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TDR Baseline: 31 km = ~500 GeV

:'ok & Electron polarization: 80%
y [ &/ A | Positron polarization: 30%
TOHOKU district Upgrade option to ~1 TeV
« Candidate site in Japan has been studied _ _
- Layout being targeted towards site * TDRhas been delivered in 2012

« Technology installed in XFEL at DESY and
LCLS-Il at SLAC

From the P5 report: An offshore Higgs factory, realized in collaboration with international partners, in order to
reveal the secrets of the Higgs boson. The current designs of FCC-ee and ILC meet our scientific requirements.
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Includes machine ramp-up
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- Start at 250 GeV

*  Runs at 500 GeV for full program, 350 GeV for higher precision of top properties
*  Other thresholds possible, informed by LHC or early ILC Data

« Goal: per cent-level precision on (most) Higgs couplings

- Possible upgrade to 1 TeV, ~10 years for 8 ab™"
- improve ttH, self-coupling measurements, searches for new particles

end of 250 stage
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Detectors
not at same
scale
5T field | | 3.5 T field |
Silicon Tracking Pixelated Si-W ECAL Gaseous Tracking
Highly Granular HCAL
Optimized for Particle Flow (calorimeter inside coil)
No Trigger

Shared Beam Time in Push-Pull setup
Both can deliver the physics

Jan Strube - PNNL and UOregon 16 May 2024
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SM
pMSSM
2HDM-II
2HDM-X
2HDM-Y
Composite
LHT-6
LHT-7
Radion

Singlet

ILC, 250 stage
H-20-CD

Higgs and cTGCs
EFT interpretation
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Polarized Unpolarized
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350
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JHEP 11 (2019) 003

The top mass can be measured in
decays at any mass above threshold.

However, this is usually happens via
template fits using a generator.

The mass at threshold can be converted
to different regularization schemes
directly, so comparison between direct
measurement and the threshold scan
will help understand these MC generator
effects.
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The benefits of higher energy
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Precision
measurements of
top quark
electroweak form
factors are an
important probe
of Higgs
compositeness.
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Coupling measurement at ILC500: 18%,
In full program w/ luminosity upgrade: 6.3%

Important to reach at least 500 GeV.
Potential at higher energy:
Measurement error with 4 ab-" at 550 GeV: ~3%
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[Physics Briefing Book, arXiv:1910.11775]

Higgs@FC WG September 2019

1 1 | 1 I 1 1 I 1 I 1 1 1 1 I 1 1 | 1 l 1 1 1 1 I | 1 di_HiggS Single-HiggS
HL-LHC HL-LHC HL-LHC
...... 50%. .. 80%
HE-LHC | HE-LHC
...... [10-201% ... %=50% ... ...
HE-LHC FCC-eeleh/hh [ ] FCC-ee/eh/hh
5% —d 25%
............................................................................................... LE-FCC ] LE-FCC
FCC-eh —FCC-e
FCC-eeleh/hh o o o e
ANARNRNNNNAN A N | FCC-eeg,
L1249,
under HH threshold FCC-ee,,
FCC-ee BEEIIEEE R RN 33%
FCC-ee,,
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 49% ...
e i, LG,

ILC 10% 36%
NN ORI ILC ILC
AN 500 500

27% 38%
ILC,.,
CEPC| o e 49%..............
CEPC
............................... 49% . ...
CLIC,,, cLic,,,,
cLIC T%+11% 49%
= T IR CLIC, CLIC,,,,
O Y 36% 49%
i L 1
0 10 20 30 40 50 e
50%

68% CL bounds on k; [%] A future coliders combined with HL-LHC




o

Pacific
Northwest

NATIONAL LABORATORY

Tri-Linear Higgs Self-Coupling

potentially large deviations. Important to measure independently.

At the ILC: Measure the rate of double

Higgs production

ZHH (500 GeV) or HHvv (1 TeV)

cross section o [fb]
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P(e+,e-)=(0.3,-0.8): — Higgs-strahlung (ZHH)

— WW-fusion (v v HH)
P(e+,e-)=(0.6,-0.8): ... Higgs-strahlung (ZHH)
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Deviations in A lead to a change in cross section
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Very challenging experimentally: Low
signal rates, high multiplicity. e
b —tagglng Jet clusterlng M(H1) / GeV
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 The LHC experiments have discovered a Higgs boson that is still consistent
with various models (including SM). Higher precision is needed to discover the
influence of BSM, which would give a path to new physics.

* This goal is strongly endorsed in the PS5 report.

» Higgs — and top quark — precision measurements at Vs > 250 GeV are an

essential part of this program which will allow us to identify which BSM is a
candidate for SM2.0.
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 The numbers presented here are based on realistic simulation studies
iIncluding beam background, with today’s reconstruction methods.

 The LHC experiments are demonstrating how much clever approaches in
analysis and reconstruction can improve error bars.
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TGC extrapolation from full simulation at 500 GeV
B IDT Physics WG

M ILC250

M ILC500

M ILC1000
dark/light: S1/S2

nNn O w H O O

—

Triple Gauge Coupling Precision [10™]
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* The most common formalism to interpret the measurements of Higgs
branching ratios (times cross section) is the x — formalism

* seven parameters: dkz, dkw, 0Ky, 0K, 0Ky, 0Kz, 0K,
= multiply the SM Higgs couplings Ipaz = Jpaa(l+0k4)
* use HL-LHC projectionforH = yy/H = ZZ

» for the ILC: add two parameters for invisible and other couplings

2 2

7 My
hZILLZ'u -+ Kw .

2m
5£ — Ry

U

hW, W

This approach is appropriate for the fermion couplings.
However, it is not the most general for WW and ZZ couplings

— Effective Field Theory to account for effects of new physics (dim-6)
= 10 new parameters ¢, related to Higgs couplings (84 new parameters total)
= allows to connect measurements-to model

16 May 2024
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With an effective field theory, the deviation from the SM

Lagrangian can be written as
2

2m . h » sensitive to spin structure,
0L = (1+mnz) . “hZ,7" 4, C2 5, Ly s can not be probed by
mZ u - formalism
+ (1 + nw) . AW, WHN
o(eTe” — Zh) = (SM) - (1 +ng +5.5(z)

T'(h — WW*) = (SM) - (1 + 2w — 0.78Cw )
T'(h — ZZ") = (SM) - (1 + 21, — 0.50¢;,)

additionally, we have: §£ = CAZEA A

— This leads to a formalism that Iets us probe new physics models with
polarized beams and precision measurements at different energies
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10% 5
| ILC 500 GeV, 500 fb”' ® 350 GeV, 200 fb' ® 250 GeV, 500 fo" o
O% | 1c500Gev, 4000 16" 350 GeV, 200 b ® 250 GeV, 2000 fo”
B ILC ® HL-LHC 3000 fb™' combination
8%
7%
6%
5%
4%
3%
2%
1%
0%

Best measurement of cross section:
o,y from recoil method. Error < 2.5%

parameter ILC500 |ILC500
LumiUp

T
g(HZZ)

g(HWW)

3.8%

0.58%

0.81%

1.5%
2.7%
2.3%
1.9%
7.8%
1.2%

20%
18%

1.8%
0.31%

0.42%

0.7%
1.2%
1.0%
0.9%
3.4%
1.0%

9.2%
6.3%
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15%
10%
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0%

-5%

Higgs Coupling Deviation from SM

-10%

-15%

Precision Measurements

are not optional

Supersymmetry
(MSSM)

MSSM (tang =5, M, =700 GeV)

t b T C Z W

I ILC Projection [Ref. arXiv:1310.0763]
250 GeV, 1150 fb”' @ 500 GeV, 1600 b

15%

10%

5%

0%

-5%

Higgs Coupling Deviation from SM

-10%

-15%

Composite Higgs
(MCHM?5)

MCHMS5 (f = 1.5 TeV)

t b T C Z W

I ILC Projection [Ref. arXiv:1310.0763]
250 GeV, 1150 fb"' @ 500 GeV, 1600 b

ILC 250+500 LumiUp
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primary vertices in tth events ZH — p+p- + anything

0.02

o P R L e - L
ILC 1 TeV ]

0.02 0
-0. 02 0 01 0 0 01 0.02

X (mm)

Exceptionally good
Impact parameter
resolution, time
stamping, material
budget in the vertex
detector

250 GeV

50

arbitrary units

Extremely low material
budget in the main
tracker, with high
tracking efficiency
o(1/p) ~ 2.5 x 107

quirements are driven

W-Z separation

..‘Q B AL LR
.E i —0 m=1°/o N
2 6l or,":;m=2.5%-
a 6r —omlm=5% 7
S [ —Gp/m =10% ]
5,
< 4r | i
I J |
2r N i
0— l'tl/l/l "I TR T T DT O T O e .-
60 70 80 90 100 110 120
Mass [GeV]
Not only good

calorimeter resolution,
but excellent track-
shower matching and
shower separation
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Volume 1 — Executive Summary: _

http://arxiv.org/abs/1306.6327

THE INTERNATIONAL LINEAR COLLIDER

TECHNICAL DESIGN REPORT | VOLUME 4: DETECTORS

Volume 2 — Physics:
http://arxiv.org/abs/1306.6352

Volume 3.l — Accelerator R&D in the
Technical Design Phase:
http://arxiv.org/abs/1306.6353

Volume 3.lI — Accelerator Baseline Design
http://arxiv.org/abs/1306.6328

Volume 4 — Detectors:
http://arxiv.org/abs/1306.6329
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ttH channel not sensitive to
top Yukawa coupling,~4% effect

Main production channel of ttH at ILC

Events

Analysis in 6-jet+lepton and in 8-jet mode
Main background processes:
Other Higgs decays, ttZ, ttbb, tt

4% with 1 ab™" at 1 TeV with only left-
handed polarization.

Events

Expected precision with full ILC program
+ Energy upgrade: 2%

60

60

40

Oi,‘.
50

— Signal

Acada e o o

“100 150 200 250
Higgs candidate mass (GeV)

~-fibb ]
- other ttH
— Signal

o B iin .

100 200 300 400
top candidate mass (GeV)
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Projected Higgs coupling precision (7-parameter fit)

10%F  HLLHC 14TeV, 3000 fo" (CMS1, Ref. arXivA307.7435)  =====777===" —
The expected deviation of 9% | MM Ackoes s s mon e s s .
Higgs couplings from the SM 8%
are ~5%, depending on the e
model. !
5%
4%~
The HL-LHC program will 304
measure several Higgs 2%
couplings to <10%. 1%}

0%

The ILC program will improve
upon this precision by ~ one
order of magnitude.

The combination of HL-LHC and ILC
improves the x, measurement by
nearly one order of magnitude.
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For precision measurements, at some point AT’y becomes a limiting

factor Standard Model: AT'; = 4 MeV
At the LHC: Use rate of off-shell H — ZZ: o(T'y) = 22 MeV,

At the ILC: Use the fact that the same tree-level coupling enters production and
decay and that ZH cross section can be measured inclusively

et % W
gHWW In bOth’ H cccccaaaaa ghWWwW
production and
decay

e Ve W™

.. — F(H — WW) - @ o( o1 X BR(H — bb)
5T BRH - WW) — BR(H — WW) ghuz  oum % BR(H = bb)

Expected Precision at full ILC: AT, /Ty =1.4% AGuww ! e = 0.28%




