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Outline

The methods and algorithms
presented are based on ideas that
were developed during the master

- ENUBET Project and the ENUBET thesis:
Decay tunnel

- Analysis of the simulated Developmenta sl pocsingaloritms o
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- Individual pulse analysis and
timing corrections

- Results

- Conclusions and next steps
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The ENUBET Project

ENUBET: Enhanced NeUtrino BEams
from kaon Tagging

- Approved CERN Neutrino Platform
experiment (NP06) since 2019.

- Narrow band beam S ENUBET: 62 physicists, 13 institutions
(p = 8.5GeV/c + 10%) Sl

— BENBG =
- Monitoring decays by 5 S A A universice
——— ) TaTed

instrumenting the decay tunnel

- Ve and vy flux prediction from cusing system: normal-conducting magnets (numerical aperture<40 cm):
adr s & two bending dipoles (1.8 T field, 7.4° each)
et /ut rates & ipoies ¢

- “By-pass” uncertainties of dump.
hadro-production, protons on ) } i
target, beam line efficiency = Total bending of the beam w.r.
uncertainties " primary protons _ (€ Primary proton fine: 148
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The ENUBET Project

Concept of monitored neutrino
beams:
- Narrow band off axis method

- Monitoring the decays in the tunnel (tag
high-angle leptons)

- “By-pass” uncertainties of hadro-production,
protons on target, heam line efficiency
uncertainties

Goals:

- Reducing the uncertainty of ve, v, fluxesin
neutrino beams

Currents Goals:

- Desing and simulate the layout of the
hadronic beamline

- Build and test a demonstrator of the
instrumented tunnel

Proton
absorber

K

i(&\

0.
Short, narrow band focusing and transfer
line (8 GeV + 20%)

Tagger: leptons from K

K+ — €+V97T
+ +
K" = 'y,

0

Kt — uty,m

Hadron dump instr: muons from pions: 7+ — p* v,
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The ENUBET decay tunnel

The decay tunnel is segmented in the
longitudinal, radial and azimuthal
coordinates

The building block is the Lateral Compact

Module (LCM)

Single LCM: five 3 x 3 x 1.5 cm3 steel tiles
interleaved with five 3 x 3 x 0.7 cm? plastic

scintillator tiles
Integrated photon veto (t0-layer).
3 LCM arrays for the calorimeter

Light from scintillators is measured
with SiPMs

Different topologies of
energy deposition in the 3
calorimeter layers

o —
>

" (signal) topology

»
7° (background) topology
| | |
1 1 I ]

TF (background) topology

30cm Borated pol

10cm absorbers'+ SiPMs and
scintillators electronics

|

1) Calorimeter

- LCMs
- Light readout with
SiPM
- et r*, y separation
2) Integrated v-veto
- Plastic scintillators

- 7% rejection
5/17



The ENUBET decay tunnel

IU'ClT) absor] SiPMs an_d
- The decay tunnel is segmented in the clectronics
longitudinal, radial and azimuthal
coordinates
- The building block is the Lateral Compact
Module (LCM)

Single LCM: five 3 x 3 x 1.5 cm? steel tiles
interleaved with five 3 x 3 x 0.7 cm?3 plastic
scintillator tiles

Integrated photon veto (t0-layer).
3 LCM arrays for the calorimeter

- Light from scintillators is measured
with SiPMs

7-LCM array
21-LCM matrix p-veto




Waveform Analysis

GEANT4 simulation generates the photon hits
up to the SiPMs

SiPM response and waveforms are simulated
through GosSiP (Generic framework for the
simulation of Silicon Photomultipliers).

Electronic noise simulated by adding a term
from a Gauss(0, 2) distribution to every
digitization.

Study of pile-up effects on the waveforms

Waveforms are analyzed, arrival time and
peak amplitude is found

Association with lightsources (time of arrival
of first photon, number of photons)

Peak amplitude and lightsource amplitude
are converted to MeV units (conversion factor
coming from the prototype runs ~ 15
p.e./MeV)

5000 Waveform

- LightSource

itude [mV]

< 4000f

Ampl

3000

2000

|

oﬁ&m&lh&mmi MMMM

0 5000 10000 T5000 20000 25000

Tlns)

- Contribution with alternative waveform analysis algorithms
- Dealing with pile-up effects first

to disentagle each pulse

- Treat every single pulse individually
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Waveform Analysis

‘Ampiitude [mV]
o

Amplitude [mV]
Ampitude [mv]

- Fit the leading and falling edge of isolated
peaks

- Isolated peaks: Next peak start ~ 400ns from
the peak maximum
- Leading edge fit with Gompertz function

f(t) = ae=®™ NN ——
- Falling edge fit with ePo+P1! s
- Fit on the first part, set the statistical error for £

the next points as the distance from the first ~

fitted exponential

r

7975 7980 7985 7990 0

Amplitude mV]
Amplitude mV]

/

Isolated peaks can be used wap o5 55 5o Gags o0 Guts Gald gk o e e o om
to create an average pulse

Normalized and
synchronized peaks

Can be used as a template

Ampltude (my)
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Amplitude (mv]

Finding peaks with Fourier Deconvolution

1000 Normalized isolated pulses

Using a template pulse g(t)

Assuming that a single peak has the
functional form with a scale factor o and a

shiftfactor‘r:‘ h(t; o, 7) = ag(t — ) ‘

Assuming that a waveform is a sum of N
single pulses:

fity = 5N | agt — )

We expect the deconvolution output r(t) to
be a sum of delta functions.

Represented graphically as series of spikes.
Spike position 7; defines the arrival time.

Spike amplitude «; defines the peak
amplitude.

N
rt) = > aps(t— 1)
i=1

—— Waveform

Amplitude [mV]

-

-

Noise reduction with a
low-pass filter during the

transformation of the

signal

Selection of the frequency

2000

6000

000
Tns]

cut from the
power-spectrum of the
template pulse

Arb. Units

104

— Waveform

—— Template

Arb. Units

0T &3 03 o7 [

5
G

Due to the noise and the filtering process, the

spikes are widened

- Now we have only an approximation of the peak

position and amplitude )

: end <
Peak Amplitude o 328! yi6; ;

0 2000 4000 6000 8000 1000
Tns]
—— Deconvolution + Low-pass filter
IS | FER j N .L&_
* w
2000 4000 6000 8000
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Pulse Analysis

— {Expo + Gompertz /9"“»

— Gompertz /

Amplitude [mV]

- Candidate peaks based on the deconvolution
method

- Analysing each peak

e

NI
~

- Fit the leading edge with a Gompertz function NS U OO OO OO 1OV OO U
for each peak found, along with any e
contribution of previous peaks.

fit) = ae=¢™"
— Constant + Gompertz

- Calculate peak amplitude and arrival time at — compert: /
@2% of peak amplitude.

Amplitude [mv]

—
~——
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Pulse Analysis

To match better the initial part of the leading egde, a second fit

up to the half maximum is used
The contribution part is used as previously
The c parameter will be used to describe the slope

— Gompert.

Amplitude [mv]

— Gompertz Cut

/

8425 8430 8435

Fit with 2 Gaussians, with

the same mean
Layer | Resolution (ps)
TO 547.04 £ 0.3
Calol 382.30 £ 0.2
Calo2 362.34 + 0.3
Calo3 345.28 + 0.3

b—ct
flt) = ae~*

o caloL

s e e e
.h ean Zoras Vean
Stoer s St dev
70 3iemee05 + 10a0eros B0 50586405+ 62550402
" otezs < ooons 4 54290002
% Lasieioss1z0iess B3 70064041 3140002
I b oro1s oo 4 0616500012
/ k -

P o

Calo2 Calo3
G T e Se570
Vean “osor? wean “osst
Std Dev 05436 Std Dev 0.4781
O 3.342+05 + 4.999e+02 ) 2.338e+05 + 4.1280+02
Pl 05457 + 0.0002 pL 0.0002
p2 0.1767 + 0.0003 P2 1745 + 0.0003
3 4.403e+04 £ 2.473+02 m 27782104 + 2042102
5968 + 0.0014 L3 58492 0.0017

S Mo

nm o

8440 8445 8450 8455

0
Tins]

The associated peaks we are interested are in a
1ns window from the lightsource

The mean value from the time resolution

distributions is ~ —0.5ns
Need of a correction method
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Time Correction

Parameterization of the signal
arrival time with the slope of the
leading edge described by the
parameter ¢

Measurement of ;. and o from
the Gaussian fits for bins of the ¢

parameter

Enries 1393756
Mean  0.4527
Swpev 01715

15

is
Parameter ¢

mean AT [ps]

hh1 hht hht
0| Sigma 4793235 A‘ \ Sigma. 28582125 30 Sigma. 48211246
10 [[‘ /\ 0o [
E - 1y \ ; &
oo ool Lo b cigfle Y | Lol |
AT [ps] AT [ps] AT [ps]
1 and o from the Gaussian fits have a
dependence on the ¢ parameter
il Z=r
H 5
:~‘ £ 2000
i
BN F
E E L
E g -
o 02 04 06 08 12 14 - 0‘2 0‘4 06 08 12
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o from 2 Gaussians fit

Layer | Time Resolution

TO 527.4 £ 4.0ps
Calol 359.6 + 1.3 ps
Calo2 339.7 £ 1.5ps
Calo3 318.2 £ 1.7ps

Time resolution after time Correction

2.449€+04 + 2.845¢+02
~0.006285 + 0.000266
23 + 0.004

44330405 + 3.826e+02
04172 + 0.0004

v [ns]

Entries

1456655
-0.01882

0.4594

3.4050+05 + 5.080e+02

4.4640+04 + 3.074e+02

Tis-Tens]

T0 Calol
— ——
E ] Entes 3593640 Enties 2265457
003186 001327
05848 05179

7.2130+04 + 3.886e+02

P

969016
-0.01947

3.004€+04 + 2.607€+02
-0.001316 + 0.000239
05329 + 0.0017
2.37€+05 + 4.28e+02
01732 + 0.0004

Tis-Telns]
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Results

h
AR

Energy Resoluton Calo2 Energy Resolution Calo3

[
iy

Energy Resolton T0 Energy Resoluion Calo1
B Entnes 3337571 E ’— Entries 2142652
. . o E Wean o001
- Interested on associated peaks in £1ns J 1 Soer ot E | sidoer 01120
from the lightsource time j W E
£ il
- Time correction to gather AT around zero J L\ E \

Layer | Resolution (41ns)

TO | 453.74 4+ 1.82ps 7 Ve -o0si20 I Vo -0
i Subev__ 01014 Sbev 00522

Calol 312.87 + 0.29ps
Calo2 304.77 + 0.29ps
Calo3 | 290.71 4 0.39ps |

oy

. T

T

e e
Y o

i S
V8™ s st

8 e ponss

% ] s
[ 3300010525 2700002

2 P vt Ty

Efficiency table

T Terlns] ) T Terlns]

caoz Caos
= Enne: Ta07177 = Entries. AT630
o) N Srer oo Layer | Associated (%) | Associated +1ns (%)
* R vyt frid
R ey ar] T0 96.38 89.87

{ Calol 9455 90.59
{ Calo2 96.40 93.12
b Calo3 97.47 94.72

R

T~ Terlns] ) T T ns] 14/17



Conclusions and Next Steps

Preliminary analysis with ENUBINO pulses

channel1 channela channels

100

- Techniques for disentaglement wop 100F 80F-
of pulses from pile-up effects 100 i ooF
and timing methods were &0 prsd o
presented 200 B i3

- Currently, these methods are B R e T e TR =
being used to study the testbeam i A
data from ENUBINO B

The Fourier deconvolution
method is studied on a
convolution of testheam data for

a selection of hit rates I —
Initial layout of hadrom dump (Work in progress)

Next step is the study for the
hadron dump geometry and the
consideration of PICOSEC
Micromegas detectors for the
instrumentation of the dump




Thank you
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