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High Radiation to Materials
A Facility at CERN for Material & Component Testing
HiRadMat@SPS Transnational Access

‣ Summary of HiRadMat@SPS TA activities within EUCARD

‣ Highlights of 2012 Experiments and TAs

http://cern.ch/hiradmat  - hiradmat.sps@cern.ch

http://cern.ch/hiradmat
http://cern.ch/hiradmat
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HiRadMat - Motivation 

‣Move away from ad-hoc setups, to a facility specially designed to study the impact of 
intense pulsed beams on materials (thanks Ralf !!! :-))

‣ Thermal management (heating)

‣material damage even below the melting point

‣material vaporization (extreme conditions)

‣Radiation damage to materials

‣ Thermal shock - beam induced pressure waves

‣Test bed, important for the design validation of LHC near beam components before 
installation in the ring

‣Targeted users: LHC collimators, R&D on materials, high-power targetry, test of 
vacuum components (beam windows, coating),  others?                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
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- Search for threshold effects
- More challenging, but interesting for  

the understanding of the underlying 
physics,

- More interesting for engineering and 
applications

- Robustness tests of assemblies
- high-intensity beams, single or multiple 

pulses 
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HiRadMat - Location
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HiRadMat	
  shares	
  the	
  same	
  
extrac0on	
  from	
  SPS	
  as	
  
the	
  TI2	
  line	
  to	
  LHC

The	
  experimental	
  area	
  is	
  
upstream	
  the	
  old	
  T9	
  
target	
  for	
  the	
  West	
  Area	
  
Neutrino	
  Facility	
  -­‐	
  WANF	
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Layout Experimental Area
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3 test stands for 
experiments
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HiRadMat - Timeline

Sep’09
Project Starts

Jun’11
Phase-I Beam 

Commissioning
(Low-intensity)

Sep’11
Phase-II Beam 

Commissioning
(High-intensity)

May-Dec’12
Experiments - Operations

TNC

TNC	
  tunnel	
  (WANF)	
  -­‐	
  2009
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Dismantling WANF was a very interesting experience and 
lots of lessons learnt on what to do (or not to do!) when 
building ν-beams!

2009 2010 2011 2012 2013 2014

Oct-Dec’14
Restart - Operations

LS1 shutdown
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HiRadMat Beam Parameters
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‣LHC type beam extracted from SPS, protons or ions

‣ Intensity:

‣1015 protons/experiment (max 30 high-intensity pulses)

‣ 10 experiments/year - 1016 protons in total/year

Protons Heavy	
  ions	
  (Pb82+)
Beam	
  Energy 440	
  [GeV] 173	
  [GeV/u],	
  36.1	
  [TeV/ions]
Pulse	
  energy up	
  to	
  3.4	
  [MJ] up	
  to	
  21	
  [kJ]
Bunch	
  intensity 3	
  ×	
  109	
  to	
  1.7	
  ×	
  1011	
  [protons] 3	
  ×	
  107	
  to	
  7	
  ×	
  107	
  [ions]
Number	
  of	
  bunches 1	
  to	
  288 52
Max	
  intensity 4.9	
  ×	
  1013	
  [protons] 3.64	
  ×	
  109	
  [protons]
Bunch	
  length 11.24	
  [cm] 11.24	
  [cm]
Bunch	
  spacing 25,	
  50,	
  75	
  or	
  150	
  [ns] 100	
  [ns]
Pulse	
  length 7.2	
  [μs] 5.2	
  [μs]
Cycle	
  length 18	
  [s] 13.2	
  [s]

Beam	
  spot	
  at	
  the	
  experiment variable	
  around	
  1	
  [mm2] variable	
  around	
  1	
  [mm2]
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Beam Parameters

7

‣Constraint: the beam must be >0.5mm in [x, y] at the last beam window of the line and 
at the dump

‣Larger beam sizes can be achieved, <2mm - work from M.Meddahi, C.Hessler TE/ABT
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Organization
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Commissioning 
Coordination
M. Meddahi

- Physicist in charge : I. Efthymiopoulos
- Engineer in charge : S. Evrard
- Beam Operation & Monitoring : K.Cornelis, V.Kain, CCC(SPS)
- Area Manager : D.DePaoli
- User support team:

- engineering : A. Pardons
- tech. support : M. Lazzaroni, MEF

- RP support : C. Theis, K. Weiss
- Handling/transport : Y. Seraphin, J.L. Grenard

ExperimentsOperation

IEFC Committee
HiRadMat Facility Project

Project Leader : I. Efthymiopoulos
Deputy PL : S. Evrard 

A & T Sector Mgmt

HiRadMat Scientific Board
- I. Efthymiopoulos - CERN (secretary)
- S. Evrard - CERN
- Y. Kadi - CERN
- B. Riemer - SNS
- N. Simos - BNL (chair)
- S. Sgobba - CERN
- M. Wohlmuther - PSI

HiRadMat Technical Board
- K. Cornelis - SPS Beam
- S. Gilardoni - PS beam
- I. Efthymiopoulos - HiRadMat (chair)
- S. Evrard - HiRadMat (secretary)
- M. Meddahi - SPS/HiRadMat beam
- A. Pardons - HiRadMat
- J. Pedersen - EN DSO
- M. Tavlet - BE DSO
- C. Theis - RP 

- bi-weekly Users meeting (during operations)

- weekly meeting of EAM Team
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Experiments in HiRadMat

‣ Approval process for experiments

‣ Submit application for HiRadMat beam time (~August)

‣ Application = scientific interest (1-2 pages), pulse list, installation sketch, preliminary safety documents

‣ Initial discussion with Facility Management

‣ feasibility of installation, compatibility with existing infrastructure

‣ Review by HiRadMat Scientific Board 

‣ evaluate the scientific interest of the experiment, feasibility, online and post-irradiation analysis, obtained results and publications

‣ establish experiment list for each running period ---> beam slot in the schedule

‣ From beam slot to scheduled beam schedule - HiRadMat Technical Board

‣ safety review : interview with safety officials, safety file (includes dismantling!)

‣ beam review : interview with beam operations and CCC 

‣ technical review : interview with HiRadMat technical coordination

‣ positive recommendation of all above validates the beam slot allocation to the schedule

‣ Beam time

‣ Dismantling - analysis of results - feedback on publications to HiRadMat Scientific Board

9
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Experiments in HiRadMat 
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Documentation in EDMS

11



I. Efthymiopoulos — EUCARD SC  June 10,  2013

Experiment Safety File
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Experiment Pulse List
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‣ The pulse list comes first as request from the experiment, then worked out 
and “rationalized” by the SPS experts (Karel)

‣ Beam intensity, # of bunches and sequence to ease operations

‣ Beam optics, focusing conditions spot size, not to damage the beam and 
experiment windows
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Experiment Schedule - 2012
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‣HiRadMat lives in the shadow of 
LHC, 

‣ access in the underground areas 
is conditioned with injection  
from SPS to LHC

‣Requires lot of flexibility :

‣ from the users, good preparation 
to limit the stay underground

‣ from the operations team to 
provide the beam to the 
experiments 

‣Has some impact on the 
experiment planning and TAs, 
we’ll try to improve it for 2014
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Experiment Infrastructure

‣What we provide to the users:

‣ the interface table

‣ “standard” cabling from the test area to 
the surface control room

‣ each test stand will be equipped with 5 
plug-in connectors 

‣ signal, power (DC and 220V), HV, cables 
available

‣ others could be added if needed

‣ technical support for their installation 
and operation at CERN

‣Available instrumentation

‣A camera and lens for high-speed 
photography 

‣An LDV for vibration measurements

‣pCVD diamond detectors and readout 
for particle flux monitoring and beam 
positioning

‣ Experiments also used:

‣ strain gauges, temperature sensor

15
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Surface facilities
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‣Control room and assembly lab in BA7 outside the access zone
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HiRadMat Operations 2012
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‣16 experiment requests received

‣9 experiments completed, interesting variety of tests!

‣No safety incidents ! 

‣During installation - operations - and decommissioning/dismantling of the experiments!
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2012 Operations Summary

‣ (*) candidate teams for TAs could have come but didn’t work out at the end

‣ (**) Interest from the RP community but difficult to organize due to variable schedule of the beam

‣ TA access unit definition changed from “one beam hour” to “one day (8h) presence” at CERN.
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Experiment Dates
BeamBeam Trans. AccessTrans. Access

PublicationsExperiment Dates
Time Intensity Users Units

Publications

HRMT10-WTHIMBLE 31/05 8h 7.44E+12 6 50.1 1+Thesis

HRMT12-LPROT 02-27/07 56h 1.53E+14 1 6 4

HRMT09-LCOL 07-12/08 16h 9.19E+13 - 2

HRMT04-BLM 21-31/08 32h 3.74E+14 (*) - 2

HRMT14-LCMAT 27/09-04/10 40h 4.42E+14 1 6 7

HRMT15-RPINST 10-30/10 24h 3.97E+14 2(**) 13 1

HRMT16-UA9CRY 01/11 8h 1.98E+15 (*) - 1

HRMT01-TISD 02-03/11 48h 1.03E+16 (*) - -

HRMT06-TPSG4 30/11 8h 1.48E+14 - - -

1.39E+16 10 75.1
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HRMT10-WTHIMBLE

‣ Tungsten Powder Test @ HiRadMat (RAL-CERN Collaboration)

‣ Proof-of-principle operation of a segmented target as high-power option in future ν-beam facilities (>1 MW range)

‣ Key questions/observations:

‣ would the W-powder splash/erupt?

‣ can you propagate a pressure waver through the powder target to its container?

19

W-powder holder
-100 μm grains
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HRMT10-WTHIMBLE

20

Experimental 
Setup

side mirror
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HRMT10-WTHIMBLE
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LDV
Fast camera

‣ Experiment instrumentation:

‣ LDV for shock wave measurement (borrowed from 
EN/STI - thanks!)

‣ Fast camera (from BE/BI - thanks!) with special 
lenses and mirrors to take photos at 40m distance!
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HRMT10-WTHIMBLE Experiment
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Mu2e*(8GeV,*25kW,*588kHz,*100ns,*
1mm)

T2K*(30GeV,*750kW,*0.47Hz,*5μs,*
4.24mm)

Numi*(120GeV,*400kW,*0.53Hz,*8μs,*
1mm)

Nova*(120GeV,*700kW,*0.75Hz,*8μs,*
1.3mm*)

LBNE*(120GeV,*2.3MW,*0.75Hz,*10μs,*
1.5mm+)

ISIS*(800MeV,*160kW,*50Hz,*200ns,*
16.5mm)*

EURONu*(4.5GeV,*4MW,*50Hz,*5μs,*
4mm)

Neutrino*Factory*(8GeV,*4MW,*50Hz,*
2ns,*1.2mm)

ESS*(2.5GeV,*5MW,*14Hz,*2.86ms)

ADSR

Flowing or 
rotating 
targets 

Segmented 

Limitations of Target Technologies

time

Courtesy HRMT10, N. Charitonidis, C. Densham 
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HRMT12-LPROT

‣ Experiment to study the beam tunneling in matter

‣ First “open” experiment - not to repeat!!!

‣ Beam taken:

‣ 71 low intensity single bunch shots (2E9 - 1.0E10)

‣ 85 high-intensity single bunch shots (1.0E11 - 2.0E11)

‣ 8 high-intensity multi-bunch shots (1.5E11 ppb)
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target	
  sample	
  -­‐	
  Cu	
  rods:
‣ 3	
  Cu	
  rods,	
  15	
  cylinders,	
  8cm	
  diam,	
  10cm	
  long
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HRMT12-LPROT Experiment
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pCVD diamond detectors

Courtesy HRMT12, D. Wollman, J.Blanco 

IPAC13 Oral Presentation by J. Blanco
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HRMT09-LCOL

‣ Impact of high-intensity beam to LHC collimator

‣ Remote handling (almost) for installation and 
removal

25

Plug-in system 
for all cables 
and services
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HRMT14-LCMAT
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EN



Type%1%Sample%
(Ø%40%mm%%L30%mm)%

Type%2%Sample%
(Ø%40%mm,%%L30%mm,%
Surf.%Offset%2%mm)%

LCMAT&Experiment:&Speci3ications&

27#July#2012# Alessandro#Bertarelli#–#EN8MME# 4#

!  Characterize# six& different&materials& (Inermet# 180,# Glidcop,# Molybdenum,#
Copper8Diamond,#Molybdenum8Diamond,#Molybdenum8Graphite)&

!  Medium&intensity&and#High&intensity&tests,#with#different#material#samples#
for#each#material#(Type#1,#Type2)#

!  Each#sample#holder#tier#can#host#up#to#10&specimens#
!  Extensive#real&time&data&acquisition#
!  PostCirradiation&analysis#
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HRMT15-RPINST
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‣Test and inter-comparison of RP 
detectors to neutron and mixed 
radiation field

‣Opens the facility to the RP detector 
R&D community 
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HRMT16-UA9CRY
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HRMT01-TISD
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HRMT06-TPSG4
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‣Robustness test of a beam septum protection collimator

‣ Very large installation (~9m setup) in vacuum! 
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HRMT06-TPSG4

‣TPSG: protective device in SPS LSS4 extraction for MSE septum (beam mis-steering, 
kicker fault) 
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Courtesy HRMT06, J. Borburgh 
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Publications & Outreach
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‣ IPAC13 : oral presentation 
and publications from all 
experiments!
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Future improvements
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‣Beam telescope using pCVD diamonds

‣measure the beam position, intensity and profile per shot and bunch

‣ improved alignment with the experiment samples

‣Fast trigger signal synchronous with the beam  using the signal from the BPMs of the 
line

‣ asynchronous signal via ethernet (~1msec precision) also available

‣Work on the fast camera imagine system

‣fixed installation with mirror positions and focusing lenses

‣ lighting system solution

‣Additional signal, HV and AC cables to the test area, possibility for vacuum installation

- HiRadMat has a small yearly budget 
for operational needs and consumables

- No funds for upgrades or additional 
instrumentation
- request rejected
- we count on EUCARD2 funds
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The Future

‣HiRadMat will be in shutdown mode during the CERN technical stop in 2013-2014

‣Restart is expected as of October 2014, call for applications in Summer’13, user 
workshop in October’13

‣Experiments in the pipeline and what I would like to see in HiRadMat:

‣ 2nd generation of collimator materials 

‣Beam windows (Be, Ti?) used in all machines upstream of targets, beam dumps

‣High-power targetry R&D for Neutrino Factory and SuperBeams, LAGUNA-LBNO, LBNE 
(pebble beds, ~2MW beam power, others?)

‣Quench limit of superconducting magnets 

‣TAs within 
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AdrianIlias
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Summary - Outlook

HiRadMat is a unique facility, specially designed to perform experiments on beam-
impact on materials 

The Facility delivers already interesting results from the first experiments to justify its 
existence, and I am confident will gain popularity  as a unique accelerator R&D facility

Thanks to all user teams for their efforts to prepare the facility and support the first 
experiments !!

Particular thanks to the HiRadMat EA team and CCC crew for the successful and safe 
operations  and fun we are having !!

More information in our web page and blog

http://cern.ch/hiradmat -> blog
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https://espace.cern.ch/hiradmat-sps/hrmt-blog/default.aspx
https://espace.cern.ch/hiradmat-sps/hrmt-blog/default.aspx

