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Outline

The SpecMAT active target

Characterisation of the 
SpecMAT scintillation array

Characterisation of SpecMAT

Shell evolution in 69-75Cu



The SpecMAT
active target
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ISS

1. 10 MeV/u (206Hg @ 7.4 MeV/u, Ryan’s talk at 10:10)

(28Mg @ 9.5 MeV/u, Patrick’s talk at 10:30)

2. ~2.5T
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Readout electronics

1-100MS/s 12bit

3072+256 channels
MICROMEGAS detector

2916 channels

Field cage

homogeneous 

electric field ~2%

45 CeBr3

484848mm

scintillation

detectors

Gas chamber

up to 1 atm

min wall thickness 3mm

Beam entrance

window

3-12 m

Cathode

up to -32kV



The CeBr3 scintillation array
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+10 detectors (from 10.2020)

=

40 CeBr3
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Efficiency with 30 detectors

Point source Linear source

Max efficiency Experiment average 

efficiency
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Cumulative spectrum

Measurement, no Geant4 !



TPC data and its correlation 
with gamma-rays
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Calibration with a 
3-alpha source in
Ar(95%)CF4(5%) @ 400mbar
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[physicsopenlab.org]

http://physicsopenlab.org/2016/11/05/some-alpha-spectra/
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Z Z

Measurement, no Geant4 !
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Polar angle

Beam angle

Energy

Length

Z Z
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Pu-239 Am-241 Cm-244

Alpha particles Gamma-rays
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ResFWHM ~180keV
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N=50

Z=28

Region of n-rich Ni towards 78Ni

Physics case for an on-line experiment

Shell evolution in 69-75Cu
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Physics motivation
Experimental observations

3/2 5/2
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Physics motivation
Theoretical explanations
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Comparison of ESPE

T. Otsuka, et al.,

PRL, 104, 012501 (2010)

K. Sieja, F. Nowacki, 

PRC, 81, 061303(R) (2010)

P. Morfouace, 

PhD thesis (2014)

Experimental observations beyond 71Cu are needed to determine 1f7/2 – 1f5/2

spin-orbit splitting and map the Z=28 gap!

Theory Experiment
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Shell structure of 

odd Cu isotopes via

nucleon transfer 

reactions on Zn:

• 70Zn(d,3He)69Cu

• 72Zn(d,3He)71Cu

• 74Zn(d,3He)73Cu

• 76Zn(d,3He)75Cu

Transfer reactions!

1f7/2

1f5/2

(d,3He)

2p3/2

Protons in 72Zn Protons in 71Cu*

Region of 78Ni

Z=28
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1f7/2

1d3/2

1f5/2

1f7/2

1d3/2

1f5/2

(d,3He)

Protons in 76Zn Protons in 75Cu*

Shell structure of odd Cu isotopes via

nucleon transfer reactions on Zn:

• 70Zn(d,3He)69Cu

• 72Zn(d,3He)71Cu

• 74Zn(d,3He)73Cu

• 76Zn(d,3He)75Cu

T. Otsuka

K. Sieja & F. Nowacki

What can be measured



T. Otsuka
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1f7/2

1d3/2

1f5/2

1f7/2

1d3/2

1f5/2

(d,3He)

Protons in 76Zn Protons in 75Cu*

Shell structure of odd Cu isotopes via

nucleon transfer reactions on Zn:

• 70Zn(d,3He)69Cu

• 72Zn(d,3He)71Cu

• 74Zn(d,3He)73Cu

• 76Zn(d,3He)75Cu

K. Sieja & F. Nowacki

What can be measured
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SpecMATscint:
70Zn(d,3He)69Cu - 50 events 
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✓The SpecMAT active target was assembled.

✓With some parts successfully tested in ISS.

Some of the arrived parts (MICROMEGAS + supl. 

electronics) has low production quality → require repair.

✓The scintillation array was characterised.

✓The TPC was characterised.

✓A working set of simulations.

✓We are looking towards an experimental campaign

Summary



Thank you for your 
attention!
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