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Primordial Li problem and the neutrinos from SSM
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Reaction level scheme
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Nuclear reaction cross section (o) for charged particles

Typical Coulomb barrier height : ~ MeV
o Typical t ture kg * T~ keV
A incoming ypical temperature kg e |
: —The energy dependence of the cross section
particle . . . >
is dominated by the tunneling probability.
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Extrapolation and the astrophysical S-facto

Geometrical
cross section

s-wave Coulomb
Barrier transmission
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SFl and SFIl (Solar fusion cross sections)
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TABLE II. Measured values of S14(0).
S4(0) (keV b) Reference
Measurement of capture y rays:
0.47+0.05 Parker and Kavanagh (1963)
0.58=+0.07 Nagatani, Dwarakanath, and Ashery (1969)*
0.45=0.08 Krawinkel ef al. (1982)°
0.52+0.03 Osborne ef al. (1982, 1984)
0.47+0.04 Alexander et al. (1984)
0.53=0.03 Hilgemeier et al. (1988)

Weighted Mean=0.507=0.016
Measurement of "Be activity:

0.535+0.04
0.630.04
0.56+0.03

Osborne et al. (1982, 1984)
Robertson et al. (1983)
Volk et al (1983)

Weighted Mean=0.572=0.026

*As extrapolated using the direct-capture model of Tombrello and Parker (1963).

®As renormalized by Hilgemeier et al. (1988).
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TABLE III. Experimental S44(0) values and 1-o uncertainties
determined from fits of the scaled Nollett (Kim A potential) theory
to published data with E = 1.002 MeV. Total errors are gquoted,
including inflation factors, and systematic errors of LUNA: £2.9%;
Welzmann: *2.2%; UW-5Scattle: £3.0%; ERNA: *5.00%.

Experiment §54(0) Error Inflation
(keV b)) (keV b) Factor
LUNA 0550 0.017 1.06
Weizmann 0538 0.015 1.00)
UW-5eattle 0598 0.019 1.15
ERMNA 0582 0.029 1.03
Combined result 0560 0.016 1.72

FIUN

SFI: Adelberger et al., Rev. Mod. Phys. 70, 1265 (1998) SFll: Adelberger et al., Rev. Mod. Phys. 83, 195 (2011) REN
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Post-2000 experimental data

0.60 - . , . , . , : , :
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B. S. Nara Singh et al, PRL 93, 262503 (2004); D. BemiBrer of ¢ al, PRL 97, 122502 (2006);

T. A. D. Brown et al, PRC 76, 055801 (2007); A. Di Leva et al, PRL 102, 232502 (2009);

M. Carmona-Gallardo et al, PRC 86, 032801(R) (2012); I'I U N
C. Bordeanu et al, NPA 908, 1 (2013); A. Kontos et al, PRC 87, 065804 (2013) REN
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Microscopic calculations
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06 L — - = Nollett (2001)

- - == Neff (2011)

—— Dohet-Eraly (2016)

__ 05
=
4y}
0
>
)]
X
—~ 04 :
S .|
(@] . \
U . .2
c,I) - B | EE
0al Sun. 16MK Big Bang; 300-650MK
0.2 % / . , | \
10 75 100 500 750 1000 2500
Ec_m_ / keV
T. Kajino et al, ApJ 319, 531 (1987); K. M. Nollett, PRC 63, 054002 (2001); I_IUN ~
T. Neff, PRL 106, 042502 (2011); J. Dohet-Eraly et al, PLB 757, 430 (2016) R EN
A

Tamas Szlcs | tszucs@atomki.hu | 27.02.2024



Levels of 'Be
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5Li(p,y)’Be and the proposed positive parity level
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Thin window gas cell

Entrance foil holder

Beam

Water cooled beam stop

Exit foil == Catcher

Both the entrance and exit foils are 10 um thick Al foil
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telescope

Recoil separator
D. Schirmann et al, NIMA 531, 428 (2004)
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FIG. 1 (color online). Results of the cross section measure- o e The o whos o e e e 27 e =3+ (O The beart supprsson factors o hesepuatoare 1 107
ments of the present work. The data are plotted in the form of the
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Windowless gas target

(a) First (b) Connection pipe (Cu) (d) Target chamber (Cu) (f) Movable C scattering foil ~ (g) Silicon
pumping detector
stage S ¥ A |

“He* behm :
e T ¢ ¢ ¢ g ¢ e £ e ¢ — Calorimeter
4 x 107 mbar *He 0.01 - 0.03 mbar *He
= 3He
(c) Collimator (Cu, d=7 mm) gas inlet
¢ and catcher (Cu) for _?Be _ (€) Catcher (Al) for (h) Primary "Be
Pumps | produceld in connection plple backscattered 7Be catcher (Cu)
| ! | ! | > (I) (k)
0 20 40cm Intakes for capacitance manometers
FIG. 2. (Color online) Schematic view of the target chamber used for the irradiations. See text for details.
10°+ +80 -
-ﬂf--&---ﬂ----ﬁ-"ﬂ--ﬁ-i . 10 Pulser Ey = 350 keV D. Bemmerer et al
T 0.7% N inati :
e 2 contamination (LUNA Collaboration), PRL 97,
_1 1 T
10 1 1o 122502 (2006)
= iy | E .
§ ] et 6| Ly ) Gy. Gyurky et al
a 1077 PRRE 5 (LUNA Collaboration), PRC 75,
I.' __________ - —
T 120 035805 (2007)
1071 +10
A Pileup
FPS Connection pipe Coll. Target chamber Calo. “
0 . Ll |
FIG. 3. (Color online) Measured pressure (p, blue triangles) 1o 0 560 1000
and temperature (¢, green circles) profile inside the target chamber Channel

and adjacent regions: first pumping stage (FPS), connection pipe,

collimator (Coll.), target chamber, and calorimeter (Calo.). The . .. o . N
dashed lines indicate the interpolated profile adopted where there At E, = 350 ke, showing a contamination of 0.7% N in the “He I_Il lN )

are no data. £as.
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FIG. 4. Elastic scattering spectrum taken with the silicon detector



Windowless gas target

Removable Cap
C Foil Si Detector
| 1
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FIG. 1. (Color online) Schematic view of the interaction chamber
with the position of the HPGe detector and of the 100 pm silicon
detector used for 'He density monitoring. The distance between the
entrance collimator and the calorimeter is 35 ecm. The thickness of
the internal collimator is 3 cm for the Lead part and 1.6 ¢m for the
tungsten part.

F. Confortola et al (LUNA Collaboration), PRC 75, 065803 (2007)
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recent R-matrix fit
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3He+4He elastic scattering
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ANCs from indirect technique

*Li(*He,d)’Be

E(*He) = 5 MeV
3., = 124.64°

dE (keV)

Mumbear af Entries
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G. G. Kiss et al, PLB 807, 135606 (2020)

1 1 1 l 1 1 1 l 1 1
The weighed mean values of the square of the ANCs for the
*He + o — "Be(gs.) and *He + o — "Be(0.429 MeV) are equal 10 15
to C*= 20.84 + 112 [0.82; 0.77]) fm~! and C%= 12.86 + 0.50 5 1
[0.35; 0.36] fm~', respectively, which are in an excellent agree- ( - )
C7 (Im

FIGURE 12 | The two-dimensional posterior of the squares of the ANCs,
Co and Cs. Results for Des are shown in green and for Desg in blue. The EFT
analysis of capture data of Zhang et al. [22] extracted the ANC values shownin
D. Odell et al, Frontiers 10, red, and in the analysis of Barnard et al. [53] and capture data of deBoer
et al. [7] the ANCs were fixed at the location indicated by the purple,
888476 (2022) dashed lines.

Page 18
Tamas Szlcs | tszucs@atomki.hu | 27.02.2024




Other theoretical models (EFT: Effective Field Theory)
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Eur. Phys. J. A 56, 166 (2020)



A. Téth et al., PRC 108, 025802 (2023) g e
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Experimental angular distribution of the prompt gamma-rays
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Figure 2. It is shown the predicted angular distribution for E 2.9 MeV |2]. The
wosition of the detectors during the measurement is indicated in blue,
potion o e dred “ ‘ ' S(0)(keV b)
S. Turkat et al., Solar Neutrinos -
> g ;‘th Sth Int tional Sol 08 , , R — X.Zhang et al, J. Phys. G: Nucl.
roceedings o e nternational >olar = i i i i L
& A SN NN PO S S S Part. Phys. 47, 054002 (2020)

Neutrino Conference, p 513 (2019)

S. Turkat, Ph.D. thesis, Technische
Universitat Dresden, 2023

e —— a (Tombrelio 1953+~

-08

- PR

-os 400 500 800 700 8OO 900 1000 2000

Page 21
Tamas Szlcs | tszucs@atomki.hu | 27.02.2024




Experimental angular distribution of the prompt gamma-rays
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New target systems
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