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Examples of rare processes studied by DAMA

d Very low cross section:
v Dark Matter
v' Axions
v Exoftic particles (e.g. Q-balls, DAEMONS, SIMP)

d Very long lifetime:
v' Double beta decays
v’ Rare a. and B decays
v' Cluster decays
v' Spontaneous fransition of nuclei to a superdense state;
v Long-lived superheavy elements
v' Emission of correlated e*e~ pairs in a decay
v Electron stability
v' Processes violating the Pauli exclusion principle
v Charge non-conserving (CNC) processes
v Nucleon, di-nucleon and fri-nucleon decay into invisible channels



Examples of rare processes studied by DAMA

O Very low cross secfion: ﬁthe V. Caracciolo talk
v(Dark Matter — «DAMA/LIBRA Results and
. Wectives» on 22/8/2017

v Axions

v Exoftic particles (e.g. Q-balls, DAEMONS, SIMP)

d Very long lifetime:
v' Double beta decays
v’ Rare a. and B decays
v' Cluster decays
v' Spontaneous fransition of nuclei to a superdense state;
v Long-lived superheavy elements
v' Emission of correlated e*e~ pairs in a decay
v Electron stability
v' Processes violating the Pauli exclusion principle
v Charge non-conserving (CNC) processes
v Nucleon, di-nucleon and fri-nucleon decay into invisible channels



Main recent DAMA results in the search for rare processes

First or improved results in the search for 2B decays of ~30 candidate isotopes: 49Ca, 46Ca,
48C8, 64Zn, 7OZnI 1OOMO, 96RU, 104RU, 106Cd, 108Cd, 114Cd, 116Cd, 1125n, 124S|'1, 134Xe, 136Xe, 13OBa,
136Ce, 138Ce, 142Ce, 156Dy’ 158Dy’ 180W, 186W, 18405, 1920S, 190Pt and 198Pt

The best experimental sensitivities in the field for 2p decays with positron emission

First observation of o decays of !>Eu (T,,=5%10%8yr) with a CaF,(Eu) scintillator and of 199Pt
to the first excited level (E..=137.2 keV) of 180s (T,,=3x10%%yr)

Investigations of rare p decays of 113Cd (T,,,=8x101%yr) with
CdWO, scintillator and of 48Ca with a CaF,(Eu) detector
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Summary of searches for B3 decay modes in various isotopes
(partial list)

ARMONIA: New observation of 2v28- "Mo—"%Ru
(g.s.—0¢") decay NPA846 (2010)143
AURORA: New observation of 2v2p-"6Cd decay

0
90% C.L. J.Phys.:Conf.Ser.718(2016)062009

» Many competitive limits obtained on lifetime of 2[3*, e[3*
and 2¢ processes
(40C8, 64Zn’ %RU, 106Cd, 108Cd1 13083’ 136C6, 138CG, 180W, 190Pt’ 18403’
156Dy, 158Dy, ...).

DAMA observed
Previous limits

» First searches for resonant Ov2¢ decays in some isotopes



Latest results on rare Processes.

v' Search for B decay in 19Cd with enriched
106CdWO, detector in the DAMA/CRYS setup

v Investigation of B3 decay of 116Cd with enriched
1eCdWO, detectors in DAMA/R&D setup

v’ Investigation of directionality with ZnWQO,,
anisotropic detectors: feasibility study



Search for BB decay in 1°Cd in the DAMA/CRYS setup

106Cd, a promising isotope:

1) One of the six isotopes candidate for 2B* decay

2) Good natural abundance 6=(1.25+0.06) %; possible
enrichment up to 100%;

3) Q= (2775.39£0.10) keV = 2%, &B, 2¢ modes possible
4) Possible resonant 2e0v captures to excited level of 1%°Pd

5) Theoretical T/, favorable for some modes (1020 - 102? yr)

resonant 2e0v
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The used 1%°CdWO, crystal scintillator
NIMA615(2010)301
» Samples of cadmium were purified by vacuum distillation (Institute of Physics and Technology,
Kharkiv) and the Cadmium tungstate compounds were synthesized from solutions

 Crystal boule was grown by the low-thermal-gradient Czochralski technique (NIIC Novosibirsk)
(initial powder 265 g)

* Crystal scintillator (216 g mass), 66.4% enrichment in '°°Cd (2.66x10% nuclei of 1°°Cd) measured
by thermal ionisation mass-spectrometry = 2"d enriched CdWOQO, crystal ever produced

15t exp: single crystal in DAMA /R&D 2nd exp: coincidence with 4 HP-Ge
PRC85(2012)044610 PRC93(2016)045502
’ Stella facility ‘
@LNGS 511 keV y

511 keV

PbWO,light guide
(archaeological

lead) HPGe 225 cm?

106CdWO,

Quartz light guide




New 1%CdWO, experiment in DAMA/CRYS set-up

1) 1%CdWOQ, in (anti)coincidence with two
large CAWO, scintillators mounted in
DAMA /CRYS set-up @ LNGS

2) High efficiency
3) Experiment in data taking since May 2016

DAMA/CRYS set-up
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New 1%°CdWO, experiment in DAMA/CRYS set-up




Counts /10 keV/h
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Energy resolutions for 1°°CdWQ, and CdWO,
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Time-Amplitude Analysis

T=6935h

The arrival time, the energy and the pulse
shape of each event were used to select the
N 224R 4 fast decay chain in the ??Th sub-chain of

™ Ra

the 2%2Th family in 1%CdWO, crystal:
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] 24Ra (Q = 5.789 MeV, T, = 3.66 d)
*An \L
20Rn (Q = 6.405 MeV, T, , = 55.6 5)
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= Activity of 2°Th: 5(1) uBq/kg
= Estimation of a./y light ratio
“* = Estimation of o energy resolution

Cartugah ey
LLLL Ill III LIl llll llI llllll Illllll Ill LU II
[
A
N
—
)
o




Energy spectra of 1°6Cd

> =
ST i_ Anti-Coincidence T =6935h
S 1o ;— /

- T Coincidence with events > 200 keV

10° - Coincidence with events in 511 keV window

= Coincidence with events in
10* = 1160 keV window (2EC)
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The energy spectra accumulated over 6935 h by the "°CdWO, detector:
» in anticoincidence with the "CdWO, detectors
> in coincidence with event(s) in at least one of the "/CdWO, detectors with energy:
= E >200keV
" E in energy window around 511 keV
" E in energy window around 1160 keV



Estimation of sensitivity
Expected signal for 1%Cd 0v2B(0*— 07):

Spectrum of 1%CdWQO, Spectrum of 1%CdWQO,
Spectrum of 19%CdWO, detector when one of the two detector when both the
detector CdWO, detectors detects y of CdWO, detectors detect y of
511 keV (+20) 511 keV (+20)

60000} 6000

Counts(a.u)
Counts(a.u)
Counts(a.u)

25000
I 5000
20000f i
40000 i 40001
150001 [
i 3000
I 10000F i
20000/ i 2000

5000 1000f

% 1000 2000 3000 % 1000 2000 300 % 9000 2000
E(keV) E(keV) E(keV)

Sensitivity after 1yr in the hypothesis of about 30 background counts in [0.-3.] MeV:

Ov eB* (g.s.): Ty~ 5 x 10 yr

In the region of theoretical
2v 2B* (g.8.): T,,~ 2 x 102 &
V2P (gs) < yt <predictions: T, /,~10%-10% yr

Note that, up to now, 2v mode of the 2+ processes has not been detected unambiguously:
there are only indications for '3°Ba and "3Kr



Latest results on rare Processes.

v Investigation of 53 decay of 11¢Cd with enriched
HeCdWO, detectors in DAMA/R&D setup



Investigation of 23 decay of !'*Cd with enriched
16CAdWOQO, crystal scintillators

J.D. Vergados et al., I]MPE 25, n.11(2016)1630007

116Cd 10°!

One of the best isotope for Ov2f3 decay search:
* Qpp=2813.44(13) keV

« 8 =7.49(18)%

* possible high isotopic enrichment
 promising theoretical calculation

] IH:

— !
116(jdwc)4 Crystal SClntlllatOI'S 48Ca 76Ge 828e %Zr IOOMOUOPdUGCden 130Te136Xe150Nd

Grown by the low-thermal-gradient Czochralski Recrystalliz. AURORA exp.
technique after deep purification of 1°Cd and W;
+ annealing to improve the optical transmission curve

v Good optical and scintillation properties
v’ H6CAdWO, crystals enriched at 82%

v' Active source approach (high detection efficiency)

580¢g
v' Low levels of internal contamination in (U, Th, K) o B

v' a/p discrimination capability



The AURORA experiment in the DAMA/R&D set-up

Two enriched "¢ CdWO, crystal scintillators ~ecdwo, @

(total mass: 1.162 kg, ''¢Cd @ 82%) \
] flOcm HP quartz light- guide‘

v" Started in 2011
v Upgrade - March 2014 \ PTFE container filled
v Total live time since 2014: 25037 h by liquid scintillator

v Background level at 2.7-2.9 MeV:
0.1 counts/keV/kg/yr

Lead 15 cm ﬂlr_hlga 5cuh?0:
2 ushed by hi
g 03 0 Copper 10 cm ity gasg

| 2

= 1117, 1332 keV
- 3 228 = . = = ;
=197 l l Th . N ; m’CdWO‘:
g 2615 keV IS ) — |
S 1

4.0(1)%

Plexiglas box
continuously flushed

20000 40000 60000 80000 by high purity N, gas
Channel — .




Background identification 1: Pulse Shape Discrimination

Event-by-event DAQ based on a 1 GS/s 8 bit transient digitizer (operated at 50 MS/s) records
the pulse shape over a time window of 100 us from the **CdWO, detectors

577 T SI=2 fit)) x P(t )] = f(t,)
I e
s b v Z e Fm s P(t) = [ fo(t)- £,(OULf (D) f ()]
w
ftt) — amplitude at t,
P(t,) — weightfunction
2 o foAt) — reference pulse
 KilGl] T ' o spectrum
E %10000« ; 4000 _ * /
“~a, 98% 0 - ] 2389 “ITh 219,
3 — ] / Y
. Shape Indicator %3000 ] \ l B i
: 1000 1500 2000 2500 3000 3500 4000 & ' S
Energy (keV) 2000 '
T=25037 h 1000 7= , "‘-3._28Th+daughtcrs
M=1.162 kg I > S
O 600 800 1000 1200 1400

Energy, keV



Background identification 2: Bi-!

Bi-Po: fast sequence of -a decays from
#2Th chain: *'*Bi—>*'“Po(T ,=299ns) or
>80 chain: 2"*Bi—>*"*Po(T ,=164.3 ps)

Bi-Po can be identified by pulse front edge
analysis (the pulse maximum of Bi-Po pulse

is delayed with the respect to single pulse)

Shape Indicator vs Front edge
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Background identification 3: Time-Amplitude analysis

3 60
224
S 40 Ro Q. = 5789 keV
by a/B = 0.189(2)
3 20
(&)
0 d
600 800 1000 1200 1400 1600 1800 2000 2200 2400
Energy, keV
60 —
2 €80 T,, = 5247 s
~ 30 a/f =0.191(2) 3,
2 S ol it
S 20 8
o 0 57
At, mﬁI
0
600 800 1000 1200 1400 1600 1800 2000 2200 2400
Energy, keV
=133"% ms

Counts / 20 keV

4 0.6
At, al

2200 2400

Energy, keV

Data from '°*CdWO, detector-1 (T=25037 h)

0
600 800

1000 1200 1400 1600 1800 2000

U —pu? .
; Aexp[ - ] fuzu-T
Blue: gaussian fa= 257 '
. A : TQRu-2u+T)| .
Red: gaussian + tail = Aexp[T], ifu<u-T

The arrival time, the energy and the pulse
shape of each event were used to select the
fast decay chain:

24Ra (Q = 5.789 MeV, Ty, = 3.66 d)
J

20Rn (Q = 6.405 MeV, T, ,, = 55.6 s)
|

216Po (Q = 6.906 MeV, T} ,, = 0.145 s)

\J
212Pp

The obtained half-lives for ?2°Rn (52*7 _; s)
and 216Po (0.133+0-916 _, ., s) are in agreement
with the table values (55.6 s and 0.145 s)

Activity 28Th (uBq/kg)

PSD T-A
Crystall  17(2)  17(1)
Crystal2  26(2) 27(1)
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Background identification:
fit and results

Raw data

.\42.

(=

Counts / 20 keV
=

Radioactive contaminations of
H6CAWO, crystal scintillators 10 -

Chain Nuclide Activity S S

SR 1000 2000 30'0% - '(l;;\i](;oo
232Th 232Th 0.61(2) > 5 e 56 =
26Th  0.022(3) |3 [ yux 1460 2w
& 1074- L "~ internal = U
238(J 238| 0.59(7) g internal “4TH
234Th 0.64(7) 5'03 i Jn. 7 20971, 2615 A
230Th 0.11(2) NS -- external y
26Ra  <0.01 o
210pp 0.6(1) w0 4
40K 0.20(1) '
MOmAg <0.06

1000 :
Total o activity = 2.27 mBq/kg T=25037 h Energy (keV)



Result for two neutrino double beta decay of !'*Cd

Conditions of the Fit: . e SE%

* Variation of bounds for radioactive contaminations § Rad. contamination of 65

* Model of background & M6CdWO, crystals

 Interval of fit ‘i‘; BG models, MC, QF 15

* Quenching for B (non prop. light response) [1,2] g PSD efficiency 10
[1] PRC 76(2007)064603 [2] NIMA 696(2012)144 "i Interval of the fit 7

Signal to bg ratio: 2.6 in [1.1-2.8] MeV ® Number of "6Cd nuclei 3

Ty, = [2.69 * 0.02(stat.) * 0.14(syst.)] x 10 yr  (the most accurate value up to date)

.12 | Solotvina TNEMO-2 [3]
2995121 L
of 4 - / fp [1] J. Phys. Soc. Japan 64(1995)339
S $ 2015 [8] | [2] Phys. Lett. B 344(1995)72
= Solotvina 2003 [3] . [3] Z. Phys. C 72(1996)239
Vol \ NEMO-SISIINEMO-3[9] (4] PRC 62(2000)045501
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7
8
9

AIP Conf. Proc. 1572(2013)110
PRC 81(2010)035501

NPA 935(2015)52

PRD 95(2017)012007
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T, limit on Ov2p decay of °Cd

Further background reduction (~35%) for Ov2[3 decay by excluding events from:
22 [0, = 6207.26(3) keV, BR.~36%] —> 29T1[Q, = 4998.9(18) keV, T, ,,=3.053(4) min]

= background rate in 2.7 — 2.9 MeV: 0.07 (counts/keV /kg/yr)
(live time reduction~15%)

Fitin 2.5-3.2 MeV: -3.7 £ 10.6 counts

Ty, >2.4x 108 yr @ 90%C.L.

Counts / 40 keV

Effective Majorana neutrino mass:

(my <1.1—1.6eV [1-4]

New improved limits on T ,, for Ov23 decay
to excited levels of '%Sn in the range:

(3.6—6.3)x102 yr

[1] T.R. Rodryguez et al., Phys.Rev.Lett. 105(2010)252503 10 . : x

[2] F. Simkovic et al., Phys.Rev.C 87 (2013)045501 2200 2400 2600 2800 3000 3200

[3] J. Hyvarinen et al., Phys.Rev.C 91 (2015)024613 Energy (keV)
[4] J. Barea et al., Phys.Rev.C 91(2015)034304




Improvement of radiopurity of 1'*CdWQO, by recrystallization
A.S. Barabash et al., Nucl. Instr. Meth. A 833(2016)77

Re-crystallized by the low-thermal-gradient Czochralski technique in a platinum crucible

Crystal n.3 used (326 g mass)
60% of initial mass after re-crystallization

Side surface made opaque by grinding
paper to improve light collection

Chain  Nuclide (sub-chain) Activity (mBq/kg)

Before recrystallization  After recrystallization

s S 0.13(7) 0.03(2)
225Th 0.10(1) 0.010(3)

e R 1.8(2) 0.8(2)
226R <0.1 <0.015
mae % i 0.6(2) 0.4(1)
210pg 1.6(2) 0.4(1)

Total « 4.44(4) 1.62(4)

» 228Th reduced by a factor ~10 = 0.01 mBg/kg (i siiutieu ot
for 11°Cd Ov2f3 decay

» « activity reduced by a factor ~3 = 1.6 mBqg/kg

= Strong segregation of the radioactive elements in the CAWO, crystals growing process



Latest results on rare Processes.

v Investigation of directionality with ZnWO,,
anisotropic detectors: feasibility study



Dark Matter and the directionality approach

Based on diurnal variation of apparent DM wind arrival direction

Sun velocity, U, in the equatorial coordinate system (ecs)

Angle w.r.t. North pole (é5°°):
82°s . g = 172.1 km/s
= 0 =42°

ey = Lat = 48°

On equatorial plane:
8L . s = 108.1 ks
8ees . P = —112.4 km/s
= @ = —46°
= t=20.92h (LST)

N o = =
Q\‘Ug = VISR aF UO

|55 = 230450

Study of the correlation between the arrival direction of Dark Matter candidates inducing nuclear recoils

and the Earth motion in the galactic frame

DM preferential

The direction of the induced nuclear recoil is strongly gg_‘(’)c(;“fs“Tat
correlated with that of the impinging DM particle \\‘\\\\

The observation of an anisotropy in the distribution of nuclear
recoil direction could give evidence for such candidates

- direction-sensitive detector

DM preferential
direction at
21:00 LST

A
A




Directionality sensitive detectors:
anisotropic scintillators

The use of anisotropic scintillators to study the directionality approach firstly proposed in
[P. Belli et al., Il Nuovo Cim. C 15 (1992) 475; R. Bernabei et al., EPJC28(2003)203], where the

case of anthracene was analysed; some preliminary activities have been carried out [N.J.C.
Spooner et al, IDM1997 Workshop; Y. Shimizu et al., NIMA496(2003)347]

Anisotropic Scintillator:

* for heavy particles the light output and the pulse shape depends on the particle

impinging direction with respect to the crystal axes

* for y/e the light output and the pulse shape are isotropic

The variation of the response of an anisotropic scintillator V—

- 9:00h

>

during sidereal day can allow to point out the presence of a
DM signal due to candidate inducing only nuclear recoils

ZnWQ, anisotropic scintillator: a very promising detector
(Eur. Phys. J. C 73 (2013) 2276)




Advantages of the ZnWQ, crystal

v Very good anisotropic features

v' High level of radiopurity

v’ High light output, that is low energy

threshold feasible

v" High stability in the running conditions

v’ Sensitivity to small and large mass DM

candidate particles

v’ Detectors with ~ kg masses

Density (g/cm’) 7.87
Melting point (°C) 1200
Structural type Wolframite
Cleavage plane Marked
(010)
Hardness (Mohs) 4-4.5
Wavelength of emission maximum (nm) 480
Refractive index 2.1-22
Effective average decay time (us) 24




Anisotropic features in ZnWQO,

Measurements with o particles have shown that the light response and the pulse shape of
a ZnWQO, depend on the impinging direction of o particles with respect to the crystal axes

2
_ Such effects are absent ! _
02 1 8 in case of electron | {_/dir-z
] H 5 i - ,
} ? excitation . _dir.3
% é & g‘\ dir. 3 g 22 - +
5 808 TTadio ¢
7]
(010), (001) and (100) ' '} ¥
| crystal planes correspond L
0 T T T . AL T i T T
i ; i : todir. 1,2 and 3 i 5 . 2 5 %
Energy of o particles (MeV) Energy of o particles (MeV)

These anisotropic effects are ascribed to preferred directions of the excitons’ propagation in
the crystal lattice affecting the dynamics of the scintillation mechanism

Quenching factor

Ion

Similar effect is expected in the case of

dir. 1 dir. 2 dir. 3

0.235 0.159 0.176 low energy nuclear recoils

0.084 0.054 0.060 —> Dedicated measurements are in
0.058 0.037 0.041 progress (@ Casaccia lab

Q.F expected according to V.I. Tretyak, Astropart. Phys. 33 (2010) 40



Light output and threshold of ZnWQO, crystal scintillator

An energy threshold of 10 keV in an experiment not optimized for the low energy region

}Phys.G: NuclPart Z > 10— — 5 10} - =
% J. yo. 9. . . 2 7 1 CsKxrays, 31 keV z 60 keV, FWIIM = 38%
= 1 | 2 4! .
= * Phys. 38 (2011) 115107 S 1054901 ~ o |0‘|ch\ :
C ot S0y
+ z z =
= +  Y7n2v2K 2 0 10 ”
8 133 241
Vo = 104 “Ba I Am
103_ + ?_lopb‘ Y\B 1 25 s 75 100 125 150 25 & 75 100 Iii 150
4+ Energy (keV) Energy (keV)
/[ v .
10 7+
,"{‘ + +++++++
+ +t ++
| eyt +++++++++++4++++++" , T
107 137 ¢, 662 keV
5 \ Cs FWHM = 11%
10 <+ \
\ T T T T v T
— O L 200 400 600 800 1000
20 40 60 80 100 Energy (keV)
Energy (keV)

FWHM (8.8-14.6)% @662 keV

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 56, NO. 3, JUNE 2009
Improvements of the energy threshold by: ER |
S :.. L )
> [ ]
v’ coupling 2 PMTs in coincidence at single ph.e. level Z ] .
2 1 ® .
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Radiopurity of the ZnWQO, crystal scintillator

The measured radioactive contamination of ZnWO, approaches

that of specially developed low background Nal(Tl):

" ~ 0.5 ppt for 232Th;

" ~ 0.2 ppt for 238Y;

" < 0.02 mBq/kg for “°K (0.6 ppb "K);
" total o activity of 0.18 mBq/kg

PSD capability: allow to discriminate [3(y) events from those

induced by o particles and to identify the oo background

Montecarlo calculation for the expected background at low
energy considering the measured radiopurity of the detectors

= background in the low energy region = 0.1cpd /kg/keV

The radiopurity of ZnWQ, is very good and new purification
techniques under study to further reduce the low energy
counting rate due to the intrinsic crystal contamination

Developments still ongoing:
= ZnWO, crystals with higher radiopurity expected

40

Counts/20 keV

[
(=}

Shape indicator

Counts/(day X kg X keV)

external background from Ref.
1 JPG 38(2011)115107 (Tig. 5)
] N

ZnWOQ, intrinsic contamination,
sample ZWO-2, Table 3 from Ref.
eSS NIMA 626-627(2011)3

-‘;".-.'.73"’1’1) 4 2i0g; **uy

ZZXRa + IZSAC (2!’2,Th)

T L L T

60 80 o 100
Energy (keV)




LNGS: a perfect place for directionality with
anisotropic scintillators

It is very convenient to consider an experiment performed at the LNGS latitude (42°27'N)
—> here at 21:00 h LST the DM particles come mainly from the top, while 12 h later they
come from the North and parallel to the horizon line

DM preferential
direction at
09:00 LST

N\

DM preferential
direction at
21:00 LST

A
4

The optimal performance for an anisotropic ZnWO , detector is
obtained when arranging the crystal axis that corresponds to the
largest light output in the vertical direction and the axis that gives
the smallest light output towards the North

With this configuration the range of variability of the anisotropic
detector response during a sidereal day is at maximum
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Example of expected signal

Expected rate as a function of sideral time and days of the year
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* |dentical sets of crystals placed in the same set-up with different axis orientation will
observe consistently different time evolution of the rate

* The diurnal effect will refer to the sidereal day and not to the solar day

* Absolute maximum rate is at day 152 and at 21h LST (when the DM flux is at
maximum and the DM preferential arrival direction is near the zenith)



ZnWOQO, — work in progress...

 Cryostat for low temperature
measurement with scintillation
detectors realized

[ Test of the Cryostat in progress

[ Lowering the energy threshold
(new PMT with higher QE, SiPM,
APD, SDD, ...)

(J Measurements of anisotropy at
low energy with MP320 Neutron

Generator (E, = 14 MeV) in
progress at Casaccia lab

[ Development of electronics




Conclusions

v Many and competitive results have been obtained in the search for rare
processes by the DAMA experimental set-ups at LNGS

v A 106CdWOQO, detector is running in coincidence with two "atCdWO, in the
DAMA/Crys set-up to search for 2B processes in 196Cd with expected sensitivity
1020-1021 years (in the range of theoretical predictions)

v' Search for 2B processes in 116Cd with 116CdWOQO, (enriched to 82%) scintillation
detectors (1.16 kg) just concluded in the DAMA/R&D set-up:

> T,,(2v2B) = [2.69 £ 0.02(stat.) + 0.14(syst.)] x 1019 yr
(the most accurate value up to date)

> T15(0v2B) 22.4 x 102 yr > (m,) < (1.1 -1.6)eV (the best limit)

> Internal 228Th (main bkgd) can be strongly reduced by re-crystallization

v' Studies and measurements on ZnWQO, crystal scintillators as detectors for the
directionality technique are in progress



