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P IMMW17 I ntrOd U Ctl on out-of-vacuum IDs @ ALBA

Measured IDs

APPLE-II devices
ppm technology

Multipole Wiggler
hybrid technology

NdFeB permanent
magnets

NdFeB permanent magnets

Vanadium permendur poles
Manufacturer:

Sincrotrone Trieste Manufacturer: Advanced

| Design Consulting (ADC)

EU62 EU71 MPWS80
Ay=62.36mm Ap=71.36mm A;=80.00mm
57 poles (~1.8m) 47 poles (~1.7m) 27 poles (~1m)
gap,,,=15.5mm gap,,,=15.5mm gap,,=12.5mm
B mx(H-mode)=0.86T B mx(H-mode)=0.93T Bmx=1.74T
B m*(V-mode)=0.61T B mx(V-mode)=0.7T
B, (C-mode)=0.5T B, (C-mode)=0.57T
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§” IMMW17 I ntrod u Ctl on out-of-vacuum IDs @ ALBA
ALBA-CELLS magnetic measurements lab

Hall probe bench (local field determination)
3-axes Hall probe

Scanning volume (AxxAyxAz)=500x250x3000 mm3
Characteristics of on-the-fly measurement mode:
Maximum velocity v.= 16 mm/sec
Minimum step size oz= 20 pm
Min. “dead time” between acquisitions or=6 msec
Max. number points/scan 30000

Field Absolute accuracy ~0.5 Gauss

Field Integrals accuracy not better than 10->T-m=10 G-cm

J. Campmany, J. Marcos, V. Massana, and Z. Marti, “Construction & Commissioning of a 3D Hall probe bench
for Insertion Devices measurements at ALBA Synchrotron Light Source”, IMMW15, Fermilab, August 2007

Flipping coil bench (field integrals determination)
Field Integrals Absolute accuracy (IDs) ~ 10°T:m=1 G:cm

i,
MASTER Il
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Y IMMW17 IntrOd uctlon out-of-vacuum IDs @ ALBA
3-axes Hall probe

F.W. Bell Hall sensors Detail of Hall probe circuit board:

Z-S€nsor  y-sensor x-Sensor

Model GH-700
N4

Gallium Arsenide
Nominal current: I.,,, =5 mA
Magnetic Sensitivity ~ 1 V/Tesla

Max. linearity error (1 Tesla): £2% (WAL
Temperature coefficient: -0.07%/°C Pt-100 (T sensor)
space to allocate heater
— __
RTT S -2 - ——
i THTI H'-..E':"-Irl --.-__I:I:L_'IE'- -
30 5 30w "L'!"‘.‘j_'r_"; 1 - FUROTHERM
- Pl the temperature sensor and
‘ Gk : f the manganine heater, in
nlin, AR L o T e ooe combination with a PID
b {0samm oty SR | controller (Eurotherm 3508)
ﬁﬁéﬁ:.. o fme Lo allow to control the
i | 0A%mm) o4 1mem)
e 0 P | ssama | temperature of the probe
: « MG" : a1 s
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oremmgiiemy 4 WL T cosomm 1 50m)
' g | L o0z ».002" !
(0L STy = OLDSaTim
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Y IMMW17 I ntrOd U Ctl on out-of-vacuum IDs @ ALBA

Relative position between Hall sensors

Refinement of the relative positioning between the sensitive
areas of the three sensors using Maxwell equations

y

i _ V- B(F) =0
., 00® V x B(F) =0
Ady, - [—ILIR -0 mm

Ideal values by design:
(dz, = — 6z, =5.5mm
¢ Oxp.ox. =0

| O¥p. Oy =0

Adv, — [ 002 : 043 mm
Adz. = 005 = (103 T mm

oy,

Aday - =0 0L
Reference Aoy, — 0 0434001 mm
sensor ABzn =1 L £ 0.05] mm
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P IMMW17 I ntrOd U Ctl on out-of-vacuum IDs @ ALBA

Previous usage of Hall probe bench

a) Complete characterization of all (32) Bending Magnets of ALBA
Storage Ring
B, field map @518A

] -8 -

a & & &
E B ® B

b) Analysis of Booster Bending Magnets (fringe field properties,
excitation Curves...) B, field map @670A

ol [} =1 | i ]
£

J. Campmany, J. Marcos, D. Einfeld, M. Pont and V. Massana, “Characterization of magnets for the ALBA booster
synchrotron”, IMMW16, Bad Zurzach, October 2009

J. Campmany, J. Marcos, D. Einfeld, M. Pont and V. Massana, “Characterization of ALBA
Storage ring bending magnets using a high precision Hall probe bench”, IMMW16, Bad Zurzach, October 2009

18-23.09.2011 3



P IMMW17 I ntrOd U Ctl on out-of-vacuum IDs @ ALBA
Bending Magnets vs Insertion Devices

Only B,#0 and B,~B,~0 B,#0; B,#0; B,#0 simultaneously
Magnetic fields up to 1.7 Tesla Magnetic fields up to 1.7 Tesla

Magnetic field gradients up to 25 Tesla/m Magnetic field gradients up to 100 Tesla/m
Large field integrals: up to 2 Tesla-m Very small field integrals: ~10-4 Tesla-m

18-23.09.2011 O



A IMMW17

i Introduction  outof-vacuum 1bs @ ALBA

Alignment considerations

zero-magnetic-field
point
B =B =B =0

annular” steel
magnets cones

gt - x-

Device mechanical

S~Hall probe

Alignment procedure YHall .
precisions: . tracker
Hall
Positioning: <100um laser tracker  Zipoker
ZHall reference system

Angles: <200prad Hall probe

reference system Laser

tracker

18-23.09.2011
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e Conclusions
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(a) MPW80: magnetic mid-plane

1st step: determination of pole positions by means of
longitudinal scan of B, along nominal (mechanical) axis

measurement @ gap,,;,=12.5mm
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e IMMW17 ReSU ItS out-of-vacuum IDs @ ALBA

2 L =2 A

(a) MPW80: magnetic mid-plane

2nd step: vertical scan (x1mm) of B, at the position of the poles
and determination of maximum/minimum by means of
parabolic fit

pole 814
. | -20.1 S e
L _ -202 nominal mid-plane
P
=172 '- :l. E 0.3
8 1788 Pl : ® -390um .
= o P . g _204 .
g ' o 3 — .
. ' 2 205 3 . .o )
s : € _208 = s o e "
~17925 - i = m'? " . . "
] = .
215 21 205 20
y [mam| 200 400 &00 a0 1000 12040
pols 815 Z |mm)|
1.785 . :
1.78E5 . :
— i
S T | W80 magnetic mid-plane (B, - gap,;, = 12.5 mm - taper = ()
= 17875 1 -
& :m. " B Vertical position (¥p,) (=20.535+0.050) mm
L ] .
7825 *reeees®’ Tilt angle (pitch) (-150+30)urad @
]
1
215 21 20.5 20
¥ [ i

measurements @ gap,;,=12.5mm
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e IMMW17 ReSU ItS out-of-vacuum IDs @ ALBA

2 L =2 A

(b) MPW8O0: analysis of minor components

Minor components measured along magnetic mid-plane

0.01 -

0.005

B_0.003 Tesla amplitude .

Bx [Tesla)
o

-0.005

0.01 -

0.2 0.4 0.6 0.8 1 12
zm]
0.04
— Dhoz
w I I i ¥ H : ' 1 f !
77} I ¥ ¥ I i N HEA AT F
m 0 -
E. IHIRIRIRIR IR IR TR AR A AV A B_0.03Tesla amplitude .
L : | ' : k] ] k & LY v
m _0.02 LY Rt L 5 5 I . ! X L :
-0.04 -
0.2 0.4 0.6 0.8 1 1.2
z|m]

measurements @ working gap,;=12.9mm
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2 L =2 A

(b) MPW8O0: analysis of minor components

Dependence with vertical position (y) of minor components

Horizontal component B, Longitudinal component B,
¥=¥= i ¥=¥m=
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IMMW17

Characteristics of B.: components in quadrature and in phase

-Xa
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Results
(b) MPW8O0: analysis of minor components
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out-of-vacuum IDs @ ALBA
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(b) MPW8O0: analysis of minor components

Characteristics of B.: component in quadrature

- hovse o - - (TR [ . &HT
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(b) MPW8O0: analysis of minor components

Characteristics of B_: component in phase

—.].|:| —.:|.|;|_IE ] +.|||:|.'2 +.I|J

003 Bz y=y,+125 pm
By @ y=m+1235 pm

jE 0.01
E
y i
&, -0.01
o

-0.02

~0.03

0,65 0.68 0.7 072 074 076 078 0.8
z[m]

Which is the origin of the component in phase?
eMisalignment of Hall probe?
eUpper and Lower magnetic arrays not properly aligned along z?

18-23.09.2011 18
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2 L =2 A

(b) MPW8O0: analysis of minor components

Characteristics of B_: component in phase
Upper and Lower magnetic arrays not properly aligned along z?

—Determination of pole positions away from mid-plane

¥=Fe-GBmm
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1
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g 05 2P — 10— 50) o)
(18 .
1 ; ; ; j j ! ! J Differences between poles positions on
02 ol . a8 : 3 two planes separated vertically Ay=12mm
2 |mi for a gap=20mm

measurements @ gap=20mm
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2 L =2 A

(b) MPW8O0: analysis of minor components

RADIA model with Az displacement between
upper and lower jaws

Measurements and simulations @ gap,=12.9mm

=2lg =32 =dp =dp/2 0 #lp/2 +lp +3p2 +2N

— gxperimental
RADHWA Az=-150 um
RADIA Az=-250 um
RADIA Az=-300 um
RADIA Az=-350 um

055 06 085 O7 O0VS 08 085 08

Z [m]
Result according to RADIA simulations: Az~ (-300£50)pm
Result according to z'-zdovn measurements
correcting by a factor gap/Ay: Az~(-250+80)um

18-23.09.2011 0
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(c) MPW80: magnetic axis determination

1st step: field map within magnetic mid-plane

Harizontal companent detail central period
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measurement @ gap,=12.5mm & taper =0
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2 L =2 A

(c) MPW80: magnetic axis determination
2nd step: determination of z-positions where B (z,x) is max/min

for x=ctant
0.14
JB (7.1 o — 013
o = tori= o e, o 013
rj‘“ oo M .
0.1
pate #14
any 0.2 0.4 & 08 1 1.2
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2 L =2 A

(c) MPW80: magnetic axis determination
3 step: determination of the max/min of the magnetic field

along the pole profile z,(x) 724 pole 814
-1.726
df, [:I;{.T}..l’] o 1728 |
= dt. _ {] f{'}r : —_— ] Loam ,I!:";.]IUH E 1.73 .:: . o
Ly Y i "o o
~1.734 .““4"'..,
115 120 125 130 135
x [mmy|
pole positions @ gap,=12.5mm & taper =0
128
.
:
= .
E 125 e . e * 5 -__-,_‘—_.-—
= 124 . DR Bl LI I b . **
123
122 ¢ .
0.2 0.4 06 0.8 1 1.2
z[m]
__________ MPWE0 magnetic axis {(gap, = 12.9mm -taper=0)
Hortrontil pasition (1, _ [~ 124620 « (L1 mm _
Yaw anule (260 2S00 ol
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2 L =2 A

(c) MPW80: magnetic axis determination

4th step: repeat the process for different working configurations

12 T T T T T T T T T T
8 | | | | | | | I | | ® gap=12.9mm - taper=-275um
1275 +------ boo- - e e Eo---o- e i ® gap=12.9mm- taper=0
| | | | | | [e) | Q | © gap=12.9mm - taper=+275um
127 - ----- oo oo Eini M oo oo e - Rt == | e gap=18.9mm-taper=0
1265 | o o r C C o ’ 7777777 o r I o gap=18.9mm - taper=+275um
: | | 1 N T | | | 1 T X mechanical center (zc, xc)
126 + - ——— - o e ___Ll______ L __ g o _____| 0 ___1___ Linear (gap=12.9mm — taper=-275pm)
; ; ; ; ; ; t o | o Linear (gap=12.9mm — taper=0)
1265 +---- -~ - §f B R - I e e b ——————- B S ' - Linear (gap=12.9mm — taper=+275um)
= 125 | | | G | | | | | ) | Linear (gap=18.9mm — taper=0)
E *\ § : L %‘f" It :T ﬂ . — & Linear (gap=18.9mm — taper=+275um)
% 124.5 ‘ g - ‘ f ‘ ‘
124 -
123.5 A
123
122.5
122
121.5
200 300 400 500 600 700 800 900 1000 1100 1200
z[mm]
MPWSED magnetic axis
gap [mm) taper [pm| axis horzonial position tylsc) ax1% yaw anghe
[mm| [rad]
12.9 k] (=124, 50 00, [ (Kb [ =55 - 4HH)
129 i} (=1 24020 400, 1K) {26k £ SLHE)
i29 +275 (1246350 0, 1 () {28 £ 400
189 ] {024,200 4 (0, 3 [+8200 = 1HHF)
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2, L =2 A

(d) MPW80: magnetic center

MPWS80 center
Mechanical center Magnetic center Difference
[mm] [mm] [im]

5 (124.867 + 0.100) b (average all poles)  (124.550+0.900) 3204900
(Xm)14 (central pole) (123.820+0.600)
v (—20.1494+0.100) | Ym  (Bymax/min) (~20.535+0.050)
Yo (B.null) (—20.410-0.050)
e (735.492 +0.100) % (averageall poles)  (738.750+0.250)
(2m)14  (central pole) (738.680-+0.040)

18-23.09.2011 25



/"—-.L IMMW17 out-of-vacuum IDs @ ALBA

2 L =2 A

Outline

e Introduction
— Measured Insertion Devices
- Magnetic Measurements system

- Alignment procedure

e Obtained results
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— Field Integrals agreement

e Conclusions
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2 L =2 A

(a) EU71: magnetic mid-plane

1st step: determination of pole positions by means of
longitudinal scan of B, along nominal (mechanical) axis

measurement @ gap,;;,=15.5mm & phase=0
1

0.5
E |] i L IR B BL A AR OE JE B B RE BL AL AR UE AR I B B BU AE B IR IR B B R BE AL AR BE 3R BB B BE AL AR IR RS B RE R OAE AL 1l —
&
-0.5
Condition to dB.
: SRR identify pole — =)
0 0.25 05 0.75 1 125 15 positions lﬂ:
- F4 Ll
50
£
]
E 0 LI A N BB N EEREERBSEHNESEHSEHSE:EREHSSEHSEH}EHSEN®ERS:SHSERSHSEHNEHSNSEH:SHESSHSSH;ERSESERS.EHNS®EH®S;]]
=
&
-50
=104
0 0.25 0.5 0.75 1 125 1.5
I|mj)
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2 L =2 A

(a) EU71: magnetic mid-plane

2nd step: vertical scan (x1mm) of B, at the position of the poles
and determination of maximum/minimum by means of

parabolic fit
24
0552 = , -836 nominal mid-plane
. ! -
08515 X .
L ] 1 ] ’
% 0951 '
ks *. ' .
& 09505 “e | .
L ] - l,-
085 - |
-.'l‘l I-:
0 B4B5 !
e ms m mss s o 250 500 750 1000 1250 1500
y [mm| z [mmy|
- s
0.95 '-.,-- “‘1.
-0.9505 - "
- [ ] 1 [ ] ‘'l -
;E 08T . L e EU71 magnetic mid-plane (8, - gap = 15.5mm — phase = ()
& -09M5 '. i .... Vertical position (v,,) (—84.024 4 0.010)mm
-0.852 E Tilt angle (pitch) (—58+25 urad ©
- 9525 |
-B5 =84 5 -84 =B3.5 =83
y Imm|

measurements @ gap,,;,;=15.5mm
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2 L =2 A

(b) EU71: analysis of minor components

Minor components along magnetic mid-plane

phase=0 at x=y=0

3 | Bx
g s
3 [ 1"
T Bz
|
-0.75 -0.5 -0.25 0 0.25 05 0.75
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= 0 f Ay (By/hz
; | | -
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2 L =2 A

(c) EU71: magnetic axis determination

1st step: field map within magnetic mid-plane

detail central period
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measurement @ gap=15.5mm & phase =0
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2 L =2 A

(c) EU71: magnetic axis determination

1st step: field map within magnetic mid-plane
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Results
(c) EU71: magnetic axis determination

out-of-vacuum IDs @ ALBA

1st step: field map within magnetic mid-plane
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Results

out-of-vacuum IDs @ ALBA

(c) EU71: magnetic axis determination

2nd step: determination of z-positions where B (z,x) and/or B (zx)

is max/min for x=ctant

3rd step: determination of the max/min of the magnetic field
along the pole profile z(x)

H-mode (phase 0)

pole 824
0.98

e ""--"‘
= 004
£
= 002
&

0.5 Hi - o

ol | "
.88 ol
11 012 013 094

x []

0.5%5
.52
0.585
058
0575
a5
0565

By | Tesla)

B [ Taala)

C-mode (phase 1079)

pole B24

\/

i
n'_'

0

011 012 313 094
[

pole B4
-'..I_lll'. S

0

V-mode (phase 18009)

18-23.09.2011




e IMMW17 out-of-vacuum IDs @ ALBA

2 L =2 A

(c) EU71: magnetic axis determination

4th step: repeat the process for different working configurations

126
[} phase O—OBy : : .. :
12575 1| o Bheser PGP e L R T R R
o phase=C — Bx | | |
1255 - X nominal center (zc, xc) N
O central pole (zo,xo0) | | 0® |
— Average ! ! !
125.25 11— Linear (phase=0 — By) I A o o D -
_Il:inear gpﬂase 2;80° B—)By) : :
— | Inear ase: —-—by) - ______ T B e SO
E 125 Linear (ghase— —Bi) ©
% 124.75
124.5
124.25
s
124 0, 0°
123.75 : : ‘ ‘ ‘ ‘ ‘ ‘ ‘
-200 0 200 400 600 800 1000 1200 1400 1600 1800
Z [mm]
EU71 magnetic axis
configuration axis horizontal position Xy (2 ) axis yaw angle
[mm] [prad|
phase 0 - B, component ! {4 124.360 £0.030) (+160x60)
phase C - H, component (+ 124,734 £0.040) {+590+90)
phase C - B, component (+124.138 £ 0.005) (+290+6)
phase 180°~ 8, component (+124.133 +£0.005) (+267 1 6)
Average (+124.339+0.040) (+320+%50) @

18-23.09.2011 4



P e IMMW17 Resu Its out-of-vacuum IDs @ ALBA

2, L =2 A

(d) EU71: magnetic center

EU71 center
Mechanical center Magnetic center Difference
[mm] [mm] [m]

% (124.136+0.100) | Pmi)24 (central pole phase 0) (124.486+0.050)
(xmv)24 (central pole phase 180°)  (124.159+0.050)

ve  (—83.660 % 0.100) Yen (B, max/min) (—84.02410.010)
Yo (B. null) (—83.769+0.050)

(zmv)2a  (central pole phase 1807}  (786.22040.030)
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Outline

e Introduction
— Measured Insertion Devices
- Magnetic Measurements system

- Alignment procedure

e Obtained results
- MPWS8O0
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— Field Integrals agreement

e Conclusions
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(c) EU62: magnetic axis determination

4th step: repeat the process for different worklng conflguratlons
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phase } - B, component : (4124.239+0.015) (<494 = 30)
phase C - B, component (+124.330 £ 0.070) (+35 £ 100)
phase C - B, component (+124,128 =0.003) (—T75%6)
phase 1807~ B, component (+124. 126+ 0.003) (—74+5)
Average (124,200 0.040) I:—?:I:3L'I'}. |
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(d) EU62: magnetic center

EUG62 center
Mechanical center Magnetic center Difference
[mm] [mm] [fm]
x  (124.050+0.100) | Fmi)2e (central pole phase 0) (124.180+0.050) (+130
(xmv)2e  (central pole phase 180°)  (124.120+0.050)
Yo (B.null) (—86.000-0.050)
" (914.131 + 0.100) (zmm)20  (central pole phase 0) (914.5304£0.030)
(zmv)2e  (central pole phase 180°)  (914.710+0.030)
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Outline

e Introduction
— Measured Insertion Devices
- Magnetic Measurements system

- Alignment procedure

e Obtained results
- MPWS80
- EU71
- EU62

— Field Integrals agreement

e Conclusions
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Field integrals agreement
M PWSO , gap=12.9mm gap=18.9mm
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Magnetlc field = = - W mOE E B E N E N NS R om g B
amplitude alongz £ ' g G
E 05| E [+ LY +BZ
Li Ri
I:I E § E §F § 5§ F B 8§ ®§F 8 F 58 ®m =" ®= {:l E F E B FE B R FEEE R EE = &
20 10 4] 10 a0 20 10 ] 10 20
12 1z
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i} - : = | {1 | a § ¥ o " s g om E N
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. . - == - - g ¥ L L
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W i) W [

Discrepancies up to 3 G'm @
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Field integrals agreement o
—a— B,
—8— B,
phase 0 phase 1079 phase 180°
= 1 g m W R A e e e, 1 1
" e field Euu 0B 08
agnetic fie o 08 08 = " = “=71"a. T .an amom s
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Discrepancies up to 30 G-m! ‘

We introduce in Hall probe measurements a correction term proportional
to (B,)? in order to reproduce FC Field Integral measurements
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Conclusions

e Magnetically determined magnetic center of IDs in
agreement with mechanical data provided by
manufacturers typically within <0.5mm

e Tilt angle of magnetic mid-plane always <150prad

e Yaw angle of magnetic axis <500urad. Some ambiguity
depending on the method used to determine it.

e Magnetic measurements have revealed some minor
manufacturing imperfections (yaw misalignment of
magnetic poles, misalignment along longitudinal direction
of upper and lower magnetic arrays...).

e Systematic discrepancy of ~200-300pm between the
vertical location of the plane where B, is max/min and the
plane where B.=0 — relative p05|t|ons between Hall sensors
to be revisited?

e A term proportional to (B, has been introduced into B, and
B, Hall probe data in order to match Flipping Coil Field
Integral measurements.
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Thanks for your attention
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