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Future Circular Collider Study (FCC)

Beam Screen Design
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Cold bore diameter 44/47 mm

Nominal aperture:
* H: 29.6 mm
V. 26.4mm

Slit height: 2.9 mm - 5 mm

Temperature: 50 + 10 K

Beam screen wall
+ 1.25 mm steel
* 0.3 mm copper
* 1 um High-Temperature Superconductor

* Thin-film coating e.g amorphous carbon
- Secondary electron emission yield
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C. Garion, FCC-hh beam screen studies and cooling scenario,
FCC week 2016, Rome



https://indico.cern.ch/event/438866/contributions/1084911/attachments/1257787/1857527/Beam_screen_studies.pdf
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Future Circular Collider Study (FCC)

Beam Screen Design

Basic Idea

» HTS carries the image currents to reduce
power dissipated

» Provides lower electric impedance

* Reducing coupling impedance
— Longitudinal and transversal direction

— Small impedance for sufficient beam stability

Hybrid solution

» Stripes
Overall symmetrical distributed
Alternating HTSC and Cu
Using Coated Conductors
Overall covered with Carbon
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High-Temperature Superconductor
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Properties of HTS
— High critical values
— Anisotropic
— Ceramics
— Brittle
— Stoichiometry

— Type Il Superconductor

Coated Conductor

Electroplating

C

Stabilizer

PP
Sputtering

Silver Overlayer
MOCVD
(RE)BCO - HTS (epitaxial)

IBAD/Magnetron Sputtering

Buffer Stack

Electropolishing
~0.2 ym Substrate

Configuration of SuperPower® 2G HTS Wire

20 ym
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W.Buckel, Supraleitung Grundlagen und Anwendung, Wiley-VCH Verlag GmbH & Co. KGaA
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() P.J.Ray, “Structural investigation of - Following staging as a

Copenhagen, Denmark, 2015.

function of temperature”, M.Sc. Thesis, Niels Bohr Institute,


http://www.superpower-inc.com/content/2g-hts-wire
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W.Buckel, Supraleitung Grundlagen und Anwendung,
Wiley-VCH Verlag GmbH & Co. KGaA



Electrodynamics TECHNISCHE
Surface Impedance - Iterative Model DARMSTADT
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Electrodynamics
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Surface Impedance - Iterative Model DARMSTADT
d d
E; metal 1+ A3 AZ
Surface Impedance Z; = — ———> Z5, = r Y \
He K1 0q
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Boundary conditions
ix (E; —E,) =0 ix(E,—E3)=0
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Surface Impedance - Iterative Model DARMSTADT
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Impedance Calculation
Beam Screen : 2D impedance simulation (BI2D)

BI2D: 2D frequency domain solver

« Computational tool for longitudinal and transverse

coupling impedance
* Finite-Element-Method (FEM)

* Input: mesh of the geometry

Two methods:
« Surface Impedance Boundary Condition (SIBC)
- —MéstipRy Wikl drSivaney fer-30Panmgeastisltin frequency

1
=——==469H
f KTy 02 z
— YBCO : penetration depth (frequency independent) Coating: copper Coating: YBCO
K = 6 GS/m K, = 1.37 MS/m
AL (50K) = 157 nm 6 =300 pm 1 pm thickness

Space charge and resistive wall impedance computation in the frequency domain using the finite element method
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PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 18, 032001 (2015)
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Impedance Calculation
Transversal Impedance - Effect of the Radiation Slit

Re(Z,) [Q/m]
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Impedance Calculation (BI2D)

Re(Z,) [Q/m]

) . UNIVERSITAT
Transversal Impedance — horizontal dipol source DARMSTADT
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Re(Z,) [Q/m]

Impedance Calculation (BI2D) TECHNISCHE
Transversal Impedance — horizontal dipol source DARMSTADT
10 ‘ | | - ' | | T
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Re(Z,) [Q/m]
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Impedance Calculation (BI2D) {2 Dviramar
Transversal Impedance — horizontal dipol source ' DARMSTADT
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Impedance Calculation (BI2D) {2 Dviramar
Transversal Impedance — vertical dipol source J/) DARMSTADT
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Conclusion & Outlook
Impedance
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Intended reduction of the impedance with
HTS can be reached

» Effect of the radiation slit

— Coating of the ante-chamber could reduce
impedance further

— What is the effect on the intended function?

 Hybrid solution

— Percentage of superconducting surface yields a
gradual reduction of the impedance

— Using narrow stripes shows lower impedance at
low frequencies

— Suggested solution : Hybrid system with very
narrow alternating stripes

—  Further simulations with different distributions
should be done

Secondary electron emission yield

« Amorphous Carbon coating to reduce the
electron cloud effect

* Just a small raise in the resistance visible

« The question arises how the coating thickness
relates to the SEY value

 Dust-particle-beam-interactions?

Coating properties need extensive
experimental validation
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Experiments & Collaborations

There are two collaborations on HTS which have been established under the FCC by Sergio Calatroni - (Cern)

Collaboration work plan

“FCC-hh beam impedance mitigation at injection:
Status report on HTS coating study”

Sergio Calatroni - CERN

FCC-week Rome 2016

Cern

Development of TI-1223 coatings
which potentially predicts a better
performance than YBCO

shaping existing YBCO coated
tapes into the beam screen
geometry

S
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https://indico.cern.ch/event/438866/contributions/1085117/attachments/1257888/1858078/HTS-Roma-SC-final.pptx
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What value has the distortion of the magnétic field?

Conclusion & Outlook

Magnetic field

Question:
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Conclusion & Outlook
Magnetic field

Question: Assumption:

— not applicable for wide tapes
— Properties depend on field orientation

What value has the distortion of the magnetic field?

— Flux Line Lattice behaviour T =~ %

= stronger magnetic field

— more vortices lead to less distortion
= Mechanical analysis needed

— During magnetic quench

= Hysteresis
— Pinning and impurities

00000 — Multipole field error
no impact on beam - _,m_agnetlc field distortion _  Destroying superconductivity by
= High synchrotron radiation load of protons @ 50 TeV . .
— Heat deposition of 31 W/m on beam screen edge (*) warming = unattainable
—  HTS strongly dependent on temperature — Has to be quantified
— Effect on the superconducting material

(*) Research program on the cryogenic beam-vacuum of the FCC-hh

09.11.2016 | TU Darmstadt | TEMF | Patrick Krkoti¢ | EuroCirCol Meeting — Barcelona | 18 _ R. Kersevan (CERN-TE-VSC)
38" International Conference on High Energy Physics



https://indico.cern.ch/event/432527/contributions/1072528/attachments/1319192/1977747/Research_program_on_the_cryogenic_beam-vacuum_of_the_FCC-hh_-_ICHEP_2016.pdf
https://indico.cern.ch/event/432527/contributions/1072528/attachments/1319192/1977747/Research_program_on_the_cryogenic_beam-vacuum_of_the_FCC-hh_-_ICHEP_2016.pdf
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Superconductor surface resistance in the presence of a dc
magnetic field: frequency and field intensity limits
Sergio Calatroni — (submitted to PR-AB )
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The presence of a magnetic field modifies the surface impedance of the superconductor
* Flux Line Lattice
— Normal conducting cores
— Ratio of normal conducting and superconducting surface area

— Dependent on magnetic field strength

Normal conducting area
increases with raising field

“Low frequency large field“ — approximation / \
R _R_n i( w )3/2
s/~ V24 Be; Wdep

» Resistivity scales with reduced magnetic field Bi

c2

— At 50 K the critical field B, is in the range of 30-50 T

* R, x+w — Ry still dependent on frequency as w?
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Conclusion & Outlook
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Intended reduction of the impedance with
HTS can be reached

» Effect of the radiation slit

— Coating of the ante-chamber could reduce
impedance further

— What is the effect on the intended function?

 Hybrid solution

— Percentage of superconducting surface yields a
gradual reduction of the impedance

— Using narrow stripes shows lower impedance at
low frequencies

— Suggested solution : Hybrid system with very
narrow alternating stripes

—  Further simulations with different distributions
should be done

Secondary electron emission yield

Amorphous Carbon coating to reduce the
electron cloud effect

Just a small raise in the resistance visible

The question arises how the coating thickness
relates to the SEY value

Dust-particle-beam-interactions?

Coating properties need extensive
experimental validation

Need to measure RF performance as a
function of T, B, J at the relevant
frequencies for the FCC

Thermal, mechanical and cryogenic aspects
have to be studied
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HTS coating?
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Lots of work @/~ UNIVERSITAT
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Impedance, coating technology, ecloud, ...

Thank you for your attention!
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Electrodynamics
Surface Impedance - Iterative Model
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Impedance Calculation
Longitudinal Impedance - Effect of the Radiation Slit

100 T T T T T T
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Various Configurations
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Impedance Calculation (BI2D)
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Longitudinal Impedance DARMSTADT
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Impedance Calculation (BI2D) ) TECHNISCHE
Longitudinal Impedance

c/,
J‘\( o)

DARMSTADT
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L
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Re(Z)) [Q/m

100
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' W7, TECHNISCHE
Impedance Calculation (BI2D) L e
Transversal Impedance — horizontal dipol source ' DARMSTADT

Gradual reduction of the
iImpedance with percentage
of coated surface

100 1000 10000 100000 le+06 le+07

f [Hz]

le+08 le+09 le+10 le+11
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Re(Z,) [Q/m]

I TECHNISCHE
Impedance Calculation (BI2D) TECHNISCHE
Transversal Impedance — vertical dipol source DARMSTADT
106 T T T
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Wide tape sl
105 e 2mm tapes
Without carbon
104 coating
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1 ym carbon coating
102,
4
]
101_
100,
10—1_
-2/
10 A
/
1073 & ‘ : : : : : '
102 103 10* 10° 10° 107 108 10° 1010 101t
09.11.2016 | TU Darmstadt | TEMF | Patrick Krkoti¢ | EuroCirCol Meeting — Barcelona | 28 = YBCO



Impedance Calculation (BI2D) L e
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Transversal Impedance — horizontal dipol source

le+06

100000

100

10 1 1 1 1 1
100 1000 10000 100000 le+06 le+07 le+08 le+09 le+10 le+11

f [Hz]
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Impedance Calculation (BI2D) )
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Transversal Impedance — vertical dipol source /Y DARMSTADT
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Impedance Calculation (BI2D)
Transversal Impedance — vertical dipol source
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(a) ==t

100000
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Impedance Calculation (BI2D)
Transversal Impedance — vertical dipol source

le+06 T T T T T T T
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HTS Coating
Magnetic Field — Vortex

H-T phase diagram for cuprate superconductors

shows several phases of vortex matters: m—
- vortex liquid
R
| \ 3
| \ fluctuations
« ordered vortex-lattice at low fields |
vortex
H., <H <K H,, lattice
* highly disordered vortex-solid at high fields
and low temperatures (vortex-glass)
» vortex-liquid at high temperatures | I {
IR
. . He. (T)
distorsion of 1
magnetic field
Prof. Ruggero Vaglio - Naples N.Plakida, High-Temperature Cuprate Superconductors, Spinger Heidelberg

University
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*HTS Coating

normal dc-conductivity

100= T T TTTITTg T T T T T T TR
Surface Resistance R = ~k,pu2w?A® > K, = 2sz53 3
i How™ - 77K
107F
London penetration depth for YBCO A = 150nm 1020
Buckel, Werner: Supraleitung, Grundlagen und Anwendungen, 7.Auflage, Wiley-VHC Verlag GmbH & Co.KGaA, 2013 E‘ % Cu(??K)
— C -
Y -
_ PP S
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I 5
L 16 ]
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Scaling the conductivity with TFM k,, (T) = K, (Tl) Ko =— ’ / T J ]
c e o )
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