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Why UHV is needed

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

Cross section of hydrogen molecule and antiproton :
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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
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Reference Research 1 - Cusp Trap
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Reference 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

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
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Cold UHV pipe for the GBAR antiproton trap drawing
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Schematic Drawing of the UHV pipe cooling system
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Heat Loading and Radiation
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Radiation
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Q=g*A+E=*(Th4-Tc4)

Radiation
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Heat Loading

P epg | BOEEW/mK) |Pipe AF(m) | FM(m)| HH(m2) | HHHm) | FRHW)| . o | T BEHW) 4|3
k oD t A Lt Q Qt
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Cooling Power @ 4.2K 0.835W < 3W : Enough

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




Vacuum Test in Room Temperature
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This is the photo of room temperature vacuum test.
The conductance and volume of this vacuum system
Is close to the GBAR cold UHV vacuum pipe.

This chamber is not only for vacuum test, but also
for electron test in room temperature. Trapping
electron in MRE and observing by MCP is possible
under 1x10A-7Torr in room temperature. For the
electron test, we are preparing Electron Gun,
Faraday Cup, MCP/PS.




Vacuum Test in Room Temperature
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National Instrument’s ‘Compact
RIO" system is used for control of
vacuum system. Overall control
system using 'PXle’ system is
designed like this.



Vacuum Control System

NI CRIO
Configuration ID




MRE Control System

NI PXI System
Configuration ID: PX5457782
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To Do List

« Wave Generator Model Define
 Degrader Foll
* Detection System

 Transport System



PET Foil - Musashi

60 um

PET foll
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Figure 2.24: Schematic of the foil detector.

Figure 2.23: Top view of X-Y patterned ultra-thin foil electrode.



Detection System - Musashi
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Figure 2.21: Configuration of detectors around our experimental beam line.



Detection System - Musashi
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Figure 2.22: Picture of secondary emission beam profile monitor consists of 2-dimensional
wires (20umo).



Detection System - Musashi
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Figure 2.26: Schematic view of track detector.
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Transport System - Musashi
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Thank You!



