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RadMon Ecosystem
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adMon scope

Measure the Total lonizing Dose , the Displacement
Damage, High Energy Hadron and Thermal Neutron
fluences in order to:

Memories

« Monitor the Radiation Level in the LHC tunnel
* Design and install new equipment
« Anticipate the electronics degradation

* Investigate the cause of fallures - Sy, perect”
« Simulation benchmarking P
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HEH fluel

Lumlnos:ty driven |

Usage example jjj;\

Comparison of the radiation levels every ;\ﬁ( ]
year and extrapolation for the future | AL~

Localized Loss

\W]

HEH/cm?

4 6 8 10 12 14 16 20

Measure the dose and the fluence in not -
expected localized high loss point w e

Measurements in shielded areas for failure
tracking and extrapolation

1.00E+07

. . ~W®
Non conventional requests coverage with |
fidl ol

passive dosimeters and battery RadMon I.e
NAG2, SPS Access system, New SPS
Installations

Support of the activities of the MCWG




LHC position

cell i cell i+1
- Ve MQ i = 'l/l?— Tunnel
I N i L equipment
P TTT (QPS, CRYO,
x i BLM or EPC)
Motherboard
i Il i+1
cell i | Ce
MB MB MB MQ | MB
I D | 000G
L) X |
Deported Motherboard

DS/ARC (from cell 7 to 20)
RadMon are placed below the

Interconnect between the last
MB/MQ of a given cell

In all points a deported module
Is attached to the equipment
before the interconnection

Equipment below MB/MQ!

In the UJs, RR, UL, UAs the
RadMons are installed inside
the shielding and outisde




Shielding for
instrumentation
electronics

New requests

I I At upstream end of Near BLI
£ dump inside shielding
.8 % 80m from C’:)edge of (see view above)
) H . : 2 c cavern
Point 6 UD62-68: 8 new devices £z, dumpfront Prepared by K. Kershaw, M. Calviani

21/1/2020

®*  Point 8 LHCb: 4 new devices

Inlafalelalalal=]>
[=lefelsl=lalal=]>

NEW P8 RACK INSTALLATIONS I

® Point 5 CMS: 10 new devices . m A (]

NEW P8 RACK INSTALLATIONS
(PRELIMINARY)

|~|als|=|u]e]e|e|a]a|s|> |e|o|s|ejs]a|-|a]

Room RadMon (anywhere inside this shielded room)

* Alice: 4 new devices

38 to the US85-UW8S door)

* JPARC T2K and RCS: 3 new device

AL g
>10 kGy at J-PARC*

in 2019
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LHC upgrade to V6
The RadMons have been all upgraded to --
the new Version 6 Radmons

Point 1 Operational
All the FECs of the LHC have been Point 2 43 ) 43 Operational
upgraded adding also the new MasterFIP E——— = ) > Operational
(Thanks BE-CEM-IN) _ |

Point 4 36 - 36 Operational
All the FESA classes and instances have e & 42 ) 42 Operational
been upgraded to the new version 8.5 Point 6 57 ) 57 + 8 Operational
New variables (i.e R factor) for NXCals Point 7 41 - 41 Operational
being declared Point 8 a1 ) a1 Operational
ALICE 12 - 12 Operational
Operational

ATLAS,Ct))I\/IS,LHC e ) 5 e

Total 418 - 392 +26
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PRSIMAS

MU~ 023m MU os0m | PR.SIMADS

Injectors RadMon

The RadMons in the injectors have been operational for the 2021
run

Installation points Total V6 Radmons

Booster 8
PS 16
SIS 59
NA62 11 il
HiRadMat 5
CHARM 7
AWAKE 3
Total 109
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Diagnostic tools

88 BE-CEM-IN / FEC Details =<5

PING Net Sp... Buildi..

®* Several diagnostic tools that help in: week uptme [N |O

List of Services Status for cfc-se5-scmsa

Checking the health of the devices

oz WFIPStatusService.cfc-se5-scmsa.lun0

Status of the FEC (Thanks BE-CEM-IN) mRe T

P— ProcessStatusService.cfc-se5-scmsa timservice

Commissioning of new devices SR ——

Syslog error TN

Re-initialization of new devices

Substitution of sensor on already deployed devices

RadMon web interface V1
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2021 Operation : Measurement Campaigns for SPS

Monitoring network (59 RadMons along the beamline) and 13 BatMons deployed on
request
+ RadMon Alps Racks for SY-BI-BP for LSS

« BatMon: Access System Racks for EN-AA-AC in BA1, BA2, BA5, BA80 'I;SG41, TCCS8

o

« BatMon: Active Dumping System for SY-RF-BR in BA3



https://edms.cern.ch/ui/#!master/navigator/document?P:100261258:101041870:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?P:100261258:100932527:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?P:100261258:100932595:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?P:100261258:100997231:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?P:100261258:100962489:subDocs
https://edms.cern.ch/ui/file/2671023/1/TSG41_TCC8_15_09_22_11_2021_Batmon_installation_and_results_access_pptx_cpdf.pdf
https://edms.cern.ch/ui/#!master/navigator/document?P:100261258:100962507:subDocs

Architecture

° Itisafully commercial system
° [Itisradiation tolerant
° |tis able to communicate with an industrial bus present in the LHC.

° Itis capable of monitoring the three axes of the radiation effects (SEE, TID
and DD)

Sensors are based on commercial off the shelf components

° Fully produced and characterized at CERN




Spares and production capacity

Every year we lose around 30 devices
(because Installed In very hot zone) Lot

We need to continuously produce new devices ™ 0o
-cll-gsi gécs)ck of sensors is sufficient for 600 new

. . . ress 1649 24

ThlS yeal’ We al'e gO|ng tO Start the prOdUCtlon Of gzgress 322 1943 900

200 devices Cypress CY62 1943 900

. re Cypress CY62 1531 900

To be checked the availability of the Cypress CY62 1531 600

components on the market and their radiation ~ Teshiba 755 5 400

tolerance Toshiba TCS5 7 290

Toshiba TC55 9 37

. . - Toshiba TC55 13 42

Start this year the characterization of new lots %= _ > " hyd

of sensor Toshiba TC55 16 843




RadMon “limitation”

« >500 devices are installed at CERN In different locations
1 cable for the communication (WorldFip)
1 cable for the power (230V)

Fully integrated in the CERN infrastructure

1 FEC (PC) to manage up to 32 devices
Installed devices are fixed with limited movement possibilities

* In operation: users request measurements in locations where the RadMons are not

installed E‘h 5\? i

RequeStS arrlve feW days before the teChnlcal Stops Request Preparation Infrastructure  Cabling Installation Verification

>6 months

Cables pulling and extensions are not an option during technical stops

Deployment of tens of devices in different locations is not feasible in a couple of days




The challenges

* Wireless

* Low power

- Radiation tolerant

« Commercial Off the Shelf components
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.. loT Radiation Monitor: loTRadMON

* |oT Radiation Monitor:
Monitor and control radiation sensors

New sensors for higher resolution: i.e Floating Gate

Modular to host several type of sensors

Battery powered o

I B maiimie

Reliable under radiation
Wireless communication over km range
Well known standard for IoT: LoRaWAN

LoRaWAN

i
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Test In P1

« 2x gateways installed in UPS RE18 injecting LORAWAN.
- Every ~ 200 mt collected 5 packets.

* Very successful test with around 2 km of coverage at point 1 [12].
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From R&D to operation in 2021

= In 2020 we were still in R&D phase but the requests of
2021 pushed us to quickly put the loT BatMon in
operation

See presentation A.Zimmaro on Wednesday “loT BatMon: Wireless
radiation monitoring at CERN”

= 13 BatMons have been installed for monitoring

= Since NO LoRaWan in the SPS -> exploit the capabillity
of storing on the device the results in an embedded
memory

SPS BASD. ;7
,',‘.SP"S‘LB:'QQL

A
2 BatMon I,»i”'f;_vh'}. Prévessin-Modns
PREVESSING'S

Saint-Genis-Pouilly

. . T ey
= Manual readout during the TS and/or dedicated %?\
accesses. "‘ T

= Temporary solution to the lack of LoraWAN

A test have been carried out in BA1 mounting a gateway just after the
MAD on surface

The tests have been shown that loTmonitors installed in the BA1
underground (TA1) were capable of communicating
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R&D :

TID [mGy]

* Floating gate dosimeter as TID sensor

Collaboration with IC-Malaga

A TID sensor with 30 times the resolution of the current RadMon o e e w
Rad FEt Time [mins]

See presentation of M.Brucoli on Wednesday “Flogating gate
dosimeter investigation and usage”

°* SpaceRadMon
Spin-off of the RadMon supported by KT: a cubesat payload

See presentation of P. Gkountoumis on Wednesday “Space
RadMon, a radiation tolerant monitor device for cubesats”

—RadFET 100nm +5V
—RadFET 100nm 0V
—FGDOS




Future possibility for R&D : RadMon V7

A possible R&D on a new RadMon V7 is being investigated

The new device can profit on the new electronics architectures
being developed on the base of the RadMon such:

loT wireless Radiation Monitor
SpaceRadMon V2 and NG

The Radmon V7 can improve the quality of the sensor
Using the Floating gate and different types of sensors/SRAMs




Conclusions

The RadMons are “the eyes” of the R2E on the levels of radiation at the
equipment level.

The RadMon ecosystem is always in evolution

It is kept in shape by maintenance and upgrade works.
New requests highlight the continuous necessity of this monitoring and its utility

The production of the RadMons has to face the maintenance works mainly in
“hot zones”

The new concept of IoT Wireless Radiation Monitor switched from R&D to an
operational device

It represent a strong innovation that will lead also to cost reduction (cabling)

Research on new dosimeters, new sensors and new electronic solutions is
essential for the ecosystem




Thank you for your
attention!
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SRAM as HEH Fluence detector

« HEH hadrons can induce a bit flip in the data
stored in a memory

0/ 0/0[{0[{0]|0|0O|O

beam > |0/ 0j0o[]0|0|O]O

* We can exploit this sensitivity to carry out a
measurement of the HEH fluence

- Knowing the cross section of the SRAM device:
GZNSEU —) CI>=NSEU

[6)) o

* The calibration of these detectors has to be
carried out in ‘relevant’ radiation test facility

=~ Controls _/ﬁ\_
(i@ r@-ﬂ\ Electronics & @
P, \/ Mechatronics

R2E



Thermal Neutrons measurements

The SRAM used are sensitive to thermal neutrons if the

voltage Is decreased arereta 20m0eee e
* This due to the presence of 1B in the chip

Py

45v
—
5 1

/

37

.

- Combine the measurements at 3V with the one at 5V exploiting
the high thermal neutrons cross section of the SRAM

UHEH(SV) . NSEU(EJV) — UHEH(5V) . N.S’EL"(SV)

R=

Uth(Sv) . NSEU(SV) — ffth.(SV} " NS’EU(5V)




RADMON Performances

e COTS sensors

« Characterized and qualified in relevant facilities

Sensor Range Resolution
HEH [cm] SRAM 1-10%3 2-106
ThN [cm] SRAM 1-10%3 2-106
RadFET 0V 4.3 103Gy 200 -103
TID [Gy]
RadFET 5V 2.3 -103Gy 60 103
1 MeV eq. [cm?] PIN diodes 5-10° 1-1011

*Pin Diodes

High Energy
Hadron
(HEH)
Fluence

1-MeV eq.
n. Fluence

Thermal
Neutron
(ThN)
Fluence

Total
lonizing
Dose

(TID)

RadFET 0V
*RadFET 5V

(CERN 5;{ (7, Contrals _/@_
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Salvatore Danzeca - RadMon System - R2E Annual Meeting 2022



