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Why underground Measurements?

DISTRIBUZIONE

MAXWELL-BOLTZMANN .
« exp (-E/KT) PICCO Astrophysical

Factor

O(E)=S(E)/E

probabilita relativa

Energia E

‘Very low cross sections because of the coulomb barrier
UG experiments to reduce the background due to cosmic ray



Why underground Measurements?

Very low cross sections
‘Danger in extrapolating
UnderGround Measurements

S(E)

Sub-Thr | Extrapol. Mesurements
resonance

Tail of a broad
resonance

Non resonant process




Gran Sasso National Laboratory (LNGS)
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Cosmic background reduction:
w: 106 n: 103 y: 102-10°




The LUNAL (50 kV) accelem‘ror

SHe(3He,2p)*He
P(D,y)’He
D(3He,p)*He

| 'n sour'ce '

Voltage Range : 1 - 50 kV
Output Current: 1 mA

Beam energy spread: 20 eV

Long term stability (8 h): 10-4
Terminal Voltage ripple: 5 10-> .




The LUNAZ (400 kV) accelerator

Voltage Range: 50-400 kV

Output Current: 1 mA (@ 400 kV)
Absolute Energy error: +300 eV
Beam energy spread: <100 eV
Long term stability (1 h) : 5 eV
Terminal Voltage ripple: 5 Vpp

14N(p,y)15O
3He(%*He,y)’Be
“Mg(p.y)*°Al

15N (p,y)160

D(*He y)oLi




The Solar Hydrogen burning

1 H(p e',v)zH

85 % M’ 15%
o(®He,2p)*He He(et,y)’Be He(p,e*v)*He
0.02%

7 8
"Be(e”,v)"Li Be(p,y)°B

: y

TLi(p,0)*He 8getv)%Be” SNO
SuperK

8Be"(o()“He




SHe(3He,2p)*He

Goal: Reject (or establish) a nuclear solution for
the solar neutrino problem, by searching for a
possible resonance inside the solar Gamow peak
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*Hel Hf.,lp)"l‘lc

20
18 0 LUNA(1998)
N Kraux ctal (1987)
16 A Dwarakanzath et al (1971)
— LUNA(1998)Bare Nucki Fit

14 LUNA (1998)Shiclded Nuclei Fit

5(0)=5.32 (1+ 67%)MeVb

Astrop hysical S-factor (McV barn)
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J. Bachall: "Historical breakthrough”

Dear Professors Corvisiero and Rolfs:

[ am writing to you about a historic opportunity of which I first became aware at the
recent meeting on Solar F'usion Reactions at the Institute of Nuclear Theory, Washington
University. At this meeting, [ had the opportunity to see for the first time the results of
the LUNA measurements of the important 3/ e — 3He reaction in a region that covers
a significant part of the Gamow energy peak for solar fusion. This was a thrill that I
had never believed possible. These measurements signal the most important advance in
nuclear astrophysics in three decades.




3He(*He y)’Be

Goal: After the discovery of neutrino oscillation, the solar neutrino are back to study the Solar interior.
Three objectives for the LUNA measurement:

*Lowest energy ever reached (90 keV)
*Lowest uncertainty (4%)

*Simultaneous measurement of prompt and delayed ys (systematic discrepancy od previous measurements)

SCLAR NEUTRINOS

N, (@) = :o"»/

SONNEN -
SPIONE

5//¢~T20

. b Io” V/s :

Delayed ys

4



The uncertainty on the predicted *B neutrino flux due to Sy
is now reduced from 7.5% to 2.4% and the total uncertainty,
including astrophysical parameters, goes from 12% to 10%
[37]. Similarly, the uncertainty on ' Be predicted flux goes from
9.4% to 5.5%, being the contribution of S34 error reduced from

8% to 2.5% [37].
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The CNO cycle bottleneck: “*N(p,y)*O

4N(p,y)150 is the slowest CNO cycle therefore it regulates the CNO solar
neutrino flux and plays an important role in estimating the age of Globular

Clusters.
a factor 2

GC age estimation increases of 0.7 Gyr
CNO neutrino flux decreases of a factor = 2

A.Formicola et al., Phys. Lett. B 591 (2004) 61

S

@) The CNO Cycle
2 —» 13N A. Lemut et al., Phys. Lett. B 634, 483 (2006)
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Other (p,y) reaction of astrophysical interest

2Mg(p,y)?cAl
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sAstronorrlicel irtarast of 1809 kKaV/
25\ y line;

Radioactive 2°Al in the Galaxy

- first results from SPI/INTEGRAL -

Map of Galactic Al as
obtajined from CQMPTEL

e

spectral signature of the radioactive
decay of the isotope Al

26Mg excess in
radioactive decay in the meteo rites

galactic centre region

dl synthesis of new elements by
RN super-massive stars in the
j Cygnus constellation © 2003 the SP! collaboration
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Apart for Helium, all the other

BBN reactions nuclides are sensitive to the

Schematic BBN network Nuclear reaction Network.

P(D,y)3He

3He(D,p)*He

3He(4He,g)’Be

D,3He, 7Li abundance

Next: D(*He,y)eLi °Li abundance




BBN Flowchart

& H emission from quasar

‘Metal’ absorption lines

3500 4000 “1221(1ngth (Ai(g)geoms) 5500 6000 COS mo I o gy
Primordial Elements
Observations

y Astrophysics

New Physics?

Par"rlcle PhysuAcs




D(p,y)’He Q =5.5Mev
5(0)=0.216+ 0.006 eVbarn

One of the main responsible of D and 3He synthesis
LUNA data crucial to reduce X error budget (~factor 3!)

C.Casella et al., Nucl. Phys. A706(2002)203
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@, (WMAP)=0.023 + 0.001
@, (D)=0.021 + 0.002

Agreement between two
completely independent
determinations of w, !l
Wonderful check of Standard
Cosmological Model
Xy=best BBN "bariometer”




SHe(*He y)’Be The ’Li puzzle

The primordial production of 7Li depends directly on the 3He(*He,y)’Be rate. The
’Li abundance predicted by BBN models based on the WMAP baryon density is
not compatible with “Spite plateau” data for metal-poor population IT stars.

Systematics in Astrophysics?
Models?

New physics? Leading processes: 3He(*He,y)’Be
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BBN summary (1)

Reaction before LUNA after LUNA
D(p,y)*He 13.2% (Cyburt ’01) 3% (Serpico ’04)
SHe(*He, v)’Be 8% (20%) 4%

Future perspectives

D(*He, y)°Li  10% (presently error is of 1 or 2 order of magnitude)
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BBN study LUNA improvements: (basically due to D(p, y)3He)

*Error on D decreased by a factor 3 (now is fine, error is presently dominated by
uncertainty on baryon density)

*Error on 3He decreased by a factor 2
*Error on ’Li decreased by a factor 1.3

*“He only sensitive to weak rates...

Including 3He(*He, y)’Be:

’Li error almost the same, central value may shift by few percent. Main
problems is the apparent discrepancy between observations and theory (a
factor 2-3) perhaps due to systematics in measurments (7Li in Spite plateau
is not primordial)

Future:

Crucial: D(*He, y)éLi theoretical uncertainty on 6Li would
decrease by at least one order of magnitude (presently is
100%)




D(*He,v)oLi

Q =1.5 MeV

Main reaction for °Li production

‘No direct measurements for E <650 keV !
*Theoretical calculations of S-factor differs for more than one order of magnitude

#* Be9(p,a)Li6

O He4{d.¥)Li6 ¢ He3(ty)Li6

O Lis(nt)Hed Li6(d,n)Be7 ¥ Lis(ny)Li7

A LiB(p,He3)Hed * Li6{d,p)Li7 o Lis(p,y)Be7
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Conclusion

A new importan measurement has been done by the LUNA
colaboration: 3He(*He,y)’Be

It is very important for the solar study with neutrino
experiments and for BBN nucleosynthesis.

25Mg(p.y)?¢Al and 5N(p,y)'°O are in progress

FUTURE:

D(a,y)oLi is under study
LOTI for a 4 MeV accelerator underground 12C(a.,y)!°0




