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The Reason for Beam Cooling:
Some of the Physics that Cooling Allows





obvious:

cooling and control of cooling
is the essential reason for our 

existence,

gives us the opportunity
to do and talk about

physics that cooling allows
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Dipole                Breathing
oscillations of a one-dimensional 

Bose-Einstein condensate

Bose-Einstein condensate:
momentum distribution of 

ultracold bosonic atoms

generate laser light 
for atom cooling, 

trapping and 
manipulation

Vacuum chamber 
surrounded by 

optical elements 
and magnetic coils

D.M. Harber et al, 
Phys. Rev. A 
to be published



P(o) x, x`, y, y` ε







COSY dipole

target

drift chambers

scintillator S1

scintillator S3

Cerenkov
counter

neutral particle
detector

beam

drift chambers

scintillator S1

silicon pads + scintillator

pp � ppK+K-

dipole

hexagonal drift chamber

silicon pads

+ scintillator

target

beam

K-

pp
K+drift chambers

scintillator S1

silicon pads + scintillatorsilicon pads + scintillator

pp � ppK+K-

dipole

hexagonal drift chamber

silicon pads

+ scintillator

target

K
+

p

~1m

~1m



100

200

30 60 90 120 [minutes]

ev
en

tr
at

e 
/s

0

no cooling stochastic cooling

spilltime

60 min.



η (= p      /m  c)π,max π

0 0.2 0.4 0.6
0

10

20

30

40

50

pp     pp π 0

σ 
   

/η
   

(µ
b)

to
t

2

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10 2

0 0.5 1 1.5 2 2.5 3 3.5 4

P
beam

[GeV/c]

total

elastic

pp η

ΣpK
+

ΛpK
+

ηpp ´

cross section

πd
+

ppK K
+ -

COSY

σ
[m

b
]

IUCF
first:



0

50

100

150

200

250

300

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

missing mass  [ GeV/c2 ]

p p →  p p  X

ev
en

ts
 / 

0.
5 

M
eV

/c
2

0

50

100

150

200

250

0.945 0.95 0.955 0.96 0.965
missing mass  [ GeV/c2 ]

ev
en

ts
 / 

0.
5 

M
eV

/c
2



pp → ppη
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p     +    p                      Λ    Λ

Kent D. Paschke
CMU

SF    :

SF = 0

SF = 1

MEX

QG: SF= 
       const. = 0



p     +    p                    Λ  Λ

Dnn  ( = 1)

p     +    p                    Λ  Λ

Knn  ( = 1)

MEX --> tensor interaction --> spin flip --> Dnn and Knn negativ
 QG   --> minor tensor interaction --> smaller and positive Dnn and Knn

Kent D. Paschke
CMU
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QG QG



p

θp

Λ

π−

C

p

Λ

π+

P

p

Λ

π−

CP

p

Λ

π+



Α = =   0.006 ± 0.014

direct CP violation test:

I(θ  )  = I   (1 + α P cos θ   )yy 0
I(θ  )  = I   (1 + α P cos θ   )yy 0

P  =  P  

α + α

α − αA =  (α + α) / (α − α)  = 0.006 +- 0.014



99first H - production and - detection at LEAR
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CERN - 
Accelerator - Complex

LHC

former 
AAC complex
changed to 
AD

� � � � � � � � � � 	 � � � 
 � � �


 � 
 	 � � 	 � � � � 	 � � � �

� � � � � 	 � � 	 � � � � 
 � � � � � � � 	 � � � 
 �
� � � � � � � �

� 	 � � � � � �  

! � " #

$ � %

% � !

% � &

� � � � 	 � � � �  

' ( 	 ) * +
& $ , & % - ! " , ! ! - " . , " $ - # & , " / -

' ( 	 � 	 0 
 & & ! &

/ " , 
 % -

� � � � � 
 	 � � � � � � � �

1 
 � � � � � � 	 � � � 
 � � �

& & � . 	 � �

� � � � 	 2 � � � � � 3 	 4 � � 	 3 � � � 
 � � � � � � � 	 , ' ( 	 ) * - 5 	 3 � 2 � � � � � 3 	 4 � � 	 � � � 
 � � � � � � � � � � � � � �

� � � 	 � � � � � 
 � � 





� 2 � � 	 � � � � � � � � �

� � � � � 	 � � � � � � � �

� � � � � � � � � � 	 � � � 
 � � �

& # � / 	 � �

1 
 � � � � � � 	 � � � 
 � � �

" � " 	 � �

' � 2 � � � � � � �

( � � � 	 1 6 � � � � � � � �

� � � � � � 	 � � � � � � � �

P(p) = 100 MeV/c
( E(p) = 5 MeV )
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• CPT invariance
high precision 
spectroscopy

• gravitation
matter - antimatter

CPT invariance 
fundamental feature
of local relativistic
quantum field theories

gravitational force
between matter and antimatter
is essentially unknown
even in the sign

Motivation
to make and study Cold Antihydrogen



 Apfel Anti-Apfel Anti-Apfel 

  Erde  Anti-Erde 

  Standard-Modell der Physik:
  
 G - wohl verstanden          G - nicht experimentell 
                                  bestimmt      

  Erde 

Standard model of physics

G – fairly well understood G – experimentally not known,
not studied

apple anti-apple anti-apple

earth anti-earth earth
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hydrogen  1s – 2s   spectroscopy
cold (5-7 K) H atomic beam

two photon excitation

velocity measurement 
→ correct 2. order doppler shift

laser photon density variation
→ correct stark shift

1s

2s 2p
(τ ~ 0.12 s) (τ ~ 1.4 ns)

243 nm

243 nm

M. Fischer et al., eprint physics/0311128
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potential valley
for  + charge

potential mountain
for  – charge

impossible to trap 
positive und negative charge
within the same Penning-trap

project:
make cold particles of opposite charge to interact
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• maximize production rates !
• produce ‘cold‘ H0                                                         !

study trapping mechanisms !
• ground state H0                                                               !

• cold trapped positrons
• cold trapped antiprotons
• overlap of p and e+

• combine p and e+ for production of H0 

the way to high precision H0 spectroscopy

• trap neutral H0                                                               !!!
• laser cooling !!!
• 1s-2s spectroscopy !!!
• gravitational questions !!!

ATRAP-I

ATRAP-II
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γ- detection
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Das elektrische  Feld (E) ionisiert
Elektronenbahnen im 
Antiwasserstoff - Atom
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H production and detection
(Phys. Rev. Lett. 89 (2002) 233401 , 213401) 



measured

from simple
linear fit

linear fit plus various
field-ionization models

n – state distribution
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velocity measurement

potential distribution in the trap
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∆B ~ 1T

H trapping efficiency

magnetic quadrupol trap (Ioffe trap)

< 5 % (4.2 K , ∆B=1T)
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