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What is a Dark Sector?

Key idea: A new force may be essential to the
physics of Dark Matter!

Analogy w/ Nuclear structure & hadron spectrum -
Puzzles about structure of matter led to prediction of
new forces & related symmetries =iy 7 o
up to 40 years ahead of their time -

MHigos

photon

The idea of dark forces motivates qualitatively
new parameter space, where important targets
can be explored by small experiments



WIMPs: Confluence of Motivations

Simple, familiar Particle Content: A simple, predictive explanation
for origin of dark matter:

New Standard-Model-like matter
at Standard-Model-like scales

In particular, weak-scale
matter with weak interactions

particularly motivated by
hierarchy problem — why is the
gravitational force between
fundamental particles so
weak?
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A simple, predictive explanation
for origin of dark matter:

Dark matter was once In
thermal equilibrium with
familiar matter

P_rediction from common
history + measured
abundance:

Assume TeV-scale mass
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Weak-ish interaction strength
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WIMPs: Confluence of Motivations

Simple, familiar Particle Content: A simple, predictive explanation
for origin of dark matter:

New Standard-Model-like matter

at Standard-Model-like scales Dark matter was once in
thermal equilibrium with
in particular, weak-scale familiar matter

matter with weak interactions

particularly motivated by
hierarchy problem — why is the
gravitational force between
fun(.l-.---.-J.-l e S I R RS

wec

Prediction from common
IhintArm: 1+ mAaAaAATIrAaAd
Constraints on WIMPs and TeV-scale physics
more generally motivate a modest

generalization of this picture gth
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Simple, familiar particle content:

New Standard-Model-like matter
and forces
at Standard-Model-like scales

many solutions to hierarchy
problem involve such new

sectors — may be at different
mass scale
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Dark S€ Confluence of Motivations

Simple, familiar particle content: Familiar matter must be
neutral under these forces

New Standard-Model-like matter - so how would we test it?

and forces

at Standard-Model-like scales Residual interactions from

quantum corrections:

many solutions to hierarchy
problem involve such new 4 A
sectors — may be at different

mass scale
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Weak enough to be missed
experimentally so far
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Simple, familiar particle content: A simple, predictive explanation
for origin of dark matter:

New Standard-Model-like matter
and forces Dark matter was once In

at Standard-Model-like scales thermal equilibrium with
familiar matter

many solutions to hierarchy
problem involve such new

sectors — may be at different
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Dark S€ Confluence of Motivations

Simple, familiar particle content: A simple, predictive explanation
for origin of dark matter:

New Standard-Model-like matter

and forces Dark matter was once In

at Standard-Model-like scales thermal equilibrium with
familiar matter

many solutions to hierarchy

problem involve such new

sectors — may be at different
mas< <rale

"

A simple & motivated extension of WIMP
paradigm
Lot a0 Very weak co(ipzling
Weak enough to be missed Lower (MeV-GeV) mass

experimentally so far



4 Unlocking a dark sector will open up a wealth of
new questions about nature

— But why not focus on finding dark matter first, and
only then see if it motivates new forces?
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4 Unlocking a dark sector will open up a wealth of
new questions about nature

— But why not focus on finding dark matter first, and
only then see if it motivates new forces?

+ Although underlying physics is WIMP-like, the
experimental implications are distinctive
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4 Unlocking a dark sector will open up a wealth of
new questions about nature

— But why not focus on finding dark matter first, and
only then see if it motivates new forces?

+ Although underlying physics is WIMP-like, the
experimental implications are distinctive

4 SCDMS Xenon .
TeV I LHC
My

Hidden-sector DM

MeV ::

Sharp, accessible,
Important targets here!
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Outline

4 Hidden sector DM extends thermal DM to
sub-GeV mass range, maintaining WIMP motivation
of SM-like matter at SM-like scales

I I I
| | |
MeV GeV TeV

o

4+ Framework for systematic exploration, where
these motivations lead to new, predictive
milestones

4+ Opportunities to test this hypothesis with new
small experiments




Defined Possibilities

4+ Whether dark sector is simple ... or complex,

u 9.9 @ H

up charm top gluon Hiags b
990! @ partICIe
down strange botiom photon ?
oo o e e o o +force”:
e . U

we would look for it the same way!

+ Standard Model symmetries restrict its
Interactions with us to two types



Defined Possibilities

4+ Whether dark sector is simple ... or complex,
_|_ particle
o o0 +force?
X U
we would look for it the same way!

+ Standard Model symmetries restrict its

Interactions with us to two types

] vy oy New spin-1 “dark photon”
Vector Portal 5€vy E B o  Mmixes with photon — couples to

Conserved charge can also explain electric charge
dark matter's stability

Higgs
bosén
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down strange bottom

e . n T
electron muon tau
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aloctron muon tay
PRUANIND NEANNO et

S New spin-0 “dark Higgs” mixes
nggs Portal en|o|”|R] with SM Higgs — couples to
lepton & quark masses
New TeV-scale matter or other SM extensions allow related

possibilities, with different charge assignments



Sharp Targets for Coupling
4+ Follow directly from the motivations above
(1) Annihilation rate of thermal Targets for Thermal Relic DM

dark matter fixes a combination 10+
of DM and SM charges -
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predicted interaction rate depends
mildly on dark matter particles’ spin 9



Sharp Targets for Coupling

4+ Follow directly from the motivations above

(1) Annihilation rate of thermal Targets for Thermal Relic DM
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Lessons for Experiment

4+ Hidden-Sector Dark Matter is highly motivated and
predictive, but experimentally elusive

4+ Standard Model-like dark matter could be much lighter
than WIMPs suggest

— Thermal origin motivates sharp coupling vs. mass
milestone

— Look for scattering — lower energy threshold

— Look for laboratory production —+ modest energy
sufficient, but need high intensity and/or precision

4+ Look directly for new force!
— High-precision measurements

— Resonant mediator production in particle collisions —

again need intensity
10



Vibrant, World-Wide Program

Light DM
production

»h] 14 Jul 2017

Light DM Resqnant

scattering

1] 30 Aug 2016

mediator
searches
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Vibrant, World-Wide Program

Light DM
production
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Vibrant, World-Wide Program
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Vibrant, World-Wide Program

Light DM
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Need for Multi-Pronged Search

Fully explore the

simple thermal Where multiple
models Light DM searches explore
motivated Production the same
earlier x candidate, they give
complementary
‘ . Insights

- Resonant
Light DM -
scattering mediator

. g searches
Unique sensitivity to Probe models with
models with very light mediator lighter than

(Sub-keV-scale) dark matter (even if
mediators DM is heavy)



Mediator Searches

4+ If mediator too light to decay ,,,__  Visible Dark Photon

into DM, will instead decay
to visible matter

4+ Searches exploit several
production modes

— bremsstrahlung
— meson decays
— ete™ annihilation
— Drell-Yan

4 e e Decay Modes
= 0.8T

200.6-- ‘

o v— +, -

5 047 . A AN

0 02 04 06 08 10
Dark Photon Mass (GeV)

Bran

14



Mediator Searches

4+ If mediator too light to decay
into DM, will instead decay
to visible matter

+ Lifetime dictates search strategy
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Mediator Searches

4+ If mediator too light to decay
into DM, will instead decay
to visible matter

+ Lifetime dictates search strateg ,4'
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Low-T'hreshold Direct Detection

4+ Challenge: light dark matter
gives lower-energy recoils - hut
dramatic gains achievable with
sub-kg detectors

4 Calls for i

keV MeV GeV TeV

— Detecting DM scattering off _ Doskmatior meas
electrons or low-mass nuclej | .. seemare NR

— Exploiting low-threshold | | e
processes and new o " owman
readout technologies =

4+ Examples

— SuperCDMS in high-voltage mode can explore
=400 MeV mass via Silicon recaoill

— SENSEI using eV-scale electron recoils in
skipper CCDs to probe =2 MeV dark matter

— Longer-term R&D ideas: magnetic bubble
chambers, superfluid He, superconductor, ...
to reach ~keV DM masses

Tongyan Lin

keV

®
<

Typical recoil energy




Low-T'hreshold Direct Detection

10—35.

10—37. B

current constraints
EIaStic Seay (Xenon, CRESST)
ar

100 g-yr Si (2e)

10—39. B

10—41. B

1.n—43

\./‘
Direct detection is closing in on some thermal models
(+ a variety of interesting non-thermal ones, not

shown here)!

But other thermal models are simply unreachable.
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Low-T'hreshold Direct Detection

current constraints
(Xenon, CRESST)

Las le Scay
ar

100 g-yr Si (2e)

Dark matter halo Is
non-relativistic!
(10 el =

Xsec predictions
spread over tens of
decades, much like
for WIMPS!

® Small DM-SM coupling

| e - IS S ® \/elocity-suppression
DM Mass (MeV) = | v
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Dark-Matter Production 1

4+ Remedy: make relativistic dark matter!

— there are already powerful constraints on such
production from experiments >30 years ago

Hill
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PRD 1988 Bjorken et al
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— Accelerator neutrino experiments can do this too

— Powerful & cost-effective (parasitic) new proposals
use both electron and proton beams — but hard to
scale up! =



Dark-Matter Production 1

+ Remedy make relativistic dark matter!

. Beam Dump Sensitivity ich
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Dark-Matter Production II

4+ To beat this scaling, must detect dark matter
production via kinematics of visible final states

— need signal yieldxy and low background

4 )
Missing Energy/Momentum

(e fixed target)
= partial kinematic reconstruction

e DM
‘é<DM
Signal: low-energy |

recoll electron + ) [ % I
nothing else R N

4 o . )
Missing Mass (e"e colliders)
= full kinematic reconstruction
e ~
* BaBar @ SLAC R »
. T
. ; 4/ DM \ “ Uectro
DM
20 hnd dtastin, g sh 4
y,

~0.1 - 10 GeV Dark Matter

(ongoing projects)

MeV-GeV Dark Matter

(small-experiment proposals)



Dark-Matter Production II

4 To beat this scaling, must detect dark matter
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Conclusions

4 Hidden sector DM extends thermal DM to
sub-GeV mass range, maintaining WIMP
motivation of SM-like matter at SM-like scales

I
MLV GéV TeV
I-_Iidwd‘ven s_gctor

e —

Thermal DM WIMP

4+ Can systematically explore DM couplings to
familiar matter

— Thermal abundance motivates important target in
parameter-space

4+ Together, upcoming projects and proposed small
experiments can test this hypothesis

— Active international community

— Very high impact for low cost
20



