de physique et ingénierie

Electric Dipole Transitions In Nuclei :
A Configuration Interaction Approach

Oscar Le Noan

IPHC Theory Group

Under the supervision of Prof. Kamila Sieja



IPHC

‘ de physique et ingénierie ‘

ConteXt l Université de Strasbourg Institut Plyridisciplinaire

LRASBOURG

Degrees of Freedom Energy (MeV)

LQCD
Q @@@ @ scale

(%]

: -

g A separation
& constituent

= 940

"5 q uarks neutron mass
a 770

9 mu—ent uarks PINESONMASS
fé{ cons q

Q

00 .
pion mass

ab initio™

baryons, mesons ( e
i)
i -—
kS 8 =
S CI proton separation '©)
= energy in lead (7))
Y
(e} A O
8 protons, neutrons m
k%
>
<
Qa DFT 1412
vibrational
state in tin
N nucleonic densities
Collectlve and currents
models 0.043
rotational

state in uranium

collective coordinates

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023 1/9



IPHC

‘ de physique et ingénierie ‘

ConteXt l Université de Strasbourg Institut Plyridisciplinaire

STRASBOURG

Degrees of Freedom Energy (MeV)

LQCD
Q QQQ @ scale

separation

quarks, gluons

constituent
quarks @ . .
770

v P meson mass
constituent quarks

00 .
pion mass

ab initio™,

Physics of Hadrons

=
O
— H
kS 8 =
S CI proton separation '©)
= energy in lead (7))
s [0}
12 protons, neutrons. m
k%
>
<
Q DFT 1.12
vibrational
state in tin
X nucleonic densities
Collectlve and currents
models 0.043
rotational

state in uranium

collective coordinates

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023 1/9



R o -
IPHC

‘ de physique et ingénierie |

C O nteXt Université de Strasbour Institut Plyridisciplinaire

,,,,,,,, — STRASBOURG

Degrees of Freedom Energy (MeV)

LQCD
0 @@ scale

A separation
constituent
940
uarks %
i E "0 Monopole  Dipole Quadrupole Octupole

v p Mmeson mass

constituent quarks
00 . T @
pion mass
.

ab initio™,

Physics of Hadrons

£ spurious state
@)
| S GOR
g 8 =)
g CI proton separation (@]
= energy in lead )
s Q
@ protons, neutrons m
2
& DFT 1.12 IV GMR IV GDR
vibrational
state in tin
. nucleonic densities
collective awcurents
models 0.043
rotational

state in uranium

collective coordinates

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023 1/9



Context

Degrees of Freedom Energy (MeV)

LQCD
0 @@ scale

(%]

§ e — separation
] constituent

= 940

‘s quarks e ouy s
@ 770

9 con: titu;nt uarks RANESONIMRSS
2 ——

Q

pion mass
.

ab initio™,

=
i)
it -—
3 8 =
S CI proton separation '©)
= energy in lead )
s Q
@ protons, neutrons m
D
>
<
g DFT 112
vibrational
state in tin
. nucleonic densities
collective 2 cuments
models 0.043
rotational

state in uranium

collective coordinates

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023

Monopole

Q

IS GMR

IV GMR

Dipole

@

spurious state

IV GDR

R o -
IPHC

‘ de physique et ingénierie |

Université de Strasbour institut Pluridisciplinaire
,,,,,,,, = Hubert CURIEN
STRASBOURG

Quadrupole Octupole




R8i | Faculté

‘ de physique et ingénierie

Investigating E1 transitions : Motivations e e e

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023 2/9



Investigating E1 transitions : Motivations oviatemon

e Fundamental point of view : nature of some low ‘
lying E1 resonances in neutron rich nuclei

(pygmy)

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023 2/9



Investigating E1 transitions : Motivations oviatemon

e Fundamental point of view : nature of some low
lying E1 resonances in neutron rich nuclei

(pygmy) /

e Investigating Ultra High Energetic Cosmic Rays
(UHECR)

Oscar Le Noan - Electric Dipole Transitions In Nuclei - 21/06/2023 2/9



R8i | Faculté

‘ de physique et ingénierie

Investigating E1 transitions : Motivations e e e

<>
e Fundamental point of view : nature of some low/ ‘
lying E1 resonances in neutron rich nuclei

(pygmy)

e Investigating Ultra High Energetic Cosmic Rays .
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e Nucleosynthesis applications (explainy
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Nuclei : Theoretical Description b

A-body quantum problem 1h % ’w> = H |77b>

Configuration Interaction model

Procedure :

1. Independent nucleon solution |n, l, ] , TN 7 7'3)

2. Definition of a valence space

3.  Building an effective interaction H|p) = E|yp) becomes H,p f|f(7)> = E|7’Z)

4. Effective hamiltonian diagonalization ANTOINE Code

Lanczos Algorithm
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Theory of electromagnetic transitions in nuclei “.,

Energy

e Characterized by : Energy, Angular momentum and
e Electric Dipole Transitions : J v 1

Ty = —1 7
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Theory of electromagnetic transitions in nuclei “.,

Energy

e Characterized by : Energy, Angular momentum and

Parity — Jf7r =1
e Electric Dipole Transitions : J Y= 1
To describe EM transition probability : Strength Function JT — ot

~ transition probability as a function of the excitation energy
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Aim : PDR characterization in Neon isotopic chain
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Results I : Study of Pygmy Dipole Resonance (PDR) i e

Aim : PDR characterization in Neon isotopic chain

: BN This work Is the PDR a collective mode ?
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Aim : PDR characterization in Neon isotopic chain
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PDR = Neutron skin oscillation ? ‘
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Aim : Build a E1 strength function database from
both experiments and predictions to investigate the
origin of UHECR
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Results IT : PANDORA Collaboration

Systematic photo-response predictions for light nuclei
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[Configuration interaction } [ Analysis code }

Strength function
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[ Extragalactic cosmic rays }

[ Isotopes abundances 1

Study of PDRintheNeon |
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Pygmy nucleon density - GS density
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Back up PANDORA

Pierre Auger Observatory

The observatory is a detector of high-energy
cosmic rays that uses two different techniques

The particles are also
recorded when they
The collision react with the water
inside an array of 1,600
surface detectors

between the
particles produces a
faint light captured
by four

Air shower

Source: Pierre Auger Observatory
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Observation for Reactions in Astrophysics
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T(E1)= 1.587
T(E2) = 1.223
T(E3)=5.698
T(EA) = 1.694
T(ES)=3.45

T(M1)=1.779
T(M2)= 1371
T(M3)=6.387
T(M4) = 1.899
T(M5)=3.868

-10"-E*- B(El)
10°-B*- B(E2)
+10*-E”- B(E3)
-10™*- E®. B(E4)

X lo-—ll.Ell,B(B)

10 E?-B(MD)
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Back up Regle de somme Thomas-Reiche-Kuhn (TRK) [isphrie gt |

51 = Z5u| (v Q110) |

Si on fait I’'hypothese d'une interaction a deux corps locale (pas
de force tensorielle) et qui ne contient pas de terme d’échange
(force de Wigner) :

| h° NZ
S1 =5 (01 [Q1,[H,Qu]] [0) = ——
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Theoretical Centroid | Experimental Centroid | Theoretical Width | Experimental Width

g | 20.79 21.79 | 4.86 6.20
2INe 21.18 5.37

2Na 21.50 20.55 5.58 3.17
g 22.01 20.47 5.79 4.45
2Tp1 22.20 21.42 5.96 3.95
g 22.10 20.58 6.18 4.07
3lg; 20.17 6.51

3lp 21.76 6.05

33p 20.90 6.21

339 21.27 5.89

353 20.25 5.80

3501 21.09 5.34

3T 20.06 4.98

3TAr 20.60 4.58

3 20.60 3.10
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