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What is the expected dynamic range of ECAL PMT signals 
in terms of photoelectrons in SAND ?

Studies for the optimization of the ECAL working point
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Np.e. distributions and expected Np.e. dynamic range

E⌫ range = [0,10] GeV
Events number 101,696

Events cells number 2,184,901

Fraction of events with at least one cell above PE threshold [%]
1000 PE threshold 2.58
2000 PE threshold 0.49
3000 PE threshold 0.13
4000 PE threshold 3.64 · 10�2

Fraction of hit cells above PE threshold [%]
1000 PE threshold 0.19
2000 PE threshold 3.03 · 10�2

3000 PE threshold 7.19 · 10�3

4000 PE threshold 2.11 · 10�3

Table 1: Fraction of events with at least one cell above the photoelectron threshold (top)
and fraction of of hit cells above the photoelectron threshold (bottom) in the neutrino
energy range 0 - 10 GeV.

IDbarrel = (1000 ⇤mod) + (100 ⇤ plane) + column where mod is the module
number going from 0 to 23, plane is the plane number going from 0 to 4, and
column is the column number going from 0 to 11. For the two endcaps, the
module numbers are 30 for endcap A and 40 for endcap B while the columns
are grouped by the plane they belong to. Figures 12, 13 show the occupancy
plots of a module of the barrel and the endcaps.
It is noteworthy that the cells belonging to the fifth plane make the largest
contribution to the occupancy plot. This is in part due to the fact that plane
5 is larger than the cells of the first 4 planes, namely 5.2 cm against 4.4 cm
for planes 1 to 4. Partly it is due to the more probable neutrino interaction
in the iron yoke than the IFV, with secondary particles entering the EMC
from the fifth planes.
From the occupancy plot it is now possible to estimate the average number
of times a cell of a plane records a neutrino interaction. Then the probability
that a neutrino interaction event hits a cell of a plane can be evaluated by
dividing by the total number of events, i.e. 118 592, and the number of cells
in each plane, for the barrel and the endcaps. The related uncertainty is
neglected, as its order of magnitude is at most 10�4. Figure 14 show the
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• MC simulation of neutrino interactions in SAND
• sample of 118k evts corresponding ~ 30 minutes 

at 1.2 MW in FHC mode (or ∼15 min at 2.4 MW)
• Digitization of ECAL (as in KLOE MC):

deposited energy in the cells propagated to 
PMTs and converted into p.e. number;
constant fraction discriminator simulated 
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• Neutrino energy range of interest 
for oscillation analyses is [0,10] GeV 

• In this range the MAXIMUM Np.e. that 
has to be treated by FEE can be safely 
set between 1000 and 2000
=> see next slides for the choice of the 
FEE dynamic range

• MC simulation of neutrino interactions in SAND
• sample of 118k evts corresponding ~ 30 minutes 

at 1.2 MW in FHC mode (or ∼15 min at 2.4 MW)
• Digitization of ECAL (as in KLOE MC):

deposited energy in the cells propagated to 
PMTs and converted into p.e. number;
constant fraction discriminator simulated 
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• Neutrino energy range of interest 
for oscillation analyses is [0,10] GeV 

• In this range the MAXIMUM Np.e. that 
has to be treated by FEE can be safely 
set between 1000 and 2000
=> see next slides for the choice of the 
FEE dynamic range

• MC simulation of neutrino interactions in SAND
• sample of 118k evts corresponding ~ 30 minutes 

at 1.2 MW in FHC mode (or ∼15 min at 2.4 MW)
• Digitization of ECAL (as in KLOE MC):

deposited energy in the cells propagated to 
PMTs and converted into p.e. number;
constant fraction discriminator simulated 

• to maximize the neutron detection efficiency by ECAL the MINIMUM Np.e. that has to be treated 
by FEE is the lowest possible, ideally 1-3 Np.e.
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What is the expected pile-up of 
ECAL PMT signals in SAND ?

Studies for the optimization of the ECAL working point
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Cell occupancy plots and hit probability

Barrel

Ecap A Ecap B Average probability 
that a cell is fired/hit in 
a neutrino interaction 
event:

Pbarrel = 1.37%
PecapA = 0.88%
PecapB = 0.86%

Pcell = 1.16%
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Pile-up probabilities [%] Pile-up probabilities
[%]

before smearing after smearing

PCELL [%] 1.16 1.5 2.0 1.16 1.5 2.0
Time window [ns]

50 0.67 0.90 1.28 0.64 0.86 1.36
100 1.33 1.81 2.52 1.32 1.71 2.56
150 1.95 2.71 3.72 1.91 2.60 3.78
200 2.59 3.58 4.87 2.52 3.48 4.93

Table 2: Table of the values of the pile-up probability of two PMT signals integrated in a
chosen time window for three di↵erent values of PEMC , before and after the e↵ect of the
smearing.

3. Analysis of the test of the PMT

After the work done on the simulation, a direct test of the PMTs is per-
formed as an additional support for the final results of this thesis. First a
brief discussion of the PMT and its base composed of divider and pream-
plifier is given, then the test of the PMTs is reported with the main results
concerning the gain trend as a function of the high voltage, the determina-
tion of the � factor, the measurements of the relative quantum e�ciency QE
and the saturation of the preamplifier.

3.1. The readout of the KLOE calorimeter

3.1.1. Fine-mesh PMT

The type of PMTs used in the KLOE detector is the fine-mesh photomul-
tiplier tube (the technical data sheet is reported in appendix A). The main
di↵erence between these PMTs and the traditional ones is the fact that the
electron multiplication takes place thanks to the dynodes, which consist of
a series of very fine grids placed close together, about 1 mm. The proximity
of the dynodes is functional in order to reduce the path of the secondary
electrons, thus minimizing the e↵ects of an external magnetic field, although
this structure has disadvantages such as a low gain per stage and a partial
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Pile-up probability
• The beam time structure (SPILL: 9.6 μs every 1.2 s) is 

reconstructed to simulate the time of the neutrino
interaction event and calculate the pile-up probability that, 
given a PMT signal, a second signal arrives within a fixed 
time window (TW) after the first signal.

• In average N=84 interactions per spill (1.2 MW beam). 
The time difference between two consecutive interactions 
in a spill is evaluated and from this, the distribution of 
time differences for a single cell with a probability to be 
hit of Pcell = 1.16%, 1.5%, 2% is evaluated. 

• Time propagation/smearing of hits in a single neutrino 
interaction event is taken into account (=>negligible).

• Finally the pile-up probabilities for different time windows 
are evaluated, TW = 50, 100, 150, 200 ns. 

spills with 0 hit                            1 hit

pile-up probability (%)

Spill simulation
• 9.6 Ps per spill

• 6 batches, 84 bunches/batch

• 2 empty bunches

• 1 bunch: Gaus(V = 1.5 ns)

• 't bunches = 19 ns
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Neutrino interaction in a spill with
𝑁𝐶𝑎𝑙𝑜𝐶𝑒𝑙𝑙 𝑝𝑒 > 2.5 > 0

time (ns)

Star: vertex, 
blue: muon track, 
green: non-muon 

tracks
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Ppile-up is O(1%)
in 50 ns TW
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Can the present KLOE PMT-base configuration fit
the expected dynamic range of signals in SAND?

Studies for the optimization of the ECAL working point
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Driver

Discriminator

Analog adder

ADC

TDC

Trigger

Splitter card

50 Ω

HV
Photomultiplier

Cable
50 Ω

Preamplifier

Npe                GPM                 Gpreamp

CATT 

Vpreamp       Vdis > VTH
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PMT signal in KLOE and preamp linearity test

Ch1 Ampl
 584mV
Unstable
histogram

Ch1 Rise
 3.02ns
Unstable
histogram

Ch1 Fall
 6.62ns
Unstable
histogram

200mVΩ M 10.0nsCh1
Constant fraction discriminators.
Effective thresholds in the range 4–5 mV: 
correspond to signals originated 
by 3–4 p.e.  or a 3–4 MeV photon 
at 2 m from PMT

12 m cables

1 2 3 4 5
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Linearity testLinearity test

~1% linearity

preamp
saturation

~0.2% linearity

preamp linearity test 

Conclusion: 
the dynamic range of signals can be 
increased in SAND by accepting linearity 
at 1% level (instead of 0.2% as in KLOE)

divider and preamp 
in the PMT base

divider
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Choice of the dynamic range
Assuming:
• Vpreamp(max)=4.7 V increase by 15% =>  Vpreamp(max ) = 5.4 V     (Gpreamp=2.5)

      (linearity from 0.2% to 1%)
• Vdis(max) = Vpreamp(max) •  0.5  • CATT= 2.0 V
• to have a very low noise environment as in KLOE => lowering 

(halving) the minimum discriminator/digitizer threshold to VTH= 2.5 mV

GPM Gtot Npe(max) signal Npe(min) MeV
(⇥105) (⇥106) amplitude VTH = 2.5 mV at module center

(mV/pe)
4.8 1.2 ⇠ 2000 1.0 ⇠ 3 3.0
6.4 1.6 ⇠ 1500 1.3 ⇠ 2 2.0
9.5 2.4 ⇠ 1000 2.0 ⇠ 1 1.0

Table 5: Maximum and minimum number of photoelectrons given by a calorimeter readout
cell as a function of the gain Gtot = GPM ⇥Gpreamp.

The GPM values shown in Table 4 are all well within the working range of
the PMTs. At Gtot = 2.1 ⇥ 106 the dynamic range for Npe extends from 3
to 1000. At Gtot = 1.04 ⇥ 106 it ranges from 6 to 2000 photoelectrons. If
the noise level in SAND permitted it, VTH could be slightly lowered, further
reducing Npe(min). Also Npe(max) could be slightly increased by allowing
larger Vpreamp(max) at the price of slightly worsening the linearity of the
preamplifier response, set in KLOE at the level of 0.2% [? ]. Another viable
option would be the removal of the preamplifier from all 4880 PMT bases,
allowing larger Npe(max), not constrained anymore from the limit in equation
(9) (corresponding to Vpreamp(max) = 4.7 V). All this information will be
important as a guide for the final choice of the SAND readout electronics.

3.2. Measure PMT characteristics and readout electronics

The main focus of this section of the thesis is to test the functionality of
the PMTs and the bases. Specifically, the goal is to test twenty-five Hama-
matsu PMTs, classified as R5946-70 (the technical data sheet is provided in
appendix A), as a sample of 145 PMTs that have been purchased to serve
as spares during the DUNE and SAND running in the next decades. The
gain as a function of high voltage (HV), the determination of the coe�cient
� defined below and the relative quantum e�ciency (QE) have been mea-
sured. This testing was conducted without the preamplifier, although some
measurements with the preamplifier were also taken to mainly determine the
signal saturation level.
The PMTs used for the direct test have the following serial numbers:

WB0170 WB0199

WB0177 WB0200

22

• => Npe(max)\ Npe(min) ~ 300 (in KLOE) increases up to 600 – 1000.  
• Different dynamic ranges can be implemented changing GPM => 

the final choice should be a compromise between an affordable level of
events with energy saturated cells, depending on Npe(max), and an acceptable 
neutron detection efficiency, depending on Npe(min).

(12m long cable attenuation: CATT = 0.74)
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Preamp linearity test with PMT signals

no preamplifier

with preamplifier

PMT system test at LNF with 
- CAEN LED driver SP5601 (wavelength ∼ 400 nm) 
  with fine tunable LED intensity
- scint. fiber splitter
- two PMTs (for relative QE meas.)
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Preamp linearity test with PMT signals: results
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HV=1700 V HV=1900 V HV=2100 V

no preamp PMT2
with preamp PMT2

REF PMT1

preamp recovery time from saturation
depends on input amplitude signal

fixed LED
intensity (full)

PMT2

Preamp linearity test with PMT signals => saturation
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Preamp linearity test with PMT signals => saturation

only only

• The time baseline is distorted during saturation. The recovery time from saturation to linear regime 
depends on the input signal amplitude.

• The input information is not fully lost during the saturation regime. The “over-linearity” of the 
integrated charge, or the signal width increase vs the input signal amplitude could be exploited to 
characterize signals beyond the preamp saturation regime.

=> amplitude of signals can be measured even in the saturation regime! 
     (precision to be studied) 

• Two PMTs with their bases tested in the preamp saturation regime
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What choice of FEE for SAND/ECAL?

Studies and tests for FEE choice

Studies in collaboration with CAEN

A. Di Domenico, V. Di Silvestre, P. Gauzzi - INFN-RM1
C. Tintori, C. Maggio, L. Colombini – CAEN, Viareggio
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Choice of FEE for SAND/ECAL
Three possible read-out schemes:

CAEN: 
collaboration for a commercial (partly customized) solution keeping KLOE energy and time performance

Detector

ENERGYWaveform
Digitizer TIME

Detector

PA Fast
Discr picoTDC

ENERGY

TIME

PA

ToT

Highest Flexibility
=> 
Fsampl ~ 1 GS/s =>High Cost or
Fsampl ~ 125-250 MS/s
+ signal shaper

Less Flexibility
=> energy by ToT
with 2 or more thresholds 
not to worsen energy resol.
Time walk correction 
needed

ENERGY

TIME

Split paths

22

PMT

Preamp
(on PMT)

High speed 
amplifier

Note: some stages may be folded into a single active component

High pass Filter

Low pass Filter

Fast 
Discriminator

Low Noise,
Highly linear amplifier

ADC 
Driver

picoTDC

14 bit ADC

Nicolo’ Tosi | Part 3: ECAL

a more conventional approach
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Test setup:

• Start on Ch0 with fixed amplitude. Stop on Ch1 and 
Ch2 (dual threshold) with variable amplitude (max = 
3.85 V). Delay = 13 ns.

• Acquire ToT (ToT= Time Over Threshold) and DT (DT 
= walk) at different amplitudes (from 0 to 52 dB, 3 dB 
step)

• Fit points and build ToT-Walk and ToT-Ampl curves
• Use curves to correct Walk from ToT (replace CFD)
• Use curves to get Amplitude from ToT (make ADC 

from TDC)

Pico TDC test (CAEN)

18
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Calibration Curves:
Low threshold: 5mV
High threshold: 300mV

Pico TDC test (CAEN)

19
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Time Reconstruction (using ToT-Walk correction)

• Acquired pulses at 6 different 
amplitudes over a 50 dB dynamic 
range, the walk causes ~2 ns spread 
on DT: 6 separate peaks appear on the 
histogram
(sample independent from calibration sample)

• DT corrected by ToT using calibration 
data with a 5th order polynomial fit of 
the ToT-Walk points taken at lower 
threshold (5 mV)

• Corrected DT histogram presents one 
single peak:

• Time resolution ~18 ps  
over 50 dB dynamic range

20

Pico TDC test (CAEN)
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Amplitude Reconstruction  (using ToT-Amp correction)

Low threshold: 5mV
High threshold: 300mV

Amplitude resolution <1% at large values
(well below ECAL resol. ~ 5.7%/√E in the whole range)

21

Pico TDC test (CAEN)
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Pico TDC test (CAEN+INFN)

• Led Driver CAEN SP5601 
(l~400 nm) + fiber splitter 

• two KLOE PMTs (test + reference)
• test PMT signal splitted:
i. Pico TDC
ii. Digitizer 730S 14 bit @ 500 MS/s
• Resolution comparison
• TDC: Start on Ch0 with trigger from 

LED Driver. Stop on Ch1 and Ch2 
(dual threshold) with variable 
amplitude.

• Digitizer: autotriggering on Ch0.

Test setup:

Digitizer

PMTs + Led Driver

DT5203+A5256

Compas SW
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Time Reconstruction         (using ToT-Walk correction)

• Acquired pulses at 7 different 
amplitudes over a 40 dB dynamic 
range, the walk causes ~3-4 ns 
spread on DT: 7 separate peaks appear on the histogram. 
(sample independent from calibration sample)

• DT corrected by ToT using calibration data with a 5th order 
polynomial fit of the ToT-Walk points taken at the lower 
threshold (10 mV)

• Corrected DT histogram presents one single peak: 
• Time Resolution ~ 70 ps

Walk
(ns)

Sigma 
before (ps)

Sigma 
after (ps)

119.1 - -

119.6 89 72

120.0 81 71

120.5 75 70

121.1 74 65

121.8 77 63

122.8 100 71(peak at 119.1 ns at limit)

Low threshold: 10 mV

Pico TDC test (CAEN+INFN)

23
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Time Reconstruction (using ToT-Walk correction)

Walk
(ns)

Sigma 
before (ps)

Sigma 
after (ps)

120.8 74 69

121.4 72 61

122.3 82 62

High threshold: 100 mV

Time Resolution ~ 60 ps

Pico TDC test (CAEN+INFN)

24

(ECAL resol. ~ 54ps/√E + 100 ps)
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Amplitude
(mV)

Sigma    
(%)

722.0 -

406.0 8.0

228.3 5.9

128.4 5.4

72.2 4.0

40.6 4.0

22.8 3.2

POLY FIT

Amplitude Reconstruction  

Low threshold: 10 mV

Amplitude resolution from 3 to 6 % in the low/medium range
(well below ECAL resol. ~ 5.7%/√E in this range – see next slides)

Pico TDC test (CAEN+INFN)
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(using ToT-Amp correction)
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Amplitude Reconstruction  
        (using ToT-Amp correction)

High threshold: 100 mV

Amplitude
(mV)

sigma
(%)

722.0 4.2

406.0 3.8

228.3 3.2

POLY FIT

Amplitude resolution ~ 3-4 % in the higher range
(below ECAL resol. ~ 5.7%/√E – see next slides)

Pico TDC test (CAEN+INFN)

26
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Amplitude resolution obtained from 
ToT is compared with the intrinsic
calorimeter resolution
(assuming 1 mV = 1 p.e. = 1 MeV
=> 1 V = 1 GeV)

comparison with Ecal resolution
From previous studies on dynamic range:
• Vdis(max) = Vpreamp(max) •  0.5  • CATT= 2.0 V
• minimum discriminator threshold possible VTH= 2.5 mV

(min)

preamp
linearity

~ 1%
preamp
saturation

GPM Gtot Npe(max) signal Npe(min) MeV
(⇥105) (⇥106) amplitude VTH = 2.5 mV at module center

(mV/pe)
4.8 1.2 ⇠ 2000 1.0 ⇠ 3 3.0
6.4 1.6 ⇠ 1500 1.3 ⇠ 2 2.0
9.5 2.4 ⇠ 1000 2.0 ⇠ 1 1.0

Table 5: Maximum and minimum number of photoelectrons given by a calorimeter readout
cell as a function of the gain Gtot = GPM ⇥Gpreamp.

The GPM values shown in Table 4 are all well within the working range of
the PMTs. At Gtot = 2.1 ⇥ 106 the dynamic range for Npe extends from 3
to 1000. At Gtot = 1.04 ⇥ 106 it ranges from 6 to 2000 photoelectrons. If
the noise level in SAND permitted it, VTH could be slightly lowered, further
reducing Npe(min). Also Npe(max) could be slightly increased by allowing
larger Vpreamp(max) at the price of slightly worsening the linearity of the
preamplifier response, set in KLOE at the level of 0.2% [? ]. Another viable
option would be the removal of the preamplifier from all 4880 PMT bases,
allowing larger Npe(max), not constrained anymore from the limit in equation
(9) (corresponding to Vpreamp(max) = 4.7 V). All this information will be
important as a guide for the final choice of the SAND readout electronics.

3.2. Measure PMT characteristics and readout electronics

The main focus of this section of the thesis is to test the functionality of
the PMTs and the bases. Specifically, the goal is to test twenty-five Hama-
matsu PMTs, classified as R5946-70 (the technical data sheet is provided in
appendix A), as a sample of 145 PMTs that have been purchased to serve
as spares during the DUNE and SAND running in the next decades. The
gain as a function of high voltage (HV), the determination of the coe�cient
� defined below and the relative quantum e�ciency (QE) have been mea-
sured. This testing was conducted without the preamplifier, although some
measurements with the preamplifier were also taken to mainly determine the
signal saturation level.
The PMTs used for the direct test have the following serial numbers:

WB0170 WB0199

WB0177 WB0200

22

Pico TDC test (CAEN+INFN)
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22/10/2024V. Di Silvestre

Pagina 28

• Two thresholds, low: 10mV, High: 100mV
• Comparison with the experimental calibration curve

MC Data

Implementation of ToT in SAND simulation
• PMT signal simulation: 

- a gaussian distribution in time is associated
at the arrival time of each generated photoelectron

- each gaussian is convolved with an exponential
- all distributions are then summed
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Choice of FEE for SAND/ECAL
Four possible solutions investigated with CAEN

Digitizer VX2730
Fsampl ~ 500 MS/s     => ~ 3.5 Meuro 

Digitizer VX2745B
Fsampl ~ 125 MS/s 
+ shaper 64 ch.    => ~ 1.6 Meuro 

DT5203+A5256

PicoTDC + discr. double threshold with ToT   => ~ 790 keuro 

08/07/24, 01:51A5204 - 64 Channel Radioroc unit for FERS-5200 - CAEN - Tools for Discovery

Page 1 of 4https://www.caen.it/products/a5204/

 

64 Channel Radioroc unit for FERS-5200

A5204  Coming Soon!

Features
64-ch frontend unit for SiPM readout and high resolution timing
applications housing a Weeroc Radioroc ASIC and a CERN picoTDC

chip

Part of FERS-5200, the CAEN platform for the readout of large arrays
of detectors (SiPM, MA-PMTs, Gas Tubes, Si detectors, …)

Onboard A7585D SiPM power supply for sensors biasing

Acquisition modes: Spectroscopy (PHA), Counting, Timing with ToT

Scalability and easy-synch: up to 128 cards (8192 channels) can be

managed and synchronized by a single DT5215 Concentrator Board,

thanks to the optical TDlink

Janus 5204 open source software available for board configuration

and DAQ control

Flexibility: a full range of adapters and cables for different kind of
SiPMs and sensors remotization

Boxed FERS unit (DT5204) for desktop use or naked (A5204) for

customizable mechanical frame

Overview
FERS-5200 is a front-end readout system designed for the readout of large detector arrays, such as SiPMs, multi-anode PMTs, Silicon Strip detectors, Wire

Chambers, GEMs, Gas Tubes and others. FERS-5200 is a distributed and scalable system, where each unit is a small card that houses 64 or 128 channels. It

features a detector specific Front-End interfaced to a common infrastructure that guarantees readout interfaces, slow control and synchronization. Typically,

the front-end is based on ASIC chips that allow for high density, cost effective integration of multi-channel readout electronics into small size and low power

modules. FERS is a flexible platform: combining the same back-end (i.e. readout architecture and interface) with different types of front-end to fit a wide

range of detectors.

The A5204 (and DT5204, which is the boxed version for desktop use) is a member of the FERS-5200 family. It uses the Radioroc chip (produced by Weeroc)

for the readout of SiPM detectors. Radioroc allows triggering down to 1/3 p.e. and provides dual-gain energy measurement with excellent Signal-to-Noise

Ratio on the high gain (SNR over 10 for single p.e.) and large dynamic range on the low gain. Thanks to the programmable shaping time, that can be different

for low and high gain, the Radioroc can perform Pulse Shape Discrimination with organic and inorganic scintillators coupled to SiPMs.

The A5204 includes a High Voltage generator (up to +80V, 10 mA) for the SiPM biasing; a channel-by-channel 8-bit DAC contained in the Radioroc ASIC

allows for fine adjustment of the SiPM bias voltage and SiPM gains homogenization. Besides the slow shaper + peak sensing chain for the acquisition in

spectroscopy mode, Radioroc includes configurable fast pre-amplifiers followed by discriminators that can output 64 individual channel triggers with jitter as

low as 55 ps FWHM on a single p.e. The individual channel triggers are connected to the FPGA, for photo-counting up to 200 MHz as well as for the

implementation of coincidences, majority and topological acquisition triggers. The individual triggers are also connected to a picoTDC, an ASIC chip

produced by CERN, implementing a 64 channel TDC with LSB = 3.125 ps, for very precise timing measurements. Time Over Threshold (ToT) can also be used

to estimate the pulse height, making it possible to acquire time stamp and PHA with very low dead time and extremely high rate, without the need of the

multiplexed A/D conversion.

A5204 
RADIOROC with 

picoTDC
PicoTDC + discr. single threshold with ToT (for all signals)
+ peak sensing ADC with slow shaper – dead time 20µs 
and good resolution (for rarer signals of large amplitude);  
feasibility study in progress  => ~ 520 keuro 
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What is an “endpoint”?
• Reference endpoint hardware: an optical transceiver and a PLL

• DTS also provides reference firmware and a software library
• Built in delay compensation and control/monitoring functions 

18

Your FPGA

Fiber DTS

Nicolo’ Tosi | Part 1: Timing

Integration with DAQ SAND
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Conclusions
• Studies for the optimization of the working point of the SAND calorimeter read-out electronics have 

been performed. 
• The dynamic range and pile-up of the signals have been studied with MC. 
• PMT preamplifiers have been tested for linearity and are well compatible with needed dynamic range 

and proposed FEE solutions, with the additional advantage of lowering the PMT gain (and HV), that is 
beneficial for PMT lifetime.

• The features of preamp saturation could be exploited to partially recover input signal information 
during saturation regime and measure amplitude even for saturated signals.

• Possible solutions for the FEE that could constitute a good compromise between cost and 
performance are being investigated in collaboration with CAEN.

• The picoTDC with double threshold discriminator constitutes a good option. 

• Next steps:  
1. Optimization of the thresholds for the best perfomance in the whole expected dynamic range 

(2.5-2000 mV) and in the preamp saturation regime.
2. Improve simulation of the PMT signal and FEE electronics in the official SAND MC 

simulation; implementation of Walk-ToT correction, ToT amplitude reconstruction, preamp 
saturation etc.. (in progress)

3. Test of PicoTDC and ToT with KLOE modules at test stand in Frascati.
4. Other solutions based on PicoTDC + amplitude meas. (RADIOROC chip) are being 

investigated in collaboration with CAEN and appear very promising.
5. DAQ integration after the choice of FEE


