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LHC Collimation

" Context

CERN

= LHC is reaching unprecedented beam brightness and
energy leading to extreme energy density (15 GJ/mm?

7

LEF = At such energy densities Beam-induced accide
" among the most dangerous events for particlg
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LHC Collimuiion

N Metal Matrix Composites 7 EUCARD?

CERN

* Materials investigated are Copper-Diamond (Cu-CD), <.
Molybdenum-Diamond (Mo-CD), Silver-Diamond i

% . (Ag-CD), Molybdenum-Graphite (Mo-Gr)
[ 1]

* Most promising materials are Cu-CD and Mo-Gr.
=)
qc) * Ag-CD and Mo-CD are, by now, sidelined as they are
- limited by (relatively) low melting temperature (Ag-CD) . °
"% and insufficient toughness (Mo-CD). Y
o
@ ¢ Mo-Gr is particularly appealing as it is easy to machine,
- is versatile and can be coated with a Mo layer
c dramatically increasing electrical conductivity ...
| -

-

> SREVETTI BIZZ & sreveTTIBIZZ
-
B -t
(- FEDERALE DE LAUSANNE
L
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LHC Collimuiion

N Copper-Diamond Composite 7 EucARD’

y CERN

* Developed by RHP-Technology (Austria) QHF,.ECHNO,_OGV

N

L1

I No diamond degradation (in reducing atmosphere
I= graphitisation starts at ~ 1300 °C)
)
g IVery good thermal (~490 Wm1K-1) and electrical
o conductivity (~12.6 MSm1).
Q.
Q No direct interface between Cu and CD (lack of
?0 affinity). Partial bonding bridging assured by Boron
c Carbides limits mechanical strength (~120 MPa). - .
| -
% 1 Cu low melting point (1083 °C) may limit Cu-CD
= applications for highly energetic accidents.
o]0)
L% CTE increases significantly with T due to high Cu

content (from ~6 ppmK-1 at RT up to ~12 ppmK-1!

at 900 °C)

No CD graphitization
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LHC Collﬁmuiion

Molybdenum-Graphite Composites  gucarp?

SN
* Co-developed by CERN and Brevetti Bizz. Why Molybdenum?

— Why Graphite? . Réfractory m(.etal

L] = Low CTE = High mechanical strength
= Low Density = Density lower than Tungsten

High Thermal Conductivity (natural graphite flakes)

Very High Service Temperatures (also allowing
elevated processing temperatures)

High Shockwave Damping

Composite Features
t Very high melting point (2500+°C)

t Low Density (can be tailored)
t Very high thermal conductivity
t Highly stable (forms MoC,_, carbides)

Fair electrical conductivity

@ Engineering Department

1 Mechanical strength to be improved ...
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LHC Collimation

" Molybdenum-Graphite Comp051tes 7 EucA CARD?

= Addition of mesophase pitch-base carbon fibers
= Liquid Phase Spark Plasma Sintering (>2500° C)

Advantages of Carbon Fibers addition

* Increase mechanical strength

= Contribute to high thermal conductivity (mesophase pitch o~ VWRE N g N.Marian (N/ME) Dot =31

EHT =20.00 kV

grade)

= Along with MoC,_,, catalyze graphitization process
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\ Mo-Gr-CF Microstructures

" o
4 SRl

e 'y X  HCPAD .
CERN AL LR R R \ \
"\ i

= Homogeneous distribution of graphite,
fibers and fine MoC,_, grains

= Recrystallization of graphite and CF
= Highly Oriented Graphene planes

= Strong fiber-matrix bonding . ‘S
L i ¢Q\,
=» Improved Mechanical C"\
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e Mo-coated Mo-Gr 7 EuCARD?

s B

/4,
N
CERN

* Co-developed by CERN and Brevetti Bizz.
=)
C

* Molybdenum - Graphite core with pure Mo cladding

» Sandwich structure drastically increases eléctri
te

* Excellent adhesion of Mo cladding thz

Ratio of th

Mo-coated

N uncoated TC

Imp. ratio
o o
()] o]

o
'S

; Coating:
0.2 _ 1o MS/m

0.0 4 7
10 y 10
Frequenc 1

‘@ * Collimator impedance reduced by a factor 10 through Mo-coated Mo-Gr.
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" ¥ The Partners (WP11 and beyond)

P CERN

= WP 11 Partners (ColMat-HDED)

7 B
- A
GE) _— Rn} a].Hnllu:'r.T:aﬁl
3
)
O
Z
g = Partnership agreement with CERN (KN2045)
%  BREVETTIBIZZ

= Collaboration with US-LARP

b
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WP11 Tasks and Deliverables 7 zucarp?
T —

" = Work Package subdivided in 4 Tasks

1. Coordination and Communication
(A. Rossi and J. Stadlmann)

2. Material testing for fast energy density
deposition and high irradiation doses
(A. Bertarelli)

3. Material mechanical modelling
(A. Bertarelli)

4. Material Specification (A. Rossi)
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LHC Collimation

% WP11 Tasks and Deliverables 7 EUCARD?

CERN

= Deliverables and Milestons

Delive- Lead Estimated

rable benefi- |indicative Dissemi-

. = B2 o . 64
Number |Deliverable Title ciary person- Nature :‘ahe':;g Delivery date
ot number | months =

D11.1 RESL.“FS on 5|mulat|nn5. of new 12 1000l R PU 26
materials and composites

Report on comparative assessment

of beam simulation codes 1 20.00|R PU 40

D11.2

D11.3 Irradiation test results 20 23.001 R PU 46

D11.4 RESL.“FS on d"IE.fECtETIS.E;ItIGH of new 26 20.00| R PU 46
materials and composites

Lead :
: Delivery
Milestone -
55 | Milestone name b_eneﬁ date from Comments
number ciary A | 60
number nnex
MS69 Irradiate first sample 26 12 | Report
MS70 IPres.en.t results on material damage from 26 24 | Report
irradiation
MS71 Show new material development status 20 24 Pupllcatlon of results
achieved
MS72 Plresenfc results on material dama_ge from 26 45 | Report
simulation and compare to experiments
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LHC Collimation
y Project

CERN

WP Time Framework 7 EUCARD?
\\—/

= “Global” Collimation objectives (relevant to WP11) and

(very aggressive) timing

Choose a novel, robust (low-Z) material for HL-LHC Primary and Secondary
Collimators (TCSx) - Mid 2014

Design, build and install a test bench for one or more HL-LHC Collimator full
jaws in HiRadMat? - Early 2015

Investigate alternative, more robust materials for Tertiary Collimators and
Absorbers - Mid 2014

Design, build and install a test bench to assess and qualify a palette of materials
samples in HiRadMat? - Mid/Late 2015

Design, build and install in the LHC a prototype of HL-LHC Secondary Collimator
embarking novel advanced materials - 2016

E= . N 3 I BREVETTI BIZZ
A unst
S N\ e BROOKHRVEN
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LHC Collﬁmuiion

~~  Task 11.1: Status and Next Events 7 eycarp?
' 7 _EUCAR

= Kick-off Meeting held on 9.12.13
= Participation (direct or remote) by all partners (20 participants)

= Indico Site online
(https://indico.cern.ch/conferenceTimeTable.py?confld=286096#20131209)

EuCARD2 WP11 (Materials for Collimation) kick-off and tasks meeting

9-10 December 2013 ( | search |

CERN
Europe/Z

urich timezone

Overview Mon 0912 || Tue 10112 | All days

Scientific Programme B, Print PDF

Timetable 10:00 Welcome speech and general Dr. Stefano REDAELLI Qe o o
introduction

Contribution List

TR AT 2::_\:: of EUCARD WPB Alessandro BERTARELLI

ievements and main
objectives of EuCARD2 WP11

My conference
. GSI: introduction, overview of WP3 Marilena TOMUT
My contributions work and possible contributions to
WP11
Registration
Coffee break
i. Modify my registration 11:00
Video Services 5 iD= L
RHP-Technology: Mr. Michae! KITZMANTEL B

introduction, overview of WP8
work and possible contributions to WP11

ico di Torine: i i Lorsnzo PERONI
overview of WP8 work and possible
contributions to WP11
1200 University of Malta: introduction, Marjia CAUCHI B3
overview of WP8 work and possible

contributions to WP11

Lunch
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LHC Collimation
y Project

Task 11.1: Status and Next Events 7 gucarp?
N—_____—

{

= Participation to WAMAS (Workshop on Advanced Materials and Surfaces).
= WP 11 website online: https://lhc-collimation-upgrade-spec.web.cern.ch /lhc-

collimation-upgrade-spec/WP11.php

EIROforum Science-Business WAMAS
Workshop on Advanced Materials and
Surfaces

%% Roughly 1 BEUR
~ for Materials R&D

9

. EIROforum
Science-Business WAMAS

Waorkshop on Advanced Matevials and Surfaces

19-20 November 2013
CERNM

EwrcpesZurich timezone

Tue 1811 || Wed 20011 || Alldsys

a7og

Filter

Detailed view

Full screen

What is Horizon 2020

Plaaes click Dr{;u“ E-l:rE‘ﬂ{l' to E-iE'g'IE antire pre: sentation ﬂhE"!-. EF'EEH.FF names and Ijmlnu Please check the wabalie
resguiarty to get the newaet Information. g w - - - "
P e ommEnen « Initial Commission proposal for a 80 billion euro

research and innovation funding programme

(2014-2020); now just owver 70 billion euro;

0730 - 05:00

0E:0d

* A core part of Europe 2020, Innovation Union &
European Research Area:

HIRadMat Facilify Adrian FABICH B3

10:00
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Agvancad composlie materiale Alsssandr BERTARELLI B
for thermal managemant

Alessandro Bc.

GLOEE, CERN 0530 - 0&:50

oo Hlghly fransparent Ulfra High Vacuum - Cearie GARIGH. B - Responding to the economic crisis to invest in future jobs

) and growth

Hanastructurad target materials | Thicry STORA _ L. .
caltnmnnnmmmurormlr.mfahmmmn - Addressing people’s concems about their livelihoods, safety
apphications and environment
Microecople Investigations of Earbors BARTOVA
TEE - Strengthening the EU’s global position in research,

innowvation and technology
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LHC Collimation

7 Task 11.2: Next Activities (~6 + 8 mo0) 7 eucarp?
N 7 EucaR

Research and Development of Novel Materials

= Continue development of Mo-Gr and Mo-coated Mo-Gr in view of optimizing
performances and identifying optimal grade by Summer 2014 (CERN / Brevetti
Bizz)

= Produce specimens of Mo-Gr and Mo-coated Mo-Gr for irradiation tests in GSI
starting in February 2014 (CERN / Brevetti Bizz)

= Produce specimens of Cu-CD for irradiation tests in GSI starting in February
2014 (RHP Technology)

= Continue investigations on existing “traditional” materials (particularly Carbon-
based) (CERN / GSI)

+

% = BREVETTI BlzZz

@& T
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LHC Colllmuhon
. Project

N

'—l
L

Pl

@‘ Engineering Department

Mllestone 69)

Task 11.2: Next Activities (~6 + 8 mo) 7 gucarD?
\v

"= Characterization and physio-mechanical testing of Collimator
Materials (novel and existing)
= Microscopic Analyses (CERN)
= Thermo-physical characterization up to 2000° C (CERN)

= Mechanical Testing of Mo, Inermet and Graphite (Polito)

= [rradiation and radiation damage characterization in situ and off-line as of
February‘14 (GSI) ¥/ £

High strain-rate test

MIMI I

High strain-rates
arying temperature

Stress (MPa)
33583 e 8 8
1
"'. ‘
g :
Stress (MPa)
o ¥ 8 8 8 8 a g
< " [\
2. ‘
‘ 8
]
| &
| &

Room temperature
varying strain-rates

008 oy 02 0
Strain () Stran (-)

] Inermet - IT180(l)
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LHC Collimation

-«  Task 11.2: Next Activities (~6 + 8 mo) 7 gucarD?
| NN~

Y cErN

Irradiation Campaign in GSI

= High Energy lon Irradiation (300 MeV/u) on C/C, Mo-Gr and Cu-CD
= Block 1 (Auand/or U): 19 February - 9 March '14
= Block 2 (Au or Xe): April ‘14
= Block 3 (Au): July ‘14
= Block 4 (Pb): September '14
= Evolution of properties to be measured with dose:
= Thermal Conductivity
= Thermal Diffusivity
= Hardness

= Swelling

FRICO By e 1
6()--’: ';:--,,.. ’0 .
3 A
»
- o,
¥, )

@
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Task 11.2: Next Activities (~6 + 8 mo) 7 gucarp?
N~

* CERN to prepare 80 C/C discs 910 mm x 2 mm, by 20.02.2014.
Additionally, a number of carbon fiber samples (Phase 1 and present).

* Brevetti Bizz to prepare 65 Mo-Gr specimens:
¢ 20discs ¥10 mm x 1 mm available at GSI by 19.02.2014
* 15 discs ¥20 mm x 30 mm available at GSI by 19.02.2014
* 5discs #32 mm x 30 mm available at GSI by 19.02.2014
e 20 discs or squares 10 mm x 1 mm available at GSI by 07.04.2014
* 5discs 310 mm x 3 mm by September

 RHP-Technology to prepare 65 Cu-CD specimens:

e 20discs @10 mm x 1 mm available at GSI by 19.02.2014

* 15 discs ¥20 mm x 30 mm available at GSI by 19.02.2014

* 5discs ¥32 mm x 30 mm available at GSI by 19.02.2014

* 20 discs or squares 10 mm x 1 mm available at GSI by 07.04.2014
* 5discs 310 mm x 3 mm by September

[ had

=X
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LHC Collimation
2 Project

N

'—l
L

Pl

@‘ Engineering Department

Task 11.2: Next Activities (~12+15 mo) 7 gucarp?
\¥\\E‘ﬁﬁ____"’#"’,

"« Experimental tests at HiRadMat?

2012 experiments in HiRadMat (HRMT-14 and HRM-09) were very successful and
useful ...... e.g. they allowed to define new beam limits for Tertiary Collimators.

However a number of improvements is due, particularly for low-Z materials

(having “weak” responses to beam impacts).
@ trooing .

A number of novel materials is yet to test ...

Fixed tank (except for vertical movement)

New designs must be qualified

Several jaws Jaws interdependent
Simplicity of the design
Only 3 motors needed

11/12/13 is concept was voli
Collimator hion Sy
assembiy (colli Tor jow:
D, { i/
BREVETTI BlzZ

£ Berthomé 3 December 2013

BeR O

kunst
n

| UNIVERSITY OF MALIA

\graz L-Universith ta* Malta
<fr.....
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LHC Collimation
% Project

Task 11.2: Ongoing/Next Activities  eucarp?
\\—/

" Long-term irradiation tests and assessment of material
property changes
: = Continuation of Irradiation studies at KI-RRC and reports
= Cu-CD
I lg/icC)CuCD ] BNL Accelerator Complex

= Continuation of Irradiation studies *

at BNL and reports
= Cu-CD
n Mo_Gr to AGS BOOSTER-/}{‘,/’
/4
= Molybdenum A ==
= Glidcop e
b7 -
- - ng . }’ — ]
= Open issue is the scalability of /,/f / s
results for 10+100 MeV to the L oowevumc  Repmme - emh
TeV level - ‘ mﬁ?ﬁﬂﬂ:ﬁ Iset'r‘;?:rure . go':)s.zs MHz
Average Current* = ~105 micro-A
6 sigma beam within = 2-inch diameter

Beam Gaussian ==> 1 sigma =4.233 mm

N I' 'I BROOKHRVEN
@Aﬂ <
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LHC Collimation

iCO b; [ easd
(O 3
<! 2
G G 52
£ A :
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Tasks 11.3: Ongoing/Next Activities 7 zucarp?
N

Theoretical modelling of materials and novel composites
(Equations of State, Strength models, Failure models).

Energy deposition calculations (FLUKA) and coupling with
hydrocodes.

Modelling of dynamic phenomena (stress and shock waves, spall,
melting, fragmentation, tunnelling ...) induced by fast abnormal
beam loss events.

Modelling of long-term radiation damage. Equivalence between
high fluence, low energy and lower fluence, high energy
irradiation with various species.

Benchmark numerical results with experimental data.

T

’ra
UNIVERSITY OF MALIA ‘
L-Universith ta* Malta “ ”
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"7 Task 11.4: Status and Next Activities 7 zucarp?
V! N

CERN

= Material specification (Beam simulation codes)
= Ad-hoc meeting in Daresbury on 15 November after HiLumi 34 meeting
= Comparison between SixTrack, Merlin and FLUKA.
= Implement cross-sections for novel materials and composites.

EuCARD2 WPI1 kick-off:
Roval Holloway contribution PrOSpectS fOI" WPI I

&:) Potential EUCARDZ2 in Manchester

The Elf("

The MERLIN code has been developed for LHC collimation as part of the “ Rit:!ﬁg z::r,ﬂﬁ.l;:,lcz?.scgih:ufai{:nufziemﬁm%.underswnd beam backgrounds and
HiLumi-LHC project and EUCARD project.

The results for the LHC are very promising, and starting to bear fruit. B BDSIM is being further developed for LHC studies as part of HiLumi and
EuCARD?2 projects.

Potential areas of work in EUCARD?Z2 are the following (but collaboration
would be important to achieve these) ® Novel collimator materials (Mo-graphite) could be readily simulated in BDSIM
through Geant4 material description.
— Simulate the potential of new collimator materials like Mo-Graphite
— Comparison between, SixTrack, Merlin and FLUKA (ongoing)

— Implement cross-sections for novel materials and composites. B  Would enable characterization of new materials and through collaboration allow

ongoing comparison with other codes: SixTrack / FLUKA and Merlin.

Stephen Gibson

MANCHESTER
1824
The University of Manchester
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LHC Collimation
4 Project
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CERN

Summary and Perspectives 7 EUCARD?
\v

WP11 is up and running with and ambitious program aiming at the
developmen ion of
collimators.

Very motivat
ones).

plus 2 “external”

1st WP meeti
materials irr

particular to

ARD?2 deadlines
nator with new

Very intense
but also by “
materials to

Contribution
framework o

1ging goals in a
sight ...

Materials bei.., e of industrial

applications and have the potential for a real impact on society ...
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LHC Collimation

"% HRMT14: High Intensity Tests 7 eucaro?

" Inermet 180, 72 bunches

T Copper-Diamond Mbedenum-Cober-Diamond Molybdenum-Graphite (3 grades)
144 bunches 144 bunches 144 bunches
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""" Novel Materials Future Application? " eucarp?

~—

Tharmal Manacemant far Hich Pnwer Elactranicc

Potential range of applications can be further
expanded particularly thanks to the tailoring
possibilities of Molybdenum-Graphite composites ¢

( International Patent filed (C31891PCT)!
NC .
W

Advanced Braking Systems

33 ColUSM Meeting - 24.01.2013
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GSI Irradiation: Specimens 7 EUCARD?’
\ \og +TTTET

CERN to prepare 80 C/C discs 310 mm x 2 mm, by 20.02.2014. Additionally, a number
of carbon fiber samples from Phase 1 and present R&D.

Brevetti Bizz to prepare 65 Mo-Gr specimens:

20 discs 310 mm x 1 mm available at GSI by 19.02.2014

15 discs @20 mm x 30 um available at GSI by 19.02.2014

5 discs ¥32 mm x 30 um available at GSI by 19.02.2014

20 discs or squares 10 mm x 1 mm available at GSI by 07.04.2014
5 discs @10 mm x 3 mm by September
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RHP-Technology to prepare 65 Cu-CD specimens:

20 discs 310 mm x 1 mm available at GSI by 19.02.2014

15 discs 320 mm x 30 um available at GSI by 19.02.2014

5 discs ¥32 mm x 30 um available at GSI by 19.02.2014

20 discs or squares 10 mm x 1 mm available at GSI by 07.04.2014
5 discs 10 mm x 3 mm by September
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