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1. Motivation

e Neutrino oscillations:
Dark

2%

i . . Atoms
NOHZCI‘O neutrino masses are requlred 4.6% \

- Neutrinos are massless in the SM

Dark
Matter
3%
® Non-baryonic dark matter (DM)
- Qpah? = 0.1109 £ 0.0059 -
- No candidate particle in the SM [http://map.gsfc.nasa.gov]

® In Supersymmetric (SUSY) models with Dirac neutrinos
- Right Handed (RH) neutrinos = RH-sneutrino superpartners
- Non-negligible A; induces sizable L-R mixing in sneutrino sector
- Light sneutrino 1’1 is the LSP
= Relic density is in desirable range

[Arkani-hamded,Hall, Murayama,Weiner(2001);
Arina,Fornengo(2007);Thomas,Tucker-Smith,Weiner(2008)]
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2. Framework

® MSSM is now extended with only Dirac masses for sneutrinos

Aﬁsoft == m}ilﬂfif + A,}iziNiHu + h.c.

® Sneutrino mass matrix

2 4 1,2 1 A-nal
M2 = mz+2m20052ﬁ ﬁA,,vsmﬁ
2

1 .
ﬂA,,vsmﬁ me

— 35 p) D)

1 = cosby Vg —sinb; vy, , 6, 1 sin! V2A; vsin B
Mz, — My, ) where my, < my,

Uy = sinfy Vg + cos 65 vp,

® A, is not proportional to small neutrinoYukawa couplings

= not negligible = RH sneutrino mass term by A

* Light sneutrino 17 is mostly vy by assuming mg < mj
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Important processes

« Computation:
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Particle spectrum

° Assumptions

* My ~ 2M; ~ Ms3/3 at the weak scale

* use my,, My, and @5, as input parameters,

* compute the myz, mg and A;

* one-generation case, only the tau-sneutrino is light
*

three-generation case,
complete degeneracy between the slepton gen

® Additional radiative corrections to Higgs at 2—100p and sneutrinos at 1—loop

* Main contribution to radiative corrections to sneutrino masses

A2 m2
AMgRR(Q)laPP = ]2 (log Q22 o 1)
. Higgs mass =2 negative correction
N
(¥) 1 . |AV|4 mgz + ml271 m%2
AXg :__QZ ) 232 \ 2 7 log —~ —2
167 (m,72 — mﬁl) mg, —mg ms
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3. Constraints

Co-moving number density

e Relic abundance of neutrino:
After annihilation rate dropped below

expansion rate, number of density per

co-moving volume is almost fixed

ont =000 (170 ) (35) (55) ;
1 pl \ 22/ \9U r=m[1

Standard freeze-out feature

e (Collider constrains:

Invisible width of Z-boson with light sneutrino my < my / 92, and LEP2 constraints
19, omy\2\ "’
Sln mg
AI‘z—ZI‘ ( (mz)> <2 MeV

® Direct detection (DD):

Spin-independent DD through Z or Higgs exchange assuming point-like nucleus

Sl _ 42 (Zf,+ (A= 2)f,)’ For Xenon A = 131,Z = 54
nN A? while for Germanium A = 76, Z = 32

/




Annihilation channels
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Figure

- Relative contributions of different annihilation channels as a function

of the v,

mass, on the left for m;, = 200 GeV and sin8; = 0.35, on the right for m;, = 500 GeV and

sinf; = 0.22




e

Qn?

Parameter scan with constraints
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* Apply WMAP bound Qh* < 0.1285 and collider constraints

® Scan over My, , Mp,, Sind, Mo

A

¥

.\% ._:: ...:.?a."
.r-..‘.-ﬁ.‘yi;gg;.:‘ Y, £ %;3.." ] ':.':(Z .

e
M T .'..’.

o0 aaneel
.o

LV e
% Ly el

cn
DR S 4

.
N "%‘.

DD allowed

s
. ¢

\\\‘\\\‘\\\‘\\\‘\\\--‘\\;‘\.\\‘\\\

2 4 6 8 10 12 14

v ; mass(GeV)

16

sinB

0.45

0.4

0.35

0.3

0.25

02

0.15

0.1

0.05

v

e Oh%<0.0913
e 0.0913<Qh%<0.1285
WMAP + DD allowed

2 4 6

one light sneutrino case

8 10 12 14

v ; mass (GeV)

-
(&)

o




4-1. Direct detection one light sneutrino case

* Apply WMAP bound Qh? < 0.1285 and collider constraints Al'y = 20/¢V  LEP2
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4-1. Direct detection one light sneutrino case

* Apply WMAP bound Qh? < 0.1285 and collider constraints Al'y = 20/¢V  LEP2
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4-1. Direct detection one light sneutrino case

* Apply WMAP bound Qh? < 0.1285 and collider constraints Al = 20 eV
o ¢=0Qhr*/0.11 for Qh? < 0.0913  and 1 otherwise

® Up = 220 = QOkm/S ’ 500 < Vese < 600km/s » P = 0.3 GeV/cm3
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4-1. Direct detection one light sneutrino case

° Apply WMAP bound Qh? < 0.1285 and collider constraints AI'y = 2MeV
o ¢£=0Qh?/0.11 for QA < 0.0913

® Up = 220 = QOkm/S ’ 500 < Vese < 600km/s » P = 0.3 GeV/cm3
* DD exp. favored regions below 8 GeV
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4-1.Direct detection three degenerate light sneutrinos

* Relic density can increase by factor up to 3: (ov) < (Y g2045)/ 3 g7

* Z- width on mixing angle is stronger N,

sin40 2m 2 32
17 v
De— V— —
AI‘Z—E r 5 (1 ( Z>) < 2 MeV

i=1

= Tension between these two facts above




Qn?
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three light sneutrinos case

Relic density increases up to 3 times
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4-1.Direct detection three degenerate light sneutrinos

* Relic density can increase by factor up to 3: (ov) x (3 ¢704;)/ > 97

Nf s 4 2 3/2
e 7-width on mixing angle is stronger : AT, = Z r, sm2 0; (1 B (Qma) ) <9 MeV
=1

mz

=> Tension between these two facts above
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4-1.Direct detection three degenerate light sneutrinos

* Relic density can increase by factor up to 3: (ov) x (3 ¢704;)/ > 97

Nf s 4 2 3/2
e 7-width on mixing angle is stronger : AT, = Z r, sm2 0; (1 B (Qma) ) <9 MeV
=1

mz

=> Tension between these two facts above
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* Mass splitting between different flavours of sneutrinos can be induced by small

& mass splittings in soft terms =2 back to the case of one light sneutrino /
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4-1.Direct detection one light sneutrino with tan 8 = 50

* tanff = 50 : low my, removed
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4-2. Indirect detection

Photons, Antiprotons and Positrons

® Annihilation channels into charged fermions leave signature in photons
e NFW DM profile
o

Fermi-LAT can probe photon signals

Room for dark matter contribution to antiproton, positron fluxes detected by PAMELA
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4-2. Indirect detection

2 -1
CDstop(cm s)

Neutrinos from annihilation in the Sun

* Stopped muon flux detectable at Super-K with threshold 1.6 GeV

* Antimuon flux is larger than muon flux in our model
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5. Collider signhatures
LHC

* To reconcile GeV sneutrino scenario with DD exp.constrains, lighter

gauginos and heavier sleptons are desirable

e Lepton modes :
. ~0~% ° g\_>
* PP — X2X1

e Higgs decay into invisible modes
Br(h — 7177) > 90% in most cases




5. Collider sighatures

ILC /s =500 GeV

e
® Main SUSY productions ° 102
“t-T <00 < ~k b
X1 X17 X1X2; X2X27 U1y, 7'1+7'1
10
° 6+ e~ —> Zh is main production for 1
light Higgs
10

* Brihw — ooJ~99%

° Single photon production from 11 ﬁf
(dominant) and 9 ¢! ;
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Conclusions

* In SUSY models with Dirac neutrino mass, A induces a sizable mixing
between LH-RH sneutrinos =2 lighter sneutrino dark matter for below ~ 10 GeV

* Mixing should be large enough to give efficient pair-annihilation but not be too
large in order not to exceed DD limits or Z invisible decay width

Cross-section for the spin-independent elastic scattering on nuclei is predicted to
be ¢° > 107° pb, an order of magnitude of present limits for DM masses
around 5-10 GeV, favored region by CoGeNT (perhaps CRESST)

* Positron and Antiproton fluxes and Photon flux can be probed by PAMELA and
FermiL AT respectively, through sneutrino pair annihilations into bb and 7777
* Only Super-K has low enough threshold to have sensitivity to neutrinos from

light sneutrino annihilation by detecting stopped muons in it

At LHC light Higgs and neutralinos decay exclusively and lighter chargino give a
single lepton while at ILC SUSY production contribute to single photon x-section
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