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mma Ray Excess in the Galatic Center

tistical and systematical uncertainties

ark Photon Portal

- Gamam Ray and Electrons
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We don’t know

1. Dark matter mass

axion meV , WIMP 100 GeV

2. Dark matter talks to Standard Model

3. Hidden Universe.
One component or two components dark matter?
composite field.
excited dark matter.
self-interact or not

T

However, we have constraints and some hints of dark matter
from many observations



Vector Portal

1. Neutrino Portal, Higgs Portal, Vector Portal
H*H (A S2+ 1 S) Higgs portal, Singlet scalar
LHN neutrino portal
B,y Vi vector portal

2. Lagrangian and field redefinition
L=-14 By B+ F Fw-2¢ B F'w)+12m2A", A'r- gy J, Br
Field redefinition: Bw = Bw + ¢ F'w_ ('mass basis )

modify EM e gy JuA'y

3. € range
o
1-loop, € ~ 10
2-loop, € ~10% e gb
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Meson Decays

Low energy collider can produce large numbers of mesons.

1. reach estimation el e ;f)“\/ U g ().
X VU nx mx —my (MeV)|BR(X - Y +7)|BR(X =Y +/7¢7)| €<
n — yU n, ~ 107 547 2 % 39.8% 6 x 1074 92 > ==
w— U | n,~ 107 648 8.9% 7.7 x 1074 5x 1073
¢ —nU | ng~ 101 472 1.3% 1IGE SR 1 >cii=
K} — U |ngo ~ 101 497 2 x (5.5 x 107%) 9.5 =t 2 x-10=
= n,. ~ 109 354 - 2.88 x 1077 7 x 1073
K™ — utvU|ng+ ~ 1010 392 6.2 x 1073 7o 0= 2 x 1073
Kt — etvU |ng+ ~ 1010 496 =5ocl0=2 2.5-x10=2 7 x 1073

M. Reece and L. T. Wang, JHEP 0907 (2009) 051
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msst1 ahlung Direct eson decay

A' - Standard Model e Beam dump E774, EI4I EI37,

S N reaction: e (A,7Z) — e (A,2) I 1
e ﬁxed-target MAMI, APEX,

Collider : BaBar
reaction: ee— e (A, Z) 1+ 1_
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GeV Excess
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Template method

1. Diffuse Map, Fermi Bubbles, and dark matter templates
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T. Daylan et al., (2014), 1402.6703
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1. Diffuse Map, Fermi Bubbles, and dark matter templates
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KRA-pi0 (Gev/cm~™2/s/sr)

Galprop

1. Decay of n° ( cosmic-ray protons
striking on Interstellar medium )

2. Bremsstrahlung (fast moving electron
scattering on the gas)

3. ICS from CR electrons scattering with R
ISRF

91587e -8  4098771e -05

KRA-IC (Gev/cm”™2/s/sr)
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/" Galactic Center Excess (GCE) Compatibility

Essermil

Gamma-ray
\ Space Telescope

Preliminary

[— Fermi-LAT Pass 8 Dwarfs (95% C.L.)

[| --- Ackermann+ 2012 MW Halo (3 o)
H[—— Ackermann+ 2014 Dwarfs (95% C.L.)
| — Calore+ 2014 (2 o)

-|— Daylan+ 2014 (2 o)

—— Abazajian+ 2014 (1 o)

-H—— Gordon & Macias 2013 (2 o)

Thermal Relic Cross Section

Mass (GeV)

Brandon Anderson, Stockholm University | 5th Fermi Symposium
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E2 J(E) [GeV em~2 s~ 1sr7! ]

Results

Dark photon
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A" — Standard Model
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ASM-02

1. Precise Measurement of positron flux,
electron flux, positron ratio

2. For the Smooth spectrum,
Could we put bounds on dark matter?

before AMS-o02
D. Hooper, XW arXiv:1210.1220
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Bergstrom et al. (2013)

H+ AMS-02
— m, = 10 GeV
m, = 100 GeV




Bergstrom et al. (2013)

dashed: Fermi LAT
solid: AMS-02 (this work)
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E2 J(E) [GeV em™2 s sr! ]

dark scalar

Dark Scalar
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m, = 29 GeV
my = 28 GeV
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Limit name Type Reaction
(9—2)u (8-2)
(9 —2)e vs (-2)
E141 e~ beam dump e(A,Z) — e(A, Z)IT1~
E137 e~ beam dump e(A,Z) — e(A, Z)IT1~
E774 e~ beam dump e(A,Z) — e(A, Z)IT1~
KEK e~ beam dump e(A,Z) — e(A, Z)IT1~
SN Supernova reminiscents
BABAR Collider ete™ — ~yITI™
v-Cal 1 p beam dump pp — ' X
MAMI 2011 e~ fixed-target e(A,Z) — e(A, Z)IT1~
APEX Test e~ fixed-target e(A,Z) — e(A, Z)IT1~
KLOE 2011 Meson decay ¢ — nete
Orsay e~ beam dump e(A,Z) = e(A, Z)I "1
BABAR Meson decay ete™ — ~ITI~
NOMAD Meson decay 70 — Al
PS191 Meson decay 0 — Al
CHARM Meson decay n/n — It~
KLOE 2012 Meson decay ¢ — nete
SINDRUM Meson decay 10 — ete
WASA Meson decay 0 — yete~
HADES Meson decay 70/ — yete™
HADES Resonance decay A — Nete™
v-Cal 1 p beam dump pp — ' X
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A' — Standard Model

disro favored BaBar
[ APEX/MAMI

E141 Test Runs
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PLAN

1. Dark Photon Search

2. GeV Gamma Ray Excess in the Galatic Center
statistical and systematical uncertainties

3. Dark Photon Portal

Gamam Ray and Electrons

4. Constraints
AMSO02 constraints on 2e , 4e final states

5. Dark Matter Bremsstrahlung + Dark Matter ICS

6. Dark Scalar

7. Conclusion



