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Underground laboratories for Nuclear Astrophysics
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Gamma background reduction @ LNGS
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LUNA @ LUNA 400

Measurements ap
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LUNA @ the new IBF of LNGS

Program approved by the PAC (2024-2025):

* “Ne(a.n)*Mg > approved and started erc

work is going on detector / .
* 12C+12C > approved shielding and carbon target @ CaBs

............................................................................. SR
2025)
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LUNA 400 and the the new IBF facility at LNGS

* Ensures stability below 10-°, terminal voltage ripple

of 1.5x10° and uninterrupt operation time greater
than 24 hours

lon specie Beam Intensity (epA)
TV range 0.3MV-0.5MV TV range 0.5-3.5MV
gt 500 1000
*He* 300 500
12¢c+ 100 150
12C+Z 60 100

Table 1: Beam intensity on target at different terminal voltage.

(See A. Sen et al. 2019)

b (today-???7?)
Tua e

LUNA-MV @ Bellotti IBF
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14N(p,Y)150
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“N(p,y)™0O: the bottleneck of the CNO cycle

—
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Goals of the high-energy experiment
* non-resonant component

« weak transitions (to ground state)

¢ summing-in corrections

« angular distribution

Z=
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N o — Mo zhoe ! ... all of this in a wide energy range!
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Thin Solid Targets

Ti"“N and Ta"“N and Ta (PVD)

«  High purity
*  High endurance/ lifetime under proton irradiation
« Low ion beam induced gamma background

CHARACTERIZATION

« IBA (EBS, NRA (d,p), (d,a) @ AN2000 and CN) :

- SEM-EDS
- AFM
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PREPARATION (Lab. di fisica dei materiali)

Reactive sputtering ('“N isotopic. enriched gas)
« Plasma diagnostics, real time optical diagnostics
* HiPIMS, Pulsed DC plasmas

RBS analysis of a TaN film deposited on Ta backing
and Si (E=2.0MeV, LNL-AN2000 accelerator)
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TiN/Ta (developed at LNL, lifetime tests)
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Accumulated charge

250 Coulomb



LUNA MV - running experiments

TaN/Ta coating developed at LNL

Reactive sputtering (14N isotopic. enriched gas)

* Plasma diagnostics
* HiPIMS, Pulsed DC
» High density, high purity

/Users/alecompa/Desktop/Targets_14N/LUNAMV_14N_target_tests_2022apr/20220512_TiN1_BiB_1.7MeV
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Summary of February data taking

* Target TaN_152_3 (LNL, Sputtered, ~50 =

TaN_152_3 1.4 MeV

et [l LY

keV thick): : ;
* Characterization .
* Long runs at 460 keV (18 C) and 400 keV o2 .
(24C) with configuration A. oo -
. 0.00 L] hd
. D|Sm0u nted af‘ter 44 C 260 270 280 200  a00 310 230 340
@TaN_152_2 2410/2024 ® Scan05/02 ®Scan09/02
02/06/2024 02/06/2024
482 TaN_152 3 10:09:26 14:50:19 16809.3 0.3% 464.09 384 69 177 4599337 5851264 55-135-90 Yes
485 TaN 152 3 22{2:{)260” i;:/:!f/;ﬂ?" 10373.6 0.4% 464.10 402 85 185 4296553 10147817 55-135-90 Yes
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Summary of February data taking

TaN_152_4 1.4 MeV

* Target
~50 keV thick):
*+ Characterization and efficiency runs at J
0, 5and 10 cm for setup configuration B. e " g

* Long runs from 400 keV to 1000 keV with
new angles. o

* We tried to keep the current low (<200 W
on target) to prevent degradation.
* Target remained stable in this regime. .
« Dismounted after 33 C o0 w0 e w0 e

(LNL, Sputtered,
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12C+12C



12C+12C: trigger of C burning in the stars
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12C+12C: trigger of C burning in the stars

The 12C+12C study via y detection

12C4+12C> 0Ne + o Q =4.62 MeV

y-rays and a particles energies for excited states for
12¢(12C, a)°Ne (Q = 4.617 MeV)

m " Main vy transitions D Ey—max (MeV)
(MeV) (E™ = 2 MeV)
KXl o g 8.6
1.63 -0
.
12C4+12C> BNa + p Q =2.24 MeV

g-rays and p particles energies for excited states for

12¢(12C, p)*>Na (Q = 2.241 MeV)

m Main g transitions D Ep-max (MeV)
(MeV) (EM = 2 MeV)
| 0.0 [EVZA Po 5.3
m 0.44 -0
5/2 P: 4.8
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12C+12C: trigger of C burning in the stars

Expected setup efficiency and sensitivity

Minimum daily reaction rate to reach 50% statistical uncertainty,
considering detection efficiency, beam current (200 ppA) and data
taking time (60 days). Units: reactions/day

120 + 120 _’ZONe +q 12C + 120 _,23Na + p

EV:1634 keV EV:440 keV
HPGe 5 13 Detector Setup
HpGe * 9 Nal Scintillators ;; HPGe dewar
anti-Compton 3 10 " ond effctancy improvemens (one) \ /
(depending on E—
funding)
beam == |

Retractable beam lin

for targets replacement Target holder HPGe detector
I

ooled - cold finger 0° - close geometry
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Carbon target development @LNL

NOT IRRADIATED

» High lifetime: ' ;

v' 12C implantation power: <= 400 W

v" Expected lifetime: 50 - 100 C

v Characterizatio pre/post irradiation with IBA

(AN2000, CN), SEM — EDS, AFM, RAMAN

- Purity: semiconductor grade
+ Structure: fine grain (1um-5um)

v" Accomodate expansion

v Dynamic Monte Carlo simulations e
- Optimised heat dissipation RAMAN spectroscopy proves

amorphization of graphite surface
IBA analysis shows no
contamination on irradited regions

certified)
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Target design

« Dynamic Monte Carlo BCA

1 MeV C+
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» Heat dissipation

dBeam = 5.642 mm: pBeam = 400 W

Surface Temperature

30004

25004

20004

1500 -

1000 -

5004

op

500}

-1000}

-1500

2500

-3000

-3500p




IRRADIATION TESTS @Felsenkeller (10-60 W, 12C)

Stat‘us oh Monday 25.03.24

* Ebeam = 8.85 MeV
* Beam =1C¥* d |
* Target = G1_4, thickness = 3mm

* Backing = Cu+Ta ‘*} N

Qt =2.3 C
* Dismounted on: 25.03.2% N G1-4 betore dsmounting
150.00 |
g
Same results reported 5 i 0
on Frid. 22.03 g " <\ -
= \ %/ ]| Playing with beam
"""""""""""" ool v N~ 7| parameters
Graphite ‘ 1
) . G1-zli . :
000 0 10 20 30 40 50 60 70
PVD Tantalum (10 urfl) PowefW]
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23Na(p,a)?°Ne



IRRADIATION TESTS @LUNA 400

Na,Nb, O,

Sodium Niobate target
deposited on tantalum
for 22Na(p,a)?°Ne
reaction
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Sputtered Sodium
Niobate target is best
candidate for the
experiment at LUNA400

Deposition process
optimization underway.
First endurance results

<= are positive compared

to evaporated sodium
tungstate.
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Summary And Perspectives

LNL is committed to provide solid targets with specific features
(endurance, purity, low BIB...) to the LUNA collaboration and participate
to WP and Executive Board.

New materials solutions are under investigation for future experimental
campaingns, including un-common alcaline species.

The specific experience and expertize is appreciated

« Novel methods of preparation via pulsed (HiPIMS) plasma PVD
« Characterization of physical properties

« Simulation of material properties
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