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Abstract: <p>In the search for dark matter, neutrino experiments can play a key role by doubling as dark matter production and detection
experiments. | will describe how the proposed DAEdJALUS decay-at-rest neutrino experiment can be used to search for MeV-scale dark matter, with
particular emphasis on dark matter produced through a dark photon in rare neutral pion decays. The fact that the dark photon need not be on-shell
opens up awide range of new possibilities for the experimental program of searching for dark matter at neutrino experiments.</p>
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Dark matter search strategies

Indirect detection

“Holy Trinity” of DM program:
see same thing at all three expts.

Direct detection Collider production
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Why an MeV dark sector?

“WIMP” miracle
% _ . 10-3 ( ULPY z Muon g-2 anomaly )
szm, v 10( .

) MeV
(my > M,,

/Galactic positron excess\

\[F’ospelov 0811.1030, Lee 1410.8435]/

\ [Weidenspointner 2008] /

Easily missed in standard WIMP searches!
Too light for colliders, too slow for direct detection,
too much background for indirect detection
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Fixed-target experiments

“Missing-energy’ search: Production and detection:
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e.g. VEPP-3, DarkLight, new Pl proposal e.g. LSND & MiniBooNE, E137, BDX
[1207.5089, 1307.4432, 1411.1404] [0906.5614, 1406.2698, 1406.3028]

Neutrino experiments especially well suited:
neutral-current neutrino scattering looks like DM scattering

Same signals, same detectors!
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Dark photon model

[Okun Sov. Phys. 1982, Holdom Phys. Lett. B 1986]
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dark photon dark gauge DM
mass coupling mass

Kinetic mixing

(consider only fermionic DM for concreteness)

Key feature: kinetic mixing gives universal coupling to EM
L D eAl,JEm

Any source of photons is a source of dark photons (and DM)

o — €2

Full 4-dimensional parameter space is worth exploring!
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Parameter space (as of 2013)

[Essig 1311.0029]
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Key takeaway: off-shell dark photons make current results
stronger and connect visible/invisible searches
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Outline
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. MeV DM production
at DAEJALUS
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DAEdJALUS proposal

[Adelmann et al. 1307.6465]
Goal: measure i« p in neutrino mixing matrix

Multi-baseline decay-at-rest v,, — V. oscillation experiment

os¢ max (172) [ ofl max (t/4) Cons trains

at 40 MeV

Three cyclotron sources are expensive. ..
However, exciting physics opportunities with only one source!
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DAEdJALUS source

Superconducting
Ring Cyclotron

s

Injector Cyclotron

S

Dump with
Embedded Target

800 MeV protons
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DAEdJALUS source

Superconducting
Ring Cyclotron

Injector Cyclotron

800 MeV protons /

Thick specialized target stops most charged pions and
muons, neutrinos primarily produced from decays at rest
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DM production from pions

Neutrino source is also a DM source!

=/ are main source of energetic photons at 800 MeV
(A, bremsstrahlung subdominant)
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Nice feature: neutral pions decay fast, retain boost!
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On-shell vs. off-shell
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No sharp kinematic cutoffs!
Will find sensitivity to ma- well above pion mass
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Il. DM detection at
L ENA
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The LENA detector

[Wurm et al. 1104.5620]
(a.k.a. an underground football field filled with laundry detergent)
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(Anything underground works: JUNO, Hyper-K, ...)
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Electron scattering

Form factor suppression at MeV momentum transfers:
nuclear scattering highly suppressed
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Geometries
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neutrino expt. setups!
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1. Backgrounds and
analysis strategy
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Elastic and CCQE scattering

Any event which gives a single energetic charged lepton
(plus any other soft junk) is a potential background

Two main types of BG:

Elastic scattering Charged-current quasi-elastic
(irreducible) (partially reducible)
rve — rve vem — 0 p, Uep — €T n
« Same final state as signal * Nuclear activity indistinguishable
« ldentical kinematics to signal from lepton

* Muons can fake electrons
* Recoil spectrum has sharp cutoffs
and distinctive kinematics
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Beam-off backgrounds

Underground detector renders everything
but atmospherics negligible

Source ”anl’l,l'inn:Rnactiun Typnll()(i 147 ]\-‘anll-’lT 250 I\-’I(‘.Vliz.":(l 400 l\-‘anl Tag I

Ve clastic < 1 < 1 < 1
_ CCQE 6 13 12 ( Michel >
clastic < 1 < 1 < 1
Atmospheric e | CCQE 3 9 a9 ;

. clastic -1 < 1 = 1 \
CCQE 2 1 1 Michel

. clastic = 1 < 1 < 1
CCQE 1 2 2 neutron

can tag muon
decay 70%

Small, manageable rates,
can measure during 75% beam-off time
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Beam-on BG: processes
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Beam-on BG: rates
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CCQE dominant at low and high energies
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Beam-on BG: processes
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Background uncertainties

Persistent issue at neutrino experiments is flux calibration

Need some process other than electron scattering
to calibrate...but nuclear processes have large
systematic uncertainties!
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Beam-off rate low enough to be stats-dominated, but

beam-on rate is systematics-dominated
Take 6 B = 0.2B to be conservative
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Optimal recoil cuts

Optimize S/B for all points in parameter space:
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CCQE is main BG almost everywhere,
need narrow signal window!
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DAEdJALUS/LENA
vs. LSND

« Higher energy range for electron recoils

LSND: Cerenkov with 18-52 MeV analysis window
LENA: Scintillator with poor resolution at low energies,
can work above DAR threshold (= 106 MeV)

* *Higher luminosity: DAEdJALUS delivers 10x more POT in
1 year than whole life of LSND experiment

e *Larger acceptance: can put DAEdJALUS closer to
LENA, detector is 100 m long compared to 8 m for LSND

*can be important if stats-limited, rather than sys-limited

Pirsa: 14120021 Page 27/35



V. Sensitivities
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Updated LSND bounds

LSND Comparison. m, = 20 MceV, ap = 0.1 Off—S h e | I
- (upper)
off-shell
—ol l..SNI)
l() ( | Owe r) this work
EZ
107}
£l £
105} LSND, this work " oy
E: . ) E
10 20 50 100

200
m, (MeV)
Huge region of parameter space excluded for free!

Potential to run same analysis with higher-energy
LSND window [LSND collab. nucl-ex/9706006]
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Fixed DM mass
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Lower off-shell regime probes same parameter space as
visible searches!
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Fixed dark photon mass

my = 10 MeV, ap = 0.1 my = S0 MceV. ap = 0.1
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Lower off-shell regime probes same parameter space as
visible searches!
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Fixed dark photon mass
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Lower off-shell regime probes same parameter space as
visible searches!

Pirsa: 14120021 Page 32/35



Fixed Kinetic mixing
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The g-2 window is closing! But not dead yet...
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Summary

N
I. MeV DM produced through 1. DM detected via
rare 3-body pion decay electron scattering
g —— e = X X
‘__.—" * s l/_"‘_t_,’._/ ------------- A’
. - #:f-<\ DAESALUS LENA > E >
! e
_ O\ J
d N (7 ™
1. CCQE backgrounds from V. DAEAALUS/LENA stronger
rare decays are main BG than LSND by an order of mag.
L JRE " )
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Conclusions

« DAEdJALUS with a suitable detector like LENA can
improve LSND by an order of magnitude after 1
year

« Off-shell reach is surprisingly strong, important for
whole program of dark photon searches from
meson decay (e.g. MiniBooNE)

» Exciting symbiosis between neutrino and DM
communities in the coming years!
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