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And ...

< DM accounts for 23% of the total mass-energy of
the Universe
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+ For the particle identification, a discovery
via EM, strong or weak probes is needed:
e.g. DM direct detection, production, etc
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Massive but light neutrino

arXiv:1103.0734

parameter best fit =10 20 30

Am3, [107°eV?] 7.59 00 7.24-7.99 7.09-8.19
2.45 4+ 0.09 2.28 — 2.64 2.18 — 2.73

Am2, [1073eV?

i MOV g 5000 —(2.17 — 2.54) —(2.08 — 2.64)
sin? f1 0.3127001% 0.28-0.35 0.27-0.36
51+ 0. 41-0.61

sin? 0z 0-51=0.06 0-4170.0 0.39-0.64
0.52 %+ 0.06 0.42-0.61

G2 0.01015008 < 0.027 < 0.035

13 +0.009

0.01375002 < 0.031 < 0.039

The T2K experiment observes indications of v, — 1. appearance in data accumulated with
1.43 x 10%° protons on ta,rgetass all selection criteria at the far detector. In a three-
flavor neutrino oscillation scenario with |Am§3| — 2.4 x 1072 eV?, sin® 203 = 1 and sin? 26,3 = 0,
the expected number of such events is 1.540.3(syst.). Under this hypothesis, the probability to

observe six or more candidate events is 7x1072, equivalent gniﬁcance. At 90% C.L.,

the data are consistent with 0.03(0.04)< sin® 2613 < 0.28(0.34) for écp = 0 and normal (inverted)
arXiv:1106.2822




Colliders
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LH sneutrino DM

« LH sneutrinos: annihilate too rapidly via Z-exchange
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— too small relic density

> Very light (O(GeV)): invisible width of the Z gauge boson
Hagelin, Kane & Raby, NPB 241 (1984); Ibanez, PLB 137 (1984)

» Very heavy (O(TeV)): excluded by direct DM searches
Falk, Olive & Srednicki, PLB 339 (1994)
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RH sneutrino DM

+ RH sneutrino: a SM singlet

— cannot be thermalized in the early universe through SM
gauge interactions

» Non-thermal production
Asaka, Ishiwata & Moroi, PRD 73 (2006)
Gopalakrishna, Gouvea & Porod, JCAP 0605 (2006)
— The scenario is possible, but less predictive.

» Mixed sneutrinos: large mixing angle between LH & RH sneutrinos
Arkani-Hamed, Hall, Murayama, Smith & Weiner, PRD 64 (2001)
Borzumati & Nomura, PRD 64 (2001)
Belanger, Kakizaki, Park, Kraml & Pukov, JCAP 1011 (2010)
Belanger, Kraml & Lessa, JHEP 1107 (2011)

> An extra singlet field (~NMSSM)
Deppisch & Pilaftsis, JHEP 081

Cerdeno & Seto, JCAP 090

» Additional gauge symmetry (Z’ resonance)
Lee, Matchev & Nasri, PRD 76 (2007)




Type 1 seesaw with U(1),

. o7 of E
« Particle content / \ °

[ _ _ |
SU(5) |10p 5 L(N) |5 5 |1(X)|1(S1) 1(S2)
2/ 10@, —1 3 -5 12 =2/ 0 10 —10

+ Superpotential of the neutrino sector

AN, ()
Wseesaw = yijLiHuNj + 2?' S1N; N; —)y 110 ; = —YikYjk -
k
;o h -3 Onr A Yp Uy
W= AX5159 + 3X Nv NG

& Current limit on Z’X mass from EWPD
Mz > 1.14 TeV for ¢ = \/D/3¢g0 tan Oy ~ 0.46

E‘“]f\“ T r\“r\-r\n f\“ “ ‘‘‘‘‘ ov r\“r\ TU‘D
1L11Cl, LadllgdCiN s V1 uuu X I'Clid, J1114

< New limit on Z’X mass from LHC: Laisne & Mine’s talks




RH sneutrino DM

+ Scalar potential V = Viusy + Vot + VD

2
oW
‘/SUSY — E 8_q5
q‘b:X:Sl:SQ:Ni:HU:Li

- - A L
Veoft = [yyAyLHuN + 7NAN81NN + ANAsg XS5 + gAKX3 + h.c.

+mX | X2+ mE [|S17 + [Sel?] + m3 N |2
V—Q,Q[’SQ ’ 18,2 "IN 2
D=5 Q5. |S1]7 + Qs |52 + QN |N|" + - -
<+ RH sneutrino mass
1 ~ 1 - N
Viass = (m?\; + m% — ZmQZ/CQB’)|N‘2 — §BNmN(NN + N*N*)

N = (N1 +iN2) /2
Real & imaginary components get a mass splitting "~ Bymy term.
====) Lighter scalar field Vi is taken to be the LSP.



Freeze out of DM

271
N v
+ Boltzmann equations

dn ;- N 2

dfl = _Ban\fl — (0]’“\} Uy ) [(nﬁl)z — (Q—NIRN) ]

dn N 2

2 2
W — —3H?’LN — <(7NUN> [(nN)Q — (?’LJ\?) } + (Oﬁ UN1> [(nﬁl) — (g—Nl?’LN) ]

0.01F

100 mp), =300 GeV, my=260 GeV,
M,=1.2 TeV, mz=600 GeV




Freeze out of DM

Ny N
+ Boltzmann equations

dnﬁ1

— = _3an\?1 — (Uﬁlﬂj‘\}l) (n

dn — + - 2
d;\f _ _anN — <O'NQ)N> [(TLN)2 (n?\cfl)Q} <O UN1> [(nﬁ1)2 (gjz\\[]l nN) ]

mp, =300 GeV,
220 240 260 280 300 MZ,=1.2 TeV
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Freeze out of DM

271
N, N
+ Boltzmann equations

dn 5 g~ 2

N 9 N

dt1 = _Ban\fl — <ON1UN1> [(nﬁl) — (Q—NIRN) ]
dny

dt




Freeze out
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Relic density (mp,,) w-ervmeoe
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Relic density (mv) mpy=300 GeV, My=1.2 TeV
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Relic density (M)
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Relic denSity (g,) M, =1.2 TeV, m =103 eV

mpp=300 GeV mpp=150 GeV
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Reference value: g=0.46




Production & decay of 7’
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7’ gaugino from cascade
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Signatures of N | \

% Pair production of N: pp — 7" — NN L
p . Z’Z’ . NNNlNl T |
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+ Decays of N: N @h vH VA, IH" il st

» Multi-lepton signals: pp — 2’ (Z’Z’) — [FIFEWTWT (+p7)

— 3l+j or 4l or SSD+4j
+ Higgs signal from N: displaced production (-'y,) & decay to b
pp— 2, 27" — hI*WTF/Z+ppr  Br(NN — hi=W¥F)=10%

«» 7 Tev LHC:
o(pp — Z' — NN) =~ 70 fb for Mz =1 TeV

o(pp — Z'Z' — NN) ~ 43 fb for Mayong = 1 TeV
o(hITWT) = 210r 4.3 b
# 14 Tev LHC: o(hl=WT) = 105 or 130 fb

Iy in




More signatures
+ Small tanB: large Br(N — H:l)
pp— Z' (27 — H=W=[T[T (+ 1)
— displaced multi-jet (T or b) & multi-I

+ Slepton NLSP: one displaced & one prompt vertex
C WHEITIFIT+ pip
ZO1E 1T+ oy
hE T+ pip

\ HE[FF [T+ vr

pp — Z'7 — «

+ ... NLSP: work in progress




Conclusion

» RH sneutrino in supersymmetric U(1), seesaw can be a good

thermal DM candidate.
» New type of freeze out.

> In LHC, interesting signals from U(1), gauge boson & gaugino

production and decay to N.

» Displaced decay of N — low SM background.




