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Radio Detector
Operations Readiness Review

Allgel'Pl’lme - SALLA antenna and all mechanical components and supports;
- HF electronics of the antenna (LNA), signal digitizer and UUB electrical interface;

Radio Detector
The review should assess, but not be limited to, the following issues:
OPERATIONS READINESS REVIEW ’ ’ &
Charges to the Review Committee Equipment availability and readiness
. . - Are components and software fully commissioned, operating reliably, and meeting perfor-
Review to be started in: mance requirements?
. . - Are all the hardware, power and software interfaces fully functional, compatible and oper-
Malargiie, March 2025 meeting tiomal? P Y P P
https: / /indico.nucle ares.unam.mx /event /2 347 / - Are. special tools and testing equipment required for routine maintenance present and
available to the Observatory staff?
(VGI’SiOIlZ 2025022 5) - Are the most common failures are yet known, understood and have a mitigation plan?

- Is there a long-term plan for component repairs or replacement?
- Has a reliable source for all spare parts, tools, and consumables been identified for future
procurements? Are spares available on site as required?

Review Committee Members

. . Data Management
Petr Travnicek (chazr) - Is RD data well integrated into the data stream?
Mauro Gajardo - Is the RD data consistent and reliable ?
: . . - Is the communication interface with UUB stable?
Nicolas Gonzalez - Can CDAS handle the volume of data produced by RD?
— ] . . 0
Frank Schréder Is the monitoring of RD in place and well understood?

Ricardo Sato

Technical Documentation
- Are drawings, schematics, and any other relevant documents complete and posted to

Objective: CERN EDMS and/or PMS?
. . . . . - Are instructions for operating and maintaining software code, as well as the code itself,
The Auger Project Management Plan defines the objective of the Operations Readiness available and organized?

- Is a complete list of equipment and components including part numbers and vendor con-

Review as: tact information available?

“A subsystem only becomes part of the operation of the Observatory when it has passed an
) _ ) . ] o ) Procedures. The following procedures must be complete:
Operations Readiness Review. This review ensures that the subsystem is in effective, stable _ General operation.

. . . - Hardware and software troubleshooting and maintenance.
operation, all documentation has been filed, spares are available and the staff has been _ Process for handling major repairs. ©

trained.” - Inclusion of safety considerations in all procedures.

Training.
- Has an appropriate number of observatory personnel been trained to operate and provide

The purpose of the review 1s to determine if the RD subsystem 1s ready to be included in the routine maintenance?

operation of the observatory for science production. Additionally, the review committee Operations costs. _ _ _
) ) ) ) o - Evaluate the annual resources (person-power & costs) required for routine operation and
should asses if all the necessary material needed for operation and maintenance are existing maintenance for each subsystem, including materials and equipment. Discuss anticipated

. rates of failures and frequency of repairs and replacements.
and available.
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Radio Detector is
deployed in full array
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Timeline of commissioning up to 2024-12-31 08:39:19 (UTC). Number of stations = 1624

Deployment GPS tracks

All SD

@ RD taking data
building g
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A measured cosmic ray
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| I | | I | I |
1000 2000 3000
Distance to radio shower axis / m

RD SD

Azimuth (deg)

157.0+0.1 157.0+0.1

Zenith (deg)

84.7+0.1 84.7+0.1

Core X (km)

-19.8 £0.90 -17.40+0.88

Core Y (km)

-8.73 £0.90 -9.78+0.45
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https://iopscience.iop.org/article/10.1088/1475-7516/2023/01/008
https://link.springer.com/article/10.1140/epjc/s10052-020-8216-z

A measured cosmic ray
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this is a high-energy cosmic ray

electric field ~mV/m

do you want so see something
more energetic?
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Direct lightning hit

electric field ~kV/m

Luckily this is an exception and very unlikely
to happen frequently

This happened also in the past with the GPS/
Leeds antenna

(local staff estimates ~ 80/25 years
—> ~ 3-4/year)

Jorg R. Horandel - Radio Detector ORR, Malargie, March 2025 5




Correlation e/m energy with cosmic-ray energy

107 PIERRE
78
% 76
& > measurement of
3 B0
2 101 74 8 e/m energy by RD
= =
a N
~ measurement of
72 muons with WCD
70 —> full end-to-
end verification of
" - complete chain
1018 10"

WCD energy / eV
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Radio Detector
overall status

hardware developed and
manufactured (1700/2000 units)

PIERRE
AUGER

DRSFRVATORY

deployment completed

end-to-end simulation of
performance

fully integrated in Auger analysis
framework (offline)

horizontal EAS reconstruction
available in offline oz ~ 6%

monitoring and calibration tools
available (need work in CDAS)

1st data confirm expectations /

hybrid reconstruction J
RD —>e/m, WCD —>

working on radio (only) trigger

preparing reconstruction of
gamma rays and neutrinos

Jorg R. Hoérandel - Radio Detector ORR, Malargte, March 2025 7
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We are running a production for the
ICRC2025 presentations.

Analyses ongoing.

—> Radio Detector fully operational
and producing physics data.

Jorg R. Horandel - Radio Detector ORR, Malargte, March 2025 8



Detailed frame of the Review:
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make sure it is the same

above and below

- SALLA antenna and all mechanical components and supports;
- HF electronics of the antenna (LNA), signal digitizer and UUB electrical interface;
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Detalledra | the RV1e. |

~ SALLA antenna and all mechanical components and supports; =z
- HF electronics of the antenna (LNA), signal digitizer and UUB electrical interface; PIERRE

. . AUGER
- electric field monitors
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Status of E-field mill stations
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Monitorig DB \
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™

Database status e T

' BATATA

Database syncing in place am ] _ Malargue N Wuppertal
for all EEMS now _ - < dally mirror mirror
different DAQ ) LA J
Updated daily machine LM ﬂ
. . . . \ \ CLF y k\
Avallable in monitoring DB
at database AERA
Connect: | hinkBook: $ mysql -u AugerPhase2 -p -h mondb.auger.uni-wuppertal.de
. Enter password:
Welcome to the MySQL monitor. Commands end with ; or \g. BeaconFreq
BeaconRefPhase
Switch to AERA database: — list all tables of the database: |ttt
CRSVoltages
Format of tables BATATA, LL, LM, LA and CLF: (CRS and AERAWS slightly different) ::{Qg{éles :
mysql> describe FieldLL; |: FieldAERAWS E
o ieideii i FleldBATATA
. : : . . FieldBLS i
L> TimeStamp ‘Fimestamp Place IS h|StOr|Ca”y flttlng :: Ft:ldCtF :
Fiete oot i (old EFM data) ifsgy
N S tatus i i but new EFMs are instruments ::_ Sl :

Hydrometry float NULL of the whole array, not | Fielduptime
Temperature float NULL | RADC

LeakageCurrent | float NULL \COnneCted to AERA /

Battery




1.5 years In E-Field data

20000 {
T
éﬁ 10000 {
~
o
© 04
=
=
£ 10000 -
=
m
200001 AERAWS —— BATATA —— LM —— LA
------ CRS —— LL —— CLF

01/09/2022 01/11/2022 01/01/2023 01/03/2023 01/05/2023 01/07/2023 01/09/2023 01/11/2023 01/01/2024 01/03/2024
Date

* Thunderstorm-heavy periods in austral summer clearly visible

max.buesken@kit.edu



RD Commissioning Status

Bjarni Pont — b.pont@science.ru.nl — Radio Workshop - Feb 28, 2025

Lighting impact


mailto:b.pont@astro.ru.nl
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PIERRE

AUGER

Deployment finished

Timeline of commissioning up to 2024-12-31 08:39:19 (UTC). Number of stations = 1624

OBSERVATORY

Last electronics installed in November 2024
Only 1 landowner region left for the future

Mass deployment since June/Nov 2023

Some are black tanks (there’s always some %)

1624 stations have been in operation since 2022
Some stations moved and have a new name
MoRD: as of wed feb 26, 1590 operational

. — g

https://www.auger.unam.mx/AugerWiki/

Weekly status reports from the field:
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https://qgitlab.iap.kit.edu/auger-observatory/sandboxes/bpont/augermap

Bjarni Pont — b.pont@science.ru.nl — Radio workshop zoom - Feb 2025


https://www.auger.unam.mx/AugerWiki/RD_commissioning
https://www.auger.unam.mx/AugerWiki/RD_commissioning
https://gitlab.iap.kit.edu/auger-observatory/sandboxes/bpont/augermap

Data available on MoRD: Spectrograms & bad periods
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https://hef.ru.nl/mord/Pages/
[1]MaintenanceMapAndBadPeriods.html

* Monthly production of BadPeriods:

e Xml format for Offline RdStationRejector
(just copy paste into module. Instructions

are on the MoRD page)

* Includes:
* Firmware issues
e Broken LNA /low Gain
e Station rotated (~ beyond 15deg)
 Daily production on MoRD of ‘Last7Days’:

* The big status map
e Spectrograms —>
 All-RD spectra, after BadPeriod cut.
* Binned per 20min (and longer for <2024)

 Quick check of {thunderstorms, solar
storms, NB-RF| emitters, etc...) at any

time

L+ Meest bezocht Q PrivacyTools - Encr...

Auger credentials

8 https://hef.ru.nl/mord/f

i © 0 9 A ® & 9

Maps
Array History Trigger Volume Bad Period Production & Detailed Status Map
Full Array

Number of operated RD stations

Station List LSS Event Size distribution [MainGrid]

Event Size distribution [InFill]

Monthly spectrum

Spectra Viewer [Freq] Spectra Viewer [Time] Current Month (Freq) Current Month (Time)

Historic Data

Bjarni Pont — b.pont@science.ru.nl — Radio workshop zoom - Feb 2025

* https://qgitlab.iap.kit.edu/auger-observatory/sandboxes/bpont/rdbadperiods


https://hef.ru.nl/mord/Pages/%5B1%5DMaintenanceMapAndBadPeriods.html
https://hef.ru.nl/mord/Pages/%5B1%5DMaintenanceMapAndBadPeriods.html

Data available on MoRD: Spectrograms & bad periods
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https://hef.ru.nl/mord/Pages/
[1]MaintenanceMapAndBadPeriods.html

* Monthly production of BadPeriods:

e Xml format for Offline RdStationRejector
(just copy paste into module. Instructions
are on the MoRD page)

* Includes:
* Firmware issues
e Broken LNA /low Gain
e Station rotated (~ beyond 15deg)
 Daily production on MoRD of ‘Last7Days’:
* The big status map
e Spectrograms —>
 All-RD spectra, after BadPeriod cut.
* Binned per 20min (and longer for <2024)

 Quick check of {thunderstorms, solar
storms, NB-RF| emitters, etc...) at any
time

Bad periods

A downloadable lists with RD bac pericds. Start of validity is
2022/01/01 and goes till various end times (see dates inside files in
case). These can be copied into the RdStationRejector.xml in Offline
10 engble them as bad periods. Note that in your application you will
neecd to update the default LastAllowedEventDateTime_RD. By default

production. :

» Tagged version v1rOp2 as used in ICRC2025 production ICRC2025 tag prOdUCtion

» Most recent version (See bottom of the log for the latest update.
It contains the timestamp it was generated and the start and end

time of the production.) Monthly updated production

Maintenance Overview Plot

A rather busy overview of the status of the array as determined with
the last 7 days of data that are avzailable. The title of the figure shcws
the time of the last processed event.

1 /1 - + &

cf commriggioning up 10 2024-10-2C 1508:55 (JTC (digitizess, rivete, beokesy N

000 Showing last 7 days

00000000

e 2022: 010203040506 070809101112
e 2023:010203040506070809101112 For each month
e 2024:010203 040506 070809101112
e 2025: 010203040506 070809101112
e Last7Days (direct link to the plot above for browsers not supporting th

For last 7 days
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Data available on MoRD: Spectrograms & bad periods

https://hef.ru.nl/mord/Pages/
[1]MaintenanceMapAndBadPeriods.html

* Monthly production of BadPeriods:

e Xml format for Offline RdStationRejector
(just copy paste into module. Instructions
are on the MoRD page)

* Includes:
* Firmware issues
e Broken LNA /low Gain
e Station rotated (~ beyond 15deg)
 Daily production on MoRD of ‘Last7Days’:
* The big status map
e Spectrograms —>

 All-RD spectra, after BadPeriod cut.

* Binned per 20min (and longer for <2024)

 Quick check of {thunderstorms, solar
storms, NB-RF| emitters, etc...) at any
time

Spectrogram Plot

With 20 minute bins in time we combine all recorded traced from the
CDAS data stream into a spectrogram displaying the median
frequency spectrum. Here we show the spectrogram of the data of
the last 7 days. Below there is a list of monthly overviews of previous
months (these figures are automatically generated so some paths lead

nowhere yet).
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Showing last 7 days

e 2022: 010203040506 070809101112
e 2023: 010203040506 0708 09101112
e 2024: 010203040506 070809101112
e 2025: 01020304 0506 0708 09101112

e Last7Days (direct link to the plot above for browsers not supporting the i
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For last 7 days
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Daily ‘live’ data monitoring

Radboud University
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—> iteratively improving deployment

Automated daily processing of recorded data.

O
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* Automated ‘Bad-period’ flagging
—> enabling us to already do physics

Stetuy of corrm ssion nu up o 2028.02.2¢ 25:24:57 (UTC) idigitizers, rivecs, broken (NAs, nuisy deta, antenne alignmeans)
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Status of Feb 24 2025 o

* 8 & & &

. 8 & & o o

O e Pae="0 B0

aco

combining
* Which stations have been deployed / which take data
 Broken LNAs

 Antenna Alignment / swapped ch0O-ch1 cables
e |ssues with firmware version updates

e Expected data volume?

* Missing stations

e Access roads to play deployment

+ some more detailed stuff

Deployment GPS tracks
Deployment GPS tracks

best guess at source location
(note: near red lines alignment might be biased)

All SD

RD deployed (i.c. with digitizer)

RD deployed 2023-11-14 12:00:00 (UTC) or later (i.e. also with Rivet)
Not enough clean data to analyse (is necisy. requires Neean = 10)

Not enough data (is new/ went down. requires N > 10)

Broken LNA chQ

Broken LNA chl

Low gain chQ

Low gain chl

Unstable chO (LNA sometimes broken)

Unstable chl (LNA sometimes broken)

ch0 (gain at least low 10% of the time. might be ck)
chl (gain at least low 10% of the Lime. might be ok)
Firmware issues (QutlierTraces)

Firmware issues (DuplicateTraces)

No recent data but listed as RD deployed

Bjarni Pont — b.pont@science.ru.nl — Radio workshop zoom - Feb 2025
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= Bad Periods overview: till Jan 31, 2025 "

©
LiorTer

AUGER

OBSERVATORY

Number of stations

Fraction of stations

Running as a monthly cron job on Nijmegen astronomy cluster using MoRD data stream from Nijmegen HEP cluster*
Needs occasional babysitting. Not 100% stable.
* Nov 2024: Data volume grew and RAM usage got too large —> job crashed—> parallelized
e Dec 2024: Malargue TV4 channel went down for 22days —> many false rotation flags —> manual TVOutageL.ist.txt quick-fix

e Jan 2025: cluster NFS mounting issues —> job crashed —> mostly patched
~8% : total bad periods at the moment

103 4 o 2 : Firmware issues
1 rveretuther races ~3% : Dead channel (Broken LNA, dust, cables, ...)
| Misaligned
10° o ot per s ~2% : Reduced gain (dust, cables, ...)
~4% : Rotated (>15deg), which incl. many gain issues
101 .
0.10
10° - &
: | | O
1.0 - = GBroken_NA '; 0.08
~— LowGzin (O
e JUplicate races "G;
0.8 - : ;:;:\"Ifrs:;gulhurlracos I '.'6 0,06
e all
0_6 - Em bad periods g
-5 0.04
0.4 - 0
| -
0.7 - | L 0.02
0.0 . “ 1l | By, A e et —— ——
2022-01  2022-05  2022-09  2023-01  2023-05  2023-09  2024-01 2024-05 2024-09  2025-01 2024-11 2025-01
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Maintenance since May 2024

Radboud University §
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)

Assume Ohyman =

2.00 for 6mod>5== 1e6 Alignment Maintenance

30

Time and location of maintenance ; — i
- . . 0.08 - artacts, Smoothed out =
* Digitized maintenance reports from Marcos (link) Dreferred multioles of 5 with a = il c
_ _ _ sigma of 2deg. == = eXCl. Ouman (0= 6.7 =
 Alignment was measured (incl. compass uncertainty) o | - 5
before most maintenance: ~6-7deg (vs 4-5 from TV)  _ symmetrically mirrored along 0 0
o here. = 5
. - = = = = 7)) —
* Filter by First visit (deployment) and Second visits g 4. _ S
(finishing deployment + maintenance) = p
' 0.02 - _ E
In maintenance report ' ) -
)
120 - m all (N=774) e - :
. T T T 1 T T ' ' . : (1))
B second round (N=166) S0 A0 0 0 20 40 60 40000 460000 480000 500000 ; >
N 100 ~ - First appearance in MoRD data(N=965) N Angle
C -
.% ol .% 106 |Nn maintenance report leg  2nd+ maintenance
.s&; -‘J; w —50
— — 6.13 A o
O - o
o 60 — . X3 i ® 5 %
P s g - o 3 R . 8% 8 - —-100 T
i e® @ @ =
§ 40 § 6.11 - o ® ""x o o §
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https://www.auger.unam.mx/AugerWiki/RD_commissioning

AUGER

OBSERVATORY

= Current/upcoming maintenance

Radboud University § %d

N
NV
o”ING'?Q)

Issues being addressed

* North-West: some
—> investigating soon. Can implement stronger fix if needed

* North-East: high rotations & gain issues
* Region installed in two phases (antenna & electronics)
 Extreme thunderstorms in Dec/Jan especially in NE
 Dust in LNA housing from initial deployment —> affecting gain

* Broken LNA channels —> affecting gain
—> |Investigation ongoing. Can be a combination of these

e South: Erosion due to terrain (SD issue affecting RD tilt)
—> repaired over past months

e Misc:
A few misaligned antennas/ swapped channels/ broken LNAs spread all ov
e Theft of cable tensioners (10) & signal cable (2) —> Ingo is on it.
 Lighting impacts
e 7 stations directly hit by lightning (2 only damaged RD)
e 1 exploded the RD mast.
e Ricardo notes every year this happens a few times (Numbers TBD)

Status of commissioning up to 2024-12-17 21:04:47 (UTC) (digitizers, rivets, broken LNAS, noisy data, antenna alignment)
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Equipment availabilit readiness
- Are components and software fully commissioned, operating reliably, and meeting perfor-

mance requirements? piE
- Are all the hardware, power and software intertaces fully functional, compatible and oper- o
ational?

- Are special tools_and testing equipment required for routine maintenance present and
available to the Obssgvatory staff?

- Are the most common faylures are yet known, understood and have a mitigation plan? I NA

- Is there a long-term plan for¢omponent repairs or replacement? } S

- Has a reliable source for all spage parts, tools, and consumables been 1dentified for future
procurements? Are spar¢s availableNqn site as required? vendor info in EDMS

Radboud is working on a calibration tool
for Malargue

LNA: amplifier chips are in Malargue
—> Mauro successfully repairs LNAs

Jorg R. Hoérandel - Radio Detector ORR, Malargte, March 2025 23



RD components

* solar panels - 2000 units

* antenna arms - 6800 parts

* ropes (6 km) and tensioners for the mast

* Al tubes for frame - 13600 parts

* Al plates and antenna foot - 8500 parts

 small parts, u-bolts, nuts, screws, ... ~400000 pieces

PIERRE
RUISINN

spare parts in Malargue

* housings for digitizers - 2000 Installed 1660 posmons
* pigtail cables for the LNA - 4000

* housings for LNAs and bottom loads - 12000 parts produced

* glass fiber antenna masts - 1700 1700 com ponents

* ferrites - 8500 .
* mounting brackets for solar panels - 3400 pieces (40 Spares mechanlcs)
* L-ground bracket inside the dome - 1700 pieces 2000 units

» signal cables inside mast - 3400 cables (340 spares electronics)
* fixtures to assemble ferrites - 24 units

* sighal cables from LNA to digitizer - 6800 units

* digital cable from digitizer to UUB - 1700 units

* bottom load PCBs - 2000 units

* Low Noise Amplifiers (LNAs) - 2000 units

* Digitizers (RD frontend) - 2000 units

—> 6 sea containers, 75 m3 each + several (~8) air freights

Jorg R. Hoérandel - Radio Detector ORR, Malargue, March 2025 24



Solar Panels more solar power available —> quicker recharging of batteries |8
—> stable operation =

. PIERRE
Station 784 AUGER

2000 —————

" new panels
old panels (shifted in time)

1950 +

_24 VvV ’ . ra=is
1900 K%iﬁﬂﬂj

1850 “}Ii

replacing 20 yr old 2x53 W
7 panels with

1800 } ,

Luxor ECO Line 200 Wp

1750 | |

|"
1700 iﬁ*ﬁm~\q¢/:J

1650 . 1 . : 1 : : ! : . ! . . 1 . . 1 : : ! : . ! :
2023 2023 2023 2023 2023 2023 2023 2023
10/27  10/27  10/27 10/28 10/28 10/28  10/28  10/29
06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00

battery voltage (ADC counts)

Jorg R. Horandel - Radio Detector ORR, Malargte, March 2025 25



| | SD electronics
Mainlobe 1 | ctrl

'data — GPS (timing)
- %o ADC 42251 yuB

-« — communications
‘trigger

Dig itizer power consumption: 2,4 W

15 Baun filter amplifier | battery system
I
| AUGER
B SALLA ! Solar panel DRSFRVATORY
@ < N4 (100 cm) I
I
|
new project ' existing
‘ ; I PSU
1v1, 2v, 3v3, 3vd
i Switched =
Variable 250MHz : H
current source Housekeeping clock FoU iva LT8602 | ; E
-« . . LDO = Power filter 19-33Vin |
N GO CRGESOr LP3961 | 200mA fused!
Bias enable Si540B : |
PSU 2v5 | 5
e . LVDS wer LDO | 5
' Antena with built-in LNA | po : \
E | (ADS4229 *vccwx | E
| | 122 | 5 5
| 5 —> ~ —» config | |
: : _ RD ! ADC 12-bit €| flash \  uUuB |
| ; 19dB / ' | . |
| " | | SST26VF032B | |
: : : FPGA \ :
) | : M Control/data E
| 2 122 | ! ! Lattice ECP5 SC'eszlcg Sdata | ;
; NA 3| masT —— RO }I{ wam> | Aocreo L) _ ; ;
| | ' | —— ] tat :
E | '_) : - . X (also trlgger) < Housekeeping : ebug/status :
! E i E SPI - LVDS ; !
- N J l S e L
LNA power 30-80 MHz  amplifier Debug Debus interface to

ADC 12 bit SPI interface JTAG

for LNA filter 250 MHz

UuuB

Jorg R. Horandel - Radio Detector ORR, Malargue, March 2025 26



Low Noise Amplifier - for ol

—> /Wm/%/alyu&

PIERRE
AUGER

DRSFRVATORY

~1% in voltage

50 MHz 80 MHz

WP1
Q( 1 ANT1 P
> {0
C1 NN o C2
0858-0-15-20-82 L1 -1 P e " ——
100nH 10nF ¥ o 1uF 16V
N ¢ U1 N R1 IEE] N
GND2 # vEN vDD -2 o CND2
T1 c3 3
3 4 . | 3| RFIN D RFOUT 2 i - =
R2 3 | 100nF k 1
(10K | 2 ~ % 0 5 & 12 - h
A4 1 3 © D2 T GND GND Z —4uuuu3— A D1
% GRF4002 _ VBUS051BD-HD1
WBC9-1L R )] o 1 2
GND?2 C9 t SP4203 s -
_ 0 p B82789C0223N002 _
L2 " R O R
100nH 1 |
WP2 GND2 GND2 GND2 GND2 GND2 GND2 GND1
35 -

0858-0-15-20-82

power consumption: 0,2 W

18.00 18.25 18.50
gain (dB)

Jorg R. Horandel -

18.00 18.25 18.50
gain (dB)

18.00 18.25 18.50
gain (dB)

Radio Detector ORR, Malargue, March 2025 27



PIERRE
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ves, RD data are integrated
on UUB into standard SD
data stream

- Is RD data well integrated into the data stream? we have some dead time,
- Is the RD data consistent and reliable ? working on solution

- Is the communication interface with UUB stable? ~— _
- Can CDAS handle the volume of data produced by RD?(3 Y€S: stable operation - no

- Is the monitoring of RD 1n place and well understood? \issues known

/ yes, we are routinely taking

2 branches data - no problems known
- from ,,Lyon data“ —> MORD tool available P

- real time data

Jorg R. Hoérandel - Radio Detector ORR, Malargte, March 2025 28



Data transfer from RD to UUB

PIERRE
AUJGER

recording...

/ | de'a\YA
event! trigger
(rising)
A
>
recording... sample window data transfer
I —_
L
T
444 us
2048 samples
- ) 13 bits/sample
n 60 Mbaud
8.192 us
2048 samples @ 250MSPS

Sjoerd Timmer

Jorg R. Hoérandel - Radio Detector ORR, Malargue, March 2025 29



Event

Th e Dead ti m e feat u re Harm Schoorlemmer, Jan 2024:

Where is the Radio Data

* Read out of RD data takes * y o tese st
~0.45ms

* During that time no additional

triggers can be processed Missing data in all stations
March 2023 - january 2024
0.6 1 September 2024 el
2 ;. as.
> Loss of ~5% of traces G
L 0.4 - 75 |
30% of events are  © N
missing 1 or more —G—34——— N
stations! g 0.2 2 Bmiséingsdate: (%)7 8
LL

this is only relevant for events at
threshold (i.e. lowest energies) 0.0 —— T T : r
Missing RD Stations

Simon Strahnz



Threshold:

The dead time feature:
Theoretical extend

0.25 A

0.20 -

calculated

0.15 A

e Assume binomial distribution
worst case

* FInd the probabillity that event is
lost as function of N(stations)

0.10 A

0.05 -

0.00 A

Fraction of events with N(stations) lost

N (stations)

Simon Strahnz



Threshold:

The dead time feature:
Theoretical extend

0.25 - 4

e Assume binomial distribution
worst case

* FInd the probabillity that event is
lost as function of N(stations)

* Weight by relative occurrence of
N(stations)

O
(-
(9

Fraction of events with N(stations) lost

D
O
0(]‘:50L i
| -
-
O
005 -
@

Relative

| | |

7.5 10.0 12.5
N (stations

2.5 5.0

Simon Strahnz



Threshold:

The dead time feature:
Theoretical extend

e Assume binomial distribution
worst case

* FInd the probabillity that event is
lost as function of N(stations)

* Weight by relative occurrence of
N(stations)

 With threshold of 5 stations:
- 17.3% of events lost

this Iis only relevant for events at
threshold (i.e. lowest energies)

calculated + data

Fraction of events with N(stations) lost

DO o
=
)
G
QO
C

6

4
N (stations

Simon Strahnz



The Dead time feature:

In early data (Mar 2023 — Sep 2024)

* In Data: Only 70% of events ———go———_——

(v>s5 have all stations present

e Peak at 0.8: 5 > 4 stations

- ~12% of all events (N = 5) lost

this Iis only relevant for events at
threshold (i.e. lowest energies)

Simon Strahnz

Fraction of eve

Nnts

o
&)

o
w

0.1 -

0.0 T

o
WS
|

0.2 -

——

_L;

0.5 0.6 0.7

0.8

0.9 1.0

Fraction of stations present




Possible solutions

PIERRE
SGER

- compression of data
(not too effective)

- do not transfer ,uninteresting” data
(do quick check on RD, like max value below a threshold)

- multiple buffers
(keep recording while data transfer,
requires modification of FPGA code,
read-out noise seen by RD, could lower transfer speed to below science band,
needs book keeping on RD and UUB side - we cannot mix events&triggers
—> work for Dave & Sjoerd)
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PIERRE
RUISINN

ves, RD data are integrated

on UUB into standard SD
Data Management data stream

- Ts RD data well integrated into the data stream? we have some dead time,

- Is the RD data consistent and reliable ? ~ working on solution

- Is the communication interface with UUB stable? ~— _
- CaIl CD .- ) 114l - C N1 Ee O aalta nrodal Ced b RD‘? yeS, Stable Operathn - no

dle the volume of \|ssues known

s the momtormg of RD n place and Well understood‘7 _

‘k — — ——— e = — —————

yes, we are routinely taking

2 branches data - no problems known
- from ,,Lyon data“ —> MORD tool available P

- real time data
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RD monitoring - offline Lyon data

PIERRE
AUGER

DRSFRVATORY

MoRd: Monitoring Auger's RD

Longterm monitoring overview

The plots are interactive: there is a toolbox on the right side providing zoom/save options.
As you see, we are growing. So, if you are looking for a certain station in a page -> just use ctrl+F as normal search
You can Zoom part of the plot, choose to show station(s) by double click on their names in the legend, or hide a station(s) by single click on legend

Pages content Pages Summary. Check the User Guide. The source code for these webpages can be found here at gitlab.

PIERRE
AUGER

OBSERVATORY

Radboud Universiteit Nijmegen

Current Status (01/03/2025 at 06h59 ) from sd_2025_03_01_06h59
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RD Monitoring

* Block with variables defined and implemented in RD-FE firmware

* First test was running, Tomas had quick look to confirm data validity
* For long time not included in RD-FE firmware running in the field

* RD-FE and UUB firmware upgraded in the field on 19th Sep’24

* Sending of RD-Mon not enabled at all stations

* Not yet implemented in CDAS LS and central version

AERA Data + RD Monitoring
J. Rautenberg, BU Wuppertal Zoom 28.02.2025 4




. . Metadata from RD:
RD-Monitoring data * hardware id: 2(7) bytes
* firmware version: 2(?) byte
. * LNA feedback:

* Block defined * current NS: 1.5 bytes

* voltage NS: 1.5 bytes

* current EW: 1.5 bytes

* voltage EW: 1.5 bytes
* temperature:

* Monitoring sent every 400 sec

 But Mon-message not prioritized * 2 bytes
o o * calibration: (suggested cadance)
lost in case of high leeds-load * 30-80MHz in 5 bands of 10 MHz

* every ~14 minutes (800 s)

° 1 l 1 * 2 channels (alternate, one channels each 400s)
For gaIaChC calibration ok up to about 1h * 64 bits per bin: 40 bytes total -> here is a potential

s . . . * number of fft's: 4 bytes
* |n addition RD-trigger info required: * used threshold: 2 bytes

. * time spent accumulating: 4 bytes
- cumulative T1
— cumulative RD-traces

—  Cumulative seconds RD-T1 vetoed

AERA Data + RD Monitoring
J. Rautenberg, BU Wuppertal Zoom 28.02.2025 5



Metadata from RD:

RD-Monitoring data * hardware id: 2(?) bytes

* firmware version: 2(?) byte
* LNA feedback:

e CDAS writed un-handled RD-Mon part to file  * current Ns: 1.5 bytes

* voltage NS: 1.5 bytes

* Test file and code made available by Ricardo [ {oirn2 tl 52 PYes

* temperature:
found header ... * 2 bytes

StId=0664 Pack=2 reg time=0.000000000 276 * calibration: (suggested cadance)

==== Monit start time(GPSSec)=1423266439 * 30-80MHz in 5 bands of 10 MHz
monit: temp=772 ... curr/volt(ADC)=418/734; 419/766 * every ~14 minutes (800 s)

fft: nffts=8192;dt(ms)=3194;th=30;streach=100;o0ffset=123;nsum=4;nvals=52;
£(MHz) N/S E}W * 2 channels (alternate, one channels each 400s)

30.03 4563e+13 5.8686e+13 * 64 bits per bin: 40 bytes total -> here is a potential
31.01 5.9236e+13 5.903e+13 * number of fft's: 4 bytes
31.98 1.1531e+14 1.564le+14 * used threshold: 2 bytes

32.96 6.8920e+13 6.8651e+13 * time spent accumulating: 4 bytes
33.94 6.0954e+13 6.4047e+13

34.91 .0611le+13 6.8307e+13
35.89 .1985e+13 7.1743e+13
36.87 .3703e+13 6.8376e+13
37.84 .4802e+13 6.975e+13
38.82 .9649%e+13 6.8857e+13
39.79 .0473e+13 6.9888e+13
40.77 .1435e+13 7.1193e+13
41.75 .1056e+13  7.779e+13

w

S
1
6
6
6
6
6
6
S
6
6
7

AERA Data + RD Monitoring
J. Rautenberg, BU Wuppertal Zoom 28.02.2025 6




Metadata from RD:
* hardware id: 2(?) bytes
* firmware version: 2(?7) byte
* LNA feedback:
* current NS: 1.5 bytes
* voltage NS: 1.5 bytes
* current EW: 1.5 bytes
* voltage EW: 1.5 bRl Il gl
* temperature: 1747 occurs 216
* 2 bytes 904 occurs 216
* calibration: (sugge &l yPe R aailg-Rrals
* 30-80MHz in 5 batl M ERVES R Tl g is
* every ~14 minutcEiiUESERR ol apa t

* 2 channels (alter SdId 1741 occurs 216 100s)

* 64 bits per bin: 4(CEMUEEEERGIHANERFILINN ) otontial

RD-Monitoring data
* CDAS writed un-handled RD-Mon part to file

 Test file and code made available by Ricardo

found header ...

StId=0664 Pack=2 reg time=0.000000000 276
==== Monit start time(GPSSec)=1423266439
monit: temp=772 ... curr/volt(ADC)=418/734; 419/766

fft: nffts=8192;dt(ms)=3194;th=30;streach=100;0ffset=123;nsum=4;nvals=52;
f(MHz) N/S E/W

30.03 .4563e+13 5.8686e+13

31.01 .9236e+13 5.903e+13

w

31
32
33
34.
35
36.

.98
.96
.94

91

.89

87

.1531e+14
.8926e+13
.0954e+13
.0611e+13
.1985e+13
.3703e+13

.0641e+14
.8651e+13
.4047e+13
.8307e+13
.1743e+13

8376e+13

NP R S [0 663 occurs 216

* time spent accum 665 occurs 216
1740 occurs 216

920 occurs 206
902 occurs 216
1735 occurs 213

.4802e+13 6.975e+13
.9649%e+13 6.8857e+13
.0473e+13 6.9888e+13
.1435e+13 7.1193e+13
.1056e+13  7.779e+13

37.84
38.82
39.79
40.77
41.75

1737 occurs 215
657 occurs 220
865 occurs 215
664 occurs 215

S
1
6
6
6
6
6
6
S
6
6
7

AERA Data + RD Monitoring

J. Rautenberg, BU Wuppertal Zoom 28.02.2025



RD-Monitoring
* Block to be implemented in MonitCalib and LongTermMonitCalib

 Requires modification in CDAS-Mr, definitioin of tables in mondb

 Spectrum in MonitCalib, or also directly in other format?
What is the input for the Galactic-Calibration analysis?

AERA Data + RD Monitoring
J. Rautenberg, BU Wuppertal Zoom 28.02.2025 8




RD DQM
* Processing of daily sd-files

* Tool in gitlab:
https://gitlab.iap.kit.edu/auger-observatory/monitoring/mord

[D T . auger-observatory &’ Monitoring MoRd

D 3 E K gitlab security updates will be applied tomorrow morning. System will be unavailable shortly. // Doris

Q, Search or go to...

Project M MORd & I
|M MoRd ¥ main v mord /| + v Find file Edit v
5 Pinned v
2% Optimize Reading Speed :
Issues 0 2ee2 2
o? Mohamed Emam authored 2 months ago PR l?, Hlstory
Merge requests 0
Manage > Name Last commit Last update
88 g
£ Plan > £ BadPeriodFilesFromComa Optimize Reading Speed 2 months ago

<[> Code

£3 Data updates 3 months ago

Build
£ Pages Optimize Reading Speed 2 months ago

Secure

UNIVERSITAT
WUPPERTAL

AERA Data + RD Monitoring w BERGISCHE
9

J. Rautenberg, BU Wuppertal Zoom 28.02.2025



RD DQM |

Trigger Volume per File (~ 12 hours)

* Processing of daily sd-files

00000 Q.........C. o
Q.O.........O.....Q.Q.....Q..’0.....0.0 B
e e ottt arete.

* Toolin gitla b: B -

0...0.0.........0.......0.......0...0'..........0.0.. .’.’0’.’0’0’0’.’.’0’0’.

000000000000 000000000 NONILLY 00000000000
00 00000000 00000000000 000000000000000000
..0.0.....O.....O...O.........0.............C‘..O...Q.Q.0.0.0.......Q.O.......Q‘C.
0000000000000 000000 0000000000000 000000000

https://gitlab.iap.kit.edu/auger-observatory/mor R .

2000000080600 o0 s.....’......................
e e S

MoRd: Monitoring Auger's RD e W i

e ..0‘..0.0...0.....0..‘0...O.Q...0...0.0'..0......‘....0
& 0.....0‘0.0.0...0'0......‘0‘0...0.0‘0.....0.0....
0000000000000 0000000000

Longterm monitoring overview orrow morning. System wi e

© 0‘0.0...0...0.......0.0.0.0.0....

The plots are interactive: there is a toolbox on the right side providing zoom/save options.

As you see, we are growing. So, if you are looking for a certain station in a page -> just use ctri+F as normal search
You can Zoom part of the plot, choose to show station(s) by double click on their names in the legend, or hide a station(s) by single click on legend
Pages content Pages Summary. Check the User Guide. The source code for these webpages can be found here at gitlab.

2025_02_24_05h02

Il “Findfile | Edt v

PO LK 0 G RO B sed '
000 SRS, e e . ebd89809 @ [A History
O‘:.:.:.:.:.: :.:.:.:.:.:.:-:.:.:.:.:.:.:.:.:.:...:‘:.:':.:.:.:.:.:.:.:.:.:" - - - T L ] N - Y - w - 'Y s . - Ve - T - .. .. .. R L 7 . 4 - s - v - . - .. v - vy - 4 - S . b . o - 'Y . T . v kR 9 - . 2 m O n t h S a g O

oooooooooooooooooooooooooooooooooooooooooo
.....................................................................

.................................. "N EEE E R T T T T T T

..
...................................... L I I B I I
.................................
................................... 9000000000000 0900 LA L L L L L
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooo
.....................................................

Current Status ( 26/02/2025 at 06h53 ) from sd_2025_02_26_06h53

........................................................
.

S ARSI R L AR S SR AR SRS T OO 6060600 0000660600008. ROODOOOOOOE Last commit Last update

ooooooooooooooooooooooooooooooooo

.................................. . L L L B L B L B L B L L R R R L L L N
.....................................................
ooooooooooooooooooooooooooooooo
...................................................

N S 1 SRR A TILRICE ORI (T I o Optimize Reading Speed

2 months ago -

..............................................
oooooooooooooooooooooooooo
.............................................
.................................................
oooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooo
00000000000000000000000000000000000 - - »
--------------------------
.......................... . .0 .
...................... B " e " e . . . . updates
ooooooooooooooooooo ° o o
.................. . ‘....‘... . .. . .
ooooooooooooooooooooooooo - - - -

3 months ago

Total Operated: o o0 G KRN Rt | Optimize Reading Speed 2 months ago
1587 Maln Grld . 1526,175 Q...c .-.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.
InFill Grid : 4910 e e Average MeanRMS ¥
SuperDense Grid : 12/3 p ey K R Mo e Ayl iy il BERGISCHE
Test Grid . 0’84 * ¢o 000 o. oooooooooooooo . °0 *

UNIVERSITAT
WUPPERTAL



RD-Shift
» RD-SQM provides plots that can be implemented in the SD shift

* SD-Shift transistion still ongoing, then open for additional components

@ auger-observatory / &R Monitoring / sdshift

< gitlab security updates will be applied tomorrow morning. System will be unavailable shortly. // Doris

S sdshift &

¥ master v sdshift |  + + Find file

o Pl = - - - -

%%

e b

Merge branch 'email-scripts’ into 'master' e«
Julian Rautenberg authored 2 hours ago

cc42c

Name Last commit

£3 controllers fit plots and report

BERGISCHE
UNIVERSITAT
11 WUPPERTAL

AERA Data + RD Monitoring
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RD-Shift
* RD-SQM provides plots that can be implemented in the SD shift

* SD-Shift transistion still ongoing, then open for additional components

@ auger-observatory / &R Monitoring / sdshift h

 gitlab security updates will be applied tomorrow morning. System will be unavailal SD SHIFT MANAGER

S SdShift ) Click on the appropriate box.

Before starting a shift, we advise you to read the “General Shift Information”,
Even if its not your first shift, we recommand you to open this page to check if there has been new feature since your kast shift.”

¥ master v sdshift /| 4 +

Merge branch 'email-scripts' into 'master' ¢«

Sign for a SD Shift Show existing SD Shifts
Jullan Rautenberg authored 2 hours ago

Name Last commit

General Shift Information SD Shift reports List

3 controllers fit plots and report

TP ]]T]

SD Shift Content (1rst to 15th) Summary plots

SD Shift Content (16th to 31rst) Do SD Shift report

AERA Data + RD Monitoring | J
J. Rautenberg, BU Wuppertal £LUUIIl £0.UL.£ULD 7752  WUPPERTAL

—_




yes, drawings collected by i
Jorg and put to EDMS by

Patrick

Technical Documentation

~ Are drawings, schematics, and any other relevant documents complete and posted to
CERN EDMS and/or PMS?
- Are 1nstructions for operating and maintaining software code, as well as the code itself,

available and organized?
- Is a complete list of equipment and components including part numbers and vendor con-
tact information available? \

ves, code from Dave (UUB)

yes, information collected and Sjoerd (RD) is on KIT
by Jorg and put to EDMS GitLab

by Patrick

Jorg R. Horandel - Radio Detector ORR, Malargue, March 2025 47
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- General operation. | PIERKE
- Hardware and software troubleshooting and maintenance.
- Process for handling major repairs.

- Inclusion of safety considerations 1n all procedures.

Procedures. The following procedures must be complete:

Ricardo Sato knows how to
run software and update
RD firmware

Marcos, Mauro, Andres
trained to do maintenance

Radboud will provide a (simplified) tool for lab
calibration (needed after e.g. components have
been exchanged)

Jorg R. Hoérandel - Radio Detector ORR, Malargte, March 2025 48



Iraining,
- - Has an appropriate number of observatory personnel been trained to operate and provide
routine maintenance?

training for Marcos, Anrdés, Mauro ongoing

Mauro has already successfully repaired 115 LNAs
(replaced amplifier chip)

Jorg R. Horandel - Radio Detector ORR, Malargue, March 2025 49



: : Radboud Universit %
== WORK IN PROGRESS! List of LNA faillures and Supp|y adboud University {§5)

AUGER
OBSERVATORY

e From reports by Marcos:

o 2000 : original supply

e ~1624 :in the field (humber of unique station IDs that have appeared in MoRD. Maybe 5 or so are moved stations so are duplicates)
e >120: new ones not yet used (at least 120 from the last shipment + all others [value to be confirmed])

o ~80 : needed to finished the current maintenance
o 28: needed to fill in final landowner region
e ~175: broken, brought back from the field (128 are already repaired and nearly all redeployed; all w/o/ further issues).

e 115 :LNA amplifier chip repaired (From PMS).

o 13 : ‘pig-tail’ repaired (From PMS)

e 60 :to berepaired (likely 10% pigtail, 90% chip, a few misc. issue)

e ~107: likely gone forever. (9 destroyed by lighting. Maybe a few more broken during deployment. Some still repairable.)

e For context: historical lightning cases in PMS:

e 40 specific cases described in the history of SD. More cases where just GPS antenna was affected. PMS record is not complete.
80 over SD period is a more likely estimate [based on Marcos asking staff]

e <10 stations / year is what the staff finds acceptable normally.

e We had 2 catastrophic failure cases with RD in the recent thunderstorm season.
—> no reason to suspect a much higher rate. Maybe a little based on that our antenna is higher than the GPS antenna.

Bjarni Pont — b.pont@science.ru.nl — Radio workshop zoom - Feb 2025 * code will appear in my sandbox at some point 10
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LNA failures after initial deployment

PIERRE
ALGER

* Failures of bottom loads/ cables / ferrites / structural components is not very high. More than enough spares available.

* Pre-note: ‘BrokenLNA flag’ == Broken LNA amplifier / broken pigtail / broken cable / unplugged cable / missing self-cutting screw /

—> Anything that makes the gain drop.

* From MoRD data (all T3 traces): stations that show ‘BrokenLNA flag’ in data (i.e., flat or nearly flag spectrum). Not all are yet
repaired

 During deployment (<30d since deployment): ~67 (maybe 5 are firmware issues mimicking a dead channel. Only 13 with 2ch failure)
+ the failures that were directly replaced [see previous slide]

 During operation (>30d since deployment) : ~72 (dominated by NorthEast issue since Nov’24-Jan’25. Dust/water/lighting/...)
~15 up till Oct’24 (1300 station deployed at that time. Only 2 with 2ch failure)

Bjarni Pont — b.pont@science.ru.nl — Radio workshop zoom - Feb 2025 * code will appear in my sandbox at some point 10
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* Note: failure rates are complicated to estimate. Convolution of: ‘regular failures’, residual deployment issues, and thunderstorm season.
e Failures of Oct-now are focussed towards the North-East region —> Does not extrapolate to full array over 10 years!

e 2 months of a full array in a heavy thunderstorm season is a big part of our uptime.

 Only 7 stations are confirmed to be affected by lightning. ~50 others from Oct-Jan could be a mix of dust/lightning/water/etc...?

e \ery rough guess on estimated spares/repairs we might need 200-6007?
—> Might be lower if part is still due to deployment issues. Might be a bit higher when including regular thunderstorm periods.

Absolute number of failures per month % of failures per month

Rates extrapolated from 1m to 10yr

Failures at least 30 days after deployment Failure rate Spare LNA projection
w— Any LNA failure P — w— Any LNA failure — w— Any LNA failure
20.0 1 = 2-channel failures — — we=_2-channel failures — | === 2-channel failures -
é 0.08 T - Qz 2500 = LNA spares -

17.5 - é © 11
W -
L ] — _ G 2000 -
2 15.0 5 0.06 - =
= = o
- 12:97 b 5 1500 - + Mauro can repair 1000
o Y = amplifiers with current spares —
2 B s S -
5 7.5 - © L 1000 -
L(E = = —

5.0 1 Ny o 0.02 - =

l L E - | © 200 7 Spares w/o/ repair
2.5 7 — — E =
0.0 T ——— = 0-00‘-‘!—l—|‘——|——!—l—!—-l-_;p'='r-— 0 -
VA A AL LD VA A ALY VA A ALY D
O i S S G U A S S O A S S G VU A S S O i S S G VS VU U S
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Operations costs.
- - Evaluate the annual resources (person-power & costs) required for routine operation and
maintenance for each subsystem, including materials and equipment. Discuss anticipated

rates of failures and frequency of repairs and replacements.

main failures during operations:

- broken LNA amplifier chips (over voltage)
1000 spare amplifiers are in Malargue (1000/72 ~14 years)

- rotated antennas (strong wind)

—> Jorg is in discussion with Gualberto and Ingo how this translates
to FTEs needed/year
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Detailed frame of the Review:

|
- SALLA antenna and all mechanical components and supports; R I D r
- HF electronics of the antenna (LNA), signal digitizer and UUB electrical interface;
The review should assess, but not be limited to, the following issues: O p e r at i O n S R e a d i n e s S R ev i eW

Equipment availability and readiness
- Are components and software fully commissioned, operating reliably, and meeting perfor- Q

AUGER

DRSFRVATORY

minor open items:

mance requirements?

- Are all the hardware, power and software interfaces fully functional, compatible and oper-
ational?

- Are special tools and testing equipment required for routine maintenance present and Working on calibration device for
available to the Observatory staff? LNAs

- Are the most common failures are yet known, understood and have a mitigation plan?

- Is there a long-term plan for component repairs or replacement?

- Has a reliable source for all spare parts, tools, and consumables been identified for future
procurements? Are spares available on site as required?

Data Management
- Is RD data well integrated into the data stream?
- Is the RD data consistent and reliable ?
- Is the communication interface with UUB stable?
- Can CDAS handle the volume of data produced by RD?
- Is the monitoring of RD in place and well understood?

working on alternative read-out to
reduce/eliminate dead time

working to integrate RD in SD
monitoring UUB->CDAS-data base

working to integrate RD in SD shift

Technical Documentation
- Are drawings, schematics, and any other relevant documents complete and posted to
CERN EDMS and/or PMS?
- Are instructions for operating and maintaining software code, as well as the code itself,
available and organized?
- Is a complete list of equipment and components including part numbers and vendor con-
tact information available?

Procedures. The following procedures must be complete:
- General operation.
- Hardware and software troubleshooting and maintenance.
- Process for handling major repairs.
- Inclusion of safety considerations in all procedures.

Training.
- Has an appropriate number of observatory personnel been trained to operate and provide
routine maintenance?

completing training of Marcos,
Andrés, Mauro

Operations costs.
- Evaluate the annual resources (person-power & costs) required for routine operation and
maintenance for each subsystem, including materials and equipment. Discuss anticipated
rates of failures and frequency of repairs and replacements.

estimating together with Ingo,
Gualberto, Marcos efforts for LNA

repairs and field work Jorg R. Horandel - Radio Detector ORR, Malargtie, March 2025 54
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