Superconductivity at DESY in Hamburg
Peter Schmuser, DESY and Univ. of Hamburg

1) Superconducting magnets for proton storage ring
2) Superconducting cavities for linear electron accelerators




Electron-Proton Collider HERA

Superconducting proton storage ring, 920 GeV, field 5.3 Tesla
normal conducting electron storage ring, 27.5 GeV, field 0.17 Tesla
circumference 6.3 km

Halle Ost (HERMES) \
Hall East (HERMES)

Hafle S0d (ZEUS)
Hall South 1zsus




Schematic view of superconducting dipole coil

proton beam
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shumieim clamp

ideal coil: 1(¢g) = lo cos cross section of HERA coil




Dipole coil winding at DESY with professional tooling
Tooling was designed for industrial production
(H. Béttcher, M. Riiter, G. Deppe, S.Wolff, O. Peters, PS)

Winding of 6 m long dipole half-coils
at DESY

This windi ine was later shi to BBC




Iron yoke: soft-iron cylinder with cylindrical inner bore

Field pattern dominated by coil
Iron yoke contribution computed
by image current-method

~— superinsulation

~ cooling channel 60 K

Cross section of HERA dipole:

main current bus

coil, yoke, cryostat
2-phase He pipe
1-phase liquid He

beam pipe with
correction coils

~ main dipole coil
aluminium clamp
“—— iron yoke
©— helium vessel

~——— radiation shield

-~ vacuum vessel




The magnet measurement hall Helium refrigerator

—

All magnets were quench-tested

extensive field measurements:
Field integral, multipoles,
persistent-current effects

Installation in the tunnel




Excellent performance of supercond. dipoles and quadrupoles
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all dipoles exceed nominal current
of 5000 A by 25%

quadrupoles go even higher

multipoles of 440 dipoles
all within specified limits

Exception: sextupole, decapole
these are compensated
by correction coils




Superconducting cable

Niobium-titanium filaments in copper matrix
Rutherford-type cable with 24 strands
1230 filaments per strand
Critical current about 6000 Aat T=4.5KandB=55T

HERA magnets are cooled with pressurized
normal liquid helium of 4.3 Kelvin

— Kapton tape

strand diameter 0.82 mm




The niobium-titanium superconductor

Type Il superconductor with strong flux pinning current density

A #2:10* A/mm?

pure titanium
Te 20.4K,Bc 20017

b pure niobium
-~ Te 29.2K,B=019T
B<Bet Ba<B<Bar 8282

Flux pinning is indispensible to achieve large
current density, but is has a price:
Magnetic hysteresis
Persistent currents in the

® ‘ 14 pm thick NbTi filaments
magnetization of
20 B superconductor
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Influence of persistent magnetization currents on dipole field
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Dipole field B, at injection 0.5% lower
Strong sextupole component

Remedy: correction magnets with non-linear 30 times larger than tolerable

current control Solid curves:

These correction magnets (dipoles, quadrupoles, sextupoles) absolute model prediction

were built by Dutch industry




The next surprise: persistent current multipoles are time-dependent
discovered at the FNALTevatron, chromaticity changed with time

Injection and initial acceleration in HERA
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The reference magnets for controlling the magnets currents
proposed by D. Degele, PS

Installed in HERA Hall West:
1 ABB and 1 Ansaldo dipole
connected in series with main ring

NMR measures B, at injection
Pickup coil provides dB/dt pulses
which control currents in all
correction coils and in all normal
magnets of HERA-p

Rotating coil measures sextupole
field in real-time,
controls sextupole correctors




Free-Electron Laser FLASH, aerial view




Layout of the FLASH machine

photo injector acceleration modules collimator undulators
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accelerator




The perpetuum mobile of
Maurits Cornelis Escher In practice we need
radio-frequency cavities
to accelerate particles
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Nine-cell superconducting 1.3 GHz cavity
excited in x mode with 180° phase advance from cell to cell

1040 mm

Cavity made from ultrapure niobium
operated with superfluid helium at 2 Kelvin
accelerating field more than 25 MV/m
quality factor > 1010




R [nQ]

Microwave surface resistance

superconductors have R =0 in dc fields
but R > 0 in ac fields

Bardeen-Cooper-Schrieffer theory:
BCS surface resistance drops
exponentially with temperature

Rpes o A3 w? e exp(—1.76 T./T)

Quality factor of Nb cavity is > 1010 at 2 Kelvin
but 100 times smaller at 4 Kelvin

Cooling with superfluid helium (low pressure) at 1.9 - 2 Kelvin




Requirements on superconductor
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Requirements on superconductor
Reqwmmen#s on Superconductor: Microwave Cavities
gv\evaﬁ : k\aex cnbkcat h.mpcr. TC “‘3& fual cond.w:kvf,'j , Mo ﬂux Pinm'r:)‘

Cout mob “Ihsh-Te" ceramic S.C.) ol superconductor
. ol = meed \ery pure upe
Acceleroker magn b To=72Kk B.=80wmT

Be farge = .O“e.b“ el elloge Nb  Te=2K B« 200mT
Showa Pl pining = QuH'\%cola!ich

2 meed .d.irhd' superconduckor

Bc =200 mT corresponds to
T.c 92Kk B (4T accelerating field of 45 - 50 MV/m
NbT(. (o am 2 yPez *F pending on cavity g y)
very duchibe , easi¢ oxh—u.olc'o( wit Cu
e “ Standark conductor

NbySw  Te= 18K , Be, =207

brte material | diffrcult o use
n accelerakry magnets




Giitefaktor Q,

-

o
=
=)

10°

Accelerating field in nine-cell 1.3 GHz niobium cavity
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Recent industrial cavity production for X-Ray FEL
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These cavities are close to the physical limit




Installation of acceleration module in FLASH linac
contains 8 nine-cell cavities each 1 m long




