DE LA RECHERCHE A L'INDUSTRIE

b

www.cea.fr

Magnet R&D towards
FCC-hh

Hélene Felice — CEA Paris Saclay

With contributions from many

Diego Arbelaez ™, Bernhard Auchmann, Marta Bajko ™, Amalia Ballarino, Emanuela Barzi
Giovanni Bellomo, Michael Benedikt, Susana Izquierdo Bermudez ™, Bernardo Bordini, Luca Bottura,
Lucas Brouwer “, Pierluigi Bruzzone, Barbara Caiffi. Shlomo Caspi“®, Ananda Chakraborti, Eric Coatanea
Gijs de Rijk ¥, Marc Dhalle, Maria Durante “, Pasquale Fabbricatore, Stefania Farinon ™, Helene Felice
Alejandro Fernandez, Ifiigo Sancho Fernandez, Peng Gao ™, Barbara Gold ¥, Thodoris Gortsas, Steve Gourlay,
Mariusz Juchno ", Vadim Kashikhin, Charilaos Kokkinos ¥, Sotiris Kokkinos *, Kari Koskinen,
Friedrich Lackner *, Clement Lorin *¥, Konstantinos Loukas, Alexandre Louzguiti ', Kari Lyytikainen,
Samuele Mariotto ™, Maxim Marchevsky ", Giuseppe Montenero, Javier Munilla™, Igor Novitski, Toru Ogitsu,
A. Pampaloni. J. C. Perez, C. Pes, C. Petrone. D. Polyzos. S. Prestemon, M. Prioli, A. M. Ricci. J. M. Rifflet,
E. Rochepault, S. Russenschuck. T. Salmi, I. A. Santillana, F. Savary, C. Scheuerlein, D. Schoerling ', M. Segreti,
C. Senatore, M. Sorbi, M. Statera, A. Stenvall, L. Tavian, T. Tervoort, D. Tommasini, F. Toral, R. Valente,
G. Velev, A. P. Verweij, S. Wessel, F. Wolf, F. Zimmermann, and A. V. Zlobin
Andre Brem, Valerio Calvelli, Philip Mallon, Pierre Manil, Samuele Mariotto, Frangoise Rondeaux



C22 A brief reminder: why do we need strong B?

Dipoles to bend the trajectory of the beam ‘
Increase BEAM
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C2A) ACCELERATOR MAGNET TECHNOLOGY (very brief) OVERVIEW

Background on
magnet
development

Where are we?

14/11/2019 PR ! A% N\ . 3
Pictures courtesy of FNAL, BNL, LBNL, CERN, Texas A&M



C2A From NbTi to Nb;Sn

LHC NbTi dipoles
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Strain sensitivity: a challenge impacting all the aspects of Nb;Sn magnet design & fabrication
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C2A The LHC Accelerator Research Program

* Develop reliable coil technology

= | Demonstrate Nb,Sn technology viability * Develop reliable magnet assembly process
Q | for the interaction region upgrade - Demonstrate long magnets feasibility
 Demonstrate accelerator integration readiness
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Gradual application of the preload

shimming




200

©
[a
>
D
o)
(%]
(%]
L
)
(%]
©
e
)
>
£
N
<

DE LA RECHERCHE A L'INDUSTRIE .
Cea The LHC Accelerator Research Program \
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The LHC Accelerator Research Program
an example of contribution
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C2A Nb,;Sn magnets in HL-LHC: MQXF an outcome of LARP

Focusing triplet
150 mm aperture
NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC Q QuQ® 3 D g;;m; _:”mm D2 Qo
Civil E@-.E CI0** [ GOp 132 T/m @1.9'(
Crab i B P s 1
Engineering .. s § &t & - Bpeak 1147
cavltles \ 20 40 60 80 100 120 140 160 180 0
\JJ S 77 % on the LL
CmN —~—
44/“ B %
g
160 Courtesy of P. Ferracin
14 SR EKRKAAHEHH KK LUItimate
’ uﬂgyg SIRTTTTLISSEL pabin «2* [ ominal ]
A LAaa A
Focusing 120
- - Nominal
Magnets =100 .
= | !t Ultimate
2 80 © MQXFSla
5 Short Model program s MOXFS3
G 60 0 MQXFS4
Superconducting _ Bending X MQXFS5
links Collimators magnets 7 40 © MQXFS6
Courtesy of CERN 20
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Quench #
14/11/2019 @\ Hiluo ) 10

Courtesy of D. Cheng, LBNL LARP 7V



Ql Qa Qb Q3 DI

MC] 2 2545
DI Tm
D2 Tm
Q4
MCBRBYY: 28T 45Tm
[ ]
z .

150 mm aperture
"n'l Gop 132 T/m @1-9K

20

z
© | MBRB

Bpeak 11.4T
77 % on the LL

N
\S]

4.2 m MQXFA

N
o

[ S A S O
O N B O
Q
B-
||
L)

Quench current (kA)

o N B O

14/11/2019

5

-4MQXFAP1, 1.9K 20 A/s
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Courtesy of G. Ambrosio, FNAL and P. Ferracin, CERN

Prototypes

2 MQXFA prototypes
tested

Pre-series on its way
MQXFA3 to be tested by
the end of 2019

MQXFBP1 to be tested
early 2020

11
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1st dipole tested => ready for
tunnel since 10/2019

All four dipoles should be
ready in April 2020
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C2A Quest towards high field
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C2A Quest towards high field
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C@2 ACCELERATOR MAGNET TECHNOLOGY OVERVIEW

Background on
magnet
development

Where are we? What do we need
for FCC-hh?

Strong R&D

programs in 2000s
* Successful 16 T Nb;Sn magnets without bore

* Encouraging 13-14* T Nb,Sn short models
* Successful 11* T Nb,;Sn long dipoles and quadrupoles
to be installed in HL-LHC

16

14/11/2019



Toward 16 T magnets

Compact cost effective « HighJe >600 A/mm?2 Understand the « effective critical
magnets * Large Cu fraction Cu/NonCu > surface » of Nb;Sn Magnets
Reliable series production 1

Field quality . Jc(@4.2K, 16 T) > 1500 A/mm?

Fast training magnets )|+ RRR>100

\° D < 20 pm /

14/11/2019 Y



DE LA RECHERCHE A LINDUSTRIE

U.S. MAGNET
/(L)\ seveiomen ASC/NHMFL, BNL, FNAL, LBNL

Leveraging past experience @ oz

Item 2.4 : Magnet Science: Developing
Underpinning Technologies

Item 2.5: Superconducting Materials -Conductor
wocurement and R&D (CPRD)

Item 2.2 : High Field Dipole Development o
to Explore the Limits of Nb,Sn

Programs and collaborations aiming at tackling these topics

e Design study for FCC CDR

e Conductor development &
procurement

 R&D magnets and associated
development

Qﬂodel magnets

((EED))  CEA, CERN, CIEMAT, UNIGEnw, KEK, \

INFN, TampereU, UTwente

-

o

Series of Worskhops on Nb;Sn technology for
accelerator magnets

2017: https://indico.cern.ch/event/665458/ ‘e

2018 : https://indico.cern.ch/event/743626/ —

2020 in preparation

24/09/2019

Budker INP \\
Novosibirsk

Ongoing
discussion on high
field dipole

S program deflnltlon/ \_

High field magnets development
Focus on innovative concept

18 J



https://indico.cern.ch/event/665458/
https://indico.cern.ch/event/743626/

Worldwide conductor development toward FCC-hh target
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Hf alloying of Nb-Ta
Ongoing
. . idati -19 work to get
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* Prototype wire

Collaboration between FNAL [LDRD], Hypertech and OSU

Shows untapped potential of Nb;Sn

14/11/2019 Optimization in progress o




C2A Magnet Technology Development: a non exhaustive list
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/Modeling => accounting for Ic reduction in magnet design
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ductor
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Definition of the RVE mechanical model

and material properties

N

Understanding magnet performance using diagnostics

IDSMO 7

Berkeley, California, USA 24-26 April 2019

~

freeeee

First Workshop on Instrumentation and

Diagnostics for Superconducting Magnets BERKELEY LAB

= ]
8

@ c=‘m

3rd International Workshop of the Superconducting
Magnets Test Stands

Accoustic sensors

Source of strain
energy

14/11/2019

Courtesy of B. Bordini (CERN), M. Durante (CEA),C. Fichera (CERN), G. Vallone (LBNL), M. Marchevsky (LBNL)
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Compact cost effective
magnets

CHART * Reliable series production
@Cerd :t,:;;cz:;wn Exploration of different magnetic designs * Field quality

Technology

FCC * Fast training magnets

1@

y Tecnolégicas

/ Ciemat / \
Centro de Investigaciones
Energéticas, Medioambientales PAUL SCHERRER INSTITUT

40 61.25 825 103.75 125 146.25 167.5 188.75 210

-Conductor amount
-Mechanical stress

-Conductor amount
- Simple Grading

distribution - Simple racetrack coils -Number of components
-Mechanical stress _Complex Grading -Amount of conductor -Amount of conductor
Qistribution / K / Wechanical stress / kNumber of mterfaces/
14/11/2019 1

Courtesy of C. Lorin, CEA



Through agreements between CERN and EU institutes

INFN

FALCON
DIPOLE

* 50 mm aperture
e 13.5Tborefieldat 1.9 K

Courtesy of R. Valente, INFN

eRMC Racetrack Model
Magnet = RMM
No bore
16 T target >0 mm bore
g 16 T target
14/11/2019 Courtesy of S. Izquierdo Bermudez, CERN

50 mm aperture
15.5 T bore field at 1.9 K and 14% margin

density

Hﬁ””“”

Development
planin progress
to demonstrate
GRADING in
block
configuration /

22



C2A Models and demonstrators are on their way

BERKELEY LAB - | —

U.S. MAGNET
DEVELOPMENT|- ,,,
/ PROGRAM ”r"” PAUL SCHERRER INSTITUT

10T
technology
toward high
field

* Analysis tools

CD1 under construction
11 Tin 65.6 mm bore

PAUL SCHERRER INSTITUT
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Upy —Upy = 6, Courtesy of B. Auchmann
k Courtesy of D. Arbelaez (LBNL) o /
U.S. MAGNET / . . .
DEVELOPMENT . . . - Institute of High Energy Physics \
())pnoemm Key milestone: 15 T dipole £: m \ _ _
= 100% SSL / b SSL Chinese Academy of Sciences
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C2A TAKE AWAY MESSAGES S '

S °
g 7500 | @ 3 +MOXFAPL, 19K 20 Afs
g 4 *MQXFAP2, 1.9K 20 Afs
o 7000 T T T T T T T T T 2 --MQXFAP1b, 1.9 K 20 Afs
0 2 4 6 8 10 12 14 16 18 20 0 —
Quench number 0 5 10 15 20 25

Training quench #

* Successful 16 T Nby;Sn magnets without bore
* Encouraging 13-14* T Nb,;Sn short models / T« w
* Successful 11* T Nb,;Sn long dipoles and quadrupoles to be installed in HL-LHC :

thermal cycle

Cb1 CD1: CD2 CD2
19K 45Ki 19K 45K —— Ultimate

Event number

The community is working

e as an international team

e with a consistent development program
to tackle the remaining Nb,;Sn challenges

We are on a consistent path toward the 16 T frontier

14/11/2019 24



