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Radiative Seesaw and DM

Radiative Neutrino Mass Generation
(ZEE,80;86; WOLFENSTEIN,8O0;
BABU,88, ETC)

Radiative Seesaw Mechanism
(KRAUS, NASRI + TRODDEN,O02; MA,06; AOKI, KANEMURA+
SETO,08; ETC)

Unbroken discrete symmetry to
forbid the Dirac masses

v

Ngr, Inert Higgs, etc are DM candidates.




KRAUS, NASRI + TRODDEN, O2

ZZ~ODD SM SINGLET

Nr CAN BE DM.

Radiative Seesaw



MA, O6

Z 2-O0DD

INERT SU(2) DOUBLET
HIGGS

Nr and eta are DM candidates.




Eta DM studied by

BARBIERI, HALL + RYCHKOV, O6;
LOoPEZ, OLIVER + TYTGAT,O6;
DOLLE + SU,09 ETC

Nr DM studied by

KuBoO, MA + SUEMATSU, O6;
ARISTIZABAL SIERRA, KUBO, RESTREPO,

SUEMATSU +ZAPATA, O8;
GELMINI, OsoOoBA+ PALOMARES-RUIZ, O9, ETC



AOKI, KANEMURA+SETO, O8




NON-SUSY MODELS OF
RADIATIVE GENERATION OFmV

Model L-violating dim. No. of loops VR No. of stable DMs

1] 3 (tri-linear scalar coupling) 1 No 0

2, 3, 21] 3 (tri-linear scalar coupling) 2 No 0
[15] 3 (tri-linear scalar coupling) 1 No 1
22] 3 (tri-linear scalar coupling)) 2 Yes 2

4, 5, 11] 3 (Majorana mass) 3 Yes 1
(6-9, 12, 14, 23, 24] 3 (Majorana mass) 1 Yes 1
13] 3 ( Majorana mass) 1 Yes (SU(2)y, triplet) 1

17] 4 (quartic scalar coupling) 1 No 1

19] No L-violation 1 Yes 0

18] Spontaneous violation 2 No 1

20 Sponataneos violation 2 Yes 1

16 Spontaneous violation 1 Yes 1

10] 2 (scalar mass) 1 Yes 0

Our model 2 (scalar mass) 2 Yes 2 or 3
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I I T H E M O D E L Model |L-violating dim.|No. of loops No. of stable DMs

Our model| 2 (scalar mass) 2 or 3

statistics
(vL, F

c

Ng

H=(H', HY) 1/2

n=n"n") 1/2

X 0

1) 0
MATTER CONTENT

(MINIMAL EXTENSION)

< H > < H >

“Ns term”, (1/2)A5(H'n)?




< H > < H >

e
\

0o »
- o

|

> ' < —p
C

vy, NR

N ONE LOOP SEESAW

TWO LOOP SEESAW

2

R Qm% m
e 2 ~107" 2 for k =0.1
" (167’(’2) MR MR ot fv

Mr ~1 TEV IS A NATURAL SCALE.




THE Z2 X Z2 X@lNVARlANT QUARTIC COUPLINGS

Vy = MHTH)? 4+ Xa(n'n)? + X (H H) (n'n) + M(H'n) (0" H)
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Non-standard annihilations and
relic abundance

X (SM)

SEE FOR MORE DETAILS:
AOKI, DUERR, KUBO
+TAKANO,
ARXIV:1207.3318




N - A DM SYSTEM

BOLTZMANN EQS.

dYo ,UMPL

= —0.264 91/2
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FERMI-LAT IS MEASURING GAMMA RAYS COMING
FROM THE UNIVERSE SINCE 2008.

LAT COLLABORATION, ARXIV:1205.2739; ETC



IF THE DATA FROM THE WHOLE SKY IS INCLUDED:

95% CL <ov>_ NFW Upper Limit R41

4 year NFW R41
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HOWEVER , IF YOU LOOK AT THE CENTER OF THE
GALAXY, SOMETHING MORE I'NTERESTING IS GOING ON.

WENIDER, ARXIV:1204.2797;
BRINGMANN ET AL,ARXIV:1203.1312; ETC

1: LONGITUDE

b: LATITUDE

THE CENTER: 1=b=0
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WENIGER, JCAP 1208 (2012) 007




COHEN ET AL, ARXIV:1207.0800

| | _
POWER LAW + MONOCHROMATIC |

———

L &——

—————
—e———

[l |

THE BEST FIT: NO ANNIHILATIONS INTO W*W~ , ZZ . Zv ETC.
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DILEMMA

* MONOCHROMATIC GAMMA

VO O 10727 em’s~! (LOOP EFFECT)

* CONTINUUM GAMMA

vo(DMDM — SM), i.c.ooc(DMDM — WTIW™) etc
< 10 x vo(DMDM — 47) ~ 107%° em’s ™' (TREE LEVEL)

* OBSERVED RELIC DENSITY /%= 0.116

vo(DMDM) ~ 10™* cm’s™




GOOD NEWS

ONE-LOOP ->

1 1 [ e\ A2
vo(DMDM — yv) ~ A= ( ) ~ 1.2 () x 107%° cm’s ™!

Tma,, \ 1672 47

for ™MpM — 135 GeV

IN OUR MODEL:




IN OUR MODEL:

TO MAKE THE CONTINUUM GAMMAS SMALL.:

FOR CHI DM: SMALL )2

FOR ETA DM: SMALL Q??
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* YET ANOTHER BONUS:

CMS ({s=7TeV,L=5.1fb" {s=8TeV,L=5.31b"
m, = 125.5 GeV

CMS CHARGED HIGGS CONTRIBUTES:

S —
oMEPM 155M — 1.6 +0.4

CMS

CMS COLLABORATION,
ARXIV:1207.7235

ATLAS COLLABORATION
ARXIV:1207.7214

-1 0 1 2 3
Best fit G/GSM




HIGGS DECAY INTO TWO GAMMAS
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DM ANNIHILATION

GUNION, HABER, KANE +DAWSON
AKEROYD, DIAZ + RIVER;

ARHRIB, BENBRIK + GAUR;
SWIEZEWSKA + KRAWCZYK; ETC



CONCLUSION

A TWO-LOOP SEESAW MODEL IS PROPOSED:;

L IS SOFTLY VIOLATED BY A DIM. 2 OPERATOR,
Z 2 XZ 2 1S THE UNBROKEN SYMMETRY, AND

THE HIGGS SECTOR IS MINIMAL.

0
— AE O e moneL ras

A POTENTIAL TO EXPLAIN:

135 GEV GAMMA-RAY LINE OBSERVED
AT THE FERMI LAT AND

ENHANCEMENT OF OBSERVED AT LHC.
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Coupled Boltzmann egqs.

D‘ERAMO+THALER, 11, BELANGER,KANNIKE, PUKOV+RAIDAL,12;
AOKI, DUERR, KUBO+TAKANO, 12.
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my = 200 GeV s Mo = 160 GeV s TN3 = 140 GeV

STANDARD:oy; = 0.1, gg2 =2, 0p3 =06

Temperature evolution

P ONLY STANDARD - E
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AOKI, DUERR, KUBO+TAKANO, 2012

00,123 — 00,312 — 09,231 — 9.1




Relic abundance
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Only low mass and higher mass

regimes are allowed.



0v =~ 1.1 x 107 cm? /s
Higgsino: 0, =~ 3.7 x 10728 cm? /s

OannV =~ Oy U+ 0,0 = 4.2 X 1029 Cm3/s

00 =2 2.5 X 10727 cm? /s
0,0~ 1.4 % 107%% cm? /s

OannV = Oy =~ 4.0 X 1072 cm? /s

0~ == few x 1073 em? /s;

0,0 =~ few x 10751 cm? /s;
0—27

TannV = 0p7 v = few X 1 cm® /s.

NEUTRALINO DM CAN NOT EXPLAIN
THE 130 GAMMA RAY LINE.

BUCHMULLER+GARNY, JCAP 1208 (2012)035;
COHEN ET AL, ARXIV:1207.0800




xxy > WW~ 95% C.L.

PAMELA p (marginalized bkgd) ——
PAMELA p (fixed astro bkgd) — — —

%)
O
N

~—

g
©,

N
>
b

N
-
o

=
QO
QO
N
N
N
o
—
QO
-
)

=
<

p—

o v

=

o —
=
s
<

Einasto profile
MAX propagation

DM mass mpy [GeV]

BELANGER ET AL, ARXIV:1208.5009



