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Accelerator ?

* Accelerate Charged Particle

F=qgXE
F:7)

g: Charge
E:Electric Field (E=V/d)




5 | Ring Accelerator
Synchrotron

* Ring Orbit by Magnetic Field
* Reuse Accelerator Cavity

« Stronger B Field for Higher Energy

m 1% p
r =—X—=—
q B qgB

Br = g : rigidity

B 7
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EM Force
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5 | Magnets for
Synchrotron

H i * Bending Magnet
¢ Normal Dipole

* Bend Beam

¢ Uniform Field

* Focusing Magnet

* Normal Quadrupole
* Focus Beam
» Gradient Field




0.0)

B, + iB, = Z(Bn+iAn) (x:iy )n_l-{;y-

7 n=1 0

Multipole Field ///\x
L/

T‘O .
reference
radius

B,,: Normal 2n-pole.
A,: Skew 2n-pole

Normal Dipole
B,=const. (zero otherwise) 2n-pole field
B,=B, B,=K =const. (zero otherwise)
B.=0 B, +iB,=K, /ry"(x+1y)"
Uniform Field On x-axis (y=0)

B, =K, (x/ry)"
Normal Quadrupole .
B,=G,=const. (zero otherwise) B, = 2 B, (x /7”0)
B, +iB=Gy/r (x+iy), Gy/ri=8, n=t
B,=gx
B 8oy

Uniform Gradient Field



5| LHC: Large Hadron Collider

lcell :BM6 +FM1 +DFM 1
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Create Uniform Field

2 . .
BG (1") — UoTlT™ ] - UoT]
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10 | Create Uniform Field

Left conductor (Current Density=+ ;)

KoY
Bx(x,y) - — 02
d .
uolx +%/5)j
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11 | Create Uniform Field

Left Conductor (Current Density=+ ;) Right Conductor (Current Density = — /)

i HoYJ
By(x,y) = v B,.(x,y) = OT
’ 2
WETTAY b ey o= 9/,))




12 | Create Uniform Field | | |

Center (Current Density=0)

Left Conductor (Current Density=+ /)

KoY

Bx(x,y) — _OT
d .
Ho(x +%/5)j

_/

B.(x,y) =0
Hojd
By(x,y): 02

Right Conductor (Current Density = — j)

oY
Bx(x,y) — OT

.Uo(x - d/z)f
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By(xi.Y) - =
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Cos0O coil‘

By(x,y) =0
Hojd
By(x,y) = 02

a)oos8 2 HREEA

t ~dXcosb

d—0

t=d - cosf

BM (Normal Dipole) : cos @ distribution

n

»

FM (Normal Quadrupole) : cos2 8 Distribution &
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Create Uniform Field - LHC Dipole

B, (x,y) = IJOZJ y __ ~ Actual Coil
W YL ' Inner Cable
. ) : 3 3
j =400 A/mm AN X R Width : 15.1 mm
B — - — Thickness : 1.9 mm
d=3cm ‘;‘ T % Turn Number : 15*2
| S e Current Density : 400 A/mm?
. fE : L Outer Cable
=== A= Width : 15.1 mm
\ 5 AR g Thickness : 1.48 mm
Yy S Turn Number : 26*2
/ Current Density : 520 A/mm?

Power consumption : total LHC: 120MW ~ 600W/Tm



15 | Normal Conducting Magnet

1/40 of Superconductor - 40 times large coil? : Not real

Real normal magnet : Magnetic circuit with Iron Yoke

Ohmic Heating : W= VI = RI*> — Cooling limitation : 10 A/mm?

* Iron Saturation : 2 T limit i
= 1.6
m===335 | JHds=const |
Y imind N A B
il f“ } \ ‘/ 208
THERE ' HNI »
| ‘v ;I. "l BNHONI/g 0.2
\\ o P=QiNDL | 'y
***** ~ ~ ojBLg/\,

0.05(gap)*0.1(width)*1(length)m & 2T ~ 15kW (@ 10A/mm?) ~ 7kW/Tm

15 20 25 30 35 40 45 50 55 60)
Magnetic field intensity H /(kA/m)

(P: Power consumption.

0: Resistivity

j: Current Density,

L: Conductor length / turn)

LHC with Normal Magnet

4 times large accelerator
10 times large Power Cons.
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1908

History of Accelerator and Superconductivity

quUId Helium (K. Onnes)

100.000:
1911 Superconductivity Hg : K. Onnes) 50.000f- %
1933 Meissner Effect (W.Meissner) i 5 //

10000 b 7/§
1957 BCS Theory (J.Bardeen L.Cooper ].Schrieffer) 5,000E f // ;

- $
1965 First International Symposium of Magnet Technology (SLAC) . 4’5 /3///
|
1970 Industrialization of NbTi Composite Conductor Y 4;/,:, _f;/_
s500F V‘oﬁ\ﬁﬂ“‘ ¥

1977 FNAL/Tevatron prototype magnet ~ /712,?“ o=

i S/ 4
1979 Industrialization of MRI Magnet 3 100 AU ﬂ/ /L

3 > ‘,gun/““‘.f-—o
1983 FNAL/Tevatron: 6.3km (4.4T, 6.1m, 774) * A;%‘L T

M —
1986 High Tc Superconductor (.Muller, J. Bednorz) " 27 ‘:;/‘f/ i
” A i :
1988 SC Tokamak (TORE SUPRA) & AL
I 2
1989 SC Cavity (KEK/TRISTAN) ,41;, ;f‘}’s; j
1¢ L™
1990~ Industrialization of MCZ Magnet 0_55//5?‘;1»’*"
1992 DESY/HERA: 6.3km (4.7T, 8.8m, 416) :/
1993 SSC Cancel: 87.1km (6.6T, 15.8/13.3m, 7956/504) T T T R S - N
Fig. 1-1. Energies achieved by accelerators from 1930 to 1960. The linear envelope
1998 BNL/RHIC 38km (35T’ 97m, 288) of the individual curves shows an average tenfold increase in energy every six
years.

2001 MgB, (- Akimitsu) PARTICLE ACCELERATORS by M. Stanley Livingston
2008 CERN/LHC: 26.7km (8.3T, 14.2m, 1232) and John I Blewett, 1962, p. 6.



18 | History of Superconducting Magnet
Early Days (1960s)

* 1961 MIT Conference

* J.E.Kunzler (Bell Lab.): Nb;Sn 6.8T Win!
* J.Hulm (Westinghouse): NbZr 6T !

- O TDEIA

* 1954 G. Yntema 0.71 T
o - & ] O_ Kunzler:10T Nb;Sn Magnet
o viRE. oaNERLED, | Win 2 case of scotti !
o e ” But Bell lab. stop SCM R&D
s ING o
J. Hulm: NbTi !
conductimg. l?bl ]: wtg deit'nq ,w:t:or:izogt 1

Kunzler!(Z & % &) D¥FEF




*Jc : Nb;3Sn is better

* Mechanical Property

* NbTi: Alloy — Ductile — Easier to wind coil

* Nb;Sn: Brittle — Difficult to wind coil

* Below 8T

*NDbTi

1.2

—

o
o<}
1
T

Normarized Critical Current
(=] (=}
H »

o
()

o

19 |NbTi (Alloy) vs Nb;Sn (Compound) gz

ERID ;
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+(Nf£:133ﬁm)

LT T e P T PET FRETRe

................

'''''

-+ —A-MJR 88.5% PF

T -= RRP88.5% PF

| -o-PIT88.6% PF

—8—-F1 Nb3Al 82.5% PF

~x—~PIT 86.7% PF

~<—PIT 89.5% PF
-@-MJR 86.6% PF

—%-ITER 88.6% PF « »
—ITER 89.5% PF \\\'O \\43
0 50 100 150 200

Transverse Pressure ( MPa)




TEVATRON

* Energy Doubler (1TeV)
* Higher Field Magnet 4.3 T

* Energy Saver

* ~|/2 Overall Power Saving

OBRAID STRAP

SUSPENSION
PRELOAD
SCREW

Tunnel is given (main ring)
SCMs are installed in the same tunnel

main ring (normal conducting) is
used as injector, but reduce energy
from 400 GeV to 150 GeV

Overall energy saving ~ %2




211 Accelerator Superconducting Magnet: —

Heat Shield

HERA & RHIC S
& Cold Moss j [ | * o
o | &) @
Gomostat § [/ NG T 4 i
8, 0.5
reists -t
Leg

Aerial View of DESY

Superconducting p-Ring

Normal e-Ring

1998 : BNL/RHIC: 3.8km (3.5T, 9.7m, 288 Magnets)
1992 : DESY/HERA: 6.3km (4.7T, 8.8m, 416 Magnets)



Accelerator Superconducting Magnet:
oo | Superconducting Super Collider

- Start in 1988 > Terminated in 1993 il

4 .t,l/
37
o

/.

* Fail to control budget 4.4B$—12B% EE iy Yimd

2B$ already used ) e ‘ G

TP
S ot
7




25| Accelerator Superconducting Magnet:
LHC

LHC DIPOLE : STANDARD CROSS-SECTION

. ALIGNMENT TARGET

___——MAIN QUADRIPOLE BUS-BARS

\_____— HEAT EXCHANGER PIPE
\ ___— SUPERINSULATION
T
\___—— SUPERCONDUCTING COILS
\
\__— BEAMPIPE
| VACUUM VESSEL

1~ BEAM SCREEN

[~ AUXILIARY BUS-BARS

\ . NON-MAGNETIC COLLARS

=[] “— IRON YOKE (COLD MASS, 1.9K)

T~ DIPOLE BUS-BARS

~—— SUPPORT POST

HI 0 —
l

2008 : CERN/LHC: 26.7km (8.3T, 14.2m, 1232 Magnets)



4 | Japanese Contribution to LHC
MQXA: Interaction Quadrupole

* Focus Beam at Interaction Region (Increase Luminosity)
* Field Gradient 280T/m, Maximum Field 8.7 T

Current Leads

LHC-MQXA .
e
© 2

Aok

Iron Yoke

High-Mn Steel Collar Quter Cylinder for LHe Vessel
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2 CIVIL ENGINEERING “CRAB” CAVITIES

2 new 300-metre service tunnels and 16 superconducting ,crab"
2 shafts near to ATLAS and CMS. cavities for each of the ATLAS
and CMS experiments to tilt the

beams before collisions.

261 On going
HL-LHC

AL-LHC PROJECT

12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

FOCUSING MAGNETS %

High Luminosity LHC

Increase Collision Statistics

1 1 SUPERCONDUCTING LINKS
More detailed physics SUPERCONDUCTING LIN BENDING MAGNETS
ectrical transmission lines based on a COLLIMATORS 4 pairs of shorter and more
high-temperature superconductor to carry 15 10 20 new collimators and 60 replacement powertul dipole bending magnets
current to the magnets from the new service collimators to reinforce machine protection, to free up space for the new
tunnels near ATLAS and CMS. collimators.

T

CERN Novemtwe 2016



#/((A8Y(.8.1"#.:?!B

E%[1%; AGS>:? SB

271 On going 11 .
HL-LHC

Iron yoke

i S Y ;
Protection Ironjoke 2 hell -
heater,
\, insulation,

tube
brass shoe

* Interaction Region Upgrade

ss N
collar

Smaller beam size at IR

GFRP “ S8 shell

- - - = (]
wedge Coil 7 F AuminumEalloying ——
MBX MBR
Beam separation dipole (D1)  Beam recombination dipole (D2) 2-in-1 quadrupole (Q4) . Quadrupole upgrade by Nb Sn
3
- il Ll
[ ]

Crab cavity

Wedges Cooling channel

* Beam separation magnet upgrade

Outer collar

Iron

MCSX/MCSSX MCDX/MCDSX
Sextupole Decapole

Corrector * NbTi superconducting magnet

Magnets

* Luminosity Upgrade

Coil

Inner collar
blocks

MCQSX il

MCOX/MCOSX
MCBXF Skew quadrupole Octupole Dodecapole
- Orbit corrector at Q2 and CP corrector at CP Non-linear correctors at CP Orbit corrector at D2

MCTX/MCTSX

MCBRD


http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/France-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html

OST RRP strand,
132/169

25 | IR Quadrupole Upgrade
Higher Field by Nb,;Sn

* Nb;Sn: maximum field 11.4T
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a) b)

Current Leads

Superconducting .. ..
Iransmission Line ww—

* Transmission line system for HL-LHC.

* Default MgB2

* Option HTS ‘vﬁ W iy

8) &{ Current loads

e

- -
LHC Tunnel

Current Leads

Point 5
FTH

““/
2xSC Links

C)

Point 7 ,r".'

"\DA"'.
Current

Croyostal

-

- 'U u’l".fl

i
Al

55

CRYOFLEX® Thaef |

“Development of superconducting links for the Large Hadron Collider
machine,” A. Ballarino, Supercond. Sci. Technol. 27, 2014, 044024.
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Beam Separation Dipole Upgrade
KEK Contribution

* Large Aperture 150mm, 6T Dipole

Sigh of MOU between CERN and KEK

HL-LHC D1 Magnet
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52| Major High Field Accelerator Magnet Program
in the World

EU HFM US-MDP IHEP-CAS

High Field Magnets I :
program ar Fermilab

ﬂ/ AT v

Istituto Nazionale di Fisica Nucleare

4% % %

.’ CHINESE ACADEMY OF SCIENCES

NA A

ETH:zurich
ey u." Brookhaven 164414 kit
" National Laboratory W #E AR @I
J 44 Institute /If;/ En 4) }'f\
UNIVERSITE Y 2 Chinese Academy of Sci

DE GENEVE

delle Ricerche

— University of P Caa \" _—
@Southcmpton &




HEFM

High Field Magnets
Programme



Updated FCC-hh baseline: 14 T

* The new targets for FCC-hh in Nb;Sn allow reaching 85 TeV with 83% filling factor, and
improved HL-LHC conductor (see also ESSP document 247 page 533-546 )

* The magnet 1s at 80% of short sample, and 14 T makes several aspects less critical

» Stress limits <150 MPa rather than <200 MPa, protection is less demanding, conductor is available

_--Hing factor could allow 90 TeV c.0.m (G. Perez Segurana talk at FCC week)

Dipole field (T) 16.0 14.0
Temperature (K) 1.9 1.9
Tunnel length (km) 100 90.7
Arc length (km) 82.0 769 1Al LR~ N Tl e, R - UG R
Arc filling factor (adim) 0.80 083 SRl © L4 A EralE e Sl
Energy c.o.m (TeV) 100 85 SV .
NonCujc 16 T4.2K 1500 1200
Loadline margin 86% 80%

_ _ FCC layout and evolution of parameters



https://indico.cern.ch/event/1439855/contributions/6461658/

CERN

HFM
Nb,Sn zoo

Block demonstrators
>14T)

800 mm

eRMC

FalconD -C

" Q..€

)

D

RMM

one

2026

*

®

BOND

SMCC demonstrator

Block 14T

HFM

High Field Magnets

N COLLABORATIONS
Block demonstrators

¢ (12T) «

@00

F2D2

Block 14 T
current grading

R2D2

Common coil

2 Psl

14T

MCC SMACC

DJne
\

\

Stress managed
Common coil 14 T

(5 T)

P. Greenaway, “A zed and two noughts”
(1985 Channel four films)




The HTS path

* HFM also includes as a R&D target dipoles based on HTS in the 14 -20 T range, that could
operate at higher temperatures and at fields >15 T
* HTS has a huge potential and a large momentum from the fusion community

* Even though high field solenoids have been successfully built, many challenges have still to be solved
for the applications to high field dipoles

* Is the 20 T target still valid for FCC-hh? 120 TeV means 4 times more synchrof -t

_’ » - -rs), ar / ritical alla=—

Dipole field (T) 140 1420
Temperature (K) 1.9 4.5-20
Tunnel length (km) 90.7 90.7
Energy c.o.m (TeV) 85 85-120 =\l : v
NonCujc16T42K 1200  TBD o RS '. " |
Loadline margin 80% 1BD };TS T Y N e  ReBCO racetracks [A. Ballasino, et al]







\u.s. MAGNET [
DEVELOPMENT g .
& PROGRAM Performance N

56 1 US-MDP

4
/[
y

 Reliabili

Large Aperture Nb,;Sn + HTS inserts

LBNL15T
dipole magnet
\ LY
AV 4,
\\\ \\‘ 1,
§§ ,,%E
’ 2%, S S
""/,:" [ \‘\\ j
L W
R —— k
Support structure
(mandrel)




(ONiss
29 HF Solenoid Motivation: Muon Collider

Final cooling channel
|IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 34, NO. 5, AUGUST 2024

Proton Driver Front End Cooling Acceleration Collider Ring ' ]
— == - -
L Jp—
e
ECDMI ;
= o T Higgs Facto
[ o |.E
8 § § 8§ |PREL£E|s T ® p £ 0
£ 5 5 5 |sozgg|SEs Z 3 ~10TeV
P > Q
3 E 3 £ (8292 5|g 38 Ep3 O —
= —_ 2] @ = pr
8 © s 2|z 28 83 8 2 | Accelerators: A
< § = & | Linacs, RLA or FFAG, RCS

All-HTS solenoid

Target, decay, and capture channel

6D cooling channel

Al A2 A3 Aa Bl B2 B3 B4 BS5 B6 ) B7 | B3

i

s T i

10

BI[T]
“n (-]
/
/
e
-
o
.Il_.l'
f
/
;'/
/
o
-
-

10

-5 i . 1327 T S T 4824 . 537 - 6005 . BELE

IMCC https://edms.cern.ch/document/3284682/1



Qingjin XU

v* @ {(’ :(3?» i‘i for the Superconducting Magnet Group .. e, 't‘ﬂ_#'f Ti})ﬁﬁ ERUZ A
CHINESE ACADEMY OF SCIENCES Accelerator DlVlSlOIl, IHEP-CAS .“;}_':-ﬂ;_:‘,' ' m?;::;:&{-a’g}mf’;}%qug““

Feb 2025, CERN



High Energy Circular
Colliders for next
decades

FCC

IHEP-CAS, China

Proposed institution CERN, Europe
Proposed dates 2012 2013
Site of the project China Europe

Baseline technology

IBS baseline 2024 T to reach
125-150 TeV, Nb;Sn+REBCO as
options

Nb,Sn 16 T to reach 100 TeV

Timeline

Construction at 2040s

Construction at 2050-60s

Cost

/

/
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2018-2021, 12.47T @4.2K

NbTi + Nb,Sn

Fiold (T)

2018

2021-2025 16T @ 4.2K
Nb.Sn + HTS

f

Challenges: Stress control,
quench protection, field
quality control,......

Nb,;Sn+HTS or HTS
2*$45 aperture
20T @ 4.2K
With 10 field quality

Nerzadood cucal cervm dowey
— e =] = s - -
28 ' e

2028

year
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Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




LEP and LEPP2

* LEP: electron positron collider at CERN

LEP AND LEP2 IR QUADRUPOLE PARAMETERS.

» 27 km circumference

Parameter LEP LEP2
: , ) Grom (T/m) 21.7 76.37
g Superconductmg magnets for interaction Coil ID (mm) 130 50

region: focusing quadrupole magnets

COLD BORE
VACLLM

WARM BORE

ST STEEL STIFFENING
'.J’-:G'"“T'. SUPPORTING RING
COL ASSEMBLY

AL SHRINLIAG RINGS SUPERNSLLATION

SUSPENSION ROD

) " L
SUPLRINSULATION SUPERNSULATION HELUM VESSEL

YACUUM VESSEL

RADIATION SCREEN
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KEK Lepton colliders and SC Magnets
TRISTAN, KEKB, S-KEKB

SuperKEKB Quadrﬁ

A~
pole magnet at

b) TRISTAN QCS(70T/m, 4.5K)

Helium Return

Stainless Steel Vacuum Vessel

0 10 20 30(cm)

c) KEK-B QCS(22T/m, 4.5K)

He Vessel 80K Shield 0, ... 100mm
<

Collar

Vessel

Insulation



ILC m, o
Shield Innep -_%. Shie oils
Y- FPFIVE _ & Outer N, 3

&  SDO/

RTML  ~.

An ff'is‘olenoid Coilg

Magnets

BT IIEE

_  Electtron Accelerator

QDEX1 Main &
Shield Coils

3 QD0 Main e
& Shield Coils

BEFR

Positron Source

REBIRARR

Beam Delivery Sysicii

SDO/OCO Coils

PC board for S/C
ribbon connections

. BRARGRLE : .
Detectors (ILD & SiD) Interactlon Reglon QuadrupOIQS

2 start helical
A RERIRAER
groove machined in Beam Delivery System
steel former. £R #20km
6.35mm 0D approx. 20 km in length

yoEVIIVY

Cu beam pipe, with Dumping Ring
/ conductor wound
on to tube OD BFE
- Electron Gun HE?ﬂlﬂmﬁﬁ

BE #3.2km Positron Accelerator

Undulator approx. 3.2 km in circumference

=PI IVEk
RTML

ILCINEZ R DB AR

Schematic illustration of ILC

ILC magnets
Low field

SCRF

Acceleration Region Quadrupoles



Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron

Cyclotron

Ion source, klystron

Detector magnets




50 | Synchrotron radiation facilities

MELCO-SR %
[ -

ol )L A ooneacT SR RING
r ] | X -
i

Sa e
Various S

facilities
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!

SR facilities
MM AichiSR HELIOS2 (Shingapole)

* Super-Bend \ [

» Traditional usage Y 402
b ) ¥ -
P = 5.1T
ALS Beamlines

Synchrotron radiation

“ Bending magnet

Storage ring

. . electron :
Multi Undulator or wiggler v /
el

HARAFE BNESICI= DS

EEMRESAS

e SINSNSN/



SAGA-LS SCW

52
SR facilities

* Wiggler

X
| Electron orbit

/N /

Electroq

| L70T T—— L

v o/

- Rher Py : =
AO~1/y Wiggler K>>1 ; = = L.
= l"‘-?;]' T, .
[~ '_‘.'_ 7 > -—
i Gl
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SR facilities

* Superconducting
undulator

Undulator K<<1

HTS tape conductor coil

- Nb;Sn high current
Shorter period density coil
Higher brightness A\ BN
Higher energy

Large fixed aperture




Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




Proton extraction accelerators
J-PARC

* J-PARC: extraction machine

* Rapid cycle synchrotron
+ J-PARCRCS (3GeV IMW) : 25 Hz

* J-PARC MR (30GeV IMW): ~1 Hz

* Not suitable for superconducting
magnets

* After extraction: constant beam
energy = constant magnetic field:
good for superconducting magnet

* J-PARC neutrino beam line

J-PARC RCS Magnets J-PARC MR Magnets



6 | Japanese Accelerators and SC Magnets s
J-PARC Neutrino Facility

* Neutrino Facility needed SC magnets due to space limitation

_.;.b,‘,:,.;..:-r:-:-ﬁ'i'f""""'- :":M.h":';""”"1'~:-:-.-. Iron Yoke : e 2 —~ ‘ But it's
‘u:w.:.; R 7 ’ ’ s — . v?._; too

Stainless | bl T\ expensive

Steel Shell SR S 4 é : Y

(SHe Vessel)

Lock Key

We need SC
Magnets

R

Yoke Stack
Tube

L/R Asymmetric
Coil

Plastic Collar re—— ——

Combined Function Magnet Beam Line (2.6T+19T/m, 28 Magnets) Optimize Cost and Schedule
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Muon Capture and Trasportation

* Muon at ]-PARC MLF: Low Energy (low momentum)

* Trap Muon in helical orbit (cyclotron motion)

* Use solenoid magnet
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* | J-PARC g-2/EDM

Very high precision solenoid (sub-ppm) for Muon
storage: measure muon g-2 and EDM

2900 mm

Proton beam (3 GeV)

Surface muon (4 MeV)

Ultra-slow muon (25 meV)

s

MLF muon experimental
facility (H-line)

Thermal muonium
production, Muon LINAC
lonization laser 3D spiral injection

Muon storage

magnet(3 T) Positron tracking
detector

Muon storage orbit
Dia. : 666 mm




COMET at J-PARC

TS1 cold mass  Intermediate CS cold mass
(TS1 Coils + Shell) warm support (CS&MS Coils + Shell)

TS1 thermal shield Vacuum vessel CS thermal shield

Support to J-PARC Projects

COMET SC Magnet System: Helium Transfer Line to
Muon Transport Solenoid is under construction.

' ’ ‘
Transfer Line
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61 1 J-PARC
MLF Second Target

MLF Second Target

- Utilize HTS to sustain high radiation

environment

Secondary Particle Capture Solenoid



Other Extraction Synchrotron
TEVATRON, GSI SIS100

« TEVATRON (800GeV ~70kW)
Originally extraction machine

* Various AC loss reduction method Polyimide insulations
such as ZEBRA cable Scstrands

* Operation Cycle: ~ 1 min

« GSI SIS100 (30GeV ~100kW)
* Superferic: 1.9T, 1Hz(4T/s)

NiCr wire
CuNi tube

Coil

GSI SIS100 Main Dipole Magnet



Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




Superconducting magnet applications in various
accelerators

Lepton colliders

Proton extraction synchrotron
Synchrotron radiation facilities
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




ical Accelerator

Med

65

* Synchrotron for heavy ion accelerator

* Synchrotron: enables energy scan

* Need rapid cycle: difficult for superconducting magnets

Ey>¥oor0Y

QST HIMAC

| BNL Bevalac



66 | Medical Accelerator
Superconducting Gantry

Compact and light weight with superconducting magnet
A N-BBEEINNOA A
(AL>SO/4)




571 Medical synchrotron
Future prospect
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more compact machine
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Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




RIKEN SRC

» World largest superconducting ring cyclotron

BEAUILIYRO-NTF 1T~
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Small Cyclotrons

« DC operation: good for superconducting magnets

 High field magnet for compact accelerator

$§ 93

Beta Installation at the Mevion 3250 Medical synchro- IBA synchro-cycrotron
University of Michigan cycrotron



Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




/2| Small applications
ECR Ion source . Klystron

 High intensity ion source

* Focusing superconducting magnet with solenoid

and sexstupole magnets
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Superconducting LN Reservoir |
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Superconducting magnet applications in various
accelerators

Lepton colliders

Synchrotron radiation facilities
Proton extraction synchrotron
Medical synchrotron
Cyclotron

Ion source, klystron

Detector magnets




Detector magnets
Spectrometer, Thin solenoid, Toroid

¢ Identify particle momentum and charge

pole(Zmdia.)

RI beam

from BigRIPS
superconducting

coil

vacuum chamber

target

rotate

S

e 7 Heavy Ion




Detector Magnets

Spectrometer
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BENKE] rebuilt as a superconducting analyzing magnet.
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Detector magnet
Thin solenoid

Use aluminum stabilized conductor to realize particle transparency
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Detector magnet
Thin solenoid

CDF solenoid:
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Detector magnet
Thin solenoid

* Japanese solenoids

TOPAZ: TRISTAN VENUS: TRISTAN




Detector magnets
Thin solenoid

 LHC

ATLAS solenoid

CMS solenoid



Detector magnets
Toroid




Item

Accelerator & Magnet

Superconducting Accelerator Magnet

Superconductivity

Superconducting Magnets for Hadron Colliders
Superconducting magnet applications in various accelerators

Summary




Who's next

Summary You?
* SC Magnet and Accelerator
R Kamerlingh Onnes Alvin Tollestrup
Developed supplementary Find Superconductivity TEVATRON Magnet
* Reached to NbTi limit —

Higher Field by Nb;Sn (or IBS?)
* FCC world wide development

HTS (High Temperature Superconductor)
- Still very expensive

 Needs special usage
* High Radiation
° High Filed above 20 T

Game Change = New Chance!
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