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"The Case for Accelerators

Can robustly test light DM that was in thermal contact with SM
Ready to do it today!



Dark Matter

What we know:
Equation of state
PDM ™~ PSM
Interacts through gravity
107 eV < mpy < 10% eV

Hypothesis:
It couples to SM through
‘sizable’ non-gravitational
Interactions

__ (consequence)

Thermal equilibrium with SM

Abundance through freeze-out



Dark Matter

Thermal (contact with SM) relic sharp target

Non-thermal Thermal Non-thermal
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Inputs: BBN + Inputs: perturbativity +
CMB overclosure



Dark Matter

Thermal relic sharp target (contact with SM)

Hypothesis:
tightly tied to EWSB
MeV 100 TeV
R T
Mo



Dark Matter

Thermal relic sharp target (contact with SM)

Hypothesis: Hypothesis:
tightly tied to EWSB weakly tied to EWSB
MeV 100 TeV MeV 100 TeV
RS e e
Mo GeV  Mzo
WIMPs! Light thermal DM

same mass range as SM: MeV - TeV

Thermal contact implies
light mediator!
(See Krnjaic and Schuster’s talk)



The Light Thermal Target

It’s important for direct detection to get here!
Cosmologically long-lived particle from halo

Direct Detection current bounds
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The Thermal Target

Halo DM ‘beam’: non-relativistic probe Accelerator DM beam: relativistic DM
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A Finite Thermal Target

Thermal freeze-out
means bounded parameter space

Accelerators have already covered important territory
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From Schuster’s talk



The Thermal Target

DM with a thermal origin paradigm is a compelling case

Accelerators robustly test this scenario
Light DM 1in the vicinity of the Weak scale big blindspot

If discovery
accelerator probes can yield
underlying mediator physics

+ mass scale

Are there proposals to achieve this with
small scale + in the next ~ 5 years?

Yes!
More from Bertrand



Probing the thermal relic target with accelerator-based experiments

Very fruitful workshop! Special thanks to all contributors.

Over 20 talks in WG3 parallel sessions, including current results, new
theoretical ideas, facilities and new proposals, as well as interesting discussions.

Thermal Relic Targets & Current Constraints

10-4 LHC |

Common theme amongst new proposals:
robustly probing the thermal relic target in the
MeV-GeV range with different approaches.

Advantage of accelerator-based approaches

1 10 102 103

= Vast majority of these proposals are based on proven technology /
techniques

= |Leveraging existing facilities / accelerators (parasitic runs / small
additions)

Cost effective and deployable in the near future.



Probing the thermal relic target with accelerator-based experiments

Missing mass Missing energy / missing momentum
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Probes DM interaction twice

Complementary to DM searches

Disclaimer: some sensitivity plots are based on different assumptions and should not
be directly compared



Highlights from the missing mass approach

X X MMAPS (J. Alexander)
K // _ The MMAPS detector
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Highlights from the missing mass approach

PADME (M. Raggi) DarkLight (M. Kohl)

DarkLight phases
o
PADME expe"ment Set“P Phase 0: Transition of MW e-beams through mm apertures (2013)
Phase 1a: Intern. target, prototype detector, to be redone (2016/17)
High Energy Phase 1b: Mgller process, test of streaming readout (2017/18)

Positron veto
1 cm scintillators SiPM readout

Phase 1c: Test of 17 MeV fifth force carrier (2017/18)
Phase 2: Full measurement
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Fully developed concepts, ready to be build or already in construction
Resonance search =» robust technique



Highlights from the beam dump approach

MiniBooNE
R. Cooper

« 2014 Ran beam off target, collected 1.86E20 POT.
« 2017 First results on DM search with NCE sample.

Confidence 7 [e On-going analyses
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3/23/17 R L. Cooper - US. Cosmic Visions 25



Future prospects: proton beam dump

Fermilab: leveraging neutrino exp.
(R. Van de Water)

Proposed sub-GeV DM search with
SBND — several options to improve
on MiniBooNE by order of
magnitude.
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Proton beam pipe iy 2

-

New Beam Stop
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Using COHERENT at SNS
(R. Tayloe)

Existing LAr & Nal o
detectors — can be = i
upgraded to larger
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SHIP (A. di Crescenzo)

CERN spectrometer
>2026 = 1

Decay vessel

detector
Active muon -

Target and shield
hadron absorber



Future prospects: electron beam dump

A. Celentano

BDX: Lower neutrino bkg from e~ beam

Several sites investigated, JLab Hall A most
promising
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BDX-DRIFT: Complementary sensitivity
from low-threshold TPC (D. Snowden-Ifft)
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SBND Leptophobic Searches with Improved Beam

Complementarity between proton and electron beams

Leptophalic DM, Most Conservative
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Electron beam probes lepton couplings
Proton beam probes hadronic couplings
Both couplings are possible



Highlights from the missing energy / momentum approach

Active Target (ECAL/HCAL)
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Key Features of the setup:

» High energy beam to trigger the reaction: 100
GeV e- beam from the CERN SPS.

+ Max intensity ~ 5 x 108 e/ spill.

« Typically 2 spills/min

» Main impurities of H4 beam: n—, low energy e—
(~1%) p— and K- (=0.1%)
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The run 2017 :
- Plan to collect up to few 10" electrons on target for the invisible channel and

cover significant area of the A’ parameter space.

- Upgrades to the tracking system as well as to the synchrotron radiation detectors
are foreseen.

- We also intend to switch to visible mode to collect few 107° eot (> 1 week ) to
address the Be8 decay anomaly which could be explained by a 17 MeV boson.



Highlights from the missing energy / momentum approach

T. Nelson

ECAL/HCAL

Tracker
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|LHC

LLEP

LDMX Phase I @ 4 GeV %

0.1-0.3 Xo target \

) = aC ¢!
LDMX Phase I1 @ 8 GeV
L0-150 0.1-0.3 X, target
10716

T T
m, [MeV]

* Start at 4 GeV towards the end of 2021 -- sensitivity to 1014

* BES plans accelerator upgrade (LCLS-Il HE / 8 GeV) -- sensitivity to 1016




Highlights from the mediator search

P. Schuster SeaQuest (M. Liu)
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St-4 muon ID

Mediator m, <2 .

St-2tracking  St-3 tracking

Gl

- nyp J’ | mpy Will decay - |
mANAG /g8 N
e | Visibly .

Thermal target

my (GeV)

The HPS Apparatus

Electromagnet
Used for triggerin

meter

Magix @ MESA(S. Caiazza)

I
KLOE 2013

ST pair Spectro
g=.25T

e (k) e (K
SVT Vacu 1
svr) © |\ Si tracker plac i
iid intense dorderio avo —— 10% of 2015 Engineering Run
S e { — Projected 2015 Engineering Run
— 12 Weeks @ 2.2 GeV - _
|V| t §—— 12 Weeks @ 4.4 GeV P(])) g > 7]<p/)
ore to come soon —_— o Y
! 10 10.
A’ mass (GeV) m,. [GeV/c?]

Some experiments already probing new parameter space



Enabling the science: JLab facilities

12 GeV CEBAF Overview

* Polarized electron beam (P>85%)
» Four 249.5 (or 499) MHz interleaved _

A. Freyberger

summary

beams, generating a 1497 MHz CW iéulegew\w/Hinna; / \\j:
beam 123 MeV Injector //// eme .o
oertasers o MM JZ’ SQPta S The JLab electron beam facilities, 10" BT
249.5/499 MHz 4 z . . H \
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ualit 10— N\ =31
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 Large dynamic range in bunch Aleksejevs et. al. (arXiv:1603.03006v1)
charge (beam current)
Beam energies from 100 MeV up to

Very Asymmetric Collider .

@ High-quality low-energy electron beam from a linac 12 GeV
+ High-quality high-energy positron beam stored in a ring
=Smalls = 4E, E_

Office of (J A
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The JLab electron beam facilities
used to search for DM
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Enabling the science: DASEL at SLAC (DArk Sector Experiments at LCLS-Il)

Multi-GeV CW beam (parasitic to LCLS-II)

DASEL Opportunity: End Station A (ESA)

ot A
SLAC

| End Station A ’—\‘
DASEL x

Beamline

Existing
A-Line

— existing LCLS
— existing ESA
— DASEL proposal
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LCLS-Il SCRF Linac
| | Soft X-Ray FEL

LCLS-Il beamlines

| I Hard X-Ray FEL

T. Raubenheimer

DASEL Summary

o A
D N

+ DASEL fills a need for a dedicated multi-GeV CW electron beam for
high-impact dark sector experiments

+ DASEL is a very cost-effective project
Leverages major infrastructure:
LCLS-1l SCRF linac, A-line, and End Station A
Facility will not interfere with the LCLS-II XFEL program
Benefits from LCLS-II engineering design and reuses existing hardware
Total cost <10M$

+ DASEL would operate in a parasitic mode with ~5000 hrs/year and:

Beam Energy: 4 GeV (likely upgraded to 8 GeV)
Beam Current: 1e-/25 ns — 25 nA (upgradable to 1uA)

Building DASEL now is an opportunity to
enable Dark Matter searches in 2020

Tor Raubenheimer, Intro to DASEL, U.S. Cosmic Visions Workshop, 3/24/2017 24



Summary

Missing mass / momentum / energy Beam dump

Missing Mass/Momentum Experiments (Kinetic Mixing) All Beam Dump Experiments (Kinetic Mixing)
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Robust exploration of thermal targets
Big discovery space!



Conclusion

If dark matter has been in thermal equilibrium with the SM,
accelerators can discover it (MeV-GeV)

Cost effective — leveraging existing technologies and facilities

Ready to start now

Accessibility to large discovery space — can measure the
parameters of the sector



