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Summary 

The oroton beam extracted from the Na- 
tional Accelerator Laboratory main ring syn- 
chrotron is transported through a magnetic 
switchyard that is designed' to carry the ex- 
ternal beam to three experimental area target- 
ing stations located 3500 to 5000 ft. from 
the synchrotron extraction point. Two beam 
splitting facilities have been recently in- 
stalled in the switchyard transport system so 
that all three experimental areas can receive 
beam simultaneously. 

Introduction 

The splitting design adopted at NAL has 
been to split the beam vertically with an 
electrostatic wire septum, and then to separ- 
ate the two split components horizontally by 
means of a Lambertson iron septum magnet. 
The alternative choice of a copper septum was 
felt to be unattractive in both power consump- 
tion and device reliability in view of the 
possible high radiation levels. 

A general layout of the NAL external beam 
switchyard is shown in Re:'erer.ce 2, indicating 
both the installed splitting stations for di- 
verting beam components to the Proton and 
Meson Experimental Areas and contemplated 
splitting stations presently under design. 
The Meson Area beam line bends 160 millira- 
dians (mr) to the west; the Proton Area beam 
line bends 100 mr to the east. The splitting 
system Lambertsons are connected in series 
with the appropriate bending magnet string 
and provide the initial 7 or 8 mr of horizon- 
tal deflection for each bend. The Neutrino 
Area beam passes through both sets of Lambert- 
sons in a field-free aperture and is undeflec- 
ted. 

Figure 1 shows elevations of the three 
beam lines resulting from the insertion of 
the splitting stations. The original switch- 
;rard optical dnsiqns and beam elevations were 
altereh in order to simplify the operational 
aspects of the splitting system. 

To accomplish a split, the external beam 
is deflected from its normal trajectory onto 
a thin wire sept.um that forms the ground plane 
for two opposing cathodes. A representation 
of a typical splitting station is shown in 
Figure-?. The-diverging electric fields de- 
flect the beam vertically in opposite direc- 
tion:; on each side of the wire plane. If the 
net difference in deflection is larger than 
ti;e nAtural vertical divergence of the beam, 
tten the beam is resolved spatially into two 
zomponcnts. The r,atural vertical divergences 
of the c,xti:rnal beam found at the splitting 
:;tations ar‘: typically r?l! and -4fi microra- 
dials, SO that t:le wire st~p?a ficalils were rli?- 
:+igned to provide angular separations of +FO 
;Ind '13; micrarndians. To control the split- 
xing bchnique, a stat 3f thrf:c maqnctic zlc- 
Zlcction systems arc utilized to: (1) vary 
c .- 'L..<' ,.nount of be,lrn translation ;it the t?lrctro- 
static wirr nlane and thus control the split- 

ting ratio; (2) vary the vertical angle of the 
beam at the wire septum to minimize losses on 
the wires; (3) position the two split compo- 
nents for proper insertion into the Lambertson 
apertures. In addition, the deflection system 
can send the full beam to any desired experi- 
mental area. Lack of space necessitated in- 
cluding intervening quadrupoles in the design 
of the splitting bump optics. In both instal- 
led splitting stations, existing beam line 
quadrupole doublets were integrated into the 
bump optics without increasing the complexity 
of the splitting operation, as is shown sche- 
matically in Figure 2. 

The Double Cathode Electrostatic Wire Septum 

Figure 3 shows an end view of an electro- 
static wire septum. The design provides a 
grounded array of 0.002 in. tensioned tungsten 
wires spaced at .05 in. intervals on a precise- 
ly aligned support structure. Titanium ca- 
thodes are placed on each side of and parallel 
to the wire-plane to provide the diverging 
electric fields seen bv the beam. Typical de- 
sign parameters are giGen in Table l-for the 
two installed stations. 

Figure 4 shows the beam loss regions in 
the vertical phase swace presented by an in- 
finitesimally-thin septum 6 metres long. 
Monte Carlo calculations' for this septum qeo- 
metry indicate that 7-10% of the beam-striking 
the wires would suffer nuclea&i.nteractions 
for a perfectly aligned septum. These inter- 
actions occur in the first 2 or 3 feet of the 
septum. Since the septum typically intercepts 
l-2% of a beam at zero divergence, lower limit 
losses of order 1 x 10m3 of the beam are pos- 
sible at the wire septum. Figure 4 shows that 
the usual increase in effective septum width 
due to the beam angular divergence is substan- 
tially reduced by the diverging electric field. 
This effect should keep losses near the lower 
limit. Calculations indicate that 290 GeV/c 
particles coulomb scattered from the wires 
have iypicai root-mean-syuare angles 0.24 nr 
horizontally and 20.16 mr vertically. This 
scatterinq produces a 1 cr 2% halo on the beams, 
most of which is beyond the acceptance of the 
Lambertson magnets. A halo dump system is 
planned to intercept this scattered b‘~an to 
protect the Lambertson magnets. 

Figure ii indicates the Ieffect of adj:lstizg 
the beam orientation at the wire septum. It 
also shows that a highly divergent beam can 1~ 
cleanly Split as long as lthe adjustment of t:lt? 
splitting ratio moves the ellipse along its 
major axis so that th 
the low loss region. 

e elli;jse slides through 

In order to ltcs~p both the Lilectr1.c fit>liis 
on t.ho wire r;cpt;in and t:;e beail; 10:; Si'S 
beam optical pnran(atcr ",?" 

iow , !: i-,++~ 
is n?aXhizi-d ;It the 

wire septum. The dapender.ce of el-ckric field 
strength xnd beam losncs on I',:" f,or a gi.ven 
module lsnsth is 
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In areas where losses must be kept ex- 
tremely low, high "8" insertions using split 
triplets are contemplated for future switch- 
yard installations. 

Operating experience with the wire septa 
with beams of -0-10'~ protons per pulse has 
indicated two effects which are currently un- 
der investigation to improve reliability. 
First, it appears that radiation caused by 
particles interacting with the thin septum 
ionizes air in the vicinity of the septum. 
The high voltage vacuum feedthrough is connec- 
ted to a surge resistor box feedthrough via 
an aluminum sphere with air as the insulating 
medium between the sphere and ground. When 
the air is ionized, a current loop through 
the surge resistor results in a voltage drop 
at the septum,. Secondly, a characteristic 
problem of high voltage insulation in a vac- 
uum, which was masked in the single cathode 
design, manifests itself in the double cathode 
geometry. Initial studies indicate that high 
vacuum field emission discharges occurring 
spontaneously in the cathode-septum region 
are due to microscopic whiskers developed on 
the titanium cathode surface. In the single 
cathode design, an electron which was field 
emitted from a whisker would pass between the 
wires to distant ground plane. There its 
interactions would have no influence on the 
behavior of the high field region. However, 
an electron emitted from a whisker in the 
double cathode configuration can only termin- 
ate its trajectory at the wire plane. This 
effect causes a steady state current with a 
corresponding field loss at the septum. In- 
vestigations have shown that this effect can 
be quenched by operating the septum in a vac- 
uum region just below the flow discharge re- 
aion. tvoicallv 0.5 to 2.0 x 10s4 mm of mer- 
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cury. This efiect is under further investi- 
gation, but at present, one is led to believe 
that at this particular pressure, minute ion 
currents strike the cathode to erode the ti- 
tanium whisker growth and so eliminate the 
field emission. Because the wire septa are 
located in the switchyard vacuum environment 
(typically 10-100 microns of Hg), they are at 
present isolated from the surrounding trans- 
port areas by .003 in. titanium windows. 
Eventually, the windows will be removed and 
differential pumping will provide the proper 
vacuum conditions for reliable septum opera- 
tions. 

Lambertson Septum Design 

The development of the iron septum mag- 
net design was predicated on several con- 
straints. The working vertical gap was drop- 
ped fron the normal 1.5 in. used in the 
switchvard dipole to a 1.155 in. dimension 
since the larger dimension was based on maxi- 
mum horizontal plane emittances in the origin- 
al switchyard design'. The Lambertson modules 
were expected to be placed in series with the 
large horizontal dipole arrays in the switch- 
yard, and so the coil numerology was fixed by 
the gap dimension. The actual parameters of 
thr: Lanbcrtson magnets presently installed 
arc shown in Table 2. Figure 5 shows a cross- 
section of the splitting magnets presently in- 
stalled in the NAL switchyard. 

Yht? magnet core is a laminated l@-foot- 

long assembly into which the coil package is 
integrated by encapsulation. The entire mag- 
net is covered with a stainless steel skin 
which acts as the vacuum chamber. Because the 
coil power must be led into the vacuum chamber 
via feedthroughs, the Lambertson coil voltage 
to ground must be limited so that it is less 
than 1000 volts due to the risk of glow dis- 
charge in the vacuum. The unit has a 5 inch 
wide pole tip, with magnetic compensation at 
the pole corners and a notched region of the 
septum face to increase the good field region. 
The good field region at 7 kG is il.5 in. for 
CB/B = C.l%. Because the deflected beam moves 
away from the undeflected beam by as much as 
2.5 in., the shielded circular apertures are 
offset from the pole tip centre-line by l/2 
in. (A-type) or l-1/2 in. (B-type) in order to 
keep the deflected beam within the good field 
regions of the pole tip. A circular shielded 
aperture was used since elimination of sharp 
corners in the septum region lowered the leak- 
age field. Leakage fields in the circular 
aperture appeared to have roughly an exponen- 
tial dependence on the gap field. Measurements 
of the leakage fields for the P-Split array at 
7 kG gave 

JB . dl = 500 Gauss-metres 

at the septum surface for five modules. The 
leakage field is predominantly sextupole. 
Some sextupole trim magnets will be added to 
eliminate halo production. 

The kmbertson .Jnit to be used with a three- 
crnponent beam for the ?-way split to the sub-areas 
of the Proton Experimental A-ea is presently at the 
prototype stage. Measurenen;s of a prototype for the 
hownstkm 3--day Lambertson with pole tip displace- 
ments of L1.6 in. are summarized in Table 3. It 
consists of a normal dipole structure in which the 
coils are bucking, with a 1.9 in. iron septua plate 
centred between the pole tips and the usual circular 
aperture in the septum. To provide for the normal 
deflected beam offset, it is planned to punch the 
laminations with the opposing pole tip centre lines 
displaced from one another for the downs:ream units. 
Due to saturation effects, q uadrlpole fields in the 
symmetrical design and sextupole fields in the asym- 
metrical design are expected. in the circular drift 
aperture. Extensive magnetic fl.eld measurements are 
i.n progress. 

Preliminary Splitting Operation Results 

Recent operations using the NAL 300 GeV/c 
slow spill beam have yielded encouraging re- 
sults for the splitting technique. The Proton 
Area split station was activated. A beam was 
split and the two components directed simul- 
taneously some 3000 ft. down the proton line, 
as well as to the Neutrino targeting area. An 
indication of the external beam vertical phase 
space density distribution at the Proton split- 
ting station is shown in Figure6 as well as 
the distribution resulting from allowing the 
beam to strike the wire septum with no electric 
fields. The figures represent actual displays 
taken from the beam profile monitor system3 
used in the NAL switchyard for beam diagnostics. 
In the early split tests described here, a 
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minimum wire septum loss condition was not 
achieved due to hardware difficulties. The 
results shown in Figure 9 show the beam pro- 
file monitor display at the Proton Split Lam- 
bertsons when a 5r)%-50% split of 300 GeV/c 
beam was achieved, but with an angle of attack 
at the wires of approximately 0.04 mr and a 
lower-than-nominal angular separation (20.107 
mr). The beam profile results indicate that 
about 5-6% of the beam was scattered into the 
iron septum from the coulomb-scattering. 
This loss can be reduced to the l-2% level by 
tuning the angle of attack to zero. Further 
testing using ion chamber loss monitors for 
halo investigation are now being carried out 
to determine the source of the scattered com- 
ponents striking the Lambertson septum region. 
Detailed Monte Carlo calculations are being 
undertaken to investigate the dependence of 
these components on wire electric field, beam 
divergence and beam angle at the wire septum. 

Most recently, the external 300 GeV/c 
beam was split at the Meson splitting station 
and one split component transported to the 
Meson area target. Simultaneous split beam 
transport to the three experimental areas will 
be implemented very shortly. 
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Dt(diil LIilltt ,e11ru1n Maximum 
II /.-. Momentum 

2x 86kV Proton Line 3 x 10' 1 k.133 jlcml 500 72kV r I 

TABLE 1.. WIRE SEPTA DESIGN PARAMETEg _ - ,l-7L--_ - 
ll^..- 7 4-a Length Divergence Maximum ' ""lrdge at 

Angle (mr) Gap Mom--'-"- 
Gevlr, . 

10' ?I.133 1 cm 400 

I Meson Line 
I 

2 x lo' 1 --2.058 1 2 cm 1 300 1 56kV 
_..- -__. I -- 

g$&!.&g &&. P R~QN/XESON SPLIT. ,AE.R7S_ON~.T,NET_P~_A~~R~ 

Yodule Length: 10 ft. 
NO. Coil Turns: 12 
Coil Cross-Section: -46" x -46" 
Coil Resistance: 14 nilliohms 
Drift Aperture: 1.50" di,ame+_er hole 
Septum Thickness: . 159" 
Field Gap: 1.155" 

I Splitting .Y?/Module NO. Of 

l,iagnets (mrads) ~!odui~2s 

I so0 I 7.67 1.392 
i 

31.1 
i 
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B. Measured MA 
K--r--- Svmmetrlc Geometry 

(Both Poles Powereh) 
Quadrupole Sextupole Avg. Fringe 

Gap Component Component Quadrupole 
Field in Gap in Ga 

g, 
Component 

----~. - ..A !ZLin I-- (G/in (G/in) 

5kG 5.5 4.5 5 r 
6kG 6.6 5.7 7 

etic Characteristics* 
Xon-Symmetric Geometry 

(Top Pole Powered) 
Quadrupole 1 Sextupole 1 .- - 
domponknt 1 Component I MaxL..trlrtnge 

in Gap 
(G/in) 

LkG 11 8.4 1 6.8 1 16 

*Measurements based on 2.5 in. good field region in gap. 

Decrease ' 
in Gap 

Field When 
2 Poles Are 

Powered 
(Gauss) 

3 

14 

24 
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TYPICAL SPLIT STATION LAYOUT 

181, CI? ,.,I 
.I ,,* .u 

T ,M,_” A-w/ ti 

Fig. 2. Isometric schematic of the beam optical 
techniques used in a splitting staticn, to 
control the split ratio, beam lssses and 
xsartion into the Lambertson apertures. 

; .ll -f) 

,. , 

.,/ 1.’ 

i ._ 

“I ! 

I 

/ ~ - -: L . ..v. ..,J r.,.?j 
...,; j 

7 1 
1 ,_ 

-.. 

iv *nnril ‘I s* , A ~~,*~..-F~ 
XlPCI L<L” 0 AC ,* nri”l 

I.&” II < -.i.c 
rcr-i.*, .,a. 

jLi.,.. 3. .:na: ii /_,.: ;I’ J;,itiL: :.-tt;Ll :,i;, *, i.;,: ; :;,tu.r.. 

432 

7: _’ L,.~. ‘i. ,.F, :: I,::: 1 ;:,:4 .?J:ll’:J c,.‘LI:!. i,..;., ; I’ ,:., :‘-; 

;I ;!,:.;I; ..t:i:. Lx iir? sf*?tu:n. 



/,I * I 1 - 
.*.I 3 * 

XI r( ; ’ . . LI 2( 

L+--p-_ B Y -*J 

,/ 
I\ / 

,’ 
‘\ 

: 
l 

/’ ‘~, 
/ 

L- 
I ‘r-l 

r 

1 
e II, 8” 

I 

I 

7 I- I. 7-o I” 1 ! - 
I’ 

-- 

i 
--.- 

‘.&--II 
;--- 

_L____-~~. .._. 
id-y-y& 

_.~.. 

1 jl 
1 

I r. 

;I’ 
Ii! ; -.I! , 

-,* ,“I” Co+?” 
I”?RfC*.lED colt 

STUWW,, 57FIL 
VIWU ,*11 

- -4 
tIx- I -, 

,:1:: :x2 dLL,” 
gg 

SWlTCHYP.RD lA3MBERTS3N SEPTUM M*.GNET 
FOR BEN/ SPLITTNG SYSIEM 

Fig. 5. Cross-section of installed splitting 
Lambertson magnet. 
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