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Final Doublet Magnetic Design & Connection Model
pr'esen'red by: Brett Parker, BNL

e Accelerator ConSIderatlons . Experlmental Considerations
e Operational Con51deratlons e Physical Considerations
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:Variety of compact magnets

& many are actively shielded
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Start with the basic 14 mr coil layout. ==
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QDO grouping with actively shielded quadrupole
coils on incoming and extraction lines and dipole,
skew-dipole, skew-quadrupole, sextupole, skew-
sextupole and octupole correction capabilities.

f

QF1 grouping with a similar set of coils but quite
different aperture and strength requirements. QF1 is
outside detector field and has a thin magnetic yoke.

* Present coil layout attempts to minimize fields seen by incoming & outgoing beams (max.
magnetic lengths for lower gradients & take account of 3D shielding effects at coil ends).

* Inside cryostat there are several coils & it is not practical to mechanically shift magnets
independently; so we use coil integrated correction coils to electrically shift effective

centers. This also avoids large field spikes at beam center with lumped dipole correctors.
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1/ Next we must dress the coils srooamee
i with cryogenic infrastructure.

QF1 Cryostat Group

Space for warm kickers,
vacuum valves, and
pump-out ports.

Connection point for
several 1000 A &
100 A current leads
plus instrumentation
: Round cryogenic
connection line with
Service Cryostat
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Also has He-Il
heat exchanger

Force Neutral Anti-Solenoid only overlaps part of QDO.
Service Cryostat 3
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i,"‘: QDO with Force Neutral Anti-Solenoid. 5"9

By constructing anti-solenoid
with inner and outer COI|S )
of opposite polarities,
it is possible to avoid
large longitudinal -
net forces so that /
anti-solenoid can !
be combined with /|
the other magnet |
coils inside QDO
cryostat (smaller |
impact on the
detector design).

/ Except for beam tubes,
He-II fills spaces inside
cold mass containment
g (yellow shell).

Previous large coil \ » / at shield in

anti-solenoid scheme "‘\ cryostat 0.“d
had large longitudinal - orizontal section
. i of connection line.

80 K" shielding
starts at vertical
line section.
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) Magnet designs to maintain optics srooxnnuen

Superconducting

11 flexibility for incoming & extraction lines, owes

QDO Cryostat design for L*=4.5 m worstcase. | p L =33Im | QDO .  ——
"y g L F! common Qri
. —— S L) L*,=55m (QDEXT\ Break [

P ElaT | P \ | Point] QFEX2A
\

N A~ AN . \
L*¥*=4.0m QD \ __
s IP 1 E—I_l 1 - I.'
There are many magnet designs = QFt ®
. p [Lfex=595m L QDEX1 ! 1]
to keep track of especially as (T QFEX2A
we may end up with different 5 Lf—45m . QDD L !
U . I N L Qrl U
L*s in different experiments. g 6am ol
| - QFEX2A

Al ¢ iati K. Look for flexible magnet—design scheme to
magnets are variations L ST accommodate different L*s in each

of same basic design. PSSl experiment. Incoming beamline magnets
o are same but first extraction magnet differs.

Optimize anti-solenoid, QDEX1,
attachment points/support structure

i i QDO with active shield and the cryogenic transfer line
i routing for each experiment? .




BROOKHPIVEN

NATIONAL I‘\I{J)R ATORY
Supercondueting

i,"‘: Reduce Background with the “Anti-DID.” oo

SiD yoke and I ooy Result v|vith simpli‘fied SiD yoke
. colls are not )
= I owos—— Field from two A
" opposing DID \
coa—— coils seen at
detector axis /
ooz
-
X< 00
& V\
002
004
Two
008
Detector
Integrated ° 008
Dipole (DID) R 00
|p° e ( Y Zcoord -8000.0 -A4200.0

llllllllllllllllllllllllllll

coils can be used to improve the field
uniformity near the IP (important for TPC based detectors).

Long Term Goal: Generate field maps for the anti-
solenoid and anti-DID for each detector concept.
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Line with 1 bar He-ll and

current leads to connect Pacman shielding is
to QDO cryostat. thinner than full detector
and separates horizontally.

iIr Introduce cryogenic “straw man” design, o=
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Putting service
cryostat above
/ is also possible.
|

Instrumentation
and magnet
current leads

/ connhection

point.

Elevation
View

\Single phase LHe
supply and low
pressure He return.

Refine these cartoons during IRENGO7.

Pacman supported so
that shielding can be
moved out of the way
when detector is opened. |



| n Design Constraints: Opening the detector spoouuneen
l.l g, for access and allowing for self shielding, o=

ater slide we

hat loop

mmodate

may need

] 1| izontal.
2 m moveme Need a combination
of stationary and
" removable shielding X
_ inserts? }

Make the current lead, instrumentation,
process gas, vacuum line, etc.
connections outside to minimize
penetration of pacman.

QDO0-Service Cryostat connection line
has to permit 2 m opening by door but
vertical section must not point directly
toincoming/outgoing beamlines.

(Implicit assumption: mirror symmetric cryogenic layouts for the two experiments)



BROOKHPIVEN

,',"‘: Implications for Pacman & Support Structure. s e

Reduce to 160 mm OD hor. & 200 mm OD vertical lines. LU L

Dose rate fo 25cm)1 knee 76.9m
500 GeV, 18MW on 20X5€T cylinder

Preliminary reported
by, Toshiya Sanami
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It looks like we need at least one knee to keep
radiation at acceptable level. Optimize the
path and minimize cryo-line penetration size. Platform
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Preview of issues which should be addressed at this workshop. 9



=] m Service cryostat connection is taken i

Superconducting
Magneff@f

IIL apart only a few times during lifetime. ™

Connection point for cold - There are a large number of cold
bus and instrumentation . .

bus conductors and instrumentation

leads running between the service

and QDO cryostats in the 1.9 K

—  He-II channel. Breaking/remaking

.~ these connections is a reliability

| il No provision for issue. We do not assume that this
- routine “cutting.” is done for any routine operation.

Note this also has implications for detector access in the off-beam
“park” position. If QD0 has to be moved, then the service cryostat
has to move with QD0 even if the service cryostat is itself
disconnected from its helium supply and vacuum return lines.
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.h,We assume warm up/cool down is done in sroounnuen

l.l i, the park position (i.e. magnets move cold)., "

Predicting cool down and warm up
times is not a simple task and can
depend strongly on system details. We
need to do estimates for ILC system
to determine natural limitations and
then can see what (if anything) can be
done to speed things up.

Need stable ILC design
configuration to make
meaningful progress here.

Superccm" ucting

The much simpler HERA-Il magnets
took 6-8 hours to warm up and

again to cool down to 4.35 K with
massive LHe flow. But ILC system
also has to fill with 1.9 K He-ll so it
will require even more time (also
add service cryostat). ILC case
could easily take more than 1 day.

ILC Cooling
Scheme

Region with 1.9 K|
1 bar He-ll cooling

Need to warmup to
disconnect here?

“Umbilical Connection” A
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Bring out top in-order (longer path through Pacman)

: not to interfere
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Beamline flanges,
kicker body, vacuum «
pumps and valves

Temperature difference between magnet and heat
exchanger depends both on cross sectional area for
He-II and the path length.

For sizing the connection between QDO and the service cryostat we
take the maximum 1.9K heat load to be 15 watts (14 static + 1 dynamic).

Note that QDO is conduction cooled and when the area for He-Il gets very

small then small changes in parameters, such as the size of the cable
bundle, can make a big difference in performance and cool down time.

Assume heat load is dominated by static
and not dynamic (beam related) effects.

Space for Hedl o~

New space left
over for He-ll

By adopting a 1 watt budget for dynamic heat load we had
better be sure to consider all possible energy deposition
scenarios (beam tuning, upsets, wakefield heating etc.).

BEROOKHIAVEN
NATIONAL LABORATORY
Superconduc
Magnet DIVisi

= x

1000 A& 100 A leads +
instrumentation leads

i Reduce tube

1000 A & 100 A leads +
instrumentation leads

See only a small
change in transfer
line size but big
difference in area

for He-ll.
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.",Cryogemc Supply and Distribution ssexuneen
,'"_, System: Some Operational Constraints. st

Systems coded the same color may be operated in common.

Crab (L) I s OF1 (R) | | Crab (R)

Systems not the same color must be operated independently™.

*Here independent means a given system can be warmed up/cooled down without impacting another system. 13
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l.l' E Finally we can start to see the tight spots, nssisior

In garage position, if door
needs routinely to be pulled
further out, then we need to
come up with scheme for
detaching beam pipe at IP end
and sliding QD0 and Service
cryostat as a single unit.

Watch for QF1 interference!

PN

Every effort is taken to mini-
_ mize width of Service Cryostat
Much study is needed at both the since it (along with QF1) limits

on beam and garage positions. how far door can be opened.
14
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,','E Push-pull complications for cryogenic system, womwstson

S— -]
&

Use flexible chain support and constrained semi-
flexible transfer lines, in a controlled way, to E
enable linear motion of cryogenic components.

Ruggero Pengo, Status of the cryogenics project (LAr, He, N2) "3
at Glasgow Meeting, July 10", 2007

* ILC push-pull needs an even
larger range of motion.

* Note that total cryogenic
path length is several times
longer than the range of

motion.
15



ILC IR push-pull makes greater demands than srooxunven

"' E prevmus work with many subtle implications, s

Deflectlon is not to

Service Choins
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Picture shown to give scale
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,','5 Final Doublet Magnetic Design & Connection Model, Sirerasens

Layout Concept
for 20 mr

QDO & QDEX coil windings
e at 3,50 m from IP

/' Magnets are in T
independent ~_°,
cryostats.

It is time to start cooking. -



