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Astronomical evidence of dark matter
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Inert Higgs Doublet (IHD)

E. Ma, N.G. Deshpande (1977)
**Introduce two Higgs doublet: H and ®

Combining two models
New interactions in combining IHD & Type-Il seesaw

150

**Rotation of spiral galaxies
v(r) o« \/M(r)/r

“Introduce discrete Z, symmetry s Triplet Higgs boson couple to leptons but not to quarks

M(r)oc mass inside r

H:Z, even ®:Z, odd (Inert Higgs) **Implications to cosmic-ray would be interesting

s Clusters of galaxies It would explain excess of positron/electron flux
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Neutral component of Z, odd particle is DM candidate

**Gravitational lensing
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**Formation of Large scale structure
**CMB anisotropy : WMAP, Planck
m) Q 1’ =0.1187x0.0017

Dark

@ Collider physics

®Improved vacuum stability
R. Barbieri, L.J. Hall, V.S. Rychkov (2006)
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Type-ll seesaw mechanism o

W.Konetschny, W.Kummer (1977)

T.P. Chen, L. F. Li (1980)
J. Schechter, J. W. F. Valle (1980)

Planck(2013)
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‘*Introduce SU(2) triplet Higgs
**The excess is observed 0(10)-0(100) GeV energy

ero Neutrino Mass
Am3; = (7.50 +0.20) x 10~°eV?,

s*Small triplet VEV -> Neutrino masses : . L
s»Is it astrophysical origin like pulsars?

*+*Provide 6 new scalar bosons
0 + ++
5 n 6 6

**Experimental search for doubly charged Higgs

|[Am32,| = (2.321)32) x 1073eV?2,

**It could be flux from DM annihilation

sin®(2619) = 0.857 4 0.024,sin?(2693) > 0.95,

We search for the possibility of accommodating

The relic abundance of the Dark Matter

The positron/electron flux and positron fraction excess

sin?(263) = 0.095 £ 0.01.

(PDG 2012)
Doubly charged Higgs decays into

> +l+ v, << 107* GeV >W+W+ v, >> 107* GeV

»Mass limits m,, > 400 GeV for leptonic decay case (in some BPs)
- (ATLAS and CMS 2012)

+* At least two massive neutrinos

D i Ted] P
“Very small masses +*What is the origin of mass ?

The Model

Neutrino mass generation

» ~The structureofthemodel " — == ==~ ~ = = SSB and mass of new particles = = Yukawa coupling and neutrino masses
/ / \ . )
“Symmetry m) G, xZ, \ VEVs : o A ] **Yukawa couplings
' | '<V>(v v)=M—v2+£v2+ﬂv2+ o ¥ 7v2v2+—9+)\10v4—ﬁv2v 1 v, +6° +in’ . o" 1. .
| “*New particles [SU(2)(U(1),)] : 0774 2 V4 0 o A 4 0"4A 4 A2 A -L, =Ehl.jvl.TCPij A NG ~hv, CPLle—Ehijli CP.l; +hc.
| ®:2(1) *Inert Higgs doublet A :3(2) *Higgs triplet : b2 [ . ] ]
I - 5% 15 - | | T Ao ;| <*Neutrino mass matrix
_ A = [ 2(my + (A + A)v;/2)
| (S +iA) /2 ((VA +8° +in") /A2 -5*/«/5) I A Tl I . . V2 o e
I I M f I b I m, = VAh /’\/E # h = V_UPMNva (UPMNS)
[ o New Lagrangian | | dsses Or1 SCadlialr nosons A
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| V(H,® A) = 2HH+ MHH)?+m2d'® + \(®70)2 + \sH HO'® + \,H D' H I X X X Yy .t A7 X I S19S93 — C19C93513€%° —CioS93 — S19C93513€™  Co3C1a
I + % [(H'®)? + h.c.] + mATrATA + py (H'iATH + h.c.) + pg (®"in AT®) I I m(SO ~ mno = Ny + ) Vo [VA <<V } [
+ NHHTrAA + X' ®TrAIA + A HIAATH + & AAD + A HTATAH I 5 , A+ A, » 1. > I Small triplet VEV give small neutrino masses
\ i /7 \ m.,.=m+ v, m., =—(m., +m,)
\ + As®TATAD + Ao (TrATA) + N\oTr(ATA). (17) \ ) A 0 0 p) 0 V4

Results for each cases

Relic Density of DM

Analysis

The points of our analysis
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**We focus on the inert doublet-triplet interaction [ o S
: (XA + XB ) /2555 5 l 0.5 1000; ] 0.002F mg = 1000 GeV
“*We are interested in explaining excess of positron fraction 5. S 5050 (770770) : O Y o R AY  E T ) i oo 0 a0 oo
i B [ ms[GeV] sie msloe ms[GeV]
® Assuming triplet Higgs bosons decays 100% into leptons : 1w SH*5 : “*The parameter region giving observed relic density of 90% CL 0.1159 < Qh~ <0.1215
2
° o o ° ° I il L4 L [ L]
®We require boost factor(BF) to enhance current annihilation ratio | N 50 : Positron/electron Distributions for some neutrino mass pattern
<oV >b00sted =Bl < ov >0riginal [ Msz i | d H
: : . I . (1)Normal ordering (NO) m, <m, < m,
®BF is constrained by anti-proton flux =Pt hsy = A+ Ay _
i J . NO 0.01 [0.02] 0.1 [0.06] 0[0] 0.3 [0.39] 0.29 [0.18]  0.28 [0.35]
\~ InteraCﬁonS —/ (Z)InvertEd Orderlng (NO) m3 < ml < m2 10 0.17 [0.23] 0.08 [0.06] 0.2 [0.14] 0.08 [0.11] 0.26 [0.17] 0.21[0.29]
DG i 1 1 - . QDI 0.39 [0.40] 0 [0] 0 [0] 0.29 [0.29] 0.02 [0] 0.30 [0.31]
+*We focus on the parameters in our new interactions (3)Quasi-degeneracy (QD) M = M. =
. (A, =0mg=m, -1GeV.m . =m, ] oo
The processes of our interest = 2o UL o VDT ——" R e
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Several cases ()X, >> xz-(L) X0 = X)X, << Xg - [GeV] T \ ————— 200 T
. . We consider cases where each process is dominant N E— Seenron o remi x| 1007 T Seenol vt Femi-LAT LO0F e Seemo v rmiar
Numerical Analy5|s 050L oo Sconariole 1] R— Seenariolb —ad Amso2 050 e s
. . . . . o & | ——Bukgoud o T e < 0.20%
“+*The numerical calculation of relic density and cosmic-ray flux % 020« L0 & o
@ 0.10F = 0.10 5 . " ' e
. ~ 1 S 0.05+ ——
» We apply micrOMEGASs package ( G. Belanger, F. Boudjema, A. Pukhov and A. Semenov) & 0.05 il < 005 S . BF — 1500
— BF = 1500 02
. . T BF = 1500 0.021 10 ~ QDT s = 3000 - |
®Positron and anti-proton flux from DM annihilation is calculated 0.02 S 3000 mS = 3000 - ‘ 1 P e o
. . . . . ‘ | | ‘ ‘ 1 5 10 50 100 500 1000 E[GeV]
®Navarro-Frenk-White (NFW) galactic halo DM density profile is used : > 0 E[Ge\i(]) 10 > E[GeV] ;
®Propagation of charged particle and solar modulation effect Required BF mg 1000 GeV 2000 GeV 3000 GeV 4000 GeV
. . . . lelt Of BF from prOton ﬂUX I. BF > BFiax (500, 500, 500, 500) (1400, 1200, 900, 1100) (2000, 1900, 1500, 1900)
**For cosmic-ray background we apply fitted functions <OV > p00sted = bF<ov = original e [GoV] 1000 2000 2000 000 I, BF > BFp.x  (500,500,500,500)  (1400,1200,900,1200) (2000, 1900, 1500, 1800)
“*We apply boost factor (BF) in explaining positron excess = — L BF>BFux  BF > Bl BF > Bl BE > BFiuw
G I ti N t o ﬂ d. 'ti II BF > BF BF > BFax BF > BF BF > BFppax
BF is constrained by anti-proton flux observation alactic Neutrino flux predicuon
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We proposed the model which have Inert Higgs Doublet and Higgs Triplet. The IHD provides SR S — [CTOWW  scomiots s 3 * é 10 S é i " I“
dark matter candidate. The Higgs triplet gives Neutrino masses via triplet VEV: Type-Il seesaw. gl 1C79 juu TN T . o 1072 i estamitatesses, h,
. . . . . « ey N Ty e I1C22 uu x QDI
We d|§cussed the parameter reglc.)n.\./vhere new interaction Qf the model is dominant. | - | | | | "+ on 10728 e
Especially, we search for the possibility to accommodate relic density of the DM, Neutrino mass, 100 200 500 1000 2000 5000 {x 0} ms[GeV] ms[GeV]
observed excess of positron/electron flux and positron fraction. ms|GeV]

Compared with IceCube (2011,2013)



