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The charge of WP4:

WP Cryogenic Beam Vacuum System
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INEN WP 4: Cryogenic Beam V% System Conception
e — OV p>
Objectives W Impedance %oy,
PN 1) Evalugt @! Impact of the arc design on tgchnology requirements ‘U~e
L ;A Horizon 2020 2) Deveep an overall, integrated design for the cryogenic beam vacuum system cgrebﬁ of (1) beam-
an ’:tz_ozo"NFR‘DIEV"’i‘:"G';“os screen, (2) proximity cryogenics (3)Imagnet cold bore and (4) vacuum system N
Tiemat st s taauteed 3) Determine the needs for adv imgual technologies«? eet the requirements
4) Study synchrotron radiation heat load absorption and mitigati the photo-electrons generation
5) Consider novel mitigation techniques, e.g. based on frequent discre{'ojoton absorbers
=XIT Description of Work Yo,
The cryogenic beam vacuum sys; r the arc dipoles will be designed in clos&i tive interaction with
@\ ThaFubors Chruas Colhder stody the magnet cold bore C°”¢i§b\ esign. The functional and performance requireme%beeg[ therefore to
e @x o be continuously re-ev \u and refined. Relef] aspects include beam-induced heaa’o s including
synchrotron radi "ﬁ,&/acuum stability, mechanica gerza ce, beam-screen cooling conceft, dynamic

Derrc effects suct lectron cloud multipacting and photo-elec fs@’rration by synchrotron radiation.
ASTeC Imag nt continuity and impedance are assumed to have significant impacts on the accelerator and

magnet design. Optimisation has large performance improvement and cost reduction potentials.
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The charge of WP4:

Divided in several tasks

Coordination
Study of beam induced vacuum effects

Study of mitigation techniques of e-cloud and ion instabilities

. Study of vacuum stability at cryogenic temperatures (40-60 K)

Develop a mechanical (conceptual) design

Prototyping and measurements

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 3
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FCC-hh cryogenic beam-vacuum requirement in the arcs

The challenge:
x100+ higher synchrotron radiation power density

| Fcchh Present LHC

Proton energy [TeV] 50 7
Temperature of cold mass [K] 1.9 1.9 B
Number of bunches at 25 ns 10600 2808
Bunch population [101] 1 1.15 _ E-cloud
SR photon flux [ph sm] above cut-off 1.34x10%7 2.02x10%6 expected
at4eV _
Arc SR heat load per beam [W m™] 28.4* 0.17
* Bending synchrotron emission power — Main iSSUQ
SR critical energy [eV] 4300 44

Required gas density in the arcs < 1x10'° H,/m?
(equivalent to 100 hrs nuclear beam-gas scattering lifetime)

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 4
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Due to the higher SR power density:

- The mass flow of gas in the cooling channel must be increased. The

diameter of the channel has to be increased to avoid too high pressure drop.

- The beam screen temperature must be increased in the range 40 to 60 K, as

compared to the 5 to 20 K in LHC, to reduce the needed cryogenic power.
The higher temperatures have large repercussions on the vacuum due to
higher equilibrium vapour pressures.

- There is an increased photo-desorption due to an higher number of photons

(x6 above cut-off at 4 eV). Higher effective pumping is needed.

Consequence: The present LHC beam
is not adapted for the FCC-hh. closed sotted

beam screen

LHC-like

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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1%t proposed design of the FCC-hh arc vacuum system

Discontinuous ribs for photon absorption
and mechanical reinforcement

LHC-like

design: +

closed, slotted
beam screen

Original proposal at
“FCC Week Conference”, Washington D.C., March 2015;

One-slot beam screen with reduced number of pumping slots
(source of impedance)

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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Progress with the FCC-hh beam screen design

In the last four years, the beam screen design has been modified several times to
attain:

* Improved heat transfer (as cold spray copper ring in the outer surface)
* Reduced transverse impedance (symmetric cross section)
* Higher pumping efficiency (larger pumping holes)

» Easier manufacturing (polygonal shape)

Orsay 09/2015 Geneva 06/2016 Barcelona 11/2016
3t WP4 meeting 4" WP4 meeting 5t WP4 meeting

C® O O

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 7




QFCC Progress with the FCC-hh beam screen design

@?&Ef' Last year a conceptual change was done, by going from Reflection to Absortion
concept, in order to in order reduce the undesired SR scattering and in addition,
reduce the head load in the interconnection section.

e Remove the deflector

)
e * Introduce Saw-tooth
~ * Re-design for simplification (remove rips, thickness)

Berlin 05/2017 Geneva 10/2017 Frascati 3/2018
ST FCC week 8" WP4 meeting 9th WP4 meeting

@ (S @ -® _
ASTeC -

FCC Week 2019
June 24, 2019 Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 8




CC . Latest version of the Cryogenic Beam Vacuum System
EuraCirCo
WP 4 Beam screen
- Supporting system
Cold bore ——e

22 2R Updated version
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Tiemat
Wednesday 26t 11:30-11:50
IT
T Ballroom Il (Ground floor) oo e
@ Update of the design and thermal "~
mechanical study of the FCC-hh beam g
screen T /
e e
Marco Morrone Periotic ik
FCC Week 2019 M. Morrone

June 24, 2019 Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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molecules
primary chamber

R. 50 TeV
p+ beam

pumping

both figures
represented at
the same scale

LHC-173 |/(s'm) for H, at 5K
0.22 W/m emitted SR

FCC-hh - 898 |/(s'm) for H, at 40 K
35.4 W/m emitted SR

At the expense of a higher complexity (translated into a higher, but still affordable, cost) the beam induced

vacuum effects are mitigated and the pumping speed and cooling capacity have been considerably increased

I. Bellafont

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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Months (@ 50 TeV 30 mA/h /

2 3 4

0.6 0.8 1

6 8 10
T

1x10' T

I PSD

1x10'®

MB H, eq MD max (H,/m®)

1x10™

20 30

[_|psD
[ ESD+ISD 80 Ah of conditioning

| and E baseline
parameters allowed within

100 h lifetime

50 100

Accumulated dose [Ah]

photon-stimulated
desarptlon (PSD)

200 300

electron-stimulated
desarptlon (ESD)

Study of beam induced vacuum effects

Expected conditioning achieved in 3-4 months

4.0x10"®
3.5x10"°
1x10°® 2.5x10"®
2.0x10"®

1.5x10'"®

MB H, eq P max (mbar)
H, eq MD (H,/m®)

1.0x10"®
1x10°°
0.0

ion-stimulated
desorptlon (ISD)

Wednesday 26t

08:30 - 08:50

Ballroom Il (Ground floor)

3.0x10" |

5.0x10" F

T T T T T T T T T T T T T T T
[ 120 Ah dose SR absorber  |[{ 2x10°
50 TeV 500 mA P bump
40 K He, SEY=1, 25 ns ~ 6 times
Most irradiated MB higher than 1.5x10°®
F inside MB — =
Qo
3 E
H 1x10® o
o
C (0]
Absorber shadow 100 h lifetime T
¥ 5x10°°
I
MB
1 1 1 1 1 1 1 1 1 1 1 1 1 1
012345 78910111213141516

1
6
MB length [m]

Contributions to the total gas load at 36 Ah
n=P/kT=Q/SkT = (ylp/z +771p/17’) I’lp/z +(77le +77leT’) Tie +(pdi +77117’) J//e Aoy Effect ---

% 80%

10%

8% <3%

Study on the beam induced vacuum effects in the FCC-hh beam vacuum chamber

Ignasi Bellafont

Francis Perez, on behalf WP4-EuroCirCol:

FCC-hh beam vacuum system
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To achieve these results and conclusions
work in the several tasks have been crucial and
have increased our understanding of the involved
materials and technologies

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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[z Task _____|Problem ________|Solutions

LASE treatment Is it possible to achieve §,,,, < e More than 100 samples produced and
m & its 1 with other laser than in characterised, 6,,,, < 1 in 60%
" ‘ optimisation original invention? . leferept Ias_ers can be used for LASE
- with different A, f, 7, power, etc.

@ pes  Study of mitigation techniques of e-cloud and ion instabilities

Surface First LASE samples had surface  New LASE combines §,,,, < 1 and surface
- resistance resistance higher than resistance measured at 8 GHz remains the
LNI N untreated surface same with and without LASE
S M Thermal Increased surface area may No increase in thermal outgassing observed
qQ — - outgassing cause high outgassing
-~ L ™ ESD Would LASE result in higher LASE results in the same or reduced ESD
S v ESD?
Ciemat Particle Possible UFO problem » No particles above 25 um
generation « A number of smaller size particles can be
~IT reduced
("“/W Wednesday 26t 10:30 - 10:50 Ballroom Il (Ground floor)
Evaluation of LASER ablated surface engineering of copper and stainless steel for particle
* STFC
ASTeC accelerators

Reza Valizadeh
FCC Week 2019
June 24, 2019 Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 13
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@Circm PV Study of mitigation techniques of e-cloud and ion instabilities
WP Task _ |Problem  |Solutions |
ESD and Is NEG coating works at For CO:
pumping cryogenic temperatures? * n reduces and « increases
For H, :

* nand «a - small change,
« 1’ effect (like at 4.2 K is observed

INT ;7 on activated NEG surface)
e NEG activation Would SR induced No such effect observed at
- with SR activation of NEG coating cryogenic temperature
_— be possible at cryogenic
temperatures (like it
Cicmakt observed at RT)?
New types of  Different composition, « Columnar and dence films
2T NEG coatings morphologies of Ti-Zr-Hf-V, Ti-Zr-V and
' Zr films have been studied
SN
Wednesday 26t 10:50 - 11:10 Ballroom Il (Ground floor)
®.STFC . . .
Recent Results on NEG Coating Characterisation

Ruta Sirvinskaite

FCC Week 2019
June 24™, 2019 Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 14
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CC_ . (NN Study of vacuum stability at cryogenic temperatures (40-60 K)
uroCirCo Sl
WP4
Working Pressure Beam screen ——SOL =250 —— 10L
(<10’u mbar) ” Temperature Range § “
aturated vapour pressu Honky and Mook (1960) 1CI48 Vit o+ & ) E
. - ?-9 — CO TPD curve from poly-Cu
.i / / 16
n) _ g
INFN ~ o s SO, e 25 0L
=== - B _ "
_' ! T I £
-~ 8 3
AL B3 = 4
8
Ciemat a‘f
CO TPD curve from LASE-Cu ~ —— =
T | ) “ ) —
Wednesday 26t 08:50 - 09:10 Ballroom Il (Ground floor)
®. STFC . . .
ASTeC Material properties of relevance to cryogenic vacuum systems
Luisa Spallino
FCC Week 2019
June 24, 2019 Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 15
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SXIT Prototyping and measurements

Experlment at KARA-BESTEX

FCC-hh & KARA set-up:
- Identical power
- Similar ph. Spectrum

Francis Perez, on behalf WP4-EuroCirCol:

Flux (ph/sec/0.1% BW)
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SR from KARA’s dipole

FCC-hh
—5TeV

]—10Tev
——20TeV
——30 TeV
J—40Tev
——50 TeV

4—— KARA 2.5 GeV

A
10’

10° 10° 10° 10°
Eneray (eV)

FCC-hh beam vacuum system 16
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~XIT Prototyping and measurements

Prototype #1 y- Oct ‘1 Prototype #2 May ‘18 Prototype #3

#1: Validation of temperature profile #2: #1 + Electrode for photoelectron #3: Surface treatments as for

and validity of photon reflector current measurements baseline. Updated internal screen
and pumping slots. Substitution
Reflector for Sawtooth

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 17
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XIT Prototyping and measurements
Experiment at KARA-BESTEX

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TestBench Front End
BIA PT100 SCA Sample Fluorescent

Electrode Back Screen
BAG

1 Absorber

|__Chimne:
I PhotonC
Middle
Fluorescent {2000 I/ RGA ﬁMIA BAG

Screen

Collimator |
Sector Valve

BESTEX (Beam Screen Testbench Experiment) is an experimental instrument designed to
study SR related effects on non-leak tight samples under UHV

The SR photon beam originated at KARA’s bending magnet is collimated so as to irradiate
the samples on their designated region

Wednesday 26t 11:10 - 11:30

1 (molecules/photon)

-
e
@
1

10™ 5
1E16 1E17 1E18 1E19 1E20 1E21
Dose (ph/m)

1E22 1E23

Ballroom Il (Ground floor)

Photodesorption Studies on FCC-hh Beam Screen Prototypes at KARA

Luis Antonio Gonzalez Gomez

Francis Perez, on behalf WP4-EuroCirCol:

FCC-hh beam vacuum system 18
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Quench analysis Thermal analysis

Installation in cold bore

Cold bore

Max synchrotron radiation power ~ 42 W/m
- Beam intensity: 0.5 A, 50 TeV

supports
welded on the rings

2

Wednesday 26t 11:30- 11:50 Ballroom Il (Ground floor)
* STFC

Update of the design and thermal mechanical study of the FCC-hh beam screen
Marco Morrone

FCC Week 2019
June 24t 2019

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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\/ Develop a mechanical (conceptual) design

S [High Mn High N stainless steel casting |

" Cold-drawing of Forming of cooling tubes in Pressure/leak "
h Billets tubes in coils lengths of ~16 m _—> > Cleaning

testing
p /
Strip coils

Colamination === Continuous forming == Cutting in ~16m segment ————> Laser treatment ——> Cleaning Laser welding
OFE copper
) ,

I—) Pressure/leak testing
Continuous punching, " " . > Assembly and "
scraping, Continuous forming == Cleaning F testing

laser welding

L (e
POSTER

Considerations for large scale production of the FCC-hh beam screens
Cedric Garion

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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In addition,
the EuroCirCol WP4 project
has created

a series of “spin-off” collaborations

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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@CirCol o o 'f y
WP4 [} [} [ ] [}
Incident Radiation = Transmitted + Reflected + Absorbed
. 1 n
Synchrotr flected
On Radiatjg
n ==
INFN il
e ==
‘\
aeEs = LNF launched a long term proposal (MICA) and received
CTicmat M@ support by INFN and beamtime by the project CALIPSOplus.
(under the Grant Agreement 730872 from the EU Framework
=XIT Programme for Research and Innovation HORIZON 2020)
‘ Wednesday 26t 09:10 - 09:30 Ballroom Il (Ground floor)
Reflectivity and PY from candidate materials for the FCC-hh Vacuum system

Roberto Cimino

FCC Week 2019

June 24™, 2019 Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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WINDY set-up

[ L ]

XUV Beamlines

Three different beamlines

XUV
XUV 1 (Low Energy) XUV 2 (High Energy) WINDY

Beamlines

i
Il’ y
WHITE LIGHT LINE FOR DESORPTION YIELDS

Bending Magnet

Collimating Optics

0 Small Sample
0 From 10K

0 WLand
Monochromatic Light

0 Small Sample
0O From 10K

0 WLand
Monochromatic Light

0 Long Tube
O From Liquid Nitrogen
0 Wight Light

0 Range Energy:

00 Range Energy: up to ~200 eV

0 Range Energy:
from 30 to 150 eV

from 60 to 1000 eV CERN collaboration:

KE3724/TE/HL-LHC-Addendum N o. 4 to Agreement TKN3083
1 . ') 0l

Wednesday 26t 09:30 - 09:50 Ballroom Il (Ground floor)

Photo desorption studies at the WINDY set-up at LNF
Marco Angelucci

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 23
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Feasibility of S
High Temperature Coated Superconductors for the Vacuum Beam Screen

REBCO coated conductors are
layered structures consisting of:

* Multifunctional oxides
- HTS REBa,Cu,0,
- Buffers that allow epitaxial
growth
\ ‘ * Flexible, metallic substrate

,l Protective layer

In situ Irradiation
and DC resistance testing

Surface resistance
vs.Band T

(N "
%"’b . that close to FCC conditions (40-60 K, 8 GHz, 0-9 T), HTS surface = ]
'9/30 lower than that of copper for most manufacturers,
; ~ ~ ] —— SuperPower

REBCO (1 -2 um)

7
% - - '. ......
“, . v
2 '“‘1 o 1 E | o ooen .
| Thev ’ T O o hew ' 101 ~+200mA Seq.3
g | - :::. g ot~ ’ o |==—No Beam Seq.4
i1 .. B PR
Commercially avallable in km length (=5000 km/a). g | y g ' B
— = ! . . - ! . . o
Paricipatig  SUNAN T G superc 1 et it &8s . ;
manufacturers e é i —4=% Y 5 P 2
InFCCstudy  FRufikura THENVA  Soer/ny ot Nl H
] P ) U/ [ S T N S
Tempersture (K) Appled magratic feld (T)
Surface Resistance
0 ¢ ; I | | |
Norma| ConduCtOf vs &Jpefconductof 0.985 0.99 0.995 T;T 1.005 1.01 1.015
Cc
2
Rs,, = \/7 Rsge * f

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 24



(GED)
@CirCol
WP4

=KIT

@)

’” \

*.STFC
ASTeC

FCC Week 2019
June 24th 2019

WICMAB Qi (@)
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b csic CommSenslab 2017 2020 7%

Feasibility of e
High Temperature Coated Superconductors for the Vacuum Beam Screen

Wednesday 26t
Clarity (8th floor)

14:10 - 14:30

RF Characterisation of HTS-CC Tapes as Alternative Coating for the FCC-hh Beam Screen
Patrick Krkotic

Wednesday 26t 14:30 - 14:50

Clarity (8th floor)

REBa2Cu307 coated conductors as a beam screen coating: Using the classical rigid-fluxon model to link
surface resistance to microstructure

Artur Romanov

POSTERS Klimt (Ground floor)

HTS REBaCuO coated conductors for the FCC-hh beam screen: Performance under photon irradiation at
the ALBA Synchrotron Light Source
Patrick Krkotic

Coating the FCC-hh beam screen chamber with REBa2Cu307-x coated conductors
Joffre Gutierrez Royo

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 25
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Conclusions

Design of the beam screen concept has required several iterations.

The optimisation of the beam screen is completed; thermal, mechanical and vacuum
behaviours are fully simulated.

The dipole-end photon absorber has been optimised and engineering design is in
progress.

At the KARA-BESTEX set-up, three prototypes have been measured and an upgrade for
testing with LN2 is in progress.
The optimisation of the laser treatment for the mitigation of electron cloud have been

broadly investigated, further analysis including the impredance resistance is in progress.

Study of gas adsorption effects on SEY has been done. Further test at the new set-ups
are in progress.

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 26
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Future R&D

Perform further photo desorption studies at LN2 temperature
 KARA - BESTEX.
* LNF- WINDY

Perform quench test of a 2 meter prototype to test the mechanical stability.

Further optimization of the beam screen large scale production.

Investigate other surfaces:
 amorphous carbon coating.
* high temperature coated superconductors.

Measurements of the surface impedance of the different materials.

Improve the computational models with the new data.

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system
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The charge of WP4:

Cryogenic Beam Vacuum System

Successfully done!

Francis Perez, on behalf WP4-EuroCirCol: FCC-hh beam vacuum system 28
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Thanks to the team!

Paolo Chiggiato
Roberto Kersevan
Vincent Baglin
Olivier Brunner
Cedric Garion
Sergio Calatroni

Roberto Cimino

Marco Angelucci

Luis Antonio Gonzalez Gomez
Luisa Spallino

Marco Morrone

Anke-Susanne Mueller
Erhard Huttel
Sara Casalbuoni

Miguel Gil Costa
Javier Fernandez Topham

Oleg Malyshev
Reza Valizadeh
Peter Mcintosh
Taaj Sian

Ruta Sirvinskaite

Francis Perez
Carles Colldelram
Raquel Monge
Joan Casas
Ignasi Bellafont
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Thanks for
your attention!
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