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KEV—MEV THRESHOLD, ~CM>-VOLUME DETECTORS

DREAM: to be able to detect down to tens of meV energy deposition events in
materials without preclusion to significantly large volume detectors

NEW CONCEPT: to use LASERS to detect particles in materials
the laser is tuned to a particular atomic/molecular transition

ENVISAGED POSSIBILITIES:
. upconversion in RE-doped materials

. upconversion in matrix-isolation

. the LASER detector

1

2

3. anti-Stokes processes

4

5. Faraday detector (ferromagnetic, paramagnetic materials)
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DREAMS:VARIOUS TECHNOLOGIES
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DREAMS:VARIOUS TECHNOLOGIES

Optics

Optics open the future !
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RE-DOPED CRYSTALS

basic idea: diminish w-value in an all-optical scheme based on the IRQC concept

N. Bloembergen, Phys. Rev. Lett. 2, 84 (1959)
» pump laser resonant with transition

Es—§ T 2—3
OPTICAL PUMP ! > mat‘erial transparertlt to the pump
! until an IR photon is absorbed
M32 L e 1-2)
_— |
—_— ! er  PHOTO- » level 3 is fluorescent = detection
—_— | A MULTIPLIER can be accomplished via
E4 Ly conventional detectors (PMT or PD)
» such energy level scheme can be
realized in wide bandgap materials
IR quontem s EIZ T huy kT doped with trivalent rare-earth ions

the whole field of upconversion can be traced back to this idea
(with applications in lasing, laser cooling, up-conversion based weak infrared photon detection, infrared imaging

and so on)
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RE-DOPED CRYSTALS

‘Hp: the particle interaction causes an increase of the population
in the level just above the GS

related to previous works on infrared scintillation
'W. Moses et al, IEEE Trans. Nucl. Sci. 45 (1998).

P. Antonini et al, Nucl. Instrum. Meth. A 486, 799802 (2002).
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THE IRQC IDEA APPLIED TO PARTICLE DETECTION:

» an electron gun as a signal source (wideband)
> YAGErRt, Ey =0.74eV (4115/2 —)4113/2 transition)
» room temperature — Ni/Ng ~ 10~14
» lock-in detection to select
fluorescent photons originated
only from double resonance
Pb-shielded cabinet
% HV
. i 30000 32 L N
RN plemh b o | Y ';)—_l ampitr
PUMP 20000 :gm w I —
DETECTION 15000 1 AF:/; " )
i
SIGNAL 1

10000 o Ti:Sa laser @
12 790-860 nm — & dichroic mirror
PARTICLE E 0 5000 Hian
diode laser
0 4 960 nm

Appl. Phys. Lett. 107 (2015)
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L1, L2 transitions between sublevels
in the 41,5 /2 and 4s, /2 manifolds

120
Pb-shielded cabinet
HV filter

0—\ YAG:Er
lock-in
2 — H amplifier

TizAl,0, laser
790-860 nm

3
8

»
]

N

fluorescence signal (mV)
2
B

Pump Lenses. M Tis§ Crystal 0
8475 848 848.5 849 849.5 850
-]-. A (nm)
Optical Diode A (nm) area
Y L1 pL 848.16 £ 0.01 | 12.8 £0.8
pl+e” | 848.1740.02 | 1654+ 1.1
v / i L2 pL 848.67 £0.01 | 28.8 £ 1.1
b taion outputCoupler pl+e” | 848.68+£0.01 | 348+1.1

the fluorescence signal is greater when the electron gun excites the crystal
a significant fraction of the fluorescence is determined by the pump laser double resonance
e~ excitation geometrically unfavorite as compared to pump laser double resonance

host crystal (YAG) has a weak IRQC output
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THE PUMP LASER DOUBLE RESONANCE
A MULTIPHONON EXCITATION PROCESS

N e | AE > huw,

» Wya = Wna (0) e AE
> Wp = Wr(0)e PAE
S A - > Was = Wi (0)e 55"
de-excitation of .
Anti-Stokes Stokes o —agAE
one RE* ion energy transfer HH-Stoke > Ws = Wna (0)3
between two RE>*
ions S and A
Wna Wr Was Wy

as = (hwm) ™! - In[N/Sp(7i 4 1) — 1]

hwm [cmfl]
aps = ag + 1/kT YAG 700 TIK] | kT[meV] | R(350)
300 25 ~ 1.7
. KYF 350-400 77 64 6.8
wy = highest phonon frequency of the host YLF 400-560 " . é3 ~ 5.2
5 KPB 14 ’ ~
N = AE/hwy, average phonon number 0 5 042 ~ 104
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THE PUMP LASER DOUBLE RESONANCE
IRQC MEASUREMENTS AT T = 10K
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ANTI-STOKES PROCESS
EXPLOIT THE PHONON CHANNEL FOR DETECTION

a dominant process is the thermalization of the secondary electrons produced in the
particle interaction, which takes place through optical phonon scattering
= thermal upconversion

Example: optical refrigeration/laser cooling of solids
(from D. V. Seletskiy et al Nat. Photonics 4(3), 161164 (2010))

wavelength (nm)
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anti-Stokes fluorescence
luminescence upconversion cooling

phonon absorption followed by blueshifted fluorescence A that carries away heat A¢
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SOLID NEON MATRIX

Alkali atom or molecular oxygen embedded in a condensed phase according to the
matrix-isolation spectroscopy technique (MIS).

refrigerator’s base-temperature plate

f B field

> 80mKinBuptol18T

gas mixture
inlet
» copper cell 1 x 3 x 3cm?

solid neon
matrix

laser beam
» inject noble gas N and atomic/molecular ——-| e
species D (1:100 to 1:1000) optical 4
window

photo-multiplier

tube
After a few hours of deposition, a 1-mm-thick noble gas matrix, incorporating

species D is grown on each side of the walls.
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SOLID NEON MATRIX: DOPANT SPECIES
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Number of axion-induced
absorption events:

NNy = Rep nine Ve d (3600 ),

some reasonable values:

R = 1Hz;

nNe = 4.6 - 10?2 cm~2 neon density;
Ve~ 1emd crystal volume;

d = 1% doping ratio;

ny, acquisition time [hours]=4

= N-Ny =10
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SOLID MATRICES
GREEN LASER POINTER

LASER DET
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Driver ‘ DPSS
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Laser Focusing
Diode
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Lens Lens ° R
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Filter
Beam Paths: | 808 nm — [1064+532 nm
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THE LASER DETECTOR

X RAYS DETECTION

Nd:YVO, (a-cut):

1%at.= 1.26 X 102° cm™3

op = 2.8 % 1071 cm?
og = 25 x 1071 cm?

Tsp(3%at.) ~ 30 X 107 s

ays

W X
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THE LASER DETECTOR
X RAYS DETECTION

Pump/laser beam parameters: wo (808 nm) = wy (1064 nm) = 100 um
M2(808 nm) =20 M2(1064nm) = 1.5
Cavity parameters: L =05mm,L, =2.5mm (+5mm + ---),Loss = 3%
Nd sensitization efficiency: Nx-na (30 keV, 3% at.) = 4500
Pump noise: Onoise (808 nm) = 0.5% rms
w X rays Py = 32 mW
K 2okl w25 ¢xmin = 2.7 X 10 phs~lem™2 (1.3 Wem™2) cw
s Fymin = 8.2 X 10° ph cm™2 (39 pj cm™2) short pulse
¢ .............. ¢ X rays
2) 808 532nm
Py, = 32 mW

Gxmin = 2.7 X 10*3 phs™lem™2 (0.13 W cm™2) cw
Fxmin = 8.2 x 108 phem™2 (3.9 y cm™2) short pulse
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