uba

Laboratoire
Leprince-Ringuet

STAMPS

a Scalable Testbench for Advance detector
Modules and Pixel Sensors

Elisabeth Niel, Laboratoire Leprince-Ringuet (LLR), IN2P3/CNRS
Benjamin Audurier, Institut de recherche sur les lois fondamentales de ['Univers (IRFU), CEA
Manuel Guittiere, Subatech, IN2P3/CNRS

‘ |I‘fu - CEA Saclay

Institut de recherche
' sur les lois fondamentales
de I'Univers




Hadron physics at the LHCb experiment 2

» Rich physics program in pp and AA, pA collisions systems
» Hadron discovery machine : 79 new hadrons at the LHC of which 70 discovered at LHCDb!

» Hadrons states studied in different colliding systems
PRL 132 (2024) 242301
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LHCb collaboration, P. Koppenburg, List of hadrons observed at the LHC.

Exotic hadron y.;(3872) experience
different dynamics in the nuclear medium
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The LHCb upgrades timelines 3
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The LHCDb upgrades timelines 4

» Most of the observables in heavy flavour dominated by statistical uncertainties at the end of Run 4

» New detector proposed for LHCb during Run 5 : goal 300 fb-! at the end of the LHC and exploit the full potential of
HL-LHC for heavy flavor physics

Next challenge: cope with higher inst.
L comsoidation luminosity while keeping same

é ﬁﬁ@ [ Run3 ] [ Run4 ] [ Run 5 ] performance as previous runs:
Done LHC LS3 LHCb Upgradelb | LHC LS4 LHCb Upgrade IT
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Tracking detectors upgrades

5

» LHCDb must keep its excellent momentum resolution (essential for hadron physics program)
» Tracking algorithms: combination of different track segments coming from different subdetectors
» In high pile-up and high multiplicity environment = fake tracks (ghosts) : rate increases with multiplicity

from 0.5% up to 1.1% (up to a momentum of 200 GeV)
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Tracking detectors upgrades

6

» LHCDb must keep its excellent momentum resolution (essential for hadron physics program)

» Tracking algorithms: combination of different track segments coming from different subdetectors
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» LHCDb Upgrade I tracking system:
o VELO:Vertex LOcator, Pixelated hybrid silicon
o Upstream Tracker: silicon micro-strip
o SciFi Tracker: scintillating fibers + SiPMs
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Tracking detectors upgrades 7

» LHCDb must keep its excellent momentum resolution (essential for hadron physics program)
» Tracking algorithms: combination of different track segments coming fpamdifforent subdatectars
> _In hioh pile-up and hioh multiplicitv environmen ake tracks (ghost
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> LHCb Upgrade I tracking system: » LHCb Upgrade II tracking system:

o VELO:Vertex LOcator, Pixelated hybrid silicon o VELO: pixe}s with timing
o Upstream Tracker: silicon micro-strip o Upstream Pixel: MAPS

o SciFi Tracker: scintillating fibers + SiPMs © M.ighty+SciFi.Tracker: MAPS+ fibers +
microlenses SiPMs


https://cds.cern.ch/record/2920248/files/main%20(3).pdf
https://cds.cern.ch/record/2920248/files/main%20(3).pdf
https://cds.cern.ch/record/2920248/files/main%20(3).pdf
https://cds.cern.ch/record/2920248/files/main%20(3).pdf
https://cds.cern.ch/record/2920248/files/main%20(3).pdf
https://cds.cern.ch/record/2920248/files/main%20(3).pdf
https://cds.cern.ch/record/2920248/files/main%20(3).pdf

Candidates MAPS for tracking detectors

» MAPS (Monolithic Active Pixels Sensors) : promising candidate for tracking systems in future high energy physics experiments

» High spatial resolution (a few um), good timing resolution (a few ns for bunch tagging), low material budget and well-controlled
power consumption and radiation hardness

» New R&D(s) on-going : new sensors to be tested extensively

MightyPix: AMS 180 nm process

* based on knowledge of previous HV-CMOS .
sensors, ATLASPix and MuPix

e Submission of the full matrix soon

JINST
19 C04045

CES

RD50-MPW4
Lfoundry 150nm
64 x 64 pixels
el T —_ (62 pm x 62 um)
we Wy 4‘“
> = ——
> e
e .

RadPix: LF 150 nm

LF foundry, similar design to MP

JINST 20 C03044

Development timeline

Step 1- upgrade
from RD50-MPW4
to RadPix

10200m| O
256 x 64 pixels |, |
(80 pm x 80 pum)

RadPix1

% of the final Radpix Lfoundry 150nm
«—64 columns—>

@ Bond pad hight ~100um

=

Step 2
scale up
To full sensor

Full size RADPIX with 95% sensitive area

RadPix2

256 x 256 pixels
(80 um x 80 um)

w— Guard ring ~250um thichness

To be submitted
in Nov. 2025

[P e

s Bond pad hight ~100um
— Guard ring ~250um thichness
Sensitive area »95%

To be submitted
in late 2026

Versatile : TPSCo 65 nm
* LV candidate, developed within DRD3

CREEEE
.

ww gt

JINST 19 (2024) 02, C02033
10.1109/TNS.2023.3299333

In general, many new developments of MAPS technologies, all new sensors need to be tested



Testing of MAPS sensors
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Fundamental to test new candidates in an unbiased way.
Testing procedure can be standardized with a scalable testbench.

» What are the functionalities to test:

-

Goal: build a scalable testbench for
streamlined testing of MAPS candidates

* measurement of general functionalities (analog and digital part, IV curves etc..)

« performances (with laser, radioactive sources, testbeam)
 irradiation effects NIEL, TID, SEE

» General setup

» Xilinx FPGA Board (commercial):
* handles control and data acquisition
*  MAPS sensors connected via a carrier board

* In phase 2: include the VLDB+ board for high-speed optical data transmission

» Candidate MAPS Boards:
» customized board for each sensor may be needed since each may have unique power
and communication needs.
> Interface Board:
* Bridges the FPGA and MAPS boards, ensuring signal and connection compatibility.
Design depends on MAPS specifications.

»  Acquisition & Analysis PC: Receives FPGA data via Ethernet. Runs software for data
capture, analysis, and real-time visualization.

PC
Controle

Analyses

LV/HV & Clock distribution

uoneydepy I
y

uoneydepy

uoneydepy

g
o
-1
s
=
z
>

» To be extended to multi-chip operations and prototyping of hybrids and QA procedures



Module development 10

» Modules: groups of MAPS integrated on a hybrid flex and connected to key components (IpGBT, VTRX+) and optical links
Need to carry out tests on power distribution, chain operation, and the effects of cooling.

» Objective 1: demonstrate the feasibility to operate maps chains (daisy chain) and to manage a high density of data, control and
power lines via development of module prototypes

hybride de démonstration 4 capteurs

Légende :

Interface Haute Densité de démonstration @~ Slow-Control
1 VTRx+, 2 IpGBT, @ Acquisition
Circuit imprimé flexible >= 1m Alimentations avec « sens » <+— Horloge
(Farr ] =l
alim
- ]
T ()
2| et
»|  esclave
4 IEST

current
Power supply

> Objective 2:
Heating plates Heat exchanger . CO2 bottle

» Sensors need to be cooled (at around -10°C) il i

» Development of cooling solutions needed:
proposal to use CO, bi-phase cooling rompemoce DS o
roto € moduie leat exchanger N ottle

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

€02 gaseous

» Need to demonstrate the capacity to dissipate the :

power (~300 mW/cm?) along the ~1m module
Experiment table
with controlled- Exhaust
atmosphere box

v




Project summary 1

Multiple sensor designs are currently under evaluation, and systematic testing is needed to determine which
candidates meet the necessary performance specifications

Objectives:
1. to develop versatile test benches to evaluate MAPS sensors.

2. to demonstrate the feasibility of operating MAPS chains with efficient cooling via the development of
module prototypes.

Key points:
1. Robust and adaptable to all types of next-generation sensors with minimal modifications
2. Support both single-sensor (i.e. test bench) and multi-sensor chains (i.e. modules)
3. Including portability for irradiation campaigns
4. Should be easily usable :
1. Enable remote control to ensure accessibility for users both online and offline for wider use
2. Production of a detailed documentation

3. Regular workshops to train early-career researchers and generally all users in the setup and operation of
the test bench platform



Conclusions on STAMPS 12

Short-term R&D to build a scalable test bench for MAPS
» Deliverables:

1. Testbench prototype with software applications for users
2. Module demonstrator with first studies data transmission, powering and cooling performance

The results obtained will be reported through peer-reviewed instrumentation journals (JINST) and international
conferences (Vienna conference)

» Request: ~600kEuros
* 2 postdocs of 3 years : 480 kEuros
* 100 kEuros for testbench of sensors and modules prototyping, including testbeam time
* 30 kEuros for workshops organization and travelling costs

> Final remarks:

* Need to build expertise in this area and training the next generation of physicists and engineers :
critical to maintaining leadership and continuity in tracking detector development over the long term

* The project is a collaboration of three French labs: LLR, CEA-Irfu and Subatech

* Other collaborations can be envisaged with LHCb institutes in Europe: Germany or UK
* Open to collaboration with other proposals on pixel sensors or tracking detectors for hadrons developments



BACKUP



MAPS sensors: low vs high voltage 14

diverse NMOS electronic cells sensing cell (electrode)

ionising .
W ~ +/ p - V oxide particle qm"ecm" NMOS in p-well PMOS in n-well

.
.

deep n well (also collection electrode)

SiO

2

Y

Small collection electrode — LV CMOS Large collection electrode — HV CMOS
» Readout electronics outside the collection well

» Require low field
» Small depletion zone, outside that charges collected by

Y or ionising particle “ _HV'

» Readout electronics inside the collection well

» High voltages can be applied

diffusion (slow) » High radiation hardness thanks to HV substrate
» High radiation hardness thanks to process modification (high biaisng, few hundreds V
reisistivity to have larger depletion zones) » High capacitance
» Low capacitance (small collection electrode) » Higher noise
» Lower noise (even if diffucion is slow, S/N good) > Higher power
» Lower power MigthyPix (Karlsruhe), RadPix(Liverpool),

“TPSCo 65nm (Strasbourg)”, Malta COFFEE(IHEP)



244 columns x 240 rows

MightyPix: 180 nm — HV CMOS

( I T TSI Semiconductors h18
N g‘!  MightyPix1
RaCR e I P2Pix Migl

Pixels

Hitbuffers

Karisruhe Insttute of Technology Run2020
15t Full-Scale
Pratalype

ATLASPIx3

2020 2027 2022 2024 2

ATLASPIX1 ATLASPo2 ATLASPix3.1 120x400 Pixel 29x320 Pixel

“Col + TDAC
| | __ishift Register

=

2017 2019 BX Counter
e 25¢400 Pixel  24x36 Pixel 1324372 Pixel
15t Large-Scal R
MuPled 130x40 pm*  110x45 pm? 150x50 un:; o

; Clock And Reset
‘ DCL_PLL !
MuPix11 40MB
N i TFC SR Config
POR + H

Shunt Reset SCL/SDA |

MuPix2

m‘

Fab Validation|

MuPix% MuPix7 1

MuPix8

Final Phase-|
Prototype

C MuPE3|  muPas

1 165%25 ym?  165x50 pm?
Digital Block I "Cgr::;c‘fgn"‘sf"

4x
Readout Out
4:1,4:24:4

Finad Phase-! > 12C f i
A ' Register File

&l } Serial ' l
@/ ‘ @ =) L Powering 10Mb/s N ECS
l N <« 4x 1.28Gbs LVDS '
b J l - s ‘ADC Monitor E AECS Uplink Daisychain '
2007 2011/2012 2013 2014 2017 2017 2018 2020 2022 O 1
I P § - 42x36 Pixel 42x32 Pixel 42x32 Pixel 12Bx200 Pixel 128x200 Pixel  42x32 Pixel 256x250 Pixel 256x250 Pixel
MMl 30430 pm? 92xBO pm?  T0ZXBOPMF  §1x80 ym? B1xBOpm?  103xB0 pmy? BOXB0 pm? B0x80 ym*

MightyPix2: = Periphery
e Chipsize: 2 ecm x 1.66 cm — 4 data links (max. 1.28 Gbit/s)
* Pixel size: 84 pm x 84 um (identical to P2Pix) — Slow control (serial powering & ECS compatible)
e 2 output mode — Timing and Fast Control (TFC)
— Long: 41-bit hit data word — Gearbox + asynchronous FIFO for improved rate
— Short: 30-bit hit data word (high-rate mode, 4 EOC: End of Column Buffer handling data transfer from
data links with 5-bit column address) Hitbuffers to Digital Readout.
* Radiation hardness : NIEL: 3x10"*n.,/cm* and —each column reads 480 rows
TID: 40MRad



https://rleys.docs.cern.ch/architecture/matrix/#col
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RadPix: 150 nm

Development timeline

RadPix1
RD50-MPW4 % of the final Radpix Lfoundry 150nm
Lfoundry 150nm <64 columns—>

$.36 mm

<4—256 rows x 80um=20,450um——p

RadPix2

Full size RADPIX with 95% sensitive area
———————2.098cm——————

54—256 columns x 80um =20,480um—>§

<4—256 rows x 80um=20,450um———p

e Same property as
MightyPix but different
foundry (LF foundry)

Step 1- upgrade Step 2 ..
SR | from RDSO-MPW4 scale up  Submission Q1 2026

“rumm e g0 B2 AD To full sensor

64 x 64 pixels ST

(62 um x 62 pm) 256 x 64 piigi?l 256 x 256 piigi"s"I Dbt |
. (80 um x 80 um) (80 um x 80 pm) o o 1000
By Eva Vllella : :.::ﬁ::ig:::;‘hm; -——— Guard':alng"‘zmmthlchness
Received in To be submitted To be submitted
early 2024 in Nov. 2025 in late 2026
RadPix1 Periphery (of RadPix1)

e Chip size: % of final chip 0.5 cm x 2 cm
* Pixel size: 80 pm %X 80 pm

— 1 data link (max. 1.28 Gbit/s)

* Power consumption optimisation (< 9.6 uW/pixel to meet 150 mW/cm?
requirement, with 99% in-time efficiency) Data rate: expect 8.4 Gbps—=>need 7 links at 1.28 Gbs

« 1 x 35-bit hit data word (in progress) —> can be reduced by sharing BXID information



TPSCO: 65nm — LV-CMOS 17

» LV CMOS with new nrocess: JINST 20 C01019
NMOS PMOS COELVé%Ii!iON NMOS PMOS we“ collecgon
— [ —— ELECTRODE ______ ' = i — S ———— — i
[ e | e | (S S ot || £ L pwen el

DEEP PWELL 4 DEEP PWELL desp pwell 3 N deep pwell
low dose n-type implant

,
; 3
I‘ \“
1 1
a ." b b depletion boundary
{
: 4
4 [
| }
\ ‘l

DEPLETED ZONE

depleted zone

s DEPLETION BOUNDARY
P EPITAXIAL LAYER Ty y p° epitaxial layer

Standard Process

* Features an n-well collection electrode with circuitry is
isolated by a deep p-well.
* Depletion region has balloon shape from
the n-well to the p+ substrate.
» Epitaxial layer depth ~10 um; lateral regions remain
undepleted.
Charge collection:
» Diffusion-dominated.
* Slow and prone to charge trapping.
* High charge sharing between pixels.

Modified-with-Gap Process

e Addsa CMOS
circuitry including gaps at pixel edges

* Depletion region extends laterally as the gaps allows for
electric field development

* The lateral electric field induces drift-dominated

charge collection

* Charge collection:
* Drift-dominated, even at edges.
* Faster and less affected by charge sharing.


https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01019/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01019/pdf
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https://iopscience.iop.org/article/10.1088/1748-0221/20/01/C01019/pdf

Planning for MightyPix2 testing 18

» MightyPix2 main candidate for both MP and UP, expected by the end of the year

» Preparation of the testing procedures:

1. build a test setup as general as possible, compatible with all the sensor candidates
2. easily movable for test beams

o General functionality o Irradiation effects o Multi chip operation
e IV, VV &CV curves o NIEL o Serial powering
* analog pixel * Neutrons, protons o Daisy chaining
« digital (periphery & o TID
pixel)  Low dose o Prototyping for hybrids,
o Performance tests using (~1MRad) modules
radioactive sources, * full dose
laser and testbeam (~40MRad) o Development of QA
* DAC setting o Single event effects procedures
optimisation - SEE
* Time resolution vs o Interfaces o LHCb compatibility
power « TFC, ECS o LpGBT
* In-time efficiency « Data Link quality o MiniDAQ
« Hit rate capability

Slide by Sebastian Bachmann



Upgrade II of LHCb 19

» Same geometry for the detector with innovative technologies for sub-detectors and data processing

» Main elements:
o Increase granularity

o Add timing measurement (resolutions up to 10-50 ps, in VELO, RICH/TORCH, ECAL)
o Radiation hardness (up to 10'® n, /cm?)
o Data rate: 200 Tbit/s

» Time spread of pp interaction region ~200 ps (t,-t;): measurement of time of particles with ~10 ps precision to distinguish different
pile-up interactions in the same bunch crossing.

courtesy of P. Robbe

tlme>

For Heavy lon collisions:
o No or very small pile-up: time measurement does not help
o Contrary to pp, one interaction can have a wide range of multiplicity depending on the system (proton-Helium vs PbPb) and
on the centrality (overlap of the two colliding ions):
o From less than 1 pp interaction to up to 360 pp interactions for the most central PbPb collisions.
o Anpile-up of 40 pp interactions corresponds to 40% centrality in PbPb.



LHCb Upgrade I 20

Overall major upgrade, >90 % of Completely new readout system for the
detector channels! full detector

LHCb-DP-2022-002
LHCb-TDR-12

New tracking stations New electronics CALO +
UT + SciFi Side Vie SPD/PS removal

p vl Ny =) Nl4 v
M3

: Fully software
trlgger at 40 MHz :

SciFi RICH2
Tracker

New Muon
electronics +
M1 removal

New pixel
VELO

New RICHI optics + . |. ..] RICH2 new PMTs
new PMTs + new electronics = - + new electronics
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Upgrade I trackers: UT 21

sio, A

+
» Single-sided silicon strip sensors mounted on either side of
staves (vertical strips)

» Four layers upstream the magnet: - o s 4
U and V layers provide stereo information

173 mm

» Partially overlapping in Y direction
» Staves staggered in Z for partial overlap in X direction
» Increasing granularity getting closer to the beam

4+ Sensors mounted on staves (both sides) with bi-phase CO2
cooling (<—50C)

Up to 1 kGy for near detector electronics, 4 x 104 n,,/cm?
& T 1o
‘;'1014 = | ‘b —z=260cm
X o 10°} S e s I
T 3 | Property Sensors B,(C,D) Sensors A
g o 3 Technol T T
10 c 1ol echnology nt-in-p pt-in-n
> 2 Thickness 250 um 250 um
" = -%’ g Physical dimensions 98mm X 98 (49)mm 98 mm X 98 mm
. 1072 S 10} Length of read-out strip 98 (49) mm 98 mm
circ A LA Number of read-out strips 1024 512
e R L N M A ........ ........ g ........ ...... Read-Out strip pitch 95 pm 190 pm
200 -150-100 -50 0 50 100 150 200 -200 -150-100 -50 0 50 100 150 200 Sensor number (needed) 48 (16,16) 888

Y [cm] Y [cm]



Upgrade I trackers: SciF1

» Scintillating fibers organized in fiber mats

Cross section of a fiber mat

OO0 XUVvX
»WAAWW f\fww YVV‘-'Y W NW}"»:I -
W : NN NN ....‘ Y

Charge particles in the Fiber
- Forster transfer + scintillation

16.2 mm

22

6 metres

1 channel
4 layers:
2 1n a C frame

52cm <
SiPM A
flbre;
beam pipe hole
/ g
°
£
wn
flbre|
B l
/w N
= ﬁbrir glalts per SiPMs and
odule 5-6 modules Read-out
per side boxes




Upgrade II 00 23

Lumi 180 x 1032cm?s' (x40)

Upgrade II : increase instantaneous luminosity

Magnet &
Magnet Stations TORCH
Mighty

Tracker

» Increase granularity

» Add timing measurement
(resolutions up to 10-50 ps, in VELO,
RICH/TORCH, ECAL)

> Radiation hardness (up to 10'® n.,/cm?)
» Data rate: 200 Tbit/s

For Heavy Ion collisions:

LHCb Upgrade I

* No or very small pile-up: time measurement does not help
* Contrary to pp, one interaction can have a wide range of multiplicity depending on the system (proton-
Helium vs PbPb) and on the centrality

Tracking: move from fibers and strips to pixels detector necessary to substains high particle rates
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UP Specification

MT Specification

Parameter

UP Specification

Parameter

MP Specification

Pixel size in x < 100 pm Pixel size (bending plane) < 100 pm
Pixel size in y < 100 pm Pixel size (non bending plane) < 200 um
Substrate thickness < 200 pm Substrate thickness <200 pm
Pixel orientation central sym. Pixel orientation X
Max. Particle Rate 74(34) MHz/cm? Max. Particle Rate 17 MHz/cm*®
= Rpys

I Max. Hit Rate 150 Mhit s~1cm™2 Max. Hit Rate 34x10° s~ lem™
Max. length of data word 32 Max. length of data word 32
Overall efficiency >96% Overall efficiency >96%
In-time efficiency >99% within 25 ns In-time efficiency >99% within 25 ns
Noise rate (End of life) < 400kHz/ cm? Noise rate (End of life) < 400kHz/cm?

Transmission rate N x 1.28 Gbit/s
NIEL 3 X 10"°n4,/cm?
TID 240 MRad

Transmission rate

4 links of 1.28Gbit/s each |

NIEL

3 X 10™ne,/cm

Power Consumption

< 300 mW/cm?

TID

40 MRad

For Ul this was:

Power Consumption

< 150 mW/ cm?

*NIEL — Non-lonizing Energy Loss (Effects on sensor, crystal lattice damage)
*TID — Total Ionizing Dose (Effects on MAPS electronics)

* SF: 35 kGy near the beam pipe, 6 X 10** n /cm? SiPMs

 UT: up to 1 kGy for near detector electronics, 4 X 1

14 2
0™ n,/em



Particle rates 1n the trackers 25

» UP first layer particle density Max. Particle Rate 74(34) MHz/cm? Max. Particle Rate 17 MHz/cm?

R,

|| Max. "Hit Rate 150 Mhit s"lem—* Max. Hit Rate 34x10° s~ lem™*
Particles rate in the UP
“ Ry MHz/cm? : Ry MHizlem?
N hi ' ' ' | sMHz/em?
its
Rhits - Rpart X | EXs ) 22¢cm .

particle

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

* Ryqrt=17 MHz/cm? for MP § @
Ny ™ S e,
« —LBUS_ — depends on cluster size, 1.1-1.2
particle
 and a safety factor (x2) R . il

Most of the UP area has a similar particle rate as the Mighty Tracker, except the center
We could use the same pixel sensor for both the MP and the UP

Find a different solution for the central region
1. Leave a hole in the central part = loss in rapidity
2. Cover the central part with another technology



From Fibers to clusters

Calculated

» Particle deposits energy in several fibers along it’s path Sional
.. . . . . Amplitude Mean Position
» Scintillation photons are transported to SiPM arrays via total reflection

» Amplitude in each channel proportional to the number of detected photons
, SiPM
T e | el |- Channel
‘3 High
5
SR BB o — --Seed ( ~
jg; R e L T --- -- Neighbour
n ! 250pum
Sp
=
4
A . ePhoton
Channel
[ Cluster: 1 channel above seed and at least 1 above neighbour threshold
I Cluster: 1 channel above high threshold Insensitive —# L
No cluster Areas (SiPM) v Particle

Clustering with 3 thresholds

1. seeding: starting point _

2. neighboring: if signal passing seeding, neighbouring channels should =" Barycenter reconstructed using

pass this th. to form a cluster e e weighted mean.
3. high: high single channel signal is a cluster by its own No per pixel hit information!




Arronax, Nantes, France 32

» Arronax: facility for medical applications and test beams close to Subatech Nantes
» Cyclotron up to 70 MeV protons
» Can be used to test soft SEUs mainly

1000 | E Les caractéristiques du cyclotron Arronax
‘ * : # proton >
100 f o : : ’ m deuteron g =z ’ Arronax est un cyclotron isochrone a quatre secteurs. |l est constitué d’un électro-aimant capable de
f i A He2+ i A— développer un champ magnétique vertical maximum de 1,64 T qui maintient les particules sur des
10 L 3 ® HH+ » | trajectoires spirales dans le plan horizontal.
a2 | A
§' i | 7 ’_ . rtdultl-partlcules : protons (H+), alpha (He2+) et deutons (D+)
2 ‘ | e Energie cinétique : 30-70 MeV protons, 68 MeV alpha
g [iz] . | B l 'S | . ! A | e Intensité: 750 pA protons, 35 pA alpha, 80 pA deutons
E o1 —‘__.—M * * ’ A— e 2 sorties simultanées en protons a énergie et intensité différentes
g | [ ' si besoin
0.01 - ‘ : ; ’— e Pulsation des particules
l: i : : e Cyclotronisochrone a quatre secteurs
0.001 =) 5 ‘;;’_ e Diametre extérieur : environ4 m vue 3 360°
‘ i i e Hauteur:3,60m
‘j | : | | * Poids: environ 145 tonnes, soit le poids a vide d’'un Boeing 777
99002 1:7 . ;‘; 777777 3 - - 4077 B 'W;(:f o “76'0777 A 7;7 e Fréquence de fonctionnement : 30,45 MHz avec des cavités RF composées de deux dees soumis a
Energy [MeV] ’ une tension de 65 kV


https://www.arronax-nantes.fr/en/
https://www.arronax-nantes.fr/en/

Louvain, Belgium

>

» Centre de Recherche du Cyclotron (CRC) - Institut de Physique Nucléaire (UCL-FYNU)

» heavy ion beams (HIF), proton beams (LIF), neutron beams (NIF) and a Cobalt60

Heavy lon Facility (HIF)

irmp | Louvain-la-Neuve

The Cyclotron Resources Centre offers a cocktail of 9 ions with an
energy of 9.3 MeV per nucleon which covers a large domain of LET
and ranges.

On special request, a lithium beam with LET 0.35MeV/(mg/cm?) is
also available.

The irradiations are made under vacuum.

The frame support is motorized in X, Y, Z direction in order to place

the device under test (DUT) in front of the beam. The frame can also

be tilted. Interchangeable flanges with different kind of electrical feedthroughs are available.
The CRC can also develop flange with new connectors on request.

Available particles inside the cocktail

Energy Range LET
[MeV] [um] [MeV/(mg/cm?)]

325 Beat 131 2693 13

M/Q lon

314 2Ne7* 202,0 33
3,37 27518+ 1312 57
327 3BAr* 14,0 99
331 SCpe 105,5 16,1
322 s8N;j18+ 100,5

335 8825 942

332 103pK3T+

354 124y 35+

source (GIF)

33


https://www.uclouvain.be/fr/instituts-recherche/irmp/ligne-ions-lourds-hif
https://www.uclouvain.be/fr/instituts-recherche/irmp/ligne-ions-lourds-hif
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