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ARRAY : An array of 14 HPGe detectors 2MUL(Multiplicity) event detection » —
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e Efficiency(Eff)* and expected event counts(N)** S f
An array of 14 HPGe detectors (ARRAY) at Y2L [ARRAY] y(Eff) P (N)
* The Center for Underground Physics(CUP), IBS has developed in N MOl e | 2 | ez | pa Shape N2 (counts/yr)
collaboration with CANBERRA an array of 14 HPGe detectors MW em3) | k) | e | e | e | e | Ef PL | P2 | P3 | P4
(ARRAY). %) | o) | Ce) | (o) | (%) 1 | 32 | 116 | 247 | 157
. . 1 1414 | 2.36 | 1.17 | 0.022 | 0.080 | 0.170 | 0.108
The ARRAY is composed of top ar?d bottom arrays facing each other T 7950 1320 095 0013 | 003 | o118 | 000z 2 | 26 | 124 | 233 | 1456 ;,_j
and each array has 7 p-type coaxial HPGe detectors. 1+2 | 3333 |556| 0.47 | 0.008 | 0.029 | 0.064 | 0.039 | | 1+2 | 2.7 | 9.9 | 219 | 133 % N
 The main purpose of the ARRAY is to do a rare decay search by _ o I
: ) : - : * P1 detection distribution , .
measuring gamma-rays. Tantalum is one of the candidate isotopes P - 215keV & 330ke fll deposit @  detectors(saskel)
since 139™Ta decay has never been observed to date. | " 2 SUEEE MP3 : 215keV full deposit @ 1 detector
: P1 Bottom Det. Top Det. WP4 : 332keV E2 full deposit @ 1 detector
ShlEldlng system event | 0 | 1|2 3|45 6 | 789 1011 12]13 Error range +1 keV
0 12 | 13 8 7 9 9 58
° Component v[Shleldlng StrUCturE] B 1| 12 7 6 25
Det. 2 | 13 | 7 10 30
. . T
layer Material Thickness Move?npeiifyystem C L7 1 10 3 |11/ 1010 10 55 [Detector number and location]
Inside 1st Copper 10 cm Det. 3 10 o | 111 12 | 30 [Bottom array] [Top array}
1 2" Goslar lead 10 cm Steel Frame Shape 2
Outside 3rd Lead 20 cm P1 Bottom Det. Top Det.
event | 0 1 2 3 4 5 6 7 8 9 10 11 12 13
* This shielding has 2 side doors which can be . (1) 5 : ; L= ; ' i : 1 7 ; 12
opened and closed with a motor system . Det12] 113 3 | [12] 1 112
 Top array can be moved for sample replacement in 7[1] o0 1| 1 1] 4] 2]1]2]2]15
the detector. The gap between top and bottom D:t. 2 2. 112 0 1 i A - 3 ;é
arrays can be adjusted between 2.5 cm and 7.5 cm. :
Summary and Plan
DAQ system * In case of IMUL event detection, the efficiency of ‘shape 1’ is the highest of three cases.
* FADC 500 from NOTICE Korea ey Shopie But the best expected count number is ‘shape 1+2" because of its biggest mass.
- Sampling rate : 500 Ms/s (Max), S FADC 1 ta (s * In case of 2MUL, the efficiency of ‘shape 1’ is also higher than the other cases. But ‘shape
-12 bit resolution >—I> s s 1+2’ is not the best expected event counts. As shown in the P1 detection distribution table,
- 2.5V dynamic range 2 E there are almost no back to back events. It is very difficult for the gammas to pass through
- 4 channels in a FADC module /: V[ 2mm sample since Ta density is very high(16.69g/cm?3) and the gammas have low energies.
e Specific FADC setting for the ARRAY p Ty Synchroni It means that the very effective factors are the surface area and thickness of the sample.
- 64.5 Ms/s sampling rate >—T1> e e .  The 2MUL event detection is important for a 13°™Ta decay study since it studies the
- Time window of a wave form: 64 Us ., St T oo coincidence event. ‘shape 1’ is the best sample shape among the three cases from a
VW [FADC and TCB] >r > 1o i simulation result. An additional simulation will be start with (1)same shapes but more
- 7> — thinner one and (2)different shape for more high efficiency.
NG NG clock Read & Write
P P local trigger FA-[E . !
>—> : A Monte Carlo simulation of MoO, powder
.~ |~
>—> Sl * MoO, powders for growing crystals are very important materials for the AMoRE
A \ >— v experiment. 233U and %K levels of this powder already was measured by a single HPGe
Status and Plan detector(CC1) at Y2L but 23?Th level with only a limit (<1.0mBqg/kg). The ARRAY will be used
. . to obtain more accurate number of the 232Th level. Candidate sample shape]
* The ARRAY is currently running in a background mode for about 2 months. c o ch | ° P
 Future run plan ° >ample shape | #6
- MoO; powder for the AMoRE experiment, Tantalum disk to search for a ¥°™Ta decay There are many clean vinyl MoO; powder bags, and 6 samples
(#1, 6, 14, 17, 19, 20) are selected. These samples all have the #14 # 17
Monte Carlo simulation for 189mTa same thickness(25mm) and will make a big box shape with an 31cm
: : acrylic supporter. Combined sample size is 30 x 31 x 2.5cm with #19
Geant4 S|mUIat|0n a mass of 3.9 kg.
* tis |mp955|ble .to S|mula.te isotopes decay rnodgs in W [Decay schema of '80Ta]t" 232Th Efficiency* # 20 # 1
Geant4 simulation tool since there are no libraries of the 2oty
180mTy decay. 3 coincident gamma rays are from both of T Efficiency (%) e
. 0T, Isotopes Peak (keV) w/o w/ 1mm w/ 2mm CC1 M hi £ all
electron capture(EC) and beta- decay(B-). In this EC; B acrylic acrylic acrylic 1.6kg [2MUL histogram of all detectors]
simulation, only 2 gammas over 100keV are considered. | & o884 kv Ppc o > > > > S R N
* Particle generation = 3az.m:mm ) o Wpp | 238 9.9 0.7 0.7 5.7 oo
- 1 million random events from sample volume 94.1% | ekl ZTh | B 727 7.2 6.8 7.5 3.6 2500
h 2 A 308.6 keV 23:;::“ 2614 2.1 2.0 2.0 1.6 -
- 1 event has 2 gammas satoy " . 2087, 583 16 47 4t 20 2000
case 1 (EC) : 332.3 & 215.3 keV gammas P o | 2% 860 4.4 4.7 4.5 3.2 s
93.3 keV 180 oy . . « o 1
case 2 (B-): 350.9 & 234.0 keV gammas o LT, Coincidence event (583 & 2614 keV) Efficiency* |
- This poster only reports the case 1(EC) simulation result. Coincidence efficiency (%)
. Sample Shape case w/o w/ 1mm w/ 2mm
acrylic acrylic acrylic A R T
The lower limit of the half-life of the 189™Ta is 4.5x10%°yrlll and the space for the P1 0.16 0.13 0.13 200 1000 15002000 2500 B0 kovy
measurement sample is limited. It is important to find the best shape of the tantalum z 2(1);’ g;‘l‘ ggj MP2 | SB3keV & 2614keV deposk @ 2 Setecorso1oBkEY)
sample for high efficiency. Here are candidate shapes for the tantalum measurement. P4 1.93 1.90 1.80 BPs . 203keV E2 full domost @ 1 dotector
Error range 1 keV
[Candidate sample shapes] [shape 1] [shape 2] Summary and Plan g
 The single HPGe detector(CC1) can measure only about 1.6 kg at once. The measurement
“%W MoO3 with ARRAY can get more accurate 23°Th level because (1)lt can be mounted 3.9kg
is cm, .2cm .. .. .
oy sample and (2)efficiency is little higher than CC1. And ARRAY has another useful number
2 boards 8X10X0.2cm (12) which is the coincidence event of 2°8T|. We expect to get more accurate 232Th level of the
1 disk + MoO, powder.
- R 15cm, H 0.2cm 3
2 132?;? -8X 10 X 0.2cm (12)  The acrylic supporter thickness is not so much affecting the efficiency number but It
[EE ] N7 seems better to be as thin as possible. MoO, powder measurement will be start after
L 3
1RIRR i/:\i 1M ARRAY background measurement for 2 months.
*Efficiency : detected events in range(x1 keV error range) /total generated events
**Calculation of expected event counts (ex :18°MTa)
1MUL(Multiplicity) event detection [MUL histogram of 1 detector] — S =AN= 4lBq A et _ In2%N,
* Efficiency(Eff)* and expected event counts(N)** I T N IV N B In? + m=181[g/mol U Tk
T A= T, - NA of 18mTa = 0.012 %
2000 e — T T — e " >m’ =0.0217 [g/mol] —} 23
Volume | Mass IMUL 215kev | 332kev | 548kev Shape N (counts/yr)* - N = 0'693><61'022><10 ~ 6.15 X 10°[counts/kg * yr]
Shape | ") | (ig) o entS Pe | rew | 33okey | oagkey | sl M, = F[moi] x mlg/mol] A = decay constant 4.5 %10 % 0.0217
| : 5 g | | A T,, = half life
Eff (%) Eff (%) Eff (%) Eff (%) - AN N1,:2: Avogadro’s constant
. 1414 | 236 3.9 534 5 03 18 1 340 861 229 2000 e ____________________________ ____________________________ _____________ a,[Bq/q] _ )\N: A m = mass number | |
> | 1920 |320] 219 509 5 40 e 2 412 | 1064 | 290 e ____________________________ __________________________ _____________ M, ml - M = z‘;;sr;f;gjn@‘;;‘zguc“de
1+2 333.3 | 5.56 20.1 1.92 >.03 1.33 1+2 657 1721 456 00:4 = '1ci|0 L?cécf ' Tnlo 'siol . I?gni;fju-;ew a[counts/kg ‘ UT] — ;71[2 XTT? ,aA\:_SapC;I;I]}'Z activity NCUﬂnts/ﬁr —a CountS/ifT . k(}' X Mass kq X E,f.fiCienCif
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