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Molecular excitations: a new way to detect Dark matter

J.Va’vra

SLAC, Stanford University, CA94309, U.S.A.

e-mail: jjv@slac.stanford.edu

Table 1. A simple calculation of the transition wavelength for
several frequency overtones of the OH-radicals. The last two
modes correspond to visible wavelengths. Higher modes can

reach the UV regime [6].
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DM particle collisions
with molecules induce
vibrational excitation
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(a) Molecular gas

DM particle collisions
with molecules induce
vibrational excitation

Photon detectors

Excited molecules decay emitting a photon
The photon is detected by the

photodetectors surrounding the gas



A novel approach for DM detection

N’

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
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1. Spontaneous emission rate

Homonuclear

A10~107 s1

A tee to pay

Heteronuclear
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Permanent dipole moment -> faster collisional rates

-> BBR
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| 74
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Zvib

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
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Dipole matrix element
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3. Black body radiation

Dipole matrix element
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3. Black body radiation

Dipole matrix element

A ,7..12 3
BBR _ 87 |di] v
tJ o 3 hv)
36oﬁc exXp kn T 1

v=1 171 ~100 ms

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



3. Black body radiation

Dipole matrix element

A ,7..12 3
BBR _ 87 |di] v
tJ o 3 hv)
36oﬁc exXp kn T 1

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!!!
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CO in detalil

Vibrational population of CO

10'10‘
| For CO @ 40 K the pressure must be
S s = 0.1 mbar to have all the molecules
g in gas phase
10'207
ik Botatiopal populatiop of CQ
10722
0.35F
10—307 | | | | | | | | | | | | | | 03"
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
T(K) 0.25r
.(—g_ 0.2
The rotational level distribution is accounted for 0.15-
in the rate calculation g |
0.05 \N
O | xl; | | |




CO in detalil

Vibrational population of CO

10'10‘
| For CO @ 40 K the pressure must be
S s = 0.1 mbar to have all the molecules
g in gas phase
10'207
ik Botatiopal populatiop of CQ
10722
0.35F
10—30 | I | I | | | | | | | | | 03|
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
T(K) 0.25r
.(—g_ 0.2
The rotational level distribution is accounted for 0.15-
in the rate calculation g |
0.05 \N
O | ¥ | | |







The emitted photon can be absorbed by another
molecule before it reaches the detector
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I=0.43 mm @ 40 K




The emitted photon can be absorbed by another
molecule before it reaches the detector

Photon mean free path l=a™!

3D Brownian particle
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CO in detalil
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We will be able to explore DM particles in a mass
range of almost 4 orders of magnitude, from 100

keV to 1GeV.
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Assuming an ultra-light mediator
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CO-CO accurate scattering properties

REMPI detection through a dark state
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That’s all folks




