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Now is the time for CERN to plan for a

Future Circular Collider !




Drive: pushing the energy frontier of a factor 10!

A very large circular hadron collider seems the only approach to reach 100 TeV
c.m. collision energy in coming decades

Access to new particles (direct production) in the few TeV to 30 TeV mass
range, far beyond LHC reach.

Much-increased rates for phenomena in the sub-TeV mass range



Future Circular Collider at CERN
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Conceptual Design Report (CDR) by end 2018




Examples of Key Technology R&D for FCC

Magnet Design

* Increase critical current density * Develop 16T short models
* Obtain high quantities at * Field quality and aperture
required quality  Optimum coil geometry

* Material Processing  Manufacturing aspects

* Reduce cost * Cost optimisation



oo iz FCC Week 2018 Program Overview
Dy Manday (3 APRIL) Tuesdmy (10 APRIL) Wednesday (11 APRIL) Thursdsy (12 APRIL) Fridsy [13 APRIL) Day
Room Manary P Parabel ] Parnlad 3 Faraiel & Farabsl S Faraisl 1 Facaile 3 Paraei 2 faralsl 4 Paake S Parabsi 1 faniall Parasl 3 Farabel 4 Faraiei s Farabsl Flarany Eoam
Room 0.4 Roem 04 | Room©5 | Room11 | Room 19 | Room 120 | Room 04 | Room05 | Room 11 | Room 19 | Room 1.20 | Reom 04 | Room 0.5 | Room 11 | Room 19 | Room 1.20| Room 1.2 Room 0.4
Time T*acturzscremal [Semurzscrerml | Grasrzsorersal | Adwisberstismsl [erage ny Wedingzy [Hemerbaurmmsl | Crasmtarimy | Asmiveryaon Darings zmyl alngmy [Hezentaurzny | Crorsscrerml | Admisbireismsl Darisgs mal Wellngmal iandsr ymar [Hementaurzm Tirme
08:30-05:00 Wlome - _ .. . X FOC-2= desizn | 02:30-09:00
i S Condutor | FOC-&2 Physics Spavis| Tach: | FOCem anginearing, FCC-hh Phyzics Sperial Tach.:
| pening. Nbdsn:State | SEw: | seamvacuum | scosterator . grodesy, |SoscimiTech:|  EE: FCC-2e exm FCC-ah:
03:00-05:30 E_ study "“‘:‘g‘l" oftheants | Datartor w“"'mm' Systam | paramaters TE‘M"DWH;: HCphyics | signment, | Injectin& | Detecter | imjestor | ctoopers | Techniow [Sstery(reiewiERRROMW o e dasien | ceooc-nm30
i st 2nd Physics at FLC i dharadieiztiof  Diesign Canceatuzl | and optics trenzpart, | sdracion| Iiagnet, |review] cofimators | developments [ B o hines and
P plypscs n |resvieess) Design| |review) logistics Trackes, ECAL and dumps Technologies | 18Q/5aecl | oo o o
50 - R perpeci e e Legy
=
L]
10:00-40:30 E qum:;:?w: Coffes Ereak (0.2 Grote Zsal] Cafftes Bresi 0.2 Grote Zual] Coffe= Sreak: (0.2 Grote Zsal] Magrets/RF | 1000010530
10:30-22:00 [ Coffex Break 0.2 Grote Zaal) T Corffes Broak (L2 Grote Zaal] | 20030-11:00
i ! . FD::EHP“'PG Spacial Tech: B — EASRTRin: . e
C oy . soaleraior: 08| : :
Conductor: d Easm Vi FOC 15 TRED . 5 I Tach.: &Ep: . = d
. . BrosiEmton o Madfine SRF ity A == - Cryogenics pecal Bp: energy | Elecronics& | FCC-si Uperonuc L
1L:00H1-30 FCC-n meching cesign : Deveiopment system | mccelerator: | Magnetsang | FCC-physics : Injection & | Detector = . - ng thin films RS FOC-ne | 11001130
desisnll | pgppp | SRS | EWAREE | el | D i) | mocen L (| e I anc
Sttus resiew] interface Design Trigzsr e " manufacturing ——
1130200 Machines | FOC-e= machine desisn |revies) [resiew] 7 Fiwysicsand | FOCmn | L0E-1200
[ovmrdies) Experiments
12:00-12:30 HE-LHC madhine Efl-z= 12:00-12:30
123043400 Lusnich (0.2 Grote Zual] Lunch {0.2 Groke Zmsl) Lunch 2.2 Grote S| Clasing remaris 12:30-13:00
13:0043:30 Lurch (0.2 Grote Zasl] Lien 13:00-13:30
narret
| coning &
13:30-14:00 Physics 13:30-14:00
FLCoee Physics s Feces E vartiistion, [l SpecalTach: | FCCR /
FOC-hh Conductor: - Options and mcrelerabor: & Exp.: Higss, — HE LHC — Eashrsn:
141004430 GidlEnginesring,1gp | PCCREOT | Ot E‘q:ll:i..-,.i\:-n ShFstutes | bemoean | coledie et e | Commen | Parometess | | oeive | supercontuc 14001430
- EneEIrE colimation | superconduct Fre effectsand | programs | slectrowesk - softemre | andoofics - . " - i
SEntus lm'ﬂl — meEnsursments, . Energy = ] manufactunng | effeds | wires
Technolcgies snd = 2 (reies] 1.3 Mardins : - B I technalogies | (revies]
13:30-13:100 5 Technoiogies RED e rEviEw] [physcs . 14:30-1%:00
Infrastructure | 2P TE0E [ L [eview) i
== 15T Magnet RED - SRF
15:00-1%:30 E"m Coffee Bneaik (0.2 Grote Zaal| Coffes Bremis (0.2 Grote Zaal) Coffes Break 0.2 Grote 2l 13:00-1%:30
153:3HE00 Coffee Break (0.2 Grote Zaal| - X 13:30-16:00
ROC-hRe FCC-=2 Physics aperatian, FCChh: HE LHC Speosl Tech.: FOCHh
Collider beam | EurnCirCol 15 | & Exn: Higss, FOC-hh Physics . Colider beam colimation Madine | accelerstor:
FOC-hbsnd HE LHC A CEPCand  |Orther magnets b ‘Comman o c EAZ
16004630 o ""m vy | Tterand | Toesgrator | fievour, | SHEinovetion i 8B :ﬂ 11| [ | onbeen | protecion, | colletie | _':; 1E:00-16:30
SEntus i . injector | the FOCDR | mewtrings, Searchas = injactor I 5 CYmBMics drouit and ffacts Il oE
L30-a7.0p | ESPErments and | FOTe2 experimentzang (- (revien] 07D review] [rmien] [revizw] | powesing | freview] P
A Detectors detector o -
|oierasal
17004730 R e~ Cold refrashments (0.3 Graanbeurs, 03 Baursfoyer] 17-00-17:30
expenments Paster Session
s Coid refrastments (0.2 Grate Zaxi Llgrgiegeal Gravitational waves: & new routeto funcamentsl physics and J—
cosmeiogy
2 Netherisnds
- HEP Bnd collizer actities . ) - S
18:00-02:30 S — specific High Enangy Fivysis detector RED 18001630
session
e HEP and collider acthities . - I
18:30-15:00 strategy = Reszarchi in High Magnahic Fisids 18:30-19:00
Roadmeps | eolicer oo
5 . 3 5 cuctivity RED in the Neth
15:00-45-30 | PIEABY 335800 o e o g Shratmny o HpEICERIENTRY RAD IR The Nethenanss 18:00-1:30
update —
e
15:30-20000 Sy of e, AFEC 15:30-20000

Strategy Updsiz




FCC Collaboration Status (2016)
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Synchrotron radiation/beam screen

Synchrotron radiation load
for protons @50 TeV:

~25-45 W/m (@16 T)
(LHC <0.2W/m 1)
5 MW total in arcs
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300MW

200MW

100MW

Overall optimization of cryo-power and vacuum
Termperature ranges: 40K-60K, 100K-120K
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Impedance: image charges

—

Image charges flow on the surface of the beampipe. Power dissipation from wake

fieldsis P__ =nl’Re(Z,. ) where Z is proportional to the convolution of the

surface impedance Z_ over the beam power spectrum.

Wakefields have an effect on beam stability, in particular the transverse plane
risetime of instabilities depends on the surface impedance of the material

1 I M _2mRc

— oC = 3 s
i m° w

Copper at 50 K may not guarantee a large enough stability margin of the beam

Re(z;") with Z;




The beam will be made of bunches of 10! protons, 8 cm long

Beam instantaneous image current

Time evolution at a fixed point
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High Temperature Superconductor at low fields present
a Surface Impedance much lower than Copper at 50K!!!

Re(Z,) | [ [ 2 1
0) P. <RI

s'rf —oC RS
.
101

FCC calculations for a Cu beam screen
lead to |, =2.5-10° A/ m? (peak value)
andtoP, =IW /m* (average value)
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But...the HTS film should operate in a 16T magnetic field and
present J_ >> 2.5:10% A/m? over a 100Km long narrow tube!

HTS Surface Impedance will still be well below

copper in the assumed frequency, field,
temperature and current regimes ???




Type IT superconducting sample in o mognetic field

Superconductors in high fields : Abrikosov Vortices
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In d.c. operation the «critical current» J _is reached when ‘J < B ‘ _
If, J>J,

J

a. = pinning force
per unit volume

power with an equivalent resistivity

C (6] -
J > J_ vortex «flux flow» regime is activated, the sample dissipates

— B0
pf pn BC2




R.f operation ( for applied d.c. field B,>>B_,)

Gittleman and Rosenblum: - Phys Rev. Lett. 16, 734 (1966)
- J. Appl. Phys. 39, 2617(1968)

At B >>B_, repulsion forces between fluxon lines are higher in respect to the pinning
forces. The fluxon array moves rigidly and feels a periodic force of the form :

e . 27X - :
s =—J.&, SIn o (pinning force per unit lenght)

VIOE % kx?

(‘Jrf << ‘Jc)

f, =—kx (k==23.4,)




Equation of motion for the fluxon lattice

MX+ 77X+ kx=J ¢,

m : fluxon mass per unit lenght

¢o BC2

n = ——== :fluxon viscosity per unit lenght
Pn

ot 1wt
m=0) Js=J,8",X=V=Ve

J 2
77V0 (1_ i &j = J rf0¢o (a)o — Kj V0 — I’f0¢o ( Za) . n i Za)a)o > J
@ n n o+ o+




S. Calatroni, R.Vaglio : IEEE Trans. Superconductivity

jrf :(Gl_iaz)(érf —\7X|§0) (Vx |§0 is the «Lorentz field» )
E>rf 1 \7>< go
peff - = - - + T :ps+pf
‘]rf o, —10, ‘]rf

Peii : resistivity of a superconductor in the presence of an oscillating fluxon array

B , o’ 00
Pr = Py a(o) +15(w) a(w) = ; Blo)= 0
f Bcz[ | (@) 0’ + w? Ale) 0* + w?
B, K o
w>w,,a=1, f=0= |p; =p, 5 @, = — «depinning frequency»
c2 77

(pf is the same as that of a superconductor in flux-flow regime )



_ 1 lLlOa) — . — a)a)o
Zy =) [P, 1o , a(@)=— e 73 Blo)=——
U0
Ry =Re|lZ, |,R, =,]—
( sf |: Sf] 2 )
0,/0, B,
A= (O_l//o_ 7 + 3 a(w)
2 n c2
R, =R \VAZ+B? B 1
B = = p()
O-Z/O-n c2

|

General expression for the surface resistance of a superconductor in presence
of a rigid vortex array, with the rf current perpendicular to the magnetic field




Surface Impedance in the Large Field, Low Frequency limit

B
. — k_24.p, _ T Jepn FROM THE LITERATURE, FOR HIGH QUALITY HTS:

° 77 dBCZ ¢o Bc2

f =% ~5_20GHz
27T

(much lower values are generally found for LTS)




R, (M) = [S(NR, (@.T)de

1.2GHz

Fower ratio [dB]
i
=

T g T
"
L]

1000 10 410° 10f 107 410 410°
Freguency [Hz|

Approximating the real spectrum
to a step function, we get :

Iisf (T) — Rsf (C()*,T) ;

*
‘2"— — 0.65GHz

T




Calculations performed using high quality HTS (YBCO)
parameters show a large R reduction in respect to Copper

T.=92K | T=50K | B_=16T |J_(50,16)=7.5 10°/m? | B_, (50)=40T | p.=60nQ cm
(9 (o] c (o n

0,003 :
0,0025
c 0.001 rd y

0,002 opper Copper / l
0,0015 / 2 0.0001
0,001 // /

/ ] 0.00001
0,0005 — /

| HTS HTS
0 //
0,2 0,4 0,6 0,8 1 1,2
f (GHz) 0.1 1 f(GHz) 10



Possible HTS materials:

) Substrate

HTS T. B:2(50K) Anisotropy requirements

High quality, biaxial
Y-123 90 K 40T ~7 texture
. ] xture
Bi-2212  —— = >20 .

(very low Bir) —teguirements
No special texture

TI-1223 125 K 80T ~8 requirements




Solution 1: YBCO tapes glued on the beam screen

YBCO deposition on Ni—W alloy rolling-assisted biaxially textured tapes (RABITS)

buffer layer deposition

buffer layer deposition

RABITS-tape




Presently produced by © éﬁ%’,‘gg,’,‘ductor--%n FFujikura SUNAN SuperOx SyperAtwer.

X GUISC ;h'{m:”r
~ZSTI THEVA (J;)Shmghdl OADLUTTAM—,,W% MetOx

4]

el

Segmentation should also reduce
potential problems due to persistent
currents generated during field ramping



Preliminary measurements performed on small samples
from 5 different providers, show reasonable agreement
with the theory and extremely encouraging results!

WWICMAB

INSTITUT DE CIENCIA DE MATERIALS DE BARCELONA

n’% \
. EXCELENCIA
" SEVERO
CONSEJIO SUPERICR DE INVESTIGACIONES CIENTIFICAS
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A possible problem for YBCO tapes : thermal runaway

One dimensional thermal model : R, =%+ + d, + d; Kapitza interface terms
kl k2 k3 k4 k5
(T = T1 +AT P,f (T) is the average power per unit surface disspated by the beam.

AT =R.P, (T) CERN-FCC calculations estimate P ~ 1W/m? for copper, since
R.c, = 1mQ (at 8.65GHz), a=103 W/0Om?

n

Prf (T) = aIisf (T)

~—
T=T,+aRR,(T)
V\_/

An increase in T due to the rf power increases the superconductor surface
resistance R.{T) that produces a further increase in T. The process leads
to a surface equilibrium temperature 7> T, or can lead to a thermal runaway !



Thermal runaway : graphical solution

RAT) [Q]
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Solution 2: Tl 1223 directly grown on the Copper beam screen
(with a Silver buffer layer)

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 9, NO. 2, JUNE 1999 1783

Préparation of Highly Textured TI(1223)/Ag Superconducting Tapes

Emilio Bellingeri, Roman E. Gladyshevskii, Frank Marti and René Flikiger
Département de Physique de la Matiére Condensée, Université de Genéve, 24 Quai Emest Ansermet, CH-1211 Genéve 4, Switzerland

Electrodeposition

TI(1223)

Y €251

< 9y
Ag ‘
{110} ,\
'%4 >

289A

Lattice parameter matching
of TI(1223) and silver

SEM mmages of a TL.Pb,Bi(1223) powder melted at 1020°C (a),
1080°C (b) (0.5 h) after a second reaction at 930°C (3 h).



Comparison: Y-123 and TI-1223 Critical Currents

m Y-123: coated conductor, PLD on IBAD-YSZ buffer layer
A TI-1223: film by screen print on a monocrystalline substrate

. nnﬂg-ng-.t-_hg_ 1010 -
3 I —y — A,
| L. - mg -
I——I——I—————I———'.'_—_.
NE s
4 T-1223 = ’
— = Y-123 =
10’
o 10
| A — I I
0 1 2 2 4 58
B(T) //

- 4
4
[
3 k::i:m-g
Hh“ﬂ;‘
n"""ﬂ-l::‘_:_
-
E —A— T|-1223
—a—Y-123
'E T=77K
I I 2 3 4 5 ‘ 6
B(T) _|_

Susanne Tonies, Harald W. Weber, Gerhard Gritzner, Oliver Heiml, and Mario H. Eder,
IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 13, NO. 2, JUNE 2003

(TU-WIEN)



Calculations performed using high quality Tl-i223 parameters

T.=125K |T=50K | B,=16T |J_(50,16)=10°A/m? |B,, (50)=80T | p, =80uQ cm

0,003 .
Rsf(mQ) Rsf(mQ)
0,0025
0.001 P y
0,002 Copper Copper | — /
/ /
0,0015 / Ar 0.0001
0,001 // VB 0//
B
0.0005 / Y C& B 0.00001 7
' T TI-1223
0 {__4.:—/ TI-1223 /
0 0,2 0,4 0,6 0,8 1 1,2

f(GHz) 0.1 L f(GHz) 10



e YBCO TI1223

PROs * Industrial developement <« Very high Tc
of high quality tapes * High Jc
* Very high B,
e Very tolerant for out
stoichiometry

Very expensive and
complex preparation on
large scale

Possible thermal

TOXIC

prOblemS LHAZARP

* Weak links effect on Jc may
not be overcome at the
desired level




CONFIDENTIAL CERN/FC/0022/
Ornginal: English
4 December 2015

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CE RN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Action to be taken Voting Procedure

FINANCE COMMITTEE Simple Majority of the
354% Meeting Member States reprezented
16 December 2015 and voting

of High-Temperature Superconducting coatings for the Future Circular Collider
(FCC) study

This document concerns the negotiation of two collaboration agreements concerning the
development of High-Temperature Superconducting (HTS) thallium-based impedance
mitigation coatings for the FCC.

The Finance Committee 1s invited to agree to the negotiation of two three-year collaboration

agreements with:

- CONSIGLIO NAZIONALE DELLE RICERCHE - INSTITUTE FOR
SUPERCONDUCTORS, OXIDES AND OTHER INNOVATIVE MATERIALS
AND DEVICES (CNE. — SPIN) for development activities concerning thallium-
based HTS matenial production for a total amount not exceeding 330X euro
(X0 Swiss francs), not subject to revision.

- TECHNISCHE UNIVERSITAT WIEN (TU WIEN) for development activities
concerning the characterisation of the current transport, microstructural and
magnetic properties of thallium-based HTS materials for a total amount not

exceeding X0 euro (X000 Swiss francs), not subject to revision.



New Labs for safe Tl manipulation have been set up at SPIN-Ge

SPIN




Summarizing :

* There is a very strong motivation for HTS coatings for FCC beam screens,
with potential for drastically reducing beam impedance.

* Theoretical calculations based on standard models show a potential
significant advantage in using HTS in place of copper

* No experimental data are available in the FCC regime, however the
theoretical model well describes experiments performed in close regimes.

* The HTS film has to be set/grown on a 100Km long, 3cm diameter tube.
Two solutions have been considered:
- YBCO tapes (industrial)
- TI-1223 electro-deposited on Ag (development at CNR-SPIN under way)

Work is in progress to test samples in the FCC
regime and to identify the best technical solution



