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Where else should we look!?

mproton MPlanck 100 M@
10-22 eV 1keV 1 GeV 1028 eV 1068 eV

-+ ———-
“thermal”’” DM

mpwMm %, 1 keV mpm S 100 TeV

otherwise, no structure

. otherwise, too much dark matter
smaller than dwarf galaxies

(note: BBN/CMB constraints often strong < 1 MeV)



Where else should we look!?

mproton MPlanck 100 M@
10-22 eV 1keV 1 GeV 1028 eV 1068 eV

-+ ———-
“thermal”’” DM

Thermal contact implies non-zero coupling
between DM & SM, allowing for laboratory probes!



Where else should we look!?

mproton MPlanck 100 M@
10-22 eV 1keV 1 GeV 1028 eV 1068 eV

s

Many viable models:
Asymmetric, SIMP, ELDER, Freeze-in, Cannibal, Forbidden, ...

Kaplan, Luty, Zurek; Falkowski, Ruderman,Volansky; Hochberg, Kuflik,Volansky, Wacker; +Murayama; Kuflik, Lorier, Perelstein, Tsai; Farina, Pappadopulo, Ruderman, Trevisan; D'Agnolo, Ruderman



1 keV 1 MeV 1 GeV 1 TeV

standard (WIMP)

direct-detection
searches

need new
techniques

require complementary techniques, including:

* direct detection (our focus)

e accelerator-based
searches

(also astro/cosmo probes, see e.g.Vera’s talk)
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Many Direct Detection Proposals
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Many Direct Detection Proposals
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Questions
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Direct Detection w/ nuclear recoils:
challenging to have sensitivity <1 GeV

o
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(however, see talks by Tongyan & Dan M. for some proposals)



DMb-electron scattering can probe <GeV

RE, Mardon, Volansky, 2011

DM D M//O/
\\e‘
A\
) \

Typically produces a signal
of one or a few electrons

demonstrated sensitivity w/ noble liquid detectors & silicon detectors
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sensitivity and discovery potential

(R&D ongoing, e.g. LBECA)
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(see Elena’s talk later

today for how xenon
TPCs can see this)

LBECA = Low Background

Electron Counting Apparatus

Bernstein, RE, Fernandez-Serra,
Lang, Ni, Sorensen, Xu

XENON10: 1104.3088
XENON100: 1605.06262

DarkSide-50: 1802.06998



SENSEI

Sub-Electron Noise Skipper-CCD Experimental Instrument
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E. Ezion, J. Estrada, G. Fernandez, |. Tiffenberg, M. Sofo Haro, T.Volansky, T-T. Yu

Si CCD w/ ~million pixels
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SENSEI

Sub-Electron Noise Skipper-CCD Experimental Instrument

The SENSEI Collaboration: L. Barack, M. Crisler, A. Drlica-VWagner, RE,
E. Ezion, ). Estrada, G. Fernandez, ). Tiffenberg, M. Sofo Haro, T.Volansky, T-T.Yu

* with “Skipper CCDs”, can measure
charge in each pixel precisely

v

* first dedicated experiment searching
for electron recoils from sub-GeV DM

* fully funded by Heising-Simons Foundation
and Fermilab

* Goal:use 100-grams of Skipper CCDs

Si CCD w/ ~million pixels



First SENSEI results (from surface commissioning run)
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SuperCDMS: first limits from a high-voltage detector

earlier this week: 1804.10697

(see Jodi’s talk)



Questions

|. Where else should we look!?

Can we see a signal?

What are the backgrounds!?
How will we know that we've found DM?
How low should we go in cross section!?

Complementarity between DD & collider searches!?
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Put limits/projections from direct, indirect, and
collider searches on same plot?



What are the backgrounds!’

* Radioactivity
* Solar neutrinos

e Dark counts

(depending on type of DM search and experimental setup, other critical

backgrounds can include vibrations, electronic noise, coherent photon scattering)



Events

Radioactivity

Expect <1 event/kg/year/eV
based on known ways to shield, purify, and handle materials

119
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SENSEI-100, 1 yr
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SENSEI backgrounds

(based on DAMIC measurement
at energies >50 eV)



Radioactivity

Expect <1 event/kg/year/eV
based on known ways to shield, purify, and handle materials
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Solar neutrinos



Solar neutrinos

RE, Mukul Sholapurkar, Yu
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Solar neutrinos

RE, Mukul Sholapurkar, Yu
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V’s begin limiting sensitivity for

2> few kg — year



Solar neutrinos

RE, Mukul Sholapurkar, Yu
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Dark Counts

* Detector-specific backgrounds that mimic DM signal

(impurities, leakage currents, thermal fluctuations, ...)



Dark Counts

* Detector-specific backgrounds that mimic DM signal

(impurities, leakage currents, thermal fluctuations, ...)

* serious background challenge for many proposals



Dark Counts

* Detector-specific backgrounds that mimic DM signal

(impurities, leakage currents, thermal fluctuations, ...)

* serious background challenge for many proposals

* noble liquid targets: sensitivity currently limited by dark counts



Dark Counts

* Detector-specific backgrounds that mimic DM signal

(impurities, leakage currents, thermal fluctuations, ...)

* serious background challenge for many proposals
* noble liquid targets: sensitivity currently limited by dark counts

e SENSEI: thermal fluctuations can excite electrons to
conduction band — will limit threshold to (at least) 2e-



Dark Counts

Detector-specific backgrounds that mimic DM signal

(impurities, leakage currents, thermal fluctuations, ...)

serious background challenge for many proposals

noble liquid targets: sensitivity currently limited by dark counts

SENSEI: thermal fluctuations can excite electrons to

conduction band — will limit threshold to (at least) 2e-

SuperCDMS: charge leakage currently limits threshold



Dark Counts

Detector-specific backgrounds that mimic DM signal

(impurities, leakage currents, thermal fluctuations, ...)

serious background challenge for many proposals

noble liquid targets: sensitivity currently limited by dark counts

SENSEI: thermal fluctuations can excite electrons to

conduction band — will limit threshold to (at least) 2e-

SuperCDMS: charge leakage currently limits threshold

unknown dark counts...?



Questions
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How will we know that we’ve found sub-GeV DM?

* Several handles exist to understand an excess
(annual mod, signal shape, temperature dependence...)

* But... a single experiment will unlikely be convincing...
ideally check with another detector technology

* Search for both electron and nuclear couplings

* Probe with accelerators
(visibility depends on specific DM candidate)

I’'m optimistic, but it’ll likely be a long road....
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How low should we go in cross section?

* Keep going, at least until solar neutrinos begin to limit severely
your sensitivity, and making progress becomes too expensive



N o U A WD

Questions

Where else should we look!?

Can we see a signal?

What are the backgrounds!?

How will we know that we've found DM?

How low should we go in cross section!?
Complementarity between DD & collider searches?

Put limits/projections from direct, indirect, and
collider searches on same plot?

(I'm not discussing interesting complementarity w/
cosmological probes, but see e.g.Vera’s talk)
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mediator g

SM SM
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DD & Accelerators
are great

X X

mediator q

SM SM

Mmediator < g
_ 1

O-e X —

q4

DD is much better

X1 Xz
mediator
SM SM
inelastic DM

EXl < mX2 - mxl

Accelerator is
much better
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Put limits/projections from direct, indirect,
and collider searches on same plot!?

* |t is useful to consider sometimes specific, concrete
models and make plots that contain all known limits

(and possibly projections)

* However, note that often small changes in the model
assumption can completely change the sensitivity of
particular probes. Great care must therefore be taken
when comparing the sensitivity of one type of probe

with another

* When presenting a plot that contains constraints/
projections from different types of probes, the model
should be specified precisely



Summary

|. Where else should we look!?

Sub-GeV DM is well-motivated and ripe for experimental exploration;
modest R&D funding for developing new ideas is essential!

2. Can we see a signal?
Yes

3. What are the backgrounds?

For 1st generation searches (~100 grams) radioactivity is under control,
neutrinos not important, but various handles on dark counts is crucial

4. How will we know that we've found DM?
I’'m optimistic, but it’ll be a lengthy road
5. How low should we go in cross section?

Just keep going! Will be limited by V’s eventually

6. Complementarity between DD & collider searches!?
Both are essential

/. Put limits/projections from direct, indirect, & colliders on same plot!
It is useful, but please specify your model precisely



