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Reaching to the stars using…

… GNURadio!
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Elements

▪ Isotopic abundance

– Key to stellar evolution

Image: Francl, M. Isotopic enrichment. 
Nature Chem 11, 101–102 (2019)
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Elements

▪ More complete 
picture:

– Nuclear chart

App: 
Isotope 
Browser
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Elements

▪ More complete 
picture:

– Nuclear chart

But where do elements come from?

App: 
Isotope 
Browser
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Type II (SN1987A in LMC)

Neutron star mergersType Ia (SN1994D in 
NGC4526)
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p-process

rp-process
np-process

fusion

r-process

Image: R. Krücken
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▪As if trying to climb using 
unstable holds!

▪Among important experimental 
data:
▪nuclear mass
▪ reaction cross sections
▪ lifetime (from µs to Gy)

Image: wikimedia commons
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GSI and FAIR
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GSI and FAIR
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GSI and FAIR
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Schottky detectors @ GSI
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Schottky detectors @ GSI

B. Schlitt, PhD Thesis 1997

60 MHz
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Schottky detectors @ GSI

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

245 MHz

B. Schlitt, PhD Thesis 1997

60 MHz
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Schottky detectors @ GSI

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

245 MHz

B. Schlitt, PhD Thesis 1997

60 MHz

Sanjari et. al. Rev. Sci. Inst. 91(8), pp. 083303 (2020)

410 MHz



GSI / FAIR, Darmstadt, Germany 18

Example of RF Signal flow

Sanjari, PhD Thesis 2013
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Data acquisition

▪ Spectrum analyzer
▪ Storage ring or cooler setup 

and configuration
▪ Narrowband recording for 

each injection
▪ TCAP system: (90’s - ca. 2010)
▪ NTCAP system:

▪ broadband recording
▪ Continuous
▪ 2 to 70 Msps

Digitizer

Downconverter

Local 
Oscillator

Trageser, PhD Thesis 2018
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Slide courtesy of Yu. A. Litvinov

Example spectra



GSI / FAIR, Darmstadt, Germany 21

Slide courtesy of Yu. A. Litvinov

Example spectra
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Slide courtesy of Yu. A. Litvinov

Example spectra
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Image credit: F. Bosch

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

▪ Low sensitivity, lots of averaging
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Kienle, Bosch et. al., Phys. Lett. B 726 (2013) 4–5, p.638

▪ High / single ion sensitivity
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Kienle, Bosch et. al., Phys. Lett. B 726 (2013) 4–5, p.638

▪ High / single ion sensitivity

Decay time resolution 32ms

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

▪ Analysis code published on GitHUB
▪ Python (+ROOT) based framework

▪ IQTools / IQGUI (for different DAQs)
▪ Barion (Ion calculations)
▪ RionID (thanks   D. Freire-Fernandez) and other 🙏

recent tools for identification / mass measurement
▪ HPC and some first attempts at ML (thanks  to colleagues 🙏

CIT and HPC) 
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Why scalability?

CR

▪ Possible 
detector 
positions in 
future 
CR@FAIR
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Some personal SDR history

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

▪ 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)
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229 Th 89+

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

 High resolution 410 MHz Schottky resonator @ ESR
 229Th+89 Fragments (decelerated) on top of 234Pa+91, 

224Ac+87 and 237U+92

Recent measurement using GNURadio4
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Some future ideas

 One possible configuration (using FAIR+GNURadio components)

– Control system connections (thanks  to H. Hüther, B. Peter et. al.) 🙏

– Hardware thanks  to many other colleagues from SIS and ACO department …🙏

– Lustre/HPC connection PyFSQ (thanks  to T. Stibor @ GSI)🙏

Computer:
Timing RX

Local hard disk

Picoscope Unit

Picoscope Unit

SDR Unit

Computer:

GNU Radio Flow Graph

Timing:
FAIR

Timing:
GPS

Timing:
UDP

Local Harddisk

Slow Control

Slow Control

RF

Lustre 
(FSQ) / 

HPC

ACC 
Network
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Measurement of isomeric states

▪ Experiment E143: Isomer of 72Br

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

▪ Many thanks  🙏 to E143 
collaboration

▪ First time super high resolution:

– ~100keV resolution

Image: Curtesy D. Freire-Fernandez
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Preliminary!
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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!
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GSI FAIR
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 Optimization of beam time:

– Recording is always running

– Re-inject if there are no isomers!

– If you find one, wait until it decays

 Only way to efficiently tackle rare and long lived unstable 
nuclear states!

 Much easier offline processing!

– Empty injections are easily discarded → reduction of error

SRC
(Lime)

Condition
(squelch) FCN Call

Save to
disk

Inject Wait Prepare

Inject Check then Wait Prepare . . . 

Time

Check Inject Check Inject Check Inject

Wait Prepare . . . Inject

Current situation:

Future plan:



GSI / FAIR, Darmstadt, Germany 39

Thank 
you!
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Thank 
you!

Long lived rare species!
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