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Requirements

solutions

* Stable storage and cooling of
106~8 antiprotons
* Monitoring of plastma modes

# Penning type trap

# Harmonic potential well
# 10um precision

# Gold plating

* Pulse length of 50keV
antiprotons from the RFQ
= 300ns

# Trap length = 50cm
(Harmonic region = 10cm)

* Vacuum in the magnet bore
~ 10-12Torr or better

# Oxygen free copper
# AIN (high thermal conductivity)

* Injection from RFQ
* Extraction of stored antiprotons

*Ne+Mp< 6.6 x 1010 _
( Brillouin limit of p )

# Cylindrical electrodes
# Central harmonic potential
region ~ 10cm

* Control of plasma shape and
density by rotational RF field

# One segmented electrode

* System control from outside
the area

# LabView + GPIB + CAMAC
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*ZnO (light emitter)

* ITO (tranparent ; electrically conductive)

* CCD (image monitoring)

CCD : Rox 40 (1/2 inch)
0.005 Ix (F1.2, normal mode)
0.0005 Ix (F1.2, high sensitive mode)

f

ZnO : emmision peak at 505nm
1/10 decay time : 4~500 ns
ITO: O10Q
transmission = 87% at 500nm
can also be used as a F.C.

Image size : 5~6° =>
Zoom lens (12.5-75 mm ; F1.8)

Degital video : DCR-TRV900
8 Ix (F1.6)
> 100 Ix (recommended)
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number of electrons ~ 1.1 x 108, linch off axis

pressure outside the cryogenic region ~ 3.5 x 10-9 Torr
rotating field : 60 sec wait after the injection of electrons
voltage swept from 500kHz to 3MHz, 1.0V in 15sec

witout rotating field with rotating field

3D image
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0 21.6mm O 21.5mm

number of electrons ~ 1.3 x 108, 2inch off axis

pressure outside the cryogenic region ~ 1.6 x 10-9 Torr
rotating field : 60 sec wait after the injection of electrons
120 sec rotating field at 2MHz, 0.5V
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Cross section for a process

A7 H +H) > H+Hp+e

Tabata T. and Shirai T.,
Atomic Data and
Nuclear Data Tables 76 ('2000)

* cross section : 0 J10-15cm2 at 100eV
* density of residual hydrogen

:n~ 106 cm-3 at 10K, 10-12 Torr

* velocity of H-ions : v~ 2 x 107 cm s-1

at 100eV

— lifetime of H- ions ~ 50sec
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H— injection
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Extracted H- ions (only H- ions are trapped)
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H- ~ 2x106 for H- only, 2.9 sec trapping -
e~ ~ 1.5x108, loaded 70 sec before H- injection Trap group -

Time distribution of extracted H-ions
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Number of electrons Number of electrons

Number of electrons

-

measured

10° L

T ~0.9¢e /

904 903.5 903
-V

10° L

902.5 902

H- + 2.9 sec trapping

105 b .

904 903.5 903
-V

902.5 902

H- + 5.9 sec trapping

0 ) N SR / .......................... |

10% b e i

904 903.5 903 902.5 902

10

og TH- (eV)

10

log Te (eV)

.I.i-l
i

|

illl;:"
&lﬂll\

culculateded

ii

dT,,-

= UH‘e(Te _TH‘)

dT,
dt = UeH‘(TH‘_Te)_TeA
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Magnetic field : 1T

nH- = 1x106 /cm3, ng = 5x107 /cm3
TH-(0) = 100 eV, Te(0) = 0.1 eV
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0.9sec cooling

H- ~ 2x106
e~ ~ 9x107

no rot-E :

| (1) e-loaded 70sec

before H- injection

with rot-E :

_ (1) 60sec wait
1 (2) 120sec rotating field

at 2MHz, 0.5V

] (3) 30 sec wait

before H- injection

1.9sec cooling

H- ~ 2x106
e- ~ 9x107

no rot-E :

1 (1) e-loaded 70sec

before H- injection

with rot-E :

: (1) 60sec wait

(2) 120sec rotating field
at 2MHz, 0.5V

1 (3) 30 sec wait

before H- injection
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no rot-E : electrons loaded 70 sec before H- injection
with rot-E : 60 sec wait

120 sec rotating field at 2MHz, 0.5V
30 sec wait before H- injection
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(2,0) mode ; no H™

A plasma of 1x108 electrons.

View B: Active, Freglmp 00/02/03 21:39:34
Marker: 10.A4MH= =77.8 dABm Oframe

Center: 18MH= Span: ZMH=z

(2,0) mode ; with H—

5x107 H- ions injected into a plasma of 1x108 electrons.

17.5 MHz 18.0 MHz 18.5 MHz

Frequency




EiRER (C K 5B FEDOHIH

p, Hot,e"

\
MCP : OD : 80mm |CCD : Rox 40 |
ID : 6mm A
] [ZnO + 1TO|
PC

f

>

]

witout rotating field

trapping time : 300sec

number of protons ~ 1.3 x 106

| Zoom lens (12.5-75 mm ; F1.8) |

| Degital video : DCR-TRV900 |

with rotating field

H2+ kicked out
number of protons ~ 1.3 x 106

rotating field : 200sec at 250kHz, 1.6V

J
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ASACUSA trapping system DB
- Multi-ring harmonic trap
(harmonic region ~ 10cm : XBE)
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