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Origin of EWSB?
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Origin of Flavor?
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https://arxiv.org/abs/2211.11084

The Energy Frontier 2021 Snowmass Report
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Higgs at ete-

The Energy Frontier 2021 Snowmass Report
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https://arxiv.org/abs/2211.11084

Outline

Focus topics for the ECFA study on Higgs / Top / EW factories

Table 1: Overview of focus topics and relevant centre-of-mass energies. Energies applicable to the
considered topic are indicated with ’v"’.

Relevant /s [GeV]
Topic Lead group | 91 161 240-250 350-380 > 500
1  HtoSS HTE v v v
2 ZHang HTE (GLOB) v v v
3  Hself GLOB v v v

Focus topics for the ECFA study on Higgs / Top / EW factories will
provide further detector design guidelines (2401.07564)
Timeline: End of 2024 for the summary document
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https://arxiv.org/abs/2401.07564

1811.00017
1908.11376

H — ss, beyond EFT 2101.04119

Higgs to strange coupling is an appealing signature to probe new physics

I I | | | . . | : |

Is the Higgs the source for all flavor? : 1900
0.5 SEV 2HDM, cos(8 — a) = 0.1 -
_ _ _ Egana-Ugrinovic, Homiller, Meade —100
An option, Spontaneous Flavor Violation - arXiv:1908.11376, 2101.04119 -
New physics can couple in a strongly flavor N’
dependent way if it is aligned in the down-type ! 2
= ] o
quark or up-type quark sectors o 0.05 JEEEESEEEE R | P
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https://indico.desy.de/event/34916/contributions/142206/attachments/84173/111451/EPSmeade23.pdf

2101.04119

. 2203.07535
S-tagging

Tagging strange is a challenging but not impossible task for future detectors at ete-

U, d S - As b,c, and s jets contain at least one strange hadron

‘ Strange quarks mostly hadronize to prompt kaons which
carry a large fraction of the jet momentum
Strange hadron reconstruction:

K= PID

KO PF (neutral)

KOs = 1+t (~70%) / 1O (~30%) | Distinctive two-prong
N\O— prT (~65%) vertices topology

C
Jet flavour Number of secondary vertices Number of strange hadrons
(excluding V's) (e.g., KT, K7} /. and A°)
Bottom 2 >1
Charm 1 >1
Strange 0 >1
Light 0 0
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1912.04601
e2019-900045-4

Particle ID for s-tagging

Combining different strategies for optimal PID performance across a wide pt range
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1912.04601
e2019-900045-4

Particle ID for s-tagging

Combining different strategies for optimal PID performance across a wide prt range

dE/dx from silicon (< 5 GeV) and large gaseous tracking detectors (< 30 GeV)
< 5 GeV, time-of-flight (i.e. 100 ps from ECAL)
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arXiv:2203.07535
L. Gouskos @FCC week

Constraints on s-coupling

Compatible results for both FCC and ILC like analyses

ILD combined limit of ks < 6.74 at 95% CL with 900/fb at 250 GeV (i.e. half dataset)
No PID worsen the results by 8%

FCC for Z(vv) only sets a limit of ks < 1.3 at 95% CL with 5/ab at 250 GeV and 2 IPs
No PID to PID with dN/dx — at fixed mistag, efficiency doubles

FCCAnalyses: FCC-ee Simulation (Delphes)

llllllllllllllllIII|III|III|III|III|III|Il||l]| 1.2
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https://arxiv.org/pdf/2203.07535.pdf
https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf

Lesson learned and moving forward

arXiv:2203.07535
L. Gouskos @FCC week

Use H — ss to inform detector design, while monitoring other benchmarks’ performance

- Neutral Hadron energy resolution

- dE/dx and dN/dx: evaluate PID performance for H-strange coupling
- Timing resolution to be further investigated but less critical for s-tagging
-+ RHIC for improved reconstruction of K+- at high momentum (< 30 GeV)
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https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf
https://arxiv.org/pdf/2203.07535.pdf

Goals of the H — ss focus study

s-tagging & PID would allow for a complete exploration of the 2nd generation Yukawa couplings

map this into phenomenological targets
- 1.e. BSM models predicting deviations in h = ss, orh — cs

- refine the analysis for ete- = Zh with h = ss (Z — X) at 240/250 GeV
- higher center of mass energies still unexplored

- study detector benchmarks:

- the complementarity in momentum reach of charged hadron ID from dN/dx, dE/dXx,
ToF, RICH

+ reconstruction of in-flight decays, K% — T+t
+ strangeness-tagging and s/sbar separation
- Important to evaluate simultaneously other Higgs benchmarks

Join us! ECFA-WHF-FT-HSS email list Contact us!
self-subscription CERN e-group ECFA-WHF-FT-HtoSS-coordinators@cern.ch
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http://simba3.web.cern.ch/simba3/%20SelfSubscription.aspx?groupName=ecfa-whf-ft-HtoSS

/ZH Focus study

Talk at the ECFA workshop 2023

Are there additional sources for CP violation in Higgs sector?

- Higgs is not a pure CP-odd state, but experimentally it has not been
demonstrated that it is a pure CP-even state either.

- Baryogenesis: creation of the asymmetry between matter and anti-matter in the
universe requires a strong first-order electroweak phase transition (EWPT)

- First-order EWPT does not work in the SM:

- the amount of CP violation in the SM (induced by the CKM phase) is not @

) Transition

sufficient to explain the observed asymmetry between matter and anti-
matter in the universe

- First-order EWPT can be realized in extended Higgs sectors and could give
rise to detectable gravitational wave signal
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https://agenda.infn.it/event/34841/contributions/207599/attachments/111352/158913/ecfa-paestum.pdf

arXiv:2205.07715

nggs CP prOpertleS arXiv:2209.07510

Most processes could be studied at an e+e- collider with the beam energy above the tth threshold.

Future e+e- colliders are expected to provide comparable sensitivity to HL-LHC in hff couplings, and potentially
higher sensitivity in hZZ couplings.
CP-measurements in HZ and ZZ-fusion: define CP-odd quantities and evaluate effect of polarization

+

Collider pp pp pp 2 e ete” e'e g'e ey /ﬁ'p" p,+y." target

E (GeV) 14,000 14,000 100,000] 230 350 500 1,000 125 125 > 500|(theory)
E (b ) 300 3,000 20,000 | 250 350 500 1,000 Rs0

HyeziHWwWilaa0 ~ 25008 ° & B4 - 11490 “ 400 " 8l |y - v < 10
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HZ~ —- ~1 v . - - o % = - | <1072
Hgg 0.12  0.011 v - - - - - - . [ <10 "
Htt 024 006 v - - 28 008 - ¢y -0 -
Hrr 0.07  0.008 v 0.01 N8I 002 006 v ¢ ¢ =10 -
Hpp - — ~ - - £ g = = el
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ZH C P StUd ieS Talk at the ECFA workshop 202

Studies of the CP properties of the Higgs boson require both high luminosities and energies from 250 GeV - 1 TeV

A possible to do list:
- Phenomenology:
-+ Define CP-odd quantities in HZ, VV-fusion, HVV couplings, trilinear couplings
- detailed model specific studies versus EFT studies,
- optimal observables versus angular and kinematic observables,
- Evaluate the impact of ISR and FSR

- Simulations : non-zero CPV mixing not yet included, detector-specific issues, full spin & polarization information, ISR, FSR
- Reconstruction:
+ T reconstruction including polarization Y
-, gbar separation
- angular reconstruction
- (electron tracking) to small polar angles/ hermeticity
- b-tagging efficiency uncertainty

1l A
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https://agenda.infn.it/event/34841/contributions/207599/attachments/111352/158913/ecfa-paestum.pdf

Goals of the ZH focus study

Study CP-odd interactions and extend the sensitivity to a global SMEFT analysis to probe the Higgs self-coupling

-+ Use angular information or an optimal observable to improve sensitivity to the CP structure of the hZZ vertex

- Towards a joint constraint on the CP-even and CP-odd components of the hZZ vertex using pseudo-
observables or the SMEFT, rather than just the CP-odd fraction

- An expanded interpretation framework connecting the SMEFT to specific model scenarios could be used to
clarify the coverage of an e+e- collider to the CP-odd interaction strengths that can explain the baryon asymmetry

In the universe.

-+ Perform a complete NLO analysis of the ZH process within the context of a global SMEFT analysis, including
constraints from other measurements

-+ Determine whether angular or other observables can target the sensitivity to the self-coupling, possibly in
conjunction with different centre-of-mass energies and beam polarizations

- Extend the global SMEFT analysis to dimension-8 operators and all terms at order 1/A4: both CP-odd and CP-
even operators contribute to many observables at this order

Join ECFA-WHF-FT-ZHANG email list Contacts
self-subscription CERN e-group ecfa-whf-wg1-hte-conveners@cern.ch
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http://simba3.web.cern.ch/simba3/%20SelfSubscription.aspx?groupName=ecfa-whf-ft-zhang
mailto:ecfa-whf-wg1-hte-conveners@cern.ch

HH at future e+e- linear colliders arxivi1910.00012

— 1 ) B . )
=, Unpolarized beams B ) )
0 HHv .V,
10~
ZHH
10°°
107°

0 500 1000 1500 2000 2500 3000
/s [GeV]

. The intrinsic precision (1% level) on single Higgs production processes is one of the main advantages of ete™ beams

. HHvv requires ¢; e; , the use of polarized beams could increase the cross-section by a factor ~2

- For both ZHH and HHvv processes there are diagrams involving the self-coupling in constructive/deconstructive
interference with diagrams that do not contain this coupling.

- No matter what is the sign of the deviation of the Higgs self-coupling from its SM value, one process is always
enhanced
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arXiv:1910.00012

Studying HH at ete-
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Both the bbbb and bbWW final states are considered with Z to leptons/neutrino/quarks
For ILC analyses with an expected luminosity of 4/ab at 500 GeV, the combination of the various channels yield a
precision of 16.8% on the HH total cross section which corresponds to an uncertainty of 27% on k; coupling.

For CLIC studies at 1.4 TeV, evidence for vvHH production is found with a significance of 3.6¢0, and the ZHH
process can be observed at this stage with a significance of 5.9¢0

- The ambiguity in the interpretation of the total cross-section results is resolved by measuring the HH invariant
mass distribution in the vwHH process.
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What is next for HH?

Evaluate dependency as a function of CM and further analysis improvements

A lot of room for improvement by advanced analysis techniques:
flavor tagging, jet-clustering, kinematic fitting, matrix element method...
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Review of ongoing studies for ZHH, Julie Torndal & Dimitris Ntounis (talk, arXiv)

Caterina Vernieri - IDT-WG3-Phys Open Meeting - January 25, 2024
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https://agenda.linearcollider.org/event/10116/contributions/53011/attachments/39045/61526/EPS_HEP2023_Torndal_Rehearsal.pdf://arxiv.org/abs/2401.07564
https://arxiv.org/pdf/2311.16774.pdf

arXiv:1312.3322
arXiv:1910.00012

Self-coupling at e+e- with single Higgs

The self-coupling could be determined also through

single Higgs processes 86/c or ST/T
- Relative enhancement of the e+e- —» ZH )

cross-section and the H—=W+W- partial width :

- Need multiple Q2 to identify the effects due to  20%¢

the self-coupling '

1.0% F

0.0% |

-1.0%*t

6240 =100 (267 + 0.0145,) %

New observables? Top-quark uncertainties? Which is the optimal energy scan?
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https://arxiv.org/pdf/1312.3322.pdf
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The Higgs self-coupling at future colliders

From Snowmass22 update:

collider Indirect-h hh combined
HL-LHC [68] 100-200%  50% 50%
ILCa50/C>-250 [49,B50] 49% —~ 49%
ILCs00/C3-550 [49,50]  38% 20% 20%

CLICss0 [52] 50% - 50%
CLIC;500 [52] 49% 36% 29%
CLIC3000 [52] 49% 9% 9%
FCC-ee [53] 33% — 33%
FCC-ee (4 IPs) [53]  24% . 24%
FCC-hh [69] . 3478% 3.47.8%
u(3 TeV) [57] - 15-30% 15-30%
u(10 TeV) [57] : 4% 4%

Caterina Vernieri - IDT-WG3-Phys Open Meeting - January 25, 2024

Not updated (yet) since
the YR, although new
projections available
based on full Run 2
dataset
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Goals of the HSelf focus studies Talk at the ECFA workshop 2023

Target physics studies
Single Higgs observables at CM 250, 350/365 GeV:

- for indirect determination of kx EFT approach (kx = 1) vs. concrete models (ka/= 1)

- for indirect determination of multi-Higgs interactions involving also extra Higgs bosons.
+ Can these contributions be disentangled from the SM-like Higgs self-coupling?

- Study how differential measurements and energy scan can help lifting degeneracies

Double-Higgs observables at CM > 500 GeV:

- Evaluate how various algorithms can improve substantially di-Higgs cross section measurements

- Study the differential cross section in order to enhance the sensitivity to A.

Join ECFA-WHF-FT-Hself@cern.ch email list Contacts
self-subscription CERN e-group ecfa-whf-wg1-glob-conveners@cern.ch
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http://a%20http://simba3.web.cern.ch/simba3/%20SelfSubscription.aspx?groupName=ecfa-whf-ft-hself
mailto:ecfa-whf-wg1-glob-conveners@cern.ch
https://agenda.infn.it/event/34841/contributions/203974/attachments/111323/158797/Hself_ECFA_20231011.pdf
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Last edited by @ Patrick Koppenburg 1 week ago

FocusTopics

The ECFA Higgs / Top / Electroweak Factory study has been set up to expand the e e community, bringing people together across the various
e’ e projects to share expertise and tools and to work coherently on scientific and technical topics.

The focus topics are specific areas in which the ECFA study could reach significantly beyond the state-of-the-art understanding of the physics
potential of future e” e Higgs / top / EW factories. The topics do not aim to comprehensively map the physics program of a future Higgs

factory. Instead, they should serve to:

* complete the current overall picture where (most) necessary;

* give guidance to people who would like to contribute to the ECFA study;

* highlight processes particularly suitable for studying the interplay of the three working areas of the ECFA study: physics potential, analysis
methods, and detector performance.

The topics can therefore act as a vehicle for new engagement and collaboration. They are intended as a basis that could be expanded later. The
initiative should build on existing analysis tools and samples that can be shared among the projects and developed cooperatively, and it
therefore highlights where existing examples, including analysis code and datasets, could be taken as a starting point, particularly by new
entrants. All experimental simulation studies are strongly encouraged to use the KEY4AHEP framework. This will translate into new tools usable
by the whole community and thoroughly tested, and will improve already existing or interfaced tools.

Focus Topics index:

e HtoSS:e'e — Zh:h — ss

e ZHang: ZH angular distributions and CP studies

* Hself: Determination of the Higgs self-coupling

* Wmass: Mass and width of the W boson

o WWdiff: Full studies of WW and evW

» TTthresh: Top threshold - detector-level studies of e' e~ — i

e LUMI: Precision luminosity measurement

» EXscalar: New exotic scalars

e LLPs: Long-lived particles

o EXtt: Exotic top decays

o CKMWW: CKM matrix elements with on-shell and boosted W decays
e BKtautau: B — K%*r*r

 TwoF: EW precision - 2-fermion final states

» BCfrag/Gsplit: Measurement of b- and c¢-fragmentation functions and hadronisation rates and measurement of gluon splitting to bb / cc

A document describing these topics in more detail has been submitted to arxiv:2401.07564, and is saved here.
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https://gitlab.in2p3.fr/ecfa-study/ECFA-HiggsTopEW-Factories/-/wikis/FocusTopics
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Self-coupling Phys. Rev. D 90 (2014) 015001

A combined framework to analyse single and double Higgs measurements

The use of eTe™ beams offers two advantages when
extracting the self-coupling from single Higgs production

Processes. Higgs@FC WG November 2019
e intrinsic precision in single Higgs measurements that RIS | | | | | CToge sngeTges
will be higher than at hadron colliders, reachingor (| | L 30%....eor v 202 (AT
exceeding the 1%level. e 49 ° 9 | = 020 .. L5000
: : : HE-LHC A ARSIy .E%C_ee/ehmh gg?(ﬁ%?h)mh
e a larger number of independent single Higgs e ercc [Jerce
observables that can be used to great effect in the FCG-ee/eh/hh FCCohyy  []FCH
interpretation of the measurements. N I N A R
An eTe™ Higgs factory at two different energies - at 250 and FCC-ee —x— — 30% (19%)
365 GeV - would determine the trilinear coupling to about =~ e | e 00
O 1000
H0-00%. | | 2 N A G [
e Based on the observation that the cross section for o e o Loe
e*e” — ZH contains a radiative correction involving CEPC I ———————————————————— | o
the self-coupling and it falls off rapidly at energies - --------------------------------------------------------------------------------------- i Rl
above 250 GeV CLIC 3 7 reite LB,
[\ L h ' N ' [\ ' 36% 49% (41%)
e (Constraints on the self-coupling using its indirect effect 0O 10 20 30 40 50 oo
on the HZZ and HWW vertices 68% CL bounds on k5 [%]  aiuture colliders combined with HL-LHC
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arXiv:2003.01116

Physics requirements for detectors

Precision challenges detectors

4(2 —
CICJ —®— Toy MC Data i
ZH process: Higgs recoil reconstructed from Z - uu 7 400 — Signal+Background —
o Drives requirement on charged track momentumandjet ¢ |\ = " Signal _
resolutions 300 SEIRIE Background —
o Sets need for high field magnets and high precision / low _ _ _
e'+e - u'w + X@ 250 GeV
mass trackers 200 _
o Bunch time structure allows high precision trackers with very
low X0 at linear lepton colliders 100 | ]
: : B _
Particle Flow reconstruction . .
Higgs — bb/cc decays: Flavor tagging & quark charge 0 ' Tt
tagging at unprecedented level 110 120 130 140 150
o Drives requirement on charged track impact parameter + Recoil Mass (GeV/c?)
c ;

resolution — low mass trackers near IP
0 <0.3% XO per layer (ideally 0.1% XO0) for vertex detector
o Sensors will have to be less than 75 ym thick with at least 5 e
pum hit resolution (17-25um pitch)

m? s+m%y —2-Ez-+/s

recoil —

1l A

Si.~e Caterina Vernieri - IDT-WG3-Phys Open Meeting - January 25, 2024 24


https://arxiv.org/abs/2003.01116

Physics requirements for detectors

arXiv:2003.01116

Precision challenges detectors

ZH process: Higgs recoil reconstructed from Z —puu
o Drives requirement on charged track momentum and jet
resolutions
o Sets need for high field magnets and high precision / low
mass trackers
o Bunch time structure allows high precision trackers with very
low X0 at linear lepton colliders
Particle Flow reconstruction
Higgs — bb/cc decays: Flavor tagging & quark charge
tagging at unprecedented level
o Drives requirement on charged track impact parameter
resolution — low mass trackers near IP
0 <0.3% XO per layer (ideally 0.1% XO0) for vertex detector
o Sensors will have to be less than 75 ym thick with at least 5
pum hit resolution (17-25um pitch)

Events

300

200

—®— Toy MC Data
+ — Signal+Background

"1 e Background

e'+e - u'u + X @ 250 GeV

120 130 140 150
Recoil Mass (GeV/c?)

2 s 2
’rn"r'ecoz'l_‘S_'_Tn’Z_Q"EZ'\/g

Need new generation of ultra low mass vertex detectors with dedicated sensor designs

1l A
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https://arxiv.org/abs/2003.01116

arXiv:2003.01116

Detectors at future ete-

Stringent detector requirements from ZH reconstruction

Detector designs at e*e- colliders are converging to very = e ToyMC Data
similar strategies %’ 400 l — Signal+Background
Strong magnetic field 2-5 T w - .
(Ultra) low material budget tracker (<0.3% XO0)
Close to the interaction region (10-25 mm)
High granularity calorimetry
Particle Flow reconstruction — plays a big part in
many designs

300 ." l'. T Background

e'+e - u'u + X @ 250 GeV

O ’ Il T .
110 120 130 140 150

Recoil Mass (GeV/c?)
SH—X
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https://arxiv.org/abs/2003.01116

PRL 85 (2000), 5059
SLAC-R-520

s-tagging in the past

SLD at SLC (e+e- at the Z ) measured asymmetry in Z — ss

SLD

A Cherenkov Ring Imaging Detector combined with a drift
chamber and vertex detector

Magnet Coil + CRID only available for K+with pt > 9 GeV with a

Support
Arches

gﬂnadgr\}\_?etxrlrzmo?ron ggllgﬂnf\é?e"r” selection efficiency (purity) of 48% (91.5%)
Calorimeter Moveable Door -+ KOs efficiency (purity) of 24% (90.7 %)
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How to enhance s-tagging capabilities

Depending on the hadron energy, different technologies are available for 3o #/K separation

dE/dx in silicon Time-of-flight via dE/dx in Time Ring Imaging
Fast Timing in Projection or Cherenkov
silicon envelopes Drift Chambers Detectors

or calorimetry

<5 GeV <5 GeV <30 GeV O(10)GeV
(volume dependent)

i - - |
T = Detectors \
= ] i Photons
\1 7c / Track . Interiction point \‘ = ,‘ C
\ s | s
K B P ¥
) g g z‘( ; ' | l; cosf, = .
P - A0
Det.ector plane < Radiator / Spherical mirror . p /9
//‘ radius R/2 medium i i C
i : V. Cairo
1 10 100

Momentum (GeV)
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PRD 101 056019 (2020)

Particle cloud represented as a graph =P 0 82646 (2022

Caterina Vernieri - IDT-WG3-Phys Open Meeting - January 25, 2024

Jet representation: Particle cloud i.e. unordered set of particles
Network architecture: Graph Neural Networks

Particles: vertices of graph; interactions b/w particles: edges of graph
Hierarchical learning approach: local = global structures

ldentify

® N o ® RN

X L2 @

© P d

©

U
particles > ob
O(20) features/particle Future: -
add LLP, split gluon class ...
L. Gouskos
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https://arxiv.org/abs/1902.08570
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

PRD 101 056019 (2020)

Strange tagging performance 1/2 | Gouskos @FCC wesk

IDEA-like detector and Particle cloud graph neural network (fast sim)

- Both TOF and dN/dx (30 <30 GeV) included as inputs
-+ No PID to PID with dN/dx — at fixed mistag, efficiency doubles

FCC-ee Simulation (IDEA) FCC-ee Simulation (IDEA)

1

1

g A S B B B
— . ”"—)% —> . : — = +-—>:H,H—>“§ : :
g f feTem il stagging g f el i
Fo! - j=ud,s,c,bg Q - j=ud,s,cbg = 1
O - ? ‘ o 3 ; = y
S I M N N i ) N [ B E— - _
g 10 =5 Vs g <5 10¢ S
D C = vs ud B2 E | 3 .
E - —s vs c : E r / | s taggingg vs. ud 3
10 E_ ........................ Posesnsssamimnsinsi g ol oo PR R N sl _E 10_2 g_ ........................ ;;,"_. ______________ .......................... _ nop|D ________________________ __g
- : 0 e : — dN/dx 7
} . B ~— dN/dx + t.0.f (0,=30 ps)_
B : ] _— dN/dx+t§.o.f (0,=3 ps) -

_3 I l | l l I l l l I ' l I | l I I —3 1 A :' J J 1 1 | 1 | L 1 .I - l- idleal IPIDI | | l
%% 0.2 04 06 08 f 1070 0.2 0.4 0.6 0.8 :
jet tagging efficiency jet tagging efficiency

WP Eff (s) Mistag (g) | Mistag (ud) Mistag (c) Mistag (b)
Loose 90% 20% 40% 10% 1%
Medium 80% 9% 20% 6% 0.4%
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https://arxiv.org/abs/1902.08570
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf

2203.07535

Strange tagging performance 2/2

ILD-like detector with full simulation and Recurrent NN

Includes PDG-based PID — assuming perfect detector capability
- At 50% s-tag efficiency, 90% background rejection
No PID to PID <10 (30) GeV — at fixed mistag, 1.5x (2x) efficiency

1.09 s
10Y ‘—I
10~ J_’_‘_‘—. 0.8 -
2 1 = I_|_I_'—|_|_ 5
g 1072 } 5 0.6 1 ILD Preliminary
g : _|_\—l_ ,% Strange score
+ : + Full PID (AUC = 0.753)
2010734 ILD Preliminary B 047 —=- PID <30 GeV (AUC = 0.727) |*5
= { 1 Bottom - -~ PID < 20 GeV (AUC = 0.694) | | "%y
— Charm - PID < 10 GeV (AUC = 0.626)
Strange - No PID (AUC = 0.522)
q Light C A I | LCFIPlus OTag |(AUC =0.489)
107° - Gluon :| 00d =~ Random chance d
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Strange jet score Strange efficiency
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arXiv:2203.07622
L. Gouskos @FCC week

Analysis strategy to target H — ss

Exploit Z boson reconstruction in the ZH associated mode

- At 250 GeV the total Zh cross section can be extracted

independently of the Higgs boson’s detailed properties by s 503_ e ﬁﬁ(bg)
counting events with an identified Z boson 2 A 1 P llﬂ@?)
g 7 I(othen
- Looking at 0 or 2 leptons Z decay modes

-
~ L
~
~
~

30l

20

10

P26 125 124 126 128 130 132 134 136 138 140
mrecoil [Gev-

Mrec = \/(\/5— Ez)? — Py
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https://indico.cern.ch/event/1202105/contributions/5396831/attachments/2661284/4610390/lg_fccee_higgscouplings.pdf

The Energy Frontier 2021 Snowmass Report

Moving forward

Gauge Couplings
Loo Higgs
Yu Ya Vs Ye Yo Vo Ve Yy Vo Tree jiquced width 43 M

EF benchmarks
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Energy
+ HL-LHC

SLAL Caterina Vernieri - IDT-WG3-Phys Open Meeting - January 25, 2024 32


https://arxiv.org/abs/2211.11084

Detectors design at lepton colliders

Detector designs at e+e- colliders are converging to very similar strategies
- Particle Flow reconstruction = plays a big part in many designs

SiD like detector - Compact all silicon detector

ILD like detector - Larger detector with Silicon+TPC tracker
- Larger detector. Simulation and design work active in Europe / Japan
IDEA detector - Using dual readout calorimeter, under study at CEPC/FCC-ee

Caterina Vernieri EF Workshop Restart - August 30, 2021 3 3



ATLAS Twiki

e/rt separation with TR+dE/dx
['he HT fraction is defined as the fraction of hits on track

that exceed the high threshold (6-7 KeV)

b 03 B R I 1T I T 1T R I T 1T T | lIIIIIL
e/t separation via detection of transition E .39 - —
radiation photons _‘é’ 0.3 ATLAS Preliminary =
Transition radiation is emitted when a highly & - Data 2010 s =7 TeV) =
relativistic charged particle with a Lorentz % 0.25 - N|<0.625 -
factor y > 103 traverses boundaries between = 02 - ® Data e from Z =
materials of different dielectric constants. QL L ® Data, ef fromy _
= B 4 Data, m ~
To achieve the best e/rt separation, TR and & 015 o simulation, &* from Z =
. . [=) B O Simulation, e~ from y N
dE/dx-based. measurements are corr_1bmed in T 01 A Simulation. B
a single likelihood function for a particle type. . O _
B i, » _
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- y factor =
0_ | llIIllll | IIlIIIIl L1 Illllll | IlIIlII| | llllIlll | IIIIIIT
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-128/

Light Yukawa ?

1.2 1.2
ILD Preliminary, L_= ?LOO fb~! o 95% CL, upper limit: 313.38 ILD Preliminary, L_= 300 fb—! 95% CL, upper limit: 146.74
V/5 =250 GeV, P(e™,e™) = (—80%, +30%) Expected CL, V/s =250 GeV, P(e™,e") = (—80%, +30%) el
1.0 - Ml B 10 expected CL, 1.0 - WL B 10 expected CL,
O . +20 expected CL; Bh. +20 expected CL,
0.8 - ———a—UuUs 0.8 - —a =01
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Do . e . 00 BN R .
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3
Projected precision on A as a function of /s C

'O\? §l102 -
The impact of the < < b e e et
Centre'Of'maSS energy ; — ;‘+e'—-ZI-lH§(fuIIsimula:tion) : \ A....g...,m..e*+e'f>yVHH(fullslmulatlon;)...
© 10° E O

on the trilinear Higgs
coupling measurement
IS studied by
extrapolating the full
simulation results done 10 ittt

at 500 GeV and 1 TeV, 500 1000 1500 2000 2500 3000 560 7000 1500 2000 2500 3060
done in a way that s [GeV] (s [GeV]

takes into account the
sgrt(s) dependence
both for the total cross-
sections and the
individual interference
contributions.

. E.
: -

Figure 9.6: The expected precision of A as a function of /s for e'e” — ZHH (left) and for
e"e” — vvHH (right). The two lines in each plot correspond to the ideal situation using Monte
Carlo truth (red/dotted) and the realistic situation (blue/solid) using current full-simulation analy-
ses. The same integrated luminosities of 4 ab~" is assumed at all values of /5.
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HH Cross Section Dependence on K
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— ZHH @ 500 GeV

— vwHH @ 1 TeV
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arXiv:2203.07622

An example of complementarity

Pattern of deviations associated with a particular parameter point in a 2HDM model is quite different from a singlet model

S
S

—

o
—
o

o
o

...-....“...

ILC 250 GeV, 2 ab” + 500 GeV, 4 ab": Singlet example

- ILC precisions from full EFT fit

—pe VO Ge] predictions

AN
o

ILC 250 GeV, 2 ab ' + 500 GeV, 4 ab": 2HDM-I example

- ILC precisions from full EFT fit

—t  model predictions

LA
o

Coupling deviations from SM [%]

3

Coupling deviations from SM [%)]

3

bb ¢ 969 wWw W 2Z YY K LR i BEE S LB s A ) Hu

e 2HDM with a 600 GeV mass scale and a singlet with a 2.8 TeV scalar. Both of these are clearly out of the
direct search reach of circular e+e— Higgs factories despite having the precision to test them via Higgs
couplings

e High energy collisions would be then required to study such new particles
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Various machines to consider

Collider Type N P %] Lint
e /et ab™!
HL-LHC pp 14 TeV 6
ILC and C3 ee 250 GeV | 80/ + 30 2 Collider Type NG P[%] o
c.0.m almost 350 GeV | 80/ +£30 | 0.2 e Jet | ab™!
similar 500 GeV | +80/ + 30 4 HE-LHC pp 27 TeV 15
1 TeV +80/ £ 20 8 FCC-hh pp 100 TeV 30
CLIC ee 380 GeV +80/0 1 LHeC ep 1.3 TeV 1
CEPC ee M 60 FCC-eh 3.5 TeV 2
2Mw 3.6 CLIC ee 1.5 TeV | +80/0 | 2.5
240 GeV 20 3.0 TeV | +80/0 | 5
360 GeV 1 High energy muon-collider puu 3 TeV 1
FCC-ee ee M, 150 10 TeV 10
2Mw 10
240 GeV 5
2 My, 1.5
muon-collider (higgs) pu 125 GeV 0.02
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Global fit results - from EF04

precision reach on effective couplings from SMEFT global fit
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arxiv:2107.02686

Higgs-electron Yukawa

Electron Yukawa at FCC-ee with a dedicated 4 years run at the Higgs mass

Ke < 1.6 at 95% CL

Energy spread: % e* Yukawa limits. e'e’—> H, s = 125 GeV
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(e) s-jet score > 0.6

ILD Preliminary
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