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OVERVIEW

- WHY HIGGS FACTORIES? (brief reminder)
- DETECTOR CONCEPTS & TECHNOLOGIES at LCs

- HIGHLIGHTS FROM HIGGS PHYSICS AT LINEAR COLLIDERS

-  SUMMARY
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WHY HIGGS FACTORIES?

Higgs discovery ended era of reductionism and symmetries in particle physics [1]

- Never seen before fundamental scalar is discovered, unique (with exception of gravity) in its i IIII I
self-coupling 09 @
- Higgs discovery opened several important questions of nature of relativistic vacuum: @ M @
- How can we accommodate it in energy density of the Universe? @ @ Q @
- Why the Higgs is not enormously massive (even Planckian)?
- No New Physics discovery at LHC ( S N
. . . . £ k & e
- With the LHC resolution to probe Higgs compositeness, (/\ (::— A J i
the Higgs could be as elementary as pion. So, how pointlike is it? L\{'fhl e
- Acan be significantly modified by New Physics. J
HL-LHC will probe A with 50% uncertainty [2] r =) N
o : _ /\\J v + ~J77 oY
Expected deviations in certain models {T
Deviations in gyyy in the model’'s parameter || | \r\\.emm\n /PPDL\‘CW\
space where no signal would be observed at the C““’”"\jﬂm' \ J
LHC but EHHH is non-SM C”’T\\ “”_\- PWL}CM \
Model Aginn/ 8t - D
Mixed-in Singlet -18% N H Y TS TTHERE A MACROKD?/C UWVE/&H
Composite Higgs tens of % [1] ‘
Minimal Supersymmetry -2% to -15%
NMSSM -25%
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LINEAR COLLIDERS

- Come as mature technological options developed for decade(s) — ‘ready to take’ :
- Added value in detector realization (triggerless, power pulsing) WL

o(e*e” — HX) [fb]

10

- Staged, upgradable machines = high center-of-mass energy reach
- Various Higgs production mechanisms accessible over the energy scale span
- Enhanced sensitivity to BSM, also in the Higgs sector

107" =

1 0—2 | ! ! |

0] 1000‘ - I2000I - ‘3000
(s 1GeVI
- Linear colliders benefit from additional statistics from WW-fusion to access the | 4 Model Independent Fit LCC Physics WG
Impact of Luminosity, Energy and Polarisation | |
rare decays (’Y’Y, ML, Z’Y) % 3.5 B HL-LHC @e’e 2ab’' 250 GeV polarised
. . . . . — .. @e’e 4 ab’ 500 GeV polarised
-Double Higgs production at higher energies enables self-coupling measurement % 3| W Htne oee 5250 Gev unpotarisea |-
S .. ®e'e 1.5 ab™' 350 GeV unpolarised
-Other processes (like ttH) bring added value (i.e. CPV measurements) s 25
w
8 ok
- Beam polarization &
ke
- 80% e- beam @ CLIC, (80%, 30%) ( e-,e+) @ ILC £ 1.5
- Chiral nature of charge currents results in significant sensitivity of WW-fusion 2 1L ——
cross-section on polarization scheme (~2-L) 2 0
- Provides new observables sensitive to New Physics ® -~
o
0

- Helps characterization of newly discovered particles/models
Z Wb g ¢ I',T, v Zyunu t A

- Statistical uncertainty reduction in combination
l. Bozovic, CEPC 2021




High-energy, polarization, combination = access to rare Higgs decays

> OFF T T T T T : I e Decay mode Branching ratio
< [ , , 0 ILD simulati
Q) - ILD simulation 'GC)BOO-— simulation i H — bb 56.1%
S 20;’ utj H — WW* 23.1%
\0; 15E I H — gg 8.5%
% i 400 . H— tht™ 6.2%
o 10} ! H — ct 2.8%
: ] 200k 1 H — 7Z* 2.9%
5 - . H — vy 0.23%
I i H— Zy 0.16%
o)L SPED 5 LIVHE PPN PPN B AR ; — + 0.021%
120 122 124 126 128 130 U 0 50 100 'g ala 421\%
M, (GeV) Ye i -
/s =250GeV  ggH  vvH | ILC250 | ILC250+500
L 34% 113%
R 36% 111% 23%
/5 =500GeV ggH VvvH | ILCS00 17%
L 43%  37%
R 48%  106% 24%
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SiD Detector
- 5T field

- More compact
- AllSi

Hermecity: ©,,;,, = 5 mrad

Impact parameter resolution: o4 < 5um & 10pum

ATLAS/3

Track momentum resolution: o;,, <5- 107> GeV !

1 GeV
T

p sin

Jet energy resolution: og/E =3 — 4% (for highest jet energies)

CMS/40

ILD Detector

- 3.5T field

- Optimized for CM energies 9o GeV - 1 TeV
- Si/gaseous tracking

- Particle flow calorimetry

CMS/4

- Mature design and available technologies

ATLAS/2
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- Collaboration
High precision desigh

&a]orimeter for IL

Demonstrated feasibility of detector technologies

Testbeam area
2014 @CERN PS fron i ot i
Collimator I Cherenkov LumiCal
Target counters
beam

LTI
|
I Telescope with

trigger scintillators

Secondary beam:
hadrons, muons,
electrons

2016 @DESY

i s Sc3 |
e'beam — l
| target Magnet ! I I
telescope telescope
2020 @DESY _ _ a
g 53¢ 5] °
g 3 & 3| &
g g8 g ¢
s 2 = =
5 ——1 (0] ‘
= "l Il -
LUMICAL

(E_), MIP

10%

10

High granularity calorimeter
=> detailed spatial information of the showers

| |Fit x2ndt: 0.52 Egy: (188.48 + 8.1) MIP
oy (3.02 +0.15) B, (303+023)X,
BEM: 10.55 (mm) Epap: (27122 +°41)MIP
o (2.0140.01) B (1112001 2,
N;: (3.72 +0.06) MIP o ( 1.20 +0.01)
B (3.02 £ 0.06) p:“": (25.20 + 0.36)mm
5;‘“’: (81.88 £0.57)mm -

QGSP_BERT_HP, 80 GeV Pion
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Test-beams @ CERN SPS in 2018:

» 38 layers (72x72 cmz2: 4 boards each) with 1.7 cm steel absorber (4A)
e ~ 22’000 channels, < 1%, dead channels

» Very stable running, basically noise-free!

Moliere radius

TT III| T IHHII

A Data
— Data - fit
¢ MC
— MC - it

Electron beam 5 GeV

(stat) £ 0.3 (syst)) mm

\> jH‘H

<+«— Beam:
* Muons
e Electrons, 10-200 GeV
* Pions, 10-200 GeV

Total: ~100M events




CLIC det

- 4T field

- Ultra low-massVTX

- All Sitracking

- Particle flow calorimetry

- Time-stamped readout (20 ns) due to pronounced
Beamstrahlung background at higher energies

¢ 4 Yellow Reports 2018 CLIC requirements

for vertex and tracker detectors
triggered comprehensive technology
R&D programme

Summary Report Physics Potential Project Detector
Implementation  Technologies

[7] & Feasibility of air cooling demonstrated in simulation & full vertex detector mockup

¢ Full efficiency obtained from hybrid assemblies of 50um thin sensors
l. Bozovic, CEPCWS 2021 _
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SIMILAR PERFORMANCE OF LCDETECTORS

Separation of W/Z/H di-jets

Higgs recoil mass, smuon endpoint,

C/b_taggmg’ nggS branch«mg ratios nggS couplmg to muons 3%—4% jet energy resolution gives ~ 2.6 — 2.30 W/Z separation
: lution for muons:
b-tagging @ CLIC pr resolution for muons —_ ClCdp : : ,
S _

_ 1 cLicdp _> — L VLC7 Jets -
%  Di-jet events, ECM=5|]00 GeV, 20¢ < B < 90° () | =7' Qlji_r 10F —=50 GeV —
c - Charm contamination . o [ ILD 6 o ] EE\ i = 50 GeV, 380 Gev BG i
je) I No background / 7 - 10-1 | "9~ 200 _ W [ =100 GeV 4
'§ i —— 1y~ hadrons y i = * g =30 E "’8 8} =100 GeV, 380 GeV BG -
£ 107 - 5 [ . = 5=85 ] c - —=190 GeV N
= ﬂ S 102 L A 0 i % [ =190 GeV, 380 GeV BG
s / ] SR = of -
L2 r 1 - i, . —

S ol vl 103 £ ; ek
57 E = M = ~ '
= C ] [ 4 =
L i ] _4 y’ :lul.l.l-.-.-.-..-.h____l
LF contamination ] 1 0 3 8 |
I No background = w
10-3 . : Y= hadrons ) g 105 [ § 2 — 1 1 . . 1 1
:................é....: 0 Ll vl Ll cC
Y05 0.6 0?7 0{8 0{9 1 1 10 102 0 0.2 0.4 0.6 0.8 1
[8] Beauty eff. Momentum/GeV [8] |cos6)|

Particle Flow is the ‘key word".
Only neutral particles ID (y (30%), neutral hadrons (10%)) are left to calorimeters.
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PHYSICS PROGRAMMEATA LC

HIGGS COUPLINGS: model-independent measurements
k-framework
EFT approach

-COUPLING -
HIGGS AS A PROBE TO DARK SECTOR AND BSM IN GENERAL  — HighE
N THE HIGGS SECTOR

- HIGGS PHYSICS mp

‘ top-quark mass
- t-PHYSICS electroweak couplings Low E 95% CL scale limits on 4-fermion contact interactions
ow "\
“ rare decayS B o.w 0:B European Stratng
top Yukawa couplin HL-LHC
p . p g HE-LHC
CP properties High E ILC 0
ILC 500
BSM constraints ILC 1000
CLIC 30
CLIC 1500
- BSM direct searches CLIC 300
models with weak CEPC
couplings or soft igg-eem
P High E -ee
signatures g FCC-hh

) } 0 10 20 30 40 50 60 70 80 90 100 110 120 130
indirect searches

h|gh Sensitivity Scale / coupling [TeV]

Due to staged realization of LCs, these are ideal machines to explore large
physics span, with indirect access to the ~ 100 TeV scale . Bozovic, CEPCWS 2021




HIGGS COUPLINGS

- Model independent approach¥,
- Precision better than 1% for most couplings
- Clear improvement with energy
- Sinergy with HL-LHC

Already the single measurement of the HZ

cross section at ILC 250 yields a very large FCC-ee +FCC-ee +HL-
improvement of the HL-LHC accuracies
12 = - 4 _ _ dgzz 0.25 022  0.21
CLICdp .E’:. Model Independent Fit LCC Physics WG
model independent » | [ W HLLHC @ e%e 5 ab™ 250 GeV unpolarised | ool ) 1. 47 44
no assumpti.ons on additional Higgs 87 35 B HL-LHC ®e'e 2 ab” 250 GeV polarised gwa 3 0 0
| 1 decays — unique to lepton colliders a B .. 5e'e 4ab’ 500 GeV polarised 6gbe 1 4 0 68 0 58
. S 3 | et a1 ot R ] : : :
| S ] AN S E_— dgHee 1.8 123 1.20
5 &
1 l i ll{;% l[* ! e e SR> Y S S | I — O9Hgg 1.7 1.03 0.83
l R [ 0
R : > 15k I ...... I .............. T . OGH<x 1.4 0.8 0.71
B TR 50 1 5 06 86 34
o
0.9 . 2| 1 c 1% l_l E I gl ol S JHup . . .
350 GeV, 1 ab’ 17 L . =2 7 3
o +1.4TeV,25ab’ S OS5SHR-B- TR ERERE R = =9 g— OGHyy 4.7 3.8 1.3
e +3TeV,5ab" = ® a @ o
, & g I
08 Based on Eur. Phys. J. C 77 475 (2017) 0 3 8 3 69““ 3'3
updated to new luminosity scenario arXiv:1812.01644 Z W b =t g c rinv rh v ZY m t )

ol 2.8 1.56 1.3

Statistical uncertainties are shown for 5 ab-' @240 GeV and 1.5

% L . . ab- @365 GeV (from FCC-ee CDR)
Level of accuracy <1% requires incorporation of loop-corrections —

loss of strict model-independence l. Bozovic, CEPC WS 2021
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HIGGS SELF-COUPLING

High energy (>1TeV) e+e- collider is superior in
determination of the Higgs self-coupling

High energy (double) Higgs production is the most
sensitive to deviations of the Higgs self-coupling

A is determined from the total rate of HH events (ILD)
or template fit of m,, and BDT output (CLICdp)

Polarization (i.e. -80%) almost doubles the HHvv rate

T

— ee » vvHH 1400 GeV /|
=

----- @@ 9 vvHH 3000 GeV -
ee @ ZHH 500 GeV
— @@ » ZHH 1400 GeV

e*+e ) THH. (full 'simulation)

500 1000 1500 2000 2500 3000
s [GeV]

Higgs@FC WG \-di-H, excl. [l di-H, glob. single-H, excl.-single-H,gIob.\
‘AlllfutL‘lre‘coII‘ide‘rsqompin\?d\{vithHlT-LﬂC‘ o

HL-LHC |
HE-LHC :
FCC-eeleh/hh . [ s e ]
FCC-ee,,, 2
FCC-ee,; . o'
LCps -
||-03,50 j
(Ko =
GEPC ..
CLICy, .
CLIC 50 |
cLic,

3005 2 ' ‘ ' ‘
0 10 20 30 40 50
May 2019 68% CL bounds on 4 [%]

e+e- colliders precision on A in combination with HL-LHC:
Low energies:
ILC250 and FCCee365, £35%

High energies:

HL-LHC: ~ +50% |L20]

ILC500 ~ £ 27% 4 ab-1 at ILC500 27%
CLIC3000 ~+ g% +8ab'atILC1000 10%
FCC-hh ~ £ 5%

l. Bozovic, CEPCWS 2021




STAGING, COMBINATIONS — LC BENEFITS TO MEASURE A

er A% complementary
at 1.5TeV
dom I nates H e+ Z % 2 . 5 [ T | T T | T T Ifg_s selfcouplir.\g projections . T T | T l_
. Z - - HL-LHC (single coupl. analysis) .
at hlgher \/S H (< B === cross-section-level extrapolation N
H \% 2 __ ................. == |LC 500 GeV ZHH (full coupl. analysis) ....... __
W g H H GE) C : i = |LC 500 GeV + 1 TeV vwHH combined : 7
€— 'VHHH = gHHH < 15 S _:
CLICdp CLICdp T r .
5 T U Aanas . . — - ]
= 1.1 i *= g3k o] - -
— f | * HHvv3Tev | — 0.3 | ZHH 1.4 Tev A T :
g T 7 T8 I [ | i
T 0.9 1 T . : - i
T . | 1 N L E 0.5 7
] | B : - )
T 0.7 ‘ II I' E 0.15F oot s oL | | o | .
(J;| S E—— B o 15 / : 0 0.5 1 1.5 2
o | | A ]
0.5¢ [ e [ o® ] [12] A A

0:.“.|.,..|.|‘..- 0.05_‘...|....|....|....|.‘- true’ “¥SM

“ 1 2, 0 T 2 3 4,

[11] gHHHngHH gHHH/gHHH

- It'simportant to have (high) energy staging: 1.4(5) TeV complementarity to 3 TeV CLIC

- Different behavior of ZHH and double-Higgs production in WW-fusion, for non-SM values of triple Higgs couplings resolves
ambiguity from interference

- Statistical uncertainty reduction in combination
- Clear gain of high(er) center-of-mass energy sensitivity to non-SM values of A

l. Bozovic, CEPCWS 2021




E i CLIC Stage 1 HL-LHC preliminary blue line: individual reach E
i CLIC Stage 1+2 yellow mark: additional result
10 |WcCLIC Stage 1+2+3 =

&)
Epre—EWSB _— P Oz *
]

- BSM physics can manifest itself in the
Higgs sector in several ways:

- Contribution from the higher order
operators (EFT approach)

- Higgs compositeness
- Extended Higgs sector
- DM portal

- CPV

Universal EFT fit

10? M HL-LHC (3/ab, S1) + LEP/SLD light shade: CLIC + LEP/SLD =

B HL-LHC (3/ab, S2) + LEP/SLD solid shade: com

bined with HL-LHC(S2)

[| Smaller value corresponds
to higher scale A probed

1073

€+ Cww ©CBe CHw CHB Coe*0 Cy

arXiv:1812.02093 The CLIC potential for new physics, CERN-2018-009-M

Csw Cws  Cr Cow=10’Capx10®  Cg
I L J L

J

from

effects grow with energy el

ILC

Oss & | dis
| BLUE: 9

High energy Higgs production is the most sensitive to
contributions from the 6D operators in the EFT approach and
thus can probe the highest New Physics scale A

5-sigma
covery
5% c.l. reach

[13]  ANc (TeV)

0O 5 10 15 20 25

I



HIGGS AS A PROBE TO BSM — EFT INTERPRETATIONS

Model bb cC

g9 WW 11 ZZ vy LU
1 MSSM [36] +48 08 -08 -02 404 -05 +0.1 +0.3 <u e e
2 Type I1 2HD [35] +10.1 -02 -02 0.0 498 00 +0.1 +98 . ILD ILC 250 GeV, 2 ab™ |l 18 .C
3 Type X 2HD [35] 02 02 02 00 478 00 00 +78 _ 16 §
4 Type Y 2HD [35] +101 -02 -02 00 -02 00 01 -02 2HDM-I Higgs and cTGCs =
- ; . o , EFT interpretation 14 ©
5 Composite Higgs [37] 64 64 B4 21 B4 21 21 -64 2HDM-X o=
6 Little Higgs w. T-parity [38] 00 00 -61 -25 00 -25 -15 0.0 2HDM-Y E
7 Little Higgs w. T-parity [39] -7.8 -46 -35 -1.5 -78 -15 -10 -7.8 Composie 109
8 Higgs-Radion [40] 35 -15 410. -5 -15 -15 10 -15 e 8 O
9 Higgs Singlet [41] 35 35 -35 -35 -35 -35 -35 -35 6 ©
LHT-7 e
4 ©
20 O Radion 4.7 E
SM Singlet 42 44 2
HL-LHC + 18 S 0
PMSSH ILC 250 GeV 2 ab” ' |8l 15 S Sl IS iZHION N 100, Mot AT Racio, ot
OHDM-II + 500 GeV 4 ab™ 14 g
- ©
i Higgs and cTGCs o . .
e Effimerpretaﬂon 1o E Above 5c model discrimination already with 250 Gev ILC
2HDM-Y -
10 5
Jomposite 8
8 - —
LHT-6 © . . . . . .
6 - Substantial improvement at higher energies + polarization
o PR - New Physic can be probed at a discovery limit for almost
reden , E all models unreachable at HL-LHC
Singlet
- o
[14] S p””SSzﬁ”DMi"’DMf\,”DMfP’”oo{sH6 L. Recto, norey l. Bozovic, CEPC WS 2021




HIGGS AS A PROBE TO BSM

- BSM physics can manifest itself in

the Higgs sector in several ways: regions (CLIC)

Contribution from the higher exclusion region
order operators (EFT approach) (HL-LHC)

Higgs compositeness <

Extended Higgs sector
DM portal
CPV

[15]

5-c discovery 10 Fi

Higgs compositeness

6F

CLIC
® hvv, hZ, WW, tth |
ee-—ff

® HL-LHC

The scale of compositeness can be probed significantly higher from the high-energy collider kinematic limit

l. Bozovic, CEPCWS 2021
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|IGGS AS A PROBE TO BSM - In majority of BSM models, SM Higgs comes with

additional Higgses (2HDM, SUSY in general,
compositeness,..etc.)

- Can be a lighter scalar than SM Higgs — it is important to
be capable of probing such states at future colliders

- If SM Higgs is the lightest, other states are nearly mass-
degenerated

BSM physics can manifest itself in the Higgs
sector in several ways:

- Contribution from the higher order
operators (EFT approach)

- Higgs compositeness

10°

2000 fb' @ 250 GeV ILC

. ILD preliminary H - LEP observed ,"
. r R Y | IE R R - 105Gev || -== LEP expected
- EXtended H Iggs SeCtor [ o ! ssoev [ escer [ ILC-recoil method
: seev [ s e : —— ILC-traditional method
- D M pO I’ta | 1 ! [0 IO | - W o ~ 10714 - 2HDMS (xZep - cus > 2.3)
: II . | s - 22222 _"?) . JHDMS (XEEP_EMS<2_3]
- CPV o £
&
—Tr1 r 17 ] ri s~
LHC 8TeV Higgs couplings i ? 1072 4
100 150 200
2 1073 1
Iv‘recoil(G‘eV/C ) g‘l.‘
— 0 _ . y ' ' : j j !
][15] e+ e~ 75Y% Iu—l—u + inv [16] 20 40 60 8omn Ge\lloo 120 140 160
. o(pp = h1 —
HCMS = ( ) =0.6+0.2

o(pp — Hgy — )

-] ILC can clearly distinguish 2HDMS with
T va . SM Higgs mixing with a heavl singlet state ¢ 96 GeV scalar from the SM

1000 1500 2000 2500 l. Bozovic, CEPCWS 2021
m,[GeV]




HIGGS TO INVISIBLE

H—inv.

1600 T T T T ‘ T T T T | T T T T T T T T | T T T T

S — =
> = ) ) —zz 7
5] B .'LDﬁSlmuIatlon = W\fzv 7

C \'s = 250 GeV C v =
ﬁ - pol(e .e") = (+0.8,-0.3) -:| \e:w _
%) - 250 fb” . qqH ]
= - — qqH, H—4v 7
G>J - —1 H—invisible BF 10% —

BSM physics can manifest itself in the Higgs sector in
several ways:

Contribution from the higher order operators (EFT
approach)

Higgs compositeness

Extended Higgs sector

- DM portal
- CPV RED - “initial” ILC running, 8 years
105, et oo : ORANCE - full” ILC running, 20 years
90/0 B ILC 500 GeV, 4000 o' & 350 GeV, 200 fo” @ 250 GeV, 2000 7" -- -k ----{  ------------ —] 0
B ILC & HL-LHC 3000 fb™ combination —b
8% i S B - Kt . 3%
Soul if run
2 R I— W
- . 550
N . N - 1 @
- - GeV
C3/) et EESSEERIERES R [ —
el WEEEEE s B [
C L) AN N S—— N N —
° <0.5%, 95% CL
2% - -l - - -
1% 1NNl B B B
0
0% K, Ky K, K¢ Ky K; K. K Kp Do i [13]

80
600
400
200

0

140 150 160
Recoil Mass [GeV]

———r—e—
120 130

|
110

[17]

- Looking at the recoil mass under
the condition that nothing
observable is recoiling against the Z
boson (only one Z per event)

Access to DM connected to SM
particles through a specific set of
operators (portals)

1

E,, Fm
2

€a

Y poruv
Fu? a

[z

e |H|*| @

l. Bozovic, CEPCWS 2021



In the Higgs rest frame

CPV IN THE HIGGS SECTOR

- More difficult than just a spin/parity ILD simulation: 250 GeV, e; 5, 09ab”  Z—elplg

determination: Higgs can be a mixture of 5 ,,f @
c c @ a Mean = 0.000
different CP eigenstates < o0k
h=H-cosy + A-siny 8 ook RMS = 0.108
D s
- Can be measured in Hff and HVV vertices, & &0 £

both in Higgs production and decays 60F

" g oF
- Hff (HVV) sensitive to CPV contributions O
20 .[:
at the tree (loop) level - )
0% 03 02 01 0 01 02 03 04

- Only lose bounds (at present) on a [10] v_[rad] e
quantum superposition od different CP NEW)
states (i.e. y<43°, 95% CL, LHC [18])

250 GeV — benefit from polarization & combination o

HL-LHC 3 0o+ GeV —associated Htt production

HE-LHC — 1 TeV —ZZ-fusion, Higgs production
CEPC — 3 TeV —WW-fusion, Higgs decay
FCC-ee,,, 10°

ILC,s, 4° l. Bozovic, CEPC WS 2021




SUMMARY

Linear colliders as candidates for future Higgs factories are well studied (physics) and
technologically mature (detector) projects ready to be deployed

* Allfuture e+e- projects bring significant added value to the
projected HL-LHC sensitivities in the Higgs sector...

* ...enabling discrimination of BSM models inaccessible at HL-LHC

* Already lowest energy phases brings sensitivity far beyond the
projected HL-LHC precision on Higgs couplings

* Higher center of mass energies significantly extends physics span
of a LC (Higgs self-coupling, BSM scenarios in the Higgs sector)
Energy upgrade is important — genuine advantage of a LC

* Additional enhancement comes from polarization (precision, model
discrimination)

l. Bozovic, CEPCWS 202:

ueder ul Jauenb-pesH 0O

'sqe| Bunedionied

3y} woJj uoiingliyuod pubi-u; O

sallojeloqe]
ay) Buowe juawaalibe

UIIM payess si gejaid DI

‘Juswaalhe |ejuawuiaroh

ay} Aq papess s| ‘qe 7|

>
c
Q
8]
o
]
o

Kiojesoqel-aid 911

sieak O~

fuojeloqe) 97

isleah oz~

1dl

uonoNIISUod D) gejsid

uonesadp

‘95IM-da)s uonezijess 97| 8y 8dUBAPE 0} 0Z0Z Alenigad ul Bunssw

cirie (11 wea iwauidoianar reuonetliaitl atn haiealn YWaA7 all |



CEPCWorkshop

08.11.-12.11. 2021

Nanjing, China

The 2021 International Workshop on the High Energy Circular Electron
Positron Collider
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HIGGS COUPLINGS

The models below are outside the HL-LHC reach
heavy SUSY 2 Higgs doublet

T T T T T

How well do we need to know Higgs couplings?
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- In many BSM models one expects only % level
deviations from the SM couplings for BSM particles in
the TeV range
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- Higgs to EW bosons couplings are particularly sensitive
to BSM; Aeven more

I
—_
o
T TT Ty T Tt

—~10 |~ ILC 250 GeV, 2 ab™" + 500 GeV, 4 ab™": pMSSM example -1

L [[__] cprecisions from full EFT fit

|~ ILC 250 GeV, 2 ab” + 500 GeV, 4 ab"; 2HDN-II example —

model pr

Coupling deviations from SM [%]
o
:
Coupling deviations from SM [%]
o
I
I

I
n
o

- Example, 2HDM-type model in decoupling limit [B1] k. el pooosm T oE T
CloV 4 composite Higgs Higgs-Radion mixing
) 200 Ge
v, 0.3%( )

20 T T T T T T T
Ghsy V'V m a

A LCC 2 2
gntt _ Ghee L 1.7% ( 00 GeV)

n
o
T

ILC 250 GeV, 2 ab™" + 500 GeV, 4 ab™': Composite example

10 [] ncprecisions from full EFT fit ]

———— model predictions

-
o
T
|

2

Ghantt Gheniee ma

1
s
o
g
(2]
2
2
[~]
3
<
»
2
A
+
&
2
g
[~]
8
=
>
s
o,
F
a
H

example
L : ILC precisions from full EFT fit

Coupling deviations from SM [%]
o
i
Coupling deviations from SM [%]
o
:
i

|
n
o

2

Ghbb _ Ghrr 1+40%<
Ghenbb GhsmTT

Percent order accuracy on Higgs couplings offers access to various BSM scenarios \

200 Ge\/>2

m A




180F

HIGGS MASS i

176}

,Jmf"” : 10"
Instability T s
Metastability -

- Which precision of the Higgs mass is needed? % i;’;
- Vacuum stability (at least several GeV) g‘ 170
- Impact on H—>ZZ* width (a few tens of MeV) »
168 Stability
- Current precision 160 MeV 1661 =
- Comparable precision with HL-LHC LS 120 125 130 135
My (GeV)
1Z) L L ) B
Collider Scenario Strategy omp (MeV) 0(Izz+) (%) S i — % ToyNCData :
> — Signal+Background —
LHC Run-2 m(ZZ),m(yy) 160 1.9 i 490 ' Sizna, T
HL-LHC m(ZZ) 10-20 0.12-0.24 sook FL 0 e Background E
ILC250 ZH I'E:C()ﬂ 14 017 ; e*+e - uu + X @ 250 GeV ;
CLICsgg ZH recoil 78 1.3 200 -
CLIC 500 m(bb) in Hvv 30'° 0.56 -
CLIC3000 m(bb) in Hvv 23 .53 100
FeCee ZH recoll ! 0.13 %0 T 1m0 140 1m0
CEPC ZH recoil 59 :
el 0.07 [B2] Recoil Mass (GeV/c?)

M. Cepeda, Higgs precision measurements at future colliders, IFT UAM-CSIC, Madrid,

Spain, July 2019
l. Bozovic, CEPCWS 2021




HIGGS WIDTH

Being less than 5 MeV, Higgs decay width can
not be directly measured at any proposed e+e-
collider

Can be determined from individual decays
(quasi-direct measurement), i.e. H>WW decays
in WW-fusion, H>ZZ in HZ)

o(ee — ZH) - BR(H — ZZ) o £z
In @ combination of measurements:

o(ee—ZH)-BR(H->WW).o(ee—ZH)-BR(H—bb)
o(ee—vvH)-BR(H—bb)
X giy EHtw _ gtz St X __ 8ny
I ‘4 8w &, I
The ultimate precision is reached in a global fit,

(model-independent or in the LHC-style, so
called k-framework):

Ty K
Iy = ‘
= (BRinv ‘2 BRunt)

Orin a global (model-dependent) EFT fit
(assumes the new physics scale A >>M,)

Statistical accuracy of 1-2%

Collider 6y (%) Extraction technique standalone result ol'y (’¢
from Ref. kappa- fit

ILCssp 24 EFT fit [3]

ILCs09 1.6 EFT fit [3,11]

CLIC3sp 4.7 K-framework [85] 2.6

CLIC 500 2.6 k-framework [85] 1.7

CLIC 3000 > K-framework [85] 1.6

CEPC 3.1 o(ZH,vvH), BR(H — Z.bb,WW) [90] 1.8

FCC-eeqyg 2.7 K-framework [1] 1.9

FCC-eeigs 1.3 K-framework [1] 1.2

arXiv:1905.03764
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| ILC Workshop
A on Potential Experiments

:!Ip ILCX
o

ILC comes with the collider program and rich auxiliary experiments
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Dark sector (ILC-BDX), fixed-target and beam dump experiments (ILCX) R

Material
Science

"
- The physics program at the ILC main IP will study physics at O(100 GeV) mass scale, \ 7
with O(0.01-0.1) coupling strength
- Fixed-target experiments at ILC beam dumps offer access to a complementary

regime: <10 GeV mass scale, <<1 coupling strength Positron beam dump
107 e N Past beam dump E
5[ - SHiP ]
1 By ey Bl PR
€ (f\/ 7n.c2 of 10-¢ ;— E
0.1 LHC, new particles) )
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[B3] l. Bozovic, CEPC WS 2021



https://agenda.linearcollider.org/event/9211/
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