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e Introduction
» Recent developments at Sigmaphi

« A brief overview of magnetic Measurement activities at
Sigmaphi

« Recent results and comparison with TOSCA

* Measurement set-up in progress - Medaustron project
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* More than 30 years of development in magnets for
particle accelerators

« Sigmaphi is specialized in the design, manufacture
and measures of magnets

 Sigmaphi is ISO 9001-2000 certified
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DESIGN AND ENGINEERING

Sigmaphi has the suitable softwares and skilled engineers to design
a particle beam line

Transport

“Opera 2D and 3D
Tosca Elektra Tempo|

FEA analyén
Cosmosworks
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PULSED MAGNETS
Technology transfert : partnership with SOLEIL synchrotron

«Development of new concept « In-vacuum Eddy current Septum
pulser and kicker for MSL

.
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Sigmaphi NEW PRODUCTS SUPRACONDUCTIVE MAGNETS

The Q2 and Q3 Quadrupole
Magnets are the analysis magnets
of a new particle spectrometer
named the Super High Momentum
Spectrometer (SHMS) which is under
construction in JLAB experimental
Hall C as part of the JLAB 12 GeV
upgrade.
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Sigmaphi NEW PRODUCTS SUPRACONDUCTIVE MAGNETS
JLAB SHMS dipole (4.5T)
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A brief overview of Magnetic
measurement activities at 2o

Hall probe
Rotating coil
Search coil measurement with current ramp
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Mapping up to 18 tons in the laboratory

[ M W]} 8 International Magnetic Measurement Workshop
o 7 CELLS / ALBA, Spain, 18-23 Sept 2011



CMw

International Magnetic Measurement Workshop
CELLS /S ALBA, Spain, 18-23 Sept 2011




SIr=MA/F]

ATALCANIE AMTT WEARTF FRANSMIFAT

Developped for the measurement of the 90° CNAO dipole magnet

CNAOQ hadrontherapy facility (Pavia - Italy)
National Center for Oncologic Hadrontherapy

HICAT (2001) CNAO (2006)
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sSearch coil Farameler

Fadius 3670 mm
Conducror Flat wire (2*10)
Number of fums 20

Width of the coil support 14 mum

Height of the cadl . 200 T
Insulated wire diameter 0,635 mm
Central coul length £764.5 mm
Fringe field coils lengih 500 mum

Cap berwesn coils 3 mm

Substrate materal P03
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Each process is qualified and improved with
cross measurements with other laboratories
(SOLEIL in 2005 and CERN in few months..)

SN 26 @ 300A | dx (um) | dy (um) | 6 (mrad) | b9 b1l5 b2l

:,_,, -6 -19 -0.010 |-493|-8.85|-2099 | 0.0

S..:.:l_lEll_ -7 -4 -0.105 | -4.76 | -8.58 | -20.02 | 03
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o‘ra‘ring coils
Design and manufacture

Litz wire (66 and 33 turns)
welding connections

D28.5 rotating coil (Rref = 13mm)
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SIMA] | SOME RECENT MEASUREMENT RESULTS
comparison with TOSCA

1/ JYVASKILA, 90° dipole magnet
Nominal field : 1.36T, massive yoke

Mapping definition
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Mapping steps defined with TOSCA

Mapping (OFFSET TRAJECTORIES)
T trajectarics (Ry , offset + 10, offser + 20, offser + 35mm with Ro=1250mm)
Vertical plancs (y=l), y=+201, y==2llmm}
Sicps
Curve paris

step 1° from theta O to the 36°

step 0.5° from theta 36° to theta 45°
Siraight paris

Step 1mim from slhnm o 1 mm

Step 15mum from 2 100mny 1o 24

Measurement accuracy
Hall probe qualification = 0.2Gauss
Power supply stability = 60ppm
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dB/B at 3004 (theta 0", middle plane)
F iebE-0aE

T =l

Ak A0
—f— L1
== AL

sl TS0

dB/A at 1004 [theta=0", middle plane)

=5-008-4— 18008

=i {afkE =k
o st radiies ()

130603

T MR-

8-l

- —a—ALl
F 6 DOE-Od—
——AL2
& DOE-0d— e TOACS
-0 .30 20 110 o 20 0 a0
Pooe-04-"

offset radivs {(mm)

o ol

A

WEM International Magnetic Measurement Workshop
e 1 g A CELLS / ALBA, Spain, 18-23 Sept 2011




= f—

ST =Ty
dBL/BL (AL1) at 100A o

—=— 0.4 Tosca

40 40

dBL/BL (AL, 3004)
20D0E-03

150E-03 |

L O0E-D3—

=0

=10
= Dl

1.00E-DF |
~150E03 |

-2 DOE03
Offset trajectory (mm)

CELLS / ALBA, Spain, 18-23 Sept 2011

International Magnetic Measurement Workshop

—t—i}
—— -0
i Ji}

0 Tovicin
—=— 0 A T

40




=

SIMAPHI

CELLS / ALBA, Spain, 18-23 Sept 2011

specification TOSCA | MEASURE AL1| MEASURE AL2
Bo{Gauss) Expected <20 f <730
daLefl (mm) Expacted Imm 1.2 2
Linearity B, B/3 / 21% 20%
curreni{A) 300 300 300 300
NI (A1) / 46200 46200 46200
Bo (T) 1.36 1.392222 1.416049 1.416021
Leff 12 magnet (mm) f 881.49 681.21 582.20
Tatal Leff (mm) 1963 +/-1 1962 96 1963 5
BLO (T.mm) / 1366.445 1389423 1391.118
angle (") 26.28 +/-1 2616 26.32 26.08
dR/B <4/- 5,10 -3.15E-04 -4 B5E-04 -5.16E-04
dBL/BL pland <+ 9.10" 7.92E-04 7.59E-04 1.00E-03
currant{A) 100 100 100
NI (A1) 15400 15400 15400
B(T) 0.662031 0.565385 0.565838
Left O {mm) Q82 70 Qa3 29 98358
BLO (T.mm) 552,310 555840 556,549
angle (*) 2637 26,06 26,38
JR/B 1.30E-03 1.18E-03 9.00E-04
dBL/BL 3.52E-04 2.83E-04 2. 10E-04
International Magnetic Measurement Workshop




2/ TRIESTE, 3A dipole magnet, quantity 5
Laminated magnets, Bo=0.125T, 100A

) copar'ison with TOSCA
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Mapping points for the prototype magnet (n1)
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Ona trajactary reproducibility (magnat n1 at 101,54, central trajactory measurad two timas)
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3/ TRIESTE, 3C dipole magnet, quantity 7
Laminated magnets, Bo=0.85T, 500A

MaAppIng
J = _ it 1
.- S
57— =
pole
- 00
Prototype mapping
T trgectonies (+/-15mm in X axis, step Smm)
i/= S00mMm in £ axis, step Smm
al y={

at 2004, 300A, 4004 and 5004 and 0A
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one trajectory reproducibllity — Integrated fleld and effective length
B=HE) @S00A (magrel JonG)
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spec TRIESTE
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ets / SPEC and TOSCA values

T
AB/B iranssverse af the nominal current [Y=/£=0) =&—dBEnl
A
o dVE a5
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Trieste Tosca calculation Magnet nl to n7
specification
spec TRIESTE Bo 0.85 T at S00A 0.860 T (@) S00A > 0.8572 T at 500A
0 S 0.432 @ 250A
' ! Leff 370mm 370.45 (@ S00A 369.16 < Leff (mm) < 370.78
dLeff < Imm 0.14mm <116 mm
dim <0.05 % 2.5 E-5 A <15F4
+/- 15 mm
dBL/BL <0.1 % 1.30E-4 A <52F4
+/- 15 mm
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Link beetween design / manufacturing process and measurement results
For example : magnet multipole components distribution
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7 5td Dev .57 63.02 0504 L0000 0.65 0.32
£ |Max 100 -183 -3.647 0.0223 151 0.01
8 Min =149 T <0454 00225 =0.50 «0.50
0l Range L 205 3.153 0.0002 212 0.51
1 Average+is 53 110 <0085 0.0z24 162 0.35
2 Average-25 125 =142 +3.303 0.0z23 =0.97 =0.92
3 Interval 213 252 nz i Riciial 2.60 1.2
4
a LY S Ab magnets
[ dlx dy angle nz ht hin
! | Thearic goal o o ] (L0
H | Average - -/ -2 UK 30¥ -{1.101 -11. 500
g _.‘il‘l!‘l ey 11152 db. 24 1262 CLENHES 0.4 .33
0 Max Als 12008403 =4 (1M} L ERE 2% 2.30 0.29
1 Min - b B4 1104 IRLE L =210 -1.34
4 Hange 411 dlbJ08Lr43 =T (LINILLH 4.40 1.63
3 AvCragc+ds 218 B2 L2z LOE24 1.28 0.15
4 AVCragc-£45 226 121 3,326 LOE2G 1.8%9 L.16
5 Interval 445 LE5 3.048 .000F 3.7 1.21
o L S 0 -

i oy e}

l M W] 8 International Magnetic Measurement Workshop
Ty Ve CELLS /ALBA. Spain, 18-23 Sept 2011




= [

SIMAPHI

MEDAUSTRON Pr'OjeC‘l' ebg MedAustron

2000 WRpDT MOUSTAdT = AUSTED

Centre for ion therapy and
research in Austria

For more detail : presentation
given by Thomas Zickler

Quadrupole Magnets for the
Medium and High Energy Beam

Transfer Lines
11 MQZB
81 MQZE
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Upgrade of our rotating coil bench
A new girder, used for both type of magnets and for the rotating coil calibration
A new rotating coil, active length 1150mm, Rmeas=30mm in carbon fiber
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Main issues

Magnet degaussing in bipolar, minimum current value 1.38A

Measurement Qualification with a cross-check measurement of 5 prototypes
at CERN

COUPE B-B
ECHELLE 1 : 1

AXIS rotation

N\

D

TR GO s

[ 30 mm measure radius |
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FOR YOUR ATTENTION
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