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Overview

CMS HE-LHC

Nor‘th Area SPS+)

1.3 TeV, LHCb

TT-

® A large Hadron collider entails...
= A high intensity proton source,

Gran Sasso

= Fast-cycling magnets for the injection chain =

= New magnets - probably high-field

= A new tunnel L
v Exception: HE-LHC could reach Ecm=33TeV with 20T dipoles...

® Dominant cost drivers: Magnets and tunnel
VHE-LHC

Photon stops?

. New vac technology?
e QOther issues:

= Synchrotron radiation

T— e

, , = VHE-LHC-LER
¥ cooling, cooling power, vacuun .= - —TLEP!

(Lucio Rossi)
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Magnet structure (usually) grows with field

LHC,
45T 5.3T 3.5T 8.3T 15m, 56 mm

1276 dipoles

HERA, RHIC,
O9m, 75 mm 9 m. 80 mm

416 dipoles 264 dipoles

Tevatron,
6 m, 76 mm
774 dipoles

Shiltsev/Zlobin

2.4
2 152 A1 e“y
Ermag x 5B AE —
3 R
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Magnets dictate collider cost

Accelerator cost distribution

SSC total

iy ;; . SSC ‘ cost

. Accelerator
__Pre-ops

: N and
Contingency

P

Experiments

Facilities
23.3%

Main
collider
57 %

Magnet cost distribution

vmner iviagnets

Main
Quadrupoles
10%

8%

CERN cost estimates™:
$magnets/ $t0t

LHC: 57%

HE-LHC:

- 70% (26TeV; Nb3Sn)
- 77% (33TeV; HTYS)

Lowering dipole costis *. Rossi, “TOE” talk
the key to cost control ‘ Main dipoles
2nd order reductions: 82%
Eliminate HEB,
Main Quads
Barletta
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Technology development

From conductor to magnets

e 8 | R i ) 7 i W]

Preload
Shim

NbTi LHC wire (A. Devred, [1]) NbTi SSC wire (A. Devred, [1])

Collanng

| Yoke Key

— = ; N
Conductor |::> Cable |::> Magnetic design |:> QW gy o

Collar

Coil fabrication |::> Magnet assémbly |::> Magnet test
Evolution of HEP rings...

The next
BIG
machine!

SSC circa_ | 987 LHC 2007

i'.:_‘__ 1~ VA e *l ' ;i!‘}f‘-.rl 4 : /' =
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Conductor options

Advancing Critical Currents in Superconductors Applled Superconductivity Center
Critical Current

Density, AAmm?
10,000
] | @ « Nb-TI: Example of Best Industrial Scale Heat Treated
! At 4.2 K Unless { Composites ~1390 {compilation)
Nb-Ti Otherwise Stated | &—— Nb-Ti{Fe): 19 K, Full-scale muitifilamentary billet for
2 K _ _ ‘ FNALLHC (0S-STG) ASC'98
Q \ Nb‘T'-.Ta L i ! | gy ND-4494.%Ti-15wt. % T2: at 1.8 K, monofil. high field
"N NbsSn internal $n 5312 rouad e optimized, unpubl. Lee et al. (UW-ASC) ‘96
= ROUNGEERE | @ - ND37TI22Ta 205K, 210 filstrand, 400 h total HT

L T T — Chemyl et al. (Kharkov), ASC2000

~

s /e NDb,Sn: Bronze route VAC 62000 filament, non-Cu

1,000 , 0.11W m 1.8 K J, VAC/NHMFL data courtesy M. Thoener.

| —— Nb,Sn: Non-Cu J_ Intemal Sn OL-ST RRP #6555-A, 0.8mm,
LTSW 2002

| =i Nb,Al: Nb stabilized 2-stage JR process (Hitachl, TML
NRIM, IMR-TU), Fukuda et al. ICMC/ICEC '96

—g@— Nb,Ai: JAERI strand for ITER TF coil
Bi-2212: non-Ag J,, 427 fil. round wire, Ag/'SC=3

' (Hasegawa ASC2000+MT17-2001)
* 4 i Bl 2223 Rolled 85 Fil Tape (AmSC) B|| UW'6/96
100 ‘I 18K . K‘_‘ ' |t BI 2223 Rolled 85 Fil Tape (AmSC) B| , UW'6/9
i ! i | Nb-Ti-Ta X ,
~ | | * | 1.8K |
il | I PR 4 Nb;Sn {
‘ Bronze Process
I
10 N [ S S S S S TS S S S . S
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Applied Field, T
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HEP and Superconductor Industry

HEP Quality Nb-Ti and Nb-Sn Production Progress

‘HEP quality Nb-Ti
‘Production for5T, 4.2 K
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LHC Construction
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-+— MRI takes off .
Nb Sn Industrial

Nb-Ti 5 T J. (non-Cu, 4.2 K), A/mm?2 )

\Tevatron Construction Production for 20T, 4.2 K
1500 ' : : ' : : 100
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4

J

2wy ‘(M 2y ‘no-uou) °r L 0Z uS €4AN

.

For Nb-Ti:Jcat5T, 4.2 K(or 8 T at 1.9K)

For Nb3Sn;Jcat12T,4.2K

Nb-Ti 4 USA Nb3Sn ««+@-- EUNb3Sn
3500 Poly. (Nb-Ti) Poly. (USA Nb3Sn) OSTRRP
ssc LHC= osTRRp ~ ©
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£ 2000 - - .«*" SMIPIT
= SO EMIT -
a Tevatron TWCAMIRG  © EU Nb3Sn : prototypal production
% 1500 TWCAMR g @ SMIPIT
2 ECNPIT® """ EMIT
- “ISR quad o7
1000 - &
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1 !
From L. Rossi, Eucard
0 T T T T T T 1
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Conductor architecture important for dipoles:

= Need small filaments to reduce persistent currents

= Need high Cu RRR for stability
= Need high-quality cables to...

v Provide for high currents (low inductance)

v Minimize conductor degradation

Nb3Sn nearly ready
need smaller filaments
HTS has a long way to go
need conductor R&D
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DOE-HEP GAD Support for Materials
Conductor Development Program (CDP)
- Very successful in guiding industrial §

development of high-Jc Nb3Sn

 T——
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Existing colliders

Collider concepts
(or cancelled)

| Dipole Field Strength |
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GAD Program Role in R&D and transition to project

Base program primary focus: basic research, incubator: support critical for innovation
R&D - focus on

understanding High Luminosity LHC VLHC
: : 00
physics, developing LHC Energy Upgrade Muon Collider
concepts
\ LARP focus: technology readiness
Magnet Systems Materials e Strand characterization
Technolo * Cable development
&Y s
Development e o7 Model Quadrupoles * Technology Quadrupoles
. . § | * High-field Quadrupoles
- focus on engineering | e
) % N % Long Quadrupoles * Coil fabrication
solutions and processes T « Structure and assembly
* Instrumentation and Test

\ Planned construction project

Systems engineering HiLumi LHC
- focus on robust

PDR preparaﬂon TDR \ Construction
procedures, QC/QA |

2013 2014 2015 2020 |

Manufacturability -~

Distinction between R&D (Concept incubator) and Technology Readiness (Project)
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LARP: Technology Readiness

Subscale Quadrupole
sSQ

0.3 m long

110 mm bore

Technology Quadrupole
TQS -TQC

1 m long

90 mm bore

LBNL Subscale Magnet SM

e s e e e s s

0.3 m long

Long Racetrack LRS
3.6 mlong

Long Quadrupole LQS
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Before cool-down

Collaring process- Courtesy of Paolo

After cool-down
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Many issues to address...

® Conductor: baseline ok; improvements being investigated ﬁ

= need to demonstrate industrial scale-up
® (Cable: new design for QXF (due to 120=>150 change)
= Possible issues of degradation, stability

= Incorporation of core (first tested on HQ)

® Magnet reproducibility
® Magnet production QA

Magnet Systems

2
B\
It
.
2

A® 1"\.!"»
|

i

e

~. I

Protot

Materials

Model Quadrupoles

Long Quadrupoles

Prototype Quadrupoles

e Strand characterization
e Cable development

e Technology Quadrupoles
e High-field Quadrupoles

¢ Coil and structure

e Performance demo
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High-Field Acc

33 years of progress in Nb,Sn dipoles

elerator Magnets
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For dipoles>~I5T

Need a new paradigm to
address stresses

Need to consider efficiency
(grading), scalability

CCT

Individual turns are separated by Ribs

pt forces
them to the

Individual
turn

Stress collector
(Spar)

Stress
management

STRESS MANAGEMENT IN HIGH-FIELD DIPOLES

HDI (no bore)
HD?2 (bore)

HD3 (bore)

N. Diaczenko, T. Elliott, A. Jaisle, D. Latypov, P. McIntyre, P. McJunkins, L. Richards, W. Shen,
R. Soika, D. Wendt, Dept. of Physics, Texas A&M University, College Station, TX 77843
R. Gaedke, Dept. of Physics, Trinity University, San Antonio, TX 78212

RD3a,b (no bore)
RD3c (bore)

D20 (bore)

L —— T

Snowmass - University of Minnesota Soren Prestemon— LBNL August 2, 2013 |3

Friday, August 2, 13



How do GAD (R&D) programs serve the HEP community?

e R&D paves the way for HEP magnets
= Shell-structure set the stage for LARP

= GAD program |3-16T dipoles set the stage for ~I5T HE-LHC
baseline concepts (see recent L. Rossi presentations) FNAI_ I I T

= ongoing dipole development

v FNAL - | IT sets stage for first Nb3Sn dipole in accelerator
v LBNL - new structure paradigm sets the stage for

»  Accelerator-magnet-quality 16T dipoles

»  More cost-effective designs: leverage grading, simpler assembly

»  Possible 20+T designs optimally leveraging HTS for VHe-LHC,
muon collider

Coil stresses Structure stresses

Individual turns are separated by Ribs

Ribs intercept forces
transferring them to the
spar '

Individual
turn

R
- -

Stress collector :
(Spar)

=
=
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Looking forward

® Dipole fields of ~I5T are within reach...

= But need a focused ~10 year “LARP-like” readiness program

® Dipole fields >I5T need R&D

= Need to investigate new concepts/paradigms to break through
the stress-barrier - prerequisite for real application of HTS

® Strategy:
= Maintain R&D until clear project on the horizon

= Then initiate focused Readiness program before project start,
e.g. HE-LHC or another Hadron collider
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Summary

® Dominant technology challenge is in magnets

. WS 12 vip
= GAD programs and LARP provide balanced approach to \e,ae\e“s nes®
I\
v innovate for higher fields, cost effective magnets VO‘}:,&S
2

v develop technology for project readiness

= Materials R&D translates into magnet performance

® Synchrotron radiation issue

= Vacuum issues are significant - need development+experiments

Snowmass - University of Minnesota Soren Prestemon— LBNL August 2, 2013 |6

Friday, August 2, 13



