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So whare s +he WIMP dark mattes?

On (CM?2) \

\

10—40

10—38

10~42

10-44| T

10—46

10—48

.
o
23
.
»
.
.
.
.
.
R
' .
.
P
.
.
.
e®
+ -
L

10

— -
| N
Fraeee- ot W I MP
2 2
O ‘:Wd- MX'\ -39 2
" ~ IO Cwm

Mz

o juw l'U‘C({"\G( —V\QQ,A ne s/ C{gﬁ”{(/for <+ O

Cind all

\/\]M’(Ps.(



. On +he importonce of Le.’.\j
Semi '(Q'u"-: Vc'S'h'(, d.nts abundc\n'l'
ﬁfng_[a_shz wW/MPs hide Ej Eefnj s (ov

> D Wl A ons Cl 6‘("@ C‘(".Oﬂ QX[OUr'meMs ot - lz.m ('*\-—&CL

2, HQ\A‘(‘I'QO\ S4ors 06 nature's

Aark mat¥er &CCC‘Q(&*QJ’S
—)DafK [ inefie \/\u&-(nﬂ ot Y\Ewbj (Q%(safg
—) Prabe,s Ta\ﬁ(as +~'Cr SD

—) Di/&C*ﬁ’ Cgﬂ‘(‘QC/’\‘(.OV\ QOV"LF[QMZM\“(_S da_/l( K inefi L\Q_g_{'(\nj

3. Bf:njEns ow’” Q§+47O -Fr.'o..ds + o
e Bacqurcl DM BB &



f; f’;’\ - ‘I:v\.C;etfaéLr\cJEL/\‘f WM Ps
=7 E-'\Jo-njerecl 3(‘2‘-‘.‘35 e o

1 0—42 B

10-44 |

1 0_46 B

1 0—48 B

smart scientists
use heavy nuclel



"
4"'
B Bt | = o O'*M
10748 | "l * G, (AZ Hely

smart scientists

accidentally weak-centric .
use heavy nuclel



Sfl"\.wDO_(aLf\(liy\{' W’MP)’
- C(errlj :Cr\cé l’\ereﬂ"‘

On (sz) E_-X ' Majofana r:ﬂ.frv\t'ovx X
‘ ‘ ‘ ‘ C.eq.f{{A -l’g\r‘oqj\*\ ?.l

><.Yh>'<7 = O

K(aYs X

10 1000 105 107

(heavy nuclei don’t work as well)



Elastic Dark Matter
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Inelastic Dark Matter y _

Dark matter scattering forbidden (by broken symmetry) unless

ER%TTLNU% > 0

(energy exchange required to make Xz from X4)
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These are the bounds
from CRESST and Xenon

without high recoil searches. 1B Fox Kribs Martin 2016



To find inelastic dark matter look at high recoill
energy events!

Higher Recoil Searches
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O = 500 keV is a much better sensitivity,

but for Higgsinos really want & up to GeV...
JB Fox Kribs Martin 2016



Ideal Direct Detector ()

\

=t

-Probe mass scales evenly
(less weak-centric [~100 GeV nuclei])

-Sensitive without nuclear coherence
(spin-dependent dark matter)

-Accelerate dark matter to speed of light
(blast inelastic dark matter)
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Dark Mat+er Accelerators
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1. Dark matter gravitationally accelerated to ~0.7 ¢ by neutron star
2. Scatters (re-scatters) against neutrons, electrons, or protons

3. Heats neutron star, resulting in blackbody emission
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Do-rk Kinetic He“h’nj

- After 108 years, neutron stars should emit as
black bodies with Teff << 1000 K.

o
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107 100 (o Ylars
(e.g. Yakovlev and Pethick 2004)

~ Most neutron stars (all stars) are older than
a billion years, by which time Teft << 100 K).




DM Flux Through the Neutron Star
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Pulsars

-Rotating, neutron stars with magnetic dipole

-Pulsed radio emission along the magnetic dipole axis




Period Derivative
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1. Find a few pulsars in radio with FAST, SKA, CHIME up to
~50 parsecs from earth (radio emission separate from temp.)

~1-3 neutron stars
10 parsecs
from Earth

(Blaes & Madau '93)
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1. Find a few pulsars in radio with FAST, SKA, CHIME up to
~50 parsecs from earth (radio emission separate from temp.)

~1-3 neutron stars
10 parsecs
from Earth

(Blaes & Madau '93)

2. Use James Webb Space Telescope or Thirty Meter
Telescope to observe or constrain dark kinetic heating



2 Sigma Integration Times

J am eS We b b S D ace Te ‘ eS CO D e (and its smorgasbord of filters)

. d 4
kKinetic Oﬂ|y 10° seconds ( )

10 parsecs

4
annihilation 9000 seconds d
10 parsecs

Thirty Meter Telescope

. . d 4
Kinetic Or]|y 7 x 10* seconds ( )

10 parsecs

o d 4
annihilation 2000 seconds ( )

10 parsecs

Can get out to ~50 parsecs with next-gen telescopes.



Long lerm Braise

-100 meter telescope, an "OWL'

-2 sigma on known pulsars in ~100 hours
—xcellent task for exoplanet atmosphere telescopes




Possible backgrounds:

Interstellar medium accretion

-L.ocal bubble around earth
N has ISM of <0.01 GeV/cms3

\ -Portion of ISM deflected by

wcal Bubble, NS magnetic field

Magneto-Thermal Heating

-Magneto-thermal heating can occur for B>1013 Gauss

-Damps out after a million years, Pons et al '08

Other

— Standard thermodynamics and NS cooling indicate 100 K after ~Gyr



Dark Kinetic Heating Sensitivity
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DM must lose its halo kinetic energy (10-6 my)
by scattering with the neutron star to become captured.
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all incoming
| DM intercepted,
finds inelastic, SD
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all incoming
| DM intercepted,
finds inelastic, SD

| reach of next-gen
telescopes for
| d~10 parsec NS
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Kinetic only

(very sensitive
to escape velocity)

annihilation

YT

(heating from captured
mass, scales with NS mass)

1.0

DM Kinetic Heating
nJy at 2 um at 10 pc

DM Annihilation & Kinetic Heating
nly at 2 um at 10 pc
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nanodansky ~ 1030 GeV / (cm2 s Hz)



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

Kinetic only

(very sensitive

to escape velocity)
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Prinz, Becker 2015
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Log Age In Years



Pulsars

Estimate pulsar age measuring pulse period (P)
and slowdown per pulse (P)
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Pulsars

Estimate pulsar age measuring pulse period (P)

and slowdown per pulse (P)
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