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f\l A Introduction

ECR lon Sources

* Produce a plasma from which we extract an
ion beam

e Plasma is confined using sextupole and
solenoid magnets

Currently, 3" generation sources, like VENUS
and FRIB, use superconducting magnets

— Frequency of 28 GHz
— Solenoid field up to 4T
— Sextupolefieldupto 2T
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f\| : Introduction

Goal of the project

* Design, fabricate, and test the cold mass of the 4t generation
ECR lon Source MARS capable of reaching a magnetic field that
satisfies 45 GHz operation
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f\ j MARS cold mass design

Magnetic design

* Requirements for a 45 GHz operation
— Solenoidal field: 5.7 T—-1.2T-29T
— Sextupole field: 3 T at 94 mm

— MARS-D 45GHz I ] —  MARS-D 45GHz

180
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z [mm] 270°
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MARS cold mass design

Magnetic design: different options

Sextupole in solenoid
VENUS
FRIB

Solenoid in sextupole
SECRAL

MARS
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/\I j MARS cold mass design

Magnetic desig

Extraction End
F,=+278.8 kN
F,=+132.9kN

* MARS advantages

— Efficient magnetic design (sextupole ends
contribute to the axial field) 2

* Possibility of reaching 45 GHz with Nb-Ti conductor

— Similar load-line margin (10-15%) at 45 GHz as FRIB/VENUS

configuration at 28 GHz F,=+274.8 kN
F,=+307.3 kN Straight Bar

— MARS would meet VENUS/FRIB performance with a very safe | mjcctionEnd ~ p - 1961 4 kn
40% margin r

— Electro-magnetic forces on the sextupole coil
ends face outwards, both axially and radially ety st
* In VENUS/FRIB alternating end forces between coils B | Fan— AL

* MARS challenges

— “Single” sextupole coil
* Long fabrication process, “one-shot” type of condition

F/ C3 Out-Inj =+216.0 kN ~—~
F, 2 1n1m = T190.0 kKN

F, c4 migaie = -6.9 kN
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ﬁ j MARS cold mass design

Mechanical design

* Bladder and key support structure

— Three main component surrounding the coils
* Iron pad —iron yoke — aluminum shell |

— Room temperature pre-load provided with water-
pressurized bladders

— Additional pre-load provided during cool-down

Synergy with HEP - LHC luminosity upgrade MQXF quadrupole example
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/\I j Project status updates

FY23 first quarter

* Review of previous work
— 2016 copper coil winding and impregnation

e A iR i

* Review of magnetic requirements for 45 GHz operation

* Conceptual design of the cold mass and tooling
— Coil and structure design, magnetics, mechanics
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/\I j Project status updates

FY23 second quarter

* |nternal review of the cold mass design
— Committee
e Gianluca Sabbi, Chair
: : : . MAARS
* Diego Arbelaez, Adrian Hodgkinson, Claude Lyneis,
Tengmlng Shen, Jim Swa nson Internal Review of the MARS-D Coldmass Design and Fabrication Plan
— Recommendations
L Define magnetic pa rameters Iucitinn: h)r.'br'ld“v'lazoomamd room 06, bldg 47
* Perform quench protection analysis
* Check conductor with bending radius
* “Consideration should be given to performing S L
additional test windings before launching the labor- T P
intensive fabrication of the production coil.”
e Decision to fabricate practice coil as risk
mltlgatlon Strategy 12;1;PM 0;15 Q&:&A;ndWrap—Llp Paclo Ferracin
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f\| j Project status updates
A FY23 second quarter

* Tooling preparation for practice winding
— Final mandrel, but small pole for 4-layer practice coil

 Conductor bending test
— No broken filaments observed
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/\I j Project status updates
BERKELEY LAB FY23 third quarter

 Mechanical analysis

— Investigation of stress in coils and
mandrels

* Tooling development

— To guarantee correct positioning of
sextupole turns

* Winding practice coil
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/\I j Project status updates

FY23 fourth quarter

* Quench protection and test analysis ﬁﬁﬁ—J—uﬁ

« Definition of requirements 1 It
— Maximum temperature < 200K et ekl '"1{1'
— Maximum external voltage <80V @ L | gy | "y g | |

external resistor for lead protection
— Maximum to-ground voltage < 500 V
— Maximum coil internal voltage < 1.5kV

— No damage on the diode
* Peak power < 130 kW

— No damage on the mechanical structure by
eddy current effect
* Definition of protection scheme to
meet requirements

MARS-D (45GHz) Design Parameters

14
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dl j Project status updates
FY23 fourth quarter w s

* Completion of practice coil and cut to check impregnation

~r
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) Project status updates
FY23 fourth quarter

frrerrerer

* Completion of practice coil and cut to check impregnation
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f\l ; Project status

Additional outcomes/comments

* As additional risk mitigation strategy

— Fabrication of the solenoids in house and after the sextupole coil
fabrication

* Machining of the solenoid mandrel finalized once sextupole coil completed

* More in general, excellent collaboration between NSD and
ATAP team, at all levels

— Conceptual design, analysis, fabrication....
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ol Annual budget

BERKELEY LAB

Funds allocated 999 999 1998

Actual cost to date 668 101* 769%*

*As of November 15t
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d‘“ Project deliverables and schedule
within the allocated funds

Date Deliverable

Completion of the winding of the sextupole coil

October 2024 Engineering design of solenoid and support structure

Fabrication of solenoid mandrel and support structure

November 2024 Completion (impregnation) of sextupole coil

March 2025 Completion fabrication of solenoid coil
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BERKELEY LAB

NSD
Funds allocated 526 549 1075
Actual cost to date 508 58* 566
ATAP
Funds allocated 473 450 923
Actual cost to date 160 43%* 203

*As of November 15t
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