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1!!!ggg,,,555���VVVÔÔÔ���&&&ÿÿÿ¢¢¢���

ggg,,,555µµµÔÔÔnnnþþþ¥¥¥���ÜÜÜ©©©���zzz���������ØØØAAATTT'''ÔÔÔnnnþþþggg������NNNõõõ���
~µZÀÚf�þ

m2
Z =

2(m2
Hd

+ Σd)− 2(m2
Hu

+ Σu) tan2 β

tan2 β − 1
− 2µ2,

Σu '
2∑

i=1

3Y 2
t

16π2
×m2

t̃i

(
log

m2
t̃i

Q2
− 1

)
,

Σd '
2∑

i=1

3Y 2
b

16π2
×m2

b̃i

(
log

m2
b̃i

Q2
− 1

)
.

½Â°[N!þµ∆Z = max |∂ logm2
Z

∂ log pi
|, ∆h = max |∂ logm2

h

∂ log pi
|"

eee���¦¦¦nnnØØØ���kkk10%���°°°[[[NNN!!!µµµµ . 200GeV, mt̃ . 1.5TeV"""

eeeχ̃0
1���VVVÔÔÔ���§§§Higgsino���þþþµ ¬¬¬KKK���VVVÔÔÔ������Higgsâââfff������ppp���^̂̂���

~µMSSM¥Bino��VÔ�§

Cχ̃0
1χ̃

0
1h
'
√

4πα
mZ

µ
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m1

µ
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1!!!ggg,,,555���VVVÔÔÔ���&&&ÿÿÿ¢¢¢���

VVVÔÔÔ���������&&&ÿÿÿ¢¢¢���rrr���������nnnØØØ���ggg,,,555���
~µe�¦nØäk1%N!Uå§�Å×£uy95%�ëê�mò�üØ
£Bayesian©Û�Ñaq(Ø¤"
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)))ûûû���YYYµµµ
I Blind Spots: ¬Ú\,	�°[N!¶
I Multi-component DMµ¦�nØE,z¶
I #nØ§#VÔ�º
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2!!!äääkkkInverse SeesawÅÅÅ������NMSSM:nnnØØØÄÄÄ���µµµeee

SF Spin 0 Spin 1
2

Generations (U(1)⊗ SU(2)⊗ SU(3))

q̂ q̃ q 3 ( 1
6
, 2, 3)

l̂ l̃ l 3 (− 1
2
, 2, 1)

Ĥd Hd H̃d 1 (− 1
2
, 2, 1)

Ĥu Hu H̃u 1 ( 1
2
, 2, 1)

d̂ d̃∗
R d∗

R 3 ( 1
3
, 1, 3)

û ũ∗
R u∗

R 3 (− 2
3
, 1, 3)

ê ẽ∗R e∗R 3 (1, 1, 1)

ŝ S S̃ 1 (0, 1, 1)
ν̂ ν̃∗R ν∗R 3 (0, 1, 1)

X̂ x̃ x 3 (0, 1, 1)

nnnØØØ���¦¦¦µ

I �³¥ØÚ\A½�pUUI¶
I Ug,/!²L/)ºHiggs�þ§�ÐU)º¥�f��¢�¶
I N´�VÔ�¢�(J��§Xggg,,,///ØØØ$$$VVVÔÔÔ���������fffØØØ���ÑÑÑ������¡¡¡"

ISS-NMSSM���nnnØØØÄÄÄ���µµµeee:

I ^�²L�|3NMSSMµee¢yInverse Seesaw Å�¶
I �fêL9Z3é¡54��»�§þfê(−1)L9R�¡Åð"
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2!!!äääkkkInverse SeesawÅÅÅ������NMSSM:nnnØØØÄÄÄ���µµµeee

W =

[
Yu q̂ · Ĥu û + Yd Ĥd · q̂ d̂ + Ye Ĥd · l̂ ê + λ ŝ Ĥu · Ĥd +

1

3
κ ŝ3
]

+

[
1

2
µν ν̂ ν̂ +

1

2
µX X̂ X̂ + λN ŝ ν̂ X̂ + Yν l̂ · Ĥu ν̂

]
,

Lsoft = −
[
1

2

(
m1λ

2
B̃ + m2λ

2
W̃ + m3λ

2
g̃ + h.c.

)
+ m2

Hd
|Hd |2 + m2

Hu
|Hu|2 + m2

S |S|
2

+m2
q̃(ũ
∗
L ũL + d̃∗L d̃L) + m2

ũ ũ
∗
R ũR + m2

d̃ d̃
∗
R d̃R + m2

l̃ (ẽ
∗
L ẽL + ν̃Lν̃

∗
L ) + m2

ẽ ẽ
∗
R ẽR

+(λAλSHu · Hd +
κ

3
AκS

3 + YuAu ũ
∗
R q̃ · Hu + YdAd d̃

∗
RHd · q̃ + YeAe ẽ

∗
RHd · l̃ + h.c.)

]
−
[
m2
ν ν̃Rν̃

∗
R + m2

x x̃x̃
∗ + (

Bµν
2
ν̃
∗
R ν̃
∗
R +

BµX
2

x̃x̃ + λNAλNSν̃
∗
R x̃ + YνAν ν̃

∗
R l̃Hu + h.c.)

]
.

çÚµNMSSM��³9^»"�¶

ùÚµ�¢yInverse SeesawÚ\¶

NMSSM�	Ú\�ëê£��mþ�3× 3Ý
¤µ
I YukawaÍÜµYν , λN¶
I ^»"Xêµmν̃ , mx̃ , Aν±9AλN¶
I �fê»�XêµµX , µν . O(KeV), BµX , Bµν�éABilinear�"

Yν!!!λN!!!Aν!!!AλNKKK���SneutrinoVVVÔÔÔ������ppp���^̂̂999���þþþ"
mν̃ÚÚÚmx̃===KKK������þþþ"""
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2!!!ISS-NMSSMµµµggg���������ééé¡¡¡ÜÜÜ©©©

NMSSM: MSSM�.�ü�|*¿§�³äkZ3ØC5"

�³: W = WMSSM + λεij Ĥ
i
uĤ

j
d Ŝ + κ

3 Ŝ
3"

^»"�: Vsoft = VMSSM + m̃2
d |Hd |2 + m̃2

u|Hu|2 + m̃2
S |S |2

+(λAλεijH
i
uH

j
dS + κ

3AκS
3 + h.c .)"

WMSSM : MSSM��³§�Ø�¹µ�" Ŝ : ü��|"

VMSSM : MSSM ^»"�" εij Ĥ
i
uĤ

j
d Ŝ : ���ü�Higgs|��p�^"

âfÌµ
I n�CP-even Higgsâfµh1, h2, h3; mh1 < mh2 < mh3"
I ü�CP-odd HiggsâfµA1, A2; mA1 < mA2"
I Ê�Neutralinoâfµχ̃0

1, χ̃
0
2, χ̃

0
3, χ̃

0
4, χ̃

0
5"

nØA:µ
1 µ ëëëêêêÏÏÏLLLÄÄÄåååÆÆÆ���)))µµ = λ〈s〉¶ü�âf��§g,/3>fUI"
2 UUUggg,,,ýýýóóó125 GeV Higgs ���þþþ:���			äääããã���zzz½½½Doublet-Singlet···ÜÜÜ���
3 ü�|�Ì�Higgsâf�±é�§�±���âf�PC�Ô¶
4 ü�|�Ì�CP-even HiggsâfU��§ÝK�VÔ���fØ�Ñ�"
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2!!!ISS-NMSSMµµµ¥¥¥���fffÜÜÜ©©©

Yukawa���ppp���^̂̂µµµ Yν!!!λN!!!µν,X���������mmm3× 3ÝÝÝ


.

Lν = ν∗RYνH
0
uνL + ν∗RλNSx +

1

2
ν∗Rµνν

∗
R +

1

2
xµX x + h.c..

���þþþÝÝÝ


µµµ±±±(νL, ν
∗
R , x)���ÄÄÄ¥¥¥§§§½½½ÂÂÂMD = vu√

2
YνÚÚÚMR = vs√

2
λN§§§

MISS =

 0 MT
D 0

MD µν MR

0 MT
R µX

 .

���þþþééé���zzzµµµ U∗νMISSU
†
ν = diag(mi ,mHj ), (i = 1, 2, 3; j = 1, 2, ..., 6).(

U†ν
)
9×9 =

(
U3×3 X3×6
Y6×3 Z6×6

)
.

kkk���¥¥¥���fff���þþþÝÝÝ


µµµ ÈÈÈ©©©KKK¥¥¥���fff|||ν∗RÚÚÚx

Mν =
[
MT

DMT−1

R

]
µX

[
(M−1R )MD

]
+O(µ2

X ,ν) ≡ FµXF
T +O(µ2

X ,ν) .

UT
PMNSMνUPMNS = diag(mν1 ,mν2 ,mν3) .

NNN���555»»»���µµµ U '
(
1− 1

2FF
†)U ≡ (1− η)UPMNS.
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2!!!ISS-NMSSMµµµ¥¥¥���fffÜÜÜ©©©

���


ÚÚÚ¥¥¥���fff������êêêâââ���������§§§éééYν ½½½ µX???111ëëëêêêzzzµ

Casas-Ibarraëëëêêêzzzµµµ

mD = V †diag(
√
M1 ,

√
M2 ,

√
M3) R diag(

√
mν1 ,

√
mν2 ,

√
mν3)U†PMNS ,

Ù¥VÚR½Â�µ

MRµ
−1
X MT

R = V †diag(M1 ,M2 ,M3)V ∗,

R =

 c2c3 −c1s3 − s1s2c3 s1s3 − c1s2c3
c2s3 c1c3 − s1s2s3 −s1c3 − c1s2s3
s2 s1c2 c1c2

 .

ùpci ≡ cos θi , si ≡ sin θi§θ1, θ2 Úθ3�?¿�Ý"

éééµXëëëêêêzzzµµµ

µX = MT
R mT−1

D U∗PMNS diag(mν1 ,mν2 ,mν3)U†PMNS mD
−1MR .
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������«««���ªªª

ÀÀÀ������������Sneutrino ������VVVÔÔÔ������

Sneutrino|||©©©))):

ν̃L,i =
1√
2

(φi + iσi ) , ν̃R,i =
1√
2

(φ3+i + iσ3+i ) , x̃i =
1√
2

(φ6+i + iσ6+i ) .

CP-odd Sneutrino ���þþþÝÝÝ


: À�Ä¥�(σ1, σ2, · · · , σ9):

m2
ν̃I

=

 m11 m12 m13

mT
12 m22 m23

mT
13 mT

23 m33

 ,

m11 =
1

4

[
2v2

u<
(
Y T
ν Y ∗ν

)
+ 4<

(
m2

l

)]
+

1

8

(
g2
1 + g2

2

)(
− v2

u + v2
d

)
1,

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

m33 =
1

8

(
4v2

s <
(
λ
T
Nλ
∗
N

)
− 8<

(
BµX

)
+ 8<

(
µXµ

∗
X

)
+ 8<

(
m2

x

))
.

���(((ØØØµµµeee���»»»���888(((���µX§§§VVVÔÔÔ���ÔÔÔnnn������III������ÄÄÄ���������¹¹¹!

CP-even Sneutrino ���þþþÝÝÝ


: À�Ä¥�(φ1, φ2, · · · , φ9):

m2
ν̃R

= m2
ν̃I
|µX→−µX ,BµX→−BµX .

���(((ØØØµµµ¤¤¤éééÑÑÑyyy���þþþCCCqqq{{{¿¿¿���CP-oddÚÚÚCP-even Sneutrino"""
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������«««���ªªª

SneutrinoVVVÔÔÔ���ÌÌÌ������«««���ªªªXXXeeeµ

I ν̃1ν̃1 → ss¶¶¶ s: ±ü�|�Ì�Higgs"
I ν̃1ν̃1 → ηη∗¶¶¶ ηµIO�.âf½¥�f§ÏLHiggs���«"
I ν̃R1 ν̃

R
1 → ss, ηη∗ÚÚÚν̃1ν̃

R
1 → ηη∗¶¶¶���������«««LLL§§§§§§���...444äääAAAÚÚÚ���///���"

I χ̃0
i χ̃

0
j , χ̃

0
i χ̃

±
1 , χ̃

±
1 χ̃

∓
1 → ηiη

∗
j ¶¶¶ χ̃µHiggsino§�Ó�«"

eeeν̃1ν̃1 → ss���ÌÌÌ������«««���ªªª, 〈σv〉0LLL���§§§XXXÛÛÛ;;;���LLL(((XXX������ººº
I ///BBB������«««000: �¦mν̃1'msÑ�¶
I ���������«««µµµ �¦mν̃1'mhi /2Ñ�¶
I ���ÓÓÓ���«««µµµ �¦mν̃1'Higgsino�þÑ�§±Higgsino��«�Ì¶
I ν̃R1333���»»»@@@ÏÏÏ���ν̃1���ÓÓÓ���«««§§§ééé〈σv〉Tf

kkk���zzz§§§���ééé〈σv〉0ÃÃÃ���zzz
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������«««���ªªª

σv |√s =

√
1− m2

A1
/s

16πs

{∣∣∣∣∣Cν̃1ν̃1A1A1 −∑
i

Cν̃1ν̃1hi Chi A1A1

s − m2
hi

∣∣∣∣∣
2

+2Cν̃1ν̃1A1A1

∑
i

C 2

ν̃1ν̃
R
i
A1

c
ln

ai + c

ai − c
− 2

∑
i,j

Cν̃1ν̃1hi Chi A1A1

s − m2
hi

C 2

ν̃1ν̃
R
j
A1

c
ln

aj + c

aj − c

+2
∑
i,j

C 2

ν̃1ν̃
R
i
A1

C 2

ν̃1ν̃
R
j
A1

c(ai − aj )
ln

(ai − c)(aj + c)

(ai + c)(aj − c)


' a + bv2

,

a =

√
1− m2

A1
/m2

ν̃1

64πm2
ν̃1

∣∣∣∣∣∣∣Cν̃1ν̃1A1A1 −
∑
i

Cν̃1ν̃1hi Chi A1A1

4m2
ν̃1
− m2

hi

+
∑
j

2C 2

ν̃1ν̃
R
j
A1

m2
ν̃1

+ m2

ν̃R
j

− m2
A1

∣∣∣∣∣∣∣
2

,
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������«««���ªªª

b =

(
−

1

4
+

m2
A1

8(m2
ν̃1
− m2

A1
)

)
× a −

√
1− m2

A1
/m2

ν̃1

64πm2
ν̃1

×

∑
i,j

Cν̃1ν̃1hi Chi A1A1
Cν̃1ν̃1hj Chj A1A1

(4m2
ν̃1
− m2

hi
)(4m2

ν̃1
− m2

hj
)

(
m2
ν̃1

4m2
ν̃1
− m2

hi

+ i ↔ j

)

−
∑
i,j

2Cν̃1ν̃1hi Chi A1A1
C 2

ν̃1ν̃
R
j
A1

(4m2
ν̃1
− m2

hi
)(m2

ν̃1
+ m2

ν̃R
j

− m2
A1

)

 m2
ν̃1

4m2
ν̃1
− m2

hi

+
2m2

ν̃1

m2
ν̃1

+ m2

ν̃R
j

− m2
A1



+
∑
i,j

2C 2

ν̃1ν̃
R
i
A1

C 2

ν̃1ν̃
R
j
A1

(m2
ν̃1

+ m2

ν̃R
i

− m2
A1

)(m2
ν̃1

+ m2

ν̃R
j

− m2
A1

)

 m2
ν̃1

(m2
ν̃1

+ m2

ν̃R
i

− m2
A1

)
+ i ↔ j



−2Cν̃1ν̃1A1A1

∑
i

Cν̃1ν̃1hi Chi A1A1
m2
ν̃1

(4m2
ν̃1
− m2

hi
)2
−
∑
j

C 2

ν̃1ν̃
R
j
A1

m2
ν̃1

(m2
ν̃1

+ m2

ν̃R
j

− m2
A1

)2


 .

333VVVÔÔÔ���òòòñññ§§§ÝÝÝ???±±±999888UUUµµµ

〈σv〉Tf
' a + 6b

Tf

mν̃1

' a +
6

25
b ' a, 〈σv〉0 ' a;

〈σv〉0 ' 〈σv〉Tf
∼ 10−26cm3s−1.
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������«««���ªªª

SneutrinoVVVÔÔÔ���ÌÌÌ������«««���ªªªXXXeeeµ

I ν̃1ν̃1 → ss¶¶¶ s: ±ü�|�Ì�Higgs"
I ν̃1ν̃1 → ηη∗¶¶¶ ηµIO�.âf½¥�f§ÏLHiggs���«"
I ν̃R1 ν̃

R
1 → ss, ηη∗ÚÚÚν̃1ν̃

R
1 → ηη∗¶¶¶ ���«L§"

I χ̃0
i χ̃

0
j , χ̃

0
i χ̃

±
1 , χ̃

±
1 χ̃

∓
1 → ηiη

∗
j ¶¶¶ χ̃µHiggsino§�Ó�«"

eeeν̃1ν̃1 → ss���ÌÌÌ������«««���ªªª, 〈σv〉0LLL���§§§XXXÛÛÛ;;;���LLL(((XXX������ººº
I ///BBB������«««000: �¦mν̃1'msÑ�¶
I ���������«««µµµ �¦mν̃1'mhi /2Ñ�¶
I ���ÓÓÓ���«««µµµ �¦mν̃1'Higgsino�þÑ�§±Higgsino��«�Ì¶
I ν̃R1333���»»»@@@ÏÏÏ���ν̃1���ÓÓÓ���«««§§§ééé〈σv〉Tf

kkk���zzz§§§���ééé〈σv〉0ÃÃÃ���zzz
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������fffØØØ���ÑÑÑ���

VÔ���fÑ��¡úª(ÏÏÏLLLt−���������CP-even Higgs¢¢¢yyy)µ

σSI
ν̃1−p =

µ2
red

4πm2
ν̃1

f 2p =
4F

(p)2
u µ2

redm
2
p

π

{∑
i

(aui + ad iF
(p)
d /F (p)

u )

}2

.

aui : ��fL = ν̃1ν̃1ūuXêk'¶F p
qµØÔn/GÏf"σ

SD
ν̃1−p ≡ 0"

ISS-NMSSM:

aui = − g

8mW

Cν̃1ν̃1hi
m2

hi
mν̃1

Si2
sinβ

, ad i = − g

8mW

Cν̃1ν̃1hi
m2

hi
mν̃1

Si1
cosβ

,

I hi : 1i�CP-even Higgsâf§é�z�'�þÝ
��¶
I Si1: hi¥Hd |¤Ó©þ§ Si2: hi¥Hu |¤Ó©þ¶
I CXYZ : âfX!Y!Z�p�^Xê"

MSSM: ±Bino�Ì�χ̃0
1��VÔ�

aui = − g

4mW

Cχ̃0
1χ̃

0
1hi

m2
hi

Si2
sinβ

, ad i = − g

4mW

Cχ̃0
1χ̃

0
1hi

m2
hi

Si1
cosβ

,

Cχ̃0
1χ̃

0
1hi

= g1N11(Si1N13 − Si2N14) '
√

4παmZ

µ (sin 2β + M1

µ )"
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������fffØØØ���ÑÑÑ���

h1 éééAAA125 GeV Higgs§§§h2ÚÚÚh3 òòòñññµµµ

σSI
ν̃1−p ∝

(√
2YνAνZ11Z12 + Y 2

ν vuZ12Z12

(125GeV)2 mν̃1

)2

.

I Z : (ν̃L, ν̃R , ν̃x)Ä¥eSnetrino�þÝ
�é�Ý
¶
I Z11: ν̃1 ¥¹ν̃L�¤©§Ï~é�¶ Z12: ν̃1 ¥¹ν̃R�¤©¶
I ÚÚÚMSSM���'''ØØØ$$$ÏÏÏfffµµµ 10× (YνZ12µ/M1)

4§YνÉ�N�5r����

h1 éééAAA125 GeV Higgs§§§h2±±±üüü���|||���ÌÌÌ§§§���mh2 . v§§§h3òòòñññµµµ
bbb½½½Yν = 0§§§===ν̃1������üüü���|||kkkÍÍÍÜÜÜ§§§ÓÓÓ���bbb½½½ad 1 = ad 2:

σSI
ν̃1−p ∝

(
S13Cν̃1ν̃1s

(125GeV)2 mν̃1

)2

.

I S13: aIO�.Higgs¥ü�|�¤©§Higgsêâ�¦é�¶
I Cν̃1ν̃1sµµµ ν̃1�ü�|�ÍÜ§;.þ?µ10GeV ∼ 100GeV"

éééuuuYν = 0���§§§���~~~kkkAAAÚÚÚ���(((ØØØ:
������ÄÄÄν̃1���üüü���|||������ppp���^̂̂§§§ÒÒÒ���±±±ýýýóóó���(((���ííí333���ÝÝÝ§§§
ÓÓÓ���ééé������!!!mmm���&&&ÿÿÿkkkééé���������zzz"
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2!!!ISS-NMSSMµµµVVVÔÔÔ���������fffØØØ���ÑÑÑ���

Blind Spot Condition for SI cross section £BSC¤:∑
i

(aui + ad iF
(p)
d /F (p)

u ) = 0

∑
i

[
(Si1Cν̃1ν̃1Hd

+ Si2Cν̃1ν̃1Hu + Si3Cν̃1ν̃1s)

m2
hi

(
Si2

sinβ
+

1.07Si1
cosβ

)

]
' 0

ISS-NMSSM: �½HiggsÜ©§N�SneutrinoÜ©ëêÒ�±¢yBSC"
MSSMÚÚÚNMSSMµBSC��ÏLN�M1ÚHiggsÜ©�ëê¢y"
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2!!!ISS-NMSSM

ISS-NMSSMµµµInverse SeesawÅÅÅ���ÚÚÚNMSSM������{{{(((ÜÜÜ���

üüü���|||333ISS-NMSSM¥¥¥¤¤¤ååå���^̂̂:

KIµëêµµ = λvs¶

KI¥�f�þµν4−9 ' λNvs¶
KIVÔ�Ôn:
ü�Higgs|+ ν̃R + x̃ �¤DM Sector, ü�Higgs|Ó���Mediator"

I D4ν̃1ν̃1 
 χ̃+
1 χ̃

−
1 , χ̃

0
i χ̃

0
j§¦ν̃1�Higgsino ?u9²ï§�Ó�«ME^��

I ü�|���Ì��VÔ��«"�§��±DÂVÔ���«¶
I ν̃1�ü�|��p�^K�VÔ���fØÑ��¡"
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3!!!êêê���(((JJJÐÐÐ«««
parameter value parameter value parameter value

tanβ 3.3 λ 0.63 κ 0.23
Aλ 759 Aκ -248 µ 248
mq̃ 2000 ml̃ 400 Au,c,d,s 2000
At,b -3000 Ae,µ,τ 400 M1 400
M2 800 M3 2400 mh1 112
mh2 125.6 mh3 841 mA1 276
mA2 846 mχ̃0

1
164 mχ̃0

2
266

mχ̃0
3

270 mχ̃±1
243 mχ̃±2

825

S11 0.252 S12 0.523 S13 0.813
S21 0.178 S22 0.801 S23 0.571
S31 0.951 S32 0.289 S33 0.108

�½NMSSMÜ©ëê§|^MultiNest×£SneutrinoÜ©ëêµ

0 < λN ,Yν ≤ 0.3, −1TeV < AλN
,Aν ≤ 1TeV, 0 GeV ≤ mν,x ≤ 200 GeV.

æ^�Likelihood¼ê£�¹:�Õ�§Ý�NLikelihood©Ù¤µ
125 GeV Higgsêâ§BÔn, N�5¶
VÔ�µí3�Ý!��&ÿ¢�§L(X*ÿ£^Fermi-LATêâ¤"
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3!!!êêê���(((JJJÐÐÐ«««

���«: 1
2mZ§

1
2mh1§

1
2mh2§

1
2mA1"ÍÜXê�é�(5¿�u

mh2

2 ) ¶

B��«: mW§mZ§mh1§mh2"NCéAVÔ�m�&ÿ�¡�Ø$¶

�Ó�«µmχ̃0
1
"ÍÜXê�±é�§éAm�&ÿ�¡Ø$"
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3!!!êêê���(((JJJÐÐÐ«««

���«?��&ÿ�¡�±é�¶

õ��«��m±���&ÿ�¡�±é�¶

mχ̃0
1
380GeV − 110GeV��þüØ"�Ïν̃1ν̃1 → h∗i → VV§ÍÜ�"
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3!!!êêê���(((JJJÐÐÐ«««

ØÓhié��&ÿ�¡��z�o�¡'�����¶

§�NVÔ�-�fØÑ��¡�°[N!§Ý¶

vk��§°[N!���1/30¶�3��§vk°[N!"
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4!!!éééNMSSM������ÆÆÆ���KKK���

3Xe�¹e§Ø^�ÄVÔ�Ôn����
I �3��Higgsâf§÷vµmh1 < 2mχ̃0

1
½mA1 < 2mχ̃0

1
"

VÔ�����«�Higgsé§½öÏLHiggs���«"
I χ̃0

1±Higgsino�ÌµVÔ��Higgsino�Ó�«"þ÷v��m�&ÿ��"

���JJJµµµNMSSM���ëëëêêê���mmm������ººº���"""

YνÚλNÚ\#��p�^¶�3d3��âf§XνR§h1§A1�"

I éééHiggsÔÔÔnnn���KKK���¶
HiggsPC��âf§Higgs�»�PC§Higgs�þÉ�ã?�K��"

I ¥¥¥���fff333éééEEEÅÅÅþþþ���,,,���¶
νR�þlA�GeV�Az�GeV§¹k��νL¤©§�3éEÅþ�)"
Br(νR →Wl) : Br(νR → Zν) : Br(νR → hν) ' 2 : 1 : 1"

I ���fff���»»»���LLL§§§§§§XXXli → ljγ���¶
Higgsâf�p�þãL§§�âf�ã��p�þãL§"

I éééMuon���~~~^̂̂ÝÝÝ���KKK���¶
Yν��K�Muon�~^Ý§�k� �¢�ÚnØ��å(1σ±þ)"

I UUUCCC���âââfffPPPCCC���ªªª"
~µ�	�{ü��¹
1. W̃!B̃±9�IO�.HiggsÑé¶
2. �f�YukawaÍÜ'�r(�X�u0.05)§�ml̃L

> ml̃R
"
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4!!!éééNMSSM������ÆÆÆ���KKK���

Higgsino��NLSPµ(Sneutrino|�©)�¢ÜÚJÜ|§ν̃τéAVÔ�¤

χ̃0
1,2 →ν̃τντ,L , χ̃±1 →ν̃τ τ̄ .

Slepton��NLSP§Higgsino��NNLSPµ

χ̃0
1,2 →l̃∗L lR , l̃

∗
R lL, ν̃

∗
LνR , ν̃

∗
RνL , χ̃±1 →l̃∗L νR , l̃

∗
RνL, ν̃L l̄R , ν̃R l̄L ,

ν̃R →νLH̃0∗
u → νLν̃τντ,L , ν̃R →lLH̃

±∗ → lLν̃τ τ̄ ,

l̃R →lLH̃
0∗
d → lLν̃τντ,L , l̃R →νLH̃∓∗ → νLν̃ττ ,

ν̃L →νR H̃0∗
u → νR ν̃τντ,L , ν̃L →lR H̃

±∗ → lR ν̃τ τ̄ ,

ν̃L →ν̃Rh(∗) → · · · · · ·
l̃L →lRH̃

0∗
d → lRν̃τντ,L , l̃L →νR H̃∓∗ → νR ν̃ττ ,

l̃L →l̃Rh
(∗) → · · · · · ·

Stop�PCµ

t̃L →tχ̃0
1, tχ̃

0
2 , Br1 : Br2 ' 1 : 1 ,

t̃R →bχ̃±1 , tχ̃
0
1, tχ̃

0
2 , Br1 : Br2 : Br3 ' 2 : 1 : 1 .
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4!!!éééNMSSM������ÆÆÆ���KKK���µµµHiggsino���ÏÏÏééé

e|Yν |ii ��£X�u0.05¤
I Yν3��mé�µVÔ�kA½�f�"

F HiggsinoéANLSP
Br(χ̃0

1,2 → ν̃1ντ ) = Br(χ̃0
1,2 → ν̃R1 ντ ) ' 50%¶

Br(χ̃±
1 → ν̃1τ

±) = Br(χ̃±
1 → ν̃R1 τ

±) ' 50%¶

pp → χ̃±
1 χ̃

0
1,2, χ̃

0
1,2χ̃

0
1,2 j§ &ÒµMono-jet+Emiss

T , LHC¢���éf¶

pp → χ̃±
1 χ̃

∓
1 § &Òµ2τ + Emiss

T , LHC¢����r"
F SleptonéANLSP

pp → χ̃i χ̃j§ &Òµõ�f+Emiss
T §�«"�¤Ó'~�û|Yν |ii�é��"

I Yν3��m�é��¹µVÔ�Ø2äkA½��f�"
F HiggsinoéANLSP
χ̃0
1,2 → ν̃1νi , ν̃

R
1 νj : χ̃

0
1,2�&ÒEÎ�Emiss

T ¶

χ̃±
1 → ν̃1li , ν̃

R
1 ljµpp → χ̃±

1 χ̃
∓
1 �&Ò��l±i l∓j + Emiss

T (DLF)"

e|Yν |ii . 0.01 (�~aqType I + NMSSM)
I HiggsinoéANLSP

Br(χ̃±
1 → ν̃1τ

±) = Br(χ̃±
1 → ν̃R1 τ

±) ' 50%§χ̃±
1 Æ·EÎéá¶

χ̃0
1,2 ¹kSinglino©þ§�±PC�ν̃1νR , ν̃

R
1 νR§&Ò�νR + Emiss

T "

Singlino½Bino��NLSP
· · · · · · · · · · · · · · ·

27 / 30



4!!!LHC¢¢¢���ééé���...���������

¤�(J¥µ

b½1n�Sneutrino��§�ØÓχ̃±1 �þ¶

2τ + Emiss
T : pp → χ̃±1 χ̃

∓
1 §Br(χ̃±1 → ν̃1τ

±) = Br(χ̃±1 → ν̃R1 τ
±) ' 50%¶

Ri = Si/S
OBS
95 §i�&Ò«�§Rmax = max(Ri )¶

Rmax�ûumχ̃±1
Úmν̃1(½∆m = mχ̃±1

−mν̃1)§LHC¢��¦µ

mχ̃±1
120GeV 160GeV 200GeV 240GeV

∆m 65GeV 70GeV 85GeV 150GeV
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3!!!êêê���(((JJJÐÐÐ«««

���«?��&ÿ�¡�±é�¶

õ��«��m±���&ÿ�¡�±é�¶

mχ̃0
1
380GeV − 110GeV��þüØ"�Ïν̃1ν̃1 → h∗i → VV§ÍÜ�"
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6!!!(((ØØØ

MSSMÚNMSSMvk)û�
Ä:¯K§X¥�f�þ�"
òInverse SeesawÅ��NMSSM(Ü§uy

XJòSneutrino��VÔ�§Ù��fØÑ��¡�±g,Ø$¶
)û
NMSSM¡��(J§±�«�ª´L
NMSSM���Æ¶
ÚType-I Seesaw + NMSSM '�µ

I VÔ�Ônkaq�?§�´ISS-NMSSM�Ôn�´L¶
I �2,!�g,�ëê�m)º$U¢�êâ¶
I mÃ¥�f&ÒØÓ§�âf��Æ�´L"
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