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(dedicated materials are needed for the
next generation of OvDBD experiments)

crystals for OvDBD experiments
- large scale production issues
- materials for scintillating bolometers

crystals for LUCIFER experiment
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- extremely low interaction with the matter
- experimental constraints:

- very low bOCkgr'OUﬂd satisfying these two
- extremely high sensitivity =/ condtionsisnotenouan

- new detectors are needed
- main (technological) constraint:
- radio-purity of materials used

dedicated materials are needed

to built increasingly sophisticated
detectors for the next

generation of OvDBD experiments
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o large scale production issue

semantics "large scale" .
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large scale production issue

semantics "large scale"

TRACKER
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s large scale production issue
CUORE first (successful) case

only 2-3% crystals precautionary principle: raw materials, reagents,
can be measured Intermediary products, processes and procedures
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I I . M I
dedicated TeO2 synthesis facility dedlca'red crzstal growth dedicated clean room
@ Kunshan Chemical Plant facility @ SICCAS Jiading SICCAS/INFN @ Jiading
dedicated production protocols dedicated measurement protocols
-environment conditions -dimensions
-equipment and infrastructures -crystal perfection
-materials handling -radio-purity
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o (scintillating) crystals for DBD

question:

- is it feasible a similar enterprise for OvDBD
experiments of next generation?

* answer.

- TeO2 crystal was a lucky case:

- industrial scale production already existed

- easy implementation of improvements imposed by DBD application

* long term existing market for high quality crystals

- certification was (practically) needed (only) to guarantee the radio-purity

- enrlched/scm‘hllahng crystals is tricky case:

no scintillating material for DBD use was produced at large scale till now

- some of the problems to be addressed were solved in the case of TeO,
crystal pr'oductlon

- the elevated price of the raw material makes very complicate each
production step

* need to start from elemental raw materials
- certification needed not only for radio-purity
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s ZnSe crystal production

Q raw(elené;tal) Se } [:) *er synthesis ]
| certification B

%er enrichment J 2014, November 14

’ Se conversion ]

Q Se beads production ] completed

?Zn elemental EREichied Se . completed
elemental

- : ‘ non distilled beads are
ﬂ @ purification I In'schedule § ;. ieq now

| certification | ‘ solved purification through

sublimation on the way, 4kg

Q pro blem were sent back for distillation
QZnSe synthesis
4 ‘ solved setup commissioned and
@ certification | problem method consolidated at ISMA
™\
recovery nSe crystal
ang growth
recyclin ‘ -
= " Important | jsma or ISC : production

@ progress place still to be decided
mechanical
processing

?package and J
shipment loan Dafinei
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ZnSe crystal production

ZnSe crystal production timeline*

Zn?Se crystals production plan (september 2014)
readytobe | ¢ f25e . s2ge sy | 2 Se
yiw month | days de":‘:'ed (purified) | (purified) myuihoaize synthesized | crystals CAYR o
d to ZnSe TOTAL
processed | [kg]l |TOTAL [kg] [ka] TOTAL [kg] [pcs] [pcs]
201413 May 5-3 9May14
2014423 June 2.6 6Juni4 1.000 1.000
2014427 July 30-4 4Jul14
2014431 August 2841 1Augid
2014133 | September [ 1519 | 19Sep14 | 1.500 2.500 HPGe test of purified *Se
2014/44 | October 27-3 310ct14 2.000 4.500
2014/42 | Hovember 24-29 290ct14 2.000 6.500
2014/51 | December | 1513 | 19Deci4 2.500 9.000 3 3
2015/5 | Jamwary | 26-30 | 30Jan15 | 3.000 12.000 3 6 start crystal
201503 | Febreary | 23-27 | 27Febi5 3.000 15.000 3 9 production
2015013 | March | 23-27 | 27Mar15 3 12 4 4
201517 April 20-24 | 24Apri5 3 15 4 8
2015¢21 May 13-22 | 22May15 4 12
2015025 June 1513 | 19Jun15 6 18
2015029 July 1347 | 17Jul15 6 24
2015032 |  Awgust 6 30
2015/40 | September 6 36
20150144 October
2015/49 | Hovember
2015/53 | December
2016¢ Janwary
2016 February

* updated fall 2014
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ZnSe crystal production

enriched Se (radio-chemical purity)
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not

element | m.u |SOtope distilled M
res) Convi#i28 | Conv#30 | Convii3l | Conv#36
Na |ppm |Na23(LR) 1860 <1 <1 3.3
Mg | ppb [Mg24(LR) <1000 <100 90 <90
S ppm |$32(MR) 1140 130 185 180
\' ppb |V51(MR) <20 <40 <90 <90
Cr | ppb [Cr52(MR) 100 <100 <20 <20
Mn | ppb |[Mn55(LR) <100 <10 <20 <20
Fe ppb |Fe56(MR) 300 110 <500 <500
Ni | ppb |Ni60(MR) 400 64 <100 <100
Cu | ppb |Cu63(LR) <400 <10 27 18
Th | ppb |Th232(LR) <0.4 <0.1 <0.1 <0.1
U ppb |U238(LR) <0.2 <0.1 <0.2 <0.2
Selenium Zinc
isotope enriched and
natural enriched L. natural
distilled
238 1 7®°Ra <1.7 <0.41 <0.3 <0.066
238y 1 24Th <17 <27 <6.9 <6.2
2 Thi 2 Ih 1.710.3 1.4+ 0.2 <0.27 <0.036
221h 1 2%Ra <0.7 <0.37 <0.082 <0.095
i 412 3+1 < 1.1 <0.38
%¢co <0.3 <0.17 <0.08 <0.036
250 <0.7 <0.30 <0.17 <0.09
W¥es <0.14 <0.076 <0.06 <0.033

8/19

loan Dafinei
INFN Sezione di Roma, ITALY



s ZnSe crystal production

ZnSe synthesis

« commissioned at ISMA Kharkov, Ukraine

* improved components of the setup were
made at LNGS and sent to ISMA

» synthesis of natural ZnSe is on the way and
will be used for crystal growth tests

» the process is proven to be not harmful for
the radio-purity of the resulting ZnSe

Isotope ZnSe synthesis thermal
elem. | m.u.
(resolution ) #1 #-2 #3 #4 #-5 #-6 |treatment
V' |v51(MR) | ppb <9 <11 <13 <11 <11 <8 <13
Cr |cr52(MR) | ppb <77 <11 <13 <15 <11 12 <105
Mn [Mn55(LR) | ppb <19 <71 138 <65 <65 45 <26
Fe |Fe56(MR b <385 <47 <55 200 <43 105 527
PP
Ni  |NiS8(MR) | ppb 115 95 55 130 32 120 184
CU |Cu63(LR) | ppb 288 143 499 260 173 300 <131
Th |Th232(LR) | ppb <1.0 <1.2 <1.4 <0.4 <0.4 <0.3 <0.5
U |u238(LR) | ppb <0.4 <1.2 <1.4 <0.4 <0.4 0.6 <0.5

loan Dafinei
Dafinei_ISOTTA2014 9/19 INFN Sezione di Roma, ITALY



)

e ZnSe crystal production

ZnSe crystal growth

- several growth ftest were made at ISMA

and ISC in Kharkov, Ukraine in order to

find the best conditions for the reliable

production of crystals having standard

dimensions: @45, H50 work in course for the definition
- issues: of acceptance conditions

- reduced material loss S
- crucible material and geometry |
- mechanical processing of as-grown ingot

Transmittance (%)
8 8

10 15 ( 25
wavelenath (um)

used to estimate the Fe presence in ZnSe
crystals (optical absorption band at ~2.5nm).
Fe?*is usually paramagnetic though it may
happen to have all electrons paired i.e. total spin
0; Fed*is definitely paramagnetic (1 electron) but
it’s quite unlikely to find Fe3*in ZnSe

X
§ i 1{?11_»[‘;%7"”"
0 220 230

s S 2
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e ZnSe cr'ys1'al Testmg

Cryogenic tests at LNGS

ZnSe crystals (ISMA, Kharklv)
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o’ ZnSe R&D for certification

Optical measurements setup in Rome (temperature range: 10 - 300 K)

\‘))\s\ e \\ -

1) refrigerator: Sumitomo Helium Compressor HC-4E1
2) 10K Closed Cycle Refrigerator: Janis Research
02_CCS-100-202

3) temperature controller: Lake Shore Cryotronics, Inc.
Model 325

4) vacuum pump: Pfeiffer HiCube80 Eco

5) X-ray source: Hamamatsu Microfocus 100kV L10101
6) X-ray power supply: 24V cc

7) light detector&analysis: Hamamatsu PMA-12

8) light guide: Hamamatsu quartz optic fiber

related equipment:

- oscilloscope LeCroy WR610Zi
-photoluminescence excitation source: Hamamatsu
Compact UV-VIS S2D2 Fiber Light Source

- photomultipliers

- mini-monochromator

- optical fibers

- PMA-12 accessories for transmission-reflection
measurements

> G A " e
B Ny .

. basic equipment aimed at studying crystals and other materials at temperatures

down to 10K as preliminary test for cryogenic application
loan Dafinei
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o correlation search

IR ftransmission
tests made at:

ENEA Casaccia (Dr. Baccaro)
ISMA Kharkiv (Dr. Galkin)

wiTransmittance-norm (%)

Transmittance (%)

| | | | | |
1 | ! I 1 1 I 1 I 1
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Plot 0 J Absorption coefficient-norm (m-1)
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correlation search
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correlation search
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JCLT
Tk || (Oling TNagy,
<> 3S1-ROSSSO Seaf'ch) 5
%run#‘jl: y= 2;1.99 . 3?.24x
_______________________________________________ —run#2:y =24.38 - 3.24x |

L. Patavina — cryo parameters

work is on the way
for another set of
ZnSe crystals
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certification issues

work in progress at ISMA and INFN
the acceptance of the enriched crystal ingots will be based on the:

Dafinei_ISOTTA2014

knowledge that the crystals were grown from the raw material
controlled, certified and delivered by INFN;

certified synthesis of ZnSe using quartz ampoules of high purity,
delivered by INFN and operated in clean conditions in the presence
of INFN personnel;

growth of ZnSe crystals in certified ultrapure crucibles (possibly
delivered by INFN) to be filled with the growth charge in clean
conditions in the presence of INFN personnel;

visual inspection of the "as grown" crystal by polishing two lateral
strips diametrically opposite along the growth axis of the ingot
IR spectra along the "as grown" crystal ingot*

cryogenic tests performed on 2-3 crystals previously produced in
identical conditions from natural raw material delivered by INFN:
natural (non enriched) Se and Zn

loan Dafinei
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L2 certification issues

work in progress at INFN

» The as grown ingots of ZnSe produced from enriched
material will (possibly) be cut and polished at LNGS

- cutting machine: received, to be mounted and commissioned
- polishing tools: purchase orders made, to be delivered soon

. I’r will be INFN responsibility to:

keep the trace of all materials used for the crystal growth in the
preliminary phase (using natural elements Zn and Se);

- ensure the same conditions along the whole production process
from ZnSe synthesis to the crystal growth (as a guarantee for
the reproducibility of physical properties of crystals produced);

- recover the possible ZnSe material loss during the growth
process (evaporated)

- recover the material discarded during the mechanical processing
of the crystal ingots

loan Dafineli
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concluding remarks
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+ the definition of certification protocols for the

production of OvDBD crystals is quite difficult

* the intermediary steps of crystal production

are not a (big) problem

+ the certification of the final product

(scintillating crystal with a good bolometric
performance) is still to be defined
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e concluding remarks

R&D for the synthesis of new
crystals or the improvement
of the performance of
existing crystals or the
adaptation of some
performance to the specific
needs of the experiments of
DM and OvDBD

« excellent articles and talks at
various meetings, conferences,
dedicated workshops, etc

« countless authors: Bernabei,
Dafinei, Danevich, Kraus,
Incicchitti, Mikhailik, Pirro, ...

« several laboratories able to
produces samples of crystals of
any kind

search for one or more
producers ready to perform a
reliable production and
delivery of crystals in special
conditions under our control

* material science research institutes: ?
» industrial crystal production units: ?
* hybrid (R&D) production units: ?
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