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Introduction

The TA-EUSO, SPB-EUSO, K-EUSO, mini-EUSO are a serie of telescopes
of the family of JEM-EUSO telescope which have the goal to study UHECR.

This work involve the integration of PDM camera and the flight mission of
EUSO-Balloon in Timmins Canada 2014. This is the first phantfinder of
JEM-EUSO with the detection chaine whole.

The second part of this work was the post calibration and evaluation of
performance of the electronic systeme.

The third part was to develop a method for recover information of pixels with
poor performance.



Space Missions for Cosmic Rays

Fluxes of Cosmic Rays
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Signature of the EAS (extensive air showers )
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Project JEM-EUSQO (Extreme Universe Space Observatory-
Japanese Experiment Module of the International Space Station)
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Altitude <20 km

Observation area: ~1.4x10 . km .

Field of View (FoV) de 60° (0.75 km par pixel)

Time resolution 2.5us.
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Lens of Fresnel : 2,5m of diameter.
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The Focal surface tu camera (PDM) of
JEM-EUSO.

Fhoto-Detector Module
{3x3 ECs = 2,304 pixels)

Focal Surface detector
137 PDMs = 0.3M Fixels




The camera (PDM) of EUSO-Ballon
(Panthfinder of JEM-EUSO)

FPGA-bo_ard
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Complete assembly of the camera
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Data Processor (DP) Camera PDM
(Photon detection module)



MISSION EUSO-Balloon

PDM sensitivity test
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S-Curve ?

Detector : multi Anode photomultiplier

electronic interface data acquisition and control

MAPMT

Analogic discrimination and photon counting
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ASIC (Photo-Counting)
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But there are bad pixels

hrunrun20151023153947chan2047 hrunrun20151023153947chan238 hrunrun20151023153947chan246
e 100 [ %00 e
Mean 449 Mean 449 Mean 449
Meany (.8354 Meany (.3553 Meany (.1102
RMS 144.3 RMS 144.3 RMS 144.3
RMS y 1.4017 AMSy 1226 RMSy 04771
Ll IIIIII |IIII| II|III IIIII|| II|III Ll il Ll III|II ||IIII| III|II |IIII| II|III IIIII LI Ll III|II IIIII| IIIIII |IIII|| II|III LLid
200 250 300 350 400 450 500 550 600 650 700 200 250 300 350 400 450 500 550 600 650 700 200 250 300 350 400 450 500 550 600 650 700
(a) pixel type0 (b) pixel typel (c) pixel type2

The red line indicates the threshold of discrimination of the analog signal

There are two problems: 1) a wide Piedestal (electronic noise) 2) a short SCurve

MAPMT deterioration is unavoidable with use. It means
that sensitivity is reduced and this is evident with the
backward of Scurve.



Y position

Result of absolute calibration

Efficiency map in % Efficiency map
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information of the bad pixels.

*  sigma of ~3%

* calibrated with an accuracy better
than 4%



The grounding configuration and the
electronic noise

« During the flight the connection of grounding was used the spider

wires as the picture.

Spider connection GND
¢ Wire GND PDM-B

Wire GND HV Metal Rlng

Ecasich

ECUMT

Plastic film, which isolate the gnda of the metal frame

The reason for having such a wide pedestal was
due to the poor CONNECTION between gnda and
gndd of ECASICs.
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is reduced.




Trigger Philosophie

UHECR are not the only targets of detection. Also we want to detect meteors, airglow,
etc. which they have different intensity and development time.

This involves dramatic changes in detector sensitivity immediately. (Microseconds).

LO : signal over background UV. we can adjust the gain of photomultiplier
and pre-amplification of analog-signal.

L1 : Persistence trigger in fonction of correletion between the time and
spatile (events in neighboring pixels for short times ~5ms)

L2 : Persistence trigger in large periods (>50ms).

L1 an L2 have parameters which change the sensibility of the PDM.

Homogenization of the sensitivity of the focal surface is needed.



Drawing on the contributions of 2PE per pulse

This is known than there are contributions of two or more photos in a

impulse signal-out of PMTs.
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Drawing on the contributions of 2PE per pulse

Fit,( X,)~AXconst

)\2
Fitz(XO)fv?Xconst

xb X1 X2 DAC

One could in-use this relationship to find the A of each pixel.

For pixels with weak gains, where it is impossible to see the SC for 1pe,
If we know the lambda value, we could estimate counts by SC/1pe.

For this we will try use SC/2pe.

We must confirm this hypothesis with good pixels with enough data.



Post flight tests in black box with light to indentify

the 2pe contribution with a complete PDM

We can observe the second 2 pe contribution.

These measurements allowed to have the relation *
between 1 pe and 2 pe contributions that will be used -

to recover the 1 pe position (see slide 5)

The efficiency increases when the PDM runs at

1100V. Which is why the contribution of 2PE is more"” -

evident in this case.
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Proposed Fit function for the SCurve

arg (x) =(x — av)/mtaz

2 different functions are used : one for the 1pe region (Fitl) and another

for the 2 pe region (Fit2).

Fit2 (X) = ao Erf ¢ (arg))

Fitz2 (X) = as (as X + aa)
Fit(x) =Fit1 (X)+Fit2 (X)
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The statistical error derived from the S-Curve fit
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A fit error is calculated and represented on the plots bellow.
A chi2 square method is being developped.
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The statistical error derived from the S-Curve fitis >
small in the flat part of SC/2pe. So the fit is enough for
the analysis.



count 103 X 2pe/GTU
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Testing the complete method to recover
data

We installed a mask with different transparencies in order to
observe the sensitivity in different regions on MAPMT.

We illuminated the PDM uniformly
We can see that there is an improvement in image resolution.

In the bottom-center ECUNIT, the red area corresponding to a
triangular free area is recovered.

Homogeneity of the other triangular regions is improved
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Conclusion

The mission of EUSO Balloon achieved its main objective, achieving
sensitivity to detect background UV and simulation of EAS with laser beam.

One of the big problems was to reduce electronic noise by integrating all
components. The sujestion to change the internal settings gnd in ASIC-
boards was considered, now the new PDM for the next balloon takes this
configuration.

It is possible to use the signal of 2PE for pixels with low sensitivity. This
allow homogenize FS and keep operating algorithms trigger.



EAS :extensive air showers
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Electronic eficiency &

-f is the fit-model function propose.
-The count estimate is f->f(xo),this mean the function evaluate in the pieestal.
-0i are parameters of the fit function, its characterized each pixel.

Good pixel Bad pixel

f(xo)=f(250) | ... f(x0)

f(250)
- ‘ : : > - : : : >
X0 250 xq DAC Xo 250 x1 DAC
el M0 f(XO,Ql-)
£, 250,x0|=1 £.[250,x,4|<1

Determining € , we can given an estimated value of counts/GTU of an error o.
Later this would apply over the flight data.



detection of 1photon UV
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Electronics workload ASIC
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