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Qutline

® Dark matter and Higgs boson

® Dark matter for Fermi gamma-ray line
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Fermi gamma-ray line

® Fermi Large Area Telescope: gamma-

ray line from galactic center peaked
at |30 GeV. [C.Weniger (2012)]

Expected
from
luminous disk

10

R(kpc)

M33 Rotation Curve

Signal of Dark Matter
annihilating into photons !
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Dark matter for y-ray line

Regd (SOURCE), B, —129.8 GeV Annihilation cross-sections (SOURCE)
Signal counts: 57.0 (4.630) 80.5 - 210.1 GeV

p-value=0.46, x5 =22.1/22 - —— C(Cored Isothermal -+ Contr. «=1.15
— - NFW —— Contr. «=1.3

- Einasto

2 130.GeV, (ou) =1.3 — 2.3 1072 cm’ /si(4.60).
“Einasto”  “NFW”

:“4 8 % Branching fraction” of thermal cross section
g
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Y-ray line constraints

® Two years of data from Fermi LAT 20° x 20°

® 95% CL limits on DM annihilation cross sections
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Discovery of 125GeV boson

Evidences for Higgs boson at the LHC,
eventually 48 years after Higgs proposed.
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o CMS: 5.00 at mp=125 GeV ~125 mp
® ATLAS: 5.90 at my=126.5 GeV
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Force of the 125GeV boson
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Signal strength (u)

Overall signal strengths are consistent with the SM Higgs
but there is an excess in Higgs-to-diphoton channel.

CMS:

p~r~y = 1.6 204

ATLAS:  flyy = 1.8 -

= 0.0
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Model for DM & Higgs

CMS Expenment af the LMC, CERN
Data recordedt 2012-May-13 20:08: 14 621450 GMT
RenEvert 154108 / S64224000
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Dark matter for Fermi
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Bounds on continuum

® Fermi dwarf galaxies, Anti-
proton from PAMELA, etc.
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[T. Cohen et al (2012); Buchmuller, Garny (2012)]
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Effective theory for DM

[Rajaraman, Tait, Whiteson (2012)]

® Unknown DM interactions can be parametrized by
effective operators.

® Fffective operators for DM annihilations:

{BuBw, wa,wor B, B, wa | R
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® But, EFT does not capture or fix
the ratio of two lines to one line.
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Models for gamma-ray line
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Photons from axion

® Neutral pion, a pseudo-Goldstone boson of QCD,
decays 98.8% into two photons by EM anomalies.

_Zg &75Ta,ﬂ_aw

® How about “axion” as DM mediator from new global
symmetry in hidden sector !

T a0

large fraction

cf. Z2 mediator: [ Jackson et al (2009); Dudas et al (2012) ]
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Fermion DM + axion

[HML, Park, Park (2012)]

® (Consider the effective axion interactions to a Dirac

fermion DM and EVV gauge bosons,

A Ci QL
‘ﬁhmzz___KQIXW5X_% 1
V2 ;1:2 87 fa

® DM annihilation cross section into a photon pair:

T LUV
A e

1 . .
(U'L’>“.-"=.' = ﬁ |/\x | 2|C'“.‘“." |2

16 M
(4M?2 — m2)? + m2l'2°

Mg ~ 2M,,

enhances the cross section.
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TWO Y— ray I i n e S m;=130 GeV,N_=53.3, N_=23.0, signif=3.47 o
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Axion-partner mediation

® (CP-even scalar partner (from $=s+ia) opens extra
p-wave channels, determining the relic density.

® Directly detectable by XENONI/T & LHC.

singlet M, =130GeV, m,=264GeV, v,=700GeV
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Extra leptons and Higgs
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Riggs diphoton rate

Q 74
LWWZS—W(_ CQt) Ey F¥

“destructive interference”

® New charged fermion can enhance diphoton rate:
AVAAL

[Carena, Low, Wagner (2012)]

® Higgs diphoton rate:

Gra*m; 5 Ccfv° 2
2 = Ai(tw) + N.Q7 Ay /o(1¢) Aq/o(T
S AT B 1 (Tw ) Qi A1 /2(7t) e 1/2(7f)
-8.32 new fermion

Borooiers it oM usimime= JL00GeN e (Cpaa — 2 LT
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Leptons shed light !

[HML, M. Park, W. Park (2012)]

® Higgs couplings need two vector-like leptons:

F [Aflh.

onf!( 11 )hF o
T (125 G .

® | eptons shed light: no change in Higgs production;
no DM annihilation to gluon.
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PQ symmetry for extra leptons

® Extra leptons with PQ charges acquire masses
from U(l)pq breaking (i.e.VEV of singlet S=s+ia).

® PQ-invariant potential respects extra U(I):
1 1
V= palHal® + | Hul® + g0 Hal® + 500l Hul® + A | Hu| Hal® + Aa HuHal®

s +>\s|5|4+ms|5|2+>\H s)SI IHul2+>\Hds|S| IHdI2

el G LAt _ ol . '._.
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Models with extra leptons

® Minimal content for Higgs couplings:

el e — /\\.-.S'\{ 1 /\151-1[1 o = /\C‘S'C'i(_:fi -1 y;Hdl;;C i H, [1c + h.c.

—L = A, Sxx + /\I‘S'lllil + meeze; + yiHglsez — IHuIl( + h.c.

Similar to Model | but

Briox — WW)
Br(xx = Z2)
(r, R)

Fermi gamma-ray line explained by 130 GeV DM in all models.
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Mass dependent ann.
(Model I)

Cutoff 10TeV, tan(p)=1
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® Large lepton mixing changes the branching
fractions significantly for 7, < 200 GeV.
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Resonant annihilation

Ry, >~14

Consistent with
| TeV cutoff,

EWPD @ 95%
240 245 250 255 260 265 270 275 280 o

m, (GeV)

'me — 2m, | < 10GeV  for A\, S 0.8.
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Model constraints
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° ; ; Vacuum stability
bound (triplet model: more stringent).

® No tree-level DM annihilation: ¢, > 130 GeV.
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Model predictions

predict larger Higgs diphoton rate but
require extra annihilation channels.

leads to smaller Higgs diphoton rate but
there is no need for extra annihilations.

® Model predictions are generic for other axion-
mediated models. [Box-shaped gamma-ray: Fan, Reece (2012)]
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Stable leptons

® Lighter charged lepton is the lightest among extra
leptons and would be stable.

CMS Vs=7TeV

["‘red Stepton Production (€ and & May

ATLAS Prehmmary

[Latmm (Data 2011 {S5=7TeV)

Theoretical Prediction Tracker + TOF
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Bounds on leptons

® [xtra charged lepton can decay by mixing with |) the SM
charged lepton or 2) extra singlet neutrino.

® |)“Lepton flavor violation” constrains the mixing
to : prompt decay, small enough not to
exceed the 2-photon DM ann. cross section.

® ?)“Continuum photon” constraint leads to mixing

[Arkani-Hamed et al (2012)]

Br(L, = Z+)=100%, 70% efficiency times acceptance
mL1=100-120 GeV could be already excluded by a single channel 4.
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Conclusions

® |n the singlet fermion dark matter model with axion
mediator, electroweak anomalies lead to the photon line

consistent with Fermi LAT data.

® Models of extra leptons determine the branching
fractlon of Ferml photons and also enhance the nggs .,
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