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Intr oduction

Hierarcly of normalisecemittances

— 1T for high meritfactor

— "t "ed for goodef ciency

Openor closedcoolingchannel

Solenoidor dipole/quadrupoléocusing

Manipulateequation®f Neuffer andof WangandKim

Look for relations,conditions,andunderstandingjot for precision
Averagealongchannel

Useresultsfor assemblingchannelwith magnetsRF cavities, absorberdpong
beforesimulation

Detailsin MUCOOL-257
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Damping partition numbers
Trans\ersepartitionnumberg-

o (&)

dE
ds

Dy

g> = 1 withoutwedges

Longitudinalpartitionnumbergy

v () | (&)

Ok = d + dE
ds ds
D (4E)
86ﬁ 0:3 for 200MeV/c muons

Sumrule

g +0 =1+ <
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Balbekov's RFOFO ring cooler
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De nition of the longitudinal -function ¢

November25, 2002

LinearlongitudinalmapM for arcfollowedby RF station,operatingon column
vector(ct; p=p)’ with RFfrequeny f r, Stablephaseangle' s with origin at

lastzerocrossingof RF voltageV :

ch
M = 1 fRrRF
2 frp eV cos' ¢ 1_|_2

Ec

E 2

Find to lowestorderin synchrotrortuneQy:

heV cos' s

. c hE B c CE
S_fRF 2 eVcos''s 2 frrpeV cos' s

s hasdimensionof length,as -
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Damping rates and equilibrium emittances

Wedgeabsorbersvhoselengthdepend®n verticalcoordinatey installedwhere
Dx = 0andDy & 0, asin Balbelov'sring cooler

Subscripts? andk marktrans\erseandlongitudinalmotion,respectrely.

Find for coolinglengthsandnormalisecequilibriumemittances:
1 <dE Dy @ (dE)>
pv \ ds 2 @ \ ds

wi®a(s)als)
. 2

s, ' ands, ' have dimensionof inverselength

» and", have dimensionof length
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Limits on amplitude functions

Upperlimit of theverticalamplitudefunctionattheabsorbers » dueto the
trans\erseequilibriumemittance

2 ®- E Xdﬁq(dE>
(13:6MeV)?2 ds

Fromtheparametersf theabsorberwe cancalculatethe meansquaresnegy
variationdhAE 2i =ds dueto straggling,andanupperlimit for thelongitudinal
amplitudefunction s dueto thelongitudinalequilibriumemittance:

neq
o (%
dhAE 2j

ds

Fractionin thelarge bracletsdepend®nly ontheabsorbematerial

» and s, andabsorbetengthL 5 essentiallyproportionalto theproductsy" €4
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Lower limit on vertical dispersionD,

Absolutevalueof |D y ] atabsorbersiaslower limit dueto wedgeparametersince
it would beniceif absorbetengthwerepositve in wholeverticalaperture.Taking

anaperturaadiusequalto threeRMS beamradii y, and nd with initial relatve
RMS momentunspread . :

iDyi 3(1 o) y=301 g )", 2= )+ (Dy })?

Solvingfor jDyj yields:

iDyj 3(1 gv>\/ T (321?9\/) 7

jDyj is realandpositiveif 3(1 gv) L 1. Thisconditionis alsofoundby

assuminghat y isdominatedoy , andneglectingthe contrikution of the
betatronoscillations.
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Upper limits on vertical dispersionD
Upperlimits to jD yj dueto cross-plandeatingtermsof equilibriumemittances
H =DJ= » forabsorbeatwaistwith , =1= , andD) =0
Heatingtermdueto straggling heatingtermdueto multiple scatteringif

2 (13:6MeV=pv)

v/ Xoh Zi

jDy]

Applying asimilaragumentto " ', heatingtermdueto multiple scatterings

heatingtermdueto enegy straggling jf

s/ Xoh 2i

(13:6MeV=pv)

JDy]

h 2i is rateof changeperunit lengthof relative momentumerrordueto straggling
Limit from secondequationrmuchhigher

WhenDy is onehalf of limit, cross-plandeatingterm contritutesonequarterof
in-planeheatingtermto equilibriumemittance
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Absorbers

Onekind of wedge-shapediguid hydrogenabsorbewith lossrate
dE =ds = 31:75 MeV/m andradiationlengthX o = 8:66 m

Absorberoccupang factoris simply theratio of hdE =dsi anddE =ds
Lengthof absorbet. o, 2 »

Find spacingoetweemeighbouringabsorberandperiodlengthL p by dividing
L o by absorbeoccupanyg factor

Improve theoryby replacing » by suitableaverageoverlengthof absorber

Arithmeticmeanish i1 =4 » =3

Initial horizontalRMS beamradius x andbothdivergences ,o0 and yo atcentre
of absorbefollow from initial transverseemittance'!, and - , assuminghatDy,

DY andD} vanishthere:
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RF Systemand Longitudinal Dynamics

RF systemmustdo four things:
. Compensatéheenegy lossin theabsorbers

. Achieve theassumedhitial longitudinalequilibriumemittanceby having a
satishctoryvalueof s

. Have abucket heightbr ¢ largeenoughto accepimomentunspreadn beam

. Have abucketareaA g thatmatchesr is largerthan™ L

Averagerateof accelerationn RF cavities equalto averagerateof enegy loss
hdE =dsi, if muonenegiesat entranceandexit of coolingchannelareequal
AveragevoltagegradientinsideRF cavities is higherthanaveragerateof
acceleratiorfor two reasons:

— RF cavities occufy only afractionof channelength

— Peakvoltagegradientis higherthanacceleratinggradientwhenmuonsare
accelerateoff the crestof RF wave form
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Conditionson andfgig |

Designvalueof s requires 1r \

ii 2 2ndE=dsi 08 \
frRE cE tan' s 0.6 \
0.4

Avoid xing signof andquadranof' s
by takingabsolutevalueswhereneeded 0.2 /

—

—

Bucketheightbrr = 2Ap=prequires 0 10 20 30 40 50

] ]

. Y2(' ) E=dsic (Ap) 2 Upperlimits forj j asfunctionof f gy

in MHz at' s = 2 =3. Straightred
curve shows limit dueto s. Yel-
Y() = \/( 2" )sin®  2cos’ | |ow, greenandblue hyperboliccurves
with Y (0) = = 2 describeslependencef from abore shaw limits for Ap=p =
brr ON' 0:075;0:1; 0:15.

sin's 4 Efgrp P
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Conditionson andfge Il

BucketareaArp > 4 ", requires

J ]

( "L)QE fE’{Fsin' s

=2)hdE =dsi ( C>3 0.2

1

0.8

0.6

0.4

e —

0 10 20 30 40 50

Bucketareafunction ( )with (0) =1, Upperlimits forj jasfunctionof f gr

( =2) =0and countedrom crest

Domegivespower seriesfor ()

in MHz at' s = 2 =3. Straightred
curve shows limit dueto s. Yel-
low, greenandblue hyperboliccurves
fromaboveshav thelimits for Agp =
0:6 ;0:9 and1:35 m.
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s

Do not proposeto operatemuon cooling
channehtlimits of j j andf rp

Take themasstartingpointfor scaling

Doublingf g reduceg j by factor8

- . . - - \ \
Maximumj j asfunctionof f g givenby 0 10 20 30 40 50

s at low fRFa by Arp at hlgh f RF
brr atintermediatd grp

by Upperlimits forj j asfunctionof f g
in MHz for' s =5 =6;3 =4;2 =3
Limit dueto bgr may be higherthanthe from abose. Straight curves shows

othertwo limit dueto s. Hyperbolic curves

show limits dueto Agr = 1:35 m.
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Conclusions

To achieve assumeckquilibriumemittances, » and s mustbebelov upperlimits

jDy ] mustbewithin limits in orderto achieve positve absorbetengthacross
verticalapertureandto avoid excessve cross-plandeatingandassociatethcrease
in equilibriumemittances

Liquid hydrogenabsorbersnusthave lengthL A , wedgeparameteD y "=
spacing Lp

PracticallyfeasibleRF voltagegradientsdetermindengthof coolingchannel

andf g mustprovide brr andA grr matchedo initial momentunspreadand

longitudinalemittanceand s matchedo "

For everyfactorof twoin f g, ] j goesdown by afactorof eight

At constanArr and' s, brr determinesheacceptednomentunrange andis
proportionatto f g .
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Comparisonwith Kirk' sRing £ Input Parameters

Kirk' sresultsaremy input parameterandvice versa

Swaphorizontalandverticalbecaus®f wedgeorientation

Parameter

Kirk

Program

Designmomentunp
Init. hor. emittance'!,

Init. vert. emittancé"y

Final vert. emittancé‘{,

Equil. vert. emittance' 7
Init. long. emittance'},
Finallong. emittancé'fZ
Equil. long. emittance"' 3
Channelength

250
26.55
14.74
6.45
4.47
14.92
7.14
5.22

400

250
26.55
14.74
6.45
4.47
14.92
7.14
5.22

400

November25, 2002
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Comparisonwith Kirk' sRing £ Output Parameters

Parameter Kirk

Program

_ @ (dE \ _ (dE
A =g (%)=(%) -016
Vertical partitionnumber 0.33
Equil. hor. emittance' 3 1.01

Final hor. emittancé‘L 2.11

Long. partitionnumber 0.51
» atabsorber 0.25
s atabsorber 4.1

Min. Dy 0.46

Max. Dy 0.46

Wedgeparameteb *%=" 0.642

Merit factorM 31.8

-0.159
0.424
1.89
2.40
0.417
0.55
3.5
0.135
1.296
0.553
40.8

E. Keil
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RF issues
Earlierpagegyive correctecequationsandnew graphs
Tablebelov compare®RF parameters
Limit onj j andf grp dueto s andAgrF

Parametersrom Kirk markedby +

November25, 2002

Parameter Kirk

Program

Stablephaseangle' s =6+

Relatve RMS momentunspreadAp=p 0.0311"
Slip factorj | 0.813"
RFfrequeny f rp 200"
BucketareaA grr 0.201

Bucket heightbr g 0.0719
Full bucketlength 788
RMS bunchlength ; 187+

5 =61
0.0311"
0.739
216
0.188
0.0855
127

101
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