THE FRAME'WORK PROGRAMME FOR RESEARCH AND MNOVATICN

ARIES Final Review Meetil
Material Testing with Extreme Beams,

Report from TNA WP10

V. Stergiou, P. Simon & N. Charitonidis (CERN, BE-EA)
Daniel Severin (GSI)

15 July 2022

S is co-funded by the European Commission Grant Agreerhént number 730871



A “flash” reminder of HiRadMat

- HiRadMat (High-Radiation to Materials) is a user facility for high-energy, high-
Intensity pulsed beams
« The facility was commissioned in 2011 and located in SPS Point 7

« 40 successful experiments since the commissioning with the support of
Eucard/Eucard2/ARIES

The CERN accelerator complex
Complexe des accélérateurs du CERN
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GSI-UNILAC M-Branch

M-Branch
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Highlights of HIRadMat
experiments conducted during and
supported by ARIES

WP10.1 HiRadMat
2017-2022
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HRMT‘ ]. 9 BLMZ (CERN'ESS/ ERIC) Courtesy of Viatcheslav Grishin et al. (ESS-ERIC)

» Study of the signal linearity and response, saturation,
calibration, comparison of different types of BLMs

« Started in 2015, received dedicated and parasitic time
« TNA support throughout 2017-2018

* New and LHC installed monitors were tested, calibrated and
compared:

* lonization Chambers (IC)

« Little lonization Chambers (LIC) with IC and SEM ceramics

Cetsbee 3, 1y st

« Flat lonization Chambers (FIC)

A » Tests confirmed the necessary
design for future installations

» Results published in 2
P publications

. Courtesy of E. Nebot

_JHiRadMat
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HRMT-36 MultiMat (U.Malta, Brevetti-Bizz SME Italy)

» Study of multiple currently used and novel
material samples for Beam Intercepting
Devices of HL-LHC (and beyond e.g. FCC)

 Performedin 2017

« Acquire material dynamic responses and benchmark
numerical simulations
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« 16 target stations - 18 different materials (graphitic
materials, carbides, carbon composites, metal alloys)

* Results assisted the material qualification for the
HL-LHC collimators

« 6 peer reviewed publications

sirain (M)

Longitodinal total

Courtesy of A. Bertarelli,
- =r ; = = ., F. Carra. M. Pasquali
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HRMT-47 ATLASPixRad (ATLAS Coll.)

Heat dissipator

> lrradiation of ATLAS silicon detectors to study
the effects of accidental beam loss for HL-LHC

> Investigated degradation and damage limit of
new generation of pixel modules

 Experiment was conducted in 2018,
continuation of HRMT-41 that also benefited from

ARIES TNA support Beam spot
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« Results published in 4 peer-reviewed articles
Courtesy of A. Sbrizzi (INFN-Bologna) & Simon P. (CERN)
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> Studies on the impact of high energy beams
on currently used and novel material
samples for use in high energy dump cores
(HED)

Experiment performed in 2021
Tests on current LHC beam dump materials
under HL-LHC operational conditions

Tests on a new design of the dump beam
diluter for the FCC-ee

» Important input for the qualification of low-
density graphite materials for present and future
beam dumps (present LHC dump, future HL-LHC,
FCC-ee diluter...)

(c\@% —)HiRadMat ARIES 13 July 2022
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4 am on Sunday, HED experiment completed
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Highlights of M-Branch
experiments conducted during and
supported by ARIES

WP10.2 UNILAC M-Branch
2017-2022
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Ion-induced outgassing and sputtering of volatile
and frozen gasses

Introduction Conductance

Ao
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» Find the best surface treatment of Cu, W and
Stainless Steel samples in order to limit the
released gas after impact py
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i B “Beam
- lon-induced outgassing can be a severe limitation in =
modern accelerator developments Irradiation

Pumping
chamber

- Calibrated Residual Gas Analyser was used to
determine the nature of released gas

« lon Beam : Cal9+ or CalO+ at 4.8 MeV/u

- Future publication is expected

Courtesy of L.Kirsch / M.Bender (GSI)

CERN i + . . . .
\\/DI —) Ehlgggtmtea”}s ARIES 13 July 2022 N. Charitonidis | WP10 ARIES Final Meeting 10



Radiation damage scaling in accelerator materials for beam
intercepting devices from high-flux light ions to high-energy
protons

 Irradiation with Ca ions on currently used and novel
material samples for use in HL-LHC collimators
and beam intercepting devices
« Graphite-based ceramic composites and
diamond-reinforced materials

« Caions radiation comparable to radiation induced by
high-energy protons

* Results provided valuable information
regarding the assessment of long-term
radiation damage induced in materials for
beam intercepting devices.

Courtesy of A. Bertarelli
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An outlook in the future

Status of proposals for 2023++

- S Safety Requested Maximum
Proposal Identifier Ex;:lenment sg‘z:ch TB#1 IEFC Btenr‘n ;|:iITIE Folder integrated Pulse requested
ame r (tentative) |  Fpmss | intensity (p) |  Intensity Shifts

CRY3
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MIE 20N

« HiRadMat facility strongly looking forward for EUROLABS — Absolutely critical in order to
support the experimental efforts that are already preparing their beam time in the facility.

« Potential new targets for TNA (2022-2026) : ~4800 Access Units (h)

CERN i + . - . .
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Some statistics - HiIRadMat

« 40 different users from 18 institutes, from 11 countries

Countries

= Germany m UK

= Norway = [taly

m Sweden = USA

m Malta m Other (Russia, Japan, Spain, Greece)

(c\?arjg —) HiRad Mat ARIES 13 July 2022
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Institutes

10 institutes with
1-2 users each

\.o'

= GS| ® ESS m U Malta = INFN Genova = FNAL = RAL/STFC = NTNU = SINTEF = Other
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Some statistics — M-Branch

e 34 users from 10 institutes, from 6 countries

Countries Institutes

'

.

® France = Switzerland = USA = ltaly = Malta = Finland m CERN = INSP Sorbonne = UTennessee = GANIL = ETH = Cther
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Summary of ARIES for WP10

WP10 has fulfilled by far the promised targets (requested: 200 (664) HiIRadMat
and 480 (768) UNILAC) AU, delivered 2426 at HIRadMat and 900 at UNILAC.

A very big list of publications has been produced, and the HIRadMat
experiments supported by TNA have revealed unique results on material limits,
crucial for the new accelerator driven systems in the high-brightness era.

The TNA access units were delivered via TNA selection panels, acheiving a
transparent an even distribution of nationalities and institutes both for
HiRadMat and UNILAC.
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Conclusions

HiRadMat is already running with 4 approved slots (5 experiments) for 2022
« Outlook for 2022-2026 ~4800 AU expected for TNA (EUROLABS).

« ARIES has been essential for HIRadMat supporting 10 experiments that
brought many novel and crucial results for CERN and other institutes
worldwide.

GSI/M-branch Facility succesfully completed the supported projects
exceeding the foreseen AU and thanks ARIES for the critical support.

« Delivered ~900 AU to 34 researchers conducting 4 different experimental
projects.
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Deliverable: D10.1
s TRANSNATIONAL ACCESS TO MATERIAL P
IES TESTING FACILITIES

List of Publications

2.1. HIRADMAT.
The following list containz all HiEadMat-relevant publications from April 2017 until April 2022,
Entries in bold have received support by ARIES-TA.

HiBndMat Facility

* F. Harden et al (2019) "Hifadmat: A facility beyond the realms of matenals testing” J. Phys. Conf Senes 1350
012162, 10.1 8429 TACoW-TPACI0]19-THFRBOBS

* F. Harden =t al (2021) "Targatny Challenzes & HifadlJat!' Proceedings of the 3rd J-PARC Symposimm (J-
PARC2018). 10.7566/ipscp.33.011143

Che-lime insor for HifndMar E:

= F Caggetal (2021) "Design and Construction of an Instrumentation System to Caphure the Responze of Advanced
Materials Impactad by Intense Proton Pulses” Shock and Vibration 10.1155/2021/8855582

HRMT10 - WIHIMBLE / HRMT22 - Blars

* T Davemme ot al (2018) "Obzarved proton beam mduced disroption of 2 tungsten powdar sample at CERN" Phys.
Rev. Agcel, Beams 21 073002, 10.1103 PhveRevAccelBeams 21.073002

* 0. Carstia et al. (2013) "Proton beam induced dyvnamics of tmgsten granules” Phys. Rev. 4ccel Beams 21 033401
101103/ Phy=RevAccalBeams 21.033401

HRMTI12-LPROT

L Nget al. (2019} "Spnulation of kydrodymamic pmneling induced by high-ensrzy proton beam in copper by

g computer codes” Phys. Rev. Acpel, Beams 22 014501, 1001103/ Phv=ReviccelBeams 72 014501

HRMTI18 - CRY2

* W Srandals et al. (2015) "Beam steening performance of bent silicon crystals mmadiated with high-intensity and high-
energy protons” Eur. Phys. J. C 7% %33. 101140/ apje/s10052-019-7443 2

HRMTI9- BLM2

* V. (mshin et al (2017) "Tontzation Chambers as Beam Loss Monitors for ESS Linear Accalerator” Proc. 6th Int
Beam 1on Conf. (IBIC*17) 434-37. 10.18420/TACoW-IBIC201 7-WEFWCO3

. m&;meta] (2018) "A Famuly of Gas lonization Chambers and SEM for Beam Loss Maonitoring of LHC and

Other Accelerators” Proe. 26th Russian Particle Accelerator Conf (BuPAC'13) 4448, 10.18429TACoW-

BuP AC2018-TUZMEIN3

HRMT2] - RarCall

+ T Madsgmwirgetal. (2019) "Design, construction, and beam tests of a rotatable collmmator prototype for lugh-intensity
and high-energy hadron accelerators” Phys. Fev. 4ccel. Beams 22 123002, 101103 PhveRevAccelBeams 22 123002

HRMT23 - Jmes

+ G Gobhi et al. (2019) "Movel LHC collimator materials: High-energy Hadron beam impact tests and non-dastmctive
post-imadiation examination” Mechanies of Advanced Materials and Structures. 10.1080/15376494 2018 1513501

HRMT24 — Belwid

* K Anmizan et al (2019) "Thermal shock sxperiment of baryllinom exposad to mtens=a hizh enerzy proton beam
pulzes” Phys. Rev, Acgel. Beams 22 (44501, 10,1103 PhvsRevAccelBeams 22044501

HRMT27 - Rpdlare / HRMT42 — TaScar

*  C Tomesrass et al (2017) "Renovation of CERN antiproton production target area and associated design, testing and
R&D actiities” Proc. 8th Int Particle Accelerator Conf (IPAC'1T) WEPVALOS 3506-09. 10.18429TACoW-
IPAC2017T-WEPVALQDZ

* O Tomesross et al (2018) "Prototyping Activities for a Wew Design of CERMN's Antiproton Production Target" Proc.
Sth Int. Particle Accelerator Conf. (TPACT18) TUPAF03S 772-73. 10.184258/TACoW-TPAC2013 TUPAFO3E

* C Tomesosa et al (2018) ° Bﬁledwmbpenfahnhhmhrgetemhddedmmdedaaphmeﬁwmm

production: Diesizn, and testing under proton beam impacts" Phys. Rev. Apcel Beams 21 073001,

10.1103/PhwsRevAccelBeams.21.073001
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* O Tomeeress et al. (2019) "Experiment exposing refiactory metals to impacts of 440 G2V proton beams for the
firhure design of the CERM antiproton production target: Fxpermment desizn and online results" Phys. Rev. Accel
Beams 22 013401. 10.1103/Phy=RevAccelBeams 22 013401

* U Tomesrosa et al. (2019) "First prototypes of the new design of the CERN’s antiproton production target” Mat.
Dhazizn Process Comm 20191238 10.1002/mdp2 33

* O Topesross et al (2021) "First observation of spallmz m tantalum at high temperatures mduced by high energy
proton beam impacts” European Journal of Mechanics - A/Solids, 85, 104149, 10,1016/ evromechsol 2020 104149

HRMT28 - TCDI

-3 Mg et al (2019) 3D CarbonCarbon composites for beam intercepting devices at CERI” Mat Design Process
Comm. 20191633, 10.1002/mdp 33

HRMT36 - MuliMar

* F. Camsetal (2017) "The "Wiltinat” experiment =t CERN Hifadhlat facility: advanced testing of novel materizls
and mstnmentation for HL-LHC collimators" IOP Conf Series: Journal of Physics: Conf Senes 874 012001
1018429/ TACW-TPACI01 T-MOPABNDS

- JkBerhrel.hela]_(?ﬂlS) "Crynamic testing and ck 1zation of advanced materials in 2 new experiment at CERN

facility” IOP Conf Series: Jounal of Physies: Conf Series 1067 082021 1010881743
6396/1067/8/082021

* M Pagguali et al (201%) "Dhynamic B of Ad 4 Materials T 1 by Particle Beams: The Ifpultlat
Experiment” Joumal of Dynamic Bebagax, of Matenials 5 266-53. 10.1007/:40870-018-00210-1

® M Porelli et al (2019%) "Numerical and experimental benchmarking of the dynamic response of §if; and TZM
specimens i the Mplihfat experimant” Mechanies of materials 138 103169, 10.1016/ mechmat 2019103169

® F. (Cagaetal (2019) "Mechanical robusiness of HL-LHC collimator designs" IOP Conf. Seriss: JTournal of Physics:
Conf. Series 1350 012083, 10.1088/1742-6596/1350/1/012083 [also linked to HRWT23]

. Mambﬂhdzl (2021) "Thermomechanical Characterization of Copper Diamond and Benchmarking with the

Esxperiment” Shock and Vibration. 10.1155/2021/3879400

HRMT37 - Sextile.

- JL‘ZI.]J.IQE.L@DIQ) "Beam impact experiment of 440 GeVip protons on superconducting wires and fapss m a
cryogenic emvironment” Proc. 10th Int. Particle Accelerator Conf (IPACT19) THPTS066 4264-67. 10.18429/TACoTW-
IPAC2015-THPTS066

HRMT38 - FlacMax

® P Simonm et al (2021) "Dhymamic response of graphitic targets with tantalum cores impacted by pulsad 440-GeW
proton beams" Shock and Vibration. 10.1155/2021/8884447

HRMT41 - ATLAS-PIXEL / HRMT47 - ATLASPixRad

# ] Femandez-Tejero =t al (2019} "Beam-loss damage experiment on ATLAS-like ailicon sinp modules using an
intenze proton beam” Muclear Inst. And Methods in Physics Research A 558 162838, 10.1016/7nima 2019 162838

# . Berglla =t al (2019) "Damages mduced on ATLAS IBL modules by fast extracted and intenze proton beam
irradiation” J. Inst. 14 C05024. 10.1083/1748-0231/14/05/C05024

s C nggllaetal (2019) "Test with igh-energy and high-mtensity proton beam on ATLAS silicon detectors towards
HL-LHC" Noae, Cim. €42 205, 10.1393/0z5/32019-15205-8

* O Bertallz =t al (2015) "Study of damagzss mduced on ATLAS silicon by fast extracted and intense proton beam
irradiation” Moc] Instourn Meth A 524 236-40. 10,1016 nima 2018.06.043

HRMT43 - BeGRID?

= 3 Budbaretal (2021) "Dresizn, protofyping activities and beam iradiation test for the new p TOF nevtron spallation

" Proc. Sth Int. Particle Accelerator Conf. (IPAC"18) WEPMFOR4 2382-85. 1018429/ TACoW-TPAC2018-
WEPMF034

HRMT46 - n-Tpl Target

# E. Espoaito et al. (2018) "Desizn, prototypmz activibies and beam irradiafion test for the new 3, TOF, neutron
spallation tarzet” Proc. Sth Int. Particle Accelerator Conf (IPAC'18) WEPMFO34 2382-85. 101842974 CotW-
IPAC2018 WEPMFO84

HRMT48 - PROTAD

# T Bnsom Descamesa ot al. (2020) "Development and Beam Iradiation of [y W/ TaTa-Alloys Eefractory Metals and
Cladding Via Hot Isostatic Pressmg at CEERI for Beam Interceptmz Dievices Applications", Proc. 14th Int. Workshep
Spallation Materials Technology, JPS Conf Proc. 28. 107566/ TPSCP 28.04 1002
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