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Remcerences

. Y.F. and M. Rajaee, "Pico-charged intermediate

particles rescue dark matter interpretation of
511 keV signal”, JHEP 1712 (2017) 083

. Y.F. and M. Rajaee, "Pico-charged particles

explaining 511 keV line and XENON1T
signal," Phys.Rev.D 102 (2020) 10, 103532

et g AT T e o A TN T T i N sy TN o P Y

S . -




Hints for dark matter
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production at colliders
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Hints for DM from indirect
search

. Signals that went away with further data: 130

GeV line observed by Fermi-LAT

. Signals that stay robust but go “out of

fashion”. PAMELA Signal, INTEGRAL 511
keV line, AMS02 anti-Helium excess
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Morphologg of the line

Galacte btitwde

Galaclic longitude

Distribution of the line as observed ]:)g INTEGRAL/SPI: ESA/Bouchet et al.
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Dark matter explana‘cion

. C Boehm, D Hooper, Silk, Casse and Paul,

Phys. Rev. Lett. 92 (2004) 101301

. Dark matter mass ™~ few MeV

o(X + X e et)~10 pb
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Delagecl recombination
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i Reionization s
| rescattering CMB photons Broadening
last scattering surface
. Suppression of temperature and polarization
correlation on small scales (large multipoles)
Late time Thompson scattering enhanced polarization
| correlation at large scales
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Can p-wave annihilation rescue the DM explanation?
U8 X e (10 philo il e

L At galaxg: g Vc!ocitg at recombination

At freeze-out time:
o(X+X > eet)=10-100 pb
suppressed relic density
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Our scenario

. YFand M Rajaeq "Pico~chargecl intermediate

Earticles rescue dark matter mterpretation of 511
eV signal’, JHEP 1712 (2017) 083
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The velocity of C will be above escape
velocity.
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The magnetic fields of our galaxy, the
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rr = 5 e X (3)(10_ )(5 MeV)(lO u,GauSS)
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The bounds from CMB on N.¢¢ then implies mx > 5 MeV
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Assigning (Pico) chargc toC |

. Feldman, Liu and Nath, Phgs Rev D 95 (2007)

U1)x xSUR2)xU(1)y = U(1)em,

- Stueckelberg mechanism

X X7 0
- — 2 XwB* — (8,0 + M1 X, + M2 B,)?
_ M 1
SRR 0 <1

Dark Photon, A’ : mainlg coml:)osed of X i

oy
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U(l)x XSU(?) X U(l)y = U(l)em,
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2% Particularly intercsting limit

. Feldman, Liu and Nath, Phgs Rev D 95 (2007)
0 =€ wmipe Decoupli ng of the sectors

q’ffy“fA; where ¢ =ecosOy (e —9)Qy,

No tree level coul:)ling between A’ and SM fermions

92
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Decag OF Darkphoton

kinetica“g available clecags modes for keV dark Photons Nl ) s 13

Landau~Yang theorem A, f'}/fy

oA - 0% q:
F AN / C
AL Al A A (1672)2
C 5 =T % 10" vears > 10 Cvyr
S0
e
1Y P Dt
T4, d~ q
1’1 : : A X Hc
z </ v (T2) i







Range o{: I:)arametcrs For
metastab clark Photon

1 <o~ 3 <10+

10 eV < mgy < 10 keV
/ S

Subclominant dark matter comPonent

P T A e hA A i M 5 35 g sin S s i

Non relatlws’nc ot recombmatlon
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Acceleration bﬂ supernova shock
waves

Chuzhoy and Kolb, JCAP 0907 (2009) 014

T = dlog E/dt (100 Myr) !

We need a mechanism for energy loss of C inthe galaxg.

The same mechanism that g{ives charge fa Particies also
Provicles a mechanism for cooling.

Backgrouncl A’ can Plag the role of the coolant

R T sy ————

29









4
i< o= (10W1i/i(eV) (%) (571(L/IZV)2




1 — o2

(AE) ~ 0.035 keV— (L e )2(28Gev) (L)z




In-flight e+
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A fun bound from \/ogagcr

3 Launchecl onﬁth o1C Sel:)tembcr 1977
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Vogager out of heliopause

Ez'nj < 10 MeV
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Tests of the scenario
. Direct dark matter search |
. Positron search by Voyager |
. otudying the correlation of 511 keV line with
magnetic field in various dwarf galaxies (e.qg.
) and milky way
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Coolant and final velocitg '

10 eV < my < 10 keV, nY|local == (pDM‘local/<pDM>)<nY>

o
Energg loss of C at each collision: AEc = my (—C) V2.

mc
mx /2 3
Coolingtimesca!ei TE:/ = ZEEC 1 - 447TmC (i_i)
mc (1+v%/2) C 0sUNy gyNymy \Vf U

For stable A’ Y = A, gv = gx

T = time scale of energy gainfrom supernova shock waves = 100 Myr

4
0.25 30'1 oca
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mc=4MeV, f=10"°

mec=2 MeV,f=56x10""

mc=4 MeV, f=5.7x10""
4 XENONLI1T data




—— First bin included
—— First bin excluded
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| nterl:)reting as abound

Fo 1510 a3t 3o

itetime of x - cCls ionger than million times the age of the universe

- keV line: c(C+C)=10"*b (1Of_7)2 (mml\fev)
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Wa ys to test

further Direct DM search)

511 keV line from dwart galaxies and correlation
with magnetic eld,

Positron excess to be observecl by \/ogage

harder continous photon sPectrum (annihilation
in Hight) from galactic center

supemova neutrino spectrum ancl neutrino
emission duration because of A’ couplecl to
neutrinos
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na ~ 10°(g/1071)2em =3
og ~ 3931( / (47rm%.)

)3 (10 keV) (0.03) (0.15)4 (105 cm—3)
My vr ax Ty

wov) (o

5 MeV 10 keV







0.3 x 10715 <
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Bounds on charge

SLAC bounds on mi”ic:hargecl Particles; Prinz et
al., PRL 81 (1998) 1175
|
o 41 10 e 5R 0
SUPcmova bound (energg loss)
Davidson, Hannestad and Raxcmcelt, JHEP 05 (2000) 0%
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t
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Supernova shock-waves

SO . | S

Pico-charged particles trapped in
galactic center







