Extension of the operational Lifetime
of the proportional chambers
in the HERMES spectrometer
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https://www2.kek.jp/ja/newskek/2007/julaug/HERA.html

The experiment collected data from

such as hvdrogev\, deuterium, or helium.

of the HERMES experiment is to map oul
, Le. protons and neubtrons, These nucleons are

made up of quarks with spin-1/2, bound toqether bj gluomns
with spin-1. The HERMES experiment is trying to answer how
the cownstituents make up a nucleon, which has spimﬂl/z., The
Collaboration continues to publish results delving deeper into
the spin structure of the building blocks of matter.

https: //particle-physics.desyde/research/previous_desy_experiments/index_enghtml &0
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http://www-hermes.desy.de/
https://particle-physics.desy.de/research/previous_desy_experiments/index_eng.html

K. Ackerstaff et al. |Nucl. Instr. and Meth. in Phys. Res. A 417 (1998) 230265
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Mechanical parameters of the MCs

MCl1 MC2 MC3

Module active area (mm?) 263 x 996 306 x 1210 347 x 1424
Sense wire spacing (mm) 2 2 2
Cathode wire spacing (mm) 0.5 0.5 0.5

Sense wire 25 um Au-coated tungsten
Cathode wire & 90 um Bronze

Sense wire tension (g) 50-70

Cathode wire tension (g) for 4 electrodes—300, for 2 electrodes—150

V U X vV U X

Sense wires per plane 512 608 608 608 720 720
Front-end boards per module 32 38 38 38 45 45




Aging Effect 1

Accumulated charge of Anode wires over ¥ HERMES years (Estinmation)

Modules Top block Bottom block

Average Average Charge
current (LA) current (LA) (C/cm)

1.5 . 302 02x1073
1.0 . 30.15 0.15x 1073
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Aging Effect 2
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Fig. 2. Dependence of the beam ionisation current from the high voltage
for the top chambers. Sustained current appears in the MC1 U-plane
and MC2 V-plane top block chambers at HV =2925 and 3000V

correspondingly.
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Fig. 3. Magnet chambers efficiency for the top block chamber versus high voltage at standard threshold used for data taking measured in the HERA
positron beam in 2003 (A) and 2004 (V).
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Posible remedies against MC deqration

A way to reduce the Malter Effect is to use
and

Vapours of water or alcohol

Recouse...

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 malkes the detector distort.

Vapours of water
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Tesk exp.

dAnode | PCathod| Active area | HY W.P. | Waker | Gras mix
TC1 W Manual
TCR 11 * 11 em™2 W/o | Already
(bronze)
TC3 | 28 um gsoV | W Manual
Sr B source, I =10 MHz, =5 em’2 b:j 7 nam diameter collimater,
Then, whole active area as well with 200V above the W.?.,

bv 2 vam collimater
Plus 1 weelk for cathode aging

--B--TC3, 25 ym an. w.
--O-- TC1, 15 um an. w.

500 1000 1500 2000 2500 3000
High Voltage, V

Fig. 4. Gas gain dependence on the high voltage for the test chambers TC1 with anode wire diameter 15 pm and TC3 with anode wire diameter 25 pm.
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i Test exp.

S&abiii&v of gas gain due to adding water

using NFe gamma-source
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Fig. 5. Dependence of the relative gain in the irradiated zone versus accumulated charge by the anode wires. Black squares correspond to the test with
standard MCs gas mixture. White cycles and triangles correspond to the test of both types of proportional chambers with addition of 0.14% H,O to the

standard gas mixture.




i Test exp.

Aging effect on anode wire appeared only in irradiation area.

A Scan along the points 4, 5, 6

o Scan along the points 1, 4, 7 Front view of the test chamber
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Fig. 6. The amplitude scans with an >>Fe y-source along the Y-axis through non-irradiates points 1,4,7 and along the X-axis through one of the irradiated
zones in the point 5. The anode wires are shown in a front view of the test chamber by the lines directed along the X-axis. The accumulated charge in the

. . . . int 5
irradiated zone at point 5 is equal to QP°" ° = 32mC/cm.




i Test exp.

Cathode aging appe&red at accunulated charge of Q. 1.4 = 476 mC/em.

Malter current
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Fig. 7. Scans by the collimated *’Sr B-source along the anode wires. The total accumulated charge in the irradiated zones 2, 5 and 8 is Q

st e = 95mC/em
that corresponds to Qaihode = 4.75 mC/cm for the cathode wires. An area where the %0Sr ignited the self-sustained current is marked as ‘Malter zone’.




i Test exp.

Water can prevent the Malker Effect.
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Fig. 8. Dependence of the *°Sr ionisation current and dark current from high voltage.

*xx skip the study of such fast aging *»=x
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Recovery of the MCs
- Water was added since 2008,
- High Voltage scain in the eleckron beam —> up to 3,000 V

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

MC Top Block
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Fig. 10. Magnet chambers efficiency for the top block chamber versus high voltage at standard threshold used for data taken in the HERA positron beam.
First measurement with dry gas mixture (V) and next after adding of 0.14% H,O (A).

14-/22



the aged TC wires
for cleaning

At first, they analyzed the deposits on the damaged wires
using (EEEFIEME)
and

1. EEETFBEMERE (SEM) &

#HEBFEMEH (Scanning Electron Microscope, SEM) & 4. BFRERNEEICEML. £U3 - RBFPRHBTERIET 3 & T [ e S S T St
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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

Surface of a Aged Anode Wire (TC1)

Front view of the test chamber
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Fig. 11. SEM micrograph of the anode wire irradiated in the fifth test point (see Fig. 6) after accumulation of QP*™ > = 32mC/cm and XEM spectra of

anode

the deposits on the surface.

16/22



Surface of a Aqged Cathode Wire (TC1)
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Fig. 12. SEM micrograph of the irradiated in the fifth test point (see Fig. 6) cathode wire after accumulation of Qcaihode = 4.75 mC/cm and XEM spectra

of the deposits on the surface.




Surface of a Aqged Cathode Wire in “Malter Zone”
(TC 1 ) Front view of the test chamber
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Fig. 13. SEM micrograph of the cathode wire from the non-irradiated sixth test point, see Fig. 6, after accumulated charge of Qcathode = 4.75 mC/cm and
XEM spectra of the deposits on the surface.
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Surface of a Aged Anode Wire (TC2)
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Fig. 14. SEM micrograph of the anode wire irradiated with gas mixture containing 0.14% H,O after dose of Q
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= 44mC/cm and XEM spectra of the




Recovery of the aged wires
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Fig. 15. (a) Dependence of the relative gas gain in the zone irradiated by *°Sr versus charge accumulated by the anode wires. The aging performed using
magnet chambers gas mixture. (b) Dependence of the relative gas gain during the recovery procedure with glow discharge versus the accumulated charge of

the anode wires.
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Recovery of the aged wires

*Fe amplitude spectra
559"0A1+30%C02+5%CF4

Recovered

HV=-2600V
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Fig. 16. A comparison of the charge spectrum shape after exposure to gas
mixtures Ar/CO,/CF4 and CF4/CO..
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Fig. 17. Count rates from >°Fe y-ray source measured after aging and
recovery procedure as a comparison with the count rate from the reference

non-irradiated zone.

R1/22



6. &0

HERMES ZEBR O ERPEIC BT, MC OH AEIE S AT A2 ) a v R—Z2ADF A )L
DRSO TIRALCEHERI SN TWET, TOME, SHEEM D 10mC/cm (ZHg 7o 72V B
BT, Bl F = o X—DBIHBIEDREED F L2, ZHICK D ZRIPET L, Malter &
WMARELE L,

FER OEGER /R ER & AT b r A —Z OBBEICERE SN HH T = =D T
I ANRRNETHo T2, BELILREBICERE Y 7u—F 7582 3HY FEAT
L7z. ELOEITEZMEIT 5720 OIFZEA 25K 2 RHOT 5728, MC OT A MMl
i L7=tzeMiThivE Lz, T OfE%R. T AIREY 65% Ar + 30% CO2 + 5% CF4 |

0.14%DKZHIMMT HZ & T, BIWIREZEMTHZENTEAHAZENHBALE L,

IKOEIMIBEBRY A ¥ —Z2TER/T 2O TIEH Y THAN, Malter ERZIHIL. Zh
WLV EBEOIEREZFIE EIF 22N TE, IRIETEMO ZENAREIZRV FL
y el

HABREZCIEEIZKZBMTA AT ANREFTFINE L, MCHAT AT ATOH
AREYONMBEZFEHTHZ LT, BILOETEZELEIELZENTEELE, Z0H
ffric kv, 3#EMIZH7=Y . MC X HERMES E5 CLEENOEEMEOEWEHZ R L F
L.

HAL LT TF = o N—Z B RICEE S 57200 b RENE L, 5%, BRY
A ¥ —TORIENRIZET HME DB TT, F7-. HERMES EBRKE TH&IZ. 80% CO2
+20% CF4 T AREWMZFER L TEEOE(L L7 MC TRIEEFEZEHAT 5 Z & NS
£ G




