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4.   Identification
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 What is PID?

 Detector setup

 Obtaining A, Z, q

 Momentum acceptance

 Particle identification assignments
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What is Particle IDentification?

What  do we want to know?

1. A

2. Z

3. Q

4. Energy (property of incoming ion in detectors)

What do we measure?

1. Total kinetic energy

2. Magnetic (electric) rigidity 

3. Energy loss in detector

4. velocity (time of flight)
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Detector setup

A.Stolz
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PPAC detector

A.Stolz

Parallel Plate Avalanche Chamber  : X,Y
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Silicon PIN Detector

A.Stolz
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Plastic Scintillator Detector

A.Stolz
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Time-of-flight measurement

A.Stolz
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Time-of-flight measurement (RF timing)

A.Stolz
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Energy loss in matter

A.Stolz



Correlation plots and B-selection
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Momentum acceptance

p/p=1% p/p=5%
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Obtaining A, Z, q
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The atomic number is determined from the

combination of energy loss (Е) and time of flights

(TOF) values according to the Bethe formula:

The fragment mass can be extracted in 

atomic units from the relativistic formula:

where TKE is calculated as a sum of the energy loss values in

each of the detectors in a multilayer telescope stopping the

products. The charge state (Q) of the ion evaluated from a

relation based on the TKE, velocity and magnetic rigidity values:

• Beam monitoring

• Gamma detector

• I2-X, FP-X,

• Several TOFs
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76Ge(130MeV/u) + W,Be :  PID, resolution

For all particles stopped in the Si-telescope in the production runs

OT et al. Phys.Rev.Lett. 102, 142501 (2009)

OT et al. Phys.Rev.C.      80,  034609 (2009)
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Particle identification assignments
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• Calibration with the primary beam (or other reference line as sources)

• Unbound nuclei in the table of nuclides

• In-flight  fragment  tagging with prompt gamma

• Stopped  fragment  tagging with isomeric gamma-rays

• X-ray from ions passing material

• Laser induced fluorescence

• Precise isobar selection with known masses



Calibration with the primary beam 
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Unbound nuclei in the table of nuclides
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Stopped  fragment  tagging with isomeric gamma-rays
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Stopped  fragment  tagging with isomeric gamma-rays
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Be 9 mg/cm2

No wedge

Brho=3.1Tm

NSCL #05120
208Pb (86 MeV/u) + Be
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Stopped  fragment  tagging with isomeric gamma-rays :  LISE++
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LISE++ identification plot of all nuclei produced in the reaction 124Xe + Be (left 

panel) and those in coincidence with gamma-radiation (right panel)

Nuclear Instruments and Methods in 

Physics Research B 266 (2008) 4657–4664

http://lise.nscl.msu.edu/paper/isomers.pdf

http://lise.nscl.msu.edu/paper/isomers.pdf
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In-flight  fragment  tagging with prompt gamma
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• Large yield around target  you have to know “location”   

• Fragments can be used downstream  

A.Gade et al., PRC 74, 047302 (2006)
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X-ray  from ions  passing material
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Material Identification: 

Cd, In, Sn, Sb, Te

2 – 1 transitions

3 – 1 transitions

I. E. Golovkin (Prism  CS)

x-rays  give Z, q

With tof and Bmeasurements     A/q

A can be obtained 

M. O. Fregeau, et al., PRL 108, 122701 (2012)
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Laser induced fluorescence
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Ba
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Precise isobar selection with known masses
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End of Lecture 4
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