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APPENDIX, J. Gallardo (BNL), Organizer

Speakers and Conference Organization - 7. Wurtele (UC Berkeley/LBNL)

Superconducting Magnets for a Muon Collider - R. Scanlan (LBNL)

Pion Production and Targetry at p'pn Colliders (see p. 578) - N. Mokhov (FNAL)

The AGS E910 Experiment: Measurement of © Production - H. Kirk (BNL)

Liquid Jet Targets - K. McDonald (Princeton)

Target Materials ~ D. Summers (U Mississippi)

ICOOL Simulations of Alternating Solenoid Transverse Cooling - R. Palmer (BNL)

ICOOL: Recent Developments (after v1.61) - R. Fernow (BNL)

Theory of Emittance Exchange - R. Palmer (BNL)

A New Scheme of Linear Accelerator - Y. Jhao (BNL)

Temperature Distribution on Beryllium Windows in p'p Cooling RF Cavity - D. Li, W. Tumer,
J. Corlett 1LBNL)

Linear Orbit Recirculators - F. Mulls (FNAL)

Cooling Experiment - §. Geer (FNAL)

An Update on a Cooling Scenario - 7. Norem (FINAL/ANL)

Longitudinal Impedance Tuner Using High Permeability Material - K. Koba, ¥. Mori, ... (KEK)

Vertex Tagging - B. Ring (BNL)

Matching and Emittance Exchange Section for Ionization Cooling with Li Lenses - V. Balbekov
(FNAL)
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Superconducting Magnets
for a Muon Collider

A

L 5CAN LAY
- Outsert Solenoid for Pion Capture 7-13T

Phase Rotation Cavity Solenoids - - ~5T

Dipoles for the Muon Cooling System 1-4T

®
o
@ Solenoids for the Muon Cooling System  5-14T
. - |
o

Dipoles and Ocm_a_‘:vo_mm for the ‘upto7T
Acceleration Rings

® Collider Ring Bending Section Dipoles 8-12T

Collider Interaction Region Quadrupoles. 8-12T
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Vb, Sw Brocw Core Dipore 2ok Muon Cote,oe¢

Preliminary Cross section for muon collider \ § N\N h( ) mu :N \.ﬂ b

(other side of the coil is not yet included)
# Conductors not graded (grading would give higher field)
e Performance at 4.3 K (1.8 K would give higher field)
# Loss in Jc due to stress is not included

# Cross section uses two blocks of coll, each is 25mm X 70 mm.
(Pl. see attached POISSON model for more details.)

o The calculations are done for an overall current density of 400 Amps/mm?

Current Densities in Amps/mmA2 Field in Tesla

Joverall 400 ,

Jmetal 571 . Bo a

. Bpeak(block#1) 14.4

%Cu 30 Bpeak({block#2) 15.2
%SC 70 ’ :

Jeu 1805

Jsc 816
Measured Jc@ 15T in TWCA 814
Jeu in D20 (LBL Nb3Sn magnet) 1630
Note : All field harmonics are 10 at 10 mm reference radius.

Preliminary Conclusions:
A 14T magnet is possible with the coils developed for the proposed LBL common coii magnet.
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Status for muon collider ring dipoles:

¢ Both 9.5-10 T NbTi and 13-14 T Nb3Sn dipoles look feasible

e Heat deposition calculations need to be done for both NbTi (1.8 K) and
Nb3Sn (4.3 K) cases
-25 W/m for Nb3Sn epoxy impregnated coils Jook O.K (D20 results).
~for significantly higher heat loads, we may need to go to ICCS
conductor .

¢ Structure still needs to be designed

« Nb3Sn block coil design uses similar coils to 14 T common coil magnet—
can combine R&D work




Pion Production and Targetry at p'n Colliders - V. Mokhov (FNAL)

(see page 578)
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H. Kok

Frecemones V4

The AGS E910 experiment

Measurement of r production

{57y

& MARS13{96)
% MARS3(97) ]

The experiment features:

e Proton beams of 6, 12.5 , and 18 GeV/c

* Various target material (Be, Cu, Au)

e High acceptance TPC for particle momenta down
to 30 MeV/c

dN/dE (pions/GeV per proton)

¢ Good particle identification in TPC by dE/dx

e Measurement of low-energy pion production cross-
sections

Ry

- ; . .
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T~ kinetic energy £ (GeV)
24 GeV/z protons on Hg



' SPECTRUM FROM ARC
24 GeV/c p on Hg
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ARC vs. EB02
ponAu @ 14.6.GeV/c

06<y<28

06<y<24

08
m,-m_[Ge



VoL e s b IR e

TPC GEOMETRIC ACCEPTANCE Pion Production Experiment

g 1.2

Milestones

0.8
0.6
0.4 e Winter-Spring 96: E910 Run at BNL

0.2

Summer 96: Quick Analysis of 10 % data

Fall-Winter 96: Code Fine Tuning
Hit Finding and Tracking

08 Calibrations

0.6

0.4
e Spring 97: Data Reduction of 2 % data

LR SLES LR BN LR NN BLNLALES BUBLELEN BLELAL

(]

e 05 025 0 025 05 075 1 .
Min. 7 hits in TPC pz (Gev/c) e Summer 97: Data Analysis of 2 % data
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Momentum Distribution for Tagged Pions ad
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Momentum Distribution electrons in Pi band

10 E /ndf 6381 / 49
_ Momentum Distribution OA Tagged Particles in Pi band 120 ;_ i ; 0.81.2 ; :
3 100 | P3 " 0.2042E-01
3 8 F P4 57.07
3 3 Ps 0.1759
F s P6 0.4060E-01
:“ %% P7 0.8653
- 2 P8 40.49
3 0
- 12
Y 5111 /7 45
77.81
F 0.1544
120 | 0.1773E-01
100 2 60.74
- 0.1880
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TOovAL

agged e- Ratios 18.0 GeV/c p+Au

196.7 1 72
-161.0

7284.
~0.2439E+05
0.3220E+05
-0.1532E+05
4.204

12
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TOoTAL
sppecl/Tagged e- Ratios 18.0 GeV/c p+Au Momentum Distribution electrons in Pi band
x’/ndf e / 12 /ndf 1313 / 51
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- P2 5912 P2 6525.
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A P4 0.1587 P4 0.1575E+05
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1000 1833 / SI
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200
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- Momentum Distribution for pions
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Pi+/Pi- Ratios 24 GeV/c p+H

18
3
3
24
N
16 |
&
3 °
% o® 0 % ° °®
™
- @ 00.. o0 ¢ °
@ ° o ) ¢ o®
0:0.0.0 oo  JR ¢
12 |- o, ° ® °
L .. 'Y J '.... o .‘ "'YY )
° o ® )
®

[ ]
] e MARS
yj o DPMJET
os |® e ARC
0l . 10f2l ‘ A0f4‘ ‘ l0f6l l.0f8‘ l.;‘ .‘1.12“‘1;. ‘L1.6

Pion Momentum, GeV/c




MAGNETO-HYDRODYNAMICS §3.13

Leavio “Ter Tarsesxs

K.-MDBormwo 2(13/q 7  Infinitely conducting plasma column. Even the growth rates agree
within a factor of 2 (Murty, 1960, 1861). On the other hand, when an

medonald® rophep. princaton .odv
axial magnetic field is present, a high or low conduotivity makes a con-

See MuMu-T03 a1 hwHe=/lpoheel. princaten e dv vmedovald [uus
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Alternating 16 T solenoids + LH (LH4)

230

220

210

}IIIITTIIUTIIIITT
b

momentum (MeY)

lllllllllllllllllllllLllllllL

o 0.1 0.1 0.2 0.2 0.3
amp squared

Alternating 15 T solenocids + LE (LH4)

NHO ¥ v v LS — v Ll L ¥ — L v Bl 1 — R4 L] Ll L

3%
o
o

n
o
o

ll!ll"l"'l‘]ll

ave mom (MeV)
[y
(1]
)

lllllllllllll

180 -
185 —

” 1 L 1 ] — L L 1 L _ )] i L i _ i\ .— 5 ) — ]
18% 5 10 15 20




radii (cm) axial B (T) .
o
[ 0 ‘-'-' n 2
o o 5] b 5] o =] ) o ] 5
ll'lllllr | g | LI "lllllll'lrl ]
3 : :
Lg—> of- == ~ I "
+ - = ] =
i | L. ] [4)]
=3
e a—~ 7]
- o e s e 1 o 2
| S— o
o [}
| 3
- Ef‘: | 2
- e i - oy
—— L
- S s S . 1 - . +
—Hb = B 3
8 o o — — -l i
®F === 8e — B
S = . - : =
» e s fa\ 3
5t = - ~ [ '
VH—— -
)]
- = - i ’
) [
s ;i -

a2
Y
T

— o e e —
—— -
. e ]
- g ]
o = - "
m [~ 1 i i l i A [l L l 1 L i L L 1 i ]

Illllllll A_i_A

677



678

beta (em) > rms emittance norm {(mm mrad) o
[2g [ = N o
] o o ®
[t n W [y e\l o 2] (o] = ]
() (] (<] o o o o ] o o o ]
o Trry ‘]'T VT rrrl T I LER IS ' LER LIS I rrvy ﬂ o LR L ] LS ”
e ] e
B E ) L B =
[ ] 5]
- - = . .
o)) t
B =3 - - v
- : =y
05 © - 7 2
St —t
© Q m ) v L]
il 3 e . 5
W g o W o
- o = o =
S~ A - b &~ A
P ) A~
- x L E =
L L
L Ne? | Nt
5 T 3 :
=1 g ™
3 ) s
-4 B R - b
o R . T
? I
- ™ . -
o0y
ol T ol B —
] E D 4]
- - WS S YO | l U S W | l [ S 1




Alternating 15 T sclenoid (M4)

axial B (T)

No ¥ ¥ v v ] T 1
io0—
0
-10—
i ] [l 1 1 _ i L L
0 0.5
[ e I s Ao m*_b*v et Py
Alternating 15 T aolencids 4 LE (L J
20 - . _
- .+ : ]
= .
s - + ..
10O -
A H
5 - S .
L L~ /1 i
frapamt e /\I\\I‘Iﬂ
\\\(\-\.\. l’lll.lll.ll -
— 1 -
@ / 2
Lo ()

679



680

R. Feawew

ICOOL: Recent developments
(after v1.61)

® exclusively uses spatial stepping in accelerator coordinates
® reversed the region - particle loop order |

® added code to deﬁ;le background magnetic field on a grid
® added azimuthally adjustable wedge region

® added current sheet fields

® added 2™ order bent solenoid fields

® stopped tracking phasemodel=3,4 reference particles

ICOOL: future work

® debug background grid code

® ability to read in user-defined field map

® generalize cquatioﬁs of motion for bends in arbitrary planes
® correct neighbor fields for accelerator coordinates

® improve step-size logic inside materials

® speed




Cene Y | Example parameters

Beam distributions

ox,0y - 10 mm
o - Opx> Opx 15 MeV/c
.' - o 10 mm
- / Horitontal bent selensid Opz 7 - MeV/c
_ Solenoids
p- ie M—‘—-:_ Dipete horizontal vertical
< Be Po 200 193.5 MeV/c
% Vertieal By 7 7 T
7Z wedge B, -1.75 169 T
0.599 0599 m
Verkicel Dire Wedges
bent Soleneid ® - vertical horizontal
] o 20 30 degrees
— \_ w 0.10 010 m
P Foritontsl h 0.10 0.10 m
wedge L, 0.04 0.06 m
Results

feT 1.21

fel 1.43

fe6 2.09
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The Pril\cip(e Scheme of
A NEW SCHEME OF LINEAR ACCELERATOR - Multi-Channel Interleaved
side-coupled standing Wave Structure

Yongxiang Zhao
Nov. 1997
WHY? ' Pawer Divider
Y !
Standing Wave Structure — n-mode: vy =0, 20 [4n ‘
Mode separation problem ; 3
_ P k-2 —
Side Coupling Structure — RF: /2-mode, Beam: n-mode ‘ |[[—AF wl])
Complex Structure . S e ']
i
Traveling Wave Structure -- Need damper and waste power == -4 o
TW with outer recycling loop — Need two ports, 0o f Lo & o &, o
(TW Resonator Ring) Phase sensitive ' 3 303 38
F—=p>—
NEW SCHEME
For One Channe |
Combine both advantages of TW and SW I
From viewpoint of beam: 21/3-mode, or 2n/4-mode ‘ l =T
AN w2
From viewpoint of power feed: 7/2-mode, Standing wave ' ' ) w

Suitable for different B value.
RF /2 - med€

Beam: an/3-mode



HANNEL 1

WAVEGUIDE-CAVITY vpLING StoT T
. . S i 4-chamnel side-coupling
- A/ ’ , 2T/4 -mode Stan 4;43 Ware Stucture
S v/ |
_ a _ 1
o} — | _ | | _‘.].l’f" T ’\‘L_

\,

CHANNEL. 2

)i

. o o o

KT Ty
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ADVANTAGES

e  Beam sees 21/3-mode, or 21/4-mode, higher efficiency than
n-mode.

e RF system is of standing wave, no damper needed, no power
wasted. . . . . S

e  Working on 1/2-mode, the best for stability, least sensitivity
foremmors

e  Structure is relatively simple. ,Mfaj— s12€

e  Both constant gradient and constant impedance avalable
simutenously. ' |

e  Easy match for different f value.

US?:\S’ umfem WaVCinJé to form
side-coupling caw'ty

reduce tranverse $i26

’fl‘/Z.~ MOALQ S POSS'b)C.
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1D AIOL OM INE NYIZNIVI' DIRLNIBALION IN LHE WERM
¥ 8 CYALIZ LOF RAOK COOPING EXMEFDGNL

CERION FEIOMCE AVBGCENCLE §

Temperature Distribubton
on Be)z/}lwum Windews
o U+U- Cooling

ARFRIONIAIIS O] | MOCOOP® SNC

RF Cauii:)/

D. LI, W, Turner J. Corlett

LBN L

WNYLIVL_ .
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A B CAVITY FOR NUON COOLING EXPERINENT
DREION RESOMANCE FREQUENCY: #0S MNZ

MAFIA

D PLOT OF THE I0N IN THE MESH
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Coupling [ 1

slot

Accelerating cell

Coupling

cell

N

Beryllium
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Coupling
_—" slot

Accelerating cell

Coupling
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FRANE s 3 i0/131/97 -

NUCOOLA . DRC

MAFIA

PREQUENCY/KZ

MAXINUX ERROR OF CURLCURL-Z
HEAN ERROR OF CURILURL-E
MAXINUN ERROR OF DIVERGENCE-D

3.3835)8)603330E 58
§.4244%624292908-22
$ 341606199465 TE-0¢

A BW CAVITY FOR WUON COOLING EXPERINENT
DESION RESOKANCE FREQUEMCY: §C3 ENZ

1.03143700116208-56

TIME HAPNONIC ELECTRIC FIELD IN V/NM

#3DARROW

COORDINATES /M

FULL RANGE / WINDOW

ry 0.0000, 0.15300)
! ©.0000, 0.18300}

r{ 0.0000. 180,00]
{ 0.0000. 100.00]

0.0000,
SYMROL: B2
MAX. ARROW.: 3.749E+01
INTERPOLATES 3
LOOSCALE. . .» Q.
MATERIALS:

P8 formula = ZT%~ 46 Mt /m, G~ 98,000

A%'s sEructure for muon collide

273 shoulid be [§0%) highew

Slots

Howelewer , 1§ we move Lhe Couplong Cavity in to reducs

ourtvr dismeter , ZT* widl be fower, + beam dow not
L .».?:.;ﬁ( o Coahen

~ has bn mabs b oaw
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12/13/97
—y N o . 3 .
5 88§ 8% 588 ¢ Cavity With Be Window
o 8383883833853 (oe = 7.8 c
. ge = /-8 Cm Coppen_
oOf T T T T T T T T T T T
o .
ZT* ~ 35 MSU/m  (8=0.84) (37 uasp )
Z NV 64 M/m (68 M/ )
B, Usi | ’
Q "9 [ e,
o g: E OBe -‘J-j
o 2 { o
N - -
> g
3 9 Assume £~ 30 MV/m
% 2
B = O pulse length ~ (5 yg
P = 3 0 .
. S o o repetifion rate ~ |5 Hy
& I g 13 =
3 2 5 =
2 o = 9 *U’
< 3
L Z m Power loss en one windew
s )
ol i =5 14 Watts at LN assuming
s 2
N s O’y -
N Orr
\ \\ 1
) NN If wWe considen heat conductien in
-o | S S | | IO N N W W | { N W W Y
[+

berydium onﬂyl kR = Q002

% d =0.0254 mm
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Einean model gives
Temperature ( K)
T _ | Pn—— Power foss on ~ ® So ‘ © ©
max — TR, + —é';t- (TI) Jhe window p’; '8 ; 2 :3‘
/ 8 [ T T T T T
77K —> flat window ' ﬁ
‘ . 2 : . |
Tmox = 77+ 146 =zza?] A7 _".| 3
| JAT 3 g
ol o - + - o
Pl I o c
For bettenr heat cond,uci:ionl » g F’|~ g
d 2
| 3 :
é -I" o 1) t_/ g
TO -~ ® ] =4
o 4 e S iy 18
C ot — -4 3D
9.078 2 B 1 : o
3 -~ | B
e o
Tmox d,*/¢ Tmax w g
<
(33 k 6 £
of 3
(38 K 5 136K = ] s
146 k 4 134 Kk §'
-3
157 k 3 1417 k
177 K 2 170 k o : L ' L
Mo=39cm fa= Q.6 CM
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Linear Orbit Recirculators
F. E. Mills
October 2, 1997

Introduction

It has been proposed to use FFAG geometry for linac recirculator arcs to accelerate
muons for a muon collider.! The difficulties with this come about in the following way.
FFAGsamuanﬂyﬂwuguofasaoqdemminwhichthepmﬁduamaccelaatedslowly,
as in any synchrotron. In order to contain the beam it is necessary to keep the tune constant
dmingaccdc:ion,iedtednumzﬁcityism,a:laﬂvuymmwavoidm
resonances. To achieve this one employs the "scaling” geometry in which orbits of
dﬁmmmula:einﬁlzhdnpe(po&siblymad)mdthcvuﬁulmidph-cﬁdds
along 2 radial line @ = const., or spiral r = r,e™ vary as rk. The result is uswally a very
large radial magnet aperture, Until recently, it was not possible to incorporate kg,
dispersion free straight sections2. Finally it is not clear how to achieve the necessary orbit
lengths so as to maintain phase stability during acceleration.

Further reflection suggests the following: For only, say, ten orbits, it is not
essential to maintain the zero chromaticity requirement, and one might be able to use
stronger , but linear, focusing systems. It is known that quadrupole channels can be built
which accept a large range of momentum. Adding bending should not change that fact. In
ﬁathelimitofsability(ocamingatthelowestmommmm)wiﬂooanwhmﬂxcphase
advanoe per cell exceeds . At higher momentum the phase advance decreases, but by
whﬂeﬁmi.inausu.ﬂmdauuﬁmdpﬁmﬂybythembngm,Mnmdmnge
much, Mfad,aswisuceeded,pmhmmmcwhat(baﬁngmmestopband).
Scaling simple AG orbits, we note that the typical B is about R#v, while the typical
dispersion is about R/v2. Then we can win on aperture by maintaining the strongest
focusing possible. We need to employ the strongest gradients possible.

There are two reasons for using separated function geometry, 23 opposed to
combined function geometry. In the first place, in curved magnets with gradient, there is a
cubic term in the vector potential® which provides a sextupole-tike fiekd which will give

. s 12/,
f- M'I 3 / 3/97 lmmwnumwmmlmwmm,mammwm
Meads. Receatly, Brace King at BNL has published & report “Varisble field bending magnets for
i ing linacs.* 16 Janusry, 1997
2A¢Smﬁn,ua¢s¢owuan¢inmmwmmmmmﬁm
3Seenextsection.
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+ ';"(Xz -Zz) 4-&!!}

6

additional chromaticity. While this may or may not be important, it is well known that
most efficiency in focusing is achieved by concentrating the focusing, as in a separated

=P, =-Pea(l+0x)= -(l+Qx)JP P—P’+Pl0x+

function geometry. Simce our goal will be to have small dispersion, we will wish to obtain
the strongest possible focusing.

Lowest Order Fields with Field and Gradient of Field

‘We employ usual accelerator coordinates. First we define a curve in space r_(s)
where s is the arc length along the curve. a,f, & y are unit vectors in the tangent,
outward{opposite to radius of curvature), and vertical directions. The curvatureis Q. We
will not consider situations with torsion (out of plane bends). The dipole field

B__P.cQ '

e
which provides the carvature (bending) is accompanied by a quadrupole field, that is, the
bend field depends on position, its spatial derivative at r_(s) being
Pycx
TTe
These fields can be described by a single component of vector potential A; Maxwell's
equations require

[vxVxB] -0

In the (s,x,2) eomdinate system this yields

(l+Qx)——'- Q—-x—-o

Now we attempt a solution

A - ’_E.A,_x"’z’

el w

leading to recursion relations for the Aj,. We can solve them for the lowest order potential
whichlmbaldingﬂandgxadimx 1t becomes

ﬂ'---[QJH-Q2 +—(x —z’)+—x

Pe | 2 6 |
The second and forth term are “curvature terms” required to satisfy Maxwell's equations.
The cubic term gives a chromatic tune shift in the horizontal motion for combined function
magnet systems, which is not present in separated function systems.

1]

\pproximase Hamilton

The Hamiltonian G, with s as independent variable, is given by

We now expand the radical and drop terms of order greater than two. Then the
approximate Hamiltonian is

-—P(1+Qx)+ —A—P;-w | Q <

#5020
Fromthstamxltomanweunobmmmeequauonsofmoum:
- P Q{P-—Po . P
x+-l;’-({2’+x)x- 1 ) z—;’-xz-o

Nowthaelsnommemmtmat(P PP ) be small. The principal approximation was

that the squares of P, and P, be small compared to the square of P, that is, that the angles
must be small.. In all cases of interest Ox will be small compared t0 . The third term
dropped was the cross term with curvature and gradient, which is zero for separated
function lattices.

Now we recognize that these are the usual equations (except for the momentum
ratio factor of the focusing terms) solved by orbit programs tike SYNCH, MAD,IDA, etc.,
but they are useful over large ranges of momentum, so long as the angles are small.

Scaling Orbits with Momentum

Now we need to learn how to use the presently existing programs to calculate orbits
for large factors in momentum. We can see in the differential equations of motion that if
arc lengths are scaled as the square root of momentum while keeping Q and x the same,
the free (betatron) oscillations will be described accurately. The particular integral
(dispersion) will have the correct form but must be multiplied by an additional factor P/Po.
Angles are scaled by the square root of the same factor. We can acoomptish this most
casily with a scale transformation

P,
s--‘l-as
P
keeping the action differential constant
dA = P ds+ P dx + P,dz - Hdt -P,szs‘+Pldx+P,dz—Hdt

Then the new Hamiktonian G* is the old one multiplied by the factor _|—

0

This leads to new equations of motion as indicated above.



i+(9’+x)x-£{£;-l) i-xz=0
L)

Orbit Lengths
The length of an orbit is
Cm J(lmx)’ +x’+z"ds-_f(1+ax)ds

since the angles x' and z' are small. The incremental change in length due to x is
(P P P ..
AC~ fands = gax( £ _1)as {2
C- fands - fox| 'l)ds (P 1) S

Now the programs calculate . Qx;ds‘
o -£-_
fos
so we can substitute to find
P « P(P-P
AC= e 1] = Co” el S0
C=Cals, ) Co 5P )
When P is near P,
- (P-P,
AC = Coy P )
so that
. P

A= Q —
[]

The question of whether that can be made true in general is addressed below. If it is true,
then if on successive orbits j,

3B AC-Ca(l--l:‘-)
n i

There does not seem to be any obvious way to obtain successive orbit length differences
equal to integer numbers of RF wavelengths for equal increments in momentum. Since
there are only several bunches, it may be possible to shift the RF phase sufficiently
between bunch passages.

Long Dispersion-free Straight Sections

In order to accelerate in long linear accelerator sections, i is necessary to have zero
dispersion straight sections. One of the failures of FFAG accelerators was the inability to
devise such straight sections. Recently, as noted above, Philip Meads found a way to
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make such straight sections in a2 machine accelerating by a momentum ratio of three. Carol
Johnstone is working on applying his method to the linear systems considered here. In
case this is not successful, there are two other methods that might be employed. First, the
circulation time is long enough that individual passages can be steered by pulsed magnets.
Second, it may be possible to devise a simple chicane to accomplish the same thing,

A Numerical Example
: It is instructive to consider a specific case with specific magnet technology. Let us
consider the 70 GeV RLA in the current scenario. In the first place, we will use 5 T bends,
50 since Bp =233Tm, we can take p = 50 m. We will take B' =20 T/m s0 x = 0.08 m2.
The program IDA* has been used to caiculate lattices. First one must obtain the proper
magnet lengths. To do this, the lengths are changed $0 get a phase advance as larpe as
possible but less than x. This length is the equal to the actual length divided by R, where

R= P =1 )

P,

Po having been chosen as the highest momentum. We then recalculate as 1/R2 takes on the
values 2,3,4,....9. When the tunes, momentumn compaction factors, and chromaticities are
calculated by IDA, the curvature is automatically adjusted so that the cell length fits into a
closed orbit with an integer number of cells. This jogs the data a bit, and the tune and
chromaticity need to be divided by R to get the actual value. In the table below, the raw
tune is multiplied by R, yielding approximately a constant.. This means the tune is
inversely proportional to P until the stopband is approached, as may be anticipated. The
momentum compaction factor & indeed tums out to be nearly propostional to P. In the
table below, L is the scaled half-quadrupole length, and the data are raw results from IDA.

PoP L Xp max Boux Pmin < vx ~Cx o/RZ v /R
1 0.6 6.007 26.17 2200 .0575 4.175 3.35 0575 4.175
2 8584 3278 20.67 1445 .0296 5.837 5.27 0592 4.127
3 1039 2313 1883 1103 .0199 7.153 6.81 0597 4.130
4 1.2 1.839 18.08 870 0153 8225 816 .0613 4.113
5 1.342 1526 1805 7.02 0121 9378 973 0603 4.194
6 1.470 1334 1862 5.68 0101 1040 1138 .0607 4.246
7 1.588 L1186 1992 456 0086 11.51 13.51 .0602 4.350
8 1.697 10711 2233 357 0074 1269 1660 .0591 4.486
9 - 1.8 1.003 2720 260 0066 14.17 21.60 .0592 4.724

4This program was written and distributed by Mark Barton of BNL and IBM.



The expected small variation of flmay is observed. The factor by which we should multiply
Xp to get the offset of the lowest energy orbit is -8/, so the required aperture is 89 cm.

Conclusions

Althiugh the results are interesting,the required aperture is still a bit large. Higher
fields will improve this. ‘Nevertheless, the amount of hardware to recirculate the beam is
certainly smaller than would be required by 9 separate channels. Some attention should be
placed on designing magnets of sufficient aperture for this purpose, pmﬁcﬁlarly with higher
fields and gradients. )

Effort should be applied to finding a solution for zero dispersion straight sections,
and for describing the alternate solutions of chicanes or pulsed magnets.

The structure here has a length of 630m, which must be augmented by about 800m
of linac, so the revolution time is about § usec, which sounds a bit shoet to shift the phase
of the nominal 350 MHz Linac indicated for this RLA in the scenario.. Since the bunch
lengths are only several cm, perhaps higher frequency would be better.
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