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Message: A wide variety of superconducting magnets
are useful in addressing ILC BDS challenges,
but don’t forget about warm magnet options.
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Outline: Final Doublet, Anti-solenoid &
Extraction Line Magnets for the ILC.

• For 20 mr X-ing Scheme we propose that QD0 and first extraction compensator
magnet use He-II (1.9°K) cooling for extra compact coils (they start at same L*).

• CAD layout in progress; capture details needed for energy deposition calculations.
• First estimation of cooling capacity; give feedback for E-Dep’ and cryostat design.

Final Doublet:

Anti-Solenoid:

Super Septum:

• More details of Anti-Solenoid design have been elaborated and field calculations
for practical coils surrounded by laminated yoke (SiD geometry) were completed.

• Preliminary space allocation made; now examine MDI issues (anchor 15 Ton force).

• The 2 mr X-ing angle extraction line requires a mix of novel superconducting and
warm magnets; a particular example is using compact superconducting coils
inside iron yokes and cut outs to provide “field free” regions for incoming beam.
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Very compact QD0 and QEX coils side-by-
side & both having fringe field compensation.

Operate at 1.9°K (pressurized HE–II)

QEX with 42 T/m.

Coil Separation @ 3.8 m
with 20 mr X-ing angle
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But can we direct wind coils with 6-around-1
cable at such a small bend radius?

Idea was to try
“semi-automatic”
w i n d i n g w i t h a
mechanical assist
for the first turn.

By the third corner John Escallier had
found process parameters that worked
for automatic winding of the rest of
the coil (two layers were wound). WWiinnddiinngg HHEERRAA--IIII CCooiillss
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Lines of sight to IP with
20 mm crossing angle
as indicated.

Edge of extraction line
magnet.

Here the QD0 cryostat is circular in cross
section but it is tapered along its length.

Overview of QD0 Design for 20 mr X-ing.
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SSppaaccee ffoorr HHEE--IIII CCoooolliinngg

Support Location & Heat Shield Detail.

QQDDOO CCooiill PPaacckk
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Locations where heat shield and
cold mass increase in size.

Region # 3 Region # 2 Region # 1

Close Up Near Middle of QD0 Magnet.
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Conceptual Study for Cooling Insertion
Magnet of the Linear Collider

3/2/05 K.C. Wu

Temp. profile along a channel filled
with He II at 1 atm
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X(Tc) - X(Tw) = q3.4 x L

•• AAssssuummiinngg hheeaatt iiss ddeeppoossiitteedd oonnllyy aatt IIPP eenndd;; tthheenn ccaann ppaassss aabboouutt 44 WW ttoo hheeaatt eexxcchhaannggeerr
((RReegg##33 iiss cchhookkee ppooiinntt;; RReegg##11--22 ccoouulldd ppaassss ~~1155--2200 WW))..

•• WWiitthh uunniiffoorrmm hheeaattiinngg,, ccaann hhaannddllee ~~5555%% mmoorree eenneerrggyy ddeeppoossiittiioonn tthhaann iiff ssoolleellyy aatt IIPP eenndd..
•• MMuusstt iinnccrreeaassee RReegg##33 aarreeaa iiff wwee wwaanntt bbeetttteerr ccoooolliinngg ((eelllliippttiiccaall sseeccttiioonn??));; nneeeedd ttoo kknnooww

tthhee eexxppeecctteedd eenneerrggyy ddeeppoossiittiioonn iinn oorrddeerr ttoo mmaakkee aann iinntteelllliiggeenntt cchhooiiccee..

IP End

Reg#1 Reg#2 Reg#3 FFiinndd sseellff ccoonnssiisstteenntt TT ffoorr RReegg##11-33.

QD0 Cooled with Pressurized He-II.
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Four solenoids with centers:
A @ +/- 124 mm
B @ +370 mm
C @ - 370 mm

Ls = 240 mm, Rinner = 190 mm
Thickness = 6 mm, J ≈ –200 A/mm2

Field approximation by formula: σy/σyo = 1.38
Calculated (in air) coils: σy/σyo = 1.45

(not using the current knobs)
For comparison: without anti-solenoid

σy/σyo = 27.6 for ILC parameters

AA
AA

BB

CC

Anti-Solenoid Design Developments.
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SLAC-PUB-11038
(Position of antisolenoids was not exactly the
same as in latest layout, but very similar)

Anti-Solenoids+DID: Compensate Beam Size,
Minimize IP Angle and SR Beam Size Growth.
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Model for
1/2 SiD

Bo = 5 T
Map of |B|
(0 – 4.75 T)

Anti-Solenoid Design Applied To SiD.

(T
)
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When energized
the anti-solenoid

generates ~15 Ton
longitudinal force

directed away from IP

Ring cryosta t , ID ≈ 316 mm &
OD ≈ 456 mm, that is anchored to
the solenoid yoke?

Connection to bring leads and
cooling in/out.
Place this at top to stay out of the
way of QD0 support structure?
(cryogenic flow issues?)

Cryostat
Cartoon

Active length = 1220 mm,
1700 mm budget has 150
mm at IP end and 330 mm
at lead end. Warm to cold
t rans i t ion a t lead end
must handle 15 Ton force.
Do this with set of 20 mm
dia . ,160 mm long G10
rods put in compression
and uniformly spaced on
cold mass end flange.

70 mm
budget

MDI: Anti-Solenoid Design Challenges.

Cryostat Envelope Shown in Gray
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TThhee eennddccaapp ffiieelldd iiss
aallmmoosstt uunncchhaannggeedd
wwiitthh aannttii--ssoolleennooiidd
OONN aanndd OOFFFF..

Comparison
of |B| Maps for
SiD Yoke and
the conductors
(0.013 – 5.125 T)

MDI: Anti-Solenoid Experimental Impact.

(T
)

(T
)
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50 x 50 mm hole
with 5 mm radius

corners

1/4 of the Full Model

SSuuppeerr SSeeppttuumm QQuuaaddrruuppoollee

Special Magnets for 2 mr Extraction Line.

WWiitthh bbeeaamm ppiippeess,,
tthhiicckknneessss ≈≈ 2222 mmmm

TThheerree aarree pp ll aacceess wwhheerree
bbeeaammss aarree nnoott wweellll sseeppaarraatteedd
bbuutt wwee nneeeedd ttoo ffooccuuss oonnee aanndd
nnoott ddeefflleecctt tthhee ootthheerr.. TThhiiss
hhaappppeennss ffrreeqquueennttllyy aalloonngg tthhee
22 mmrr XX--iinngg aannggllee eexxttrraaccttiioonn
bbeeaammlliinnee..

IIff tthhee ffiieelldd aatt tthhee ccoonndduuccttoorr
iiss llooww eennoouugghh,, tthheenn wwee ccaann
cc oo nn ss ii dd ee rr mmaa kk ii nn gg aa tt hh ii nn
ssuuppeerrccoonndduuccttiinngg ccooiill vviiaa tthhee
ddiirreecctt wwiinndd tteecchhnniiqquuee.. TThheenn
wwee ssuurrrroouunndd tthhiiss ccooiill wwiitthh aa
mmaaggnneettiicc yyookkee tthhaatt hhaass aa hhoollee
ffoorr tthhee ““rreedduucceedd ffiieelldd”” rreeggiioonn..

( T )
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B e a m -
strahlung

Incoming

Beam

Outgoing

Disrupted Beam

Magnetic Yoke Compact

Quad

X (mm)

Y
(m

m
)

Must be carefu l w i th energy
deposition in a superconducting
magnet. For some cases even a few
watts heating can be significant.

For the super septum magnet we
need to protect the septum region.

Super Septum Design Challenge

Even if the main part of the disrupted beam
and beamstrahlung pass cleanly, there can
be synrad hits from upstream magnets.
Advice: Only go with a superconducting

magnet when sure that a normal
conducting or permanent magnet
solution is not practical or not
desirable for some reason.

QEFX2[2] was
removed from
the lattice.

Energy Deposition & Superconducting Coils.

Red: Charged Beam
Blue: Synrad
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|B| ~ 15 gauss

Preliminary Model
for QEXF1 Magnet
(Check feasibility)
Original POISSON

Model Was Done By
Cherrill Spencer,

ILC@SLAC

Opera2d
Results

Warm QEXF1 Option: Cherrill Spencer’s
Panofsky Septum Quadrupole.
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• Based on preliminary POISSON model, with no real engineering of the coils
• Panofksy quad uses 4 coils, each coil to pass 14,568 amp·turns
• Small space available for side coils leads to very high current density
• Use 15 turns 0.1875”sq hollow Cu, with 0.125” diam cooling hole, per coil
• So need to pass 971 amps in conductor we typically pass 160 amps max!
• Requested magnet length is 2.5m, -> 2 separate magnets, 1.25m each
• Solution: each turn is a water circuit, then approx 14 ft per circuit
• Need to keep LCW water velocity below ~15 ft per sec to reduce erosion
• Allow LCW temp to increase by 30 °C, then need P ~ 60 PSI and water

cooling works in theory
• Need to monitor water flows and voltages interlocked to power supply for

fast turnoff
• Engineering issues not tackled yet, e.g. how to fit in all the water fittings?

How to shape coils at ends?
Impact of end fields for reduced field region? (this note added by B. Parker)

Cherrill Spencer,
ILC@SLAC

Basic Design Data for Panofsky Septum
Quad for QEXF1, 8th March 2005 version.
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Superconducting Magnets for the ILC.

~1 mm
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Presentation Conclusion and Thanks.

It is clear that superconducting magnet technology can make significant
contribution to addressing many of the ILC BDS and MDI design
challenges. Some applications discussed in this talk were the final focus
and extraction line magnets, the detector integrated dipole and the
anti-solenoid. Other magnets not discussed here are the strong tail
folding octupoles, the energy spectrometer and diagnostic chicane magnets
and of course the main superconducting linac lattice magnets.

BNL Direct Wind technology is relevant to many of the above magnet
designs and it has been most interesting to collaborate as part of the
early Linear Collider global design effort on the ILC BDS.

II wwoouulldd lliikkee ttoo ttaakkee tthhiiss ooppppoorrttuunniittyy ttoo tthhaannkk AAnnddrreeii SSeerryyii ffoorr pprreesseennttiinngg tthhiiss
ttaallkk ffoorr mmee ttoo LLCCWWSS’’0055 aanndd CChheerrrriillll SSppeenncceerr ffoorr pprroovviiddiinngg mmee wwiitthh hheerr ddeessiiggnn
ffoorr tthhee PPaannooffsskkyy SSeeppttuumm QQuuaaddrruuppoollee.. BBrreetttt PPaarrkkeerr,, BBNNLL 1188--MMaarr--22000055
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