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‘ RLLhdld Resdine s . Jaek Ptl“lbhn, Rabrert. Avery, Klaus llalbach, Massoud Kaviany,

' Adtlfnu Inke
Sumary.

_ The clectron and positron beams from lhe
Stanford - two-mile linear aceelerator are brought Lo
~ the: PFP’«tordpn ring via two ‘Leam-transport lines)
‘each about 225 nieters in’ “1ength. - The beam pulses’
intended for PEP areé switched out of the SLAC beawm
line by ‘a pair of pulsed dipold bend magnebs, which
deflects them dowmiard into a d.c. dipole magnet,.”
where posilrou buams are bépt ‘into: Lhe south line |
and ¢leactrons into the north, 8ee Pigure 1,7 Eagh
line beynnd this common d.e. magnet contains 10
principal dipole magnets and 21 d.e. quadrupale
maghets,  The ‘comnon "bheati-oplitter® magnat and . the
Yart dipole in ench linle arc iron-geptum (Mianpers
sontetype) maphets, in which régions of strong and
weak mognelle field dre separslod by thin iron e
septa.  The obther megnets are or o more counventional-
design bul have deqlpn featur(. with cost or size
advanLdgos R : R N

- B, The. ]gggz§gpfum VagL.Lo
. The final mw;nnt in cach beam transport line
- (N1B11 or 42B11) Lends the injectod beani by #2 0
milliradians vorhicq]ty so that at the exil it is
traveling parsllel to the normal ghorad-beam cenber
Yine and oft'sel from It horizontally by about
5.5 em, - The geometry is illustrated in Figures 2A
and 2B,  The vacuuw chamber of. thy storage ring
neatles into @ 1009 noteh in the (lat pole of' the
mnagnet. Becausé the rectanpgular magnet is inclined
at 21 m1111r4d5aw5, the noteh position relative to
the opposite pole varies vertically by 6.3 em over
the 3-meter lenpth .of the magnet..  As a. copsequenae
-+ the magnetie flux paths in the yokes are pencreally
cunbalanced and thos tend to foves flux -vertically -
_across the 1009 noteh:  To reduce this flux within
the storage-ring vacuum chamber, & magnetic shunt
which diverls this flux arowd the farside of the
chamber was adided., With the shuni added, the mag-
netie field in an asymmetriecally located nolch can
be as much as 30 gauss at the posjtlon of thae stored
beam when the fileld in- the main gap is 9,3 kilogauss
(ecorresponding to 20 GeV injestion beam eneygy), T6
reduce the field at the stored beam further, a l-mm
thickness of’ Lij,JO]O soft steel will be ddued .
caround the vacuum chamber of {hoe stored beam- wvth a
nirimun gap of 1 mn between Lhis sdded shielding and
the wall of the 100%hotcehy ! Accoxdjn5 to uomputa«lr
tions with tho TOISS0N code, the stray field at the '

stored beam will "be less than 0,9 gauss and Lhe 4kew .

s,

quadrupole component, less thcn 0 2 gausq/om.:_l

To mininive: Lhe sbray 1 kage‘fiequ ah Lho
ond: of the magnot, a magnebie. cap (ov "o]amp“) OOm"
pletely encloses. the gup and coils. at cach entd of,
the magnet. The 1009 notch is, 'of coups C,,cdrried
Lhrough. the end caps.as w»l] ag the main bady of Lhe
magnet.,

The principal paramsteras of the Bll magnet
shown in Figs. 24, and 2B. are given in the follow-
ing table: :
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41,7 milliradians
20.9 kG-

Bend angle of injcctod beam
BL produet € 15 GeV
hffcctive Tength . 3.022 meters
Magnetic fleld @ 15 GeV 6.92 Kilogauss
AB/B @ 1.4 ©hi from bedm 4005

" Current € 1% GeV 508 Ampercs
‘Magnet weight 3,120 kilograms

The beam-splitter magnet, 40BL in Figure 1,
is an iron-septum wa@net because at this point Hp
PEP beam cehber line is separatcd by only 4 em from

“the ecenter 1ine of the beam to the SLAC switchyard.
A strong Cield (9.3 kd at 20 GeV, for cxample) is

required in the 2. 8 —em-main gap for bending iLhe PUP

" beams whereas Lhe average field ut the SLAC beam,

vhose encrgy may be as low as 1 to 2 GeV, should be
no wore than B0 gauss in order to bre componsatod by
c.i$l1nﬁ neavby steering magnets, Bécause of the
vaeuun apertura nceded for each beam linc, only

12 wm was available Cor the thickness of tha iron
septum at Lhe eitrance end and 28.6 mm at the exit
end. The mapgnel pzometry is shown in Figure 3A.

" fhe SLAC beam posses through a 26-mm wide slot in

the ypper pole. A ﬁimilar, duyminy - slot vas made in

the lower pole to maintain-magnetic symnetry.

The ‘magnetic design was done using the

| POLSSON computer code. 1n order to keep the field

in the SLAC-beam slot down to an. acceptable valuc,
the pole was widoned at the. entrance to a total

- width of 100 wm (62 mm was adequate Lo provide the

required width of good field). In this casc the
average fleld along the length of the bare slol was
about )00 pgauss with 14 kilogauss in the main pap

- (eorresponding Lo a PEP beam encrgy of 20 GeV). To

reduse "the field in the slot further the vacuwn pipe
fer. the SLAC beam wias chosen to be a magnetic stain-

‘less steel, type 430, in order to obtain magnetic

shielding without the potential vacuum hazard of

outgassing of rusty soft iron.

S Magnetic weasurements weré made using jnte-

" gral | Bdl measuring coils. The field reversal in

the SLAC-beam:slot at low excltation shown in Figure
30 s due partly to the residual field in the stain-
less. steel shield and partly to the additional soft-

“iron shiélding assembly used- over about 1% em of the

SLAC beam ‘pine al. cach end of the magnet; this end-
elfecl shielding forees the leakage flux al each end
into a complicaled corkscrew path whose average over

“this section of the SLAC”beam line is in the reverse

direction.

1hc prlnc1pa1 paramoters of the B1 magnnL are

glven in the following table:

65.6 milliradians
..32.8 kGem

Bend angle of injeched beam -
‘BL product 6 15 GeV
"Effective length 3.098 meters
Magnetic field € 15 GeV 10.59 kilogauss
AB/B G 2 cm from beam- .003

Curvent @ 15 GeV i 749 huperes
Magnet wpight 8,000 kilogranis

C. The Other Bend Magnets

agnels B3 through B9 in eaeh line
(Figura 1) are identical H-magnets. The design is



“hecause of the room . needed for

shown 4n Figuren IA and g, and the prinoipal,hvva#,

meters in Lhe following table.  The unneual foature
of thins magnet is Lhe cneved pole picce within
straight coils and yoke piecces. Tho curvature wies
advantgpgeous becayse otherwise the sagitta require-
ments would have almost doubled the puale and yoko
thicknesses. ' . N
Bend angle :
BL produyect ¢ 15 GeV
Effective length
Magnetic field ¢ 15 GeV

- 65,6 KG-m . -
5.274 meters.
12:4 kilogauss:

AB/B € 2.5 cw froim beam 003
Current @ 15 GeV 806 Awps,
Magnet weight 5590 kg

_ Tﬁe magnetic effieiéncy isiabout 97% at. 15
GeV beam cnergy but ‘drops to 82% at 20 GeV, as -
designed. R . ’ .

The two B2~£ypq magnctn'(Figdre.S),makelup an -

extension of the Bl beramesplitter wmagnet. These.
magnets are C-shaped hecausa thore was room: for -the -
return yokes only on the ouler side in each cade, .as
shown .in Figure 5A, - The coils arg - all below the gap
the SLAC beam lina
large: stray field

above. the gap. Eoeause of the

‘belweon the two B2 magnets, the SLAG beam Line was’
‘shiclded by a vaewuin pipe madoe of type 430 magnetic:

stainless steel..” With 16 kilognnss in the B2 nagnet

gaps (20 GeV benm energy) the rosuliant stray J Bdl L

along the SLAC line in mcasured to be lesa than 25
gauen melers, - The principal paramcters of the

Cmagnet are. given in the {ollowing table:.

o
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Fig. 1.

PEP Injection Lines,

131.2 milliradians

-

©65.6 milliradians
22,8 kG-m
12,% Wiloganss
..2.62% metors
,003
809 Ampepren
3031 kilograms

Bond angple

Bl prodiet @ 15 GoV
Hagnetic field ¢ 15 Gev
Rfteetive length

AB/B @ 2,4 em fron beam
Current 8 1% GeV

Magnet weight

“. D The D.C. Quadrupoles

The‘design.of the d.c. quadrupoles is shown

“in Figuve 6F..° Because of the beam-Lransport lines!

-nions,f

relatiyely hizh btelerdnee of mugnetic distor-
stoirastep approximations te hyperbolic
pole, shapey and relatively loose manufacturing

toloranases wepre adepted, with resulting egst

bencfits, :

The. pringipal. parameters of  the guadrupole
fop' )% (igV operation ape.given n the table below,
A typienl measurdd magnebice multipole speetrum is
shown in Figure 6B apd the aorresponding iso- )
magrelig~orpran cantourg (relative to the quadrupole
field) arg shown in Figure OC :

83.2l Kkilogauss

' Gradienﬁylengﬁh (KAL) :
< .01 at 24 nmm

“Field quality (AB/BQ)
Field pgradient B!
“Pole tip field - 3,84 kilogauss

80 mm

~Aperture,. fyll width
Effective length . 592 mm
Weight W 280 ke
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Fig. 28 - K11 Isometric Without Shunt
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Fig. 3B - R1 Hagnet Excitation in SLAC - Beam Slot
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Fig. 4B - B3 Plan View Uithout Upper Yoke
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