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Higgs Precision Measurements

Collider Ap (hbb) | Au(hZZ)
LHC Run-I 50% (wh) | ~32%(ggh)
LHC 14 TeV 300fb~! 26% 7%
LHC 14 TeV 3000fb~* 12% 4%
CEPC 240 GeV 5ab~! (zh) 0.28% 4.3%
FCC-ee 240 GeV 10ab™! (zh) 0.2% 3.1%
ILC 240 GeV 2ab™! (zh) 0.42% 6.7%
ILC 350 GeV 0.2ab™! (zh) 1.6% 28%
ILC 500 GeV 4ab~! (vvh) 0.24% 2.9%

Main Linac Damping Rings Main Linac

ILC




Common strategies

[ Experimental Observables: Ay , ]

i Kappa-scheme: k ; Fitting Coeff of EFT operators L
O

O

hii
C’Ci: g(“u) ,i=f,V§
g(hii;SM)"

\\@\_/J [ Parameters in New Physics Models ]

2IHDM Composite Higgs

Oy /N2 = 0.5 (9, |H|*)? /A% ...

2 (Ii—lio)ipij(li—lio)j
SUiOU;j

, p: correlation matrix
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2HDM : Brief Introduction

® Two Higgs Doublet Model

¢1 | P2
o ( o ) v2 + v5 = v = (246GeV)? Type | u,d,l
Y\t ¢) +1iGi) V2 tan 3 = v, /v4 [ Type I Y PY
HY cican S Y A = —GysinfB+ Gy cos 3 lepton-specific (u,d ||
(ho) a (—sina COSC}.’) (qbg)’ Hi=—¢1isinﬁ+¢§*-cosﬁ flipped ul |d

® Parameters (CP-conserving, Flavor Limit, Z, Symmetry)

2 2
My, My, Aq, Ap, A3, A4, A5 ||

% tv, tan B, a, my, My, My, My+

Soft Z, symmetry breaking: m%,

246 GeV 125. GeV
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2HDM: Tree Level
2HDM Type-Il

Model

vV Ry

Kd Ky

K
2HDM-I | sin(8 —a) cosa/sinf3  cosa/sin 3 cos o/ sin f3

2HDM-II | sin(f —«a) cosa/sinfB —sina/cosfB —sina/cosf

2HDM-L | sin(f —a) cosa/sinf3 cosa/sinf3  —sina/cosf
2HDM-F | sin(f —a) cosa/sinf3 —sina/cosf3 cosa/sinf3

2HDM TYPE-II
50
301
2
. M 95%CL CEPC 5 ab™'
M 95%CL LHC 3000 fb™"
M 95%CL LHC 300 b~
W 95%CL LHC Run-|

-0.1 0 0.1 0.2 0.3 0.4 0.5
cos(B-a)

50
401

30
201

10

0.2F

01

2HDM TYPE-II

B 95%CL CEPC 5ab™"
BW9o5%CL FCC 10ab™"
Wo5%CL ILC Full

Alignment limit :
cos(B—a)=0
g(2HDM) = g(SM)

-0.005 0 0.005
cos(B-a)
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tanB
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2HDM: Tree Level

2HDM TYPE-I

95%CL CEPC 5 ab™"
Il 95%CL LHC 3000 fb™

Il 95%CL LHC 300 fo™'

Il 95%CL LHC Run-|

tang

50

30

20+

0.5}

0.2

0.1+

2HDM TYPE-L

M 95%CL CEPC 5ab™!
M 952%CL LHC 3000 fb™"
M 95%CL LHC 300 fo™

H 95%CL LHC Run-I

-05 -04 -03 -02 -01 O 01 02 03 04 05
cos(B-a)

-0.2

-0.1

0j1
cos(f-a)

0.2 0.3 0.4

tangB

2HDM TYPE-F

30+

M 95%CL CEPC 5 ab™"
B 95%CL LHC 3000 fb™"
M 95%CL LHC 300 fb™"
m 95%CL LHC Run-I

-0.1

0.1

0.2 0.3 0.4 0.5
cos(B-aq)
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2HDM: Tree Level Model Distinction

Model Distinction,cos(B-a)>0

0.10 QOP=3" - - . np=3
Varying tan
0.05+ ' COS(B_a)
n | = 0.01
.Q‘IT.:‘? | — )02
AT 0.00 '
<l 2 | = 0.03
2 ﬁ
-0.05¢
R - T Tos o010
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2HDM: One-Loop Level

Alignment limit:cos (f —a) =0

+ CD //—-\\\
H’ : ot —— / \
’I : JU— 7 \\ / \
_________ - v HY ,’ // N ( q) l
~ v mmmemmmaaaa i | \‘ \ /
N heN h h h /
H \\\: ____L_________J’________ _______\_\ _’: _____ }l —_—— -
\/\/\/\/\’ H

Main contribution
* Setting: mgp = My = my = Mmy+

 Theoretical constraints: —125%GeV?4 < Av? < 600%GeV?

Soft Z, symmetry breaking m%,
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2HDM: One-Loop Level

Alignment-limit 2HDM one-loop correction,type-I|

CEPC fit,
Type-Il

cos(f—a)=0

tang

20
15

10 -

0.2+

0.1

a

(N
-

y

0.5

95%CL, Sqrt(Av?) = 100 GeV

2
Sqrt(Av?) = Sqrt(my2- —2—)
Sp Cp

y A

125

500

|
1000 1500

rﬂ¢irnﬁﬁ)=rnA==ﬂ1Ht, CBe\/)

2000
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2HDM: One-Loop Level

CEPC fit,
Type-Il

Alignment-limit 2ZHDM one-loop correction,type-l|

20F
15

10

Varying Av?

0.2

0.1

——095%CL, Sqrt(Av) = 0 GeV
—95%CL, Sqrt(Av?) = 100 GeV
——95%CL, Sqrt(Av?) = 300 GeV

Sqrt(Av?) = Sqrt(mg? - m2
Spep

Sqrt(Av?)

mq)>

100

400

300

500

125

cos(B—a) =0,

1 | |
500 1000 1500

me(m o=ma=mz:, GeV)

—125%GeV? < Av? < 6002GeV?2

(GeV)
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2HDM: One-Loop Level Model Distinction

0.017

Varying tan 8

~0.01}

Alignment limit :
cos(B—a) =0

~0.04}

~0.05—

0.00

é -0.02

~0.03}

m4=600GeV, Sqrt[Av¥]= 500 GeV

-0.05

12/14



Composite Higgs

G <%

constrained fit with (6c;, dy,,,0y,.0y4)

0.02F
W 68%CL
| === 68% and 95%CL(r,=r,rp=F4)
0.01 772 68% and 95%CL(re=r1,rp=F)
—~
~—
| 0.00
y

£

of AL S
S A
£=0.01," /‘/1 {i
ral
/ ‘/.I.“:::.'

*

£=0015 @ /

—-0.02¢=0.02 —rn=F, A
- iy
® r=Fsas
-003e” . . . [/ .. .
-0.010 -0.005 0.000 0.005

6cz (=ry-1)

M [TeV]

50

Higgs coupling precision: ee collider 1 order better than HL-LHC
EFT operator scale : A lager than 3TeV (CEPC)

10%F

10 constraint on the scale of new physics at CEPC
Occ .
IIIIIIIIIIIIIIIIDIIO'H
= O =2 ALH
et == GSILH -
© = QI
[ dotted line: individual fit switching on one operator at a time
solid line: global fit
2 4 6 8 10
g
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Conclusion

‘i Higgs precision measurement ==—) constraints of model space
' Generally, three ee colliders sensitivities are comparable

,,,,,,,,

' BSM phySiCS sensitivity

X
# 2HDM
Tree: ee collider 3 times better than HL-LHC
One-loop : generally, mg > 400 GeV (CEPC) <:
for VAvZ = 500 GeV, mg > 1.1 TeV
Composite Higgs
Coupling precision: ee collider 1 order better than HL-LHC
EFT operator scale: A = 3 TeV (CEPC)

#  After all, future colliders >> LHC Run-i

alignment limit

<%
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Thanks for your attention
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Difference at tree level

Model Ky Koy Kd Ky
2HDM-I | sin(8 —a) cosa/sinf3  cosa/sinf3 cos a/ sin 3
2HDM-II | sin(8 —a) cosa/sinf |—sina/cos3 —sina/cosf3
2HDM-L | sin(f —a) cosa/sinf3 cosa/sinf3 |—sina/cos/f
2HDM-F | sin(f —a) cosa/sinf3 |—sina/cosB | cosa/sin [

*A=—sina/cosf —1=—tanf cos(f — a) < 1%,
tan S enhancement

2HDM: One-Loop Level Model Distinction

loop: Av? = m§ —m%,/sgcg = —Asv?



CHM: Coeff of Operators

1
On = 9 (8,u|H|2)2 ;

Ocq = |H|*G ., G*
] <y
Ow = % (HTJG‘D“H) D"W?

pv o

Opw =i(D'H)' o® (DYH) W,

Oy, = |H|*qH fr,
Opp = |H|*B,, B"",
1 —
Op =+ (H'D ,H) 0" By,

Opp =i (D*H)" (D"H)B,, .
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Composite Higgs

constrained fit with (6c,, 6y,,6y,,0y4)

: 0 R L A IR ]
SM Higgs: PNGB CEPC fit, - W68%CL ]
gCH KS Cheme 0.01 | ==68% and 95%CL(re=r;,rp=F;)
: _ JhVV /4~ ] | === 68% and 95%CL(r.=r,r,=F>)
Invv — :
| 0.00f
hff: depend on fermion representation &
1—2 S -0.01
F = g , Fo =+/1— f Lé‘ .
1-¢ [ §=0015 @&/
r. =71:;7p, =Fq -0.02 :f=0.02 —r=F
d / / cees r=F
ee collider fit is about one 0.03 // r=Faas -
- V. | | | A / | | L | | ) : \ ]
order better than HL-LHC ~0.010 ~0.005 0.000 0.005
6CZ (=rv—1)
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Composite Higgs

CEPC ﬁt’ the scale A corresponding 10 constraint in SILH' basis, g'=1
EFT scheme sol_ B GSILH B
. SILH

light shade: individual fit assuming all other 9 p@iliameters are zero

[ dark shade: 10-parameter fit

1
OH — 5 (8#|H|2)2 )

> 10 :

9 y =, . ]

Occ = |H["GwG", < 5 .
Opp = |H|*B,, B" ' '
T :
0.5t ' - - ' ' - ' L

A > 1TeV "~ Ov Ow Oww Ow Os Oss Oy, 0O, O,




Composite Higgs

10 constraint on the scale of new physics at CEPC

10%
- Oca

50

M’ [TeV]

- solid line: global fit

=2 ALH
=22 GSILH
=== SILH

dotted line: individual fit switching on one operator at a time
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CHM: Coeff of Operators

the scale A corresponding 10 constraint in SILH' basis, g'=4 1t

S0— &
I hade: individual fit assuming all other 9 p
shade: 10-parameter fit
< 0=
@ C
Ef
< o
10—
0.5




