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High-Speed Image Delay TubeHigh-Speed Image Delay Tube

Motivation

‣ Experiments with strangeness at KEK-PS

‣ ... and at J-PARC

High-Speed Image Delay Tube

‣ What is it ?

‣ Characteristics & Performances expected

R&D present status 

Next step
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Motivation
- Experiments at KEK-PS -

Motivation
- Experiments at KEK-PS -

reaction/scattering & decay of 
Strange particles

Spectrometer

Magnet

Spectrometer

Magnet

SciFiSciFi

IITsIITs

E289E289 E452E452

Liq. Scinti.Liq. Scinti.

Scintillating Fiber Block (or Liquid Scintillator) 

with IIT-CCD Camera 

triggered by Spectrometer system

E373E373
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Motivation
- Experiments at KEK-PS -

Motivation
- Experiments at KEK-PS -

IIT & Triggers

‣ Phosphor Decay Time

– a few µs

‣ Decision Time

– several hundreds ns

‣ CCD image handling

– several tens ms

Beam rate ≤ 105Hz
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High-Speed Image Delay Tube
- What is it ? -

High-Speed Image Delay Tube
- What is it ? -

Prototypes

‣ ON THE OPTOELECTRONIC SCHEME OF A SCINTILLATING FIBRE TRACKING DETECTOR FOR FUTURE LARGE HADRON COLLIDERJ.P.Fabre,  T.Gys  and M.Primout: CERN/EF/4147H/TG/mnb 8 November 1988

‣ THE BASIC PRINCIPLE OF A VACUUM IMAGE PIPELINE
T. Gys : CERN/EF/4304H/TG/mnb 12 January 1989

‣ Conceptual design for an optelectric delay line
J.P.Fabre,  T.Gys, M.Primout and L.Van hamme: Revue Phys. Appl. 24(1989)1019

‣ OPTOELECTRONIC DELAY FOR THE READ-OUT OF PARTICLE TRACKS FROM 
SCINTILLATING FIBRES
T. Gys et al. : CERN/EF 89-25, DERN/LAA-SF91-3, CERN/DRDC 92-42

‣ OPTO-ELECTRIC DELAY TUBES
T. Gys et al. : DERN/LAA/SF 90-20

‣ A high-speed gateable image pipeline
Berkovski et. al. NIM A380(1996)537

Electron drift velocity ≈1m/µs

during decision time ...

keep data 

by using electron drift,

not by phosphor decay time
4
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R & D at KEK
- since 2006 -

R & D at KEK
- since 2006 -

1. Survey CERN’s reports

2. Start negotiation with Photonis-DEP via DHT-Japan

3. Contact with Dr. Gys

4. Ask a prototype by Photonis-DEP along CERN's design(CERN/DRDC92-
42)

5. Positive reply in the beginning,... 

6. ... missing some critical equipment,...resources are NOT available. R&D 
having already difficulty... due to long intermission 15 years ...

7. Missing several months ... ask and obtain the drawing ... be transmitted 
favorably (proprietary from Photonis-DEP)

5
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Operation modes : 1Operation modes : 1
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P47 Phosphor

(430nm, 110ns)
Au-mesh Cathode

0V0V 4V4V 4V4V 4V4V 4V4V 15kV15kV

No reflection (continuous)
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Operation modes : 2Operation modes : 2

A
c
c
e
le
ra
ti
o
n

A
c
c
e
le
ra
ti
o
n

S
e
le
c
ti
o
n

S
e
le
c
ti
o
n

P47 Phosphor

(430nm, 110ns)
Au-mesh Cathode

0V0V 4V4V 4V4V 4V4V -2V-2V 15kV15kV

Image Elimination
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Operation modes : 3Operation modes : 3
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P47 Phosphor

(430nm, 110ns)
Au-mesh Cathode

0V0V 4V4V 4V4V 4V4V -2V-2V 15kV15kV10V  -200V

Image Selection
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High-Speed Image Delay Tube
- Basic scheme: addendum -

High-Speed Image Delay Tube
- Basic scheme: addendum -
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High-Speed Image Delay Tube
- Performance & Characteristic -

High-Speed Image Delay Tube
- Performance & Characteristic -

Main features (CERN/LAA-SF91-3)

‣ a good detection efficiency

‣ a delay capability to wait for the first-level trigger decision

‣ a space resolution which is comparable with that of the fibers (≤30µm)

‣ an intrinsic time resolution (≈10ns) which minimizes the mixing of 
successive images 

‣ gating facilities to select triggered events (data reduction ≈10-3)

At J-PARC

‣ 107 K±/s can be acceptable

‣ 108(9) π±/s would be O.K.
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R & D at KEK
- assemble -

R & D at KEK
- assemble -
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R & D at KEK
- Present status -

R & D at KEK
- Present status -

Image tube

Vacuum : ≤ 10-3 Pa

High voltage with solenoidal field : 15 kV

e- drift control voltages : ready

except for short reflecting pulse : 

-200〜-300V with 5ns width (150ns so far)

Photocathode : Au (so far ...) 

High speed camera : 3000fps
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Signal test ..just started ... ?Signal test ..just started ... ?

HSIDT

MacBook Pro
Windows7 

with Parallels
USB MCA
Kromek K102

PMT
R9880U60Co

w 60Co

w/o 60Co
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Next StepNext Step

Basic performance of reflection & gating

spatial resolution

short reflecting pulse power supply : - 200~300V with 5ns width

Selecting photocathode : Au 

optimization : I/O window size and tube length

readout device
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SummarySummary

High-Speed Image Delay Tube (made in Japan) will soon be available

‣ Delay capability, Intrinsic time resolution of ≈10ns,
Data reduction ≈10-3, Space resolution of ≤30µm,
Good efficiency ...

Next step

‣ Fast readout device keeping good space resolution with large area

Apply to a new experiment

‣ Double Strangeness System

‣ YN scattering

‣ ... think about new application ...


