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Status of the cross-section design of Q2pF for 2K operation

* |nitial Optimization of Q2pF cross-section completed.
 RHIC ~10 m cable evaluated — not enough margin.

 Flexibility in the design space further increased to accommodate deviations in
components for their impact on field quality and pre-stress on the coil.

 Collar thickness increased by 5 mm (to 30 mm) to allow more mechanical margin.

« Saturation-induced harmonics further reduced for the EIC design range of operation
(41 GeV to 275 GeV — a factor of 6.7).

 Field and field harmonics remain low in the electron hole.
« Impact of additional holes for 2K cryo-system examined for holes at various location.

« Cross-section is available for further design and mechanical analysis.
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Quench Margin with the 10 mm wide cable
(RHIC-type cable) in Q2pF operating at 2 K

[B] (T)

 Field quality good -
 Field in electron hole low - good = S1ee

. —RE i
» Margin reduced from over 50% to 10-15% = i

- NOT GOOD 4155
« Not acceptable for such a large and high e &

field magnet with limited time for R&D. — B 2
v' ~15 mm cable should be retained for 2 K E 1331
» Another option: ~13 mm wide (RHIC insertion = oss

0.162

guad type). Not worthwhile for a one-off magnet roxi...
for a relatively small difference
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Increased Flexibility of Coill Geometry

Midplane

to +/-0.5 mm to increase flexibility for such a large coil

Midplane gap increased from +/-0.2 mm (+/- 0.1 mm minimum) f»%
.
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Allowing Larger Collar Thickness
(iIncreased to 30 mm to assure enough space for thicker collar)

This should minimize future changes, as long as there
Bt (M jS enough quench margin and acceptable cross-talk
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Coil Geometry Remains Good

EIC Q2pF 15mm cable 2K, or=600 mm, 30 mm collar 8kA, hole379.2mm  22/04/12 14:35

* The coil geometry remains good M[[ Mf/
. Two layers are properly aligned Mﬂﬂ]]]/]////ﬁ//f/@
* Pole angles are such that the collars
can provide pre-stress
* Wedges are proper (outer side @%

e
!

bigger than inner side so that they wfé

don't slip during collaring or %g

energization ﬁ%
(T I
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Quench Margin in the Current X-section of the
QZpF at 2 K (a very healthy margln)

Margin to quench (%)
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Field Quality - Geometric Harmonics (@1kA)

GOAL: Obtain low field harmonics at a field where persistent current-induced
or saturation induced harmonics are small (1kA), primarily geometric.

HARMONIC ANALYSIS NUMBER - . v vvmmneeee e e 1

MEIN HARMONIC e vvne et enee e et e e e e e e e e e e e e y

\ O A ) REFERENCE RADTIUS (D) -« n e eeeonmeeeemeeee e eeeeee e 83.000C
\\\ﬁ\\\\\\\\\}h\'ﬂl\mml“"I"”'IH'WILM,’;!/% X-POSITION OF THE HARMONIC COIL (M) - vvuevnnnnnn. 0.000C
N Y 4 Y-POSITION OF THE HARMONIC COIL (mm) ........eeoo.... 0.000C
MEASUREMENT TYPE -« v vvmeeeeeeeeeemnens ALL FIELD CONTRIBUTIONS

ERROR OF HARMONIC ANALYSIS OF BT «uueunnneennnnnn. 0.1057E-04

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MAETN FIELD (T) & i e i e e e e e et e e e e e e e e e meemmmenn e -0.408065¢
MAGNET STRENGTH (T/(m*(n-1)) .ccuuimmi i i aennnnn —-4.9186¢

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -0.13185 b 2: 10000.00000 b 3: -0.00388
b 4: 0.01480 b 5: -0.00085 b 6: -0.00e23
b 7: -0.00045 Db 8: 0.0001% b 5: 0.00008
bl0: 0.00051 bll: 0.00000 DblZ: 0.00000

bl3: 0.00000 Dbl4: -0.53040 bls: —0.00000

7 \ b16: ~0.00000 b17: ~0.00000 b18: 0.01442
e m—S\ b19: 0.00000 b20: 0.00000 b
4 T \
Uy

» All geometric harmonics are small
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Field Quality - Saturation-induced Harmonlcs

GOAL.: Field quality should be good for the entire range of operation.
Reduce change in allowed harmonics as a function of current

|Btot| (T)
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> Variation in allowed harmonics < +/- ¥2 unit
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Field in the r=75 mm Hole (@379.2 mm) for
e-beam (tie rod holes are used to reduce that)

x10

Field in hole with optimized tie rods Harmonics Bn(Tesla) in the hole
01
0.09 :— “DJ:
s 008 - o8 — Harmonics B, in Tesla remain <104
: 5 T units at 50 mm radius
HE B - (B, and B, not critical) at all.currents
006 | o8 B
0.05 E— :
e L. <1mT at design current. This “r
- can be further reduced, if -
" I necessary, with mu-metal 0, L
002 | -
0.01 . ~
B 0
0 _I [ | 111 | | | 111 | 111 | 111 | 111 | 111 | 111 | 111
300 320 340 360 380 400 420 440 460 480 500 B
4III|III|III|III|III|III|III|III|III

X({mm)
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L:"Bf.ﬂﬂkhaven‘ Calculation should be checked with another code Current(A)
* National Lahoratory
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Field in the r=75 mm Hole (@435.5 mm) for
e-beam (tie rod holes are used to reduce that)

Harmonics Bn(Tesla) in the hole

EIC Q2pF 15mm cable 2K, or=600 mm, 30 mm collar 8kA, hole435.5mm

22/04/12 11:54

107 xw“’ |
x Field in hole with optimized tie rods
0.1 0.8 —
0 snm | Harmonics B, in Teslaremain <104
B(T) 008 |- 06 units at 50 mm radius
- - (B, and B, not critical) at all currents
0.07 —
006 |- o
005 [
0.04 :— . .
C < 1mT at design current. This 0.2
*% [ can be further reduced, if
002 [ Necessary, with mu-metal
B 0
0.01 —
0 :I | 111 | 111 | L1 | L1 | L1 1 | 111 | 111 | [ | 111 | | B I -
360 380 400 420 440 460 480 500 520 540 TIII|III|III|III|III|III|III|III|III
X(mm) 1000 2000 3000 4000 5000 6000 7000 8000 2000
QNN Calculation should be checked with another code Current(A)
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Evaluating the Impact of Hole in Iron for 2K Plumping

Swiss cheese model — all holes in the model
= More work Is needed to Btot] M Change material properties (iron or air)

determine the location and size

3.645

* To help ensure that it can be

. m oK Holes
accommodated in the yoke, a — R
magnetic design study is — R
performed to find the impact of it ™ 2z
for various possible locations. ain
= The impact on field quality (both — By
=
for the proton beam and electron - ki
beam is computed. - pid
» Hole size assumed: 4” diameter — §z§§
@r=400 mm. Need that big? T———

National Laboratory

(&) Brocknaven Tie Rods Holes
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Impact of 4” diameter Hole in Iron @180°

» Harmonics (B,) in electron hole remain <104 T @50 mm

» Harmonics (bn) in main quad remain < 104 @83 mm

0.5

0.4
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Impact of 4” diameter Hole in Iro

» Harmonics (B,) in electron hole remain <10* T @50 mm ¢
» Harmonics (bn) in main quad remain < 10%4 @83 mm -y /
Harmonics Bn(Tesla) in the hole -n ;__ — b10 ,/# -
S B
-_1_||||||||||||||||||||||||||||||||||| 03: \
1000 2000 3000 400(O:urr::t0(l] 6000 7000 8000 2000 :: r )
Harmonics of concern (B5-Bg) < 104 T at 50 mm
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Impact of 4” diameter Hole in Iron @90°

» Harmonics (B,) in electron hole remain <104 T @50 mm
» Harmonics (bn) in main quad remain < 10#4 @83 mm

Harmonics Bn(Tesla) in the hole

- //
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_ Bt e
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Impact of 4” diameter Hole in Iron @135°

» Harmonics (B,) in electron hole remain <104 T @50 mm
» Harmonics (bn) in main quad remain < 10#4 @83 mm
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Future Work

= Short term (within a week): Cross-check with other codes (COMSOL/OPERA)
for low fields and low field harmonics in electron hole

= Medium term (with a few months, doesn’t hold most other work): Internal details
of yoke iron (holes for 2K helium, further optimization of field quality)

= Longer term (may not be needed): Coll cross-section iteration for dividing one
big wedge in each layer to two for making them smaller and further reducing b,

NOEMAL RELATIVE MULTIFCLES (1.D-4): @%

b 1: -0.13165 b Z2: 10000.00000 b 3: —-0.00388 _

DE e ba o bel o B

bl10: 0.00051 bll: 0.00000 DblZ: 0.00000 @ﬁé
bl3: 0.00000 bl4:mmmp -0.53040 bl5: —0.00000 %“@
bla: -0.00000 DbI17: -0.00000 Dbls: 0.01442

bl%: 0.00000 DbZ20: 0.00000 b 1 % |
O Lty e e
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Summary and Conclusion

= Coll and overall cross-section of Q2pF has been sufficiently optimized and matured
enough that the next phase of work can start

= Coll design seems to have good layout (wedges and poles)
» Allowable space for collar thickness increased to 30 mm

= Field quality in the main quad remains good (b,, <10 at r= 83 mm) for the entire
operating range (low geometric and low saturation induced harmonics)

= Field errors (measured by B,) in the electron holes remain low (B, <10 at r=50 mm)
for the entire operating range

* The flexibility in cross-section increased to allow wider adjustments from errors on
parts and construction

I k? Brookhaven
National Laboratory
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Basic Parameters of the current Q2BpF Design

Parameters from pCDR:

Parameters used in the current design:

Table &6 Parameters Q2PF Magnet

Parameter Value
Magnetic length [m] 3.8
Maximum gradient [T/ m] 40.7
Aperture diameter (front) [m] 0262
Aperture diameter (rear) [m] 0.262
Required field quality 1% 1074
Physical length [m] 3.8
Physical width [m)] 0156
Physical height [m] 0156
Superconductor type MNbTi
Conductor Cable 20x2mm?
Current density [A/mm?] 512
Cu:5e ratio 13
Temperatune [K] 158
Peak field wire [T] b.85
Magnetic energy [M]] 3.0
Ampere turns [kA-t] 420
Number of turns 28
Curnent [A] 15000
Inductance [mH] 26.67
Margin loadline [%] 32

@ Brookhaven

National Laboratory

Magnet Division =~ Ramesh Gupta

« Gradient: 36 T/m (revised from pCDR, current 36.8 T/m)
* Physical Length: 3.8 m Design should be flegble to
e Coil inner radius: 140 mm accommodate such changes
« Estimated effective length: 3.8 - 0.14 = ~3.66 m

« Estimated gradient in body: 36*3.8/3.66 = ~37.4 T/m

. Cable: 15 mm o il 2 ri O 756k bl 20401 1135

LHC inner type o

( ype) - G 9
« Cu/SC: 1.6 Ejfg;;
-
 Temperature: 2K i
E
-
=
=
ROXIE 102
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LHC Style Cable used in Quad & Dipole
(based on full keystone for Q2pF and B1ApF)

@ Cable Geometry

Mo | Hame | height. | wicth_i | width_o|  n=| transge., | degrd | Comment. |E
| 1|[EICLHCE | 15,1 1.516 | 1,984 28] 115 | G LHC IN KEYSTOE FOR EIC DIPOLE
| 1[EICLHCD | 15,1 1,79 2,01 28] 115 | 5 LHC IN KEVSTONE FOR EICIR QUAD[ Yo cione angle for cable width << coil readius
| 1|EICLHCOL | 15,1 1.786 | 2,014 28] 115 | 5 LHC CABLE KEYSTOR FOR EIC 4.2K
o EICzedz | 19,4 | 1,773 2.027| 36| 115 | 2 EIC 36 STRAND B4,2K Q2pF  Bl1ApF
| 3[EIC3815 | 19,4 1.773 ] 2,027 36| 115 3 EIC 36 STRAND @1.5K Cable height 15.1 15.1
| 4|EIC3e4zA | 19,4 1.785 | z,012] 36| 115 2 EIC 36 STRAND B4.2K 2 Lawers | Cable mid-thickness 1.9 1.9
LH 5 CABLEOL | 15,1 1.736 | Z,064| 28] 115 | 5 ME INMER LAYER.STROL Insul (one side) D o
& CABLECZ | 15,1 1.362 ] 1,598 36| 100 | 5 ME OUTER LAYER.STROL : :
[ 7[SINGLE | 0,94 | 0,94 | 0,94 1] 0 0 SINGLE STRAND Coili.r. 140 185
| o[GSILCAE | 9,74 | 1.061] 1.271] 30| 74| 0 G5I001 ¢RHICY CABLE
| 9 GSI00L | 9,73 1,111 1,321 30 74| 0 |GSI001 Following Wanderer
| 10 [2OMMCAELE | 20 | 1.736 | z,172| 37| 0 0 [20mm cable
|11 [2OMMCENGK | 20 | 13.8] 13,8 280 0 0 [7x20mm cabls, ro keustons Avg Rad 147.55  192.55
| 12 [2OMMCAEZ | 20 | 1,8] [ 37 0] 020 mm cable 2 dt 0.2190 0.1678
"] Cable Definition Width_i 1.790 1.816
width_o 2.010  1.984
Mo | Hame |Cable Geom, |Strand  |Filament | Insul | Trans | Quench Mat. ., T_o| Comment.
|1 |EICLHCEZK EICLHCE STREIC1I METII | ALLPOLYIL TRAMS1  |NOME | 2 LHC INMER FOR EIC IR QUAD B2k .
| 2 [EICLHCAZK EICLHCG STREIC1I MBETII  |ALLPOLYIL [TRAMS1  |NOME [ 2 [LHC INMER FOR EIC IR DIPOLE G Note: KeyStoneS are
| ZLHCIN4ZK [EICLHCO1  STREICL  MBTII  ALLPOLYIL [TRANS1  NONE [ 4,2 |LHC INMER FOR EIC &4,2K reduced for EIC
LHC YELLONIM |CABLEOL STROL METII  |ALLPOLYIL [TRANS1  |NOME | 1.9V6-1 DESIGN DIPOLE INMER
WWELLDNDU [CABLECZ 5TRO2 ALLPOLYOL [TRAMS1  NONE | 1.9[V6-1 DESIGN DIPOLE OUTER

k:} Brookhaven

National Laboratory

Magnet Division

Cables considered for EIC: “EICLHCB2K” and “EICLHCQ2K” (EICLHCB and EICLHCQ)
Similar to LHC inner: “YELLONIN” (CABLEO1)
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