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Dark Sector Candidates, Anomalies, and Search Techniques
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Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing
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Eiot=mbpmv2/2 = 50 eV X (mDI\/I/1 00 I\/IeV)

Vibration of molecules
mMpv ~ MeV




DM particle collisions
with molecules induce
vibrational excitation

Mixed Molecular gas
Photon detectors
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The photon is detected by the
photodetectors surrounding the gas

Excited molecules decay emitting a photon



A novel approach for DM detection
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Four points to take care of

1. Spontaneous emission rate

2. Thermal population of vibrational states
3. Black Body radiation background

4. Collisional de-excitation rate

Bonus: Photon absorption



1. Spontaneous emission rate

Homonuclear

N v=1, 71 ~100 ms
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We prefer lighter molecules, i.e., large
vibrational spacing

The temperature has to be low enough . .

to ensure that almost every single i : to “Vf"d clustering of
molecule is in the vibrational ground the gas, i.e, formation of droplets on
state the gas



3. Black body radiation

Dipole matrix element

A ,7..12 3
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v=1 171 ~100 ms

We prefer lighter molecules, i.e., large
A1o=~10 s vibrational spacing

Molecules with smaller dipole
moment will have smaller BBR rate

Low temperatures are better!!!



Dipole matrix element Vibrational frequency
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Molecules with large vibrational
energy spacing

Low temperatures T= 60 K

Spontaneous emission rate
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4. Collisional de-excitation
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Systematics of Vibrational Relaxation*
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A10=32.5 s-1

V=T
v=0
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Vibrational population of CO
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The rotational level distribution is accounted for
in the rate calculation

For CO @ 40 K the pressure must be
< 0.1 mbar to have all the molecules

in gas phase

5 Rotational population of CO
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The emitted photon can be absorbed by another
molecule before it reaches the detector

Absorption cross section

Oabs(W) = hwB;;g(w)
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The emitted photon can be absorbed by another
molecule before it reaches the detector

Absorption cross section
O abs (W) — FL(A)B@']’Q(W)
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Absorption cross section
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—CO-CO approx,  Spontaneous emission rate
| —CO-He approx

Landau-Teller theory for  10*
v-v and v-t energy transfer |
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Vibrational relaxation of vibrationally and rotationally excited CO
molecules by He atoms
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CO in detail (collisions)

Vibrational energy exchange in CO-CO collisions at low temperature
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DM particle collisions
with molecules induce
vibrational excitation

Mixed Molecular gas
Photon detectors
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The photon is detected by the
photodetectors surrounding the gas

Excited molecules decay emitting a photon
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We will be able to explore DM particles in a mass
range of almost 3 orders of magnitude, from 100
keV to 100 MeV.




m, [MeV]

We will be able to explore DM particles in a mass
range of almost 3 orders of magnitude, from 100
keV to 100 MeV.
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CO-CO accurate scattering properties

Electronic excitations?

REMPI through a dark state
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That’s all folks




