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DESY-HERA
研究所名 加速器名

- Deutsches Electron Synhroron (グルーオン初観測?) 

- Hadron Electron Ring Accelerator 

- √s = 318 GeV,  or と が衝突(当時、世界唯一) 

-  or は偏光 

- 1992年稼働開始、2007年閉鎖
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https://www2.kek.jp/ja/newskek/2007/julaug/HERA.html

https://www2.kek.jp/ja/newskek/2007/julaug/HERA.html
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HERMES
The HERMES experiment collected data from scattering of 
longitudinally polarised electrons on various polarised gas 
targets such as hydrogen, deuterium, or helium. The main goal 
of the HERMES experiment is to map out the spin structure of 
the nucleon, i.e. protons and neutrons. These nucleons are 
made up of quarks with spin-1/2, bound together by gluons 
with spin-1. The HERMES experiment is trying to answer how 
the constituents make up a nucleon, which has spin-1/2. The 
Collaboration continues to publish results delving deeper into 
the spin structure of the building blocks of matter.
https://particle-physics.desy.de/research/previous_desy_experiments/index_eng.html　より
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http://www-hermes.desy.de/
https://particle-physics.desy.de/research/previous_desy_experiments/index_eng.html
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HERMES Spectrometer

Inittial Trajectory

For Low momentum particles
For PID

To determine Momenta
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Propotional Chambers in the Magnet (MC)

Ar-CO2-CF4 (65:30:5) 
なんでCF4?
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Aging Effect 1
Accumulated charge of Anode wires over 8 HERMES years (Estimation)

1995年に運転開始 

2000年の点検（ Sr をMCに照射）時、イオン化を伴わない電流を観測 

線源removedかつHVを200V下げても電流は維持 

陰極ワイヤーには黒い領域発生 

これらは「Malter Effect」によるもの 

グロー放電でもアルコール洗浄でも改善せず。

90
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Aging Effect 2
Sastained currents  
on cathode wires

Drop of the efficiency 
due to polymerisation on the anode wires 

and screening of the electric field  
because of insulated layer on cathode wires
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Posible remedies against MC degration
A way to reduce the Malter Effect is to use gas additives both to suppress 
polymerisation and to increase the conductivity of the insulating layer.

Vapours of water or alcohol

Because… 

Molecules of water(alcohol, more strongly) excahnge charge with some avalanche ions, 
and  
Water makes all surfaces in the detector slightly more conductive, thus preventing  
the accumulation of ions on the polymer layer.

However, alcohol additives is a solvent action that makes the detector distort.

Vapours of water
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Test exp.
φAnode φCathod

e
Active area HV W.P. Water Gas mix

TC1
15 um 90 um 

(bronze)
11 * 11 cm^2

2750 V
W Manual

TC2 W/o Already

TC3 25 um 2850 V W Manual 

 β source,  MHz,  = 5 cm^2 by 7 mm diameter collimater, ~6 hours exposure90Sr I = 10 Sspot

Then, whole active area was scaned as well with 200V above the W.P., 
by 2 mm collimater to see the Malter current. 
Plus 1 week for cathode aging
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Anode Aging in Test exp.
Stability of gas gain due to adding water 

using  gamma-source 55Fe

Dose equivalent to  
HERMES 30 years



/2211

Aging effect on anode wire appeared only in irradiation area.

Anode Aging in Test exp.

E15のtest chmと比較できるかも。Ampの情報。 

基本的なアナログ信号、Vth情報ないか調べる。
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Cathode Aging in Test exp.
Cathode aging appeared at accumulated charge of  = 4.75 mC/cm.Qcathode
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Cathode Aging in Test exp.
Water can prevent the Malter Effect.

*** skip the study of such fast aging ***  
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Recovery of the MCs
- Water was added since 2005.
- High Voltage scan in the electron beam —> no malter current up to 3,000 V

- Higher efficiency due to water  
which disactivates the screenning effect around cathode

But water can never cure the aged wires.
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The idea of curing the aged TC wires 
without disassembly for cleaning
At first, they analyzed the deposits on the damaged wires 
using Scanning Electron Microscopy (SEM) (走査電子顕微鏡) 

and X-ray emission(0-10 keV) spectroscopy (XEM) 

https://azscience.jp/column/category/top04-sub08/

https://ja.wikipedia.org/wiki/X%E7%B7%9A%E7%99%BA%E5%85%89%E5%88%86%E5%85%89%E6%B3%95

https://azscience.jp/column/category/top04-sub08/
https://ja.wikipedia.org/wiki/X%E7%B7%9A%E7%99%BA%E5%85%89%E5%88%86%E5%85%89%E6%B3%95
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Surface of a Aged Anode Wire (TC1)
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Surface of a Aged Cathode Wire (TC1)
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Surface of a Aged Cathode Wire in “Malter Zone” 
(TC1)
Higher ratio of C and CuO than point5

Appearance of resistive copper oxides  
together with carbon flakes on the cathode wires  
appears to be the reason for the Malter effect.
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Surface of a Aged Anode Wire (TC2)

結局、 
ガス配管中の油汚れが早い時期での劣化の原因でした。



/2220

Recovery of the aged wires
半導体部品の製造プロセスから得た技術を利用。 
CF4-CO2 (80-20)を入れて逆電位をかける。 
放電で生じた などが陽極に行き、堆積物であるシリコンと化合して 
シリコンフッ化物に。これがガス相に行き、流れていく。 
なんか炭素も取れるらしいが、調べてません。参考文献へ。

CF3+
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Recovery of the aged wires
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