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⚫ Key DAQ features:
⚫ White Rabbit (WR) timestamping (correlations)
⚫ 2 Hz pulser (data throughput and synchronisation)
⚫ Time Machine for synchronisation*
⚫ SC41 (FRS) signal into subsystem DAQs
⚫ Prompt flash trigger suppression    ➔ new for 2021

Data Acquisition Outline for DESPEC-0



S480 experiment: March 2020, 850 MeV/u 124Xe beam.
Main objective, tagged isomer fast-timing coincidence spectroscopy, 
Measure the B(E2:8+ → 6+) in 94Pd as test for p-n pairing vs seniority
couplings in this N=Z+2 (Tz=+1) nucleus. 



S480 experiment: March 2020, 850 MeV/u 124Xe beam.
Main objective: tagged isomer fast-timing coincidence spectroscopy, 
Extract 94Pd48 B(E2:8+ → 6+) as test for p-n vs seniority couplings. 
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94Pd (N=Z+2), Ip=14+ isomer, 
T1/2=499(13) ns via  RISING,
Phys. Rev. C82 061309(R) 
(2010) 



GALILEO

FATIMA



1092 keV 10+ -> 8+ gate
94Pd Ip=14+ isomer

1415 keV 2+ -> 0+ gate 
96Pd Ip=6+ isomer

M.Chishti, S.Jazrawi, R. Shearman et al., 



FATIMA LaBr3 TDCs lined up using prompt flash and source g-g coincs
FWHM < 1 ns without position correction for ToF for distributed source



96Pd Ip=8+isomer decay, gated on 1415 keV
2+ → 0+ transition. LaBr3 (DT,Eg) matrix

106 keV 8+→ 6+

325 keV 6+→ 4+

684 keV 4+→ 2+



96Pd Ip=8+isomer decay, gated on 1415 keV
2+ → 0+ transition. LaBr3 (DT,Eg) matrix



106 keV 8+→ 6+

325 keV 6+→ 4+

684 keV 4+→ 2+

96Pd Ip=8+isomer decay, gated on 1415 keV
2+ → 0+ transition. LaBr3 (DT,Eg) matrix



Delated 96Pd, DT-LaBr3-LaBr3 

{106 keV}  x {325 keV),  fitted to N(t)=Aexp(-lt)+B 



Figure S.Jazrawi, A. Yaneva et al., 





Figure S.Jazrawi, A. Yaneva et al., 



94Pd Ip=14+isomer decay, gated on 814 keV
2+ → 0+ transition. LaBr3 (DT,Eg) matrix

Figure S.Jazrawi, A. Yaneva et al., 



Figure S.Jazrawi, A. Yaneva et al., 



94Pd Ip=14+isomer decay, gated on 814 keV
2+ → 0+ transition. LaBr3 (DT,Eg) matrix

Figure S.Jazrawi, A. Yaneva et al., 



Figure S.Jazrawi, A. Yaneva et al., 

Delayed 94Pd, DT-LaBr3-LaBr3 

{814} x {906,660,324) Fit to Gaussian.



PRELIMINARY

Figure S.Jazrawi, A. Yaneva et al., 

Delated 94Pd, DT-LaBr3-LaBr3 

{814,906,660,325} x {1092,994) Fit N(t)=Aexp(-lt)+B 
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Figure S.Jazrawi, A. Yaneva et al., 



94Ru isomer S480 (T1/2 =71 ms isomer decay)

0-700 ms correlation time (WR FRS, WR 
Germanium/Fatima)
Full S480 data set
94Ru Z vs A/Q: total 1.3E6 ions in PID gate

AIDA DSSD distribution (3.4E5 ions total stopped)

Courtesy of A.Mistry, H. Albers et al., 
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Germanium and Fatima: (Z,A/Q Gated on 94Ru ions)

Gamma-ray Energy Projection, PID-g WR 0-350 ms range

94Ru

1430

Courtesy of A.Mistry, H. Albers et al., 



Longer Time Correlations: 94Ru

Courtesy of A.Mistry, H. Albers et al., 



94Ru T1/2=77 ms , Ip=8+isomer in FATIMA Extended Energy range,
A.K.Mistry, H. Albers, N.Hubbard, A.Bannerjee et al., From S480.
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Courtesy of A.Mistry, H. Albers et al., 



Fatima coincidence spectra, (Z,A/Q) gated on 94Ru

Eg gate 1430 keV Projection 0-350 ms range

Eg - Eg DT = ±500 ns

146
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755

Courtesy of A.Mistry, H. Albers et al., 



Fatima coincidence spectra, (Z,A/Q) gated on 94Ru

Eg gate 1430 keV Projection 0-350 ms range

Eg - Eg DT = ± 10ns, reduction in 146 keV due to T1/2=65 ns for 6+
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755

Courtesy of A.Mistry, H. Albers et al., 



b-delayed Spectroscopy with AIDA + bPlast
95Pd b-delayed gammas, populating 95Rh via

T1/2=13.3s high-spin isomeric decay (21/2+)

PID-AIDA-βPlast-HPGe correlations 
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Courtesy of A.Mistry, H. Albers, B.Das et al., 



96Ag (isomer) b-delayed g populating 96Pd.

Ip=(8)+, T1/2=4.40(6) secs.

FRS-AIDA-βPlast-HPGe correlations 

Courtesy of A.Mistry, H. Albers et al., 



Summary of S480 Results so Far – to Feb 2021.
• First new physics experiment for DESPEC@FAIR-0 - March 2020.

• 94Pd (Ip=14+) and 96Pd (Ip=8+) isomers measured with FATIMA + 
HpGe hybrid array + AIDA +bPlast active stopper. 

• Isomeric ratios for 94,6Pd used to validate DESPEC-0 DAQ and 
Monte Carlo simulations for system response.

• PID gated, isomerLaBr3-LaBr3-DT data used to  isolate states.
• Measured Ip=8+ cascade in 96Pd50, T1/2(6+)=7.2(8) ns ; T1/2(4+)= 1.1(1) ns.
• Measured Ip=14+ cascade in Tz=+1 94Pd, T1/2(8+)=1.1(1) ns (prelim).

• White rabbit – PID – FATIMA correlations demonstrated ia
selection of 94Ru50 Ip=8+, T1/2=77 ms isomeric cascade. 

• B-delayed gamma spectroscopy of daughters demonstrated using 
96Ag → 96Pd (T1/2=4.4 s) and 95Pd → 95Rh (T1/2=13.3 s) decays.
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BACK UP SLIDES



Gate 96Pd Ions 94Pd Ions

Ungated 9.5E6 1.8E6

SC41/42 Energy 8.5E6 1.6E6

SC41/42 Energy + Plastic Energy 3.2E6 4.4E5

SC41/42 Energy + Stopped in AIDA 2.7E6 4.0E5

SC41/42 Energy + Plastic Energy + Stopped in Aida 1.8E6 2.4E5



S480 (March 2020) 124Xe @ 850 MeV/u. PID-isomer gated DT-g-g using FATIMA. 
Decay of 96Pd  Ip=8+ T1/2 =2 ms isomer as test example for LaBr3-LaBr3 ~ns fast-timing.

T1/2(4+)=1.01(1) ns

T1/2(2+) < 20 ps

T1/2(6+)=6.3(6)ns

S480, M.Gorska, P.H.Regan, J. Jolie,  B. Cederwall et al., Figure courtesy of S. Jazrawi et al., 



S480 (March 2020) 124Xe @ 850 MeV/u. PID-isomer gated DT-g-g using FATIMA. 
Decay of 96Pd  Ip=8+ T1/2 =2 ms isomer as test example for LaBr3-LaBr3-DT ~ns fast-timing.

T1/2(4+)=1.01(1) ns

T1/2(2+) < 20 ps

T1/2(6+)=6.3(6)ns

S480, M.Gorska, P.H.Regan, J. Jolie,  B. Cederwall et al., Figure courtesy of S. Jazrawi et al., 



96Pd50 (Tz=+2), Ip=8+ isomer, 
T1/2=2.2(3) ms . Mach et al., 
Phys. Rev. C95, 014313 
(2017), using BaF2. 




