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Since Snowmass’05 new compact shielded superconducting
magnet designs were developed that replace the previous
“side-by-side” magnet layout for 20 mr crossing angle.

Side-by-Side Magnet
Layout Concept

for 20 mr

X-ing

QDO & QDEX coil windings

q_’r_ 3.50 m from IP

Magnets are in
independent ™
cryostats.

"Recent Progress Designing Compact Superconducting Final Focus Magnets”
presented by: B. Parker




New design uses a combination of active (coil) and passive
(magnetic yoke) shielding and may be pushed to 14 mr X-ing.

QDEX1A Design for a Shielded Extraction
Quad with 36 mm ID Clear Aperture

‘planar pattern. Preserve - Actively Shielded
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Winding and testing a bare QT prototype demonstrates we can
meet field quality and magnetic performance goals but does not
yet tell us about vibration stability of the final system (cryostat!).

Before Snowmass'05 QT, a short,
QD0 magnetic prototype was
successfully tested in a back-
ground solencidal field and exhibit-
ed excelent field quality and
quench performance.

The shield coil is now
complete and a shielded
QT prototype will soon
be tested.

"Recent Progress Designing Compact Superconducting Final Focus Magnets”

presented by: B. Parker




"Comments on the Design of ILC Final Focus System”
presented by: K. Tsuchiya
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« Design of the vacuum system and the assembling
method of the IR region should be started as soon as
possible.

These things might exert a large influence upon the design
of the 5C magnet

« SC magnet

Sell shield NbTi coil: AG/G 2D s OK but 3D 7
MNh.Sn col need large R&D

« Fancy (sophisticated) mover system might be
mechanically weak. Think about a magnetic
field(MF) mover.

We have a good expenience of MF mover in KEKB-IR




"Comments on the Design of ILC Final Focus System”
presented by: K. Tsuchiya

% Constraints
Time schedule
B Boundary condition

(need discussion with detector people)
Available space for IR equipments
Beam background
Requirements from beam optics
IR vacuum vacuum level, cold or warm
Quadrupole  G(T/m), L(m), Aperture(m)
AG/G
Alignment range, accuracy, frequency etc.

There are many important [ D| E |t
details to be worked out and B —
unfortunately some of these

details can have fundamental

impact on the final focus

magnet design.

Top View for Tsukubo: Interaction Region




"Comments on the Design of ILC Final Focus System”

presented by: K. Tsuchiya
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Making actively shielded magnets
can be quite challenging and it is
important to do 3D calculations and
not just depend upon 2D estimations.
Also it is good to make and test a
prototype.




; 2 Electromagnetic and mechanical
Why mig ht we want to use Nb3Sn* design is similar to the design of

16 the LHC arc quadrupole magnets.

TESLA quadrupole inside the solenaid

Nba Sn, 1.8 K B = f (Je) A 3D contact finite-element model

of the structure has been
developed using the COFAST3D
Nbs Sn, 4.2 K module with CASTEM software
package

All successive steps of loading
history, from collaring to cool-
down and to excitation are
described.

¥ Cuadrupcle alone [ & 56 mm, G = 250 T/m)
Cuad + 41 sclenaod COLLARS

700 Completion of
cold mass is
now foreseen //

E} [PetmiGre for mid 06 & |
y L tests by end 5+
= of 06. |

Will testin 2 T N
solenoid. AN

5
COLLARING EEYS

‘; 4 » 56 mm bore quadrupole (TESLA TDR)

"High Gradient and Large Aper'l'ure Nb3Sn Quadrupole Magnets for the ILC IR"
presented by: F. Kircher




A new 70 mm Diameter ILC Quadrupole
2D Simulation of FNAL MQXB cross section quadrupole

70 mm Diameter Quadrupole : Magnetic calculations

3D model of FNAL
quadrupole assuming
arbitrary coil heads :

= Towards a full model
Quadrupole+Solenoid
foriLC IP

G=217.5 T.m™*

DG/G=1.10" @15mm
DG/IG=1.10% @30mm

The ILC FF is not a large market; it will be difficult to develop a specific program, specially
involving industry. Consequently, even if we cannot assume that LHC upgrade will solve all
ILC challenges, we should not ignore what is done there . With a 2010 ILC decision several
results expected for Nb3Sn magnets by this time (LARP in USA, Saclay and EFDA dipole for
fusion conductor test facility). The magnets we are looking at are challenging but if the
specifications can be kept within a reasonable range (say 70-90 mm coil aperture, 200 to
250 T/m), suggest focusing on specifications before making a definitive technology choice.
First goal must be to define the parameters for these magnets in a reasonable range. Fol-
low up of the expected progress for the LHC upgrade and development of HTS conductors
will enable us to make a better informed technical choice within a few years. - [e.d. B.P]

"High Gradient and Large Aper'l'ure Nb3Sn Quadrupole Magnets for the ILC IR"
presented by: F. Kircher




Magnet Solenoid Magnetic Calculations : leakage

optimization : Various design by adding iron to initial geometry
concentrated on

S %\ TPC homogeneity :

| ::'dz < few 10°m - =~ 300 Gauss @ 12 m

TESLA-Z0+1er st

W1 ] | ardat |
J Initial geometry | TESLAZD+erdst [

TESLA-Z20+Herd &

=50 Gauss at 12 m

¥ VECTCR FIELDS

Solenoid Magnetic Calculations Have made extensive calculations

- Br/ Bz along the TPC at different radii x : L =2.5m (optimization) of LDC solenoid to
achieve very good field uniformity

(for TPC). Also look to reduce the
external field outside.

= v
. Fi V¥ VECTOR FIELDS
T T B-;.r;,-clu'm

"High Gradient and Large Aper'l'ure Nb3Sn Quadrupole Magnets for the ILC IR"
presented by: F. Kircher




"Development of Final Focus Permanent /V\agnef"
presented by: T. Mihara

Adjustable Permanent Magnet
Quadrupole

The PMQ is composed of an inner ring and four outer
rings (Double Ring Structure).
Only the outer rings are rotated in order to change the
e integrated gradient. The fixed inner ring suppresses
-:*__,,'fa any errors caused by rotation of outer rings.
weiak position

Center shlft of the Y coordlnate by

16 variations in the

variafi . B Tuning for a Fixed Field Center
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SWIL | Bem | dem | 2em | lem the inner ring the GL'},E er rings

5 Ton T on [ on | on N reduced from over 20 um to less
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"Development of Final Focus Permanent Magnet”
presented by: T. Mihara

PMQ for Head-on Wide variety of PMQ configurations

Guerdam | 4180mm have now been studied.

. Bore diam &20mm
-:_;. ad. w.:h 180T /mimax) -
20T/m (mn) PMQ for 20mrad,L.*=3.5m

250T/m

14 'I-mm bore
Outer diam $100mm
Bore diam, &20mm
Grad. With *120T/m{max)
&20mm bore - -
BT/mi{min)

A | \ Grad. With | 220T/m
5 - f &14mm bore

B t . " LY . mﬁ__;_:i}.! ~

Outer Diam H180mm }'

FEIE 'l':-'"fth 130T/m (max) s ‘ | l " Large bore for y
G20mm bore B0T/m (min) ) . ) ]
P 190T/m 160T/m without temp. compensation.
&1dmm bore

N
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N
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longer L* means sironger PMO.

S
X

External field can naturally be made
small and can use Permendur pole
inserts to enhancel/tailor the field.
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"Development of Final Focus Permanent Magnet”
presented by: T. Mihara

Use in the solenoid field If Permendur gives trouble due
in an uncompensated external
magnetic field, then try trading

off on inner size to get strength.

-Integrated strength is reduced by Solenoid field because
PMQ has pole (vanadium permendur).

Back coil or (and?) some shield is needed.

A magnetic pole material, like

Vanadium Permendur, takes in

solenoid flux until it saturates

and WI" cause PMQ to be pu”ed We are now planning to enhance the PMQ by replacing
towards the deteCtor_ Maybe we Eﬂmmburei-rmerrmgwithlillSmmEme. -
can try to kill this field at the PMQ

with bucking coil and shield; how R&D: possible smaller step size
completely must this be done and (finer field increment); also look
whatis the impact on the detector? at radiation demagnetization.

Original PMQ renewal PMQ




Performance Tests: Dual Beam Mode We do not yet have a CrYOStated ILC
compact FF magnet. To get first
Wil idea of whether cryogenic flow can
cause relative motion between cold
mass and cryostat we can study a
spare RHIC quadrupole (develop
gl technique). Desire a method that
does not touch the cold mass and
works well cold in the presence of
strong magnetic fields (laser).

Suitability of Laser Vibrometer Summary of Laser Performance Tests
Intrinsic noise, based on both beams terminated by mirrors,

Motion 1s measured by the Doppler shift in frequency . >
Y oppier 3 I - 15 below | nm/“Hz above ~ 2 Hz.

of a laser beam bounced back from the object. , , i
Single beam measurements pick up motion of both the
. . . object and the laser head.
No parts are installed on the object — suitable for Single beam measurements are consistent with metion
cryogenic environment and in magnetic field. derived [rom geophone data.
Has the necessary resolution ~ nm at low frequencies. Dual Beam dillerential d ala are consistent with the intrinsic
Some drawbacks: noise (<1 nm/vHz above ~ 2 Hz) when the absolute motion
- Requueq “line of sight™ to the object (add viewports) is also small.

Meas 1ts are sensitive to the motion of the Absolute motion is largely suppressed (=10X) in the

o1 he . differential mode for most frequencies.
* [Use a dual beam fiber optic laser head (diff. meas.) Still need to keep the laser head motion as small as possible
* Many iterations of the laser holder design. since the cancellation is not perfect.

Non-contact method — suitable for tight spaces.

"Vibration Measurements in a RHIC Quadrupole at Cryogenic Tempera'l'ures"

presented by: A. Jain
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Laser Set up for Horizontal Measurements Laser Set up for Horizontal Measurements

i Both beams at the
ight, to
ensre similar
ticn
IMacform fio
geoplione Ratroreflecting Tape
for Refarance Boam
in Dual Beam Made

Mirrar Termination
for Single Beam

Magnet Cross Section

- Ee

Ll

L] Il- -
g

Nate:

Mauvnet is

relatively

free to

move in the

horizontal &5

direction ! A Cold Mass
Support
Paost

"Vibration Measurements in a RHIC Quadrupole at Cryogenic Temperatures”
presented by: A. Jain
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RMS Power (um'/H

COS Cold Mass at 4.5K; Dual Beam; 07-5SEP-2005
; P o o

Dual Beam Data:

Less Sensitive to

Halder Mation

- [Vertical Motion

= Wathous He Flow
= With He Flow: Meas. |
= Wilh ITe Tlow: Meas 2 1

Frequency (Hz)

Summary
Performance of the dual beam Laser Doppler Vibrometer is
characterized in the single and dual beam modes.
Measurements ol cold mass vibrations have been carried
out 11 a spare RHIC quadrupole at 4.5 K with and without
cryogens flowing,
The measurements show a small increase mn the horizontal
motion at a few frequencies with cryogen flow.
Based on the dual beam dala, there is no evidence ol'a
systematic increase in the vertical motion of the cold mass
with respect to the cryostat.
These results are quite encouraging for apphcations of
superconducting quadrupoles in the ILC,
The measurement sensitivily 18 currently limiled by the
rather large total motion (200-300 nm).

C0s Cold Mass at 4.5K; Dual Beam: 08-5EP-2005
H H HE . H .. . H | H HE

Holder Motion

Dual Beam Data: |
Less Sensitive to |

I,:I'|
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I ] H

= Without He Flowr

="%1Lh He Flow; Meas. |

=" 1lh He Flow; Meus.2

RMS Power (um“/Hz)

(]
Frequency (Hz)

Measuring Magnetic Center

Changes: Future R&D

0B,

Magnet G=—— o0p
s, o ] [

W

Magnet Loop
Center Center
V(t) = wNLG-x(1)
For 10 mm x 500 mm x 400 turns in 140 7T/m:
Kr) = 280 V/(m/s) = same as a geophone

"Vibration Measurements in a RHIC Quadrupo/e at Cryogenic Tempera'l'ures"

presented by: A. Jain
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"The Properties of QMG Coil Magnets”
presented by: M. Kumada

The AC properties of Neat trick is to slice single crystal
QMG coil magnets and sandblast a spiral pattern to
make a unit that can be stacked. After
W o i LI soldering layer mterconnectlons then
M. Morita, NSC, Chiba, end up with a very g8 small but

M. Kumada, NIRS, Chiba, powerful magnet. (=

A. Salo, NIMS, Ibaraki,
1. Teshima, NSC, Chiba and
H. Hirano, NSC, Chiba

abstract

On high-Te oxide bulk superconductors (QMG) which have high
current capacity up tos everal 10" A/em’® at 77K we introduce
development for the materials and their applications.  Especially QMG
eddy magnet is one of the imporiant applications. QMG eddy magnet
consists of eddy shape and planar superconducting QMG coils. These
coils are stacked and connected in series by s older. Recently, we
fabricated eight-layer QMG eddy magnets that have 11 tum and cross
section of 1.0 x 2.1 mm and diameter of 74mm. The magnet generated
20T at 52K, 1.25T at 63K and 0.66T at 7 7K. We will also report
hysteresis propertics, rapid excitation propertics and endurance for the
heat-cycle




For 12C treatment
try to use advanced
materials to make
magnets as small &
light as possible.

Superconductor having the best possible performance may be useful
here since there is a huge advantage in reducing the gantry mass.




"The Properties of QMG Coil Magnets”
presented by: M. Kumada

Particle therapy should be on a catergory of a nano meter scale
Protons in H,0  Carbon ions in H,0

technology

x (nm)

If the goal in radiation therapy is to break up DNA strands, then 12C should be
much more effective because of localized, few nm scale, final energy deposition.
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‘@\0 Thank you for your attention.
() B. Parker
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