Current Status of Laser Isotope Sepdrahon (LIS)
Neutrinoless Double Beta Decoy
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Purpose: To verify the Majorana nature of neutrino via neutrinoless double beta decay (OvBp).
48Ca (Q-value =4.27 MeV, highest energy for 23B decay) is used. 5
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Laser Isotope Separation (LIS) for 43Ca  isotope shitt The TOF system was moved over TOF measurement

the calcium atomic beam to
~800 MHz

measure the spatial distribution

. . 6.00 0.10
106 and isotope composition - 40C 4 0.06
( ) : 0.08
272.2 [nm] ‘ s ] 671.7 [nm] q Center : 200 ? 0.07
12.7%105[s] | “11.2x107 [s7] ] 5 = A Ry ! o | = 0.0
422.7[nm] -42180 [s?] §. S 105 | I\ |’ I "/ | g 300 | % 0.05
t=46ns 2.2x10%[s?] | o g 1.0l & | 2 000
L A Y 3D 2 v V1 @ 200 .‘ 0.03
DV, = == 34MHz (HWHM) e g 5, Vol ! 0.02
Is =599 mW/ cmz 4 \“ I’ - J é} 0.01 IO "II'.-I .I":.l_‘ v..!;'t-l'.""'ju'.' : ’ 5 /4
< 1457.0 [nm] | 10 0 mm 50\nl1m 100 mm 000 L 2 S — N R T R WY
1 : v P R— A307T 7 R ¥ | R R A50TTT 46 4.00 4.10 4.20 4.30 4.40
. 150 = - [S 1] — 2 v Time (us) b\ Time (ps)
e S . —10 —15 —20 —25 —30 —35 —40 —45 —50 —55 —60 —65 —70 —75 —80 —85 —90 —10 —15 —20 —25 —30 —35 —40 —45 —50 —55 —60 —65 —70 —75 —80 —85 —90
Energy levels and Transition Probabilities Detunmg [GHZ] Ca
Deflect: thod Absorption spectrum of Ca at 423nm Displacement of the target calcium isotope when the beam is on and off
° eriection metno
The enrichment was 5.5% and the recovery was 19.6% g 2O g OF ]
. _ VAt + \/'_ E 180 ;_ LD Beam ON Ta rget 44Ca g 45 ;_ LD Beam ON Ta rget 48Ca
3‘ . 3 Q (|on) - qGz — Q ? 160f- * LD Beam OFF " 40 e LDBeam OFF
80 - =
------ () > C 140 35—
: — RECO) ery erTic If"i' . e - s
Enriched *8Ca 5’ 70 i . e® - 7 g YV = Voltage Signa| 120 30
: @ C -
= 60 [T0980e, i g0® L& At = time difference (s) 100 8
S ¢ P ® . 80— 20
S 5o G ot = q = ion charge 4=
Y : = = ' = -
High %%Ca/#Ca  ©* . | ‘5 G = MCP gain }Z
g _— 5 . LC) Z = MCP resistance (50 Q) / : 5k
- I T | L 111 | L 111 | 111 | L1 11 | L 111 | 111 | L 111 | L 111 | L1 11
Deflection Iaser 6 Moment m transfer 6 20 .i 2 8 0 10 20 30 40 50 60 ?0 BOPDSItlogr?(mm) /d—rl 1 |10| L1 |2|0| 11 |3|0| L1 |4|0| 11 |5|0| L1 |6|0| L1 I?OI L1 IBO;OISIIU;Q'?I(”I“‘;')I
u > o - ' . . . .
O 0 N a i Separation! Displacement =6.77 £ 0.89 mm Separation! Displacement =3.10 £ 1.79 mm
O @ E |
Single laser ' O s P 0.03 0.01
g . . . o o 200009 Q9 e 0 ﬂ 4OC —Beam off —Beam on 44Ca 40Ca —Beam off —Beam on 48Ca
Multiple Excitation s 5 . 10 .5 d 0.008 |
~1000 photons X [mm] <002 | / 44Ca o / 44Ca
K Matsuoka et al 2020 J. Phys.: Conf. Ser. 1468 012199 c mm TOF spectra at the sepa ration = ' % :::0.006 - / 48Ca
position (P = 10 mm) g 20004 |
) b ® ) f (_Tj U_:l
LIS main chamber @The University of Osaka, Toyonaka campus
532 nm | 0 .
NAYAG laser [ isolator i |2 4 4.1 4.2 4.3 4.4 4.5 4.6 4 4.1 4.2 4.3 44 45 46
NdYAG laser E‘B E S Time (ps) Time (ps)
= ! Substrate Q . . H T
: " TOF 1 %5 | Collection Success separation of #Ca by laser deflection Improve the sensitivity of 43Ca
| _ ) - o Beamon 48
|S'LgInFal- e chamber Separation coefficient (¢) =a -1 i Beam on 44 o . 0
2150V : ) o= WAOR, [ BMAOR, % s | €015 = 1.704£0.631 o % s | Eps= 114311107 o
E'.'I |R=4XQ/4OQ éz: + . °. _ang é:: .' . —805
HV N g, | + ) R B PR - 60 g
L %Recovery of calcium , 5, t s . °i+$$L++ - 40 = g; +;;111111llllll P
L . s = Tt e e S = y
Oscilloscope Main |‘ || Dry _ Total calcium at x position «100 21 . - - - 20 Sl ] NN N B N
hamb I TMP @ um Total calcium at peak position > -2 e 0 & . LI S S 0
chamber | | pump % ¢ 10 2 30 4 30 &0 4 80 N0 10 g 0 10 20 30 40 50 60 70 80 90 100
4 |‘l E ,: Monochromatic At p15 %recovery = 15.5+ 0.5 % ‘ POSIIIUH‘(mm) ¥ Position (mm)
10 Pa ‘; i ': / camera * Separation coefficient = %Recovery * Separation coefficient ¢ %Recovery
i
422.792 nm SPEGRUN Future developments

Nozzle development

PC 48Ca
it / RIVRE
@ FEe a5 Z I Microcapillary nozzle fl Honeycomb nozzle I —~ 008
S L = LB
: _EI g 0.075_ & 8ap§::ary zge;s).)
N e D> 006: .0. 2g;acrz;ma ‘eas.
% 3 Heater = EE :onezcomg galc. ) : ‘,-"
R Oven Power i i
X b ﬁﬂ%} @14 . . GaE .
Cruuble " = supply > a8 Ca atomic P L L
§ beam in 0.03E S
Fluorescence / = Thermocouples sheet form . 02__ ........................ .... ..‘.-2..31'.: ..... [ IO
Camera &) i Deflection sug. EERES i
| P : laser 5’
| N ' 0™300 250 300 350 400 450 500 550 600 650
f Target: A sheet-like atomic beam. Laval nozzle Temperature(°C)
p KYOTO UNIVERSITY V4 1 - 1 -
Setup for fluorescent measurement Fluorescent measurement Institute for :c"’R 0 ¢ Slngle frequency and hlgh power |aser
Chemical Research Institute of Laser Engineering KPR _
1. Ensure the presence of a calcium atomic beam. ey - ¢ Error Signal 1 Development of tapered semiconductor
— 2. Identify the isotope shift at the 422.792 nm transition. 0 . ey R [ Wavelength optical amplifier (SOA)
ND Bandpass filter || Monochromatic A _ o e (ECLD) [ " Meter
filters 422 nm camera 3. Measure the angular distribution (@) of the atomic beam ‘ o - o — Collaborator: M. Uemukai (Osaka Univ.)
Slave (injected) le—
. . . g Controller Filter 5 -
4. ldentify the Doppler broadening at the operating ? — Master [ By — o - ——
. . . E -30 LD Driver ~, . . .
LD laser temperature (500 °C), and implement appropriate techniques : FP-LD2 = {i—p— i bITa'f’erled Se:"crnd““” cptical ampltey
e e . . . . . . . S s unable single-mode laser
Laser intensity = 239 mW/cm?2 caatomicbeam to minimize its impact and optimize the utilization of laser : : FP-LD3  o— >
- : x L. - 85mw x23
ND filter %T = 0.2% Doppler shift demonstration on an atomic beam power. % FP-LD 4 =gl 422.792 nm
Fluorescent Spectra of 40Ca, 42Ca, 44Ca, and 48Ca 5 , FP-LD 5 H —i >
1010 : : 70 | & ~2W laser b InGaN-based devices
VOIgt prOfIIe Ca : ! g ; Slave . v n-side electrode
EWHM (A ) S é:_} — | i 417 419 421 423 425 427 i Bars .
v e I i Wavelength (nm) 8 ’
40Ca 109 - 4 4— 738 MHz —> Slave laser syst em Power-scalable Integrated single-frequency master laser and power amplifier system.
3 \ca g Calcium recovery method -
S 10°4 | ; Ca | V Consolidated substrate F ” . f 6 f 2 I
422.79168 nm  422.79170 nm  422.79172 nm 7 AN RN | : “ Full operation of 6 ports for 2 mols/year
. . . S ; A = 111.99 MHz : ° \
o | 2 | i 2300 HH 7 | : chemical method
By adjusting the wavelength in £67 MHz ranges 2 ] | | “8Cal s Cofloct : . :
20cy - £ P = 1 34 iz | Tested on crucible lid I oy “Ca Collection system. .. e —
W= "‘ i — 1150MHz ——> @‘ 6) ‘
y 74 | — 1528 MHz i
o T - 5 105 : '

0 500 1000 1500 2000 2500 3000 | 03 Expose to air to form CaO
J

Frequency (MHz)

Power broadening  py, = Apy x |1 +— =347 x |1422 = 77.51 MH: : \ ; A S
(Lorentzian profile) 59.9 (o LD B Ca(OH), powder

Doppler broadening Avy,~ 0.5346Av; + O 2166Av7 + Av

Soak with water in an ultrasonic
cleaner to get Ca(OH),

o B o
o 8 2
I | I |

o N | T, | /N |(Gaussian profile) Settling and filtration of the powder
0=433t0.02mm 0=4.40:0.03mm C 525042002 mm 93.31 = 0.5346(77.51) + \/0.2166(77.512) + Av} Ca + 2H,0 - 2Ca(OH), + H, and drying it in an oven heater
L=219 mm L=219 mm L=219 mm o
0 = 59.24 mrad 0 = 60.2 mrad 0 = 68.9 mrad Avge~ 37.28 MHz Expos(jeag)flébz(:; -IZ-COaZC?) 2Ca0 '
. . . 2 3
IntenSlty ratio vs Natural abundance ratio * The isotope shift of 48Ca at the 422.792 nm transition is 738 MHz. Reacte with DDW: CaO + H,0O -> Ca(OH), sampling and dissolving it in HCl to
I4g/40 = 0.001857 44740 = 0.017406 * The Doppler broadening ranged from 93 MHz to 112 MHz, except for 42Ca. Sampling for ICP-MS measurement: get CaCl, (ag) and measure the
N.A.4g/40 = 0.001929 N.A.44/40 = 0.021518 « 40C3 tail interfered with other isotopes. Power broadening can be Ca(OH),+ 2HCl > CaCl, + 2H,0 isotope ratio by ICP-MS
—3.90% —19.11% improved by reducing the laser intensity. CaCO; + 2HCI > CaCl, + CO, + H20
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