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proposals of future e+e- colliders
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common: Higgs factory with O(106) Higgs events

differ in energy reach, luminosity, polarization, project readiness
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statistics vs S/B: example on H—bb discovery

LHC (super Higgs factory #108) e+e- (Higgs factory #106)
Jusisataatiat-tasnstiet IEE-SIN nosas sees aases aesesssanssnssasseng sy
g %T:L;ASSTGV’ o -t\:H H — bb (u=1.16) % IL@ [ qqH(H—bb)
Z 10° —a 0 Vs = 250GeV 22724449 -

Multijet 600 - -
B Wjets [ zar—2s0m W Z—qq
108 0 Diboson
400 |- -
10° "
200 - -
10° I : "
0
_ % 90 100 110 120 130 140 150
g Mh [GCV]
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# of Higgs produced: ~4,000,000 ~400
significance: 5.40 5.20
[ATLAS, 1808.08238; CMS, 1808.08242] [Ogawa, PhD Thesis (Sokendai)]


https://inspirehep.net/literature/1796253

goal of Higgs precision measurements @ e+e-
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Higgs Coupling Deviation from SM

™ to see new physics effects from deviation w.r.t. SM
= need 1% or below sensitivity for mesv~1TeV

™ to identify the underling BSM model from deviation pattern

= need meas. as model-independent as possible



complementarity: direct NP search & precision Higgs coup.
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Higgs productions at e+e-
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lunpolarized case; 1608.07538]

o two apparent thresholds: Vs ~ 250 GeV for ZH, ~500 GeV for ZHH & ttH
o + another threshold for t t-bar, important for Higgs sector as well



Highlight a few measurements @ e+e-

caution:
blas In selection

» mpy, CP

> OZH

» Br(H—bb/cc/gg)

» Br(H—Invisible / Exotic)
» total width I'y

» Higgs selt-coupling

note the important synergy with LHC on BR(H—yy/yZ/uu)

unless stated, most features are common for e+e-



recoil mass technique: my & inclusive ozn
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[Yan et al, arXiv:1604.07524]

M3 = (poy — (Pu+ +1u-))’

O well defined initial states at e+e-

O Higgs is tagged without looking into H decay

O inclusive cross section of ete- — ZH

O key to determining absolute Higgs couplings

[ESG] Amp / MeV OO7H

CEPC 5.9 0.5%

FCC-ee240 11 0.5%
ILC250 14 L:1.1%; R:1.1%
CLIC380 78 (23) L:1.5%; R:1.8%




Higgs decays to invisible or exotic

O recoil technique allows Higgs to be fully reconstructed even if it decays invisibly
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O

Higgs decays to bb, cc and gg

clean environment at e+e-
allows excellent b- and c-
tagging performance

b-tag eff. typica
c-tag eff. typica

y> 80%

y > 50%

H—Dbb/cc/gg separation
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e+e- — ZH, H—2-jet: b-likeness vs c-likeness
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differential meas.: Higgs CP & anomalous couplings
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CP sensitive observable (Ad): transverse spin correlation of two T

11



differential meas.: Higgs CP & anomalous couplings
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Higgs total width 4 (4 MeV in SM)

O too small to be determined directly through line-shape (op~O(500) MeV)

O uniqgue method enabled by meas. of inclusive ozn @ e+e-

1. extraction of absolute HZZ coupling (given a theory formalism)

2. computation of partial width I'(H—ZZ%)

3. with meas. of BR(H—ZZ%), total width is determined as

[ESG]

I'(H — ZZ%)
—_— ' ' *
'y = (similar for H—>WW*)
%k
BR(H — ZZ%)
Collider 0y [%] Extraction technique standalone result 8Ty [%]
from Ref. kappa-3 fit
ILCaso 23 EFTfit[3,4] 22 Ol ~1—-=29%
ILCsq 1.6 EFT fit [3,4,14] 1.1 H
ILCy000 1.4 EFT fit [4] 1.0
CLIC3gp 4.7 k-framework [98] 2.5
CLIC1500 2.6 K-framework [98] 1.7 r| k ‘]
CLIC3000 2.5 K-framework [98] 1.6 t C y due to Step
CEPC 2.8 k-framework [103, 104] 1.7
FCC-eepq 2.7 K-framework [1] 1.8
FCC-eesgs 1.3 Kk-framework [1] 1.1
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From observables to couplings — Global Fit

O kappa formalism

> useful to quantify the sensitivity to new physics effect from single
measurement; but may miss important relations

2
m; H
eg. < = (1 ﬂz)_HZﬂZ + Z:Z_Z/WZ y (new Lorentz structure)
V H 2y #

6o(e"e” — ZH) =21, +5.50;  can’t be both represented
SI'(H —» ZZ*) = 2n, —0.5¢, by a single kz

o SM Effective Field Theory formalism

¢
<=L+ ) 7m0

17 D-6 ops related to
> represent most general BSM effects Higgs can be determined

> respect SM gauges symmetries simultaneously at e+e-

[Barklow et al, 1708.09079;1708.08912] 14



expected Higgs coupling precisions @ future e+e-
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global perspective for Higgs meas. @ future e+e-

O the same new physics that modifies Higgs properties may
show somewhere else as well

» combined probe with EWPQO, ete- — WW / 2-fermion

O great synergies with (HL-)LHC measurements
» Higgs rare decays; Top-quark EW couplings; TGC / QGC; etc

o CEPC / FCC-ee: important role by Z-pole run, ~x2 better dgnvv

o ILC/ CLIC: important role by beam polarizations, made up [L

%[ Ratios, real EW / perfect EW N [ESG] iweso | crrcsso|l cepe | FCC
/Z-pole ¢ SMEFTp ce240
TT— - fLab | 2 1 | 56 | 5
1.5+
: ognzz | 0.39% | 0.5% |0.45% |0.47%
" P T dgrne | 0.78% |0.99% 0.63% | 0.71%
[de Blas et al, arXiv:1907.04311] ogrwe | 0.81% | 1.3% |0.66% | 0.69 .




Higgs self-coupling dAHHH

[Di Micco et al, arXiv:1910.00012]

o through double Higgs (ZHH ~500GeV; vvHH =1TeV)
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o through single Higgs (need multiple Q2 to identify AnnH effects)
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summary

 future e+e- Higgs factories will add great opportunities on
precision determination of Higgs properties, which will help
reveal the nature of BSM physics

* recoil mass analysis is the key to model-independent meas. of
absolute Higgs couplings & total width

 need a global perspective on Higgs physics (+EW /Top/BSM)

» all proposed e+e- are capable of reaching < 1% precision for

many of the Higgs couplings

* when will any of them be realized?
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