%) CLab université R soenees

Iréne Joliot-Curie PARIS-SACLAY iversité Paris Cité
Laboratoire de Physique
des 2 Infinis

Overview of MUST2/MUGAST silicon array at GANIL

Colloque GANIL 2023
Girard-Alcindor Valérian - 1JCLab
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Presentation of MUST2/MUGAST @ université Wy

Iréne Joliot-Curie PARIS-SACLAY Université Paris Cité
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4cm
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Presentation of MUST2/MUGAST

MUST2:

300 um Si detector
4x4 Csl crystals

Up to 8 telescopes
In use since: 2007

Collogue GANIL 2023 - V. Girard-Alcindor
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Sciences
Université Paris Cité




Iréne Joliot-Curie

)C .. Presentation of MUST2/MUGAST unversitd yy s

PARIS-SACLAY Université Paris Cité

Laboratoire de Physique
des 2 Infinis

MUST2:
* 300 um Si detector
*  4x4 Csl crystals

* Upto 8 telescopes
Csl(PD) * Inuse since: 2007

4cm

DSSD 128+128
300um

MUGAST:

* 4 MUST2 telescopes (forward)

* 5-7trapezoid-shape 500 um DSSD (backward)

* 1 annular DSSSD (backward)

- = * 2 square shape 500 um DSSD + a 1.5 mm DSSD or 1 MUST2 (90°)
\“ i " i — *  First step toward the next generation Si detector: GRIT

W N * Inuse at GANIL since: 2019 ISOL + Fragmentation beam

"‘j\' ﬂi!‘ 5

“Lis -4 VAMOS 2019

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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Brief (recent) history of MUGAST at GANIL @D e w

Iréne Joliot-Curie PARIS-SACLAY

Last LISE (fragmentation) campaign:

* MUST2@LISE:
* MUST2 +2ZDD
* 4 experiments (2017-2018)
* 5 publications

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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Sciences
PARIS-SACLAY Université Paris Cité

Brief (recent) history of MUGAST at GANIL @ wnversE W

Iréne Joliot-Curie

Last LISE (fragmentation) campaign:

* MUST2@LISE:
* MUST2 +2ZDD
* 4 experiments (2017-2018)
* 5 publications

ISOL campaign:
*  MUGAST/VAMOS/AGATA:
* 5experiments (2019-2021)
* 3 Publications
* More to come!
* See talk of:
* Irene Zanon
*  Charlie Paxman

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



TJC Brief (recent) history of MUGAST at GANIL @ merstd Wi

Iréne Joliot-Curie

Last LISE (fragmentation) campaign:
* MUST2@LISE:

* MUST2 +2ZDD

* 4 experiments (2017-2018)
* 5 publications

ISOL campaign:
*  MUGAST/VAMOS/AGATA:
* 5experiments (2019-2021)
* 3 Publications
* More to come!
* See talk of:
* Irene Zanon
*  Charlie Paxman

PARIS-SACLAY Université Paris Cité

Experimental hall D6

CATS

0.08 mg/cmz carbon stripper

I:lECS \ N@
% z-spectrometer 5

CIME CSS2

¢

CSS1

New LISE campaign:

MUGAST + ZDD + Exogam
6+ experiments:
* 2 performed (2023)
* 4 scheduled (2024-2025)
* Currently open to GANIL PAC!

26/09/2023
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% IEIARIS-SeAcLAY € @ Université Paris Cité

The new LISE campaign:

2023-20267

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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PARIS-SACLAY

MUGAST@LISE campaign 2023-20267 @ université Wy

Iréne Joliot-Curie

Setup:

%z
[
=

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



)C... MUGAST@LISE campaign 2023-20267 @ e wes

Iréne Joliot-Curie PARIS-SACLAY Université Paris Cité

Setup:
*  CATS beam tracker

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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@ wnversté Wi

Setup:
*  CATS beam tracker

* 5trapezoidal DSSD (backward)
* 4 MUST2 telescopes (forward)
* 300 um DSSSD
*  Cslcrystals

y / ‘

MUGAST=DSS1T,

j

MUGAST - MUST 2

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



PARIS-SACLAY Université Paris Cité

MUGAST@LISE campaign 2023-20267 @ universitd y s

Setup:
*  CATS beam tracker

* 5trapezoidal DSSD (backward)
* 4 MUST2 telescopes (forward)
* 300 um DSSSD
*  Cslcrystals
* Exogam Ge y-ray spectrometer

MUGAST=DSS;

IIIIIIIII//— E:

MUGAST - MUST 2

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



TJ)C.-o MUGAST@LISE campaign 2023-20267 universite Wy g

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

PARIS-SACLAY Université Paris Cité

Setup:
*  CATS beam tracker

* 5trapezoidal DSSD (backward)
* 4 MUST2 telescopes (forward)
* 300 um DSSSD
*  Cslcrystals
* Exogam Ge y-ray spectrometer

*  0°Detection: ZDD from LISE ’?f
*  Drift chamber (DC) ‘ ) b !
e lonization chamber (IC) MUGAST DSSD A U — ,
) b | C IC  Plastics
»  Plastic detector | - Exogam
* Exogam

MUGAST - MUST 2

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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% IEIARIS-SeAcLAY € @ Université Paris Cité

Preliminary results of the

first two experiments

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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PARIS-SACLAY

Two-nucleon transfer: #Cr(p,3He)%6V @ wverst Wi

Iréne Joliot-Curie

M. Assié (1JCLab) PhD: Hugo Jacob (1JCLab)

e Beam: “8Cr at 30 MeV/u, 3x10° pps, 90% purity

* Target:CH, 5 mg/cm?

*  Reaction studied : #8Cr(p,3He)*V

*  Topic: Influence of deformation on neutron-proton pairing

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



v)C Two-nucleon transfer: 48Cr(p,3He)46V @ wsrste Wi

Iréne Joliot-Curie

M. Assié (1JCLab) PhD: Hugo Jacob (1JCLab)

e Beam: “8Cr at 30 MeV/u, 3x10° pps, 90% purity

* Target:CH, 5 mg/cm?

*  Reaction studied : #8Cr(p,3He)*V

*  Topic: Influence of deformation on neutron-proton pairing

Isoscalar
Deuteron-like
Y 993keV,J=1+T=0

Isovector
Yyv 0 keV, J=0+ T=1

“Cr(p,*He)*V

Lee J. et al. Ayyad Y. Phys. Rev. C, 2017.
Chong Qi and Ramon Wyss, Physica Scripta, 2015.

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor
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Two-nucleon transfer: 48Cr(p,3He)%tV D et Wi

Iréne Joliot-Curie PARIS-SACLAY Université Paris Cité

M. Assié (1JCLab) PhD: Hugo Jacob (1JCLab)

e Beam: “8Cr at 30 MeV/u, 3x10° pps, 90% purity

* Target:CH, 5 mg/cm?

*  Reaction studied : #8Cr(p,3He)*V

*  Topic: Influence of deformation on neutron-proton pairing

Ratio of cross-section

Isoscalar
Deuteron-like - “Ca “Cr SFe  %Ni
4 993 keV, J=1+T=0 i A
S 10 ' l
— - o
Yy + C

% T G UA b - T SR A
= ™ o et . .
I L g DWBA with np pairing
l_'—: A DWBA single particle
% 1 3 Experiments

Isovector W B R (U R

Yy V¥ 0 keV, J=0+ T=1 40 45 50 55

Mass of initial nucleus

“Cr(p,*He)*V

Lee J. et al. Ayyad Y. Phys. Rev. C, 2017.
Chong Qi and Ramon Wyss, Physica Scripta, 2015.
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Iréne Joliot-Curie

Two-nucleon transfer: #Cr(p,3He)%6V

M. Assié (1JCLab) PhD: Hugo Jacob (1JCLab)

e Beam: “8Cr at 30 MeV/u, 3x10° pps, 90% purity

* Target:CH, 5 mg/cm?
*  Reaction studied : #8Cr(p,3He)*V
*  Topic: Influence of deformation on neutron-proton pairing

Isoscalar

Deuteron-like

Y 993 keV,J=1+T=0

Y

y

A

y

Isovector

0 keV, J=0+T=1

“Cr(p,*He)*V

Lee J. et al. Ayyad Y. Phys. Rev. C, 2017.
Chong Qi and Ramon Wyss, Physica Scripta, 2015.

o(0+,T=1)/0(1+,T=0)

10

Ratio of cross-section

- “oca “Cr SiFe N
= A .

C diprnsscosnanssd N £
L s DWBA with np pairing

A DWBA single particle
Experiments

]lll]

PR |

L n 1 n " " n 1 n
45 50
Mass of initial nucleus

40

55

@

[ )
universite

PARIS-SACLAY

l& Sciences
Université Paris Cité

Effect of deformation on each pairing

d transfer probability

15

=
o

channel

26/09/2023
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Two-nucleon transfer: #Cr(p,3He)%6V

Iréne Joliot-Curie

M. Assié (1JCLab) PhD: Hugo Jacob (1JCLab)

e Beam: “8Cr at 30 MeV/u, 3x10° pps, 90% purity

* Target:CH, 5 mg/cm?

*  Reaction studied : #8Cr(p,3He)*V

*  Topic: Influence of deformation on neutron-proton pairing

Ratio of cross-section

Mass of initial nucleus

“Cr(p,*He)*V

Lee J. et al. Ayyad Y. Phys. Rev. C, 2017.
Chong Qi and Ramon Wyss, Physica Scripta, 2015.

Isoscalar
Deuteron-like - “Ca “Cr SFe  %Ni
Y 993keV,J=1+T=0 i A
S 10 l
— - .,
LA i + C

% T T s o - Sl FARR, A
= P . .
I L g DWBA with np pairing
l_'—: A DWBA single particle
% 1 E Experiments

Isovector T N T BB &4 5 5 9 3

Yy V¥ 0 keV, J=0+ T=1 40 45 50 55

@

[ )
universite @ Sciences

PARIS-SACLAY

Université Paris Cité

Effect of deformation on each pairing

d transfer probability

15

10

channel

*  Cr(p,2He)*V channel currently under analysis by Hugo... More to come soon!

Colloque GANIL 2023 - V. Girard-Alcindor
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MUGAST@LISE: Online performances @ unversitd Wens

Université Paris Cité

Iréne Joliot-Curie PARIS-SACLAY

48Cr(p,d)*’Cr online analysis:

Heavy nucleus identification in ZDD

"
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80001~

~
a
=3
=]
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6000

5500

AE in lonisation Chambers (Arb. Units)

5000

]

4000

200

T e el
27400 0
TOF CATS-Plastics (Arb. Units)

Gamma in EXOGAM (Doppler corrected + AB) with ZDD CUT

9

o
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=]

7

=]

%
O?

6

=]

=]
I‘HH‘HH‘HH‘HI\‘HH‘HH‘HH‘HH‘H\

5
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[=)

@
(=]

n
=]
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Courtesy of H. Jacob
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| MUGAST@LISE: Online performances universit y s

Iréne Joliot-Curie

PARIS-SACLAY Université Paris Cité

48Cr(p,d)*’Cr online analysis:

48Cr(p,d)47Cr kinematic lines

Heavy nucleus identification in ZDD

9000

1%}
o

HH‘HI\]\IH'\IHI\

%)
=)

E Lab (MeV)

HH‘HH‘.HH‘HH

25

20

. © N excited stat
15 . . . ER .
S e L ground
s T S N T S S AN T S S S AN S S S S A S S SN SR (N S S S SR (N S S
5 10 15 20 25 30

TS PN s S sEs o =N
27200 27400 800 820 'O
TOF CATS-Plastics (Arb. Units) e L(Jb ( )

48Cr(p,d)47Cr excitation energy

AE in lonisation Chambers (Arb. Units)

4000

Gamma in EXOGAM (Doppler corrected + AB) with ZDD CUT

Entries 22659
ground state ted state Mean 2754
exci Std Dev 3.119

9

o

1000

8f

=]

7
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Courtesy of H. Jacob
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v)C MUGAST@LISE: Online performances @ e Wi

Iréne Joliot-Curie

48Cr(p,*He)**Ti online analysis:

h

25 C Entries 64464

r Mean x 57.17

‘ Mean y 2.656

Std Dev x 57.63

20 Std Dev y 3.027
S 15 -
v C

< 10
[AE] E
< K
5 [
e R

0 [ o i e A S L NGVl R S LA e
0 50 100 150 200 250 300 350
E (MeV)

8000
7000 ¢
6000

5000

AE (Arb. Units)

4000

3000

400 27600 7800 28000
TOF (Arb. Units)

N [T F RN L

2

Courtesy of L. Dienis
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MUGAST@LISE: Online performances UnIVersite Y s

Université Paris Cité

Iréne Joliot-Curie PARIS-SACLAY

48Cr(p,*He)**Ti online analysis:

- __b A\
400 > ven 3809 W T o 3ems6
25 T - r\\/ Std Dev 685
: i 3 2 ¥ 3159
20 Sbevy  a6oy > = N %
i\ a Y o 300 ™ o 4+ N 2454.3
: 3 § I -
S 15 - > 3 . a(\l 2
[ C 2 E Q
T € 200 (gﬁ\ AN &
g 2 a ¢ 2+ " 1080.0
E (&) - N %)
5 E o
100 E q?
0 L T f_ 0+
0 50 100 150 200 250 300 350 of | Pty it
E (MeV) 0 1000 2000 3000 44T
8000 E, (keV)
7000 -
)
5 sooo§—
g 3
] soooé
S 4000 -
3000 -
ISR Crrvovers 55 s gl e ol Rl
27400 27600 27800 28000

TOF (Arb. Units)
Courtesy of L. Dienis
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o .e MUGAST@LISE: Online performances universitd y s

Iréne Joliot-Curie Université Paris Cité

PARIS-SACLAY

48Cr(p,*He)**Ti online analysis: -
400 F Entries 121940 7 b‘(b,\
25 ¢ Entries : 64464 E Z‘Za';s" 98:8? q’b 3645.6
T Vemy  Ses 2 v 3175.9
20 \ " e < 300 = _ 4+ \,";\\,
& - g ¥ 2454.3
< 15 - % - & . ‘ D
S 15 - < g A AN X
2 E 2 E LN,
z 10 - c 200 = ! AN Q‘b’b
= 10 3 3 X7 2+ > 1080.0
< o b O E )
100 ré”
0 e e B S T W AT f— 0+
0 50 100 150 200 250 300 350 N AN A ot rapiiy s
E (MeV) 0 1000 2000 3000 Ti
8000 E, (keV)
7000 ¢ 4000 -
£ - 3 CH, (5 mg/cm?)
£ 6000 - £ 3000F , . .
S <000 : S 3 \| Seemingly large “8Cr(p,*He)**Ti cross-section
< S 2000F Q' ] Not visible in the Carbon background!
w L- C \° . .
< 4000 2 < 3 (S To be investigated...
- 1000 LU
27400 27600 27800 28000 o= e v A S
TOF (Arb. Units) 04000 3000 6000 7000 8000
. IC sum (Channel) Courtesy of L. Dienis
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o .e Study of ¢8Ni by +1n and -1n transfer @ e W

Iréne Joliot-Curie

S. Koyama (GANIL), O. Sorlin (GANIL):

*  Beam:®Niat 18 MeV/u and 40 MeV/u, 10° pps, 80% purity
Target : CH, 5 mg/cm? and CD, 0.5 mg/cm?

Reaction studied : ®&Ni(p, d)é”Ni, ®8Ni(d, p)®°Ni
Phenomenon studied : SO splitting and N=40/50 shell gap

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



<™

PARIS-SACLAY

Study of ®8Ni by +1n and -1n transfer @ wverst Wi

Iréne Joliot-Curie
Laboratoire de Physique

S. Koyama (GANIL), O. Sorlin (GANIL):

*  Beam:®Niat 18 MeV/u and 40 MeV/u, 10° pps, 80% purity
Target : CH, 5 mg/cm? and CD, 0.5 mg/cm?

Reaction studied : ®&Ni(p, d)é”Ni, ®8Ni(d, p)®°Ni
Phenomenon studied : SO splitting and N=40/50 shell gap

2p, 1f and 1g SO splitting
Neutron Fermi surface at N=40

gv/2 —— 5L
s/ ——— Vacancy (v?)
(d,p) — 4
99/2 % B
. P1/2 2 Opposite to expected trend?
iﬁ 2 \ Occupancy (u?) \:_I 3t
P3/2 / (p,d) S 5 8Ni  sepj
frjg —— (d, ) Q -
. <
o
w4vr=1 N =40 1L n=1
58Ni: 40v + 28T 0 n-
1 1 | 1
O. Sorlin, F. de Oliveira Santos, and J.P. Ebran. 2020 0 50 100 150 200
O Sorlin and M-G Porquet. Physica Scripta, 2013 A
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Study of ®8Ni by +1n and -1n transfer

.
universite l& Sciences

PARIS-SACLAY Université Paris Cité

@

S. Koyama (GANIL), O. Sorlin (GANIL):
*  Beam:®Niat 18 MeV/u and 40 MeV/u, 10° pps, 80% purity
*  Target:CH, 5 mg/cm?and CD, 0.5 mg/cm?

go/2-0s/, spacing at N=40

*  Reaction studied : ®8Ni(p, d)®’Ni, ®8Ni(d, p)°Ni
*  Phenomenon studied : SO splitting and N=40/50 shell gap E 2 ., |5t P
= 4! I
2p, 1f and 1g SO splitting 8 N1 7 i
Neutron Fermi surface at N=40 . e ; e

tén © dsj 91 \

gv/2 —— 5 L -g -8 fin

s/ ——— Vacancy (v?) -g i i i

(d,p) . E 81012 14 2022 242628
99/2 @ % 4 + z Neutron Neutron
@9
. P1/2 z Opposite to expected trend? ol ds,
iﬁ 2 \ Occupancy (u?) o 3t [ /
- —~ . 21
D3/2 / (p,d) 9 5 8Ni s [ N=50
frjg ——— (d,1) Q - 4|
. ﬁ .
u?+0?=1 N =40 1L -1 6| i
%8Ni: 40v + 281 n- 404244 464850
0 1 L 1 1 Neutron
0. Sorlin, F. de Oliveira Santos, and J.P. Ebran. 2020 0 50 100 150 200
O Sorlin and M-G Porquet. Physica Scripta, 2013 A

26/09/2023
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AE (Arb. Unit

vC Study of ®8Ni by +1n and -1n transfer @ wnversté Wi

Iréne Joliot-Curie

68Ni(p,d)é’Ni online analysis:
6
5
S
v 4
2
w 3
Q
2
1
Ov IR 1l i B UL N U B O B IS
20 40 60 80 100
E (MeV)
11000
10000
9000
8000
7000 —
6000
5000 :_ ‘1;..1'|%,..wl.‘.;.1‘r.l.\..'.’.-1.1,.1'..'..1...
6000 000 8000 9000
TOF (Arb. Units)
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Study of ®8Ni by +1n and -1n transfer @ wverst Wi

Iréne Joliot-Curie

68Ni(p,d)é’Ni online analysis:
s g2
s 25
s ¢ - 1.71 MeV p3/2(?)
g > g Jor2
2 5 C : a(q
: =  0.69 MeV15/2 \\
ol . < oF \ P1/2
20 40 60 80 100 C 1 MeV g9/2
E (MeV) sE g-sp1i2 5.8 MeV {7/2 (?) f5/0
T f i e
| ’ T |
7 | L 2 0 2 4 6 8
5 9000 E, (MeV) f712
€ 800
= 7000
5000 : : ; S P1/2 — P3s, SO splitting
= “"6‘0'0’0"“""7'0’06'“""é(')'o'o“"“'éo'dd' . Partial filling of the gy, orbital See Ozaé Akt ter’
TOF (Arb. Units) ee Uzge AKlas poster's
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vC Study of ®8Ni by +1n and -1n transfer @ wnversté Wi

Iréne Joliot-Curie

68Ni(d,p)®°Ni online analysis:

11000 £

)

=
[=]
o
o
o

9000

8000
7000

AE (Arb. Units

6000

SN LRRRE AR

5000 U A S e SRR R
6000 7000 8000 9000
TOF (Arb. Units)

i S

*  Noselection in MUGAST yet
*  Selection of Ni isotopes in ZDD
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Iréne Joliot-Curie

68Ni(d,p)®°Ni online analysis:

9000

8000
7000

(%]
B

c
o]
o

=
<
w

<

6000

SN LRRRE AR RE;

5000

KEN T

FESTTES B
9000

PRI L A

i S

PP LI RIS b
7000 8000
TOF (Arb. Units)

TR B
6000

*  Noselection in MUGAST yet
*  Selection of Ni isotopes in ZDD

Study of ®8Ni by +1n and -1n transfer D woverseé

PARIS-SACLAY

See Ozgé Aktas poster’s

50

40

30

Arb. Units

20

10

g7/2

|||||III||IIII|IIII|IIII|[III|I|II|I|II|IIIIIIIII

ds/2

g.s. 0 MeV

Jor2

P12

f5/0

Deuteron breakup?

P32

0 10 20 f7/2
E, (MeV)

8o/2 — ds/; Spacing
89/2 — 87/, SO splitting ?

Only two visible states? Similar to previous experiments...

W

Sciences
Université Paris Cité
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Iréne Joliot-Curie % EAglls\-lseAgLsJ\F = @

What’s next?
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YcC.: MUGAST@LISE: Upcoming experiments @ unversité W s

PARIS-SACLAY Université Paris Cité

V. Girard-Alcindor, D. Beaumel: (To be scheduled in 2024)
Cluster structure of the ground state of light exotic nuclei beyond
alpha-clustering

Prediction of Sa for C isotopes

5 g S 06 spamZaf S 06 ‘
TBe o 11Be o . “ (@) Sq 0 0jx0
i ° 2(x2
-5 0 -5 0 o 24x2
2 o 4ix4

5 0.6 S5 0.6
-
=5 0 -5 0
5 0.6 5 0.6
-, " R
-5 0 =5 0

Q Zhao Eur. Phys. J.A (2021) 57:157

Z-W. Zhang and L-W. Chen, Phys . Rev. C 95, 064330 (2017)

OO ) 0050 o1 02 03
10° 10% 107 10 10‘:11() ’ neutl:on skin thiékness [fmj
B
Clustering in Be isotopes Expected triton clustering in neutron rich isotopes
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t)C... MUGAST@LISE: Upcoming experiments @ unversité W s

PARIS-SACLAY Université Paris Cité

V. Girard-Alcindor, D. Beaumel: (To be scheduled in 2024)
Cluster structure of the ground state of light exotic nuclei beyond
alpha-clustering

Prediction of Sa for C isotopes

5 g S 06 spamZaf S 06 4
"Be o 11Be o 3 7 @S« 0 0{x0
L ° 2fx2
-5 0 s 0 G
12 : 4?:4

5

R # 0 o0
=5
5

- EI
=5

0.6 5 0.6
0 -5 0
0.6 5 0.6
0 -5 0

Q Zhao Eur. Phys. J. A (2021) 57:157

Z-W. Zhang and L-W. Chen, Phys . Rev. C 95, 064330 (2017)

; a
S o soi3 ey 0.0 0.1 0.2 0.3
10°10% 107 107 10"10 neutron skin thickness [fm]
ng (
Clustering in Be isotopes Expected triton clustering in neutron rich isotopes

F. Galtarossa: (To be scheduled in 2024)
Evolution of the neutron 1d;/,-1d;,, spin-orbit splitting in N = 19
isotones and Fermi surface in 34Si
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FIG. 3: Pictorial representation (left) and graphic (right) of the predicted variation of the difference between the vpy/2-vps/2
SO splitting in *7S and in **Si as a function of the C?S of the 3/27 state at 1.981 MeV in **Si.
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MUGAST@LISE: Upcoming experiments

V. Girard-Alcindor, D. Beaumel: (To be scheduled in 2024)
Cluster structure of the ground state of light exotic nuclei beyond
alpha-clustering

Prediction of Sa for C isotopes

5 P,./2 0, P, 0.6 5 P, /2 P [ 06 4
TBe ¢ 11Be o H 0 Z (a) S¢, ° ‘2’3‘2
® 2ix
-5 0 -5 0 o 24x2
2 o 4ix4

5 0.6 S5 0.6
-, - |
=5 0 -5 0
5 0.6 5 0.6
|, -
=5 0 =5 0

Clustering in Be isotopes

Q Zhao Eur. Phys. J. A (2021) 57:157

Z-W. Zhang and L-W. Chen, Phys . Rev. C 95, 064330 (2017)
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Expected triton clustering in neutron rich isotopes

.
universite l& Sciences

PARIS-SACLAY Université Paris Cité

C. Diget, N. De Séreville: (To be scheduled in 2025)

Determining the thermonuclear 8Ne(a,p)?'Na reaction rate by
measurement of the ’Li(*®Ne,t)>?Mg(p)?'Na reaction

E,(**Mg) = 8.0 MeV (2+)

— 4 MeV/u
10k — 5 MeV/u

aorase (morsr)

3
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.

60
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Figure 1: Differential cross section for 2+ state with C2S = 1 (left); triton kinematics for 22Mg resonance
(middle); and heavy-ion (22Mg) angle against triton angle (right).

F. Galtarossa: (To be scheduled in 2024)
Evolution of the neutron 1d;/,-1d;,, spin-orbit splitting in N = 19
isotones and Fermi surface in 34Si
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FIG. 3: Pictorial representation (left) and graphic (right) of the predicted variation of the difference between the vpy/2-vps/2
SO splitting in *7S and in **Si as a function of the C?S of the 3/27 state at 1.981 MeV in **Si.
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MUGAST@LISE: Upcoming experiments

V. Girard-Alcindor, D. Beaumel: (To be scheduled in 2024)
Cluster structure of the ground state of light exotic nuclei beyond
alpha-clustering

Prediction of Sa for C isotopes
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Clustering in Be isotopes

18C

Q Zhao Eur. Phys. J.A (2021) 57:157

Z-W. Zhang and L-W. Chen, Phys . Rev. C 95, 064330 (2017)
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universite @ Sciences

PARIS-SACLAY Université Paris Cité

C. Diget, N. De Séreville: (To be scheduled in 2025)
Determining the thermonuclear 8Ne(a,p)?'Na reaction rate by
measurement of the ’Li(*®Ne,t)>?Mg(p)?'Na reaction

Kinematic Plot Angular correlation
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Figure 1: Differential cross section for 2+ state with C2S = 1 (left); triton kinematics for 22Mg resonance
(middle); and heavy-ion (22Mg) angle against triton angle (right).

F. Galtarossa: (To be scheduled in 2024)
Evolution of the neutron 1d;/,-1d;,, spin-orbit splitting in N = 19
isotones and Fermi surface in 34Si
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FIG. 3: Pictorial representation (left) and graphic (right) of the predicted variation of the difference between the vpy/2-vps/2
SO splitting in *7S and in **Si as a function of the C?S of the 3/27 state at 1.981 MeV in **Si.
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A. Machiavelli, M. Assié: (To be scheduled in 2025)
The tetra-neutron Isobaric Analog State in *H : The case for the
6He(p,3He) reaction

i SHe(p,*He)*H  AT=0,1

Excitation Energy for 6He(p,3He)4H

Duer et al. T=2 4nIAS 900[—
Zi ]H‘ “nT=21AS
L [l
D 500
> b JI’J Ile

i
.
=

_ e
1002 T=1 resonances H;L\L

L I I I L
-10 -5 [ 5 10 15 20

Excitation Energy (MeV)

ar

T=2 state cannot decay to t+n nor d+2n |

L p+3n Look at “H 3He plusa
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o
Iréne Joliot-Curie % EAQJSYSeAELSJ;t e @ Université Paris Cité

GRIT

2026/27-?
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t)C... GRIT - AGATA@SPES: 2026 - ? @ e wes

PARIS-SACLAY Université Paris Cité
Laboratoire de Physique
2 Infinis

GRIT: Granularity, Resolution, Identification and Transparency

» ~4n silicon detector

* Coupled to AGATA

* Missing mass

« With PSA identification

2000

punchthrough

u.)

1000—

Imax (a

'5"“1|o""15"
Energy (MeV)
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Sciences
PARIS-SACLAY Université Paris Cité

GRIT - AGATA@SPES: 2026 - ? université gy

~41 silicon detector VoY Tgen
« Coupled to AGATA S a
* Missing mass \\\\

« With PSA identification ‘o /' 2\

2000,

u.)

1000

Imax (a

Integration challenge:
* GRIT is inside the 450 mm sphere of AGATA
* 90 electronics card
* 24 silicon detectors
» To be ready in 2026/27

Energy (MeV)
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Summary and next steps @ unverstd Wi

Iréne Joliot-Curie PARIS-SACLAY Université Paris Cité

MUGAST GRIT AGATA?
EXOGAM GRIT EXOGAM?
LISE @GANIL ?
@GANIL

2017-2021 2027220307 R

What has been done:
11 Experiments
7 published articles (2 submitted)
Broad range of topics (shell-model, astrophysics, drip-line...)
Combination of Light-particle + gamma-ray + Residue detection
Coverage of forward + backward angles

What is coming:
4+ experiments with MUGAST@LISE
GRIT@SPES with AGATA
GRIT-AGATA@GANIL?
GRIT-EXOGAM? GRIT-EXOGAM-PARIS?

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor 17/18
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Iréne Joliot-Curie @ EAQJS\_/SGAE LS AIJ: € @ Université Paris Cité

Thank you for your
attention!

Collaboration:
IJCLab Orsay: M. Assié, D. Beaumel, Y. Blumenfeld, N. De Séréville, V.Girard-Alcindor, J. Guillot, F. Hammache, H. Jacob, A.Korichi, L. Lalanne, I.
Stefan
INFN-Padova, LNL: D. Brugnara, J.Casal, F. Galtarossa, A Goasduff, A. Gottardo, D. Mengoni, D. Testov

INFN-Legnaro: A. Raggio, A. Montanera Piza, |. Zanon

INFN-Milano: S.Leoni, B.Million
GANIL: E. Clément, A. Lemasson, D. Ramos, M. Rejmund, O. Sorlin, F. de Oliveira, C.Fougeéres, G. De France, B. Bastin, S. Leblond
LPC Caen: F. Delaunay, J.Dudouet, F. Flavigny, C.Lenain, A.Matta, F.Noury, N.Orr
IRFU-CEA-Saclay: M.Siciliano
IPHC Strabourg: K. Rezynkina, G. Duchéne, F. Didierjean
University of York: C. Diget, A. Laird, J.S. Rojo
University of Surrey: W. Catford, G. Lotay, C. Paxman
HHNIPNE Magurele: R.Borcea, F. Rotaru, M.Stanoiu
University of Santiago: B. Fernandez-Dominguez

University of Valencia: A. Gadea
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J)C ;
Iréne Joliot-Curie % EAQJSYSeAELSAI\F e @ Université Paris Cité

BACKUP SLIDES

26/09/2023 XX/18



)C MUST2@LISE: 2017 - 2018 unversitd yy s

Iréne Joliot-Curie
Laboratoire de Physique

Experimental hall D6

CATS

0.08 mg/cm2 carbon stripper

0 N\ o L
59K B8

CIME CSS2 CSS1

PARIS-SACLAY Université Paris Cité

CATS CRYPTA

* 4 -8 MUST2 telescopes * 4 experiments (2017-2018)
*  Cspl + LaBr3 y-ray detectors *  Shell model

* 0°Detection (MUST2 or ZDD) * Drip-line

* Cryogenic target compatible * Clustering

26/09/2023
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MUST2@LISE: 2017 - 2018 UnIversité ) s

PARIS-SACLAY Université Paris Cité

0. Sorlin, D. Suzuki, M. Assié: Colossal mirror energy difference between 3¢Ca and 3¢S evidenced through transfer reactions

Topic: Shell model PhD : L. Lalanne e
Reaction: 3’Ca(p,d)3¢Ca and 38Ca(p,t)3¢Ca e ")) TCapd)yCa fy ot 3 Tl — —
Goal: Study of MED between 36Ca and 3¢S T e salf = 1
Specificities: Use of LH2 target (S. Koyama et al., NIM A 1010,165477 (2021) g 2 4
200~ 0.66(14)
Motivations: B P ey
* Colossal MED (-700 keV) predicted between 0*; and 0*, states in 3¢S - 36Ca ;,oé_lé) :;cg,d\g"ca
H F E, +S,[Me
* Explained by the very different configuration between the spherical ground S b e ‘b
state and the intruder 0%, state - Valiente-Dobon et al., PRC 98 (2018) pi A R C
et L 38Ca(p,t)**Ca
3 1oof c) mCa(p t)"‘Ca d) 1<E,<2 MeV _,og = IS T —
Beow—s 2~ 5410 25— 5331 MED (keV) i =l 15 o K Bl U
0%~ F483017) 2 § of F
23-’_\4 71 (9) 2>—<4 577 +133(90) 3 3 107} &
FrNa24@ L 4523 -280(41) E Myl LN
> £ 3346 -516(130) e L b tae e
(2)‘_,_\_4%2‘?‘?1;)/{ 3205 -245(5)
S o "_I:ZZZZZZZZZ.
a * -500 keV MED for the 0*, the largest one ever observed

* -250 keV MED for the 2+ and 1+ states.
e 1sttime evidence of MED breaking in shape coexistence

36 36
Ca Exp. S Exp. L. Lalanne et al., PRL 129 122501 (2022)
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)C .. MUGAST-VAMOS-AGATA: 2019 - 2021 S A

Iréne Joliot-Curie PARIS-SACLAY Université Paris Cité

Laboratoire de Physique
des 2 Infinis

MUGAST AGATA

2 PPAC * (0°Detection: VAMOS
2DC * AGATA Ge y-ray spectrometer
..\Ss I « 4 MUST2 telescopes (forward)
I I » 5-7 trapezoidal DSSD + 1 Annular DSSD (backward)
.{".\ﬁ * 2 Square DSSD or 1 MUST2 at 90°
% * Cryogenic-target compatible
6 lon. Ch.
* 5 experiments (2019-2021)
*  Shell-model
* Drip-line
* Nuclear astrophysics
26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor XX/18




Active area 70 mmx70 mm

Cathode :28 evaporated
strips, 2.34 mm wide

Charge signal

CATS1

26/09/2023

Anode: 71 wires connected,
10 micron diameter
Time signal

(X2,Y2)

CATS2

target

[ )
universite

PARIS-SACLAY

Mask on CATS:

(XTYT)

XM2 vs YM2
15 XM2_YM2
SoF Entries 22971
> [ E o 4 Mean x—0.1181
100 - . “Meany s.921
F % & & & %  |RMSx 8983
r & RMSy 8448
5? # # # & £
oF
SRR R R R
s s o8 e s
10: &
T T S T
£ a5
o ® & ®
I I B |l L
-5 -10 -5 0 5 10 15
XM2
- XEYE
> Entries 1347431
[ Meanx 1.163
20/ Meany -2.248
r - |[RMSx 9047
* |RMSy 6736

W

Sciences
Université Paris Cité
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vC.: Gamma spectroscopy —_—

PARIS-SACLAY Université Paris Cité

EnergyAddBackDoppler {Si_E>088Cs|_E>08&IC_ZDDRaw{0]>04&IC_ZDDRaw{1]>08&IC_ZDDRaw[2]>08&IC_ZDDRaw[3]>08&IC_ZDDRaw{4]>08&TAC_CATS_PL > 0 8& CUT_Cr}

- N h

90— a¥ Entries 66707
E & o Mean 605.1

sol— | & o Std Dev 396
- & N
- Ly T A
- 9 N

o 2 A
- . 8 ¥

S E R S A ¥
— ,\0‘ 2 @ i

50— 2" Q & R ~
I © o N4
Y & RS

40— & <
- & &
- A

30— ‘ o8

20— | ‘
- | L

10— ‘ ! ‘

0 ‘j los 1 Il ‘ 1 Il ‘ Il Il ‘ Il 1 ‘ Il Il Il 1 ‘ Il Il | ! ‘
0 200 400 600 800 1000 1200 1400 1600
Exogam cluster Exogam clusters
X u .
. around the Example of online add-back doppler corrected spectra
before mounting .
trapezoids
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‘.l{)uctc A Particle identification @ unversité Wi

Labc oire de Physique

AE-E identification in MUGAST: AE-E + ToF identification in the ZDD:

e

hp
—>- 20:* Enties 134892
10cm () 18 o Mean x 43.32
E [ Meany  3.037
~ 16 [ StdDevx  41.6
wi o " |StdDevy 2998
DSSD 128+128 orny g 3
300um 141
12
10 :_ IC_ZDD_Sum:TAC_CATS_HF M ZDD_AE_E(PlasticCentral) Cocktail Beam
Ei 7| Entries  1.5102e+07 %10007 .
8n v | Tawl tedpps
» 500 RMS x 8307 = :
6 F | RMS y 92.47 800
4 - i 700
600
2F v g
o
0 40 80 120 160 200
E (MeV) -
100~ E
. . pe . . E . a A S I -
ToF |dent|f|cat|on also pOSSIble ol 1‘0806 T 3oc|006 )m(I)oo' L éoclootlj L éo&o& L oo 10000 11000 12000 13000 14000 15000 16000 .

with MUST2/MUGAST but not
used online

Damage to the central plastic due to direct beam -> bad AE-E:
-> identification AE - ToF CATS_HF (or CATS-Plastic)
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vC.: Decay station ® et W

PARIS-SACLAY

Isomer identification: ZDD Exogam

Implantation in plastics EXO_ZDD_A_C _
C Entries | 5.105651e+07
80000— run517(before tuning) Mean 535.1
Exogam 0° C Std Deyf 1746
8 70000— run520(after tuning)
60000—
soooof—
40000—
* Beginning of beam time, large contamination from 67Ni isomer 30000F-
N ) ) 20000E-
* Contamination estimated thanks to the decay station =
10000
: | 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
* Help diagnose and reduce the contamination ! 300 400 500 600 700 800

* The decay station is also of interest for reaction induces by isomers
* To estimate their production
* To subtract the “isomer-induced” background
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niversit Sci
% IEIARIS-SeAcLAY € @ Université Paris Cité

Highlights

MUGAST/VAMOS/AGATA
Campaign
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MUGAST-VAMOS-AGATA @ unuversit W s

PARIS-SACLAY Université Paris Cité

C. Diget, N. De Séréville: Determining the a+°0 radiative capture rate PhD : J. Sanchez Rojo

Topic: Nuclear astrophysics

Reaction: 1°O(’Li,ty)*°Ne indirect measurement

Goal: Important reaction for breakout from Hot-CNO cycle to rp-
process in Type | X-ray bursts

Specificities:

* High intensity beam : up to 108 pps

* High energy gammas (~4 MeV)

* Triple coincidences: background free !

Motivations:
Breakout to rp-process >O(a,y)°Ne and 8Ne(a,p)?*Na
Key beak-up route from the Hot-CNO
Start-up of Type | X-ray burst depends upon this reaction rate
Resonant reaction rate °O(a,y)*?Ne expected to dominate
through 4033 keV resonance (to be measured in AGATA)

26/09/2023 Colloque GANIL 2023 - V. Girard-Alcindor



vC.: MUGAST-VAMOS-AGATA @ o wis

PARIS-SACLAY Université Paris Cité
Laboratoire de Physique

des 2 Infinis

C. Diget, N. De Séréville: Determining the a+°0 radiative capture rate PhD : J. Sanchez Rojo

Topic: Nuclear astrophysics

Reaction: 1°O(’Li,ty)*°Ne indirect measurement

Goal: Important reaction for breakout from Hot-CNO cycle to rp-
process in Type | X-ray bursts

Specificities:

* High intensity beam : up to 108 pps

* High energy gammas (~4 MeV)

* Triple coincidences: background free !

19Ne in VAMOS + t inMUGAST

Counts / 25 keV

001 7 4 : FWHM - 40 keV
Motivations: 4oof— i
- Breakout to rp-process °O(a,y)*°Ne and 8Ne(a,p)?'Na % F
- Key beak-up route from the Hot-CNO =) "y
. Start-up of Type | X-ray burst depends upon this reaction rate ERN = I
- Resonant reaction rate °O(a,y)°Ne expected to dominate S F
through 4033 keV resonance (to be measured in AGATA) 100 —
0% T T R - T T 25#0“26'89?3056 586014000 14860 5000

Energy (keV)
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TJC. . MUGAST-VAMOS-AGATA Unversitd

@ Sciences
PARIS-SACLAY Université Paris Cité
Laboratoire de Physique

des 2 Infinis

C. Diget, N. De Séréville: Determining the a+°0 radiative capture rate PhD : J. Sanchez Rojo

Topic: Nuclear astrophysics

Reaction: 1°O(’Li,ty)*°Ne indirect measurement

Goal: Important reaction for breakout from Hot-CNO cycle to rp-
process in Type | X-ray bursts

Specificities:

* High intensity beam : up to 108 pps

* High energy gammas (~4 MeV)

* Triple coincidences: background free !

“Ne in VAMOS + t inMUGAST 3
5007, 25 FWHM = 40 keV
Lo = 4.8757 peV  [Mhiswork] S H
Motivations: 400}/ Brelimi 3;)0/(Stati'sticalt ‘Bf"'f:rf) mate]
1 o femat
- Breakout to rp-process °O(a,y)*°Ne and 8Ne(a,p)?'Na > (Prelmnany 20 N R 1
ﬁ 300: Pa = 24 j: 18 Mé/v [Prev. Work]
¢ Key beak'up route from the Hot-CNO > I Prev. Work: combined effort from
- Start-up of Type | X-ray burst depends upon this reaction rate g 200% laa’,‘j;gg'e'f':f ;ﬁg“;j%i@égg‘zgg%) B IR A e ey
. . &) =2 .
- Resonant reaction rate °O(a,y)°Ne expected to dominate i TorQpal. e 3215;253?;8%230?27308)
. I ythili et al., :
through 4033 keV resonance (to be measured in AGATA) 100 Tan et al., PRC 79:055805 (2009)
0_ - " PO P TR ee o n..lxlze.sg. LLLLLLLL [ N (I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Energy (keV)
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BC.: MUGAST-VAMOS-AGATA

[ )
universite

@ Sciences
PARIS-SACLAY Université Paris Cité

E. Clément, A. Goasduf: Lifetime measurements of the 24, and 3*, states in 200 populated by direct nucleon transfer

Topic: Shell model

Reaction: °0O(d,py) + DSAM

Goal:

* Constrain relative position of s, , and ds, in n-rich oxygen

* Probe the 3-body interaction

* Combination of DSAM + transfer to identify the entrance channel

Motivation : Oxygen drip-line anomaly explained microscopically by
including three-nucleon force contribution in the nuclear interaction.
Predictions : from Shell model and ab-initio (2N and 3N forces):

SM SM ab initio
d,, low. NN NNN

34+ 3+

3+ 7— rrrrrrrrr 27 fs

3 1

24 0(dsp)’ (s12) 3557 2+

& i -7 180fs 240fs 320fs 200 fs

n(ds)* T B

_______ / o 121s 11fs 10.5ps 11.7 ps

(dsp)* 2
n(ds,
1=10.4(4)ps
1673 @ Zfs :;Zn';nd, pri;k?{%nw G. Hagen, PRL 108 (2012)
0+ . Brown
n(ds,)* —1—
EXP
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Excitation energy (MeV)

Counts / 1 keV

PhD : I. Zanon

! ‘ 31»2;

iiniid: e

‘ @)~z

: . zHo;

2,27
20|
B N - v SN ‘ :
' 1500 2000 2500 3000 3500 4000
EnergyY (keV)
2 —— Data 3 F oat
[ D ) R " —— Data
15; %Slmulaﬂon §12;— I H %Z Simulation
‘0; P2+: 63+29-16 fS 5—: %/ , t3+: 55+16_19 fS
S | i ﬁ@% b
oL PRty EHH T L T
23‘90 24|oo 24|1o 24‘20 24‘30Ensrgy[k§‘\'ll 10 3530 3540 3550 3560 3570 3580 Enamﬂﬁkoew

* 2"t <predictions and previous measurements
* 3+t,, measured for the first time

* Strong constraints on the theoretical models

* Paves the way for similar measurements
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