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Abstract: If dark matter consists of a multiplet with small mass splittings, it is possible to ssmultaneously account for DAMA/CoGeNT hints of
direct detection and the INTEGRAL 511 keV gamma ray excess from the galactic center; such dark matter must be in the 4-12 GeV mass range. |
present scenarios where the DM transforms under a hidden SU(2) that can account for these observations. These models can be tested in low-energy
beam dump experiments, like APEX. To explan PAMELA/Fermi excess electrons from dark matter annihilations, heavier TeV scale DM is
required. | will present new more stringent constraints from Fermi gamma ray data that tend to rule out such models. However we find a loophole:

DM annihilations in a nearby DM subhalo, between us and the galactic center, could provide the excess leptons while respecting gamma ray
constraints.
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Personal motivation

Galactic 511 keV - ray excess has been observed since 1972.

Ersroy (ke

¢ Fie 3. 311 keV flux spertrom obtained nsme 3 sanssian
the GO wth & FWHM of 16°

So far no convincing astrophysical explanation.

Dark matter models with small (~ MeV) mass splitting can naturally
explain the signal.

How to prove it? Need some complementary signals: e.g.. direct
detection of DM. detection of gauge boson in beam dump
= S¥REriments



Why hidden sector DM?

e [t is easy to imagine a hidden (or “dark”) sector

: E = E""-Ur 3+ Eili*i J'_ ’C’E‘H.!ﬂ.‘tl
with
> 2 2 , Tl
L—;-p._w-r.-:l = f\ijfErmrl OI ‘*Fi_uﬂu.l.}-w

e Dark sector is a natural origin for dark matter.

e Dark sector gauge symmetry, like in SM, could be
nonabelian and spontaneously broken

With a low ~GeV scale of breaking, this is all we need to

explain several galactic cosmic ray anomalies (+ DAMA)
(Arkani-Hamed, Finkbeiner, Slatyer, Weiner 0810.0713)

B0 10 What extent can these anomalies really be explained#
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The cosmic ray anomalies

e Excess 511 keV ~ s from galactic

center, observed by
INTEGRAL/SPI

e PAMELA positron excess - e tg bt |
at 10—100 GeV b e
- - HH"M.HH_
e Fermi/LAT = excess s
at 100—1000 GeV o



A simple nonabelian DM model
e SU(2),... gauge symmetry with triplet DM:

+ . | — i ." \ J_ i ) L] 1 I.I'.-'urf' >
L\l == j\ ; "._ 'F-.'DI,.'}[ _— __-\_[w\ I.}.n'.-; j"\_;; r— FB,{I’-"B:‘" — IA”B”I }_IJ._J.I,_.

rd

dark mﬁatter dark gauge sector mixihg with SM

e Triplet VEV (.} gives B>-~ mixing.
e We need second triplet \’ to fully split \, states:

+ XN (A® —o7) +X"(A- AT

)

‘Lir;ua — Al AX — %)
e Unbroken Z, symmetry can play important role:

X183 — X133 B[,_‘L — _BL;_-‘, A;__;_.} — _AI_,_'_-L Afl, g _AEL_..{
\2, B2, Ay, A, uncharged.
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Mechanism for high-energy leptons

gl B

1

-

o

I(ﬁ
b W g B S
W
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A W e
A S e S 4
N NSNS

\a

Gauge boson mass i = 2 GeV,

explains why PAMELA sees no
excess j.

B'sdecayonlyintoe™e™, 777,
;_f+;f_, V.

A, ~ TeV to explain Fermi ¢=
excess.

Multiple gauge boson exchanges give rise to boost factor
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A simple nonabelian DM model
e SU(2),... gauge symmetry with triplet DM:

» Lo (377 ) L pa puw '_ uuy”
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dark m'étter dark gauge sector mixihg with SM

e Triplet VEV (\,) gives Bs-~ mixing.
e We need second triplet \’ to fully split \, states:

} e =}

Vissss = X(A® — o™ 4 M(A®— ™7 - A0 A- A)
e Unbroken Z, symmetry can play important role:

\1s — —\1s. Bis— —Bis Aug— —Aus Al — —Aj,
\2, B2, Ay, Al uncharged.
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Mechanism for high-energy leptons

el B
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Gauge boson mass i = 2 GeV,

explains why PAMELA sees no
excess j.
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A simple nonabelian DM model
e SU(2),... gauge symmetry with triplet DM:

+ | — # =7 = | 1 i L1 1 LN
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i

dark matter dark gauge sector mixihg with SM

e Triplet VEV (\,) gives B>-~ mixing.
e We need second triplet A\’ to fully split \, states:

R )

Vissee — MAZ — 85 4 F(A= —a™F £ V(A - A
e Unbroken Z, symmetry can play important role:

X183 —X1.3 Bis — —Bias A3 — —N\ia. A':1,:_-. — —Afz.:f;
\2, B>, Ay, Al uncharged.
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The cosmic ray anomalies

e Excess 511 keV -~ 's from galactic

center, observed by
INTEGRAL/SPI

o PAMELA positron excess
at 10—100 GeV

)
Ener :'Etr'l
M [ToOd)
ARPC=1_1 [MNHT) Tang o o [
PPR=SETS | TOOE] 4, Moncryshi | 1998,
- AESE= :-""'I
™ I e é A, oI 1
; 2 . : (o ]
.+ g o i _E ﬁ,g—_:é- .E.'_E T0E | 4,
e Fermi/LAT = excess B
et BT ¥
at 100—1000 GeV o 10 :
= i
' ol m | &
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Mechanism for high-energy leptons
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Gauge boson mass ¢ = 2 GeV,

explains why PAMELA sees no
excess j.

B'sdecayonlyintoe™e™, 7777,
/_J+;r_, V.

A, ~ TeV to explain Fermi ¢=
excess.

Multiple gauge boson exchanges give rise to boost factor
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Mechanism for the 511 keV excess

Variation on eXcited Dark Matter (XDM) mechanism of
Finkbeiner, Weiner, astro-ph/0702587 : \ 1\ — \1\:.

X3+ Xre e
et _‘_:;_ + L:n
\ ﬁ/ s
B‘ BL" X
l-ml £y = !
: y OM 2 ~100 keV .
;Mq\ Originally proposed spectrum
/ B[L X Arkani—Hamed et al.. O310.071
£17 ‘ N Xy
Ly A — N\, excitation was proposed to explain DAMA/
LIBRA annual modulation.)



Origin of small mass splittings

With gauge symmetry spontaneously broken, radiative
mass splittings are of order 41/, ~ a, du

Bu B;
"-/:'1 '_r_/\/\"L, — ,-J_/T/\_L‘ :-—"l--la(;l'l‘ﬁ_:'_!'l“q]
X7 £3 -
3 l
X ﬁ + - — 15 0L | +HL5)
L1 £3
9 1
B; BILL
s ‘JJ\A_H iy l_r-/"\ﬁ_’ L0 HL,)
A1 £2 -

For 6 ~ 100 MeV and o, ~ 0.01, 61/, ~ MeV.
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Mechanism for the 511 keV excess

Variation on eXcited Dark Matter (XDM) mechanism of
Finkbeiner., Weiner, astro-ph/0702587 : \ 1\ — \1\z.
3~ Xt€' €
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Origin of small mass splittings

With gauge symmetry spontaneously broken, radiative
mass splittings are of order 41/, ~ a, du

B B
'8 '_[_/\—’\-L, + rJ"/\/\_L] = —15 OL(LL,HL5)
X %3

B B,

A

W it "SR il
A3
B> B,
Sadiins
X ) &)

= —17 O 1"".[1 7)

Wl

u
u
1
u
= —15 O(LL | HL,)
1 2

For o ~ 100 MeV and a, ~ 0.01, 61/, ~ MeV.
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XDM mechanism is too slow

We showed that a different spectrum is needed to get large enough
rate (Chen, JC, Fradette. Frey. Rabideau 0911.2222)

Let yoxo — 313 followed by y3 — yieTe™:

£
v IM>3~100 keV {

SM > > 1 MeV
% ~

\ [nverted hierarchy spectrum
L2

J wf

(Chen. JC. [__!-;:-. - 0901.4327)

M@ed stable ., population. Z, symmetry can prevent \» decay. reezes




Fermi Inverse Compton constraint
Papucci, Strumia 0912.0742

High-energy leptons produced by \ annihilation upscatter photons
In galaxy: would contribute to -~ ray spectrum observed by Fermi:

DMDM — u"u~. M =1.3TeV.ov=28x 10" cm’/s

Pirsa: 10100056

L= db, /dE i GeV/em sec sr
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= 3 ¥ 5 5 —20<b<—10=
2 7 10 << 20
! isothermal
EF ] ‘rzlkm;
p e S TS - ey T ' ’ L
i L2 FSR
| E _ §
10° [ 45 i Ui *“ ;
1071 1 10 102 10°
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XDM mechanism is too slow

We showed that a different spectrum is needed to get large enough
rate (Chen. JC, Fradette. Frey. Rabideau 0911.2222)
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Fermi Inverse Compton constraint
Papucci, Strumia 0912.0742

High-energy leptons produced by \ annihilation upscatter photons
In galaxy: would contribute to ~ ray spectrum observed by Fermi:

DMDM - u*u~. M =1.3TeV.ov=28x 107" cm’/s

Pirsa: 10100056
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XDM mechanism is too slow

We showed that a different spectrum is needed to get large enough
rate (Chen, JC, Fradette. Frey. Rabideau 0911.2222)

Let \ovo — 33 followed by \ 3 — \ie7e:
e—-:— e e-l— e

L5
xh E)he[j: ~100 keV ®

SM > >1 MeV
% |

A~ [nverted hierarchy spectrum
/ BLll \ (Chen. JC. F;-L-:_ (901.4327)

M@ed stable \» population. Z, symmetry can prevent \» decay. reeous




Fermi Inverse Compton constraint
Papucci, Strumia 0912.0742

High-energy leptons produced by \ annihilation upscatter photons
In galaxy: would contribute to ~ ray spectrum observed by Fermi:

DMDM —» u"u~. M =1.3TeV.ov=28x 10" cm’/s
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XDM & Fermi/PAMELA incompatible

e XDM rate ~ (o) p?(0) at galactic center. Need large central
density p(0).

e Fermi IC constraint strongest in direction of galactic center.
Need small p(0)!

e Einasto profile p = p- exp (—=[(r/r:)* — (r= /r:)"]) is more/less
cuspy for smaller/larger values of «.

| . | ! | .- |

[ p, =035 GeViem® P
dra—i e g " TNeed a = 0.17 for
r. =3 Kpc .
G ¥ e ~ w1 large enough XDM
D
- D35 | rate; ruled out by IC
S | constraint.
2 Model predicti |
bk ¥ odel predictions ' .
s T - Cirelli, JC
= > oo 11 =30 MeV l s
- il =) == 1= 100 MeV 1 D'DE 17/ 9
bl QR —s =130 MeV| _
g a1 =200 MeV| |
C I 1 I I I I L I I 1
Pirsa: 10100056 pr I | ) I,{w 28 - 3.7 34 | Page 26/69
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INTEGRAL vs. PAMELA/Fermi

An illustration of the problem (JC. 1005.5001)

.
.1:. - b | -
= GO0 =
= bt —
= i L e
o F -
— ] L -
A00 =
L)
; o ]

200 F _— =3 :
-— S ETa
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0.2 0.4 0.6 0.8

M i{TeV)

(Y — ”J_i_ r"]l[ = ]_l}('l ]_{r.--\*

L (MeV)

Contours of log B,.- /R.1,s iIn DM-B,, mass plane:
EURE BN ' 1000Fofo ik /T 3

500

0.4 0.6 0.8 1

M iTeV)

| — “_;'H r-.‘;__\[ o jr] k{!\*

Shaded regions are ruled out by inverse Compton constraint

Need a =~ 0.20 to satisfy (old. less-constraining version of) IC

constraint
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Stronger Inverse Compton Constraints

Differences with previous studies:

We use GALPROP to solve diffusion equation, rather than
semianalytic approach (Papucci, Strumia)

We find most constraining region in sky is —9° < h < —1.57,
0 << 9° Lin et al. 1004.0989 average over 10° < |b| < 30°,

(We show constraints at 20 rather than 3¢o)
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Strengthening IC Constraints
A. Vincent, W. Xue, JC, (1009.5383)

] L
ey fu

. ',_

:I 1 :_: 10

g = = 3
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= E 3 _ = .
| & Zermidata - o3

it I oS from background I S s

S il — MLESAH ’ = jo—l| ® T¥midaa |

g B s G o ICS from background

- t| ——MH+5H scenaric ¥ N = | = == r. =30 kpe. = 0:25

b -—-— MH+SH: MH 2ontribugion anly : ¥ S et L

= r| —— — KIH+3H: 5H comribution only § = H———f==30 kpc_ e =0.20

1! 107 10 10 107" 107 10" 1

Energy (GeaV) Energy (GeV]

a=017. r. =25 kpe a—0.20.0.25, r. = 30 kpe
Even less cuspy profiles violate the constraints

Using GALPROP gives more stringent constraints than
semianalytic approach to solving diffusion equation
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Strengthening IC Constraints
A. Vincent, W. Xue, JC, (1009.5383)

S liim EX el Ecll (G oV

||.:|:_-

Farmi data
25 backaround
[sothermal bastiit

isothermal profile. p =

1a°

=i

Energy (G

L1 f s )=

Highly cored isothermal profile easily satisfied earlier constraints;

Is now ruled out (at 20)
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Substructure Loophole

Main DM halo contains zillions of subhalos (Via Lactea Il simulation).
each with its own Einasto profile:

Qutlier with high p. can be source of Fermi/PAMELA = excess if it
lose enough to us

Pirsa:,1010005
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Irsa:

Substructure Loophole

How close? Within 3 kpc (compare to 8 Kpc distance to galactic
center), but farther than ~ 200 pc.

clictacl ol ey ed flux

Pra

Catch: needs to line up with galactic center to avoid much stronger

gamma ray constraints

o, need specific values of boost factors for annihilation in the raese
s1ibhalaos but these can be comnuited in a aiven DM model

dist@ance from zarh o SH ce




Constraint on main halo boost factor

Consider simplest U(1) model of DM.

Sommerfeld boost factor S is known function of gauge coupling .
DM velocity + and mass ratio /1.

o, Is fixed by relic density (and dark Higgs charges ¢;).
M =1 TeV by fit to Fermi data.

=
E_I kEI_ = |6

predicted

|
irsa: 10100056 1L1 { G l'} ‘UF j Page 33/69
Predicted MH boost factor is alwavs areater than maximum allowed



Leptophilic DM as small component

A way out: let o, exceed thermal relic value. o, = v fa, . f > 1

~ : 2 . 5 | v )
ar) — T:r_‘Tr_’i, g —r —=, TR — gy g

I /

Predicted effective boost factor goes down by 1/ 7.
We can satisfy main halo ICS constraint.

Subhalo boost factors for producing ¢= also go down. but they are
enhanced by small » in subhalo

Subhalo | r.(kpec) | a.';q-ﬂf:r_‘--“;" | l“h‘lEF{ i (0€) | Migue kniys)
1 0.01 69 4.74 33.9 2.9
2 0.1 3.46 4.34 95.5 6.7
X, 3.2 0.04 3.76 178 22
rsal 10100055 0.9 1.27 235 165 36 pagesues
- 4 4 A A | 4 =-n | 420 | -



Constraint on main halo boost factor

Consider simplest U(1) model of DM.

Sommerfeld boost factor S is known function of gauge coupling « .
DM velocity  and mass ratio . /1/.

o, Is fixed by relic density (and dark Higgs charges ¢;),
M =1 TeV by fit to Fermi data.

s
E_l q. =16

predicted

|
LL { GeV) Page 35/69
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Leptophilic DM as small component

A way out: let a, exceed thermal relic value. o, = v fa, . f > 1

. - . 2 . 9 1. )
. I;I_. _,T,, -.r,.q- [ he { I,JT"-'. FEE
g — JAgyy. P —f" TP~ — Z(OT)p

Predicted effective boost factor goes down by 1/ 7.

We can satisfy main halo ICS constraint.

Subhalo boost factors for producing ¢= also go down. but they are
enhanced by small » in subhalo

log BE

Subhalo Fad l{lju'- ) ; {_;t_{_ -r-m" | I meeded) *'/mi_zl (pc) 1 'm.- s i km /s)
1 0.01 69 4.74 33.9 24
2 0.1 3.46 4.34 95.5 6.7
3 3.2 0.04 3.76 178 22
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Leptophilic DM as small component

A way out: let o, exceed thermal relic value. o, = v fa, . f > 1

f ) / ) J— . -3

(‘I".- - ;{_ r‘Tf 1 p — _f_ r’T ?__:I”,_,_ - F.:'I.-TI-,-:.;;_;
Predicted effective boost factor goes down by 1/ 1.

We can satisfy main halo ICS constraint.

Subhalo boost factors for producing ¢= also go down. but they are
enhanced by small - in subhalo

log BF

Subhalo | r.(kpe) -{.';.-\%r-‘--[“"' | e | i (0] | Ve [Jemiiys)
1 0.01 69 4.74 33.9 2.9
2 0.1 3.46 4.34 95.5 6.7
3 3.2 0.04 3.76 178 22
rsal 10100056 4 0.9 127 235 165 36 rasesries
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Specific realizations

Predicted versus desired (or upper limit) boost factors:

subhalos

p— I —I - —I.l-\. r | —. 1 ]
- Fanasto profile. £=300. V__ =277 km/s
mEx

| ' |
0.3 1 ...
i iGeV)

| ' I35
L {GeV)

Points of intersection for subhalos are successful models

Main halo curve must lie below [CS bound

Can further reduce boost factors by taking larger f

wadhalos can rescue annihilating DM explanation of PAMELA/Fepml
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Predicted versus desired (or upper limit) boost factors:
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. subhalos | :I subhalos
o el — | e —— —— e —— =
s I . T T
=T ' i 1 I || i : .
= A J ANt A
= R L
L5 eyl 1d s R T
il AN,
! the—
r-—-—-—---'L.l'5-'"I.‘"'''"""It!i'h“i."lllliI 4 T_;T ; & e
nran halo main halo

i iGeV)

I
L {GeV

Points of intersection for subhalos are successful models
Main halo curve must lie below ICS bound
Can further reduce boost factors by taking larger f

adhalos can rescue annihilating DM explanation of PAMELA/Fepmi










Light hidden sector dark matter

A way to recover DM explanation of 511 keV excess.
+ DAMA annual modulation + CoGeNT excess events

2-6 keV

Kestdwals (epd/kg/keV)

=

DAMA/LIBRA =250 ke (087 tonovr)
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with 1/,

Exothermic dark matter?

Graham et al. 1004.0937: exothermic transitions \o N — N’

~ 4 GeV, o1/, ~ 5 keV can explain DAMA modulation

) Tpe— 1 \ Bgme
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E.. \.'QL!___'-._‘ \\M\Wh . : 1 E - "\ X ¢ ":':':?}:\\ A
& wh N N 1 = wp Nou SIS !
o "N Hi}i“g\\ = N R
:‘_; '“‘ﬁx_\‘%l:en“ N 1 2 :\‘“x :'\ . }:.k\
= Namo = 18 R R
= 5 “-S 1= 5 = -
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i ; = K"""-—L_\_\_\_\_ _I
1 constant channeling ] - energy—dependent channeling -
Z B | 5 33 =11 -.I:". ..“'I | _ - I"_:'-. - 3 'I | " | I—.i'l 43
Dark Matter Mass m, (GeV) Dark Matter Mass m, (GeV)
Shape of exothermic recoil energy spectrum is sensitive to DM
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Exothermic dark matter?

Graham et al. 1004.0937: exothermic transitions can also explain
CoGeNT excess events

R e 1
0~ bkel — CDMS-Si

XENON10 L 4= .03

XENON10 L= .08

DAMA Unmod Rate 2 keV
----- DAMA Unmod Rate 1.5 keV
- — = PICASSO

—
-
—
——

DAMA Allowed (68/30/99%)

| CoGeNT Allowed (90%)

n, (GeV)
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Getting the 511 keV signal in addition

JC. Frey. Chen 1008.1784: Add a third state below these two to get
\23 — Y1€ e transitions.

We argue that either exothermic or endothermic transitions can
work for DAMA/CoGeNT. (Slightly endothermic is as good as
elastic.)

endothermic exothermic
£y — A3 — S—
- % BI\I Y 3 ke \J h'\x . b:\[ i e = l{c-"\f ;
X, —= L\ | Ay —=
oM ,>2m, | oM 22 m_
ffl j
,\ PP /
X £
=gt Nneed one DM state to be metastable on 10 Gy time scale. e

(- < 10— far dacav of matactahla ctara)



Particle physics model

Same as before.

A |

but need extra source of large mass splitting.
1

=YX 25 X,

via quintuplet VEV (¥;;). Can naturally arrange
09 ~ 0My3 ~ y(X) ~ MeV

’;-_1"-['_{.'_'; h fi‘._...’l ,I”I_) = ij | i !_‘:i_"-&r

with a, ~ 107 (relic density), y ~ 107, (AU)) ~ (¥} ~ 10 GeV.
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Getting the 511 keV signal in addition

JC. Frey. Chen 1008.1784: Add a third state below these two to get
\2.3 — \ 1€ e transitions.

We argue that either exothermic or endothermic transitions can
work for DAMA/CoGeNT. (Slightly endothermic is as good as
elastic.)

endothermic exothermic
A = X3 — ST T
. OMa~S5keV Y\ |0 SMy~SkeV
Ly—— \ | X2
oM ,>2m, | oM, =2m,
/
;
% X, /
=gt Nneed one DM state to be metastable on 10 Gy time scale. e

f & 10— far dacav of matactahla ctatra)



Pi

IIIII

Particle physics model

Same as before.

£, =30(iD,; — M)\ — =B, B T LA BT,

but need extra source of large mass splitting.
1
=YNiXij X

via quintuplet VEV (¥;;). Can naturally arrange
oMo ~dMy3 ~ y(X) ~ MeV

!;Jlf-_{j_: ~ gl o — 2 ) =~ keV

with a, ~ 107 (relic density), y ~ 107, (A")) ~ (¥} ~ 10 GeV.

: 10100056
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511 keV rate for exothermic DM

Contours of loe R, -/ R,
u .= 1000 MV

W MV

1= S0

50 MeV

_r"_‘--'-'-'-r
4 05 =4 -
— i
= = .
Ak,

G 1 e

Rate of \1\3 — o\ o at galactic center prefers ;
X3X3 — x2x24atg P )"“’V\<

smaller ;1
X, DA

Relic density of \; dueto \3\3 — 1\ In early B, /
YW\\\

universe prefers larger ;15
X3/ s A3
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L5auge boson masses are related by symmetry breaking
mechanism (dark Hiaas content): 111 = /15 — 12 ~ 2/ 1> 8 oa /ev




Caution: cuspy DM profile required!

We used o = 0.065. r. = 5.3 kpe Einasto profile. Much cuspier than

‘standard” a = 0.17. r. = 20 kpc.

Rationale: DM simulations with baryons get cuspier profiles

Pirsa: 10100056

Tissera et al. 0911.2316
Milky-way-like halos
from Aquarius simulation

Galaxy | o« | rs (kpc)
Ag-A-5 0.065 B3
Ag-B-5 |0.145 15.6
Ag-C-5 [0.115| 10.2
Ag-D-5 0.102 14.7
Ag-E-5 0.098 11.1
Ag-F-5 |0.112 15.6

loe R/ R ;. contours
using & = 0.08, r, = 7.5 kpe:

F-I- = 500 MeV
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Pirsa:

511 keV rate for exothermic DM

Contours of loe R, -/ R},

=250 MeV =500 MeV u,= 1000 MeV
7 oW T T ) T T T X O T T T
IE‘ : b i L .-"E; — IE
N | | _
i e Uk 2
4f 05 | -
2 NN = A
3 0 L H ) = g
by i
,__'_'_._._,_.—-—'—;_':_'_'_'_'l‘h'--: i E_
1 =T 1 1 ] e
1.5 25 3 3.5 4 4T 1 tE
M (GeV) i

Rate of \3\3

\ 2\ 2 at galactic center prefers
Fy
smaller 1, . 5

Relic density of y3 dueto \3\3 — \ 1\ 1 In early
universe prefers larger ;- \

(3aLge boson masses are related by symmetry breaking e 52
mechanism (dark Hiaas content): 11+ = /15 — 12 ~ 2/ 15> 3 oa /ev




Caution: cuspy DM profile required!

We used o = 0.065, r. = 5.3 kpe Einasto profile. Much cuspier than
*standard” o = 0.17. r. = 20 kpc.

Rationale: DM simulations with baryons get cuspier profiles

Tissera et al. 0911.2316
Milky-way-like halos

from Aquarius simulation
Galaxy | o rs (kpc) | ﬁ '\\'
Ag-A-5 0.065 5.3 M~ Na. 2

o |

loe R/ R, ;. contours
using o« —0.08, v, — 7.5 kpe:
H,=500 MeV

Ag-B-5 0.145| 15.6 2 8T - N |
Aqg-C-5 [0.115| 10.2 ERd: T aw e R |
Ag-D-5 (0.102| 14.7 5 af
Ag-E-5 0.098| 11.1
AgF5 [0.112| 15.6 L
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S11 keV rate for endothermic DM

Less cuspy profiles are needed:

Hooper et al. 1007.1007 using a = 0.12,

— 12 kp&:

'S
1L, =500 MeaV

T -__.'lu 3 20l T _.r"

Al M
T ’ F oz
0= = ¥,..=600 km,/s = P
: g ! r:‘l . —
L - DA (S0F, 99X CL) = -
= — == = b - =
i e, e q0 4
o = ! R e _}" e
—— e = === — STt e
o e r | = — 1 = g —
= S ‘\.‘.. _‘--—.;\_‘_T___ cal| _,_rl ‘I‘ ___,'—o-—'—"'_'_ﬂ-
= 10 - P — - e
= B S - To e
- . o S =t
o _ * g g b
bl ; = 1
- GeNT (90%, 99% CL e
0—2 1

o A vizay )

M (GeV)

Relic density of \» due to \»\> — 1\ In early universe prefers
larger 1:3. which is heaviest of the 3 gauge bosons.

=3

fr3 = pt2 +—0Moy

il (
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Decaying DM scenario

Lifetime of metastable state \ > or \ 3 Is controlled by Kinetic mixing

parameter 3 Or .

-
’Llii_'i_l

Y " B‘ Fu

where ¢; = (\;) /A;. If e35 ~ 107! then intermediate state is
already present; decays >3 — \ ¢ ¢~ give observed rate of
positrons, no need for collisions in galactic center.

Angular distribution of
511 keV signal could
reflect DM halo profile;

consistent with less
cuspy profile

If scattering. positron
transport before
annihilation required

Pirsa: 10100056

l

o=0.13. tc = 13 kpc
a=0.11. tg= 13 kpc
a=0.11. rg = 10 kpc

scattering
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Are there other predictions?

We would like to test the DM annihilation hypothesis using

Independent observables.

e Beam dump (fixed target) experiments

target detector
- 7 at [ =
K —
XY
v ?N -
e Monoenergetic ~ ray from \; — \ 7 at galactic center
s K
B, i
%s K i ransition magnetic
e B, moment interaction
J_fJ (Chen. JC. Frev.
Pirsa: 10100056 ' B ! 907.0746)
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Laboratory and other probes

Kinetic mixing « and gauge boson mass ;. parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:

. ' 107 1
]_U-_“ EI = il 3
107 etk : 10
4 [ | ; -
10 §£ s 107° =107
10-—5 'l 1l i E __-: P
" 10| L B i
o : St s
107" y 10 £10
_ - . ] i
107® ;‘______......-"'} @ cxothermic 3 10 —:-:H]"g
B e rmic 3 3
1072 107" I » 1072 101 1 W
u (GeV) u (GeV)
Existing and proposed experiments APEX reach

¥ A caio et-al- 1001 23557
Bjorken eral. (9060380 Essig eral- 1001.20-
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X3 — X12 + 7 decays in galaxy

After yo\2 — 1\ 3 excitation. transition magnetic moment leads to

Could INTEGRAL could potentially see this ~ 1 MeV ~ 7
We find it is too weak.

But in exothermic - Ll e
model, analogous = MItTezzzo MY y
decay X3 7 X2 i €% = 3 d -*""Ié.';!%_.-i__; i ! :"I

with £- ~ 5 keV : gy o LI W
may already be Y b bob i BN TR
ruled out by g OOTRESI e de ran sl R iBe et Bt T
Chandra b ERERMETE He T A B e s i
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Laboratory and other probes

Kinetic mixing « and gauge boson mass ;. parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:

-

. 107 10°° 1
1 [ 5
107" S e
107 g 1 .
f : S | e
107" . 10 _ 310
10-8 ___,____......--"""" & exorthermic _ 10 —;:IU"Q
10-9 _ e . o I@ ':‘!I'l[_]ﬂli'h‘c‘ll‘llll.ij : £ I EIG_?
107> 10 L 10> 10° 1
u (GeV) u(GeV)
Existing and proposed experiments APEX reach

’ N ceim ool T IS8T
Biorken er al. (0906 038(0) g (i NS —"s
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X3 — Y12 + 7 decays in galaxy

After yo\2 — ya3\3 excitation. transition magnetic moment leads to

v3 — 17 aswellas \; — ieTe™.

Could INTEGRAL could potentially see this ~ 1 MeV ~7?
We find it is too weak.

But in exothermic - e et
model, analogous ~ MIsTez iz LT 4§ C
decay \3 — \2° s M0 mEzanaz= 3 LU T

with £- ~ 5 keV = pi P B -
may already be : Eiiz i & b e
ruled out by g COTRREI duidm il il 8 el it ey T
Chandra N PRSI el s e S a1
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Conclusions

Heavy hidden sector SU(2) triplet DM can (with some tuning)
explain PAMELA. Fermi/LAT cosmic ray anomalies

Light hidden sector DM can explain DAMA and CoGeNT
observations. as well as INTEGRAL 511 keV excess

Other kinds of models could explain DAMA/CoGeNT. but if DM is
responsible for 511 keV, multicomponent model seems like best bet

Astrophysical mechanisms for excess 511 keV remain unconvincing

Fixed target experiments. monochromatic galactic MeV - . direct
detection. could be complementary probes

A higher resolution instrument than INTEGRAL could help us solve
the 511 keV mystery
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Laboratory and other probes

Kinetic mixing « and gauge boson mass 1 parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:

® 1077 1

wt

i

5

102 =g

107 ; 1107
—4 [ B A
107 =, i
- 1 a-sl R _; -3
=_ | E | LY - .
10 ; i_____.__—"‘} @ exothermic = —:;IU"’
10-2 _ i I[I! c'l'l[_]l."llE]ll.;?ll']llllij _ " \ E137 I E}U_g.
1072 107" [ 1072 10°! 1
i (GeV) u (GeV)
Existing and proposed experiments APEX reach

Ij|' rken er al. (U Mo '_:'-\";' J =
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Hidden sector dark matter: direct
detection and cosmic ray anomalies

Jim Cline, McGill U. & Pl

Perimeter Institute, 5 Oct. 10
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A simple nonabelian DM model
e SU(2),... gauge symmetry with triplet DM:

Ly = sxalily — My 8y )xs — =80 B — (ABYY,,
dark matter dark gauge sector mixing with SM
e Iriplet VEV (\,) gives B,-~ mixing.
e We need second triplet \\’ to fully split \, states:

=) “} T P =

Viiss — MA® — 7)Y 4 N(AP —®)°® - (A - AT
e Unbroken Z, symmetry can play important role:

Y13~ —X13: Bra——Bra DMg——Dgs Ajg——Ahy
\2, Ba, Ay, Al uncharged.
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The cosmic ray anomalies

e Excess 511 keV ~ s from galactic

center, observed by
INTEGRAL/SPI

e PAMELA positron excess gl
at 10—100 GeV - e

~ e i
e Fermi/LAT = excess : F

at 100—1000 GeV g '™

Pirsa: 10100056 Page_65/69
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Personal motivation

Galactic 511 keV - ray excess has been observed since 1972.

So far no convincing astrophysical explanation.

Dark matter models with small (~ MeV) mass splitting can naturally
explain the signal.

How to prove it? Need some complementary signals: e.g.. direct
detection of DM. detection of gauge boson in beam dump
= S¥REriments



Conclusions

Heavy hidden sector SU(2) triplet DM can (with some tuning)
explain PAMELA. Fermi/LAT cosmic ray anomalies

Light hidden sector DM can explain DAMA and CoGeNT
observations. as well as INTEGRAL 511 keV excess

Other kinds of models could explain DAMA/CoGeNT. but if DM is
responsible for 511 keV, multicomponent model seems like best bet

Astrophysical mechanisms for excess 511 keV remain unconvincing

Fixed target experiments. monochromatic galactic MeV - . direct
detection. could be complementary probes

A higher resolution instrument than INTEGRAL could help us solve
the 511 keV mystery
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Laboratory and other probes

Kinetic mixing « and gauge boson mass p parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:
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Laboratory and other probes

Kinetic mixing « and gauge boson mass ;. parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:
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