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DAMA/NqI(T |) ~100 kg Performances: N.cim.A112(1999)545-575, EPJC18(2000)283,

Results on DM particles:

Riv.N.Cim.26 n. 1(2003)1-73, IJMPD13(2004)2127

« Possible Pauli exclusion principle violation PLB408(1997)439
» CNC processes PRC60(1999)065501
« Electron stability and non-paulian transitions in

Iodine atoms (by L-shell) PLB460(1999)235
« Search for solar axions PLB515(2001)6
« Exotic Matter search EPJdirect C14(2002)1
« Search for superdense nuclear matter EPJA23(2005)7

« Search for heavy clusters decays EPJA24(2005)51

-

PSD PLB389(1996)757

Investigation on diurnal effect

N.Cim.A112(1999)1541
Exotic Dark Matter search PRL83(1999)4918
Annual Modulation Signature
PLB424(1998)195, PLB450(1999)448, PRD61(1999)023512, PLB480(2000)23,
EPJC18(2000)283, PLB509(2001)197, EPJ C23 (2002)61, PRD66(2002)043503, data taking completed
Riv.N.Cim.26 n.1 (2003)1-73, IJMPD13(2004)2127, IJMPA21(2006)1445, on July 2002
EPJC47(2006)263 + others in progress

total exposure collected in 7 annual cycles 07731 4



D AM A/ Lxe Unique low-background 6.5 kg LXe set-up operating as pure scintillator
filled by Kr-free Xenon enriched either in '°Xe (99.5%) or in 36Xe (68.8%)

DARK MATTER iﬂVCSﬁgGﬁOﬂS (NIMA482(2002)728)
» Limits on recoils investigating the DMp-'?°Xe elastic scattering by PSD PLB436(1998)379

» Limits on DMp-'*Xe inelastic scattering PLB387(1996)222, NJP2(2000)15.1
* Neutron calibrations PLB436(1998)379, EPJdirectC11(2001)1
and other rare processes
* Electron decay into invisible channels AstroP5(1996)217
* Nuclear level excitation of '*°Xe during CNC processes PLB465(1999)315
* N, NN decay into invisible channels in '>°Xe PLB493(2000)12

- * Electron decay e” — vy PRD61(2000)117301 « stand-by during all the period of the problems related to the use
B * 2P decay in '**Xe PLB527(2002)182 of “liquids” underground because of Borexino accident.

« 2B in 13*Xe & 36Xe PLB546(2002)23 * restarted on May 2004, running till December 2004; then

« CNC decay 3Xe —> 136Cs Beyond the Desert (2003) 365 stopped again waiting for the necessary restoring of circulating

water in the underground lab.

o i invisi in 136 . . . .
N, NN, NNN decay into invisible channels in "Xe * Full revision + new chiller -> restart of data taking in 2007
EPJA27 s01 (2006)35

DAMA/R&D DAMA/Ge & LNGS Ge facility

* Particle Dark Matter search with CaF,(Eu) NPB563(1999)97, APT(1997)73 | 1y, background Ge detector operative in the Ge facility of LNGS mainly

* 2 decay in '*°Ce and in '**Ce Il N.Cim.A110(1997)189 devoted to measurements and selections for:
« 2EC2v *°Ca decay AstroP7(1999)73 * RD-I, RD-II and now RD-III on highly radiopure Nal(T1) set-ups;
* 2B decay in *6Ca and in *°Ca NPB563(1999)97 * several RDs on low background PMTs;

* qualification of many materials

. 2B+ decay in '°°Cd Astr0P10(1999)1 15 . ;
i » measurements with a Li.Eu(BO;), crystal  (NIMA572(2007)734)

A cadiiae = I+ 2B and B decay in ¥*Ca NPA705(2002)29
P ° 2EC2v in **Ce, in **Ce and o decay in '**Ce ] « measurements with '°°Mo

NIMA498(2003)352 R IF - sample investigating some
« 2B*0v and ECB*0v decay in '3°Ba double beta decay mode in

NIMA525(2004)535 progress in the 41T low-
« Cluster decay in LaCl;(Ce)  NIMA555(2005)270 background HP Ge facility of
B < CNC decay 1%La —»!3%Ce  UkiJP51(2006)1037 LNGS (to appear on Nucl. Phys.

) and Atomic Energy)
* Rare o decay of "'Eu  Nucl. Phys. A. (2007), doi:
10.1016/j.nuclphysa.2007.03.001

+several other results under analysis + data
taking in progress + many other meas. scheduled

+ Many other meas. already
scheduled for incoming years




DAMA results on 33 decay
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Experimental limits on T, ,, obtained by DAMA (red) and
by previous experiments (blue)
(all the limits are at 90% C.L. except for 28*0v in 3Ce and 2B-0v in #>Ce - 68% C.L.)

Now in progress measurement on 22v decay in ®°Mo to the first excited 0+, level of 1%°Ru by using ~1 kg
of Molybdenum enriched in 1%Mo at 99.5% inserted in a 4 HP Ge detector array



Search for a decay of natural Europium

Eupgoitg) isardozs, L (1 BB oyand
153Eu (6_52 19[6)75) iave arposiiiverenergy. release respecively o alaecayrand,
wJiilis, they are pofentially a‘radioaciive.

The low @, for 153Eu gives no hope for experimental
observation of its decay due to the very big
expected half-life.

Qq=1.964 MeV

o particle



The experimental se1' -up

- (SCII‘ITI“GTIOH crystal and light guide wrapped by PTFE reflection tape)

oz e L “-.--x-v2
- ‘ || _ﬂ",.ﬂrrjlf_)vJ.,ﬁ-_ T
Lji;f

signals recorded by a 160
MSa/s Transient Digitizer over
a 3125 ns time window

DAMA/RAD set-up.at. LNGS

ie |

g _ * 10 cm of high purity Cu
\ ot -+~ - 15 cm of low radioactive lead _
1 | * 1.5 mm of cadmium and / e

rﬁ.,ﬁmr'_’fi,._ * 4 to 10 cm of polyethylene/paraffin =Th

The whole shield closed inside a Plexiglas box P
also flushed with HP N, _




Response to y quanta and « particles

Energy scale and resolution for y / quanta measured with ?-ZNa 133Bq, 137Cg, 228Th

Response fo a particles studied
with a collimated ?*!Am a source.

; Tetrasil-B
Light guide
S

241
o Am

5.25 MeV
after
L collimator

Counts / channel

FWHM /E, = 7% |

i

SPeciiic'a’s energies in the inferval I — _ =
1.00-5.25 MeV obtained with a set | o
of calibrated absorbers =

(mylar 0.65 mg/cm? air). FWHM /E’” = 7%




Energy dependence of the o/p ratio

A Sy |

Similar behaviour . fu..‘.mu S |

measured also e.g.
for CsI(TI) scintillator

[Phys.Rev.131(1963)501]

o/ ratio

23 E.Th

If E > 2 MeV.(linear behaviour);
a/ f=0.092(4)+0.0168(7)-E [MeV]

8 10

T

Energy of o particles (MeV)

pam— -—-n—-'__
NoEIREEeavieurmear 2 MeV = fit by polynomialfunction(continuous line)

a/B = 0.128(19) at the energy of ®Eu a parfticles

— lEu a'peak expected at 245(36) keV (in gamma scale)



Pulse-shape discrimination between o and y(B)

ndicator : numerical parameter of CaF,(Eu) signa ST distribution for:
a particles (=4 MeV) and

y quanta (~ 0.6 MeV)
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Shape indicator

" Amplitgde (a.u.)

' SI for background events (T=144 h)

T T T T T T
500 1000 1500 2000 2500 3000
Energy (keV)

Despite rather low discrimination, SI allows to check the nature of background




Measured energy spectrum (7426 h)
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Background identification: Time-amplitude analysis

Arrlval time cmd energy of each event used for the selection of fast decay

232T°h family
224Ra (Q,=5.789 MeV, T1,=3.66 d)

*Ra, E,=5.685 MeV

_, 220Rn (Q,=6.405 MeV, T,,=55.6 s) | eB=0.19005)
—> 216Pg (Q,=6.907 MeV, T,/,=0.145 s)
— 212pp ¢ 500 1000 1500 2000 2500
¥ 225Th activity = 0.134(17) mBq/kg |2
“235U f.amily N o 500
1 223Rq (Q,=5.98 MeV, T, 2=11.44 g) %o, E,=6.778 MeV

/B = 0.208(5)

— 219Rn (Q,=6.95 MeV, T,/,=3.96 s)
— 215Pg (Q,=7.526 MeV, T,,,=1.78 ms)

- C 500 lUU( 1500 7 2000 2500 3000
_, 211pp

Energy (keV)
W 227Ac activity = 0.011(7) mBq/kg




Background identification: Bi-Po events

Selection of double pulses pr'oduced by very fast decay chains

232Th family

20 keV

212Bj (Qy=2.254 MeV)

., 212Pg (Q,=8.954 MeV, T,,,=0.299 ps) .
_ 208Pb ) i T w02 |

¥ 226Th activity = 0.124(5) mBq/kg

Counts /

1000 2000 3000 4000 1000 2000 3000 4000
Energy (keV) Energy (keV)
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214Bi (Qg=3.272 MeV)
—» 214Pg (QG:7833 MeV, T1/2:164 [.IS)

Transient digitizer units

22
Po(ar)

_, 210pPh

400
Time bin

@ 226Rq activity = 1.3(2) mBq/kg



Radioactive contamination of the CaF,(Eu)

Chain Nuclide | Activity
mBq/kg

y — #2Th 232Th 0.05(1)
Presencein the crystal of B active isotopes 25Ra | <0.6
(U/Th families, 49K, 9Co, 20Sr-20Y, 137Cs, 154Eu) “*Th | 0.13(2)

and external y rays simulated with GEANT4 27 5 0.011(7)

0 06(1)
QZGRa )
2101:)0 )

Total U/Th «a activity
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At low energy the background is caused mainly
by 8 decay of 152Eu




a decay !°'Eu > *’Pm

Uliaret

Pzc

£ +] ~ l—/Jl’—/C' )z
oT T2 =7/ o0 D2
C(O \ -1

e «“sm Low energy part
"h om | of the spectrum

| T=7426 h

Counts / 5 keV

1000

007 y(B) (SI<SI)

L L L L
200 250 300 350 400 450 500
Energy (keV)

1, = 4.43.11‘3 (stat)x10" y

151Ey o decay: 7, =57 x10" y
.. or in a conservative approach: 7T, >1.7x10" y (68% C.L.)



a decay of °Eu to the first excited level of “’Pm

Subsequent 91 keV deexcitation energy (v, 33%, or

Q,=1.873 MeV
X rays/Auger electrons, 67%) effectively absorbed

— Expected peak at (325+33) keV

i
LY )
¥4
-
c
=
r_':.
&)

1000 No evidence:
T ,.,(gs.—5/2")>6x10"yr
(68% CLL)

400 450 500
Energy (keV)




Implications

Presence of Promethium in the Earth crust

Uil 1 dDiIEe WI | ‘im=-:-""' —

= Presen‘r only as ’rempor'al pr'oduc’r (predomman’rly from 238U spontan eous fission)
- It is possible to calculate about 560 g of natural Pm in the Earth crust

Observed a decay of P1Eu opens additional source of natural Pm.

Taking into account the abundance of Europium in the crust (2x10-4%)

— additional 12}"g of natural Pm born by “'Eu

[1] B. Buck et al., J. Phys. G 17 (1991) 1223; 18 (1992) 143.
[2] D.N. Poenaru, M. Ivascu, J. Physique 44 (1983) 791.

[3] G. Royer, J. Phys. G 26 (2000) 1149.

[4] M. Fujiwara et al., J. Phys. G 28 (2002) 643.

[5] D.N. Poenaru et al., Phys. Rev. C 32 (1985) 2198.

Populated Theoretical T} /o, yr

level ' [2] [3] ' [4]

Experimental 7} /5, yr

ground state | 3.0 x 1017 3.6 x 101® 6.3 x 10%7 5.9 x 1017 1.6 x 1018
5/2+ 0l keV | 7.7 x 1018 1.0x 1020 1.5 x 101 1.7 x 101 .

G.S.: Measured T, is in agreement with theoretical value [2] and [5].



Search for a decays of Eu with a LigEu(BO3); crystal

r*/‘_u‘/r* cOrr2nT of U Wit fesozert o G

] \ - . . o
T PG ah 5 7\ Oclo)n\2rrle s
[ ), C UT poo | | )[le)r)2 23

~cigtel gustell) Sz crys‘rals

Li,Eu(BO;); sample T=1500h

46.5 *°Pb

Spectra measured with the HP Ge

344.3 "Ey
123.1 ™Eu
121.8 "™Eu 238.6 *Ac

214
295.2 7"pp | | 39207 Fb

Counts/ 1 keV
\\lll\|‘||\||\\‘\lll\\\lll\‘\ll

Nuclide Activity (Bg/kg)

28A¢ <0.20
212pp <025
Ly <0.13

(ve)

ackground T=689h (normalized to 1500h]

2l4pp <0.17

g <0.07 46,5 ¥°Pp

K <15

Co <0.026
137¢Cs <0.081
207B; <0.009

132y = 0.949(48) WMWWMMMW '
1>Eu =0.212(35) ! \ I B ! ! \
1 150 200 250 300 350 400 450

O —

Limits are given at 90% C.L. Energy (keV)

238.6 #fAc

295 2 2py - 952.0 Hpp




152Ey and 194Eu contamination

Radnoachve 152Eu and 194Eu nuclei were produced by neutron capture by 15Eu and

Cross section for capture of thermal neutron: o5, =5900+200 b, 0,53 =312+7 b
Number of nuclei: N, =7.78x10, N,5, = 8.49x10% Mass-spectrometric measurements
I . showed that the Eu in the crystal
n ] was of normal composition
Decay constant: A ., = = —— yr’
Y hs 13537 7 s = 8.593 7
At
AN -7
= dxd:¢°6 ‘N, -4,-N, — N,(t)= ¢-0'm-Nm'(/1—) where

m
d

m = 151 (153)
{d - 152 (154)

As; A5 Nis (t) _ Ois1 Ny, .(1_6—/1152f)

As, j154 154 (t) 053 * Nys3 m

Can be due to non-thermal neutrons flux from spontaneous fission of Th and U,

and from (o,n) reactions in the monazite ores (which is a commercial source for
both Eu and Th elements).



Alpha decays of Eu to Pm

151Ey (g.s.) — 47Pm (5/2%)
~ No.evidence for.'-91.1 keViin the s_r_)?c:frum:

p—— imT,,= (In2 - & -y - Ni-T) / limS o
e=2.8%; y (yield)=0.327 Qu=1.873 Me}

1. One capproach: T,,>4.0x10% yr (68% C.L.)

2. Fit by the sum of the background model (straight
line) + Gaussian peak = S = 12+14 counts

T, > 2.4 x 10!¢ yr_ (907:+Gsl.-)
| - m— ----—-l--ll"'J T———

No evidence for 286 keV y emitted in the § decay of "°Pm (yield=3.1%, e=11.07)

T,,>1.1 x 10 yr (90% C.L.)



Search for 2B2v(0*—0*,) of 199Mo

ed. INR-Kiev (2006), 479

+ 100
0 — 43Tc
2Mo
+ Cb()(.b
01 9 1130.5
©
'a~ + /\Dq.
P Letters 80(2004 Q,;=3035 keV 240 5396
0
r 0 ( 100Ru has
be Siti i experimel
172 7 9.3 [Phys ]
12/ 7 BIN° [P ]
12/ R B% appear on| Nucl ray]
i but in contradiction wit t
eX )% (AL h ]




Experimental set-up

ed. INR-Kiev (2006), 479

— "o 9o ‘r__ ’rhe*ﬁT'sT'exuﬂ’zd-G"_level of 00R(-

Data collected at LNGS in
low-background set-up with 4 HP
Ge detectors (each of ~225 cm3).

771009 ¢ (MeTallicapomwader)
(- ~ I

comorzsdzel 1o ~6 glem? Fosfilkiully

'I'Wé-” In The H P Ge SeT'Up, some Germanium detectors parameters
amount: also above the detectors. Det_ec;tors

gel80

Volume {"cmS'} 225.2  225.0 225.0
Endcap and holder material Electrolytical copper
Energy resolution (FWHM) at 1332 keV 24 2.0 2.0




Measurements and pr'ellmmar'y r'esul’rs

. a
ed INR Klev (2006) 479 ot

Search for 590.8 keV and 539.6 keV gamma quanta; \::'::“\“ |

~ (detection efficiency ~2.5% -- Geant4)—

Measured spectra (500-600 keV) with
and without the Mo sample (T=1927 h)
Counting rate of the Mo sample is ~2.5
times higher than that of background in
this region due to the Mo pollution

Considering this peak structure related with
232v decay of 19%Mo to 0, level of 1%0Ru

—

Bligroerevidence of the'second 591 keV peak
—

_______‘_;—-—_"_

New data taking in progress after chemical

purification of the 19°°Mo source at LNGS Peaks at 511 keV and 583 keV

e related with 298T| decay and
s Spgars §ensﬁuvu’ry (ly) ~ $x1021 4 annihilation process (511 keV)
will allow to confirm or reject previous results




—139Ce with LaCl;(Ce) detector

Ukr. Journal of Physics 51(2006)1037

—

- The possibility of CNC phenomena has widely been -
discussed in literature mainly in connection with
future unified theory and with the possible existence
of extra dimension

APPROACH:

" CNC decay If, in a p decay some massless uncharged
particle was emitted instead,of the electron
AN (v, v, Majoron,,...),.an additional 511 keV
energy release would occur:

+ 7 ” QEC:Z?Q keV

S ——

"Source=detector” advantages:
* No chemical separation
- Real time approach
- Efficiency close to 1
- Background discrimination

Possible CNC decay 13°La — 139Ce

can be identified searching for
the electron capture 139Ce — 139La




De’rec’ror. LaCI3.(8 5+1 O"/o)Ce mass = (49 7:|:1 3) g

NOT IN SCALE

Photomultiplier Light guide

Qurlzwinduw DAMA/R&D SeT-Up

Measured background is dominated by 38La decays
(6=0.0902%)

Sh|
105»:10113; 51 el

336% 18.02 2+ of
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Counts/keV
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39Ce EC (E6s4)

20000

0

1 | |
S0 100 150 200 250

gasooo COSQ 1 E(keV)
Bckg model =: P + PE, + L/Ek (B, +2m,c*) 0, -E J(E, + mecz)k}g +PE, + P,E})
© 15000k —— T S — —
. linear bckg 138La B spectrum
ool <00 | |Fit[100-240keV]: N=-3810+4290 events > N<3810 events 90%CL
Do_o 207740 16@1écj200 S ko —T> 1 J 6X 1 018 .y (90% C . L')
E(keV)

Case 2

Bckg model = P, +P, E,

ounts /0.5 keV

Fit[183-230 keV]: N=560+3530 eventi > N<6370 eventi 90%CL
t >1.0x10'8 y| (90% C.L.)

First experimental limit for 13°La—!3°Ce CNC decay
It holds for whatever decay channel with emission of

~
¥

10000F

=

massless uncharged particle




Conclusions

Recent resul’rs ob’ramed in 2006 2007 by the DAMA
collaboration in the investigation for some rare processes
have been presented:

1. First measurement of o deeay of BIEu with CaF,(Eu)
detector -

i 4

*J! 5TG|
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e v 1 Of 1OO/\AO with "’1 h

.New Jimtts on o decay modes with

’ .. - - ot

T il
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