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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

v Fiz. 3. 311 keV flux spectrum obtained usine a saussian
. rl LT wai 1 S }-'JI.-H.I'.[ f 10"

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
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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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e Excess 511 keV ~ s from galactic

center, observed by
INTEGRAL/SPI

The cosmic ray anomalies

e PAMELA positron excess ]
at 10—100 GeV N ———
: H“‘x;
e Fermi/LAT ¢* excess £ ooh
at 100—1000 GeV =

10 100 10040



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

£, = $00D,, — Mo\, — =B, BY — +A,BYY,,

ra AT

dark matter dark gauge sector mixihg with SM
e Iriplet VEV (\,) gives B>-~ mixing.
e We need second triplet A\’ to fully split \, states:

Visess — MAZ — o™ NAR a9 4 WA A
e Unbroken Z, symmetry can play important role:

Vs —\ia Bus— —Bis A — =M A, ——Al
\2, B2, Ay, Al uncharged.
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Mechanism for high-energy leptons

el B

1

P,

o/

Na

Gauge boson mass i = 2 GeV,

explains why PAMELA sees no
excess J.

B'sdecayonlyintoe™e™, 7777,
W, .

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:

Ly = 5Xi(eDy; — M, 855 Yx; — LLBB — NGB Y,
dark matter dark gauge sector mixihg with SM

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

- -}

Vissss — A" —# F = NAS — = XA AT
e Unbroken Z, symmetry can play important role:

X183~ —XL3 BLJ:’* e _Bl.?:‘- A'-_..‘_‘. — —/\q g, —\1 — —AFL..‘_’.
\2, B2, Ay, Al uncharged.
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Mechanism for high-energy leptons

et € et €
Gauge boson mass i = 2 GeV,
explains why PAMELA sees no
¢ b D
2 2 excess J.
BH X3 BH
2 2 B'sdecayonlyintoe™e™, 7777,
PR
L N NN~ f L ;_J+;_{_, VL.
\G{_\f.\._AJ - T : S
1 M, ~ TeV to explain Fermi
S B e T e, P g
B e . Y i

1
/2 : - excess.
~ \
. 1
L1 X1

Multiple gauge boson exchanges give rise to boost factor

||||| Page 12/69




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

Ly = gXiliDy; — My )x; — 5B B — 2By Y

A
/ g

dark matter dark gauge sector mixihg with SM

e Triplet VEV (\,) gives B>-~ mixing.

e We need second triplet A\’ to fully split \, states:

Vasss — M —# ¥ A AE —a™° = X(A-A
e Unbroken Z, symmetry can play important role:

X1.3 — —XL3; BL-71'= i _Bl--’:’- Al.?l — _—\L..‘_‘.- AIl - _A
\2, Bo, 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 posiiron excess
at 10—100 GeV

>

o Fermi/LAT ¢= excess AL L
at 100—1000 GeV e BE
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Mechanism for high-energy leptons

— |

|

g,

o/

W

Gauge boson mass p = 2 GeV,

explains why PAMELA sees no
excess J.

B'sdecayonlyintoe™e™, 7777,
W, .

A, ~ TeV to explain Fermi e=
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\ — \13\3.

X3 — \1*-’+f15_
g & BT Xe_
\ o/
L1 j/ X A1
\ B, B} / X

- . v SM.. >1 MeV
)ﬂj{ B.U 7}5’.3 OI\IJ > 1 Me

R W N W "
IM'I L5

]

OM > ~100 keV |

T T,
A [N LA g
/M\‘ Originally proposed spectrum
¥ B[L \ ¥ Arkani-Hamed et al.. O810.0713)
] 4 ' L1

(N \; — N’y excitation was proposed to explain DAMA/

0100056 * +

LIBRA annual modulation.)
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Origin of small mass splittings

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

B, B,
X-l 'J_/\/\’L, — FJ—/TA_H = —I-'E{I[;u‘ﬁ_?_“q]
X2 A3 alal
3 1
% ﬁ + — L5 Ol HL )
L1

il
13
B B,
L3 ‘J—/\/\_H - "rj\/\jh)
) L1 A2

For i ~ 100 MeV and a, ~ 0.01, 0 M, ~ NeV.
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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\2.

X3 —* X1€" €

\ BB, _.
A{ BLjI L3 oM 23 >1 MeV

1oy R Xy < —1
: J(d OM > ~ 100 keV
l m’_l 1
el R W e N - -
‘Wi Originally proposed spectrum
. / B[j, Arkani—Hamed et al.. O810.071 3)
(N \; — N’y excitation was proposed to explain DAMA/

LIBRA annual modulation.)
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Origin of small mass splittings

With gauge symmetry spontaneously broken, radiative
mass splittings are of order 01/, ~ a, du

Btu B;

X-I 'J_/\/\’L, — FJ—/TA_H = —!.-E{I(!.L _.\_;_*qu]
) %) A3 = =
3 1
B B,

x> Dl + = 15 0L HL )
X1

il
A3
B B,
O ke, T i
) X1 L2

For 6 ~ 100 MeV and o, ~ 0.01, M, ~ NeV.
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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 \oy2 — v3\3 followed by y3 — yieTe™:

£5
xh (\H\I]: ~100 keV ®

SM > >1 MeV

£
ity [nverted hierarchy spectrum
i £ = - o
: / B, \ (Chen. JC. Frey. 0901.4327)
A2 ' X2

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




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->uuy M=13TeV.ov=28X 107 cm’/s

Pirsa: 10100056

L= dd, /dE 0 GeV/emsec sr
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E o & —20<b<—-103
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i Z 3 10<£<20

3 3 isothermal

] i E I e =4 kpc
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b e e L .
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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 \oy2 — v3\3 followed by 3 — yieTe™:

L3
xh (3?‘-[3* ~100 keV ®

SM > > 1 MeV

£

VS AAY S [nverted hierarchy spectrum
[ : B i e
s / BL[ \ (Chen. JC. Frev. 0901.4327)
£ ' %

MN@ed stable - population. Z> symmetry can prevent \» decay. reeos



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-o>uuy M=13TeV,ov=28X 107 cm’/s

1073

=~ 3 3 ) —20<b<-10=
: £ = B 3 =
7 - A 10 < £<20
! 2 3 isothermal
i E I N |1 =4 kpc
= * . 1
:_"" lu—l.':l - em” = .. . e - [ _
= N ol Rl ™ . .
- o
oy - 5 =
E _/ _ :
i Ve o
= | / |

10~ F ) L | Ll i
107! 1 10 10 10F
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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 \oy2 — v3\3 followed by y3 — yieTe™:

£5
xh (\3[\[3; ~ 100 keV ®

SM; > 1 MeV

£y

VSRS [nverted hierarchy spectrum
[ g - ) .
~ / Bu \ (Chen. JC. Frev. 0901.4327)
ll':j ’ X:

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->puy 'y . M=13TeV,ov=28X 107 em’/s

102

= 21 - —2< b <107
i i I 10 < £ < 20}
D B ° isothermal
o4 L - - 2
EF o ] e
> - T T
= %k L
= A oot
= [ =
5 I
={ | |

\,
43 s II.I.
14 ) i L | . i o
107F 1 10 1073 LOF
Photon energy in GeV page 25169
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XDM & Fermi/PAMELA incompatible

e XDM rate ~ (7v) 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 | ——[-:: rirs)t — (r-/re)?]) is more/less
cuspy for smaller/larger values of «.

. S | ' E e =
p, =0.35 GeV/em Rt
b o e # " 7Need a < 0.17 for
7 1 large enough XDM
n_ 235H 1 rate; ruled out by IC
S | constraint.
'5 M Model predictions | . :
S T e T— Cirelli, JC
2 | oo 11 =30 MeV i
- i K —a !__[ = 1”1_} r\,[c' ‘\ _, T 005. ‘i .":. i'r 9
gl RS e =150 MeV| |
s a1 =200 MeV
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INTEGRAL vs. PAMELA/Fermi

An illustration of the problem (JC. 1005.5001)

Contours of log R, /R.1,s in DM-B,, mass plane:

s T ] T ) T T T T i : 7 T | T
1000 Hos/l! | 0% ] 1000-Qfa bt / 4 L7 | - > N
| o | . | s i SEE r | = o
| [k ? ¥ i 1 r v 5 B P . i
[ ! b~ r * e e L i
Lop | ! r il ek e ] — 1 it
— | ¥ FoL [} # 3 A A e | (S TaTa
200 & T ol allu
[i& I r T I n ' ¥ - ~ i
s I L= f i ; i e s | — L
L e Il |
= ¢ - } i | | =
ok . fF L 2 ST . L2
= a00 -'T L T = 1T = bu
— 14 o -, S
1L 5w r
—a b / sl e =
— n . : e
s i b | e ey
400 ¥ s e 4
B ——
n i e ey iy kit
I ——
P *<
& ™
2 II:I F iy - 2y
(7 ——— e = |
[ _Fd—l___.__,_.__f_—_—_'_'———'|_|

2 B 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
M (TeV) M iTeV)

a=0.17, M =100 keV a =0.20, oM =25 keV
Shaded regions are ruled out by inverse Compton constraint

Need o > 0.20 to satisfy (old, less-constraining version of) IC
consftraint
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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° < b < ,
< 307,

0 < 1 < 9°. Lin et al. 1004.0989 average over 10° < |b|
= R~ e f wo 155,

(We show constraints at 20 rather than 30)
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Strengthening IC Constraints
A. Vincent, W. Xue, JC, (1009.5383)

- 5 E ;
o0 1 [l - _ 1 i
T T T
i . W e o
—~— S =
i * :
10 113
o AT o Y

|5 spaclium B2 cbidEda (Gav am™ s

] ——mMHFSR
© K ICS .
t| ——MH+=H scenario 3 i

| ———MkH+5H: 3H comributdion only K

—armi data
K25 from background

7| = =armidaa |
ICS from background

L] =

=== =30 Kpo. e =025

TR TNy E® ckpiclEclia (G oV ol

- MH+SH: MH comtribution anly

b ——rfz =30 kpc. o =320

|CS

Pirsa: 10100056

a =017 r. =75 lape

10" 10° 107 107 10" 10" 107
Energy i GeY)

Energy (GeV)

0 kpc

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)

spaclium E* cbiclEci iG oV o

[

Fermi data
IZ 5 background
lscthermal basifit

isothermal profile, p =

10°

Ener

10" 107

av G\

I+(r/rs)

Highly cored isothermal profile easily satisfied earlier constraints;

IS now ruled out (at 20)
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Qutlier with high p. can be source :of Fermi/PAMELA <= excess if it

Pirsa:,1010005

IS C

Substructure Loophole

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

10" ¢
? sSH1

)

A om

P.

gH3 MHE

‘;G'E'_ﬂ
0 J

lose enough to us

16 10° 10" 10°
.
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Substructure Loophole

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

clictecl ol sy ed flux

Pre

10" 10° 10’
distance from z=arth o SH center (kpc)

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

~MAee, need specific values of boost factors for annihilation in the rawesze
s1ibhalos but these can be comnuited in a aiven NDIM model



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 ¢;).
AM =1 TeV by fit to Fermi data.

—
E_I kEI_: 16

predicted

max

|
irsa: 10100056 -uL { G e \I;F j Page 33/69
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Leptophilic DM as small component

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

‘g} . . i) _I_ " ) )
B —F ==, TRy — g

{ov) — f{ou). -

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.(kpc) ;.-R%“_m {lj’—fi i [€) | Mans (Eiis)
1 0.01 69 4.74 33.9 2.9
2 0.1 3.46 4.34 955 6.7
3 3.2 0.04 3.76 178 22
rsal 10100055 4] 0.9 1.27% 235 165 36 pagesues
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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 ¢;),
A =1 TeV by fit to Fermi data.

= L[.: =10
e 1 1
29 =
P - =Y
oA predicted
T
;:-uj"‘ - 11711 “,. k) | f
i max
[CS upper limit
Einasto. V. =277 kmis
[ :1'_ m |
| |
0 0.3 [ k3 A
irsa: 10100056 -uL { Lle\. "
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Leptophilic DM as small component

A way out: let o, exceed thermal relic value. a, = Fa, 1. [ > 1
\aU) — If_':_rTr":" S S e TR — O g
_ Jiov, 7 | Fo,

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.(kpc) i 1,1_1";""__[“-; g (] {‘lj"ii iy (€] | Visss (Emiis)
1 0.01 69 4.74 33.9 2.9
2 0.1 3.46 4.34 95 5 6.7
5 3.2 0.04 3.76 178 22
real 10100055 4] 0.9 1.27 2.3h 165 36 pagessies
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Leptophilic DM as small component

A way out: let o, exceed thermal relic value. a, = v fa, . f > 1
{oU) — Jlov). p— —, {ov)p  — —(ov)p”
’ wd 1 ’ If_ Y r;rL Y !

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 | rs(kpe) |  aoviem® | og BE | i (p€) | Vinax (kmy/s)
1 0.01 69 4.74 33.9 29
2 0.1 3.46 4.34 95.5 6.7
3 3.2 0.04 3.76 178 22
reaf 20100056 4] 0.9 127 2.35 165 36  pueaes
4 4 M | 4 TN | 4 7N l ok



Specific realizations

Predicted versus desired (or upper limit) boost factors:

. i _ T 1 L ) T T B G 1-|:'T1"'| 3 _ .‘Ii._ e . T
- Einasto profile. £=500. V__ =277 km/s 1 | Isothermal. £=30. V=201 km/s

I subbatos tl . 0 I O¢ O 0l It %10 T
o e T in
= el ] L
= n{,}v 10 BT O O B =)
i , =___‘E_i££[_. L:ul‘l _J__lﬂ 7] W

main halo

1 ' I3

1 (GeV) S i (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

wadhalos can rescue annihilating DM explanation of PAMELA/Ferml







Specific realizations

Predicted versus desired (or upper limit) boost factors:

- K3 S—— T —T T B e N e N
- Einasto profile. =500V __ =277 km/s 3 sothermal. =30, V=201 km/s

subhalos
i SHI

—————————— ___T_____r_____'____

|

| L |'E 4
| " i
| ‘A ﬂ) ] ' y H
b it/ ! IR =
IR T, .ijllJ_:- ! % ::_'. }1_"- T

1l

0.3 ' ] ' 13 ' g 0 ' 0.5 ' 1 ' [5

wGeV) i 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

wkRhalos can rescue annihilating DM explanation of PAMELA/Fermi










Pirsa:

Light hidden sector dark matter

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

2-6 keV
o i DAMA/LIBRA =~ 250 ke (0.87 tom<vr) >
% 0E E
= .04 5
a5z
= =
o
- = |
= :

z :::.1-| T.-'.\:E"' -| TTES

- 1i)

£ 2D

5= E

s M
= 20 = :
T |
b -

T —_

= lop &

= i 2 1wt

= 10E =

= F -

= F

= & 10 ECoG
—— B ! Ve
T ST I
- =

1010005pLL

= 0 L}




Exothermic dark matter?

Graham et al. 1004.0937: exothermic transitions >N — 1V’
with A/, ~ 4 GeV, 41/, ~ 5 keV can explain DAMA modulation

Mass Splhitting o (keV)

N ]
Y A
o 1
N 1

E 1
channeling 1

constant

Euts 1} 33 =11

Dark Matter Mass m, (GeV)

Mass Splitting o (keV)

Shape of exothermic recoil energy spectrum is sensitive to DM

vEtdcity

&
N N
. R i
H::.r-:._'__'_“— |
i |
H"‘-u..,_\_\_ 4
I e
- energy—dependent channeling 1
Dark Matter Mass m, (GeV)
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Exothermic dark matter?

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

m—— CDMS-SI

, XENON10 L, = .03
* XENON10 L4 = .08
5|t aa| N T _ DAMA Unmod Rate 2 keV
i -"'-“.--E??:t"-"%: ----- DAMA Unmod Rate 1.5 keV
g = NG —— = ERERSSO
i *Q‘ \xn _H':l
— Y
' DAMA Allowed (68/90/99%)
e CoGeNT Allowed (90%)
m, (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 — 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

X _ Xy — = ~

- = E}I\’I Yy D ke\d"r ?\ e b:\[ i N ¥ l\_t-"\r }

1{_-1_ — | /{1 \\
oM ,>2m, | oM., 22m,

A E |,

i Need one DM state to be metastable on 10 Gy time scale. e

(- < 10— far dacav of matactahla ctata)



Particle physics model

Same as before.

but need extra source of large mass splitting.
|
SYXi2ij X

via quintuplet VEV (X;;). Can naturally arrange
oMo ~ 0My3 ~ y(2) ~ MeV

551[_};_; ~ | D — fig ) keV

with a, ~ 107 (relic density), y ~ 107, (A} ~ (¥} ~ 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 — 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 X-1 ~ = T K
v, SMo;~SkeV I\ |~ SMy~SkeV |
5Ml: 22, J 51\-’"[]3 = 2 i, |
i Need one DM state to be metastable on 10 Gy time scale. e

(- < 10— far dacav of matactahla ctata)



Particle physics model

Same as before.

. %{,[JD__;_ — M, 6;)x; — == B®, B — 5

.LJJ[_- L‘ ? AI'I ] BIJI. L } -

but need extra source of large mass splitting.
L _
SYXidij X

via quintuplet VEV (¥, ;). Can naturally arrange
*i—nr'_j e fi_j'lflf;‘. i JE ~ MeV
e‘ﬂrjl[-_{j_; T H_{’, [ {2 — ki J 1{{_*\'

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

n,=2150 MeV

TS N | T
5 e
—__r 4l d;_, -~ :.:_\\‘ |
..:_: =il B! '\\_ i

] &

2r Jfﬁ;iﬁﬂLﬁ

1 _,_,—-"r"_'_'_._ L ! ]
1.5 25 3 35 - 4.5

M (GeV)

w,=3500 MV

Rate of \3\3 — \2\2 at galactic center prefers

smaller 1,

Al i||'.-Z:"."|

S11 keV rate for exothermic DM

u.= 1000 MeV

Relic density of \3 due to \3\3 — 11 In early

universe prefers larger ;-

Pirsa:

mechanism (dark Hiaas content): ;1 =

(Falge boson masses are related by symmetry breaking

. 2 \‘x.____ B l A .
Sl
Z;f (9.4
Y B i
~~(
X3’ X
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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 kpec.

Rationale: DM simulations with baryons get cuspier profiles

Tissera et al. 0911.2316

: : loe R/ R.. contours
Milky-way-like halos |

from Aquarius simulation i LSS “"E-':;L_;J mda kpc:
Gy | e[ n@d T 7
Ag-A-5 0.065 5.3

Ag-B-5 [0.145| 15.6

Ag-C-5 [0.115] 10.2 ERS?

Ag-D-5 |0.102| 14.7 Z s}

Ag-F-5 [0.112| 15.6 L
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S11 keV rate for exothermic DM

Contoursof loe R._ /R, ;.

n,=2150 MeV o =300 MeV : u,= 1000 Me¥
= 05" Nl =+ EX
= L -\_\\ i ’ j
_._-—-——’_’_'_FF'—‘:_'_._.J’- i il
1 1 fﬂj_:' I'* I 5 -I__ _1.5 1 11 5
M [ GeY
: x:x ’{: 4
Rate of \3\3 — Y2\ at galactic center prefers ),EL\< _
smaller 1, y f, y
Relic density of \3 due to \3\3 — 11 In early "ila________ B, L
universe prefers larger ;i V‘“’V\<
&Y \X
LGauge boson masses are related by symmetry breaking e s

mechanism (dark Hiaas content): 11 = /12 — u2 ~ 2/ us dA o2/ av



Caution: cuspy DM profile required!

We used a = 0.065. r. =
*standard” o = 0.17, r. = 20 kpc.

Rationale: DM simulations with baryons get cuspier profiles

Tissera et al. 0911.2316

: , loe R/ R.,. contours
Milky-way-like halos |

using e« —0.08, v, — 7.5 kpe:

from Aquarius simulation

irsa: 10100056

H,=500 MeV
Galaxy | a | rs (kpc) L AN
Ag-A-5 [0.065 5.3 ’| No ]
Ag-B-5 |0.145| 15.6 - Rl N
Ag-C-5 |0.115( 10.2 = f
Ag-D-5 |0.102| 14.7 z 3r
Ag-E-5 0.098| 111 2t -
Ag-F-5 |0.112| 15.6 11! 5 . :
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S11 keV rate for endothermic DM

Less cuspy profiles are needed:

Hooper et al. 1007.1007 using a = 0.12,

MeV
— _ Lt
ezt I_.-’
e =TT, - ;
0 - ene =000 km = =5 _.-/f
e : DAMA (20T, 9597 CL) o
= = == = o = .
:_., ho __h_-'_"'t':_'——‘ = | E S
oy —————— g —_ _I_ .. s _F____,_—F
= R e —re v :.'_-" | - ____Fd—#’;_; .
I TR ey et "
=3 e, 1 =3 =
& ] g 7=
5] e
~ CoGeNT (90%, 898% CL s
i = 1 :
; 6 8 g
My \t=eV) M (GeV)

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

o
Ha — Us 1 ;1‘5]\[3_'_{
i 'r,f
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Decaying DM scenario

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

parameter 3 or e,
l::kj.ll —— Z 1.__ B;IILI _Z_—-Ij L/
;.

where ¢; = (\;)/A;. If e3> ~ 107! then intermediate state is
already present; decays \» 3 — \1¢7 ¢~ give observed rate of
positrons, no need for collisions in galactic center.

]

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

—— a=0.13, rg= 13 kpc
s =011 Tg= 13 kpe

' ' = o — ] B == B B |}
consistent with less < a=0.11.Tg pc
cuspy profile =

——SCALETING

If scattering, positron :
transport before L
annihilation required 4

Pirsa: 10100056 ()
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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
- A

¢ beam /4 Bu

G IIA -
sl A

;?/%4; boson
./}f'_f///-'.'/ N
e Monoenergetic ~ ray from \; — \;~ at galactic center
. X

moment interaction

J_/jl (Chen. JC. Frev.
B

1 0907.0746)
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5

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:

102

107 =
10718
10753
10761

—_— L

1077}
107

1077

Existing and proposed experiments
Bjorken et
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u (GeV)

Li Jl;,

OVOA. O3S0

o= 1w 1

10~

10~

ol
(!
=
|
[a g

e 10° . _210-_
10~ R Rt —310*5
10° _;EIU-S'

‘IO—:L = - — - - _.-!G—";I
10~ 10~ 1
u (GeV)

APEX reach
E\\‘;_' o | f:'jl-_ -.‘H'I]r;:_‘l-..:'_-
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X3 — X1.2 + 7 decays in galaxy

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

x17 as well as y3 — yie7e™.

\3

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

But in exothermic - T A LYY [ o
model, analogous " MIttrzzazo DA A
decay yv3 — \ 2" " = o bz 8 " A
with £ ~ 5 keV £ i o L T
may already be Lod e ., EEW
ruled out by el S HE EE
Chandra R e T e T e T ?
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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:

-

10734
10-4;;
10754
10764
1077}
1

m

102

;-—u—r—_.—-lul-'__- @ eX( I-]'l':l]‘”.l'-. _E
' @ endothermic 1

il A i |
2y -
= 107 l
u (GeV)
Existing and proposed experiments

Bjorken er al. 0906.0380
Pirsa: 10100056 .

16 0!

10~

10- éIO*ﬁ
2 10° élo‘?
10° if' ------------------ é10~a
¥ = élﬂ-g
10— R .

1072 10+ 1
u (GeV)
APEX reach

Essia er al. 1001.2557
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X3 — X12 + 7 decays in galaxy

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

]

\\l‘ as We” as "1.[\_-_; —_ \_l"'lf' ]

\3

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

But in exothermic - I A s L Y o
model, analogous " MIttrzzzc DT A=
decay \3 — \2" . 2 o o A o, oL
with £, ~ 5 keV S i PUP W,
may already be - o o0 ok ik HRE
Chandra 2 BRI e a s i
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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 . parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:

4

10 2=

1073
Tl
107
1075
1077
1 R

10~k

B i @ cxothermic
@ endothermic 1

g AR ||
2y - —
= 10 |
u (GeV)
Existing and proposed experiments

Bijorken er al. 0906.0580
Pirsa: 10100056 .
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Essie eral. 1001.2557
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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 = XiltBy; — My G )x5 — 72888 — yaBy Yo

A

r A

dark matter dark gauge sector mixihg with SM

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

o -}

Vidhos — MA* — o VNI —a™7 - XA A
e Unbroken Z, symmetry can play important role:

X183~ —XL13; BL-T-? s _Bl.?:‘- A'-_..‘:‘. — —/\q 3. —\1 — —Ar
\2, Ba, Ay, Al uncharged.
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e Excess 511 keV ~ s from galactic

center, observed by
INTEGRAL/SPI

o PAMELA posiiron excess
at 10—100 GeV

The cosmic ray anomalies

e Fermi/LAT «* excess E AR
at 100—1000 GeV . BE
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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 . parameter space Is
not highly constrained; provides oppportunities for new fixed
target searches. Predictions of our model:

1073
10/}
10753
1075

1077}
1078¢

10~

Existing and proposed experiments
Bjorken et
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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:

1072 107! 1
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