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Deliverables due in P1
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Deliv. 

No.
Deliverable name Due date Status Summary

D7.1

Definition of extraction 

methodology for parallel use of 

the heavy ion beamline for 

different energies

2023-12-31 Achieved

This report includes the methodology 

that has been followed by the Proton 

Synchrotron (PS) operators and beam 

physicists to enable the parallel low-

rigidity operation of the CHARM 

beamline to that at the standard, 

higher rigidity available

The achieved deliverables are available on HEARTS website page:
https://hearts-project.eu/project/deliverables/

https://hearts-project.eu/project/deliverables/
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Upcoming Deliverables & Milestones
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Deliv. 

No.
Deliverable name Due date Status Comments

D7.2
Demonstration of the achievements in 

terms of beam parameters (energy, LET, 

range, size)
2024-12-31 Pending

Will be mainly based on 2024 HEARTS@CERN 

campaign in November 2024 – see later in the 

presentation concerning the status 

D7.3 Established framework for user access to 

the CHARM ion facility
2026-12-31 Pending Good progress already in 2024, related to the 

pilot run with external users 

Milest. 

No.
Milestone name Due date Status Comments

M20 First external users at CHARM 2024-12-31 Pending Foreseen as part of the HEARTS@CERN run

M21
Routine access for external users at 

CHARM
2026-12-31 Pending 2024 pilot run will serve as input/experience 

Technically, the baseline is now IRRAD (but the user access is the 

same, including the physical access door, etc.) 
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Summary of delays in P1

• No delays have been experienced, nor are specifically foreseen (quite
the opposite: currently we are advancing with a slight margin versus the
original timeline, e.g. in terms of “fully external” access)
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Critical Risks & Mitigation Measures in P1
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This will likely remain a strong 

limitation as we move forward, as 

~2 weeks per year are perceived 

by users are very limited (and

possibly a bottleneck for an

efficient exploitation of the

facilities, even despite the

GSI/CERN redundancy)

(some ideas in the pipeline to 

substantially increase the 

HEARTS@CERN beam time offer, 

but this is beyond the scope and 

timeline of the present project) 
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Critical Risks & Mitigation Measures in P1
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CERN PS and ion injector 

complex reliability and available 

(ion source, Linac3, LEIR) 

remains a risk  
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Critical Risks & Mitigation Measures in P1
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@Theodoros Argyropoulos
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Critical Risks & Mitigation Measures in P1
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Critical Risks & Mitigation Measures in P1
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Critical Risks & Mitigation Measures in P1
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Identification of new risks

• No new risks have been identified (but the initially identified 
potential risks remain very pertinent, and are being closely 
monitored)  

HEARTS P1 Review Meeting - 25 September 2024
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Starting point: WP5 facility requirement document 
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https://hearts-project.eu/project/deliverables/d5.1/

https://hearts-project.eu/project/deliverables/d5.1/
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LET and Range
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Up to now, HEARTS@CERN has focused on the ~12-37 MeVcm2/mg LET range

- Going to larger LETs is in principle possible, by reducing the beam energy (likely through a 

combination of accelerator energy and degraders)

- Accelerator energy reduction: beam transport through transfer line becomes more challenging 

as the energy is reduced (limits and possible mitigation to be studied during 2024)

- Degrader energy reduction: limited by energy/LET spread and fragmentation

- How low do we want to go? Even if it were possible, overlapping with cyclotron facilities might not

be desirable 

- Going to smaller LETs requires a significant ion source and injector upgrade → currently being 

proposed at CERN level, and in synergy with physics applications (and would require partial external 

funding) 
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LET and Range: lower LETs
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@Andreas Waets
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LET and Range: lower LETs
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@Maciej Slupecki
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LET and Range: lower LETs
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@Maciej Slupecki
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LET and Range
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Req. 2.1 .b: foreseen situation for 2024 is to offer 6 LET values in the 12-37 MeVcm2/mg range, 

separated by 5 MeVcm2/mg, and being able to change between them in ~1 min (if using degraders) or 

~3 min (if using the accelerator – requiring a call to the PS control room)

Req. 2.1. c: detailed FLUKA simulations of energy (and LET) spread induced by the transfer line and 

degrader system, aiming at preserving the related LET FWHM below 10% 
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LET and Range
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LET and Range
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LET and Range
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@Natalia Emriskova
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LET and Range
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@Natalia Emriskova
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LET and Range
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@Karolina Klimek
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LET and Range
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@Karolina Klimek
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LET and Range

• In summary, we have so far investigated the following 
conditions: 
• 750 MeV/n from the PS, in the CHARM test location and with 16mm

degrader → LET limit of 10% FWHM is ~30 MeVcm2/mg → tested in
2023

• 500 MeV/n from the PS, in the IRRAD test location and with 19.5mm 
degrader → LET limit of 10% FWHM is ~36 MeVcm2/mg → currently 
in commissioning, for usage during 2024 test campaign 
• (if things work for 500 MeV/n – also in terms of obtaining a large enough flux –

we will certainly be tempted to extract and transport lower energies, obtaining 
larger LET values with an acceptable spread)

HEARTS P1 Review Meeting - 25 September 2024
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LET and Range
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LET and Range
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LET and Range
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LET and Range
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Req. 2.1 .e: indeed, important point which deserves further attention, as we have seen some non-

negligible differences between e.g. SRIM and FLUKA

Req. 2.1. f: we are, at least for the time being, relying on the BNL/NSRL tool, in which lead was (kindly!) 

included as a projectile particle (as well as PMMA – used in the HEARTS degrader system - as target 

material)  
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LET and Range
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@Andreas Waets
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LET and Range
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https://www.bnl.gov/nsrl/stackup/

https://www.bnl.gov/nsrl/stackup/
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Flux, Fluence and Time Structure
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So far, we have achieved ~102 – 105 ions/cm2/spill(*) which, considering one spill every ~10s, is an order 

of magnitude lower in terms of ions/cm2/s

(as reference, the NSRL high-LET beam – i.e. bismuth – provide a maximum flux of a few 104

ions/cm2/spill)

(*) for the largest energy – for lower energies (higher LETs) the flux is a few 104 ions/cm2/spill, though our feeling is that we have 

room for improvement (to be checked in 2024) 
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Flux, Fluence and Time Structure
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CERN R2E/HEARTS tests at NSRL in July

@Mario Sacristán Barbero
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Flux, Fluence and Time Structure
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HEARTS@CERN 2023 flux per spill versus extracted ions, for different energies 

@Kacper Bilko
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Flux, Fluence and Time Structure
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Req. 2.2 .b: achieved through large Gaussian beam spot cut on the sides; measured with 2D (or 2x 1D) 

beam profile monitors

Req. 2.2 .c and .d: Flux/fluence accuracy is difficult to calculate/validate (e.g. comparison between 

different methods, etc.) but good SEE agreement with other facilities is encouraging 
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Flux, Fluence and Time Structure
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Our dosimetry procedure relies on the absolute measurement of the particle flux/fluence over a small 

surface, and the correlation of it with the relative intensity measurements carried out permanently during 

user irradiation 

So far, the linearity between the two values has been demonstrated over a large range of fluxes and 

energies (with the linearity factor depending on the energy) 

Detailed beam purity information is available through a combination of measurements and simulations
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Flux, Fluence and Time Structure
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Current situation: beam ON/OFF button available in experiment control room, and usable by the 

HEARTS shift team (which will be working with the users in the experiment control room)

Reaction time of related solution (i.e. time between beam OFF command and actual removal of the 

beam) likely within few second range, but will need to be more accurately determined
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Flux, Fluence and Time Structure
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Two parallel (and complementary) developments:

- PS OP “WRAP” tool, for operator purposes

- User interface tool, by Cosylab → dedicated meeting tomorrow
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Flux, Fluence and Time Structure
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Flux, Fluence and Time Structure
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For HEARTS@CERN, the beam time structure is relatively simple: ~1s “uniform” spill every ~10s

This is achieved with a broad beam, and does not involve magnetic scanning

Synchronization signals available (but not routinely used – need to be tested, etc.) 
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Beam Size and Uniformity 
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We generate our uniform, square surface from a Gaussian beam, therefore going beyond sizes of ~5 x 5 

cm2 with the current beam line configuration will be challenging 

The flux outside of the irradiation area will actually be at least 3-4 orders of magnitude lower (to be seen 

if this is sufficient to have a low enough SEE rate on the peripheral electronics, i.e. active devices that 

are part of the test board, e.g. development kit, but that can be very radiation sensitive and compromise 

the execution of the beam) 
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Beam Size and Uniformity 
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Beam Size and Uniformity 
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10 cm FWHM

4 cm 

beam size4 cm beam size
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Sample Holder and User Setup 
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Sample Holder and User Setup 
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https://edms.cern.ch/document/3153280

https://edms.cern.ch/document/3153280
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Sample Holder and User Setup 
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Sample Holder and User Setup 
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Sample Holder and User Setup 
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Sample Holder and User Setup 

Control room

Irradiation room
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Sample Holder and User Setup 
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Req. 2.4.e: available space and 

support element for test setup 

within irradiation cave  
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Sample Holder and User Setup 
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Req. 2.4.f: control 

room setup installation
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Sample Holder and User Setup 
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https://ps-irrad.web.cern.ch/ps-irrad/cabling.php Req. 2.4.g: cable patch panels

https://ps-irrad.web.cern.ch/ps-irrad/cabling.php
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Sample Holder and User Setup 
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Req. 2.4.g: patch panels
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Sample Holder and User Setup 
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Req. 2.4.h: laser alignment 
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Sample Holder and User Setup 

• Req. 2.4.i: CERN GSM phone to be used - there is GSM signal inside 
the bunker, and we have a “user” GSM phone that can be given to every 
user team during their test 

• Req. 2.4.j: compressed air and natural gas are there available already. 
We have thermostatic boxes also in place with cooling fluid.

• Req. 2.4.k: Possible mainly thanks to change of air flushing time (30min 
for protons, 5min for ions), in compliance with Radiation Protection and 
Beams Department safety

HEARTS P1 Review Meeting - 25 September 2024
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Sample Holder and User Setup 
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https://cyclotron.tamu.edu/ref/heavy_ions.html

https://cyclotron.tamu.edu/ref/heavy_ions.html
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Recommendations from Annual Meeting technical review
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- Implementation of a specialized holder capable of precisely tilting the component under test by 50-60 degrees relative to the

beam axis, hence increasing the related LET → designed, manufactured and ready for installation and utilization during the 2024

HEARTS@CERN run (but, of course, not everyone “believes” in effective LET )

- Development of a user-friendly tool for calculating the incident LET based on the component’s material composition and

beam path, so to empower users to estimate the appropriate LET for their specific needs → incorporation of lead in NSRL tool

(see previous slides)

- Acknowledgement of LET limitations for VHE ions, especially due to fragmentation, which is not accounted for in conventionally

used tools like SRIM, and careful assessment of its validity as radiation effects testing figure-of-merit → substantial progress in

the experimental and simulated analysis of fragmentation and its impact on Single Event Effects testing has been achieved, as

presented during the NSREC 2024 conference

- Production of detailed documentation of the beam characteristics and energy deposition metrics for each beam configuration

in order to guarantee full traceability of the obtained results → the beams used for SEE testing during the 2023 run have been

carefully analyzed (both experimentally and through simulation) and characterized, notably though their energy and LET

distributions, confirming that configurations used for SEE data taking in 2023 can be considered as mono-LET beams (i.e. with
the guarantee that the relevant SEEs are clearly dominated by the primary beam [within a ±10% LET acceptance] and not its

secondary particles, or primary particles with larger LET variations).
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User Management

• Ongoing:
• User registration and computing account generation

• Agreement signature

• Online training (plus on-site, likely to be done right before campaign)

• Technical preparation meetings

• Shipment logistics

HEARTS P1 Review Meeting - 25 September 2024
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Experiment Preparation Form
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Facility Access Agreement
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User Overview

• Three HEARTS users: Padova University, Airbus, Tesat

• One RADNEXT user: SpacePNT (Switzerland)

• 6x industrial users, fully external
• 2x Germany

• Italy

• UK

• US

• Japan 

HEARTS P1 Review Meeting - 25 September 2024
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Summary 

• The main current objective is clearly a successful HEARTS@CERN 2024 pilot user run

• From an access formality point of view, things are progressing, and we do not have any
identified showstoppers (still needs to be fully completed, however)

• From a practical test execution perspective, we will need to see how efficient the typical 
workflow is (setup installation, further accesses, beam control and monitoring, changes of beam 
LET, size and flux, etc.)

• From a beam preparation and performance point of view:
• Beam commissioning is ongoing, in a staged approach (and requiring combination of operator availability and T8 

“opportunity window” for ion propagation)   

• Beam characterization and calibration will follow

• Some identified challenges:

• Lower energy limit for high-flux beam propagation (remember, the lower the PS energy, the higher the LET value, as degraders alone have 
limitations) → objective for 2024 is 37 MeVcm2/mg, with the main challenge of flux limitation (if successful,  higher LET values could be of interest)

• Limit on homogeneous beam size that can be achieved → objective for 2024 is 7.5 x 7.5 cm2 and, from initial commissioning efforts, we are not far, 
but not quite there (yet)

HEARTS P1 Review Meeting - 25 September 2024



HEARTS is a project funded by the European Union under GA No 101082402,

through the Space Work Programme of the European Commission.

Thank you 

for your 

attention.

Questions?
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