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Light (Thermal) DM — Light Mediator

Otherwise DM is overproduced in early universe

Higgs Portal (HTH) @D:2

Axion Portal F,uI/F,uI/ODzl
Vector Portal ALY
(kinetic mixing) 3 pv OD:Z

Only remaining viable option DM
(see overview talk)
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If A’ Decays Invisibly to DM

4+ dimension parameter space

Br(A" — yx) ~ 1

Model Independent Bounds Model Dependent A' - yx , m, <1MeV,ap=0.1

E137

107°F (€=2)u>50

(g_ 2)” i 20

T T T T, R 1 10 102 10°
m, (MeV) ma (M)

Lots of room left to cover (including GUT motivated)

Opportunity to discover DM
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Simplified Model

Familiar starting point

Most of this talk
My, mar ~ MeV — GeV
e ~107° —10"°

QDN10_2—1

Relevant for thermal DM
& fixed targets
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Simplified Model

Familiar starting point

Most of this talk

My, ma ~ MeV —GeV ~ Symmetry breaking sector

!
o105 _ 102 always there!

9
ap ~ 107° —1 Generic DM mass Splitting

Relevant for thermal DM Hpx®x = vp XX

& fixed targets _
S A = Mex, — Mgd, ~ My

Identical model, Rich pheno, CMB 100% OK!
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Low mass: best limits from neutrino factories

= v, uroetvy, e
— - o ~
proton p+pn) — V' — xx )y +e e Y
beam 0 - N
T —— Vy — XXY S X4y

Pioneering searches: MiniBooNE, LBNE, MINOS NOvA...

DM produced via nuclear physics, scatters downstream

(Batell, Pospelov, de Niverville, McKeen, Ritz, Dharmapalan...)
However:

Designed to make neutrinos: large CGC/NC backgrounds

Large (100 m+) baseline degrades geometric acceptance

Proper search expensive, requires dedicated beam time
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Why Prefer Electron Beams?

Beam backgrounds: small == real discovery potential

High acceptance: nearby detector & forward kinematics

“Parasitic” (symbiotic): existing beams, detectors, & facilities

Discount physics: small, relatively cheap

Cosmic backgrounds: beatable, reducible, or zero

Complementary physics: neutrino factories & visible searches
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How to Search
Ingredients

Beam Dump Detector

Already exist\

Electron beam (few-100) GeV, continuous or pulsed

Beam dump & dirt ~ 10 m, range out beam BG

Just need

Detector for NG scattering: plastic-scintillator, LAr-TPC...
Can exploit existing technology
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How to Search
Production

mar > 2my, == on-shell A’-strahlung

ma < 2m, —> off-shell radiative

A’ gets large fraction of beam energy
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How to Search
Elastic Detection A\ = ()

Coherent Nuclear

Low recoil energies, light mediator
7?2 enhancement, form factor

Inelastic hadro-production

High Q transter

Electron Scattering
Low recoil energies, ligcht mediator

Quasi-elastic Nucleon
Higher recoil energies > 10s MeV,
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How to Search

Inelastic Detection A > (

(&

1. A’ decays to ground & excited state ; AT

(beam dump)

2. DM upscatters into excited state
(detector) X

3. Excited state decays promptly
(detector)

8e?aapA°
L(yp— xete )= - O(A")
15mm?,

¢ =cr ~0.0lem (%) (106_3>2 (%) (50 Zdevf(f,oml\?;vf
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Basic Concept
Jetterson Lab Setup

f— 10 m ——>¢— 10 m —

X

Beam Dump Detector

12 GeV beam energy
Average current ~ 100uA

10%2 EOT (~ 1 yr.)

1m

3

Fiducial volume = 1m Plastic Scintillator

@ 15 m.w.e. depth
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Basic Concept

Beam Correlated Backgrounds

Neutrinos from beam =n/u
Nuclear recoil cut FE,een; > 10 MeV
(0.1 — 1) BG event per 10*° e~

Consistent with SLAGC mQ) rates

Ejected Neutrons
E, < 10MeV , below cuts

> Beam backgrounds very small

GEANT validation in progress
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Basic Concept

Beam Uncorrelated Backgrounds

Cosmic muons

Decays 1n flight ~ 0.005 Hz (veto)
Stopped decays ~ 100 ps cut (veto)

Cosmogenic neutrons
®(E > 10 MeV) ~ 2 x 107 *m %5~

Consistent with GDMS-SUF (~ 10 m.w.e)

Pulsed beam : livetime 10°s, O(10) cosmic BG events

>  Small, Measurable

Sensitivity ~ 10 events signal yield
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Basic Concept
Signal Yield

L 2
B d°N, do
Nae = 7 / dExR / dE / 40 0(€) =X
5T e pmingeny X Jpet 0 dE,, dEx

e

Target

. Acceptance Recoil
Density Detector & DM path Pfgglle
Threshold e
~ D
Production
Distribution

2

~ €
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For electron-recoils or inelastic signals:

Recoil Spectra , my =140 MeV, m,=10MeV, my =m, + A

S

~ e,A=1MeV =~ ——
A=5MeV  ———--eeu--
A=10MeV  cmrmemememem

6 A=15MeV  -eeeromeeeamenn

% Nuc., A = 20 MeV

but, for quasi-elastic nucleon scattering:
Will need some background reduction strategies

Thursday, June 18, 15



BDX Elastic Electron Channel

Sensitivity Projection JLab

Elastic e~ Scattering, Various Thresholds, ap =0.1, m, = 10 MeV
BaBar

10—4.

10-°

10—6.

10—7.

10°8F  1snD

10_9 BDX E > 2 GeV, 3 evt. —_—
BDX E > 500 MeV, 3 evt,. —m———
20 50 100 200 500 1000
m, (GeV)

10°? EOT 1 m°> detector
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Inelastic Scattering

Sensitivity Projection, inclusive of all targets (e,p,Z)

Z7p7n7 e_

Lepton Spectrum , my =10 MeV >>m,,

V' my = 140 MeV

Inclusive Scatter + Decay, ap = 0.1, m, =10 MeV, A =50 MeV

(0
p «LSND i
X 2 10
10~7
E137
1078
10~°
BDX 3 evt.
-10 . . . . .

10 50 100 200 1000 2000

(Arb. Units)

d(Ee+ + Ee—)

mA ! (MeV)

102 EOT

2 4 6
Es+E,- (GeV)

3 10

1 m°> detector

Comparable reach w/ Cornell Synchrotron @ 12 GeV
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Thermal Target Reach

Scalar Thermal Relic DM
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Model Independent (g — 2), Coverage

Favored by (g-2),, m, =1 MeV

10—2 ] i<_ _,i //BaBarI
| =
1077} 21| E787 / E949
I =4
10~ i 35,//////
By L
5107 & - / //
10_6' i i /
10_7' :/LM

~8
10 — BDX  NA4SI2+ Al + APEX + BaBar V
1077 ' ' '
0 30 700 300

m, (MeV)

Fix: e — €(g—2),
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Summary

Electron beam-dump searches are powerful
Convincing discovery potential

Negligible beam BG, reducible cosmic BG
High luminosity & low cost

Can probe light thermal DM

Cover scenarios other methods can’t

Complement visible A’ searches
Cover nearly all remaining (g —2), territory

Run parasitically at existing facilities

Jetterson Lab, Cornell, SLAC, Mainz, Fermilab (?)

Stay tuned
BDX positive review from JLAB PAC-42
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