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- Measurement systems at LBNL
- Activities at LBNL
-Need for new field mapping system
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- Laser system
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- Sensor transport system
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Test measurement
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Introduction




UMF Undulator Measurement Facility

Temperature controlled (20%+0.1° C) room with 1.2 m thick concrete floor.

/

; -'Hﬂlmuﬂ!-ﬂf-”// L

BERKELEY LAB

6.5 m long Hall probe bench
Flip coil system at bench
Automated measurements using
batch scripts

Mobile flip coil system
Pulsed wire system
Helmholtz coil system

NMR probes

Alignment magnets

Rotating coils

Small bore Hall probe system
under development



Undulators for the LCLS-II

e Collaboration LBNL, ANL, and SLAC
» Extensive use of industrial suppliers

Small-Scale Prototype

2013 -

Undulator Prototype (“HXU-32")
2014

SXR Pre-Production
2015

23 SXR undulators and
33 HGVPU undulator
are in production.

The HGVPU was
developed at ANL. LBNL
has modified the magnet
structure and arranged the
production.
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23 HGVPU undulators
will be tuned at LBNL.
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Cosmic EPU - assembled and tuned in house year 2016

Main parameters
Period Length 38 mm
Gap 10 mm
Length 2106.39 mm 2
Number of full size poles 109 &
Beam Energy 1.9 GeV 1
k=]
Geometry E _40 ,Melsur;d lslhzldln l;ilﬂmmglp - e
~ -50
Width of magnets 30 mm ol I%gﬁﬁ;’? ‘; E“";,T;(:‘?
. g5 4
Height of magnets 25  mm o0 ]| kel - Kkt
Thickness of magnets 9.35 mm R e e
. . T T T T T
Coatlng thlckness 6 I.J,m -14 -12 -10 08 06 D04 D2 00 02 04 06 OF 10 12 14
Gap between rows 1 mm Rl
7 Torkontal Trajectories at 10 mm gap |
25 — Planar mode
Calculated ol |t — e |
Mode  Phase  Effective Effective  K-value Photon Radiated ; v '
[mm]  vertical  horizontal energy  power "
field [T] field [T] V] [kw] i os
Planar 0 089% 0 318 1491 103 A
Gircular 11.236 0535 0535 269 1957  1.38 B oo T
Vertical 19 0 0.669 238 2362 108 a a0
45° Ind 10376 0382 0.382 1.92 3175 0.70 a5
=20
Measured 2
Gap  Mode  1IX 1Y 12X 12Y PhEr B,y PhEn. e — 11—
mm Gem  Gem  Gem?  Gem?  °RMS T eV Puwition
10 Plnar 4 14 1753 1523 445 0892 1500 30 E—
10 Vertical()) -5 9 9206 -2772 432 0.669 2364 3 _Versical Trajectories at 10 mm gap |
10 Vertical ) -9 4 2667 -2957 450  0.669 2364 o = Akl s — SRhia |
10 Circular(+) =29 -13 410 -3127 0759 1948 - 7
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10 Inclined (+) 39 4 6386 320 3826 0551 3009 . )
10 Inclined () -36 21 2161 -2784  6.32 0.552  308.9 3 o —|
.
A a0 L4l
as |
=20
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Superconducting undulators using NbSn coils

e A 2015-2016 SLAC/ANL/LBNL collaboration with the following LBNL deliverables:
— Fabrication of a 1.5 m long Nb;Sn undulator
— Development and fabrication of field correction scheme

— Development and transfer of pulsed wire setup for magnetic measurements (complementary
to ANL measurement system)

* Final magnetic measurements performed in ANL cryostat
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ALS-U, upgrade of the ALS with a multi-bend achromat
lattice reaches the soft x-ray diffraction limit up to 2 keV

ALS today : triple-bend achromat ALS-U: multi-bend achromat

0 5 10 15
Position (m)

£, ‘m—rad at 2.0GeV

Large increase in coherent fraction due to lower emittance

and smaller B-functions

Insertion devices can have down to 4 mm diameter vacuum aprture 8
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Parameter studies for the ALS-U, exa

Radia is used for magnet calculations [O. Chubar, P.

mples

Elleaume and J. Chavanne,. Journal of Synchrotron
Radiation, 5:481-484, 1998.]

Inclined Mode Operation of the EPU (Per=30 mm, Gap=7mm) 5.0 1 L
EPU (APPLE-Il)
| 4.5 Period length 30 mm L
0.8 —e- Circuar Polarization
) —e— Horizontal Polarization
& 4.0 - —e- Inclined 45° Polarization L
EPU of type e | . L e
10 S 06 S 35 -
Z x
APPLE-I]  aad -
Z o4 3 %9 r
-0 & 0 £
= 2.5 -
10 0 02
T 2.0 : -
. 1o 10 01T |
S o] o0 - . . . R 1.5 : . -
X [mm] 0 2 4 6 & 10 12 14 T T T T T
Position of two of the four sub- girders [mm] 50 55 on dulalo?‘gap ol 6.5 70
Inclined Mode of the Delta (Per=30 mm, Diam=Tmm) 5.0 -
——
- Bz
= 20 12 - Bx 4.5+ —
Delta type | i
i 10 o
E = 3
undulator i O Ziem 3 S 55 : o
= 08 <
! ' L _- ﬂ)’
i Y Z 06 g 80+ | | -
- 100 I = =
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1o 10 b ~e- Horizontal Polarization
§ fmm| 02 2.0 | |-= Vertical Polarization |
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00— 15 -
] 2 4 6 8 ] 12 14 T T T T T
Position of two of the four sub—girders [mm] 50 5-8 dulator E‘;fmete' [m"?]-f’ 7.0
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* Closed aperture insertion devices in the ALS-U and FELs

- ~5 mm diameter vacuum chamber
- Delta, Delta-X, and Superconducting bifilar helical undulators

S'de Access ‘ Closed aperture

Hall Probe Lever Arm
m !
X
Z

- Need for field mapping in closed aperture undulators

- LDRD funding for small bore measurement project obtained
- First prototype is completed




o Concept for the closed aperture measurement system

- Develop a novel ultra-compact magnetic field mapping sensor

- 3D position measurement with laser interferometry and CCD camera
- Rotation motion in transverse plane and longitudinal transportation

- Allowing simultaneous position and magnetic measurement

[, =

Laser interferometer  Laser Splitter Cornercube Magneticsensor Vacuumchamber

-\7“ IR — ) e
-

Carbon fiber tube ensor+motor signal
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Measurement concept

Measure the radial field on circles with radial hall probe
The position of the circle given by laser system
The complete field inside the circle is known

Dl J

The circles will not be on a straight line since tube is not straight




System setup
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Laser system

e Laser system set up
: Put all parts on a single plate -> compact & easy to align

90° Folding ﬁnlrror Laser head CCD camera || 10% Beam splitter

- ‘w B - e

T 1
e-lve‘r‘ ﬁeuang lenses | Corner cube |
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Compact sensor package

e 3D printing parts & electronics

® Corner Cube

H-t

-
Electronics

I““l”“llml:"”f”H"‘:-”.."i;”'I|-m'l.l'T'Fimﬁrﬁw;ml'w'

0Omm 10 20 30 40 50 60 70 8
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Compact sensor package

e 3D printing parts & electronics

- Current source, Voltage regulator, Amplifier and ADC

- High density interconnect flexible circuit

Voltage regulator

ADC 24-Dbit

’HHJIHI{IH,IHIiHIHIHIJ’IIFIlIIIJIi!Il'HHIIIII\IIII}!-thlil!il'll.l\ﬂ'll.\!l

Omm 10 20 30 40

50 60

70

Hall Effect sensor

Current source

Amplifier

80
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Transport system

e Rotation motion by stepping motor gives
Movement on a circle in transverse plane

17



Transport system

e Longitudinal movement by linear drive
- Max. 3m movement along longitudinal direction

AL~ TN
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Moving stage

e Control board and step motor

BERKELEY LAB

Step motor

Power input

Field signal

Control board
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Control software

Laser position data

Real time data ]
T & field data graph

Laser position

& field ~

Averaged data
T Laser position

Time

Data logging
file paths

= N
Motor Home pos.  Motor end pos Rot for36 Rot_back3.6 = M e aS u re m e nt
| | Rotfords  Rotbackds . S
LTS contro

;\ll' Longitudinal motion control Transverse rotation control 20



Test measurement
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Magnets for test

* Reference dipole magnet e 10 periods undulator
- Max. 0.2425 T @ gap center - Max. 0.3958 T peak @ gap center
- For the sensor calibration - Measurement test

- Noise level test

1 Ty p
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Offset measurement in Zero Gauss Chamber

Rotation measurement @ Z=120 mm in zero gauss cham

Rotation measurement along z-axis in a zero gauss chamber

x 10° Magnetic Field Data Offset
4.1925 4.1925e+06 {e R2 = 0.9
4192 R 4.192e+06 y \
o . ok 4.1915e+06 ,/AI
) S A il =
T 41915 el a3 M L 2 ﬁfal
2 ,5?*’. ‘, O 4.191e+06} ", 2
) yay lis u g I
@ § iy , o _
= al ' 4.1905e+06
| r *
! \
4.1905 4.19e+06
419 4.18950+06 —Min. 5 4190089.3273 @109(mm)
0O 45 90 135 180 225 270 315 360 0 50 100 150 200 250
Angle (deg) Position (mm)
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Sensor Calibration

 Reference dipole magnet max. 0.2425 T
* Rotate sensor on central position of the magnet gap
e 200 point / turn (1.8 deg step), 100 turns averaged

fitti

— Using Linear polynomial curve

ng and extrapolation
/ -)) - 3 /

| \ [
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Sensor Calibration

 Linear fitting with reference curve
— Reference field : 0.2425 T peak sine curve
— Set different sensitivity for negative and positive field

x10°  MeasuredNagneticFleld

Reference Magnetic Field

2-““wmw“wémwwwwwmwéwwmwwwwﬁmw““wwwyé&ﬁ?wwwwwg 2000'WW““W““;“WWMMMWJMMMWWMMMLW“““““WAMMWWMMMJ
1000.mmmmwmmi“mmm“”mg“““mmwmﬁ_mmm”“mmﬁwwmm”“mf

ADC value

_1000.mmmmwmm;wmmmwwm@"Mwmmwwﬁwmmmwwmmiwwmmwwwj

Magnetic Field (Gauss)

- L : . . . -300 . . H : i
? 00 150 200 250 300 350 ? 00 150 200 250 300 350
Angle (degree) Angle (degree)
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Sensor Calibration

o Measured field sensitivity
— Extrapolated after 0.2425 T for converting a stronger magnetic field

Hall Sensor Sensitivity

6000 ;
Positive @ T (AIERE 251C) Electrical Characteristics(Ta=25C)
—— Negative H B s A E & & i | | R | B
5000 ltem Symbal Conditions Min. | Typ. | Max. | Unit
» K= ENBE|
@ ;]HMH“,” Ve | B=50mT, Ve=6V 55 75 | mv
© 4000 A hOE §| -
o CE Ain | B=0mT, kc=0.1mA 50 a0 | 0
©
e E :’J E ﬁ Baout B=0mT _
3] : =0mT, lz=0.1mA 650 850 | 0
T 3000 Cutput Fi&_-mstarm
L '\ ;Fog Hﬁ dEgEE V(i| B=0mT, Ve=5V 11 1| mv
(]
c 2000 HAREORERE | ¥ B=50mT, lt=5mA
g \ Tmn'p.&nﬂ’mimidﬁ OV | Taoo5-i25C —0.06| %/C
S . o . = _ o0,
1000 y Calibration Points ANEROBERS arih B=0mT, lo=0.1mA 03 | se
/ [*"Eﬁgnﬁ AK | B=0.1/05T, lc =5mA o | =%
0
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Raw unit X 106
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Rotation motion test

« Track the starting and final position of laser spot
— Compare start position and final position
— All measured positions stay in =15 ym range

Starting Position Final Position
-0.01 ; -0.01
E *
‘0015 _0-015
* *

-0.02 0.02
‘E -0.025 s
E £ -0.025 -
< -0.03f ol
= = -0.03
$ -0.035 g

0.04 -0.035

-0.045 -0.04

-0.05 -0.045

1 -0.99 -0.98 -0.97 -0.96 {01 -1 -099 -098 -0.97 -0.96

— m Horizontal (mm) Horizontal (mm)

BERKELEY LAB

-0.95

27



Longitudinal motion test

* Track the laser spot along longitudinal position
— Laser interferometry has submicron range resolution
— 0 to 380 mm range measured for 10 periods undulator

-0.3

Vertical (mm)

-0.7
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Laser Spot Position

)

-0.2 -0.15 -0.1 -0.05 0

Horizontal (mm)

0.05

0.1

Sensor Position (mm)

e & & 0 9
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100 200 300
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Magnetic field measurement

« Dipole magnet measurement result
— Measurement result of the dipole magnet by scanning mode
— Observed noise level of =0.5 G at a peak field region

N
o
o
o

2426
24255
2425

—+—Measured Data |
—— |nterpolated Data
—Fitted Data

2424.5

Noise (Gauss)
o

—
o
=]
=]
=
(X

2424
2423.5

Magnetii: Field (Gauss)

Magnetic Field (Gauss)

90 100 110 120 130 140 . 0.4
Longitudinal Position (mm) i - i

0 50 100 150 200 25 80 90 100 110 120 130 140 150
Longitudinal Position (mm) Longitudinal Position (mm)
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Magnetic field measurement

o Setup - short undulator

BERKELEY LAB
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Magnetic field measurement

e Setup - short undulator, complete system

Laser system

Short undulator

Carbon fiber tube

Step motor

Optics table

BERKELEY LAB

Linear drive

Moving stage
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Magnetic field measurement

e Undulator measurement result
— Measurement result by scanning mode
— Compared with reference measurement data

40t
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Magnetic field measurement

e Undulator measurement result
— Integrated and twice integrated magnetic field

~ ——Reference
Measured |

| —— Reference
15004 S— R S— A Measured

1000 ”M M

-
o

L))

(=)

T T r R IR R T B § E— —

ool || HMH,H

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400
Longitudinal Position (mm) Longitudinal Position (mm)

1
L

Integrated Magnetic Field (nT-m)
o
S

Twice Integrated Magnetic Field (uT-mz)
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Summary

» A prototype of a magnetic measurement technique for closed aperture
undulators has been developed

* An ultra-compact magnetic field sensor package and a 3D position
acquisition system using a laser were combined with a magnetic sensor
transport system

 Test measurements with a 0.2425 T dipole magnet and a short
10-period undulator were carried out

* Further improvements of the Hall probe sensor and 3D positioning
system will be carried out

 The concept with measuring on circles gave valuable experience but
will not be used in next generation of the closed aperture measurement
system

 The closed aperture measurement system is a critical component for
future work with novel undulators and the work will be continued.
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Open Postdoctoral Position

Lawrence Berkeley National Laboratory

¢ Magnetic field measurements on
accelerator magnets and undulators

¢ Development of measurement methods
and instrumentation

e Hardware development of sensors and
electronics

e Development of laser interferometer
systems for 3D positioning

ITyou are interested please contact Erik Wallén <ejwallen@lbl.gov>

Erik Wallén, Dr. E: ejwallen@]lbl gov
Lawrence Berkeley National Laboratory  T1: +1-510-486-4970
1 Cyclotron Road Mail Stop 15R0217 T2: +1-510-486-6456
Berkeley, CA 94720 F: +1-510-495-2030
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