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Higgs Precision Measurements
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Common strategies

o X Br
[ Experimental Observables: Ay J uoM = ((G v Br))BSM
SM

Kappa-scheme: k ; Fitting Coeff of EFT operators

K= i(hl;)M ,i=£fV On/N* = 0.5 (9, |H|?)?/A* ...
g(hit; SM) [ Parameters in New Physics Models ]
2HDM, S+SM, MSSM S+SM, Composite Higgs
2 (“FSM_“?bS)Z obs
X~ = Hi =

(Au l_)z ’



2HDM: Brief Introduction

® Two Higgs Doublet Model

¢1 | P2
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® Parameters (CP-conserving, Flavor Limit, Z, Symmetry)
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Soft Z, symmetry breaking: m%,
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. Model Ky Ky Kd Ky
2 H D M . Tree Leve I 2HDM-I | sin(8 —a) cosa/sinf3  cosa/sin 3 cos o/ sin f3
2HDM-II | sin(8 —a) cosa/sinf3 —sina/cos3 —sina/cosf
2HDM-L | sin(8 —a) cosa/sinf3 cosa/sinf  —sina/cosf
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2HDM: One-Loop Level
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. 2 . . .
Parameter : cos (B — a), tan 8, my, m,, my:, mj, Main contribution

(U Loop + degenerate: cos (B—a) =0, mgp =my =my = my+
(2) Tree + Loop + degenerate: cos(B—a) =0, mgp = my =my = my+

(3) Tree + Loop + non-degenerate: Amy =my —my, Ame =mysr —my
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2HDM: Tree + Loop + degenerate

2HDM TYPE-II
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2HDM: Tree + Loop + degenerate

2HDM TYPE-II
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180x.xxxx ( N. Chen, T. Han,
S.Su, Y. Wu )
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2HDM: Tree + Loop + degenerate
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2HDM: Tree + Loop + degenerate

Loop-level

me = 1000 GeV
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2HDM: Loop + degenerate

Alignment-limit 2HDM one-loop correction,type-I|
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2HDM: Loop + degenerate

Alignment-limit 2HDM one-loop correction,type-lI

CEPC fit, Type-ll

fg: —95%CL, Sqrt(Av2)= 0 GeV
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2HDM: Tree + Loop + degenerate

2HDM Tree+Loop, VAv? = 300 GeV

cos(B — a)=-0.005
20 A cos(B — a)=0
cos(B — a)=0.005

Tree+Loop ;|




Higgs direct search at LHC
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2HDM: Tree + Loop + non — degenerate

Z Pole Precision

s Mo =700, VAv? =300 GeV, x7,,=0.0

cos(B —a) =0.007
cos(B—a)=0.0
3001 cosif—a)= —0.007

Ame (GeV)

00000

00000

00000

—1‘00 6 160
Am, (GeV)

17



Amc (GeV)

2HDM: Tree + Loop + non — degenerate

Higgs Precision

Z Pole Precision

oMo =700, VAvZ = 300 GeV, x2;,=0.0 s Mo =700, VAv? =300 GeV, x7,,=0.0
cos(f —a) =0.007 cos(f —a)=0.007
cos(f —a)=0.0 cosif —a)=0.0
3001 cos(f—a)= - 0.007 3001 cos(B—a) = —0.007
200 4 200 1
100 4 ~— 1004 —
= =>
[} [}
Q0 O
e S 0 ot
) 8]
€ &
~100 <] _100- <]
—200 A —200 1
—300 A —300 1
_400 T T T T T T T _400 T T T T T T T
=400 —=300 =200 —=100 a 100 200 300 400 =400 =300 —=200 -100 1] 100 200 300 400
Am, (GeV) Am, (GeV)

my = 700 GeV

Complementary to each other

400

300 4

200 4

100 4

=100 -

—200 -

—300 A

—400

=400

Combined

me = 700, VAvZ = 300 GeV, x2,,=0.0

cos(f —a)=0.007
cos(f—a)=0.0
cos(f —a)= —0.007

T T T T T
-100 0 100 200 300 400

Amy (GeV)

T T
—300 —200

18



Amc (GeV)

2HDM: Tree + Loop + non — degenerate

Higgs Precision

me = 2000, VAv? = 300 GeV, x2,,=0.0
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Conclusion: Higgs precision

2HDM

Complementary to
Tree vs Loop

Alignment vs Non-alignment

Degenerate vs Non-gedenerate Y LHC direct search

i' Z pole precision
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MSSM: study strategy

Higgs mass + hyy and hgg + Yukawa and gauge (FeynHiggs)

2 2 2
X = > XTotal — Xmass + X,u
MSSM obs\2
Higgs mass 2 (1) — M) Am, = 3 GeV
gg > Xmass (Amh)2 h
hyy and hgg, | s 2 = Z (uMSSM _ [ 0bs)?
3 (Api)?

Yukawa and gauge i=f,V.
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Mgysy (GeV)

MSSM: one feature
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tans

MSSM: one feature

X;=0 (no mixing)

50 50
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180x.xxxx ( H. Li, H. Song, S. Su, J. Yang )
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MSSM: one feature
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Conclusion MSSM: M, Mgysy, tan B

2 2 2
X 2 > XTotal = Xmass T X

, o o X:=2Mgysy(mMmaximal mix
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tanf

me = 1000, VAv? = 300 GeV

50

0.1 T T T
—0.010 —0.005 0.000 0.005 0.010
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2HDM: Tree + Loop + degenerate

2HDM TYPE-II
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180x.xxxx ( N. Chen, T. Han,
S.Su, Y. Wu )
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2HDM: Tree + Loop + degenerate

2HDM TYPE-II
50f
40}
30}
207 WA/ of CEPC 5ab™"
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51 20
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/-pole Precision Measurements

As a complementary,

Current CEPC FCC-ee ILC
correlation correlation o correlation o correlation
? S| T U ST T Ul (o2 [s] T Ul (o2 [s] T U
S | 0.04+0.11 110.92|-0.68 10862 |-0.373 | 0.67 11]0.812 | 0.001 3.53 11 0.988 | -0.879
T | 0.09+0.14 - 1| -0.87 - 11-0.735 | 0.53 - 11-0.097 | 4.89 - 1 |-0.909
U | —0.02+0.11 | - - 1 - - 1 2.40 - - 1 3.76 - - 1

CEPC-preCDR, TLEP Design Study Working Group, ILC Operating Scenarios
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cos (f —a), tan 3,
tanﬁ, m(p — mH = mA — mHi’
Am, =m, — mg, Am, = my+ — My



501

30F
201

10r

0.5F

0.2}

0.1F

. Model Ky K Kd Ky
2 H D M * Tree Leve I 2HDM-I | sin(8 —a) cosa/sinf  cosa/sinf cos o/ sin 3
2HDM-II | sin(8 —a) cosa/sinf3 —sina/cosf3 —sina/cosf3
2HDM-L | sin(f —a) cosa/sinf3 cosa/sinf3 —sina/cosf
Other three types 2HDM-F | sin( —a) cosa/sinf3 —sina/cosf  cosa/sinf3
2HDM TYPE-| 2HDM TYPE-L 2HDM TYPE-F
50]
ta’?,é".:?/
55,

95%CL CEPC 5 ab™
W 95%CL LHC 3000 fb~"

W 95%CL LHC 300 fb~!

Il 95%CL LHC Run-I

0.1

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

-05-04-03-02-01 0 01 02 03 04 05

cos(B-a)

0 0.1

0.2 0.3 0.4

cos(fB-a)

tanf

MW 95%CL CEPC 5 ab™’
M 95%CL LHC 3000 fb™"
M 95%CL LHC 300 fb™’

W 95%CL LHC Run-I

-0.1

0 0.1

02 03
cos(B-a)

0.4

0.5
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30F
201

10r

. Model Ku Kd Ky
2 H D M * Tree Leve I 2HDM-I cosa/sinf3  cosa/sin 3 cos o/ sin 3
2HDM-II cosa/sinf3 —sina/cosf —sina/ cosf
2HDM-L cosa/sinf3  cosa/sinfB  —sina/cosf
Other three typeS 2HDM-F cosa/sinf3 —sina/cosf3  cosa/sinf3
2HDM TYPE-|
COS (¥ 1 cos(ff — «)
Fou,dse sin 3 2 cos”(f — ) + tan 3

95%CL CEPC 5 ab™
W 95%CL LHC 3000 fb~"

W 95%CL LHC 300 fb~!

Il 95%CL LHC Run-I

-05-04-03-02-01 0 01 02 03 04 05

cos(B-a)



2HDM: Tree Level Model Distinction

Model Distinction, cos(f-a)>0

0.10

= Varying tan 3

::;':F 0.00 0.01

g — 0.02

% -0.05:- — 0.03
~0.10

-0.10
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2HDM: Loop + degenerate

m4=600GeV,Sqrt{Av]= 500 GeV

0.01;

Varying tan 8

0.00|

~0.01}

~0.02}

AKq

~0.03f

~0.04}

—0.05!

-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01
AKb



2HDM: Loop + degenerate

Constraints from Vacuum stabiltiy, Unitarity and Perturbativity
A

20—0.26 0 0.66 1.49 2.64 413 5.95
15

cos(f—a) =0,
mq)EmH=mA=mHi

10t

Theoretical constraints

}\VZ — mgb — mfz/sﬁcﬁ

—125%GeV? < Av? < 600%GeV?

0.2}

0.1f

1€ (—0.26,5.95)
A4_ — AS — 23 — 0258 — _/1

0 -05 1 1 1 L L 1
-1252 0 2002 3002 4002 5002 6002

AVP=my?-mq5°l(spcp) (GeV?)
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Conclusion

“I' Higgs precision measurement
“i' constraints on model space ( 8, a, heavy Higgs mass)
' Complementary to LHC direct search

“t' Complementary to Z pole precision
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2HDM: Tree + Loop + non — degenerate
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2HDM: Tree + Loop + non — degenerate
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Complementary to Z pole precision
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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?



Composite Higgs
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2HDM: Amg, = my —my, Am, = my+ —my

Type-Il
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