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• Nature & impact of the signal ringing and rebounds

• First obvious things to check

• Impedance matching on a distributed transient-signal system

• Impedance measurements

• Examples with a similar PMT+VD

• Proposed tests for the n_TOF set-up during LS2

Outline:



See Adrià Casanovas and Victor
Babiano’s talks from Granada’s
n_TOF Collaboration Meeting, 2018

Digitized C6D6 signals:                                     Rebounds time-distribution:                                    Rebounds amplitude-distribution:

Nature of the rebounds and their impact in the capture data:

Capture Neutron Spectra:

prompt (50-100ns)

delayed (500-1000ns)

prompt (50-100ns)
delayed (500-1000ns)

main signal

thr=250keV



Detector Digitizer

The first obvious things to check with an oscilloscope:

a) inspect output signal “directly”  from detector
b) inspect output signal after Patch-Panel (PP)
c) inspect output PMT signal at Digitizer input 

Patch Panel

First (obvious) basic tests of the problem: oscilloscope measurements here and there…

prompt (50-100ns)

delayed (500-1000ns)



Detector Digitizer
Patch Panel

Prompt rebounds: ringing from VD?

Ringing?

HAMAMATSU photomultiplier tubes Basics and Applications, Handbook

prompt (50-100ns)



Detector Digitizer
Patch Panel

Rebounds ?

Prompt rebounds: impedance (Z) missmatch along the transmission lines?

Impedance mismatch?
(just an option between many
other hypothesis)

delayed (500-1000ns)



Detector Digitizer

The setup:

The model
(ideal):

50 Ω

Patch Panel

50 Ω

RF Simulation (LT-Spice) of our problem: a perfectly Z-matched set-up

Simulation
Program with
Integrated
Circuit
Emphasis
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RF Simulation (LT-Spice) of our problem: a perfectly Z-matched set-up
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RF Simulation (LT-Spice) of our problem: a perfectly Z-matched set-up

g-ray

Patch Panel
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RF Simulation (LT-Spice) of our problem:

Detector Digitizer
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RF Simulation (LT-Spice) of our problem:

Detector Digitizer

The setup:

The model
(ideal):

The result
(ideal):

100 Ω

75 Ω

50 Ω
cu

rr
en

t
(m

A
)

vo
lt

ag
e

(V
)

Patch Panel



If it is a poor Z-matching… measure impedances at detector, cables and digitizers…

A detector response (impulse) is actually a contribution of many frequencies (in the frequency domain):

So we need to inspect IMPEDANCE as a function of FREQUENCY, across the full bandwith of the sampling digitizer.

arbitrary pulse arbitrary pulse 
frequency spectrum

ZDC=100kΩ

DC-World: RF-World:



ZL =? ohm
Detector

ZL =? ohm

Digitizer

Γ = 𝑆11(𝑓) =
𝑏1

𝑎1
= 
𝑍𝐿(𝑓)−𝑍𝑠(𝑓)

𝑍𝐿 𝑓 +𝑍𝑠(𝑓)

Scattering coefficients measured with a VNA 
(reflection coefficient S11):

Impedance Z measurement across full bandwidth (0-500MHz) using a Vector-Network-Analyzer (VNA)

A VNA produces a RF signal (a1) and measures the reflected wave (b1). A frequency sweep is made to cover
the full range:
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Impedance Z measurement using an arbitrary PMT+VD (just one example):
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Impedance Z measurement using an arbitrary PMT+VD (just one example):



What says Hamamatsu-san about this?

HAMAMATSU photomultiplier tubes Basics and Applications, Handbook Microwave Engineering, David M. Pozar, 4th Ed. Wiley (Chapter 2.3)

Short circuit (ZL=0  G=-1):

Open circuit (ZL=∞ G=1):

Special cases of lossless terminated lines:

Transmission line impedance equation:



Proposed tests with C6D6: Summary

Detector Digitizer
Patch Panel

What? When? Setup Where?

Response LS2 2019-2020 Oscilloscope Detector, PatchPanel, at Digitizer input

Impedance LS2 2019-2020 VNA Detector, PatchPanel, at Digitizer input

Voltage Divider LS2 2019-2020 PMT





backup slides



RF Simulation (LT-Spice) of our problem:
Detector Digitizer

The setup:

The model
(ideal):

The result
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First basic test:
Detector Digitizer



First basic test:
Detector Digitizer



VNA-Test a1

b1


