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Direct searches: status

After 100 kg-year exposure:

Limits on Dark Matter from Direct Detection
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Direct searches: challenges

CRESST (2015) |

CDMSlite (2015) ]
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PANDAX/LUX (2016)
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(1) Nuclear recoil below
detector thresholds at low mass

E.g. light DM + dark photon (1505.00011, 1505.07107), SIMP miracle (1402.5143),
WIMPless miracle (0803.4196), ...




Direct searches: challenges

CDMSlite (2015)
PANW
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mpm (GeV) ‘
(2) DM flux «
mpwM

at high mass

E.g. PeV-scale DM + late-time dilution (1609.02555, 1705.05859

WIMPIless miracle (0803.4196), ...
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(Context)
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Direct searches: challenges

(3) No nuclear coherence 2 2
. . . L ,unX
1f scattering spin-dependent: onucleon = A ( ) O Nucleus

X

\ PANDAX - SD |
\ PANDAX/LUX (2016)
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E.g. DM coupling to
axial current 47,59




Direct searches: challenges

' (4) Little sensitivity

1f scattering velocity-suppressed.

E.g yg(T759) (X5 X)/A° — 4(a-Sn)(a-Sx)
10-44} [Kumar, Marfatia (1305.1611),

- Dienes, et al (1312.7772), ...]
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Direct searches: challenges

(Image: G. Kribs)
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Tucker-Smith, Weiner 0101138, 0402065,
Barello, Chang, Newby 1409.0536

E.g. Higgsino tree-level Z/W exchange,
pseudo-Dirac DM + dark photon, ...




Direct searches: challenges

PANDAX - SD

- - E.g. Higgsino elasti ttering (1 ]
(6) Atmospheric + solar neutrino background [ g- Higgsino elastic scattering (loops)

Hill & Solon 1408.8290



Direct searches: challenges

(1) Low mass

(2) High mass

(3) Spin-dependent

(4) v-suppressed

o - SD (5) Inelastic

Xe v 10 (6) Neutrino floors
Crucial frontiers — beyond
oot - St which dark matter could be.
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(Dark) Kinetic Heating



Soup getting cold
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Keeping soup hot: fire
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Keeping soup hot: dark fire
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Keeping soup hot: dark fire
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Keeping soup hot: dark fire
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Detector improvements
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Detector improvements
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Get a gravitational boost!
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Detector improvements
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What’s big, dense, and cold?
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big, dense
7x 10" kg/m?
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Keeping N star hot: dark fire
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Keeping N star hot: dark fire
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Keeping N star hot: dark fire
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T = 1750 Kelvin (infrared emission)
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Detection®
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Detection: radio pulsing

& 1 - 5 old, cold neutron stars
R® 4 must reside in the local 10 pc;
100 in the local 50 pc.

=% O. Blaes, P. Madau (1993)
FAST

http://fast.bao.ac.cn/en/science pulsar.html



Detection: infrared telescopes

(exoplanet atmosphere)

1 - 5 old, cold neutron stars
must reside in the local 10 pc;
100 1n the local 50 pc.

O. Blaes, P. Madau (1993)

http://fast.bao.ac.cn/en/science pulsar.html

coming online Oct 2018!

James Webb Thirty Meter European Extremely Large



Detection: infrared telescopes

T = 1750 Kelvin (infrared emission)

Peak wavelength: 1.65 pum

James Webb Thirty Meter
Imager NIRCam IRIS
Filter F200W K-band
e Looz22mm 20724
: Observ. time - d \* A d \*
1 o« e e 1 |
for 20 sensitivity H07 sec (10pc) 7o 107 sec <lOpc) '
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(1) Low mass

(2) High mass

(3) Spin-dependent
(4) v-suppressed
(5) Inelastic

(6) Neutrino floors

Dark kinetic heating
help these frontiers?
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Complementing
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CRESST (2015) (1) Low mass
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Complementing
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Complementing

M Baryakhtar, J] Bramante, S L1, T Linden, N R;1704.01577

10-38|  CRESST (2015 (1) Low mass
" CDMSlite (2015) (2) High mass
107
\\]»
(\T\ ! .\?:.\\ 9
= 10-42 5D \‘\)\)‘ Erecoil ~ anvesc
S RN, g versus
-44 ‘\/ N,
E107E NG L 2
| v e - N Epwm ~ 5MDM VDM
1078}
10_48; ™ Othreshold X number of scatters
] ! l 1 l ! 1 1 1 1 1 1 1 — EDM/Erecoil
107 0.1 100 10° 10° 10"

mpwm (GeV)



Complementing

M Baryakhtar, J] Bramante, S L1, T Linden, N R;1704.01577

1 0—38 i CRESST (2015
' CDMSlite (2015)
-40
1 0 s, 7,
— SRSEN
(N -42 N,
E 1 0 "\ } \\\)\0
CJ Y, g
> 4 n-44 o, N
c 1077 o, .
S | L A - ;
107} .,
1 0—48 i

(1) Low mass
(2) High mass
(3) Spin-dependent

S8

Scattering with neutrons:
apathy to nuclear coherence
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Takeaways

® Dark kinetic heating of neutron stars

- casts a vast net 1n the hunt for dark matter - nucleon interactions,

- seriously advances the direct detection frontiers of
low mass (sub-GeV) :
high mass (> 100 GeV) :
spin-dependence  (osp > 10 cm?)
velocity-dependence :
inelasticity (< GeV splittings) , and
sub-neutrino floors

® Exoplanet observers like James Webb and Thirty Meter Telescope
can unmask 1t with a day’s worth of exposure.




Backup
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Uncovering “side-stream” DM models
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Kinetic vs annihilation heating

Difference in luminosity spreads

DM Kinetic Heating DM Annihilation & Kinetic Heating
nJy at 2 um at 10 pc nJy at 2 um at 10 pc




Detection: radio pulsing
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Detection: infrared telescopes
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Operator bounds
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