Higgs couplings projections at th*
FCC-hh

Part of WIP with T. Armadillo, E. Celada, J. t.
Hoeve, F. Maltoni, L. Mantani, J. Rojo,
A. N. Rossia, ST, M. Thomas, E. Vryonidou
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Kappa Framework - |

» Scale each Higgs interaction with a kappa
modifier

Simone Tentori FCC Workshop, CERN, 16/01/25




Kappa Framework - |

ATLAS Freliminary
Projection from Run 2 data

. Scal_e_ each Higgs interaction with a kappa NN s o
modifier Hovy, Iy, <25 - ot
ggF+bbH 1.00+0.04 (+0.02,+0.03 )

) |
O-(Z — H Ff VBF 1.00 **'° (+0.04,+008 )

-0.09

o(t > H — f) = .
1.00+0.09 (+008, “%%)

| i Kk »
O_(Z N H s f) . O_SMBI.SM . 5 : 1.00 "200 (£0.05,£0.06 )
k }ed Total Stat []Syst | SM
H : : 1.1 1.2 1.3 1.4
(cxB)/(ox B)SIVI
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Kappa Framework - |

» Scale each Higgs interaction with a kappa
modifier

O'(i—)HFf

ot > H — f) =

o(i — H — f) = o&Brawm -

* Easy comparison between colliders, easy interpretation (BSM)

Simone Tentori

FCC Workshop, CERN, 16/01/25

ATLAS Freliminary
Projection from Run 2 data

Vs =14 TeV, 3000 fb’*
Hoyy, ly <25

ggF+bbH

VBF

e Total

1.1

B UCLouvain

Total Stat. Syst.

1.00+0.04 (£0.02,+0.03 )

+0.10

1.00 -0.09

(+0.04,+0.08 )

+0.05

1.00+0.09 (+0.08,
-0.04

)

1.00 "9% (£0.05,%006 )

Stat [syst | sm

1.2 1.3 1.4

(cxB)/(ox B)SIVI



Kappa Framework - |

ATLAS Freliminary
Projection from Run 2 data

* Scale each Higgs interaction with a kappa 3 o 3000 b .
mOdiﬁer Hoyy, |VH|<2-5 otal Stat. Syst
ggF +bbH 1.00:+0.04 (+0.02,+0.03 )
, O'(Z—)HF]B .
O—(/L - H — f) - T VBF 1.00 *010 (+0.04,+008 )
o o 1004009 (+008, “0%%)
. ) /{7: H;f 1.00 *9% (£0.05,£006 )
o(i - H — f) = 0&Brsu - > (o,
k }ed Total Stat []Syst |SM
H : : 1.1 1.2 1.3 1.4
(c xB)/(cxB)

SM

* Easy comparison between colliders, easy interpretation (BSM)

* Not fully exploiting kinematics & beam polarization

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvdain



Kappa Framework lli

Ku expression depends on the BSM Physics

Following
Granada 2019

naming scheme
[1905.03764]

Simone Tentori FCC Workshop, CERN, 16/01/25
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Kappa Framework lli

Ku expression depends on the BSM Physics

Following
Granada 2019
naming scheme
[1905.03764]

* HL-LHC AS FIT BASELINE

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain
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Kappa Framework IV

Brinv: Invisible Branching ratio

e Can be measured
‘ I * Target for HL-LHC (2.5% at
95% C.L.)

BSM Branching ratio

kappa-1 framework

*More in the
Backup

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain



BSM Branching ratio

kappa-2 framework

Simone Tentori

Kappa Framework IV

Brinv: Invisible Branching ratio

e Can be measured
‘ I * Target for HL-LHC (2.5% at
95% C.L.)

Bruna: Undetected Branching
ratios il

> * Cannot be targeted
* Free in the fit

* Needs proxy for 'y or
additional conditions

FCC Workshop, CERN, 16/01/25

*More in the
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Kappa Framework IV

Brinv: Invisible Branching ratio

e Can be measured
‘ I * Target for HL-LHC (2.5% at
95% C.L.)

BSM Branching ratio

kappa-2 framework

Bruna: Undetected Branching
ratios ek

> * Cannot be targeted
* Free in the fit
* Needs proxy for 'y or
. additional conditions

Simone Tentori FCC Workshop, CERN, 16/01/25

*More in the

B UCLouvain
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For more SMEFIT

take a look at Jaco MEthOdOIOQy
S MEFIT

* New functionalities to implement kappa framework

Ter Hoeve talk on
Tuesday!

* Input based on recent SnowMass2022 projection
* Validated against HEPfit 2019 results (big thanks to Jorge de Blas, for
helping with the validation) “RCCe 20 THC

() ‘)Q—l*
0.988*

Simone Tentori FCC Workshop, CERN, 16/01/25




/ 12

FCC h h i N p ut For more FCChh input

look at previous talk by
Birgit Stapf

Observable Fit Input / /\\\
Fag op/ -
i = Original 2019 ESPPU Input
Lt il N 9RO Uz
Mgy O/ p 0.28% 2% . [Eur. Phys. J. C (2019) 79:474]

g/ 0.18% 9% i * Ky
Su/p 0.55% 1.6% * Ky
S/ 1.05% 1.9% fik * Ky
3 , i : r.g [ ] K
dR/R 0.33% 1.3% —& Z

o} °
SR/R 0.17% 0.8% = Kz
; °

SR/R 0.29% 1.4% Ky
e R % * Kb
OR/R 0.58% 1.8%
Briny. 0.01 % 0.01 %
do /o . [Mangano, CERN-FCC-PHYS-2019-0002]
do /o 6% 6% Iy K * Kw
do/o ) 1% y " ®* Kt
dR/R 5% 5% — ®* Kb, Kv(already present, reduce correlations)

LT 26101125 m



Kappa-0 framework

Fermion Modifiers
kappa-0

®
HL-LHC H CEPC B nuC3 S M E F I T
El LHeC FCC-ee Bl 1 Cl0
Hl LC Hl FCC-hh Theory error
CLIC Bl FCC-ee+hh

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain



Kappa-0 framework

Fermion Modifiers
kappa-0

®
H CEPC B nuC3 S M E F I T
FCC-ee Bl 1 Cl0
Hl FCC-hh Theory error
Bl FCC-eet+hh

Rare decays improvemeft
thanks to greater
K:improvement cross-section

A X
\

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain
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Kappa-0 framework -

Vector Modifiers

kappa-0 C‘ o
HE CEPC B nuC3 ‘D M E F I T
FCC-ee B nuClo0
HE CC-hh Theory error
Bl FCC-ee+hh

FCC Workshop, CERN, 16/01/25 B UCLouvdain



Kappa-0 framework =

Vector Modifiers

kappa-0 o
HE CEPC B nuC3 5 M E F I T
FCC-ee Bl nuCl0
HEEl FCC-hh Theory error )
BN FCCeethh Big loss in Kz,
cannot Compete
with ZH at ¢t

[
o

Smaller loss K,
thanks to WH

[
)

X
ey
.E
©
=
H -
Q
Q
=
=
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Kappa-0 framework

Vector Modifiers

kappa-0 o
HL-LHC H CEPC Bl 0nuC3 5 M E F I T
HEE [LHeC FCC-ee Bl nuCl10
Bl (C HEEl FCC-hh Theory error )
CLIC BN FCC-ee+hh Big loss in Kz,
cannot Compete
Look these two! with ZH at ¢

(SPOILER ALERT
for slide 18) Smaller loss Kw

4 » thanks to WH

FCC Workshop, CERN, 16/01/25 B UCLouvdain



Kappa-0 framework

Loop Modifiers
kappa-0

®
B CEPC Bl nuC3 5 M E F I T
FCC-ee Bl uCl0
Hl FCC-hh vzZZZ Theory error
Bl FCC-ee+hh

y

)
o

XX
i
=
©
-~
i
Q
(&)
a
-

—_
(]
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Kappa-0 framework =

Loop Modifiers

kappa-0

H CEPC B nuC3
FCC-ee Bl nuCl10
Hl (CC-hh V722 Theory error

B FCC-ee+hh

Rare decays improvement
thanks to greater cross-section

FCC Workshop, CERN, 16/01/25

S MEFIT

B UCLouvain
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Kappa universal

* Unique kappa modifier: Kuniv.
e HLLHC as baseline
* Bri,v and Bry.q. turned on

e UV Case: Minimal Scalar Extension

Simone Tentori FCC Workshop, CERN, 16/01/25
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Kappa universal

Kappa Universal - HLLHC baseline

LHeC* FCC-hh* 5 MEFiT

ILC* FCC-ee+hh* _.
CLIC* muC3* HL-LHC

CEPC* muC10*
FCC-ee* } Theory error

HL-LHC

HL-LHC

Kuniv.

FCC Workshop, CERN, 16/01/25 B UCLouvdain
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Kappa universal

Kappa Universal - HLLHC baseline

LHeC* FCC-hh* G :

[ FCC-ee+hh* -~ M E F . T
CLIC* muC3* HL-LHC

CEPC* muC10*

FCC-ee* , Theory error

HL-LHC

HL-LHC

__Factor 2.5 | Factor 3

Kuniv.

FCC Workshop, CERN, 16/01/25 B UCLouvdain
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Fermion Vector modifiers

* Two kappa modifiers: Kz, Ky
e HLLHC as baseline
* Bri,v and Bry.q. turned on

* UV Case: Type | 2HDM

Simone Tentori FCC Workshop, CERN, 16/01/25




Fermion Vector modifiers

Vector Fermion modifiers - HLLHC baseline

LHeC* FCC-hh* 5 MEFiT

ILC* FCC-ee+hh*

CLIC* muC3* HL-LHC
CEPC* muC10*
FCC-ee* vz 'Theory error

HL-LHC

HL-LHC

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain



Fermion Vector modifiers

Vector Fermion modifiers - HLLHC baseline

' 3.0 mmm LHeC* FCC-hh*

Il C* FCC-ee+hh*

9 5- CLIC* muC3*

| mmm CEPC* muC10*
FCC-ee* vz 'Theory error

2.0

—_
n

HL-LHC

—
—_

S
2
5
©
w2
-
4F)
)
=
-

Competitive (clean K,)

HL-LHC

Simone Tentori FCC Workshop, CERN, 16/01/25

S MEFIT

HL-LHC

&
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Kappa-3 framework

* Ten kappa modifiers
e HLLHC as baseline
* Bri,v and Bry.q. turned on

Simone Tentori FCC Workshop, CERN, 16/01/25




Uncertainty [%)]

Simone Tentori
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Kappa-3

Fermion Modifiers
kappa-3
LHeC* FCC-hh*
ILC* FCC-ee+hh*
CLIC* muC3*
CEPGZ muC10*
FCC-* vz Theory error HL-LHC

S MEFIT

HL.LHC  HL-LHC
' HL-LHC

K

FCC Workshop, CERN, 16/01/25 B UCLouvdain
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Kappa-3

Fermion Modifiers

kappa-3

LHeC* FCC-hh*
ILC* FCC-ee+hh*
CLIC* muC3*
CEPGZ muC10* _Rare decays
FCC-L* vz Theory error HL-LHC improvement

thanks to

_ greater xs
K{improvement 4

S MEFIT

Uncertainty [%)]

A
HL-LHC ~ HL-LHC

(N

HL-LIC

A . -
Ke @ Kb w

Kt
Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain



Vector Modifiers + BSM

kappa-3
LHeC* FCC-hh*
ILC* FCC-ee+hh*
CLIC* muC3*
CEPC* muC10*
FCC-ee* vzzz2  Theory error

(@

(N

S
o
=
054
-~
-
Q
>
=
)

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain



30

Kappa-3

Vector Modifiers + BSM
kappa-3
LHeC* FCC-hh*
ILC* FCC-ee+hh*
CLIC* muC3* __
CEPC* muC10* HL-LHC

FCC-ee* / ] Theory error Blg and
_ _ _ _ correlated Bryng.
Sizable loss in K, Big loss in Kz, cannot A

LheC better now compete with £+¢- - ZH
(kappa-0 was
the other way)

A He

S MEFIT

(@

OV

v
HL-LHC

S
>
=
-~
—
Q
Q
=
-

b

N
BI'In\«'. BI'U nd.
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LHeC* FCC-hh*
[LC* FCC-ee+hh*
CLIC* muC3*

muC10* HL-LHC

Theory error

HL-LHC T HC

Rz~

,,
FCC Workshop, CERN, 16/01/25 (& | W UCLouvain
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Kappa-3
Loop Modifiers

kappa-: 5 MEFiT
LHeC* FCC-hh*
[LC* FCC-ee+hh*
CLIC* muC3*
CEPCH* muC10*

Theory error

Rare decays improvement

thanks to greater xs

HL-LHC

HL-LHC

HIL-LHC

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain
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HL-LHC baseline

LHeC effeCts

- CEPC* -p-— FCC-ee+hh*
FCC-ee* e MUC 3%
—g= FCC-hh* e M UC10*

[%] Error reduction with respect to HL-LHC

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain
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HL-LHC+LHeC baseline

LHeC effects

- CEPC* ~p-— FCC-ee+hh*
FCC-ee* e M UC 3%
—g= FCC-hh* e UC10*

[%] Error reduction with respect to HL-LHC

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain
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Summary and Conclusions

SN crisron, CERN. 160125
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Summary and Conclusions

« FCChh can test all kK but k. considered in £ colliders studie

Simone Tentori FCC Workshop, CERN, 16/01/25
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Summary and Conclusiony

« FCChh can test all kK but k. considered in £ colliders studie

» Unique opportunity to precisely measure rare decays

Simone Tentori FCC Workshop, CERN, 16/01/25
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Summary and Conclusiony

* FCChh can test all k but k. considered in £ colliders studie
» Unique opportunity to precisely measure rare decays

* Fermion modifier almost as accurate as ¢

Simone Tentori FCC Workshop, CERN, 16/01/25
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Summary and Conclusions

* FCChh can test all k but k. considered in £ colliders studie
» Unique opportunity to precisely measure rare decays

* Fermion modifier almost as accurate as ¢

Vector modifiers (in particular k;) cannot compete with £+
colliders

* LHeC intermediate stage can improve the situation (not a lot for Kz)
Can limit the testing of BSM models by a lot

Simone Tentori FCC Workshop, CERN, 16/01/25




40

Summary and Conclusions

* FCChh can test all k but k. considered in £ colliders studie
» Unique opportunity to precisely measure rare decays

* Fermion modifier almost as accurate as ¢

Vector modifiers (in particular k;) cannot compete with £+
colliders

* LHeC intermediate stage can improve the situation (not a lot for Kz)
Can limit the testing of BSM models by a lot

Needs a Ky < 1 limitation since no ZH inclusive measurement

Simone Tentori FCC Workshop, CERN, 16/01/25
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Summary and Conclusiony

* FCChh can test all k but k. considered in £*¢- colliders studie
» Unique opportunity to precisely measure rare decays
* Fermion modifier almost as accurate as £+

Vector modifiers (in particular k;) cannot compete with £+
colliders

* LHeC intermediate stage can improve the situation (not a lot for Kz)
Can limit the testing of BSM models by a lot

Needs a Ky < 1 limitation since no ZH inclusive measurement

* But in general different kappa frameworks lead to
different conclusions on FCChh alone potential!

Simone Tentori FCC Workshop, CERN, 16/01/25
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Summary and Conclusions

* FCChh can test all k but k. considered in £ colliders studie
» Unique opportunity to precisely measure rare decays

* Fermion modifier almost as accurate as ¢

Vector modifiers (in particular k;) cannot compete with £+
colliders Thanks

* LHeC intermediate stage can improve the situation (not a lot for Kz) f0r the
attention!

Can limit the testing of BSM models by a lot
Needs a Ky £ 1 limitation since no ZH inclusive measurement

* But in general different kappa frameworks lead to
different conclusions on FCChh alone potential!

Simone Tentori FCC Workshop, CERN, 16/01/25
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Backup

Simone Tentori FCC Workshop, CERN, 16/01/25
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FCChh unconstrained

Simone Tentori FCC Workshop, CERN, 16/01/25




45

FCChh constrained

Simone Tentori FCC Workshop, CERN, 16/01/25
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LheC correlations

Simone Tentori FCC Workshop, CERN, 16/01/25
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Kappa universal

Runiv. [{%?}

Exp Exp+Th

Briny. [%]

Exp Exp+Th

Brmul. [(%]
Exp Exp+Th

HL-LHC*
LHeC*

ILC*

] (i
CEPC*
FCC-ee*
FCC-hh*
FCC*

muC 3000%*
muC 10000*

0.58

0.039

0.041

0.2
0.052

0.22 0.25
0.063 0.09
0.087
0.075
0.05 0.078

0.076
0.19 0.23
0.056 0.11

1.6

0.87 1

0.14 0.16
0.16 0.27
0.059 0.065
0.13 0.15

0.025

0.025 0.025
0.82 0.93
0.25 0.49

2.5
1 L
0.29 0.42
0.18 0.4
0.2 0.45
0.24 0.41
0.85
0.24 0.39
0.9 1
0.26 0.49

Simone Tentori

FCC Workshop, CERN, 16/01/25
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Fermion Vector modifiers

Exp

k| 70)
[xp+Th

kv | 70)

Exp Exp+Th

Briny. [7)]

Exp Exp+Th

Brynd. [{/f]

Exp Exp+Th

HL-LHC*
LHeC*

ILC*

CLIC*
CEPC*
FCC-ee*
FCC-hh*
FOC*

muC 3000*
muC 10000*

0.93
0.28
0.16
0.21
0.29

0.19
0.66
0.21

1.2
0.96
0.33
0.26
0.33
0.37

0.28
0.22
0.71
0.33

0.57
0.25 (.28
0.07 0.091
0.04 0.089
0.049 0.074
0.061 0.078

0.2
0.078
0.23
0.11

0.058
0.2
0.056

1.6

0.97 1.1
0.15 0.16
0.16 0.27
0.062 0.066
0.14 0.15
0.025

0.025

0.93

0.51

0.025
0.83
0.26

2.
1.1 1.3
0.32 0.42
0.18 (.41
0.24 0.46
0.31 0.42
0.87

0.28

0.91

0.26

Simone Tentori

FCC Workshop, CERN, 16/01/25
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Fermion Vector modifiers
S MEFIT

Simone Tentori

HL-LHC baseline
HL-LHC*
LHeC*

e

CLIC*
CERPC*
FCC-ee*
FCC-hh*
FCC-ee+hh*
muC3*
muC10*

0.990

0.992 0.994 0.996 0.998
Ry

FCC Workshop, CERN, 16/01/25

1.000

1.002 1.004
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Fermion Vector modifiers
Ki competitive 5 MEFiT

Ky 2.5 times less precise

HL-LHC baseline
HL-LHC*
LHeC*

e

CLIC*
CERPC*
FCC-ee*
FCC-hh*
FCC-ee+hh*
muC3*
muC10*

0.990 0.992 0.994 0.996 0.998 1.000 1.002 1.004
Ry

Simone Tentori FCC Workshop, CERN, 16/01/25 B UCLouvain
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