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Introduction
• The contribution of scintillator to the energy resolution 

called intrinsic resolution is mainly correlated with the 
non-proportional response versus energy of γ-rays.

• All the studies carried out in the last decade confirmed 
that this effect is the fundamental limitation of obtainable 
energy resolution.



Introduction
• However, several observations, collected in the recent 

years in our laboratory, on the influence of the slow 
components of the light pulses on the energy resolution, 
suggest more complex processes.

• It was noted for CsI(Tl), ZnSe(Te), undoped NaI at liquid 
nitrogen temperature and NaI(Tl) at temperatures 
reduced below 0 °C. 

• Some of the crystals, like LSO, exhibits a poor energy 
resolution and its intrinsic resolution is rather difficult to 
discuss in terms of the non-proportionality.



Energy resolution

(ΔE/E)2 = (δsc)2 + (δp)2 + (δst)2 + (δn)2

δsc – intrinsic resolution of the crystal,
δp – transfer resolution,
δst – statistical contribution,
δn – dark noise contribution (APD),

δst = 2.35 × 1/N1/2 × (1 + ε)1/2, PMT
δst = 2.35 × F/N1/2, APD

Energy resolution:

where: 

N – number of photoelectrons, (e-h pairs)
ε – variance of PMT gain,
F – excess noise factor.



New observations – CsI(Tl)
• Energy resolution of CsI(Tl) 

coupled to LAAPD and its 
components versus shaping 
time constant in the 
spectroscopy amplifier.

• The lowest contribution of the 
intrinsic resolution is observed 
for the full integration of the 
light by the longest shaping 
time constant.

• See also Fiorini, et al. 
presenting tests of CsI(Tl) 
coupled to SDD.

M.M. et al., IEEE TNS, 46,1999



New observations – ZnSe(Te)

• Energy resolution of 
ZnSe(Te) coupled to 
LAAPD measured versus 
shaping time constant.

• Again, the lowest 
contribution of the 
intrinsic resolution is 
observed for the full 
integration of the light by 
the longest shaping time 
constant.

M. Balcerzyk, et al., NIM A482, 2002



New observations – NaI(Tl) at reduced
temperatures
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Light pulse shape of NaI(Tl) at
different temperatures. 

Energy resolution, statistical and
noise contributions, and intrinsic
resolution versus peaking time. 

Ł. Świderski, et al., IEEE TNS, in press



Undoped NaI at LN2 temperature

∅10 mm x 5 mm NaI + LAAPD
The spectrum measured with
the 50 μs peaking time.

M.M. et al., NIM A505, 2003



Conclusions

• All above observations present that the 
intrinsic resolution of scintillators with the light 
pulse decaying with two components or more, 
depends on the fraction of the integrated light.

• What is the origin of the effect?



Non-proportionality and intrinsic resolution
of CsI(Tl)

• Non-proportionality curves 
and intrinsic resolution of 
CsI(Tl) for 3 μs and 12 μs 
shaping time constants.

A. Syntfeld-Każuch, et al., IEEE TNS,
in press



Non-proportionality and intrinsic resolution
of undoped NaI at LN temperature

• Non-proportionality and 
intrinsic resolution of 
undoped NaI for 1.2 and 50 
μs peaking times.

• Note a large improvement of 
the non-proportionality and 
a dramatically improved
intrinsic resolution. 

M.M. et al., NIM A505, 2003



Conclusions

• Integration of the whole light improves the non-
proportionality and consequently the intrinsic resolution. 

• The effect can be associated with a higher density of 
ionization for low energy secondary electrons, which 
may change intensities of fast and slow components of 
the light pulse. It is known for CsI(Tl) in the case of α
particles.

• See also poster PMo35, by A. Syntfeld-Każuch showing 
light pulses of CsI(Tl) for low energy X-rays. 



Energy resolution and afterglow?
Comparison of BGO, CWO and LSO

• Non-proportionality of
BGO, CWO and LSO

• Intrinsic resolution at
662 keV:

- BGO – 5.3±0.4%
- CWO – 5.4±0.4%
- LSO – 7.5±0.5%

Measured with XP3212 PMT



Energy resolution and afterglow

M.M. et al., IEEE TNS, 54, June 2007
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Results of tests of several LGSO 
crystals with different Ce doping. Note 
common non-proportionality and a 
certain correlation of intrinsic resolution
and light output with afterglow.



Energy resolution and afterglow

• A possible influence of the afterglow on the energy 
resolution differs of that concluded above for slow 
components of the light pulse, as it does not affect the 
non-proportionality response of the crystals. 

• Thus, the afterglow is presumably related to another type 
of scintillation mechanism when compared to typical
slow component. 

• The origin of the effect is not clear. Is it a statistical 
spread of the population of a primary light pulse and that 
of the afterglow?



Conclusions

• The influence of the slow components of the light pulse
on energy resolution is proved.

• The effect can be associated with a higher density of 
ionization for low energy secondary electrons, which 
may change intensities of fast and slow components of 
the light pulse.

• A possible influence of the afterglow on the energy 
resolution is weaker documented. 

• Is it a statistical spread of the population of a primary 
light pulse and that of the afterglow?
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