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Motivation R&D of scIDs

Develop SCUs for ANKA and low emittance light sources

With respect to permanent magnet undulators SCUs can generate :
® Harder X-ray spectrum

® Higher brilliance X-ray beams

Why? Larger magnetic field strength for the same gap and period length

Same magnetic length =2 m and vacuum gap =5 mm
= SCU15 with NbTi APC wire
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S. C. et al., IEEE Trans. on Appl. Supercon. 4101305, Vol. 24-3 (2014)
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IVU= in-vacuum undulator
CPMU= cryogenic permanent magnet undulator
SCU=superconducting undulator

IVU* CPMUt | CPMU SCU SCuU
(SLS) (DLS) PrFeB* NbTi NbTi
wire** APCtt
A, [mm] 19 17.7 15 15 15
# of periods 105 112 133 133 133
magn. gap [mm] 5 5.2 5.2 6 6
B [T] 0.86 1.04 1.00 1.18 1.46
K 1.53 1.72 1.4 1.65 2.05

Simulations performed

with SPECTRAS

*F. Bedker et al., EPAC06

tC.W. Ostenfeld & M. Pedersen, IPAC10
#M.E. Couprie et al., FLS2012

**D. Saez de Jauregui et al., IPAC11
T1T. Holubek et al, IPAC11

§T. Tanaka and H. Kitamura, J. Synchrotron Rad. 8, 1221 (2001).
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Motivation R&D of sclIDs S(IT

At ANKA large vacuum gap 7 mm instead of 5 mm
mmmm) |onger period lengths

SCLU15
oY 1 5

10" \\\ 5 SCU20 has larger
i ] : brilliance and flux

10”?"“"\”1"7\ \ than SCU15

1016- APS N \ vacuum gap = 7 mm
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\ 3 CPMUT APS SCU15** SCu20tt
\\ N 1 (DLS) SCU0*
\

\ ] A Imm] | 17.7 16 15 20
\ : # of | 87 20 102 77
\ periods

Brilliance (ph/s/mradzlmm2/0.1%)

10™EF  E=25Gev \
: | =200 mA ] B [T] 0.71 0.64 0.70 1.46
- §=41nmrad K 117 0.96 0.98 2.20
1 013 1 1 1 1 ' 1 1 1 1 ' 1 1 1 1 1 1 1 1 1 1 1 1
O 5 1 O 1 5 20 25 TC.W. Ostenfeld & M. Pedersen, IPAC10
Energy (keV) *Y. Ivanyushenkov et al., IEEE Trans. on Appl.
Supercon. 4102004, Vol. 24-3 (2014)
**D. Saez de Jauregui et al., IPAC11
Simulations performed with SPECTRAS 8. C. etal, IEEE Trans. on Appl.
$T. Tanaka and H. Kitamura, J. Synchrotron Rad. 8, 1221 (2001). Supercon. 4101305, Vol. 24-3 (2014)
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Ongoing collaboration of ANKA and BNG ﬂ(IT
to develop SCUs for ANKA

and low emittance light sources . design ANKA and BNG

® NbDTi wire Manufacturing: BNG
Testing: ANKA

® Conduction cooling
® Movable vacuum

SCuU15 —>

chamber
/ l

=it 4444494993499 4983984

-

Mockup1 | Mockup?2
0.15m 0.30 m
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SCU15: main characteristics

Karlsruhe Institute of Technology

206 plates of high magnetic field saturation

Period length : 15+ 0.01 mm

Number of full periods: 100.5

Peak field on axis >0.69 T

Mechanical accuracies at 300 K< 50 pm

Beam heat load 4 W

® Beam stay clear
gap closed (open) > 7 (15) mm

® To be better than CPMUs, with NbTi
needed nominal difference magnetic and
vacuum gap 1 mm

Recent developments on superconducting undulators at ANKA
Sara Casalbuoni, IPAC’'15, Richmond, VA, USA

cobalt-iron alloy

Holes for
supporting
rods
Winding
package

Pole

Cross section NbTi wire:
0.54 mm x 0.34 mm (including insulation)

End fields:
first winding packages 21 turns (3 layers)
second winding packages 63 turns (9 layers)

ANKA ANKA Synchrotron Radiation Facility



SCU15: tests without beam 2 [l savcocknoanomon  SNCT

Karlsruhe Institute of Technology

® FAT completed summer 2014
B Installation in ANKA 12.2014-1.2015
® Tests with beam in 2015 ® Cooling time 7 days

® Warming up 4 days

~ ®m Ramping time <600 s

® Current stability of main coils
at max. current 150 A and

__ correction coils successfully
tested for 6 days

® Movable vacuum chamber
7mm-15mmat 10 K:
successful vacuum test

< 3 x 1019 mbar in cold
conditions
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Karlsruhe Institute of Technology

SCU15 installed in ANKA 2 [l savcosnoencmon - SN
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SCU15: tests with beam 2 [ saconsomn oo ST

Karlsruhe Institute of Technology
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Reliable operation
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SCU15: Experimental setup for flux measurementsmﬂ%sm!w[

”H Babcock Noell GmbH

ionisation
chamber 2

. Be window

ionisation

chamber 1 O

filter caro_usel_ for the Si 111 channel-cut SCU15 beam
energy calibration of the E : 3-20 keV
monochromator '

motorised

pinhole of beam
profile monitor

(¢ =50 pm)
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SCU15 tests with beam 2 [l swcasnconmon. ST
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. Flux through a pinhole of 50 um diameter

I d

14| at 14.9 m normalized to |, =100 mA
S 2l _
b I main coils at max. current 150 A |
Q . E =2.5GeV
S 10} L i
] it
9 - 1
e
S 08f 7 : i
el bk
e | 41' || 'ﬁ.
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o:o / \‘ M
E (keV)

From 3™ harmonic position B = 0.73 T > B=0.62 T* of CPMU using PrFeB with the
same period length of 15 mm and beam stay clear of 7 mm.

* M. E. Couprie et al., FLS’12, Newport News, VA (2012)
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Q

SCU20

m Lessons learned from previous development of 1

= Babcock Noell GmbH &‘(IT

Karlsruhe Institute of Technology

.5 m long undulator coils:

round wire, low carbon stainless steel, blocks ~0.15 m, racetrack,
new winding scheme: from one groove to the next changing winding direction

20 . . . . .
m  Achievements of Mockup 2 (~ 30 cm long) Dev. half period length (um) :
S S AL
m  Mechanical accuracies -10
at 300 K I 20} diie;
10} YIRS A EXEENY.
Of-ipudfrgisto el ToloadlBify
:;8' IDe.v. pole height (um
60F T - L -
m Testin LHe and in conduction 30} Dev. wind. height (um)
cooling 400 A reached without of TS ST ST R
quench (nominal current 380 A) U SR A R A F R EE
% 5 10 15 20 25 30
Pole #
m In conduction cooling at ~ 4 K
688 A reached at the end of training
12 Recent developments on superconducting undulators at ANKA
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SCU20: Achievements of Mockup 2 A\‘(IT
Calculated spectral performance with SPECTRAS "E Babcock Noell GmbH

meas. SCU20 mockup
ideal CPMU20 B =0.74 T*

PrFeB

RN
o

* Th. Schmidt, private communication.

§T. Tanaka and H. Kitamura,
J. Synchrotron Rad. 8, 1221
(2001).

ANKA parameters
slit1 mmx1 mmat 10 m
vacuum gap 7 mm

Flux (10" ph/sec/.1%)

Considering an  operating

00 . S S T TS S S S temperature of the magnet
0 5 10 15 20 25 of 4.2 K, design temperature
Energy (keV) margin of about 2 K.
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HTS tape stacked undulator for table top FELs ﬂ(".

layer 1

=y First magnetic field measurements
ayor 2 on HTS structured tape

0.02F
0.015+
0.01F
S. Prestemon et al., IEEE Trans. on Appl. —_
Supercond. 1880-1883 Vol. 21-3 (2011) j— 0.005
1]

KIT internal collaboration:

ANKA with ITEP \4 \j# e \4 |

®  Etching using Trumpf picosec YAG - IR laser, -0.005F

programmable beam control used for Roebel cables U U U U U U U
®  Groove formation very reliable applying laser DB U h \J u U U
® No contamination of groove detected (SEM) U U U
i | 300 A 500 A ——600A ||
60 40 20 0 20 40 60

position [mm)]

T. Holubek et al., IEEE Trans. on Appl. Supercond. 4602204 Vol. 23-3 (2013)
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Tools and instruments for R&D: CASPERII ﬂ(".

Karlsruhe Institute of Technology

Successful factory acceptance test *Local field measurements with Hall probes

Guiding rail sledge/
spacer for gap

3.6 K

Copper braid
750mm

4K plate Field integral measurements

with stretched wire

Coils without
support structure

#

M

Inactive position
streched wire

!é
f
o

T

i Y-positioning

Weight

sitioning

Copper Beryllium
wire

7 Guidance with : A TY
: isolating

guide rollers X

A. Grau et al., IEEE Trans. on Appl. Supercond.
2312-2315 Vol. 21-3 (2011)

A. Grau et al., IEEE Trans. on Appl. Supercond. 9001504 Vol. 22-3 (2012)
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Tools and instruments for R&D: CASPERII ﬂ(".

1.25
W] THITTH
0. 75~ Main cqil: 375 A
Commissioning of local and 0.50]  Corcoils.4.75Aand .75 A ﬂ
integral field measurement = 0.25- A
systems accomplished = 0.00 -
= -0.25- r
-0.75- s Eaig [T]
e
Main coil: 375 A -1.25 — 77—
— 6.0 R R I \\15‘ﬂeld integral [Tm] 0 75 150 225 300 375 450
% 5.8 R -3.000E-05 Distance [mm]
3 sefiinn 211 0.000
3! R 7 Poster S. Gerstl, WEPMAO027
5 54 ,_ S \3.0005-05
é 5.2 1 >\%2dfeld integral [Tm?]
S 5.0 | g -4 000E-04 ; S
c |7 o s M )
48 0.000 ,l b 3=
) IR 0 R R R LR RN _... ~ R
g 46— Poaotaotetateteteretatetetess . :: R R /4000E -04
36 38 40 42 44 46 48 50
Current in correction coil 1 [A] SCU20 MOCkUp 2
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Tools and instruments for R&D: COLDDIAG ﬂ(".
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Cold vacuum chamber for diagnostics to 250 bunches (13.6- 159 p5) ]
measure the beam heat load to a cold bore s munches e 19000 3
in different synchrotron light sources ST1 o 200bunches (11521158 3 .
L & 36/52/78/117/234 bunches
(14.2 - 19.7 ps) ¢ 3
. . © 900 bunches, th , RWH, RRR=200
The beam heat load is needed to specify the S 4} o ooonen meon. et | o
cooling power for the cryodesign of el ¢ | ;
. . . . o
superconducting insertion devices = 3 = : $
:
. 6 2 ¢ b
The diagnostics includes ?9(1' E . I ;
measurements of the: \\Q\s @ 2 i |
* heat load A 3 .
K1 ¢ 3 ¢ o
- pressure R 1 & 5
- gas composition @“ SEI : .o ;
- electron flux of the electrons et bt & o 8 o o 9 9
bombarding the wall QOQ’ 0 100 200 300
Beam current [mA]
In collaboration with Significant discrepancy compared to
CERN: V. Baglin theoretical expectations ...
LNF: R. Cimino, B. Spataro S.C.etal., JINST 7 P11008 (2012)

University of Rome ,La sapienza‘: M. Migliorati
DLS: R. Bartolini, M. Cox, E. Longhi,

G. Rehm, J. Schouten, R. Walker

MAXLAB : Erik Walléen

STFC/DL/ASTeC: J. Clarke

STFC/RAL: T. Bradshaw

S. Gerstl et al.,, PRSTAB, 17, 103201 (2014)
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Summary QAT
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SCU15

® Reliable operation of a full scale device with 15 mm period length in the ANKA storage ring
® For the first time for SCUs with beam, higher fields than CPMUs with the same geometry

SCU20 0.3 m mockup

® Mechanical tolerances at RT < 60 um
B Testin cond. cooling 688 A reached at ~ 4 K (nominal current 380 A)
B Spectral performance advantages on CPMU

HTS stacked undulator

B The first magnetic field measurements on a HTS structured tape have been
successfully performed in the test facility CASPER | (liquid helium bath)

Development tools for R&D on SCIDs
B CASPER Il: commissioning of local and integral field measurement systems accomplished
® COLDDIAG: measured beam heat load to a cold bore installed in the DLS

Recent developments on superconducting undulators at ANKA ANKA ANKA Synchrotron Radiation Facility
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Motivation R&D of sclIDs ﬂ(".

CPMU B=1.5T Scu Comparison SCU - CPMU
period length (mm) pe”f’d _Iength (MmM)  £5r SCU magnetic gap = vacuum gap + 1 mm
NdFeB  T.Schmidt, S.Reiche, FEL09 NbTi wire
— 16 -H-16 D. Saez de Jauregui et al., IPAC11
— 15 -m-15 T. Holubek et al, IPAC11
12 -m-12 D. Saez de Jauregui et al., IPAC11
PrFeB M. Couprie et al., FLS12 APC-NbTi wire
10 o 15 T.Holubek et al, IPAC11
meas o
i % 18 ESRF Chavanne et al., IPAC11 NbTi wire meas
9 -~ 17.7 DLS C.W. Ostenfeld & M. Pedersen, IPAC10 Q 151.5 m BNG-KIT S. Casalbuoni et al.,
IEEE Trans. on Appl. Supercond.
R 0 1760-1763 Vol. 21-3 (2011)
© 15 0.3 m BNG-KIT S. Casalbuoni et al., SRI10
8 © 151 m Taiwan Janet al., IPAC10
’é i © 16 0.3 m Argonne, Y. Ivanyushenkov et al.,
\ ANKA seminar
E7 /\r tﬁ\e— -
o
®© N\ 1® SCU higher K CPMU,
O
c 6 N N \ * most pronounced for longer
S L \ N O 1 period lengths
3 NN .
S ° = N\ =0 ‘.
> | \ \ N\ | ® Novel materials give further
4 N R improvements, especially for SCUs
AN O i“x
N
3 Ng N R T—

04 06 08 10 1.2 14 16 18 20 22 24 26 28 3.0 S. C. et al., IEEE Trans. on Appl.
K Supercon. 4101305, Vol. 24-3 (2014)
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