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HISPEC-DESPEC at GSI-FAIR e 1

UNILAC SIS18
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SIS100

Spectroscopic studies both in-beam J J | _/
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Production of
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storage rings B planned facility
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Strength of HISPEC/DESPEC:
Use combination of unique detectors for complete spectroscopy of exotic nuclei with
yields as low as one ion per hour (~nb)

Key goals exploiting unique GSI-FAIR beams:
e Approach the r-process path along N=126: nucleosynthesis of heavy nuclei
* Evolution of the shell structure and exotic nuclear shapes in uncharted nuclear territory
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The FRS+DESPEC setup
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The FRS+DESPEC setup
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The FRS+DESPEC setup
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The DESPEC station

A. K. Mistry 33 (2022) 166662
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Cocktail
beam

AIDA: 8x8 cm? DSSSD tiles, 16384 pixels
bPlast: BC-400 plastic detector

Euroball: four 7-fold HPGe clusters
FATIMA: 36 LaBr;(Ce) detectors
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The DESPEC station

A. K. Mistry et A 1033 (2022) 166662
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lon—B—y correlations

lon—f3 correlations:

* Position condition - ion and B cluster overlap

* Time condition - dT(lon — ) < 51p

—y correlations:

* Prompt coincidence:

AT(y — B) < 100 ns
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INFN experiments in FAIR Phase-0 campaign
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INFN experiments in FAIR Phase-0 camp
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100 '
The *%¥Sn region NA
The 109Sn region is subject of a multitude of 5
experimental and theoretical studies to assess: 4
* the robustness of its double shell closure o
* the evolution of single-particle energies

* the role of proton-neutron pairing
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100 '
The *%¥Sn region NA
The 109Sn region is subject of a multitude of 4
experimental and theoretical studies to assess: 4
* the robustness of its double shell closure o
* the evolution of single-particle energies

* the role of proton-neutron pairing

48Cd isotopic chain - two proton holes in gq/, orbits
* B(E2) measurements of levels below seniority

isomers

* Beta decay spectroscopy studies
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28,100C(d Ievels’ lifetimes
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e Comparison with shell model calculations being
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t91Cd: first measurement of I and logft

Fusion-evaporation reaction
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t91Cd: first measurement of |5 and logft

Fusion-evaporation reaction
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101Cd: first measurement of

Fusion-evaporation reaction
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101 '
Cd: first measurement of |z and logft
' p
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INFN experiments in HISPEC-DESPEC in 2021
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Unstable nuclide

The A~225 region

Octupole deformation around A~225 ST

Il Closed neutron shell

* Locate low-lying 1- and 3- states % g e
* Measure reduced transition strengths e |

60
10—10

40

Proton number

Test of nuclear models for r process

* Measurement of ground state 3—decay
half-lives 2

* Determination of possible competinga. o # - - - v 2133

branCheS Neutron number
120 D. M. Siegel, Nat Rev Phys 4, 306—-318 (2022)
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Neutron capture

A~225 region
~ The r process:

* Neutron capture at a very short time scale as

T. Marketin et al., Phys. Rev. | Compared to B decay
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o
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50 ; i
40 - . ] * One of the main synthesis mode of elements
30 logyo T{)3°" /T FPM up to A~200

20 1 [ w3 0 a1 32 43 1

10 | | i * Three abundance peaks at A~80,130,195

(N = 50,82,126 shell closures)
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New P—decay half-lives in At and Po isotopes
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New [—decay half-lives in At and Po isotopes

%)
c
3 —+— Data
8 250 227 R n ——— Background fit
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50— 227Ra
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Experimental values [s]

Ion Qyaive [MeV] | Present work Literature
2ZTRn—22"Fr 1.32 167+1.4 ©20.2+0.4 (14)
29Rn—**Fr 1.87 11.8+1.1 “12%12 (15)
225 At—225Rn 2.71 158+1.3 =
226 At—226Rn 1.22 122+ 1.7 -
220po 5220 A ¢ 0.88 9+2 -
223po—223 At 3.65 7.8 +0.7 -

(MW, Kurcewicz et al., Nucl. Phys. A 621.4 (1997) 827-852
(2D. Neidherr et al., Phys. Rev. Lett. 102 (2009) 112501

21/06/24 Marta Polettini 11



Results and comparison with literature data
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* Rn and At new data points follow general trend
* Pronounced odd-even staggering in Rn chain
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New experiment at GSI in June 2024

Spokepersons: M. Polettini, A. |. Morales

Main goals:

= Obtain nuclear properties used as inputs into r-process network calculations
= Provide new data to test nuclear models towards the N=126 waiting point

|94Pb |95Pb IQGPb 197Pb |98Pb 199Pb ZOOPb 201Pb 202Pb 203Pb ZMPb 205Pb 206Pb ZOTPb

sPb

9P

2|0Pb 2||Pb

212pp 213pp 214Ph R15Ph
He He

IBSTI 194T| |95TI 196T| 197T| 198T| !99'” ZOUTI ZOITI ZOZTI 20ng 204T| 0 ZDSTI

2]

ZOBTI

2os| 210
(]

ISZHg 193Hg |94Hg |95Hg |96Hg lS'IHg 198Hg 199Hg ZODHg}ZO‘IHg ZOZHg

203Hg 204HgfosHg

20614
g

|91Au I92Au 193Au 194Au |95Au |96Au |97Au |95Au IQSAu ZOOAu ZOIAu ZDZAu 203Au 204Au

ZOSAu

Hg

25AU

2081 209H
.g .g

207Au ZDGAu

A A

|90Pt 191Pt IBZPt 193Pt 194Pt 195Pt 197Pt 198Pt !BSPt ZDOPt ZOIPt ZOZPt ZOGPt
@

24Py
[ ]

5Py
A

189 ‘“Ir““’zlr Tl 194 195|p 196)  197) 198, 199)p | 200)p |201), 202)p
A A

203)p
A

24r
A

aspt 27pt
HA A

21| 212T| 2187 |214T)|
He mO _©

210 2n 212 213
Hg " Hg P*Hg “°Hg

F°Au 2'°Au

P New experimental measurements on:

205
A

IBSOS 15908 |SDOS |SIOS ISZOS 19305 IMOS 15505 19608 19705 SSOS ISSOS ZDOOS ZﬂloS

IB7Re 158Re |59Re 190Re |91Re ISZRe I%Re 194Re 95Re ‘ISGRe |97Re lSBRe 199Re

IGGW 187W 1BEW 1BSW 190W 191w |92w 193W 194W IQSW ‘IBGW 197W

155Ta 186Ta 137Ta IBBTa 159’ra 19\7Ta 19|Ta lSZTa |93Ta |94Ta

1MHf |B5Hf 185Hf IETHf lBBHf IBSHf 190Hf

Focus on the Pt isotopic chain:

ZOZOS

20305

B New isomeric states
@ Lifetime of low-lying states

A B—decay half-lives and spectroscopy

* Trace the evolution of decay schemes between N=122 and N=129

» Search for a seniority isomer in 206Pt

w 3- -liv u i ,206, . u
* Ne decay half-lives measurements in 205.206,207pt gnd 207,208 5
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New experiment: online results
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Conclusions

B decay studies in the A~225 Po-Fr n-rich region and 1%0Sn p-rich region. The experiments
were performed at GSl in April 2021 using the FRS+DESPEC setup.

Obtained results:

 Study of low-lying states in 100.101,102C(d via B—delayed spectroscopy and lifetime
measurements in 98:100Cd

* New B-decay half-lives measured in 229.223Pg, 225.226At, good agreement with previous
measurements for 227.229Rn

Outlook:
* Two scientific papers and letters in preparation

* New experiment in N=126 region run in June 2024
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The DESPEC collaboration for the S496 experiment
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The DESPEC collaboration for the S460 experiment
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A quest towards the r-process waiting point

>10 ub
> 1ub 126 T

Answering to fundamental questions: "> e

* Exact location of r-process path for heavy 210 g
> p

elements *>10pb
* Role of first-forbidden f—decay
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- EEEEEE Po

* Role of delayed-neutron emission e
* Fission recycling T 1070 mb
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Nuclear physics inputs

e : , 120 | . .
* Key quantities in nucleosynthesis calculations: 10/ A~225 region L —
o nuclear masses —[3,,,Qp 100 - e | il
90 - ]
o decay rates —[beta and alpha lifetimes(,, Tg g 80
o [-delayed neutron emission —P, g 70 .
c L J
c 60
o 50 ]
o neutron capture rates =l (n,y), o(y, n) ° 40! ]
)
o fission probabilities 2 5 log1 TII%C /TlF/ézDM
20 | 3 2 1 0 +1 +2 43
10r LI [ I
0

100 120 140 160 180 200 220 240

neutron number
T. Marketin et al., Phys. Rev. C 93 (2016) 025805

Theoretical models show deviations in heavy n-rich nuclei

— Need for f—decay half-lives measurements in the N > 126 region
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The FRS magnetic spectrometer

Selection and transport:
Bp — AE — Bp

Identification:

Degrader

Wedge Ladder

L_II_IE
| e —
o — |

Disk

AE —[transmission mode
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. . - . Multi Sampling lonisation
lon identification Chambers (MUSIC)
Tnme PrOJectlon Chamber (TPC Plastic scintillator L LI et
| |
Z
AE « Z*f(B)
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lon identification

10*

ID plot produced via the measurement of:

* The ratio of mass number over ionic charge 102

A/Q

* The atomic number Z or the X position in the "

focal planes
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|dentification plot

) : Before . v" ToF and MUSIC calibration
o v’ Position calibration
o v’ Gain drift correction
1 v Angle correction at S2 and S4

A/Q

N e 10°
92; 10°
8“? 102
A/Q 10
A/Q resolution improvement: ~30%

Davide Genna, BSc thesis
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FRS analysis: study of charge states
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Implantation profile
AIDA

Implants

BPlastic up BPlastic down
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Secondary reactions in S4 degrade
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s4d 3 5
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Fission fragments contribution

 Implantation rate: ~103 pps per detector

* Fission fragments contribution: ~90%

N 100
90
80
70"
60
50
40
30

Y position (mm)

Y position (mm)

Y position (mm)

26 27 28 29 3
A/Q

X position (mm)
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ID plot for Dataset?2

AIDA1, 106Sb

AIDA1, 1065b

10*
10° "
10
10
1 é§
A/ Q ) 'aAIDA'ZiQSCd
Not-fully achromatic mode

High overlap in implantation
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Available theoretical models

Global models providing full B-decay tables for n-rich 120

isotopes: 110 -
100 f
qg, 90 -
2 80
* P. Moller et al. (2019) E 70
€ 60r
o ground state masses based on FRDM, § 50 |
o B-decay half-lives determined from QRPA g—_ :g I loglngg’C*/Tf;gDM
* T. Marketin et al. (2016) 20 B3 2 1 0 +1 +2 43
107 I [ [
o self consistent, microscopic description based on Vo5 W0 166 965 565 555

RHB

o even ground states computed for odd-A and odd-

odd nuclei

 E. M. Ney et al. (2020)

o microscopic description based on a global Skyrme

density functional

o Equal filling approximation applied to describe odd-

A and odd-odd nuclei

neutron number

T. Marketin et al., Phys. Rev. C 93 (2016) 025805

Small error in Q-value

— large effect on the Ty,

1
Sp(Qp — E*)®

T1/2 (0.4

240
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The S2 detectors

: L.

TPC21 SLIT  SC21 TPC22 SC22 Degrader

2 TPC detectors for position measurements

2 scintillators for TOF determination

XY slits

Degrader wedge
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The S4 detectors

] ¥ -
IZII:II:I

8 musica1  MUSIC42 l ST A Degrader 0

TPC41 TPC42 sca1 SCA2

2 TPC detectors for position measurements

2 MUSIC detector for Z measurements

XY slits

2 scintillators for TOF determination

Degrader
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Detectors along FRS
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The AIDA detector

DSSD tiles: 8 cm x 8 cm, 1 mm thick, 0.056 mm pitch

Data organised as:~ mplant Energy (VeV)

F 108

10° 10°

Counts

10*
102
10°

10?

10}
i 10

e x10% 1

x10°

1
6 8 10 12 14 16 18 20 0

Event number

DSSD layer number,

Strip XY

Position X,Y in mm

Energy (MeV for implants, keV for decays)

Energy X)Y

Cluster size X,Y

Time (10 ns precision for implants, 2 us for decays)
Time X,Y

Fast time (10 ns precision for implants and decays)
Stopped (if the implant is stopped in the DSSD)

1 1 1 1 1
10 12 14 16 18 20

Decay Energy (keV)

1
10 15
Cluster size
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The BPlastic detector

Two 3mm thick plastic scintillator coupled to SiPMs

* Energy info conveyed by a time over threshold spectrum

~ Plastic holder

* P mm——
b

- e e -
— e e T

A O A

One SiPM

* Timing measurements as time difference between two channels

Counts

A !
! |
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P N ST S S S
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o
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The vy detector array

6
o 30l
c T f
§ & ~ 3%, R~ 3% @ 1.3MeV
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20
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51
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MUSIC: calibration and gain-matching

N 92 N 92
5 - & 91:
€ oo € 90:
Z [ > 89—
Lo 881 Lo  88F
5 i 5 875
< 86 < 862—
85
843 84:
8 10 11 65"
Time (min)
Two methods:
e Offset calculated between the strongest Z
peak and the correspondent Z=89
* Linear calibration considering Z=87,88,89 .
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L
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1
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1
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Angle correction

* The ions’ trajectory is defined by their Bp, which has a
dependence on A/Q

x1 . . . .
d * Aberrations of beam optics — angular dispersion of
[0 x2
I ~10mrad
TPC1 TPC2

o

o
II\I‘\II\]III\ll\N!

S2 Angle (mrad)

III\‘\III[III\‘\III

3

)
\\\\‘II\\l\\\\‘\\\I

S4 Angle (mrad)
S4 Angle (mrad)

&

L
=)

Ao

21/06/24 Marta Polettini



S4 degrader thickness calibration

S4 deg Procedure:

SC42
“ * low intensity primary beam and varying the degrader thickness
* rate ratio between AIDA layers and SC41
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Calculated degrader offset:

AIDA/SC41 (Counts)
n
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~ 165 mg/cm?2.
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Specific setup for S496 bPlastl AIDA  bPlast2

Triple AIDA and bPlast RIB
« 24 X 8 cm?

v

e 384 X 128 strips (49152 pixels)

Smm 2mm 3 mm
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