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A dedicated facility

KEY POINTS OF THE NAPLES TESTS FACILITY

v 16 PMTs tested simultaneously

v Measurement of Gain curve

v Measurement of Non-Linearity as a function of peak current

v Automated acquisition procedure (LabVIEW)

v Dedicated software analysis and storage (C++, QT, ROOT, MySQL)

v Comparison with Hamamatsu results (using Hamamatsu R8619)



The facility

PMTs

Equipped to test
simultaneously UP TO 16
PMTs (both R8619 and
R9420) and their
mechanics

Disegno e realizzazione a cura dei servizi PM ed OM

Layer 1 — HV system:
16 CAEN HV modules
Interface board
Arduino

Cabling panel

Layer O - OPTICS:

* Laser

e Optical splitters
* Filter wheels

* Polarizer




The facility

LASER
2microl) at 355nm,
with external trigger

optimized for
100hertz

FILTER WHEELS
They allow the
coarse selection
of the laser light
intensity

POLARIZER FILTER

/

Together they allow
the fine selection of
the laser light
intensity
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MOTORIZED
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PMTs HOUSING - LIGHT DISTRIBUTION

PMTs HOUSING
Each PMT is housed in a dark cylinder

equipped with fiber feedthrough.
The 1 to 20 beam splitter supplies the laser
light to each PMT.




The facility . =

LAYER 1 - HV SYSTEM




DAQ and FRO
——
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NT END ELECTRONICS

Double dynamics front-end developed in
Catania:

FE adapts 16 input signal to digitizer
dynamic range (1Vpp)

Amplifier 14X for SPE measurements

Attenuator 7X for non linearity
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Automated DAQ

Settings | Acquisition | Analysis ROI1 | Analysis ROI2

PMT Settings MEASUREMENTS
— SETTINGS
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System info
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Automated DAQ
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AugerPrime PMT Test Facility

Analysis
y Charge and Amplitude Histograms
Choose Files
Draw Gain Curve PMTID
Analysis Status
Select PMT ID
Draw All
Store Data
PMTID po p1 HV HV PMT ID pO p HV HV
cho0 chos
cho1 ch09
cho2 ch10
cho3 ch11
cho4 ch12
chos ch13
choé ch14
cho7 ch1s
Store All Store Selected PMT

Connect to DB
DB Status

Use Disconnected
Password Connect
Dis t
Read DB Data
PMT ID Read
po p1
HV HV

INFN RS

PIERRE
AUGER

Sezione di Catania
Sezione di Napoli

Graphical user interface written using QT libraries (C++ based)
- integrated with ROOT for data analysis
- integrated with MySQL database for data storage




Gain analysis tool

RAW DATA SELECTION AND ANALYSIS
GAIN CURVE DRAWING

AugerPrime PMT Test Facility

Analysis Connect to DB
y Charge and Amplitude Histograms DB Status
Choose Files
! = User Disconnected
Choose File
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Analysis Status Ll = _ Password Connect
Select PMT ID X
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CHECK TOOL FOR SPE AND NPE SPECTRA

AugerPrime PMT Test Facility

Analysis Connect to DB
y Charge and Amplitude Histograms DB Status
Choose Files
! = User Disconnected
Choose File
r in Curw MT | »
Analysis Status Ll = _ Password Connect
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SAVING DATA ON MySQL DATABASE

AugerPrime PMT Test Facility

Analysis Connect to DB
y Charge and Amplitude Histograms DB Status
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AugerPrime PMT Test Facility

Analysis Connect to DB
y Charge and Amplitude Histograms DB Status
Choose Files
! = User Disconnected
Choose File
r in Curw MT | »
Analysis Status Ll = _ Password Connect
Select PMT ID X
SPE Disconnect
Draw All
Store Data Read DB Data
PMTID pO p1 .HV‘, .H‘\." PMTID po p1 ‘HV ‘H‘V. PMT ID Read
choo chos po p1
ch01 ch09 HV HV
ch02 ch10
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Sezione di Napoli . .
YT
AUGER
Store All Store Selected PMT BSERVATORY

e

Fit parameters and HV values @ desired Gains to be stored in the DB



AugerPrime PMT Test Facility

Analysis ' ) Connect to DB DB Stat
y Charge and Amplitude Histograms —
User Disconnected
Choose Files
Choose File
L Password Connect
Analysis Status e PMTID
v Analysis Status Disconnect
Analyze Select PMT ID A
Analyze
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PMT serial

Database changed
mysql> select * from pmt; ID number
Gain fit

| RY4481 | | pO parameter

| RY4435 | |

| RY4405 | | .

| RY4399 | | Gain fit

| RY4407 | | p1 parameter

| RY4419 | |

| RY4439 | |

| RY4397 | | HV@G=6x10"4

| RY4401 | |

| RY4406 | | HV1

| RY4485 | |

| RY4420 | |

| RY4457 | | HV@G=7x10"5

| RY4404 | |

| RY4410 | | HV2

| RY4447 | |

+

16 rows in set (0.00 sec) Peak current

current [MA] @5% NL

mysql>




Results on R8619:.G..A'1.N’=1 \ -'

RY4397 | 995V 988V
RY4404 | 966V 964V
RY4410 | 969V 967V
S RY4435 | 974V 980V

N SEm— RY4457 | 1026V | 1021V

§ O— HV@G=7x10"5
] @
. S/N Hamamatsu Us

\I




A NEW METHOD FOR NON-LINEARITY MEASUREMENTS

LASER _< >_ FRONT
DELAY + PMT e END

ATTENUATOR l

Trigger i
"'1 DIGITIZER ‘

-Two signals are acquired at the same time (100 Hz repetition rate)

-One signal is delayed and attenuated with a fixed ratio

-Ratio between charge integral of the two signals (QH/QL)
is constant up to the saturation

-The proposed method makes the measurement independent
of the actual laser intensity

(QH/QL)—(QHref/QLref ) .
(QHref | QLref )

Qhref/QLref is a reference valued calculated in the linear region COMPUTER

NL = 100
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SPE Charge Spectrum

SPE @ 1400V
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Peak Current [mA]

Deviation (%)

NL @5% = 70mA
NL @50mA <0.5%

R8619-22 Pulse Linearity
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PHOTON IS OUR BUSINESS
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16 small PMTs tested simultaneously using an automated acquisition procedure
(LabVIEW) and a dedicated software analysis and storage (C++, QT, ROOT,
MySQL)

Comparison with Hamamatsu results (using Hamamatsu R8619)

The whole characterization of 16 PMTs stands for about 10 hours

Spare Dark Box to test individually the PMTs who failed the massive test.

508 small PMTs already commissioned to Hamamatsu

We need a prototype of a PMT for the SSD in order to both find the right settings

for the automation of the measure and to organize the production.






The facility

LAYER 0 - OPTICS

LASER

2microl at 355nm, with external trigger
optimized for 100hertz

FILTER WHEELS

Thorlabs filter wheels equipped with 12 filters with different
OD to lessen the laser light intensity

POLARIZER

System of motorized half-wave plate and
polarizer filter by Thorlabs

x13

OPTICAL SPLITTERs
Delay splitter

1 to 20 fiber splitter to light simultaneously the 16 PMTs (4
spare fibers)




NL%

NL%

NL%

NL%

PMT ID RY4481

PMT ID RY4407

g
Peak current [mA]

'-'.'."oo..“

PMT ID RY4401

70
Peak current [mA]

L]
L]
L]
L]
£ L L L L L L
e £ £ = = %5 ] e
Poak current (mA]
PMT ID RY4457
e o o © ° o %ee
L L L L L L L L
T R
Foak curront (mA]

NL%

NL%

NL%

PMT ID RY4435

o= e . .
E . .
o= o
E .
.
.
%
_ L L L L L L L L L
. L 9 o g
Peak current [mA]
PMT ID RY4419
° g, ° L N X o
by L L L L L 1
20 %0 %0 50 50 70 B0
Peak current [mA]
PMT ID RY4406
. ° .
.
.
.
.
.
oo
.
by L L L L L L L L
E3 50 3 Eg E3 0 o5 70 75
Peak current (mA]
PMT ID RY4404
e © o o
.
.
°
)
.
.
)
1 L L L 1
%0 W £ EY 0

i
Peak current [mA]

NL%

NL%

PMT ID RY4405

o ®
.
.
LINP
" L ) L L L L N
T £y L " ) :
Peak curent [mA]
PMT ID RY4439
e © 0 °
« ° °
.
N L L L L L L L L L
g g s e s g s s
Pea curent [mA]
PMT ID RY4485
e o ° o o
.
.
.
.
L L L L L L
% £y EY % 70 50 E
Poak current [mA]
PMT ID RY4410
e 4,
.
®e
®on
L L L L
%0 £ %

70
Peak current [mA]

NL%

NL%

NL %

NL%

PMT ID RY4399

iy 5 o=t - g 0 it
Peak current [mA]
PMT ID RY4397
e ® ® o
°
.
°
.
S L L L L L L
020 s a0 B e 7o

PMT ID RY4420

80 90 1
Peak current [mA]

.
L
e L L L L L 1
20 £ %0 e E 70 B0
Peak current (mA]
PMT ID RY4447
o L I
E LI 2N
- .
E .
.
D
a®
S L L L L L L L L
EC T R - T

E
Peak current [mA]



NL %

-10

P T P

Peak Current [mA]

I

Deviation (%)

h b

&

NL @5% = 70mA
NL @50mA ~0.5%

R8619-22 Pulse Linearity
*HPK *PAO|

01 Jun. 2017

4

) I I -
1 Pulse Width : 50ns 1T 11711
1 Repetition : 200Hz

E
/

54

50 mA

1,000

‘ ~ ¢ =0.6 %
-0.6 %
141 Tube Number : RY4397
! Supply Voltage (Gain : 7 X 105) : 995V P
! Divider Ratio : 3-1-1.5-1-1-1-1.2-1.5-2.2-3.6-3 |
| ' ’HH % T T
1 10
Output Current (mA)
HAMAMATSU

PHOTON IS OUR BUSINESS



