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2H+2H reactions i rdial_nucleosynthesis
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JH42H Interaction o other contexts of inferest

In the Pre Main Seguence phase (PMS) of the
stellar evolution protostar moves in the Hayashi

track to the Main Sequence, and it is all convective

(T=106 K - 10-* MeV). The protostar burns
deuterium with the reactions:

Range of interest : 0-10 keV

/

“H(p,y)*He
2H(d, y)“He
?H(d.p)3H
2H(d.n)3He
2H(CHe,p)*He
2H(3He, y)°Li
2H(4He, y)S°Li

In the future fusion power plants: nuclear energy production with

inertial confinement

Range of interest : 0-30 keV

Total range of interest : 0-350 keV




Status of art.

Prominent data sets for both 2H(d,p)H
and °H(d,n)3He

Open problems:

Missing data in the higher energy
relevant BBN region: E_,, = 50 - 350 keV

Electron screening in the ultra-low
energy region below 10 keV: almost
twice the adiabatic limit (14 eV)

R-matrix by C. Angulo and P. Descouvemont
(NPA 639 (1998) 733)

Inclusion of both =0 and I=1 components in the
cross section

With =0 - J*=0*and 2* ,,
With =1 - J*=0-,1 and 2-

..however...in this case R-matrix fit dominated
by the penetrability factors Ty and T,

“Hid,p)™H

'H+2H reactions
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Trojan.Ho se Method

Basic principle: astrophysically relevant two-body ¢ from quasi- free

contribution of an
A+a c+C

a: X ® s clusters

v only x - A interaction

g 3, m]ﬁ@mm a irect break-u
@@]@5 Direct break pos

v’ 5= spectator (p,~0) @ X

A/

NO electron screening 2-body reaction

C
Ea> Ecocu= NO Coulomb suppression O 0
C

C. Spitaleri et al, PRC 60 (1999) 055802

A. Tumino et al., PRL 98 (2007) 252502
qu = B4y B, * intercluster motion M. La Cognata et al., PRL 101 (2008) 152501
plays a key role in compensating —_— Eq.f. ~0

for the beam energy



THM ¢ riment

2H(d,p)*H 2H(d,n)*He using 3He as TH nucleus
d-d relative energy range: from 2 keV up to 1.5 MeV

Aims:

* Astrophysical factor throughout the relevant region and up, in order to
have a wide energy range to be joint with available higher energy data (for
the integral to converge at the relevant BBN temperature) This ensures an
accurate calculation of the reaction rate

*Available unscreened data below 10 keV, needed for studying fusion
dynamics in plasmas




Experime (tal set up

Nuclear Physics Institute of Academy
of Science in Rez near Prague, Czech

Republic

\

3He projectile CD. taraet - 7
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3H/3He - p concidences (1-2 and 1-3) ‘~7/2
For the first time detection of

the proton spectator! /
=1

Advantages: no contribution from target break-up;
dector granularity ensured - angular resolution of the order of 0.1°

100% detection efficiency

Not possible with neutron detectors
2H(®*He,n *He)p —— 2H(d,n)3He

*H(CPHe,p °*H)p —> *H(d,p)°H
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Selection.of. free mechanism

Comparison between the experimental momentum distribution and the
theoretical one (for 3He given by the Eckart function) — QF mechanism
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Extraction.of th: ly cross section.(1)

Monte Carlo simulation of

the ‘rhr'ee—body Cross 100 @) *H+p channel b) He+n channel
section under the ” E..=0.020 MeV too . Eem=0.020 MeV
assumptions: a5 75
— w

- PWTIA approach 0 40 i

: : . "— 20 25
- Quasi-free contribution = | | . | . .
. . 100 Pt 8 O aym
is the only reaction r E._—0.130 MeV 10| Fem=0.130 MeV

mechanism L V
Fan 75
- a p; window of 40 MeV/c "

L
L
. . ~ 40 50
is considered O
\:;20 25
. . . ty 400 e L1 300 e e L
Coinc. yield at fixed AE, g E...=0.980 MeV £ —0.980 MeV
do/dé, , = _—
KF |¢(Ps)|2 200
200
Solid lines: linear combinations of P, . 100
P, and P, from
D....I....I....I. O....I....I....I.
50 100 150

A, Krauss et al.. Nucl. Phys. fﬂ;iﬁ.ﬁ} !,5*] (1987} 0 50 100 ~ 750 0
R.L. Schulte et al., Nucl. Phys. A192, 609 (1972) B, . [d eq KCCS]



Extraction of th y.cross section (2)

We learn from the R-matrix parameterization by P. Descouvemont et al.,
that the energy dependence of the s- and p-wave contributions is very well
represented by their penetrabilities

o
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Extraction of.th

y.cross section (3)

With the deduced
scaling ratio of the s
and p waves, > S(E)
factor after
normalization to direct
data
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Direct data have

2H(CHe,n 3He)p ‘

coherent sum of the
o | contributions

THM data

different accuracies -
weighted normalization
to available direct data
from 15 keV to 1.5 MeV

S,(E_ ) (MeV

Normalization involves
43 TH point >

statistical error (about
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normalization error of about 1%
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Extraction of.th

Comparison between
the incoherent sum
black line) and direct
data (red points)

S Y N B
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Yellow line: polynomial
expansion reported in
the NACRE compilation

F

Blue line: calculation
from the Cyburt
compilation

S, (E

o

Green line: calculation by
P. Descouvemnont et al.
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y.cross section (4)

°H(3He,n 2He)p

/

C. Angulo et al., Nucl. Phys. AG56, 3 (1999)
R.H. Cyburt, Phys. Rev. D70, 023505 (2004)
P. Dezscouvemont et al., At. Data Nucl. Data Tables 88,

203 (2004)



Some mbers

S(0) values from THM and from compilations:

S(0) [keV b] AS(0) [keV b] Ref.
59.1 0.6 Present results from THM
56 keV C. Angulo et al. NPA656
(1999) 3
50.67 keV R.H. Cyburt, PRD70 (2004)
023505
52.4 keV 3.5 P. Descouvemont et al.
Data Nucl. Data Tables 88
(2004) 203

However none of the lines provide the correct slope of the THM data
throughout the investigated region, with deviations ranging from few
percents to 15%-17%.

No screening potential estimate was possible due to the lack of direct data

points in the ultra-low energy region
This will be possible for the SH+p channel



Conc isions

?H(®He ,n 3He)'H and 2H(3He ,p 3H)1H: first experiments where the
spectator is detected

S(E) factor extracted from 2 keV to 1.5 MeV, throughout the energy
region of interest for pure and applied physics and up

Estimate of screening potential will be possible only for the 3H+p
channel because of the lack of direct data for the 3He+n channel in
the ultra-low energy region

.. next step: calculation of the reaction rate

and investigation of fusion dynamics in plasmas

Thraals JoU
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