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Precision: Higgs mass
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Precision: Higgs couplings

* Yukawa and gauge Higgs couplings

collider CEPC | FCC-ee ILC

V'S 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV

[ Ladt 5ab™t | 10ab™! | 2ab™! 200 fb~! 4 ab™?
production Zh Zh Zh Zh vvh Zh vivh tth
Ac/o 0.51% 0.4% 0.71% A% - 1.06 - -
deca A(c-BR)/(o - BR)

h — bb 0.28% 0.2% | 0.42% ([1.67% | 1.67% | 0.64% | 0.25% | 9.9%
= 2.2% T.2% T9% | 12.7% | 16.7% | 4.5% | 2.2% -
h — gg 1.6% 1.4% 25% | 94% | 11.0% | 3.9% | 1.5% -
h— WW* 1.5% 0.9% 11% | 8.7% | 6.4% | 3.3% | 0.85% -
h— 1.2% 0.7% 2.3% | 4.5% | 24.4% | 1.9% | 3.2% -
h— ZZ* 4.3% 3.1% 6.7% | 28.3% | 21.8% | 88% | 2.9% -
h— vy 9.0% 3.0% | 12.0% | 43.7% | 50.1% | 12.0% | 6.7% -
h— ptp= 17% 13% | 25.5% | 97.6% | 179.8% | 31.1% | 25.5% -
(v)h — bb 2.8% 2.2% 3.7% - - - - -




* Loop-induced Higgs couplings

Precision: Higgs couplings

collider CEPC FCC-ee ILC
V'S 240 GeV | 240 GeV | 250 GeV 350 GeV 500 GeV
[ Ladt 5ab™t | 10ab™! | 2ab™! 200 fb~! 4 ab™?
production Zh Zh Zh Zh vvh Zh vivh tth
Ao /o 0.51% 04% | 0.711% | 2.1% -] 1.06 - -
decay A(o - BR)/(o - BR)
h — bb 0.28% 0.2% | 0.42% | 1.67% | 1.67% | 0.64% | 0.25% | 9.9%
h — cc 2.2% 1.2% 2.9% | 12.7% | 16.7% | 4.5% | 2.2% -
h— gg 1.6% 1.4% 2.5% || 9.4% | 11.0% | 3.9% | 1.5% -
T W T.5% 0.9% T1% | 8.7% | 6.4% | 3.3% | 0.85% -
h— 7t 1.2% 0.7% 2.3% | 4.5% | 24.4% | 1.9% | 3.2% -
h— Z7* 4.3% 3.1% 6.7% | 28.3% | 21.8% | 88% | 2.9% -
h — vy 9.0% 3.0% | 12.0% |W3.7% | 50.1% | 12.0% | 6.7% -
=Y 17% 13% | 25.5% | 97.6% | 179.8% | 31.1% | 25.5% -
(vi?)h — bb 2.8% 2.2% 3.7% - - - - -




MSSM

General SUSY : symmetry between the fermions and bosons:

Names spin 0 spin 1/2 | SU(3)¢c, SU(2)L, U(1)y Names spin 1/2 spin 1 | SU(3)¢, SU(2)L, U(l)y
squarks, quarks | Q | (up dp) | (up dp) (3,2, %) gluino, gluon g g (8,1,0)
x 3 families T oy ul 31 -2 — ,
(>3 fonilies) . r ”f’- ( o 13) winos, W bosons | W* W09 | w* W (1,3,0)
L & SRS 1 bino, B bos B B 1,1,0)
sleptons, leptons | L (v er) (v er) (1,2 _%) ino, B boson (1,1,
(x3 families) | & & el (1,1, 1)
Higgs, higgsinos | H, | (H; HY) | (Hf HY) (1,2, +3) Physical particle: h , H, 4, H=*
Hy | (HY Hy) | (H) HY) (1,2, -3)
— : my=125 GeV

arxiv: hep-ph/9709365

my = My = mHi




MSSM Higgs sector

Mass Mur . — sin28 ( cot 3 M% + tan 3 M3 — Mz — M3 A Arz
Higgs — —M% _ M,Qq tan 3 M% + cot 8 Mﬁ Az Ago

—*

Tree-level Loop-level

|

M3+ MZ | (M3 + M2)?
Miher = = Zi( T

— M3 M?Z cos® 26) i
mh,tree < m, = 91.18 GeV < 125 GeV

LHC Run-I: my, = 125.09 £+ 0.24 GeV



MSSM Higgs sector

2 _ _ 2tree SGF\/§_4 ™2 X? 1 X7
Mass Loop-level M = my™™" + 5= t{_ln (E@) T\ 12z
M40 ——+— 77— 7 7 T T
mA' mSUSYZ ma — mﬁ’ ! diagrammatic
tanf X,=A,—utanp O R¢
130
Package: FeynHiggs
=
dmy, = 3 GeV, MSSM uncertainty %™

> 0.24 GeV, LHC Run-I
>> 5.9 MeV, CEPC
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MISSM Higgs couplings

Yukawa and gauge couplings

Tree-level: mixing angle ¢ > Loop-level: a.¢f
H COSQerr  SINAprr\ (Y4
Loop modified effective Higgs couplings

hZZSln(IB — aeff)
hbb: —sina,sr /cosf ...



MSSM Higgs couplings

hyy and hgg couplings 2000
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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 —mp) Amj,, = 3 GeV
gg > Xmass (Amh)2 h

hyy and hgg, | s 2 = Z (uMSSM _ [ 0bs)?
Yukawa and gauge g e (Api)?




Study strategy

* Relevant parameters and some considerations
my, tan 5, mgysy, Xi, 4 = 500 GeV

»Plane:mgygy Vs X;
>P dnelgqgygy VS IMMAp
»Plane:my vstanf§

Three-dimension fit, projected to two-dimension plane: Ay? = 7.82

Not discussed here: mg, Xg, mg, Mq, M, ..



Results: mgygy VS X

tanf = 30, u = 500 GeV,m, = 2000 GeV
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Results: mgygy VS X
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X, (GeV)

Results: mgygy VS X
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Results:my vs tan 3
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Results:my vs tan 3 :
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Results:mgygy VS My
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Results:mgygy VS My
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X; (GeV)

Summary of Higgs precision
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/ pole precision on MSSM



/ pole precision on MSSM

EWPT (Electroweak Precision Test)

Measurement Fit

meas fit, , _meas
10™*_0")/s

0 1

2

A“ﬁm?d(mz)
m, [GeV]
I'; [GeV]
Gpag [ND]

0.02758 + 0.00035 0.02767
91.1875+0.0021 91.1874
24952 +0.0023  2.4965
41.540 £ 0.037 41.481
20.767 + 0.025 20.739
0.01714 + 0.00095 0.01642
0.1465 +£0.0032  0.1480

0.21629 + 0.00066 0.21562

1

0.1721+£0.0030 0.1723
0.0992 +£0.0016  0.1037
0.0707 £0.0035  0.0742
0.923 £ 0.020 0.935
0.670 £ 0.027 0.668
0.1513+0.0021  0.1480

FCC-ee, ILC, CEPC 1019~1017,
precision of Ry, 10*%~107°>

SR, = 2x107°



/ pole precision on MSSM
Ry:

__ D(Z-—bb)
I'(Z —hadrons)

Rb
ASYSY(R,)=0.2196{0.78[ V3USY(m,)— V3VSY(0)]

Advantages:

1. Loop-level Z — bb vertex effects are sizable

stop, sbottom, charged Higgs, neutral Higgs

2. Weak dependence on oblique corrections
3. Measurable



Results: stop correction

SR,

chargino - stop loo m.
4x10° . ! : 2 : .p p, tif.f
natural SUSY W x-'
1 . A . ..E'\‘\ k
2% i
5 . 6 "5@ coso J
3x10™ e, g 7-€(100,210)GeV )
LI 2 7,€(100,210)Ge .-1,000
S ey e, -0.8859
va 11€(100,200)GeV o - .
o iz s * Condition:
2¢10° - .+
' B X1~ : 100 - 200GeV
.k . -0.08702
1x10° . . i RESU'tI
v: 7R
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0 - \235\@ -
! | T I T I ! I
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SR,

Results:

neutalino - sbottom loop

1.5x10™

1.0x10™*

5.0x10°°

0.0 H

n
" 4.800
e ™ 7°<(100,200)GeV 165 |
18.50
.y . ]
" o

natural SUSY

tan p

ne(100,200)GeV

25.00
32.05
39.00
45.88
52.75
59.60

0.0

I T I T I T 'I T
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X3 XS
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x] X]
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Condition:
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Conclusion:

b, > 850 GeV if tan 8 > 32



SR,

Results: charged Higgs correction

natural SUSY
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SR,

Results: neutral Higgs correction

neutral Higgs - bottom loop

1)(10-5 1 | N [| \ | " 1 \ | 1 | f 1 1 | f 1 1 | 1 1 1 | "
natural SUSY i
- b I A::/ Q
0 Higgs < (122,128)GeV (H® h? A’ \ ’VV\/\/(

. b N He Y
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e Conclusion:

-2x10°° 2101 'f\.%
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Thanks for your attention



X, (GeV)

Results: mgygy VS X

Mgysy VS K¢
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X; (GeV)
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h2
AmSEW — 16;2 pAg tan I(mg , mg_, 1)

92

= uMs tan 3 [ cos® fo(mgl, Mo, u) + sin? 9{](7’?1{2, M, pJ)
1 L,
+ 3 cos? ng(mgl, My, 1) + 2 sin? QEI(mEQ, Mo, y,)]







Higgs precision on MSSM

Mmgygy VS tanf
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Results: gluino correction

gluino - sbottom loop

T natural SUSY | Because gluino and neutralino are
2.0x10° 2210 treces both electroneutral, they have same
" Feynman diagrams
1.5x10™ 4 A, . 0€(2220,2280)GeV |
% 1.0x10° - 1 * Conclusion:
5.0x10° - : Because gluino required by
experiments is so heavy that its
0.0 1 correction is negligible.

T T T T T
0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10° GeV



Higgs precision on MSSM  Current researches

* Higgs mass is well-measured (compared to theory estimation)
* hyy and hgg channels are well studied
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Higgs precision on MSSM  Current researches

fit with 13 TeV data

Best fit

My 0.25 TeV
Mo 0.25 TeV
M5 - 3.86 TeV
mg 4.0 TeV
Mg, 1.7 TeV
m;y 0.35 TeV
ms 0.46 TeV
M 4 4.0 TeV
A 2.8 TeV
L4 1.33 TeV
tan 3 36

1710.11091



Further research

* Direct search

* Higgs precision

* Electroweak Precision

* Theoretical constraints(1310.4174)
* Dark Matter



Higgs precision on MSSM  Current researches

Direct search
7+8 TeV

tanp

CMS Preliminary <51 fo" (7 TeV) +<19.7 fb' (8 TeV)

60
50 F hMSSM
40 7
30 % /
A
b
20 R e
10 9- ¢/ _ Model not strictly applicable
- |:| Observed exclusion 95% CL
6 % Expected exclusion 95% CL
T S/ i i v A R
5 ] L ___, Model not strictly applicable
4 ] h(125) (HIG-15-002)
3 _|‘I A/H — bb (arXiv:1506.08329)
] A/H/h —> up (arXiv:1508.01437)
[ A/H/h = 1t (HIG-14-029)
2 H — hh (bbtr) / A — Zh (Iket)
Ij (arXiv:1510.01181)
] H — hh (bbyy) (HIG-13-032)
1 | H— WW/ZZ (arXiv:1504.00936)
41
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1(0)

ReSU|tS:5A113~B App=ZE2%8 ooy = [ 2 -dcosf
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0f—1)
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' ' | natural SUSY ' ' general MSSM
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