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Constrain ts

Designof the PD2 lattice wasconstrainedand in uencedby a
number of criteria, rangingfrom requiremets to desiderataThese
included:

Length:474.2m

Minimum spacing:quad-quad47 cm;dipole-quad85cm
RF: 7.05m of spaceaequiredfor threecavities
Superperiadicity: 2 or 3

Horizonal phaseadwance/ arc= N 2

Bused:all dipoles,sameB ; all quads,samgB’j

Peak elds: dipoles:1.5T, quadrumles:10T/m

Avoid transition: with maxK E = 8 GeV, ;> 95
Physicalaperture:jxj < 3inandjyj < 2in
Dynamicaperture:> 3 40 mm-mrforj p=g 001
Injection: , , 10m at strippingfoll
Collimation:large andD at primary collimators; > 180

Time: Finishby April!
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Arc Mo dule

The arcmaduleis the keystoneof the PD2 design.Ead arc
comprise® modulesof 3 cells. The phaseadvanceacross module
IS( 21 ylmodule = (8 =5;6 =5) whidh makesthe averagephase
adancepercell( .;  ,)jen = (8 =152 =5)= (96’; 72):
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Total phaseadwanceacrossanarcis(  ,;  y)jare = (8 ;6 ); it
IS, to rst order,opticallytranspareth Thus,the arcswill presere
lattice functions,includingzerodispersion,acrosghe straigls.

The two outercellsof an arc module cortain a largedipole
(5.646m, 16.2 bend)andthe innercella smallone(1.188m, 3.4
bend). Their lengthswerechosensoasto createa rst order
adiromaticbend,thus zeroingthe dispersionbetweenmodules.

Four chromaticily correctingsextumlesareplacedin eat arc
module, replacinghe four trim quadrumlesclosesto the short
dipole. It may be possibleo build a correctionpadkageconsisting
of quadrumleand sextuple.
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Straigh t section cells

The seencellsin ead straight sectiondo not cortain dipoles,and
the absencef edgefocusingdistortsthe lattice functions(esp., ;)
slightly.
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Lattice functionsfor a singlestraigh sectioncell,treatedasa
periadic unit, areshavn above. Its phaseadwanceis

(o ien= (8 =15 0:96 (2 =5)): In fact, theseare its
lattice functionsin the basecon guration,becaus®f the arcs'
opticaltransparency
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Complete Lattice Functions

The completdattice functionsfor half of the racetra&, with onearc

joinedto onestraigh sectionareshavn belov. The vertical beta

wave is causedy edgefocusingin the dipoles,or, alternatively; its
absencen the straight sectioncells. The arcs'opticaltransparency
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con nesthe wave; it doesnot propagatanto the straigt sections.

At injection,assuming,y

Attribute Value

¢ 13.8

max( ,; ,) [m] (15.1,20.3)
maxD [m] 2.5

(o ) (11.7478.684)

(-13.6,-11.9)

( o y)natural

40 mm-mr,jxj < 5cm,divided

equallybetweendispersionandtranswerseemittance and
jyj < 2:2cm.
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Base and Tuned Con gurations

The actualtunesassaiatedwith the basecon gurationareshifted
from (1173 8:80)to (11747 8:684) That point is shavn asa dark
circlebelav. Familiesof trim quadrumlesin the straigh section
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wereusedto move the tunesto (11:88Q 8:850) without breaking
superperiaicity.

Spacechargewill reducethe tunesof particlesin the coreof the
beamby anamoun that will dependon pairting. Protons
undergoindargeamplitudeoscillationswill be lessa ected by
spacecharge,but their tuneswill increaséslighly) dueto the
presencef chromaticity correctingsextumles(and octupole elds).
The conbinede ectswill spreadhe tunesaway from the displayed
points in oppositedirections.As the beam'senergyincreaseshe
distribution will collapsento the working poirnt. Spacecharge
forceswill decreasegsv=c! 1; shrinkingthe distributionfrom
belav, andthe sextumle/octupoletune spreadwill decreasegs
emittancedecomesmaller shrinkingthe distribution from above.
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Sextup ole tune footprin t

The sextumlesusedto zerochromaticiy will producean amplitude
dependen tune shift proportional to the squareof their excitation.
Seconarderperturbationtheory predicts,for the PD2 base

con guration,

. = 0120 ,= + 0114 =
, = 0114 .= + 0230 ,= ;

where isgivenin unitsof 1072 and isin mm-mr! For the
tunedcon guration,the coe cients aresomewhatarger.

. = 01126 ,= + 0397 =
, = 0397 ,= +0:384 =

The upper limit ontranswerseemittancels ;,, 40 mm-mr,so
that

inv— 40 - 2 i
= = 947 4:22 mm-mr at extraction
40 _ 308 mm-mr at injection
1:30 J

Evenat injectioninto the tunedcon guration,the verticaltune
spreadresultingfrom sextumle excitationwill only be about 0.02.
This caneasilybe overshadwaedby spacecharge,which will lower
the tunesof protonsin the core.
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chromaticity

max. beta, m

Chromatic Prop erties

The chromaticities, ,; ,; areplotted belav for the extendedange
j p=g 002 ,isnearly at for negatie p=p;with a variation
of lessthan 0.5over the ertire range.On the otherhand,
increasemonotonicallyonly slighly fasterthan linearly by more
than 2.5. The correspndingplot of ; vs. p=pisthe almost
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exponetial lookingcure displayedonthe right. All valuesare
largerthan required.
Maximaof ., ,, andD areplotted belov asa functionof p=p:
The variationof ,,,x andD,,,x aremonotonicwhilethat of
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»max goBsthrougha minimum near p=p= 0: Asin the previous
gures, thereis much morevariationfor positive than negatie
p=p:Estimatesof the closedorbit basedon the valueDj »,/,—o
shouldbeincreasedy 12%at the mometum acceptancémit,
p=p= 1%
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Sextup ole resonance:
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where g = == o= . T
and = .+ 2, 29 If asuperperiadicity breakingphaseerror
betweenarcsis ++2 , (mod2);then

Oracetrack = 2] Slr( :2)J Qarc -

The\saferegions“are plotted above for

2 145;90;135;180 q:

Two squaresn the lower left cornershav the beamemittancesat

injectionand extraction.
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Sextup ole resonance (cont.)

This optimistic statemeh doesnot take into accouhthe e ects
of spacechargeand (to secondrder)sextuplesin distributing
tunesthroughoutthe beam.How small,for examplemust bein
orderto reducethe \tune width" to 0:01for all particlesat
injection? Answeringthis is complicatedoy the fact that the
largesttune shiftswill occurnearthe coreof the beam.For the
sale of argumeln let ussay that 10%of the beam(emittance)gets
shiftedwithin read of the resonancéne. Then,we requirethat
superperiadicity be preseredat the level < 24 or better,
signi cartly morerestrictive than the opticalvalueof 105.
Howe\er, it is possiblehat spacechargedetuningcouldlimit the
instability producedby the resonancelf the PD2 base
con gurationis seriouslyconsideredhis issueshouldbe studied
thoroughly Nearextraction,whereparticletuneswill be closerto
the referenc@oint, < 21° shouldbe su cient to allov moving
the ertire beamwithin  0:01 of the resonancéne, althoughthere
IS no reasorto do so.

Or, becausé( .+ 2 ,)jcal = (2=3) 2 ; theresonance
driving term canbe (almost)zereedacrosseat arc module
individually by putting sextumlesin all threecellsinsteadof only
two. This would requireputting quadrupple and sextupmleinto the
sametrim elemen
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Dynamic Ap erture

The dynamicapertureof the PD2 lattice hasbeenestimatedoy
tracking. Only the dipoles,quadrumles,and chromaticity
sextumleshave beenincluded.The results,calculatecat the

Stable Points Lattice—gbpd
Mode 18 10000 steps. gbpd-t
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injectionenergyof 600MeV, wheredynamicapertureis smallest,
areshavn above. Alongthe diagonalthe dynamicapertureis at
oy 10 40 mm-mr. For purelyhorizonal orbitsit increaseso
oy 25 40 mm-mr,andfor mostlyvertical orbitsit is slighly
less, v 20 40 mm-mr.

Peaksof the tune spectrawerecalculatedor all orbitsjust inside
the dynamicaperture. A scatterplotis shavn above. Thereis a
clusteringabout the line4 , = 35 aresonancéne excitedat
secondarderin the strengthof sextumles.The chromaticity
sextumlesboth excitethis resonancand provide the necessary
tune spreado put it within the read of very largeamplitude
orbits.
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And so forth

Othertopicsin the Proton Driver Study (Chapter3) include:

Closed orbit error. Dueto misalignedyuadsdipoleroll, and
dipole eld error: ., 5 mm,basecon guration,and
co. 10mm,tunedcon guration. Thisis xed with steering

15 T T T T 15
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Closed orbit st. dev.

. . . . . . . .
0 50 100 150 200 0 50 100 150 200
Arc length [m] Arc length [m]

magnetsand specialdipolewindings.Maximum de ections:50 mm
and77mm. Windings: 1.8% and8.4% .

Linear coupling. Dueto rolledquads,couplinginto
orthogonablaneis 9%: if the horizonal excursiorof the beamis
1 cm, the estimatedr.m.s.) excursiorin the vertical direction
generatedby couplingwill be 0.9mm.

Chromaticit y error. Dueto sextumlarerror eld in the
dipoles:negligible.

3 , = 26resonance. Dueto roll misalignmenof chromaticity
sextumles:negligible.

Alternativ es. Especially(a) di erent phaseadwanceacrossarc
module, (b) missingmagnetlattice (racetra&), (c) transitionless
lattice (triangle).
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