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This is an old slide as a reminder of the the Montauk 99
presentation: a relevance to the minimum emittance

lattice and muon acceleration lattice.

* The minimum emittance lattice requires
reduction of the function H:

— The normalized dispersion amplitude corresponds to
the <H>12 1!

Basic Module of the Lowest Emittance Lattice
Vv, = 0.791212 v, = 0.246831




What are the basic parameters?

* Required Range of Energies (or dp/p)

— the “central” energy or momentum p, is in two
examples presented later set to 10 GEV. The
acceleration would be possible from 10 GeV up
to 20 GeV.

— Aperture limitation is defined by the maximum
value of the DISPERSION function:

o Ax<+/-30 mm
* if the 0.5 < dp/p < 1.5 then:
* D, <60 mm

* Why is the Minimum Emittance Lattice
for the electronic Storage Rings Relevant?

— The normalized dispersion amplitude
Corresponds to the <H>72 1!




What was our promise given at
the last meeting (BNL editors
meeting):

Construct a lattice where the dispersion will
oscillate between positive and negative
values but not exceeding 6 cm without
opposite bending magnets.

Ax <D dp/p=0.06 * (+-0.5) =+-0.03 m

Make a change in the circumference smaller
to reduce the RF phase change.

Try to combine the linac with a single arc.

Or make enough room for the cavities
within the ring.

Longitudinal simulation of the multiple
turns ( 10 — 20 turns)




The major result: reduced change of the circumference
the ‘SYNCH’ result (with Ernie’s combined function
dipole subroutine correction)

Distributed REF circumference ~200 meters

Path length dependence on momentun
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I TEST data for different tools: Cyclotron I

Equation of motion (The first lecture in Accelerato r Physics Course 1982 Ernest Courant ) :
d°x x B, —By(s)

= 4 (1.6
ds’ p’ Bp 36)
9’ B
asf:_le) - (1.7)
ByzBO(l—”?ﬂmJ =B, +Gx
B =B,2~ - (1.8)

P
(B, +Gx)(r, +x)=p, (1+5) ..(1.9)

B
where 5is:5=d—p where G = — 120 If u="then :
Po P T
nyu’ +(1—ny)u+6 =0, and the two solutuions of the quadratic equaton are :
u,=A+ |- i
Wy
dB B
n=—L"2 yhere n, :—r—OGO, and r, = =2 o _Po
B, dx B, B, B,
The two transverse equations of motion are :
2
0 ;c _ (1 2n) .
s o,
0%y n . .
—=——) ---(1.9) with a condition 0<n<1.
s Jo,
Solutions for the Courant — Snider parameters are :
Tunes : v, =~l1-n, v, =/n, betatron funcitons : [ =L,,By =L,
NJl—n Jn
Vi =V Vy TV

Dispersion function : D_ = | P , Chromatici ties : & s, ==
—n

EXAMPLE of the Cyclotron —weak focu sin g synchrotro n

made of five combined function dipoles :n =10.5, C =100 m, Bp=50.0,n,,, =S5,

7, _109 B, =&. Solutions for n, =0.5 and 6 = 0.001 :
2 7

11y, =0.5£0.4979959839 2, X o500, = 0.0318949065 2m

) §y<6> = 5



TEST data for different tools: Cyclotron

B X (mm) AC (m) VX Bx X 13 Ytvx Dx/Dp Dq/Dp ACI2pix vy by
SYNCHF 0.001 O AT 0.70816 2242946 31.67272| -1.05175) T
9 -
0 . . 0.70711 2250791 31.83099]  -1.06066] EIAZTE I
0.001 T oy 0.70604 2258702| 31.99104] -1.06978] ]
0.049 o4 a3at T — 0.64233 27.50639| 42.82268 -2.02609) T
005  0cs 26601 T 0.64065 27.64276| 43.14831] -2.06935] 8013792 4 oc 0 sa7078
] R | GRTR 0.63894 27.78116| 43.48025 -2.11469) Y m—
MAD 0.001|  -31.767573| -0.025823726) 0708164 22.420457| 31.672708| -1.054916| , (oo —
0| 0 0| 0.707107|  22.507908| 31.830993] -1.06066] 4 3183123 o
0.001|  31.894899]  0.200040159) 0706042  22.587016| 31.991029] -1.066492| | ooo e —
0.049 1751.466824]  9.963493683] 0642983 27.478961| 42.748099] 1.509104] ' ce AT
0.05[ 1792329883  13.21546832 0.641328[  27.613771| 43.069209] 1.523726| ( gyrmee 40.9973295 con\ ooy
0.051| 1833.461483]  13.57585077] 0639653  27.750549] 43.396393] 1.538702]  gyccecs Pp—
1
Mathematica | -0-001 -31.7676 ~0.199602 0.708163 224295  31.6727] -1.05276 , Py —
0 0 0 0.707107 225079 31.831]  -1.06066] RIREIECCIF= I
0.001 31.8949) 0.200402 0.706042 22.587 31.991]  -1.06867] g P
0.049 1752.75 11.0128 0.642332 27.5064|  42.8227] -1.67705 , e —
0.05 1793.7 11.2702 0.640645 27.6428]  43.1483] -1.69725 1 4109 wo7! 1 000004
0.051 1834.93 11.5292 0.638938 27.7812| 434802 -1.717% 1 .
coSsY 2001 31.767758 0.708163484| 22.45191502
0.051|  1834.812428 0.638888733  26.46187649

TEAPOT




TEST data for different tools: Cyclotron

0 X (mm) |AC (m) |wx Bx s ¢ ythx  {Dx/Dp |Do/Dp ACRPIX B
cosy {.01] 31.76776 0.708163( 22.45192 0706048 2251917
0.051) 1834812 0,638889' 26.46168 0769257 21.95733
Mathematica | 0001| -3t7676| -0.1006] 0.708163| 22.4298| 316727] 105276
1 1,000001
MAD Q.01 317676] 02562 0708164 2242848 167271| 05t e -
0051 1833461 1357565 0.9%8e| 277605 83060 15867 o -




TEST data by different tools: Cyclotron




TEST data for different tools: FFAG COSY vs. SYNCH

dpp
-0.3 SYNCH

-0.3 COSY

-0.2 SYNCH
-0.2 COSY

-0.1 SYNCH
-0.1 COSY

0.0
0.0

0.1 SYNCH
0.1 COSY

0.2 SYNCH
0.2 COSY

0.3 SYNCH
0.3 cosy

0.4 SYNCH
0.4 COSY

0.5 SYNCH
0.5 COSY

0.6 SYNCH
0.6 COSY

dC
0.00066
-0.00188

0.00027
-0.0007366

0.00007
-0.000180

0.0
0.0

0.00003
-0.0000691

0.00013
-0.00030702

0.00028
-0.000660

0.00047
-0.001088

0.00068
-0.00154

0.00092
0.0019236
0.1532735

xc0 (mm)
-14.42
-14.06520

-9.37
-9.2466796

-4.57
-4.5476

0.0
0.0

4.38
4.39534

8.58
8.6476

12.64
12.76687

16.55
16.753

20.35
20.5693981

24.04
24.087769

xcOmax
-23.54130

-14.98552

-7.18385

0.0

0.0

6.67579

12.93920

18.88140

24.53229

29.92676

35.09355

bx_in
0.5830

by in
11.0908

0.44529 18.78855

0.5439
0.6720

0.5270
0.58455

0.52712
0.52712

0.5396
0.48912

0.5611
0.46367

0.5895
0.4453

0.6236
0.42471

0.6627
0.37913

0.7067
0.26180

16.2845
21.1695

20.2421
22.8343

22.5536
22.5536

23.7829
2141111

24.5005
20.0778

25.0235
18.7885

25.5028
17.48073

26.0117
15.7978

26.5915
13.2517539

nux
0.65631
0.67946

0.67876
0.69281

0.68984
0.69045

0.69290
0.69290

0.69060
0.69098

0.68485
0.68612

0.67696
0.67946

0.66781
0.67242

0.65796
0.66765

0.64776
0.67048

nuy
0.16568
0.12692

0.13404
0.11903

0.12178
0.120172

0.11925
0.11925

0.12033
0.12166

0.12195
0.12454

0.12288
0.126923

0.12272
0.129552

0.12144
0.135832

0.11914
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The major result: reduced change of the circumference

the ‘MAD’ file result

(mm)

AC,
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Picture of the ‘MAD’ ring

The FFAG lattice without opposite bends

The BEF carvities are distributed within every third cell
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BEeta [m],Dispersion [am]

Betatron functions within the two cells

FFAG lattice without opposite bends
RF is distributed within the ring
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Radius [m]

A part of the ring

The FFAG lattice without opposite bends
The KF cavities are distributed within every third cell

Y | l | I | ' | ' T
—40 |- ’
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Be 6.235 mrad @20 GeV
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Radius [m]

Two CELLS:

The FFAG lattice without opposite bends

Two Cells
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| 1 |
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Distance [m]
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Betatron tunes w, v,

Betatron tunes during acceleration

FFAG laffice without opposite hends —distributed RF

Batotron funes versus momenta
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Chromaticities during acceleration — Corrected to zero
at the central muon energy of 15 GeV

FFAG lattice without opposite bends —distributed RF

Chromaticities versus momenta (corrected fo zero @ 15 GeY)
20 E T LI | T | LI | T | T | T | T | T T | T | T T

e—o Harizontal Chramaticity
e—a Yertical chromaticity

Chromaticities &, £,
<
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The slipping factor 1| during acceleration

Dependence of the slipping factor % on Ap/p

The FFAG lattice without opposite bends (f9.mad file)
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All previous results have a ~1m dipole divided into 100
pieces and quadrupoles divided into 26 and 46 pieces, as
well they include the first attempt to include the end of
the quadrupole field

Magnelic field @ R=3 c¢m in |he focusing quadrupole QFS
FFAG lattice wihtout opposite bends
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At negative Ap/p lattice is ‘imaginary 7y,’

(mm)

AG,

Momentum Compaction Dependence on Ap/p
The FFAG laftice without opposite bends (f9.mad fila)
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Maximae of the betatron functions during acceleration

Maximaes of Betatron functions

FFAG laffice without opposite bends —distributed RF

Maximae of betatron functions dependence on mometas
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Maximum of the dispersion function during acceleration

2
8
-

FFAG laffice withaut opposite hends -distributed RF

Maximum of D, versus mementae
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A picture tells a story: particle path in the basic cell
during acceleration

Transverse offsels alang the basic cell for all Ap

The FFAG without opposite bends
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Radial offset in (mum )

Particle path in one of the recent examples

Muons paths along the basic cell for different momenta

Circomference 163,20 meters long i made of 32 cells
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Simulation of the acceleration
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RF considerations for FFAG rings
M. Blaskiewicz, BNL

revolution period versus energy
U.E T T ]

0.18

016
014
012

0.1
0.08

T-T 0ins)

0.06
004
.02

(1] 1
10 12 14 16 18 20

energy (GeV)
660 ns lattice from D. Trbojevic and 900 ns lattice from E. Courant.

Assume negligible energy input to the RF system during acceleration|1]
1-D update equations are

Tar1 = To + T(E,) (1)

2 1 dV(3) t
(a) f{f} = wr s Ji + w"’f::rdtlv{tl} {2}
E*.-:n+l = En -+ QV{T?1+1} {3}

I{t) smoothed by 0.5 ps. V(t) updated with At = 0.15 ps.




E/g and 10*Vri (GV)

E/g and 10*Vrf (GV)

20 turn acceleration, 0.2 eV-s, 660 ns lattice

S

—
cn
|

-
=
|

0
20

330.2 330.4 330.6 330.8
time (ns)

20 turn acceleration, 0.2 eV-s, 900 ns lattice
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Energetics of the RF system
For 6.25 x 10" muons the total charge is 1uC.
Assuming a factor of 2 voltage drop the initial stored energy in the
RF cavities is
U=10GV x 1uC x % = 13kJ

The stored energy is related to the voltage and impedance by
VE
U —

g
Q

Taking a total voltage of 500 MV and w,; = 27w x 200MHz one
obtains (/) = 7.6 k.
The simulations used this impedance and V' = 600 MV so the voltage
dropped to 400 MV at the end of the cycle.
Taking 10 MV per cavity the requisite B/ per cavity is 1262
The stored energy per cavity is 300 J.
For £ = 10 MV /m the volume is 0.7m?.
With 60 cavities some extra straight sections may be required but,

since 10 GeV > 106 MeV = my,c*, the straights will have a negligible
effect on dT'/dE.
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Conclusions:

* The latest results in the FFAG lattice
without opposite bends with distributed
RF are very encouraging.

* Present codes MAD and SYNCH should
be checked by either other codes or by an
analytical calculation.

* If it is shown that the presented idea is
really possible the whole muon
acceleration should be redone.




