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Investigation of high spin structures in #4Ti and 4°Ca via discrete and continuum gamma spectroscopy using
NuBall2, PARIS, and Warsaw DSSD
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> Mean-field calculations - I. Dedes (IF) PAN, Krakéw), J. Dudek (IPHC, Strasbourg) ) 44T|
predict the presence of a new form of the nuclear octupolarity, which does not 16
involve the quadrupole degrees of freedom, ayo = 0 with @z # 0
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Covariant density functional theory(CDFT) calculations, energies

S of the calculated configurations relative to liquid drop reference.
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Covariant density functional theory(CDFT) calculations, energies
of the calculated configurations relative to liquid drop reference.
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Survival of large deformation
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The aim of the measurement:
High-spin spectroscopy of A~40

« Re-examine at high spins 4°Ca and 4Ti, to extend the known and unknown
structures up to or beyond the terminating states

* Evaluation of nuclear theories, as well as testing the hypotheses of the new
types of octupolarities predicted in these mass region (exotic shapes,
cluster models- a new approach to describe the nuclear matter)

* Link between the structures at high and low temperatures — combination
of NuBall2 and PARIS is a unique system



Experimental setup

Set-up: Nu-Ball2 + PARIS + OPSA

sy

Fusion-evaporation reaction: 110 MeV #*Mg+ 1mg/cm? 2*Mg

Gamma rays in coincidence with charged particles

Nu-Ball2: extension/termination of rotational bands

discrete y-rays

« PARIS - 72 phoswithes
« OPSA - 24 scintillators

PARIS: SD band feeding by high energy y-rays (>5MeV)
(E1, GDR)

OPSA: charged particle detector (a.,p...)
e reaction channel selection

* y—a correlations
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Experimental setup

Performed
June 2023

Gamma rays in coincidence with charged particles Set-up: Nu-Ball2 + PARIS + DSSD

Fusion-evaporation reaction: 110 MeV #*Mg+ 1mg/cm? 2*Mg

Nu-Ball2: extension/termination of rotational bands

discrete y-rays

PARIS: SD band feeding by high energy y-rays (>5MeV)
(E1, GDR)

Warsaw DSSD: charged particle detector




Collected data
v’ Mg is a very difficult beam
v Scheduled: 11 days ““Mg 24 enA

v' Collected: ~3 days, with much lower intensity

18



NuBall2 - Doppler corrected spectrum Sube s
s 3201

..@ >i10

= 1400_— 3369

3 - 168 1Cq

© 1200 [— 1204

1000 [ o o o |
— 2500 3000 3500 4000

L Energy [keV
800 LI gy [keV]

L 37
600 [

400

200

I Il 1 1 h— |

2500 3000 3500 4000
Energy [keV]

l 1 1 1

2000

0 Il Il Il Il l 1 1 1 1 l L 1 1 1 l 1 1 1
1000 1500

13762 — 13712

12815

12701 ————
2
8 42Ca
1725 X 11821 20 22
— 11405 {12%)
1165 g .
q al 9 o«
& gl g
10,12 10163 Y E
811 9786 o AH24
- = 2 2 e =2 452 7
5 |als = S - 810 9311
8 |29 3| 2| 209015 ¥ = S gE L
H 2 gass| 7 ¥ -V 1 aa4s 10"
Y k. “Ya|n= = EIE] y
ﬁazg?;—. al=]a Blg§ FEEEEE E
CIITE | N §
107 7am Y 'q o~ 7282 grany
o §'2 a3 QE
gallE alg Eg8 Y
o esod iy k1 A s L1 | EEELE
g Bam ] RaCIEI B
7Bl 2 s 3| arssasy
7- 5784 !253!@ g6 semy % % 2 E]
B s Mzl 3 [zl | wsems gzt ?
]
o o e I C e L EE
ngng =l 8|7 AL A  snas®
EEE(E| i I I .
5= aron L™ T B P 8| yaom 4 3
i ans 2 § = iy §)° ERENE] - T
PR mmr=c S =i ' gl 8 3
&* 31 Al o3 ¥ R - 3z544"
93 l 5
o 28 15 BN | A J El
" 1 ' 24242%
- §§ A = — 187 0%
* 153 Ty
"~ )
L

1

9



Y
Entries 5.792688¢
Mean H
NuBall2 - Doppler corrected spectrum Sibw S
- 3201
2 —
+ |
% 1400 — 3369 13762 — 13712
— 168
8 — 41Ca YT Ty 2
1200 __' 42Ca s X 11821 20C3 22
— 11405 {12%)
n 7 gl 3
1000 — [ L1 N J e ?
— 2500 3000 3500 ~ 4000 e ——
— u b E é gs gg 810 9311 g;l;
s00 Ll Energy [keV] BT T s g Tt || Mo
“Ya|n = - ol al+|a Ef2
— o[ Bl§E  E|zgz|gEiEg % oz
n 37 §HRE HagRling B
| R B 7416 Y ="
600 : §'§ v §‘§ (AR F-marlg ] ccans®
wu.‘a =T _
: ;zi!g s sst g g 575925 1 g
400 e CRENE EI 22T
1228 “Wﬁggg = CH B - r§ L BN P
1524 5 -nmngNNI e <} 3| yaom 4 3
4 aest B C!' sn'r.?ﬁ.& %_a o %
200 - s S50 S My S
K] IEER Y oy ¥ 254 4°
St i 11 ML s
; 5 C!-n' A o 24242%
0 AR T TR S [N T T ST N AT Y SN T S N SN N ST S NN ST T SN WO AT S M s st s e s o : il EfE: £ g S
0 500 1000 1500 2000 2500 3000 3500 4000 2 15 ry
Energy [keV] g E
07 0 e—

437 keV, 1228 keV, 1524 keV from #2Ca (3% of of oy, cross-section)
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For more gamma-gamma -> optimized DC-> NuBall2 angles i,



PARIS-NuBall2
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PARIS detectors

PARIS-NuBall2

Entries 3.210389e+10
Mean 876.3
Std Dev 860.6
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PARIS detectors

PARIS-NuBall2

* Only LaBr/CeBr part g 7
+ Add Nal and mixed part S "E
« Time window for events -
« Particle gatlng — DSSD GE PARIS matrix “ §_
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) Summary

>

N-SI-128 “Investigation of high spin structures in #4Ti and #?Ca via discrete and
continuum gamma spectroscopy using NuBall2, PARIS, and Warsaw DSSD” was
performed in June 2023 @ ALTO

It was very challenging experiment due to the very difficult beam 2*Mg and
different setup that originally planed — DSSD instead of OPSA

Collected statistic: the beam time useful for the obtaining physics results is ~3 days
with low intensity (of 11 days)

Statistic most probably is not sufficient to obtain all the proposed experimental
goals

> For the strongest reaction channel like #'Ca one can hope to obtain new results

Analysis is ongoing

Nucleu

Channel o [mb]
il 2pln 55
#Ti 2p2n 60
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4Ca a2pn 240
K 20p 110
IR 20pn 58
BAr 202p 68
3Cl 3ap 96
m 2.
(I |
- EHEN
N ¥ 1 [ ]
a | L] e
~HEN > =
anl =




Collaboration

M. Matejska-Minda, P Bednarczyk, M. Ciemata, A. Maj, |. Dedes, M. Kmiecik, K. Mazurek
Institute of Nuclear Physics Polish Academy of Sciences Cracow, Poland

P Napiorkowski, K. Hadynska-Klek, S. Panasenko G. Colucci, M. Komorowska
HIL, University of Warsaw, Poland

C. Hiver, G. Pasqualato, N. Dzysiuk D. Kalaydjieva, K. Stoychey, I. Matea, J. Wilson
[JCLab, IN2P3, Qrasy, France

Ch. Schmitt M. Stanoiu
IPHC Strasbourg, France IFIN-HH, Bucharest, Romania

and the TANDEM team
Acknowledgements for the NuBall2, PARIS and DSSD Collaborations, as well EURO-LABS TNA Support

@
iﬁ ‘b Cub NP

Iréne Jollot Curie




Thank you for your attention

gﬁ ®Cu.b

Irene Joliot-Curie

‘ \
% PARI$ \ PNDALHENAL SCIENCE CENTRE




