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— Key to stellar evolution
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Image: Francl, M. Isotopic enrichment.
Nature Chem 11, 101-102 (2019)
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Elements

More complete
picture:
— Nuclear chart

App:
Isotope
Browser

Google Play

GSI / FAIR, Darmstadt, Germany
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Elements

More complete
picture:
— Nuclear chart

App:
Isotope
Browser

Google Play
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Afterglow Light
Pattern
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Inflation
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Dark Energy
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ryiannm

Neutron star mergers

Type la (SN1994D in

NGC4526) .

Accreting white dwarf

* Type Il (SN1987Am LMC)

GSI / FAIR, Darmstadt, Germany 8



p-process

rp-process

VP-process
neutron dripline

r riplin |l e
proton dripline i Image: R. Kriicken

fusion THE VALLEY OF STABILITY

Proton Number =———p

r'process [ The neutron side of |
i-h_ailiﬁn?h o5 E-.Tj:rn,mf .!::E:‘nhn: Pl

n:.,-.num :"E“: aren't sure where the {

!Il?lnmrtllh;uhlafg FlriEhnu lias N ]
=
Neutron Number ———» o
L

STABLE ELEMENTS
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FAIR

As if trying to climb using
unstable holds!

Among important experimental
data:

nuclear mass
reaction cross sections
lifetime (from ps to Gy)

Image: wikimedia commons

GSI / FAIR, Darmstadt, Germany 10



GSI and FAIR 51N
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GSI and FAIR =551

GSI / FAIR, Darmstadt, Germany 12



FAIR

GSI and FAIR 51N

SIS100/300

GSI / FAIR, Darmstadt, Germany 13



Schottky detectors @ GSI

Source

X
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100 Meters

Experiment and
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[l Experiments
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I
I
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UNILAC

GSI / FAIR, Darmstadt, Germany
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FAIR

From FRS

To SIS18

» Q

Quadrupole Hexapole
triplet magnets

Dipole magnet

Electron
cooler

™~ Resonant pickup

4 ~__ Quadrupole

RF-Accelerating Fast kicker
cavity magnet

Extraction



B. Schlitt, PhD Thesis 1997 F A I R
=== 1L
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B. Schlitt, PhD Thesis 1997 F A I R
=== 1L

From FRS

» Q

Quadrupole Hexapole
triplet magnets

Dipole magnet

Electron
cooler

Gas target

™~ Resonant pickup

4 ~__ Quadrupole

RF-Accelerating Fast kicker
cavity

magnet

Sanjari et. al. Phys. Scr. 014088 (2013)

GSI / FAIR, Darmstadt, Germany 16



B. Schlitt, PhD Thesis 1997 F A I R
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From FRS

Quadrupole
trinlet . ______magne

Dipole m

Gas target

T~ Resonant p

~__ Quadrupole
~— dublet

245 MHz LAY

Sanjari et. al. Phys. Scr. 014088 (2013) Sanjari et. al. Rev. Sci. Inst. 91(8), pp. 083303 (2020)
410 MHz
17
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Example of RF Signal flow

Plunger control signal

S

J‘«\J,J/V‘Arg oo.

RSA3303B Spectrum Analyser

GSlI / FAIR, Darmstadt, Germany

B&Z f0 ~ 246 MHz
BNZ1035 fc ~ 45 MHz
Model: BZP102UB1 L~1dB

NF =0.95 dB @ 250 MHz
G=39dB @ 250 MHz

ZKL1R5+
NF=3dB
G=40dB

Switch control signal

FAIR

/ \

fO ~ 244 MHz
fc ~ 25 MHz
L~2dB

~ 15 m cable
RG213
L~10dB/100m
@ 250 MHz

— [ O— N |——

~ 360 m cable
COFEED 05"  ZSDR-230+
L~4dB/100 m L=1.3dB

18

ZFL-2500VH+
NF =5.5dB
G=20dB

o
o/o‘_

ZSDR-230+
L=1.3dB

Sanjari, PhD Thesis 2013



Data acquisition

Spectrum analyzer

Storage ring or cooler setup
and configuration

Narrowband recording for
each injection

TCAP system: (90’s - ca. 2010) Downconverter

NTCAP system:
broadband recording L._J\

Continuous
2 to 70 Msps

Trageser, PhD Thesis 2018

GSI / FAIR, Darmstadt, Germany 19



Example spectra

FAIR
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Slide courtesy of Yu. A. Litvinov
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FAIR

Example spectra
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FAIR

Example spectra =5 1L
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0.65 -
_ 143m oo+ (04 KEV 1434 62+

Sm
055- (1 particle) | (1 particle)
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Intensity / arb. units
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0_30' m/@m ==7Q0000 |

| | ! ! | ! | ! | !
33800 33900 34000 34100 34200 34300 34400 34500
Frequency / Hz

Slide courtesy of Yu. A. Litvinov
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A Nuklidkarte

nzahl N

Zerfal Istyp

a
[ Fission
W Proton
W Neutron
I stabil

[] unbekannt

06 14 28 50 82 126 Neutronenanzahl N

Low sensitivity, lots of averaging =

142Pm60+_|_e % 640:2Nd60+_|_ye MgNd

1425 fer
Pm'® |

| EC |
'—» t=1864s

5+;
t=67.845s «—

<+— Time after injection into the ESR

Revolution frequency —»

Image credit: F. Bosch
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Low sensitivity, lots of averaging

s12Pm®t +em — FINQOT 4o, e

5+;
t=67.845s «—

<+— Time after injection into the ESR

Revolution frequency —»

Image credit: F. Bosch

GSI / FAIR, Darmstadt, Germany
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High / single ion sensitivity

142Pm60+ : 142Nd60+ —I— Ve iuu--nu--;:f-:-:;:;.l.{;:l;". .

Af=+£1.3 kHz

244,971 244972 244, EIIT 244974 244,975 244576 244977
124" harmonic of the revolution frequency (MHz)

Kienle, Bosch et. al., Phys. Lett. B 726 (2013) 4-5, p.638
GSI / FAIR, Darmstadt, Germany 25



High / single ion sensitivity

142Pm60+ : 142Nd60+ —I— Ve :uu--nu--:f-:-:;:;.;;:l;". .

QEC = 1.6 [kHz] ~ 4.82 [MeV]
NNDC (neutral atom) ~4.87 [MeV]

244,971 244972 244, 9'-'3 244974 244,975 244576 244977
124" harmonic of the revolution frequency (MHz)

Kienle, Bosch et. al., Phys. Lett. B 726 (2013) 4-5, p.638
GSI / FAIR, Darmstadt, Germany 26



Data analysis

Analysis code published on GitHUB

P gt

Python (+ROQOT) based framework EE—
IQTools / IQGUI (for different DAQS) e o
Barion (lon calculations)
RionID (thanks 4 D. Freire-Fernandez) and other - 1
recent tools for identification / mass measurement
HPC and some first attempts at ML (thanks <\ to colleagues
CIT and HPC) =
s ® € 3 4 0F ~ 7
:;‘lr Fm B :;:m-u: 400000 perrd e me:"
: Mzn::no : ::r;:lrswr: E;:w.._ E :nu:tf:crrm.- a-mt: ML

wilocky: PMIEEADEIITEIZE  [mis]
A o B ko izl 2 1BAR 0SS S8

Th 77 35ED51 642667 ]
Candining sre e
- pytnon s e
a1 3EIET3 13

Crairg 1o Ca Saen

ROOT

Data Analysis Framework CON DA" FORGE
GSI / FAIR, Darmstadt, Germany 27
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Why scalability?
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Some personal SDR history =1

Sanjari S. et. al. GSI Scientific Report GSI-ACCELERATORS-07 (2009)

GSI / FAIR, Darmstadt, Germany 29



GNURadio I

Offers maximum flexibility

Different experimental scenarios needs
different DAQ configurations

Well integrated within GSI/FAIR plans

Unified underlying system for different
classes of DAQ:

— Time Data: (Oscilloscopes)

— Frequency: (Spectrum Data)

>GNURadio

THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM

GSI / FAIR, Darmstadt, Germany 30



FAIR

Recent measurement using GNURadio4 5SS

First measurement using GNU-Radio LimeSDR integration
Special thanks A A. Krimm and R. Steinhagen et. al.)

High resolution 410 MHz Schottky resonator @ ESR o GNURadio

229Th+89 Fragments (decelerated) on top of 234Pa+91,
224Ac+87 and 237U+92

2024-06-12T14_47_25.000552,
2008401

850e+01

8002401

7508501

7.008501

650401

Power Spectral Density a.u [dBmiHz]

G00es01

5508401

5006401

00e:05 8502405  0.00e+05  9.50e+
Daits F[Hz] @ 408 OMHz [resolution = 244 12Hz)

2024-06-12T14_47_25.000552_1_chA3

229 Th 8p+

s {

1.0 4

Time [sec] {resolution = 16.38ms)
Power Spectral Density a.u. [dBm/Hz]

Power Spactral Den

25

3 g
-1.00¢406 -7.50e+05 5.00 405 -2.50¢+05 0.00e+00 2.50¢+05 5.00e405 7.50e+05 1.00e+06
Delta f [Hz] @ 408.0MHz [resolution = 244.12Hz)

0o

Bas05 Bas05 2a+05 ses05 6406 1e406
Deita [Hzl @ 408 OMHz

GSI / FAIR, Darmstadt, Germany 31



FAIR

Some future ideas —

One possible configuration (using FAIR+GNURadio components)
- Control system connections (thanks Ju to H. Hiither, B. Peter et. al.)
- Hardware thanks b to many other colleagues from SIS and ACO department ...

—  Lustre/HPC connection PyFSQ (thanks s to T. Stibor @ GSI)

Lustre

(FSQ)/

Picoscope Unit

 Slow Control

GSI / FAIR, Darmstadt, Germany 32



Measurement of isomeric states

Experiment E143: Isomer of "?Br

- Spokesperson:
W. Korten, Yu. A. Litvinov

Many thanks Ju to E143
collaboration

First time super high resolution:

- ~100keV resolution

GSI / FAIR, Darmstadt, Germany

FAIR

Preliminary!
=
= e
w0101 keV = —
1288 0ok 7A"Bry i S4B = =
s Tk = e
8 =

Bl by e Ly 1
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Image: Curtesy D. Freire-Fernandez
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More concrete plans for 2025

2025 Experiment proposal (G-22-00203):

- Mass & half-life measurements in the neutron-rich N=116 Hf
region

- Spokesperson: Yuri A. Litvinov

Conditional recording:
= Only if there is an isomer! (i.e. just pause the accelerator!)
- Enormously increase beam time efficiency!

- Explore regions never discovered before!

Needs just a simple GNURadio flow graph!

GSI / FAIR, Darmstadt, Germany 34
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FAIR

More concrete plans for 2025 =5 1L

2025 Experiment proposal (G-22-00203):

- Mass & half-life measurements in the neutron-rich N=116 Hf
region

- Spokesperson: Yuri A. Litvinov

Conditional recording:
= Only if there is an isomer! (i.e. just pause the accelerator!)
- Enormously increase beam time efficiency!

- Explore regions never discovered before!

Needs just a simple GNURadio flow graph!

SRC iti

Save to
. disk

GSI / FAIR, Darmstadt, Germany 35



FAIR

More concrete plans for 2025 =5 1L

2025 Experiment proposal (G-22-00203):

- Mass & half-life measurements in the neutron-rich N=116 Hf
region

- Spokesperson: Yuri A. Litvinov

Conditional recording:
= Only if there is an isomer! (i.e. just pause the accelerator!)
- Enormously increase beam time efficiency!

- Explore regions never discovered before!

Needs just a simple GNURadio flow graph!

SRC iti

GSI FAIR
N Save to

disk

GSI / FAIR, Darmstadt, Germany 36



More concrete plans for 2025 =5 1L

2025 Experiment proposal (G-22-00203):

- Mass & half-life measurements in the neutron-rich N=116 Hf
region

- Spokesperson: Yuri A. Litvinov

Conditional recording:
= Only if there is an isomer! (i.e. just pause the accelerator!)
- Enormously increase beam time efficiency!

- Explore regions never discovered before!

Needs just a simple GNURadio flow graph!

SRC iti

GSI FAIR
N Save to

disk

GSI / FAIR, Darmstadt, Germany 37



FAIR

Optimization of beam time:

- Recording is always running
SRC - H Condition | »[ ECNCall

- Re-inject if there are no isomers! (Lime) (squelch)
- If you find one, wait until it decays
. ) Save to
Only way to efficiently tackle rare and long lived unstable N disk
nuclear states!
Much easier offline processing!
- Empty injections are easily discarded — reduction of error
Current situation:
Inject Wait Prepare  Inject Wait Prepare = = =
Future plan:
Inject Check Inject Check Inject Check Inject Check then Wait Prepare = = =
—>
Time

GSI / FAIR, Darmstadt, Germany 38



FAIR

GSI / FAIR, Darmstadt, Germany 39



FAIR

Long lived rare species!

GSI / FAIR, Darmstadt, Germany 40
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