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Charge from Fermilab

Sep 13, 2000 letter from John Cooper to me states “I
am asking you to lead the work at Fermilab on the
following tasks:

1.  Design of a muon testbeam that can be used to
study the performance of a cooling section.

2. Simulation of the response of a cooling test
section to the test beam. Hence determine what
properties of the cooling channel can and cannot
be tested in a muon beam.

I would like a short report on these items to be given to
Mike Shaevitz, Steve Holmes and myself by
April 15, 20017,
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Three options for Muon Beams

e 1)Low intensity beam for single
particle experiment

e 2)Muon beams for a linear cooling
channel demonstration which may
be also be used for injection 1nto a
ring cooler scheme

e 3)8 GeV proton beam for injection
into a ring cooler with internal target

e Option 1) is currently out of favor
due to difficulty in instrumenting for
single particle detection in the
presence of RF
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Three options for Muon Beams
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Muon Test beam-Targetry

1 Targetry and Primary Focusing

(N.Holtkamp, N.Mokhov)

e 8 GeV proton beam (FNAL Booster)
o Active target
e Li lens for primary focusing

Shield
85¢
1.6cm Target Li-Lens
15cm 40 cm

Figure 1: Schematic of the target station.

Proton Beam: 8 GeV, 0, = 0, = 6 mm, o, = 30 cm, 750,000 protons
Copper, L =15 cm, R =1.6 cm, G = 4.39 T/cm,
Biaz = 7.0 T, J =560 kA
Li Lens: L =40 cm, R=8.5cm, G =0.158 T/cm,

Biae = 1.34 T, J =570 kA

Target:
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Muon Test beam-Decay channel

2 Beam Characteristics after Li Lens

Yield: 7~ /p=0.119, p~/p = 0.0022

Energy distribution of = +u after Li lens X-Y phase space after Li lens
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Muon test beam — Decay channel

3 Q-Decay Channel: Lattice and [-functions

13.7 sm

36 cm, G = 0.059 T/cm, R

e Quads: L

e Drift 36 cm

e No RF

Lattice and B—functions of Q-channel

Z (m)

Figure 6:
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Muon test beam —Decay channel

4 Muon Beam Characteristics in Q-Channel

e Radius of aperture 13.7 cm
e E-window 255-355 MeV e T-window 475 cm

Transmission and emittance in Q—channel Trajectories of muons after =—u—-decay
(T-window 75 cm, E-window 255-355 MeV) (pions are going along the axis)
1.0 T T T T T T T 20 T T T T T T
09 | s—= 7i/p (%) B b / \/\ A
osl 5 wp (%) ] 15 A A
: o——o (m+u/p (%) 10 [
0.7 *—— U emittance (cm)
06 5y
£
05 S 0
x
04 5t
03
_lo L
0.2
0.1 W7 -5 ¢ \V\/ ]
¥
0.0 , . . . . . . _20 . . . . ) . .
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Z(m) Distance (m)
Figure 7: Figure 8:
Longitudinal phase space after decay channel  Transverse phase space after decay channel
wp =0.5% (total), 0.07% (in the window) R.m.s. emittance of muon beam 5.9 mm
- ‘ ‘ 40
900 f .4 1 30t ]
> 20 1
L 700 - R
= 5 10} ]
>
8 3 0 1
£ 500 i 2
= o -10 ]
e
300 | ] —20 ]
_30 E a1
100 L L L _40 L L M L L L
-200 -100 0 100 200 -15 -10 -5 0 5 10 15
Time x ¢ (cm) X (cm)
Figure 9: Figure 10:

2-May-2001 Rajendran Raja,Muon Collaboration Meeting 8



Px-<Px> MeV)

Conventional cooling- Double Flip linear
channel-results Every 2.5 meters xpx plots

100 4 4 S
8of . o o sk o sk 3 sof
. = = =
60F A 60F A 60F A 60F -
g o &
40 Y 40 Y 40 Y 40
F X F < F X F
2 X 20 ) & X
oF < o oF oF
20F ¢ -20F -20F -20F
-40F -40F -40F -40F
-60F -60F -60F -60F
-80F -80F R -80F -80F
-100 1 1 1 1 1 1 1 -100 1 1 1 1 1 1 1 -10 1 1 1 1 1 1 1 -10 1 1 1 1 1 1 1
-200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200
X-<X> (mm) X-<X> (mm) X-<X> (mm) X-<X> (mm)

Px-<Px> MeV)

100 100] — 10 — 10
N S S
80F O gof D sofF v sof
= = =
60F A 60F A 60F A 60F oo
& & & .
40F v a0fF v 40F v a0
- x - x - x -
20 a 20 a 20 a 20
ofF oF oF ofF
-20F -20F -20F -20F
-40F -40F -40F -40F
-60F -60F -60F R -60F
-80F -80F -80F -80F
-100 (RERI IRTR TR FRRTI FRRTH ITRTY FRTH1 FRTTY -100 (ETTE FRTHI FTTN1 RTET FARTE FRRTE INETY FATHY -10 (RETH FRTNI FCRRTI UL FRRTI FRETY FRATI FRTE] 1 (RRTIFRTNI FRTR1 AT RRRTE FRRTE FTRTE FRUT]
-200 -150 -100 50 O 50 100 150 200 200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 50 O 50 100 150 200 -200 -150 -100 50 O 50 100 150 200
X-<X> (mm) X-<X> (mm) X-<X> (mm) X-<X> (mm)

S H
5
8

Px-<Px> MeV)

Px-<Px> MeV)

58
e
g

< 10 <)
= S S
80F 2 sof @ sof @ sof
= = =
60F A 60F A 60F s A 60F
: & & & §
40F . ey v 40F v 40F Y 40F
- ¥ x - * x - x =
20 Y B X
ofF . oF ofF of
-20F -20F ! -20F -20F
-a0F -40f N -a0f . a -a0f
-60F -60F -60F -60F
-80F -80F -80F -80F
-100 1 1 1 1 1 1 1 -100! 1 1 1 1 1 1 1 _10 1 1 1 1 1 1 1 _10 1 1 1 1 1 1 1
-200 -150 -100 -50 O 50 100 150 200 200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200
X-<X>(mm) X-<X> (mm) X-<X>(mm) X-<X> (mm)

10!
= S S
80F © 8oF © 8of © sof
= = =
60F A 60F A 60F A 60F
X x x
40F o 4oF o 4o0fF a  40F
v v v
F X F < F x F
20 & : g o X o .
of oF of - (3
-20 -20p -20F -20p
-a0F -40f . -a0F o -a0f }
-60F -60F . -60F -60F
-80 -80 -80F -80
-100! 1 1 1 1 1 1 1 -100! 1 1 1 1 1 1 1 -10 1 1 1 1 1 1 1 -10 1 1 1 1 1 1 1
-200 -150 -100 -50 O 50 100 150 200 200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200
X-<X> (mm) X-<X>(mm) X-<X> (mm) X-<X>(mm)

Px-<Px> MeV)

100 . 100, . 10 _ 10
> > >
80F @ 8oF @ sof © sof
= = =
60F A 60F A 60F A 60F
) & : g &
40F v a0fF v a0F v 40F .
- x F X - x -
20 X 20 ) & 20 . X 2 )
ofF oF ofF : ofF B
-20F -20F -20F -20F
_a0F S . - -40F -40F °o . -40F .
-60F -60F -60F -60F
-80F -80F -80F -80F
-100 1 1 1 1 1 1 1 -100 1 1 1 1 1 1 1 -10( 1 1 1 1 1 1 1 -10! 1 1 1 1 1 1 1
-200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200
X-<X> (mm) X-<X> (mm) X-<X> (mm) X-<X>(mm)

-



!

Conventional cooling- Double Flip linear
channel-results Every 2.5 meters En-ct plots
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Ring Cooler ideas

* Initial scheme from V.Balbekov

Injection 77 \ Extraction

Period

7.5m

- J

316.5cm

OLL-TT T T T 11

Period:
Solenoid coail
LH absorber

_—
= LiH wedge absorber
and field flip

—

LI

Cavity
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Ring Cooler —New scheme from

pS

Balbekov

Layout of the ring cooler

6.40m ‘
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]

Bending magnet
45deg, R=42cm

= Solenoid coils

—= Direction of magnetic field
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Figure 1: Schematic of ring cooler

Parameters of the ring cooler
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Ring Cooler

Layout and field of SS

j =101 A/mm"2 253 -253  -101 A/mm~2
4cm

— =

23cm

19.3cm [19.3cm | 2cm
!

140.9 cm

Figure 2: Coils in short straight section (with field flip).

. ~ 44cm 20em
e A

640 cm

Figure 3: Coils in long straight section.

Bending|magnets

-10 -5 0 5 10
Z (m)

Figure 4: Axial magnetic field of the period (1/2 turn).
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Ring Cooler

Cooling of a bunched beam

Injected beam: ox =0y =4.1 cm
op, = O'py =31 MGV/C
oz =85cm, op =19 MeV
ex=¢ey=12cm, €4 =15cm
After 15 revolutions: ex = 0.22 cm
ey = 0.22 cm
Ez = 0.60 cm
Transmission: 64% without decay
45% with decay

3.0““““““““““““““
i ~——= Horizontal emittance (cm) 1

25 | +——~ Vertical emittance (cm) ]
0 =——=o Longitudinal emittance (cm) ]
% +—— 6D emittance (cms)

2.0 1, e——e Transmission ]

Emittance/Transmission

Period number (1 rev.=4 per.)

Figure 5: Emittance and transmission at the cooling of bunched beam.
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X-P, phase space at injection

Ring Cooler

Phase space of the beam

X-P, phase space after 15 turns

100 : : : 100 : ; ;
50 - ] 50 | ]
g
>
0r ] 2 0r ]
o
-50 ] -50 ]
-100 I . . ~100 . . .
-20 -10 0 10 20 -20 -10 0 10 20
X (cm) X (cm)
cT-E phase space at injection cT-E phase space after 15 turns
400 : : : : 400 : : ; ; ;
350 ] 350 ]
N
()
300 ] = 300 r ]
uf
250 ] 250 ]
200 L L L L L 200 L L L L L
-30 -20 -10 O 10 20 30 -30 -20 -10 O 10 20 30
cT (cm) cT (cm)
P, —E phase space at injection P,—E phase space after 15 turns
400 : : : 400 : ; ;
350  © . ] 350 | ]
S
[
300 | ] = 300 ¢ ]
uf
250 ] 250 ]
200 L '\ L 200 L L L
-100 -50 0 50 100 -100 -50 0 50 100
P, (MeV/c) P, (MeV/c)
Figure 6:
Rajendran Raja,Mdon Collaboration Meeting

15



Ring Cooler -Performance

Bunching in the ring

e Current carrying target 15 cm Cu
e Primary focusing: Li lense
e Decay channel: solenoid B =3.56 T, R=15cm, L = 16 m

4.0 T T T T
~——= Horizontal emittance (cm)
v——=~ Vertical emittance (cm)
=——=a Longitudinal emittance (cm)
3.0 +——* 6D emittance (cmg) B
e——e |/p ratio x 1000

Emittance or p/p ratio
N
o

104

00 L L j L AL

Period number (1 rev.=4 per.)

Figure 7: Beam emittance and p/p ratio in the ring cooler
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o w
-50 r 1 250 +
o © 0 0
_100 1 1 1 200 L L L L L
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Figure 8: Phase space of the beam after 3 and 15 turns
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Ring Cooler -Performance

Muon yield at internal target

Beam emittance and yield in the ring cooler
(internal target, gathering at 90°)
s——= X em. (cm)
v Y em. (cm)
=—=>8 Zem. (cm)

n
=}

Emittance or u/p ratio
= P~
o (6]

o
o

0.0

Period number (1 rev.=4 per.)

Figure 9: Beam emittance and p/p ratio in the ring cooler. Wedge absorber

is used as a target
Beam emittance and yield in the ring cooler
(internal target, gathering at 0°)

3.0 T o T T
i n a—=a X em. (cm)
v— Y em. (cm)
25 —=aZem. (cm)
A o—onpx10°

n
o

Emittance or u/p ratio
= P
o (&)

o
o

o
o

Period number (1 rev.=4 per.)

Figure 10: Beam emittance and p/p ratio in the ring cooler. Internal target:
Cu, L=22 cm, R = 7.5 mm. Number of muons is 20 times less if the target
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Injection ideas

[t 1s difficult to inject beam of either pions or
muons into the ring cooler.

e Try injecting protons (8GeV-1-3ns bunch) and hit
one of the wedge targets. Simulation of pion

production and capture at 90 degrees is being
conducted by N.Mokhov

*  Muon Collider/Neutrino factory fellow —Z.Usubov
and RR are simulating this setup in Geant321.

« Ifwe can show that it is possible to capture
sufficient number of muons this way, then we need
to go into an engineering study that will put the
design onto a more realistic basis. This can be
followed by cost estimates etc.

e The beauty of this scheme (if it works) 1s that it
would demonstrate cooling (6D) on modules that
are used by the regular cooling channel. Reusing
the modules turn by turn (20 turns foreseen) would
reduce the cost of a cooling demonstration channel
by that factor.
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Geant Simulation of ring cooler

ARTRING COOLER-NEW SCHEME FROM BALBEKGM:/01

1 1 1 1 1 1 01 1
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Geant Simulation of ring cooler
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Geant Simulation of ring cooler

Short Section Solenoid

2001/01/26 17.41

Short Solenoid (bend region) field in KiloGauss
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eant Simulation of ring cooler
Short Section Solenoid

2-May-2001
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Geant Simulation of ring cooler

Long Section Solenoid

2001,/01/26 17.41

Long Solenoid (bend region) field in KiloGauss
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Long Solenoid (bend region) field in KiloGauss
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Geant Simulation of ring cooler
Long Section Solenoid

0.75
0.5
0.25

-0.25
-0.5
—0.75

2001,/01/26 17.41

Long Solenoid (bend region) field in KiloGauss

45
42,5
40
37.5
35
32.5
30

275

5 -
2.5 =300
LONG SECTION BZ ZVS R

2001,/01/26 17.41

Long Solenoid (bend region) field in KiloGauss

N
N
]

5 -
2.5 =300
LGONG SECTION BR Z VS R

2-May-2001 Rajendran Raja,Muon Collaboration Meeting

24



Geant Simulation of ring cooler

2-May-2001

Bend Dipole

2001,/01/26 17.41

Dipole field in KiloGouss
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Geant Simulation of ring cooler
Bend Dipole

2001,/01/26 17.41

Dipole field in KiloGouss
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Equations of motion in presence
of electric and magnetic fields

p, Eis the particle 4 vector, u 1s the
tangent to the trajectory, s the arc length,
v the velocity,nis the Lorentz factor

c the velocity of light,

m, the particle mass,q the charge

—

g 1is the electric field, B is the magnetic field
d_p =q(E+VvX ]§)

dt

dp dp ds dp

dt ds dt ds

P =umyc]

dp . dp dE

— =po—=>—=gq(Eou) (1
p TP = qg(€ou) (1)

2 — —
du:d q[ux]§+£ £ j (2)
%

ds ds*° p 1%
dt

—=— (3

ds v )
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Runge-Kutta Equations

* Runge-Kutta 1s performed on 3
equations simultaneously.Nystrom

algorithm
V=10 y,x)
solves to

yx+h) = y(x)+hy'(x)+(h°/6) K, +K,+K,)+O(h)
V' (x+h)=y"(x)+(h/6)(K, +2K, +2K,+K,)+O(h’)
K,=f0'",y,,x;)for j=1234

X, =X, X, =X, =x+h/2,x,=x+h

Py =9(x), 3, =3 = y(0)+(h/2)y'(x)+ (1" /8K,

v =y(X0)+hy' () +(h* 1 2)K,

YVi=y'(x),y,=y'(x)+(h/2)K,,yy=y'(x)+(h/2)K,,
V'y=Y'"(x)+hK,
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Test results

Muons+/— Momentum = 0.1 GeV/c

B =10 KiloGauss out of paper

F=1E6V/cm

Muons+/+ Momentum = 0.1 GeV/c
B =10 KiloGauss out of paper

F=1E6V/cm

2-May-2001

Pions+/— Momentum = 0.1 GeV/c

B =10 KiloGauss out of paper

F=1E6V/cm

Rajendran Raja,Muon Collaboration Meeting

~_ T~

29



Test results

Fiong+ /'~ Memerdum = 0.1 3¢

E =17 KilaGowss oul of papsr

E=1E6 W/ /cm
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y cm

Runge Kutta results

2001/04/17 11.07

2001/04/17

Fit results

XO/MABIE—05/ 1406

P1 0.1455 + 0.3660E
P2 0.1000E-02 £ 0.1045E—C

0.1GeV/c muon in 1 tesla field (z)and E=1 MV/cm(x)
i 3 i
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L o L
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i 014 |
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| | | | | | bl b Ly |
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2001/04/17 11.08
0.1GeV/c muon in 1 tesla field (z)ond E=1 MV/cm(x) DPGEANT
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Solenoid end field kick

One needs to simulate the end field of the solenoids
by changing the transverse momentum of the
particle by the following equations. These assume
that the field of the solenoid B, changes abruptly
from its end value to zero while obeying Maxwell’s
equations. The kicks at entrance 1s given by

Ap. =§(2.99><10*‘)sz

y

Ap =—§(2.99><104)sz

At exit, the signs are reversed.
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Solenoid end field kick

W SCHE’.L\JEAW@W%EW SCHEME FROM BALBERK@Ms/o01
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Magnet Design and calculations
Steve Kahn(BNL), Peter
Schwandt(Indiana)

Sketch of Dipole Magnet

J"_lim.ﬂ

Pole face is shaped to
achieverequired gradient

The design of the wedge
magnet isfrom P. Schwant

e (dated 30 Jan 01)

10 April 2001 Ring Cooler Magnet System Page 3
S.Kahn
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Magnet Design and calculations
Steve Kahn(BNL), Peter
Schwandt(Indiana)

Tosca Model for Wedge Dipole

95 cm radius >

— End of Return Iron for Large Solenoid

¢ 15 cm endplate
10 cm gap between dipole and shielc

CoailsinthisModel are
assumed to be
superconducting

10 April "' ®001 Ring Cooler Magnet System Page 4

S.Kahn
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Magnet Design and calculations

B, along Beam Path in Wedge Magnet

vlcrnyvauarntulrrriturunnu)

Field Along Reference Path
35000
TN
30000 End Plate / \
25000 / \
20000
2 15000 / \ —8By
i vV / \ — Bz
- 10000
o0 / \ —Bx
5000 / ~_
0 A\ —
5000 \y
-10000 : : : ‘ ‘ ‘
-50 -30 -10 10 30 50 70 9
Position, cm
10 April 2001 Ring Cooler Magnet System Page 6
S.Kahn
Permeability of Dipole
1 contours y_\_:mn l0go(1)
it
Blueiscloseto 1 v_;m u'm
;E%;‘em.mu zuzlraz 405424
10 April 2001 Ring Cooler Magnet System Page 5
S.Kahn
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Magnet Design and calculations
Steve Kahn(BNL), Peter
Schwandt(Indiana)

Fields in Large Solenoid

- ()
300007 4 k] o)
T 2
A 'z O
=eo Axial Field 'm &
|8 _ o .
asoo0a- = *Note: Coilsareinside cavity
IS R.=18 cm.
200000 g’
9 IS *Run with coils outside RF
o ma D cavities failed and is being
o
o ) _ .o recal cul ated.
o wxo-Radial Field 10 |
cm off axis
000 \ |
A
! Poce il W
acal X coord DB [+14] (1] o0 [+ 1) a0
xal ¥ ecord 00 Q.0 0a Q0 00 an
walZecord  -2800 -208D 130 £4.0 B0 0.0
— _ Gomponent. -EZ, Inegral = BRSE0E5.0
Gomponent: -BZ, Inlegral = S5E085.0
10 April 2001 Ring Cooler Magnet System Page 9
S.Kahn

Field in Short Field Flip Solenoid

R
200000 K Y

' Iron Plateat end of solenoid

18000.0[— I Y
i [
10000.0— i
I

2]
2 sooool
(2] N
c aof=— - ! L e
5 Ty |
T moool i *
i B, 10 cm off axis
,,,,, -
' P
"""" | ;+—B, on axis
200000 [— 1 !

doo

10 April 2001 Ring Cooler Magnet System Page 10
S.Kahn
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New design with bend magnet
radius = 53cm

Ring Cooler Update
V.Balbekov 04/24/01

-

Vs — 4
| | 45
D 0.619m
Bending magnet
45 deg, R=52 cm
D1.830m -
= Solenoid coils
¢.¢ —= Direction of magnetic field ¢.¢
B L iquid hydrogen absorber
» LiH wedge absorber
Cuts off 1/2 of aperture
-

L] 201.25 MHz cavity
The ring cooler layout (new version, Rpeng = 52 cm).

1.744 y
,
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New design with bend magnet

radiusrm.d3cm
Parameter Old New
1. Circumference 32.555m  36.955
Equilibrium energy (total)
minimal 232 MeV 230 MeV
middle 250 MeV 250 MeV
maximal 268 MeV 270 MeV
3. Number of bending magnets 8 8
4. Bending angle 45" 45Y
5. Bending radius 42 cm 52 cm
6. Bending field 1.80 T 1.453 T
7.  Normalized field gradient 0.5 0.5
8.  Length of short SS 1.409 m 1.744 m
9.  Length of long SS 6.070 m 6.678 m
10. Maximal axial field of solenoid 4.32 T 4.30 T
(5.18 T)™)
11. Revolution frequency 8.378 MHz 7.1875 MHz
12. RF harmonic number 24 28
13. RF frequency 201 MHz  201.25 MHz
14.  Accelerating gradient 15 MeV/m 15 MeV/m
15. Main absorber LH,120 cm LH,140 cm
16. Wedge absorber LiH, LiH
dE/dx =2 x 0.42 MeV/cm 0.75 MeV/cm

(*) as an option
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New design with bend magnet

radius = 53cm
Short Straight Section

Function of the section: to create dispersion only in SSS

j =8151 A/mm"2 203.78 -203.78 -100.92 A/mm"2

2.48 cm @5 cm
e

28.48 cm

46.94 cm

174.39 cm

Layout of the Short Straight Section.

B,(Tesla)

Axial field of the Short Straight Section.
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New design with bend magnet
radius = 53cm

Dispersion Function

Dispersion function (cm)
o

0 2 4 6 8 10 12 14 16 18
Z (m)

Dispersion function at 1/2 of the ring.

20

Dispersion function (cm)

=
o
T

O S NU R S RS SR R !
125 13.0 13.5 14.0 14.5 15.0

Z (m)
2-May-2001 : Raj_endr%n Raja,Muon (folla oration Meeting
Dlspersmn unction and wedge absorber.
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New design with bend magnet
radius = 53cm

Long Straight Section

273.9cm - 120cm_ 273.9cm ‘

v
! J=45.66 A/mm2 !

@ R81cm

l R81cm

J=43.79 A/mm2
197.9cm 272 cm | 197.9cm
667.8 cm

Long Straight Section. A, B - different designs.

6

5

T4

© 4

(] [

CDN I
5 ——[Coil B
? —— | Coil A

_ _ 1:‘H‘_\‘H‘\‘_“‘\“H\““\.HH\‘.“‘:
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New design with bend magnet
raéties=853cm

Parameters of injected beam

e Injection point — beginning of long SS
e 6D Gaussian distribution, 5000 muons
e R.m.s. beam size:

ox = oy = 6.6 cm
op, = O'py = 20 MGV/C
oo =9 cm

OfF — 18 MeV
e Normalized emittance:

ex =cy =12cm
Eyg = 1.5 cm
gg = 2.2 cm?®

e Correlation:

(p% + T2/Bi2nj>7’cmd0m

9 9 + AEﬂrandom
m-c

= E’refJ1 -+
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New design with bend magnet
radius = 53cm

Cooling of the Gaussian Beam

w

—— X-emit. (cm)

—— X-emit. (cm)

w

IS —— Y-emit. (cm) —— Y-emit. (cm) i
7 Z-emit. (cm) Z-emit. (cm) =
= 6D-emit. (cm°) 6D-emit. (cm°) 3
8 29 Trans. w/o decay Trans. wio decay | | 2 o
*E Trans. with decay Trans. with decay g
5 :
o o
@ g
g1 ’ |8
g 3
= 2.
LIEJ M K\k s
0 1 1 1 T 0
0 20 40 60 20 40 60

Period number Period number

Evolution of the beam emittance and transmission.
Left — coil A, right — coil B

Beam Parameters after 10 Turns

Parameter Inject. | Old Des. | Des. A | Des. B
X-emittance (mm) | 12.0 2.7 3.1 2.6
Y-emittance (mm) | 12.0 2.3 2.8 2.3
Z-emittance (mm) | 15.0 6.5 8.7 7.5
6D-emit. (mm?) 2160 40 78 44
Trans. w/o decay 1 0.79 0.79 | 0.67
Trans. with decay 1 0.63 0.62 0.52
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Immediate Plans

* Dipole magnet found to have too short a
radius of curvature(Schwandt). Redesign

ring (Balbekov) with radius of bend = 53
cm.

e Complete Geant Simulation with a)current
Balbekov fields b)More realistic fields

using programs such as TOSCA from
Steve Kahn and Peter Schwandt (Indiana)

* Write Report for FNAL management on
feasibility of MUCOOL experiment

* Look at Instrumentation options to
measure emittance in the ring cooler

e Look into Injection and Extraction
Schemes from Ring Cooler (Cosy?)
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