uclear

&l aboratory

‘ nderground
. uclear

strophysics

Measurements of nuclear cross sections of interest in
BBN with the experiment

*BBN and the "Precision Cosmology" Epoch
*The LUNA experiment
‘P(D,y)3He

*3He(D p)*He
3He(*He,y)’Be In progressl!!
-D(*He y)eLi

-Conclusions

} 50 kV accelerator




BBN Flowchart
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®,(WMAP)=0.023 + 0.001
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completely independent
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Wonderful check of Standard
Cosmological Model
Xy=best BBN "bariometer”
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Schematic BBN network Apart for Helium, all the other

Be nuclides are sensitive to the
| = ptet v, G Nuclear reaction Network.
2.ptn— D+y 10
3)D+p—="He+y "

(49D +D—=*He +n
(S)D+D—="H+p 3He®- g
6.°H+D— *He +n g
G s
2 3 7. *H+*He—"Li+y
P D @ 4 He+n—=*H+p

1 Tz @He+D—3~4He+p

10/ *He +*He—="Be +v
I1.7Li + p—"He +*He
12. 'Be+n—"Li+p

Several key reactions studied by LUNA

: P(D,y)*He  3He(D,p)*He D,3He abundance
Present: 3He(*He,y)’Be ’Li abundance
Next: D(*He,y)oLi 6Li abundance (not shown in the schematic)

: D+D reactions D abundance (not underground)



Why underground Measurements?

DISTRIBUZIONE
MAXWELL-BOLTZMANN
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O(E)=S(E)/E

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




Why underground Measurements?

Danger in extrapolating because of possible low energy
nuclear resonances
‘Direct measurement at low energies nedeed!
Solution: UnderGround Measurements, high beam current

AS(E)

Sub-Thr

resonance
Extrapol.

Tail of a broad
resonance

Non

resonant process

—

=




A good example: *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.

GC age estimation increases of 0.7-1 Gyr
CNO neutrino flux decreases of a factor = 2

(py) The CNO Cycle

A.Formicola et al., Phys. Lett. B 591 (2004) 61
A. Lemut et al., Phys. Lett. B 634, 483 (2006)
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Gran Sasso National Laboratory (LNGS)

‘1

: A\ HDMS
f HMBB

S\

N\

BOREXINO

Cosmic background reduction:
w: 106 n: 103 y: 102-10°




D(3He,p)*He

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 10-3
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D(PHe,p)*He Q= 18.4 MeV 5(0)=6.7 MeVbarn

“He synthesis.

H. Costantini et al., Phys. Lett. B482(2000)43
M.Aliotta et al., Nuclear Physics A690(2001)790
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The LUNAZ (4OO kV) accelerator

3He(*He,y)’Be
D(*He y)eLi

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




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
New measurements to fix nuclear physics =
input parameters... E 2 LRI i
> He4(He3,y)Be7 Be7(d,pa)Hed
'_::tf " %10—5 & LiG(d,n)Be7
Z : 5
®  F - i
@ 510" X8e
= . >
= © [ —
..

[Feil]



3H€(4H€,Y)7B€ rate

’Be(n,*He)*He
We get: “He(3He, y)’Be
1019(7Li /H),,= 4.8 +

0.4 + 0.4 —» TBeldpyHette
/ i 3He(d,p)*He

Due to Due to nuclear 2H(p,y)3He
dw,=0.001 uncertainties ihers

While the "Spite plateau” and other measurements suggest:

1<1010CLi /H),,,<2

Still an open problem: the most puzzling for Standard BBN
New clues on Astrophysics?
A window on non-standard Physics in the Early Universe?




SCLAR NEUTRINOS
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Boron v's are wonderful probes of solar interior.
They provide an independent measurement of T
with respect to helioseismology, at the level of
~0.3%. and 7Be(p,y)®B are the main
source of uncertainty in the determination of the
8B v's.

3He(PHe,2p)*He 3He(a y)7 Be

"Be(e,v)Li
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Baheall-Serenelli 2005

Neutrine Spectrum [(+lg) 4

Neutrino Energy in MeV




3He(*He y)’Be

Experiment goals:

1158+E

e Cross section of direct reaction down
to E.,=50-60 keV. | A

429
Reaction yield around E_,.= 100-150
keV via of f-line 7Be radioactive decay T
collected in the beam catcher EER T

Final error< 3 % |

activation prompt-gamma

Backscattered

Experimen.ral TCCHiQUG: beryllium catcher Carbon foil Si detectTr

e “He beam (low D,* contamination), 3He |EE—— o = 0
EL"""" i 3 Calorimeter

gas target, HPGe detector (prompt v's) EEEE ws

|

Forward
beryllium
catcher

High purity Copper beam catcher,
HPGe detector (“Be decay y's)

e Calorimetric measurement of beam

intfensity
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Li
activation
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Fcgoge, 12 =9°322d

prompt-gamma

Schematic

o1 biiil

10°

4wl

Counts/(KeV h)
5

i peenl

102

LoLoatinl

1073

[1H1]

3He(0t,y)TBe activation

Milano

Counts in 6 days

1600 2400

Energy [keV]

Background

428-=G3
100

50

DC-=GS5
DC-=423

E,,,=400 keV

1000
3001

100

w
?
—

-
2

1000

2000 3000
E[keV]

Prompt y

E,.,=400 keV

St— SHE(OI,Y)TBE iradiated catcher A
— Three virgin catchers + teflon holder

— 4He + ol irradiated catcher E

LU L L

1l 4
1 2
£, MeV]

v

w1

Activation vy



3SHe(*He,y)'Be .
Systematics

Total systematic uncertainty: <2.3%

18




SHe(*He,y)’Be LUNA Activation preliminary results
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D(*He,v)Li

Q = 1.5 MeV

Main reaction for °Li production

‘No direct measurements for E,<100 keV

*Theoretical calculations of S-factor differs for more than one order of magnitude

O He4{d,»)LiE

O Li{n,t)He4

A Lig(p,He3)Hed  * Li6{d,plLi7?

¢ He3(tyILB

LiG{d,n)Be7

4 Bedfp.alLiB

¥ Lig(nhoL7

® Li6(p,y)Be?
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(711 keV,,) =140 nb —> 3x10° photons/h*
c(100 keV,,) = 37 pb —> 74 photons/h*
5(50 keV,,) = 2.2 pb —> 4 photons/h”

*assuming 100 pA alphas bombarding 108 nuclides/cm?




Conclusion

LUNA has shown that is possible to measure nuclear
reactions at o(E,,.):

3He (3He,2p)*He v from the sun
14N(p,y)150 Veno and GC age
3He(o.,y)’Be The Sun

The LUNA program foresees also precision
measurements of BBN key reactions:

Scenario: BB, v-decoupling, BBN

*Theory: Standard Physics+WMAP+Nuclear Physics
-Observations: D, 4He, 3He, 6Li, “Li...

‘Hints: Cosmology, Astrophysics, New Physics

Past: D(p.y)3He 3He(D,p)*He D,3He abundance
Present: 3He(“He,y)’Be ’Li abundance
Future (Underground): “He(D,y)Li Li producer
Desirable (Surface): D(D,p)*H, D(D,n)He D, 3He, ..abundance




