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e ALBA is a 3™ generation Synchrotron Light Source being built in
Cerdanyola del Valles, close to Barcelona (Spain)

e ALBA is being constructed and will be operated by the public
consortium CELLS (consortium for the Construction and Exploitation of the

Synchrotron Light Laboratory), Which is co-financed by Catalan (local)
and Spanish governments

e Energy of the electron beam = E=3 GeV
e Phasel — 7 beamlines (BLs): 1 bending magnet BL + 6 ID BLs
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Construction & commissioning schedule:
- end 2007: installation and commissioning of Linac
— 2008: installation of Booster and Storage Ring
— 2009: commissioning of accelerator
— 2010: Users operation with 7 Beamlines

view 28" May, 2007
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Magnetic Measurements Laboratory
Main aims of the laboratory:

1. Measurement of Storage Ring Bending Magnets

= Instrument for measuring magnetic field maps
— Hall probe bench

2. Construction and measurement of IDs

= Instruments for permanent magnet blocks
characterisation

— Helmholtz coils & Fixed Stretched wire

= Instrument for measuring magnetic field maps

— Hall probe bench
= Instrument for measuring field integrals

— Flipping coil bench
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Magnetic Measurements Laboratory
Measurement benches 'l

1. Hall probe bench

2. Flipping coil bench

— Purchased from ESRF

3. Helmholtz coils

— Purchased from Elettra

4. Fixed stretched wire

— Designed and built in-house
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Magnetic Measurements Laboratory

General view of the laboratory:
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Hall probe bench

Characteristics of previously existing
bench:

- Longitudinal scanning range: 3 meters
- 2D Hall probe (only two Hall sensors)
— EPICS control system

- Point-to-point measurement mode

Improvements implemented:
— 3D Hall probe (three Hall sensors)
- New probe calibration scheme
- Offset determination system

- Accurate determination of relative
distances between sensors

— TANGO control system

— On-the-fly measurement mode

21-24.08.2007

3D Hall probe bench

Scanning volume:
(AzxxAyxAz)=500x250x3000 mm?3
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3D Hall probe

F.W. Bell Hall sensors

Model GH-700

Gallium Arsenide

Nominal current: I, =5 mA
Magnetic Sensitivity ~ 1 V/Tesla
Max. linearity error (£1 Tesla): £2%
Temperature coefficient: -0.07%/°C
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Detail of Hall probe circuit board:

Z-8€Nnsor  y-Sensor x-sensor

Ny

Pt-100 (T sensor)

space to allocate heater
— =

—

EUROTHERM

the temperature sensor and
the manganine heater, in
combination with a PID
controller (Eurotherm 3508)
allow to control the
temperature of the probe
within £0.05°C
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3D Hall probe
Piece breakdown of Hall probe Holder: Finished probe attached to movable arm:
probe circuit board electrical connector movable arm (brass)

———

/

manganine
heater

X

Hall sensors

4 mm

probe holder (brass)

coupling to movable
arm (aluminum)

T 1l

— Brass holder improves mechanical rigidity and temperature homogeneity of the probe

— Probe holder thickness (4 mm) allows to measure all IDs at ALBA (5 mm of minimum
gap)

— Circuit board bonded to probe holder using good thermal conductivity & electrical

insulator adhesive (Arctic Alumina™ from Arctic Silver ®) Zretic llumina
Premium Ceramic Thermal Adhesive

21-24.08.2007 14
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Modeling of the response of the probe to an external field taking into account
the approach and results in:
- F. Bergsma (2003), "Calibration of hall sensors in three dimensions”, presented at 13th
International Magnetic Measurement Workshop, May 19-22, 2003, Stanford, California

- F. Bergsma (2005), "Progress on the 3D calibration of hall probes”, presented at 14th
International Magnetic Measurement Workshop, Sep 26-29, 2005, Geneva, Switzerland

Magnetic field components in the reference system of the
Hall sensor:

(Bx,By,Bz) = (B cos® sin®©,B sin® sin®©,B cosO)

Reference system of
a Hall sensor:

()

\%

e where © and ® are the polar and azimuthal angles of the
Z magnetic field relative to the Hall sensor

Response of the Hall sensor to the applied field:

00 l
V(B,0,o,T) =Y Y ¢n(B,T)B'Y,,(0,®)

[=0m=-I

X

where Y, (O, ®) are spherical harmonics

However, according to the work of Bergsma, only some of the terms
¢;,,, have a significant contribution...
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We have determined that the terms needed to have errors <1 Gauss for
B <1.7 Tesla are:

V(Bx,By,Bz,T) = Voo+ Vio+ Vog + Voo + V30 4+ V3o 4 V50 + Vio

where...
Voo = coo Voltage offset
Vio=c10(B,T) Bz Linear term — main component
Voo = 20 [2Bz? — (Bx? + By?)| Non-reversible non-linearity
Voo = ¢p2 BX By + ¢%,(Bx? — By?) Planar Hall effect
V30 = ¢c30 :2323 — 3By (BX2 + BYQ)] Reversible non-linearity
V3o = c3p Bx By Bz + ¢5,Bz(Bx? — By?) 3D Hall effect

Vsg = c50 [8BZ5—4OBZ3(BX2+BY2)+1SBZ (BXQ—I—BYQ)Q] Reversible non-linearity
V5o = ¢50 By By Bz[2B2—(Bx?+By?)|+
cEo Bz(Bx?—By?)[2Bz%2—(Bx?+By?)]

All ¢, coefficients unless the main one (c,,) are assumed to be B

independent, and all the thermal dependence is assumed to be contained
in the linear term ¢ :

c10(B,T) = c10(1 + c101B + c102 B + c103 B> + c104 B + .. )[1 + ar (T — Tp)]
where T is the calibration temperature.

21-24.08.2007 17
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It shall be taken into account that the Hall sensors are not perfectly aligned
with respect to the reference frame of the laboratory:

(BX\ B (cosw siny O\ (1 0 \ (cosq& sin¢ O\ (BX\
0 I Y I P I At T Vol

where ¢, # and « are Euler angles defining the misalignment

of the Hall sensor relative to the component of the magnetic
field to be measured.

Therefore the response of the Hall sensor to an external field
in terms of the lab. frame components:

V |Bx'(Bx,By,Bz), By'(Bx, By, Bz), B7'(Bx, By, Bz), T|

Y (vertical)
B, B
Lab. Reference frame: el a2 z n—
(horlzontal) £> ’,:"_>._! “':" P " i P —— - y,ﬁp,yf,,p,,y,{'
z © @0
(longitudinal)

Bz,By,B,, T
vertical probe @ (Xa,Ya,Za) & (2,2,9) Va( Ly LYy, 22 )
horizontal probe (b) (X3, Yp, Z) ¢+ (v, 2, ) Vo (Bx, By, Bz, T)
long. probe @ (X07YC7 ZC) < (CE,y,Z) VC(BCE? By7 BZ7 T)

21-24.08.2007 18
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Va(Ba, By, Bz, T) = cfo + cfo(1 + ¢f01B + ¢{0oB* 4 ¢§03B> + c104BY) (1 4+ o4 AT)Bj+
c30[2By” — (Bf? + BI?)] + ¢4 BIBY + c35(B2 — B*)+
2 2 2 2
c%0[2By> — 3By (B3* + B*)] + ¢ By BIBg + ¢35 Bj(B2% — B3®) + o( B®)

Vy(Ba, By, Bz, T) = o + o(1 + 401B + 402B” + 403B> + 4 04B™) (1 4 o7 AT)BR+
2 2 2 2 2
Bo[2BY” — (BY" 4 B))] + choBYBY 4 55 (B)” — BY )+
3 2 2 2 2
Bol2BY” — 3BY(BY + BY)] + 4,BLBIBY + 3 BU(BY” — BYY) + o(BY)
Ve(Ba, By, B2, T) = cfo + ¢fo(1 + ¢§01B + ¢§02B” + c§03B°> + c§04B*) (1 + a5 AT)BE +

050[2322 . (B§2+ BCQ)] + C%QBCBC—F C*c (BCQ . BCQ)_I_
c50[2BE3 — 3BS(BS? 4 BS?)] + 52 BEBSBE + ¢35 BE(BS? — BE?) + o( B2)

Bg = By 0S8, + B;sing,sinf, — B, COS ¢gSinb,
@ By = Bysiniygsinfg + B;(COS¢q COSYg — SiN e Sinyg CoSO,) + By (Singq COS g 4+ COSPgSin 1, COSO,)
Bg = By c0S9qSinfy — B2(COS¢aSina + Sin¢a COSYq COSOa) + Bz (COSda COSYPq COSHa — SiNda Sinha)

Bl = By cos 6, + Bysin ¢ysin 6, — B, COS ¢y sin by

@ BS = Bz sinyysin by 4+ By(cos ¢y, oSy — sin ¢y sinyy cosby) + Bz (Sin gy Cos Yy + COS ¢y Siny cOSHy)

Bi’ = Bz COS ¢y Sin 0 — By (COS gy Siny + Ssin ¢y cosy cos ) + B(COS ¢y COS 1y COSOy — Sin ¢y Sinhp)

B = B, c0S0c 4+ Bz Sin¢cSinfc — By COSPeSinbe

@ By = B:siny¢sinfc + Bz(COS¢gc COSPe — SingeSin e coShe) 4+ By(Sin de COSe + COSpeSinte Coshe)

Bz‘j = B, C0St:Sinf. — Bx(COSPcSiNYe + SiNp. COSY:COSO¢) + By(COS P COSth COSH: — Sin ¢ Sinpe)
21-24.08.2007 19
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Calibration system: Nl\}R|pr<bes
Dipole Magnet GMW 3473-50 150 MM 4]

Power supply Danfysik 858 m

7
- RMN magnetometer Metrolab PT 2025 // bleces
- Fluxgate magnetometer Bartington Mag-01 v /
Hall probe
Fluxgate probe | - *;71 - | /
e MAGNETIC FIELDS. PEOPLE WITH < | —
| PACEMAKERS DO NOT TREspass  JEFTETANRETES) + a
: x| A
NMR probes

Magnet’s air gap: 15mm
5 NMR probes: |B|= 500 Gauss-2.1 Tesla
Fluxgate probe: |B|< 150 Gauss

21-24.08.2007 20
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Field calibration carried out at four predefined positions:

At positions 1 and 2 the probe is attached to the moving arm

Position 1 Position 2

magnetic field along vertical (y) direction magnetic field along horizontal (x) direction

(Ba?)By)BZ)DOS 1 — (O,B,O) (B$7By7Bz)DOS o) — (B7 070)

21-24.08.2007 21
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Field calibration carried out at four predefined positions:

Positions 3 and 4 are defined using to auxiliary Bakelite pieces that
are inserted into the gap of the calibration dipole

(o]
ro pos. 4
‘ pos. 3
y
L’x

Side view Position 3:
magnetic field along vertical and longitudinal (y and z) directions

(Bz, By, Bz)pos 3 = (0, B cos13.5°, B sin13.5°)

Position 4:

13__ pos. 3 all three components (z, y and z) non-zero
d (Bz, By, Bz)pos 4

21-24.08.2007 22
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Calibration curves obtained at constant temperature
(7,=30°C) in the range +1.7 Tesla:

Position 1 Position 2 Position 3 Position 4
— 1500 — 150 — 1500 _ 1500
£ 1000 Z 100 Z 1000 Z 1000
= 500 = 50 = 500 £ 500
sensor|s %% s % s 5% s 0
SaE i3 om0 g
o - o _100 o — o _1000
@ > _1500 > _150 > _1500 = 1500
-1.5-1-0.50 05 1 1.5 -1.5-1-050 05 1 1.5 -15-1-050 05 1 15 -1.5-1-050 05 1 1.5
Magnetic Field [T] Magnetic Field [T] Magnetic Field [T] Magnetic Field [T]
s T T B s o s &
sensor E 10 E 500 E 50 E 250
e 0 > 0 °© 0 g o
g 8 -500 & _ @
£ ~100 £ -1000 S e £ ~250
> > -1500 S -100 S -500
-200 -150 -750
-15-1-050 051 15 —1-5—1—0-5_0 _0-5 115 -1.5-1-050 05 1 1.5 -15-1-050 05 1 15
Magnetic Field [T] Magnetic Field [T] Magnetic Field [T] Magnetic Field [T]
60 = 20 — 300 _. 100
g 40 E E 200 E 50
sensor = 28 s 10 s 100 O
8 -20 g 0 S -100 2
S -40 3 _10 / S -200 s -50
-60 -300 -100
-1.5-1-050 05 1 1.5 -1.5-1-050 05 1 1.5 -15-1-050 05 1 15 -15-1-050 05 1 1.5
Magnetic Field [T] Magnetic Field [T] Magnetic Field [T] Magnetic Field [T]
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Least squares fitting in order to determine ¢;,, and ¢, 6 and 1) parameters for each sensor:

{ Va, = Va(Bm, By, Bz,TO)
Simultaneous fit of { v} = V}(By, By,B.,Ty) at each calibration position

c = Vc(Baz, By, B, TO)

Position 1 Position 2 Position 3 Position 4
04 04 04 0.4
z o2 | Ze2 L |Zzo2 | |l ge2 |
Sensor P e e ] e s = s e 1 | =R s maa
I_E -0.2 LE -0.2 I_E -02 uL] -0.2
-04 -04 -04 -0.4
-15-1-050 05 1 15 -15-1-050 05 1 15 -15-1-050 05 1 15 -15-1-050 05 1 15
Magnetic Field [T] Magnetic Field [T] Magnetic Field [T] Magnetic Field [T]
04 0.4 04 0.4
N S S S
SenSOI‘ E 62, | z 2, £ 02y ] d 2,
e — T —— — e T —— — o — T —] o — T —— —
0 -0.2 T -0.2 w0 -02 T -0.2
-04 -04 -04 -0.4
-15-1-050 05 1 15 -15-1-050 05 1 15 -15-1-050 05 1 15 -15-1-050 05 1 15
Magnetic Field [T] Magnetic Field [T] Magnetic Field [T] Magnetic Field [T]
04 04 04 0.4
= 5 o S o S o
Sensor g o2y, | 3 2, | g 2y ] 3 62 |
@ I_E -0.2 LE -0.2 IE -02 ugJ -0.2
-04 -0.4 -04 -0.4
-15-1-050 05 1 15 -15-1-050 05 1 15 -15-1-050 05 1 15 -15-1-050 05 1 15
Magnetic Field [T] Magnetic Field [T] Magnetic Field [T] Magnetic Field [T]

The residual rms error is 0.02 mV, which corresponds to 0.2 Gauss
21-24.08.2007 24
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Obtained results

10000
[l sensor a
S’ 1000 - m sensor b|-
|§| [l sensor c
.5 100 -
S 10 - : almost all non-linear
"q:',' contributions <1%
2 |
= 1
3
0.01 -

C11 C20 C22 C30 C32 C50 C52

Misalignment angles: §, = 5.8°
0, = 7.9°
0@ — :2:30
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Determination of temperature coefficients:

measurement at constant magnetic field in position 4 (all field components #0)
with changing temperature

sensor (a) sensor (b) sensor (¢)
1035 88 ;8';
£ 1030 £ 4% £ 70
% 1025; % 482 % 69.6
> 1020 > 480; > gg
27 28 29 30 31 32 33 34 27 28 29 30 31 32 33 34 27 28 29 30 31 32 33 34
Temperature [ C] Temperature [°C] Temperature [ C]
_ @)
The temperature coefficients are: a% - _ 0,217%/ C
b 0
cC __ @)
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Reconstruction of the magnetic field

Given the signals of the three sensors (V,, V, and V) and the
temperature of the probe (7), the three components of the
magnetic field are determined by inverting the non-linear

system (it is done by means of a C routine implementing
Broydn method):

(Vo = Va(Bz, By, B2, T)

Vb Vb(Bm,By,Bz,T) |::> (B;[;,By, Bz)
\ VC - VC(BmaBy7BZ7T)

_/\\
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Determination of offsets

A double layer u-metal chamber has been designed and constructed
in order to measure the offsets of Hall sensors

Piece breakdown

Selected material:

80%Ni-Fe u-metal from Amuneal Manufacturing Corp.
in the form of 0.062"=1.575 mm thickness sheets
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Determination of offsets

Bext | Field along = or y: n ~1500

Shielding factor: n =

Bjn Field along z: n~ 700

21-24.08.2007 30
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Determination of offsets

Evolution of offsets: drifts of ~10 uV observed within one session and up to
~50 pV from one day to another — systematic errors up to ~ 0.5 Gauss

Horizontal component Vertical component Longitudinal component

-166

=512

S IPTTEE ( REE AS- I
i i g <t EEIETRTL

0 50 100 150 200 250 300 350
time [min]

0 50 100 150 200 250 300 350
time [min]

0 50 100 150 200 250 300 350
time [min]

Offsets have to be determined for each measurement!!

Comparison of field
integral measured
using flipping coil

and determined
using Hall probe

rms difference
~10 G-cm

Field Integral [G-.cm]

™ vertical Iy

m horizontal |, |]

75 100 125 150 175 200 225
X [mm]
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Relative position between Hall sensors

Refinement of the relative positioning between the sensitive areas
of the three sensors

e dddsisszisicts’

Ideal values by construction:

(dzp = —dzc = 5.5mm
§ dxp,0xc =0
| 0Yb, 0yc = 0
Reference
Ssensor

21-24.08.2007 33
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Relative position between Hall sensors

Determination of oz,, dy,, dz,, 0z, 0y, and oz, using Maxwell equations:

Any magnetic field measured V-B({) =0
with the probe must fulfill: ﬁ y E(F) —0

( 1(F) = 0Bz (¥) + 0yBy(¥) + 8:B(7) = 0
fo(7) = asz(’F) — (9sz(77) =0
=\ F3(7) = 0:Ba(7) — 9aB=(7) = 0
\ f4(7?) — 8:1:By(7?) - 8yng(7?) =0

= g(M? = f1(P)2+ f2(A? + f3(A? + f2(M%2 =0

We define the "Maxwellness”

of the measured field over a £ = \/l/ g(f')Q dv =0
v Ju

volume v as:
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Relative position between Hall sensors

Measurement of a magnetic field with strong gradients in all three directions
—all (0B,/9dz;)»0— within a given volume (15 x 15 x 15 mm?3) and optimization
of ox,, 0y,, 0%,, 0z, 0y, and dz, in order to minimize “Maxwellness” (§):

Correction of distances between sensors:

Sensor @
After optimization, "Maxwellness”
Adzp = (—0.08+£0.1) mm reduced from ~ 1 Gauss/mm down

Adyp = (—0.43£0.1) mm to 0.1 Gauss/mm
Adzp = (—0.04 £ 0.05)mm

Relative position of Hall sensors
Sensor @ determined with an accuracy of
Adzc = (4+0.28 + 0.05) mm ~>0—100 um

Adyc = (+0.02 £ 0.05)mm
Adzc = (4+0.05 +0.05)mm

21-24.08.2007 35
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New TANGO control system

eControl system has Rss2 Wt
been migrated from o Philps 210« B
EPICS to TANGO temperature | = = N
monitoring Philips 210 o -y
eNew devices have been Hal probe —— ~.
. s T contro L
included (addItIOHal N | —= Qalibfation
voltmeter for 3 Hall S - N [aystem -
?ne;\gsro.'g,t cf):l#])é% eaFe) . ;i CPIB | eithiey 2001 ||| I Danfysk o Currg:t!lszzortc’z
% GPIB  keithiey 2001  » Fluxgate  © HP3631A o
> - = - - - 0w
eOn-the-fly £
measurement mode has il
been implemented T w
Driver .
I
-
Motion controller
Hardware architecture

21-24.08.2007 37



/--. IMMW15 3D Hall probe bench
AL BA

New TANGO control system

GUI screenshots

i . Magnetic Measurament Bench &3

File Tanls

|CONFIGURE measure and press CONTINUE/END

r— on-the-fly application

~On-The-Fly &3

File Tools

- 'SIED 1 : waiting for complete triggers generation. Time: 2.7 sec

[ — | ——— | ——— T il
[sTary | [EEDR [z | comment [ L[]

} . b Ao by ]
X-Init-Position 0000000, QIJ um StepTime
PR e by B e A
X=5tep-Distance ﬁééﬁﬁéﬁ @J urm Download Tirme
PR e bl e
T .
H-Step-Number 002 | steps Total Time
o
cv iy e by
V-Init-Fosition 0000000. QIJ um PLC time
N
T ; ; T r T T ; T T r T " ; T ; T T r —
ﬂ 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8O0 85 90 95 Integration Tirne 002.0 s Dead Time
B
cia i P v
X 0.0 um Hall Temp.[ 301 € I Out Curn [834.33 A ‘ Z-Distance 00100 um maeve
cie e A by
Y 0.0 um Z-Init-Paosition 0000000, QJ um
—— PR L L L e e B
Z[ 1010000.0 um Room Temp.| 268 C Out Temp.| 24.60 C
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On-the-fly measurement mode

Characteristics of on-the-fly measurement mode:

- Maximum velocity v.= 16 mm/sec
— Minimum step size dz= 20 um

- Min. “dead time” between acquisitions §7=6 msec

— Max. number points/scan 30000

Performance of on-the-fly measurement mode:

(when measuring a periodic device with 103 Gauss peak field)
— Repeatability between different scans ~0.5 Gauss rms

— Agreement between point-to-point and on-the-fly
measurement ~0.5 Gauss rms
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Outline

e Introduction
e Magnetic measurements laboratory

e Upgrade of Hall probe bench
— 3D Hall probe
— 3D field calibration method
- Offset determination (zero magnetic field chamber)
- Determination of relative positions between sensors

- New TANGO control software and on-the-fly
measurement mode

e Some results
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M easurem ent Of p re-se ri es Measurement at y=+2mm above mid-plane:
. . Horizantal component
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(combined function magnet produced by Danfysik) 0.36 o0
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Measurement parameters: 0s : s 5
- Scan range: AzxAz = 98mm x 2000mm Longi d_;al[zlmponem
tudi
- Scan grid: drxdz =2mm x 1mm ‘ ‘
— # of points/map: 98000 points g w00 Gauss
- measurement time ~2 hours
] I—GOOGauss
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Measurement of pre-series

Vertical field along trajectory
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Thanks for your attention
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