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(5 Paul Scherrer Institute (PSI)

e Largest research institute for natural and engineering sciences within
Switzerland
* Three main fields of research: matter and materials, energy and the

environment and human health

Develops, builds and operates complex large research facilities

Employs 2100 people

~2500 visiting scientists using facilities for experiments

Part of the ETH Domain that also includes ETH Zurich and EPFL Lausanne

Financed by the federal Government
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(== Superconducting magnet activities at PSI

* Development of superconducting magnets:

v

— Compact superbend magnets for light sources

— High field magnets for FCC

— 10 mm period HTS undulator

* Activities:
— Magnetic and mechanical design
— Fabrication (new infrastructure under
development)

— Test at operating conditions

Page 4



PAUL SCHERRER INSTITUT

(5 Outline

 Magnet infrastructure at PSI

* Motivation SLS-2

e Superconducting superbend magnets

* Conclusion and outlook
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(=J» Magnet infrastructure at PSI

Constr'luctlonﬂand '*k
test NC and PM
magnets and
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(=== NC magnet and PM lab (600 m?)

* Magnet assembly
—NC electromagnets
—Permanent magnets

e Magnetic measurements

—Moving wire

—Rotating coil

=
g|
15700
\ Magnet Assembly
128 m2
g
8

11400

—Hall probe

—Vibrating wire

Insertion Device Assembly
92 m2
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5 Lab for construction of SC Nb,Sn magnets
(CHART)

L] ,‘:;i -
= " L|

- IWmdg tle]
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» Upgrade of infrastructure for CHART Phase Il in preparation (400 m?)
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= Lab for tests of SC magnets and components
(100 m>?)

air
elizel E \.M ) Current leads
mer- easuremen Media,
Rack for | 9ency rack » om%eﬁsog He
ﬂange eXit COId head orco €a | reCOVery
= Tools
=
:.- é vessel|
o
Undulator . GHe bottle
\Cabin = test ‘ Non-magnetic and panel
2mx4mx25m ground &
5mx5m
Chair ~ \
Shanting range truck :
® ’
~4mx3m : | Racks
{ —®
: WNLA/010: 13.45mx 85 mx 4.7 m
: .." —_
: _,.v”. Tm
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= Lab for tests of SC magnets and components
(100 m>?)
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= Measurement system for inhomogeneous high-
Intensity magnetic fields

6 Narrow peak Challenges: Measurement of the field gradient
45 Total field e in 3 dimensions
=3 Field innercoils «  wjth accuracy 0.1 % of field range
2
1 * With 200 measurement points and increments of
=T/ S S 1 mm

-0.2 -0.1 0 0.1 0.2
distance along the beam path (m)

Rotation and tilt stages

Encoder

Linear stages

Slide

Ball screw

Good field region

Cantilever arm
Positioning of the probe:
highest accuracy necessary

PhD Paola La Marca

Linear guideways
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Compressor

[(F={J» Cryogenic tests of e.g. SLS-2 model coil

- <— Power supply

=Y
=

-— Cold head

Current leads

Cryostat

Radiation shield

Vacuum pumps

5

___/
Q- HH
S N

— A

Instrumentation
and quench detection

— Quench protection

Sample/coil

Page 13



PAUL SCHERRER INSTITUT

[(F={J» Cryogenic tests of e.g. SLS-2 model coil

Compressor

<— Power supply

Current leads Cold head

Cryostat

Instrumentation
and quench detection

Radiation shield

— Quench protection
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(== Test stand for SC components

* Adjustable test stand for systems cooled with cryocoolers under
operating conditions

 Verification effectiveness and reliability of
— Cooling method
— Electrical performance at cold temperatures
—Instrumentation
— Operation at nominal current
—Quench detection and protection
—Field integral

— Magnetic profile
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(== Timeline and outlook infrastructure

2018 2019 2020 2021 2022 2023
Construction, Commissioning  Measure- Test of SLS-2 coils, SC HTS
infrastructure test stand ments undulators,...

e Phase I: Infrastructure

* Phase Il: Test of superconducting oo AT L e [
. . . \\EE St:::age ;i(e:rr-lar\‘gl‘uﬂeasurement \:}aucr::z? Current Ie@| ! b
components, coils and magnets Nb-Ti |2 o | sy | T [ e 1"
‘ 1* E - . ¥ J§
(a nd N b3sn ?) : \C b § tindtiator Non-magnetic l_ gr‘de I):;}rl:s:le
2mxdam>s25rn fest ground DK:, P
e Phase Ill: Upgrade to HTS (e.g. for e (o) ‘13
= Z
upgrade SLS-2 6 T superbends and SC |
_ ~4mx3m _' [ Racks
undulators using HTS bulks or stacked .~ Tmmmm——

HE im

tapes)
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== Outline

 Magnet infrastructure at PSI

 Motivation SLS-2

e Superconducting superbend magnets

e Conclusion and outlook
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(=)» Motivation SLS-2

In order to stay competitive in future, the new storage ring has to provide a factor

> 30 lower emittance at the same circumference and beam energy.

The storage ring generational change

1.0E-06
cLs SFEAR3
e CANDLE §%S
= 1.0E-07 - :
= F
= ELETTRA WA, SuperKEKB
T o, e ~APS SPring8 D)
‘ - e ———————iieiigeia al - - WTTINLL TSR U—. W, _——
= ® SIS V@ SRIUS  Supe .
= =k ' Max.lV o iamond Il PETRAAI ILCDR ®
= CLIC DR
S, 1.0E-09 K gaps
.; P ° Pep-X
o APS.U Spimggl
§ 1.0E-10 gp-X + DR
E Riccardo Bartolini {Oxford University)
w 4" low emittance rings workshop, TUSR
I 1.0E-11 - Frascati, Sep. 17-19, 2014 -
TUSR+ DR ®
1.0E-12
100 1000 10000
Circumference (m)

Storage rings in operation (®) and planned ().
The old (—) and the new (—) generation.

A. Streun, PSI: Beam dynamics and lattice proposal for SLS-2 BeMa-2, Bad Zurzach, Dec . 1-4, 2014
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(=)» Motivation SLS-2

In order to stay competitive in future, the new storage ring has to provide a factor

> 30 lower emittance at the same circumference and beam energy.

Nphoton O“ )

£, '8,

B

2) ~

average (

Lattice design evolution from double- and triple-bend achromats (DBA, TBA) to
multi-bend achromats: increase N,.

o 1 C, = lattice constant
o sama ~ kT L
BT [’L '\TH ] Ex X (‘13 N.D = # dipoles
ekt Fixed E C = Circumference
DBA TBA !
: Strong Focusing and Low
i Dispersion
:r.lu; rrrrrr Fisnetian
! / First used for MAX-IV.
12 msertion Efraight lI'.l‘:E‘_I..I;I_:_-:r.|:|'|-!ilr.n:l'r i ! e 142 lrasoricn E:Hq:
M\. 'IIF\II“‘I"r {/.-"'_\‘l.
. | L D. Einfeld et al,, Proc. PAC 95,
L 0 ' 2 Dalias TX
Fohrprral
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(=)» Motivation SLS-2

of SLS

The new lattice requires very compact
components.

A lot of combined function magnets are
required:

e 120 off axis quads;

e 288 octupoles-quads;
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== Outline

.  Magnet infrastructure at PSI

* Motivation SLS-2

e Superconducting superbend magnets

e Conclusion and outlook
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=== Superconducting superbend magnet(s)

=
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(== Superconducting superbend magnet(s)

Specifications Consequences
* Narrow B-field profile: FWHM < 75mm;

* Peakfield in the GFR > 4T; * Bfieldenhancement>1.4;

* 4T peak = Nb-Tj;
. /Bdl = 0.54T'm  (as for all the RT dipoles); i |
—_— * 6T peak = Nb3Sn

* Available longitudinal space: 430 mm; . >6Tpeak> HTS?

e Vacuum chamber OD: 24 mm (possibilities to . _
e Conduction cooling system;

reduce the OD under discussion).

Additional Constraints

lid for all th t
(valid for all the magnets) * C-shaped magnet (open geometry);

e Installation strategy in the tunnel; ﬁ
e Mechanical rigidity;

e Necessity to evacuate the synchrotron e Strayfield.

radiation.
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=== Superconducting superbend magnet(s)

Magnetic concept

B (T)
13.4 Bﬂa
12.0 | 5
10.0
8.0
8.0
6.0
6.0
" a0
L 2.0 2.0
0.1 0.1

ARMCOR yoke
to enhance the
field in the GFR
and to reduce
the stray field

Inner coils to

Outer coils to

guarantee the

required field
integral

produce the
required B-field
profile
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(=)= Superconducting superbend magnet(s)

Magnetic concept

Total B(T)
: - 3 b8
B-field profile | 10.0
Inner coils | 8.0

B-field profile |
6.0

4.0

=/ ey, |5

0.1

-0.2 -0.1 0 0.1 0.2
distance along the beam path (m)

Inner coils to

QOuter coils to

guarantee the

required field
integral

produce the
required B-field
profile
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305 A/mm? @ 6.30T »>
Nb-Ti (4.3T peak, 0.54Tm)
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Superconducting superbend magnet(s)

Applied Magnetic Field (T)
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RS Superconducting superbend magnet(s)

Field quality, 6T superbend

Harmonics evaluated over a 3 mm radius circle

B profile along the beam path Integrated harmonics
6 ] 5 shift=-1.5 mm};
ﬂ shift=-0.5 mm
: shift=0 mm
oo 4 I Sh|ft=0-5 mm ]
" 5 shift=1.5 mm
0w O® 4 |
Y G 1o 7 ()
. ] Ez
21 &
1} 1
0 - 0
-04 -02 0 0.2 2345678910

distance (m) Harmonic number
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=]

Superbend, main components

Gifford-McMahon
(or pulse tube)

To cryocooler
guarantee [~
8-10 LN,
hours vessel
autonomy - SOK
in case of LHe thermal connection
cryocooler vessel 4K
failure. -
thermal connection
ARMCOR
HTS current
(or V-permendur)yoke leads
316 L yoke

reinforcement

Pre-cooling pipe
G10/Steel

Support Cryostat

inner wall

Superconducting superbend magnet(s)

Outer Inner
coils coils
Conductor type: Nb-Ti Nb;Sn (RRP)
Insulation: Formvar S-glass
[. @42K(A) 752 @ 5T 810 @ 12T
Magnetic energy (kJ) 3.8 16.6
(1 coil)
Inductance (mH) 50 210
(1 coil)
Current per turn (A) 400 400
N. turns 200 1485
(1 coil)
Extraction Voltage (V) 340 140
(Tgan=0.4s)
Horizontal aperture 53
(mm)
Peak field at conductor 2.8 11.3
(1)
Peak temperature (K) 4.2 4.3
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Superbend, main components

Gifford-McMahon
(or pulse tube)

To cryocooler
guarantee [~
8-10 LN,
hours vessel
autonomy - SOK
in case of LHe thermal connection
cr)_rocooler vessel 4K
failure. -
thermal connection
ARMCOR
HTS current
(or V-permendur)yoke leads
316 L yoke

reinforcement

Pre-cooling pipe
G10/Steel

Support Cryostat

inner wall

Superconducting superbend magnet(s)

ALS Superbend Magnet System

J Pwaik’, S T Wiaig'™, 1Y, Chen'', G ], DeVaies", B DMasca’, M Fabniie”, A, Geyer”

Harkins'. T Hendersow™. J. Hinkson'. E. H. Hoyer'. ], Kmpmick”, %, Marks™, F. Otiens”, 1 A Paterson’
Fipei Ay’ G Poisben, [ A Bole” B[ Sclilistes’. O S’ OO Tands”, B Walisei ™’

Fig. 1. Superbend cold mass assembly: 1 — superconducting couls with
steel poles, 2 — lanmanated steel yoke, 3 — suspension straps, 4 — LHe vessel, 5
— LN; vessel, 6§ — HTS leads, 7 — cryocooler, 8 — 50 K thermal connection, 9
= 4 K thermal connection. 10- cooldown tube, 11 - wammup heater.

October 4, 2001 marked the completion of the Superbend
Project — the biggest upgrade to Berkeley Laboratory’s

Advanced Light Source (ALS)
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(== Superconducting superbend magnet(s)

Superbend, cold mass anchored to the 2"9 stage

LN, precooling pipe.

,..U:U | Large vertical aperture to allow the
__;'f_f_:fﬁf_f;installation of the magnet in the section:
Very high field enhancement:

'3'5';:;-55';.1-5 e 1.45 @ 4T peak;

TI:IT e 1.78 @ 6T peak;

J . 2 @>78T.
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Superbend, cold mass anchored to the 2"9 stage

(== Superconducting superbend magnet(s)

COLD HEAD REMOVING

E

400

MAIN CEILING

1000

24186

1400

-

RING CENTER
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(== Superconducting superbend magnet(s)

Power () A 4.43
MLL 50K 9 42 K 0.04
MLL 300> 4.2 K 0.068 4.4
Splices 0.026
Current leads 0.26 4.35
Conduction through the 0.22 4.3
support
TOT. 0.62 4.25
Radiation from Radiation from the 4.2
V4.2

the 50 K shield Warm bore

Suspension straps

metall(1)=316LN Surface: Temperature (K)
A 293

250
200
150
100

50

¥ 5.15
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RS Superconducting superbend magnet(s)

160 Mechanical structure
140 Materiai Yielding stress
120 (MPa)
@42 K
100 316LN 860-1000
80 CuBe 260 (@ 77 K)
Armco® 940 (@77 K)

Armco®

40
35
Ili30

CuBe

2

n

20

15

10
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(== Superconducting superbend magnet(s)

Stress calculated considering:
- Lorentz forces at nominal field;

« Cool-down from 300 to 4.2 K.

—
S

4000

J /3, Dist (%)
® o
4.2(K)
=
=

MPa 6 :
—— 50 g &hzooo-
40 ? . §1000-
/ 38 0.6 Jc”(i': i 0
10
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Superconducting superbend magnet(s)

The quench protection system relies on an external dump resistor.

R Loulel inner inner outer
: ; ; Tot. magnetic energy: 51kJ;
----- SN NSO MU - Riump = 29
R g Extraction volt. Outer coil: 340 V;
Extraction volt. Inner coil; 140 V.
"

Time=35 ms K

MPa
Time=35 ms

e 1 |40
I10 . . @ 30
150

700, /o 20
600! vetw 2 %gg —von Mises stress (MPa)
[\ Doaimiemiot naucance () 120/ Temperature (K)| | iPa
; 500, ~—quench resistance (Q) 71.5 me %%8 1 Time= 60 ms I
< ] L 20
5 400 20 ﬁ
21300 1 10
200; 20| '
70.5 30+ 1
100_/ %g MPa
0 —Z : ‘ 0  Time=400 ms K ' ' Tnme=400 MS 460
0 200 400 _ - 0 200 400 . : 50
Time (ms) Time (ms) . 20
; 30

20
IlO
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== Timeline and outlook

2018 2019 2020 2021 2022 2023
Test stand @ O O O O O
Construction, Commissioning  Measure- Test of SLS-2 coils, SC HTS
infrastructure test stand ments undulators,...
2018 2019 2020 2021 2022 2023

TN © N E— BES— BES— E— N
[ Desien  [[wro || Fabrication [ Test |fnstallation

e Collaboration possibilities:

— Magnet design (mechanics, cooling) and construction for SC magnets
like SLS-2 super-bends

— Alternatives and complement cooling methods for Nb-Ti, Nb;Sn and
HTS magnets (PHP....)
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== Wir schaffen Wissen — heute fir morgen

We create knowledge — today for tomorrow

R -

Thank you for
your attention

Many thanks to
Stéphane Sanfilippo
and the PSI magnet

section
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