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Neutrino energy spectrum in DUNE
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Figure 89: Energy spectra of CC interacting neutrinos in the internal LAr target, having a mass of 1.01 ton,
and considering a 120 GeV proton beam in both FHC and RHC modes.
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SAND MC simulation (\

Spatial distribution of v interaction vertices

R h_nu_yz
£ E Entries 118592
. . E 1000~ - Meanx 2.39e+04
* Analyzed sample: sand-events.*.digL.root = - —— Neany 259
and sand-events.*.edep.root _E e e Wl
(thanks to Matteo Tenti) 000t HEs
_30005— o =, 1
100 files B e
-5000— 2 e i
b TOtalthS:118592 Eopnat pinpab on | e gl i r ey | g ol e gl 9 107

~6090000 21000 22000 23000 _ 24000 _ 25000 26000 27000 ¥ 28;)00
mm

« Total p.o.t=1.011X 10"
° pOt/Sle — 75 X 1013 Spatial distribution of v interaction vertices, IFV

£ ]
at 1.2 MW beam power £ 1000 iy ] [
. . 0 Mean x  2.389e+04 7
» corresponding to ~ 30 minutes of swoorx  oio | [N
. . -1000 Std Dev y 866.2 E
data taking in FHC mode .

-2000

* Inner Fiducial Volume (IFV) 50
defined at a distance of 20 cm from ECAL

internal surface Inner Fiducial Volume (IFV)

III|IIII|IIII|IIII|IIII|IIII|IIII|II

102

e PR I ¥ty - I Ll 1 | Ll 1l | f ] e | | | EN ey ] | I | L . ) I 0 -
_6098000 21000 22000 23000 24000 25000 26000 27000 ( 28000
z (mm)

A. Di Domenico ECAL WG Meeting — 12 June 2023



Il

Neutrino energy spectrum in SAND MC U0
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ECAL digitization

Digitization of ECAL similar to KLOE MC:

« Deposited energy in the cells propagated to
PMTs with double exp. attenuation curve

flx) = Ae ™+ (1— A)e_%

« Converted into p.e. number = 18.5 p.e./MeV

of deposited energy (MIP at the module center ~ 40 p.e.)

« Lightyield ~ 1 p.e./MeV of total energy of the particle
 Threshold =2.5 p.e.

« Constant fraction discriminator at 15% ot fhe signal
* Multihit TDC simulation (30 ns integration
time + 50 ns dead time)
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Np.e. distributions (Ve

PE distribution
£ PE distribution at E, fixed
2 10° § 10° Entries for [0,2] GeV range 334343
g § : Entries for [2,4] GeV range 1222842
10° WHOLE ECAL Entries 3366574 ‘q:: Entries for [4,6] GeV range 321731
3 10°]
> e i 5 Entries for [8,10] GeV range 156684
@ 4 ] Entries for [10,15] GeV range 371988
10 Entries for range > 15 GeV 809685
10°
10° =
= ||..n|r|ﬂ|\.’|‘|7J.m7ﬂwu,ﬂﬂﬂ|L»ﬁ.un.“n..n.n | . Jﬁjll_nn“l
10000 19000 A 5000 10000 15000 20000 25000
pe number
E, range = [0,10] GeV PE distribution at E, fixed, IFV
Events number 101,696 £ Entries for [0,2] GeV range 7369
Events cells number 2,184,901 8 Entries for [2,4] GeV range 29483
2 Entries for [4,6] GeV range 7449
Fraction of events with at least one cell above PE threshold (%] 3 :
o Entries for [8,10] GeV range 3195
1000 PE threshold 2.58 2 S T Tan EaTEy cans o
8 entries for 0,15] GeV range 9546
2000 PE threshold 0.49 Entries for range > 15 GeV 19621
3000 PE threshold 0.13
4000 PE threshold 3.64 - 1072
Fraction of hit cells above PE threshold (%]
1000 PE threshold 0.19
2000 PE threshold 3.03 - 1072
3000 PE threshold 7- 19 . 10_3 2 I 4 1 L 1 { | L ; L 1 ;2 1 1 1I4
4000 PE threshold 2.11 - 1073 000 4000 G000 EDOD 10000 1200 umber

A. Di Domenico ECAL WG Meeting — 12 June 2023 6



Np.e. distributions (\
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Np.e. distributions (Ve
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Frequency

Cell occupancy plots and hit probability (Ve
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Beam, spill structure, and event rates in SAND Du(Ve

Beam power 1.2 MW
7.5 x 103 protons extracted every 1.2 s at 120 GeV
1.1 x 102" pot/year

Spill time structure

* 9.6 us per spill

* 6 batches, 84 bunches/batch : i i
- 2 empty bunches i |
I i i
° 1 bunCh GaUS(G - 15 nS) -5.00E06 0.00E+00 500606 1.00E 05 150605

At bunches = 19 ns

Event rates expected in SAND
~ 84 interactions/spill
<1 interaction/spill in the SAND fiducial volume
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Pile-up probability

The beam time structure is reconstructed to simulate the  spills with 0 hit 1 hit
time of the neutrino interaction event and calculate the pile- 10° _ \*
up probability that, given a PMT signal, a second signal oz
arrives within a fixed time window (TW) after the first signal. 10*

3
The times of N interactions per spill (in average N=84) are 10
extracted uniformly between 0 and 9.6 ys. The time 10°
difference between two consecutive interactions is calculated 10

for all spills, following an exponential distribution with 1gp; =
114 ns. From this, the distribution of time differences for a

0 5 10

single cell with a probability to be hit of P, = 1.16% is delta time cell (us)
evaluated, and then the pile-up probabilities for different time Time [ns] S
windows are also evaluated, TW = 50, 100, 150, 200 ns. -
before smearing after smearing -
Pcern [%] 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 o
100 1.33 1.81 2.52 1.32 1.71 2.56 T |
150 1.95 2.71 3.72 1.91 2.60 | 3.78 B = T
200 92 50 3 58 487 9 59 3 48 493 Time propagation/smearing of hits in

a single neutrino interaction event.
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Pile-up probability

The beam time structure is reconstructed to simulate the  spills with 0 hit

time of the neutrino interaction event and calculate the pile- 105

up probability that, given a PMT signal, a second signal

arrives within a fixed time window (TW) after the first signal. 10°
3

The times of N interactions per spill (in average N=84) are 10

extracted uniformly between 0 and 9.6 ys. The time 107

difference between two consecutive interactions is calculated
for all spills, following an exponential distribution with 1gp; =
114 ns. From this, the distribution of time differences for a
single cell with a probability to be hit of P, = 1.16% is
evaluated, and then the pile-up probabilities for different time
windows are also evaluated, TW = 50, 100, 150, 200 ns.

before smearing after smearing

Pceis (%) 1.16 | 1.5 | 2.0 || 1.16 | 1.5 | 2.0
Time window [ns]
20 0.67 0.90 1.28 0.64 0.86 1.36
100 1.33 1.81 2.92 1.32 1.71 2.56
150 1.95 2.71 3.72 1.91 2.60 3.78
200 2.59 3.98 4.87 2.52 3.48 4.93
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PMT signal and discriminator threshold in KLOE (\
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Figure 4: Typical signal from the PM base. J

Constraints:

- minimum discriminator threshold 4-5 mV

- maximum HV for PMs divider is 2300 V
typical HV 1700-1800 => G~1-3 x 10°

- preamplifier linear (within 0.2%) for signals
up to 4.7 V (gain preamp ~ 2.5)

=>1.74 V at discriminator level after

12-15 m long cables and termination thanks to A. Balla and P. Ciambrone

A. Di Domenico ECAL WG Meeting — 12 June 2023 13



Choice of the dynamic range

The dynamic range in terms of N, can be evaluated using the following constraints for
the FEE after the PMT:

Minimum discriminator/digitizer threshold V4= 5 mV

Preamplifier linearity (within 0.2%) range = [0, 4.7] V => Vs amp(max ) =4.7 V

preamp transimpedance gain G= 250 V/IA => | ., (max)=19 mA => max signal charge
Q(max)=133 pC; from Q = e Ny Gpyy => (Npe Gpy)(max) = 83-107

GTOT = GPM Gpreamp with Gpreampz 2.5

12m long cable attenuation: Cyr7= 0.74

MAX single pulse amplitude at the discriminator/digitizer input is:

Vgs(max) = Vygeamp(Max) ¢ 0.5 ¢ Cprr=1.74V

signal ampl = Vg(max)/Np.(max)

Noe(min)=Vr/(signal ampl) => N,.(max)/Np(min) = Vgs(max)/Vy

Gpum Giot | Npe(max) signal Npe(min) MeV
(x10°) | (x10°) amplitude | Vyg = 5 mV | at module center
(mV/pe)
4.2 1.04 ~ 2000 0.87 ~ 6 6.0
5.5 1.38 ~ 1500 1.16 ~ 4 4.0
8.3 2.1 ~ 1000 1.74 ~ 3 3.0
10 2.9 ~ 800 2.18 ~ 2 2.0
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PMT system test at LNF DU(\ =

no preamplifier
PMT system test with CAEN — —_—
LED driver (wavelength ~ 400 nm) |

and scint. fiber splitter

File Vemical Timebase Trigger Displey Cursors Messwe Msh Analysis Utilies Help

two PMTs, one for reference

with preamplifiers a lower gain is needed,
which is beneficial for PMT lifetime
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Test of preamp saturation (Ve

with preamplifier

Flle Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

T |

saturation over 3.2V

In this specific case (negligible cable length) we expect:
Vis(max) = Vpeamp(Mmax) ¢ 0.5 =2.35V

Assuming to increase V,amp(max) by 15% while keeping linearity at an
acceptable level, e.g. 1% (to be tested), we get:

Vpreamp(Max ) = 5.4 V
Vais(max) = Vpreamp(Max) « 0.5 =2.7V
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“Stretching” the choice of the dynamic range

Assuming:
to increase Veamp(mMax) by 15% => Veqmp(max ) =5.4 V

(Npe GPM)(maX) - 95 1 07
Vdis(maX) - Vpreamp(maX) ¢ 05 ¢ CATT= 20V
to have a very low noise environment as in KLOE => lowering

(halving) the minimum discriminator/digitizer threshold to V4= 2.5 mV

Gpy Giot | Npe(max) signal Nype(min) MeV
(x10°) | (x10°) amplitude | Vry = 2.5 mV | at module center
(mV/pe)
4.8 1.2 ~ 2000 1.0 ~ 3 3.0
0.4 1.6 ~ 1500 1.3 ~ 2 2.0
9.5 2.4 ~ 1000 2.0 ~ 1 1.0

Different dynamic ranges can be implemented changing Gpy =>
the final choice should be a compromise between an affordable level of

events with energy saturated cells, depending on N,.(max), and an acceptable

neutron detection efficiency, depending on Nye(min).

A. Di Domenico
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Choice of FEE for SAND/ECAL Du(VE

Constraints on signal dynamic range
see previous slides

Two possible read-out schemes:

Detector High Flexibility

BV Fsampl ~ 1 GS/s =>High Cost
@ Waveform | ENERGY or
! 1ai1+1 Fsampl ~ 125-250 MS/s
y Digitizer —. TIME + signal shaper

=>medium Cost

Detector

N ToT ENERGY No Flexibility
@ ' . | o o =>medium cost
- / ~ _TIME energy by ToT

with 2 or more
thresholds not to
worsen enerqy resol.

CAEN:

possible ready-to-use solution maintaining KLOE energy and time performance
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Choice of FEE for SAND/ECAL 0\

Digitizer solution: ~ - ) )
Vo (max) = 2V Digital CFD with interpolation ® CAEN

Vsignal(min) = O(0.1) mV
=> no problems to set V14 and
Vsignai(max) to match Vys(max) CLK

Best choice, high cost: INPUT
1 GS/s digitizer

=> 1 ns: 4-5 time measurements

on the rising edge of the 14 ns base

signal to preserve time resolution

Lower cost choice:

A shaper is needed to stretch the ~ LZCFINE TSTAMP|

signal to use a lower cost digitizer,

125 or 250 MS/s =>8 or4 ns g
Optimal choice: CFD

250 MS/s digitizer

=>4ns [COARSE TSTAMP| A

stretch x4 the signal from 14 to 56 ns
to keep the pile-up
at the minimum (1%).

TRIGGER
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Conclusions

Studies for the optimization of the working point of the SAND calorimeter read-out electronics
have been performed.

The MC simulation of the ECAL digitized response has been used to study the dynamic
range and pile-up of the signals.

The preamplifiers of PMT bases are well compatible with the proposed FEE solutions, given
that the maximum amplitude of signals accepted before digitalization is around 2V, i.e.
Vsignal(max) =2 V.

Keeping the preamplifiers has the advantage (i) to simplify the ECAL dismounting and test
phases, and (ii) to keep the PMTs working point at a lower gain and HV level, beneficial for
their lifetime.

It has to be tested how much the preamp linearity is worsened when extending V,;camp(max)
from 4.7 to 5.4 V (most likely it will remain within 1%).

In the long term, it would be necessary to design and build anew spare bases (with new
components), to cope with possible long-term degradation of electronic components.

A possible solution for the FEE that could constitute a good compromise between cost and
performance is the use of a 250 MS/s digitizer with a x4 signal stretcher in front.

This solution could be provided by CAEN ready-to-use. A meeting with CAEN will be
organized soon to discuss more technical issues and costs of the possible solutions.
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KLOE ECAL performance in KLOE-2 and with neutrons

\

Check e.m. calorimeter performance og/E =5.6% /NE(GeV)
during I_(LOE-_Z data taking (2015-2018): o, =58 ps /\/E(GeV) ® 135 ps
compatible with known performance.
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0 . Cw g §ox vy o § g o (Gauzzi corresponding author)
0 5 10 15
Thr (MeV eq.el.en)
A. Di Domenico ECAL WG Meeting — 12 June 2023

23



Choice of FEE for SAND/ECAL Du(VE

FERS: a scalable readout system ® CAEN

1/10 Gb/s Eth, USB 3.0

DETECTOR SPECIFIC COMMON INFRASTRUCTURE

e FERS: Front End ASIC + ADC/TDC + Scalable Readout Analog Signals
Infrastructure

o Easy integration of new ASICs =
 Scalability: from single stand alone version for R |
evaluation, to 10k/100k channels with same electronics

e TDL: daisy chainable optical link protocol with data+sync

4.25 Gb/s TDlink

e Readout Tree:
1 link = 16 FERS units

1 Concentrator = 8 links = 128 FERS = 8k/16k channels
Multiple Concentrators for unlimited readout...

picoTDC (FERS A5203) + ToT solution
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Time simulation

TDC Multihit simulation:

integration time 30 ns

(starting from first p.e. time)
50 ns dead time

Constant fraction simulation: 15%

of the total p.e. number

Time [ns]
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Neutrons in SAND uVeE

Neutron detection efficiency

thresholds 250 eV in STT and 1.1 p.e. in ECAL
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a1 e I B g P, 64.8 % 76.5 % 301 % 73.6 %
Hydrogen 80.5 % 85.0 % 87.4 % 82.3 %
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