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1. Motivation

* There are many parameters in the MSSM.
* How can we limit the possible region of them?

e A promising approach is “Natural SUSY”.

— The study on fine-tuning in the MSSM gives a solution.
 Light stop (top squark) with large A term
* Light higgsinos
Ref. R. Kitano and Y. Nomura, Phys. Rev. D 73, 095004 (2006).
* “Natural SUSY” has been studied by many
researchers.

e The common idea of “Natural SUSY” is that the fine-
tuning is mild as possible.



2. MSSM parameter search

Ref. Y. Kouda et al., arXiv:hep-ph/1609.07868.
* Qur criterion for searching the MSSM parameters

is that the MISSM effects are within the bounds

from the experimental results as follows:
1. the muon g -2 anomalous magnetic moment (a,),
the Higgs mass (m, ),
the branching ratio, Br(b — sy),
the branching ratio, Br(B, — u" 1),
the dark matter (DM) abundance (£2,h?),
the direct search for the sparticles at the LHC.

We use SuSpect2, MicrOMEGAs, SUSY-HIT.

Ref. A. Djouadi, et al., Comput. Phys. Commun., 176, 426 (2007).
G. Bélanger et al., Comput. Phys. Commun., 149, 103 (2002).
A. Djouadi, et al., Acta Phys. Polon., B38, 635 (2007).
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2-1. Muon g-2

a™P = (1165920.80 £ 0.63) x 107° Aa, <[ k10?

pu=600GeV, tanB=30

700

ai™ = (1165918.41 + 0.48) x 107°

Ref. A. Hoecker and W. J. Marciano, Chin. Phys., 600
C38, 090001 (2014); p.649.

* |f the deviation, Aaﬂ comes =
from the MSSM contribution, 9“’:400 \
it becomes a constraint on =

the MSSM parameters.
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2-2. Higgs mass and stop masses

* |n general, there are
two scenarios :

— Light stop scenario

m; < 1TeV

— Heavy stop scenario
m; > 1TeV

X, = M =M 20, = 2(A, — pcot 3)

my

50GeV < |my, — mz,| < 2500GeV
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Ref. ATLAS, CMS Collaboration, Phys. Rev. Lett. 114, 191803 (2015).




2-3. Rare decay mode of b quark
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2-4. DM abundance
* We explain the DM abundance,

‘QDM h‘2 —0.1198+ 0.0020 Ref. Planck Collaboration (2015), arXiv:1502.01582.

by co-annihilation of stau-LSP and stop-LSP.

Ref. K. A. Olive, PoS, PLANCK2015, 093 (2015).

* There are three scenarios:

co-annihilation | Light stop @ Heavy stop

stau-LSP m; =m. m. =m.,

StOp-LSP mt~ ~ m;ZO /

It m. =m; = m.,, both co-annihilation processes occur.




Results of parameter scan in light stop scenarios
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SI WIMP-nucleon exclusion
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Parameter sets
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* I[mportant observables

Parameter
sets

Co-annihilation | M, (GEV) Dam (xlO_g) QDZ\-’[hz Br(b —>sg) (X10_4) BF(BS - /77+/77')(><10_9)

Set1 7.t 125 2.00 | 0.120 3.13 3.99
Set2 2'71 125 1.92 0.120 3.11 3.66
Set3 ﬁ 125 2.04 0.121 3.01 4.02
 Main decay modes of major sparticles
rarameter  f, decay b, decay gdecay X decay = X> decay ¢, decay
Setl bW-F;{lO’ bvrfl b)?zo’t)zlz tf]a bgl bl’:’l"l’jvr’ vr;l’:l-l- T+i’:1_’ 171"7‘1: g)?lo
Set2 | tx!.bx; | bxl.tx: | 44.t Cv,t v, | v | 0
Set3 cx’ bx .tk | 1f,bb, b, 0V, Al (%!




Light stop scenario still survives.

ti, production, T b ¥ /t>c¥ /> Wb /t—>t¥,  Status:ICHEP 2016 . -1
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3. Numerical results

* The third generation fermion-pairs and Zh production

5@

The tree and the 1-loop
level cross sections for

™~ +| - t 4 those production
. ee >t P
SSeas processes have been
™3 calculated with using the

~
~
~
~
-
~
~

ot €+€3_ —>bb | -TEEIIR-- GRACE system*.

(po)C1 > e E—

/ Ref. [f f ] W. Hollik and C.
S — Schappacher, Nucl. Phys.,
B545, 98 (1999).

f [Zh] ). Cao et al., Chin.

oo = 7h I Phys., C40, 113104 (2016).
[ R S. Heinemeyer and C.
0,053 — : Schappacher, Eur. Phys. J.,
2000 2500 300@ 3500 4000 4500 5000
vsi{GeV)[] C76, 220 (2016).

The tree level cross sections
* J.Fujimoto et al., Comput. Phys. Commun, 153, 106(2003); Phys. Rev. D 75, 113002 (2007). 1,



e The definition of the ratio in our calculation:

d MSSM,G d SM,G
(5(; o T 11loop — Q01100p

susy d O-t..ree )

where G = (ELWK or QCD),

_ §ELWK | sQCD

()susy “susy “susy

Ref. W. Hollik and C. Schappacher, Nucl. Phys., B545, 98 (1999).

:> We have investigated the MSSM effects in the
production processes of the SM particles by
this ratio.



Light stop scenario vs. heavy stop scenario
* tau-pair production process
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e b-pair production process
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e t-pair production process
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* Zh production process
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4. Summary

 We have obtained possible MSSM parameter
sets which are consistent with experiments.

* For the parameter sets, the virtual effects of
MSSM in the indirect search processes are

estimated at (1~5)% in the early stage of the
ILC.

* For the purpose of discrimination of the light
and heavy stop scenarios, Zh and top-pair
production processes are promising.
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do/dcosO(pb)

Figures from Y. Kouda et al., arXiv:hep-ph/1609.07868
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