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Outlook

Top provides PID in the barrel region of the detector
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knowing the track direction & the intersection point with the bar is possible to predict the space-time

e This talk
> calibration strategy

» laser characterization

> time spectra characterization

e Focus on italian activities

5th May 2017

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

the observed pattern is compared with the one predicted under different particle hypothesis and a likelihood
is built
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Time alignment strategy - in principle

> Goal of the time alignment is the measurement of the time offset (T° henceforth) of each MCP-PMT pixel
» TO different for each pixel due to electronic & pixel properties
> a total of 512 x 16 channels must be calibrated

The simple case:

pixels
T A PMTarray

s /lA
\J Fiber from laser

Now,
ta,B) = + ¢n - £a,8)

or equivalently:

=TS +c, Iy

tg — ta = +¢a- (L — La)

tp=TH+¢, I being

> ¢, the speed of light in the propagation
t medium

> T(ap) the time off-set

measured, known,

> “all” what we need is to extract the position t' through a fit to the photon time-detection spectra

> 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

o

I Quartz prism

' t
\) Fiber from laser
— I

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

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

> many detection times (j=1,2,..) (t]) for a given channel i, average separation ~ 200-300 ps
» need to understand which is the better path to be used to get the best t/
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Time alignment strategy - in quasi-practice

The almost-real case: one light source & quartz prism
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th=Th+c, 1} t
Fiber from laser
=

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

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

2
wlp

> many detection times (j=1,2,..) (t]) for a given channel i, average separation ~ 200-300 ps
» need to understand which is the better path to be used to get the best t/
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Time alignment strategy - in practice

The real case:
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» each pixel receives photons also from different fibers (~ 2)

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

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

> ...but the electronic noise and laser resolution makes difficult to disentangle each single contribution =

worsening of resolution on the measured t' and, in turn, on the extracted T° for that channel
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Outlook of calibration

The following actions are mandatory to perform a reliable T° calibration:

e Laser characterization:

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

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

> the light yield hasn't a linear dependence on the laser tune

» need to find the proper working point

e Time spectra analysis:
» MC studies : understand what kind of inputs can be extracted from simulation
> definition of the model

» validation of the T extraction procedure

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

Why a bench-test system?
> validate simulation
» independent cross-check of T calibration operations

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

Padova equipment

One photon event in MCP-PMT (ADC

> 1 MCP-PMT Hamamatsu counts vs Digitizer bin [ox t]), trigger signal:
»> 1 SiPM fbk 200F=
> HV = 2500 V -
> digitizer CAEN V1742 @5 GHz sl
» fibers + final bundle ol
> nominal lens used in the experiment F
sl
Detection time computed with constant fraction method mi
% £ @ w5 o 000
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Setup in Padova

ose installed in KEK (rejected ‘cause of production damage on a corner)

Quartz prism equal to th
- i /U

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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Laser tune studies
Dependence of detection time shape & position vs attenuation (using SiPM)

Detection time Amplitude

Appearance of secondary peaks (likely due to attenuation mechanism) (using MCP-PMT)
T80
pos. 0, channel 4

\\\\\\\\

true signal, secondary peaks (~ 4 ns)
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Laser tune studies - 79, §t, secondary peaks
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Fraction of good-signal
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Laser Tune

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

at tune values < 76 the single photon regime is lost

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

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:

v

this needs to perform a fit to the detection time spectrum
> due to the large number of photon paths (~ 6) we need to fix some quantities
» the time separation between peaks can be fixed (looking at MC), depending only by the geometry

> 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° computation procedure using data:
» fix the time separation looking at the spectrum from one single fiber

» extract a T 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 b
Sl dphar = 04065 0019 peRTosean e signal shapes are non-gaussian, highly
=522 zom E ‘ = 68211 asymmetric ‘cause of a tail at large times
“ E X daman = 004869 00009 e modeled by a Crystal Ball (CB henceforth)
(Gaussian core @ power-law tail at high times):

> the width o indicates the best case
scenario for time resolution (i.e. the better

we can do)
e o ~ 50 — 80ps, depends on acquisition chain

|
I b ]
Wl i h; mLTML&l HH I o the prism will cause an increase in the time
L
Mm " w t WHW l spread
iR £ | f{ th

i

B EamE mE T w2 mA % E
Time (6] D 3 5
RERTTRG RS 2w g o

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: s - S e e
» pos.0 : 9 mm from the left border 2 =3 =2 =4
» pos.l : 57 mm from the left border
IR
1591
26101
3711

X

A. Mord4 (INFN Padova) Report of Italian activity on TOP sth May 2017 13 /24



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

o pran o

= | |

Data acquired with PMT in same position
(top-left) and with two fibers in two
positions: i = b S .
» pos.0 : 9 mm from the left border =4 =2 =4
» pos.l : 57 mm from the left border
e
IR
1591
26101
3711
N/ i
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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:

» pos.0 : 9 mm from the left border

» pos.l : 57 mm from the left border
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Time distribution model
2 signal CB/fiber @ 1 polynomial background:

o PESI(T|E) = f,CB(t — By, 6t) + (1 — £)CB(t, 5tn)
where
> 11 is the mean detection time of the reflected photon path (i.e TD), which has the higher stat
> Ay is the time interval between the reflected and the direct photon path
» §;,u are the time resolutions

» f; are the fraction of direct and reflected paths

® Phg(T) : 2" degree Chebychev polynomial
© P(T) = figPsig(T|t) + (1 — fsig) Pokg (T)

For each PMT channel, the T (i.e. t) is extracted in two conditions:
> fitting the spectra acquired with the each fiber separately
> fitting the spectrum obtained by merging the previous 2 spectra, using the PDF :
P(TI1) = Fog(oPs (T16) + (1= £)Psy (Tt + B)) + (1 = Fiig) Pog(T)

and fixing, AS_[,M) and A 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

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

Data

h_time_pixel3

MC

o
Ee: T
Nean 05485
Sibes 00674

Detection time [ns] - ch.3

Ther0 s
s

Enies 11687
Mean 8764
RMS 0.3285

. . . . . . . N
8.28.48.68.8 9 9.29.49.69.8

This is still a rough approximation €.g.:

all fiber configurati

h_time_pixel4

ons

MC

Detection time [ns] - ch.4

04

[esyann

. . . . . . I
8.28.48.68.8 9 9.29.49.69.8

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

Pl ¥(T|t) = fLCB(t — Ay, 511) + (1 — ,)CB(t, 5tn)

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

pos0
TL

t
vs Channel - pos.0

.. .TEOS'O-fit pos.Q

Time resolution of the two paths:

i
Channel
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Example of time spectra analysis from single fiber - pos 1

‘P‘;;.’;‘I(T|A) = fCB(t+ A — AL, 86t) + (1 — 1,)CB(t + A, 5ty)

t fixed with fit of pos.0 spectrum

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

A - vs Channel - pos.1
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. . . ) . N S TR P C N A
Time difference between the main photon paths from the two fibers, i.e. rannel nanvel

Time resolution of the two paths: low, high time

The high time peak has a resolution ~ 70 ps

t A time
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Full time spectra comparison - pos.0 U/® pos.1
It is now possible to compare the full spectra obtained in two ways:

» simple merging of the pos 0 & 1 spectra (pos.0 U pos.1)

> true data acquisition with both fibers illuminating the PMT (pos.0 @ pos.1)

0s.0 U pos.1 pos.0 @ pos.1
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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 U/® pos.1

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

pos.0 U pos.1 pos.0 @ pos.1
.0 0
Tfos vs Channel - pos.0 TEOS vs Channel - pos.0
B 12 pos0 . z 1
Dby Bl - fit pos.0 o 23af Il - fitpos.o
£ P py eF ° L pos.
123 { ) ® pos.0 . L= :
23 @ - T -fitpos.0 O 23,051 $ posO ..
= bt E ° Bl - fit pos.0 O
23. E
22 { ] g e [ ]
2. [ ] 22,951 ® ®
22 L] e °® E ° [ ] ° °
22,92 . ® ® 2291 ® ®
2295~ ‘ ® tpos0 E ° ®
22,88 L ® = 2285 [ ) 0.
by ® ' 4 P05 0+pos.1 time 85 ® ®
22. ‘ 2 E
22, E
22, E [ ]
22, 2275 L}
22 S S i S W A i A P I AU i AP RN RN BT
0 2 4 6 8 0 12 14 0 2 4 6 1
Channel Channel

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

vVvyVvyy

v

Simulate the light emission from all the 9 fiber
Study the detection time vs the pixel position

Clear geometrical pattern but ...

... time separation is not constant within a pixel (due to its finite size ~ 5 mm): in the worst case

strongly related with the relative yield

W

A\
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Time Separation between two main fibers

‘Time Separation (ns)

0.0:

Time shift between adjacent fibers
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MC studies

Check the effect of a different lens model on the path fractions

Emission direction

1000 1

emiDirX.vs.emiDirY

0.8,
0.6,
0.4,
0.2,

-0.2
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50
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Conclusions

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

e Many tasks are required:
> characterization of laser device
» definition of a procedure to fit the time spectra
» study and understanding of simulation
e A test-bench system has been set up in Padova
> laser behavior understood — need to fix the working point

> definition & cross-check of the time calibration procedure

e Next steps
> repeat the laser characterization with the laser device installed in the experiment
> apply, optimize, and tune the fit procedure to the true data collected in the experiment

> plan to report the procedure in an internal note
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Backup
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