<R i

Istituto Nazionale di Fisica Nucleare PTO L E MY
. _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________|

INFN-GE CONTRIBUTION TO THE
DEVELOPMENT OF THE PTOLEMY SC
MAGNET

Stefania Farinon, Gabriele Neri
INFN Genova

Meeting Collaborazione Ptolemy



(INFN |NTRODUCTION iy

Istituto Nazionale di Fisica Nucleare PTO L E MY
. _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________|

* My personalinterest in this project arises from the fact that PTOLEMY will host the first MgB,
magnet dedicated to fundamental physics research.

* Additionally, | will be supervising a student, Gabriele Neri, for his Master’s Degree thesis. In
agreement with ASG, he will contribute to the development of the PTOLEMY superconducting
magnet.
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Ansys

2024 R2

* | developed the 3D finite element model of
the Ptolemy magnet system using ANSYS.
* This software differs from the one used by

ASG, providing a valuable cross-check.

* The model will serve as a basis for next
Gabriele’s work.

Iron yoke mass 2] tons
Min air gap 130 mm
Operating current 140 A
Current density 100 A/mm?
Operating temp 20 K
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INFN MAGNETIC FIELD IN COILS AND YOKE
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RNSYS 2024 R2

RNSYS 2024 R2

Build 24.2 Build 24.2
FEB 12 2025 FEB 12 2025
15:19:58 15:19:17%
PIOT MO, 1 PLoT O, 1
NCDAT, SCLUTTON NCDARL, SOLUTTCN
STEP=1 STEP=1
SUB =1 B =1
TIME=1 TIME=1
BSIM (RVG) BSIM (BVG)
RSYS=0 RIYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
EVRES=Mat IVRES=Mat
SMM =.014541 SM =.004883
SME =.35114 SME =2.62481
L014541 004883
= 051941 = .295986
| L089341 O .587088
| 126741 — L878191
| 164141 — 1.16929
— 201541 — 1.4604
— .238941 ] T 7515
= 2762341 ] 2.0426
B .31374 Bl 2.33371
A5 2.62481
Y2 symmetry
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INFN MAGNET MAIN PARAMETERS &E
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Gap field 1T °0 \
; 700
Operating current 140 \
- 600 N
Operating temp 20 - N
Peak field* 04T S ~._
@ <
Magnetic energy 60 kJ 2 300 /’&
Inductance 6H 200 // \\
Margin on the 100
) 62%
loadline 0

estimate including self-field magnetic field (T
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INFN HOMOGENEITY
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* |n a specified volume, homogeneity is defined as:

. ) 1 /2
where: (B$> _ _[ B, dz
LJ 12

Y2 symmetry

ANSYS 2024 R2

Build 24.2
FEE 12 2025
14:48:46

PLOT NC. 1

NCDAL SCLUOTTCH

STER=1

(AVG)

RSY3=0

PowerGraphics

EFACET=1
AVEES=Mat

SM =
SME =

BU0OROEON

1.02261
1.02501
1.02z261
1.02z88
1.02314
1.02341
1.02368
1.02394
1.02421
1.02448
1.02475%
1.02501

B, —
HEmax( (B

&

PTOLEMY

Measuring volume Homogeneity Homogeneity
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(XxYx2) (specified) (calculated)
100 x 100 x 700 0.15%
80 x 80 x 300 0.025%
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* Lorenzo Mauro provided me with the

mmmmmmmmmmmmmm

following updates: YCASG

* Windingis set to begin next Monday.

Neodymium magnets for shimming
NdFeB magnets H.=995 kA/m

e Suprasys is nearing completion of the
engineering design for the cryostat and
suspension system.

38EH = HZ‘?‘JEeB BlIl;IJSSCHurve]\ISASH

— N50M

—1.4T

* The order for the iron yoke will be placed by
the end of February, with priority given to the
fastest supplier (most likely securing AlSI
1020 forged rather than cast material).

. T : Min dimension 1x1x1 mm?3
* The gap has beenincreasedto 130 mmto S Max dimension 4x4x4 mm?

accommodate permanent magnet e
www.asgsuperconductors.com 5

shimming.

2.0 H(KOe)

12500 kOe (995 kA/m)

27/01/2025
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* Validation of the yoke material
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INFN VALIDATION OF THE YOKE MATERIAL
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B [T]

PTOLEMY

2:50 ® STEEL 1S * Verify the magnetic field map of the
o ® Alsi 1020 Ptolemy magnet system against the
5 00 .-V measured B-H curve of the procured
. ¥ iron for the yoke.
( ASG
’ SUPERCONDUCTORS
L 00 “ CHEMICAL PURE IRON STEEL 15 AlSI 1020
. . Carbon C [%] 0.0041 0.19 0.22
: Manganese Mn [%] 0.298 0.61 0.55
: Phosphorus P [%] 0.012 0.028 0.04
0.50
. Silicon Si [%] 0.008 0.23
! Sulfur S [%] 0.0084 0.033
0.00 o o 0°®
1.00 10.00 100.00 1000.00  10000.00 100000.00 1000000.00
H [A/m]
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* Assessment of the ferrous material's impact on the central field
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INFN NICKEL AND MONEL SATURATION
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* Inthe MgB, conductor design, different
materials are used to ensure protection and
functionality: y 4 : Copper

* the Niobium serves as a protective layer for
the MgB,,

Monel
* the MgB, filaments, coated with Nb, are
embedded in a Nickel matrix, — Nickel
* and the entire MgB,-Nb-Ni assembly is
enclosed within a Monel shell. Niobium

» Copper forms the outer coating, allowing for
easy soldering.

* Nickel and Monel are permeable materials.
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INFN NICKEL AND MONEL SATURATION
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PTOLEMY
* Nickel and monel saturation properties could have an impact on the magnetic field
8000 . . - . - . T
6000 Magnetizzazione Nickel .
3o (“ 45 K nastro reagito
+ Monel magnetization ™ 4000 T
B ’f % 2000 -
_ o !' e ] ]
% .“ ‘g 0+ [] -
E“ - ‘.; g -2000 - .
£ 2 1
20 H & -4000 A i
/ =
-3000 “M -6000 + -
-4000 -8000 T T T T T T T
e e e e ﬁe:em % . -20000 -10000 0 10000 20000
Campo Magnetico (Gauss)
Saturation property Saturation property
_ M(H>0.5T) = 0.33T M(H>0.5T) = 0.60T
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e Sensitivity analysis
* Evaluation of yoke tolerances
* Analysis of coil positioning

* Coil manufacturing considerations
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* Selection of magnetic field measurement points
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INFN M EASUREMENT POINTS

Istituto Nazionale di Fisica Nucleare PTO L E MY

* Optimize the tool for measuring the Y(CASG

MAGNETIC MASURE — POSITIONING SYSTEM

mmmmmmmmmmm
magnefs & systems unit

field map in the gap.

* Evaluate the measurement error by Positioning System

(milled aluminium)

\

considering the tolerances of both the

tool and its positioning.

.
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Hall Probe

Measuring stick
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* Participation in the field mapping at CERN

. 277
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