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Lots of activity in recent years:
Theory & Experiment
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Neutrino floor — coherent elastic neutrino-nucleus
scattering (CEVNS)



e Neutrinos with energy 1-100 MeV — keV scattered
scale nuclear recoils neutrino

e.g., recoil spectrum expected from 8B solar
neutrino flux would resemble that of a 6
GeV DM (Billard et al., PRD’14)

e Neutrino floor — threshold below which the
number of neutrino events is expected to be
much larger than the number of DM events

e New Physics (NP) in the neutrino sector //gg—’seéanary
(new mediators, effective NSI etc.) can alter  EoQilENN ¥ g
the height of the floor (Boehm et al., JCAP’19,
Chao et al., JCAP’19)
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Constructing the specific form of the floor — see [Boehm et al., JCAP’19] for
technical details




Examples:

e Vector/axial vector mediator

(D —ngfvufZL + h.c.
il

~ a factor of 2 for small DM masses (below 10
GeV, where the main contribution is due to solar neutrinos) and by a

factor of 1.3 for large DM masses (where atmospheric neutrinos
dominate)

o Scalar/pseudoscalar mediator
L=-Y,0ipvr — ) Yifof =) Yorfi¢rsf+he.
f#v f#v

by several orders of magnitude in the region of low-mass

DM (below 10 GeV)



Examples:

e Vector/axial vector mediator

LD—ngfv“fZL+h.
i

floor can be raised ~ a factor of 2 for small DM w 10
GeV, where the main contribution is due to solar .trinos) and by a

factor of 1.3 for large DM masses (where atmospiggric neutrinos
dominate) ®

o Scalar/pseudoscalar mediator
L=-Y,0i¢ve = ) Yifof =) Yasfignsf +he.
= =

raised by several orders of magnitude in the region of low-mass

DM (below 10 GeV)



—
=
1

—_

-

=
L
=
o
=
Lt
aQ
%]
15 ]
L]
o
A
L
=
o
g
L
3
L :
1
A
=
L

=
|
—_
Lsi

3 456 10 20 30 10°
WIMP Mass [GeV]




New directions to see DM

e Points to remember:

(i) Velocity of bound DM within the Milky Way galaxy, v, , is

non-relativistic and limited by galactic escape velocity (~104 ¢)

(i) The maximum possible energy transfer to the detector
decreases as the DM mass, 2, , is lowered

X
e - Traditional DM-nuclear scattering
A L B s 2 (16 GeV
R L e X19OeV><< T ) i
A & 2mpy my 500 MeV my

\

As m, decreases — £ quickly falls below the threshold sensitivity
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o DM:-electron scattering (1 keV — 1 GeV)

For low-mass DM the energy is transferred far more efficiently to an
electron than to a nucleus (Essig et al., PRD ‘12)

If the m, > m,, maxlimum energy transfer
2 X
B. < gmaf $3eV (§55)

Bound electrons with binding energy £, can thus in principle
produce a measurable signal for

)
iy, T R e <1 e%)

(i) ionized excitations, in drift chambers (£; ~ 10 €V) for m, > 3
MeV, in semiconductors by promote electrons from the valence band
to conduction band (Lee et al., PRD ‘rs)

(ii) scintillation photons (GaAs, Nal, CsI) (£, ~ 1-5 €V) for my < 0.3
MeV (Derenzo et al, PR ‘17)

(iii) eject an electron from a two-dimensional material e.g., graphene
(Hochberg cuall IS ‘17)



o If, m, < m,, energy transfer (Hochberg criall,, ISR ‘16)

1 2
4= <q—+2q_’.?7¢> 16
ks

If the DM kinetic energy > §, the quasi-particle binding energy ( ~
few meV), superconductors may probe DM as light as 72, ~ 1 keV

o Other options:
1. DM absorption on electrons (1 meV — 1 keV)
2. DM-low-Z elastic nucleus interactions (1 MeV — 10 GeV)
3. DM-oft-shell nuclear interactions (1 keV — 1 MeV)

4. Bremsstrahlung in inelastic DM-nucleus scattering (1o MeV — 1

GeV)
s. DM-induced chemical-bond breaking (10 MeV — 10 GeV)
6. DM-induced spin-flip avalanches (10 keV — 10 MeV)



o Ultra-light (sub-meV’)

(i) In this range the 102eV 10786V 107MeV 1000V 10%eV 10726V
dark matter can be DM mass: | : : : : >
thought of as a field 10~ * Hz 10"+ Hz 1 Hz 10* Hz 10° Hz 10" He
(or wave) oscillating
ata frequency equal <«—torsion balances —» —E&M —>
to 1ts mass Technique: ;1o interferometry — «~——NMR ——

« X-Tay > +«— NMR—

(ii) detectors

Searchin fOI' SLlCh Experiment: Eot-Wash (spin) ADMX

: : CASPEr-Wind AVSTAC
. Eot-Wash (scalar HAYSTAC
light dark matter . ol ash (seatan
Couplings LC Circuit
must look for the E&M | | R
. Atom Interferometry (spin) DM Radio
collective eftect of all Ao Inforferometry (scal. CBRACADARR
Spin Atom Interferometry (scalar) \BRACADABRA
the dark matter .
Seatl [AXO ARIADNE

particles in the wave

(iii) utilize high precision sensors of continuous wave signals as opposed to the
traditional impulse detectors used for single particle scattering

(iv) Sensors come from many areas of physics including condensed matter and
atomic physics and are based on a wide range of techniques such as high-precision
magnetometry, NMR, electromagnetic resonators, atomic clocks, and laser

interferometry
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New ideas

o Freeze-in DA (Hall et al., JHEP ‘10; Review: Bernal et al., JMPA 17)
o SIMP (Hochbergetal,, PRL ‘14)

o Forbidden DA (D’Agnolo et al., PRL ‘i)

o Co-decaying DM (Dror etal., PRL ‘16)

o ELDER (Kufliketal,, PRL ‘16)

o Co-scattering DM (D’Agnolo et al., PRL ‘17)

.... NANY MMOre



A couple of case details

DM DM
DM DM

>

(1) SIMP

time

(i) keV-MeV range self-interacting DM

(ii) self-interaction can help ameliorating small scale structure
formation issues



(2) Co-scattering DM
(D’Agnolo etal., PRL ‘17)

(i) x and ¥ charged under the
symmetry that stabilizes DM y

Coscattering Mechanism

N (a)'//{- "\<b> P
(ii) ¢ is an unstable state from the

thermal bath f'_;]'/ ‘\\ () 1 f \\r )
(iii) Unlike coannihilation, here Mo T Ly

process (a) shuts off before process [« | | |

(b), such that the DM abundance || |
is determined by the freeze-out of
inelastic scattering

(iv) Conditions for co-scattering:
(1) \ — 90 is in equilibrium,
(2) % x¥ — @@ can be neglected, and

(3) 2-body decays are kinematically forbidden, m,>m, —m,

)
Coscattering — DM exponentially lighter than the weak scale & has a
suppressed annihilation rate, avoiding stringent constraints from indirect
detection



New ideas/mechanisms

(not necessarily models)
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