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ECAL test at LNF DU

Test area

We plan to test two barrel modules at the
same time; (60+60)x2=240 channels
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Refurbishment area

(In total test+refurbishment ~85 mq in bld.57)
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ECAL test at LNF

PMTs will be dismounted, light guides cleaned, new optical gel
applied, and PMT re-mounted.
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ECAL module refurbishment and test

N

Fig. 4. Exploded view of the PM box.
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ECAL test at LNF Du(VE

For the ECAL module test the KLOE electronics will be reused
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4 'NIM modules
SN trigger logic

CAEN HV power supply KLOE ADC CAEN VX559 (30 ch.) 8 boards
KLOE TDC CAEN VX569 (30 ch.) 8 boards

KLOE Low Voltage power supply (380~V)

+/-6V (2x 300W) => PMT preamp, FEE etc. ~ KLOE SDS 8 boards: spllitter +
+/- 5.2 (2x 280W) => digital circuitry discriminators on 30 ch./board
common tunable threshold(low+hign thr.)
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ECAL test at LNF: End-cap modules (Ve

Design of supports for handling and
transportation of each half End-cap.
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ECAL module refurbishment and test

« After dismounting operation, the special protective adesive tape of all
barrel modules has to be replaced; gluing of delaminated modules, etc.
« check light tightness of module and PMT working;
« test basic performance with cosmics rays
« test FEE prototypes
(comparison with old KLOE electronics)
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Offer CAEN updated July 2024
n° 102 board A7030P (48 ch.) =527k euro
n° 7 Sistem SY4527B = 41k euro

n° 7 Power supply booster A4533 = 12k euro one complete spare

system to be used to test

TOTAL: 580k euro (IVA escl.)
spare: 40 5 A7030P + 2 1 SY4527B + 2 1 A4533 = 67k 34k euro (IVA escl.) ~Slow-control software

n° 10+2 spare board A25251 8 full floating channels 8V/12A = 31k euro (IVA escl.)

Mapping of present HV cables 5x12ch on 48 ch. modularity not trivial (to be studied also for LV)
=> under study to minimize cost (custom connectors or patch panel)
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Studies for the optimization of the ECAL working point and FEE

A. Di Domenico, V. Di Silvestre, P. Gauzzi, D. Truncali - INFN-RM1
A. Balla - INFN-LNF
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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

e Analyzed sample: sand-events.*.digi.root
and sand-events.*.edep.root

e 100 files
e Total evts = 118592
 Total p.o.t=1.011X10"

e p.o.t./spill=7.5X%X101
at 1.2 MW beam power
» corresponding to ~ 30 minutes of

data taking in FHC mode
(or equivalently to ~15 min at 2.4 MW)

e Inner Fiducial Volume (IFV)
defined at a distance of 20 cm from ECAL
internal surface
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Neutrino energy spectrum in SAND MC .PJU'(\

spectrum in the whole energy range
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ECAL digitization

Digitization of ECAL similar to KLOE MC: |

#p.e./cell for 10 GeV passing muon

(from wiki/sand)

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

flz)=Ae 3 + (1 — A)e %z

Converted into p.e. number = 18.5 p.e./MeV
of deposited energy (MIP at the module center ~ 40 p.e.)

Light yield ~ 1 p.e./MeV of total energy of the particle
Threshold = 2.5 p.e.

Shape of the PMT
signal (MC)
FWHM ~ 4 ns

0.4

0.3

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 DU'(\E
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Np.e. distributions

PE distribution
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cells of events count

PE distribution at E, fixed
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° lcount

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
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Np.e. distributions DU'(\E

PE distribution Total PE release
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Np.e. distributions DU'(\ =

60

" CALD (TRIG-SiaSD) - 15 it Measurement of the neutron response
8 " CALO (TRIG-SArS9)-GOHen’ of the KLOE EmC
- 40 - # ' KLOE EmC - M. Anelli et al., "Measurement and simulation of the
< L ) neutron response and detection efficiency of a Pb-
§ I scintillating fiber calorimeter ", NIM A581 (2007) 368
i I 4
_ il )
2 3 E: —¢ | - M. Anelliet al., “Measurement of the neutron
: Scint. equiv detection efficiency of a 80% absorber—20%
vl . quiv- scintillating fibers calorimeter ”, NIM A626 (2011) 67
0 L L L 1 | ! L L L 1 ! L L L | L L L !
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» 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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Frequency

Cell occupancy plots and hit probability DlJ(\ -
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Beam, spill structure, and event rates in SAND

Beam power 1.2 MW
7.5 x 1073 protons extracted every 1.2 s at 120 GeV
1.1 x 1027 pot/year

Spill time structure

* 9.6 us per spill

. 6 batches, 84 bunches/batch I"" ~ { r"

« 2 empty bunches i ——
o i

° 1 bunCh GaUS(G —_ 15 nS) -5.006:06 0.00E400 500806 1.00E05

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- 107 ] \*
up probability that, given a PMT signal, a second signal
arrives within a fixed time window (TW) after the first signal. 10*

The times of N interactions per spill (in average N=84 with

1.2 MW beam) are extracted uniformly between 0 and 9.6 us. 10°
The time difference between two consecutive interactions is 10
calculated for all spills, following an exponential distribution T
with 1o = 114 ns. From this, the distribution of time 0 5 10
differences for a single cell with a probability to be hit of P delta time cell (us)
= 1.16% is evaluated, and then the pile-up probabilities for 5 Time nz} e
different time windows are also evaluated, TW = 50, 100, i | e

10°

150, 200 ns. before smearing after smearing

10°E

Pcerr (%) 1.16 | 1.5 2.0 1.16 | 1.5 2.0

Time window [ns] pile-up probability (%)

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 L

150 195 | 271 | 372 || 191 | 260 | 3.78 R e e a
200 2 59 358 487 92 59 3 48 4.93 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 O hit

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.

The times of N interactions per spill (in average N=84 with

1.2 MW beam) are extracted uniformly between 0 and 9.6 us.

The time difference between two consecutive interactions is
calculated for all spills, following an exponential distribution
with 1o = 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
PceLL [%] 1.16 1.5 2.0 1.16 1.5 2.0

Time window [ns] pile-up probability (%)
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 2.99 3.8 4.87 2.52 3.48 4.93
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PMT signal and discriminator threshold in KLOE (\

Photomultiplier Vpreamp leS > VTH
f Chl Ampl HV Preampl¥fer
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1 i q | | o 7DC
I E histogram T T Y Y _\A I ﬁ%
\ { pa ‘ C soe { Analog adder}——0 7
-1 Unstable ATT nalog aader Trigger
- histogram ,I

Npe GpM Gpreamp 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

Chl 200mv Q M 10.0ns

Figure 4: Typical signal from the PM base.

Constraints:

- minimum discriminator threshold 4-5 mV

- max energy release in one cell: 410 MeV

=>1.p.e./MeV at cell center ~1.8 p.e. at end.

- 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
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Choice of the dynamic range in KLOE

The dynamic range in terms of N, and the PMT gain Gpy can be evaluated using the
following constraints for the FEE after the PMT:
Minimum discriminator threshold V4= 5 mV

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

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

GTOT = GPM Gpreamp with Gpreampz 2.5
12m long cable attenuation: Ca7= 0.74
MAX single pulse amplitude at the discriminator/digitizer input is:

Vdis(maX) = Vpreamp(maX) ¢ 05 ¢ CATT= 1.74 'V

signal ampl = Vg s(max)/N,.(max)
Noe(min)=Vry/(signal ampl) => Njo(max)/Np(min) = Vys(max)/Vy

Gpum Giot | Npe(max) signal Npe(min) MeV
(x10°) | (x10°) amplitude | Vg = 5 mV | at module center
(mV/pe)
4.2 1.04 ~ 2000 0.87 ~ 6 6.0
5.9 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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Choice of the dynamic range in KLOE

The dynamic range in terms of N, and the PMT gain Gy can be evaluated using the
following constraints for the FEE after the PMT:
Minimum discriminator threshold V4= 5 mV

Preamplifier linearity (within 0.2%) range = [0, 4.7] V => V. camp(max ) = 4.7 V
preamp transimpedance gain G= 250 V/IA => |, (max)=19 mA => max signal charge

Q(max)=133 pC (triangle approx.); from Q = e N, Gpy => (Npe Gpy)(max) = 83-107

GTOT = GPM Gpreamp with Gpreampz 2.5
12m long cable attenuation: Ca7= 0.74
MAX single pulse amplitude at the discriminator/digitizer input is:

Vdis(maX) = Vpreamp(maX) ¢ 05 ¢ CATT= 1.74 'V
signal ampl = Vg s(max)/N,.(max)

Noe(min)=Vry/(signal ampl) => Njo(max)/Np(min) = Vys(max)/Vy

Gpy Giot | Npe(max) signal Npe(min) MeV
(x10°) | (x10°) amplitude | Vg = 5 mV | at module center
(mV/pe)
oE | 42 | 1.04 | ~ 2000 0.87 ~6 6.0
= 8.3 2.1 ~ 1000 1.74 ~ 3 3.0
10 2.5 ~ 800 2.18 ~ 2 2.0
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Extending dynamic range in SAND DU(\

At oscilloscope:
preamplifier saturation
well visible over 3.2 V
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deli

2.7V
235V

Preliminary considerations:

there is margin to increase the dynamic range by slightly releasing the stringent
requirements for linearity in KLOE (e.g. from 0.2% to 1%) .

In fact, in the specific case of the above picture at the oscilloscope (negligible cable
length Carr= 1) we expect linearity at 0.2% level for Vg s(max) = Veamp(max) ¢ 0.5
=235V

Assuming to increase V..amp(mMax) by 15% while keeping linearity at an acceptable
level, e.g. 1% (feasible - see next slide), we get: Veamp(max ) =54V

Vis(max) = Vyeamp(max) « 0.5 =2.7V => increase dynamic range
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Preamp linearity test (1

Test set-up

Signal amplitude varied
with calibrated attenuators
(pulse width ~ 30 ns)

Signal at a modified
test input: preamp
gain ~1
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Preamp linearity test (1): linear and saturation regimes (\

VoulV)

2.5

1.5

0.5

Residuals
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Residuals

-0.002 E—-
-0.004 E—-

0.008

-0.01

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

Assuming:
« toincrease Veamp(max) by 15% => Veamp(max ) =54V
(linearity from 0.2% to 1%)
*  (Npe Gpy)(max) = 95-107
3 Vdis(max) = Vpreamp(max) e 05 o CATT= 20V (12m long cable attenuation: Carr = 0.74)
« to have a very low noise environment as in KLOE => lowering
(halving) the minimum discriminator/digitizer threshold to Vy= 2.5 mV

Gpy Giot | Npe(max) signal Npe(min) MeV
(x10°) | (x10°) amplitude | Vyyg = 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

« Different dynamic ranges can be implemented changing Ggy, =>
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 Ny.(min).
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Preamp linearitx test 522 with PMT system test DU(\E

PMT system test at LNF with .
- CAEN LED driver SP5601 (wavelength ~ 400 nm) no prear.npl|f|er

with fine tunable LED intensity

- scint. fiber splitter e s e e
- two PMTs (for relative QE meas.) e

Flle Verical Timebase Trgger Display Cursors Measure Math Analysis Utifties Help

i - I ——
1 1
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Preamp linearity test (2): results (i)

LED driver attenuation scale checked and calibrated with PMT response in linear region

VoulV)

Q,(nC)

3.5

2.5
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Saturation curve PMT1

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
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] o St OO SOOI : :

102_ ...................................

52_ ......................................................................................................................

03 0.4 05 06 0.7 0.8 0.9 1 T

Attenuation scale

A. Di Domenico

Q,,(nC)

Vout(v)

Saturation curve PMT2

3.5

2.5

o
NLT T T

0.3 04 0.5 0.6 0.7 0.8 0.9 1 1.1
Attenuation scale

Linear fit PMT2

c:-1.16 +/-1.98 ;

.............................................................................................................................

m: 29.82 +/- 4.94

----- Red.uced-Chi-sq\Jared:- 0.00:- s

.......................................................................

...........................................

Attenuation scale
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Preamp linearity test

PMT2 HV=1700V  REFPMT1

File Verical Timebase Trigger Display Cursors Measure Math Anllysll Ulllm-s Help
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File Vertical e Trigger Display Cursors » “sure Math Analysis Utilities Help ;. File

/\‘/\M*«fﬁw\,w\..w %WW

A
A

|
|
1
h

Plarea(Cl) P2:ampl(Cl) PJW\M’I(M)
55165 nVs 1.19v 3ns
5812773 Vs 1.2200V
49321 Vs mmv
6.5762nVs 137V
267.201 pVs 61.4mV
1 015503 1 .D1Bn03
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2): results (ii

HV=1900 V

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilties Help
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P1:area(C1)
5.6039 nV:

5181863 Vs
4.4480 Vs
58956 Vs
246581 pVs.
1.0208+3

v

L3
P2ampl(C1) P3widih(C1)  Pé:area(C2)
124V 6264ns -11.0310nVs
6.68358ns -10.56218nVs
5433ns  -12.1093nVs
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1.020e+3 1.020e+3
x

x
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7.640 ns
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X

A e 11

6.45304ns
5.698 ns Ly
7.320ns
224.95ps
1.019e+3

80.5mv
1.0200+3

A,

&= 174ns
xz- uru 1U0X= 57.5 MHZ
1112002 12:
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P8:ampl(C4)

L3
Pi:area(C1) P2:ampl(C1)
52768 Vs 1.24v
4.996806 nVs 12y
41189 nVs 596 mvV
59132nVs 133V
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1 064!03 1 BNB'G

P3width(C1)  P4:area(C2)
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6.84179ns 54.81949nVs
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8.000ns 61.7840nVs
37382ps 2320707 nVs

1 0808'3 1 05‘303
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fixed LED
intensity (fuII

HV=2100 V

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help
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P1:area(C1)
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5.345805 nvs
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P2ampl(C1)
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11419V

730 mv

1.33v
63.1 mv

P3:width(C1)

6.713ns
6.66539ns
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7816ns
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P4:area(C2)
-26.0672nVs
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x
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246.325pVs
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6.64817ns 109.2025 nVs
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3 31
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11172002 12:28:19 AM
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Width (ns)

Preamp linearity test (2): results (iii) => saturation

13 °

R P

............................................................................

14 ° experimental points

12 13

Width (ns)
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0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Attenuation scale Attenuation scale

« 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.
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Studies and tests for FEE choice
in collaboration with CAEN

A. Di Domenico, V. Di Silvestre - INFN-RM1
C. Tintori, C. Maggio, L. Colombini — CAEN, Viareggio

A. Di Domenico CSN1 Review of SAND — LNF — 11 July 2024

33



Choice of FEE for SAND/ECAL (Ve

Three possible read-out schemes:
Detector

Highest Flexibility
‘ 4 =>
@ Waveform | ENERGY Fsampl ~ 1 GS/s =>High Cost or
' s oo Fsampl ~ 125-250 MS/s
—— D' Itizer . TIME + signal shaper

Detector
Less Flexibility
ToT — ENERGY =>energy by ToT
1 ' ' with 2 or more thresholds
—— / ~ _TIME not to worsen energy resol.
—— p Time walk correction
needed
High speed
amplifier
e I {>:C picoTDC . TIME
a more conventional approach D High pass Filter R
PMT Discriminator
Preamp Low Noise,
(on PMT) Highly linear amplifier
N\ I D:C 14 bit ADC o ENERGY
Low pass Filter glrji\?er
CAEN:

collaboration for a commercial (partly customized) solution keeping KLOE energy and time performance
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Pico TDC test I (CAEN)

Test setup:

Step DT5203+A5256

AFG 3252 Attenuator
— —_ r
A oo [> | °
6|||im—«, - :.i.‘ =1\
4 -:Eév. B o —! n >

Start on ChO 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 AT (AT
= 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)
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Pico TDC test I (CAEN

Calibration Curves:

Low threshold: 5mV

High threshold: 300mV

® Thr = smv e ® **
® Thr = 300mV . ® o *
6 4 o
-
Amp-ToT .
54 L 2 a
™ L
° -
B :
- -
34 ®
L J
2 4
a
1 L
10 10 10°
] ® Thr=SmVv
35 - ® Thr = 300mV
3.0 4 -~ AII\P-WG"(
254 . o
2.0 ¢ L4
® e
1.5 1 1 o 1 L
* o
1.0 4 | ® {
L] ® -
0.5 ® o | ®
L
3
0.0 . °
10t 107 10°
Vimv)
A. Di Domenico

— Thr = 5mV
e The = 300mMV

NAAAAAAY
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Counts

Time Reconstruction (using ToT-Walk correction)

17500 A

15000 A

12500 A

10000 +

7500 -

5000

2500 1

..................

———

A. Di Domenico

Acquired pulses at 6 different
amplitudes over a 50 dB dynamic
range, the walk causes ~2 ns spread
on AT: 6 separate peaks appear on the

histogram
(sample independent from calibration sample)

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

Corrected AT histogram presents one
single peak:

Time resolution ~18 ps

over 50 dB dynamic range
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Pico TDC test I (CAEN) uVeE

Amplitude Reconstruction (using ToT-Amp correction)

=SS Amplitude histogram
12 mV,
i 385 mV. Ampl Centroid Sigma RelRes % INL %FSR
7 EE -0.16
] 380 411 13 -0.05
‘ 1218 1209 40 -0.14
j\ | - 3850 4030 04 0.39
3.’0 3,.5 -l'O 4.'5 5‘0 SA'S 6,.0 6.5 1 2 1 7-5 1 21 5 -4 7.6 0.00
j‘”‘ j 3850.0 38310 294 -0.03
4000 " .
. SN 38 “'“M\'w Low threshold: 5mV
1l 3850 mV.
2500 +
5 2000 1 || 122 v 1217°mY,
>1500<
1000 /
of 0 500 1000 1500 2000 2500 3000| 3500 4000
= £ g Amplitude (mV)

Amplitude resolution <1% at large values
(well below ECAL resol. ~ 5.7%/NE in the whole range)
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o A
Pico TDC test II (CAEN+INFN Du(Ve

;-eSt setup: PMTs's signal Aﬂingor

« PMT WA5656

« PMT WA8792 a3 N

« Signal splitted:

i. PicoTDC Q g 730S

i. Digitizer 14 bit @ 500 MS/s ~ DT3203+A5256 Digitizer

* Resolution comparison

« TDC: Start on ChO with trigger Esst
from LED Driver. Stop on Ch1 e
and Ch2 (dual threshold) with
variable amplitude.

» Digitizer: autotriggering on the
ChO.
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I

Pico TDC test II (CAEN+INFN UV

Calibration Curve: | ez

600 -

500 A

Acquire ToT and AT at different
amplitudes (from 0 to 39 dB, 3
dB step)

Amplitude (mV)
8
o

200
Low threshold: 10 mV
100
0 = T T T T T T
0 2 4 6 8 10 12 14 16
ToT (ns)
6 - —— Thr =10mV
—— Thr =100mV — Thr=1lomv
—— Thr = 100 mV
5 -
5 -
4 -
— 4 -
(%]
£ —
x 3 g
=
2 -
2 -
11 L
0 0-
0.0 25 5.0 75 100 125 150 175 0 100 200 300 400 500 600 700
ToT (ns) V (mV)
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Counts

Pico TDC test II (CAEN+INFN Na A

Time Reconstruction (using ToT-Walk correction)

20000 -
17500 A
15000 A
12500 A
10000 +

7500 -

f_Jluui.L 1.

5000

2500

Time resolution after correction low threshold

118

119

M=119.12 ns
0=0.07 ns

Low threshold: 10 mV

Acquired pulses at 7 different amplitudes over a 40 dB
dynamic range, the walk causes ~3-4 ns spread on AT:

7 separate peaks appear on the histogram.
(sample independent from calibration sample)

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

Corrected AT histogram presents one single peak:

Time Resolution ~ 70 ps

Walk-ToT Histogram low threshold Sigma Sigma
000 before (ps after (ps
120 121 122 123 124 = (p ) (p )
18 £
ToA (ns) i 500
16
b
14 ‘_ 400
7 121 L | a
= 300 5
2 10 <" 8
8 1 g1 200
6
N 100
4
(peak at 119.1 ns at limit) , | | | |
1 118 120 122 124 126

Walk(ns)

A. Di Domenico
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Pico TDC test IT (CAEN+INFN) u(Ve

Time Reconstruction (using ToT-Walk correction)

Time resolution after correction high threshold

8000 A
p=120.72 ns Walk-ToT Histogram high threshold
7000 1 | , 0=0.06 ns 12
'.‘ 250
6000 7 10
200
5000 ‘
2 87
€ g 150 £
3 4000 £
S 5 g
6 - \
3000 . 100
2000 - 44 50
1000 - X
1200 1205 121.0 1215 1220 1225 123.0
0 Walk(ns)

120.0 120.5 121.0 121.5 122.0 122.5 123.0
ToA (ns)

Walk Sigma Sigma
(ns) before (ps)  after (ps)

Time Resolution ~ 60 ps
(ECAL resol. ~ 54ps/NE + 100 ps)
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Pico TDC test IT (CAEN+INFN) (Ve

Amplitude Reconstruction (using ToT-Amp correction)

Low threshold: 10 mV

Voltage Histogram ToT low threshold

. 10000 A
ToT histogram low threshold Amplitude Sigma

350 - (mV) (%)
8000
300 722.0
250 6000 - 406.0 8.0
£ 200 E _
§ )
POLY FIT 2 o0 e || 52
2000
-~
_J U LJ U U 40.6 4.0
ol U
B . T BET

ToT (ns) Voltage (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)
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Pico TDC test IT (CAEN+INFN) (Ve

Amplitude Reconstruction (using ToT-Amp correction)

ToT histogram high threshold Voltage Histogram ToT high threshold
350
4000
3007 Amplitude sigma
[
250 1 (mV) (%)
3000 1
@ 200 1 @9 I ——
2 I
S 3
150 S 50004
100 -
406.0 3.8
50 1 1000 A
0-
5 6 7 8 9 10 1 0l ; . ; ; . . ; .
ToT (ns) 100 200 300 400 500 600 700 800 900
Voltage (mV)

Amplitude resolution ~ 3-4 % in the higher range
(below ECAL resol. ~ 5.7%/E — see next slides)
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Pico TDC test IT (CAEN+INFN) DRX(VE
Amplitude reconstruction: comparison with Digitizer

Voltage Histogram Digitizer

10000 A
8000 +

6000 A . .
V(ToT)-V(dig) Histogram

= d Ampl sigma sigma sigma
- ool itude  digit. ToT  Diff
6000 (mV) (0/0) (0/0) (0/0)
2000 1
l / 7220 | 32 | 42 | 33
. 4000
100 200 30'0 400 5{;0 6(')0 700 800

- 4 | 4060 | 32 3.8 24

2000

Counts

s}

Counts

V(ToT) [mV]
g & 8
o

s}

N
(=
S

Voltage (mV) 100 /./

Vo|tage H|Stog ram ToT 1(‘)0 200 360 400 560 600 700 860
V(dig) [mV]

10000 1 128.4 3.6 54 4.7

Normalized residuals

8000 1 Low and 0.04 ]

0.03
thresholds merged 40.6 53 4.0 52
., 0.02 1 .
©
@ 6000 ~ 2 001 e
c § °
g 0.00 <
4000 - -0.01
-0.02 ®
-0.03 e
2000 1 0 100 200 300 400 500 600 700
l V(dig) [mV]
0 r r L
0 200 400 600 800

Voltage (mV)
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Pico TDC test I1 (CAEN+INFN) Du(VE

comparison with Ecal resolution

From previous studies on dynamic range:
* Vdis(max) = Vpreamp(max) « 05 - CATT= 20V

. minimum discriminator threshold possible V= 2.5 mV

Gpyu | Giot | Npe(max) | signal Nye(min) MeV (min) ToT is compared with the intrinsic
5 6 : _ . .
(x10°) | (x10°) amplitude | Vg = 2.5 mV | at module center calorimeter resolution
Ladid ing 1 mV =1p.e. =1MeV
- 138 1.2 | ~ 2000 1.0 ~3 3.0 (@assuming TmV =1p.e. = e
6.4 1.6 | ~ 1500 1.3 ~ 2 2.0 =>1V=1GeV)
9.5 2.4 ~ 1000 2.0 ~ 1 1.0
Energy resolution Energy resolution
L] @ Calorimeter resolution * C.alorimeter reso!ution i
35 ® Pico TDC Amplitude resolution 35 1 Pico TDC Amplutide resolution
30 4 30 -
[ J
25 1 3257
£ 50 * § 201 preamp
2 2 linearity pregmp
= 15 4 2 3 15 ~ 1% saturation
o o
10 1 5 10 o l
o ®
5 4 P o 51 ® a 0
° . o ° o
0 - T T T T T T T T 0 T T T T T
0 100 200 300 400 500 600 700 500 1000 1500 2000 2500
Amplitude (MeV) Amplitude (MeV)
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Choice of FEE for SAND/ECAL (\

Four possible solutions investigated with CAEN

Fsampl ~ 500 MS/s =>~ 3.5 Meuro

Digitizer VX27458B
— ] Fsampl ~ 125 MS/s
258 + shaper 64 ch. =>~1.6 Meuro

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

5204 PicoTDC + discr. single threshold with ToT (for all signals)

+ peak sensing ADC with slow shaper — dead time 20us
and good resolution (for rarer signals of large amplitude);
feasibility study in progress => ~ 520 keuro
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Conclusions (I)
ECAL testing is being to start at LNF in a dedicated area

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 a lower gain
and HV level, beneficial for PMTs lifetime.

The features of preamp saturation could be exploited to partially recover input signal
information during saturation regime.

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

In general, any solution must be integrated in the SAND DAQ scheme, with possible
synergies with other detector electronics.
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Conclusions (1)

PicoTDC tests:

The time resolution with the signal generator is 18 ps, while for the PMTs signal is 60/70
ps on a 39 dB dynamic range;

Amplitude resolution from ToT with two thresholds is ~3-5 % in the range 20-700 mV
(with no specific threshold optimization)

In this range the resolution from ToT is well below the intrinsic calorimeter resolution
G/E=5.7%/E

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..

Test of PicoTDC and ToT with KLOE modules at test stand in Frascati.
Other solutions based on PicoTDC + amplitude meas. (RADIOROC chip) are
being investigated in collaboration with CAEN and appear very promising.

S
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