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Basic Nuclar Physics (FNB) experimental line

¢ Medical physics experiments
e Gaseous detectors development

¢ Test and characterization of nuclear
instrumentation for experiments at
other facilities
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Basic Nuclar Physics (FNB) experimental line

e Medical physics experiments
e Gaseous detectors development

¢ Test and characterization of nuclear
instrumentation for experiments at
other facilities

Nuclear reaction studies with
different ions (°Li,’Li,’Be,"°B...) and
light nuclear targets ('°C,"*N...) at FNB
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Study of °Li+"'“C reaction

Uy = Ny Vsppa (1) + i N; Vsppo (1)

Weakly bound projectile & medium mass target

q , _(z)z _a?
Vspp2 (1) = U p1 (P po () Uge \a/) e c% d# di,
L. Chamon et al. Comput. Phys. Commun. 267, 108061 (2021) Projectile Targets
5Li, “Li, °Be, 1°0B 1205n
sLi, 7Li, SHe, *Be, ''Be B 547n

M. A. G. Alvarez, et al. Phys. Rev. C 100, 064602 (2019).
L. Garrido-Gomez, A. Vegas-Diaz, J.P. Fernandez-Garcia and M.A.G. Alvarez,
Phys. Rev. C 109, 054608 (2024).
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Study of °Li+"'“C reaction

[ ’Li+*°Se elastic scattering cross section ]

Uy = Ny Vsppa (1) + i N; Vsppo (1)

I 1287MeV % 14.25MeV § 1655MeV L 21.15MeV
I 1333MeV & 14.71 MeV 3 1747 MeV & 2391 MeV
7 1379MeV ¥ 1563 MeV 7 18.39 MeV

R ~(2)’ At
Veppa(r) = jj 01 @)pa() Upe @) e~ e aryd,

L. Chamon et al. Comput. Phys. Commun. 267, 108061 (2021)

Egp ~ Vb + |Qbu|
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Alvarez, Phys. Rev. C 109, 054608 (2024)
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Study of °Li+"'“C reaction

Weakly bound projectile & medium mass target

Projectile Targets
5Li, “Li, °Be, °B 1208n
sLi, 7Li, SHe, *Be, ''Be B 547n

M. A. G. Alvarez, et al. Phys. Rev. C 100, 064602 (2019).
L. Garrido-Gomez, A. Vegas-Diaz, J.P. Fernandez-Garcia and M.A.G. Alvarez,
Phys. Rev. C 109, 054608 (2024).
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Study of °Li+"'“C reaction

Weakly bound projectile & light target

Projectile Targets

®Li, “Li... 12C, 14N...

Measured at FNB experimental line

Weakly bound projectile & medium mass target

Projectile Targets
5Li, “Li, °Be, °B 1208n
sLi, 7Li, SHe, *Be, ''Be B 547n

M. A. G. Alvarez, et al. Phys. Rev. C 100, 064602 (2019).
L. Garrido-Gomez, A. Vegas-Diaz, J.P. Fernandez-Garcia and M.A.G. Alvarez,
Phys. Rev. C 109, 054608 (2024).
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Study of °Li+'°C reaction

\_

Weakly bound nuclei
Cluster structure (a+d)
Q.=-1.474 MeV

~
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°Li

* Tightly bound nuclei
Q.=-7.367 MeV

|

==

12C

°Li dissociation play a crucial role in the reaction dynamics

E)P = Vi + |Qpyl

Coulomb barrier V,~ 4.5 MeV

Dissociation energy Q.=-1.474 MeV
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Experimental setup

Detection
Beam ] [ Target ]
[ g & DAQ
/3 MV tandem accelerator \ / \ / L \
* Thin layer of '2C and * Surface Barrier silicon

E=(+1)-V+]J 197 A1 Detectors (SBD)

* 10 energies from 3 MeV to 7 MeV * Characterized at CNA by L
IBA techniques * Adquisition based on

Coulomb barrier: digitizers

V,~ 4.5 MeV \ / \ /

Dissociation energy:
Q.=-1.474 MeV

\_
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[ Beam ]

Experimental setup

/3 MV tandem accelerator \

E=(@+1)-V+]

Coulomb barrier:
V,~ 4.5 MeV

Q.=-1.474 MeV

\_

* 10 energies from 3 MeVto 7 MeV

Dissociation energy:
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Experimental setup

[ Target ]

4 )

* Thin layer of 2C and
197Au

* Characterized at CNA by
IBA techniques

o J
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Experimental setup

Targets

Scintillator ZnS(Ag)

'?C target

2C+"®’Au target

Au for normalization
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Target characterization

Characterized by p-EBS at CNA

'?C target
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91 pg/cm? of 12C
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Target characterization

Characterized by p-EBS at CNA
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Energy (keV)

'?C target

Nominal thickness

91 pg/cm? of 12C

Characterized thickness

1152 pg/cm? of 12C

1.5+0.1 pg/cm?of 10
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'?C target

Nominal thickness

91 ug/cm? of 12C

Characterized thickness

1152 pg/cm? of 12C

1.5+0.1 pg/cm?of 10

12.2+0.2 pg/cm? of °*’Au
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Experimental setup

Detection
& DAQ

-

o

Surface Barrier silicon
Detectors (SBD)

Adquisition based on
digitizers

\

/
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Experimental setup

Modular Aparatus for nuclear
Reactions Spectrometry
(MARS)

Detectors

Surface Barrier silicon Detectors

« 8SBD of 500 pm thickness
e 8SBD of 15 uym thickness

DAQ

V1725S digitizer from CAEN
e 14 bit resolution

 Sample rate of 250 MS/s
* DPP-PHA firmware

Developed at
Departamento de Fisica
Atémica Molecular y Nuclear
(FAMN)
Universidad de Sevilla

; research proyect EQC2019-005873-P
Controlinterface

CoMPASS software from CAEN

-
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Experimental setup

Beam collimator Detectors setup

@=2 mm beam

140° 145°

Detectors collimator

=6 mm
1109, 1150
8 Surface Barrier silicon
detectors (500pm)
target
65° 70°

35° 40°

3D printed mechanical support
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. 2 5
°Li+"?C reaction

6Li + 12C,"°’Au at 6 MeV and 35°

@ 1010
5
8 10° Reaction Products Q-value (keV) Threshold (keV)
BF + 4 13213.8 0
108 N + « 8798.58 0
O +p 7606.69 0
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F 4+ n 4063.88 0
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. 2 5
°Li+"?C reaction

6Li + 12C,"°’Au at 6 MeV and 35°
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. 2 5
°Li+"?C reaction

6Li + 12C,"°’Au at 6 MeV and 35°
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. 2 5
°Li+"?C reaction

6Li + 12C,"®’Au at 6.5 MeV and 110°

2
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. 2 5
°Li+"?C reaction

6Li + 12C,"®’Au at 6.5 MeV and 110°

2 7
% 10 =
O = 6Li(12C,a)"“N
106 = —
s 7
10° = g
= >
— (<))
10* = =
= -
10° = ool
10 =
10 -
1 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 I| 1
1 2 3 4 5 6 7 8 9
Energy (MeV)

Alejandro Vegas Diaz XVl Jornadas CPAN - Red Tematica de Fisica Nuclear 24



Preliminary results

12C(6Li,o.0)14N cross section energy distribution
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EyY =V +Qpyl oy E,P ~ 6000 keV
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Preliminary results

12C(6Li,o.0)14N cross section energy distribution
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Preliminary results

12C(6Li,o.0)14N cross section energy distribution
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Conclusions

\_
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Conclusions

/ We have studied the °Li+1°C nuclear reaction at energies around the \
Coulomb barrier at the FNB experimental line using MARS.

\_ /
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Conclusions

/ We have studied the °Li+1°C nuclear reaction at energies around the
Coulomb barrier at the FNB experimental line using MARS.

 We have obtained preliminary cross section enerqgy distribution for the
°Li(**C.a)'“N reaction at different angles.

\_

~

/
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Conclusions

/ We have studied the °Li+1°C nuclear reaction at energies around the \
Coulomb barrier at the FNB experimental line using MARS.

 We have obtained preliminary cross section enerqgy distribution for the
°Li(**C.a)'“N reaction at different angles.

 The preliminary results point to a increase of the °Li(**C.,a)'*N channel
\ cross section around the V, + |Q,,| energy. Deeper analysis is required./
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Outlooks

{ Analysis J

. ®Li(**C,d)"*O and °Li(**C,a)'"N* analysis

. Analysis of the measurements at higher energies

J

{ Setup improvement J

K New (bigger) chamber
. S/DSSSD detectors

~

Magnetron sputtering

. New target holder controller —

\- Magnetron sputtering for target development J Sample holder

Alejandro Vegas Diaz
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Cross section

Ngeac. ]lab—>c.m. Ol

Oreac. reac.
(Ocm) = T ()
%el (g Y= F(6) - K N da " NG gt da T
2 \rAu
= <ZAuAC> NAC - Ngeac. ]lab_)c.m.
reac. reac.
ZcAgu) Ny 70 (Bpm) = Nel : Taboscm F(0)-K
Cc
sin* (ecém.) lab—c.m.
F(0) = ¢

0 Au lab—-c.m.
S in4 c2m. Au
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SLi +12C
@ 6 MeV

Detector @ 35°
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SLi +12C
@ 6 MeV

Detector @ 35°
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. 2 5
°Li+"?C reaction

One-dimensional spectrum
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>>
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. 2 5
°Li+"?C reaction

One-dimensional spectrum
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Counts

10*

10°

107

10
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. 2 5
°Li+"?C reaction

6Li + 12C,"®’Au at 6.5 MeV and 110°

= 6Li(12C,q)"“N

= 6] j(12 A~
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- Elastic scattering © o
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