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Basic shape ; circular coils for cyclotrons
vs HEP slim long coils
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Canada (Chalk River) and K500 and K1200 at NSCL-

MSU and K800 Milan—>Catania; 1976-1989

Main feature Scheme of SC cyclotron of Chalk River

* Hoop stress containment system

* |ssue:
* split coils (friction on midplane)

e Subdivision of the coil into two sections
with (also) opposite excitation)

Fig. 5: Schematic wiew of the Chalk River K50 mognet as
)

actwally canstreciod,
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CS (Sup. Cyclotron) designed and built by INFN-Milan,
assembled (1991-93) and operated in INFN-LNS Catania

SC coils of the CS-INFN-Milano
c/o Ansaldo, Genova 1983
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Second Generation SC Cyclotrons with impregnated coils and
reduced stabilizing copper

The Orsay-KVI Groningen Superc.
Cyclotron — operated 1996

Synchrocyclotronsof Henry..qus{:r at NSCL-MS U The SC magnet during power test at
' \ ANSALDO (now ASG) Genova, 1992
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Last generation under construction
CATANA- CS upgrade@INFN LNS
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SC cyclotrons with closed loop cryogenics

AMIT @ CIEMAT Technology dept. (Madrid)
Energies < 15 MeV Short-lived PET isotope production: First SC coil (4 T, high current density)
18F, 11C, 13N, *50. For on-site production (hospltal) And coil-yoke assembly
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GOBIERMNO MINISTERIO
DE ESPANA DE ECONOMIA Centro de Investigacicnes
T COMPETITIVIDAD  Energéricas . Madioambientles

¥ Tecnoligicas
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SC Magnet technology for large (long) accelerators —
Colliders for HEP

Magnets cover about 85% of the length Main dip0|es (blue tu bES) sequence in
Dipoles field covers 65%: E,.,. = 0.3-B-R,., (TeV, T, km)  the LHC tunnel C\ER/’\W

THE MAIN COMPONENTS
OF THE LHC ACCELERATOR Accelerating CAVITY

Focusing MAGNET
(quadrupole)

<

Bending MAGNET
(dipole)

Vacuum CHAMBER
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Transverse field coils generate half filed than solenoid

(with same coil thickness)

In dipole and long magnets , force are
Solenoids gives = not self contained

*Bgoi= HoJ -t H
|
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First HEP accelerators using Superconductivity 4 T

Colliders = slow ramp up and then steady state

Tevatron (1984): winning technologies
CERN ISR quadrupoles (1981-83) Use of large cables (~ 5 kA), collars...
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Superconductivity: > 100 y of progress...
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Superconductivity: > 100 y of progress...
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Why we need superconductivity

Superconducting LHC Normalconducting LHC

e Tunnel: 27 km e Tunnel 120 km

+Field: 837 B G  -Field:1.87

* Cryoplant power at the plug: 40 * Dissipated power at collision: ~
MW: always on 2,200 MW

e ~70 MW for LHC. 150 MW for * Average power (0.4 coefficient):
the accelerator complex 900 MW only for accelerator

e 180 MW for the whole CERN
complex

27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 12



Why we need superconductivity

Superconducting LHC Normalconducting LHC

e Tunnel 120 km

* Tunnel: 27 km /-
9  Field:1.8T

* Field: 8.3 T B2 -

* Cryoplant power at the plug: 40 * Dissipated power at collision: ~
MW: always on 2,200 MW

e ~70 MW for LHC. 150 MW for * Average power (0.4 coefficient):
the accelerator complex 900 MW only for accelerator

e 180 MW for the whole CERN However, power is required only when operating
complex while power in SC magnets is needed to keep it

cold... a factor 2 favorable in energy for NC
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The unfair advantage of Superconductivity: J
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Mg Graphics by courtesy of M.N. Wilson -

*The advantage of high current density

Jeg = 37.5 Amm*?

= The field produced by
an ideal dipole is:

B~ 1/7[ Ho ‘]E t
Jg =375 Amm-2

'JE 7 -]E
LHC dipole .

—'* 120mm _._

660mm
2.5x10° Amp tums 9.5x10° Amp turns
=1.9x10°A.m per m =1.9x107 A.m per m
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x architecture
f fine Nb-Ti filaments well separated along km of wires

Cable of 15 kA!)




Coil cross section of main dipoles for colliders

Main dipoles of various colliders put in operation

Tevatron
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LHC magnets: cold mass contain two dipoles...
Two-in-One or Twin dipoles

27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 17



Austenitic collars counteract magnetic forces

* Shrinking cylinder (also helium
shell

Austenitic steel collars
Superconducting coils

Cold bone whe and beam
screen

Iron yoke (lamination)

= Superconducting bus bars

27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 18



Zones with issues... coil saddle shape ends

and magnet connection/end
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Zones with issues... coil saddle shape ends

and magnet connection/end
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Zones with issues... coil saddle shape ends

and magnet connection/end
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27 June 2022

Zones with issues... coil saddle shape ends

and magnet connection/end

6 superconducting bus
bars 13 kA for B, QD, QF
§ quadrupole

20 superconducting bus
samal bars 600 A for corrector
—— e W B Maonets (minimise

) % . -/ £ Ml dipole field harmonics)

B 1 "/_‘ . y p—
LN WRRRN AR S\ \ . b
1\ I ¢ D o 3
y g - e
e v ! .
B e
® G
A \
»
3 ' . jh ) / 7
¥

! To be connected:

 Beam tubes
M « Pipes for helium
N ° Cryostat
* Thermal shields
 Vacuum vessel
* Superconducting
cables

42 sc bus bars 600 A for corrector
magnets (chromaticity, tune, etc....)
= g + 12 sc bus bars for 6 kA (special

7 P P & quadrupoles)

- >
-
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But Industry can make it... when there is a series...
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=5 — r--- _» - -
- —— =Zhen there is a series...
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there is a series...
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Accuracy : order of 20-30 um f Lo ;
for Field Quality and for mechanics Ry, st it

Collars

Cold mass
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Installation — Incident — recovery and successful operation
from 2010
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Installation — Incident — recovery and successful operation
from 2010
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Installation — Incident — recovery and successful operation
from 2010

g N
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And discovery of Higgs boson... 4 July 2022
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Actually the next step started in 2010...

aims at increase the luminosity by 10 time

Technology landmarks
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Actually the next step started in 2010...
aims at increase the luminosity by 10 time

“CRAB” CAVITIES
8 SRF «crab» cavities on each
side of ATLAS and CMS experiments

to tilt beams at collision.

cLiQ
A novel concept of magnet
protection, based on fast injection of
oscillating currents, will improve the
safety of the very large stored energy
quadrupoles.

LHC TUNNEL

CRYOGENICS
2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CMS will
allow cryo-separation between arcs
and triplet regions.

Hi-LUMI Gallery

BEAM GAS VERTEX
Two new novel beam instruments
based on beam gas vertex detectors
will allow non-invasive accurate
measurements of the beam size.

CIVIL ENGINEERING
2 new caverns, 1km underground
galleries, two new large shafts;
10 new technical buildings on surface in
P1 and P5 (near ATLAS and CMS)

QUADRUPOLE MAGNETS
ALICE 24 new guadrupole magnets of 11.4 tesla peak
field , based on advanced Nb,Sn
superconductor, to double beam focusing at
ATLAS and CMS collision points.

CERN 2019

Technology landmarks

BEAM SCREEN
All new magnets will be equipped
with a new special beam screen to
CMs intercept collision debris at 60 K
temperature and cancel
electron-cloud effects.

SUPERCONDUCTING LINKS
8 novel electric current superconducting
lines, 140 m long and rated for 30-100 kA,
based on Mng superconductor operating
at a temperature up to 20 K.

11 T DIPOLE MAGNET
2 pairs of bending magnets, based on
advanced Nb,Sn superconductor and
much stronger than LHC dipoles, to free
up space for special collimators in the
cold regions

COLLIMATORS
20 novel low impedance collimators for
beam stability and further 24 new collimators
for improved machine protections




Actually the next step started in 2010...

aims at increase the luminosity by 10 time ‘HL.LLCLHRUJECJ ,

LHC is already
highly optimized...
an upgrade need a
broad spectrum of
new technologies,
especially (not only)
for magnets...

HL-LHC is a
technology
intensive project!

Hil

HL-LHC PROJECT

CERN 2019

Technology landmarks

“CRAB” CAVITIES
8 SRF «crab» cavities on each
side of ATLAS and CMS experiments
to tilt beams at collision.
CLIQ BEAM SCREEN
A novel concept of magnet All new magnets will be equipped
protection, based on fast injection of with a new special beam screen to
oscillating currents, will improve the intercept collision debris at 60 K
safety of the very large stored energy temperature and cancel
quadrupoles. electron-cloud effects.

CMSs

LHC TUNNEL

11 T DIPOLE MAGNET
2 pairs of bending magnets, based on
advanced Nb,Sn superconductor and
much stronger than LHC dipoles, to free
up space for special collimators in the
cold regions

CRYOGENICS
2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CMS will
allow cryo-separation between arcs
and triplet regions.

QUADRUPOLE MAGNETS
ALICE 24 new guadrupole magnets of 11.4 tesla peak
field , based on advanced Nb,Sn
superconductor, to double beam focusing at
ATLAS and CMS collision points.

Hi-LUMI Gallery

COLLIMATORS
20 novel low impedance collimators for
beam stability and further 24 new collimators
for improved machine protections

BEAM GAS VERTEX
Two new novel beam instruments
based on beam gas vertex detectors
will allow non-invasive accurate
measurements of the beam size.

2 W ENEINEERING SUPERCONDUCTING LINKS
new caverns, 1km undergroun: . :
galleries, two new large shafts; .8 novel electric current superconducting
10 new technical buildings on surface in lines, 140 m long and rated for 30-100 kA,
P1 and P5 (near ATLAS and CMS) based on M_B, superconductor operating

at a temperature up to 20 K.




With HiLumi we prepare the new technology for
a future leap in hadron colliders...

Dipole Field for Hadron Collider

20
18
16 HTS
= 14
-
- 12
2 Nb,Sn
10
0
E 8 Nb-Ti
6 ==
» —=
. Tevatron _."'FI'ERA
2 lo=="""
0 SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025 2035
Year
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With HiLumi we prepare the new technology for
a future leap in hadron colliders...

50 Dipole Field for Hadron Collider
18
16 HTS
= 14
-
- 12
3 Nb,Sn
* 10
0
£ 9 Nb-Ti
¥ 6
) Tevatron
4 —
2 |o==="
0 SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025 2035
Year
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Nb.Sn : high Je also at 12- 16 T but it is brittle and needs

thermal treatment of whole coil @ 700 °C !

RRP strand. (0.85.mm,108/127) PIT strand.(0.85.mm.192)

Jo: 2450 AImm? (12 Ty4.2 k) Je: 2450 A/Imm? (12 Tp4.2 K) /f | --1.-:;/)'; U’ WAL/
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New way to keep the stress : HiLumi paves the way to

reach a controlled precompression of ~130 MPa

New concept: bladders and keys Cross section of the Quad for HiLumi

Restraining forces
-

e-stress forces

T
e.m. forces
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The HiLumi Quad: 12 T in ©=150 mm
~ equivalent to a dipole 15 T-&J50 mm
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Other development with classical Nb-Ti: nested X-Y dipole

Steering — Bending with compact magnet, space is precious...

27 June 2022

By

a Combineg
ipole| dipole fild

(Variable
oriéntation)

Horizontal
dipole field
(21T)

i o i
Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt

Inner dipole (kA)

2.0

1.51

1.01

GOBIERNG MINISTERIO CIBI’I'I "E
DE ESPANA DE ECONOMIA Centro de Invest igacicnes
¥ COMPETITIVIDAD Energéticas, Mediaambientles
Teeneligicas

MCBXFBP2a 35% Nominal torque :
MCBXFBP2b 32% Nominal torque .
MCBXFBO1 100% Nominal torque ;'
Quenches MCBXFBO1 |

1.

'I /-—_.
/s‘f--
il

'

'

Outer dipole (kA)
Courtesy S.Ferradas (CERN)
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Superferric magnet technology: 2-3 T iron drive by SC coils

very convenient in terms of performance/cost

Thanks to M. Statera, INFN-LASA

0D=320 mm OD=320 mm OD=320 mm OD=320 mm

Iron yoke

SC Colls”

Mechanlcal
support -

Machanlcal .

support.

OD=460 mm Octupole Decapole

Iron yoke

Physical lenght:
- 90-120 mm from 6-pole to

10-pole
I N F N " sccolls” - 430 mm 12-pole normal
- 840 mm 4-pole skew
' Mechanical

Istituto Nazionale di Fisica Nucleare support -

Conductor type: NbTi

Peak field on cond.: 2-3 T
Operating current: 120-180 A
Margin on load line: 40%

27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT
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Next step for superferric: going cryogen-free
HTS or RCSM design with MgB,

CoilExids Iron Poles Integi?;imeld @
: Bmax on SC @ I, 1.37T
Bmax on Iron @ Iop 3.52T
Electrical Cqnnections 3 Module Lenght 384 mm
Energy @ Lop 3754 J

INFN

Istituto Nazionale di Fisica Nucleare

No S,-fiber glass
Insulation with Polyester
27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 31



Can we extrapolate linearly from the past
beyond HiLumi: 16-20 T FCC? = ELN?

-0 Dipole Field for Hadron Collider
18
16 HTS Fcc
E 14 —
© -
- 12 .
@ Nb,Sn __AlLAHC
=10 ——
o =
£ ° [ b _-gsc IHC
U 6 ’ - =
A Tevatron _‘..-"'FI-ERA RHIC
2 ==
0 SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025 2035
Year
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*
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16 HTS e
E 14 —
T 1 e
2 Nb,Sn __AlLAHC
= 10 =
g -%
= N V' 20 IHC
S ¢ et P e

evatron b
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Can we extrapolate linearly from the past
beyond HiLumi: 16-20 T FCC? = ELN?

7 EUCARD’
5T HTS
demos

20 Dipole Field for Hadron Collider

16 HTS e
E 14 —
T 12 e
2 Nb,Sn e
* 10 ’_:_,,--’
2 -
£ 8 [ b g wC
g 6 et

A Tevatron *_‘..t‘FI-ERA RHIC

2 |e===""

0 SPS & Main Ring (resistive)

1975 1985 1995 2005 2015 2025 2035
Year
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Can we extrapolate linearly from the past
beyond HiLumi: 16-20 T FCC? = ELN?

7 EUCARD’
5T HTS
demos
20 Dipole Field for Hadron Collider >
18 s @ «
16 HTS -
£ 14 e
T 1 o
@ Nb,Sn __AlLAHC
=10 =
g -%
= N V' 20 IHC
S ¢ et P e
evatron GO s
4 S HERA  RHIC
2 o7
0 SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025 2035 2050
Year
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Future Circular Collider ((E&5)

Circumference (km) 26.7 97.5

P ;'_:—ij— Dipole field (T) 8.33 16

0108 C.o.M. energy (TeV) 14 100




CERNESLI014

5 March 2020

Deliberation Document
on the 2020 update of the European Strategy for Particle Physics

The Eurapean Strategy Group
{prepared by the Strategy Secretarial)

The first European Strategy for Particle Physics (hereinalter refemred 1o as “the Strategy™), consisting of
seventeen Strategy statements, was adopted by the CERN Council at us special sessien in Lisbon in July
M6, A first update of the Strategy was adopled by the CERN Council at ifs special sesson in Brossels in
May 2003 This second update of the Strategy was formulated by the Buropean Straregy Group (ESG)
during its gix-day meeting in Bad Hosael in January 2020, The ESG wasasaisted by the Physics Preparatory
Ciroup, which had provided scientific mpul based on the material presented ata four-day Open S vmposiam
held in Granada in May 2009, and on documents submatied by the commundty worldwide, In addition, six
working groups were sel up within the ESG o address the following points, and iheir cong lusions were
discussed at the Bad Honnel meeting:

Working Group 11 Social and carcer aspects For the next peneration;

Working Group 2:  Issues related to Global Projects hosted by CERM or funded through CERN cutside
Enir o

Working Group 3: Relations with other groups and organisations;

Working Group 4 Knowled ge and Technology Transfer,

Working Group 5 Public engagement, Educaton and Comimunication,

Working Group & Susiainability and Envirenmenial impaci.

Thiz Deliberation Document provides background anformation underpinning the Strategy statemenls,

Recommendations o the CERN Coumenl made by the Waorking Groups for possible mod Beations o ceram

orgunisationa] motters wne also given, The struciune of the updated Srategy statements closely Tollows the

structure of the 2006 Strategy and its 2003 update, consisting of o preamble concerning the scientific

madivation, followed by 20 state ments:

Lo rwostatements on Major developments from the 2003 Strategy

I three gstements on General considerations for the 2020 update

L vwostalements on High-prisrity fulure initiiives

4. foar statements on Oher essential scientific activitics for particle physics

i twostatements on Synergies with neighbouring fickds

fi,  three sstements on Organisativnal issues

7. foar stalements on Envirenmental and socicial imgact

Each Strategy statement givies a shon deseription of the topic followed by the recommendation in italic text.

Within the numbencd sections there is no infention 1o priovitise between the letiered sfatements. In this
Deliberation Document the Srateey satements are presemted in Blue mdented text, and each satement iz

2020 Update of the ESPP

filled-Zd Hy B@n? B Rnaiary iexi. Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt

34



CERNESLI014

5 March 2020
Deliberation Document

on the 2020 update of the European Strategy for Particle Physics 2020 U pd ate Of t h e ES P P

The Eurapean Strategy Group

Frasmrarad o o Chotoon Comuefariash

3. High-priority future initiatives

The first Ey
sevenleen 5

st a) An eclectron-positron Higgs factory is the highest-priority next collider. For the longer term, the

ity European particle physics community has the ambition to operate a proton-proton collider at the

o highest achievable encrgy. Accomplishing these compelling goals will require innovation and cutting-

fscussed edge technology:

Working Gr

Working G o the particle physics community should ramp up its R&D effort focused on advanced accelerator

Working Gr technologies, in_particular _that _for hich-field _superconducting _maenets, _including _hich-

forking Cir

:miﬁﬁ, temperatire superconductors:

Hotkine o Furope, together with its international partners, should investicate the technical and financial

This Delibe o . . i . : -

Recommen Sfeasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV

org s on ) ) . .

structure of and with an electron-pasitron Higgs and electroweak factory as a possible first stage. Such a

e ivation,

A feasibility study of the colliders and related infrastructure should be established as a global

R endeavour and be completed on the timescale of the next Strategy update.

A e timely realisation of the electron-positron International Linear Collider ) in Japan would be

b fors The timel lisat the elect tron Ini tional L Collider (ILC) in J ld b

6. three s compatible wi I8 strategy and, in that case, the European particle physics community would wis
h patible with this strategy and, in that the European particle ph) t Id wish

7. four stat

ach St fo collaborate.

Within the |

Deliberation Document the Srateey satements are presemted in Blue mdented text, and each satement iz

filled-Zd Hy B@n? B Rnaiary iexi. Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 34
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10000 Hhc

— Robust Nb;Sn L. Bottura, CERN
S

< 1000

W)

3

— _ VAN

” 100 HL-LHC QXF\Z /

&

g HL-LHC 11T
— 10

3

2

Ultimate Nb,Sn
1 Exploration of new
MDPCT1 v HTS concepts and
0,1 technologies _
5 10 15 20 25

Bore field (T)

27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 35



27 June 2022

Total magnet length (m)

100000

10000

1000

100

10

0,1

4 Development of robust and
cost-efficient processes

LHC
Robust Nb;Sn

HL-LHC QxRA\L /'

HL-LHC 11T

Ultimate Nb,Sn

MDPCTL Sl HTS

L. Botturai CERN

Exploration of new
concepts and
technologies

10 15 20
Bore field (T)

Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt

>

25

35



27 June 2022

Total magnet length (m)

100000

10000

1000

100

10

0,1

4 Development of robust and

cost-efficient processes

LHC

HL-LHC QXF\D Logical step for a next

phase (2027-2034)
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Activities — Topics matrix

. &\Q'(\%
P\Q‘Q\\C{?
eSS SO
e | SRS
D0\

27 June 2022 Lucio Rossi - SC Magnet Challenges -@ HIAT 2022 - Darmstadt 36



2 UNIVERSITE
) DE GENEVE

Towards the ultimate performance of Nb,Sn ' oecenive
Performance target for FCC-hh J (4.2K,16 T) = 1’500 A/mm? DO MP

http://supra.unige.ch

L. s "'Reference -7 *%;

— 100am JEOL
EL SEM

Grain refinement from 120 nm (left) to 60 nm (right) o HE N AL
L e s : - T —

. . . Y S S S T S YR T S
Enhanced grain boundary pinning o o0 S0 0 50 s X4 A0 H0 a0

1750 A/imm? @ 15T, 4.2K
=~ 1400 A/mm? @ 16T, 4.2K

FCC-GOV-CC-0112 (KE3545/aTs) “FEIM . <GrantNo. 2000211849401 AT 2022 - Darmstad

DE LA RECHERCHE SCIENTIFIQUE
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Grain refinement from 120 nm (left) to 60 nm (right)

Enhanced grain boundary pinning
30
29 28.7T
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27.9T REFERENCE

B_(4.2K) [T]

Nb7.5TalZr +5n0, Nb7.5Ta2Zr +5Sn0, Nb7.5Ta, no oxygen Nb1Zr +5n0,
source

Towards the ultimate performance of Nb;Sn
Performance target for FCC-hh J (4.2K,16 T) = 1’500 A/mm? DO MP

SAMPI F

FCC-GOV-CC-0112 (KE3545/ATS) 10 - GrantNo: 200021,184840 AT 2027 - Darmstad!

DE LA RECHERCHE SCIENTIFIQUE
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field !!
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If advanced superconductors are there, magnets come

27 June 2022

e RS
o~
OD =600 mm g g
L=2m w-N
50 mm aperture ‘ﬁg
Buttimate =16 T N
cos(0) blocks common coil CCT
Current (A) 10000 11230 16100 18055
Inductance (mH/m) 50 40 19.2 19.2
Stored energy  (ki/m) 2500 2520 2490 3200
Coil mass (tons) 7400 7400 9200 9770
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Exploring new coil lay-out (again with bladder-key system)
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Exploring new coil lay-out (again with bladder-key system)

Aluminum shell ... _Vertical pad

Non-magnetic .. Magnetic
insert - insert
Horizontal : Irnn _
pad yoke
Slots for _ Horiz
bladders load keys
Cavity for T Ral
axial rods " {Al-bronze)
Vertical e ‘ Rail
load keys [stainless steel)

HD2 (2-decks, 36 mm), 13.8 T
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Exploring new coil lay-out (again with bladder-key system)

Aluminum shell Vertical pad

Non-magnetic Magnetic

insert insert
Harizontal Iron
pad oo yoke
Slots for | ~ Horiz e/
bladders load keys _ - 7
Cavity for T Rail L : =
axial rods .. (Al-bronze) NNl A
Vertical . Rail | [
load keys {stainless steel) liif.

|

1|

- i
HD2 (2-decks, 36 mm), 13.8 T FRESCA2 (4-decks, 100 mm), 14.6 T
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New structure to support forces/stresses
Effort in making magnets with huge energy safe

10000 — 1000
= E
E =
> =
= £
(O] w

g 5 HC (mana)

« 1000 © 100
T >
= 2
S g
g ©
O =
T o
o
w

100 10

1 10 100 1

Bore field (T) Bore field (T)
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CCT Canted CosTheta design :

G. Ceruti & E. DeMatteis,
INFN-Mi-LASA
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CCT Canted CosTheta design :
from FCC - Hadron Therapy

e

G. Ceruti & E. DeMatteis,
INFN-Mi-LASA
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CCT Canted CosTheta design :
from FCC - Hadron Therapy

G. Ceruti & E. DeMatteis,
INFN-Mi-LASA

HITPI @AST
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CCT Canted CosTheta design :
from FCC - Hadron Therapy o

Al A
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CCT Canted CosTheta design :
from FCC - Hadron Therapy

B

sum

SN e

G. Ceruti & E. DeMatteis,
INFN-Mi-LASA

HITP| @FAST
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CCT Canted CosTheta design :
from FCC - Hadron Therapy

G. Ceruti & E. DeMatteis,
INFN-Mi-LASA

HITP |‘ @FAST
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CCT Canted CosTheta design :

- Hadron Therapy
N\,

B

sum

AlA
'V
«_ _*

G. Ceruti & E. DeMatteis,
INFN-Mi-LASA
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CCT Canted CosTheta design :

Bsum
from FCC - Hadron Therapy
) ' ] AlA
\ N\ i
__ — .
e G. Ceruti & E. DeMatteis,

INFN-Mi-LASA

r\ \\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\

A\

\ Combined dip-quad
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High Temperature Superconductors — HTS: next technology step

S 102 L —*—Nb-Ti
- f —<—Nb,Sn
X —ir—l"q.i'lgl?»2
| —=——o—Bi2212

I —&— Bi2223
—C——8— © YBCO

Bi2212 B-OST
50 bar OP, nGimat powders

YBCO B-HTS Plot courtesy of
g v e C. Senatore, UNIGE

B // tape surface

\\\'BCD B-HTS
m ﬁun pmSS, 2x 20 pm Cu |
Iy = ]

—-—
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*
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HT-NX type
B . tape surface

MgB, Hypertech
IMD

100 bar OP, Nexans powders]

Nb,Sn B-OST
RRP

@4.2K

8 10

12
B (T)

14 16 18 20 22 24
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High Temperature Superconductors — HTS: next technology step
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High Temperature Superconductors — HTS

The dream of 20- 25 tesla! (2 x H|Ium|LHC'
HF‘ ||||||||I||I|| L
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dipole demonstrator

43



Trying the magnets of the future... 20 tesla or more...

":r
=

{
. /
E \\—//

J. Van Nugeteren — Little Beast Enginering, ‘
Glyn Kirby CERN psst—ScHllk hitenge @ |



A big leap forward by a private company...
Bruker Biospin

Frequency1200 57473y~ '3

1200.587057 e,
10
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The new frontier: why to insulate a coils?

The raise of NI (non-insulated) coil...

Insulation

RRP strand. s
Je: 2450 Almm? (12 Ti4.2 k)
Cu non-Cu: 1.2

40 strands cable
(18.15 mm x 1.52 mm)

Y;0;  MgO ce0; YBCO Ag
AlLO, Buffe Seed Cap Sui pe d ucting  Protection Layer
lsolat ng Lay I.ay I.ay

Ha stelloy I'ay.

Cu Stabl ing Layer
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SC Magnets for ramped operation

RCS for hadrons, Muon-C acceleration, Hadron Therapy
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FoS reminder

FoS1: “proof of principle”

SIS100 dipole
first time: — steel

— high current cable
— single layer coil
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FoS reminder

FoS1: “proof of principle”

first time: — steel
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— single layer coil
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