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Why UHV is needed

Collision frequency : Vi, = T, f'i"i'lr.-fﬁ_}

Cross section of hydrogen molecule and antiproton :

200 T
1508 ] a2 = 2.5x10721 (m?)

i 4

L

j a. u. = 931.494 (MeV /c?)
IUU'j

,_,3
O, (units of a,°)

0 I TS, e - Y P PO I
l 2 3 -
(a. u.)

L.

J.5. Cohen. Molecular effects on antiproton capture by Ha and the states of pp formed.

Physical Review A, 56(5):3583, 1997,



Number density of the hydrogen molecules : n = N/V = P/kT

Mean free time(1/vy,) of antiproton for several different hydrogen pressures
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The vapor pressure of most of the gases can be reduced by cooling the apparatus down to about 10K

1000

— I
——H20
Br2
—*—C52
“ HF
502
NH3
Clz
——C0s
——Hz25
HBr
CO2
HCI
N2O
/ Xe
l - NO
10 . ke
N T ——CH4
— —02

Pressure-Temperature Curve

100

Temperature (K)

- ——Ar

— 3

_a— —a—F2
N

— %= CO
#— N2
Me
/ = H2
1 1 —+—He

10-" 10 107 10 10~ 107 10! 10° 10°

Pressure (Pa)



Preceding Research 1 - Cusp Trap
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Preceding Research 2 - Musashi Trap




Multi-Ring Electrodes
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To make a large number of antihydrogen atom efficiently, trapping and cooling of
antiproton beam before the reaction is important. A penning trap composed of high field
superconducting solenoid and multi-ring electrodes(MRE) to form a harmonic electric
potential is designed.



Multi-Ring Electrodes
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Cold UHV pipe for the GBAR antiproton trap drawing
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Cold UHV pipe for the GBAR antiproton trap drawing

: CRYOCOOLER
et - _(RDK-415D)
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In order to cool down antiproton beam, and make ultra—high vacuum lower than 10™-12 Torr, temperature u

nder 10K is needed. So, Cold UHV chamber at 4.2K temperature is designed.
MRE is in the UHV bore tube, whose length is 1944mm. Cryocooler is installed both side of UHV bore tube,

and OVC(outer vacuum chamber) is outside of the bore tube and cryocooler.
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Schematic Drawing of the UHV pipe cooling system
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Heat Loading
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Heat Loading
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Bore Pipe Temperature (Tc) 4.2 K
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Heat Loading

kA(Ty — T,
g = KATs =T
t

Q300k s0x = 0.894, @50k 42k = 0.817

Cooling Power @ 4.2K 0.835W < 3W : Enough

Cooling Power @ 30K 16.408W < 30W : Enough

P epg | BOEEW/mK) |Pipe AF(m) | FM(m)| HH(m2) | HHHm) | FRHW)| . o | T BEHW) 4|3
k oD t A Lt Q at
Left 5 300 | -|s0 9.76 0.0532 0.00015 | 2.49992E-05 0.2 0304991 | 1 0.305
50K HE Right % 300 | -| 50 9.76 0.077 0.0002 | 4.82549E-05 0.2 0588709 | 1 0.589
Therrmal BHAH(EE) 0.894
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T2 B2E(K) " o0 " r 'y 3 T at Bl
Left 5 s0 | -[42 3.24 0.0532 0.002 | 0000321639 0.144 0231511 | 1 0.332
HE Right = 50 |-|4.2 3.24 0.077 0.002 | 0000471239 0.144 0485612 | 1 0.486
42K EAEE) 0.817
iy B0 | 50 [-]a2] [ 0.017 EHEA 3 RA|
BAEN| 0017
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Sumitomo Cryocooler : RDK-415D 200 e
Cooling power@4.2K 1.5W iw
Cooling power@30K 15W 0w
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