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INFN General information

® The thesis locations can be:
®m Milano, at the LASA Laboratory of University and INFN
m Genova, at the Physics Department

e To get more information you can contact (but many more people
are involved):

m Stefania Farinon stefania.farinon@ge.infn.it
®m Lucio Rossi lucio.rossi@mi.infn.it
m Marco Statera marco.statera@mi.infn.it

e As mentioned by G.Cavoto, two related courses will be offered:

®m Design of superconducting magnets (S.Farinon)
m Applied Cryogenics (R.Musenich)
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e The Muon Collider represents a rising hope for an energy-frontier collider, offering both high energy and

high precision.
e lIts designis entirely dictated by the muon lifetime, whichis just 2.2 us at rest, and the critical need for

rapid and efficient cooling!
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Short intense proton bunches produce 6D - lonization cooling Acceleration to Collision
muons that are captured of muon in matter collision energy

e Fast and efficient cooling of muons is essential to transform a "cloud of particles" into a cold, focused
beam. The cooling cell is the most critical component of the accelerator—without cooling, there are no
muons to collide. The cooling process works by absorbing energy in all directions and then restoring
energy in a single direction. This requires: Efficient absorbers, Large-acceptance RF cavities, Strong,
very large-acceptance superconducting magnets for focusing
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20T, 200 mm
Radiation heat
load = 5...10 kW
Radiation dose:
80 MGy
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16 T peak, 160 mm
Radiation heat load = 5 W/m
Radiation dose = 20...40 MGy
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(INFN 6D Cooling Cells (HTS @ 20 K)

International
UON Collider
Collaboration
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(NN Collider Magnets Requirements

A——— \ = Field: 16 T peak (IR 20 T)

International
UON Collider
Collaboration

Front End Cooling Acceleration

Length: 10...15 m (x 700)
Space between magnets: 300 mm

|
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Fo® € 9 8 3 = .
2598%a 88 5% 8 8 | Cumulative dose: 20...40 MGy
—g e wn |WO (7] ]
988 2ls 2 35 8 £ | Accelerators: | o
S o aofge e Linacs, RLA or FFAG, RCS I Courtesy of Patricia Borges de Sous
= = O |‘ Ape rture \ https://indico.cern.ch/event/1250075/contributions/535759-
— =4
Beam aperture
23.5 mm radius 150 B Cu coating
« Cu layer beam screen 0.01 mm thick B W absorber
« Tungsten absorber 40 mm thick 125 Insulation space
5 mm thick B Heat intercept
] » Heat intercept 1 mm thick 'E‘IOD B Beam pipe
N : S mm thick E Kapton ins.
E Gaconm) | ; « Beam pipe 3 mm thick > 15 Clearance
B l‘\\ _//"f ) 01 0-5 mm th|Ck Magnet coil
- Clearance 1 mm thick 50
' - Coil pack* (60 mm thick)
oo thickness TBD, placeholder 25
xem) Assuming 10 TeV machine and coil at 4.5K ¢ 3
I Need for large fields in large apertures — discussion on parameter limits Coil aperture 158 mm
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@I;N Accelerator magnets

International
UON Collider
Collaboration
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SC magnets for
medical applications




INFN What’s next for particle therapy?

e Multiple ions delivered with light-weighted Gantry

e Rotatable gantry allows non-coplanar irradiation,
enhancing effectiveness

e Treatment rooms equipped with patient imaging

¢ Dose Delivery and Range Verification Systems abl s o
to adapt online the dose delivered o

lon gantry @ Himac (JP)

November 25, 2024
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INFN SIG WP2

P MONITOR
NORMAL CONDUCTING

/ QUADRUPOLE

CORRECTOR

e Design, Const(uction and testof acurved e %
superconducting demonstrator magnet SP‘J“LP';
(SDM-c) for ion gantries cROSTT

e Main demo. magnet params sEiDNG_—
®m NbTi superconducting Rutherford cable
m Cos-6 coils SCANNING_— ROTATION
m Pure dipolar field: 4 T - :
®m Bore diameter: 80 mm
m Small curvature radius: 1.65 m (Challenge #1)
®m Angular sector: 30° ~ e
o I#;I2| h field ramp-rate: 0.15 T/s - 0.4 T/s (Challenge

m Compatible with conduction cooling
(no LHe) but no optimization Eq CNAC

(Challenge #3) A
INEFN EuroSIG Ko

COLD-WARM

/TRANSITIUN_ =
3 S V~/ I'
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INFN HITRIplus WP8 - Superconducting magnet design HITRI.

Heavy lon Therapy Research Integration

Construction and test of a small demonstrator for feedback useful for accelerator as well as
gantry final magnet design.

The decision to explore a curved CCT layout magnet based on NbTi (Low losses
strand) and conductor (rope 6+1 strands);

Magnetic flux density norm (T)

Main Parameters of demonstrator: 0.2 Adal

* 4T puredipole, Top of 4.7 K; 01 Polyester Braid
« Bore diameter: 80 mm; , '

e Curvature radius: 1.65 m; _

« Angular sector: 30°; i NV strand

* High field ramp-rate: 0.4 T/s; 02

* Compatible with conduction cooling; zL"’-4
* Wax impregnation test; _
* Priority is to construct the curved

former (AIBr); Short test forme

The challenge is the heat
extraction generated by
superconductor and former
(AC losses) without LHe :
cooling {'

2x8 ropes
per groove

22.5 mm

BEE
SO

®
He

&)
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INFN | FAST WPS - Innovative superconducting magnets IFAST

Exploring Canted Cosine Theta with HTS superconductor (main / [ - —
goal), preceded by a combined function CCT based on LTS g @ Clomat Cuisner
)

Construction of the two demonstrators: winding and magnet C
assembly, magnet test and validation: ). L3 {-’T_ED e

- 12 mm HTS REBCO tape = P
Combined CCT based on LTS (rope 6 NbTi + 1 copper strand as HITRIplus): e Q % DE GENEVE EELYIT ENERGY
* 4T dipole + 5 T/m quadrupole (important feature to test it for CCT); CCT based on HTS (REBCO tape 4 mm wide): BILFINGER OSCAND"RONIX
* Demonstrator for testing the combined feature of CCT and thermal study of - 4T dipole with a new Top of 20 K (> 10 K of margin); \5""""*"“"““" /

AC losses (0.4 T/s); * Frenet-Serret frame used for the conductor (avoid hard way bending);
N\ * Straight geometry just to start the study (HTS is already difficult enough);
Second layer former * Two design options: 2-tapes (980 A) and 4-tapes cable (1990 A);

* Quench protection is demanded (Cu stabilizer added for this);

Rope cable

|Polyester Braid

{NbTi strand

HTS tay

2x7 ropes e
Total power and ramp-rate winb
per groove 8 lm
20 mm ES I‘; .. { FL :
a | ) |, Making short samples of
4 ', kapton-insulated tape stacks
2 05 r
0 2
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SC magnets for high
energy physics (@A




@I;N The FCC integrated program

/3 & Phase 1: FCC-ee Phase 2 : FCC-hh
\ ,f \ collider electron - positon collider proton - proton
f Higgs, Z, W, ttbar High energy frontier
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FUTURE

INFN FCC-ee magnets (o

e 3T HTS solenoid for the IDEA e HTS superferric combined function
detector At Cap Layer C°""‘i“°’m“““’f_ quadrupole and sextupole magnet

HTS ReBCO layer \

buffer layers stack N\ e

Substrate

Copper \

Stabilizer

187264000 : >1.970e+000
1.7736+000 : 187264000
1.675¢- 1773

Combined mode

128164000 - 1.379+000
11624000 : 128164000
1084400 : 116264000
9.852¢-001 : 1.084e+000
88676001 : 9,852 001
7.8826-001 : .867e-001
6896001 : 7.8826-001
59116001 : 6.896-001
3.5 49260001 5.911.001
3:9416-001 : 4,926+ 001
29560001 3.9416-001

<1.510e-009 : 9.852e-002

3 Sensty Pt 8], Testa
2.214e+000 : >2.331e+000
2.097e+000 : 2.214+000
1.981+000 : 2.097e+000
Instumented Iron Yoke 25 e e
[ 1.748e+000 : 1.864e+000
(M uonl D) [ 1.631e+000 : 1.748e+000
[ 1.515e+000 : 1.631e+000
2 [ 1.398e+000 : 1.515e+000
R [ 1.282e+000 : 1.398e+000
1.165e+000 : 1.282e+000
DR Hadron CAL 05364000 : ~1.10904000 [ 1.049+000 : 1.165e+000
15 9979001 10530200 [ 9.322e-001 : 1.049e+000
5 . e s [_|8.157e-001 : 9.322e-001
8.316-001 - 8.871-001 .992e-001 : 8.157e-
Solenoid it
7.2076-001 : 7.762¢-001 |— 5:826e-001 : 6.992e-001
EM CAL 6653001 : 7.2076-001 [ 4.661e-001 : 5.826e-001
i1 ©.099¢-001 : 6.653¢-001 [_| 3.496e-001 : 4.661e-001
[ 2.331e-001 : 3.496e-001
f 1.165€-001 : 2.331e-001
Drift 0 35260001 | 38910001 [ <6.715€-010 : 1.165€-001
5 e e Density Plot: |B], Tesla
_’_,_‘ P Sh 1.663e-001 Zgége'uﬂl
e
re ower 5.544e-0( 109e-001
VTX 26086010 5.544e-002
Z Densty it I8, Tesa
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(NFN FCC-hh magnets Eﬂé‘,ﬁf&%

e The FalconD project involves the development and
construction of a short model Nb,;Sn dipole with the
following specifications:

m Single aperture with an inner bore of 50 mm.
m 2-layer cos-theta coil, providing a bore field of 12 T at 1.9 K.
m Mechanical assembly using bladder & key technology.

®m The total coil length is 1.5 m. >< ASG

SUPERCONDUCTORS

——

HTS > |

- SSend spaces- ’

“= Furnace for coil heat treatments
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Thanks for the attention
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