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Introduction

e The discovery of the 125 GeV Higgs boson is arguably the major
achievement of the LHC (so far)

v It finally provides evidence of the last ingredient required to confirm the
validity of the SM at low energies...
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v  ...but also reminds us of the limitations of the Standard Model...

» How do we understand the mechanism of EVVSB!
» Hierarchy problem:Why M, < Mp!
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v  ...but also reminds us of the limitations of the Standard Model...
» How do we understand the mechanism of EVVSB!
» Hierarchy problem:Why M, < Mp!
New Physics

= BSM: AM? = ... @ ....... 4 e New)oenee ~ ()
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Introduction

e ...and is connected to many interesting/relevant questions in HEP:

Origin of EWSB?

Thermal History of Higgs Portal
Universe to Hidden Sectors?

Naturalness Stability of Universe

Fundamental CPV and
or Composite? Baryogenesis

Is it unique? Origin of masses?

Origin of Flavor?

arXiv: 2209.07510 [hep-ph]

BSM scenarios dealing with these questions tend to:
1. Introduce new particles in the scalar sector — Direct searches
2. Introduce modifications of the Higgs properties — Indirect tests of new physics

The LHC is the only current experiment with direct access to
both ways of testing the Higgs sector...
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Introduction

e Higgs couplings modifications can tell us about BSM, but the O(10%) precision at

the LHC gives limited information:

2 2
Typical BSM deformation: 292 ~, 9 szv % Anp = 6002 GeV
dhn ANP ~ gsmM
<v> " Not better than direct searches
: I < (unless NP is strongly coupled)
Eg. H--_—e- e gNP
D M N\s

0 m#
% ~ AT:2 = e = fine tuning
h

= Higgs precision physics is a key tool to learn from BSM
= Need of an e¢fe- Higgs factory
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at Future Colliders
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Higgs couplings fits: 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”:

', a M ’9 ’2 ’9 ’2
off 2 _ LH—=X Z 2 2 Zee,L ZeeR

= : I - = + A .
Jax = 'SM Z—ete 6sin? 6,, cos? 6, (‘gZeeL‘ |gZeeR ), e ‘ €€L|2 | T 2
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The dimension-6 SMEFT

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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The dimension-6 SMEFT

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 —— (i)
¢ ¢ 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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The dimension-6 SMEFT

e The philosophy of Effective Field Theories:

O+ €

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

Effects q= ’U,E < A

Leading Order (LO) Beyond the SM effects (assuming B & L)
= Dim-6 SMEFT: 2499 operators
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The dimension-6 SMEFT

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 what follows | describe the results of the global SMEFT studies performed for
the Snowmass, focusing on the Higgs couplings
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Higgs couplings fits: ESU2020 — Snowmass

® Snowmass: Summary of collider scenarios considered in the Sﬁm
SMEFT studies

Machine | Pol. (e7,e™) Energy | Luminosity

HL-LHC | Unpolarised 14 TeV 3 ab™!
250 GeV 2 ab!
(o | (F8O%. E30%) | 350 GeV | 0.2ab!

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-ee Unpolarised | 240 GeV 5ab~! ( E;g )
350 GeV | 0.2 ab !
365 GeV | 1.5 ab~!
Z-pole 100 ab™!
2mw 6 ab~!
CEPC Unpolarised | 240 GeV | 20 ab™!
See Backup slides 350 GeV | 0.2 ab-!
for details on the 360 GeV | 1 ab-!
EW/Higgs inputs 125 GeV | 0.02 ab™!
used from each MuC Unpolarised | 3 TeV 3 ab—L -
collider project 10 TeV | 10 ab™! St
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Higgs couplings fits: ESU2020 — Snowmass

® ESU2020: The starting point for the Snowmass 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
Univ. of Granada / CERN

Higgs

Yes ()

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

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

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

Yes (U, ozH)

diBoson
(WW,W2Z)

LEP2

(@TGC dom.)

Yes (aTGC dom.)

Yes (HE limit)

Yes (aTGC dom)

Yes (Full EFT
parameterization)

EWPO
(Z pole, my, ...)

LEP/SLD

Yes

Yes
(Rad. Return, Giga-2)

Yes

Yes
(Rad. Return, Giga-2)

[ \
European Strategy,

No

Yes (365 GeV, Ztt)

Yes (500 GeV, Ztt)

No

Yes
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Higgs couplings fits: ESU2020 — Snowmass

® Snowmass: Updated for the SMEFT studies

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

— c-BR
H = SsMpBrs™

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

Only possible at
L lepton colliders

J
aTGC
591z 9 5’4377 >\z
1

é EWPO
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
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Higgs

Yes (v)

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 (p)
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.

NEW for

Snowmass 2021

EWPO

(Z pole, my, ...) e

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

(Rad. Return, Giga-2) Yes (500 GeV, Ztt)

Updated
Yes No
Yes Yes

(Rad. Return, Giga-2)
No. From LEP/SLD No

Higgs couplings fits
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Higgs couplings fits: ESU2020 — Snowmass

@ NOWIMNZ * NAAfred 10 al= V] Tstudies NEW for

Snowmass 2021

HL-LHC pp—>WW,. WZ

Inp :
EFT parametrisation from diBoson EWPO Top
/| C.Grojean, M. Montull, M. Riembau, JHEP 03 (2019) 020 (WW,Wz) a2, iy oed)
\
Rates (signal strength)

HL-LHC
o-BR HL-LHC Yes (H) ull EFT param. LEP/SLD Yes

H = SsMpRrs™

(r Updated
Optimal Observable analysis Yes Yes (365 GeV, Ztt)
of ete— W-W+
Max. Statistical info Ves Updated

Full EFT param. Yes (500 GeV, Ztt)

),

Explores all (Rad. Return, Giga-2)
differential infoin
phase space distr. S(®): Updated
Full EFT param. Yes No

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

V's J.B., G. Durieux, C. Grojean, }J. Gu, A. Paul, JHEP 12 (2019) 117

>
Q/E

FNI EFT paragh.  No. From LEP/SLD No

125 Ge 10 TeV

Jorge de Blas Higgs couplings fits
Univ. of Granada / CERN January 23, 2023




Higgs couplings fits: 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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Higgs couplings in the dimension-6 SMEFT fit

precision reach on effective couplings from SMEFT global fit

arXiv: 2206.08326 [hep-ph]

M HL-LHC S2 + LEP/SLD Bl CEPC Z;50/WW¢/240Ge V0 Bl CLIC 380GeV, B VuC 3TeV;  DwFCC-ee
(combined in all lepton collider scenarios) | [ll CEPC +360GeV, M ILC +350GeV,,+500GeV, | M CLIC +1.5TeV,5s | IMuC 10TeV4q
Free H Width MILC+1TeVy “wGiga-z | Il CLIC +3TeV B MuC 125GeV gp+10TeV 1o
» no H exotic decay ‘ subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold 9
> 1= ’ ’ 107
3 c i o
3 107" —103 d
8 = Q_DI
[72] ~ N
2 g 10_2 = - 10_4 n m
o T :
'-|<--T> 1073 —=107° o
m . C ] 6
o 10° 10°
Qo 695/ g™ a1/ 5% 6Ky Az
IE » 10_1 E 5 10—1 <
N g - . 1 &
O) T% L . - 7
Rl 3 102— a 4102 8
T S i - N - =l
g r o 5 =5
T - 1B
1073 1073
657 6957 6957 69H 694 L
20 _lan-2
" g 10 - . 10 =<n
£ - ]
s &' 107
I 8 -4 i Nl | i -4 %
(4] & i
GLJ 10_5 ee ee ev u Uy uv T T 10_5
- 6971 697 r o9y 69z 697 R 69w 697, 697 r S9w
c 7
T -1[[ imposed U(2) in 1&2 gen quarks] 140-1
\'&: % 10 : ? 10 =<h < - N
AN 5 102 o2 8 Default flavor assumptions:
0 - ] ©
S 2 100 5 Same a SMEFTnp
LU g =
. ) 1 ,° from ESU2020
10 Squu 5qY d dd b b 10 \ WV,
9z, 9z 69z 697 r g 09z,
i r M | 2 — | §
Effective eff 2 _ 1 HoX T o Vg 2 A gZee L gZee R
I dugx = F . Z—ete™ — 6 si 29 20 (|gZeeL| +|gZeeR )7 € | |2 i ‘ |2'
couplings H—X SIN” Uy COS™ Uy, gZee L G5t R
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

precision reach on effective couplings from SMEFT global fit

M HL-LHC S2 + LEP/SLD l CEPC Z,00/WW4/240GeV5 M ILC 250GeV, [l CLIC 380GeV, Il MuC 3TeV O w/FCC-ee
(combined in all lepton collider scenarios) = SATETAVA M ILC +350GeV;,+500GeV, | I CLIC +1.5TeV,5 Il MuC 10TeV g
Free H Width MILC +1TeVy w/Giga-Z | [l CLIC +3TeV5; Il MuC 125GeV; g2+10TeV 4
” ’ no H exotic decay || FCC—e +360GeV, - ‘ subscripts denote luminosity in ab~', Z & WW denote Z-pole & WW threshold 10_2
o 1 | | | | -
s i i i 1 .
Q — —
5 10-1L | | | 403 4
g 0 e
© - - : Q
(@) -2 ‘ = | _ | -4
D2 107 IS =10
T * .
1073 = 3 107
104" 107
Az
1071 = =107
124 n = L
N -
§_ - B )
(@]
g 10— —1072 ©
- i c
24 - . °
> 3
I i i %)
1073 1073

Effective
Higgs couplings

Jax = FST

H—X
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

precision reach on effective couplings from SMEFT global fit

B HL-LHC S2 + LEP/SLD B CEPC Z,00/WWg/240GeV,, | M I SeV. Bl CLIC 380GeV, B \VuC 3TeV,  TwFCC-ee
(combined in all lepton collider scenarios) \VA M ILC +350GeV,,+500GeV, | M CLIC +1.5TeV, 5 Il MuC 10TeV 4
Free HWidth || FCC-ee Z50/W I WILC+1TeVy VwGiga-Z | Il CLIC +3TeVs B MuC 125GeV 02+10TeV 1o
” ' no H exotic decay - ok subscripts denote luminosity in ab~', Z & WW denote Z-pole & WW threshold ]
g
S o |
a 10 = - =1
o =
o u
-2 _ |
> 107
I - §
107 =
107" 1
4% Z
Oy 59y
" 1C(( iD,¢tD,¢B aTGC-Higgs SMEFT correlations L
2N n v uv e N ]
= 1.0 M LEP-2 (WW) §
Q 10 B LEP-2 + Higgs 1
o v v 05l -
& | 0Z | 0Z | -
2 I I _
I | |
1¢ v___ — 9h _ Ky 0.0F------- , 1
w |44 Z _o05l
hZ,8,Z" ;
ZwW W, |
nv 1
(¥ <_> h hZ[,LI/Z -10t . . ; .
(W’U)(W’U) o (8h)(Z'U) -1.5 -1.0 5_0.5 0.0
81,z
. . . A. Falkowski et al., FI’RL 116 (2016) 011801
Jorgel aTGC updated with Optimal Observable analysis of ete— W-W+ )
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

precision reach on effective couplings from SMEFT global fit

B HL-LHC S2 + LEP/SLD l CEPC Z,00/WW4/240GeV5 M ILC 250GeV, [l CLIC 380GeV, Il MuC 3TeV w/FCC-ee
(combined in all lepton collider scenarios) 2C .260Ga\/, M ILC +350GeV, ,+500GeV, | CLIC +1.5TeV,s | IIMuC 10TeV g
Free H Width BILC+1TeVy  ~wGiga-z | BICLIC +3TeVs B MuC 125GeV, 0,+10TeV 1

” no H exotic decay Il FCC—ee +365GeV, = subscripts denote luminosity in ab~', Z & WW denote Z-pole & WW threshold )
8) 1 g_ : 3 ‘ : [ —E 10_
.T_l E \ E Q
S 1071 = | _l4n-3 A
g 107 107 9
O = = - &
72 - ] 7
(@)} -2 _ lan-4
IS 10 - E 10
T - =

1073 = 3 107

104" 110¢

091 7 OKy

107" ¢ 210"
124 = T
g 3
= i 7
S

20 2 O

S 1072 =
o S
> 3
I i 7

10—3 ; 0—3

a )
New: scenario
with the H width as
i r
Effective o2 = _HoX a free parameter
Higgs couplings o
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

precision reach on effective couplings from SMEFT global fit

Bl HL-LHC S2 + LEP/SLD

(combined in all lepton collider scenarios)

Il CLIC 380GeV/ Il MuC 3TeV, O w/FCC-ee

Il CEPC Z1 00/WW6/240G8V20
\ /

M ILC +350GeV,,+500GeV, | MCLIC +1.5TeV,s | I MuC 10TeV

| Free H Width M ILC +1TeVy w/Giga-Z | [l CLIC +3TeV5; Il MuC 125GeV; g2+10TeV 4
” no H exotic decay subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold 5
M HL-LHC S2 + LEP/SL Fit with free I'y _ _
(combined in all lepton collider s Flat directions
Free H Width . ) ) @ L llid

d no H exotic decay Highlights the importance non e’e- colliders
] 2 1 = of low-energy ete- Higgs / \ 10~

2 10" - factories to obtain absolute -

S = | measurement of i

72 - Higgs couplings . i
2 1072 99 - —107?

T 35 (Via the measurement of ozn | ]

1077 = using the recoil mass method) 1
10-4- FCC-ee: I'u ~1% precision 107

ol 4
- - Y
i ° - ——
New: scenario
with the H width as
Effective off 2 LHoX

Higgs couplings

HX — SM -

a free parameter
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

precision reach on effective couplings from SMEFT global fit

B HL-LHC S2 + LEP/SLD l CEPC Z,00/WW4/240GeV5 [l CLIC 380GeV, Il MuC 3TeV, Iw/FCC-ee
(combined in all lepton collider scenarios) \VA M ILC +350GeV,,+500GeV, | M CLIC +1.5TeV, 5 Il MuC 10TeV 4
Free H Width MILC +1TeVy Vw/Giga-Z | i CLIC +3TeVy Il MuC 125GeV( go+10TeV g
” j no H exotic decay subscripts denote luminosity in ab™', Z & WW denote Z—pole & WW threshold R
e*e- improves precision typically by : HL-LHC will provide the leading
a factor ~10 constraints on couplings modifying
: o (Small improvement wrt ESU analysis) : rare decays (W’ Zy, u ﬂ)
4 o 1 I
= - _
s - | SRS
> 1071 - 107 > 1
O = ; - = -
o - | - S 1071 -
7 - - - = -
S 1072 | - s K
9 - | n L L
T - = 2 1072 S 107 i
1073 - T
- i 107°F -
g 41 -3 - I
g 10 0 1074
= 27 bb
= ogy Ogy
FCCee: Anp 2 45005°% GeV
J
Effective off 2 LHoX
. . HX — t+SM -
Higgs couplings rox arXiv: 2206.08326 [hep-ph]
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Higgs couplings in the dimension-6 SMEFT fit

Higéq;s interactions

[ )
Top Yukawa coupling not ‘“accessible” at low-E ¢e: Set by HL-LHC
I HL-LHC B HL-LHC + CEPC HL-LHC + FCCee B HL-LHC + ILC HL-LHC + CLIC
=
10
HEP};
C _
g — 100 I | .
I L ) * arXiv: 2206.08326 [hep-ph]
= i il R - Values from
g ] N I global fit to Top
< 14 I | = B data including all
3 i LO SMEFT
il o operators
_2 i
AT i
) Cw Cot € Co Cz Cp Coo Ceo Cn Ci Ce Cr Cpg
Qperator 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
Y
|| Indiv. fit | 508 | 185 | 141 | 117 | 0705 | 1.26 |
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

precision reach on effective couplings from SMEFT global fit

M HL-LHC S2 + LEP/SLD l CEPC Z,00/WW4/240GeV5 M ILC 250GeV, [l CLIC 380GeV, Il MuC 3TeV O w/FCC-ee
(combined in all lepton collider scenarios) . Nalet\VA M ILC +350GeV,,+500GeV, | CLIC +1.5TeV,5 Il MuC 10TeV g
Free H Width MILC +1TeVy VwiGiga-Z | Il CLIC +3TeVs Il MuC 125GeV; g2+10TeV 4

” ’ no H exotic decay || FCC—e +365GeV, - ‘ subscripts denote luminosity in ab~', Z & WW denote Z-pole & WW threshold
o2 = | | | | | 1 =
£ = | | | | 3
P i i i x —
> “Te— ‘ | | _—
g 10
» - | | | ]
> 10-2. | | .| .
o 107 9 E
T * * .

10_3 = —§

1074

Az

1071 = -
(V)] — ]
(@)} — ’
£ = ]
a = _
3 1n-2 -
S 107°=— ]
(7)) - .
(@) B :
2 B i
I

1073

Effective
Higgs couplings

9ax = FSM :
H—X
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions: adding FCC-eh, FCC-hh

precision reach on effective couplings from SMEFT global fit

B HL-LHC S2 + LEP/SLD l CEPC Z,00/WW4/240GeV5 M ILC 250GeV, [l CLIC 380GeV, Il MuC 3TeV w/FCC-ee
(combined in all lepton collider scenarios) . Nalet\VA M ILC +350GeV,,+500GeV, | CLIC +1.5TeV,5 Il MuC 10TeV g
Free H Width B ILC +1TeVy w/Giga-Z | [l CLIC +3TeV5; Il MuC 125GeV; g2+10TeV 4
” ’ no H exotic decay || FCC—e +360GeV, - subscripts denote luminosity in ab~', Z & WW denote Z-pole & WW threshold 10_2
) = | | ] | | | e
£ i i i f
Q — —
S il — | | | —140-3
g 107 | | 510
O i i :
o B N
(@) -2 | | 404
ks 10 = | | = 10
T * * :
1073 = 3 107
1074 107°
107" =10~
2] - -
(@) - ]
£ = ]
§_ L _
20 o -2
8 1077 = =10
7)) C _
28 B N
D i :
T 3 I 3
10° » - » 10°
cc T
695 ool 695
HL-LHC+FCC-ee: Precision controlled by HL-LHC
Effective off 2 LHoX
H. I. Jax = FSM .
19gS couplings H—sX
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions: adding FCC-eh, FCC-hh

precision reach on effective couplings from SMEFT global fit

B HL-LHC S2 + LEP/SLD Il CEPC Z,40/WW;/240GeV5 Il ILC 250GeV, [l CLIC 380GeV, B MuC 3TeV S w/FCC-ee
(combined in all lepton collider scenarios) M ILC +350GeV,,+500GeV, | M CLIC +1.5TeV,5 Bl MuC 10TeV 4
Free H Width Il FCC-ee HILC +1TeVg Vw/Giga-Z | i CLIC +3TeVs Bl MuC 125GeV; go+10TeV ¢

o ’ no H exotic decay Il FCC-ee +eh+hh subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold 10_2
g i
= = 7
S -1 ] -3
5 10 = = 10
o = .
n = 7
(@)] _2|4—H IIIIIIIIIIIIIIIIIIIIIIIIIIIII — -4
ks 10 g = 10
T - i

1073 = HE 107

107 107°

107 =10""
(2} F =
o) - 7
£ = ]
‘_:35- i J

_2IJ—I—I . _2

S 1072 410
n - .
(®)] B _
D i i
T B

107 10-2

FCC-hh brings remaining Higgs interactions below 1% (6gHttFCC ~ 0.9%)
Effective off 2 LHoX
. . HX — .
Higgs couplings M ¢
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Interplay EW/Higgs at future colliders

r
Impact of future EWPO in Higgs/aTGC couplings
. CEPC Z100/WW6/24OGGV20 . CLIC 38068\/1 w/FCC-ee
l CEPC +360GeV/ M ILC +350GeV(,+500GeV, | M CLIC +1.5TeV, 5 Il MuC 10TeV ¢
B ILC +1TeVy Vw/Giga-Z | Il CLIC +3TeVs Bl MuC 125GeV( g+10TeV g
subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold
10| Ratios, real EW / perfect EW (no H exotic decay) | T: CEPC/FCC-ee without Z—pole
ol T .
1 i J' -" - _ l]l — - {T ____n —
697 gl 6gﬁy 5gbP 097, ol y
-
[ -
6gH |6g‘f/f fit
dg¥
- H|s,ff—
2 B e fit assuming LEP/SLD Z-pole measurements
1 5 = fit including Future Z-pole measurements
TR EW-Higgs SMEFT correlations
.
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Higgs couplings: Theory uncertainties

4 . .
Impact of future theory uncertainties
Il CEPC Z,50/WWg/240GeV, Il CLIC 380GeV
Il CEPC +360GeV| M ILC +350GeV;,+500GeV, | I CLIC +1.5TeV, 5 Hl MuC 10TeV g
HILC +1TeVy B CLIC +3TeVs B MuC 125GeV, ¢,+10TeV 1q
subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold

45- 4.5

4 Dark: SMparam. Light: SMeyi Future) T & SMeuicurreny 4
. 3.5 -13.5

o3 3

C% - .
S 2.5- ‘ [ —25
o) C 7

fe L H [ [ ] g
15— 1] 15

1 E#—JL—J—JJT II ! H IT oo e e M 1T - -[TT TTT”- II _ . T L .”- TT*TT Tl E1

697 g/, " 69 592 59y 697/ 6957 695,

6.5- 6.5

6 [ Dark: SMpegam [ Light: SMew euture [ T SMeuicurreny | —6
55- —-55

. 5 —=5
£45- =45

S 4 4
2 35- -35

> 33— —3
© 25- =25

2— —2
15- "~ IT 15

15 ' B —— - - - = 71

8971 69%x 8921 692k 6971 897k 6921 892k
\_
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Higgs couplings: Theory uncertainties

4 . = )
Impact of future theory uncertainties
Il CEPC +360GeV| M ILC +350GeV;,+500GeV, | I CLIC +1.5TeV, 5 Hl MuC 10TeV g
M ILC +1TeVy B CLIC +3TeV; Bl MuC 125GeV go+10TeV 4
subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold
4.5¢ 14.9
4} —® Dark: SMparam. __———® Light: SMru Future) //. T & SMeuicurreny {4
. 3.5 / -35
g | 3
QS 2.5- ‘ ‘ [ 25
(@] ]
vz H \ I g
15— =1l —1.5
1 #___M H TT o TerT-TL T . S -[TT II H H _ . = I-l- rl =11l E1
69if 691" 691/ 695, 695/ 69}/ oo} 69}
6.5 -6.5
6 | Dark: SMparam [ Light: SMrui Future) [ T : SMruicurreny | —6
5.5 =5.5
. O —5
= 4.5 —4.5
s 4 =4
Q 3.5 =3.5
> 3 —3
© 25 25
2 —2
1.5 | IT 15
1 = - = _— -1
6971 697 R 6971 697 & 697, 697 693, 69 R
\_ _J

SMparam.: Consider only SM parametric uncertainties (Default)
SMFrunruture): Consider SM parametric uncertainties + projected future TH calculations
SMFuncurrent): GoOnsider SM parametric uncertainties + current TH calculations
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Higgs couplings: Theory uncertainties

[ - - )
Impact of future theory uncertainties
4.5 4.5
Al Dark: SMparam. Light: SMeu Future) T SMeui current EEA
5 3.5 -35
Sz 3
> - .
S 25 25
(@] C J
o o 1 P 3
1.5 I 15
14-_‘_‘_-____‘_-];[ o R S, e T+~ - v ~T TTT 11 -|-_-|- H _im _ ]--[ I T TT 51
6gi Sap" 695} Sar! 5% 6957 695;
\_ _J
[ ] )
Production Decay
Decay current unc. 00" [%] future unc. oI [%]
Thlntr Thglzfr Thgzr Thgla[l{ ThIntr Th?lz’l;r Thg;r ThTPILaPrI
Current  Future Hobh | <04 14 04 — | 02 06 <01 -
_ H—7t7 | <03 — — — < 0.1 — — —
ete” — ZH <0.3%, Full 2 loop*
H—uptp | <03 - — — <01 - — —
ete” — TrH <1% Partial2loop w - w+w-| 05 - - 26 | 03 - — o1
H = gg 32 <02 37 - 1.0 — 05 -
H—ZZ 0.5 — — 3.0 0.3 — — 0.1
H — vy <10 <02 — — < 1.0 — — —
*See A. Freitas, Q. Song, arXiv: 2209.07612, H — Z~ 5.0 — — 2.1 1.0 — — 0.1
X. Chen et al., arXiv: 2209.14953 for recent
k results Amy = 13 MeV, Am. = 7 MeV, Am; = 50 MeV, Aag = 0.0002 Ampg = 10 MeV D
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Higgs couplings: Theory uncertainties

a - g N
Impact of future theory uncertainties
4.5; 4.5
4 Dark: SMearam, Light: SMeu Future T+ SMeun curen 4
S 3.5 * 35
N . . . i
R Mild effect in FCC-ee precision 33
S 25 [ 25
(@] E 7
S oA [ ES
1.5 1T M 1] I -15
1 - - | IT T T LT 1T - TTT TT | II _ i = Tl +T. IT 1
95 ar" 691 5q2Y 5957 695 G 695
o J
[ )
Production Decay
Decay current unc. 00" [%] future unc. oI [%]
Thlntr Thgz]r Thgzr Thglalg ThIntr Th?lz’l;r Thg;r ThTPILaI;I
Current  Future Hoth |<04 14 04 — | 02 06 <01 —
_ H—7t7 | <03 — — — < 0.1 — — —
ete” — ZH <0.3%, Full 2 loop*
H—uptp | <03 - — — <01 - — —
ete” — DrH <1% Partial2loop w-ww-| 05 - - 26 | 03 - - o1
H = gg 32 <02 37 - 1.0 — 05 -
H—Z7Z 0.5 — — 3.0 0.3 — — 0.1
H — vy <10 <02 — — < 1.0 — — —
*See A. Freitas, Q. Song, arXiv: 2209.07612, H — Z~ 5.0 — — 2.1 1.0 — — 0.1
X. Chen et al., arXiv: 2209.14953 for recent
k results Amy = 13 MeV, Am. = 7 MeV, Am; = 50 MeV, Aag = 0.0002 Ampg = 10 MeV )
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Higgs couplings in the dimension-6 SMEFT fit
e The Higgs self coupling ~ )

V(p) = —u2|o” + Ay |¢]" — V(h) = 3mih® + Asvh® + I A.h?

— A
MM =AM = A, = ST & 0.129

® Why are Higgs self-interactions important?
v It characterises the structure of the Higgs potential
= Does EWSB follow from a Ginzburg- Landau ¢* potential?

v Test the validity of the SM. Not SM-like? = Information about BSM physics

> Sizable deviations expected, e.g., in models of composite Higgs or models
with Higgs portal interactions

v Control the properties of the electroweak phase transition (EWPT)

> (Electroweak) Baryogenesis!?
> Models predicting strong |st order transition = O(l) deviations

e A few operators contribute to K ) in the SMEFT but only one does it exclusively:
O¢U4
ms A2

Jorge de Blas Higgs couplings fits
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Higgs self coupling precision

® Extending the SMEFT fit with the operator O¢ and including the NLO effects
from the Higgs self coupling in single-Higgs processes

v

- ~ v

4 N - - T~
H / \ H H // H s N
e > --- BN e, v
\ / ~ v SNo 7
\ / ~
N e

~ —

® we obtain an indirect determination of the precision for K ) from single-Higgs fits
arXiv: 2209.07510 [hep-ph]

collider Indirect-h hh combined
HL-LAC 100-200%  50% 50%

ILC250/C”-250 49% — 49%

ILC500/C3-550 38% 20% 20% -
CLIC3s0 50% — 50% <. %éé‘fié""’
CLIC1500 49% 36% 29% < E%%‘i‘%
CLIC3000 49% 9% 9% f

FCC-ee 33% — 33% 4
FCC-ee (4 IPs) 24% — 24%
FCC-hh _ 34—78034780
(3 TeV) - 15-30%  15-30%
(10 TeV) _ 4% 4% [

* CAREFUL: This indirect determination may not be “robust” if other poorly
constrained operators correct the process at NLO. All operators entering at

NLO must be included.
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Summary and Conclusions

* Higgs coupling precision is key to learn from BSM physics, e.g. CH models

PP .. . .. . . ., ., - 12F e .
I 2-0 exclusion [
10p @ HL+FCC ] 10p
| @ HL+CLIC
L @ HL+ILC - 2-0 exclusion HL+FCC 1
8: @ HL+CLIC1500 ] 8: @ Global
| @D HL+|LC500 | ! Pd
s | @ HL-LHC s | < 9
'4
6 , - 6f »*7 Oy,
L PR HL+CL|C380 d L u
L -7 HL+ILCysp L Yomn O2w
al HL+CEPC 1 al | ow+0s
[ _~” HL+FCCqe | [
| -1 1
L i Higgs@FC WG
2F Higgs@FC WG b 2t September 2019
3 September 2019 b "
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
m, [TeV] m, [TeV]

e Starting from the ESU2020 studies, for the Snowmass process we updated &

extended the projections for sensitivity to BSM deformations at future colliders
in the SMEFT formalism

* Focusing on the Higgs sector @ FCC:

v FCC-ee: Permille precision is achievable for BSM deviations in the main H
couplings (mild dependence on precision of TH calculations and SM inputs)

v FCC-eeteh+hh — subpercent precision across all single H couplings
v Higgs selfcoupling: FCC-ee~30% — FCC-hh ~5%
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Summary and Conclusions

e At the moment, these Higgs coupling fits mostly focus on the main Higgs
interactions and do not fully reflect the potential for other types of
measurements possible at FCC-ee and that were not discussed here:

v Electron Yukawa: Running @ 125 GeV: ~3 times SM
v Flavor violating couplings?

v CP-violation

* Finally, Higgs physics is only part of the physics program of the FCC...

v ...and Higgs interpretations depends on the precision of other EW

measurements (at the Z pole or above) = important role in optimizing the
precision of measurements of the Higgs sector

Y In particular, precision on aTGC from WIW measurements is relevant for
SMEFT Higgs analysis, but detailed EXP future collider study including
systematics, etc... still needs to be done
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The dimension-6 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

— — t f 1 (b))

(lL'Y;LlL) (ZLV’”LZL) Ol(ll) (67¢)0(479) Oy 5 (079) Oy
(@nar) (@7"q) Oty (@ Taqr) (@7 Tagr)  Ogy (cb*z‘ﬁm) (1) Oy («b*z‘ﬁ?qﬁ) (I oas) O
(Tvuls) @var) Oy (Tyuodls) (@ oaqr) — OF <¢u§u¢) Emrer) O
(ervuer) (€rY eR)  Oee (WDM) ata) O ((bTichb) (@ ouqr) O
(umuR) (@Y ur) O (drudr) (derdr) O (¢iD,0) (@ ur) O (6'iD,0) (drrids) O
(urVuur) (dry"dr) o) UR%TAUR) (dpy"Tadr) o (¢7i091D,0) um“dR) Opud
(€rRVuer) (WrY'ur)  Oey (€rvuer) (drr*dr) Oed (Tno*ex 0.5 (lo0"er) o0 W? Oy

w B . O, Wug) oo We, O,

(Lrds) @1 "er) O (@) (o) O Eqiiwz;fiii B om (Eondyeen  om
(ZL%LZL> uR’y“uR) Ol&) (ZL%LZL> (deyudR> Ol(‘é) (C]_LU“”)\AUR) éGﬁy Oua (QLUW)\AdR) ¢GA Oac
(@vuar) (Wry*ur)  Ogu (qL%T aqr) (Wpy*Taur)  Ogu o
(@uar) (drydr) O (@ Taqr) (dry*Tadr) O (016) (I der) -~ O

b ud ) RE SR ad g o) ad (¢'0) (wdur) O (') (@ odr)  Ous

(Ier) (drar) Oledq

(¢! D) (D ¢)' ¢)  Oyp

(@ur)ios (T@dr)” O\, (@Taur) ios (@Tadr)" O 16 By, B Oun o0 BuB" O,
(Luer) ioz (@ur)"  Orequ (Tcur) ios (Ter)”  Ogarn So W W Ogy sloWawemw o
$lop W, B Ow s $loup WoB™ Oy

to GAGA O oo GAGAw O,

Eape WOVWEOWER Oy Cape WEVWEPWER O

fapc GVGE PGS Oq fapc GA vGP ch ko Og
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The dimension-6 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
T T L (AT A4)°
lLfY,ulL lL"}/“lL Oll (¢ ¢)D(Q5 ¢) Oy 3 (¢ ¢) Oy
qrYuqr) (4LY"qL Uaq (@Lvulaqr) (@ Taqr)  Ogq I <¢TiDM¢> (Iy*iL)
(Ivule) (@ qr) Oy (Uvuoalr) (@ oaqr) Oy, (gbu 5;0») (Evren)
(ﬁ/yu R) (6R7M6R) Oee (nglD,uﬁb) (Q_L’YMQL)
tﬁ’YuuR) (Try"ur)  Ouu I (dryudr) (dry"dr) oY) (61iD, o) (wr*up)
N 1 8 —_—
LUrYuUR) (dpytdp) O (urvuTaur) (dpy*Tadr) O, I ¢i02iD,¢) (ury*dr)  Opud
(eRYuer) (URY'UR)  Oeu (erYuer) ([dry*dr)  Oea [,0"cr) 6 By O (Lo er) 0" W, Ouw
(EVMZL eR’VMeR) Ole (QL’V/LQL) (€R7M€R> Oqe

)
(leyule) Wy ug

(0,0 0] & B (mww—vvl
L ) (91116 _UL'VMZL) (d_R’WdR) O IWWI (G20 M dp) ¢G%,, Ouc
(QL’Y,uQL) (@EWMUR) O‘;U) (QLF}/MTAQL> (/LEWMTAUR) O‘;U (¢T¢) (E¢€R) )
(@ vuar) (dry"dr) ol (@4 Taqr) (dry*Tadr) o yan” “ N
: 4 (¢ ¢) qL ¢ ur Oug (¢ ¢) (qz ¢ dg) Oas
(lrer) (drqL) Otedq

¢'D,9) (DF9)' ¢)  Ogp

(Trug) ios (odg)" Oéi}d (@ Taur) ios (@CTadg)" C’)((Ji)d =00 Db.bOip L) EWBW 0,5
(EGR) io—Q (q_LuR)T Olequ (EUR) 7;0-2 (q_LeR)T Oqelu ol Wy wer o ¢T¢ Wa wer Oc{)W/
o, (b Wa B* dlo.0 W“ B* Opp

WG Usg 5o GAGA™ Oy

CP-even dim 6 ops. interfering with SM Eare WEYWEPWER Oy Eabe WEVWEPWER O

Japc GIPGTPGE O fasc GA vGY ch ko Og

EWPO EW diboson Higgs Top (Had. Coll., Lept. Coll.)
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SMEFT studies: ESU2020 & Snhowmass
® ESU2020: The starting point for the Snowmass SMEFT studies EmpeanstfatGG)

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 }

+ {(5glz,u)qz7 (5glz,d)qzv (5gIZ,U)£7 (59 )e, (097 7" )a:s (09 d)qu (4g e)E}

VIif/hVif 5 SM + 30 New Physics Parameters

Jorge de Blas Higgs couplings fits
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SMEFT studies: ESU2020 — Snowmass [NEW or ﬁ]

® Snowmass: Updated for the SMEFT studies

4-fermion operators included in Showmass studies,

e SMEET truncated at the d combining low-energy and and ete—ff at high-E

the Warsaw basis) Also considered constraints on CP-odd boson operators
e (CP-even operators

rsion of

_J

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)

L ld O A LI \ L_Cl L L OO

e Two types of flavor assump* =~oars)
4-fermion and dipole operators also included in Top

observables

-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 _szbersome 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 }

+ 1097 > (095 %) qs5 (0977 )2 (097 )5 (095 ) ais (095Y) qs» (095 ) e}
Virhviy 5 SM + 30 New Physics Parameters

Jorge de Blas Higgs couplings fits
Univ. of Granada / CERN January 23, 2023
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Snowmass SMEFT fit inputs

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

Jorge de Blas
Univ. of Granada / CERN

Operator Notation Operator Notation
X3 e WIYWPWSH Oy
_ ¢° ((PT(P)3 Op  (+Included in the discussion of the H self coupling)
S D> (970)D(¢79)  Ouc (0"Dug) (D*9)"9) O
X2¢2 ¢T¢BMVB'“V ﬁ(])B (PT(Z)W‘SVWCI‘LLV ﬁ¢W
0T o, OWS, B Opws 0T oGy, GHHY g%
2 W2¢2 (‘PT(Z)) (l_iqbe;?) (ﬁeq))l]
< —i ' =1
® (079) (@ 0dz)  (Gus),; (079) (7, Pug) (Cup);;
< . o
@'iDuo) i) (o4), Do) (0
< . .
% w2¢D (Wigmb)(é}e?’“efe) (Gye);; .
< _ . _ .
s (07iDu9)@ra) (05 (8TiDGO)@ 1 o) (O5))i
(97iDud) v uf)  (Oou),, (¢TiDu9)(dry*dz)  (Opa);;

Higgs couplings fits
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Snowmass SMEFT fit inputs

e Electroweak precision observables

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 |
OR. (x10%) 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

Jorge de Blas
Univ. of Granada / CERN
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Snowmass SMEFT fit inputs
e Higgs observables: HL-LHC

HL-LHC 3 ab~! ATLAS4+CMS
Prod. ggH VBY | WH | ZH | ttH
o B} B} B} _ _
o X BRy, 19.1 - 83 | 4.6 | 10.7
o X BR,. - - - - -
o X BR,, - - - - -
o X BR;y, 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 - - -
o X BR;,. - 2.5 - - -
Ampy 10-20 MeV - - - -

Jorge de Blas
Univ. of Granada / CERN
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Snowmass SMEFT fit inputs
e Higgs observables: Circular e¢te- Colliders (FCCee/CEPC)

FCCee240 5ab™1 CEPC240 20ab™! 1.5 ab™t FCC-ee365 | 1.0 ab~! CEPC360
Prod. ZH vvH ZH vvH 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 BR, | 2.2(2.08) ) 502 ) o X BR. | 6.5(5.0) | 10(11.9) | 8.8(6.1) | 16(14.5)
o x BR,, | 1.9(1.75) ) 0.81 ] o x BR,, | 3.5(3.8) | 45(4.8) | 3.4(4.7) | 4.5(5.9)
o x BRyy | 4.4(4.49) ) 417 ) o X BRyy | 12(11.4) | 10(12.5) | 20(13.9) | 21(15.3)
o % BRuww | 1.2(1.16) ) 053 ) o X BRyw | 2.6(2.55) | (3.6) | 2.8(3.12) | 4.4(4.4)
o BR.. | 00(0.822) _ 0.42 ) o X BR., | 1.8(1.83) | 8(10) | 2.1(2.24) | 4.2(12.2)
o x 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 Bl 1) ] 55 ) o X BRiy,. | 0.60(0.42) i (0.49) i
o x BR,,, | 19(17.9) - 6.36 -
0 X BRiny. | 0.3(0.226) - 0.07 -

Jorge de Blas Higgs couplings fits
Univ. of Granada / CERN January 23, 2023



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 -

Univ. of Granada / CERN
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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
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Snowmass SMEFT fit inputs

e Higgs observables: Muon Colliders

MuC3000 3 ab™! MuC10000 10 ab™!
Prod. vvH | ppuH Prod. vwH | puH
o X BRy, 0.8 2.6 oX BRy, | 0.22 | 0.77
o X BR,. 12 72 o X BR,. 3.6 17
o X BR,, 2.8 14 ocx BR,, | 0.79 | 3.3
o X BR7» 11 34 o X BR7» 3.2 11
o X BRww | 1.5 7.9 o X BRyw | 040 | 1.8
o X BR,, 3.8 21 o X BR,, 1.1 4.8
o X BR., 6.4 23 o X BR, 1.7 4.8
o X BR,z 45 - o X BR,z 12 -
o x BR,, 28 - ox BR,, | 5.7 -

Jorge de Blas
Univ. of Granada / CERN
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Higgs couplings in the dimension-6 SMEFT fit

Higgs interactions

in HL- CEPC FCC-ee ILC CLIC muon-collider

% LHC 240 +360 240 +365 250 +500 +1TeV 380 | +1.5TeV | +3TeV || 3TeV | 10TeV | 10TeV
+7Z/WW +7Z/WW Giga-Z Giga-Z Giga-Z +125

(5gIZ{Z 2.2 0.17 0.16 0.28 0.22 0.31 0.29 0.18 0.18 0.13 0.13 0.43 0.19 0.16 0.48 0.31 0.28
- 0.19 0.17 0.31 0.25 0.37 0.35 0.26 0.25 0.23 0.23 0.56 0.41 0.4 - — 0.39

(5g}§VW 2. 0.17 0.15 0.28 0.22 0.32 0.31 0.19 0.18 0.14 0.14 0.44 0.21 0.17 0.49 0.31 0.28
- 0.18 0.17 0.31 0.25 0.37 0.36 0.26 0.26 0.24 0.23 0.56 0.42 0.41 - - 0.39

8g5 2.5 0.91 0.89 1.2 1.1 1.2 1.2 1.1 1.1 0.98 0.97 1.2 1.1 1. 1.2 0.7 0.69
- 0.91 0.9 1.2 1.1 1.2 1.2 1.1 1.1 1. 1. 1.3 1.2 1.1 - - 0.74

59? 11. 4. 3.8 6.7 6.1 9.3 9.1 7. 6.8 6.7 6.6 10. 8.3 5.8 9.7 5.2 5.2

- 4. 3.8 6.7 6.1 9.3 9.1 7. 6.8 6.7 6.6 10. 8.3 5.8 - — 5.2

dg1,z || 0.31 0.025 0.023 0.044 0.03 | 0.069 0.067 | 0.031  0.025 | 0.025  0.022 0.1 0.06 0.052 0.1 0.025 0.025
0.31 0.025 0.023 0.043 0.03 | 0.069 0.067 | 0.031  0.025 | 0.025  0.022 0.1 0.06 0.052 0.1 0.025 0.025
0Ky 0.97 0.046 0.042 0.069 0.05 0.1 0.092 | 0.047 0.036 | 0.031  0.026 0.15 0.071 0.06 0.16 0.025 0.024
0.97 0.046 0.043 0.069 0.05 0.1 0.092 | 0.047 0.036 | 0.031  0.026 0.15 0.071 0.061 0.16 0.025 0.025
Az 0.4 0.012 0.011 0.023 0.016 || 0.031 0.031 | 0.0082 0.0082 | 0.0028 0.0028 | 0.025 | 0.0028 | 0.00092 || 0.0027 | 0.00026 | 0.00025
0.4 0.012 0.011 0.023 0.016 || 0.031 0.031 | 0.0083 0.0082 | 0.0028 0.0028 || 0.025 | 0.0028 | 0.00092 || 0.0027 | 0.00026 | 0.00026

dg3; 1.8 0.44 0.43 0.74 0.68 0.85 0.85 0.66 0.66 0.49 0.49 0.94 0.71 0.99 0.87 0.46 0.43
- 0.45 0.44 0.77 0.69 0.9 0.89 0.69 0.69 0.53 0.53 1.1 0.79 0.69 - - 0.51
0g%f 1.8 1.2 1.1 1.3 1.2 1.8 1.8 1.2 1.2 0.87 0.87 4.3 1.9 14 6.2 1.9 1.8
- 1.2 1.1 14 1.3 1.8 1.8 1.2 1.2 0.9 0.9 4.3 1.9 1.5 - - 1.8
dg% 4.5 0.41 0.4 0.6 0.53 0.77 0.77 0.5 0.51 0.42 0.42 0.96 0.46 0.37 0.92 0.46 0.44
- 0.43 0.42 0.66 0.58 0.83 0.83 0.56 0.56 0.48 0.47 1.1 0.6 0.54 - - 0.53
093 2.3 0.34 0.32 0.64 0.56 0.8 0.8 0.58 0.58 0.49 0.48 1.4 0.98 0.76 1.3 0.62 0.58
- 0.36 0.34 0.68 0.6 0.87 0.86 0.63 0.63 0.53 0.53 1.4 1. 0.84 - - 0.63
S9! 5.6 2.7 2.7 4.6 4.5 4.9 4.9 4.5 4.5 4. 4. 5.1 4.7 3.8 4.9 2.5 0.24
- 2.7 2.7 4.6 4.5 4.9 4.9 4.5 4.5 4. 4. 5.1 4.7 3.8 - - 0.49
oy 6.7 0.47 0.44 0.82 0.69 1.1 1. 0.62 0.62 0.46 0.46 14 0.6 0.45 1.5 0.7 0.63
- 0.61 0.59 1.1 0.98 1.5 1.5 1.1 1.1 0.94 0.93 2.3 1.6 1.6 - - 1.3
Jorge de Blas Higgs couplings fits
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Optimal Observables

® (Consider a Phase-space distribution linear in some coefficients c::

(SMEFT: S(®) =& So(®) = 33 |sns c;Si(®) = % )

d® |Interf. SM—NP

® |n the limit of large statistics, the observables (

__ Si(®)
0i(®) = @)

See e.g., Z.Phys. C62 (1994) 397-412 Diehl & Nachtmann)

provide the most precise statistical information about the coefficients ¢; around

Ci

the point ¢;=0, Vi

cov(c;, cj) = (Lqu)si(;))(if)(q)))_l + O(ck)

OO minimize the volume of the 1-o ellipsoid

® |dealized (no systematics) = We compensate omission of systematics via

conservative selection efficiency ¢
L — el

Jorge de Blas Higgs couplings fits
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Optimal Observables

e diBoson: We work with ete™ — WTW ~ (All final state decays)
(@) = So(®) + ¥ €:5:(®)

(SMEFT: S(®) = % So(®) = 5% |ou c;Si(®) = % )

d® |Interf. SM—NP

Optimal Observables function of 5 angles

d cos Oy dpi1d cosg, dpad cosg,

it y f
Ve Full dim-6 SMEFT parameterization at LO:
" W F 10 independent BSM deformations

e o e o

C; — {59127 (S""'ya Az, ((SQIZ,,eR)ea (59},”3”)&7 (5gyud)qia 6m.}

e fr
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