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WIMP ?

* WIMP miracle !

* Cosmology
* Cold dark matter
* Particle physics
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non-WIPMS ?

* Axion, ALPs, HP, ...
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* Gravitino
* keV neutrino
* Axion, ALPs
* HP
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* SIMPs
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* Gravitino
e SUSYIEL AL, KB hZEHLTLILIOMN?

e« ZELVN(HAFEDETILIL) FHEIEIEA TS (M.Ibe et al., 2016, https://arxiv.org/pdf/1609.06834v1.pdf)

Ta=1.4x10°GeV, neutralino NLSP Ta=10°GeV, neutralino NLSP
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FIG. 3. Combined constraints for the neutralino NLSP. The reheating temperature is assumed
to be Tp = 1.4x 10° GeV (left) and Tr = 10° GeV (right). The gray shaded regions are excluded
where the gravitino is no more the LSP. The blue shaded regions are excluded by the missing
momentum searches [62,(65]. The GUT relation of the gaugino mass can be satisfied in the left
side of the red dashed line. The horizontal dashed lines show the upper limit on the gluino mass
for a given gravitino mass shown in Fig.[I]
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e ALP&Axion
* Axion: gg,, X my = const. (QCDADLIXY)
¢ ALP: TATEDRHLEFEZ !

* ALP [ string theory D Low energy effective field theoryh\ b iE
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* Hidden photon
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« {HL, String®D A /NIMEDBFIZWHAT UL)RY UM THDT, 5L —H%H




e ALP
« 2v&EHYTIL

« AxionZN (X, BEIMIC -8

* Coupling to e is expected to be Helioscopes (CAST)
suppressed. — ~10 _
- Bl aesupef
%ﬂ =12 _|r_l.1—'u|.1'-|.1.1'_|.;'v-h1__- |
——E'ié | WD cooling himt |
S — | I axion CDM
& L el ::I ADMX - HF
3 -14f  |ALPCDM 1 i7am
- 2 B | ADMX
Y p j
I 4 |
~16 S b :
o B +
- |
L .‘ |
_18||||||I||l||||||1!|Ill||||||1l|l
-12 -10 -8 -6 -4 -2 0 2 4 6
Log Mass [eV]

Fig. 2. Axion and ALP coupling to photons vs. its mass (adapted from Refs. [2,3,26,27]). Coloured regions are: generic prediction
for the QCD axion, exploiting Eqs. (7) and (9), which relate its mass with its coupling to photons (yellow), experimentally
excluded regions (dark green), constraints from astronomical observations (grey) or from astrophysical or cosmological
arguments (blue), and sensitivity of planned experiments (light green). Shown in red are boundaries where axions and ALPs can
account for all the cold dark matter produced either thermally or non-thermally by the vacuum-realignment mechanism. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Figure 1. Parameter space for axions (shaded band labelled “Axion models”) and axion-like par-
ticles, The regions where they could form DM are displayed in different shades of red (for details
see text). The lines representing DM regions are uncertain through a model-dependent multiplicative
factor, N, which we have set equal to 1 here. The DM regions move towards larger couplings g, pro-
portional to this factor. The exclusion regions labelled “ALPS", “CAST+Sumico” and “lB" arise
from experiments and astrophysical observations that do not require ALP dark matter (for a review,
see [38]). The remaining constraints are based on ALPs being DM and are described in the text.
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* HP
* Photon&Mix
* Milicharge®
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Fig. 4. Kinetic mixing parameter vs. hidden photon mass (adapted from Refs. [2,3,27]). Coloured regions are: experimental
excluded regions (dark green), constraints from astronomical observations (grey) or from astrophysical or cosmologic
arguments (blue), and sensitivity of planned experiments (light green). Shown in red are boundaries where the hidden photc
would account for all cold dark matter produced either thermally or non-thermally by the vacuum-realignment mechanism ¢
where the hidden photon could account for the hint of dark radiation during the CMB epoch. The regions bounded by dotte
lines show predictions from string theory corresponding to different possibilities for the nature of the hidden photon mas
Hidden-Higgs, a Fayet-lliopoulos term, or the Stiickelberg mechanism. In general, predictions are uncertain by factors of ord
one. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article
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Figure 5. Allowed parameter space for hidden photon cold dark matter (HP CDM) (for details see
text). The exclusion regions labelled “Coulomb”, “CMB”, “ALPS”, “CAST” and “Solar Lifetime”
arise from experiments and astrophysical observations that do not require HP dark matter (for a
review see [38]). We also show constraints on the “cosmology of a thermal HP DM". Note that
only constraints on HPs with masses below twice the electron mass are shown since otherwise the
cosmological stability condition requires unreasonably small values of the kinetic mixing, y. The four
constraints that bound the allowed region from above, “r; > 17, “CMB distortions”, “N**” and
“X-rays” are described in the text.
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Axion search
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Fig. 4. The mass and coupling parameter space accessible within five years after full development
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ADMX Science Prospects: Year 1 (0.6 — 1 GHz

3rd Berkeley Workshop on the
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ADMX Science Prospects: Year 2 (1 — 2 GHz)
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ADMX Science Prospects: Year 3 (2 - 4 GHz)
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ADMX Science Prospects: Year 4 (4 — 6 GHz)
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ADMX Science Prospects: Year 5 (6 — 8 GHz)
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ADMX Science Prospects: Year 6 (8 — 10 GHz)

Axion Coupling Ig,,, | (GeV™")

—_—
=
o
=

’;’e(\

.

KA AL A,

—

=
-
w

—

=
'y
E-N

s
o

¥ Cd L Ed

10

1078

30 sensitivity reach

Gen 2 ADMX Projected Sensitivity

Cavity Frequency (GHz)
1 10 100

“White Dwarf and Supernova Bounds, .\ \ NN\

L Ed

oo Much Dark M

Photonic bandgap cavities

S

100

Axion Mass (ueV)




ADMX Science Prospects: Out-Years < 0.5 GHz
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New Geometries: Open Resonator R&D

Open resonators may access frequencies too high to reach with closed cavities
could expand ADMX reach to highest possible dark matter axion masses
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Open Resonator R&D

Open resonators may access frequencies too high to reach with closed cavities
could expand ADMX reach to highest possible dark matter axion masses

. Prototype Model
= 104
] L H‘}?E» .
Reflector %’F : > 106
mL .
. . : & 10
"‘. Lo Waveguide 'g
& ; 'E{_"Coupling £
g 100
g S Current R&D work
e . o 10-12 - .
P — £ (cryogenic test)
UW Undergraduate project 10714 | QCD Axion Dark Matter L
68 70 72 74 76 78

Axion Mass (peV)

PhysRevD.91.011701

System potentially good to much higher
frequencies (40 GHz or more)

and Li LLNL-PRES-712997

Lawrence Livermore National Laboratory ko EI@ 4




ADMX Generation 3

Long term goal is to detect or rule out axion as primary dark matter candidate.
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https://arxiv.org/pdf/1212.2970v1.pdf
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Figure 2: Sketch of our WISPy cold dark matter experiment. Non relativistic HPs or ALF

mixing with photons are converted into monochromatic photons (black) emitted from the surfac
of an spherical dish antenna and focused in the centre, where a broadband detector is place

Photons emitted from other boundaries or from far away sources (red) are typically not focuse

there.
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Figure 3: The allowed parameter space for axion-like particle dark matter (ALP CDM) is shown
in various shades of red (for details see Ref. [3]). The various colored regions are excluded by
experiments and astrophysical observations that do not require HP dark matter (for reviews
see [I,E]). The lines correspond to the sensitivity of a dish antenna (1 m? dish in a 5 T magnetic
field) with a detector sensitive to 10721, 10723 and 102 W (green, from top to bottom) and
1, 0.01 and 10~ photons per second (blue, from top to bottom).
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Figure 1: The allowed parameter space for hidden photon cold dark matter (HP CDM) is shown
in red (for details see Ref. [3]). The regions in various colours are excluded by experiments and
astrophysical observations that do not require HP dark matter (for reviews see [1,2]). The lines
correspond to the sensitivity of a dish antenna (1 m?) search with a detector sensitive to 10721,
10~2% and 1072 W (green, from top to bottom) and 1, 0.01 and 10~* photons per second (blue,
from top to bottom).
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« {5l : 175~210 um (6.0~7.1 meV) (Nature, 403, P405, (200) Klmloyama)

e Dark rate 0.001 1/s,
* Detected photon # ~1%

‘ HoTH?

* NEP=107? W/VHz
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I

I R (2016)
e Dark count 0.014+/-0.001 -7
* Photon detection 0.66+/- 0.01
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First measurements: sensitivity
Expected 40 detection sensitivity with and without boost

for 80 discs, 1m? surface, 10T B-field, 7=200h, 50MHz boost andwidth,
_Av-10°:Cryogenic preamp @ 8 K
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rovorxry = skt | B FElf@aD ) —=D LTS
= Eéﬁ% /_{Bi(i) = H%a/Q (um) (r=0.2aDIZ T

m(u eV) a (cm) | Q=2,000 | Q=5,000 | BEEU(A) [F1E(mm)
10.5 25 120 6.0 30.0 12.0 13 12.0

21.0 2.0 6.0 3.0 15.0 6.0 299 6.0

42.0 10.0 3.0 1.9 7.9 3.0 2234 3.0

84.0 20.0 1.9 0.8 3.8 1.9 /854 1.6

105.0 25.0 1.2 0.6 3.0 1.2 13963 1.2

B FRERalITMDORIERE—FZ{REL, a=0.5%c/f Tat
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