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BROOKHRUEN “A Review of BNL Direct-Wind

Superconducting

vision Superconducting IR Magnet Experience.”

Magnet [

- Overview of Past and Current Projects.
— HERA-II Luminosity Upgrade IR Magnets.
— NLC Superconducting Final Focus Magnets.
— BEPC-II Luminosity Upgrade IR Magnets.

- Winding Technology Overview.
— New Types of “Serpentine” Coil Windings.
— Winding Test of BEPC-II Serpentine Coil.

- Some Issues Relevant for Super B-Factory.
- Cryostat & Warm Bore Allowance.
- Quadrupole Coil Layout Options.
- Magnetic Length Vs. Slot Length.
- Dipole Torque Considerations.



BROoKHRVEN A Summary of HERA-II Luminosity
Superconduictin .
anetpivsion Upgrade Magnet Production.
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BROOKHRAYEN  Syperconducting Quadrupoles for the
-conducti .
ion. NLC Final Focus.

With a Compact FF Section AA at QDO Front End
quadrupole, QDO, the
NLC crossing angle
solution permits the
disrupted beam to
— __ | pass outside the cryostat
§§§~§>into a beam diagnostic line
__|_that ends at a high-power beam absorber.
Fiorlﬁ%?n Work is in progress at BNL to produce

Rapt: 10 mim

and test compact, high—gradien'l', small

- ““f"" aperture superconducting quadrupoles.
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BROOKHIVEN

NATIONAL TABORATORY

IR Magnets for the BEPC-II Luminosity

wagnetbiision Upgrade at IHEP, Beijing, P. R. China.
Name| Function |Layers| Conductor
SCQ | Main Quad 8 |7 strand cable g Dl i g e
SCB | Hor. Dipole | 2 7 strand cable
(HDC)
VDC | Vert. Dipole | 2 1 strand wire
SKQ | Skew Quad | 2 1 strand wire
AS1 |Anti-Solenoid| 6 MRI wire
AS2 |Anti-Solenoid| 2 MRI wire
AS2 |Anti-Solenoid| 6 MRI wire

Compared to HERA-Il magnets, these have almost double the aperture
but only 1/7 the length. The radial budget does give more space for the
cryostat (..that is used to provide a warm bore tube, inner and outer

heat shields and LHe cooling flow on both sides of a thicker coil pack).



BrookurseN BEPC-II Special Feature: Local BES-III

Superec ting
magnet Bivision Detector Solenoid Compensation Scheme.
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BHOUKF]M_'EN A Demonstration How the BNL Coil Winding
n Machine Works: Serpentine Coil Example.




BROOKHIVEN A Test of the New Serpentine-Style
Supercondiicting

magnet pivision BEPC-II SCQ Coil Winding Pattern.

Bl per ampere of excitation current for wire segments in lower coil layer.
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] sCa.eZ'?,33f§*3 glass prestress wrap was added.
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Test winding quenched at 711 A § )
which is 70% of cable short sample.
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Double-Layer Winding Schematic.



BrookHrvEN Symmary of IR Magnet Parameters for a

Superc icting

vagnet ivison Proposed £ =10 Super B-Factory Scenario.
E36 B-Factory +/- 12 mrad xing angle Q2 septum at 2.5 m Q1 Design Parameterst:
30' A - L* =350 mm
Lmag = 800 mm
_ B=03T
| G=26.6 T/m

Rwarm bore = 60 mm

| Router cryostat = 100 mm

| Must use care at
leritical areas to

keep Q1 coil radius

_1as small as possible!

75 5 25 5

Tvertical Dipole, Skew Quad and Anti-Solenoid coils also requested.



BROOKHRUEN First Pass at Super-B IR Magnet Cryostat

Icting

sion. Radial Buildup: Assume Same As BEPC-II.

Unlike HERA-II, the BEPC-II magnets have For BEPC-Il we have just over 25 mm

inner/outer gas cooled heat shields plus
LHe cooling on both sides of the coil pack.

NO"'e qso +aPer SECTION  X-X

as requested ,

. 7 :
by exper:men;l'/‘ . — O —r—

| . 139mmwermD

radial space between the inner coil and

warm bore and just over 30 mm radial

@245 19.6461

space between the outer coil radius
and the outside of the cryosfa'l'*.

@190 17,4801

B173,74 16.8401

DETA Y
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-
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*But 60 + 25 + 16 > 100 mm, even without other coils and 30 mm for outer cryostat! Problem?



BROOKHIWEN Recommendation: Try to Avoid Tapering

NATIONAL l..-'\._r_%;OAR,-‘\TO RY
Supercondiicting

netpivision Col1l Support Tube as Done for HERA-IT".

Larger radius

needs larger For HERA-I1 upgrade GG magnet coil radius was
number of tapered from 65 to 70 mm in order for cryostat
turns. nose to fit inside existing H1 “SpaCal” detector.

These magnets met demanding field quality goals.
But maximum
2 number of turns
Q' are fixed by what
fits smallest radius. While our winding machine and
',"coil design software are flexible enough to allow
,,'bs t+o wind coils on 'I'apered support tubes, such tapering

.’does add to production complexity (especially coil curing)
.-"and results in magnets that are relatively inefficient.

*GG coil tapering was lesser of two evils. Splitting 1.5 m coil in two parts deemed worse (“two magnets... all ends”).



BrookHrvEN Example of Coil Layout & Cryostat Tricks:

Sup'erqv__ ting
magnet Bivision  (Getting eRHIC Electron Triplet Closer to IP.
L* =08 m 75 Tim _64 Tm A2 1M 10 GeV eRHIC Electron Triplet Optics
IRE 96T Qez
Wi ndows version 8. 51/15 11/08/03 17.32.06
100, ]
E o | P By
) o Coil radius grows
80. 1 : . P
p N 70 - & gradient drops
. N
For more eRHIC 60, ] away from the IP. =
deta.ils see talk by 50. ) Accommoda'l'e this via 'I'apered S
\Chnstoph Montag. ’ 40: ; | beam pipe and tapered
30, - outer cryostat shell
Larger (fixed) aperture 20. 1
alternative had 13 T/m, 10

OO T T T T T T y T y T T T y T y T T T
and a permanent magnet 00 1 2 3 4 5 6 7. 8 09
dipole with L* = 1.2 m, but then peak 3 = 400 m. Also thicker s(m)
coils plus outer cryostat meant that +/-200 mrad was blocked!

10.



BROOKHRVEN A Super-B Q1 Scenario: Staggered Coil Starts
Supercondiicting

wtpivision and Lengths That Permit Smaller Coil Radius.

With Lcoj = 800 mm we have Lmag =640 mm Use 4 quadrupole double-layer coils that are
staggered to allow cryostat taper on IP side

Center is about 375 mm (i.e. 25 mm shift) and beam pipe flaring at end away from IP.

Then lop = 648A for G=3325T/m A =1

At 0 mm, Rwarm bore =45 mm 2: 3325 T/m

& 800 mm, Rwarm bore = 60 mm - / \\
Even for untapered coil. magnetic / SI?r?éer?]taZ%aeT \\
length < 800 mm. Here gradient is 2 / \
increased 25% above 26.6 T/m to Ew /( _____ T )\
compensate for short 640 mm Lpmag. O /f :
Note with 1.5 T solenocid and 03 T E / \\
dipole fields added to quadrupole 6 / \\
self-field, the peak field reaches : \
almost 3.5 T (or 90% short sample). ;

-100 0 100 200 300 400 500 600 700 800 900

*BEPC-Il has 18.7 T/m in 1.0 T detector solenoid and a warm bore radius about 9 mm larger. Z (mm)



3%?9'1‘%"@!%& Comparison of Coil Length and Magnetic
pvison Length for Super-B Dipole Windings.

lSlon

With Lcoil = 750 mm we have Lmag = 545 mm

Center is about 350 mm (i.e. 50 mm shift) : Coil Length 150 mm :
Then lop = 206 A* for B =0.44 T as — .
(Note: 0.30 x 800 / 545 = 0.44 T) 04 // \ 044 T
0.35 |
e Lose more magnetic length 03 / \
from dipole ends than from 0.25 / \
drubole end - Ja- - |-~ 545 mm - -\
quadrupole ends (more turns — 02 / \
per pole & larger coil radius). 015 / Nore synrad \
> / higher Ec?
* Dipole coil also shortened to 0.05 / \
match quad taper. Net result is p— ~—
-0.05

to significantly increase D-field!

4100 0 100 200 300 400 500 600 700 800
Z (mm)
*Original calculation done for 0.98 T instead of 0.3 T had required 673 A excitation.



BrookHrMEN Dipoles Cause Cold Mass Torques, Even

Supercondiicting

magnet Bivision - When Inside Anti-Solenoids (Quads Don’t).
Fenab (3
—
B Torque on CurrentLoop o m—
* There is a net torque on a dipole in a solenoidal Fend*

field (but not on quadrupole due to symmetry). w2

* Magnitude of torque is Ipjpole * SProj - BBES-III- LR A
* Even though anti-solenoid changes the field seen R(?)ﬁjlec;n

by the dipole. a net torque remains on cold mass!

‘rDipoIe =‘|:3Es-||| + -rAnti =0 means that

tnti = -T\BEs-m B with Anti-Solenoid 3
Max. Tgges.ii+Hpc = 1330 N-m (980 ft:lbs).




BROOKHIVEN ] arge Torque is Generated By Super-B Dipole

Supe'-c =T cti ng
Magnet
—

pivision 35 Specified: Can This Torque be Reduced?

e When placed in a 1.5 T solencidal field and the /\/\/i +h small ver 'I'ica\l
A dipole is energized at 206 A (0.2%4 T-m). each IP spot size, Super-B

Super-B cold mass will experience 15. kN-m | | luminosity must be

qui'l'e sensitive to

(11. kft-Ibs) torque in the vertical planeY e e
vertic sets...
(compared to 1.3 kN-m for BEPC-II). \er e orre /

e Given that the quadrupole coil does not
(Can correct center) experience a torque in a solenoidal field
shift with vertical | and that 30 T/m x 0.010 m => 0.30 T, we
corrector, but then | recommend generating the dipole field at
have extra horizontal |  heam position via transverse offsets as
\forque! '/ much as possible*.

*But only if such movement is “natural,” i.e. should not increase quadrupole radius too much!



BrookHrwEN “A Review of BNL Direct-Wind

Superconducting

il

magnet pivision Superconducting IR Magnet Experience.”

Summary:

« From previous IR design work,
we see that the Super B-Factory
magnets look to be (just) doable
via BNL direct-wind technology.

- However very close collaboration |=
& careful optimization is needed |-

to develop a prudent design.

Thank you for your attention.
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