Characterizing the
Higgs boson

- present and future
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The Higgs boson as a key particle

Today 14 hillion years

. . . Life on earth @ : “ e :
he H|995 bOSOﬂ/HIggS field Acceleration \—— 11 hillion years -
Dark energy dominate o e TRy %
- only fundamental scalar we know Solar system forms\ &2 o 8
Star formation peak \SSSSS==———= - 3hi fion years -
- non-zero vacuum expectation value Qaaxy fomatinib e |

Earliest visible galaxies - 700 million years
L

- affects the structure of the vacuum

: : : : Recombination Atoms form 400,000 years =
- plays an important role in the evolution of the universe R raton desouies (CHEN )= (L) &S
- crucial role in electroweak symmetry breaking Maiorj o b0 =220 years
nset of gravitational collapse
Nucleosynthesis — 3 minutes —
Light elements created — D, He, Li § =« == & n O£
Connected to our big questions Nuclear fusion begins  [ESSE- S0 0Y SBRonGS ===
' Quark-hadron transition | R Py S
) matter_antlmatter asymmetry Protons and neutrons formed
) dark matter denSIty Electroweak transition 59kt
. Electromagnetic and weak nuclear | =+ }: ! / o
- h|era rChy prOblem forces first differentiate N AN ;
Supersymmetry breaking
Axions etc.?
: : Grand unification transition F——
...and we only have started to explore its properties! Floctiowsakand stong nuccar [ ST
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down
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Possible future Higgs factories 3

Abbreviation [ i ; A * FCC_hh
- 100 TeV
HL-LHC 6.0
HE-LHC 15.0 O(27k)
FCCHh | 300 Muon C
10 3-30 TeV
FCC-cenu 5 0(1-100) Y
FCC-eezq 1.5 -
L *
ILCyso 2.0 S C
ILCsso 0.2 1t
o O Lc/c3/cLic O170) [millions]
“he " 0.5-2 TeV
2-2 7~ 00) + improvements in
CLIC0 0 +* ILC/C3/CLIC/CEPC/FCC-ee analysis
CLIC 500 2.5 250_380 Gev teChnO|OgieS
CLIC3000 5.0 O(l) + pa rticle

. — identification
#Higgs bosons [millions] CERN Courier ~ + event

classification
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Mass and width

| => related to vacuum

stability, exotic decays

Production and decays

=> couplings strengths

=> Higgs mechanism also for |

~ lighter fermions?

|
Leptons and neutrinos Quarks l
OEOod |

spin/CP properties of Higgs boson

interactions See next talk!
=> related to matter-antimatter \ AISO fOl’ qugs Self“
asymmetry in the universe COUPIW\Q

£ something else?>
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nggs boson pPopePtles in the Standard Model ’

I\/Iass and W|dth

.~ Production and decays
| => related to vacuum

' => couplings strengths

‘ stability, exotic decays i => Higgs mechanism also for |

- lighter fermions?

‘|Mass not predicted
|SM Width @ 125 GeV: 41 MeV

prop. to fermion mass

T — ——

] prop. to boson mass? “
|

~ spin/CP properties of Higgs boson

interactions See next talk!
=> may be related to matter- AlSO fOl’ qugs Self“‘
antimatter asymmetry in the COUPII“Q

universe ¥ /\
spin-0
CP even

=> s it really the Higgs boson of the Sta,nda,rd Model Of ething eis@
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Higgs boson properties 6

- Mass and width

| => related to vacuum

stability, exotic decays

See next talk!
Also for Higgs self-
coupling

[

> something else?>

=> |5 it really the Higgs boson of the Standard Model o«
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: 7
Higgs boson mass
, > o L B L B
e NOT predicted by the SM 8 tamas S a0 Gey) -
A - H — 7Z* — 4 e -
% 18: Vs=13.6 TeV, 29.0 fo” -tXX, oy .
® measured in the channels with the most precise peaks: £ 161 -2t -
S B / 77 Uncertainty .
Yy and 4l @ e -
e ep Il E
® biggest challenge: precise lepton and photon e 2 10} :
calibration H 8f
A e 6F
® procedure: functional or MC template fit to peak 4f
2¢
a 0

110 120 130 140 150 160

Current best result m,, [GeV]

2308.04775, acc. by PRL

‘ATLAS RQh—Q combination:

‘mu=125.11% 0.09 (stat.) £0.06 (syst.) GeV
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Higgs boson mass

® NOT predicted by the SM

® measured in the channels with the most precise peaks:

vy and 4|

® piggest challenge: precise lepton and photon
calibration

® procedure: functional or MC template fit to peak

Current best result

2308.04775, acc. by PRL

|ATI;AS Ruh—Q combination:
!

‘mu=125.11 = 0.09 (stat.) £ 0.06 (syst.) GeV

<1 perwille accuracy!

| T T1200T%eY HLLHC: 0(20) MeV
ILC: 14 MeV
FCC-ee: O(10) MeV

HL-LHC: arXiv:19202.00134
ILC: Phys. Rev. D 103, 099903 (2021)

» 500 —m—mMm———————————————— =
— . — @ Toy MC Data - A
g : — Signal+Background : =
= 400:_ + Signal _: §
o
- R - S
300 — Background - 8\
E e'+e - u'u + X @ 250 GeV E E
200 |- n ~
i - 2
L gty _ 3
100 & ] D£_

0 - PR AR Bl ot 11T TR Sy

110 120 130 140 150

Recoil Mass (GeV/c?)

allows to calculate cross sections, branching ratios,
self-coupling to adequate precision

for s-channel Higgs production at e+e-: precision

petter than few MeV required (but: beam energy
spread)
it SM valid up to highest energies: vacuum metastable
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Width

Width of SM Higgs boson is predicted to be 4.07 MeV

much smaller than experimental resolution

deviations could point to exotic decays, like Higgs boson decays
to dark matter!

Hadron colliders

comparisons of on- and offshell cross section measurements (indirect,
model-dependent)
CMS: Ty = 3.2+24

(HL-LHC 20%) Zpeak -
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Width N

Width of SM Higgs boson is predicted to be 4.07 MeV

much smaller than experimental resolution

deviations could point to exotic decays, like Higgs boson decays

to dark matter!

Hadron colliders

comparisons of on- and offshell cross section measurements (indirect,

model-dependent)
CMS: Ty = 3.2+24

(HL-LHC 20%) Zpeak -

At e+e- machines (initial state precisely knowm)
mass recoil method, combine with exclusive decay measurements

| del d dent ] ]
ess model dependen o(e"e” +ZH) o(e"e” —-ZH) |o(e"e” —ZH) s
BR(H —22*) T(H—2Z")/Ty | T(H—2Z%) |o

Predictions at different future machines: 1 - 5 %
JHEP 01 (2020) 139, arXiv:2209.07510 (Snowmass)
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Higgs boson properties :

.~ Production and decays

 => couplings strengths

i => Higgs mechanism also for

- lighter fermions?

Leptons and neut

rinos Quarks

|

] elp | Qule]
i

See next talk!
Also for Higqgs self-
coupling

=> Is it really the Higgs boson of the Standard Model of thing eis@
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Higgs boson decay measurements (thanks, naturet)

y b/c /U
W
W H ==eeces H eweees
W
VZA b/c T/
S 1e =
S F ATLAS Run2 3 §
21071 ] o
(H- 4, 0.0125%) = E = =
— 1 N
H—Z77*2.6% ¢ 8 = 1
o N
H— cc, 2.9% D107 RS
o V - 2% 1 0
H— 11, 6.3% - _¢ Data (Total uncertainty) —e—_1 - %
10 = [ syst. uncertainty = 4§
v - = SM prediction & -
I I I I | —
n == | | | m
1.2 _ T 7
= ¥ 2
v S ol : L o
o 0.8 1
oC - | | | | I
bb ww T zZZ Yy Zy M
(Standard Model predictions for a Decay mode

Higgs boson with mass 125 GeV)



Decays to second generation fermions

13

H = pp
evidence by CMS in Run-2, observation at the end of Run-3?

H — cc Phys. Rev. Lett. 131 (2023) 061801
CMS: upper limit on VH, H->cc of 14.4* SM (exp. 7.8 * SM)

ILC all stages/FCC all stages: coupling ~ 1%

H — ss (BR < 10-3)
- out of reach at (HL-)LHC, possibly within reach at e+e- collider:

advances in strange-tagging needead

current best estimates, p.ex. CEPC: Z(vw/I)H limit with 20 ab-1:

BR(H — ss) < 3xSM at 959% CL (23710.03440)

'S Y LL L IL  L L L L L) I L
- ATLAS % Standard Model ~ ----68% CL -
- H—>ZZ% H > vy, % Obs. Combination — 95% CL _~
- VH(bb), VH(cT) Bggy = 0 ]
~ Vs=13TeV, 139 fb _
3 Combination with F
5 Higgs transverse >
a mowentum -
;!— | | | | | ] | ] ] ] I | —l;
—1 -0.5 0 0.5 1

JHEP 05 (2023) 028
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Higgs boson production measurements

14

v/ (i) o
----- H

t/b
e} 102 §
= E——: ATLAS Run?2 -
s [ -
® cach has a particular final state in addition to Higgs 8 10- =
3 é
e VBF: 2 forward jets S [ = -
? "¢ Data (Total uncertainty) % % ?

® \H: 2 leptons from vector boson "] Syst. uncertainty

—1L_ ]
10 E == SM prediction =§
B | | | | B
S 156 | | | | -
0))
S X
o | =
® can be measured in different decay channels S o8l E
ggF + bbH VBF WH ZH ttH tH

Production process

= Nature 607, 52-59 (2022)

o 0 —

1-10



Couplings to other particles

15

e from all available production and decay
measurements in different channels can

extract couplings

® deviations expected in many BSM models,

o.ex.

e Composite Higgs

e SUSY Higgs sectors

e Kappa-framework:

® assume SM coupling structure

® define scaling factors

o(t — H — f)

2 T~SM
5 oy Bl
K45

gl g

¢ Higgs couplings: the higher the mass, the stronger the
coupling

¢ {0 bosons: ~ (boson mass)?

¢ o fermions: ~ (fermion mass)

10°°

107
1.4
1.2F

1.0F

0.8

Ratio to SM

0.6™

CMS 138 fb™' (13 TeV)
_I II I | ] LI || I I ] L II I ”_‘
m,=125.38 GeV Wz

O""
. Nature 60/, a
= 60-68 (2022) E
b *
i T 8 -
o"’
} Vector bosons
¢ 3" generation fermions
3 n K ’ } 2nd . . _;
L § generation fermions -
e SM Higgs boson
3 | | | | II 1 II | | 11 E
| 1 T T r - —— ]
= * + 1.05} H E
bk e PP P o R e PP PPEY 1_00; ........... .i
2 ¢ 0.95F ¢ =
I | L1 11 lI | 1 11 II
107 1 10 10°

Particle mass (GeV)



Couplings to other particles '6

e from all available production and decay
measurements in different channels can

extract couplings

® deviations expected in many BSM models,

o.ex.

e Composite Higgs

e SUSY Higgs sectors

e Kappa-framework:

® assume SM coupling structure

® define scaling factors

o(t — H — f)

2 T~SM
5 oy Bl
K45

gl g

¢ Higgs couplings: the higher the mass, the stronger the
coupling

¢ {0 bosons: ~ (boson mass)?

¢ o fermions: ~ (fermion mass)

CMS 138 fb™' (13 TeV)

= {ETT T T rTrTTTT T Ty L B s

S ‘9 = m,=125.38 GeV wz e

g | o

< - Nature 60/, _

5 107F 60-68 (2022)

- |2 i :
v . T 2

107 ¢ ‘ i

} Vector bosons

10_3 F U E

¥ :

10_4:_||I Lo ol Lo o1l o N

z 1.4:"| J T T T 11T T T T T TTT] T T , ]

FERE; * osf i

o 10“ """""""""""""" }+ -------------------- 1.005---- f‘

s 0.8F 0.95¢ .

oC 0.6_"1 ol L | L I L

107 1 10
Particle mass (GeV)



Couplings uncertainties at future colliders
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One of the main goals of HL-LHC and beyond

Kw (%) Kz (%) Ke (%0) Kz (%)
[ ]
]
I
B @ | |
free Ky
vl <1 ]
00 04 081216 20 00 04 08 1.2 1.6 2.0 0O 1 2 3 4 0O 1 2 3 4 4
Kg (%) Ky (%) K (%)

0.0 1.5 3.0 4560 75 0015 3.0 45 6.0 7.5 0 - 8 12 16 0 - 8 12 16

Bri,, (< %, 95% C.L.) Bry; (< %, 95% C.L.) HiggS@FC WG Kappa-2, May 2019
0.02 Bl FCC-ee+FCC-eh+FCC-hh 1 CLIGsg
B FCC-eezq5+FCC-eepqg ILC500+1LC350+1LCr5
1 FCC-eena ILC»59
freb xy W CEPC B LHeC (|xy| < 1)
Pl B CLIC3000+CLIC500+CLIC330  mmmm HE-LHC (Jxy| < 1)
1 CLIC;500+CLIC3g9 HL-LHC (|xy| < 1)

Standalone colliders

0.0 0.6 1.2 1.8 24 3.0 0 1 2 3 4
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Couplings uncertainties at future colliders JHEP 01 (2020) 139

¢ (%)

One of the main goals of Hl-LHC and beyond

- Complementarity

oetween HL-LHC and

epton colliders:

- HL-LHC: k¢, rare
decays

- e+te-: ke

00 04 081216 20 0.0 04 0.8 1.2 1.6 2.0

K (%)

- Lepton colliders

benefit from increase

0 1 2 3 4 0.0 1.5 3.0 45 6.0 7.5 00 1.5 3.0 45 6.0 7.5 0 4 8 12 16 0 4 8 12 16 ih CM eﬂergies
Br;,, (< %,95% C.L.) Br,, (< %,95% C.L.) HiggS@FC WG Kappa-2, May 2019
0.02 Bl FCC-ce+FCC-eh+FCC-hh CLIC3g0
Bl FCC-ees05+FCC-eenq ILCs00+1LC350+ILCy50
1 FCC-eepqp ILC2s0
freb v I CEPC B LHeC (kv <1)
it B  CLIC3000+CLICq500+CLIC3g " HE-LHC (’Kv‘ <1)
1 CLIC;500+CLIC3g0 HL-LHC (|xy| < 1)

Standalone colliders

0.0 0.6 1.2 1.8 24 3.0 0 1 2 3 4
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Couplings uncertainties at future colliders
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Combination between future colliders and HI-LHC
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] 0.02
R N Br
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I |
— 7] |/
(I ]
08 16 24 32 0 | 2 3 4 5 00 06 1.2 1.8 24 3.0
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_ _ Ky | < |
] [
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B FCC-ce/ch/hh  HEEM CLIC3000 WM 1LCio00 M LHeC |ky| <1

i FCC-eesqs wm CLIC 500 ILC500 B HE-LHC |Kv| <1
FCC-eesyp CLIC3gp ILC>5 HL-LHC |xy| < 1
CEPC

Higgs@FC wG Future colliders combined with HL-LHC
Kappa-3, 2019 Uncertainty values on Ax in %.
Limits on Br (%) at 95% CL.
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Effective field theories ”

Next step: Drop assumption ot SM coupling structure

=> Effective field theories

J. High Energ. Phys. 2021, 154 (2021)

- FCC-hh 100TeV 30ab™ ", A =1 TeV
. . . . . Q )
- constrain contributions of BSM physics at high = e e 1 e —
& L
. & N U7, Q
energy scale Ager in @ more general way oo 0 BLIC Global Fit EFCC-hh, 5% Syst. _
O ainisTa \ Vale 1N 07 Q
. . , , = 10k W CEP( WHL-LHC WFCC-hh, 10% Syst,
- introduce additional operators, tit for Wilson ; | B o —w— One Operator Fit -
. . . = i
coefficients (0 in SM) S ]
g :
~ 01k v .
Example dimension 6: = | v f
LerT = Lsm + E first lepton number e |
; conserving order 2 0.01¢
. . 0.0011 ]
- Much development is happening |
- I—Iiggs measu rements as inputs to global -ﬁ-ts ngl’i lLl.lC'- i IFEPC |F(‘C—hh | [.,ll(‘i lFEPC |FCC-1111 Lll(‘| FEPC |FCC—hh | l:ll(‘-i .FEPC |FCC—11]1
. (o . . ’(3) ’(1) U A
- constrain as many coefficients at the same time as “ea “ea “e Ced

possible Rare, precise channel: V(II, Iv, vw)H(yy)

- EFT-model matching
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Higgs boson properties )

| interactions see hext falk!
=> may be related to matter- Also for qugs selt-
antimatter asymmetry in the COUPIIV\Q

universe

=> Is it really the Higgs boson of the Standard Model of ething efs@
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The Matter-Antimater Issue 22

One of the Sakharov conditions for explaining matter-antimatter asymmetry: CP violation

SM does not have enough CP-violation to explain the effect

Additional source of CP violation in Higgs sector?

In SM: Higgs is CP even. Many BSM models: CP-odd Higgs or mixed state

Important: CP of Higgs couplings is checked separately for

® fermions (CP odd terms possible at tree ® bosons (CP-odd terms suppressed by
level) energy scale of new physics)
/b T/ q q
¢] W/Z W/Z
..... H [ — H ———- H
g W/z H =====
t/b ’L'/‘LL q q



CP studies -

. . : CMS 137 fb™' (13 TeV)
Use CP sensitive observables, often angles or matrix element ratios S Faomd e T I
. L. . > 1.4:—JBK -unC g. PP + TP + Up + €p _:
potential for optimization 5 o — s E
S F—d*oo0 4 E
(¢b) -
| 2 0.8|= . 4 —
Results S L - —
a; 06-—-. | ey —
pure parity odd Higgs coupling to W, Z bosons excluded at > 99.9% b oaf | 4 -
QO f
(ATLAS, CMS) = o2p "
. . N =
effective gluon and photon coupling at HL-LHC T

0 60 120 180 240 300 360

pure parity odd Higgs coupling to taus, tops excluded with 99.7% (3 sigma)

admixtures (CP even and CP odd couplings) still possible

constraints set on mixing angles and EFT coefficients >

0+ 21°

Future:
more global studies (EFT)

new opportunities at e+e- colliders: ZH, ZZ fusion production with

polarized/unpolarized beams
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Conclusion

Since the discovery 11 years ago, we learned a lot about the Higgs sector

However, we are still trying to answer the question: Is it really the Higgs boson of the Standard Model

or something else?

=> Higgs boson could be a first clue to the big questions in particle physics
- mass generation

- structure of the vacuum

- matter/anti-matter asymmetry

- dark matter

- history of the universe

=> expect growing connection to cosmology and flavor physics

MARKING 10 YEARS OF DISCOVERY
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BACKUP
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Collider scenarios

JHEP 01 (2020) 139
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Collider | Type \/5 P %]  N(Det.) Lt A Time Refs. Abbreviation
[e /e ] [10°*]em~2s™! | [ab™!] [years]
HL-LHC pp 14 TeV - 2 5 6.0 12 [10] HL-LHC
HE-LHC pp 27 TeV - 2 16 15.0 20 [10] HE-LHC
FCC-hh pp 100 TeV - 2 30 30.0 25 [1] FCC-hh
FCC-ee ee M, 0/0 2 100/200 150 4 [1]
2My 0/0 2 25 10 1-2
240 GeV 0/0 2 7 5 3 FCC-eera
2my4)) 0/0 2 0.8/1.4 1.5 5 FCC-eesq5
(+1) (ly SD betore 2m;,, run)
ILC ee 250 GeV  £80/%30 1 1.35/2.7 2.0 11.5 [3,11] ILC»59
350 GeV  £80/%30 | 1.6 0.2 | ILC359
500 GeV  £80/430 1 1.8/3.6 4.0 8.5 ILCs09
(+1) (1y SD after 250 GeV run)
CEPC ee M, 0/0 2 17/32 16 2 [2] CEPC
2Myw 0/0 2 10 2.6 1
240 GeV 0/0 2 3 5.6 7
CLIC ee 380 GeV +80/0 | 1.5 1.0 8 [12] CLIC3zgg
1.5 TeV +80/0 1 3.7 2.5 7 CLIC]SOO
3.0TeV +80/0 1 6.0 5.0 8 CLIC3000
(+4) (2y SDs between energy stages)
[L.HeC ep 1.3TeV - 1 0.8 1.0 15 9] LHeC
HE-LHeC ep 2.6 TeV - | 1.5 2.0 20 1] HE-LHeC
FCC-eh ep 3.5TeV - | 1.5 2.0 25 1] FCC-eh
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Dummy slide
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Result of the coupling (a.k.a. ) fit

o Comparison™ with other lepton colliders at the EW scale (up to 380 GeV)

Collider uwColl . | ILC,, | CLIC,, | LEP3,, [ CEPC,, | FCC-ee, | FCC-ee,, HL-LHC

Years 6 15 7 6 7 3 +4 25

Lumi (ab™) 0.005 2 0.5 3 5 5 +1.5 3

dm,, (MeV) 0.1 14 110 10 5 7 6 100

oIy, / I',(%) 6.1 3.8 6.3 3.7 2.6 2.8 1.6 50

09, / 94, (%6) 3.8 1.8 2.8 1.8 1.3 1.4 0.68 8.2

09w / 9w (%) 3.9 1.7 1.3 1.7 1.2 1.3 0.47 3.5

09,1/ 94-(%0) 6.2 1.9 4.2 1.9 1.4 1.4 0.80 6.5

09y / Gy (%) n.a. 6.4 n.a. 6.1 4.7 4.7 3.8 3.6

0gy, / Gy (%) 3.6 13 n.a. 12 6.2 9.6 8.6 5.0

89,,,/ 9,4, (%) n.a. 0.35 0.80 0.32 0.25 0.25 0.22 3.5

09,/ 94 (%) n.a. 2.3 6.8 2.3 1.8 1.8 1.2 SM

0G4g/ Gy (%) n.a. 2.2 3.8 2.1 1.4 1.7 1.0 3.9

Br; i (%)25%CL SM <0.3 <0.6 <0.5 <0.15 <0.3 <0.25 <3

BREexo (%0)gs0cL SM <1.8 <3.0 <1.6 <1.2 <1.2 <1.1 SM
Patrick Janot Higgs properties @ Circular Lepton Colliders () | Green = best 12

1 June 2018

Red = worst
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Snowmass
s [TeV)
B HL-LHC S2 + LEP/SLD B CEPC Z,00/WW4/240GeV,, | B ILC 250GeV, Bl CLIC 380GeV; B MuC 3TeV
(qpmbined in all lepton collider scenarios) | [ll CEPC +36OGGV1 HILC +3506€V0.2+50068V4 . CLIC +1 .5TeV2_5 - MuC 10TeV 10
j Free H Width BILC +1TeVy wGiga-Z | [l CLIC +3TeVs B MuC 125GeV; 0>+10TeV g
no H exotic decay | B FCC +365GeV, subscripts denote luminosity in ab", Z & WW denote Z-pole & WW threshold

— 10-—2

107" 103
1072 107
107 11075
107 107
il \ 10~
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cc bb T
H H H
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. Mass table

Collider Scenario Strategy omyg MeV) Ref. 0(I'zz+) (%)
LHC Run-2 m(ZZ),m(yy) 160 [83] 1.9
HL-LHC m(ZZ) 10-20 [10]  0.12-0.24
ILCH59 ZH recoil 14 [3] 0.17
CLIC380 ZH recoil 78 [85 1.3
CLIC; 500 m(bb) in HVV 301 [85] 0.56
CLIC3000 m(bb) in Hvv 23 [85] 0.53
FCC-ee ZH recoil 11 [86] 0.13
CEPC ZH recoil 5.9 [2] 0.07

JHEP 01 (2020) 139
Muon collider @125 GeV: 0.1 MeV
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. Width table

Collider o'y (%)  Extraction technique standalone result o'y (%)
from Ref. kappa-3 fit
[LCrs50 2.4 EFT fit [3] 2.4
ILCsop 1.6 EFT fit [3,11] .1
CLIC35g 4.7 K-framework [85 2.6
CLIC 500 2.6 K-framework [85] 1.7
CLIC3000 2.5 K-framework [85] 1.6
CEPC 3.1 o(ZH,vVH), BR(H — Z,bb,WW) [90] 1.8
FCC-eenyg 2.7 K-framework [1] 1.9
FCC-eesq45 1.3 K-framework [1] 1.2

JHEP 01 (2020) 139
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How to add a CP-odd term to the SM Lagrangian °!

For fermions

SM:a=0

o Ot “free” level

For bosons

 Without knowing the exact mechanism:
e Assume new phenomena appear at very high energies
e Construct an effective field theory starting from the known SM fields and symmetries

e Terms are suppressed by energy scale of the new theories
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. . . 2Re(MeyviMep.oad)
Use CP sensitive observables, often angles or matrix element ratios Oyt = M 2CP 0dd
Mgml
CMS 137 fb' (13 TeV)
-E : | | | | | | | | | | | | | | | | | | | | | | | | | | | :
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. . . 2Re(MeyviMep.oad)
Use CP sensitive observables, often angles or matrix element ratios Oyt = M 2CP 0dd
Mgml
CMS 137 fb' (13 TeV)
-E : | | | | | | | | | | | | | | | | | | | | | | | [ | I |
f 1.4—__+_ObS.—Bkg. pp + TCp n MP n ep
@ [ | |Bkg.unc
§ 12— =0
© F— o™ =90 e
T
s .
e
D 0.8 N S
D
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QG-—'. ®
04— | —e— ¢
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B ——
0:— """""""""""""""""""""""""""""""""""""""""""""""" —]
: | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :
0 60 120 180 240 300 360

Results 0, (degrees)
e pure parity odd Higgs coupling to bosons excluded at > 99.9% (ATLAS, CMS)
e pure parity odd Higgs coupling to fermions with 3 sigma (translate to %)

e admixtures (CP even and CP odd couplings) still possible
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Current status and future outlook

Reference”

Henning Bahl

Collider pp ete” ete” efe” ete” e p vy pwtpu~ pup| target
E (GeV) 14,000 100,000 250 350 500 1,000 1,300 125 125 3,000 |(theory)
L (fb~1) 3,000 30,000 250 350 500 1,000 1,000 250 20 1,000
HZZ/HWW([4.0-10"°|2.5-107° v  3.9-107° 2.9-107° 1.3-107° 3.0-10°°® v v V/ /| <107°
H~~y V4 —~ - - - - 0.06 - - | <1072
HZ~ / = = - ~1 - - - - | <1072
Hgg 0.011 V4 - - - - - - - - | <1072
Htt V4 ~ = 0.29 0.08 v - - /| <107
Hrr 0.008 / 0.01 0.01 0.02 0.06 - v/ /| <1072
Hup —~ —~ - - - - - v - | <107?
Limits set on: f&p = Cyo%
T T TR T
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tH
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(important - sign of coupling)

Currently: tH<12*SM
tH <2*SM at HL-LHC
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