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Toy Model: Dirac fermion DM

Direct Detection
® mediated by
® elastic scattering essentially on p

® spin-independent vector-like interaction
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® elastic scattering essentially on p

® spin-independent vector-like interaction
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Toy Model: Dirac fermion DM

Direct Detection
® mediated by
® elastic scattering essentially on p

® spin-independent vector-like interaction

2.2 4
Slp X" 8 X
7 7
mﬁ// mw/
Q 4
Sip s 2y X
Tresc Q 7
oM m, (oav)

DD limits and S|gnals

10~ 37;

5 15 25 35

Mpm [GeV]
[SA, Goodsell, Ringwald '11, '13]
Dark Matter in a Hidden Sector 13
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Indirect Detection Constraints 1o

e from DM annihilations into SM particles

® same processes relevant for Qh?

Lo

my, =10GeV

H
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102 10! 1 10
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=
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L L B 1 1) B A 1) e =

Indirect Detection Constraints 1o

e from DM annihilations into SM particles

® same processes relevant for Qh?

LA DU LA R

e.g. Synchrotron Emission from GC

S _ -6
e DM annihilations produce e*, e 10

AL B E

e e, e interact with galactic magnetic field 10 my, =10GeV I
= emit synchrotron radiation 102 101 1 10
e flux constrained by radio surveys m, [GeV] x=0.1
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Indirect Detection Constraints

e from DM annihilations into SM particles

same processes relevant for Qh?

e.g. Synchrotron Emission from GC

e o' e interact with galactic magnetic field

DM annihilations produce et, e~

= emit synchrotron radiation

flux constrained by radio surveys

further constraints

effect on CMB temperature & polarization
[Madhavacheril

anisotropies in early universe * ", 13]

diffuse gamma-ray emission [Tavakoli et al. "13]

positrons, antiprotons,...

Dark Matter in a Hidden Sector 14
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Supersymmetric Dark Force Models

e most simple anomaly-free HS:

o three chiral superfields S, Hy, H_ charged under U(1)s
o superpotential: W D A\s SHLH_

(assume MSSM in visible sector)
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Supersymmetric Dark Force Models

® most simple anomaly-free HS:

o three chiral superfields S, H,, H_ charged under U(1),
o superpotential: W D s SHyH_
(assume MSSM in visible sector)
e hidden gauge symmetry breaking:

o radiative breaking domination

o visible sector induced breaking

® DM can consist of stable hidden sector particle

e relation between gy and x: x = gn §5 4 K

Dark Matter in a Hidden Sector 15 Sarah Andreas (IAP), 04.11.2013



Radiative Breaking Domination

® running of Yukawa coupling As induces breaking

of hidden gauge symmetry

o choose masses & couplings at high scale

[SA, Goodsell, Ringwald '11, '13]
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Radiative Breaking Domination

® running of Yukawa coupling As induces breaking

of hidden gauge symmetry

o choose masses & couplings at high scale

e Majorana fermion W), total & subdominant DM
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Radiative Breaking Domination

® running of Yukawa coupling As induces breaking

of hidden gauge symmetry

o choose masses & couplings at high scale

e Majorana fermion W), total & subdominant DM

o axial coupling generates SD scattering
o minor S| scattering

P
i
L

SR

5 15 25 35
m, [GeV]

= SD in reach of experiments S| beyond reach

Dark Matter in a Hidden Sector 16
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Visible Sector Induced Breaking

® hidden gauge symmetry broken via
effective Fayet-lliopoulos term

[SA, Goodsell, Ringwald '11, '13]
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Visible Sector Induced Breaking

® hidden gauge symmetry broken via

effective Fayet-lliopoulos term

e Majorana Wy, or Dirac Wp fermion as DM

o Wy mostly SD
o Wp: mostly S|

!
102 10
m, [GeV]

= S| probe VW

Dark Matter in a Hidden Sector

(like rad. breaking)

(like Toy-Model, but mpyy < m_ /)

S\ XE
J

NON100

m,, [GeV]
SD probe WV,

17

15 25 35
Mopm [GeV]

[SA, Goodsell, Ringwald '11, '13]
Sarah Andreas (IAP), 04.11.2013



Scenarios with invisible Hidden Photons & very light DM

e if hidden sector DM with m, < %, decay of /' is dominantly invisible: " — 1)

limits from visible v/ — et e~ do not apply, e.g. beam dump limits

Dark Matter in a Hidden Sector 18 Sarah Andreas (IAP), 04.11.2013



Scenarios with invisible Hidden Photons & very light DM

e if hidden sector DM with m, < %, decay of o/ is dominantly invisible: 7/ — 1)
limits from visible v/ — et e~ do not apply, e.g. beam dump limits

Dreiner et al. '13

® other limits e.g. from white dwarf and supernova cooling [Dreiner et al. 13]

1) can be pair-produced and escape WD /SN
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Scenarios with invisible Hidden Photons & very light DM

e if hidden sector DM with m, < %, decay of 7' is dominantly invisible: " — 1)

limits from visible 7/ — e*e™ do not apply, e.g. beam dump limits

- : . [Dreiner et al. '13
e other limits e.g. from white dwarf and supernova cooling [D::::: ot ol 1]

1 can be pair-produced and escape WD/SN

o detect light DM particle from +' decay via scattering

[Batell et al. '09, DeNiverville et al. '11
DeNiverville et al. '12]

e.g. MiniBooNE at Fermilab [Aguilar-Arevalo et al. '12]

o proton beam and existing neutrino detector

o electron beam [lzaguirre et al. "13]

N > Nx_my = 10MeV_a’ =a_POT =2 x 10%

N
—
P;:";“ Target Absorber  Dirt Detector .
o
P b}
—_— o v
©
>
9
[Brain Batell "13] <
©
= e 10NV
)
< 001 ] i
my (GeV) m (GeV)
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Conclusions

o theoretically well motivated in many BSM scenarios

o interesting phenomenology and possible connection to dark matter

e Hidden Photons

o probed with high intensity experiments, e.g. beam dumps

o new experiments needed to further probe the parameter space

e Dark Matter in Hidden Sector
o viable DM candidates
o probed by DD experiments
o constraints from indirect detection - work in progress

o light DM can make +' decay invisible and be searched at beam dumps
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