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M
IC

E
=
 M
uon Ionization C

ooling E
xperim

ent

�
A

im
s:

–
D

em
onstration of Ionization C

ooling of M
uons

–
D

em
onstration of feasability to construct cooling

channel item
s

–
 C

heck sim
ulations

–
Explore param

eter space
�

Single Particle M
ethod

�
R

econstruction of the em
ittance (just like in the

theory!)
�

C
om

parison m
easurem

ent IN
-O

U
T

W
hat is that?



C
o

o
lin

g
�

“C
ooling is em

ittance reduction” – Van der M
eer

C
ollim

ation?

T = transm
ission

�
“C

ooling is phase space density increase” – Liouville

�
“Le couling, c’est m

oi” – Blondel



W
h

y
 c

o
o

lin
g

?
�

Stuff m
ore particles in sm

all accelerator.
–

C
ount particles

�
Send m

ore neutrinos to far detectors (⇔
have low

divergence in storage ring).
–

rm
s em

ittance

�
Increase lum

inosity of m
uon collider.

–
rm

s em
ittance

(there are lim
its to the β-function)
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�
Em

ittance? W
hat em

ittance?
–

The 2/4D
 norm

alized transverse em
ittance, of cause.

�
Energy spread ± 50%

, so w
hat γ?

–
Standard solution: A

verage γ.
–

Low
 energy particles are penalized.

(They have a sm
aller bending radius in the solenoid, so

they could be transported, but they are ouside the
allow

ed em
ittance).

–
Single particle m

om
entum

 based rm
s em

ittance
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�
Liouville: canonical variables …

�
W

e should canonicalize at the right place:

ε 2=〈x
2〉〈 β

i γi  x′ 2〉 – 〈xx′〉 2

�
It is just a second order effect …

 but still w
orth

taking into account
�

A
lready one custom

er!
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ε
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1

“cool”

“heat”
Beam

 em
ittance

A
cceptance (fixed)

Effect of m
ultiple scattering

collim
ation

K
. H

anke
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M
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s
u

re
m

e
n

t

5 or n Points

5-6 coordinates

Em
ittance

5 Layers of SciFi or TPG

R
esolution, inefficiencies,

(dE/dx), m
ultiple scattering

R
iem

ann fit, K
alm

an filter

Phase space distorted by
B-field
ε1 , ε2  →

 εx , εy  →
 εr  ; (εl )

N
/N

0

x, y, (t,z)

x, y, (t), p
x , p

y , p
z

x, x’, y, y’, E
, ϕ

HeadcountN
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S
im

u
la

tio
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 S
tra

te
g

y

�
P.  Janot’s program

�
Experim

ent sim
ulation in PA

TH
–

6D
 coordinates read out at detector positions

�
Experim

ent sim
ulation in G

4
�

Feed into reconstruction program
�

Integrated sim
ulation



x[m
]

B=
5T

B=
6.5T

ε
in  =

 ε
0  

ε
in  =

 1.33 ε
0  

ε
in  =

 0.67 ε
0  

B=
3.5T

A
fter 1m
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�
A

s m
uch recycling as possibe, but based on w

hat?
�

First need to know
 w

hat to reconstruct
�

Tiny C
M

S (V
ienna)

�
H

A
R

P reconstruction SW
 (K

alm
an Filter etc. w

ill
becom

e available “soon”)
�

O
ther ideas …
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 it?

�
C

ooling in the 4C
av-200M

H
z scenario is

�
Pretty sm

all effect
�

Prelim
inary answ

er: yes!  (P. Janot)
�

H
as to be seen w

hen all effects are included
�

Scanning through param
eter range im

probable

3%
2D

-Em
ittance reduction

6%
4D

-Em
ittance reduction

10%
6D

-density increase





C
o

n
c

lu
s
io

n
s

�
W

e can do it.
�

N
eed first agreem

ent on
(a) figure of m

erit and
(b) em

ittance definition for high ∆E
�

Som
e parts of sim

ulation+reconstruction are here
�

A
void w

ork on interm
ediate solutions

�
D

ecide on com
puting platform

�
Integrate sim

ulation + reconstruction
�

Tim
escale: before end of the year (M

IC
E proposal)

T
hanks to: S

. G
ilardoni, H

. H
aseroth


