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Pico-chargecl intermediate Particles rescue dark

matter interpretation of 511 keV line

Yasaman Farzan
IPM, Tehran

elusi@bes

neutrinos, dark matter & dark energy physics
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Situation toclag

From CMS and ATLAS: Higgs cliscoverg but

nothing more
Some news from L HCB

Neutrino Phgsics: Overall picture is consistent

with S, oscillation parag igm

Dark ma
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SuperCDMS Soudan low threshold

ENON 10 82 2013
CDMS-11 Ge reshold (2011

CoGeNT
(2012)
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WIMP-nucleon cross section (pb)
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Asymmetric DM (green ovals) ’ MSSM: a funnel

Magnetic DM (violet oval) ) . "
Extra dimensions (blue oval) . MSSM: bino-stop coannihilation

SUSY MSSM (red circle) * MSSM: bino-squark coannihilation
A MSSM: pure higgsino




N Whg simplest dark Paracligm should be true?
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WHAT IS STANDARD
MODEL?

The Standard Model
explains how the basic
building blocks of matter
fundamental forces and
classifies all the subatomic
particles known. Because

of its success in explaining
a wide Vm.y of
experimental results, the
Standard Model is
sometimes regarded as a
“theory of almost
everything”.
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Indirect dark matter searches

* Searching for stable Product from dark matter annihilation or cleca9

such as
. Photons
. Positrons
. antiProton
. antihgdrogen

* neutrinos




Indirect dark matter searches "

IceCube Lab
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IceCube Array

86 _sfis 60 sensors each
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Hints for DM from indirect search

N Signals that went away with further data: 150
GeV line observed ]:)9 Fermi-LLAT

o Signals that stag robust but 2o “out of
fashion”: PAMELA Signal, INTEGRAL 511 keV

line
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51 keV
« It has been observed for more than 40 years

o | eventhal et al., 1978

o e e annihilation
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INTEGRAL

INTErnational Gamma~Rag Astrophgsics |

| aunched in 2002

SPlat INTEGRA

ot

ESA

Angular resolution: 2°

finergg resolution: 2 keV
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—Total
Narrow line

- --Broad line

—-OrthoPs

Power law
* SPI 2004 public data
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Morphologg of the line

Galaclic longitude

Distribution of the line as observed bg INTEGRAL/SPI: ESA/Bouchet et al.
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Flux

Siegert et al., aetXnEB2 0052

(0.96 £+ 0.07) x 10~ ?ph cm ™ ?sec™*
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Some alternative scenarios

+ Radioactive clecag: 56N; 44T 1377 26 47
© Accreting binarg sources
© Pulsars

° suPermassive blackhole
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Dark matter explanation

% . Boehmj D Hooper, 5i”<, Casse and Paul,
Phys. Rev. Lett. 92 (2004) 101301

o Dark matter mass ~ few MeV

o(X+X e e") ~ 10 *pb
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Delagecl recombination

+ Rejonization = R rescatteringCMB Photons

Pp-Broaden ng last scattering surface

* SUPPression omc teml:)erature ancl Polarization

correlation on small scales (large multipoles)

s | ate time Thoml:)son scattering g Ao enhanced Polarization

correlation at Iarge scales

"



I Real Scalar [55 Einasto
I Dirac Fermion [7777] NFW

I Real Scalar [ Einasto
I Dirac Fermion [777] NFW
I Non-thermal

e” sector
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ST p-wave annihilation rescue the DM explana‘tion?

GX X Se el — (100 phus

s At galaxy: i s \/elocity at recombination

At freeze-out time:

c(X+X e et)=10— 100 pb

suPPressecl relic clensitg

P — . - — - P
TR T LR R
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Our scenario

e YFand M Rajaee, arXiv:708.01137

s (6 CCE o

* The velocitg of C will be above escape velocity.
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The magnetic fields of our galaxy, the
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Milky Way

The main magnetic field
structure lies in the plane of
the disc and follows the
spiral arms.

-1 Thered arrowsarein the opposite
direction to the black ones — i.e. the
magnetic field is reversed.

- Thereis also a toroidaland a
poloidal magnetic field (not shown)

magnetic field of
M51 galaxy
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| armour radius

s,

- 3x10~ mx
rp =95 pe X ( ) (5 Rev
(8 kpc) x sin(2°) = 280 pc
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10 pGauss
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, Acceleration bﬂ supernova shock

Waves
! Chuzhoy and Kolb, JCAP 0907 (2009) 014
T = dlog E/dt (100 Myr)~*
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We need a mechanism for energy loss.

The same mechanism that gives Charge ole Particles also

)

Provides a mechanism for cooling.
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» Feldman, Liu and Nath, Phgs Rev D 95 (2007)

U(l)x xSU2)xU(1l)y = U(1)em.

© Stueckelberg mechanism

o x5
1 2

X, B*" — (0,0 + M1 X, + MsB,)*

e ] el

Dark Photon, o main!g comPosecl of Xy

T T e TR : S e e~ - - r—
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A Particuiarig interesting limit

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

O —¢ Decoupling of the sectors

gJ——> Standard SU(2) coupiing

| q= —¢
€
|

Eieétric charge of C Particles
3

3
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A Particuiarlg interesting limit

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

O —¢ Decoupling of the sectors

gJ——> Standard SU(2) couPIing
i e = 6

. €

|

Eieétric charge of C Particles
:

For 0 = ¢ still g o< maxle, ]

)

N ——— e e T———T et T U TR S —— . - —— o—
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A Particularlg interesting limit

. b —

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

O —¢ Decoupling of the sectors
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Dark Photon mass ar]:)itrary gjven bg My

- -— L e

No tree level coupling between 7' and SM fermions
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Decag of Dark Photon

* kinetica”g available clecays modes for keV dark Photons sialialaia’ 11/

- l_anclau~Yang theorem 7/7/77
. 9% q°
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10 eV < m. <10 keV

/

Non-relativistic at recombination

. Al G i kit oy G~ s mty

5ubdominant clark matter component
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T —/mm e 1|6 =100 Myr( me )3 (10 keV) (0.03) (0.15)4 (105 cm-3)
. me (1+v%/2) AE¢ ogvn.y “e = 5 MeV My vf gx Tyt
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where f =T xt"

* Dominant DM comPonent cannot be relativistic [Auclren) AT

e

412 (2014)]
+ Notall ’y, are ejected:

» (' should be accumulated

Bounds on  fraction

q

< 1072 (

2

)

( MMy
10 keV

) (

n x

10 MeV
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nc(o(CC = v )uto <1

f<6x|04(
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nmc
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xe

§-10 Before recombination

mfyf

¢ ~ gx max[0,e] ~ 107" -3 x 1

Ao |Cl7 (') CC — ¢ ¢/
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e

Bounds

'« SLAC bounds on mi”ichargecl Particles; Prinz et

al., PRL 81 (1998) 1175

g<4.1x107°e—5.8 x 10~ %e

o Supemova bound ( e e
and Raffelt, JHEP 05 (2000) 03

q < 1077

27



T ——————— . Sy

..%_‘ Y P

— 4l

gy e s e e et e B e

e

e

DR B s i, il

W Pt St

A few words on dark matter

L0 0(10 MeV)
(0(X+X 2 v+4+v,0+0)v)|tor =1 pb
Bohm et al., PRD 77 (2008) 043516;
Farzan, PRD 80 (2009) 075009 |
The bounds from CMB on N.f¢ then implies mx > 5 MeV
Wilkinson et al., PRD 94 (2016) 103525 :f
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Supernova shock-waves

Pico-charged particles trapped in

galactic center
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Positronium clecag

i ala)
< Decag at rest: 511 keV line

S Deca9 N ﬂight: harder and continuous

spectrum
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Beacom and Yuksel, PRL 97 (2006) 071102

Einj < 3 MeV Assumingzero ionization

Size, Casse and Schanne, PRD 74 (2006) 063514

Ein; < 7.9 MeV 51 % 1onization
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A fun bound from \/ogager

 Launched on §t|n of September, 1977
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A fun bound from \/ogager

Containinga Piece of Azarbaijani MusIC

——— R P . " . ety = A ———— N
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Vogagcr out of heliopause

Einj < 10 MeV
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Direct detection

& relativistic

v~ 1/3

2

1 D - mo 2 (28 GeV
AE) ~ 0.035 keV-——— (550)
(‘—\‘E> ) B | — 12 (l/:}) 3 MeV ( M N

My
A\[N + Yymg

2

Present
LUX experiment Eip = 3 keV

DAMA Eip = 2 keV

CRESST |l Etn = 0.3 keV

Future

SuPerCDMS E, = 0.056 keV |
CRESST I E,;, =0.02 —0.06 keV

Edelweiss 11l

Eth < 0.1 keV

45




In-flight e+
annihilation

particles
(my = 40 MeV)

In—flight e+
<A annihilation+
Bremsstrahlung

Supernova

b% z\ BBN
Trapped —

e Edelweiss |l
CRESST Il

<4 Voyager

e — Edelweiss ]

SuperCDMS
T CRESST Il

L m
20 ‘,2? c[MeV]
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Tests of the scenario

+ Direct dark matter search
« Positron search l:)ﬂ Vogager

S Studging the correlation of 511 keV line with
magnetic field in various dwart galaxies (e.g.

) and milkg way

48
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Summarg

* Scenario for saving DM interl:)retation of 511 keV signal from CMB bounds. ;

s Dark matter clecags to a l:)air of Pico~charged l:)articles that stag n galaxg |

and eventua”g annihilate to create electron Positron.

» Testable bg low energy DM search exl:)erimcnts Edelweiss | [, superCDMS
and CRESST Il with distinctive clcl:)enclence on the recoil energy.

* Searchfora Positron signal in outer space bg Vogager

» Correlation between galactic magnetic field and 511 keV signal N our galaxg

and in dwarf galaxies

* General scenario aPPIicable for the indirect DM signal other than the 511 kev

line ;

7



Direct annihilation of C Pairs to

electron Positron Pair

CC — ¢o eecC'C
A

o(CC — b¢) ~ 100pb

A ~ 100 GeV
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In two steps

Ces

PP

g¢¢e_e+

0.3

A

e

x 1071 < g4 < lOiil

‘z
% clecag length sma”er than 100 pc

3
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SuPcmova
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