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Irradiation Facilities: what for?

= Radiation damage studies on:
o materials used around accelerators / experiments
o semiconductors / electronic components
o mMmaterials / accelerator components
exposed to high-intensity pulsed beams

= Test and development of prototypes / final assemblies /

electronic equipment before installation
o performance degradation / ageing (TID, NIEL,...)
o functional degradation of electronics (SEU,...)
o performance evaluation with background (“noise”)

= Test and calibration of components |
o dosimeters, radiation monitoring / measurement dewces '
o provide benchmark data for Monte Carlo particle transport codes
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CERN Irradiation Facilities

See previous
M. Jaekel EP-

DT seminar )
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CERN Proton Irradiation Faclility (IRRAD)

= Testing components of HEP experiments = Fluence of 1x101% p/cm?in 14 days

= 24 GeV/c, Gaussian 12x12 mm? FWHM = Scanning also in dimensions of 10x10 cm?
= Spills of 400 ms every ~10 s = Low temperature irradiation (-25°C)
cern.ch/ps-irrad

Cryostat Shuttle System {um e
with LHe 1.9K [B o IRRAD abI .

& T |
et x —aad ) =
e \ fic ﬁ
e \ = 3 | &4
5 s = 2 B \ |
~ 0 ) - Y y B I
' 2 = - i - /i L~ .
'y - & ; | A"
} ¢ / = —— = R i -
- IS = S ! LYY
i 9 R 3 4 ) == )
J~ { 0
3
ol

AR

L\ Tracking

Calorimetry
detectors

Beam Profile
Monitors (BPM)

@y| IRRAD.;i: F

o <w,
SZA | Proton Facility "ug®  MINES
- ech


https://cern.ch/ps-irrad

IRRAD Experiments in 2018

81 experiments, 97 users, 792 samples, 405 dosimeters, 2056 dosimetry measurements

CLARO ASIC RD53A modules Full-tracking detector module  NA62 GTK TDCpix
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IRRAD Complex Experiment

Exposure of 32 FEAST2 at -25C at the CERN IRRAD facility
The facility run in a purposely modified configuration to expose the converters in a mixed field:
MANY THANKS to the IRRAD TEAM!

32 samples, both FEASTMP and CMS modules, are
exposed and constantly monitored in a cold box
(-25C) in the CERN IRRAD facility (May 2018).

Cold box

CU target
(1cm)

32 modules inside the cold box
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© F. Faccio EP-ESE seminar, 2019
https://indico.cern.ch/event/788031

2x FEAST2 DC/DC
converters test in cold-box
& RT with “thin” 10mm Cu
target (EP-ESE)

IRRAD 10mm Cu Target
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IRRAD Statistics for the Last 10 Years
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IRRAD Towards Phase I Upgrade

HL-LHC
13 TeV - 13-14 TeV 14 TeV
Diodes Cor idation —_— cnergy
splice consolidation cryolimit LIU Installation HL-LHC i . d N I I f
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“““F?Z"Ec,?,':,',-"e‘ii"’s Ir"e%gancg‘on 11 T dipole coll. installation o 12 x nominar=m ete Cto rs WI ace
— Civil Eng. P1-P5
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ATLAS - CMS Tadiation
experiment upgrade phase 7 damage ATLAS - CMS
peam pipes nominal Lumi 2 nominal Lumi ALICE - LHCb 2x nominal Lurn ril-uparace

— >7x10%" ng,/cm? (FCC-hh)
(55010 e
ﬁlkﬁé IRRAD-RUN2 from 18/10/2021
ng”ﬁ'tpp'dt;f"ld”kg . Experiments R&D on for Phase Il upgrade:
= 3D pixels, SiPM, LGADs, HV-CMOS, ...
= CMS pixel, ATLAS ITk strips, CMS Timing Detector,
ATLAS HGTD, ...

Electronic developments: RD53, DC/DC, etc.

Accelerator components:

© 143rd LHCC Meeting

High Granularity Timing Detector
TDR preliminarily approved

Upgrade cost group review this week >
last step before research board approval

cw IRRAD-..'ll fj

» Vacuum/Magnet parts, collimator actuators, ...

» |ncreasing number of requests for IRRAD-RUN2!
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Outline

» Proton Irradiation Facility (IRRAD)
» Software and Hardware Upgrades for IRRAD
» Software Developments for Users Community

» Towards Common Tools for Irradiation Facilities
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Irradiation Experiment Workflow in IRRAD

©lcons made by www.flaticon.com

« Users &5
RENS Il © Experiments —
« Samples =
» Schedule
» Beam interaction quantities %
- Capacity 80 @
* Dosimeter/sample
assignment

* Irradiation status

@]s[=I1 o] © Control system
* Beam Instrumentation

« Gamma spectrometry

Blokil(=iip’A « Proton fluence
calculations

. * Logistics/Infrastr r
ol ogistics/Infrastructure é

* Transport O

History * Reproducibility
* Dissemination
J

| )| |
Before During After

@ | IRRAD.:i: 2F

2,
SZA | Proton Facility "ug®  MINES
ech




Data Management in IRRAD

Sampel Manager Print labels

Sample Set
Set-1762-P3-2012

Labels
Inadiation label Storage: (1) Main label

S ‘IRR-\U_ (O
SAMPLE Set-1762-P3-2012 >t PRty e
e e

=

Facility Operatioﬁ
(During)

IRRAD Data Manager

Traceability
(Before)

Dosimetry Results & Archlve
(After)
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IRRAD Data Manager (IDM)

A unified data management tool for Irradiation Experiments follow-up
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Irradiation Experiments

Dosimetry results for SET-003252 (ULTEM1000)
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Irradiation Experiment Workflow in IRRAD

* Users &D
REGISIEU I © Experiments
« Samples "

L.
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https://cern.ch/irrad.data.manager

Sample Layers

neutrons
o—
e —> .—)‘H
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Layer 1 (m,) Layer2 (m,) ... Layern(m,)
= High energy protons interact with all materials (not only samples!) in the beamline

= To perform a “good” irradiation:

o Need to estimate the relevant “physics” parameters: interaction (1) / radiation (X,) lengths, etc.
o Feedback to the operation / planning of the whole (IRRAD/CHARM) facility

= Same interactions responsible for making the material radioactive
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Irradiation Experiment Workflow in IRRAD

* Schedule

* Beam interaction quantities %

+ Capacity 88 '@

- Dosimeter/sample -
assignment
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éﬂ

Planning

IRRAD Operating team:

= Experiments scheduling
= Beam interaction quantities calculations

= (Generation of sample identification

= Dosimeters assignment

HOME EXPERIMENTS BPM IRRAD INFO ~ ADMIN ~ PREFERENCES %’Sj

IRRAD.: @
Proton Facility ¥8

IRRAD Data Manager

FCC-RADMON samples

@ AssignSETID m ‘ Move samples to another experiment v

@ vour experiment is nowvisible toother users. To visit other user's experiments please click here

RN P | mluietech |

07/08/2018 SET-002405 PCB5-run2017 Room temperature, in irradiation area: 10x10 mm2 3el17 1.163/0.623/0.414 blerina.gkotse@cern.ch m
O 26/11/2018 SET-003541 PCB19-run2018 Room temperature, in irradiation area: 10x10 mm2 3e17 0.96/0.348/0.227 georgi.gorine@cern.ch m
O 05/11/2018 SET-003542 PCB18-run2018 Room temperature, in irradiation area: 10x10 mm2 3el7 0.96/0.348/0.227 georgi.gorine@cern.ch m
(] 19/09/2018 SET-003686 PCB22-ALD2018 Room temperature, in irradiation area: 10x10 mm2 3el7 1.106/0.576/0.389 georgi.gorine@cern.ch m

1

archive Planning which samples
will be put in beam
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Irradiation Experiment Workflow in IRRAD

made by www.flat

* Irradiation status
@]s[=I1 o] © Control system
* Beam Instrumentation
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Operation — Irradiation Status

= Data extraction from IRRAD Beam Instrumentation
= Accumulated proton fluence estimation

= Notification of irradiation completion

HOME EXPERIMENTS BPM IRRAD INFO - ADMIN ~ @7 PREFERENCES (‘“‘Ef |‘|RR/\D 2 (@)

roton Facility 53

IRRAD Data Manager

Irradiation Status

m 4 New Irradiation Select a table v

IRRAD Table Accumulated

Updated at Sample Dosimeter Date IN - Date OUT table position foence SEC Updated by Status In Beam Actions

15112018  SET-003898  DOS-004211 161112018 16:11 - IRRAD19  Center 272851 irradiatior cem.ch [ ¢ =3
15112018 SET-003900  DOS-004211 15/11/2018 16:11 - IRRAD19  Center 272851 irradiatior r.ch - =3
15/11/2018  SET-003901  DOS-004211 15/11/2018 16:11 - IRRAD1S  Center 272851 irradiation fac r.ch [ ¢ m
15/112018  SET-003%02  DOS-004211 15/11/2018 16:11 - IRRAD1S  Center 272851 irradiat r.ch [ ¢ =3
15112018 SET-003903  DOS-004211 15/11/2018 16:11 - IRRAD19  Center 272851 irradiatior n.ch @& =3

Irradiation status
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Operation — IRRAD Tables &

= 9 remotely controlled stands

= Moving samples on axes X, y and rotating by 6 angle

= 1 irradiation shuttle

Water cooling system

VORTEX cooling system

LAY

IRRAD tables IRRAD tables in Zone 1
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Operation — Control Systems for IRRAD  {e

Tables

Hardware Box
= manual control on-site
" no remote operation

cw IRRAD-..‘ll
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2014 (LS1)

IRRAD19

Graphical User Interface (GUI)
= Microsoft-based (Visual Studio, C++)
= Only operational on Windows

2021 (LS2)

Toggle Axis History

STOP ALL MOTORS

New GUI

Tech



Operation — New Table Control System

X-Axis Motor

wo

| |
= Compatible with Windows and Linux
= Database in the backend
o O‘ZEAB:: Motor o
- <

[1Referenceline 1000 mm + Toggle Axis History

Posiions

Park Left Center Right
952,02mm 104,08 mm 1002.97 mm 1044.08 mm
EditPositions Delete Position New Position

Scan
Left position: 384000 steps Right position: 321680 steps

Setup start

STOP ALL MOTORS

wa SO

Based on pyQT (python) — no license required

Theta-Axis Motor

Motor position Left Right

24.34mm

Resolver position

203

Save

e

Resalver position:

((\
‘(\0\
NPE

— *
Y-Axis Motor
' =
1
1 Down
1
1 Step size:
1
1 1mm 2
1
1

[ referenceline 200 mm = Toggle Axis History

. =

[ reference line  10mm = Toggle Axis History

[ reference line

1000 mm = Toggle Axis History

Pasitions

Park Left
4.0 mm 205.0 mm

Center Right
240.0 mm 244.8 mm

Edit Positions Delete Position New Position

Scan
Left position: xx mm Right position: xx mm

Setup Start

Positions

Park Left
2.93mm 13.34mm

Center Right
24.34mm 0.0 mm

Edit Positions Delete Position New Position

Scan
Left position: xx mm Right position: 3¢ mm

Setup Start

OP ALL MOTORS

Positions
Park Left Center Right
952.02 mm 1044.08 mm 1002.97 mm 1044.08 mm
Edit Positions Delete Position New Position

Left position: xx mm

Setup

5can
Right position: xx mm
Start

IRRAD.;x.

CERN

Proton Facility ® ll:

N/

New Table Control GUIs

MINES
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Operation — Beam Instrumentation
Fixed IRRAD Beam Profile Monitors (BPMs)

/ / ﬁ A
[/ ] CT T TN . (
Y e | IRRAD | I Zone J
|t ' 20 o 100710 22 et .
i ‘ *—r|—m :“ﬁ;‘ég o fstne T A § .
] r | Iy
87 - s
hill 5 ' n = w
T \
:I = H Ventilation
I - N u [ i | — —
BE-BI Intensity Measurement Instrumentation
N ~ o ~N o’
TIRRAD CHARM
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Operation — BPMs &

Fixed BPM Mini and single-pad BPMs
For the beam alignment IRRAD tables alignment purpose and “in-beam”
detection

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

Transversal
beam profile

Lo} ® o o) (o)

o] fo) (o) ko) o)

BPM DAQ unit 25-35m away from fixed-BPM device
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Operation — BPM Pages used in CCC

Fixed-BPM Gaussian fit

Measured profile

Reference
profile

) —
- c : ; s /,;x
‘; - e |
o Y
e

A .. | Longitudinal profile
Transversal provided by central
profile pad charge

Beam monitoring at CERN Control Center (CCC)

https://op-webtools.web.cern.ch/irrad/index.php
E. Matli (BE-ICS)
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Operation — New micro-BPM &

= Understand the proprieties of ultra-thin V. Meskova
O. Sidiropoulou

t G. Pezzullo
ATTRACT (EP-DT)

[nm] metal layers exposed to ultra-high

particle fluence levels (2108 p/cm?)

old BPM:
0.1 mmCu
0.5 mm Kapton

= Requirements:

o simple :
new BPM:|* *
200 MeV
electrons
irradiation

o non-invasive

o low-activation

o high-sensitivity

o radhard

= Use at IRRAD and possibly at lower-
energy beam facilities (MeV, keV)

latest BPM:
100 nm Al (x 1/1000)
0.025 mm Kapton (x 1/20)

new BPM:
400 nm Al
0.5 mm Si/Sio,

W CMi en e
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Ultra High-level Radiation Monitoring with
Thin Metal Nano-layers (NanoRadMet)

4.5

3.5

secondary electron yield - &

1.0

0.5

0.0

4.0 1

3.0
254 #
2.0

1.5

S0308 Al on Kapton
V. Meskova

¥ Al thickness (nm) O 1o
——10 nm 3.78
—— 50 nm 3.49
—— 100 nm 3.41
—+—400 nm 3.45

—— 300 nm + 10 nm AlLO, 4.47

1 T T T 1 1 T T T
200 400 600 800 1000 1200 1400 1600 1800
primary electron energy (eV)

Material Studies / Fabrication techniques

cw

~ZA | Proton Fa(:|||ty"|f: " MINES
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Tech

motorized stage
-l

- PCB support [

SYTSs

Plexigl ' i - EIectrlcaI connection
X8 a§ SUPO \ with silver glue

Prototypes of new micro-BPM being tested at
VESPER facility (200 MeV electrons)
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Beam Instrumentation — New Hardware

n i BPM1 BPM3 XION
Better unders.tandln.g of MSCO1 BPM2 BPM4 MSC02
proton beam intensity: A \ \ A
o TO8 transport, calibrations, T /T 0 T 0 T T NT NT ISV

etc. (101 p/spill) 0] |

o Low intensity (109-10%° p/spill) -
o Heavy lon runs .
i + 08
= New measurement point 1
upstream IRRAD: |::.r‘ C
o XIONO1 A
o BCTOL 7

 —
= New XIONO2 downstream W

= Devices on telescopic feet
(IN/OUT)

= System being prepared in
collaboration with EN-EA,
EN-SMM, BE-BI

@ | IRRAD.:i: 2F
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Irradiation Experiment Workflow In IRRAD

made by www.flaticon.com

« Gamma spectrometry
Blokil(=iip’A « Proton fluence
calculations

@ | IRRAD.is _;j
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cw
\

Current {A)

Dosimetry & Radiation Monitor

7
W 100 - o SEE
) - Activation Foils
BPassive g0 | - FilmOSL
. 9 - Film HD-810
Dosimetry =
_ o P Z 60
 HARS | 2 | o '
HAW 1715 | = . .
by € w0 | Beam Profile / Intensity from
DOSIMETER ) : . . .. .
.. @ \‘ Activation of Aluminium foils
20
O
0& =l S
0 20 40 60 80 100

10
Calibration curves
10% |+ IRRAD1 24 GeVic protons . .
o IRRADZ gamma/neutrons Sl_part|C|e detectOFS
10°
(=g D
10°® n g
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107 P
- —'*-'_lf aG(m
108 . \ ) ) RN EEE R RN RN RARR AT
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i 2 .
bag 00 ) Active Sensors

Proton beam spot
characterized with
GAF films

MINES
Tech

4.5x4.5 cm? 2x2 cm?

IRRAD.;x.

Proton Facility ® ll:

N/

Proton Beam X-Profile (mm)
(2’Al(p,3pn)?*Na, ?’Al(p,3p3n)?2Na)
1x Nal spectrometer (+/- 6%)
24Na, half-life 15h, Ey = 1368.53 keV
2x HpGe spectrometer (+/- 2%)
24Na, 22Na, half-life 2.6y, Ey = 1274.54 keV




Activation-foil Dosimetry

27A|

Proton /

| »'7" : Al foils _'. 24Na 22Na
A . 79 / \\Ramoa:ytrve y )

A+Z1x
1. 2. 3.
Aluminum-foils Beam exposure / activation Gamma Proton Fluence
preparation Spectrometry Calculation
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Upgrade of Spectrometry Laboratory @

Standard Electrode
Coaxial Ge Detectors

= New HPGe detector (1998) recovered
from HSE-RP:
= refurbished (~x5 cheaper)
= coupled to Cryo-Cycle Il (LN,) and
new DAQ (client-2)

= full lead background shield

= New measurement Lab in bld. 157 after .
the LS2: Bl
= |ncrease measurement
capabilities (**Na Al-samples)
= Decrease number of transports to
Lab in bld. 14 (**Na Al-samples)

@y| IRRAD.:i: 2F
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Dosimetry Results

= Canberra (Mirion) Software (Apex-Gamma) installations

= Collaboration with HSE-RP

= New software architecture
= Openstack Virtual Machine (VM) Server
= 2 spectrometry statlons (IRRAD and Laboratory 14)

a%% “WL| Spectrometer | £,40
. " /| Client-1 Lab. 14 [~/ 7¢,"

e N iy 7
, A . S /
e # / f &%a@ . -
g'a' - L / - = "».;‘_-:..____. _.-' !
251 y I ~ / / %’TE‘ T Y/
.-"- i / -'5'“'-5__ - - 2 g
r / F . i

openstack.

Virtual Machine
Server

Spectrometer

il S
krﬂi Client-2 IRRAD

IRRAD i 2F
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Dosimetry Results

= Dosimetry measurements through proprietary software

= Dosimetry data calculation through post-processing software

= Dosimetry results through IDM

snlalalx
[REETOR Vs SN Wi ; Sign ou
® = @ 6 « a2 £
g Sty eararce  Colinace) Qi Roviewy e Boorts Jechtres HOME TS BPM IRRAD INFO - ADMIN - O:PREFERENCES @Llﬁl}f{}lﬁ 1! ’E:‘,

Tope [Emaceannd et =] | GEY. Mvslaied — [ GE2 [ouring Sawek] 17un 200200003
st o ot ™ o T e 5027/ g

Vo S/21 /200 1. 7411

IRRAD Data Manager

Materials for Sample Holder samples

@ vour experimentis now visicle to other users. To visit other user's experiments please cick here
S e e T RIS ol s
i 07082018 SET003252  ULTEMT00D  Passive standard 10x10 mm? 1e17 052710380262 bierina gkotee@cerm ch =3 =3
- t 13082018 SET-003253 PEEK Passive standard 10x10 mm? 117 0.314/0.305/0223 blerina.gkotse@cern.ch m m
07082018 SET-003254  CarbonFiber  Passive standard 10x10 mm? 1e17 0211/0152/0.105 bierina gkotse@eerm ch ==
07/08/2018 SET-003255  Aluminur am Lid Passive standard 10x10 mm? le14 0.112/0.038/0.025 blerina.gkotse@cern.ch m m

LN/

| I N
. ] .F&WMA»;LMMM W”W’WWWWM

R |0 8 A4 @ || 3 Apex - ain View 1 G 20000 VR | dimet | BWORQIHD mm

Canberra (Mirion) software Results availability in IDM
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Irradiation Experiment Workflow in IRRAD

L Infrastructure
Traceability T?gr:ztéc(;/t nfrastructu é

@)| JRRAD i _£2F
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I\/Ieasurement Laboratory at IRRAD Facility

New detector technologies need proper equipment to be characterized at both
wafer level and for packaged-part testing

= A configurable bench top system for characterizing devices

= Suss PMS8 Probe Station (4 manipulators, thermo-chuck 5-125 °C and a vibration
isolated table in EM isolated dark box) -

= Keithley 4200A SPA

+ Keithley 2657A Extension
High Voltage SMU up to 3000V Probe station

@)| IRRAD. ;i 2F
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Measurement Laboratory

= TH100 Temperature and Humidity Test

Chamber (LIB Industries)

©)
©)
©)
©)

Internal dimensions: 40x50x50 cm?3
Volume: 100 litres

Temp. range: -70 to 150 °C

RH range: 20-98%

= LabVIEW Control system: VI function
blocks & controller

Climatic chamber
Configuration | Test values setup ~ Climatic chamber controller ‘ nnnnnnnnnnnnnnnn .J

Temperature set ['Cl idity set (%]

Khggphee

=

NS

IRRAD.;i F
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Calibration test-bench and

LabVIEW-based DAQ for

the RADMON portable

readout system, Jes J. Larsen
Rydall Larsen, AIDA- | Mateu

2020-NOTE-2020-002
(EP-DT 20109)




Extension of Technical Area

= Reduce transport of irradiated material

* Increase storage / handling capabilities

= Provide users with advanced samples
characterization tools

Conventional
Storage

Spectrometer
(client-2)

Operational
Storage

High Activity
Storage Bunker

=Sl /)
Measurement Medium Activity K/
Laboratory B aboratory Bunker

IRRAD.;x. }/’j
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Proton Facility "uy* NES Sk

CE{W

NS




Traceability o)

Mandatory traceability of tested components according to French and Swiss regulations

] 0 = & BGKOTSE | > BAG
° ° ° ° ° ° ° OFSP a S n
Equipment Datails Equipment comments - U F S P ’
P :

I Use cases
G| rra0g: ©)
IRRAD Data Manager
TREC Data of Sample SET-003122 ﬂ
[EAM TREC (v3.4.36 - PROD)  RP Group: 72504 (Meyrin) or 75252 (Prévessin).  TREC suf el 169767, '3 Code
TREC system —

PXXISET001-CR002147
0ROV IO

Pq IRRAD Fac Ity TREC data in IDM
vww.cern.ch/ps-irrad y

SET-002 147 7 A. Nunez

TREC Label (EP-DT)

@y | IRRAD.:i: L2
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Irradiation Experiment Workflow in IRRAD

History * Reproducibility _—
* Dissemination

@ | IRRAD.is _;j
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History

Keeping experiments history for:

= documentation

= reproducibility
= optimisation

= dissemination [e=]

rradiationtype  Protons

Additional comments  Important t.
xel before SPS shutdown i

See previous EP-DT
seminar
(https://indico.cern.c
h/event/952416/) —
Material DB

Responsible person  joern.lange@cern.ch

(20x20mm32) at end of beam line

Fluences  1e16 Protons/cm? 2e16 Protons/cm? 3e16 Protons/cm?

Typesofsamples  Silicon sensor + readout chip bump-

rise the new RD53A readout modules for ATLAS 1Tk

Dosimetry results

D
HOME EXPERIMENTS BPM IRRAD INFO - @)‘ IIBOEIA‘IBV%E
Z *rol -acility 5 g*
IRRAD Data Manager
3D pixel for ATLAS ITk

Title 3D pixel for ATLAS ITk Category  Passive Custom
Description or the innermost pix Type Room temperature

of ATLAS IT s and modules with th

RC Irradiationarea 2 nm2

CERN experiment/Projects  ATLAS [Tk Pixe Modus operandi P nodules on the ATLAS 10x10cm2 PCBs like last year; ideally wide beam

@) | IRRAD.:i: L2
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https://indico.cern.ch/event/952416/

Outline

» Proton Irradiation Facility (IRRAD)
» Software and Hardware Upgrades for IRRAD
» Software Developments for Users Community

» Towards Common Tools for Irradiation Facilities

@y| IRRAD.3i: F
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External Facilities

= Some irradiation experiments cannot be performed at CERN

= DD, SEE in accelerator environment (p* low-E / Heavy lons)

= TID, Polymers degradation (strong y-sources)
= Displacement in metals (n° reactors / spallation sources)

. etc.

= CERN facilities not always available

= Accelerators Technical Stops, maintenance, upgrades, etc. (months)

= Long Shutdown periods (years!)

paol irradiator

= Need for information about worldwide external facilities

= CERN experimental community is very diverse (not only for irradiation experiments)
= Need of irradiation services for some applications

=  Fostering new collaborations, etc.

@] IRRAD.:i: £2F
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Irradiation Facilities Online Database

= Online database platform for searching 5.5k visits B,
gk 7.
irradiation facilities at CERN and worldwide _J ‘
= Coordinators inserting/updating data yg" A,
= Annual reminders for keeping data up-to-date g&’

= 240 irradiation facilities

) Countries World-Wide v || Visits v

= 5500 visits from around the world
Launched in 2017

_I HiRadMat

X-Ray
Facilities

http://cern.ch/irradiation-facilities

CE/RW IRRAD..E- ;j
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http://cern.ch/irradiation-facilities

Test Beam Facilities Database

= Request for test-beam database

Test Beamlines Database

= Similar functionalities e 1 508 ot et 4 1
= 16 test beam facilities
27 beamlines

Launched in 2020

CERN FACILITIES

CERN PS CERN SPS

........

......

ppppp
.......

......

http://cern.ch/tbdb
CE/RW lRRAD""' ;j 28 October 2020 46
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CERN Directory

&« C (@ directory.web.cemn.ch

= |PT - Industry, Procurement & Qutreach o
Knowledge Transfer JUMP TO SECTION

* SMB - Site Management and Buildings ~ HSE - Occupational Health & Safety
and Environmental Protection unit

News and events
Sectors, departments and units

« Experiments and projects

Experiments and projects

Applications
* CERN experiments (Grey = CAST = FCC Admin and procedures
Book) « CERN Neutrino Platform * GBAR
= AEGIS » CLIC » HL-LHC Maps and access
T AL * CLouD Accelerators and physics
» ALPHA = CNGS = |SOLDE
= AMS . CMS « LHCb DOCLItrnelnts,reports and
» ASACUSA . COMPASS . LHCF publications
* ATLAS » DIRAC » LIU project Committees and council
» ATRAP » ELENA » MoEDAL lorki
" AWAKE * FASER * NA61/SHINE . WLCG Working =t CERN
* BASE Life at CERN

Training and development

Applications

» ADaM5 * EDMS * HRT * Phonebook
* AlS Roles = E-groups = IMPACT * Qualiac

* Book a room = (D5 * Indico = Learning Hub
» EDH = CET * OracleHR = SNOW
Admin and procedures Admir

= Admin e-guide = Computing accounts

» CERN design guidelines » Users’ Office

Maps and access Findin

cw
\
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Outline

» Proton Irradiation Facility (IRRAD)
» Software and Hardware Upgrades for IRRAD
» Software Developments for Users Community

» Towards Common Tools for Irradiation Facilities

@y| IRRAD.3i: F
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Irradiation Experiments

CERN Large Hadron Collider (LHC) NASA's Orion spacecraft

INDUSTRY

Bottle sterilization by electron Clinac® iX System linear accelerator
beam irradiation

Cw IRRAD :,'Ll ;j
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Bridging the Gap in Data Management

= Knowledge sharing among communities v Standardization
= Small experiments, no strong IT support v'Automatic generation of web applications

= User Experience v" Ul personalization

@y | IRRAD.:i: F
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Ontology Origin

Deriving from ancient Greek:
Ontology = On (ov) + logos (A6yog)
In philosophy:

subject of existence, science of being,
"what exists" in the world

In_computer science: Aristotle
formal description and classification of “what exists”,
what can be represented as a knowledge fact

cw IRRAD :,'Ll ;j
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Ontology Use

Standardization of
domain knowledge

Generation of web
applications

Recommender
systems

@ IRRAD.:i fj
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Irradiation Experiments Data Management
(IEDM) Ontology

| © iedm:ResponsiblePerson
%@ expo:AttributeRole
¥ expo:Process-relatedRole
{- @ expo:RepresenationalMedium
- expo:RepresentationForm
¥ expo:TaskRole
» @ iedm:UnaryFunction
7@ expo:Physical
- O expo:ContentsearingPhysical
¥ expo:Object
© expo:Agent
expo:Collection
© expo:Region
- © iedm:ExternalLocation

@ iedm: iation

© iedm:Laboratory

“- @ iedm:StorageArea

expo:SelfConnectedObject

iedm:Compound

© iedm:Element

- @ iedm:TrradiationExperimentObject
© iedm:DUT

© iedm:RadiationField
- ® expo:Process
iedm:IrradiationFacility

v
iedm:ControlSystem
© iedm:DataManagementSystem
- iedm:MenitoringSystem
© foaf:Agent = det:Agent
& foaf:Document = schema:CreativeWork
foaf:LabelProperty
© foaf:OnlineAccount
© foaf:Project
e0:S5,

periment
- DUTIrradiation

© om:ApplicationArea

© om:CelsiusScale = om:CelsiusTemperatureScale

@ om:Dimension

© om:FahrenheitScale = om:FahrenheitTemperatureScale
@ om:Function

© om:KelvinScale = om:ThermodynamicTemperatureScale
© om:Measure

k- & iedm:InteractionLength
¥ & iedm:InteractionLengthOccupancy
»- & iedm:Rate

© om:AbsorbedDoseRate

. @ om:Acceleration

© om:Acidity

@ om:AcousticFirmness

@ om:Action

& om:Activity = iedm:Activity

© om:Admittance

© om:AlfvenNumber

>+ om:AmountofMoney
om:AmountOfSubstance
om:AmountOfSubstanceConcentration
© om:AmountOfSubstanceFlow

© om:AmountOfSubstanceFraction
:AmountOfSubstanceFractionFlow

@ | IRRAD. i,

<7 | Proton Facility"ay"
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OntoGra

Icumains Search Clear

| bl [m]#]s o]dla4][a]a]a) [w®] [@]e] [w]=]

= Arc Types

tvpe filter text

— expohasPart(Subclass all)

expo:hasPart(Subclass some)

= has individual

*® iedm:Operator

N
\,

— has subclass

— iedm:hasAvailability(Subclass all)

— iedm:hasCumulatedQuantity(Subclass some)

E‘Q = iedm:hasDateTimeln(Subclass all)
iedm:lrradiatio

nFacilityUser

— iedm:hasDateTimeOut(Subclass all)

— iedmhasDUTDosimeter(Subclass some)

— iedm:hasDUTFinalStorage(Subclass all)

= iedm:hasInteractionLength{Subclass some)

— iedmrhaslnteractionLengthOccupancy(Subelass some)

= iedm:haslrradiationCategory(Subclass all)

= iedm:hasMaximumTargetCumulatedQuantity(Subclass some)

iedm:hasMinimumTargetCumulatedQuantity(Subclass some)

— iedm:hasResult(Subclass some)

= iedmisCoordinatedBy(Subclass some)

— iedmisManagedBy(Subclass some)

= iedm:isOperatedBy(Subclass some)

— iedmisPerformedIn(Subclass some)

iedmisUsedBy(Subclass some)

TimePositi

= 115 classes
= 941 annotations

[«]

[«

= 24 object properties
16 data properties

www.cern.ch/iedm

MINES
Tech



http://www.cern.ch/iedm

Web Application Generator (GenAppi)

Loading ontologies

Transforming domain classes
and object/data properties to
Model classes and attributes

Generating Django view
files for data operations
(CRUD)

Creating Django Template
and URLs files for the Ul

Grouping files in
specific directories

Migrating Model and
server ready for start

CEfW

N/

IRRAD.:i. F

" MINES
T(‘Lh*

Proton Facility ® ll:

Loading Ontologies

Domain Ontology to Model Mapping

Operation Handling

Creating Templates and URLs 1

Web Application Packaging ]

Migration and Server Settings 1

Domain Ontology (DO)

¢ ®
e ©

®
OWAO

® Jinja
o OWAO Django Model
Owlready2
o ©
DO

DB or Triple Store

jango Views

B

9

Django Templates

Web Application

IEDM




IEDM Use Case

» |nput form for each domain-ontology

IEDM

class instance:
o Data properties = input fields
o Object properties =
o selection fields, links to the

........

e corresponding class forms

cccccc

= Django authentication and

Registering an IrradiationExperimentObject instance

authorisation
» Ul adaptable to user’s preferences

» Visualisation of domain ontology

Visualisation using WebVOWL C— =

@y| IRRAD.zi: 2F
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User Interfaces Comparison: List Table

blerina.gkotse®cem.ch

Sign out Directory

HOME EXPERIMENTS BPM IRRAD INFO ~ PREFERENCES @ Plﬁ’lsal‘a}- @
IRRAD Data Manager

FCC-RADMON users

Name Surname E-mail Telephone Role Actions

Blerina Gkotse blerinagkotse@cern.ch 1111111 User m

IDM list table UnaryFunction

IEDM Ul Preferences
configurations

UnaryFunctionEntry

IrradiationExperiment

Requirements User Background body color: m

DUTIrradiation
Font color:
CumulatedQuantity

IrradiationExperimentObject surname email name hasRole Actions Font size: px

L Gkotse blerina.gkotse@cern.ch Blerina Responsible ‘ View I Update I Delete |

Save

IrradiationFacilityRole

InteractionLength

IEDM APRP list table

@) IRRAD.:i: 2F
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<7 A | Proton Facility Ny NES




Comparison of IDM and generated
application

IDM Generated Application

IRRAD facility .

Purpose any domain
data management
Software CERN free and open-source
infrastructure
Storage Oracle database any relational database or
ontology

Web Semantic 0 .
technologies? y
Functionalities more advanced CRUD? operations

1Web Semantics, the field dealing with ontologies
2CRUD = Create, Read, Update, Delete

@y | IRRAD.:i: L2
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Ul Recommendations

Using recommender systems to suggest to users more user-friendly interfaces
® ®

ontology
feedback l

| secoumenoer |

l recommends What if this can be done also for
S scientific publications or
(irradiation) experiments?

Different User Interfaces

Cw IRRAD..E- ;j
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Data Management Perspectives

Standardisation of data management for irradiation experiments
o Online documentation: www.cern.ch/iedm
o Next planned work: GIF** data management

Common tools in the HEP community
o IDM installed in the upcoming FERMILAB proton irradiation facility
o Future extension to ENEA-FNG, collaboration with industry (CAEN)

o Proposalin AIDA

Innova

More user-friendly interfaces with recommender systems

Irradiation experiments publications recommendations
o Interest from NEC-labs Europe for building recommender systems
for scientific publications

cw IRRAD :,',[- ;j
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http://www.cern.ch/iedm

Conclusions

= New software tools for the support of the IRRAD irradiation experiments
after LS2

= New hardware (beam instrumentation,...), larger technical area and

additional equipment

= [rradiation facilities and test-beam DBs functional and used by the HEP

community at large

= Working towards building common tools for irradiation experiments data

management (at CERN and outside)

cw IRRAD :,'Ll ;j
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Hardware and Software Upgrades
for the Proton Irradiation Facility
(IRRAD) after the LS2

Blerina Gkotse (EP-DT-DD)

on behalf of EP-DT Irradiation Facilities Team: Martin Jaekel, Alexander Smith Mglholm, Alfredo Maria
Nunez Herrero, Giuseppe Pezzullo, Federico Ravotti, Ourania Sidiropoulou

Former IRRAD members contributors: Isidre Mateu Suau, Viktoria Meskova
MINES ParisTech: Pierre Jouvelot

EP-DT Seminar

28 October 2020
) IRRAD%%% g g PSL %
/) Proton Facility 905 o MINES S N

This project has received funding from the European f&\
Union’s Horizon 2020 Research and Innovation |

=) AIDA
programme under Grant Agreement no. 654168. \'\E&v




Ontology: Structure

» Class: a set of entities of a specific domain of knowledge
» Relation: a semantic link among classes, also called object property

= Property: attribute of specific type, also called data property

EEEmmmmme $ SENSOr

madeBySensor observes

madeObservation isObservedBy

¥
resultTime : Observable
Observation
I Property

xsd:dateTime

—observedProperty
hasSimpleResult

rdfs:Literal

Excerpt from SOSA (Sensors, Observations, Samples and Actuators) ontology

@y| IRRAD i £2F
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Knowledge Base (KB)

» Individual instances of domain’s classes
» RDF triples (Resource Description Framework)

= Stored in triple stores
Sensorl
19/09/2019
12:19

resultTime

TSlObse@

—

observes

hasSimpleResult

IRRAD.:i. F
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Knowledge Graph (KG)

= Term coined by Google (2012)

Knowledge bases from a variety of sources
» Used in academia and industry

Mona Lisa

Date of birth: April 15, 1452
Date of death: May 2, 1519
age 67 years)

&5 -

Michelangelo

Google Knowledge Graph

IRRAD.:;. 2F
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Ontology-based Web Application Ontology (OWAOQO)

Domain representedBy Web hasDocument WebAppIication subclassOf = =51707
. L . « —
Ontology Application Document Document

hasPart hasDomainModeICIassl

Domain
Class

hasOperation

s T€Mplate o u

representedBy

isimplementedBy

— -
i i representedBy
N DomainObject -
Property mmmmd Update puam

hasCardinaIity‘

hasUIRepresentation

‘hasPart hasPart‘ mmm URLs 2
= &

= E01e) 111111 DL | representedBy 3 ?
D — ] subclassOf RV T 3
2 Property 8
)

=

=

'

meed Delete

mmmd Read |(amamd —
. Domain Ontology-related entities
Model related-entities
. Web Application-related entities ﬁ Li st — —
. Operation-related entities

Ul widget-related entities

hasUIRepresentation

@| IRRAD.:i: 2F
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OWAQO Ul Preferences Example

gt I TextAlignment | | FontSize |

UlStyle WebApplicationDocument

FontCoIour] | BackgroundColour | cemerl | mini I

isPreference( Form Template

ferenc=0f correspondsToStyle implementedBy

Form1 Form3 UlFragment
UlPreference —'—__'——_.—__c::ﬂ: comespondsTo

bz Backormundcalog hasEoniColons

|while_black_mini_center_Form1_pref_1 I |while_b\ack_mini_center_FormZ_prei_1 | Iwh'rle_black_mini_cemer_Forma ) pref_1 | correspondsTy

correspands ToStyle E"e"e'ewceo:\ correspondsToStyle i5=ra'eew$ffw 5='E'E'E':'3'\

e\ == |

J ui_style_white_black_mini_center

correspondsToSityle hasUserPreference hasUserPreference hasUsarFrafarence

erenceOf

_ﬂ white_black_mini_center_Form0_pref 1 |

[ classes 1
[Jinstances

Excerpt from OWAO ontology showing “User1” instance and Ul Preferences (displayed from web Protégé)
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Ontology Embedding

Ontology instances - words, text

(e.g. TemperatureSensorl observes Temperature)
Word representation as feature vectors for tracking
»= similar words and

= words appearing in the same context

Used in recommender systems for suggesting similar items

car_bike Feature2 4
Featurel | 1 11 6 - bike Feature space
&
Feature2 | 3 | 5 | 2 | 2 { car
(A
Feature3 | 4 | 4 | 1 1 i T
Featured | 7 | 7 | 2 | 2 ' “,,sﬁ“"/
40" S
Feature Vectors Featurel

@y| IRRAD.:i: ZF
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New embedding: ontowalk2vec

New hybrid NLP model:

= node2vec > explicit structure of the ontology
» RDF2Vec - RDF triples

Algorithm:

o000

S -0
input to ‘
node2vec

node2vec random walks word2vec ‘
Skip-gram
_— 0
input to —> Feature Vectors
RDF2Vec —_
ontology RDF2Vec triples
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