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1510 units to be installed (excluding the external border of 150 stations)  

๏1477 already installed 

๏33 missing (25 in forbidden areas, 8 due to problematic installation) 

Small PMT unit

1 unit =  
‣ sPMT   R8619 
‣ HVPS A7501 
‣ mechanics 
‣ cables

2
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sPMT - production

๏All specifications for production collected in EDMS PAO-000273-ProductionsPlan 

๏Datasheets, descriptions and tools collected in EDMS PAO-000274-ProductionDocuments
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IPN-Orsay

INFN-Torino
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1- Tests before shipping - by providers
๏All parts of the SPMT units have been tested 

๏Documentation in EDMS PAO-000275-TestAssemblyProcedures 

๏Results in EDMS PAO-000276 and PAO-000267—TestReports and Link to test results
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Dividers  
- tested by NeOhm Co. before delivering to Hamamatsu 
- some gold plated soldering points discolored  : defective bases 

discarded by Hamamatsu, NeOhm agreed to replace them 
- reason: thickness of deposition under specs

SPMT with flying leads  
- tested by Hamamatsu (requirements checked)

HVPS  
- tested by CAEN 
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PMT test  (INFN-Napoli) 

๏ 16 sPMT tested in one shot  

๏ Double dynamics front-end: x12 amplifier for SPE/MIP 
measurements, /7 attenuator for linearity 

๏ results in MySQL database ansd ascii 

HVPS test  (INFN-Torino & Catania) 

๏  two identical test systems 

๏ tests at room temperature and in climatic chamber 

๏ results in https://pandora.infn.it/public/b4022a 

1- Tests before shipping - at INFN labs

[M.Buscemi et al., JINST 15 (2020) 07, P07011]

[G.Anastasi et al., JINST 17 (2022) T04003]

EDMS PAO-000275-Test and assemby procedures
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PMT test  (INFN-Napoli) 

๏Only 2 out of 1290 discarded 

HVPS test  (INFN-Torino & 
Catania) 

๏~150 HVPS rejected  and 
replaced (bad soldering for one 
pin+one bad component 
identified)  

๏All modules in agreement with 
specifications

6

1- Tests before shipping - at INFN labs
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Components sensitive to temperature 

➡ High Voltage Power Supply    

➡ PCB + Divider 

➡ Photomultipliers [contributions from dynode multipliers and Photocathode Quantum Efficiency]

|�HVout|
HVout�T

= 2.5 10�5
/
�
C

� =
SLPMT (V EM)

SSPMT (ch)
�� = 0.38% ·�T

expected

�� = (0.37± 0.05)% ·�T

measured (6 hrs cross-calib)

✓
�G

G�T

◆
< 3%

More tests: sPMT dependence on Temperature
[GAP2016-078]
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Light source (Scionix 241Am-YAP:Ce), ~22 Bq, providing 
pulses of constant intensity at ~15 Hz.  

• fast and simple checks by oscilloscope at the required 
SPMT gain: <P> and <Q> averaged over 512 pulses 

•  result largely independent of acquisition threshold: robust 
technique to monitor the gain at % accuracy in few mins 

• database with results available at SDECo

8

2- Test before deployment - at SDEco
EDMS PAO-000275-Test and assemby procedures
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sPMT - problems from the field

9

Only 16 SPMTs  since their deployment experienced problems affecting their performances.

๏Water/humidity damage to the divider components 

- cause: incomplete sealing due to missing silicone 
application at production (Zener) 

- All SPMT deployed after November 2022 properly 
sealed by the local staff

๏Unstable Imon 

- cause: probably originated by humidity 

- almost always solved by changing the 
base

๏Transmission problems in monitoring data 

- cause: still unknown, under study

EDMS PAO-000276-SPMT Problems at test and field
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sPMT - problems from the field

10

Only 16 SPMTs out of 1547 installed units  experienced problems affecting their performances. 
In 12 out of 16 cases, the SPMT was installed prior to November 2022 —> no correct sealing

No failures found on SPMT tube or HVPS up to now (~1 year) 
Malfunctioning in the field difficult to solve: either sporadic or due to environmental causes 
that disappear in lab 
However, checking contacts and/or replacing the divider solves most problems 

Note that 
— the dividers have only passive components 
— low cost ~15€/unit 
— a large batch of spares is available (>370)

No need for a dedicated test system in SDEco
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sPMT - spare parts

๏ photomultipliers+base+cables+mechanics 

- 1477 installed, 33 still missing  
- 148 spare units 

๏ Dividers 

- 66 remaining from the production 
- other two batches of 150+160 bases have been produced 
- 376 spare units 

๏ HV modules 

- 185 spare units 

๏ Control cables (HV to UUB) 

- 129 spare units 

๏ Clamps 

- 400 

11

EDMS PAO-000276-SPMT Spare parts
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PAO-000275

PAO-000273

PAO-000274

PAO-000276

PAO-000263

PAO-000276

Documentation
Technical docs 

Procedures 

Test results 

Maintenance

PAO-000267

The local staff is fully trained to perform all activities related to the SPMT 

Reference person :  Juan Pablo Gongora
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sPMT - setting and calibration

Only ~1 phe/muon, due to small area 
Exploit local small showers (~200/hour) :  T1 events selected requiring a 2-fold coincidence among the 
LPMTs signals above a threshold Speak(LPMTs) changing with the individual LPMTs counting rates. 

[GAP2022-018]

Small showers are used to: 

➡ Set the HV allowing to measure signals without saturation  at least up to 20,000 VEM 
➡ Cross-calibrate the SPMT against calibrated signals from the LPMTs 

…and they can provide a continuous monitoring of the LPMTs
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sPMT - HV setting

GOAL : set the HV allowing to measure Starget= 22,500 VEM (+10%)

Saturation determined by the FADC dynamic range 

         DR = 4095 - baseline ~ 3845 FADC counts 

         In first approximation                     

         Thus, for the SPMT signal           

where AoPref is the signal width and β the calibration factor

Qmax = AoPref × DR

Smax = AoPref × DR × β

Procedure performed on-tank using small showers in 12h blocks and comparing Smax to Starget 

Optimal result reached after 12 hours (one HV change) 

➡ Automatic procedure activated in July 2023 

➡ code maintained in the  SDE/UUB/DAQ  gitlab repository
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sPMT - Dynamic range

07/07/2023  
UUB-DAQ software update

22/07/2023

➡Procedure succesful in almost all SPMTs (~1% failure) 

➡Bad periods are due to loss of small shower files

Maximum signal without 
saturation Smax estimated 
using small showers data

GOAL : set the HV allowing to measure signals 
without saturation at least up to 20,000 VEM
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sPMT - calibration

16

[GAP2022-018]

Codes in the SDEU/UUB/daq and  CDAS-DAQ repositories

Small showers stored by CDAS-DAQ in one spmt_yyyy_mm_dd.root file per day  

with data from ~00:00 to ~23:59 of dd/mm/yyyy  from the whole array (< 300 MB/day)

HV setting

https://gitlab.iap.kit.edu/auger-observatory/sde/uub/daq/-/tree/master
https://gitlab.iap.kit.edu/auger-observatory/cdas/daq/-/tree/master/Apps/sPMT
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sPMT - calibration

17

Only ~1 phe/muon, due to small area 
Cross-calibration against LPMT calibrated 
signals using local small showers (~200/hour) 

[GAP2022-018]

➡ Calibration parameter β determined every hour with ~2.2% 
precision using data from 8 hour sliding windows 

➡ Daily evolution in β : +8% (anode sensitivity from lab 
measurements -0.38%/0C, daily excursion ~200C)

Calibration running on CC-IN2P3 (code in the gitlab repository) producing 1 ROOT file per day for 
the whole array, stored in /sps/pauger/users/ganastasi/SPMTcalibration_results/v2r0/ 

https://gitlab.iap.kit.edu/auger-observatory/sandboxes/gialexanastasi/spmt_calibration
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Stability of cross-calibration
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Evolution with time
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sPMT - monitoring

21

Monitoring of small showers acquisition 
partially implemented 

➡ codes under augermonitoring 

๏ calculation of 1h-averages 

๏ filling of the MonitSmallShowers table 
(see also next slide) 

➡ alarms under development

Monitoring of SPMT inter-calibration & 
dynamic range extension performed 

manually (codes not in public repositories).

“Hardware” (i.e. SlowControl) 
monitoring in common with the other 
components. 

➡ alarms missing for all AugerPrime 
detectors 

➡ should add check of SPMT 
Vmon/Imon ratio

Data transferred to 

DB table daily

https://gitlab.iap.kit.edu/auger-observatory/augermonitoring/-/tree/master/RootDataFilesToAny/spmtDataAnalysis/spmt_monit
https://gitlab.iap.kit.edu/auger-observatory/augermonitoring/-/tree/master/RootDataFilesToAny/SmallShowersMonit
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Conclusion

22

Failures 

➡ All failures during production and tests in labs identified. Bad units replaced by providers 

➡ No SPMTs discarded after delivery to Malargüe

Maintenance 

➡ 16 out of 1477 SPMTs inspected due to suspect malfunctioning in the field. None due to the tube, 
solved by replacing the PMT base. 

➡ failures in cross-calibration: <5% due to LPMTs

Spares 

➡ Sufficient number of spares for all parts of the SPMT units

Documentation and  training 

➡ Docs and procedures available in EDMS 

➡ Local staff trained and expert

Software 

➡ Cross-calibration software chain in place 

➡ <8% failures in custom VEM evaluation 

➡ Monitoring to be completed
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Backup

23
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sPMT production organization

Stabilizer production 
Malargüe 

HVPS production 
CAEN (Pisa) HVPS Test (INFN-TO & CT)

Final test

SPMT

HVPS

24



HVPS attached with the same screw used for 
radio (SU), possible even when radio is present

Another solution: attach it in the TPCB side, 
moving back the TPCB box and thus releasing a 
screw as the module cannot be fixed due to the 
height of the TPCB box which interferes with the 
cables  outlet of the HV module
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More tests: sPMTdependence on magnetic field
[GAP2016-007]

 the Earth magnetic field can affect the performances of PMTs  
depending on their orientation :                                                                                
• deflections in phe trajectories drifting from photocathode to 

first dynode  
• deflection of secondary e- in the dynode chain

 max deviation ~2-3% 
no need for a magnetic field shielding
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sPMT - Dynamic range
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Stability of cross-calibration

28
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σ[β]/β < 6% 

σ[(SSPMT - SLPMTs)/
SLPMTs] ~ 13-15%
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Instabilities over time

02/07/23 01/09/23 01/11/23 01/01/24 01/03/24
fail N

10

20

30

40

50

60

70

80

90

 0 (failures)≈ βNumber of tanks where  0 (failures)≈ βNumber of tanks where 

02/07/23 01/09/23 01/11/23 01/01/24 01/03/24
 N

200

400

600

800

1000

1200

 [15, 30] kVEM∈ maxNumber of tanks with S  [15, 30] kVEM∈ maxNumber of tanks with S

02/07/23 01/09/23 01/11/23 01/01/24 01/03/24
low N

1

2

3

4

5

6

7

8

9

 < 15 kVEMmaxNumber of tanks with S  < 15 kVEMmaxNumber of tanks with S

02/07/23 01/09/23 01/11/23 01/01/24 01/03/24
high N

50

100

150

200

250

300

 > 30 kVEMmaxNumber of tanks with S  > 30 kVEMmaxNumber of tanks with S

Failures of HV setting,  
inter-calibration, … 
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sPMT - problems
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sPMT - problems from the field
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ChicaBlu - no Imon 
Bad contact between the connector 
from PMT( Imon) and the one of the 
HVPS. Reconnection solved the 
problem

Base n.0589

Base n.1851

Chiron - unstable Imon 
- PMT changed 
- Removed PMT retested in SDEco -OK 
- Divider changed even if found clean 
- Insulating acrylic paint applied and 

sPMT container resealed
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sPMT - signal accuracy
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Relative SPMT signal accuracy 

 

✤ evaluated using 1 month of small 
showers data from 300 SPMTs: 

 

 

✓ consistent results obtained with 
simulations of UHE p/Fe-initiated 
showers in UUB twin stations

σSSPMT

SSPMT
= a2 +

b2

SSPMT

a = (5.8 ± 1.1) %

b = (1.8 ± 0.2) VEM1/2

(S/VEM)
10

 log
1 1.5 2 2.5 3 3.5 4 4.5

[S
] /

 S
 [%

]
σ 

0

5

10

15

20

25

30
LPMTs average signal

SPMT signal

SPMT signal (relative) accuracy: 
❖ ~10% @ LPMTs saturation 
❖ ~6% @ highest signals 

★ Extrapolated maximum bias at 
highest signals: (2.8 ± 2.0)%
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sPMT - codes
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➡ Small showers acquisition 

‣ Local station DAQ: SDEU/UUB/daq 

‣ CDAS-DAQ: Apps/SPMT 

‣ example code to read small showers files: spmt_example 

➡ SPMT HV setting 

➡ Small showers acquisition monitoring (running in Lyon) 

‣ calculation of 1h-averages 

‣ filling of the MonitSmallShowers table 

➡ SPMT inter-calibration (running in Lyon) 

➡ SPMT inter-calibration inclusion in the SD files production (running in Lyon) 

‣ IoSdCalibSPMT class in IoSdData.h & IoSdData.cc 

‣ SdExtraData.cc & SdExtraData.h

https://gitlab.iap.kit.edu/auger-observatory/sde/uub/daq/-/tree/master
https://gitlab.iap.kit.edu/auger-observatory/cdas/daq/-/tree/master/Apps/sPMT
https://gitlab.iap.kit.edu/auger-observatory/augermonitoring/-/tree/master/RootDataFilesToAny/spmtDataAnalysis/spmt_example
https://gitlab.iap.kit.edu/auger-observatory/sde/uub/daq/-/tree/master/src/SPMT
https://gitlab.iap.kit.edu/auger-observatory/augermonitoring/-/tree/master/RootDataFilesToAny/spmtDataAnalysis/spmt_monit
https://gitlab.iap.kit.edu/auger-observatory/augermonitoring/-/tree/master/RootDataFilesToAny/SmallShowersMonit
https://gitlab.iap.kit.edu/auger-observatory/sandboxes/gialexanastasi/spmt_calibration
https://gitlab.iap.kit.edu/auger-observatory/cdas/cdas-user/-/blob/master/IoSd/IoSdData.h
https://gitlab.iap.kit.edu/auger-observatory/cdas/cdas-user/-/blob/master/IoSd/IoSdData.cc
https://gitlab.iap.kit.edu/auger-observatory/cdas/cdas-user/-/blob/master/HdTools/SdExtraData.cc
https://gitlab.iap.kit.edu/auger-observatory/cdas/cdas-user/-/blob/master/HdTools/SdExtraData.h
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sPMT - monitoring
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MonitSmallShowers table added to the 
AugerMonitor database 

Daily and separately for each tank with a 
sPMT, check of : 

• presence of acquired data (i.e. number 
of entries in the table); 

• number of small showers ( Events ); 
• And separately for each LPMT : 

‣ masked status 
( MaskedStatusLPMT1-2-3 ); 

‣ percentage of failed VEM 
calibrations using the custom 
algorithm ( CustomVEMCharge 
LPMT1-2-3Failures ); 

‣ number of events above 200 VEM 
( EventsLPMT1-2-3 ); 

‣ LPMT signal over SPMT charge ratio 
( SignalLPMT1-2-3over 
ChargeSPMT ).

43 variables - 24 entries per day per UUB tank


