz/SH T dt ]H / ol lllustrative for
QCD-Neutral BSM —— [SO]y=[SO]L
Hadron Coll. operating energy |/sH A5 =10 1351 |
to give same BSM cross section ool o o ,[‘,SU,]H._. .[S.U]E
at E= \/sL as Muon collider 5 10 15 20 25 30

sL [TeV]
® The access to high-E also benefits SMEFT studies, increasing sensitivity to
operators in processes where their contribution grows with energy:

g E-const effects Sensitivity benefits from: )
AQO ‘ o v Accuracy
[O;] O lcg A2 (L, low sys., low TH. unc.)
E-growing effects
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Snowmass SMEFT studies: High-E u*u- colliders

e Muon colliders: SMEFT effects in high-E processes

S. Chen et al. , JHEP 05 (2022) 180

-
W & Y parameters in 2—2 fermion processes
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For the Showmass the 3 & 10 TeV options were considered and these results were
combined with the inputs from Higgs physics
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e Muon colliders: SMEFT effects in high-E processes

EFT results for the SILH effective Lagrangian

Jorge de Blas
University of Granada

Snowmass SMEFT studies

J. B. et al. , arXiv:

Snowmass 2021

2203.07261 [hep-ph]
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Snowmass SMEFT studies

Snowmass 2021

e Muon colliders: SMEFT effects in high-E processes J:B.etal., arXiv: 2203.07261 [hep-ph]

Universal Composite Higgs Models

FCC/CEPC/ILC/CLIC Muon Collider
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Summary and Conclusions

e Starting from the ESU studies, we updated and extended the projections for
sensitivity to BSM deformations at future colliders in the SMEFT formalism

® Focusing on the EW/Higgs sector and in the legacy of HL-LHC measurements:

v Sensitivity to modifications of coupling entering in rare Higgs decays will be
controlled by HL-LHC limits

v Studied the determination of the Top Yukawa in a global manner, including all
relevant operators for ¢tH in a global Top fit (See V. Miralle’s talk):

» Many operators (4-fermion, dipoles) but the fit closes

» Need efe above 1tH threshold to surpass the HL-LHC sensitivity to Top
Yukawa

Y The use of HL-LHC electroweak observables helps to separate BSM
contributions to EW couplings of the |st two quark families

v Not discussed (but also relevant): HL-LHC also the natural place to test
interactions such 4-light-quark operators

e For ete- machines = See M. Peskin’s talk
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Summary and Conclusions

® On high-Energy muon colliders:

v High-Energy allows precise measurements of Higgs couplings as well as to
significantly increase the sensitivity to several operators whose effects grow

with energy in 2—2 processes
v Important complementarity with e*e- factories:
» Electroweak precision measurements

» Higgs width

e Still some work to be done before the final report:
v Studying impact of SM theory uncertainties
v Refining optimal observable analysis in ete—— W7~ (detect effects, sys, ... )

v Sensitivity to Higgs self-coupling (via loop effects)
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Summary and Conclusions

e Thanks to all the members of this SMEFT fit task force who, since November
2020 have been preparing this study and, for now more than one year, have
coordinated across the globe to meet weekly and complete this work

Not easy to find a time that works well for all for our regular meetings...
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Global SMEFT analyses

® The Goal: combine inputs from the different EF to obtain a global SMEFT fit which
can be used to learn from BSM scenarios

High Energy

Pattern? Can we learn something?

UV theory/BSM
i

SA
: -
[Z) " Phenomenology Constraints
o I
= I
| =
(@)
1|l m
I
1V
(SM EET Q:ns;g?:ggi  Signal of NP?
-  Dim6.8 . | Limits on NP?
\- Flavor Struct.é kCorrelations y
Low Energy : LO,NLO

. .
--------------------
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Snowmass SMEFT fit inputs

e (Gauge invariant operators included in the EW/Higgs fit:

Operator Notation Operator Notation

X3 e WIYWPWSH Oy

_ ¢° ((PT¢)3 O (+To be added in the discussion of the H self coupling)
S oD (¢T9)D0(¢7¢) Oy (07Due) (D*9)'9) o
X2¢2 ¢T¢BMVB“V Opp ‘PT‘PW;LZVWWV Opw
0T o, OWS, B Opws 0T oGy, GHHY g%
2 o o
O (‘PT‘Z’) (QL¢dIJe) (ﬁd‘l))ij <¢T¢) (qub”;?) (ﬁ”q’)ij
< . . < . .
@iDuo) i) (o), 0Dge o) (0
<> . .
2 v?¢°D (¢TiDu¢)(é}e7“e1{e) (ﬁqbe),]
o+ e . . < . .
0 (07iDu9)@ra) (05 (8TiDGO)@ 1 o) (O5))i
. - < . -
(@7iDud) (Y uz)  (Opu);; (¢7iDuo)(dpvtdy)  (Oa);;
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Snowmass SMEFT fit inputs

e Electroweak precision observables

Jorge de Blas

University of Granada

Quantity current | ILC250 | ILC-GigaZ FCC-ee CEPC CLIC380
Aa(myz)™t (x10%) | 17.8* 17.8* 3.8 (1.2) 17.8*
Amy (MeV) 12* 0.5 (2.4) 0.25 (0.3) 0.35 (0.3)
Amz (MeV) 2.1 0.7 (0.2) 0.2 0.004 (0.1) 0.005 (0.1) 2.1%
Amyg (MeV) 170* 14 2.5 (2) 5.9 78
ATy (MeV) 42* 2 1.2 (0.3) 1.8 (0.9)

ATz (MeV) 2.3* 1.5 (0.2) 0.12 0.004 (0.025) | 0.005 (0.025) 2.3*
OAA (x10°) | 190 |14 (45) | 15(8) | 0.7(2 | 15 | 64 |
AA, (x10°) 1500* | 82 (4.5) 3 (8) 2.3 (2.2) 3.0 (1.8) 400
AA, (x10°) 400* 86 (4.5) 3 (8) 0.5 (20) 1.2 (6.9) 570
AA, (x10°) 2000 | 53 (35) 9 (50) 2.4 (21) 3 (21) 380
AA. (x10°) 2700* | 140 (25) 20 (37) 20 (15) 6 (30) 200
A, (pb) | s | || 0034 | 0.05(2) | 37
dR. (x107) 2.4* 0.5 (1.0) | 0.2(0.5) 0.004 (0.3) 0.003 (0.2) 2.7
OR, (x10%) 1.6* | 0.5(1.0) | 0.2(0.2) 0.003 (0.05) 0.003 (0.1) 2.7
R, (x10%) 2.2 106 (1.0) | 0.2(0.4) 0.003 (0.1) 0.003 (0.1) 6
ORy (x10%) 3.0 104 (1.0) | 0.04 (0.7) | 0.0014 (< 0.3) | 0.005 (0.2) 1.8
dR.(x10%) 17 0.6 (5.0) | 0.2 (3.0) 0.015 (1.5) 0.02 (1) 5.6
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Snowmass SMEFT fit inputs
e Higgs observables: HL-LHC

Jorge de Blas

University of Granada

HL-LHC 3 ab~! ATLAS4+CMS
Prod. ggH VBY | WH | ZH | ttH
o _ _ _ _ _
o X BRy, 19.1 - 83 | 4.6 | 10.7
o X BR.. - - - - -
o X BR,, - - - - -
o X BRzy 2.5 9.5 | 32.1 | 58.3 | 15.2
o X BRyw 2.5 5.5 9.9 | 12.8 | 6.6
o X BR,. 4.5 3.9 - - 10.2
o X BR., 2.5 7.9 9.9 | 13.2| 5.9
o X BR,z 24.4 51.2 - - -
o x BR,, 11.1 30.7 - - -
0 X BRiny. - 2.9 - - -
Ampy 10-20 MeV - - - -
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Snowmass SMEFT fit inputs
e Higgs observables: Circular e¢te- Colliders (FCCee/CEPC)

FCCee240 5ab™! | CEPC240 20ab~! 1.5 ab™t FCC-ee365 | 1.0 ab~! CEPC360
Prod. JH vvH JH v H Prod. ZH vvH ZH vvH
o 0.5(0.537) - 0.26 - o 0.9(0.84) - 1.4(1.02) -
o X BRy, | 0.3(0.380) | 3.1(2.78) | 0.14 1.59 o x BRy | 0.5(0.71) | 0.9(1.14) | 0.90(0.86) | 1.1(1.39)
o X BRcc 2.2(2.08) _ 2.02 _ o X BRCC 6.5(5.0) 10(11.9) 8.8(6.1) 16(14.5)
o x BR,, | 1.9(1.75) ) 0.81 ] 0 X BRy, | 3.5(3.8) | 4.5(4.8) | 3.4(4.7) | 4.5(5.9)
o x BRyy | 4.4(4.49) ] 417 ) o X BRyz | 12(11.4) | 10(12.5) | 20(13.9) | 21(15.3)
o % BRuww | 1.2(1.16) ) 053 ) o X BRww | 2.6(2.55) | (3.6) | 2.8(3.12) | 4.4(4.4)
o BR.. | 00(0.822) ) 045 ) o x BR,, | 1.8(1.83) | 8(10) | 2.1(2.24) | 4.2(12.2)
" ox BR,, | 18(17.7) | 22(28.1) | 11(21.7) | 16(34.4)
o x BR,, | 9(8.47) - 3.02 -
o x BR,, | 40(40) (100) 41(48) | 57(123)
o X BR,, (17%) - 8.5 -
0 X BRipy. | 0.60(0.42) - (0.49) -
o x BR,, | 19(17.9) - 6.36 -
0 X BRin,. | 0.3(0.226) - 0.07 -
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Snowmass SMEFT fit inputs

e Higgs observables: Linear ¢fe- Colliders (ILC)

Jorge de Blas

ILC250 | 0.9ab™" (-0.8,+0.3) | 0.9ab™" (+0.8,-0.3) ILC350 | 0.135 ab! (-0.8,40.3) | 0.045 ab™" (+0.8,-0.3)
Prod. 28wl ZH | vl Prod. | ZH vwH ZH vwH
o 1.07 - 1.07 - i 5 46 ] L3 )
o x BRy, |0.714 4.27 0.714 17.4 o x BRy | 2.05 546 5 s 17
o x BR,. | 4.38 - 4.38 -
o x BR.. | 15 25.9 25.9 186
o x BR,, | 3.69 - 3.69 -

o x BRyy | 949 ] 0,149 ] o x BR,, |11.4 10.5 19.8 75
o x BRuw | 243 ] 543 ] o x BRy; | 34 27.2 59 191
ox BR.. | 1.7 ] L7 ) o x BRyw | 7.6 7.8 13.2 57
o X BR,W 17.9 _ 17.9 _ o X BRTT 9.5 21.8 9.4 156
o x BR,z 63 i, 59 - ox BR,, 53 61 92 424
o x BR,, | 37.9 - 37.9 - o x BR,, | 118 218 205 1580
o X BRiny | 0.336 ; 0.277 - 0 X BRino. | 1.15 - 1.83 -

ILC500 | 1.6 ab™! (-0.8,4+0.3) | 1.6 ab™! (+0.8,-0.3) ILC1000 | 3.2 ab™! (-0.8,40.2) | 3.2 ab™! (40.8,-0.2)
Prod. ZH vvH ZH vvH Prod. vvH vvH
o 1.67 - 1.67 - o x BRy, 0.32 1.0
o x BRy, |1.01 0.42 1.01 1.52 o X BRy. 1.7 6.4
o x BR,. | 7.1 3.48 7.1 14.2 o x BR,, 1.3 4.7
o x BRyy | 5.9 2.3 5.9 9.5 o x BRyz 2.3 8.4
o x BRy; | 138 4.8 13.8 19 o X BRyw 0.91 3.3
o x BRyw | 3.1 1.36 3.1 5.5 o X BR,. 1.7 6.4
o x BR., |2.42 3.9 2.42 15.8 o x BR,, 4.8 17
o x BR,, |18.6 10.7 18.6 44 o x BR,, 17 64
o x BR,, | 47 40 A7 166
o X BRipy. | 0.83 - 0.60 -
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Snowmass SMEFT fit inputs
e Higgs observables: Linear e¢fe- Colliders (CLIC)

CLIC380 0.5 ab—! (-0.8,0) 0.5 ab™! (40.8,0)
Prod. ZH vvH ZH vvH
o 1.5(1.43) - 1.8(1.43) -
o X BRy, 0.81(1.2) | 1.4(1.47) | 0.92(1.2) | 4.1(4.4)
o X BR,. 13(8.7) 19(15.3) 15(8.7) 24(46)
o X BRy, 5.7(6.6) 3.3(6.2) 6.5(6.6) | 20(18.8)
o X BRzz | (19.7) (16.1) (19.7) (46)
o X BRyw | 5.1(4.4) (4.6) (4.4) (14)
o X BR,, 5.9(3.2) (12.9) 6.6(3.2) (39)
o x BR,, (31) (36) (31) (108)
ox BR,, (69) (129) (69) (129)
0 X BRin,. | 0.57(0.68) - 0.64(0.64) -
CLIC1500 | 2 ab™! (-0.8,0) | 0.5 ab™! (+0.8,0) CLIC3000 | 4 ab™! (-0.8,0) | 1 ab™! (40.8,0)
Prod. vvH vvH Prod. vvH vvH
o X BRy, 0.25 1.5 o X BRy, 0.17 1.0
o X BR,. 3.9 24 o X BR,. 3.7 22
o X BRy, 3.3 20 o X BRy, 2.3 14
o X BRyy, 3.6 22 o X BRyy 2.1 13
o X BRyw 0.67 4.0 o X BRyw 0.33 2.0
o X BR,, 2.8 17 o X BR., 2.3 14
o X BR,, 10 60 o X BR,, 5.0 30
o X BR,z 28 170 o X BR,z 16 95
o x BR,, 24 150 o x BR,,, 13 80

Jorge de Blas

University of Granada

Seattle Summer Study Meeting 2022 - Higgs/EW Fit: From the HL-LHC to u+ u- colliders

July 21, 2022




Snowmass SMEFT fit inputs

e Higgs observables: Muon Colliders
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University of Granada

MuC3000 3 ab~!
Prod. vvH | puH
o X B Ry, 0.8 2.6
o X BR,. 12 72
o X BR,, 2.8 14
o X BRz» 11 34
o X BRyw | 1.5 7.5
o X BR_. 3.8 21
o X BR., 6.4 23
o X BR,z 45 -
o x BR,, 28 -

MuC10000 10 ab™t
Prod. vvH | ppuH
oX BRy, | 0.22 | 0.77
o X BR,.. 3.6 17
ocx BR,, | 0.79 | 3.3
o X BRz» 3.2 11
o X BRyw | 040 | 1.8
o X BR-- 1.1 4.8
o X BR, 1.7 4.8
o X BR,z 12 -
o xX BR,, 5.7 -
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