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ïÄ�µ WIMPE´VÔ��ZÿÀö

�!ïÄ�µ

1. �X¢��?Ð§�5�õ�ïÄöéWIMPVÔ��)�¦"

þã*:Ù¢"yv
�nØÚ¢�|±:

WIMP���µ〈σv〉FO ∼ 10−26cm3s−1¶

〈σv〉FO�σχ−N!σ(pp → χ+ X ) vk7,éX§�ö�.�6¶

A^µb½VÔ��«±s-Å�Ì§�Ø�Ä/B��«0�/§

〈σv〉FO ∼ 〈σv〉Today ∼ 10−26cm3s−1,

�Jµ�ûVÔ��þÚ�«�Ô§TL§�U�m�&ÿ�¶

~µb½s-Å�Ì§CMB!Fermi-LAT�¦(�arXiv:1805.10305)µ

mχ & 20GeV,

N�5�¦µmχ . 100TeV"

WIMPEÎ´�g,�VÔ�ÿÀö�
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2. VÔ���&ÿ¢�r����é¡�.ýóWIMPVÔ�"

3²L��é¡(�XMSSM)¥§���Neutralino´VÔ����ÿÀ

ö§§��fØ�Ñ�ÏLt-�DÂCP-even Higgs¢yµ

σχ̃0
1−N
∝
(∑

i

fi (mχ̃0
1
, pHiggs)

m2
hi

)2

,

fi ≡ Cχ̃0
1χ̃

0
1hi

CNNhi : �6VÔ��þÚHiggsÜ©�ëêpHiggs§

fi (mχ̃0
1
, pHiggs) ∝ 1

µ

(
a +

b

µ
+ · · ·

)
.

5¿µ

pHiggs�LHCÚLEP¢�r���§X�¦125GeV SM-like Higgs¶

µ: Higgsino�þ§�Z -boson�þ�'X�

m2
Z =

2(m2
Hd

+ Σd)− 2(m2
Hu

+ Σu) tan2 β

tan2 β − 1
− 2µ2,

eµ . 300GeV§σχ̃0
1−N

& 10−45cm2¶¢�µσχ̃0
1−N

. 10−47cm2"
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3. �
)ûT¯K§²L��é¡�.I�*¿—´3Û�º

d3�ÿÀ�.µ

Ô�|*¿µSinglet Extensions, Triplet Extensions, Dirac Gaugino,

Seesaw Extensions¶

5�+*¿µU(1) Extensions, Left-Right Extensions¶

üöoäµ5�+*¿  I��	�Ô�|"

éNMSSM?1Seesaw*¿§¿�Sneutrino�VÔ�§´�²L)û

T¯K�å»(�arXiv: 1707.09626§1807.03762):

¥�f5�ÿþ�¦Seesaw*¿¶

MSSM�Seesaw*¿JøØ
Ü·�VÔ�ÿÀö¶

Type-I Seesaw + NMSSM ´�²L��.§�¯aëêµ9�¶

Inverse Seesaw + NMSSM �´²L��.§¯aëêµ12�"
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4. ïÄ�{—3©Û#Ôn�.�§²~��Xe¯K:

�.ëê¯õ§×£ëê�XÛ¼����Ôn�mº

�Å×£µ×£�ÇAO$§(JäkÚO5¶

Importance Sampling (­:æ�)µ

`:µ¯§�N´4uq,¼ê��«�§E¤�.&E"�¶

Multinest Sampling (õ­Ä�): ¼�q,¼ê�p�Ø ëê�m

`:µ��æ�v
�§U�¡�N�.�&E§äkÚO5¶

":µ�
Jø´L&E§O�þé�§§S`z���~Ñ�¶

ÅìÆSµ9ÏÃã§�ëê�mÔöÑ�§�O*ÿþJÔö"

×£¬���þëê:§XÛ©Ûn)���Ônº

æ�ÚO��{?1©Ûµ

1!Bayesian©Ûµ(Jõõ���6k�VÇ©Ù¶

2!ªÇØ: vk�Ä��mÏ�"
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Bayesian©Ûµ�N¢�(JéïÄöé�.@��K�"

Bayesian½nµ

P(Θ|M,D) =
P(D|O(M,Θ))P(Θ|M)

Z

P(Θ|M): �.M¥ëêΘ�k�©Ù§äk�½<�5¶

P(D|O(M,Θ)): *ÿþOéA�Likelihood function (q,¼ê)§

D�éA¢�êâ¶

Z : Bayesian evidence

Z (D|M) ≡
∫

P(D|O(M,Θ))P(Θ|M)
∏

dΘi .

Z�w�q,¼ê3��ëê«m�²þ�§�6k�VÇ©Ù¶

Ó��.ØÓScenario§Z�����^5µ�Scenario�`�¶

P(Θ|M,D): ��VÇ©Ù§�Nëê:Θ��cG�"
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Marginal Posterior PDFµ��VÇ©Ùéëê�m�È©

P(ΘA|D) =

∫
P(Θ|M,D)dΘ1dΘ2 · · · dΘA−1dΘA+1 · · · · · ·,

P(ΘA,ΘB |D) =

∫
P(Θ|M,D)dΘ1dΘ2 · · · dΘA−1dΘA+1 · · · dΘB−1dΘB+1 · · ·

dd�½ÂÚOþµ

1σ Ú2σ Credible Regions ÚPosterior Mean (Median, mode)"

BayesianÚO":µ(Jõõ���6k�©Ù"

ªÇØµBest Point Lmax = max
Θ1,Θ2,···

L(Θ),

Profile Likelihood: ½Â�,�«�q,¼ê���

L(ΘA) = max
Θ1,··· ,ΘA−1,ΘA+1,···

L(Θ),

L(ΘA,ΘB) = max
Θ1,··· ,ΘA−1,ΘA+1,··· ,ΘB−1,ΘB+1,···

L(Θ)

�½ÂÚOþµ1σ Ú2σ Confidence Intervals"
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�!Type-I Seesaw*¿�NMSSM
2.1 �.V¹

2.1.1 |���£b½5�+ØC¤

3NMSSMÄ:þÚ\
��#�mÃ¥�f|ν̂§�)¥�f�þµ

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)
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Type-I Seesaw*¿�NMSSM �.V¹

2.1.2 Lagrangian

W = W̃MSSM +λ ŝ Ĥu · Ĥd +
1

3
κ ŝ3+λν ŝ ν̂ ν̂ + Yν l̂ · Ĥu ν̂,

Lsoft = m2
Hd
|Hd |2 + m2

Hu
|Hu|2+m2

S |S |2+m2
ν ν̃Rν̃

∗
R

+(λAλSHu · Hd +
1

3
κAκS

3 + λνAλνSν̃
∗
Rν̃
∗
R + YνAν ν̃

∗
R̃lHu + h.c.) + · · ·

âfÌµ

CP-even Higgsµh1§h2§h3§mh1 < mh2 < mh3¶

SM-like Higgs: Ì�¤©�hu¶

Heavy Doublet-dominated Higgs: Ì�¤©�hd¶

Singlet-dominated Higgsµ�þ�±é�¶

CP-odd HiggsµA1§A2§mA1 < mA2¶

Heavy Doublet-dominated Higgs: Ì�¤©�cosβAu + sinβAd¶

Singlet-dominated Higgsµ�þ�±é�¶

Charged Higgs: H± = cosβH±u + sinβH±d ¶

Ö>Higgs�±�­��Ì�­Higgsâf�þCq{¿"
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2.1.3 Sneutrino�þ

mν = YνvuM
−1Y T

ν vu§Ù¥M = 2λνvS §du¥�f��þ��

�0.1eV§Ïd)AÍÜYν�þ?���O(10−6)"

�Ä¥�f��êâ§mν3��m7L´�é��"

b½Yν´�é�
λν´é��§�Ù¦^»"ëê�é��§

KSneutrino�þÝ
��·Ü�Yν��é��î­Ø$"

þãb½e§ïÄSneutrinoVÔ���I�Ä���¹"

òSneutrino|©�CP-evenÚCP-oddüÜ©µ

ν̃L ≡
1√
2

(ν̃L1 + i ν̃L2), ν̃R ≡
1√
2

(ν̃R1 + i ν̃R2),
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Type-I Seesaw*¿�NMSSM �.V¹

Sneutrino�þ�µ
1

2
(ν̃L1, ν̃R1)

(
m2

LL̄
m2

LR + m2
LR̄

m2
LR + m2

LR̄
m2

RR̄
+ 2m2

RR

)(
ν̃L1

ν̃R1

)

+
1

2
(ν̃L2, ν̃R2)

(
m2

LL̄
−m2

LR + m2
LR̄

−m2
LR + m2

LR̄
m2

RR̄
− 2m2

RR

)(
ν̃L2

ν̃R2

)
.

m2
LL̄ ≡ m2

l̃
+ |Yνvu|2 +

1

8
(g2

1 + g2
2 )(v2

d − v2
u ),

m2
LR ≡ Yν (−λvsvd)∗ + YνAYν

vu,

m2
LR̄ ≡ Yνvu (−λvs)∗ ,

m2
RR̄ ≡ m2

ν + |2λνvs |2 + |Yνvu|2,
m2

RR ≡ λν
(
Aλν

vs + (κv2
s − λvdvu)∗

)
.

Ã�·Ü�'Yν§��ÑØO§�þ����Ã�������¶

�3�fê»��§CP-evenÚCP-odd�Ñy�þ3�µ

∆m2 ≡ m2
even −m2

odd = 4m2
RR .
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Type-I Seesaw*¿�NMSSM VÔ��«

2.2 VÔ��«

3Seesaw*¿�NMSSM¥§ü�|�ÌHiggsâf���SneutrinoVÔ��

«�Ô½DÂVÔ��«§Higgsino��ÚVÔ��Ó�«—�.|©�?"

SneutrinoVÔ��«��(Vµ¥þâf§SµIþâf§XYµ?¿�Uâf)µ

ν̃1ν̃1 → VV ∗§VS§f f̄ : s-�����CP-even Higgsâf"

ν̃1ν̃1 → SS∗: s-���Higgs§t/u-���Sneutrino§Iþoº�ÍÜ"

ν̃1ν̃1 → νR ν̄Rµs-���Higgs§t/u-���Neutralino"

ν̃1ν̃
′
1 → A

(∗)
i → XYµν̃′1�ν̃1�CP���§mν̃′ ' mν̃�§K�í3�Ý"

ν̃1ν̃1 → h
(∗)
s → H̃H̃§H̃H̃ → XYµmν̃1 ' µ �§�Higgsino�Ó�«"

�Ïµ�»@Ïν̃1ν̃1ÏLü�Higgs|�H̃H̃�p=z§üö?u9²ï¶

duH̃H̃ ¬±����¡�«�IO�.âf§ùíÄν̃1ν̃1�ê8~�"

��»)ä�Ý�uν̃1�«�Ý�§òñ"

àH���Æ (àH#�) 8¹ 2018c 8� 20F 13 / 30



Type-I Seesaw*¿�NMSSM VÔ���&ÿ

2.3 VÔ���&ÿ

ν̃1´��k(½CPêÚ�fê�mÃIþ|§�ØfN (N = p, n)�Ñ��U

ÏL��CP-even Higgsu):

σSI
ν̃1−N ∝ (

∑
i

ξi )
2

ξi ' − g

8mW

Cν̃1ν̃1hi

m2
hi
mν̃1

(
Zi2

sinβ
+

Zi1

cosβ

)
Cν̃1ν̃1hi =

2λλνMW√
2g

(sinβZi1 + cosβZi2) +

[√
2

λ

(
4λ2

ν + 2κλν
)
µ+

λνAλν√
2

]
Zi3

Cν̃1ν̃1hi : ν̃1ν̃1hi�p�^Xê¶

Zµé�zCP-even Higgs�þÝ
"

Zi1µhi¥�¹hd�©þ¶

Zi2µhi¥�¹hu�©þ¶

Zi3µhi¥�¹hs�©þ"
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σSIν̃1−N¥yXeA:(nØp<�?)µ

�6ëê¯õ§k���gdÝN���µ

HiggsÜ©ëêµλ!κ!tanβ!µ!AλÚAκ§ù
ëêû½ZijÚmhi¶

SneutrinoÜ©ëêµλν!Aλν
±9mν̃1¶

z��hi��zÑ�3Ø$Ïfµ

Hevay Doublet-dominated Higgsµ�1/m2
hi
Ø$¶

SM-like Higgs: �λν½cosβØ$¶

Singlet-dominated Higgs: �Zi1ÚZi2Ø$"

�
L��hi�z-�§Ý§½Â°[N!þ∆FTµ

∆FT = max
i

{
ξ2
i

(
∑

i ξi )
2

}
∆FT��§nØ�Øg,"
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äNïÄ¥AT�Ä�/µ

h1éASM-like Higgs bosonµ

ν̃1�CP-even�/µéAZ��¶

ν̃1�CP-odd�/µéAZg�¶

h2éASM-like Higgs bosonµ

ν̃1�CP-even�/µéAZ��¶

ν̃1�CP-odd�/µéAZ��¶

cöVÔ�ÔnÚ�öké�«O:

Bayesian EvidenceL²¢�êâ��cö¶

�öµν̃1ν̃1 → h1h1´Ì��«�¶

�öµVÔ�-�fØÑ��¡'��¶

�ö�VÔ���&ÿ¢�r���"
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ê�(J ×£üÑ

n!ê�(J

3.1 ×£üÑ

ëê«mµ
0 < λν ≤ 0.5, 0 < λ ≤ 0.7, |κ| ≤ 0.7, 1 ≤ tanβ ≤ 60,

|Aλν |, |Aκ| ≤ 1TeV, 100GeV ≤ µ ≤ 300GeV,

0 ≤ mν̃ ≤ 300GeV, |At | ≤ 5TeV.

æ��q,¼êµ

L(Θ) = LHiggs × LBr(Bs→µ+µ−) × LBr(Bs→Xsγ) × LΩν̃1
× LDD × LID .

LHiggs : éEÅþÏéHiggs�q,¼ê§§SHiggsSignalÚHiggsBounds O�¶

LBr(Bs→µ+µ−)/LBr(Bs→Xsγ): 5gBÔn�q,¼ê§IO�B0fPC¶

LΩν̃1
: VÔ�í3�ÝéAq,¼ê§IO�VÔ��«�«L§¶

LDD : XENON1T-2018¢�éA�q,¼ê§IO�VÔ�-�fØÑ�¶

LID : Fermi-LATÏéL(X(JéAq,¼ê§IO�VÔ��«1fÌ"
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3.2 ���ëê�m

��©ÙãµXÛxºXÛn)º

120 160 200 240 280
µ (GeV)
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λν
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µ ������§Ug,//ýóZÀÚf�þ—nØ`:¶

�Ïµü�|3VÔ�Ôn¥åX­��^§�	?Ö"

λν���é���§Cν̃1ν̃1h1±9VÔ���fØÑ��¡�Ø$"

àH���Æ (àH#�) 8¹ 2018c 8� 20F 18 / 30



ê�(J ���ëê�m

��©ÙãµXÛxº

0.15 0.30 0.45 0.60
λ

120

160

200

240

280

µ
(G

eV
)

2
σ

re
g
io

n

1
σ

reg
io

n

Best-fit point

Posterior Mean

Posterior Mode

Posterior Median

2σ region

1σ region

0.00

0.25

0.50

0.75

1.00

P
D

F

0.15 0.30 0.45 0.60
λ

120

160

200

240

280

µ
(G

eV
)

2σ
region

2σ
re

gi
on

2σ
re

gi
on

1σ region

1
σ

re
g
io

n

Best-fit point

2σ region

1σ region

0.00

0.25

0.50

0.75

1.00

P
L

2σ Credible RegionÚ1σ Confidence Intervalaq§

�N(J�k�©ÙÀ�CqÃ'"
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3.3 VÔ��«Å�
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∆m = |mA1 −mν̃1 −mν̃′1
|¶e∆m ' 0§���«"
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3.4 VÔ�ØfÑ�
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3.5 LHC¢���

¥5Higgsino�ÚSinglino·Üµχ̃0 → ν̃1νR§LHCþ&ÒLuE,µ

pp → χ̃0χ̃0 → 2(ν̃1νR)§ νR →W (∗)l ,Z (∗)νL, h
(∗)νL¶

Ö>HiggsinoÌ�PC�µχ̃±1 → ν̃1τ, ν̃
′
1τ, χ̃

0jj ′/π±§�U&Òµ

pp → χ̃±1 χ̃
∓
1 → (2ν̃1)τ

+τ−¶

|^8 TeV-LHCé2τ + Emiss
T &Ò©Û§O�éA�R ≡ S/SOBS

95 §

b½Br(χ̃±1 → ν̃1τ
±) = 100%"
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3Seesaw*¿��é¡¥§Sneutrino�±��VÔ�ÿÀö¶

Type-I + NMSSM ´�²L�µe§ü�|åõ­�^µ

9Ï>fé¡5»"§)ûµ-ëê¯K¶

�mÃ¥�fJø�þ¶

��VÔ��«�Ô½x0§�aqHidden DM Scenario¶

p�VÔ�-�fØÑ��"

�.`:µ

µëê��'��§Ug,/)ºZÀÚf�þ¶

VÔ�-�fØÑ��g,Ø$—�XENON1T-2018(J��¶

�âf&Ò��E,§O\ÏéJÝ—�LHC¢�(J��"

�.ýóµ���mÃ¥�f§���Higgsino(  éAEmiss
T &Ò)"
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I[��¥%��Ð/)ûO�´¶µ

Type-I Seesaw + NMSSM

h1��SM-like Higgs Boson§���w¶

h2��SM-like Higgs Boson§®kÐÚ(J¶

Inverse Seesaw + NMSSM

h1��SM-like Higgs Boson§4�þ°��§�O�¶

h2��SM-like Higgs Boson§4�þ°��§�üè"
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SneutrinoVÔ��XmÃSneutrino½�mÃSneutrino¶
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