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Felsenkeller laboratory
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Felsenkeller laboratory

12C(p,Y):N reaction at energies above 400 keV
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Felsenkeller laboratory

12C(p,Y):N reaction at energies above 400 keV
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Solar neutrinos and *He(*He,y)’Be reaction
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Felsenkeller laboratory

12C(p,Y):N reaction at energies above 400 keV

Solar neutrinos and *He(*He,y)’Be reaction

- H“/ Big Bang Nucleosynthesis (BBN) and 2H(p,y)*He reaction
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Felsenkeller shallow-underground laboratory

7y EEEEEE
HEL HENEEEEE
EEEEEE ENEEEN
HEE =

EEEEEEN

v * rL A —
ChETEC i oresoen \ z i '
INFRA concept "‘ H R
Mitglied der Helmholtz-Gemeinschaft

E. Masha | Recent measurements from Felsenkeller shallow — underground lab] March 16 2023 | http://www.hzdr.de



Felsenkeller shallow-underground laboratory

Felsenkeller TU Dresden
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Felsenkeller shallow-underground laboratory

> TU Dresden (Prof. K. Zuber)
» HZDR (Prof. D. Bemmerer)
“* System of nine tunnels built for Felsenkeller brewery in 1859

“ Located in Dresden, Germany. Joint project:

“ 24h beam operation permitted

“ Surface offices / operator room

“ Laboratory accessible with beam on target
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Felsenkeller shallow-underground laboratory

Background fully characterized

Muon flux: 40x reduced Neutron flux: 180x reduced y-ray background: 2500x
reduced with muon veto
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Felsenkeller shallow-underground laboratory

Background reduction compared with LUNA and surface lab

107" R

—h
=
ha

—
=

Counting rate [ke‘u"' h"]

o
A

T

- I

| Eur. Phys. J. A 48, 8 (2012) l 1

Eur. Phys. J. A 51, 33 (2015)
l ] 1 |

| | I | |

—— Earth’s Surface, with muon veto
—————— Felsenkeller -
Felsenkeller, with muon veto
—— Gran Sasso, with muon veto

4

5 6 7 8 9 10 11 12 13
E, [MeV] =

Mitglied der Helmholtz-Gemeinschaft
E. Masha | Recent measurements from Felsenkeller shallow — underground lab] March 16 2023 | http://www.hzdr.de



External ion-source

“ Intensive 2C- beam

“ Intensity of 10 pA

“* Several other negatively \
charged ions available. \

Internal radio frequency ion-source
* Intensive ?H and “He beams
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. Felsenkeller as a User Facility

Beam time at the Felsenkeller is
available for user proposals

ChETEC-INFRA Transnational Access
facility: Recent project
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Available multiple High Purity Germanium detectors
(with active and passive shielding and collimators)

1 x90% HPGe 1 x 60% HPGe 4 x Euroball/Miniball
(2 x 7-cluster, 2 x 3-cluster)

T. Sziics et al., Eur. Phys. J. A55, 174, 2019 Z ) e TN
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12C(p,y)**N reaction: Astrophysical motivation

The 2C(p,y)*3N reaction one of the main sources of the solar CNO neutrino flux (Borexino data),
through the beta-decay of *N
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Bahcall et al. (2006)

The 2C/*3C ratio is a significant indicator of nucleosynthesis and mixing processes during
hydrogen burning in stars

Deviations within and between models, simulations and experimental data
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12C(p,y)**N reaction: low energy data

HPGe phase BGO phase

E)

More info: R. Depalo talk
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- 12C(p,y)*N reaction: Experimental setup DT;BE;;‘" C'VSta'S; re'ﬁ'of;fﬁde"cy Ago%,'e
X 0
EB18 7 x 60% 114°
MB1 3 x 60% 122°
. MB2 3 x 60% 55°
** Molecular proton beam (|1 = 16 pA) Ron100 1 x 100% 25°

* LN target cooling.

Targets

** carbon powder evaporated on Ta backing (Hungary)

** graphite targets (infinite thickness)
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12C(p,y)**N reaction: Target characterization
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12C(p,y)**N reaction: Results

—¥— LUNA (HPGe) _ Preliminary
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Felsenkeller S-factor show 25% discrepancy with respect to the literature

Excellent agreement with low-energy LUNA data
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12C(p,Y)N reaction: Results
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Ratio to NACRE
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Reaction rate is consistently lower (20%-40%) at T > 0.3 GK suggesting a revision of
the stellar model calculations for explosive H-burning.
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*He(a,y)’Be reaction

Big Bang Nucleosythesis Hydrogen burning in the Sun
» 7Li production » Solar neutrino flux
pp-1 chain
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*He(a,y)’Be reaction

Dominant Theoretical Error Sources for Neutrino Fluxes and the Main
Characteristics of the SSM

Quant. Dominant Theoretical Error Sources in %
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Neutrino flux data are more precise than the solar models!
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Sa4 [keV b]

*He(a,y)’Be reaction

Current state of the art

“* Measuring directly the prompt y-rays from the
de-excitation into the ground state of 'Be

“* Activation analysis of the radioactive "Be at
low-background counting facility

“* Indirect approaches (See A. Tumino talk)
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*He(a,y)’Be reaction

Current state of the art: Theoretical studies shows correlation of the angular distribution

coefficients with the extrapolated S(0) Tombrello et al

Phys. Rev. 131, 2582 (1963)
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SAOREEV:D) Direct angular distribution data
Xilin Zhang et al 2020 eded!

J. Phys. G: Nucl. Part. Phys. 47 054002
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*He(a,y)’Be reaction

Experiment: Solid target setup

“*4He beam (1= 13-15 pA) o .
eam direction

“* 22 HPGe detectors (four HPGe cluster + 2 single crystal)
“* LN, target cooling.

* Implanted *He target on Ta backing (2.7E17 atoms/cm2)

** Lead shielding for lab background reduction

E«=0.470 MeV, 0.580 MeV, 0.92 MeV

0 = 36, 57, 90, 120 and 145 degree
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Counts

*He(a,y)’Be reaction

y-ray spectrum at E, = 0.580 MeV
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*He(a,y)’Be reaction
Preliminary

— 2 H H
g?, - « Felsenkeller (2022) | |
E 1.8 E— : TDI'I'ID[E;”D (1963) | Ea: 0920 Mev .................
>_ 1.6 e s e B e P P - A
2 14f- e Analysis and last
> 1of i | { 3 measurement still ongoing!!
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There seems a clear discrepancy with theory!
Forward and especially backward emission way more preferred!!
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. Big Bang Nucleosythesis: Why is important?

baryon density parameter (2gh?®
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. Big Bang Nucleosythesis: Why is important?

baryon density parameter (2gh?®
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Nuclear astrophysics .
baryon-to-photon ratio n = ny/n.

Strong Deuterium sensitivity to the cosmic baryon density!!!
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Big Bang Nucleosythesis: 2H(p,y)*He reaction

The primordial deuterium abudance [D/H] can be obtained by:

** Direct astronomical observation: [D/H] = (2.527 + 0.030) x 10°®

“* From BBN theory knowing the cosmological parameters and nuclear cross sections:
[D/H]:= (2.439 £ 0.052) x 10>, [D/H].= (2.587 + 0.055) x 10~

Reaction AzH/H . 10'5

p(n,y)?H + 0.002

‘H(p,y)°He | = 0.062| For several years d+p needed!
°H(%H,n)*He| %= 0.020

H(°H,p)*H | = 0.013

‘alentino et al.,
PhyRevD 2014

Comparing [D/H].ws With [D/H]sen is possible to derive the barion density Q,h?
and/or number of neutrino species N
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Direct measurement at BBN energies at LUNA laboratory (LNGS, Italy)

The ?H(p,y)*He reaction

Measurement goal:

» Cross section measurement with ~3% accuracy

> E_ = 30-300 keV

Ny e = = -
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The ?H(p,y)*He reaction

LUNA S-factor Mossa et al. Nature volume 587, pages210—213 (2020)
43 - - T
LUNA data (this work) @
Fit (this work) o
M Tisma gg;g} T, 3T . & P Mo
arcucci (L0ie) ~=---- - . -~
Adelberger (2011) ~ - 4 55 56 57 58 59 6. 6.1 62 6.3 6.4 6.5 66 6.7 638
2.0 Casella (2002) - . 10l .
Schmid (1997) & _ ' . : \ D3y
Ma (1997) v X

G;ifﬁths (1963) o : ’ \ — D+3v (AD2011)
= Griffiths (1962) G Al S 0.8r - Planck+3v
2
ray 0.6
S
] ~
i |
A 0.4

0.2
0.0 —
0.020 0.021 0.022 0.023 0.024 0.025
: | ; Q,
0 50 100 150 200 250 300

E [keV]

“* BBN energy range fully covered, ~3% uncertainty
** Barion density from BBN in perfect agreement with Planck data

“* Ab initio theory needs revision?? - .

e e () FZDR
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The 2H(p,y)*He reaction
(P.y) Turkat et al. Phys. Rev. C 103, 045805 (2021)

Direct measurement above 400 kV at HZDR

60% HPGe
detector
10
Particle :
detector : o
S L
JPTEILS-LLEP H 2, 5 F
., . s Ti D2 o
. T &

144,5%:

Deuterium implanted

Tantalum target . N g
Nicke! foil - Lo

3 MV Tandetron ~ ======= lon beam — —fg= ===m - ' Beam axis
Conner nir 55

—=— Present, target No. 3
—e— Present, target No. 4

_ oL Solar Fusion Il fit
Copper pipe = Mossa et al. 2020 fit
L_'\.'atr_'r mnllr'.g. . _ Present fit
Alurninium target holder . ' —a—i Griffiths ef al. 1962
R L) Mossa et al. 2020 data
=1 ] | 1
' .. \ = % T T T T T
90% HPGe detector ZZg
Lead shielding % g 3
BGO anti-Compton veto % 5 1 1 1
=0 200 400 600 800 1000 1200

E [keV]

Main issues: > HZDR fit agrees within <1.2 % with LUNA fit in

» Target composition and stability (TiD.) the BBN range

» Laboratory and beam induced background > For E, > 400 keV (HZDR data) discrepancies
of 10 % between LUNA and HZDR

LUNA - HZDR tension precision (?!) data above 400 keV are needed !
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. 7

The 2H(p,y)*He reaction ChETEC
ChETEC-INFRA Transnational Access Proposal INFRA
Science Part (please upload as “Project Description” in GATE)

Measurement of the *H(p,y)*He reaction above 300 keV at
Felsenkeller
Spokesperson(s): A. Caciolli*?

Felsenkeller Goal:

Overlap with the LUNA and new data in the energy range E, = (400 — 1200) keV,
angular distribution measurements

Solid target setup:

V' ZrD, targets produced and characterized using d+d elastic

scattering and *He+d at LNL

TiD, target produced in Rossendorf

v ERDA analysis for targets

V" Possible in beam analysis B /
—

21 HPGe detectors to cover different angles

Data taking: Next April 2023!
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Development gas targets at Felsenkeller

Gas-cell target

direction

— |

* Entrance foil: Ni (Lum (1))
“*1 cm thickness

* One order of magnitude higher target thickness *“*Exchangeable cell

** Target thickness can be monitored by pressure and

temperature measurement Preliminary tests ongoing

o2 H | ol e = -
+* Both angular and absolute cross section datal! Ch@ 5 o ) e
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Work in progress: Gas target (windowless and wall jet)

'l!-ﬂ--llT | I i]
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“ 10 cm2wall jet thickness based on JENSA@ MSU

“ 10x10 mm? wall, 1 mm thick
“* Target thickness measured by laser interferometry

“ Windowless static gas target attached at the end (LUNA based)
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Low-radiactivity measurements at Felsenkeller

Anti-radon box

Lead (21 Bg/kg)
- Lead (2.5 Bg/kg)
£ Copper (OFRP)

TU1 detector

* Canberra GX 150-250-R (ULB)

* HPGe with 163% relative efficiency

“* Diameter: 90 mm, Length: 90 mm
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Low-radiactivity measurements at Felsenkeller
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Summary

“* Felsenkeller in synergy with other facility/labs, beam time open for external proposals

“* New data for the 2C(p,y)**N reaction above 370 keV

* First angular measurement data for the 3He(a,y)’Be reaction

“* Beam time at Felsenkeller open for external proposals (CheTEC INFRA proposal.

“* New gas targets under study

“* Unique HPGe detector for low background measurements at Felsenkeller
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