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Introduction

Why Solid Targets?

Thin, self-supporting metallic disk with the target material
itself either deposited on the backing or implanted into it

Advantages Disadvantages
m Compact experimental setup m Not for all elements
m Detector in closer distance m Target thickness
m Almost point-like source m Stoichiometric ratio
m Convenient target exchange m Backing contaminants
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Previous Measurements at LUNA

Introduction

Reaction Target Type

“N(p, )0 TiN  Reactive Sputtering
BMg(p,v)%°Al  MgO Evaporation

E 5N(p, v)®0 TiN  Reactive Sputtering
80(p,v)'F  Ta0s  Anodic Oxidation
6L "Be Li Evaporation

@f@ C Evaporation

. 2c(p,v)N C Evaporation

é Bc(p,v)*N C Evaporation

s 70(p,v)8F | Tay0s  Anodic Oxidation

. 160(p,7)"F \ TaxO0s  Anodic Oxidation

g BNa(p,a)®Ne \Na Evaporation

\\4 See at Ciani talk (after lunch)
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Experimental
Setup

aboratory for
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Solid Target Setup

Setup
m close geometry m almost 47 geometry
m excellent energy resolution m segmented in 6 crystals
m used at 0 deg and 55 deg m permits coincidences
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70(p, v)'¢F
Resonance
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Measuring the 65 keV Resonance (1)

No measurements, estimated

_ —11 - 3
wy = (1.6£0.3) x10 = 3-LAYER SHIELDING:
b+BPEl M

70(p, v)'¢F
Resonance

Improving Sensitivity
new shielding: background
reduction by factor of 5

new Al holder and chamber:
20 % increase in efficiency

1010

—e— Buckner et al. PRC 2015
= = LUNA detection limit Pb+BPE

1011 |

wy [eV]

Assumptions:

* BGO efficiency ~ 50%

+ 90% Y70 Ta,0, targets

«  Beam current ~ 100 yuA

1012 L L L

20 40 60 80 100 120
t[days]
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Measuring the 65 keV Resonance (2)

Ta backing contains d and p + d reaction produces a single -ray
1705, 4)°F which lies in the same energy region of 7O(p, v)'8F

Resonance

Solution
m 420 Coulombs on 17O targets for resonance study
m 300 Coulombs on "*Q targets for p + d background
m gating the events on the number of ~-rays
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2C(p,7)"*N and *C(p, )N

Astrophysical Motivation

Proton Capture
on Carbon

m First two reactions of the CNO
cycle and neutrino emitter

m The 2C/BC ratio readily derived
from the stellar spectra

m Constrained reaction rate in a
wide energy range can help the
mixing models
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HPGe Campaign

Peak Shape Analysis
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Proton Capture
on Carbon

BGO Campaign

Total Absorption Spectroscopy and Activation Counting

BC(p,7)"N (Q ~ 8 MeV)
m Sum spectrum for all crystals
m High Q-value, no background

m Target monitoring with
HPGe at 55 deg
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2C(p,7)PN (Q ~ 2 MeV)

m Irradiation and counting
cycles in-situ

m Best-fit by iteratively solving
differential equation
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Results - C(p,v)BN

LUNA (HPGe)

LUNA (BGO)

Vogl et al. (1963) (k = 0.76)
Rolfs et al. (1974) (k = 0.77)
Bailey et al. (1950) (k = 1.04)
Burtebaev et al. (2008) (k = 0.75)
Lamb et al. (1957) (k = 1.18)
R-Matrix Fit
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Only statistical uncertainty is plotted, systematic one is 6.8%
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Results - 33C(p,

Proton Capture
on Carbon
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Only statistical uncertainty is plotted, systematic one is 7.1%
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Conclusions

(Bonus) Future

LNa(p, a)?°Ne study requires charged-particle detection!

— new setup under construction at Edinburgh!
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Conclusions

Solid targets offer several advantages (and few disadvantages)

Frequently employed at LUNA

Permit usage of different experimental techniques

Conclusions

m Soon a new setup for charged-particle detection will be mounted

Thank you for attention!
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