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EXPERIMENTAL SET-UP
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TROJAN HORSE METHOD (THM)
Using the Trojan Horse Method (THM) [1][2][3] the two-body 
cross-section of the process A+xc+C of astrophysical interest
can be measured at low energies from a three-body one
a+Ac+C+s

The TH nucleus a (target or 
projectile) is characterized by a 
strong cluster structure x  s. In PWIA (Plane Wave
Impulse Approximation)[4], only x will interact with A, 
while s acts as a spectator for the reaction.

In PWIA the two-body cross-section can be factorized as
[5]:
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 23Na(p,a)20Ne was studied using the THM 
applied to 23Na(d,a20Ne)n

 Vcoul=2.41 MeV
 2H has a cluster structure p+n EB=2.22 MeV

 Experiment @ LNS, first 23Na beam
 Ebeam=58 MeV (i=0.5 pnA)
 Target CD2 150 mg/cm2 thick
 Two DE-E telescopes (DE IC chamber, E 

500 micron thick)
 Two PSDs (1000 micron thick)

Neutron momentum
inside deuterium follows 
the square module of a 
Hultén function, 
comparable with the 
teoretical one (58 MeV/c) 
[13]

From the three-body triple differential corss
section, some structures resembling the 
excited states of 24MgReversing the three-
body cross section written above, it was
possible to extract the two-body differential
cross-section. Also, angular distributions were
used to ascertain the J of each resonance
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ASTROPHYSICAL SCENARIOS
Sodium has been studied broadly due to its anticorrelation with Oxygen
in globular clusters.

23Na can be produced in different stellar environments:
• Intermediate mass AGB stars (4 ÷ 8 M) [6] 
• Super AGB (9 ÷ 12 M) [7]
• Supermassive Stars (∼104 M)[8]
• Fast Rotating Massive Stars (20 ÷ 140 M)[9]
• Interacting Binaries[10]

Temperature  20·106 ÷ 80·106 K

Gamow window ~50 ÷ 300 keV

The reaction channel dominated
by a 138 keV resonance, but the 
uncertainties are up to one order 
of magnitude [11][12]

CHANNEL SELECTION
By means of the DE-E 
thechnique, the three-body 
reaction of interest has been
selected and isolated from 
parasite contributions
(Qvalue≃0.147 MeV)  

QUASI-FREE SELECTION

𝑬𝑪.𝑴.[𝑴𝒆𝑽] 𝑱𝝅 [14] 𝒍𝒊
𝒎𝒊𝒏

-0,96 3 1
0,038 0 2
0,138 1 1
0,212 1 1
0,295 2 0
0,427 2 0
0,565 2 0
0,647 2 0


