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Collision frequency : 

Cross section of hydrogen molecule and antiproton : 

𝑎0
2 = 2.5x10−21 (𝑚2)

a. u. = 931.494 (𝑀𝑒𝑉/𝑐2)

Why UHV is needed



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

Mean free time(1/ν𝐻2) of antiproton for several different hydrogen pressures



The vapor pressure of most of the gases can be reduced by cooling the apparatus down to about 10K



Preceding Research 1 - Cusp Trap



Preceding Research 2 - Musashi Trap



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



Multi-Ring Electrodes



Cold UHV pipe for the GBAR antiproton trap drawing



Cold UHV pipe for the GBAR antiproton trap drawing

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.



Cold UHV pipe for the GBAR antiproton trap drawing



Cold UHV pipe for the GBAR antiproton trap drawing



Schematic Drawing of the UHV pipe cooling system



Heat Loading
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Heat Loading

Q = 𝜎 ∗ 𝐴 ∗ 𝐸 ∗ (𝑇𝐻
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𝑄50𝐾 − 𝑄4.2𝐾=

(5.67× 10−8)∗ 0.26 *(0.1884)*(504 − 4.24)

= 0.017



Heat Loading

𝑄 =
𝑘𝐴 𝑇𝐻 − 𝑇𝐶

𝐿𝑡
𝑄300𝐾_50𝐾 = 0.894, 𝑄50𝐾_4.2𝐾 = 0.817

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

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



Thank You!


