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(ASwiss FEL Project (Status August 2011)
Magnets and Measurements for the SwissFEL Facility
=Magnet characteristics
=Measurement Plan (Serie Phase)
=Measurement systems
1 SwissFEL Undulators
=Hard X ray undulator design
=|ntegrated Hall probe measurement system
dSummary and perspectives
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The SwWISSFEL Project
(Status August 2011)
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SwissFEL.: source of high brilliance :peak of 1.3 1032 photons/(s. 0.1 % bandwith. mm2.mrad?)

Phase 1, 2012-16 Phase 2, 2017-19
e o Setdd L b AT Arhos tl.'l'_-? nm —a
mﬂ“}m:o—m -—Aﬂ/ I Arcmis 0.1-0.7 nm
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:.‘:un & Booster Linac 1 Linac 2 Limac 3 Undulators User Stations
4 Tis5m >

SwissFEL key parameters

Aramis: 1-7 A hard X-ray SASE FEL,

In-vacuum , planar undulators with variable gap. Wavelength range  1A-70A

User operation from mid 2017 Pulse duration 1fs-20fs
Athos:  7.70 A soft X-ray FEL for SASE & Seeded operation . & EMerY 2 OB,
(2" phase) APPLE Il undulators with variable gap and full e Bunchcharge  10-200 pC
polarization control. Repetition rate 100 Hz

User operation end 20197

Site constraints
Power consumption < 5 MW
Qverall length < 900m

D’artagnan: FEL for wavelengths above Athos, seeded with
a High Harmonic Generation and Athos as radiator.

SwissFEL Conceptual Design Report, http://www.psi.ch/swissfel/
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-l - The SWISSFEL Parameters

MW

Overview of the components in the Concept Design Report,

http:/lwww.psi.ch/swissfel/ i

=Developments
=Prototype
=Test
=[nstallation
=Commissioning

For example :

=[njector;
=Linac modules;
=Undulator;
=Magnets;

SwissFEL science case,
http://www.psi.ch/swissfel/
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SwissFEL Schedule warchz201:

Civil Engineering

I Building perm
[ Planning B&!
[ CFTand placing B&l
) Building & Infrastructure

RF a "
. Fabrication Modulators
I Installation in SwissFEL

T Structure prototyping
. Fabrication RF Structures
T [nstallation in SwissFEL

I Gap Functional Model
I U 15 Prototyp
I U1s Serie
Detalled Schedule for Magnets & |D I U15 magne'tlcr.neaSL‘Jrement&correctlon
. . I  Installationin SwissFEL
in the next slides
Commissioning

Installation

acceleratorand ARAMIS P1

Civil Engineering

Installation
ATHOS

Proceedingrelating to permission

Procurement ATHOS

Only critical path components included !
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Goal beam parameters
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Test of overall system performance In SwissFEL 250 MeV Injector

= Phase 1: Electron source and diagnostics

I TS 3T, o]
ﬂ'l'“:f ot + B
= Masch 2000 o May 2000 1 pcrn

s Charsciorgation of the elecinon souncs
= Inslafabecdn of femdareng mocherss beund Wwslding wall

«  Augers] 2010 to Docomber 2110 (official injocior ineuguration 24 Ausgust)
= [Emillsnes domping i S-hand Boosied {invinnn anvelops)
s Jaguar (Nd YLF) loser

=tk Bt e B O
= [End ol 2000 7 gaily 2011 {msialabon bunch comedessar and X.band caily)
& Pulsar (T Sogph) Inse

The whole injector beamline will in 2015 be moved to the SwissFEL 24 August 2010: Inauguratlon
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Magnets for the 250 MeV Injector

Magnet type Characteristics Quantities to measure Accuracy
(if specified)
BC Dipole V2 (4) Bnom=0.4T,GFR~60 mm Magn. Length, Field integral |Bdl 10
Measured mid 2010 angle=5 deg max @350 ] BdI=f(l), field maps (5 planes)
MeV Gap=30mm,
L mag=0.25m
Quadrupoles (28) Gnom=25T/m, ®=45mm, Magn. Length, integrated gradient |Gdl 104
Lmag=0-175m

ii/4672009).

L ag=0-05M

Gusli Magn. Length, Field integral /Bdl 10
L ag=0.26m | BdI=f(l), field maps
Magnetic axis position 0.1 mm
S band solenoid (17) Bnomr=0-1T, @=220mm, Magn. Length, Field integral /Bdl 104
Measured end 2009 L ag=0.75m | BdI=f(1), field maps
Magnetic axis position 0.1 mm
Correctors (28) Brnom=20 mT, ®=80mm, Magn. Length, Field integral 103

84 magnets built, measured and delivered (last ones in Sommer 2010)

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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Magnets and Measurements
for the SwissFEL Facility

Booster, BC 1, and Linac 1
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Magnets : 48 dipoles, 238 quads,17 solenoids (injector), correctors, special magnets
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48 dipoles of 6 types:

=\Working at energy from 7 MeV to 7 GeV
=field ranges from 0.5 mT up to 1T (dump dipoles)
=Magnetic length ranges from 0.1 mto 1 m

Location Count Length Range Energy ommissionin
Gun 1 0.12 (¥} 0/30 degree 7 Me' 2016 Bunch Compressor
Laser Haater 4 U.1 U-6 degrea 130 MaV 2U16 dipo|e
BC 1 s 0.25 0-5 deyree 450 MeV 2016
Most BC 1 1 0.28(7) 0/% degrec 450 Mot 20146
R 2 4 n.5 n-3 |'.|F!|]I'F!F! 2 LRy 21N 1E
Aramis Collimator 4 0.5 1 degree 2-7 GeY 2016
Aramis Beam Dump 1 2 & degree 2-7 Gev 2016
dramis Safety Dumg 1 0.8 »2 degree 2-T GeYy 2010
Switch Yard 1 .5 2 degree 4 av ZUlb
Swilch Yard 3 0.5 2 deyree 3 Gev 2016
Switch Yard 2 0.25 0.082 degreco 3 GoV 2016
Swilr:h ¥ardl 7 n.=5 N.N358 degrern 3 Grv 2016
Athos Seeding 4 0.25 0 0.5 degree 2.5 3.4 GeV 2010
Athos Seeding g 0.5 0-2 degree 2.5-3.4 GeV 2013
Athos Seeding . 0.25 0-0.5 degree 2.5-3.4 GeV 2018 Phase 2
fthos Beam Dump 1 1 & degree  2.5-3.4 Lav ZUlb
falhios Salely Durnp 1 0.8 22 degree 2.5-3.4 GeVY 20146 2018
THz Sourco 2 T [ 50 MoV 2013

(source: S. Reiche, 14.04.11)
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- SwissFEL magnets (2) COMWE

238 quadrupoles of 4 types:
=\Working at energy from 0.15 GeV to 6 GeV
»Field gradient ranges from 0.5 mT up to 50 T/m
=Magnetic length ranges from 0.03 mto 0.15 m
=Aperture diameters: 10 mm, 22 mm, 45 mm

Location Coumnt Length k-value Cnergy Gap
Lagser Heater ) U.1% < 10 0. 1% ey o [
Booster £ & 015« 1 0. 15=0.5% (s8% =530 mrm
HFre-gll L3 U.15 < 3 U5 GaYy =l mrm
BC1 2 o.17 0.5 Ga¥ =30 mm
BC1 1 0,18 % 0.5 Gey >30 mrm
ot Bl o2 01k « = L5 G PSel T
Posk BT @ [0 0.5 GoY w2 M
Linar |1 17 nis < 2 0. 52 GRY W MM
Bz 2 i} 0.15 <« 3 2 Ley w22 MM
Bi_ 2 2 o1 2 ey wdd MM
Bi_ £ 1 015 % 2 Eey EE mm
Linac £ k] U155 =<1 2= lzey EE mm
Swaitchyard 13 0.15 < 2.5 3 GeV =22 mm
Linac 3 14 0,15« 1 2=6 G >22 mm
Pt i 0ic o 4 e I W et 223 g |
Coll. Ararme 16 N.E« 1.E d=f G =27 mrn
T, ATAMIE r .1 7 T b AR S P
el teomnis 1 Lo Dt ol DioETEn
Aramis 14 U.uE < 2 2eob e =12 mm
Aramis L .3 2= Izgh s 1E mrm
coll. athos 11 0,15 = 2 3 Gay =22 mm
Pra-Athos 14 0,15 < 2 2, 5-2.4 Ga¥ =22 mm
Alhios 19 0,028 < 4 2.5-3.4 Ge¥ »12 mm
Albins | ooz s 2.5 Gy 12 mnrn ;
: is line qfadrupoles
(source: S. Reiche, 14.04.11) Aramis line qUiadrup

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets



FARL SCHERREE INSTITRD

e

SwissFEL magnets (3)

CoMwi

Magnet type Quantities to measure Accuracy Remark
(if specified)
Dipole (48) Magn. Length, Field integral /Bdl 104
J Bdi=f(l), field maps (5 planes)
Quadrupoles (238) | Magn. Length, integrated gradient [Gd| 103
J GdI=f(), field maps 3
. 10
Multipoles
Magnetic axis 0.05 mm
Roll 0.1 mrad

Correctors ,special
magnets

Magn. Length, Field integral

Feed back system
Bandwidth 100 Hz

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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a—{j» Magnet design, assembly and test CMw?

Specification and design at the Paul Scherrer Institute
=  Design based on beam dynamics calculations, on cost/space constraints
= Design with POISSON 2D (pole profiles) and Opera 3D /TOSCA programs

Magnet design (in House) and construction (selected companies)
= Coil/magnet construchons performed in external companies

" Same satogy 34 o e injector gne

al Inspection (coil, current supply, thermocouple), check of test certificates

= Electrical integrity : insulation tests coil vs ground at 500 V

= Coil resistance measurements (1% variation accepted coil by coil)

= Leak and flow test at 30 bars during 12 hours (max 2 bars drop) Rigorous and flexible
= Magnetic tests (hall probe, rotating coils, vibrating wire) —_—) Magnetic Measurement
Plan is needed

To master all the critical steps from design to delivery

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 13
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e« ] 'Whya magnetic measurement plan? CMw?

Motivations-aims

=Context : Large scale of magnet production to be tested.
(field ranges from 0.5 mT up to 0.5 T, issues on field strength, harmonics, mag. axis)

=Guarantee the conformity of the magnet to the (tight) specifications:

+¢ Field integral value (at the level of 01-0.01%)

+¢ Harmonics value (at the level of the 0.1%)

+*Quadrupole roll angles

¢ Magnetic axis position of quadrupoles ( 50 um RMS error) ffiducials

=Provide information for the installation (alignment) and the operation (hysteresis curve, ...).

=|ncrease the quality of measurements and the reliability of the results.
= Increase the efficiency (schedule is tight, measurements completed end of 2015 for the 0.1-0.7 nm line).

The working plan will include:

=Characterization of the measurement systems (systematic and random errors).
=Selection of the measurement equipment.

(w.r.t. specifications, allocated time and resource)
=Cross-checks measurements (some %) with different measuring techniques or systems.

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 14
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CBPSl Measurement equipments CMW

Equipment Units Aim Status Comments
Hall probe 1 integral and local field in System operational
system dipoles
Cross calibration of the GdlI
<& 45 mm 1 integral field gradient, System operational CERN/PSI
rotating mole harmonics and axis in 45 mm collaboration
test bench apertures quadrupoles
<19 mm 1 integral field gradient, Unit being tested at CERN/PSI
rotating mole harmonics and axis in 19 mm CERN; collaboration
test bench apertur quadrupoles (linac) Procurement for the end
of 2011;
& 10 mm 1 integral field gradient, Prototype in test at CERN; CERN / PSI
rotating mole harmonics and axis in Procurement foreseen for collaboration
test bench undulator lines quadrupoles 2012,
Moving 1 Magnetic axis of quadrupoles | System fully operational
Vibrating Wire (injector, linac, undulator lines) In October 2011
system
FARO Arm 1 3-D survey of fiducials on Commercial product;
guadrupoles and on At PSI since December
measurement systems 2010;

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 15
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Transverse Hall Probe Siemens SVB 601S1
Semicond. material InAs

Active area 2.6 mm?

I max 400 mA DC
Sensitivity 60 mV/T
Hall Probe absolute accuracy 0.1t00.3G
Hall probe resolution 1ul
Longitudinal range 2100 mm
Horizontal range 650 mm
Vertical range 360 mm
Maximum calibrated Field 31T

Non linearity (0-1T) <0.2 %
Temperature sensibility 70 ppm/°C

Measurement procedure:

“*Leveling of the magnet

ssLongitudinal variation on the probe (step of 2 mm, 20 ms time)
(line integral in one axis)

“+DAQ of voltage (HP/Agilent 3458A digital multimeter)

«»Post processing of the data
v'Local field, field integral, magnetic length
v'Field quality
v'2D/3D field maps (volume in scanning five vertical planes)

Digital multimeters (2)

0,8 —w fa— —

current

2
R

§ 8t 0, voltage

|
ul
o |

ST I

;
]'ml i

Sl -

Program interface

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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e[ Jm Rotating coil (1)@39mm CERNmole MW/

ILITICITIC
5 coils
(E2,M2,C,M1,E1)
Mult. Filament Wire 20, $=60um
Coil length 750 mm
Coil surface 1.97 m?
Coil width 7.4 mm :
Number of turns 400 Electronic rack
Coil core G10 Gdl: 50 104 abs. accuracy

Multipoles : 10° (@17 mm)
Abs : E1 (E2=spare) for gradiept reproducibility
Cmp :E1-M2-C+M2 for harmonics

(reject Dipole and Quadrupole) (PSI-CERN- collaboration, at the PSI since January 2009)

System used to measure the harmonics and the field gradient of the 45 mm aperture
quadrupoles for the 250 MeV injector

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 17
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e Rotating coils (2) " CERN' 219 mm diameter mole | MW7

CERN“linac 4” coil ( second generation) |

| \
| “eliding rupparts - |

o, Dunkel, Talk TueSBESSECE

319 mm x 400 mm coil head

" ) «3 tangential coils with B1+B2 bucking
g *Monolithic design

*Higher sensitivity (multiwire flat cable)

|
i Courtesy M. Buzio, L. Dunkel CERN
i

----- il

(PSI-CERN- collaboration, at the PSI end of 2011)

Goals: Measure the harmonics and the field gradient of the 22 mm aperture
quadrupoles for SwissFEL linac and matching sections

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 18
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ﬂé} otating coils ; 210 mm diameter mole |L N\W}?

Prototype in test at CERN: PCB coils, monaobloc,

tesyM Buz ela.tdmg am.
Ta’k mm x%Xm coil head

-3 coﬂs, 200 turns each
*Bloc=30 stacks + separators

«Shaft inserted in “a linac 4 bench” type
(O. Dunkel, IMMW16 (2009))

(in development at CERN, at PSI end of 2012?)

Goals: Measure the harmonics and the field gradient of the 12 mm aperture
quadrupoles in the SwissFEL undulator lines

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 19
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e~ —{Jm Moving vibrating wire system at PSI | N\W??

Vibrating wire characteristics

Moving Wire CuBe, 1-1.5 m,®=120 mm

Newport X-Y linear stages accuracy 2.5 um, resolution 0.5 um

Support table aluminum, 2 m

A vibration detector 4 pick-up coils or photo diode, um wire motion

DC/AC current source 100 ppm stability

Lock-in amplifier HF2LI 2 channels, 2 signal generators, 50 MHz range+ Phase Lock loop
Quantum arm FARO, 2.4 m, 6 axis resolution of the survey equipment is +/- 28 um on 2.4 m

Vibrating wire system (August 2011)

Laick-n
LIEEL S

LT

[ L

V. Vrgkovic Talk

[T
Conimodiar

y 4 1 g

Goal: Measure magnetic axis of the quadrupoles (linac, matching, undulators

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 20
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C RS Estimation of the errors MW

Error sources : Measuring system & method; environment; op

Well defined
procedure

An estimation of the all possible and known sources of systematic error is

Estimated contribution

Environment <5 [m]
Resolution of vibration detection: <1 [um]
Locate wire relative to pin holes <10 [um]
Alignment of stages: <1 [um]
Faro arm: <28 [um]
Total (rms) <30 [um]

To be added in the budget: 30 um error for the fiducialisation procedure with a laser tracker
in the tunnel (Source K. Dreyer)

Total fiducialisation budget : <50 um

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 21
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SRS Magnetic Measurement Plan CMw?

Test of 100 % of magnets
®Magnetic tests should be performed systematically on all magnets of the
machine;

®Magnetic axis measurements of quadrupoles with respect to external
fiducials have to be systematically performed,;

®Cross-check measurements for the integrated field gradient and the
magnetic center position will be performed on a statistical basis;

& cheks Positioning Field measurement Positioning Field measurement Measurements
100%, 6 hours 100%, 8 hours 100%, 24 hours 100%, 4 hours 100%, 4 hours 100 %, 4 hours
i

. - Magnet preparation
Magnet Dlsconnectlc_)n & checks Quadrupole gradient
and storage preparation 100%, 5 hours Cross check- Field maps

100%, 2 hours 10%, 16 hours*

Dipoles _ -
Quadrupoles Magn;tddligognectlon
nd storage
Total 40 Hours Total 18 Hours and siorage

Flow-chart of the test-plan for the series production of SwissFEL magnets

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 22
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Test of 100 % of magnets
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Cascaded work with 1 designer, 2 teams for assembly and measurements

Important dates for production and tests:
=|inac/undulator series quadrupoles 2012-2015
=Matching quadrupoles: 2013

=Dipoles for the hard x-ray line: 2013-2015
=Magnets for soft x-ray line: Not before 2016

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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Undulators for the SwissFEL
Beam lines

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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1 5 "Undulator strat eqgy gtW\ Wﬁ

hard x-ray: soft x-ray:

SPring-8 small period variable polarization BESSY

small gap circular and inclined
in-vacuum undulators APPLEIl
high harmonics standard, fixed gap '
Continuous development from SLS Insertion
Devices

Ul5, gap > 4mm, length 4m UE40, gap 6.5mm, length 4m

Undulator Strategy for SwissFEL

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 25
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e [{m Time schedule for SwissfEL undulators CMwWY

For SwissFEL planned:

ARAMIS hard x-ray U15, 12 modules 2016
ATHOS soft x-ray ~ U40/UE40, 12 modules  ~ 2018

Milestones (U15)

=U15 full prototype (265 periods) : autumn 2012
mechanics
magnetics
vacuum

=Qualify the prototype for the series:
=Tests in 250 MeV linac -2013

=15 production : 2013 - 2015
=Field optimization : Mid 2015 - Beginning 2016

=|nstallation finished : Mid 2016

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 26



ERLRER INSTITON P :
ﬁ@ U15 Prototype Undulator design oM W7

New design for all types
= High stiffness : close support structure;

Hard X-ray Undulator U15 parameters

Type Hybrid - In Vacuum . .
# units 12 =Frame : Cast mineral bases and sides
Period 15 mm . . .
# periods 266 (including ends) (cheap, good damping, light, non-magnetic)
m'l'::;“ length s > ) L o M =Cost effective extruded and wire eroded aluminum
GAP 320 42 47 55 mm  Keepers
Bz max 127 1 085 07 T
Br 125 T
He, o wm  IN Vacuum Permanent Magnet Undulator U15
Mognet size WorHx T=30x20x2.25 AT
Pole size Wh/WiaHx T=20/15x16.5x3 mim
Max GAP 20.0 mim t frame
AGAP 0.3 pm Quter
*Minimum magnetic AP (Vacuum GAP=3mm)
Inne
Permanent Magnets
. . . . Vacuum pump
Vapor diffusion of Dy into the machined magnet
(Hitachi Metals Ldt.) Nd3,, Dy, Fe,,B Magnets
*Increase stability without reduction of remanence Gap drive sy
(Hc,~2300 kA/m). | screw

T.Schmidt, S. Reiche, Undulators - N
for the SwissFEL (FEL,2009) Dim: 4m x 1.4m x 2.2m, ~ 20to
ARAMIS: U15 12 modules

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets p. 27
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- = Prototype U15 undulator - Optimisation

Mg

=gap adjustment with system of 4 wedges :3 mm-30 mm range (required precision 0.3 um)

=Advantage: Support the structure everywhere.
=servo motor driven, roller spindel with Tmm/turn
"no gear -> backslash minimized

=Alignment with 4 cam-shaft movers:

Status (September 2011)
=System in development
=Test, end of 2011

SLS system with 5 degrees of freedom :vertical and horizontal direction and all angles, tilt, roll and yaw

U15 Tolerances

Gap setting 0.3 um
Position y 130 um
Position x + 200 um
Trajectory straightness 1 um
Phase error 1°
Temperature AT 0.1°

Al Wedges
Three dimensionnal view of the U15 (hard X-ray line )

T.Schmidt, S. Reiche, Undulators
for the SwissFEL (FEL,2009)

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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o=

Tests of the U14 CPMU at the SLS (10-12/2010) MW/

U14 joined project SPring-8 / Hitachi Metal Ltd / PSI

=Design and room temperature optimization: Hitachi Metal Ltd/
SPring-8

=| N2 measurements:SPring-8 , vacuum measurement system
developed by Takashi Tanaka, proof of principle at gap = 7mm
= N2 Test (135 K) at PSI with full control of cooling system and
for the entire gap range (4 mm-6 mm)

=|nstalled in the SLS beam line beginning 2011

RMS ohase armmor (“degree)

3.0

phase error

251

L o 15t cooldown

El ] o

1.5

10F

s

m  2nd cooldosm

target <7 5

Experienced gained for SwissFEL In Vacuum Permanent Undulator (IVPMU) :

“In situ magnetic measurement” system (1. Tanaka et al.,Phy. Review.B 12 (2009))

Stéphane Sanfilippo, PSI/ATK Technical Support, Co-ordination and Operation/ Magnets
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P
- = Integrated measurement system for U15" | Mw‘;_}

1) Magnetic optimization of IVPMU : 2) Field mapping with the vacuum
*Measurement w/o the vacuum chamber chamber

* Automatized adjustment of pole heights j> =Dismounting of the Out-vacuum beam /out
(avoid swapping PM) based on Hall probe vacuum shafts/PM array;

trajectory and phase error measurements. =|nsert the vacuum chamber/ PM array;

=Hall Probe measurements;
=»Adjustment of the gap value using the out

3D Hall probe
, vacuum shafts.

Integrated system

* Hall probe and tooling on a common linear motor

attached inside to the mineral frame for measurements Status (September 2011)
* Similar system with piezo walk motors for measurements after -Hardware. procured
installation of the vacuum chamber =Software in development
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- = Summary : Challenges and Issues [ Mw‘;_}

Technical challenges

= Small aperture quadrupoles (222 mm, 212 mm) and length (150 mm, 80 mm):
= Field quality requirements (gradient, multipoles at 0.01-0.1 %)

=  Magnetic axis (below 30 um)

=  Closed in vacuum undulators (difficult access for measurements)
. Undulators short period and with variable gap
. Long length (4 m)

Resource Issues

=  Procurement of main equipment is running. One critical item: field measurements on 212 mm quads;

= About personnel : ~180 magnets and 12 undulators to be designed, produced and tested till 2016;
Allocated manpower for 100% of the tests (other PSI running facilities at PSI: SLS, HIPA,PROSCAN)

Well defined design concept;
Precise measurement strategy & measurement plan;
Response j> o Well defir_1ed test procedures;
Realistic production/measurement schedule ;
Collaboration with Institutes and companies;
PSI synergy potential .....
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ae ™ Perspectives 2012-2014 CM W

SwissFEL magnets/undulators (phase 1-Hard X-ray line)

=  Quadrupole :Design (on-going), ends in 2011- Prototype and series measurements 2012-2014
= Dipoles :Design in 2012-2013 - Series measurements :2013-2015

= |nvacuum U15 undulators;
. Prototype : Autumn 2012
«  Series production 2013-2015
«  Magnetic tests: 2014-2016

I\/Iagnetic measurement systems

= Commissioning of the 19 mm rotating coil system beginning of 2012 ;

= 210 mm rotating coil system expected end of 2012;

=  Evolution of the vibrating wire towards a “rotating vibrating wire” to measure the also
multipoles (expected for the end of 2012);

= |ntegrated Hall probe measurement system ready for the prototype U15, end 2011;

= Hall probe measurement system inside the vacuum chamber, end 2011-beginning 2012.

= Adaptation of the already built systems: moving wire and pulse wire systems (on-going).
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CMWT

Thank you for your attention

Any questions?
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ﬂ;{_ Some related contributions . N\ U‘UI?
at IMMW17 , MT22, FEL2011 ' |

S. Reiche (PSI) — Status of the SwissFEL facility at the Paul Scherrer Institute (FEL2011);

M. Negrazus et al. PSI) - Magnet Design and Measurement Results of the Solenoids and
Bunch Compressor Bending Magnets of the SwissFEL Test Facility (MT22);

C. Wouters et al. (PSI) - Vibrating Wire Technique and Phase Lock Loop for Finding the
Magnetic Axis of the Quadrupoles in the Swiss Free Electron Laser (MT22);

IMMW17

O. Dunkel (CERN) - A rotating coil array in Mono-bloc Printed circuit Technology for Small
Scale Harmonic Measurements at CERN

J. G. Perez (CERN) - Measurements of small aperture Quadrupoles for Linac4 and Clic
Projects

V. Vrankovic (PSI) - Experiences with the single streched vibrating wire test stand at PSI

C. Petrone (CERN) — Measuring field strength and multipoles of small apertures quadrupoles
with vibrating wire
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Magnets for the 250 MeV Injector test
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Test of overall system performance In SwissFEL 250 MeV Injector

« Phase 1: Electron source and diagnostics
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Magnets for the 250 MeV Injector Cmwit

1ms:

ource o1 eiectron wi ow emittance, acceieratle

€ peam and shape the ¢- bunc
Y dipole

Deflecting Deflecting
cavity 1 _ _ cavity 2 } quadrupole
(S-band) Harmonic cavity (S-band) 4 BPM+screen
Acceleration (S-band) (X-band) + screen
2 Chm HERE  BE=Rs ) =S599 e == l
Linac 3 Compression FODO cells
S-band GH _ ~
RF-gun z ~50m T Diagnostic section
< ' >
e- source+ Magnetic compression
compression =30 A to 350 A _
1=5.5 A to 30 A ; 28 Quads:
: 6 dipoles: FODO, Diag, compression
Solenoids: - : :
: o _ chicane (4), dump, diagnostics
Gun solenoid+16 in acceleration L

S-Band Solenoid

Gun solenoid (0.35T,

A=80 mm, L=0.260 m) 01 T, ®=220mm,
L=0.75m

BC dipole
0.4T, G=30 mm, L=0.25 m

QFA Quad (25T/m, 45 mm)
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Magnets for the 250 MeV Injector (2)

CMWT

Magnet type Characteristics Quantities to measure Accuracy
(if specified)
BC Dipole V2 (4) Bnom=0.4T,GFR~60 mm Magn. Length, Field integral |Bdl 10
Measured mid 2010 angle=5 deg max @350 ] BdI=f(l), field maps (5 planes)
MeV Gap=30mm,
L mag=0.25m
Quadrupoles (28) Gnom=25T/m, ®=45mm, Magn. Length, integrated gradient |Gdl 104
Lmag=0-175m

W16 12009)..

L ag=0-05M

Gusli Magn. Length, Field integral /Bdl 10
L ag=0.26m | BdI=f(l), field maps
Magnetic axis position 0.1 mm
S band solenoid (17) Brnom=0.1T, @=220mm, Magn. Length, Field integral /Bdl 104
Measured end 2009 L ag=0.75m | BdI=f(1), field maps
Magnetic axis position 0.1 mm
Correctors (28) Brnom=20 mT, ®=80mm, Magn. Length, Field integral 103

84 magnets built, measured and delivered (last ones in Sommer 2010)
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i and solenoids: Axis measurements  « MW/

horipontsl sals offiet X [mes] of WEE 1017 159061 50= 1050 turni)
Coil2 24l ¢ .

" !
Error bars1 uT 3
2
&—-J/ :
Not a real magnetic axis measurements e .L"""
. . . i 200 300 A0 500
Looking for an extremun of the main field component = -
- M. Negrazus et al., IVIT22 (2011)
L B I — . . . .
-] 1 T 17 solenoids measured with a single axis Hall probe :

) *XY field maps every z =20 mm.

- 71 | *The offsets AX_, AY_ are defined as the difference
i from minimum (maximum) of a quadratic fit of the

X === T 1 measured magnetic field (X,Y,) at each z with respect
. to the geometrical center.
[ransverse position ] ] .
Quadratic fit of the magnetic field *Inside the coils AX , AY, <1 mm (AB equiv. to 1 pT)
as a function of X for one Z position *Between the coils the error becomes big: results are not

V. Vrankovic et al., IMMW16 (2009) relevant (magnet too homogeneous).
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RSl Bunch compressor dipoles

{ N\ Wi

B [T} l 0.1
Inner Diameter [mm] ¥
Total length [m] .75
'."'ﬁ-ll:llt.l'li:r 1.1’. 'L"::Ii.l'ﬁ :
Windings per Cail l 1 50
Max. Current [A] I 200
Power[k'W] . 5.7 —

Field map in the magnet horizontal mid-plane,| = 200 A,

=+700 mm (along the beam direction)
=+150 mm (across the beam direction)

A Bdl <10+ In the specs!

10000

AN

b 9583 ! ! : 4 ! =]
D A g sl % 1] -] % 0 10 &5 Ha

Lonygiwaindi imegrdied dina rorirndiiZea Idyrieuc

field integral Bydz at 200 A

Field in the Lo Average effective
Magnet center F'elc[i.ll::; gral length
[T] [mm]
#1 0.46005 0.13935 302.9
#2 0.46005 0.139219 302.6
#3 0.46011 0.139197 302.5
#4 0.46005 0.139219 302.6
Average 0.46007 0.13925 302.65
Sigma
(units) 0.7 5.0 5.8
L M e

Field asymmetry

Contour plot of the magnetic field in the horizontal XZ plane
M. Negrazus et al., MT22 (2011)
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ﬁ} New fabrication technique MW

vapor diffusion of Dy into the machined magnet (Hitachi Metals Ldt.)

increase of stabilization without reduction of remanence

Electron-Probe Micro Analysis
: »

main phase grain boundary phas F -
crystal grain (Nd-rich) e

I:I_'_.':l"an- —
Dy Enriched Layer [

&

Conventional [y Deposation Dhffusion

' ﬂ‘ D MAX

600
» i
E 400 —
3 g
~
3 200
for thin magnets only 0 L y ]
(U15 magnets: ~2mm) 0o 1 2 3 4 5

Thickness of magnets (mm)

, y . o _ (all figures courtesy:Hitachi Ltd)
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