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TOPICS

 Linear Transverse Cooling Dynamics
Penn & Wurtele (PRL), Kim & Wang (PRL), Kim & Wang (MUCool)

« Orbit Stability and Energy Acceptance
Wang & Kim (MUCool)
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SOLENOIDAL FOCUSING
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B(s): solenoidal field on s-axis

Simplest 3-D field satisfyingl B =0,0xB= 0

B(s,x)=B(s)e - 2%&3%@ + non- linearterms
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EQUATION OF M OTION

e Lab frame:
d de dx q., dx
=—gBe.x— —-"B'e.xx—-nP.— +P.
ds 5 ds q > ds 2 ° LEPFIRES
n= 1dk , u: stochastic excitation (M.Sy)
P ds loss 4
e Larmor frame:
e
d __ dx 0).¢
9p MR o px —Psr]Ed—g—Ke xXRH—pSuR
XR
dcp _gB

ds 2P
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ENVELOPE EQUATIONS IN LARMOR FRAME
Phase space variablefx,x'} ={x,y,x",y'}

ds

C::: =—Kk*x -n(x' - KesXX)—u

@)= ey ()
<x'2> = gy By-a®=1

(xX") = -€0

e [Ixxx")=(xy'-yx") =L

Excitation x =72 <u2> = E13'6 Mevg 1 1
[1 PV [0 LRad
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EVOLUTION OF "L ATTICE FUNCTIONS"

R.H.S. are small!

1, 2 _1 B’Z
[] 5B+KB B%+4E:O




)
Rl

Muon Collaboration

EVOLUTION OF "B EAM" PARAMETERS:

dHEH H N TBHEH X
dsrl TnNkB n Obo 00r
LD =
General Solution:

W) =e T OW)+e O dese‘f@z(s)

H C1 ‘Cz(S)E
1G2(8) (s L

G1(8) = [[ASN(S),  Co(S) = [ ASN(IK(S)(S)

F(s) = [[ds(s) =
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PERIODIC COOLING CHANNELS

p(ma)=e"™ My(o)

oW 42T 4y g m-r )] gr oy foAdg T PXE

00
b= ()
04— A 4»1 2 m-1 m
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COMPARISON OF TRANSVERSE EMITTANCE (COOLING FACTOR )
CALCULATIONS FOR MUON COOLING CHANNELS

3.4T FOFO (1| 3.4T FOFO (2| DFOFO
e” 0.19 0.27 0.080
£(mMA\) 0.21 0.34 0.095
ICOOL 0.22 0.34 0.10
DPGeant 0.24 0.37 N/A
. [ dsBE)X()
e U

jg dsn(s)
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COMPARISON OF COOLING PERFORMANCE CALCULATION

normalized transverse emittance
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CANONICAL ANGULAR MOMENTUM INA FOFO CHANNEL
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ANGULAR MOMENTUM M ODIFIES NEUFFER EQUATION !

< Effect of angular
s =-ne +Bx | + nkPL momentum
*\ 
; —Neuffer
— =-nL +nKpe
ds

Equilibrium Emittance:
L _JIOXO)
dsn(S)

7:/% Hdw@/é deE

= 1 for alternating solenoids [R. Palmer]
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MINIMUM EMITTANCE FOR SINGLE FLIP

A

Constant magnetic field
£
KB — 1, CD%———) 00

e™ _ m (linearly divergent) .

Minimum emittance foe™ << g(0)
% [B
Emin <€” 2In(4e(0)/e )E

(€” = equilibrium emittance for alternating case with the sgjme
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Single Flip Cooling Channel: Principle

COOLING CHANNEL #1 i

L =50m, B (on axis) = -5T / COOLING CHANNEL #2
—————————————— / T L = 100m, B (on axis) = 5T

MATCHING SECTION
L =2.47 m, Single Field Flip

Figure 1. Schematic Layout of the Single Flip Channel

Single-Flip Matching Section ‘\ /V
-changes Larmor center and A

radius for all particles \\ Ny
/
S

Cooling Section #1: B = -50Dn axis Y Cooling Section #2: B = +5T on axis
-Cools Pt (rms), beam radius ~unchanged -Cools Pt (rms) and beam radius (rms)

Figure 2: Particle Motion Cartoon in the Single Flip Channel

Jocelyn Monroe. FNAL
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COMPARISON OF FOFO AND SINGLE -FLIP COOLING CHANNEL

K £¥/eg=0.5 —
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HILL 'S EQUATION

=X rk%(s)x(s)=0

ols2
20\ — . _HaL 2
K°(S) =09 + 20, cos 2s + @, cos 4s + ...; 0y = <BS
T[PS
G.W. Hill "On the Part of the Motion of the Lunar Perigee

which is a Function of Mean Motion of Sun &
Moon" (1886)

Whittaker & Watson

Magnus & Winkler



STABILITY CRITERIA

TrR(T) = A = 2 — 4sin? %[JGTOQJD

0
6 + Nn—m
Al 90 _4n2

A = 2co [B,0)+ T[Slr:/\/»>n2961n2+m
n=1%0

D= (Hill's determinant)

Stability |A/ < 2.

2
Stopband centered a0, Dn§+ 56”E

width: A./6, Dne—
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FOFO

B(s) =B sins
B%(s) = B (1 - cos 2s)
0,=6; - "maximally unstable"

To reduced,
B(s) =B (sins+asin3s +...)
B%(s) = B’ (sirfs + & sin 3s + 2a sin s sin 3s + ...)

_ 201 _
BOZE11 (:20323 + 2 (L 200868) +a(Cc0os2s— cos4s) + %
| |

!
2

Choose a



on-axis field streingth in Tesla
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V. BALBEKOV 'SFAST-FLIP COOLING CHANNEL
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RESONANCE SUPPRESSION INV. BALBEKOV 'S CASE

unstakble region |
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21 resonance

-
[
kJ

0.4 0.6 0.8
muon momentum in GeV/c

At 200 MeV, {kO0, K1,...,k14} =
{3.8186, -0.0039, -0.0047, -0.0060, -0.2239, -0.3203, -0.3345, -0.2976,
-0.2383, -0.1759, -0.1212, -0.0783, -0.0477, -0.0272, -0.0146}



fac

Muon Collaboration

APPLICATION TO G. PENN’'S SUPERFOFO EXAMPLE

unstable region

|
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L EARNING TO OPTIMIZE (MINIMIZE )
BETA FUNCTION

3(s)= L sin(,/6,T) . i Re[en eizns] .
T[\/e»O(Sian) n=1 n® -0
Minimize L
Large phase advande

IIII@_III

0 CICIC

Maximize 0, =

Lq 2 :
2P, <BS > (higher pass band)
Large6, to cancel 1

*All these within the stability limit!
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V. Balbekov fast field flip channel at P=300MeV

— exad
— approx.
0.6
0.63
0.6
0.62

SuperFOFO example of G. Penn at P=200 MeV




