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• ToF-B mass measurement technique

• Tests for the plastic scintillation detectors

• Mass measurement around 112Mo

• Summary
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Mass measurement techniques
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T. Yamaguchi et al., PPNP 120, 103882 (2021)

S. Michimasa et al., PRL 121, 022506 (2018)

M. Matos et al., NIMA 696, 171 (2012)
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ToF-B technique at NSCL
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Applicable to the very short-lived 
nuclei with very low yields

plastic scintillation detectors

micro-channel plate
(MCP) detector

Ancillary Detectors:
2 CRDC detectors (measure position in ToF stop)
Silicon or Ionization chamber detectors (measure energy of fragments)
Hodoscope (CsI(Na), measure gamma rays emitted from isomers)
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Conducted experiments
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86Kr beam@100 MeV/u
A. Estrade et al., PRL 107, 172503 (2011)

• Nuclear processes in crust of accreting neutron star
82Se beam@140 MeV/u

Z. Meisel et al., PRL 114, 022501 (2015); PRL 115, 162501

(2015); PRC 93, 035805 (2016); PRC 101, 052801(R) (2020)

• Shell evolution in N=28 to N=50 region
• Nuclear processes in crust of accreting neutron star

48Ca beam@140 MeV/u
A. Estrade, C.I. Sultana et al., Sep. 2020

• Evolution of N=28 Shell
• Nuclear processes in crust of accreting neutron star

124Sn beam@120 MeV/u
M. Famiano, K. Wang et al., Aug. 2018

• Weak r-process nucleosynthesis

• 17 masses have been 
measured for the first time

• 10 new masses will be 
determined 
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Test plastic scintillation detectors
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• Investigate the ToF resolutions
with different electronics and
beam conditions

• Time-walk correction

• Explore the positioning
capability of this detectorK. Wang, A. Estrade et al., NIMA, 974, 164199 (2020)

Plastic: EJ-228; PMT: H6533
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Time-walk correction
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•𝑇𝑜𝐹𝑐𝑜𝑟𝑟
(𝑗)

: corrected ToF of 
jth event

•𝑇𝑜𝐹𝑟𝑎𝑤
(𝑗)

: raw ToF of jth

event

•∆𝑇𝑜𝐹
(𝑗)

: correction value of 
jth event 
•𝑓𝑇𝑜𝐹𝑟𝑎𝑤 , 𝑐𝑖: fitting ToFraw

as a linear function of all 
PMT amplitudes Q with 
parameters ci

•𝑄𝑖
𝑗
: amplitude of ith PMT 

of jth event
•ToFpivot: pivot ToF, 

constant for all events
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After time-walk correction
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Comparison of ToF resolutions
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8 ps

12 ps

ToFCFD vs Q

8 ps

14 ps

=11.2 ps

=10.3 ps
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Positioning capability
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Plastic

Mask hole

0.7 mm

Calibrate positions using a mask
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MCP detector
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M. Matos et al., NIMA 696, 171 (2012)Z. Meisel, PhD thesis (2015) Z. Meisel, PhD thesis (2015)

• Beam position in foil can be derived from 
the difference between the charges in 
four corners of the backplane

• With the 1st order approximation, 
=(+P/P)(+x/D), x as the 
dispersive direction, D is the dispersion 
function (107 mm/%)

• Position resolution x  0.7 mm giving 
Τ𝜎𝐵𝜌 𝐵𝜌  610-5
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CRDC(Cathode Readout Drift Chamber) detectors
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➢ Y (non-dispersive direction): drift time of 
electrons to anode wire

➢ X (dispersive direction): charge (induced by 
electrons on anode) distribution on 256 
cathode pads: 
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Mass measurement around 112Mo
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J. Johnson, Science 363, 474 (2019)

• Elements from Iron to Uranium 
are mainly made by neutron-
capture processes

➢ slow neutron-capture process (s-
process): Dying low-mass stars

➢ rapid neutron-capture process (r-
process): Merging neutron stars

M. Mumpower et al., PPNP 86, 86 (2016)

Measuring the masses of nuclei 
from Zr to Ru around N=70 can 
offer the better predictive masses 
of nuclei in r-process path

FRIB limit
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Experimental setup
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Plastic detector at A1900 Plastic detector at S800 MCP detector at S800
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Z-A/Q PID plots
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Original PID PID using GMM

Gaussian-

mixture 

model for 

clustering

Unknown masses 
(AME2020)
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Mass fit: event-by-event
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• 48 reference ions were selected from AME2020 with uncertainty of 2—25 keV 
without high-energy (>100 keV) isomers

• 300,000 events were used in the fit to obtain 165 parameters pi

• M/Q for one kind of ion will be the weighted average of all the fitted m/q 
belonging to this ion

• Statistical error: the resolution of m/q distribution for each ion9.010-5, then 
the error is obtained as 3.5 keV/e (140 keV for mass uncertainty)

• Literal error: lit taken from AME2020

• Systematic error: using leave-one-out cross-validation with the event-by-event 
fit on the reference ions to achieve                                                                      
where N=48. Then syst = 10 keV/e.



第一届“粤港澳”核物理论坛，2022.7.2—7.6，广东 珠海

Results
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Summary
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• Plastic scintillation detectors with traditional

electronics were tested using nuclear beam at

NSCL.

• Conducted the first experiment of ToF-Bρ mass

measurement at the NSCL for the r-process and

measured 4 new masses.



19
第一届“粤港澳”核物理论坛，2022.7.2—7.6，广东 珠海

A. Estrade, M. Barber, T. Chapman, D. McClain,

N. Nepal, S. Samaranayake, C.I. Sultana, G. Zimba
K.L. Wang

M. Famiano, K. Bhatt, B. Famiano, 

J. Jenkins, L. Klan
Z. Meisel

H. Schatz, T. Baumann, D. Bazin, T. Ginter, S. Jin, S. Liddick, J. Pereira, N. Rijal, 

O. Tarasov

S. GeorgeA. Rogers, J. Dopfer, M. Giles


