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SM-like Higgs
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Precision Measurements
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Precision: Higgs mass
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Precision: Higgs couplings

CEPC-CDR, FCC-ee, ILC Operating Scenarios

collider CEPC FCC-ee ILC
NG 240 GeV | 240GeV | 365GeV | 250 GeV 350 GeV 500 GeV
[ Ldt 56ab™' | 5ab ! | 1.5ab? 2 ab™? 200 fb~! 4 ab~!
production Zh vvh Zh vih
2.0% — | 1.05 —
decay A(oc-BR)/(c-B
h — bb 0.27% 0.3% | 0.5% | 0.9% 0.46% | L e o e o
h — cc 3000 2.2% | 6.0% | 10% 2.9% | 12.3% | 21.2% | 45% | 2.2%
h — gg 1.3% 1.9% | 3.5% | 4.5% 2.5% | 9.4% 8.6% | 3.8% | 1.5%
h — WW* 1.0% 1.2% | 2.6% | 3.0% 1.6% | 6.3% 6.4% | 1.9% | 0.85%
h— 77~ 0.8% 0.9% | 1.8% | 8.0% 11% | 4.5% | 17.9% | 1.5% | 2.5%
h— ZZ* 5.1% 4.4% | 12% | 10% 6.4% | 28.0% | 22.4% | 8.8% | 3.0%
h — v 6.8% 9.0% | 18% | 22% 12.0% | 43.6% | 50.3% | 12.0% | 6.8%
h— ptp~ 17% 19% | 40% — 25.5% | 97.3% | 178.9% | 30.0% | 25.0%
(v)h — bb 2.8% 3.1% — — 3.7% — — — -




Precision: Higgs couplings

CEPC-CDR, FCC-ee, ILC Operating Scenarios

collider CEPC FCC-ee 1

NG 240GeV | 240GeV | 365Gev | 250G HL-LHC: 1902.00134 m

[ Ldt 56ab™t | 5ab”!| 15ab”! 2al - |

production Zh Zh Zh vh 0’ng - 4.6 27 14 35
Ao/o 0.5% 0.5% | 0.9% — 0.7

deca; _ A(o - BR)/'Q\Z”Z_I — 13.2122 2.4 4.4
h — bb 027% | 0.3% | 05% foo% | o4 P . 0,
h — cc 3.9/0 2.2% | 6.0% | 10% 2 0 0.1 0.2 0.3 0.4 0.5 0.6
h = gg 1.3% 1.9% | 3.5% | 4.5% 2. Expected relative uncertainty
h— WW* 1.0% 1.2% | 2.6% | 3.0% 1.6% | 63% | 6.4% | 1.9% | 0.85%

h— 7t~ 0.8% 0.9% | 1.8% | 8.0% 1.1% | 45% | 17.9% | 1.5% | 2.5%

h— ZZ* 5.1% 4.4% | 12% | 10% 6.4% | 28.0% | 22.4% | 88% | 3.0%

h — v 6.8% 9.0% | 18% | 22% 12.0% | 43.6% | 50.3% | 12.0% | 6.8%

h— utp 17% 19% | 40% — 25.5% | 97.3% | 178.9% | 30.0% | 25.0%

(v)h — bb 2.8% 3.1% — — 3.7% — — — -




Precision: Higgs couplings

CEPC-CDR, FCC-ee, ILC Operating Scenarios

collider CEPC FCC-ee e

NG 240 GeV | 240GeV | 365Gev | 250G HL-LHC: 1902.00134 |

J Ldt 56ab”' | 5ab” 1.5 ab™" 28 Vs =14 TeV, 3000 fb™' per experiment
production Zh Zh Zh | vvh o et
Ao /o 0.5% 0.5% | 0.9% — | . .| Total ATLAS and CMS
decay A(o - BR)) — g(at(':rti';ae'mal HL-LHC Projection

h— bb 027% | 03% ] 05% | 0.9% | 0. _ Thgory

h — cc 3.3% 2.2% | 6.5% | 10% 2 Uncertainty [%)]
h — qq 1.3% 1.9% | 3.5% | 4.5% 2 Tot Stat Exp Th
h— WW* 1.0% 1.2% | 2.6% | 3.0% 1 oV E 25 13 17 11
h—s rtr— 0.8% 0.9% | 1.8% | 8.0% ] 99H = N - N

h— 27 5.1% 4.4% | 12% | 10% 6.4% | 28.0% | 22.4% | 8.8% | 3.0%

h — vy 6.8% 9.0% | 18% || 22% | 12.0% | 43.6% | 50.3% | 12.0% | 6.8%

h— 17% 19% | 40% | — | 25.5% | 97.3% | 178.9% | 30.0% | 25.0%

(vi)h — bb 2.8% 3.1% E — 3.7% - — — - 6




Precision: EW

CEPC ILC FCC-ee
as(M2) +1.0 x 10~* +1.0 x 1074 +1.0 x 10~*
Aol (M2) +4.7 x 1075 +4.7 x 1075 +4.7 x 1075
my [GeV] +0.0005 +0.0021 +0.0001 exp
m; [GeV] (pole) +0.60xp £ 0.25¢, +0.03exp £ 0. 14, +0.60xp £ 0.25¢,
my, [GeV] < 0.1 < +0.1 < £0.1
my [GeV] (£3exp £ Lgn) x 1073 (£5exp £ Lgn) x 1073 (£8exp £ Ltn) x 1073
sin? 0% (£4.6exp £ 1.5¢1) X 1077 | (£1.3exp £ 1.5¢1) X 1077 | (£0.3exp £ 1.5¢) x 1072
Iz [GeV] (£Dexp £ 0.8¢1,) x 1074 +0.001 (F1exp £ 0.81,) x 1074

CEPC-CDR, FCC-ee, ILC Operating Scenarios




Precision: EW

CEPC ILC FCC-ee
~ (AM2) 410 v 1n—4 41N v 1n—4 +1 0w 1n—4
Current (1.7 x 107 Z’s) CEPC (101°Z2) FCC-ee (7 x 1011 Zs) ILC (10°Zs)
correlation o correlation o correlation o correlation
7 ST T Ul [s] T U | (1072 [ S T Ul s T U
S | 0.04+0.11 11092 | —0.68 2.46 110.82 | —0.373 0.67 1 0.812 0.001 3.53 1] 0.988 | —0.879
T | 009+0.14 | — 1| —0.87 | 2.55 o 1| —0.735 0.53 — 1| —-0.097 | 4.89 — 1| —0.909
U | —-0.02+0.11 | — — 1 2.08 — — 1 2.40 - — 1 3.76 - - 1
' :GeV] (:l:5exp + 0-8th) x 104 +0.001 (:i:lexp + 0-8th) x 10~4 |

CEPC-CDR, FCC-ee, ILC Operating Scenarios




Precision: EW

CEPC ILC FCC-ee
~ (AM2) 410w 1n—4 41N v 1n—4 +1 0w 1n—4
Current (1.7 x 107 Z’s) CEPC (101°2s) FCC-ee (7 x 1011 Zs) ILC (10°Z2s)
correlation o correlation o correlation o correlation
7 ST T Ul [s] T U | (1072 [ S T Ul s T U
S | 0.04+0.11 11092 | —0.68 2.46 11082 | —-0.373 | 0.67 1| 0.812 0.001 3.53 1] 0.988 | —0.879
T | 0.09+0.14 | — 1| —0.87 | 2.55 - 1| —0.735 0.53 - 1| —0.097 | 4.89 — 1| —0.909
U _0.02 :t 0.1 =2 [a NV AYS) 1 O AN =2 o o b 1
ry AS=40.0246, AT = +0.0255, AU = £0.0208 ﬂ

CEPC-CDR, FCC-ee, ILC Operating Scenarios




2HDM: Brief Introduction

® Two Higgs Doublet Model

b1 | P2
. — ( qﬁj_ ) UZ + U?i = ’02 = (246G€V)2 Type | u,d,l
1 0 . L
('Uz SR ¢’L S ZGZ)/\/§ ta:n/B — Uu/vd [ TYPC i U d,l
HO [ cosa sina qﬁ(l) A =—-Gisinf + Gocosp lepton-specific |u,d |l
R |\ —sina cosa ¢ )’ H* = —¢FsinB + ¢5 cos 3 | |flipped ul |d
® Parameters (CP-conserving, Z, Symmetry)
m%l)m%2)ﬂ'11 AZ) AS; 2'4-) AS | > 1{, tanﬁ,a, Tr{,h, mH, mA, mHi
!
Soft Z, symmetry breaking: m%, 246 GeV 125. GeV




Constraints: theory

Constraints from Vacuum stabiltiy, Unitarity and Perturbativity

’ PerturbatiVity -0.26 0 0.66 1.49 264/\ 413 5.95
* Stability of the potential 5 ' 1709.06103: 1.Gu, H.Li, Z.Li, S.SUWS |
e Unitarity of the scattering matrix s
cos (B —a) =0, -
My =My =My = My+

0.1} Type-Independent
}\VZ = m(zb T m%Z/ SBCB 0'05-1'2520 20'02 30'02 40'02 50'02 6602

—125%GeV? < Av? < 600%GeV?

AV=my?-my5°l(spcg) (GeV?)


http://arxiv.org/abs/arXiv:1709.06103

Constraints: EW+Higgs (indirect)

yp 00 = 800 GeV V )\v O GeV 400 = 800 GeV V )\v O GeV
0S a) = L7 ('().\'(an) —0.007
08 = 7 cos(B—a)=0.0
300 cos = 300} cos(f—a)= —0.007
200/} 200/
< 100f < 100}
() ()
S ol S ol
QO QO
g g
4 -100} 4 -100}
200/ I I 200}
300f Lo - -300/|

40960 300 200 -100 0 100 200 300 400 9900 300 200 100 O 100 200 300 400
AmA (GeV) AmA (GeV)



Constraints: heavy Higgs (direct)

Type-Il, cos(B-a) =0
Type-li 50—
10¢
5f 1910.06269 , WS
Q. : BA-Zh(h-bb)
S | WA/H - bb
1
: gH-> W
0.5}
0.1— : :
100 500 1000 1500

my(=mj,) [GeV]


http://arxiv.org/abs/arXiv:1910.06269

Constraints: flavor
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1912.xxxx , gambit community
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Results: Strong First Order Phase Transition

Type-I 2HDM

Allowed by LHC

»  Current Survival Points
. SFOPT Points

Preliminary

Type-Il 2HDM
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Results: Strong First Order Phase Transition

Type-I 2HDM

|
Allowed by CEPC

myg= — My
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Conclusion

¥ Theory,
T EW,
¥ Higgs,

¥ flavour

my=—mgy

Type-l 2HDM

600 -

400 A

200 A

—200 ~

~400 -

—600 -

SFOPT Points Under Current Bounds
SFOPT Points Under CEPC Bounds

—-600

—400 -200 0 200
ma— My

400

600

mpy=—Mmy

Type-ll 2HDM

600 ~

400 4

200 4

—200 7

—400 +

—600 +

SFOPT Points Under Current Bounds
SFOPT Points Under CEPC Bounds

-600

—-400 -200 0 200 400
ma— Mgy

600

15



Thanks!



