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Introduction

~Strange? Dead Time~
Neutron-TOF(nTOF) experiments with Ge detectors 

were performed with pile-up rejection (PUR) in our 

instrument (ANNRI) .

Fig. Neutron TOF spectrum of a 133Cs sample.

(Gamma-ray energy: Eg>0)

Dead Time 

after g-Flash

(due to g-Flash)

Dead Time 

before g-Flash

What is a reason?? 
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Conventional Dead Time Model

“In nearly all detector systems, there will be a minimum 

amount of time that must separate two events in order that 

they be recorded as two separate pulses. ...a true event 

[may] be lost because it occurs too quickly following a 

preceding event.”

⇒Dead Time appears just after a preceding event.

Knoll, G. Radiation Detection and Measurement, 3rd. ed.
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Dead Time model for Pile-up rejection

A model for PUR was proposed by Yu & Fessler[1].

This model is similar to conventional model 

but ‘twice as dead time’. 

t

Conventional model: 〇
PUR model: ×

×
×

〇
〇

5

If two events arrive within dead time, 

Conventional model:

PUR model:

One event is dead.

Two (both) events are dead.

⇒ Detailed study for time dependent experiments 

is required!!
[1] Yu, D. & Fessler, J. A. (2000). Phys. Med. Biol. 45, 2043–2056.

But this model is used for constant event rate experiments. 

(e.g. Neutron activation analysis) 



Test Experiment set-up

SUM

Random timing

pulse generator

Pulse generator

External Trigger

Clock Reset 

• 30% VETO
• 12μs delay

Input

CAEN  V1724

with PUR function

In the test experiments, three pulse or clock generators were used.
• Clock Generator that simulates Triger signal from the Acc.

• Pulse generator that simulates γ-flash and synchronized with the clock 

generator with “delay” and “veto”.

• Random pulse generator that simulates constant events.

(~50Hz)

𝐸2

Dummy of 

constant events
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Clock Generator

(1kHz)



Result

Dead-time

• Dead time is propagated  not only after the 

pulse, but prior to it.

Pile-up events

𝑡1 = 12𝜇𝑠 (Delay, ~70% frames)
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Pile-up Rejection with CAEN V1724

Region

Time interval Event a Event b

𝐸 𝑡 𝐸 𝑡

Ⅰ ∆𝑡 < 𝑡d1 ≈ 𝐸a + 𝐸𝑏 𝑡𝑎~𝑡𝑏 ------

Ⅱ 𝑡d1< ∆𝑡 < 𝑡d2 0 𝑡a 0 𝑡b

Ⅲ 𝑡d2< ∆𝑡 < 𝑡d3 𝐸a 𝑡a 0 𝑡b

Ⅳ 𝑡d3< ∆𝑡 𝐸a 𝑡a 𝐸b 𝑡b

Time interval

𝑡diff = 𝑡𝑏 − 𝑡𝑎

𝑡

Event a Event b

E
ve

n
ts

 /
1
0
n
s

Ⅰ Ⅱ Ⅲ Ⅳ

𝑡d1 = 420𝑛𝑠 (Triger hold-off)

𝑡d2 = 2480𝑛𝑠

𝑡d3 = 3180𝑛𝑠

𝑡diff

(𝑡diff)

The relationship between 

the presence of energy

output and time interval in 

continuous events.
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Time interval in continuous events (μs)



Proposed Dead Time model 
~1: Photopeak events were used ~

Region

Time interval Event a Event b

𝐸 𝑡 𝐸 𝑡

Ⅰ ∆𝑡 < 𝑡d1 ≈ 𝐸a + 𝐸𝑏 𝑡𝑎~𝑡𝑏 ------

Ⅱ 𝑡d1< ∆𝑡 < 𝑡d2 0 𝑡a 0 𝑡b

Ⅲ 𝑡d2< ∆𝑡 < 𝑡d3 𝐸a 𝑡a 0 𝑡b

Ⅳ 𝑡d3< ∆𝑡 𝐸a 𝑡a 𝐸b 𝑡b

(𝑡diff)

Only photopeak events were used in the analysis.
⇒Accidental sum events were not used in the analysis.

Used in the analysis Not used in the analysis (Dead)

𝑃𝑑𝑡 𝑡 =
σ𝑖=𝑡𝑒−𝑡𝑑3

𝑡𝑒+𝑡𝑑2 𝑇 𝑡

𝑁𝑠ℎ𝑜𝑡

To use an event at 𝑡 = 𝑡𝑒,  
no event is required in      .

Dead time ratio is calculated as below: 

𝑡𝑒 − 𝑡d3 𝑡𝑒 𝑡

𝑃𝑑𝑡 𝑡 : Dead time ratio.

𝑇 𝑡 : The number of detected counts in t.

𝑁𝑠ℎ𝑜𝑡 : The number of the reset signals
𝑡𝑒 + 𝑡d2
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Results of Dead-time correction

• By gating target gamma-ray energy, dead time is corrected.

• Periodic events are not corrected with this model.

(These events do not overlapped each other. ) 

Not Corrected

Corrected (Eg≒E2)

Constants events

were corrected!!!
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Region

Time interval Event a Event b

𝐸 𝑡 𝐸 𝑡

Ⅰ ∆𝑡 < 𝑡d1 ≈ 𝐸a + 𝐸𝑏 𝑡𝑎~𝑡𝑏 ------

Ⅱ 𝑡d1< ∆𝑡 < 𝑡d2 0 𝑡a 0 𝑡b

Ⅲ 𝑡d2< ∆𝑡 < 𝑡d3 𝐸a 𝑡a 0 𝑡b

Ⅳ 𝑡d3< ∆𝑡 𝐸a 𝑡a 𝐸b 𝑡b

(𝑡diff)

In PHWT, the accidental sum is acceptable, 
if a weighting function is close to be inear.

Used in the analysis Not used in the analysis (Dead)

𝑃𝑑𝑡 𝑡 =
σ𝑖=𝑡𝑒−𝑡𝑑3

𝑡𝑒−𝑡𝑑1 𝑇 𝑡 + σ𝑖=𝑡𝑒+𝑡𝑑1

𝑡𝑒+𝑡𝑑2 𝑇 𝑡

𝑁𝑠ℎ𝑜𝑡

To use an event at 𝑡 = 𝑡𝑒,  
no event is required in        .

Dead time ratio is calculated as below: 

𝑃𝑑𝑡 𝑡 : Dead time ratio.

𝑇 𝑡 : The number of detected counts in t.

𝑁𝑠ℎ𝑜𝑡 : The number of the reset signals

Proposed Dead-Time model 
~2:For Pulse Height Weighting Technique(PHWT)~
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𝑡𝑒 − 𝑡d3

𝑡𝑒

𝑡
𝑡𝑒 + 𝑡d2𝑡𝑒 − 𝑡d1 𝑡𝑒 + 𝑡d1

Region Ⅱ ⅡⅢ



Results of Dead time correction

Not Corrected

Corrected (Eg>0)

Timing data in this area

are recorded at 𝑡 = 𝑡1,
due to the set-up of DAQ.

Timing output missing is still remained,

but total deposited energy was corrected.

𝑡1 = 12𝜇𝑠
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Conclusion

 With the PUR function, dead-time is 

propagated not only in the forward 

direction in time, but also backwards in 

time.

 Dead-time correction models for photo-

peak analysis and PHWT were proposed.

 Using the proposed dead-time correction 

model, dead time can be corrected.
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Thank you for your kind attention!!
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