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Outlook
I Top provides PID in the barrel region of the detector

I Folding of the Cherenkov cone inside the quartz bar: → reconstruct using photon detection time information

I knowing the track direction & the intersection point with the bar is possible to predict the space-time
pattern of produced photon

I the observed pattern is compared with the one predicted under different particle hypothesis and a likelihood
is built

• This talk
I calibration strategy

I laser characterization

I time spectra characterization

• Focus on italian activities
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Time alignment strategy - in principle
I Goal of the time alignment is the measurement of the time offset (T 0 henceforth) of each MCP-PMT pixel
I T 0 different for each pixel due to electronic & pixel properties
I a total of 512× 16 channels must be calibrated

The simple case:

Now,

t(A,B) = T
0
(A,B) + cn · `(A,B)

or equivalently:

tB − tA = (T 0
B − T

0
A) + cn · (`B − `A)

being

I cn the speed of light in the propagation
medium

I T 0
(A,B) the time off-set

measured, known, what we want to measure

I “all” what we need is to extract the position t i through a fit to the photon time-detection spectra

I the time resolution upper limit of the photon path peak should (ideally) be ∼ 100 ps
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Time alignment strategy - in quasi-practice
The almost-real case: one light source ⊕ quartz prism

I each pixel receives photons from 2, sometimes 3 (see later), light paths

I the fraction of each path depends on the properties of the lens (difficult to model with MC, need an
excellent knowledge of lens properties)

I many detection times (j=1,2,..) (t ij ) for a given channel i , average separation ∼ 200-300 ps

I need to understand which is the better path to be used to get the best t i
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Time alignment strategy - in practice
The real case:

I each pixel receives photons also from different fibers (∼ 2)

I in a given channel, the time distribution of detected photons could consist of up to ∼ 6 signal peaks

I the relative position peaks is fixed by the geometry of the propagation

I ...but the electronic noise and laser resolution makes difficult to disentangle each single contribution ⇒
worsening of resolution on the measured t i and, in turn, on the extracted T 0 for that channel
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Outlook of calibration
The following actions are mandatory to perform a reliable T 0 calibration:

• Laser characterization:

I properties strongly depend on the attenuation value (tune henceforth)
I the tune of the laser affects:

I time resolution
I position of the signal pulse
I the appearance of secondary peaks in the detection time distribution (likely due to the attenuation mechanism)

I the light yield hasn’t a linear dependence on the laser tune

I need to find the proper working point

• Time spectra analysis:

I MC studies : understand what kind of inputs can be extracted from simulation

I definition of the model

I validation of the T 0 extraction procedure

• a test-bench system has been set up in Padova
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Padova test bench system

•Why a bench-test system?

I validate simulation

I independent cross-check of T calibration operations

I inspect the contribution due to each fiber to the time spectrum of each PMT

• Padova equipment

I 1 MCP-PMT Hamamatsu

I 1 SiPM fbk

I HV = 2500 V

I digitizer CAEN V1742 @5 GHz

I fibers + final bundle

I nominal lens used in the experiment

Detection time computed with constant fraction method

One photon event in MCP-PMT (ADC
counts vs Digitizer bin [∝ t]), trigger signal:
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Setup in Padova
Quartz prism equal to those installed in KEK (rejected ‘cause of production damage on a corner)

A dedicated support for fibers is in production current precision on fiber position ∼ mm
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Laser tune studies
Dependence of detection time shape & position vs attenuation (using SiPM)
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Appearance of secondary peaks (likely due to attenuation mechanism) (using MCP-PMT)
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pos. 0, channel 4
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pos. 0, channel 4
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pos. 0, channel 4

true signal, secondary peaks (∼ 4 ns)
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Laser tune studies
Dependence of detection time shape & position vs attenuation (using SiPM)
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Appearance of secondary peaks (likely due to attenuation mechanism) (using MCP-PMT)
T86

Time [ns]
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 0.019±Delta_H_0 =  0.266 
 0.0072±Frac_SP_0 =  0.9851 
 0.0032±Frac_sig_0 =  0.7411 

 0.0011±a0_0 = -1.00041 
 0.077±alpha_0 =  0.421 

 0.023±alpha_CB = -0.5571 
 0.0062±alpha_SP_0 =  0.8675 

 0.0079±beta_SP_0 =  0.2000 
 0.010±mean_H_0 =  22.859 

 0.68±mean_H_SP_0 =  31.65 
 0.010±mean_LL_SP_0 =  24.150 

 0.013±mean_L_SP_0 =  26.669 
 1.2±n_CB =  10.0 

 0.015±sigma_H_0 =  0.207 
 0.048±sigma_H_SP_0 =  0.667 
 0.025±sigma_LL_SP_0 =  0.329 

 0.0071±sigma_L_0 =  0.2493 
 0.0077±sigma_L_SP_0 =  0.3703 

pos. 0, channel 4
T80
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 0.0070±Delta_H_0 =  0.1264 
 0.014±Frac_SP_0 =  0.990 

 0.0025±Frac_sig_0 =  0.8183 
 0.0081±a0_0 = -0.95445 

 0.0051±alpha_0 =  0.8000 
 0.016±alpha_CB = -0.7548 

 0.0067±alpha_SP_0 =  0.8790 
 0.0076±beta_SP_0 =  0.2000 
 0.0036±mean_H_0 =  22.9373 

 0.098±mean_H_SP_0 =  31.846 
 0.0055±mean_LL_SP_0 =  24.1500 

 0.014±mean_L_SP_0 =  26.701 
 1.1±n_CB =  10.0 

 0.0031±sigma_H_0 =  0.0868 
 0.064±sigma_H_SP_0 =  0.712 
 0.020±sigma_LL_SP_0 =  0.252 

 0.0034±sigma_L_0 =  0.2753 
 0.0082±sigma_L_SP_0 =  0.3607 

pos. 0, channel 4
T77
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 0.0029±Delta_H_0 =  0.3066 
 0.034±Frac_SP_0 =  0.720 

 0.0019±Frac_sig_0 =  0.9583 
 0.23±a0_0 = -1.002 

 0.0049±alpha_0 =  0.2241 
 0.014±alpha_CB = -0.5816 
 0.044±alpha_SP_0 =  0.708 

 0.032±beta_SP_0 =  0.603 
 0.00093±mean_H_0 =  23.03938 

 0.017±mean_H_SP_0 =  32.350 
 0.0021±mean_LL_SP_0 =  24.1500 

 0.043±mean_L_SP_0 =  26.812 
 0.21±n_CB =  4.31 

 0.00098±sigma_H_0 =  0.06570 
 0.11±sigma_H_SP_0 =  0.64 

 0.0090±sigma_LL_SP_0 =  0.0982 
 0.0022±sigma_L_0 =  0.1008 

 0.026±sigma_L_SP_0 =  0.263 

pos. 0, channel 4

true signal, secondary peaks (∼ 4 ns)
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Laser tune studies - T 0, δt, secondary peaks

T
0
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A strong dependence between T 0, δT , and the fraction of good-signal and laser attenuation is observed

I at tune values . 76 the single photon regime is lost

I in this region laser time resolution and good-signal fraction saturates

I current values are ∼ 80
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Time spectra analysis

The goal is to extract, for each PMT channel, the position of the arrival time of a (properly) chosen photon path:

I this needs to perform a fit to the detection time spectrum

I due to the large number of photon paths (∼ 6) we need to fix some quantities

I the time separation between peaks can be fixed (looking at MC), depending only by the geometry

I this require our confidence in simulation being strong → studies to understand the best use of simulation

With the test-bench system in Padova we validated the T 0 computation procedure using data:

I fix the time separation looking at the spectrum from one single fiber

I extract a T 0 through the fit to the many fiber spectra
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Study of single path detection time shape
Time detection spectrum acquired by directly illuminating the MCP-PMT with the laser photons, without quartz prism

ch 2
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 0.0014±sigmaR =  0.0694 

/nDOF = 0.7470112χ

A RooPlot of "Time [ns]"
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ch 5
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A RooPlot of "Time [ns]"
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Pull Distribution

• signal shapes are non-gaussian, highly
asymmetric ‘cause of a tail at large times
• modeled by a Crystal Ball (CB henceforth)

(Gaussian core ⊕ power-law tail at high times):

I the width σ indicates the best case
scenario for time resolution (i.e. the better
we can do)

• σ ∼ 50 − 80ps, depends on acquisition chain

• the prism will cause an increase in the time

spread

x-axis range [26-27.8] ns

Full model, background
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Time spectra from data (for illustration!! - x-axis range [8,9.8] ns)

Data acquired with PMT in same position
(top-left) and with two fibers in two
positions:

I pos.0 : 9 mm from the left border

I pos.1 : 57 mm from the left border
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Time spectra from data (for illustration!! - x-axis range [8,9.8] ns)

Data acquired with PMT in same position
(top-left) and with two fibers in two
positions:

I pos.0 : 9 mm from the left border

I pos.1 : 57 mm from the left border
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Time spectra from data (for illustration!! - x-axis range [8,9.8] ns)

Data acquired with PMT in same position
(top-left) and with two fibers in two
positions:

I pos.0 : 9 mm from the left border

I pos.1 : 57 mm from the left border
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0

50

100

150

200

250

300

350
fiber0-6

Entries  11126
Mean    8.757
RMS     0.327

fiber0-6
Entries  6958
Mean    8.692
RMS    0.3356

fiber1-6
Entries  4168
Mean    8.856
RMS    0.2863

Photon detection time [ns]
fiber0-10

Entries  7406
Mean    8.688
RMS    0.3318

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

50

100

150

200

250

fiber0-10
Entries  7406
Mean    8.688
RMS    0.3318

fiber0-10
Entries  4489
Mean    8.636
RMS    0.3446

fiber1-10
Entries  2917
Mean    8.759
RMS    0.2986

Photon detection time [ns]
fiber0-14

Entries  6483
Mean    8.704
RMS    0.3176

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

20

40

60

80

100

120

140

160

180

200

220
fiber0-14

Entries  6483
Mean    8.704
RMS    0.3176

fiber0-14
Entries  3356
Mean     8.66
RMS     0.342

fiber1-14
Entries  3127
Mean    8.747
RMS    0.2853

Photon detection time [ns]

fiber0-3
Entries  14919
Mean    8.799
RMS    0.3255

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

100

200

300

400

500

fiber0-3
Entries  14919
Mean    8.799
RMS    0.3255

fiber0-3
Entries  11687
Mean    8.764
RMS    0.3285

fiber1-3
Entries  3232
Mean     8.92
RMS    0.2838

Photon detection time [ns]
fiber0-7

Entries  11684
Mean    8.741
RMS    0.3217

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

50

100

150

200

250

300

350

400

450
fiber0-7

Entries  11684
Mean    8.741
RMS    0.3217

fiber0-7
Entries  8904
Mean    8.711
RMS    0.3248

fiber1-7
Entries  2780
Mean    8.832
RMS    0.2936

Photon detection time [ns]
fiber0-11

Entries  5002
Mean    8.706
RMS    0.3168

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

20

40

60

80

100

120

140

160

180

200

fiber0-11
Entries  5002
Mean    8.706
RMS    0.3168

fiber0-11
Entries  3409
Mean    8.671
RMS    0.3244

fiber1-11
Entries  1593
Mean    8.777
RMS    0.2883

Photon detection time [ns]
fiber0-15

Entries  1660
Mean    8.741
RMS     0.307

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

10

20

30

40

50

60

70

fiber0-15
Entries  1660
Mean    8.741
RMS     0.307

fiber0-15
Entries  839
Mean    8.695
RMS    0.3214

fiber1-15
Entries  821
Mean    8.784
RMS    0.2862

Photon detection time [ns]
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Time distribution model
2 signal CB/fiber ⊕ 1 polynomial background:

• Ppos.i
Sig

(T |t) = fLCB(t −∆i
H , δtL) + (1− fL)CB(t, δtH)

where

I µ is the mean detection time of the reflected photon path (i.e T 0), which has the higher stat

I ∆H is the time interval between the reflected and the direct photon path

I δL,H are the time resolutions

I fL are the fraction of direct and reflected paths

• Pbkg (T ) : 2nd degree Chebychev polynomial

• P(T ) = fsigPSig (T |t) + (1− fsig )Pbkg (T )

For each PMT channel, the T 0 (i.e. t) is extracted in two conditions:

I fitting the spectra acquired with the each fiber separately

I fitting the spectrum obtained by merging the previous 2 spectra, using the PDF :

P(T |t) = Fsig (f0P0
Sig (T |t) + (1− f0)P1

Sig (T |t + ∆)) + (1− Fsig )Pbkg (T )

and fixing, ∆
(0,1)
H and ∆ extracted with the previous fits

N.B At present the same fit model is used for all PMT channels, for all fiber configurations
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Time distribution model
N.B At present the same fit model is used for all PMT channels, for all fiber configurations

This is still a rough approximation e.g.:

Simulation (x-axis range [0,1.2] ns) N.B. without detector effect!

h_time_pixel3
Entries 18341
Mean 0.5485
Std Dev 0.05674

0 0.2 0.4 0.6 0.8 1 1.2

1

10

210

310

410
h_time_pixel3

Entries 18341
Mean 0.5485
Std Dev 0.05674

h_time_pixel3

MC

h_time_pixel4
Entries 7522
Mean 0.6281
Std Dev 0.03671

0 0.2 0.4 0.6 0.8 1 1.2

1

10

210

310

h_time_pixel4
Entries 7522
Mean 0.6281
Std Dev 0.03671

h_time_pixel4

MC

Data
fiber0-3

Entries  11687
Mean    8.764
RMS    0.3285

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
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250

300

350

400

450

fiber0-3
Entries  11687
Mean    8.764
RMS    0.3285

Detection time [ns] - ch.3
fiber0-4

Entries  8466
Mean    8.711
RMS    0.3198

8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8
0

50

100

150

200

250

300

350

fiber0-4
Entries  8466
Mean    8.711
RMS    0.3198

Detection time [ns] - ch.4

We need a specific model for each PMT pixel, for each fiber position!
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Example of time spectra analysis from single fiber - pos 0

Ppos.0
Sig

(T |t) = fLCB(t −∆0
H , δtL) + (1− fL)CB(t, δtH)

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

 0.011±Delta_H_0 =  0.295 

 0.0084±Frac_sig_0 =  0.9137 

 0.000024±a0_0 = -0.0230495 

 0.000027±a1_0 = -0.9969199 

 0.022±alpha_0 =  0.267 

 0.047±alpha_CB = -0.7301 

 0.0037±mean_H_0 =  23.1111 

 0.0054±sigma_H_0 =  0.0906 

 0.0062±sigma_L_0 =  0.1276 

pos. 0, channel 0

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
 0.0050±Delta_H_0 =  0.2971 

 0.0043±Frac_sig_0 =  0.9513 

 0.084±a0_0 = -0.7953 

 0.00022±a1_0 = -0.212901 

 0.0097±alpha_0 =  0.2723 

 0.013±alpha_CB = -0.8252 

 0.0012±mean_H_0 =  22.9295 

 0.0016±sigma_H_0 =  0.0850 

 0.0044±sigma_L_0 =  0.1228 

pos. 0, channel 4

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

 0.0044±Delta_H_0 =  0.3098 

 0.0051±Frac_sig_0 =  0.8921 

 0.024±a0_0 =  0.017 

 0.026±a1_0 = -0.9768 

 0.0092±alpha_0 =  0.2609 

 0.022±alpha_CB = -0.7771 

 0.0015±mean_H_0 =  23.0778 

 0.0020±sigma_H_0 =  0.0844 

 0.0035±sigma_L_0 =  0.1094 

pos. 0, channel 8

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200
 0.0065±Delta_H_0 =  0.3006 

 0.0051±Frac_sig_0 =  0.9239 

 0.049±a0_0 = -0.3642 

 0.059±a1_0 = -0.6121 

 0.012±alpha_0 =  0.266 

 0.014±alpha_CB = -0.7164 

 0.0013±mean_H_0 =  22.9364 

 0.0017±sigma_H_0 =  0.0867 

 0.0053±sigma_L_0 =  0.1246 

pos. 0, channel 12

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

 0.0079±Delta_H_0 =  0.2798 

 0.012±Frac_sig_0 =  0.907 

 0.00000031±a0_0 = -0.182103942 

 0.13±a1_0 = -0.835 

 0.023±alpha_0 =  0.355 

 0.033±alpha_CB = -0.9333 

 0.0026±mean_H_0 =  23.0791 

 0.0037±sigma_H_0 =  0.0917 

 0.0070±sigma_L_0 =  0.1205 

pos. 0, channel 1

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

 0.0076±Delta_H_0 =  0.2737 

 0.0085±Frac_sig_0 =  0.8983 

 0.000068±a0_0 = -0.5434161 

 0.058±a1_0 = -0.4671 

 0.021±alpha_0 =  0.361 

 0.030±alpha_CB = -0.8350 

 0.0021±mean_H_0 =  22.9130 

 0.0033±sigma_H_0 =  0.0787 

 0.0064±sigma_L_0 =  0.1162 

pos. 0, channel 5

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000
 0.0048±Delta_H_0 =  0.2864 

 0.0076±Frac_sig_0 =  0.8701 

 0.000019±a0_0 = -0.0210543 

 0.057±a1_0 = -0.9990 

 0.014±alpha_0 =  0.362 

 0.028±alpha_CB = -0.9246 

 0.0019±mean_H_0 =  23.0595 

 0.0025±sigma_H_0 =  0.0823 

 0.0043±sigma_L_0 =  0.1059 

pos. 0, channel 9

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

 0.0087±Delta_H_0 =  0.2721 

 0.014±Frac_sig_0 =  0.927 

 0.0000029±a0_0 = -0.47690310 

 0.15±a1_0 = -0.536 

 0.024±alpha_0 =  0.392 

 0.042±alpha_CB = -0.7650 

 0.0032±mean_H_0 =  22.9664 

 0.0048±sigma_H_0 =  0.0787 

 0.0058±sigma_L_0 =  0.1257 

pos. 0, channel 13

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

 0.010±Delta_H_0 =  0.215 

 0.0091±Frac_sig_0 =  0.9257 

 0.0000019±a0_0 = -0.56654487 

 0.0000015±a1_0 = -0.44516168 

 0.036±alpha_0 =  0.551 

 0.026±alpha_CB = -0.7615 

 0.0039±mean_H_0 =  22.9800 

 0.0050±sigma_H_0 =  0.0764 

 0.0075±sigma_L_0 =  0.1337 

pos. 0, channel 2

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )
0

100

200

300

400

500

600

700

800

 0.0088±Delta_H_0 =  0.2372 

 0.010±Frac_sig_0 =  0.884 

 0.061±a0_0 = -0.5319 

 0.064±a1_0 = -0.4786 

 0.032±alpha_0 =  0.501 

 0.034±alpha_CB = -0.8022 

 0.0029±mean_H_0 =  22.9441 

 0.0044±sigma_H_0 =  0.0784 

 0.0069±sigma_L_0 =  0.1260 

pos. 0, channel 6

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

 0.0062±Delta_H_0 =  0.2619 

 0.0097±Frac_sig_0 =  0.8511 

 0.042±a0_0 = -0.6084 

 0.00000059±a1_0 = -0.478790967 

 0.027±alpha_0 =  0.407 

 0.039±alpha_CB = -0.8974 

 0.0032±mean_H_0 =  22.8714 

 0.0044±sigma_H_0 =  0.0909 

 0.0057±sigma_L_0 =  0.1027 

pos. 0, channel 10

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

50

100

150

200

250

 0.014±Delta_H_0 =  0.262 

 0.012±Frac_sig_0 =  0.930 

 0.16±a0_0 = -0.980 

 0.000052±a1_0 = -0.0254235 

 0.052±alpha_0 =  0.450 

 0.037±alpha_CB = -0.6923 

 0.0055±mean_H_0 =  22.8771 

 0.0083±sigma_H_0 =  0.0917 

 0.011±sigma_L_0 =  0.114 

pos. 0, channel 14

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

700

800

 0.0072±Delta_H_0 =  0.1800 

 0.20±Frac_sig_0 =  1.00 

 2.6±a0_0 =  0.7 

 13±a1_0 =  1 

 0.0078±alpha_0 =  0.1561 

 0.024±alpha_CB = -0.7142 

 0.0019±mean_H_0 =  22.8879 

 0.0020±sigma_H_0 =  0.1393 

 0.012±sigma_L_0 =  0.241 

pos. 0, channel 3

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

 0.055±Delta_H_0 =  0.180 

 0.0093±Frac_sig_0 =  0.9156 

 0.062±a0_0 = -0.0880 

 0.0000012±a1_0 = -0.93102409 

 0.030±alpha_0 =  0.127 

 0.042±alpha_CB = -0.9963 

 0.0046±mean_H_0 =  22.8552 

 0.0050±sigma_H_0 =  0.1484 

 0.022±sigma_L_0 =  0.218 

pos. 0, channel 7

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

50

100

150

200

250
 0.16±Delta_H_0 =  0.18 

 0.015±Frac_sig_0 =  0.929 

 0.00000026±a0_0 = -0.056581069 

 0.00000043±a1_0 = -0.962911900 

 0.20±alpha_0 =  0.14 

 0.063±alpha_CB = -1.1929 

 0.013±mean_H_0 =  22.832 

 0.012±sigma_H_0 =  0.140 

 0.039±sigma_L_0 =  0.200 

pos. 0, channel 11

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

5

10

15

20

25

30

35

 0.057±Delta_H_0 =  0.226 

 0.044±Frac_sig_0 =  0.759 

 0.14±a0_0 = -0.301 

 0.20±a1_0 = -1.224 

 0.43±alpha_0 =  0.20 

 1.4±alpha_CB = -1.46 

 0.089±mean_H_0 =  22.854 

 0.093±sigma_H_0 =  0.132 

 0.041±sigma_L_0 =  0.100 

pos. 0, channel 15

clearly evident the two main paths in the first three rows

in the last row the two photon paths get too close and are not resolved
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Example of time spectra analysis from single fiber - pos 0
t

Channel
0 2 4 6 8 10 12 14

 [n
s]

po
s.

0
L

T

22.8

22.85

22.9

22.95

23

23.05

23.1

 vs Channel - pos.0
pos.0
LT

 - fit pos.0
pos.0
LT

∆0
H

Channel
0 2 4 6 8 10 12 14

t[
ns
]

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

𝚫

Time resolution of the two paths: low, high time

Channel
0 2 4 6 8 10 12 14

 t 
[n

s]
δ

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

 t) low time vs Channel - pos. 0δTime resolution (

 pos.0 - fit pos.0low tδ

100 ps

Channel
0 2 4 6 8 10 12 14

 t 
[n

s]
δ

0.06

0.08

0.1

0.12

0.14

0.16

 t) high time vs Channel - pos. 0δTime resolution (

 pos.0 - fit pos.0
high

 tδ

100 ps

Fraction of low time component

Channel
0 2 4 6 8 10 12 14

 t[
ns

]
∆

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

 pos.0 - fit pos 0Lf

Fraction of paths  vs Channel - pos.0 
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Example of time spectra analysis from single fiber - pos 1
Ppos.1

Sig
(T |∆) = fLCB(t + ∆−∆1

H , δtL) + (1− fL)CB(t + ∆, δtH)

t fixed with fit of pos.0 spectrum

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

 0.018±Delta_H_1 =  0.219 

 0.0045±Frac_sig_1 =  0.9612 

 0.065±a0_1 =  0.596 

 0.12±a1_1 = -1.053 

 0.0078±alpha_1 =  0.0634 

 0.010±alpha_CB = -0.6024 

 0.0011±delta_means_L =  0.0985 

 0.0012±sigma_H_1 =  0.0766 

 0.010±sigma_L_1 =  0.140 

pos. 1, channel 0

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

1000

2000

3000

4000

5000

 0.018±Delta_H_1 =  0.211 

 0.0042±Frac_sig_1 =  0.9711 

 0.000000089±a0_1 =  0.128795335 

 0.033±a1_1 = -1.1511 

 0.0092±alpha_1 =  0.0854 

 0.014±alpha_CB = -0.8171 

 0.0010±delta_means_L =  0.0946 

 0.0012±sigma_H_1 =  0.0750 

 0.0095±sigma_L_1 =  0.1596 

pos. 1, channel 4

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

3500

4000

4500  0.010±Delta_H_1 =  0.255 

 0.0067±Delta_T_1 =  0.2260 

 0.0045±Frac_sig_1 =  0.9196 

 0.040±a0_1 =  0.447 

 0.051±a1_1 = -0.8222 

 0.0055±alpha_1 =  0.0694 

 0.020±alpha_CB = -0.8069 

 0.010±beta_1 =  0.952 

 0.00086±delta_means_L =  0.08480 

 0.00096±sigma_H_1 =  0.07722 

 0.0065±sigma_L_1 =  0.1165 

 0.0082±sigma_T_1 =  0.0581 

pos. 1, channel 8

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

3500

 0.0072±Delta_H_1 =  0.2849 

 0.0038±Frac_sig_1 =  0.9397 

 0.037±a0_1 =  0.032 

 0.039±a1_1 = -1.0211 

 0.0057±alpha_1 =  0.1004 

 0.010±alpha_CB = -0.6340 

 0.00098±delta_means_L =  0.06167 

 0.0011±sigma_H_1 =  0.0743 

 0.0058±sigma_L_1 =  0.1047 

pos. 1, channel 12

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

 0.28±Delta_H_1 =  0.18 

 0.012±Frac_sig_1 =  0.969 

 0.27±a0_1 =  0.38 

 0.31±a1_1 = -0.736 

 0.039±alpha_1 =  0.140 

 0.021±alpha_CB = -0.6735 

 0.0021±delta_means_L =  0.1128 

 0.0027±sigma_H_1 =  0.0695 

 0.025±sigma_L_1 =  0.162 

pos. 1, channel 1

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

 0.022±Delta_H_1 =  0.204 

 0.0080±Frac_sig_1 =  0.9015 

 0.00000096±a0_1 = -0.007140257 

 0.00000041±a1_1 = -1.013106708 

 0.020±alpha_1 =  0.127 

 0.025±alpha_CB = -0.7576 

 0.0017±delta_means_L =  0.1044 

 0.0022±sigma_H_1 =  0.0664 

 0.012±sigma_L_1 =  0.129 

pos. 1, channel 5

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

 0.011±Delta_H_1 =  0.279 

 0.0069±Frac_sig_1 =  0.8986 

 0.053±a0_1 =  0.285 

 0.069±a1_1 = -1.0295 

 0.0083±alpha_1 =  0.0900 

 0.022±alpha_CB = -0.8145 

 0.0013±delta_means_L =  0.0938 

 0.0016±sigma_H_1 =  0.0730 

 0.0083±sigma_L_1 =  0.0896 

pos. 1, channel 9

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

1600

 0.0051±Delta_H_1 =  0.2858 

 0.0058±Frac_sig_1 =  0.9349 

 0.0000064±a0_1 =  0.0100870 

 0.00000056±a1_1 = -1.030596803 

 0.0077±alpha_1 =  0.1664 

 0.017±alpha_CB = -0.7074 

 0.0014±delta_means_L =  0.0754 

 0.0016±sigma_H_1 =  0.0722 

 0.0042±sigma_L_1 =  0.0897 

pos. 1, channel 13

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

50

100

150

200

250

300

 0.032±Delta_H_1 =  0.215 

 0.017±Frac_sig_1 =  0.889 

 0.0000070±a0_1 =  0.1648268 

 0.033±a1_1 = -1.2360 

 0.038±alpha_1 =  0.150 

 0.042±alpha_CB = -0.6771 

 0.0034±delta_means_L =  0.1375 

 0.0047±sigma_H_1 =  0.0737 

 0.017±sigma_L_1 =  0.121 

pos. 1, channel 2

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

 0.0093±Delta_H_1 =  0.2744 

 0.010±Frac_sig_1 =  0.840 

 0.048±a0_1 =  0.135 

 0.052±a1_1 = -0.9550 

 0.014±alpha_1 =  0.144 

 0.035±alpha_CB = -0.8171 

 0.0022±delta_means_L =  0.1247 

 0.0027±sigma_H_1 =  0.0783 

 0.0072±sigma_L_1 =  0.0838 

pos. 1, channel 6

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

 0.015±Delta_H_1 =  0.267 

 0.010±Frac_sig_1 =  0.873 

 0.035±a0_1 =  0.113 

 0.043±a1_1 = -1.1735 

 0.017±alpha_1 =  0.135 

 0.035±alpha_CB = -0.8106 

 0.0023±delta_means_L =  0.1102 

 0.0029±sigma_H_1 =  0.0767 

 0.010±sigma_L_1 =  0.096 

pos. 1, channel 10

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

50

100

150

200

250

300

350

 0.0089±Delta_H_1 =  0.2783 

 0.015±Frac_sig_1 =  0.917 

 0.00099±a0_1 = -0.123760 

 0.17±a1_1 = -0.893 

 0.021±alpha_1 =  0.239 

 0.042±alpha_CB = -0.7271 

 0.0032±delta_means_L =  0.0940 

 0.0041±sigma_H_1 =  0.0807 

 0.0069±sigma_L_1 =  0.0899 

pos. 1, channel 14

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

20

40

60

80

100

120

 0.017±Delta_H_1 =  0.279 

 0.022±Frac_sig_1 =  0.752 

 0.030±a0_1 =  0.941 

 0.092±a1_1 = -1.9546 

 0.030±alpha_1 =  0.131 

 0.087±alpha_CB = -0.8184 

 0.0055±delta_means_L =  0.2288 

 0.0076±sigma_H_1 =  0.0929 

 0.012±sigma_L_1 =  0.067 

pos. 1, channel 3

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

20

40

60

80

100
 0.016±Delta_H_1 =  0.279 

 0.023±Frac_sig_1 =  0.771 

 0.065±a0_1 =  0.289 

 0.096±a1_1 = -1.1977 

 0.045±alpha_1 =  0.238 

 0.11±alpha_CB = -0.866 

 0.0066±delta_means_L =  0.2137 

 0.0093±sigma_H_1 =  0.0926 

 0.012±sigma_L_1 =  0.084 

pos. 1, channel 7

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

10

20

30

40

50

 0.025±Delta_H_1 =  0.252 

 0.034±Frac_sig_1 =  0.767 

 0.00000030±a0_1 =  0.28887879 

 0.00000012±a1_1 = -2.358152287 

 0.081±alpha_1 =  0.279 

 0.21±alpha_CB = -1.123 

 0.0096±delta_means_L =  0.1956 

 0.016±sigma_H_1 =  0.088 

 0.016±sigma_L_1 =  0.092 

pos. 1, channel 11

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

2

4

6

8

10

12

14

16

18

20

22

24
 0.061±Delta_H_1 =  0.201 

 0.050±Frac_sig_1 =  0.810 

 0.0000044±a0_1 =  0.4966731 

 0.000032±a1_1 = -3.6376945 

 0.22±alpha_1 =  0.45 

 0.26±alpha_CB = -1.112 

 0.023±delta_means_L =  0.143 

 0.023±sigma_H_1 =  0.088 

 0.034±sigma_L_1 =  0.144 

pos. 1, channel 15

There’s one main path (the reflected one)

Tails are not well modeled: hint of another high time path(?)
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Example of time spectra analysis from single fiber - pos 1

Channel
0 2 4 6 8 10 12 14

[n
s]

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

- vs Channel - pos.1𝚫

𝚫

Time difference between the main photon paths from the two fibers, i.e. Channel
0 2 4 6 8 10 12 14

t[
ns
]

δ

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

lowtδ

100 ps

Channel
0 2 4 6 8 10 12 14

t[
ns
]

δ

0.07

0.08

0.09

0.1

0.11

0.12

0.13
high
tδ

100 ps

Time resolution of the two paths: low, high time

The high time peak has a resolution ∼ 70 ps
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Full time spectra comparison - pos.0 ∪/⊕ pos.1
It is now possible to compare the full spectra obtained in two ways:

I simple merging of the pos 0 & 1 spectra (pos.0 ∪ pos.1)

I true data acquisition with both fibers illuminating the PMT (pos.0 ⊕ pos.1)

pos.0 ∪ pos.1

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

3500

4000

 0.085±Frac_0 =  0.222 

 0.0035±Frac_sig =  0.9425 

 0.042±a0_bkg =  0.162 

 0.043±a1_bkg = -0.8502 

 0.15±alpha_0 =  0.47 

 0.016±alpha_1 =  0.042 

 0.039±alpha_CB = -0.7091 

 0.0060±mean_H_0 =  23.1059 

 0.014±sigma_H_0 =  0.088 

 0.0063±sigma_H_1 =  0.0930 

 0.0041±sigma_L_0 =  0.1163 

 0.0100±sigma_L_1 =  0.0662 

 pos.1,  channel 0⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

1000

2000

3000

4000

5000

6000

 0.012±Frac_0 =  0.197 

 0.023±Frac_sig =  0.973 

 0.19±a0_bkg = -0.332 

 0.67±a1_bkg = -0.681 

 0.016±alpha_0 =  0.304 

 0.016±alpha_1 =  0.123 

 0.030±alpha_CB = -0.9028 

 0.0013±mean_H_0 =  22.9191 

 0.0048±sigma_H_0 =  0.1059 

 0.0010±sigma_H_1 =  0.0877 

 0.0038±sigma_L_0 =  0.0920 

 0.018±sigma_L_1 =  0.244 

 pos.1,  channel 4⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

1000

2000

3000

4000

5000

6000

 0.0076±Delta_T_1 =  0.2288 

 0.018±Frac_0 =  0.257 

 0.0063±Frac_sig =  0.9055 

 0.025±a0_bkg =  0.150 

 0.025±a1_bkg = -0.8643 

 0.025±alpha_0 =  0.197 

 0.021±alpha_1 =  0.010 

 0.041±alpha_CB = -1.0187 

 0.0100±beta_1 =  0.9449 

 0.0013±mean_H_0 =  23.0591 

 0.0085±sigma_H_0 =  0.2145 

 0.0020±sigma_H_1 =  0.0905 

 0.0045±sigma_L_0 =  0.0763 

 0.042±sigma_L_1 =  0.169 

 0.0076±sigma_T_1 =  0.0663 

 pos.1,  channel 8⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

1000

2000

3000

4000

5000

 0.076±Frac_0 =  0.000 

 0.020±Frac_sig =  0.982 

 2.6±a0_bkg = -4.85 

 0.017±a1_bkg =  1.640 

 0.012±alpha_0 =  0.588 

 0.0013±alpha_1 =  0.0712 

 0.00095±alpha_CB = -0.566896 

 0.00020±mean_H_0 =  22.91148 

 0.00074±sigma_H_0 =  0.08000 

 0.00045±sigma_H_1 =  0.08000 

 0.0023±sigma_L_0 =  0.0800 

 0.0025±sigma_L_1 =  0.0800 

 pos.1,  channel 12⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

 0.096±Frac_0 =  0.386 

 0.010±Frac_sig =  0.894 

 0.057±a0_bkg = -0.0098 

 0.071±a1_bkg = -1.0099 

 0.11±alpha_0 =  0.54 

 0.063±alpha_1 =  0.167 

 0.073±alpha_CB = -0.9294 

 0.0081±mean_H_0 =  23.0751 

 0.014±sigma_H_0 =  0.082 

 0.011±sigma_H_1 =  0.094 

 0.0058±sigma_L_0 =  0.1077 

 0.013±sigma_L_1 =  0.078 

 pos.1,  channel 1⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

1600

1800

 0.046±Frac_0 =  0.470 

 0.0057±Frac_sig =  0.8907 

 0.0000000031±a0_bkg = -0.20039863063 

 0.000000013±a1_bkg = -0.8169005169 

 0.029±alpha_0 =  0.463 

 0.023±alpha_1 =  0.154 

 0.043±alpha_CB = -0.7478 

 0.0038±mean_H_0 =  22.9136 

 0.0047±sigma_H_0 =  0.0571 

 0.0061±sigma_H_1 =  0.0655 

 0.0037±sigma_L_0 =  0.1105 

 0.0060±sigma_L_1 =  0.0548 

 pos.1,  channel 5⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

1200

1400

1600

1800

2000

 0.041±Frac_0 =  0.066 

 0.0056±Frac_sig =  0.8753 

 0.00011±a0_bkg =  0.08679 

 0.00013±a1_bkg = -1.108406 

 0.67±alpha_0 =  0.72 

 0.017±alpha_1 =  0.216 

 0.029±alpha_CB = -1.0187 

 0.0042±mean_H_0 =  23.0384 

 0.019±sigma_H_0 =  0.066 

 0.0031±sigma_H_1 =  0.0937 

 0.0073±sigma_L_0 =  0.0570 

 0.0045±sigma_L_1 =  0.1470 

 pos.1,  channel 9⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
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/ (
 0

.0
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 )

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

 0.023±Frac_0 =  0.308 

 0.037±Frac_sig =  0.967 

 0.0000099±a0_bkg = -0.41555204 

 0.94±a1_bkg = -0.598 

 0.033±alpha_0 =  0.244 

 0.012±alpha_1 =  0.196 

 0.032±alpha_CB = -0.8104 

 0.0016±mean_H_0 =  22.9483 

 0.019±sigma_H_0 =  0.170 

 0.0014±sigma_H_1 =  0.0814 

 0.0037±sigma_L_0 =  0.0684 

 0.017±sigma_L_1 =  0.193 

 pos.1,  channel 13⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

700

 0.051±Frac_0 =  0.329 

 0.011±Frac_sig =  0.907 

 0.00000000064±a0_bkg = -0.022399595330 

 0.000000029±a1_bkg = -0.9976148157 

 0.031±alpha_0 =  0.541 

 0.050±alpha_1 =  0.316 

 0.053±alpha_CB = -1.0433 

 0.0073±mean_H_0 =  22.9422 

 0.0064±sigma_H_0 =  0.0707 

 0.0068±sigma_H_1 =  0.1265 

 0.0067±sigma_L_0 =  0.0803 

 0.019±sigma_L_1 =  0.252 

 pos.1,  channel 2⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

 0.052±Frac_0 =  0.180 

 0.015±Frac_sig =  0.870 

 0.047±a0_bkg = -0.1011 

 0.057±a1_bkg = -0.9015 

 0.12±alpha_0 =  0.63 

 0.10±alpha_1 =  0.36 

 0.079±alpha_CB = -0.9359 

 0.0051±mean_H_0 =  22.8955 

 0.0050±sigma_H_0 =  0.0450 

 0.0092±sigma_H_1 =  0.1007 

 0.049±sigma_L_0 =  0.167 

 0.015±sigma_L_1 =  0.114 

 pos.1,  channel 6⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

700

800

 0.094±Frac_0 =  0.424 

 0.010±Frac_sig =  0.882 

 0.00015±a0_bkg = -0.224710 

 0.00016±a1_bkg = -0.827942 

 0.026±alpha_0 =  0.290 

 0.058±alpha_1 =  0.374 

 0.065±alpha_CB = -0.9190 

 0.0084±mean_H_0 =  22.8629 

 0.011±sigma_H_0 =  0.100 

 0.011±sigma_H_1 =  0.083 

 0.0089±sigma_L_0 =  0.0654 

 0.020±sigma_L_1 =  0.201 

 pos.1,  channel 10⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )
0

100

200

300

400

500

 0.052±Frac_0 =  0.093 

 0.014±Frac_sig =  0.924 

 0.00021±a0_bkg = -0.307755 

 0.00023±a1_bkg = -0.707871 

 0.65±alpha_0 =  0.80 

 0.076±alpha_1 =  0.326 

 0.036±alpha_CB = -0.8178 

 0.0047±mean_H_0 =  22.8537 

 0.030±sigma_H_0 =  0.055 

 0.0055±sigma_H_1 =  0.1007 

 0.053±sigma_L_0 =  0.175 

 0.016±sigma_L_1 =  0.111 

 pos.1,  channel 14⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve
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s 

/ (
 0

.0
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 )

0

100

200

300

400

500

600

700

800

900

 0.047±Frac_0 =  0.700 

 0.011±Frac_sig =  0.921 

 0.073±a0_bkg = -0.0657 

 0.075±a1_bkg = -0.9534 

 0.087±alpha_0 =  0.113 

 0.026±alpha_1 =  0.800 

 0.037±alpha_CB = -0.8127 

 0.0087±mean_H_0 =  22.9006 

 0.0055±sigma_H_0 =  0.1321 

 0.011±sigma_H_1 =  0.081 

 0.037±sigma_L_0 =  0.227 

 0.040±sigma_L_1 =  0.184 

 pos.1,  channel 3⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

 0.15±Frac_0 =  0.70 

 0.014±Frac_sig =  0.909 

 0.071±a0_bkg = -0.0563 

 0.00000020±a1_bkg = -0.963187165 

 0.061±alpha_0 =  0.306 

 0.070±alpha_1 =  0.800 

 0.058±alpha_CB = -0.8510 

 0.0081±mean_H_0 =  22.8868 

 0.0069±sigma_H_0 =  0.0996 

 0.014±sigma_H_1 =  0.074 

 0.0086±sigma_L_0 =  0.1011 

 0.034±sigma_L_1 =  0.258 

 pos.1,  channel 7⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

50

100

150

200

250

 0.50±Frac_0 =  0.70 

 0.016±Frac_sig =  0.909 

 0.13±a0_bkg = -0.017 

 0.13±a1_bkg = -1.001 

 0.16±alpha_0 =  0.02 

 0.23±alpha_1 =  0.65 

 0.072±alpha_CB = -1.1983 

 0.0071±mean_H_0 =  22.8237 

 0.018±sigma_H_0 =  0.135 

 0.029±sigma_H_1 =  0.097 

 0.15±sigma_L_0 =  0.20 

 0.093±sigma_L_1 =  0.224 

 pos.1,  channel 11⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve
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s 

/ (
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.0
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 )

0
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10

15

20

25

30

35

40

45

 0.53±Frac_0 =  0.69 

 0.033±Frac_sig =  0.800 

 0.11±a0_bkg = -0.274 

 0.15±a1_bkg = -1.310 

 0.18±alpha_0 =  0.32 

 0.68±alpha_1 =  0.80 

 0.28±alpha_CB = -1.115 

 0.037±mean_H_0 =  22.903 

 0.086±sigma_H_0 =  0.104 

 0.084±sigma_H_1 =  0.045 

 0.084±sigma_L_0 =  0.096 

 0.10±sigma_L_1 =  0.19 

 pos.1,  channel 15⊕pos.0 

pos.0 ⊕ pos.1

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

 0.028±Frac_0 =  0.079 

 0.0031±Frac_sig =  0.9662 

 0.069±a0_bkg =  0.089 

 0.074±a1_bkg = -0.9399 

 0.60±alpha_0 =  0.77 

 0.016±alpha_1 =  0.099 

 0.020±alpha_CB = -0.6704 

 0.0029±mean_H_0 =  23.1073 

 0.014±sigma_H_0 =  0.045 

 0.0022±sigma_H_1 =  0.0834 

 0.0038±sigma_L_0 =  0.0778 

 0.018±sigma_L_1 =  0.112 

 pos.1,  channel 0⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

3500

4000

 0.0050±Frac_0 =  0.0376 

 0.0016±Frac_sig =  0.9934 

 0.31±a0_bkg = -0.595 

 0.000023±a1_bkg = -0.4161685 

 0.15±alpha_0 =  0.80 

 0.0069±alpha_1 =  0.1819 

 0.013±alpha_CB = -0.8535 

 0.0013±mean_H_0 =  22.9227 

 0.43±sigma_H_0 =  0.05 

 0.0013±sigma_H_1 =  0.0775 

 0.0035±sigma_L_0 =  0.0437 

 0.0037±sigma_L_1 =  0.1803 

 pos.1,  channel 4⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

3500

4000

 0.0031±Delta_T_1 =  0.0717 

 0.0036±Frac_0 =  0.0000 

 0.0032±Frac_sig =  0.9478 

 0.048±a0_bkg =  0.266 

 0.055±a1_bkg = -0.8559 

 0.56±alpha_0 =  0.01 

 0.0039±alpha_1 =  0.1893 

 0.015±alpha_CB = -0.5919 

 0.0048±beta_1 =  0.5000 

 0.0027±mean_H_0 =  23.0211 

 0.39±sigma_H_0 =  0.40 

 0.0018±sigma_H_1 =  0.0621 

 0.25±sigma_L_0 =  0.10 

 0.0027±sigma_L_1 =  0.1064 

 0.0020±sigma_T_1 =  0.0555 

 pos.1,  channel 8⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

500

1000

1500

2000

2500

3000

3500

 0.080±Frac_0 =  0.172 

 0.0037±Frac_sig =  0.9612 

 0.049±a0_bkg = -0.0410 

 0.000011±a1_bkg = -0.9786811 

 0.095±alpha_0 =  0.266 

 0.020±alpha_1 =  0.140 

 0.031±alpha_CB = -0.6241 

 0.0033±mean_H_0 =  22.9415 

 0.018±sigma_H_0 =  0.088 

 0.0045±sigma_H_1 =  0.0699 

 0.0047±sigma_L_0 =  0.0528 

 0.0059±sigma_L_1 =  0.1313 

 pos.1,  channel 12⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

200

400

600

800

1000

 0.0077±Frac_0 =  0.0553 

 0.041±Frac_sig =  0.980 

 0.21±a0_bkg = -0.210 

 2.7±a1_bkg = -0.77 

 0.52±alpha_0 =  0.80 

 0.021±alpha_1 =  0.360 

 0.039±alpha_CB = -0.9279 

 0.0016±mean_H_0 =  23.0621 

 0.069±sigma_H_0 =  0.156 

 0.0019±sigma_H_1 =  0.0840 

 0.0035±sigma_L_0 =  0.0409 

 0.015±sigma_L_1 =  0.172 

 pos.1,  channel 1⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
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.0
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 )
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200

400

600

800

1000
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 0.027±Frac_0 =  0.173 

 0.0061±Frac_sig =  0.9421 

 0.0000011±a0_bkg = -0.07622179 

 0.078±a1_bkg = -0.9430 

 0.044±alpha_0 =  0.440 

 0.015±alpha_1 =  0.352 

 0.021±alpha_CB = -0.8293 

 0.0028±mean_H_0 =  22.9154 

 0.0025±sigma_H_0 =  0.0450 

 0.0022±sigma_H_1 =  0.0652 

 0.0033±sigma_L_0 =  0.0429 

 0.0045±sigma_L_1 =  0.1609 

 pos.1,  channel 5⊕pos.0 
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 0.040±Frac_0 =  0.139 

 0.0091±Frac_sig =  0.9411 

 0.0000015±a0_bkg =  0.0156612 

 0.016±a1_bkg = -1.0362 

 0.12±alpha_0 =  0.37 

 0.018±alpha_1 =  0.160 

 0.042±alpha_CB = -0.8776 

 0.0026±mean_H_0 =  23.0431 

 0.021±sigma_H_0 =  0.241 

 0.0028±sigma_H_1 =  0.0796 

 0.0062±sigma_L_0 =  0.0558 

 0.0060±sigma_L_1 =  0.0696 

 pos.1,  channel 9⊕pos.0 
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 0.014±Frac_0 =  0.051 

 0.039±Frac_sig =  0.979 

 1.0±a0_bkg = -0.03 

 1.3±a1_bkg = -0.98 

 0.086±alpha_0 =  0.800 

 0.012±alpha_1 =  0.236 

 0.040±alpha_CB = -0.7170 

 0.0012±mean_H_0 =  22.9601 

 0.029±sigma_H_0 =  0.072 

 0.0011±sigma_H_1 =  0.0747 

 0.065±sigma_L_0 =  0.193 

 0.0033±sigma_L_1 =  0.0888 

 pos.1,  channel 13⊕pos.0 

Time [ns]
22 22.5 23 23.5 24 24.5 25

E
ve

nt
s 

/ (
 0

.0
15

 )

0

100

200

300

400

500

600

700

800

 0.0073±Frac_0 =  0.0455 

 0.0057±Frac_sig =  1.0000 

 0.000020±a0_bkg = -0.5569176 

 0.000046±a1_bkg = -0.4549198 

 0.13±alpha_0 =  0.80 

 0.013±alpha_1 =  0.428 

 0.016±alpha_CB = -0.6851 

 0.0026±mean_H_0 =  22.9127 

 0.11±sigma_H_0 =  0.18 

 0.0023±sigma_H_1 =  0.0796 

 0.025±sigma_L_0 =  0.248 

 0.0031±sigma_L_1 =  0.1065 

 pos.1,  channel 2⊕pos.0 
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 0.12±Frac_0 =  0.18 

 0.0078±Frac_sig =  0.9287 

 0.00000044±a0_bkg = -0.042380402 

 0.00000080±a1_bkg = -0.977327960 

 0.11±alpha_0 =  0.15 

 0.041±alpha_1 =  0.232 

 0.046±alpha_CB = -0.9704 

 0.0027±mean_H_0 =  22.8906 

 0.036±sigma_H_0 =  0.226 

 0.0042±sigma_H_1 =  0.1000 

 0.042±sigma_L_0 =  0.058 

 0.011±sigma_L_1 =  0.058 

 pos.1,  channel 6⊕pos.0 
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 0.010±Frac_0 =  0.046 

 0.0073±Frac_sig =  0.9259 

 0.0000090±a0_bkg = -0.10141800 

 0.0000099±a1_bkg = -0.91738881 

 0.58±alpha_0 =  0.80 

 0.017±alpha_1 =  0.298 

 0.038±alpha_CB = -0.8654 

 0.0022±mean_H_0 =  22.8389 

 0.035±sigma_H_0 =  0.045 

 0.0030±sigma_H_1 =  0.0867 

 0.022±sigma_L_0 =  0.127 

 0.0038±sigma_L_1 =  0.0733 

 pos.1,  channel 10⊕pos.0 
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 0.016±Frac_0 =  0.050 

 0.15±Frac_sig =  0.98 

 1.1±a0_bkg = -0.38 

 2.8±a1_bkg = -0.64 

 0.65±alpha_0 =  0.80 

 0.010±alpha_1 =  0.279 

 0.074±alpha_CB = -0.7670 

 0.0025±mean_H_0 =  22.8570 

 0.32±sigma_H_0 =  0.23 

 0.0031±sigma_H_1 =  0.0960 

 0.046±sigma_L_0 =  0.184 

 0.0029±sigma_L_1 =  0.0761 

 pos.1,  channel 14⊕pos.0 
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 0.018±Frac_0 =  0.082 

 0.0066±Frac_sig =  0.9888 

 0.35±a0_bkg =  0.27 

 0.34±a1_bkg = -0.854 

 0.079±alpha_0 =  0.229 

 0.011±alpha_1 =  0.026 

 0.028±alpha_CB = -0.7147 

 0.0034±mean_H_0 =  22.7501 

 0.0095±sigma_H_0 =  0.0522 

 0.0039±sigma_H_1 =  0.1178 

 0.033±sigma_L_0 =  0.177 

 0.040±sigma_L_1 =  0.109 

 pos.1,  channel 3⊕pos.0 
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 0.024±Frac_0 =  0.140 

 0.0060±Frac_sig =  0.9540 

 0.081±a0_bkg = -0.0838 

 0.10±a1_bkg = -0.935 

 0.70±alpha_0 =  0.01 

 0.017±alpha_1 =  0.044 

 0.021±alpha_CB = -0.7692 

 0.0025±mean_H_0 =  22.7327 

 0.0059±sigma_H_0 =  0.0723 

 0.0029±sigma_H_1 =  0.1076 

 0.34±sigma_L_0 =  0.11 

 0.16±sigma_L_1 =  0.16 

 pos.1,  channel 7⊕pos.0 
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 0.45±Frac_0 =  0.70 

 0.012±Frac_sig =  0.955 

 0.16±a0_bkg = -0.189 

 0.20±a1_bkg = -0.829 

 0.037±alpha_0 =  0.195 

 0.11±alpha_1 =  0.73 

 0.070±alpha_CB = -1.1216 

 0.0071±mean_H_0 =  22.9147 

 0.0056±sigma_H_0 =  0.0888 

 0.019±sigma_H_1 =  0.078 

 0.0064±sigma_L_0 =  0.0646 

 0.014±sigma_L_1 =  0.173 

 pos.1,  channel 11⊕pos.0 
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 0.53±Frac_0 =  0.00 

 0.025±Frac_sig =  0.876 

 0.11±a0_bkg = -0.290 

 0.14±a1_bkg = -1.148 

 0.61±alpha_0 =  0.73 

 0.13±alpha_1 =  0.12 

 0.40±alpha_CB = -1.237 

 0.019±mean_H_0 =  22.776 

 0.34±sigma_H_0 =  0.25 

 0.027±sigma_H_1 =  0.132 

 0.30±sigma_L_0 =  0.15 

 0.026±sigma_L_1 =  0.069 

 pos.1,  channel 15⊕pos.0 

needs more work to understand the fit model

Crucial to understand which quantities can be fixed (in addition to time separations) from simulation (e.g. the relative

weights)
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Full time spectra comparison - pos.0 ∪/⊕ pos.1

Comparison with absolute position obtained from fit pos.0 time spectrum

pos.0 ∪ pos.1

Channel
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pos.0 ⊕ pos.1
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 1⊕ - fit pos.0 
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Absolute position consistent for some channels, less for others

dependence on the statistics & the time separation between the various signals
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MC studies
I Simulate the light emission from all the 9 fiber
I Study the detection time vs the pixel position
I Clear geometrical pattern but ...
I ... time separation is not constant within a pixel (due to its finite size ∼ 5 mm): in the worst case

δt|pixel ∼ 40ps

I strongly related with the relative yield

Time shift between adjacent fibers
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MC studies
Check the effect of a different lens model on the path fractions
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Lens opening angle effect not negligible
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Conclusions

• A large effort is being carried for the Time alignment of the MCP-PMT detectors

• Many tasks are required:

I characterization of laser device

I definition of a procedure to fit the time spectra

I study and understanding of simulation

• A test-bench system has been set up in Padova

I laser behavior understood → need to fix the working point

I definition & cross-check of the time calibration procedure

• Next steps

I repeat the laser characterization with the laser device installed in the experiment

I apply, optimize, and tune the fit procedure to the true data collected in the experiment

I plan to report the procedure in an internal note
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Backup
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