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Uncertainty budget

Many-pody truncation

* Comparison to PGCM-PT
* Only tested for low-lying exc

* Correlated to SRG and generator coords

Chiral. Order

* Good overall convergence
* Centroid relative error ~ 1,6 %

* Dispersion relative error ~ 9,8 %

Harmownic Oscaillator width

* Good overall convergence
* Centroid relative error ~ 1,6 %

* Dispersion relative error ~ 6 %

b 4 ,. 4
O % l' i'
)
.

* Strong centroid dependence ~ 10 %
* Dispersion relative error ~ 20 %

*  Truncates both H and many-body

0% * Empirical knowledge, two coords r and 3,
50 *  More systematic choice needed

Three-body Ereatment
O * NOZ2B approximation
* 1-2 % uncertainty in low-lying exc

* Not tested for giant resonances

Finnte basis Size Hawiltonian parameters
* Good overall convergence () o * LEC dependence of X forces
* Centroid relative error ~ 0,6 % — * Few interactions compared

* Dispersion relative error ~ 1,7 %

* @3, Not studied (14 safe for GS)

* Correlated to SRG
* Need for emqld‘;\tors (EC)
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Schrodinger equation
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Many-body truncation

Schrodinger equation Hl‘l’?) = EZ_\|‘{’?) Dynamical correlations mostly cancel out
PGCM reliable for low-lying collective
A-body Hilbert pace Exact solution spectroscopy
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Ab initio PGCM nicely reproduces the experimental data

Nicer description of the main resonance and fragmentation

Experimental data are useful and promising to test different many-body methods

Data are not unambiguous, i.e. higher resolution would be beneficial




Outline

Results 3

Multi-phonon states

Proof of principle

Realistic calculations



Multi-phonon states in 4°Tj

UI -,A
\R)
Tu:)- bzxouow
o stale
\.\ / /
I Wp——" AT WSV
\“‘:\_ .
|\‘
A l." - < L-
g - ‘ataul.
SRS et SR ——" A,
- \ X } R&mwcﬂ
\ __d
\ 3 ey
\ o
\ g « / o
AN LN Srowd tabe
e \/,/
: SR N

GRs can be interpreted as the first phonon of a collective excitation

20



Multi-phonon states in 4°Tj

Ula)] . « GRs can be interpreted as the first phonon of a collective excitation

T b « Higher phonons also exist  MulLti-phonon states

e
— —

20



Multi-phonon states in 4°Tj

AT | . . . L
Uta)] « GRs can be interpreted as the first phonon of a collective excitation

« Higher phonons also exist MulLti-phovnown states

One-dimensional PGCM calculation

80
46T 46T
s Ti B Ti
s 60 < 1,000
>
g =
F 40 2
o =
2 = 500
$ 20 9
‘ N

03 32 34 36 38 4 00 20 40 60 80
w [MeV]

r [im]

20



Multi-phonon states in 4°Tj

AT | . . . L
Uta)] « GRs can be interpreted as the first phonon of a collective excitation

.F""%“:"t‘%b‘\% « Higher phonons also exist MuLti-phovon states

One-dimensional PGCM calculation

80
V- 3
>~ 5Ti wTi
% 60 o™~ 3
Lué 40 ] 2
20 1 ! ’
“ AT
J 0 0 sl A LA
3 32 34 36 38 4 0 20 40 60 80
r [im] w [MeV]

e PGCM predicts high-lying states

20



Multi-phonon states in 4°Tj

¢ A : . . L
Uta)] « GRs can be interpreted as the first phonon of a collective excitation

oo « Higher phonons also exist MulLti-phovnown states

One-dimensional PGCM calculation

80
46T 46T
- Ti Ti
‘%‘ 60 o~ 3
W 40 &2
s 20 1 | ;
' ‘“ AL
04 * oo 03 32 34 36 38 4 0 g k B
2 Sy . : : . 0 20 40 60 80
f:f r [im) w [MeV]
= 02 ‘ / \ e PGCM predicts high-lying states
\‘ L "'.
\‘; e Close to the harmonic oscillator eigen-solutions
v 43‘/ 3 id 36 -.8.‘- \4

20



Multi-phonon states in 4°Tj

| « GRs can be interpreted as the first phonon of a collective excitation
— 1o, S0 ‘ « Higher phonons also exist MulLti-phovnown states
& |8 1‘. }\ J\ - —
— 4 /180 800 >
QL
W . Moo E One-dimensiondal PGCM calculation
=< ® O = o
T140 . 400 = 80
” ® ) i - 46T 46T
4 20 XN & B 60 3
— x ’ 7 ’I-;' §_ o~
w .
|2 =4 o £ A
0 20 4 60 8 ° . w40 :
w, MeV i g v
s 20 1 A :
= ‘ AT AL
04 '?Snn:nn'n 1 0 . 0 A |L - )
2+ phornn | /\ 3 32 34 36 38 4 0 20 40 60 80
z r () W [MeV]
82 BYANAY & W e PGCM predicts high-lying states
\ .'.
e Close to the harmonic oscillator eigen-solutions
VT8 32 34 36 3B 4 e Transitions maximised between neighbouring phonons

20



Multi-phonon states in 4°Tj

O [rmiamev 1)

SEQ)|0, _,

« GRs can be interpreted as the first phonon of a collective excitation
— Yoty Soo ‘ « Higher phonons also exist MuLti-phovnown states
|8 1‘. }\ J\ - —
— 4 /180 800 >
QL
W . Moo E One-dimensiondal PGCM calculation
= ® @ = o
. 140 - 400 @ 80
i <@ > - 46T 46T
T : 20 200 = 2 60 o 3
8 5 :
K — 0 . A
0 20 4 60 8 ° . w40 : ¢
w, MeV i g v
s 20 1 A :
= ‘ BB
[« Pocm ) |
800 Linaar 8t 0 0 A (e )
I . 3 32 34 36 38 4 0 20 40 60 80
600 ; r [im] w [MeV]
o & e PGCM predicts high-lying states
od BT e Close to the harmonic oscillator eigen-solutions
"/ 2 3 3 h e Transitions maximised between neighbouring phonons
. i 7 X Linear trend in the transition strength
[{n—=1reInd | = 1" 20
{ ' 2



So [fm*MeV—1]

800

600

400

200

Two-dimensional calculations

ol T

« 2-DPGCM in the (r, By) plane

21



So [fm*MeV—1]

800

600

400

200

Two-dimensional calculations

Experimental centroid

by Computed centroid

!!H

46T;

2-D PGCM in the (r, By) plane

Good agreement with experiment

21



So [fm*MeV—1]

800

600

400

200

Two-dimensional calculations

Experimental centroid

Computed centroid

',/

467T]

40Tj
41.74 3.607 fm
499 ED
- 1.36
20.80 3517 Im
592
3.483 Im

Breathing Mode

2-D PGCM in the (r, By) plane
Good agreement with experiment

Multi-phonon states observed

21



So [fmiMeV—1]

800

600

400

200

Two-dimensional calculations

Experimental centroid

Computed centroid

4
f ‘
: 4()Ti Oi
03

w [MeV]

40

[ntrinsic PGCM collective wave-function

46T

99 60

20.80

59 22

’

Breathing Mode

0" GS

0 GMRA

0" double rﬁ'mw

r = 3607 Im

3517 Im

- 3.4383 Im

2-D PGCM in the (r, By) plane
Good agreement with experiment
Multi-phonon states observed

Harmonicity well confirmed

21



So [fm*MeV—1]

800

600

400

200

Two-dimensional calculations

Experimental centroid

Computed centroid
t‘/ oMmputed cencrol .
:i 46Ti 0; 4t 74 .
99,60
0.36
0; 2080
59 22
1 \-/L o
10 20 30 40
w [MeV] Breathing Mode

Intrinsic PGCM collective wave-function

-GS

liemn\@, . I@b pi'-on;
P 4

o3

Radial vibvalion

03 0.6-03 ) a3

|
-

y = 3,607 Im

’

3517 Im

= 3.483 Im

Double vadial vibyalion

« 2-DPGCM in the (r, By) plane
« Good agreement with experiment

« Multi-phonon states observed

« Harmonicity well confirmed

6T 4

w, [MeV]

100

80

60

40

20

21

] [fm*MeV—1]

t
Yy

B(EQ)[0} — 0



So [fm*MeV—1]

800

600

400

200

Two-dimensional calculations

Experimental centroid

Computed centroid

i[ i |
1
i . y -
'l 4bTi 0; A1 74
99 60
. 0.36
05- 2060
\—/L 59 22
01

Intrinsic PGCM collective wave-function

) I@m%
»

03 0.6-0 g3

06-03 o4
Kadial vibralion

r = 3,607 fm

’

Breathing Mode

3517 Im

= 3.483 Im

Double vadial vibyalion

« 2-DPGCM in the (r, By) plane

« Good agreement with experiment
« Multi-phonon states observed

« Harmonicity well confirmed

46T A . I

Ti '. Transitions between
neighbouring phanons

- 100 =

60 %

80 =

7140 3 60

= i

2 O).

20 "

20 =

o

-

0 0 @
21



So [fm*MeV—1]

800

600

400

200

Intrinsic PGCM collective wave-function

Two-dimensional calculations

Experimental centroid

ted centroid
} Compu

—

l: 4()'”

U

10

20 30 40
w [MeV]

46Tj
0 aabid , — 3,607 im
3 ’ S
99,60
0.36
— 2
O e 3.517 Im
59 22
0, ; = 3.4831m

Breathing Mode

-] 0°GS

EGMH\Q, .
— /}6

o3

oo
— .12

1
-

o3 0.6-03

Radial vibvalion

g3 ue

Double vadial vibyalion

« 2-DPGCM in the (r, By) plane
« Good agreement with experiment
« Multi-phonon states observed

« Harmonicity well confirmed

46Ti 4 [Marevic, Regnier, Lacroix, PRC, 2023]
M 100 =
L9
,-'/' 5l >
ot o 2
oy £
= : =3
B v -} 40 4+
=g k== pi=] 20 "
o |l ' -
: 20 =
1 o
: o
i 0 O m
60 21



Outline

Results 3

From finite nuclei to Astrophysics

Preliminary incompressibility results
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From finite nuclei to Astrophysics
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From finite

nuclei to Astrophysics

Nuclear compressibility
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From finite nuclei to Astrophysics

Nuclear compressibility 300 |
- GMR =
2 200(
21/,2\ 2 <
PGCM £
0 I I
~ m " 1y 0 0.2 0.4
Ek — E] —_ A-1/3
Mi—2 Hig

Extrapolation to infinite matter
KA — Kvol + KSUI‘fA_l/3 + KCouIZ2A_4/3 + Ksym52
r=A"13

KA — Koo + Ksurfx

[Burrows, Baker, Bacca et al,, arXiv:2312.09782]

Ka [MeV]

300

200

100

\
QFAM E; \\ QFAM £;
| | | | | |
0.2 0.4 0.6 0.2 0.4 0.6
A—1/3 A—1/3

23



[Burrows, Baker, Bacca et al,, arXiv:2312.09782] o
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REACTIONS
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Conclusions and perspectives

Pe rspeati.ves

‘SPECTROSCOPY l
e Systematic comparison to new and existing exp data

Deeper uncertainty quantification (EC) O

‘OPEN-SHELL

Develop full symmetry-conserving QRPA J)

‘ UNCERTAINTIES
i More systematic choice of the GC *

‘ Take-away messages

© PGCM reliable tool for ab initio* spectroscopy [ AR , , ;.

& FA_Q,' - How is this even ab tnitio?

O Access to new observables and phenomena in ab initio
How do Yyou choose the collective coordinates?
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