PXIE: SSR1 Section Focusing Lens

Requirements table

Developed at FNAL

Available from vendors

Used at ANL

Layout of the SSR1 cryomodule
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. Case study: no BC-s, no shielding



Requirements

LHe bath cooling concept

Requirements dictated by Beam Physics

Integrated squared field strength -2 3.5T’m

Maximum allowed field integral (solenoid) - minimal

Precision of alignment (each end, 200 mm base, 50) -2 +/-1mm

Dipole corrector field integral - 0.006 T'm @30 MeV

Bore diameter and type (Integrated b.p., or “warm”) - 30 mm, ???

Requirements dictated by a cryomodule design

Maximum allowed flange-to-flange length - 170 mm
Nominal temperature 2 45K
Maximum allowed current - ALAP
Position of LHe pipe(s) (& leads) - Vertical
Maximum LHe vessel diameter - 300 mm

LHe vessel must be ACME code stamped; T = 4.5 Kand MAWP = 80 PSI

Requirements dictated by other systems
Maximum allowed fringe magnetic field (map) > ?7??
Reliable quench detection and protection system - 0K

HINS SSR1
3.5T?m

0.008 @ 40 A
30 mm, Beam pipe

265 mm
4.5 K
240 A

200 mm

10 mkT
OK

The complete assembly must be trained to the maximum current and magnetic field squared integral

must be measured and recorded.

Position of the effective magnetic axis of each lens must be found and referenced to fiducials installed
on extension beams attached to the lens cold mass with maximum achievable precision (+/- 0.1 mm

looks acceptable).
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Examples of Solenoids for Focusing (2005)

Linac: RlA-MST Amer. Magnetics | Cryomagnetics | L3AC-II TRIULIF aaREAF
Parameter AORED), Tstael
Eore diameter 40 1mun 30 mum 22 mm 26 mm 30 mam
Eore type i—old i—old W arm i—old i—old
BZL (m*T"™5 1255 T2m 2T 5, 30403 9T
Eim 2T 2T 17T 2T 6T
Leff 100 trm 400 s, 00 tum 28 min
Linax 340 tmam 300 385 mim 550 mam, G20 mim 280 1run
Tratsverse
Ditnenision 300 min 280 min DD 325 man;, 370 trm
Fringze Field|End bucking coils. |End bucking coils. : :
Compensation  |Mb Shield (150 G} |Iron Shield Non Endbuckingeods |, ive Shietd
Fringe Field Lewvel ~ a0 Gs (@ 130 mm
(o cavity wall 10 mis 300 Gs from the end ~ 200 Gz (c) cav
Magnetic field at 10 Che
"zero" cutrent 100 miGs (10 mkT)
Temperature 44k 44k 44k 44k 44k
Il aterial Nb-TiTa Mb-Ti Hb-8n 7 Mb-Ti Mb-Ti, 0.6 mm
B A @ 9T,
Cent 62 A (93 max) 107 A @1 T
Manufacturer| Cryomagnetics Am. Magnetics | Cryomagnetics ACCEL ACCEL
Year 2002 2004
Boh Laxdal,
HOuMCe : .
T exry Gritrun Mote Advert Feorge Clatk Ilike Pekeler
100 EE - prototype,
Cost ~ 0 R ~ 50 K product. ~ 20 K




Focusing Lenses in Use by ANL

Sent by P. Ostroumov
on Saturdav. Oct 01
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L=370 mm

Bore = 25 mm, Beam Pipe
<B%*L>=7?? 2 ~15T>m
No steering

No shielding of any kind

| =100 A

Solenoid cost - $16 k

No LHe vessel
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American Magnetics, Inc.

Standard Solenoids Passively Shielded
Persistent Lead Magnet Systems:
Swyitch “\L J/Termlnal
aL n Soft Steel Yoke
HINS SS1 lens
employs both
: : methods L
Standard Saolenoid

Actively Shielded
Magnet Systems:
dary B, 2008 compensatlng

Custom Solenoids

l . 18.75% EO.00
17,54 18.00 19,25
] J L] l L] l

54,0

I——62.4
F 70.0

10/4/2011 5



O-T Solenoid for ANL (tested in 2010)

— ' L>300 mm
B e Bore — 30 mm Beam pipe
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Solenoids for SARAF (by ANL in Aug. 2010)

Length of kore fTube
adJusted to custom
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DIPOLE COILS ‘

2,57

L>250 mm

Bore —40 mm, Beam pipe
B2*L=4.5T% *m

| =100 A

Dipole Correctors

Fringe Field 100 Gs at 180 mm
No LHe vessel



SECTION ELEVATION LAYOUT — VER. 3

ITE‘ST CREYQSTAT SHELL CQUTL INE

Don Arnold

Jan. 13, 2010
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PXIE SSR1 Section with the HINS SS1 Lens
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According to V.L. , maximum
allowed focusing period is
1250 mm
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What can be done without bucking coils
and with no shielding?

Fast evaluation, not a design

Flange-to-flange length — 175 mm;

Superconducting coil length - 117 mm;

Inner winding radius (“warm bore”) -22.5mm; 6 8

Outer radius - 34 mm; ;i

Strand diameter -0.81mm ., /

Number of turns —1800; 48 / \

Quench current at 4.2 K —382A B(z) 4 / \\
Maximum field on the winding —-6.74T 32 / \
Maximum field in the center -6.64T i: / \
Magnetic field at 225 mm from the center — 340 Gs 355 08 / \
Focusing strength —43T%*m =~ T L o T T T, T
Field integral —0.83 T*m s, , 5,
Effective length — 125 mm
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Summary

. Non of the lenses used by ANL fits directly in the available
space in the SSR1 cryomodule.

. Fringe field of the actively shielded lens procured for SARAF
experiment is ~100 Gs at 180 mm from the center of the
lens.

. Current configuration of the cryomodule requires much
more compact lens than the lenses developed for the HINS
program.

. Needed real estate requirements can be met if the lens is
designed without active compensation and passive shielding.



