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o AREEFIMNE S(E) screened S(E)

E%E%—%'}n‘u%ﬁz* : fit to measured
o PREAE low-energy data
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o ATMERMZE b high-energy data
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Coulomb dissociation
G. Baur et al.,

NPA 458 (1986) 188

e study inverse of radiative
capture reaction
b, 7)a & a(y,o)b
e use Coulomb field of
target nucleus A as
source of photons
a(y,z)b & A(a,bx)A

[}
absolute S factors
as a function of energy

ANC method
H. M. Xu et al.,

PRL 73 (1994) 2027

e extract asymptotic
normalization coefficient
of ground state wave
function of nucleus a
from transfer reactions

e calculate matrix elements
for radiative capture

reaction b(zx, v)a

|

S factor at zero energy

Trojan-Horse method
G. Baur,

PLB 178 (1986) 35

e study three-body reaction
A4+a—-C+c+ b
with Trojan horse
a=b+=x
and spectator b

e extract cross section of
two-body reaction
A4z —-C+ec

y
energy dependence
of S factor




Coulomb dissociation ANC method Trojan-Horse method

B=(A+x) A

a=(b+x) a=(b+x) a=(b+x)

photon exchange transfer of particle to transfer of particle to
bound state continuum state

e similar reaction mechanisms: transfer of virtual particle

e final state with three particles (bound/continuum states)

e theoretical descripton with direct reaction theory
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AL Az AR, 8] £ 4 R4 fa 2t & 2 A
(MeV) gl
4 7Lj a+t 2.467
5 Be SHe + a 1.586
7 12C 8Be + a 7.367 0)
8 160 12C +a 7.162 0)
9 20Ne 160 + a 4.730 0)




INFN-LNS (199x-2013)

Reaction

THM reaction

Epean (MeV)

03 (MeV)

THM nucleus (x-cluster)

Reference

TLi(p.a)*He

TLi(p.a)*He
SLi(p.a)*He

SLi(d,ce)*He
5Li(d.ce)*He

“Be(p,a)®Li

UR(p.wo)’ Be
UB(p.«)*Be

15 N(Piu‘}'lc
1 RD(IJ.C!'} 15 N

IgFfp,ﬂ' } 160
17 D(PJI} H-N

*He(d,py*He
Hid,py'H

2H(d,p)’'H

H(d.nPHe
I}_C{ﬂ o) I}_C
Li(n, oo)*H

17 D{l’l,a} I4C
"H(p,p)'H

”‘C{ |2C’ﬂ ] mN&

"J'F(ur.p}nNe
13 C{ﬂ' ,11}160

TH{"LicecInn

Rep. Prog. Phys. 77

TLi(*He, o )2 H
TH(*Lice*He)n

SLiC*He,cca) ' H
SLi(°Li,cce)*He

TH("Be,o5Lin

H('"B,o"Bein
H(M!'B.«*Ben

2 H{ 15N’a12 C}n
2 Hl: 130’9:15 N}n

2 Hl: lgFﬂiﬁﬁ}l‘l
2 H{ 1’0,:11‘ N}Il

SLi(*He,px ) *He
TH(*Li,p*H)*He

*H(*He,p*H)'H
IH(*He.n"He)'H
ELiflz C\ulzc)z H
2 H{ﬁuﬂil H_}]'H

ZH{]JO,III‘C}IH
*H(p,pp)n
l:’_c(lﬁo’alﬂNe'}dH&
BEC®Li,p? Ne)*H
BC(°Li,n'*0)H

19-22, 2848

33

14.25,
21.6-33.6
25

17.5
5

22.35

27
27

a0
54

50
45

5.6
14

18
18
16, 20
14

41, 43.5
5.6

25

6

T.82

15.122

11.853
1.795

“H (p)

(2014) 106901

‘He (p)
H(p)

*He (p)
SLi (d)

H (p)

*H (p)
2H (p)

“H (p)
“H (p)

“H (p)
*H (p)

5L (d)
5L (d)

‘He (d)
iHe (d)
5L ()
2H (n)

2H (n)
*H (p)
15—0 { IECJ
S (o)
S (o)

PRL
APJ
PLB
PRC
NPA
JPG

Zadro et al (1989)
Spitaleri er al (1999)
Lattuada er al (2001)
Aliotta et al (2000)

Tumino et al (2006)

Tumino et al (2003)

Tomino et al (2004)

Calvi et al (1990)
Lamia et al (2013)

Pizzone ef al (2011)

Cherubini ef al (1996)

Spitaleri et al (2001)

Romano et al (2006)
Wen ef al (2008)

Lamia et af (2009, 2010)

Spitaleri et al (2004)
Lamia et af (2012a)

La Cognata et al (2006, 2007, 2009)

La Cognata et al (2008a, 2008b,
2010a, 2010b)
Palmerini ef al (2013)

La Cognata ef al (2011)

Sergi et al (2010)
Palmerini ef al (2013)

La Cognata et al (2005)

Rinollo ef al (2005)
Pizzone erf al (2013)

Tomino ef af (2011)

Tomino ef af (2011)

Spitaleri et al (2000)

Tomino e al (2005)

Gulino et al (2010)

Gulino et al (2013)

Tumino et al (2007, 2008)

La Cognata ef af (2012, 20013)
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2014-20109:

Rep. Prog. Phys. 77 (2014)

Natrue 2018

PRL 2017

PLB 2015x3

APJ 2019, 2018, 2017x4, 2015x2, 2014x2
PRC 2019, 2018, 2017x3, 2016, 2015x6, 2014
JPG 2016,

FBS 2018,2014

EPJA 2018,2016x3

Direct reaction

"Li(p.a)*He
"Li(p.ar)*He
SLi(d,a)*He
“Li(p.a)*He
UB(p.a)*Be
0B(p.a)"Be
"Be(p.a)®Li
*H(*He.p)*He
H(d.py'H
BN(p.a)'*C
BO(p.)*N
'H(p.p)'H
H(d.py'H
’H(d.n)’He
WF{}},& )10
"O(p.a)*N
“He('>C.">C)*He
n(%Li,t)*He
BC(a.n)'%0
BE(p,a)*0
UF(a.p)*Ne
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2C(2C.a)"Ne
IEC{IEC’F’-}ZR Na
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"Li(d.er @)n
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¢ 2006-2008 "Be(p, ) °Li dT:g\én *H (°Be, «°Li)n
¢ 2011-2013

L
—

o JLE T HAR EE (117570 )
d(d, p)t «——2—2*H(°Li, pt)“‘He

¢ 2012-2014
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PHYSICAL REVIEW C 78, 035805 (2008)

"Be(p, @) Li<——5-—"H(°Be,a’Li)n

o 1FRI#RZ:
S(0)=21.0+0.8
\Y[2\VAd o

o PEHUH BT BF kA
U.=676+86 eV
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@ J P G 2 O 1 1 1. Phys. G: Nucl. Part. Phys. 38 (2011) 035103 (pp) doi:10.1088/0954-3899/38/8/085103

A new approach to select the quasifree mechanism in
the Trojan horse method

Qun-Gang Wen', Cheng-Bo Li>~, Shu-Hua Zhou®, Qiu-Ying Meng®,
Claudio Spitaleri4'5, Aurora Tumino*® and Rosario Gianluca Pizzone*

J. Phys. G: Nucl. Part. Phys. 38 (2011) 085103 Q-G Wen et al

b (c)

Figure 1. An intermediate process A +a — A+ x+ b T is the velocity of the center-of-mass
coordinate.
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Figure 2. Constrained intermediate breakup process.




¢ PRC-2016

PHYSICAL REVIEW C 93, (35803 (2016)

Experimental study to explore the *Be-induced nuclear reaction via the Trojan horse method

Qun-Gang Wen,'-" Cheng-Bo Li.>" Shu-Hua Zhou,* Bakhadir Irgaziev.* Yuan-Yong Fu,” Claudio S_pitaleri_i"
Marco La Cognata,” Jing Zhou,* Qiu-Ying Meng.? Livio Lamia,>® and Marcello Lattuada®*®

(b)

FIG. 5. Different Trojan horse nuclei leading to the same final
state represented by pseudo-Feynman diagrams._(a) *Be = (*Be + n).
and (b) *H = (p 4 n).
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FIG. 6. Comparison between the experimental neutron momen-
tum distribution (different colored solid symbols) and theoretical one
{grey line). The different colored solid symbols come from cutting
different ranges of the ®Li — & relative energy.




Chinese Physics C Vol. 39, No. 5 (2015) 054001

o CPC-2015

Experimental spectra analysis in THM with the help of
simulation based on the Geant4 framework "

ZHOU Shu-Hua(JE155E)*  JIANG Zong-Jun($#5313)4
WANG Xiao-Lian({ER% %)

WEN Quun-Gang{ L FFHI)=2
ZHOU Jing(J##)* MENG Qiu-Ying(if#3)?

LI Cheng-Bo(ZF Rl )50
FU Yuan-Yong(f§c5)3
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>olor online) Comparison of experimental spectrum FE,-FE,, (left) with simulated one (right).
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(color online) Comparison of experimental spectrum of reconstruction for *Be (left) with simulated one (right).




Phys. Rev. C 92, 025805 (2015)
Phys. Rev. C 95, 035804 (2017

Dmct data

THM APJ-2014:" Hc-ld+pl '
THM present work: L1—{ d+a)
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TABLE 1. Comparison of >H(d, p)°*H indirect study via THM.

Work TH E, E%
(MeV) (MeV)

So(E) U.
(keV b) (eV)
0.089 56.7+20 13.2+43

0.866 75+21
0.178 57.7+1.8 13.44+0.6

Present °Li=
Ref. [8] SLi=

d+a) 95
d+a) 14

Ref.[9] *He=(d+p) 17

K 150~400keVHE [X &
1, vs PRC-2013:
&R ,
HWAR) S RX!
2, vs APJ-2014:
“KRIG TR
3, ReEEEAIMKMRTE
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—

K !

Usd+a) _» a

_..—--"""——_—) P

. WAz OB 2 5 Ak
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{Atomic Data and Nuclear Data
Tables) 5| HIZx(20184:120%
121-151)
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¢ A. Tumino et a/, Nature 557, 687 (2018)
LETTER

https://doi.org/10.1038/s41586-018-0149-4

An increase in the 2C + 2C fusion rate from
resonances at astrophysical energies

Al Tumin_q:rl'i*-, C. Spitaleri®*, M. La Cug_natai. 5. Cherubinii"i. G. L. Guardo™*, M. Gulir!ul'i, S. Hayakawa™®, I. Indelicato?,
L. Lamia®?, H. Petrascu®, R. G. Pizzone?, §. M. R. Puglia®, G. G. Rapisarda?, S. Romano®3, M. L. Sergi?, R. Spart4? & L. Trache?

o TAlTHR K [ AR 354 THM-CC ;
¢ 2004—--2017, 2018, 2019, ...
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FICG:. 1. Comparison between experimental and theoretical
S(E)"-factor for the *INeday channel. The solid black line
plus shading represent the THM 5(E)” factor and related un-
certainty published in 2], coloured symbols are direct data
(red filled circles |23, purple filled squares [19], blue flled di-
amonds |20, blue filled stars [ZI] and green filled triangles
[22]) and the solid blue line represents the theoretical caleu-
lation by AM.M. [3].

r*

FIG. 2. Comparison betwesn experimental and theoretical
S(E)"-factor for the “*Na+p channel. The solid black line
plus shading represent the THM 5(E)” factor and related un-
certainty published in [2], coloured symbols are direct data
(red filled circles [Z3], purple filled squares [19], blue filled di-
amonds |2, blue filled stars 2] and green filled triangles
[22]) and the solid blue line represents the theoretical calen-

lation by AM.ML [3].
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14N VS 160

AR B R EL B (REE HAL: MeV)

Rage  AraECfiZe AraANfiE  XWNAsHEEH RS

AT K% e, E,C MIXIEE E,, HEE, HEE E,

160=(12C+a) 7.16 9.91 9.91 1.6 23.5
10.7 2.2 25
11.6 3.0 27.1

14N=(12C+d) 10.27 8.87 11.1 0 24.0
12.7 1.5 27.5

14.3 3.0 31.0
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Gate_of _DAQ (Triger):
Gate_cal=(dE1+E1+E2)+(E3+E4+dE4)+EgQ
Reaction: Gate_exp=(dEIXE1+E2)x(E3+E4xdE4)+Eg
1, *C(*N,ad)®Ne
2, C(**0,a0)*Ne
3, 12C(14N,pd)23Na
4’ lZC(16O,pG)23Na

L=120mm
L=60mm 4520

S:300mm2%p5|31 ( a )
D=25um
Beam Target: PSD, (**Na)

o 27.5, 31MeV,  =3mm hole 12C: 50 pglem? L=235mm
N 1-10 pnA B Width: 1-2mm A= 105

»

23.4, 27.1MeV, 7Au: 90 pglem? F-Cup

1-10 pnA 1C: 50 Uglcr[fmmm PSD; L=160mm

S=300mm?
D=25um

Calibration:
a-source: 5.xx MeV
a: 5, 10,15 MeV
¥N: 5, 10, 15, 20 MeV
—Target: Au, C
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¢ (p,a), (p,n), (a,p), (a,n), ...
o THEMMNGER N : 12C+12C
o REFLH IR N
o TH: d:(p+ )
o Virtual neutron —fE&EEEE AT 1 !

o FHTHEF AT R I B
o DEEENZ T K TIZ RN

¢ TH: 7Li=(a+1)

o TH:?Be=(a+ I¢)

¢ TH:%Be=(n+"E¢e)
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