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E[GeV] = 0.3RB [m - T]

¢ Circular collider energy scales with
the strength of bending dipole
magnets B and the ring size R
o Tevatron: E~1 TeV, B~4 T, C~6 km
o SSC: E~20 TeV, B~6.6 T, C~87 km
o LHC: E~7 TeV, B~8 T, C~27 km

Proposed post-LHC hadron colliders:
o HE-LHC: 13-14 TeV => 26-33 TeV, 27
km LHC tunnel, 15-20 T
o VLHC: 175 TeV, 233 km tunnel, 10 T
(VLHC Design Study, 2001)

o VHE-LHC (FCC): 84-104 TeV, 80-100
km tunnel, 15-20 T (planned
international design study)
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Magnet Strength Considerations
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Collider costs as functions of the field in FY2001 dollars.

Integrated luminosity of 10 hour store vs. initial rms emittance for RLHC options. The integrated luminosity of the
two high-field cases is almost independent of the initial emittance because of synchrotron damping.
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Beam parameters during a store for high-field RLHC.
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s Stage I

VLHC Design Study 1997-2001

o Low-cost

NbTi

combined
function SF
magnets

o B~2 T
s Stage II

o High-field

Nb;Sn

magnets
o B~10 T

Table 1.2. Properties of the Stage-2 VLHC at various energies. The luminosity is limited by synchrotron

STAGE 2
MAGNET 1

STAGE 1 I
MAGNET ||

I

radiation power and damping time, power at the interaction point due to inelastic collisions,

and the beam-

beam tune shift.

AC Power and
Fiber Optics
N

Collision Energy (TeV) | Magnetic Field (T) | Leveled Luminosity Optimum Storage
(em=s") Time (hrs)

Stage 1 40 2 1.0 < 107 20

Stage 2 125 7.1 5.1 %107 13

Stage 2 150 8.6 3.6 107 11

Stage 2 175 10 2.7 x 10" 8

Stage 2 200 114 2.1 = 10" 7
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Design Study for a Staged
Very Large Hadron Collider
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Nb,Sn Magnet R&D
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Magnetic field (T)
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High filed demonstration (LBNL)

¢

Accelerator quality demonstration
(FNAL, LARP)

1995

2000
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L
=G Conductor R&D programs

1600

“* Nb,Sn strand and cable oo | Nzt 127, 8.2
o Internal tin (CDP in U.S.) R,
o Powder-in-tube (NED, EU)

1200 -

Jo (A/mm?)
o
3

0 Nb;Sn Rutherford-type 800 - /
cable development o0 | 1 i |
+* HTS conductor and cable e
o Bi-2212 R&D (U.S.) Y o
o YBCO (EU)

“* Objective: improve Je and
other parameters for
accelerator magnets

Bi2212 PIT strand, Oxford SC Technologies
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# Nb,Sn accelerator magnet R&D (FNAL)
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Program started in 1999

2002-2006 - a series of 43.5-mm Nb,;Sn dipoles
with B, ,,~10 T based on collar-free structure

2007-2010 -a series of 90-mm Nb,;Sn quadrupole
with G . ~217 T/m based on collar structure

max

2011-2014 — A series of 60-mm Nb;Sn dipoles
with B, ,,~11 T based on collar structure

2007-2011 — technology scale up using dipole
and quadrupole mirror structures

@
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e LARP Magnet R&D

Subscale Quadrupole
SQ

0.3 m long

110 mm bore

Technology Quadrupoles
TQS, TQC

1 m long

90 mm bore

o

D

Long Quadrupole
LQS

3.7 m long

90 mm bore

High Field Quadrupole
HQ

1 m long
120 mm bore
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Subscale Magnet
SM

0.3 m long

No bore

Long Racetrack
LRS

3.6 m long

No bore



Nb.Sn technology scale up

— |

u N /i S 4
4-m long Racetrack, D and Q mirror configurations; 90-mm quadrupoles
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Quench performance
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*+ Production and test experience
o ~100 short D and Q coils
0 ~20 4-m long coils

+ Distributed production process
o Handling and transportation

*» Multiple coil re-use in different

configurations and mechanical
structures
10



Field

quality
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# Focused D&D and Industrialization
11 T dipole (FNAL/CERN)
o 2-layer Nb,Sn cosV coils
o Bop=11.25 T in 60 mm bore 4
o 5.5 m long [ 4
o Short models 2014-2015
o Long models 2015-2016

/ 0.8 m
5.5 m Nb,Sn 5.5 m Nb;Sn

< QXF (LARP/CERN)
o 2-layer Nb;Sn cos2{ coils o @ @ b

Can Jen )i A es N1 i e 4 (T2 en ]! il22] [Tl 63 |
o Bop=12 T (Gop=140 T/m) in e 22
150 mm bore

Q1/Q3 (LARP) 4.0 m long
Q2a/b (CERN), 6.8 m long
Short models 2014-2016
Long models 2015-2017

** Ready for production
(industrialization) by 2017
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Towards Higher Field Magnets
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“ B,,=15-20 T + 20% margin => B, =18-25 T!
*+ 15-20 T magnet issues
o Large stored energy and Lorentz forces (~B?)
o Size, Cost (~coil W)
= 15 T Nb;Sn magnets: w=15 cm

= 20 T HTS/LTS magnets: w, ,~20-25 cm
— 10 T HTS insert: w~7-9 cm
— 15 T Nb,;Sn section: w~15 cm, ID~20-25 cm
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15+ T Nb;Sn Demonstrator Dipoles

<+ HD2 (LBNL) 2004-2009
o Block coil, aperture 35 mm
o Bdes=15/17T at 4.3/1.9 K
o B, .,=13.3-13.8 T, 10% degradation
< FRESCA2 (CERN) 2012-2016
o Block coil, aperture 100 mm
o Bdes=16.5/18 T at 4.5/1.9 K
o Magnet tests: 2016
< HFD? (FNAL) - proposal
o Cos-theta coil, aperture 60 mm
o Bdes=15T at 4.5 K
o Magnet tests: 2016
s CCT (LBNL) - proposal
o Canted cos-theta coil
o0 Bdes=19 T at 4.5 K
o Magnet tests: TBD

HTS
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e 24 T HTS/LTS Dipole Concepts

P. MclIntyre et al.(TAMU), PAC’ 2005

I):J

]

li:‘

L. Rossi, E. Todesco (CERN), HE-LHC 2010

80
kG
g_ 40 HTS \\ \32,?,“ Nb-Ti
- . \ ars [Pl e
< 75¢m [ -
0 | ISR b e e el e e o b e e e e e — — ‘ . .
A Bi-2212+Nb,Sn+NbTi
Bi2212 + Nb;Sn Y | ’ |
Table : Main parameters of the HE-LHC and LHC dipole
'I'qble 1. 'Main.paramclcrs of the 24 T hybrid dipole. HE-LHC LHC
l)lpollc dn}]llcnsmns: “ Operational field (T) 20.0 8.3
c‘::}glma“ diameter ;0 2:1] Operational current (kA) 13.8/6.9 11.8
s - Ot 0 9] /
Beam tube diameter 40 mm Opelatmlgl margm (%) 20 14
Operating temperature 45K Magnetic lenght (m) 143 143
Coil current 33 KA Total stored energy (M) 100 7.0
Maximum stress in windings 150 MPa Distance between beams  (mm) 300 194
Stored energy/bore 5 MJ/m Maxmum coil thickness  (mm) 97.3 31
Total horizontal Lorentz force/bore 40 MN/m Cold mass diameter (mm) 800 570
Ist CFHEP Symposium on CCP 15
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¢  Bi,Sr,CaCu,0, => Bi-2212
% 0.7-1.0 mm wire with Ag matrix
% SC fraction ~25-30%
% Traditional PIT process (OST)

o Unit length >1 km
% Complex heat treatment in O,
% Brittle after heat treatment

% Isotropic properties

HTS Strand and Cable R&D Issues

mAg

=

YBa,Cu;0, => YBCO-123
4-12 mm wide tape with Cu stabilizer

YBCO fraction ~1%

Complex multilayer deposition process
and final Cu electroplating (SP)

o Unit length ~500-1000 m
+* No final heat treatment
s Brittle but withstand substantial load
» Highly anisotropic

X/ X/
0’0 0’0

K/ X/
0’0 0’0

% Large Ic variation along the tape

HTS coil technology demonstration
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e Summary
| 1012T | 13.15T | 18-20+T _
Superconductor Nb;Sn Nb;Sn HTS/LTS
Strand + + +/-
Cable + + -
Technology + + _
Field demonstration + +/- .
Accelerator quality + - _
Scale up + - _
Focused development +/ - _ _
Industrialization - . _
R&D effort needed $ $$ $5...5
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