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ar Fusion Reactions

ve to understand the Sun, our
est-studied astrophysical object

At This Conference:

» Aldo Ianni

* Carlo Brogggini

* Filippo Terrasi
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Fusion Reactions in the Sun:

The main p-p chain

REACTION TERM. r ENERGY
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HEoYYy Vs, ExXperiment for the 3 solar-neutrino
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v+ 1Ga

l

Ge + e
E(v) > 0.23 MeV

Need:
Solar model
Nuclear data
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The “Standard Model” of Particle Physics

-|
VT
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The only (!1??) REAL
Evidence of
“Physics beyond the
Standard model”




'riw SNO (Sudbury Neutrino Observatory)

......

~ o/
ooooo

Also, Atmospheric and reactor neutrinos

A D,O Detector

-

| I
R PRL 87, 071301 (2001)

PRL 89, 011301 (2002)
PRL 92, 181301 (2004)

“SMOKING GUN"!!
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STATUS OF THE STANDARD
SOLAR MODEL

Carlos Pefia Garay
IFIC, Valencia
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BPSi10 Helioseismology: GS vs AGSS

Sound speed

Density profile

Rz=0.713 — 0.728 (0.001)
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yOldar Fusion Reactions - A Status report
2010

AXIVel004,23182 [nucl-ex] 18 April 2010

Nick Haxton - Editor - RMP
(In press)

A uthor(s) Adelberger EG; Austin, SM; Bahcall, JN, et al.

Source: REVIEWS OF MODERN PHYSICS Volume: 70 Issue: 4
ages: 1265-1291 Published: 1998

Times Cited:
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II to John Bahcall, who

t on Solar Fusion I. John's
astrophysics and his

rtance to solar neutrinos
‘advances in our field.
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ion reactions and the mythological Hydra monster...

For example,
see Sy, ...5¢y

* However, many advances in experiment and theory!!
* Breakthroughs in detection of solar neutrinos:

SNO, Borexino,...
* Problems with Solar Model...
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are the author's and are not necessarily shared by the
but they should be.....”
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ViVPersonal) Motivation and Summary

Direct and Indirect

ompatibility ; ERRORS
" OdS)

, A

¢ and cross-

s (or, is there?..) THE adopted value?

Does

ow to go about achieving this goal?
Repeat? New methods?
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II. THE He(p,e+e)*He REACTION
1. ELECTRON CAPTURE BY 7Be, pp, and CNO NUCLEI

. THE 7Be(p,)*B REACTION
A. The direct 7Be(p,)®B reaction
- 1. Beam-target overlap
2. 8B backscattering
3. Proton energy loss corrections 28
B. Theory

C. 8B Coulomb dissociation measurements
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UM OF 8B NEUTRINOS

NO BI-CYCLE
RECT METHODS AND THEIR

otic normalization coefficient method
dissociation method
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-eatment of Errors
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of back scattering of °B

Low-energy
recoils

Back scattered B
E(5B) ~ 40-120 keV

thin target ("Be) Substrate (Pt!)

Back scattered nuclei can be an appreciable factor (~10%) at
low energies and are lost to the counting cycle.

9/23/2010 Solar Fusion reactions - Erice 2010


F:/../../../Program Files/SRIM 2003/SRIM 2003.exe
F:/../../../Program Files/SRIM 2003/SRIM 2003.exe

Comparison of recent direct-capture measurements

o Filippore

Harmmmaches

Ha=ss

& Strieder

* Halkyy
L]

a
+
-

| Junghans BE1,BES

800 1000 1200
E (keW)

FIG. 9 (Color online) S;+(F) vs. center-of-mass energy =, for
E = 1250 keV. Data points are showmn with total errors, in-
cluding systematic errors. Dashed line: scaled Descouvemont
(2004) curve with S;+(0) = 208 eV b; solid line: including a
fitted 17 resonance shape. Note the suppressed zero.




rrent status of S, - direct capture - determinations

|Modern Direct Cature
"Be(p.)®B

Weizmann(03)
Seattle(03)
Orasy(01)
Bochum(01

0 200 400 600 800 1000 1200 1400
E . (keV)

FIG. 1: Modern Direct Capture world data on Sj7 (excluding data around the 632 keV resonance)

exhibiting marked systematical deviations by up to five sigma.

New measurement at low energy...? WI (Implanted ’Be target)?
Inverse Kinematics?
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In Solar Fusion I:
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Coulomb Dissociation -
A “special case” for S,

1 | L) I

L e this work (GSI-2) [0 Hammache et al.
O lwasa et al. (GSI-1) + Junghans et al.
A Baby et al.

« MSU data
Still lower

* RIKEN

Descouvemont

10 '
0 0.25 0.5 0.75 1 1.25 1.5

E,, (MeV)
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CT METHODS AND THEIR VALIDATION

- ANC and other
Indirect Methods
_ 386 eV b (

C: +C

P32

+ (“Be,®B) proton transfer at 12 MeV /u
two targets:
19B: S,.(0) = 18.4 + 2.5 eVb (PRL "99)

4N S,.(0) = 18.0 + 1.8 Vb (PRC '99;
PRC ‘06)

17.442.1 eVb
" =19.6+1.2 eVb
.-=20.0+1.6 eVb

Average: S;; = 18.2 + 1.7 eVeb

- BC("Li,’Li)?C at 9 MeV/u
using mirror symmetry (PRC “03)
S$,,(0)=17.6£1.7eVb

verage: S,,=18.7+1.9 eVb

PRC ‘04
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Fusion Reactions in the Sun:

The main p-p chain

REACTION TERM. r ENERGY
(%) (MeV)
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#* Seattle
m Weizmann
A ERNA

e | LINA

s
-
=
L
-
=]
(N

0.6 .
E (MeV)

FIG. 5 (Color online) Ssa(l) vse. E. Data points: LUNA -
green circles; Weizmann - red squares; UW-Seattle - blue dia-
monds; ERNA - brown triangles. Solid curve - best fit scaled
Mollett theory to the data with E < 1.002 MeV. The yellow
band indicates the +1-o error band. Dwata are shown with
statistical-plus-varying-systematic errors only; overall system-
atic errors are not included.
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| In Solar Fusion I:
S;,= 0.53+£0.05keV b

Also needed for Big Bang Nucleo-synthesis -’Li production
not S(0) but rather S(~100)
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Origin of reaction rates

Theoretical:

*n&>p : with 1,=886.7£1.9 s
[PDG 2000], very small
uncertainty [Brown &
Sawyer (2001)]

*'H(n,y)’H : Two nucleons
effective field theory [Chen
& Savage (1999)]

New compilation:

[Descouvemont, Adahchour,

Angulo, Coc & Vangioni-
Flam (2004), submitted]

—  Descouvemont et al. (2003)
Others (theory)

Michael Hass



From WMAP

F T 2
Comparison between 7 - 0? N\ S

- observed and calculated .g T ‘He Ny

: !" : abundances " 4 ' ,.E e 2 &
q o» =

Limits (1-o) obtained by = . F E
Monte-Carlo from DAACV : :

reaction rate uncertainties.

Primordial abundances

*He/H, D/H

“He : v —( ).2421+0.0021
[Izotov et al. (2003)]

Li/H

D : D/H = (2.7804 , ..)x10° (10) 0’ Li

[Kirkman et al. (2003)]

*TLi : Li/H = (1.23+068 . )x10"'° (20) .

[Ryan et al. (2000)] 10

Q) h? = 0.0224+0.0009, [WMAP:
Spergel et al. (2003)]

Look for another resolution to “Li discrepancy

lIIlI

-

10

nx10"
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LUNA act.
LUNA prompt
Brown act.
Brown prompt
Nara Singh
ERNA Recoils
ERNA act.

iiiii'i =

i
>
]
—
™
3
%)

%Eié.ﬁiniil'

 2009/10 - New experimental activity
* Madrid - Activity

* TRIUMF - DRAGON (as we speak..)
* Others?

« Angular Distribution of prompt y rays at high energy

9/23/2010 Solar Fusion reactions - Erice 2010



Hiey
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: B.S. Nara Singh, B.R. Fulton, J. McGrath, R.\WWadsworth
=Sty ra de la Materia-CSIC: M. Carmona, A. Perea, O. Tengblad
g ) de Microanalisis de Materiales (CMAM): A. Mufioz
The Weizmann Institute: M. Hass
Soreq Research Centre: Y. Nir-El, G. Haquin, Z.Yungreiss.
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n in Madrid:

ted and measured
Full analysis in progress
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Previous Data
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[ » LUNA act.
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i = Brown act.
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Feldmeier - this conference
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AT rJ‘ URE FACILITIES AND
CURRENT CAPABILITIES

measurements

osed “LUNA-MV”)

ethods (complementary)

|« Theoretical progress
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Uncertainties: Partial contributions

Be 7 (2.5,4.2,0.0,0.0,3.2,2.0)

8B 13 (2.6,4.1,7.6,0.0,6.8,4.2)

13N 8 (0.2,0.3,0.0,6.0,3.6,5.1)

150 11 (0.2,0.3,0.0,8.3,5.2,5.9)

Recommendations:
- Reduce S, _,S. ., uncertainties to be below 5%

1,7 1=1,14

- Reduce uncertainty in Fe (to 0.02 dex)
- Reduce uncertaintiy in C (to 0.02 dex)
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Conclusions

BPS10 neutrino fluxes: dominant error sources identified
(S.,, S, S, .., Op, Diff, Z/X). Work needed.

340 D 1,71 Z 1,141
Improvements in solar surface composition lead to wrong
beating Sun in all regions.

Solar neutrinos: Best 0_, (10% in tan20_,) and test MSW
Neutrino fluxes determined (pp/pep, 7Be, B) and CNO
luminosity constrain

Ongoing and future neutrino experiments will probe the
solar composition:

- test BPS10(GS) & BPS10(AGSS) solutions
- test core CN abundances
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