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Abstract [Background] The expected signal rate of rare decay experiments, such as instance dark matter and
neutrino less double beta decay experiments, is extremely low, which requires that the detector building materials
have extremely low radioactivity. Low radioactive background control is one of the essential works in the rare decay
experiments. “°Ra and **Ra produced in the early decay chain of ***U and *’Th have low boiling point and high vapor
pressure, removing the element Ra can break the **U decay chain and keep a low radioactivity of **Th-late for a long

time. [Purpose] This study aims to investigate vacuum melting technique for low background titanium to reduce the
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impurity of isotopes that have negative impact on rare decay experiments and creating a low background environment

for the detector running. [Methods] Firstly, the low background material samples were acquired by manual

separation of radionuclides using physical and chemical methods. Then, radioactive impurity elements, such as K, Cs,

Ra, Pb, Po and Rn with low boiling point and high vapor pressure, were volatilized in environment with high

temperature and high vacuum level. Finally, radioactivity of these testing samples were measured by two sets of high-

purity germanium y spectrometer with measurement time extended to 7 days. [Results] Measurement results show

signs of removal of radioactive isotopes by smelting-vacuum method, and the impurity in pure titanium smelted in
vacuum electron beam furnace can reach the levels of (0.13£0.69) mBq - kg for *Th-**Ac, and (0.07+

0.29) mBq - kg™ for **U-"’Rn, respectively. [Conclusions] The smelting-vacuum method could provide reliable low

background material for the container of the next generation PandaX detector.

Key words Low background, Rare decay experiment, Dark matter, Neutrinoless double beta decay, Vacuum melting
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Table 1 Radioactive background of the sample from vacuum consumable electrode arc furnace (mBq-kg™)

BE %5 Sample  “Co ¥Cs YK PThAc Th-**Th  *U-*Ra U Rn U
VARA 060 0+48 12959+1 302 35944284 3411177  4324+1267 2482+153  66+132
<98 <79 <282
VARB 0.02+3.53 22438  196+63 35£14 19613 3162128 5.8+5.2 2.7+10.6
<5.81 <8.4 <58 <526 <14 <20
PATP 0.04£1.17  0£132  3.60£13.6 1.7743.49  0.55+1.33  0+15.1 4.64+2.07  0.03£2.1
<1.96 <2.16 <25.9 <7.49 <2.73 <27.8 <8.03 <3.47
VARC 0+0.75 0+£0.79 1.67+7.35 2594175  7.44+1.67 87427 2174141  3.59+2.75
<1.23 <1.20 <12.1 <5.46 <4.48 <8.10
VARD 0.54£1.66 0£1.96  67+25 1.03£5.15  5.134#3.20 16753 2.06+2.57  0.00+3.00
<3.26 <321 <108 <5.30 <10.4 <6.27 <4.92
VARF 0.08+1.29  1.23+1.37 1315 0.62+3.98 3.1942.76  0+20 246+2.42 019
<2.12 <3.48 <259 <7.15 <172 <328 <6.43 <312
VARH 0+2.02 042.59 022 5.846.3 0.47+3.57  0+31 422430 026
<331 <425 <36 <16.1 <6.32 <51 <9.14 <43
VARI 0+1.34 0.67£1.2  3.6+16 24378 1.5542.15 017 139+1.73 013
<220 <2.64 <29.8 <8.6 <5.08 <28 <423 <21
VARJ 0.29+1.46  0+1.87 17.6+17.3 4.48+4.05 037+1.69  0+23 3.13£2.33  0£17
<2.68 <3.07 <46.0 <11.1 <3.14 <38 <6.95 <28

W5 0O o5, bR T R U BRI 41, AT REIA
BT T ARIE BRI A IR KT, B4Rk 2
R (RS TR 4l BRI SR T 2 Rt U % Rt
ZBRAER . T23 el , Ho Rk A B RO 1 ERAR
T4 600 kW 1) B 2% L SO B OB IR 5 I 0ok
50 kg-h', /KA HIA E A% 200 mm , B 25 FEARAR , &
BB R S AE R g [R) B K, R R K 5 TS,
TOT10.T13 A LL TG & 3 ZZ 5 o FF i T26 15 XU £k
MV IE x5 AT RE T AH LA RS PR T 10%, FL T
ORI TR 5 5%, HLZS EAA , 2K 7RG HRI 1]
Pem TR IR B EUE P B 2 B A T TG
TS W B %, Sl st P U PR R , LU M
5 AR AR L TE 2 35 22 5 o AR PRIX Le 04, vT DA
DI X R (1) B2 L SRR R R 8 3 0 25 ki
R O PERZ 2R A P R B BRI A
JE USRS 1 5 A2 [ P 8 R0 D S P B AR Rk, LTt
PP SRR AT A LA I R o, A= T2
AEEgEHReH. HREELETSHFRZ G
P PE R VA R 0 M i T 25 vk 2 R U 1
HZ BRI . X AR T U T RS
DA TA B BT T AR R IR PR KR, T e 2
A 1) e AR i SO 1 R R A PR, 0V B A
X RS E N ER .

LS L AR 1) R R A AR A MR I 4R
52 AR RGNS AURE SR B, AR i 7R
SRS R A — DR SR . HESHT

PR R I SE AR A I BAIR , B AT B (K Ak
HReEtE, &R BAR, Bam R sy, nARE AR
AR I 77 45 B EARAR A T R — X PandaX SE
6y, (BT 70 4 4 K I A AT AR 75 2 i P2 A v ) AN A
MR T B SR AR & R i T,
i 22 R8 HLA B A L TSR VR B BR SRR
SCEE,

4 5B

e 1 LR R AT DA 25 PR @A R R AR R
E AR U AR R 325 B2 5 06 iR I F A
KGRI 8], AT DLSRAG S a7 1 R BR AR . HE S
T AP Bk Al Ak AT DL AR e AT S M R AR N A SR K,
Th-*Ac 7] /N T 1.26 mBq - kg'', *U-*Rn 7] /) T
0.55 mBq kg™, i H T-#illi& T — 4% PandaX £ ZIK
KRIEE R

b % PandaX & 11 4 X0k vy 4l 1A 4 )t
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R2 BEUSETEFRIVAKIRAKEHE(mBq kg )

Table 2 Titanium sponge and electron beam melting plate background (mBq-kg™)

FEdh 2R % Sample  “Co "Cs YK *Th-*Ac  **Th-**Th ¥U-*Ra U-Rn U

T4 0.00+2.15 0.00+£2.05  31.6+24.5 3.00+4.88 0.32+1.78 14.3£35.7  0.3742.12 0.83+4.28
<3.53 <3.36 <71.8 <11.0 <3.24 <72.8 <3.85 <7.85

T5 1.48+2.04  0.00+2.23  47.2+26.8 0.00+£5.89 4.46+3.34 0.00+£18.6  0.14+2.40 15.8+5.15
<4.83 <3.66 <91.2 <9.66 <9.94 <30.5 <4.08

T8 0.00+£0.77  0.37+0.77  0.00£7.52  0.00+2.24 1.22+1.46 0.00£14.0  1.93+1.28 18.1+27.9
<1.26 <1.63 <12.3 <3.67 <3.61 <23.0 <4.03 <63.9

T9 0.00£1.29  0.04+1.12  0.00£7.07 0.34+1.95 0.19+0.56 5.58+4.15  0.174+0.68 0.00+1.32
<2.12 <1.88 <11.6 <3.54 <l.11 <124 <1.29 <2.16

T10 0.00£0.24  0.00+£0.29  0.03+0.26  0.13+0.69 2.52+0.50 8.73£5.46  0.07+0.29 0.00+3.57
<0.39 <0.48 <0.46 <1.26 <17.7 <0.55 <5.85

ST11 0.00£2.60 1.1741.80  3.59+17.5 3.23+5.31 4.67£3.49 52.0£23.2  23.14£3.69 0.00£21.0
<4.26 <4.12 <323 <11.9 <10.4 <90.0 <34.4

T13 0.00£0.09  0.20+0.13  1.96+1.86 0.42+0.37 1.40+0.30 20.1£5.30  0.05+0.14 0.37+0.57
<0.15 <0.41 <5.01 <1.03 <0.28 <1.30

ST14 0.00£0.22  0.00+0.26  0.00+2.04 1.24+0.61 0.00+0.23 9.06+6.20  0.28+0.31 3.33+4.57
<0.36 <0.43 <3.35 <2.24 <0.38 <19.2 <0.79 <10.8

T23 0.09+£0.06  0.00+£0.05  0.00+0.84 0.04+0.22 0.89+0.24 18.4+3.9 0.29+0.18 0.01+£0.16
<0.19 <0.08 <1.38 <0.40 <0.59 <0.27

T26 0.00+£0.09  0.00+0.08  0.00+1.13  0.16+0.32 1.03+0.32 20.6+4.83  0.14+0.16 1.57+0.65
<0.15 <0.13 <1.85 <0.78 <0.40 <2.64
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