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Higgs Precision Measurements
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Higgs Precision Measurements

LHC: 14 TeV, 300 fb-1, 3000 fb-!
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Higgs Precision Measurements

CEPC/ FCC/ILC

collider CEPC | FCC-ee ILC
V'S 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV
[ Ldt 5ab ' | 5ab ! | 2ab! 200 b1 4 ab~?
production Zh Zh Zh Zh vih Zh voh | tth
Ac/o 0.51% 0.57% 0.71% | 2.1% - 1.06 - -
decay A(c-BR)/(c- BR)
h — bb 0.28% 0.28% 0.42% | 1.67% | 1.67% | 0.64% | 0.25% | 9.9%
h— cc 2.2% 1.7% 2.9% | 12.7% | 16.7% | 4.5% | 2.2% -
h — gg 1.6% 1.98% 25% | 94% | 11.0% | 3.9% | 1.5% -
h — WW* 1.5% 1.27% 1.1% | 8.7% 6.4% | 3.3% | 0.85% -
h— 7r71~ 1.2% 0.99% 2.3% | 4.5% | 24.4% | 1.9% | 3.2% -
h— ZZ* 4.3% 4.4% 6.7% | 28.3% | 21.8% | 88% | 2.9% -
h — ~y 9.0% 4.2% 12.0% | 43.7% | 50.1% | 12.0% | 6.7% -
h— putp~ 17% 18.4% 25.5% | 97.6% | 179.8% | 31.1% | 25.5% -
(v)h — bb 2.8% 3.1% 3.7% - - - - -
S.Su CEPC-CDR, FCC Physics Opportunities, ILC 1903.01629. 5




Higgs Precision Measurements

CEPC/ FCC/ILC

_

FCC-ee

collider CEPC | ILC
NG 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV
[ Ldt 5ab '] 5ab ! | 2ab! 200 b1 4 ab~?
production Zh | Zh | Zh Zh vih Zh voh | tth
Ac/o 0.51% 0.57% | 0.71% | 2.1% - 1.06 - -
decay A(c-BR)/(c- BR)
h — bb 0.28% | 0.28% | 0.42% | 1.67% | 1.67% | 0.64% | 0.25% | 9.9%
h — cc 2.2% | 1.7% 2.9% | 12.7% 16.7% | 4.5% | 2.2% -
h — gg 1.6% | 1.98% | 25% | 94% | 11.0% | 3.9% | 1.5% -
h— WW* 1.5% 1.27% | 1.1% | 8.7% 6.4% | 3.3% | 0.85% -
h— 1tr~ 1.2% f  0.99% |  23% | 45% | 24.4% | 1.9% | 3.2% -
h— ZZ* 4.3% | 4.4% 6.7% | 283% | 21.8% | 88% | 2.9% -
h — vy 9.0% 4.2% | 12.0% | 43.7% | 50.1% | 12.0% | 6.7% -
h— utpu~ 17% 18.4% 25.5% | 97.6% | 179.8% | 31.1% | 25.5% -
(vir)h — bb 28% | 31%)  3.7% - - - - -
S. Su CEPC-CDR, FCC Physics Opportunities, ILC 1903.01629. 5




Higgs Precision Measurements

CEPC/ FCC/ILC
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FCC-ee

collider CEPC | ILC
NG 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV
[ Ldt 5ab '] 5ab ! | 2ab! 200 b1 4 ab~?
production Zh | Zh | Zh Zh vih Zh voh | tth
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decay A(c-BR)/(c- BR)
h — bb 0.28% | 0.28% | 0.42% | 1.67% | 1.67% | 0.64% | 0.25% | 9.9%
h — cc 2.2% | 1.7% 2.9% | 12.7% 16.7% 4.5% 2.2% -
h — gg C(16% ] 1.98% ) 25% | 94% | 11.0% | 3.9% | 1.5% -
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h— 17 1.2% | 0.99% |  23% | 45% | 24.4% | 1.9% | 3.2% -
h— Z7* 4.3% | 4.4% | 6.7% | 28.3% 21.8% | 8.8% 2.9% -
h — vy 9.0% 4.2% | 12.0% | 43.7% | 50.1% | 12.0% | 6.7% -
h— utpu~ 17% 18.4% 25.5% | 97.6% | 179.8% | 31.1% | 25.5% -
(vi)h — bb 2.8% | 31% )  3.7% - - - - -
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Higgs Precision Measurements

CEPC/ FCC/ILC

_

FCC-ee

collider CEPC | ILC
NG 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV
[ Ldt 5ab '] 5ab ! | 2ab! 200 b1 4 ab~?
production Zh | Zh | Zh Zh vih Zh voh | tth
Ac/o 0.51% 0.57% | 0.71% | 2.1% - 1.06 - -
decay A(c-BR)/(c- BR)
h — bb 0.28% | 0.28% 0.42% | 1.67% 1.67% | 0.64% | 0.25% | 9.9%
h — cc 2.2% | 1.7% 2.9% | 12.7% 16.7% | 4.5% | 2.2% -
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Higgs Precision Measurements

CEPC/ FCC/ILC

_

FCC-ee

collider CEPC | ILC
NG 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV
[ Ldt 5ab '] 5ab ! | 2ab! 200 b1 4 ab~?
production Zh | Zh | Zh Zh vih Zh voh | tth
Ac/o 0.51% 0.57% | 0.71% 2.1% - 1.06 - -
decay A(c-BR)/(c- BR) P
h — bb 0.28% | 0.28% | 042% | 1.67% | 1.67% | 0.64% [(0.25% | 9.9%
h — cc 2.2% | 1.7% 2.9% | 12.7% 16.7% | 4.5% 2.2% -
h — gg (1.6%] 1.98% ) 25% | 94% | 11.0% | 3.9% % -
h— WW* 1.5% 1.27% | 1.1% | 8.7% 6.4% | 3.3% | 0.85%\ -
h— 17 1.2% | 0.99% |  23% | 45% | 24.4% | 1.9% | 3.2% -
h— Z7* 4.3% | 4.4% | 6.7% | 28.3% | 21.8% | 88% | 2.9% -
h — vy 9.0% 4.2% | 12.0% | 43.7% | 50.1% | 12.0% | 6.7% -
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2HDM in one slide

® Type-II Two Higgs Doublet Model

. _ o V2 +v; = v = (246GeV)?
C (it +1iGi)/V2 tan 8 = vy /vq

HY [ cosa sina o A =—-Gisinf + Gocos B

RO |\ —sina cosa 9 |’ H* = —qﬁf sin 5 + gbgc cos (3

after EWSB, 5 physical Higgses
CP-even Higgses: ho, H° , CP-odd Higgs: A?, Charged Higgses: H*

0/Ho ' my my
® ho/HO VV COUpllng ggoyy = v COS(ﬁ — @)7 gnovy = ~ v Sin(ﬁ — Oé))
U v

alignment limit: cos(B-a)=0, ho is the SM Higgs with SM couplmgs
S.Su



MSSM

SiHQﬂ (cotﬁ M%—I—tanﬁ Mi —M%—Mi ) (All Alg
MHiggs - T 5

2 —~M3% — M3 tan 8 MZ + cot 8 M3

MSSM parameters: ma, tanB, Msusy, X,
j =500 GeV, others less important (large msb, mguino,...)

® Higgs mass (full 1-loop, leading 2-loop, some 3 & 4 loop)

2 2,tree 3GF\/§_4 mf th 1 Xt2
— m® OUEVZ) () 2 (o 2
My =my, ="+ s ~n g ) g 12 M2

~ 3 GeV uncertainties (higher loops, mt,...)
show effect of Amn: 3 GeV, 2 GeV, 1 GeV

S.Su



MHiggs -

1,

MSSM

sin Qﬂ COtﬁ M% + tanB Mi — M% — Mi All Alg
2 —~M3% — M3 tan 8 MZ + cot 8 M3

MSSM parameters: ma, tanB, Msusy, X,
=500 GeV, others less important (large msb, mguino,...)

e Higgs mass (full 1-loop, leading 2-loop, some 3 & 4 loop)

S.Su

3GrV?2 m; X7 1 X7
M}?:mi,tree_F S :;;/_m?{_ln (ﬁ) j 1 ¢

~ 3 GeV uncertainties (higher loops, me.)
show effect of Amn: 3 GeV, 2 GeV, 1 GeV



MSSM

® gauge and Yukawa couplings (Qefr)

h\ [ cosaery sinaeyy ReHg — Uy,

H N —Sinaeff COS Qlef f ReHg—vd

hZZ: sin(B-aet); huu: cos(aesr)/sin(B), hdd, hil: -sin(aetr)/cos(B);
hbb: + large vertex cor.

| L _Sinaeff ~b ~b 1 . 1
| b= cos 3 Fho = 1+ Amy (1 Ambtanozefftanﬁ)
ATTTTT 9
® hgg and hyy R
(same order as SM) " 90000, 4
AV
w9
_____ .q\ :f,Hi
o

S.Su 8



MSSM

X2 = X2 X Xz _ (m}\z/[SSM - mzbs)2 X (M%\/[SSM - M?bs)2
tota mp, w (Amh)Q Ny (Aui)Q

|
L

e earlier work: h—’gg, h-’yy Fan, Reece, Wang, 1402.3107; Fan and Reece, 1401.7671,
Drozd, Ellis, Quevillon and You, 1504.02409, 1512.03003

e FeynHiggs: mn, eff, Amp
e assume no deviation, 95% C.L. region

m4 € (200,3000) GeV,tan 5 € (1, 50),
X; € (=5000,5000) GeV,mgusy € (200,3000) GeV,

S.Su 9



tan3=30
ma=1TeV

>
zero-mixi
5

tan3=30
ma=2TeV

Xt (TeV)
G bW N E o r N W s

tanB=3
ma=2TeV

Xt (TeV)
L'nLtbr'\:»'—-o»—le.Fw

G A W N B D N WA WG

max-mixing

(1) ma=1TeV, x? (ms)

tanB =30

0.5 1.0 1.5 2.0 25 3.0
msusy (TeV)

(5) ma=2 TeV, x> (ms)

_

0.5 1.0 15 20 25 3.0
msysy (TeV)

(9) ma=2 TeV, x2 (ms)

tanf=3

small mh-tree

=

05 1.0 1.5 2.0 2.5 3.0
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o+
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o1

weak dependence

on mp, tanf
(2) ma=1TeV, x2 (99 +vy)
tanB =30

Mmsysy (TeV)

(6) ma=2TeV, x (g9 +vy)
tanB =30

msysy (TeV)

(10) ma=2 TeV, x2 (99 + YY)

tanf=3

Mmsuysy (TeV)

Xt (TeV)
G A WN KB O RN WRW

o
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Msusy VS. Xi

(3) ma=1TeV, x* (i)

| tanB =30

N\

Xt (TeV)
G bW N R o N W s

h to bb

0.5 1.0 15 2.0 25 3.
Mmsysy (TeV)

(7)) ma=2TeV, x2 (u)
tanB =30

o

/A

o

0.5 1.0 15 2.0 25 3.0
msysy (TeV)

(11) ma=2 TeV, x? (4)

| tanf=3

N

Xt (TeV)
G bW Ao N W s

-
\

N

05 1.0 1.5 2.0 2.5 3.0
Mmsysy (TeV)

o

(4) ma=1 TeV, x?2 (total)

tanB =30

Xt (TeV)

0.5 1.0 1.5 2.0 25 3.0
Mmsysy (TeV)

(8) ma=2 TeV, x?2 (total)
tanB =30

G A ON B O HN WA O

0.5 1.0 15 2.0 25 3.0
msysy (TeV)

(12) ma=2 TeV, x? (total)

tanf=3

b~
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Mmsysy (TeV)
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Msusy VS. Xi

N W O

—_

mu=1.0TeV my=15TeV my =2.0TeV
5 5
@am
Wtang =50 4} ®Wtang =50 4} ®Wtang =50
mtanB =30 mtanB =30 mtanB =10
3 mtang =10 3 mtanB =3
2 2
%\ 1t %\ 1t
E 0 £ 0
' Higgs mass X -1y X -1
exclude tanp < 25 -2f -2
b _3. _3.
-4 -4
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ma vVS. Msusy

3.0

N
3

msysy (TeV)
N
o

1.0f

| Ma: coupling

X; = 0 (no—mixing)

-
(%)

; Mmsusy

\ 3.0
tanﬁ: 5
2.5}
3
= 2.0t
>.
()]
2
(7))
£ 1.5}
tanB = 30
tang = 50 1.0}
' ' ! 0.7
1.5 2.0 2.5 3.0 1
my (TeV)

small tanf3, mh
large tanf3, mh+coupling

X; = 2 (max-mixing)

—
/Msusy: too large
B contribution to mh

| msusy: small tanf3 ,
i mh, hgg+hgaga

faﬁ,@\
U
.| msusy: tanf >7, hgg+hgaga
15 20 25 3.0
mpy (TeV)
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ma vs. tanf

X; = 0 (zero—mixing)

50t
_10TeV
a0l msusyY ~ 1.0
|‘ Mmsusy: Mh
30}
Q
c
)
20F
N\ mSU =
\§\/\ V=15Tey
10F <&
\?‘O
N
Msysy = 2.0 TeV
1.0 1.5 2.0 2.5 3.0

ma (TeV)

hMSSM

LHC 14 TeV
3000 fb!

S.Su

300 400 500 600 700 10
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tang

50

40

30

20

10

O

Xt = 2mgysy (Mmax—mixing)

N
/
i QS}(\
‘?‘O
AV
Msysy = 1.5 TeV
. Mmsusy =2.0,TeV
.0 1.5 2.0 2.5

mp (TeV)

3.0

| complementary to
LHC direct search
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msusy vS. tanf

Xt = 0 (zero-mixing)

Xt = 2mSUSY (max—mixing)

>0 —1 7
I ma < 1 TeV excluded.
L A
40r 40t S8
)\.
Vi
6\‘?
30F 30}
3 Q.
c c
8 8
20F 20t
10f 10}
mg=30TV L my=2.0TeV
0 . . . o 0 ) ma = 3.0 TeV .
0.5 1.0 1.5 2.0 25 3.0 0.5 1.0 1.5 2.0 25 3.

S.Su

msusy (TeV)

large mh

msusy (TeV)
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ma vS. Ms

Xz = 0 (no—mixing) X; = 2 (max—mixing)
3.0 3.0
2.5} 1 ta 2.5 - Amy=1GeV
\ n,@: _ mp=1L¢€
. L T SO’Amh_1GeV N - - Amp=2GeV
> \ > — Am,=3GeV
= 2.0 \ =20 /-
> \ S Y e
n \ 9] -
D \ )
éﬂ 1.5} ™~ é,) 1.5}¢
| 550, Amy=2 Gey. . |
1ol tanB=50, Am,=3 GeV 1ol
S 50 --------------------------------
0.7 . : : _ .
1.0 15 2.0 2.5 3.0 010 2.0 2.5 3.0
my (TeV) my (TeV)
s sy | Important to improve precision on mh calculation.




CEPC/FCCee/ILC

| ILC: better limit on ma.
Better hbb, hWW.

‘ CEPC: slightly better hgg

X; = 2msysy (max-mixing)
3.0 3.0 -
25 2.5¢
=20 = 2.0f
> >
(] [2]
] 2
(] (]
& 1.5} & 1.5}
1.0p 1.0
0.7 0.7 .
1.0 1.0 1.5 2.0 25 3.0
mg (TeV)
50F
40}
30F
«Q
st Ly o= 5
20 L 4
10f
e Msusy =~2~._O v 1 I A s Tl
1.0 1.5 2.0 2.5 3.0 1.0 1?5 2.0 2.5 3.0
ma (TeV) ma (TeV)

. Su
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Conclusion

e Higgs factory reach impressive precision: mass + couplings
® ¥2mh dominate for small tanf

® Y2couplings (hbb): small o moderate ma

® hgg,hyy: constrain Msusy for tanf > 7 (max-mixing)

© ma: sensitive to Higgs couplings

e tanB, Msusy, Xt,: sensitive to Higgs mass

® Msusy depends sensitively on Amy

© CEPC/FCC-eelILC: reach comparable

e complementary to direct search @ pp

S.Su 17



