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Main Conclusions

. If the excess of K~ (= deviation of the s

Higgs to diphoton coupling) is ol
measured to larger than 4% (= 20 =

deviation) at the early stage of ILC, £
the lightest stau is predicted to be S
lighter than 200 GeV in the MSSM. 100

* |f the excess of Kyand the stau mixing angle are measured
at the early stage of ILC, it is possible to predict the
heaviest stau mass, even when it is not yet discovering.
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Higgs Oblique corrections

 “Higgs Oblique corrections”, which means loop-induced Higgs
couplings (Higgs to digluon / diphoton / Z+photon), can also
predict and constrain the new physics indirectly.

 Advantage: Since these loop-induced Higgs couplings do not
emerge at the tree level and induced at radiative level, these
diagrams are easily influenced by new physics.
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Status of the Higgs couplings
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Sensitivities of the Future colliders

[M. E. Peskin,1312.4974 (201 3)]

JhAA . _
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Sensitivities of the Future colliders

 The ILC sensitivity of Higgs to diphoton coupling is weaker
than LHC one because the statistical error is larger than LHC.

__ Ynaa
Jnaa(SM)

250 500 500up 1000 1000up
46 046 0.22 0.19 0.15
0.7 0.50 0.23 0.22 0.22
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[M. E. Peskin,1312.4974 (2013)]
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]Oint Anal X SiS M. E. Peskin,1312.4974 (2013)]

* Br(h—~y)/Br(h — ZZ*) will be measured very precisely at
HL-LHC because its theoretical error is alleviated.

* Higgs to ZZ* coupling will be measured very precisely at ILC
because ILC can measure associated Higgs production cross
section (e+e- -> Z* -> Zh).

e If the measurement of Br(h — vv)/Br(h — ZZ*)at HL-LHC is
combined with the measurements of the Higgs to ZZ* coupling
at ILC, K~ can be measured precisely.
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]Oint Anal X SiS M. E. Peskin,1312.4974 (2013)]
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]Oint Anal Z SiS [M. E. Peskin,1312.4974 (2013)]

We consider that how the accuracy of K~

predicts or constrains the new physics indirectly.
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SUSY Contributions to ~

measured y
T n --- affects
Experiments SUSY
v

5K37N1_2% )

predicts and constrains

1000 [y
f Chargino contribution |

stop/sbottom.... We assume the colored
particles are heavy (heavier than O(1 TeV)) 300

stau...This talk

0Ky (¥*) =0.05%
chargino.... almost parameter regions char- &
gino contributions are smaller than staus.

[M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)] 29|
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Stau Contributions to <~

® | briefly review the stau contributions to /ﬁzyand the vacuum
meta-stability condition.

o 2 v 2
4V T — " “ o2 ’
Mzrp Mipp

o 2 2 a2 ~

D: = m?2 cos26(I2 — Q, sin® Oy )
2
mzpr = Mr(Ar — pg tan f)

217t — Tiao (12 12
U MU = diag(mz, . m3,))
. — costz  sinb; , 1, o
T \ —sin 0- cosb:) Mmzrr = 5(’771;1 — "m.%g) sin 20+

Staus are characterized by only three parameters, mx, , ms,, 0~
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Stau Contributions to <~

® The Higgs to diphoton decay rate

@2-'77'2.? , Stau contribution
N ~Ay) — 2 Z v
F(h — / )) 102’—]:773 |M77| ’7~:L\\ ‘Jf'J
Y ’ ) N
SM contributions - w o , fommmes \ / i
¥ J‘N;'\NV‘ 7~_R \7
JhH W . h 20n1t 4 ), ~\ 9hti7i Ahy ..
M, (SM) = m Al (zw) + o 3A’1/2( rt) M, (T) = 2 - Ag(z7,)
® The Higgs to diphoton coupling Ghes ~ 1 m2, - sin 205
v
e — |MW(81\’I) + M’w(%”
T M., (SM)]
YY
mTMH tanﬁ In the MSSM, the light staus with
=D 003 sin 207 large stau mixing contribute to the
1=1,2
Higgs to diphoton coupling at O(10%).

[Carena, Gori, Shah and Wagner[1112.3336]]
always Constructive contribution to the SM
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Vacuum Stabilit

[TK, JHEP 1211 021 (2012)]
[TK, T.Yoshinaga, JHEP 1305 035 (2013)]

® The large mTLR increases trilinear couplings of the stau-Higgs
potential and eventually makes the ordinary vacuum unstable.

U
m%LR = m,(A; — py tan g3) > | arge }
EW breaking .U

EW breaking Charged braking vacuum

Vacuum /
ANE} / 9

!
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Q ] [ ]
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Stau Contributions to

: 5/{,y [M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)]
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Stau Contributions to

ey [M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)]
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Upper bound on the lightest stau mass

The left-right mixing of staus is maximized at each points under
vacuum stability conditions.

00, sin20;=1. /)
f €. 06 )/ /
- mz > My / /// ,//0'4 ///
400| ] / /sin 207 = 0.2
<) ) / '
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[M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)]
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'bound on the lightest stau mass

1t mixing of staus is maximized at each points under

bility conditions.
o

. ‘ L '/ ‘ y ‘ ‘ ‘ ‘ ‘ ‘
Sl 297— =1 K / / //
‘ il //0.6 // ’

/ / /
msz, > msz, /\ // // 0.4 /,

20 level <™ 4 9% deviation from SM means “mass of the

T ———

6k ~ 1 —2%

=~ lightest stau should be lighter than 200 GeV”
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[M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)]
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Predict the heaviest stau mass

[Bechtle, Berggren, List, Schade, Stempel, Phys.Rev. D82 055016 (2010)]
[M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)]

Three observables at the
early stage of ILC

Stau properties are controlled

only three parameters. Mz, 6)7:7 R~

Mz, Mz, 6)7’:

m%l m%z SlIl 9% 5/{’7 et ;l:+
Our sample point v, Z
150 GeV  400,GeV ~ 0.54 5.6%
true =value e T
c=c(ete > 7,7))
Ak~ ~ 2% by the joint analysis L S i AT
Amz, ~ 0.1 GeV, Ao (7y) ~ 3% atthelLC o
We evaluated A sin 20x ~ 2.5% § ol
M7z, is predicted. » [m%g = 400 4+ 53 GQV) 4
|
%
This proposal would be helpful for choosing == 2, o
the beam energy to search for To at ILC. RS
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Conclusions

* The coupling Kwill be measured at percent levels by the joint
analysis of HL-LHC and ILC, and they enable us to probe the
stau properties (mass, mixing) indirectly.

. If the excess of K~ is measured to )
larger than 4% at the early stage of
ILC, the lightest stau is predicted to &
be lighter than 200 GeV.
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* |If the excess of Avand the stau mixing angle are measured

at the early stage of ILC, it is possible to predict the heaviest
stau mass, even when it is not yet discovering.
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Chargino Contributions to %+

qu.(i‘i) _ i 921 sin 23 [M.Endo, TK, T.Yoshinaga, JHEP 1404 139 (2014)]
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