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Production of 
ultra-slow antiproton beams

Why low-energy antiprotons

Cooling scheme

Trapping

Extraction & beam transport

Near-future plans
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ionization cross section for atomic p– 
– D
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single ionization cross sect. for p– – He

Low-energy Antiproton
–– as a probe of atomic processes

ionization :  1–1000 keV
theoretical calculations widely vary
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theoretical calculations

atomic formation :  1–100 eV
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Ir target

Kicker for stochastic cooling

Pick-up for stochastic cooling Electron Cooling

scale

10m0 5

RFQD

MRT in SC solenoid

Extraction beamline

LEBT (116 keV)

26 GeV/c (p)

3.57 GeV/c (p
_

)

3.57→ 2.0→ 0.3→ 0.1 GeV/c

0.1 GeV/c 
  = 5 MeV

(10 keV → eV)

(10–1000 eV)

CERN AD ring
Antiproton Decelerator



5.3 MeV antiproton from AD

~ 100 keV antiproton

sub-eV antiproton

< 10 keV antiproton

extraction of 10–1000 eV antiproton beam

Cooling scheme

RFQD (Radio-Frequency 
              Quadrupole Decelerator)

thin degrader foils

MRT (Trap)
electron cooling

beamline

(63 ± 60 keV)

used also for isolation
of ultra-high vacuum
(10-12 Torr)



Extracted antiprotons
                       : 1000-10eV

100GeV

100MeV

1GeV

10GeV

10MeV

1MeV

100keV

10keV

1keV

100eV

10eV

1eV

AD beam : 5.3MeV 

AD+RFQ :120-60keV

AD+RFQ+Trap
               : < 100eV

Produced antiprotons at AD : 3.5GeV 

Proton beam from PS : 27GeV 
Threshold of antiproton production  

Cooling of 10-11

in energy !

electron cooling : < 1 eV



ASACUSA trap

Multiring electrode trap (MRT)

harmonic region

segmented electrodeUCE DCE
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High Voltage
for capture

High Voltage
for capture

MRT (Multi-Ring electrode Trap)
installed in 2.5 T magnetic field

100 mm



ASACUSA trap

Multiring electrode trap (MRT)

harmonic region

segmented electrodeUCE DCE
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Antiproton Injection



5.3 MeV component

decelerated

TOF

decelerated p̅

Antiproton Injection : Cerenkov detectorsˇ
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Multi-Ring Trap

Magnet
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Extractor Electrodes

Scintillator (track detector)
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Confinement of ps

p
_

e-

0

-V

p
_

p
_

e-+

UCE DCE

harmonic region trapping

cooling

extraction

0

-V

0

-V

0

-V

0

-V

pulsed beam

e- kickout

compression

cloud

ultra-slow p
_

p
_

e-

_
p

UCE DCE

degrader foil Multiring trap

-100 -80 -60 -40 -20 0 20 40 80 100
100

150
200

250
300

0
50

100
150
200
250
300
350

0

50

100

150

200

250

300

tim
e 

(s)

position (cm)

EXA05, Wien, 24 Feb. 2005 – p. 16

-150
-100

-50
0

50
100

150 0
10

20
30

40
50

60
70

0
20
40
60
80

100
120
140
160

-150
-100

-50
0

50
100

150 0

10

20

30

40

50

60

0

100

200

300

400

500

600

position (cm)

tim
e (s

)

harmonic potential region

Ext
ra

ct
io

n

Degrader foils

p
_

T    = 25K
wall

T    = 7K
wall position

time

annihilation
counts

Degrader foils / Center of MRT / Extraction Electrode

Trapping



80 90 100 110 120 130 140 150
0

5000

10000

15000

20000

25000

30000

35000

40000

time (s)

c
o
u

n
ts

100 200 300 400 500

200

400

600

800

1000

1200

1400

1600

1800

2000

2
x10

time (s)

c
o
u

n
ts

p injection
_

p injection
_

trapped p number
_

0

1.2 Million p
_

's trapped
per AD shot of 20 Million

Stacking of several AD shots
4.8 Million for 5 shots

Trapping and Accumulation of Antiprotons

cumulative count of p̅ annihilation v.s. elapsed time



track detector

beamline



VA1 VA2 VA3

MCP1

          BPM

(multiwire detector)

MRT

X-Y deflector
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Confinement of ps
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Extraction
Electrodes

Problem in extraction
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Keys for efficient extraction

Bore alignment

on-axis electron injection (108 electrons)



electron gun



Keys for efficient extraction

radial size of antiproton cloud

beam tuning: focusing p ̅ beam into the trap

decompression of electron plasma

electron ejection

radial compression by rorating E field

Bore alignment

on-axis electron injection (108 electrons)



ρ ~2×1012 cm-3
 (achieved value)
ρσd = 0.05%
@ σ = 10-16 cm2

ρ ~3×1013 cm-3
(design value) 
ρσd = 0.3%

@ σ = 10-16 cm2
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Gas-jet target

RT (300 K)
23 atm

30 K
1.5 atm

105 p̅ ⇒ 102 p̅-atoms
Gas-jet : talk by V.L. Varentsov

d ~ 1 cm



Summary
We have decelerated 5-MeV p ̅ and cooled them 
to sub-eV energies.

Confinement of 1.2 Million p̅’s per AD shot.

Diagnosis and control of electron plasma and 
antiproton cloud.

Slow extraction of antiprotons as a 
monoenergetic beam at 250 eV.

Single-collision experiment to study capture 
and formation process of antiprotonic atoms. 



Related talks

N. Kuroda: Control of plasmas for production    
                   of ultraslow antiproton beams

V. L. Varentsov: ASACUSA gas-jet target: 
           present status and future development
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Cheers!
Félicitations !


