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ILC Superconducting Quadrupole 

et al. from March-June 2008 includes:

M RacineM. Racine
A. Angelov , R. Badger, M. Berndt

S. St. Lorant, T. Weber
S. Anderson, D. Jensen, L. Juarez, Z. WolfS. Anderson, D. Jensen, L. Juarez, Z. Wolf 

November 19, 2008 SLAC Linear Collider Department Slide 2



ILC Superconducting Quadrupole
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Cryostat containing quad in research lab at y g q
SLAC.

Not in the temperature controlled room we wished.
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ILC Superconducting Quadrupole Cryostat
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Magnet Measurement Goals

Three basic question to be answered:Three basic question to be answered:

What is full useful range of the magnet?

What is going on with the harmonics when 
the dipoles are energized (an artifact of the 
DESY measurements?)?DESY measurements?)?

What is the centroid motion when doing a 
20% B B d Ali t (BBA) d ?20% Beam Based Alignment (BBA) procedure?
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Photos of both ends of the rotating coil which passes 
through the warm bore of the superconducting quadthrough the warm bore of the superconducting quad, 

QSC990L626.

Sapphire ring bearing 
allows shaft of rotating 

il i h

Microstepping motor & encoder. 

Rotating measuring coil
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coil to rotate without any 
wobble or vibration



Magnet Measurement References

F. Toral. et al: V:\NLC\Drop-Boxes\Adolphsen\SRF\SC Quad\Talks, Papers p p p
and Posters\mt19_MOA07PO12.pdf: DEC2005

Kashikin Specifications:V:\NLC\Drop-Boxes\Adolphsen\SRF\SC Quad\FNAL 
A 07 M t R i \Apr 07 Magnet Review\
MLQuad_Review_Part1_Kashikhin_040407.ppt:APR2007

C Spencer et al Magnetic Measurements: SLAC-PUB-11473 DEC2006C. Spencer, et al. Magnetic Measurements: SLAC-PUB-11473,DEC2006

JCS, et al: Note of these measuremetns, in prep: NOV2008

A number of technical notes see C AA number of technical notes, see C.A.

T. Weber, et al, Warm bore cryostat, SLAC-PUB-12007,SEP2006; also a 
2008 pub in prep2008 pub in prep

V-drive data and matlab files and various pix
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Magnet Specifications
1Item Nominal1 Measured Units Comments

Integrated Strength 0.36 0.35 T/A 1A-100A
Bore 90/79 /79 mm Coil/tube i.d.
Effective Length 0.588-0.666 n/a m Not measured
Fi ld li it t 5 0 05 0 03 % f 1A 100AField non-linearity at 5 
mm radius

0.05 <0.03 % of 
quad

1A-100A

Magnetic center stability +/-5 <1.2, rms μm 5A-100A
for 20% BBA2

μ

Dipole coil integrated 
strength

0.001883 0.001254 T-m/A -25A-to-25A
g

OD/ID Strength 1.027 1.035 - 114/111 turns ratio

Liquid He Temperature 2 4.5 oK
1. Taken from V. Kashikhin talk and F. Toral, et al. paper
2.  -20% BBA cycle: 100%, -22%, -20%, -10%, 100%
3. Taken to be 0.075T/40A
4 Agrees with figure 11 right of F Toral et al paper
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4. Agrees with figure 11, right of F. Toral, et al. paper



Quadrupole Strength
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Quadrupole Strength

0.29%
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Magnetic Field Harmonics, 3 cm radius

Quad, ref

12-pole

November 19, 2008 SLAC Linear Collider Department Slide 12



Field Non-Linearity, 5 mm radius reference
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Quad Strength vs. Dipole Excitation

0.03%

Iquad= 45AIquad  45A
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Outer Dipole Strength (B-L)
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Outer Dipole Transfer Function (B-L/I)
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Beam Based Alignment Procedure

BBA: 100%-78%-80%-90%-100% quad excitationBBA: 100%-78%-80%-90%-100% quad excitation

With no change in excitation current, it is seen that the 
vertical centroid position is temperature sensitive;vertical centroid position is temperature sensitive; 
horizontal is significantly less sensitive

D t t ti l t id t diff tl thDo not expect vertical centroid to move differently than 
horizontal with excitation current; attribute oddities in 
vertical position to ΔTvertical position to ΔT
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Units in mm

Prototype S-C 
quad, made by 
CIEMAT for 

ILC Prototype SuperCon Quad, 22 May 2008
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Rotating Coil's support at motor end temperature, C
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822

Small changes in Y value at 8 amps
Microstepping motor & encoder. 

Rotating measuring coil

p
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Small changes in Y value at 8 amps 
correlated with  measuring apparatus 
temperature , such as support under one 
end of rotating coil

Rotating measuring coil



50 Amp BBA: June 26, 2008
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50 Amp BBA: June 26, 2008

18.3oCdY/dT =~ 3μm/oC

C19.5oC
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100 Amp BBA: June 27, 2008

σx=0.4 μm, rms

σx=0.8 μm, rms

November 19, 2008 SLAC Linear Collider Department Slide 21



75 Amp BBA: June 27, 2008

σx=0.4 μm, rms

σx=0.4 μm, rms
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50 Amp BBA: June 26, 2008

σx=0.1 μm, rms

σx=0 3 μm rmsσx 0.3 μm, rms
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20 Amp BBA: June 26, 2008

σx=0.2 μm, rms

σx=0.5 μm, rms
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10 Amp BBA: June 26, 2008

σx=0.4 μm, rms

σx=0.3 μm, rms
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5 Amp BBA: June 27, 2008

σx=1.4 μm, rms

σx=1.2 μm, rms

November 19, 2008 SLAC Linear Collider Department Slide 26



Beam Based Alignment Procedure

BBA: 100%-78%-80%-90%-100% quad excitationBBA: 100%-78%-80%-90%-100% quad excitation

Vertical centroid position is temperature sensitive; 
horizontal is significantly less sensitivehorizontal is significantly less sensitive

Do not expect vertical centroid to move differently than 
h i t l ith it ti t tt ib t dditi ihorizontal with excitation current; attribute oddities in 
vertical position to ΔT

In process of collecting results into a Note; all files (data, 
figures, fotos, m-files are available (V-drive?)
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Toral, et al. MT19-MOA07PO12: SEP 19, 2005
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Magnet Specifications
1Item Nominal1 Measured Units Comments

Integrated Strength 0.36 0.35 T/A 1A-100A
Bore 90/79 /79 mm Coil/tube i.d.
Effective Length 0.588-0.666 n/a m Not measured
Fi ld li it t 5 0 05 0 03 % f 1A 100AField non-linearity at 5 
mm radius

0.05 <0.03 % of 
quad

1A-100A

Magnetic center stability +/-5 <1.2, rms μm 5A-100A
for 20% BBA2

μ

Dipole coil integrated 
strength

0.001883 0.001254 T-m/A -25A-to-25A
g

OD/ID Strength 1.027 1.035 - 114/111 turns ratio

Liquid He Temperature 2 4.5 oK
1. Taken from V. Kashikhin talk and F. Toral, et al. paper
2.  -20% BBA cycle: 100%, -22%, -20%, -10%, 100%
3. Taken to be 0.075T/40A
4 Agrees with figure 11 right of F Toral et al paper
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4. Agrees with figure 11, right of F. Toral, et al. paper



Everything Working,  May 21, 2008
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Integrated Gradient Strength at various quad currents. Dipoles connected  but off.

y = 0 3465x + 0 0821
40

Quad windings been operated up to 100 ampsy = 0.3465x + 0.0821
R2 = 1
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Quad windings been operated up to 100 amps 
from custom built power supply. Integrated 
field increases linearly with current. No sign of 
any saturation in the steel core.
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X & Y coords of the magnetic center are 
measured at each current. Y coord decreases by 
1.9 microns, temperatures of  various parts of 

0 20 40 60 80 100 120

Quad Current, amps the rotating coil apparatus increased by ~ 1°C.

Quad’s center coords measured through a “Beam Based Alignment” sequence of currents:   100, 
78 80 85 90 95 100 A Largest Y change occurred from 100 to 80 A : -3 microns Temperature78,80,85,90,95,100 A. Largest Y change occurred from 100 to 80 A : 3 microns. Temperature 
change during measurement  period was +0.4 °C , accounting for ~ -1.8 microns of the -3.             

Integral B.dl/amp
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quad windings off from +21 33 to 24 83
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quad windings off, from +21.33 to -24.83 
amps. Integral B.dl per amp is NOT constant. 
It is larger at smaller currents- we believe this 
is caused by persistent currents. Nor is the 
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Integral B.dl/amp symmetric.  See graph                   
One measurement with both quad (40A) and 
outer dipole (-24.83A) done- produces shifts in 
both x and y : to be investigated further
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Outer dipole current, amps

both x and y : to be investigated further.



Quadrupole Strength, 2

0.29%
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