


Nuovo set-up in Hall B

• NaI-33 (3.4 kg) da agosto 2019,  
assemblato a Princeton
• NaI-35 (4.35 kg) da maggio 2022, 

assemblato ad RMD
• NaI-37 (4.36 kg) da marzo 2022, 

assemblato a LNGS

NaI-37
NaI-35

NaI-35
encapsulated
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Fig. 1 NaI-33 assembly in the glovebox, ready for the insertion into the copper enclosure

Fig. 2 Open passive shielding
in the SABRE Hall B area. Left:
Run 1 shielding. Right: Run 2
shielding with increased copper
layer and detector module in
position. The the anti-radon box
is not shown here

4 Data analysis and results

Data acquired during Run 1 were used to measure light yield
and energy resolution (Sect. 4.1), and to determine the α

rate (Sect. 4.2); however, for the analysis of its evolution
over time, all datasets were used. Run 1 included a campaign
with a 108mAg source (see Sect. 4.5). Run 2 data were used
for the background study. In order to build the low energy
spectrum, we used an additional dataset, denoted as Run 2-
lowRn. These data were acquired while flushing the setup
with high-purity nitrogen and, consequently, with a reduced
background contribution from Rn and its daughters. A small
fraction of the datasets was not included in the analysis due
to noisy experimental conditions related to activity in the
laboratory. The live time for each run is reported in Table 1.

The characterization of the NaI-33 will proceed within the
PoP setup in Hall C, which has recently been commissioned,
and it will be the subject of a separate publication.

Table 1 Runs setup details including live time

Run Live time [d] Cu thickness [cm] N2 flushing

Run 1 113 5 Off

Run 2 36 10 Off

Run 2-lowRn 58 10 On

4.1 Light yield and energy resolution

To characterize the crystal performance, we used a 241Am
calibration source positioned adjacent to the copper enclo-
sure and longitudinally aligned with the crystal centre. We
repeated these source runs a few times throughout the data
taking. The spectrum acquired with the source is shown in
Fig. 3, including a gaussian fit to the 59.5 keV line of 241Am,
on the spectrum built from the sum of the two PMT channels.
The crystal light yield and the energy resolution are defined
as
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± 1.1) ppb of natK. Then, natK concentration can be converted into 40K activity through
the relation:

1 ppb natK = 0.031 mBq/kg 40K (4.1)

Therefore, the expected 40K activity in NaI-31 crystal is (0.55 ± 0.03) mBq/kg.

FIG. 4.4: Photo of NaI-31 after cutting off the tip and the tail.

This NaI-31 SABRE detector module was assembled for the first time in mid-October
2018. However, test measurements performed at Princeton University with a 137Cs source
indicated a value of the light yield (LY) at 661.7 keV which was about the half of the
one obtained with previous measurements on small samples. Soon after the verification of
the quality of the optical coupling, since the LY reduction could have been due to crystal
surface degradation and/or defects, it was decided to send the NaI-31 back to the RMD in
order to set this problem. This was done by cutting the NaI-31 in an octagonal shape to
remove the damaged parts. The final mass of the crystal after the new cut was ⇠3 kg.

The NaI-31 detector was assembled again at the end of March 2019. The optical
properties of the crystal were restored, and it was shipped to LNGS by plane in mid-April
2019. The NaI-31 arrived at LNGS on April 24, 2019 and, since the first days of May, it
was ready to be measured in the SABRE Hall B testing facility (see Ch. 6).

4.1.2 NaI-33

The crystal growth of NaI-33 was started in the mid-September 2018, with identical
conditions to NaI-31 except for the crucible material: synthetic fused silica was used instead
of regular fused quartz [115].

Prior to crystal growth, 6 kg of ultra-high purity NaI powder was carefully dried at

SABRE

NaI-33 resta il cristallo NaI più 
radiopuro realizzato dopo DAMA

Cu a basso 210Pb recuperato da OPERA



Montaggio NaI-37 in glove box 
dentro una low-radon clean 
room222Rn (400mBq/m3)



Nuovo background model

Tesi di laurea magistrale a Milano: M. Galli (Apr 23) 

Source
Rate in ROI [1,6]keV 
cpd/kg/keV Fit results

40K 0.125 0.16±0.01 mBq/kg
210Pb bulk 0.333 0.49±0.05 mBq/kg

210Pb reflector bulk 0.054 11±1 mBq/kgPTFE

210Pb reflector surface 0.023 <0.6 mBq/m2

3H 0.198 24±2 𝜇Bq/kg
129I 0.0003 1.03±0.05 mBq/kg
238U 0.006 5.9±0.6 𝜇Bq/kg
232Th 0.0003 1.6±0.3 𝜇Bq/kg

PMTs 0.003 1.9±0.4 mBq/PMT

External 0.185

Other 𝛽’s 0.333

TOTAL 1.26±0.27



Purificazione a zona
• Prima macchina realizzata in USA da Mellen

• Tubo di quarzo in cui viene inserito un crogiulo
con la polvere di NaI.

• 3 forni anulari mobili scorrono lungo l’asse in 
passaggi ripetuti, fondendo localmente il 
materiale

• Le impurità vengono concentrate in fondo

• Verrà spostato presso la RMD a Boston, ditta che
produce i cristalli

• Cristallo NaI-41, test di crescita con materiale
cristallizzato, in arrivo prima della fine dell’anno.

PRIN 2022 – C. Tomei (Roma1) - D. D’Angelo (Mi): ~200k
Costruzione ed operazione di una macchina simile al LASA 



● Osservati eventi «bell» nell spettro NaI-33 
● Anello di Delrin sottoposto a 1500V in pochi mm
● Setup a Milano che replica la configurazione LNGS 

senza cristallo

Misure elettroluminescenza del Delrin

6Tesi di laurea magistrale a Milano: R. Brambilla (Jul 23)

sample waveform



● Comportamento simmetrico 
per polarità

● Effetto importante sopra 1kV
● Triplo controllo di blank

1. Senza placca di rame
2. Senza Delrin
3. Oscurando la visuale 

dell’anello

tensione di lavoro



Status in CSN2

• Validation phase 2022-23:
• I due step hanno avuto esito inaspettato:

1. la sostituzione del riflettore di PTFE ha evidenziato che la contaminazione 210Pb 
non è localizzata lì ma nel cristallo
• ma misura indipendente -> constraint nel fit

2. verifica fondi NaI-37 ~ NaI-33: peggiore di un fattore 2 (40K e 210Pb)
• condizioni di rumore dovuto al montaggio non permettono di verificare rate in ROI

• Purificazione a zona diventa centrale nella strategia
• Validation phase estesa per un terzo anno
• Presentazione TDR rimandato Jul 23 -> Jul 24
• Richiesto MoU con Australia (in corso di completamento)



Richieste e anagrafica 2024
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Profilo FTE

D. D’Angelo (RL) P.A. 0.4

V. Toso AdR univ. 0.4

Totale MI 0.8

Totale naz. 5.8

Richieste

● Missioni: 11.5 k
● Inventario: 6 k (1 PMT)
● Consumo: 2 k (metabolismo)

Servizi

• Meccanica: normalmente 
nulla, ma con il PRIN? Difficile 
da stimare

• Elettronica: 2 s. u. (A.
Andreani)

4 sezioni: Lecce, LNGS, Milano, Roma1 

AdR in fase di apertura bando
(segnalare possibili candidati)

Sigla sotto dot 2



Backup



Data from tested 
crystals

• * PoP run
• ** PoP-dry run
• *** NaI-33 in 30cm Cu shielding
• **** from 241Am (59.5 keV)

Mass 
[kg]

LY****

[pe/keV] 39K [ppb]
powder

39K [ppb]
crystal

210Pb 
[mBq/kg]

Rate ROI 
[1,6]keV

214Bi-214Po
[ppt]

212Bi-212Po
[ppt]

NaI-31 3.00 9.1±0.1 16.5±1.1 1.02±0.07 2.74±0.03
NaI-33* 3.40 12.1±0.2 7.0 4.3±0.6 0.51±0.02 1.20±0.05
NaI-33** 3.40 11.1±0.2 7.0 4.3±0.6 0.51±0.02 1.39±0.03
NaI-33*** 3.40 11.1±0.2 7.0 4.3±0.6 0.51±0.02 0.95±0.05 0.47±0.05 0.40±0.07

NaI-35 4.36 ~9 7.0 8.3±0.6 0.49±0.2 -
NaI-37 4.35 ~8 14.5 8.0±0.6 0.80±0.01 - 0.61±0.05


