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Example 5

ptpt—Hte v,

Motivation:
The solar neutrinos problem

99.77 % 0,23 % pHe—+pt— :H+\'c
10° %
‘H+pt—3Het+y [PHetp*— ‘He +e*+v,
15,08 % aep
7Be | 99.9 % 01 %
"Bete — Litv, Bet+pt—SB+ 7y
8492% o
"Litp*—>*He+'He SB—>%Be*+et+v,

‘He+3He—*He+2p*

El |

SBe*—>*He+'He




Another motivation:
Primordial abundance of “Li

SHe(“He,y)’'Be

© A. Coc, CSNSM



"Theoretical” investigations of 3He(a,y)’Be

E, ~ 19 keV
*He + “He
1586 keV 429
0
Be

* No resonance predicted
» Tail of the 4570 keV resonance?

Gamow Peak
T6 =15 E;~19keV

Nuclear 7
Structure 4Be

A:15769.55 S :106765 S :5605.799
Q..:861.81518

Levels and y-ray branchings:

0, 3/2", 53297 d, [ACDGHIJK], T=1/2,
%EC=100

429.08 10, 1/27, 133 17 fs, [ACDGHIJK],
T=1/2
Y,428.07 (1,100) M1

457050, 7/27, I'=1757 keV, [BDHIJK],
T=1/2

Firestone 1996




"Theoretical” investigations of 3He(a,y)’Be

Compound nucleus model

4570
resonance
NoO count l
A expected
here ﬂ

E ~ 200 keV

3He?E __—i_>/ \

1586 keV 429 4570

Cross section

Excitation energy
'Be



Counts

100

But y-rays are measured!

Eem. Ex J
(keV)
Q =1586 keV
3He +"He
- DC—= 429
Ey_(Ecm+Q)'Ei L\\ )
429 Yy
DC—=10
»
g " 0 12
k| DC ->¢.8.
: 429 DC -> 429 . TBe 1]
as LY
d M y-spectrum
d 208T1 [
g 214Bi E
0 500 1000 1500 2000 2500

Energy [keV]




Direct (non-resonant) radiative capture reaction

(not to be confused with Direct Measurement)

‘He+3He 429

Be

1/2-
3/2-

Cpc(E) oc

g

Final bound
state wave
function

<7Be

H,|*He+*He)
|

v

2

\/

Initial continuum
wave function

Electromagnetic
operator describing
the transition

Can occur at all projectile energies.

Smooth energy dependence of cross section.



Multipolarity ~Electric Transition Rate (s™') Magnetic Transition Rate (s™)

1 1587 x 10** E? B(E1) 1.779 x 10" E2 B(M1)
2 1.223 x 10" E B(E2) 1.371 x 10" E2 B(M2)
3 5.689 x 10* ET B(E3) 6.387 x 10° ET B(M3)
| 1.649 x 10~ EJ B(E4) 1.889 x 10-5 E B(M4)
5 3.451 x 107" EX* B(E5) 3.868 x 107 EJ! B(M5)

Table 2.2: Transition probabilities T(s™') expressed by B(EL) in (e*(fm)*") and
B(ML) in (5-(fm)*~*). E, is the v-ray energy, in MeV. (Taken from ref [69]).

M
e

E, =1MeV

E2 1.3x10%8s M2 45x10%s
E3 2.9x102s M3 101 s



Angular momentum matching

“He+He

429
1/2-
0 3/2-
‘Be
Exit channel (y + "Be)
1+3/2- v+1/2-
El 1- 1/2+4,3/2+,5/2+ 1/2+,3/2+
M1 1+ 1/2-,3/2-,5/2- 1/2-, 3/2-
E2 2+ 1/2-,3/2-,5/2-, 7/2- 3/2-,5/2-
Entrance channel (*He+*He)
| He He Total
s-wave 0+ 1/2+ 0+ 1/2+
p-wave 1- 1/2+ O+ 1/2-,3/2-

‘He +3He —» y + Be

For the two final
states, the most
Intense contribution
IS a s-wave capture
coupled to an E1 y-
transition.



Direct non-resonant radiative capture reaction

Expanding the electrostatic potential in spherical harmonics

4-,172,_, [ Fo>>F Boh

— £YVY ohr & Mottelson vol |
CP(I') |l‘—l'p| z Ya.u( ») An(r){ ap-iet r,<r

Operators for electric transitions of multipolarity A Opx, = ex 7Yy, (T)

2

G2 (E) o 1o s E? U(pM (r) r %(E,r)dr

Spectroscopic factor Ny Lt
P P Final bound state continuum
3He(a,y)7Be wave function wave function

ANVANY
VY

o e e ey b o Ly L L Ly
10 20 30 40 50 60 70 80 90 r (f m )

S = <7Be“‘He+3He>2




RADCAP

Available online at www.sciencedirect.com

°°'E"°E@°”‘E°T' Computer Physics
Communications

ELSEVIER Computer Physics Communications 156 (2003) 123-141

www.elsevier.com/locate/cpe

RADCAP: A potential model tool for direct capture reactions ™

C.A. Bertulani

National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing. MI 48824, USA

Received 30 May 2003; accepted 2 July 2003

Abstract

A computer program is presented aiming at the calculation of bound and continuum states, reduced transition probabilities,
phase-shifts, photo-disintegration cross sections, radiative capture cross sections, and astrophysical S-factors, for a two-body
nuclear system. The code is based on a potential model of a Woods—Saxon, a Gaussian, or a M3Y, type. It can be used to
calculate nuclear reaction rates in numerous astrophysical scenarios

o !-". ma d cap

¢ un rur"u ul
md \

—tr 175 .

Codes:
TEDCA

https://nucastro.orqg/
codes.html#TEDCA

DIRCAD

RADCAP

http://cpc.cs.qub.ac.
uk/summaries/ADSH
vl 0.html

It requires, at least,
to know the
spectroscopic
factors

S = |( "Bel*He+’He

2


https://nucastro.org/codes.html
https://nucastro.org/codes.html
http://cpc.cs.qub.ac.uk/summaries/ADSH_v1_0.html
http://cpc.cs.qub.ac.uk/summaries/ADSH_v1_0.html
http://cpc.cs.qub.ac.uk/summaries/ADSH_v1_0.html

Theoretical Models for Nuclear Astrphysics — P.

Descouvemont

Estimation of the cross section / counts

Table 2.3 Classification of the main reactions involved in nuclear astrophysics.

Process | Examples | S(0) (MeV-b)
Non — resonant zLi(p,a)aHe ~ 3
fp =fmin He(d, p) ~ 6 3 7
Nuclear Resonant Lr > Lmin 11B(p, «)®Be ~ 302 e a e
multiresonance 22Ne(a, n)2°Mg ~ 107 /
Subthreshold state ‘30(01, n)lﬁo ~ 10
Non — resonant SLi(p,7)"Be = 10_: @ S(O) = 01 kev barn
LR =fmin ;’zc(p:'Y);sN ~ 107 "
Electromagnetic Resonant r > enmin Be(p,v)°B ~ 2 X 10
multiresonance 22Ne(a, 7)**Mg ~ 2 x 108
Subthreshold state 12G(a, )50 ~ 0.5
o~ —25
Weak Non-resonant p(p,e+u)d =4 X %8
3He(p,e+ u)4He ~ 10~

Nreactions= Ninc Ntarget G(E)

G (17 keV) =2 x 109 b

1/2

27 =31.292,7, % (E en keV)

1mAe N, (*He) =3 x 10" pps
Nreactions =2 l year

~ 1020 2
Niarget 10 at/cm Not possible to measure

directly at EO



counts

Cross section measurement requirements

Riap > B

—

o T

cosm+ Benv

+B

beam induced

Environmental radioactivity has to be

considered (shielding)
+ Intrinsic detector bck

T~ Beam induced bck from impurities in
beam & targets — high purity and
detector techniques (coincidence)

3MeV < Ey <8MeV: 0.5 Counts/s

1,00E+00
1,00E-01
1,00E-02
1,00E-03
1,00E-04
1,00E-05

1,00E-06

(I

HpGe

0 2000 4000 6000

Ey[keV]

counts

1,00E+00
1,00E-01

1,00E-02 H

1,00E-03
1,00E-04
1,00F-05

GOING

s UNDERGROUND

0.0002 Counts/s

0

2000

4000

Ey[keV]

6000

8000

H. Costantini & http://luna.lngs.infn.it/



Exercise: Lowest accessible energy

If R, >0.0002 Counts/s

Lowest accessible energy? 3He(oc,y)7Be

0.25 mAe of *He = N, . (®*He)=10.75x 10" pps

N ~ 10" at/cm?

target

S(E=0) ~ 0.1 keV barn

Y Detection efficiency ~ 0.004



Solution: Lowest accessible energy

0.0002 = 0.004 XN _ x N

!

c=06.7 x 10! barns

0.1 l

o(E) =—exp(-2nn) =6.7 10™

target XO

1/2
2mn = 31.292122(5 =163.9X E

!

E ~ 100 keV



Laboratory for Underground Nuclear Astrophysics

Gran Sasso

* )

LUNA 1\
(1992-2001)@

50 kV \

LUNA 2
(2000->..)
400 kV

adiation LNGS/surface

Muons 106
Neutrons 10-3



LUNAII

rrrrrrr
‘‘‘‘‘‘

e
(e

v' I~500 pA for protons v Total uncertainty is £300 eV
I~ 250 pA for alphas between Ep = 100 + 400keV




Direct Measurement of 3He(o,y)’Be

Removable Cap

C l::()il Si Detlector
Lead | =
Beam Gas Inlet
“He 3He
0.7
mbar

[ead

1\
\\
14
)

H. Costantini et al. / Nuclear Physics A 814 (2008) 144-158



Counts

100

LA
\

429

Background

DC ->429

40K

DC ->gs.

214Bi

I\II

100

0

1500
Energy [keV]

2000

208T1

I lllllll

I IIIIIII

llllll

I

2500



Is there anything missing here?

G = N detected
NincN e X EFfiCiency
3H€(OL,’Y)7B€ | Removable' Cap
& F‘;Oll Si Detector
Lead =+
Beam

He

™

Lead

AN
)

Gas Inlet
SHe

0.7 mbar



What about the angular distribution?

3 ( )7 Removable Cap
He aly Be C Foil Si Detector
|
- I i
5] -e =— Gas Inlet
Calorimeter
_Lead o

W\

Measured only
around 0 = 55°

Total cross section based on theoretical predictions for the
angular distribution + extrapolations

W@)=14+aPi(0)+arP(0)+---,

where a1 and ap are the coefficients of the Legendre polynomials Pi(6) and P2(8).

Resulted in 2.5 % uncertainties...



S(E) [keV b]

o
~

0.6 [

o
tn

0.3 f

New results of Luna

Direct capture
calculated

\4

200 400 600 800
Energy [keV]

Measured down to 93 keV



Example 6

After the irradiation, the catcher was dismounted

and counted in close geometry subsequently with
two 120% relative efficiency HPGe detectors.

107+ 478

"Be
197F

Counts / keV / hour

0.0 0.5

Activation measurement 3He(*He,y)’Be
f 53.20 d
_;l_? HE—T=1/2 I:II
& Be T
¢ Q.=861.815
o =
g 5e ME T=112 o ATT.612 _10.52% 38
+0.8%
stahle S T2102 0 sp4sm 23
TLi
K-40
Bi-214
1.0 1.5

EMeV]

Bemmerer et al., PRL 97(2006)122502



Prompt/ Activation Results

LUNA results * Prompt
o Activation

0.58 - -

0.54 |
0.52 |
050 F 4+

042

S(E) [keV b]




Example 7

Indirect measurement
The case of °N(a,y)!°F

The main reaction producing '°F in the AGB stars
Rate not well know  (quasi) Impossible to measure directly!

Température E™ Mev) (MeV) J*
Te e

370 0,536 [ = 4,550 5/2+

207 0,364 [ = @ 7/2+

..................
2,3 0,018 [ = 4,032 9/2-
ISN +
4,0138 19
DW
=5, R RQY. S, =

\/L

Spectroscopic Factor

<19F*(4.377 MeV) \15N+4He>2

prediction
[, ~9x108 eV

Impossible to
measure directly!?




Measurement of 1°N(’Li,1)!°F

Two reaction mechanisms

Direct Transfer Reaction

Compound Nucleus

Li=o+t
/’ - Sa t 7|_| t
\
= > @ O ®
/
\"/\ \ /
o N ‘
'/ ‘\ / \ ‘
\\ /’
15N T 15 19+
19F* = 15\ + ¢ N F
exp 4
46 _gn (d—g) +C (d—g) Statistical @ High density
d€ dS2 ) pw ga d2 ) ysrp model of states




Calculate the Compound Nucleus with the
Hauser-Feshbach model

T x
—— Transmission functions

T IiTy  Branching to
Cir=—(20+1 :
f k2 7 )Eyij final state “f”
T (E,J)TH(E.J7)
o (E) =1 Z 27+ 1) .
7T+ 1) 2J +1 I (E)

Ingredients Codes
_ SMOKER, NON-SMOKER, THALYS, MOST,
- Nuclear Level Density SMARAGD, HSFB, PACE
- Optical potentials http://www.astro.ulb.ac.be/pmwiki/Brusslib/Talys
- y-ray strength functions http://nucastro.org/websmoker.html

Database: KADONIS


http://www.astro.ulb.ac.be/pmwiki/Brusslib/Talys
http://nucastro.org/websmoker.html

Calculate the Direct transfer reaction
with the DWBA model

Distorted Wave Born Approximation
Reaction A(a,b)B

a=btx & B=A+Xx
HH» ____________________ ) ). ——
incident wave E = ya lub kb l z |n2
spherical scattered wave dQ (2” hz )2 kl (ZJA + 1)(250 . 3 1) M, Mgm,m,

TDWBA(Qa(D) e J'X;)(Eﬁ ’Fﬁ)* = B9b |W\A,a > IS)(]-‘.a ’Fa) d3fa szﬂ'
\_'_’ \ ' )\ J

Form factor

Elastic scattering
wave function
A(a,a)A

B(b,b)B

<BblWAa> = I‘P;‘P; WYY, d&
\ ]
! Internal wave functions W= Vi




Cross section (a.u.)

10%

103

10°

101

100

Spin matching

£=0,1/2+
— ¢-2,5/a+
— (=4,9/2+

£=6,11/2+]
— £=7,15/2- "

6 7 8 9 10 11 12
Beam energy (MeV/u)

-

V(r)a(r)

gl sy Vg by bp g i pppt g N psgigrp i i
65 1 45 2 25 oS 35 4 _ 45 5
r (fm)

Programs:

DWUCK
PTOLEMY
FRESCO

http://www.fresco.org.uk/



http://www.fresco.org.uk/

Satchler, Introduction to nuclear reactions

Angular distributions

DIFFERENTIAL CROSS SECTION

DIRECT

90
SCATTERING ANGLE (deg)

180

Compound nucleus, no
preference for left or right,
symmetric around 6 = 90°.

That is not the case for direct reactions.
Often peaked at 0°.



Results

T

gl AR llll

5 [ (0 [ lllll'

“ua,
N

10

do/dQ (ub/sr)

| IIlllll

E, = 1.46 MeV
S= 0.2

do/dQ (ub/sr)

Hauser-Feshbach

DWBA

10

L = 4.377 MeV

(s_omz

N=2 L=3
Lg = 2.3.4

.............

|} L) TYYTYYI

l’TI

s L8 1 s d-1
20 40 60 /80

[y =(1.5"53)x1077 eV
(Orsay - 28 MeV)

Ref. ‘Determination of alpha widths in 1°F relevant
to fluorine nucleosynthesis’
E. de Oliveira, A. Coc,et al.

Nuclear Physics A 597 (1996) 231-252



Example 8

Predicted Gamma-ray flux

Uo{}ﬁl E T L TT1‘r T

0.0001 &
E
r
1

10-®

10-*

24h

F(phot/cem®/s/keV)

10-7

Lo-*

0.1

E(MeV)

478 keV

i li..l.ll:.l.l

Novae explosions

18F [+ decay

* Large Uncertainties remain, especially in

'5F(p,00)!%0

* Reaction rate is determined by resonant
contributions from states in the compound

nucleus 19Ne

M. Hernanz, J. Jose, A. Coc, J. Gomez-Gomar, and J. Isern,

Astrophys. J. 526, L97 (1999).

A. Coc, M. Hernanz, J. Jose, and J.-P. Thibaud, Astron. Astrophys.

357, 561 (2000).



Bardayan et al, Phys. Rev C, V63, 065802 (2001)

A S AP I AT PR,
f ,
fé » g
g 7 Window
%
‘ ;?; § l ) Cathode 7
7 2 7
e
=0 .
I e il =18 7
. Target 7 ﬂ[g F
/ AM f,é Anodes /]
. SIDAR - g — .
A % v ) )
| Target Chamber 7l 7 Gaslonization Counter
T e A R ,ﬁ A A A A AT R A H A AV R P A

15

Hydrogen rich target
H(*4F.p)'F
H(18F,a)150 H WF

10 % of 18F ‘

Using a thin target and changing the i ... losties

beam energy by small steps o 2 4 6 8 10
Heavy Recoll Energy (MeV)

Beam polluted

10_- ‘ N 1H(130,a)15N

L




Yield (arb. units)

do/dQ (mb/sr)

2000

1750 -

—
[#2]
(o]
o

1250 -

20 -

Rutherford

18F+p

40

1H(18F,p)18F

500 550 600

650
E.. (keV)

700

750 800

Direct Coulomb Scattering
> 18F + p

L, 19N e” _J

Compound Nucleus

Position = E,

Width of the peak =T

Analysis of the
spectra through the
R-Matrix formalism



R-matrix formalism

A=6 Ey= 7812
MeVv
5 34.48
R
4 043 fo e NN f———
3 2660 Voo N L
2 -4406 V=
I 5279 ke oo o N

Fia. 2. The first six standing waves of the square well, con-
structed with a boundary condition number (b = 0) appropri-

ate to low-energy scattering.

m
7=
Scattering <€
dueto a where
hard sphere
of radius R,

Read
Voat, Erich Rev. Mod. Phys. 34 p72
Charity Eur. Phys. J. Plus (2016) 131:63

Because the X, form a complete
orthonormal set of functions, the actual
wave function ¢ may be expanded in terms

of them
¢ = Z:a X

The scattering of s-wave neutrons by a square well :

12

I'y

- 1.1y _ikR
2sin kR e — —— —

\_'_I

(Ey — E + A)) — 4Ty

Iy = 2kR.vs
A = by

vy = (#*/2mR)| X\ (R)|® = reduced width

it


https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.34.723
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.34.723
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.34.723
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.34.723
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.34.723
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.34.723

The multichannel R-matrix code AZURE

Only for Relatively low density of states

PHYSICAL REVIEW C 81, 045805 (2010)

AZURE: An R-matrix code for nuclear astrophysics

R. E. Azuma.'? E. Uberseder.>" E. C. Simpson.>? C. R. Brune.* H. Costantini.>> R. J. de Boer.? J. Gorres.” M. Heil.?
P. J. LeBlanc.” C. Ugalde.z’T and M. Wiescher?
' Department of Physics, University of Toronto, Toronto, Ontario M5S 1A7, Canada
2University of Notre Dame, Department of Physics, Notre Dame, Indiana 46556, USA
*Department of Physics, Faculty of Engineering and Physical Sciences, University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom
*Department of Physics and Astronomy, Ohio University, Ohio 45701, USA

SIstituto Nazionale Fisica Nucleare (INFN), Genova, Italy

SGSI Darmstadt, Planckstr. 1, 64291 Darmstadt, Germany
(Received 11 January 2010; published 26 April 2010)

AZURE2 -- C:/Users/deoliveira/Desktop/Programmes/AZURE/checks/12C(p,q)13N I'Z' (=] é

File Configure Documentation

Particle Pairs | Levels and Channels | Segments | Experimental Effects | Calculate | Plot |

Light Light Heavy Heavy Excitation Separation Channel
Particle Spin Particle Spin Energy Energy Radius
1 P 1/2+ 2c 0+ 0 1,9435 51
2 i 1+ 15N 1/2- 0 0 0

https://azure.nd.edu/downloads.php



https://azure.nd.edu/downloads.php
https://azure.nd.edu/downloads.php

a AZUREZ -- C;/Users/decliveira/Desktop/Programmes/AZURE/checks/18F(p,a)150_Des2

File Configure Documentation

Compound Nucleus Levels

Particle Pairs | Levels and Channels | Segments

Experimental Effects

Calculate | Plot |

Channels In Selected Level

Aclude Fix? LST;;EI
1/2+
' 32+
1/2+

Enérgy
[MeV]

6,08
7,07
7,9

m

Fix? Char'!nel
Pair
1BF4+p [0.000 MeV]

18F4 p[0.000
MeV]

18F+5 [0.000 MeV]

150 +a [0.000
MeV]

V]

s
i/2
3/2

3/2
1/2

Channel Configuration
8 3| Maximum Orbital Momentum

1 | Maximum Gamma Multipolarity

R Maximum Gamma Multipolarities
* Per Decay

Channel Details (select from list to view):

7.07 MeV level with spin 3/2+
transitioning wvia pair key #1
Channel configuration is
5 =3/2, 1 =0

Light Particle Spin: 1/2+
Light Particle %: 1
Light Particle M: 1
Light Particle G: O

Heavy Particle 3pin: 1+
Heavy Particle Z: 9
Heavy Particle M: 18
Heavy Particle G: O

Excitation Energy: O
Separaticn Energy: 6.
Channel Radius: 5

Partial Width: 15200 eV




J=3/2+

@ AZUREZ -- C;/Users/decliveira/Desktop/Pragrammes/AZURE/checks/18F(p,a)150_Des2

File Configure Documentation

| Particle Pairs | Levels and Channels | Segments

Experimental Effects | Calculate | Plot |

Segments From Data

X-Axis Configuration

#1: 18F(p,a)150 [0.000 MeV]

Segments Without Data

#1: 18F(p,a)150 [0.000 MeV]

Draw H Export... ] [ Print...

’CoM Energy

10 4

0,1

0,01

Cross Section [b]

0,001 4
0,0001

le-05

le-06 -

+| [ Use Logarithmic Scale

Y-Axis Configuration

@ Cross Section ©) S-Factor [¥] Use Logarithmic Scale

0,2

——————
0,5 0,6
Center of Mass Energy [MeV]

0,7

0,9




J=5/2+

@ AZUREZ2 -- C:;/Users/decliveira/Desktop/Programmes/AZURE/checks/18F(p,a)150_Des2 ' . llt"' (=] ﬂ
File Configure Documentation
| Particle Pairs | Levels and Channels | Segments | Experimental Effects | Calculate | Plot ‘
Segments From Data X-Axis Configuration Y-Axis Configuration
#1: 18F(p,a)1°0 [0.000 MeV] [CoM Energy '] [l Use Logarithmic Scale @ Cross Section () S-Factor [] Use Logarithmic Scale
10
1+
0,14
= |
— 0,01
Segments Without Data % 1
7]
#1: 18F(p,a)150 [0.000 MeV ph 1
(pa) [ 1 § 0,001 -
(Ij 4
0,0001
1e-054 *
1e_06_|""|""|""|""|' T T 1
0,2 0,3 0,4 0,5 0,6 07 08 0,9
Draw ] [ Export... H Print...

Center of Mass Energy [MeV]




Yield (arb. units)

do/dQ (mb/sr)

2000

1750

1500

1250

40

20

500

650
E.. (keV)

750

800

E, = 7076 + 2 keV

/=0 1/2+or 3/2+
- ['=39.0 + 1.6 keV

I,/I'=0.39 % 0.02

=



Interferences between two states

&8 AZURE2 -- C:/U: Desktop

Ul

RE/check i 18F

File Configure Documentation

‘ Particle Pairs | Levels and Channels | Segments | Experimental Effects | Calculate ‘ Plot

Segments From Data

X-Axis Configuration

Y-Axis Configuration

#1: ¥F(p,a)*0 [0.000 MeV]

Segments Without Data
#1: 18F(p,a)150 [0.000 MeV]

’ Draw H Export... ” Print...

CoM Energy ~ | ] Use Logarithmic Scale

Cross Section [b]

0,0001

104

2
=
|

=3

=
=
I

0,001 o

1e-05 4

1e-06 o

1e-07 -

T
0 0,2 04 0,6 08 1 1,2 14 1,6

@ Cross Section ©) S-Factor [¥] Use Logarithmic Scale

Center of Mass Energy [MeV]

@8 AZURE2 -- C/Users/ Desktop/P

URE/checks/essai_18F e

File Configure Documentation

Particle Pairs | Levels and Channels | Segments | Experimental Effects | Caleulate | Plot

Segments From Data

X-Axis Configuration

Y-Axis Configuration

#1: ®F(p,a)'®0 [0.000 MeV]

Segments Without Data

#1: F(,0)1°0 [0.000 MeV]

Draw | [ Export... | [ Print...

CoM Energy | 7] Use Logarithmic Scale

oss Section [b]

Cr

105

14

014

o
=
=

L

o
=3
=]
=

L

0,0001

le-05 4

1e-06 o

1e-07 o

@ Cross Section () S-Factor [¥] Use Logarithmic Scale

1e-08 -

0 02 04 06 08 1 1,2 14 1,6
Center of Mass Energy [MeV]

Two hypothetical
3/2+ states Iin
19Ne interfering

The sign of
the width
matters



Subthreshold resonance
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Subthreshold resonance
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Subthreshold resonance

ANCeXP = S x ANCsingle particle
S spectroscopic factor

Wave function can be

calculated with code dwu or RADCAP

s = G 3 |
_2: x2/ ndf 0.122/8999 0
0 -1.826 £ 0. P.
4| 2z L u,(r) = ANCP X W, o (=2K
_6;_
= 8
=| -0 : :
ok Fitted with the
14 Whittaker function
-16- for r—»oo
-18—
, 0 é 1‘0 1‘5 20 25 3‘0 3‘5 4‘0
\ ] r(fm)

|

Single-particle wave function 1°Ne =18F + p 2s1/2



Conclusion

This was just a brief introduction!
There are many more aspects to discover
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