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Outlines

* Overview of some HiRadMat experiments
applied to Beam Intercepting Devices

* PIE on 3D CC material (HRMT28)

* PIE on irradiated collimator (HRMT44)

* PIE on Irradiated LHC absorber (HRMT45)
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Overview of some HiIRadMat experiments
applied to Beam Intercepting Devices

Response to project requirements for uncharted

beam intensities (LIU & HL-LHC requirements) 295"
= HRMT28/44 for LIU SPS-to-LHC transfer line collimators (3D CC)| 5915

= HRMT45 for HL-LHC injection dump (TDIS) | 2018
= HRMT35 for coated collimators materials (operational-driven) | 2017
= HRMT18 for crystal collimation | 2017
Unknown (non-measured) response of target

materials impacted by high intensity & energy
proton beams

= HRMT42/48 for antiproton target materials (Ta, Ir, etc.) | 2017
= HRMT46 for n_TOF spallation target (pure Pb)
= HRMT49 for TIDVGS5 (polycrystalline Si block)
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N2 cooled design beam:
H R MT_46_48_49 Number of pulses: 1500
Beam p: 440 GeV/c
Pulse duration: 1.6 ns
Pulse period: 22.8 s
Beam size: 4 mm (1lo)
Intensity: 4e10 ppp

Reusable tank for future Two independent modules
experiments
(it can sustain vacuum even if not

Motors to align

required from this specific the different

experiment)

Pure Lead cooled down
by N2

Water vessel

PROTAD
(HRMT48)

Pure Lead in
Ti-6Al-4V container

Water cooling system

Silicon block  for N_Tof experiment
(HRMT49)

Courtesy: M. Calviani
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HRMT-46 firsts PIE

Neutron tomography with resolution
of 25-50 microns ongoing

High energy X rays are not
penetrating enough inside the target

Pb blocks Al-6082
vessel
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HRM 28 & 44, aim of the experiment

TCDIL Collimator
Materials the TCDIL jaws are made of

_ Removable cover of the
~ vacuum vessel

~ "Standard” Jaw

"Upgraded” Jaw

Isostatic graphite

— Vacuum vessel

_ Collimator mechanical
~  table (2 degrees of freedom)

ey

aws

__ 5t Axis support
(1 degree of freedom)

Plug-in structure

— Fast plug-in foot

1450 mm
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STl and SMM teams

HRMT-44 Online instrumentation analysis
Update of the FE-model and correlation

Numerical/Experimental approach: HSSLI HSSL2 HSSL3

« Elastic material models 4 4 41

» Correlation of the damping of the ’ 3 3
dynamic vibrations by adjusting the
friction coefficient of the boundaries
n=0.1
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HRMT-44 Post-lrradiation Examination
Metrology of the Jaws before/after impact

Mounted into the vacuum tank
TCDIL-Jaw Standard AC: Flatness

MNut
{low tightening
torque)

H Washer
(silver coated)

Guiding plate
{Gblong and fixed
Glidcop)

Handling I
Experiment + Removal '
BEFORE "Tinende  AFTER 10/18 4"*PN AFTER 11/18 9/*" '\ ‘AFTER 11/18

nnnnn

Amplification Amplification Amplification Amplification
x300 x300 x300 x300

Flatness alteration (Form):

« More convex form ga“’; : 04’1101’5018
. . . ontac
« Beam impacts and Transport+Handling influence the Dosli ey— 30
. . S
flatness with similar range SVl 40 em 8

""IG::W @ Maxime Bergeret, Francois-Xavier Nuiry EN/STI-TCD CERN HRMT-44 — E .
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R&D on 3D CC for collimation applications

« 3D Carbon/Carbon composites can be good alternatives to graphite, due to their ability to stop
an eventual crack propagation (composite architecture). The material has an high strain to
failure.

In addition: »Very high service temperature (characterised up to 2750°C);

—->Materials at least 2 to 3 times higher tensile strength and CTE inferior or equal to the graphite one.

3D C/C A412

Sepcarb® 3D C/C _ Sigrafine® Sepcarb® C/C A412
R7550 2123 PT 3D C/C -
g/cm

Thermal Non-
Conductivity 100 112 Disclosure
Agreement
Coefficient
of Thermal 4 56 2
Expan3|on
Non-
11.5 11.4 Disclosure 15
Agreement
Tensile
Strength 30 B85 100 60

MPa




Displacement[um]

PIE on 3D CC material (HRMT28)

Surface displacement recorded during the experiment, for Ariane group 3D CC
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1.9- CC 3rd 216b
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The very similar surface displacement curves over time is an indicator that no beam induced damage
occurs on the material, shot after shot.
The amplitude difference for the 1st and 3" shots at 216b can be due to a small spot offset in X.
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PIE on 3D CC material (HRMT28)

After Impact

Before impact
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3 blocks 80 X 37 X 170 mm
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PIE on 3D CC material (HRMT28)

3D CC, Ariane group w0 |06 Jaw Before Impact
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Jaw After Impact

jaw Assembled, Flatness [um]

(]

Before Impact 33 um
After Impact 42 pm
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PIE on 3D CC material (HRMT28)

Flatness [um] Block #2 Block #4 Block #1
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13

“ENT

FCISEERI M
T

After impact

®

o8
|
LERR | \
-



PIE on 3D CC material (HRMT28)

* From the analyses performed so far, no clear “measurement” of beam damages
* Micro-tomography analyses have been performed at ESRF, France.

E—CE—

8.18E+05 3.70E+07

2.51E+06
7.23E-01 -
| 1.62E-03 3.70E+06
ESRF, high energy source of X-rays AFTER | M PACT
BEFORE IMPACT *  N. blocks:

= 3 blocks of 170mm *80mm* 37mm
= 12 blocks of 35mm *80mm* 37mm
¢  Optic 2 24.5 um
« Sligthly Radioactive:
= Atcontact 12.5 uSv/h
= At10cm 2 uSv/h
= At40cm 0.5 uSv/h
« Experimental set-up—> samples tested
one by one on the micro-tomography
plate

N. blocks:
= 4 blocks of 170mm *80mm* 37mm
= 17 blocks of 35mm *80mm* 37mm
*  Optic 2 22.5 um
* No radioactive
« Experimental set-up—> blocks stacked
as shown. — :
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PIE on 3D CC material (HRMT28)

According to the simulations the peak
energy deposition is between 50 mm
and 250 mm starting
from the beginning of the jaw. Bea

Before impact green plane
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Beam

PIE on 3D CC material (HRMT28)

After impact red plane

Before impact red plane

e
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‘Au..o...!\.-.ur =

After impact blue plane

Before impact blue plane

Sepcarb® 3DCC from Ariane Group:
After 9 high intensity shots at 216/288 bunches

No surface beam induced damages neither remarkable flatness nor shape differences!



D. Carbajo, A. Perillo-Marcone, MME/EDM team

HRMT45 TDIS-TZM

Future
HL-LHC TDIS

* The upgrade of the LHC aiming at a 10 times higher
integrated luminosity.

» As part of the injection protection equipment, the
current TDI (installed at IP2 and IP8 of LHC) will be
replaced by an upgrade (TDIS) being developed to
provide a higher energy absorption capacity in case of
MKI kicker magnets failure.

« FEA simulations reveal high thermomechanical loads
on some key components of the jaw in case of beam
Impact.
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D. Carbajo, A. Perillo-Marcone, MME/EDM team

HRMT45 TDIS-TZM

To reproduce a state of temperature/stresses in the back-stiffener comparable to that

induced by the worst-case potential impact of the HL-LHC beam:

LHC failure scenario (worst-case)

HL-LHC 320b beam
Impact parameter: 38 mm
Intensity: 2.3E11 ppb (320 bunches)

HRMT scenario

HRMT beam
Impact parameter: 52 mm
Intensity: 1.2E11 ppb (288 bunches)

_:1_15 cm

Impact
parameter

! HRMT settings
Max. temp: 235 °C
Max. stress: 460 MPa
(Static tensile strength = 525 MPa)

<E Beam

Pl
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D. Carbajo, A. Perillo-Marcone, MME/EDM team

HRMT45 TDIS-TZM

* The experiment took place end of August 2018 successfully
Impacting several 288 bunches at top intensity

Temperature Slow Absolute Strain
Back-stiffener et~ -
temperature/strain | )
measurement $ on)
:% 80.0 ,./
" 5xPT100 probes+s5x ° / \ ~
bidirectional strain D —
gauges positioned in 0w sk how e e s s No permanent deformation in
contact with each e back-stiffener inferred from strain
back-stiffener s et gauge signals
Theoretical T evolution
(simulation results)
|

Fast response pyrometer
pointing to back-stiffener
hottest spot:

M\, [\ [_Pyrometer reading
130.0 I[t‘:"hu":'i,ffl‘ II‘.”."II .".‘ i _.‘"ﬂ"-‘ N /
e NV A
LN PRELIMINARY
0.10 0.20 . Mg_ 1 ! |‘\3"|‘° ahd
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HRMT45 TDIS-TZM

In-tank Jaw flatness control

- Only jaws extremities controlled due to limited sensor arm length entering inside
the tank

Planéité MB IN

Minimum

0, 053L

Very small jaw flatness variation observed with
respect to the pre-test condition (flatness value =
0.1 mm)
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EsECI=EERI ML
ZEATRENT



HRMT45 TDIS-TZM

Off-tank TZM Jaw flatness control

- Similar surface profile compared to pre-test condition. Lower flatness deviation has been measured
though (0.126 vs 0.201 mm). Same effect observed in upper jaw (aluminum back stiffener).

Graphite surface profile.
Flatness = 0.201 mm
(Pre-test)

Dose rate contact : 200.0 puS
Dose rate 10cm : 90.0 pSv/h

Downstream end

Graphite surface profile.
Flatness = 0.126mm
(After-test)

X

Y

13,992
57,000
57,000
13,992
26,013
56,997

2,000
2,000
1563,015
1563,015
1536,469
541232

-0,122
-0.124
-0,030
-0.087

0,037

-0,112

Amplification

200

LC
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Conclusions

« Many different HIRadMat experiments performed

» Extremely useful information for accelerator
operational devices

« Beam impacts on materials are analyzed:

During impact After impacts

-~ -~

« Interferometers * Metrology

- Strain gages * X-ray tomography

e LVDTs « Neutron tomography
o Temp sensors e Destructive teSting

* Pyrometers (samples cutting) in
e LDVs hot cells

Rad hard
instrumentation
Radioactive
components!

22

/.f' 1 |
'. ERM |.\\|I

9
1@



Thanks for your attention

EG:\:W ‘ @
A | e

23



Overview of some HiIRadMat experiments
applied to Beam Intercepting Devices

HRMT28: Irradiation of low-Z carbon based materials for
Beam intercepting devices

HRMT35: Irradiation of coated low-Z absorbing materials for
the Target Dump Internal (TDI) and SiC-SIC irradiation

HRMT44: High energy beam impacts on new TCDIL (CERN
collimators)

HRMT45: High energy beam impacts on new TDIS (LHC
Injection absorber)

HRMT48: Prototyping of new AD target design made of high
density materials (tantalum and iridium)

HRMT46: N-Tof

HRMT49: Polycrystalline silicon material study in the
framework of the TIDVG project

N
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See talk of Jorge Maestre

HRMT-35 TDIS-LHC Collimators coated jaws

= Four different absorbing materials and coating configurations:
1. SGL Graphite R4550 TDI coating configuration with Cu-coating;
2. SGL Graphite R4550 TDI coating configuration with Mo-coating;
3.
4

Courtesy: I. Lamas Garcia
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HRMT18/42 Experiment

= Two experiments shared experimental setug—

= Re-using experimental setup of HRMT27

Instrumentation

1x RadHard Camera
1x HD Camera

1x LDV OptoMet pointing at the HRMT-42 target

Executed during W17 2017

C. Torregrosa, M. Garattirli

— HRMT-18 crystal
collimation
Experimental verification of Si
Crystals robustness under
accidental impact of LHC
beam.

— HRMT-42
Irradiating a first up-scaled
prototype a proposed core and
matrix for the new AD-Target

“HRMT=Z™
Target
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C. Torregrosa, M. Garattirli

HRMT18 setup and first PIES

The Setup

CuCrZr Mask for beam
based alignment

Bea
—ﬁﬁ

lo

PIEs and Post Irradiation Performance Results

= The 3 crystals do not show any macroscopic damages after the
irradiation (visual inspection)

» The two silicon bent crystals for LHC collimation purposes have been
tested with the beam in H8 showing the same bending angle and the
same channeling efficiency as before the irradiation
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The High Radiation to Materials Results

6 High Intensity Beam Impact
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--‘Dﬁ e e Good-agreement-with-——--f - — the simulation -
= : | SimU|:ati0nS —— Simulation
g 7 : """"""""""" """"""""""" """"""""""" """"""""""" * Experimental Data
Q :
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G e .
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| | | i | i | | i
0 0.1 0.2 0.3 0.4 . 0.5 0.6 0.7 0.8 0.9 1
: i Time [s] x 10}
| I
Beam Smooth oscillations until reaching the initial state
pulse

— |t suggests that no damage occurred in the graphite
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R&D on 3D CC for collimation applications [st1

3D CC is highly orthotropic (3 main directions)

Originally—> Poly Acrylo Nitrile fibres: pre-oxidized PAN carbon precursor fibre staples are
positioned atop a pre-oxidized PAN carbon precursor fabric. The preform consists of a stack of
layers of this dual-layer material.

As each layer is added, a needling head with hundreds of hook-fitted needles passes over the
dual-layer material and punches the pre-oxidized PAN fibre staples through the fabric layers,
transferring the staples perpendicularly and through the fabric layers, forming the third direction
of reinforcement.

Now, ASL is also producing 3D CC with standard carbon fibre grades.

The link between fibres is then done via Chemical Vapor Infiltration, which is allowing getting the
final requested density (1.8 g/cc for CERN).

reinforcement fibres
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R&D on 3D CC for collimation applications 5™

 Available pre-characterisation :

Tensile strength, strain at failure, and Young’s modulus, Compression strength, from room temperature to
from room temperature to 2750°C, tested according to 2750°C, tested according to EN-658-2;
EN-658-1;

+ shear measurements, diffusivity and dilatation measurements over a wide range of temperature, as well as
UHV characterisation...

—->Microscopy gives good results
—>X-rays not adapted
-2>Very good machining ability —Ultrasonics gives incoherent results

—->Microtomography is a success

Courtesy: TE-VSC

Outgassing rate Outgassing rate RGA Unbaked
[mbarl/s] [mbarl/s] <50amu  >50amu Next o bj ective- |
S CIEEE T S 1s0°ll X v (High strain rate testing at!
Graphite Mersen 2.0:10°% 7 w? 6.0-10° 7 74 14 h ht P | |
3d CC Mersen s.010° X 174 2.010° %X v v L '2 _elnpler_a Ere_ — o - —
Graphite SGL 3.810° X 17-10% V7 4 p 4

30

Results for RT working condition. Any deviation must be analysed and accepted



