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*Report the topic from LRT 2013 (Apr 10-12,2013, LNGS)
—Low background counting => |keda (Tohoku)
—Background reduction => Ogawa (ICRR)
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*ﬁﬂj#"éﬂz*jb‘éo)l?l HPGe detector

ICP-MS

PMT, 1R 3872 R BB M 15 & Radon emanation meas.
Gamma, (U/Th/Co/40K etc) Alpha, beta counter

B.a . B399 59 R Th MM ERET 5.
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HV, HV,

LRTH NEXT-100

Pressurized vessel (10 - 15 bar)

+ Search for pp of 13¢Xe (Q=2.458 MeV) with ~100 kg at Canfranc Underground I_] 3 r ]
Laboratory (LSC) in Spain = D — ELmashes ] BEE=
» Challenge: measurement of topological signature g D gg; ] §_
+ optimization of energy resolution o o L ®
+ detector = source approach LE D A ¥ s
» Design: high pressure gaseous xenon TPC with proportional = D > l@- i
electroluminescent (EL) amplification o .y g B —_— : é
. Ionizario:m =

Energy resolution : <1% for Qgg = 1
Cathode Anode

BG level 8x10M-4count/(keVkgyr)

N4

» Ge gamma-ray spectrometry
— Several p-type closed-end coaxial HPGe detectors of LSC Radiopurity Service

Detectors | DAQ Shielding Operation

LSC 410-420 Canberra 5cmCu + Hall C,

Radiopurity cm? DSA 1000 | 20 cmlow | since 2011

Sarvice: Al modules activity Pb

GeOroel cryostats flux of N,

GeAnayet gas

GeTobazo

Gelatuca

u. 190 cm® | standard 10 cm Canfranc

Zaragoza: Cu Canberra arch. Pb + | old

Paquito cryostat LA + ADC 15 cmlow | facilities for
activity Pb | several
flux of N, years, now
gas atHall C

S. Cebrian, LRT2013 Workshop, LNGS 10-12 April 2013

Radiopurity control in the NEXT-100 double beta decay experiment: procedures and initial measurements
V. Alvarez et al, 2013 JINST 8 T01002



| B Material Supplicr Technique  Unit e || “tRa By 1 i WK o 137
Vessel
I T SMP Gie mBg'ke 233 5.7 -8.8 9.5 3.4x1.0 22 3.3 5.2
12 T SMP Ge mBg'ke 61 6.6 11 10 8.0 15 1.0 1.8
13 Th Ti Metal Supply Ge mBg'ke 14 0.22 0.5 3.61+0.2 0.43+0.08 0.6 0.07 0.07
14 SOMLSS Pleitfer Lic mbBa/'ke 14.34+2 8 .7+2.3 16.2+39 1.2+1.1 17 11.342.7 < 1.6
I5 316Ti SS Nironit, 10-mm-thick Ge mBgke 21 <0.57 (.59 0.54 0.74 096  2.8%02 0.12
16 316Ti S8 Nironit, 15-mm-thick Ge mBg'kg <25 <0.46 0.69 0.88 =0.75 1.0 44203 0.17
17 36T SS Nironit, S0-mm-thick Ge mBg'kg 67122 1.7 2.1+04 2.04+0.7 2.41+0.6 2.5 4.2+0.3 (L6
' s TCONEY O 2 IVICCATTIZAKiyy  NATHCT g LLLESTS 3 N 1.0 | P-4 A 3 h 4 -0 A4 AL v
19 Inconel 718 NMecamizados Kanter Ge mBgke 30078 -3.4 5.1 1.4 15.0£1.9 13 < .4 1.3

TiHEHE THoT1=H . =ERMIZ
316Ti stainless steel#EFE LT,

» New measurements:

Material Supplier | Technique | Unit 238y 22%Ra 232Th 228Th 238 40K 8Co 137Cs
TIG-MIG welding on | Nironit Ge mBg/icm | <73 | <011 | <032 | <021 086+0.14
316Ti SS (SS),

Movesa

S. Cebrian. LRT2013 Workshop. LNGS 10-12 Apnl 2013




INVDTSOURIREFDOXEK  EH B targetB &

R BtargetBEHSDRI

> k. #&. noble gas
Gamma, (U/Th/Co/40K etc)
B,a

RIBISE 2k Btarget: 2

Purification

&4k - water extraction, distillation,

gas stripping
om: EMERRORR

Noble gas : filtering, distillation

BTk BkkE

IRILF— MEERBEAL. PID,

Coincidence, TrackingZs&
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| RTHE Borexino

e g P S (15 PP

e 210BiA S D BGH 2007 LU & AN 1E
R CTHHI-CEMLili{EZER
«2010-2011 purification. (x6)

[ttt *Water extraction for 210Pb

I
jﬂﬂ (S | (210Bi) removal. (De-ionized
water)
P -Nitrogen stripping for Kr
- e -1 removal.
| Water e I | 120 g-PCAL pps?i: ;5:!' _ :about 3 months of data early 2012
oo | 2] e | E & .
— Lo ‘ 3 s
-'% 1 %_* e 1Po peak j,'_————‘-‘—"
85K 30 cpd/100t - <5 cpd/100t ok | TR e ==
m\E sharp ‘Be
210Bj: 70 cpd/100t = 20 cpd/100t 107 =\ \gﬁ houlder | |
| R i
210pg:; Essentially unchanged (?) = E" — sﬁ][ﬂ | J}W f []]f[ _
el M
238|) (226Ra): < 9.7 x101%g/g e l) lu.'“u H". AnA ‘ i m] ﬂM

400 500 600 700 200 900 1000
BKr very p.e.

232Th: <2.9x1018 g/g reduced




INVITSHURIREF DX  surface contamination

‘Surface contamination V) —2RIR
222RnIBRELF M EEEREM S, ) — BER
210Pb->210Bi->210Po FEOEEBIC. BEOEENDELLS,

-RERFAIRERICEST _
MRELBIEN S 2B D, ) Cleaning
i WAL 210Pb~2REMLRET D,
BGOHRRINS LhHEH 58 Bk, I, EP%%

KRERBICKY, FEAELL, hieldin
—EDNTLFEIE BRENKE Shielding

FYZNWEEM THh/NN—T B,
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mLRT#&% D E E P'36OO Target SI CS :
s 10%cm2

F1 Fraction of E in TPB (Light yield of TPB less than LAr) For 100GeV

) Could overlap DM signal
F2 Full energy in TPB only

F3 TPB + liquid argon (Much higher light production than WIMP scatter) Neck+>
High density polyethylene
_______ filler material
a) b) C) Photomultiplier tube
> ", Acrylic light guide
2] . .
< g :
= @ Acrylic vessel i
: | ; : Liquid argon i
— i i F2 i
T w1 / F3 ./ﬁs Steel shell > i
»  edo j i
-‘ 4
T SO i
3
Chris Jillings: Radon Daughters in DEAP-3600 Acrylic Vessel Dark matter
Experiment with
Argon and
L . Pulse-shape discrimination
Limit exposure to Resurface AV Coat AV with
222Rn during under vacuum pure TPB 3600kg LAr in a clean spherical
acrylic vessel coated with
manufacture to after under vacuum wavelength shifter
control long-lived construction Estimated light yield: § pe/keV
Zlﬂpb
Backgrounds: < 0.2

. .. . E : 1000kg FV for 3
M Toward limit : 0.01events in 3ton-yr wpestiE R TR YEER




Mould Prep in

HEPA-flItered room

A4

\
short term e ‘“

Storage —
+ 1 unit —

10.3 Bq/m? ‘ ‘ "'Nyré“h;dams on moulds
¥
-

Production: 42 topnejs‘/_b&ur with® )
15m3/hourairin distilﬁénr TE

Reactor: ﬁ;
proprietary additiVes<2%

Stack moulds for
Hydroclave.
Panels “cooked” under
water for ~ 1 week.

contamination
1 unit of contamination A =6.3+3.5 Bg/m?
A= 5Bq/m?

15
Chris Jillings: Radon Daughters in DEAP-3600 Acrylic Vesse

Estimated 21°Pb Loads
- avshen ]

&

— | v [ Using p(MMA) = 1 tonne/m?3 and the decay constants

Distillation [cont. units] 1.25 of 222Rn and %1°Pb we obtain
Storage [cont. units] 0
Truck [cont. units] 1 B
A(222Rn) [Bg/m?)] 3.542 q
Expected 21°Pb [mBg/tonne] 3.6 A (Zlopb [tonne = 046 A (222Rn) [ﬁ]
| wisa
MMA Storage tank [cont. units] 1
Reactor Vessel [cont. units] 0.5
Post-reactor storage [cont. units] 1
Moulds [cont. units] 1

T —— o108 Toward contamination of

Expected 2'°Pb [mBg/tonne] 10to 17 / 2 10 P b <3 1 m BC]/tO n




Radon[Z2DUL\T

* BGRI: Pb(B,y), Bi (B,y) Po(a)

e 222RNMDBGIZHWT A H(JENE)

— B MSDemanation TR EB/RAAL
H_ATLB,
—- BRIBICEL{HFET S,
- BEBEICIREMNFMIEL. Surface

contamination&%id,

. BRHEBHHMZEE L =diffusionTHRHE %
RIZLAZATLS,
— A= IVELIRIDER XA,
- hhbb‘ﬁ}ﬂ'léhéﬂ#lidecay chain
J:uu&d)aaiizlzﬁb\ﬂﬂh‘tb\é;ﬁkﬁ

. 222Rn LI+ LLIE210Pb L,

e 210Pb~210Bi~210Po M{RELLILN,
— 210Pb~22yr half life

= iﬁ‘ﬁ:ﬁ*&t [CKBRICEDENDT S
(ENIZKD)




LRT#E

Volume = 0.7 m3

Sensitivity of 2.8 mBq
(may be improved)

Good for large surfaces

e.g. 35 m? of Al Foil:
A <0.08 mBg/m?

Posters: HPGe — Frédeéric Perrot. Emanatioh Tank — Benjamin Soulé
Diffusion R&D: Setup for measurements

Pump
(1=5Ipm)

| | 22Rn Source

(107.5 kBq) '|

HY (+4 kV) =@ @ _

See poster by Si" -
Fadahat Mamedov °
‘ [ ]
L ..
HighRn ¢
2.8 L each side 1

Background ~ 7- 8 cpd

SuperNEMO
g?éhéRadon :<0. 15mBq/m3

Thin foil to be . g’
measured i

RTV 615
1 with 60%
Stycast
(1 mm)

Low Rn
E High Rn
10° - ’
Suppresswnl

= 10° =
o~
» WL Low Rn
£
3 1w
(&)

10

1’;, PP I AP B AT RPN MNP SR b - e

0 50 100 150 200 250 300

Time/h

airin —— air out
l - f
ﬂ -—.*.—- n
= _Hv:F o

Si PIN Diode

Stainless Vessel —

Adhesives/Sealants ‘

Silicone (RTV 615) 2100 1080 22800
Stycast 1264 2000 <0.43 <455
SBR (Synthomer 47B40) + HDPE | 700 + 120 0.27 400
PVA (Emultex 518) + HDPE 6+ 11 <0.00038 <13
HDPE (2 layers) 2x144 19 3000

Tracker Frame

Bracket

Source Frame

SBR

RTV Gasl1<0et



Radonfg & i

(summary talk : Hardy Simgen)

Y
= X\. RADON REDUCTION SYSTEM FOR
— Method 1 : FMxRIZK AMBIENT AIR

HEIRZEIMNODIRE \u |

« ~1mBg/m3 is | ke

* Super-K, NEMO, =
CUORE, Darkside etc. E
— Method 2 : O2 + ZZHKE 1
ZCELSERZER =
« <0.1mBg/m3 E
« Borexino ’

o Bf. HLAEE

The DARKSIDE plant Slide provided by C. Galbiati (Darkside)




e TR, TV EMER+cold traplZ X B &

e — AN o Liquid nmitrogen purification
= el R Wl plant for Borexino

o ' o <0.5 uBqg/m? at 100 m3/h
production rate

o Appl. Rad. Isot. 52 (2000) 691.

.....
I

o In Gerda experiment:
<1uBqg/m3 at 18 m3/h achieved
for gaseous argon.

o Appl. Rad. Isot. 67 (2009) 922.

€102 LT MIdIN ‘uelurig Aprey




« Xenon:
—BR.TILOVIZEART. SFEDOEENEELLY,
« Xenoné&radonDEBHAELTLNS,

* Cold trap 1&& & %Z-100,

— Challenging topic!

Radon removal from xenon gas

RADON REMOVAL FROM Aruivwuin.

XMASS : charcoal + cold trap pump |

Vacuum pump

80L radon detector

|(XMASS)|

Radon source (Pylon RNC)

O TR ~XenonstE &=

XENONL1t : similar setup with XMASS




Summary

e LRT2013THRESINT=/1\V I TSIV RKRE
Bifiz. 1\v2 T30 R RIEIZERELT-,
- R MO DRI
— i E5targetB B ML DRI
— Surface contamination
— radon

« “INYDTSOURBRETIFURNYITTOUR
DAEIE” EBsH TEREICEEL TLVS,




backup



NEXT: Neutrino Experiment with a Xenon
Time-Projection Chamber @next

» Sensitivity and background requirements

* Energy resolution: <1% FWHM at Qg af

— electroluminiscence

» Background level: 8 10 ¢ keV-1 kg y-!

—> pattern recognition + radiopurity control

208T]: 2.615 MeV

214R;-
» Status Bi: 2.448 MeV

* Work on EL prototypes at Valencia and Berkeley,

ongoing

Near-Intrinsic Energy Resolution for 30 to 662 keV Gamma Rays in a High Pressure

Xenon Electroluminescent TPC, V. Alvarez et al, NIMA 708 (2013) 101-114

Initial results of NEXT-DEMO, a large-scale prototype of the NEXT-100 experiment

V. Alvarez et al, JINST 8 (2013) P04002

* Installation of shielding and ancillary system
started at LSC

» Assembly and comissioning of detector expected
for 2014

T P"™\N"T" /i A "™ 1A T R 17N

NEXT100 TDR, 2012 JINST 7 T06001
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Low background counting techniques

BetaCage : screening the beta & alpha from BG isotopes
with 0.1 beta/(keV x m2 x day) or 0.1 alpha/(m2 x day)
sensitivity.

=> Observe the decay from no gamma emitting isotope
(ex 210Bi). (other method is ICP-MS)

Can see hot spot




Purification of 1°°Cd and 11°Cd

Kharkiv Institute of Physics and Technology, Ukraine

Concentration of impurities in 196Cd (ppm)

Distillation through getter filters

result

1 — crucible; 2 — initial metal; 3 — plate with

holes; 4 — getter; 5 — condenser;
6 — purified metal

Element

Before

K

11*

Ni

0.6*

Cu

5-.&-

Fe

1 ] 31’:*-.-':

Mg

12*

Mn

0.1%

Cr

9*

Pb

Measured by: ICP- MS *, Laser Mass
Spectroscopy **, Atomic Absorption

R.Bernabey et al., Metallofiz. Nov. Tekhn. 30 (2008) 477
Spectroscopy ***

G.P.Kovtun et al., Functional Materials 18 (2011) 121

Development of radiopure W6MECAWO, scintillators to search for 2@ decay

Fedor A Danevich LET 2013 LINGS, Italy
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External
Cosmogenic induced BG

RIEVIR
Muon induced :
pallation

=)

< IRIEINGTRE . FH R

R
KYRBTIRHBERET D,

Shielding (Veto)

RATICKBBE

Muon, veto trigger DEsEIHEBEIC L 5Bk E



SuperCDMS

Dimensions:
13 ft (diameter)
14 ft (height)

OROVILLE (USA)

M8 (USA)
/ SOUDAN (USA)

MONT BLANC (FRANCE)

2 e KAMIOKA (JAPAN)
BOULBY (UK)
o] GRAN SASSO (ITALY)
HOMESTAKE (USA)

-4 FREJUS ( FRANCE)

BAKSAN (USSR)
-S —
-6 b=

SUDBURY (CANADA)
KOLAR (INDIA)

Soudan
2090 mwe
0.05 n/ylkg

SNOLab
6060 mwe

0.2 n/y/ton
(0.0002 niyikg)

* Only need to worry about radiogenic neutrons!

Planned Setup
*+ cryostat volume of up to
400 kg target
*+ 200 kg experiment with
sensitivity of 8 x 1047 cm?
at 60 GeV /2
+ Pb/Cu shielding for
external radiation
*+ increased PE shielding
(neutrons)
+ possible neutron veto



Surface contamination

RN emanation by radon

Ra decay Rn emanation

P ragim crain RADON DAUGHTERS
- d TRANSPORT - o

a) Recoil driven emanation

Sedimentation
Ra decay En emanation

b) Diffusion driven emanation

Hardy Simﬁen, MPIEK, LET 2013



