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gl Outline .

» Nuclear fusion reactions in Stars: H-burning
- Why going underground ?
- The LUNA experiment:
- Main nuclear reactions studied
- Experimental techniques and challenges

*  Perspectives in underground nuclear astrophysics
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a2 H-burning

produces energy for most of the life of the stars

pp chain CNO cycle

p+p o dres ] prerpo iy, | ~ . L \
99.75 % T 0.25 % @ (IO Y)‘

d+p—>3He+y @
86 % 14 % 2e5 % <
v v +
SHe +3He > a+ 2p I *He +*He — 'Be +y I SHe + p »%He +e*+v I @ @

99.89 % v 0.11%

7Be+e—>7L|+y+v ‘Be+p—>°®B+y ( v
o] gghg ©
‘Li+tp—> a+a I °B— 2a+e*t v, I

‘(A‘d)
A3

A9

(ﬂ‘d)

4p > *He + 2e* + 2v, + 26.73 MeV

11th Symposium on Nuclei in the Cosmos, Heidelberg 19-23 July 2010



= Solar v fluxes
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New precise determination of Solar v fluxes

Nuclear cross sections have to be known with comparable precision
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S DReaction rate for charge
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counts h'keV

¥ Cosmic ray induced |

Underground laboratory
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Advantage of underground measurements for reaction
with high Q-values:
d(p.v)*He, “N(p )0, °N(p,1)'¢O, 2Mg(p, 7)*°Al
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= Natural radioactivity |

Underground Lead shield + Radon box
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Passive shielding is more effective underground since the u flux, that create secondary ys
in the shield, is suppressed.

Advatnage for underground measurements also for low Q-value reactions:
3He(a,y)’Be, D(a,y)oLi
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B Natural radioactivity b

Underground salt mine
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Courtesy of M. Aliotta
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Laboratory for Underground

Nuclear Astrophysics
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2400 kV: LUNAII

v U,,=50-400kvV | v Energy spread : 72V
v' I~500 pA for protons v' Total uncertainty is £300 eV
I~ 250 pA for alphas beTween Ep = 100 + 400keV
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pp chain 400 kV CNO cycle

p+p o dres ] prerpo iy, | ~ . P \
99.75 % 0.25 % \QC\ (IO Y)‘

!

d+p—o>3He+y @
86 % 14 % 265 % < -

* l A 4
°He +*He — 'Be +y I °He +/p ~>*He +e"+v @ @

{ ] 0.11%
‘Be+p—>8B +y

A9

SHe +°He —»> a 4 2p

(p a) pv) i =
’ ‘0 ,
(o)
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BN )0

* Slowest reaction of CNO cycle
* Determines rate of CNO neutrinos from the Sun

- Determines the age of the Globular Clusters

2 experimental approaches
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Ge detector

HpGe +solid target (E,,;,=120 keV)

BGO crystal + gas target (E,;,=70 keV)
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S-factor [keV b]
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Both results confirm the low reaction rate

@ GC age increases of 0.7-1 Gyr
» @ CNO neutrino flux decreases a factor ~ 2

@ more efficient dredge up in AGB stars

For a precise S-factor extrapolation, new high energy data are needed

M.Marta: NIC_XI_ 279 P.Bertone: NIC_XI 206
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* Major nuclear source of uncertainty for
8B neutrino flux determination

AD, | AD,
Ao D,

3He(3He,2p)*He | -0.43 | 2.1%
“He(a,y)’Be 084 | 75%

7Be(p,y)eB 100 | 3.8%

* Large uncertainty derived from
discrepancy between results obtained
with prompt gamma detection and
activation techniques

Main goal: high precision measurement
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gis °He(o y)’Be: prompt

* 3He recirculating gas target
* HpGe detector in close geometry for online y detection

* Removable calorimeter cap for offline 7Be counting (with separated HPGe Detector)

» Si-monitor for target density measurements (beam heating effect)

* 0.3 m3 Pb-Cu shield around detector
* chamber in OFC to reduce background on the detector

Uncertainties

Activation

’Be detection efficiency

1.8%

Beam current

1.5%

Target density

1.5%

Prompt- y
Beam current 1.5%
Target density 1.5%
Detection efficiency 1.5%
Angular distribution 2.5%
3He purity 0.1%

7Be backscattering 0.5%
Be collection efficiency 0.4%
7Be distribution effects 0.4%
478 keV branching 0.4%
"Be life time 0.1%
3He purity 0.1%
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g °He(o y)’Be: prompty

Prompt gamma measurements
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* no discrepancy between prompt and activation methods D
8 =8% — 3%

« decrease of uncertainty on 8B neutrino flux. From LUNA results:
B

* There is a new measurement in energy region 0.65 < E < 2.5 MeV with recoil separator (ERNA)
See next talk by A. di Leva

S-factor extrapolation would benefit from full-energy range experiment (0.1-2
MeV) to determine S-factor energy dependence at low energies
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CIRCE lab. Caserta, Italy
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Eo=304, 190 keV
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IS 25 Mg (p, v)28Al
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Present and future measuremen

* BN(p,y)!0: solid target with HpGe (0.12 < E < 2.5 MeV) in collaboration with ND

. . See Antonio Caciolli's poster:
solid target with BGO E,,;,=70 keV NIC_XI_ 294

D(o.v)6Li: s target with HpGe IN PROGRESs See Martin Erhard's talk this
(ayFLit - gos Target w P=e morning at BBN session

+ 70(p,y)!8F: IN PREPARATION
* #*Ne(p,y)**Na

* PO(py)°F

* °Na(p,y)**Mg
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B Dorspectives

Relevant questions remain about:
energy production, time scale and nucleosynthesis

Which other reactions could benefit from an underground measurement?

He-burning reactions:
2C(a,y)°0 “N(o,y)'8F BN(a,y)°F O(a,y)??Ne ...

Neutron sources:
13C(a,n)®O 22Ne(a,n)*®>Mg

Heavy Ion burning:
12¢C + 12C 16Q+12C

— Need higher energies than the one delivered by LUNA 400 kV

— New future facilities are proposed for underground nuclear astrophysics
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WS DPronosed projects

* LUNA-Upgrade, Laboratori Nazionali del Gran Sasso, Italy
- DIANA, Homestake Mine, SD USA  Alemut: NIC_XI_254

+ ELENA, Boulby Mine, UK

L.Fraile:
* CUNA, Canfranc Laboratorio Subterraneo de Canfranc, Spain NIC_XI_093

D. Bemmerer:

- Felsenkeller shallow underground laboratory, Dresden, Germany 1 w1 237

See M. Wiescher's talk on Friday!!
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] Conclusions

= LUNA has proved that for many nuclear reactions of astrophysical importance,
there is a great advantage of an underground study

=» Extremely low reaction rate measurements need special effort to achieve
background reduction, target stability, beam stability and intensity

=P New underground facilities are foreseen in the future around the world — new
challenges to improve accelerator, target and detector technologies should be
faced
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= The LUNA Collaboratic

Laboratori Nazionali del Gran Sasso, INFN, ASSERGI:
A.Formicola, C.Gustavino, M.Junker

Laboratory
Forschungszentrum Dresden-Rossendorf, Germany Underground
M. Anders, D. Bemmerer, Z.Elekes, M.Marta Nuclear
INFN, Padova, I'taly Astrophysics

C. Broggini, A. Caciolli, M. Erhard, R.Menegazzo, C. Rossi Alvarez
Institute of Nuclear Research (A TOMKI), Debrecen, Hungary
Zs.Filop, 6y. Gyurky, E.Somorjai , T. Szucs

Osservatorio Astronomico di Collurania, Teramo, and INFN, Napoli, Italy
O. Straniero

Ruhr-Universitdat Bochum, Bochum, Germany

C.Rolfs, F.Strieder, H.P.Trautvetter

Seconda Universita di Napoli, Caserta, and INFN, Napoli, Ttaly
F.Terrasi

Universita di Genova and INFN, Genova, Italy

A.Bellini, P.Corvisiero, H. Costantini, P.Prati

Universita di Milano and INFN, Milano, Italy

A.Guglielmetti, C. Mazzocchi, D. Trezzi

Universita di Napoli ' 'Federico II"', and INFN, Napoli, I'taly
G.Imbriani, B. Limata, V.Roca

Universita di Torino and INFN, Torino, Italy

G.Gervino
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