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Äåïîëÿðèçàöèÿ, ìàëîýíåðãåòè÷åñêèé íàãðåâ
è àíîìàëüíûå ïîòåðè ÓÕÍ ïðè õðàíåíèè â ëîâóøêàõ

À. Ï. Ñåðåáðîâ, Ä. Áóòåðâîðô, Â. Å. Âàðëàìîâ,
À. Â. Âàñèëüåâ, Ï. Ãåëüòåíáîðò, È. À. Êðàñíîùåêîâà, Ì. Ñ. Ëàñàêîâ,

Â. Ïåñàâåíòî, Þ. Ï. Ðóäíåâ, À. Ê. Ôîìèí, À. Ð. ßíã

Àííîòàöèÿ

Èññëåäîâàíû ïðîöåññû äåïîëÿðèçàöèè è ìàëîýíåðãåòè÷åñêîãî íàãðåâà ÓÕÍ ïðè õðàíåíèè
â ëîâóøêàõ. Âåðîÿòíîñòü ïåðåâîðîòà ñïèíà íåéòðîíà äëÿ èçìåðåííûõ ìàòåðèàëîâ ñîñòàâëÿåò
∼(1 ÷2).10-5 íà îäèí óäàð, âåðîÿòíîñòü ìàëîýíåðãåòè÷åñêîãî íàãðåâà äëÿ òâåðäûõ òåë ìåíüøå,
÷åì (2 ÷3).10-8.

Íàèáîëåå âåðîÿòíîé ïðè÷èíîé àíîìàëüíûõ ïîòåðü ÓÕÍ ïðè õðàíåíèè ÿâëÿåòñÿ ïðîöåññ ñïèí-
íåêîãåðåíòíîãî âçàèìîäåéñòâèÿ ñ ïîâåðõíîñòüþ âåùåñòâà.

Abstract

Depolarization and low-energy heating of UCN at their storage in traps have been studied.
The neutron spin-flip probability for materials measured amounts to ∼(1 ÷2).10-5 per collision, the probability
of low-energy heating for solid materials is less than (2 ÷3).10-8.

Anomalous losses of UCN are most likely to occur due to their spin-incoherent interaction with
the surface of substance.
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Aging Investigation of the Straw Drift-Tubes Using Nuclear Reaction Analysis

G. Gavrilov, A. Krivchitch, E. Kuznetsova, V. Lebedev, E. Lobachev, L. Schipunov

Àííîòàöèÿ

Ïðè èññëåäîâàíèè ñòàðåíèÿ äðåéôîâûõ òðóáîê, ðàáîòàþùèõ ñ ðàçëè÷íûìè ãàçîâûìè ñìå-
ñÿìè, áûëî îáíàðóæåíî îêèñëåíèå âîëüôðàìà ïîä çîëîòûì ïîêðûòèåì àíîäíîé ïðîâîëîêè.
Â ðàáîòå äåìîíñòðèðóåòñÿ ýôôåêòèâíîñòü ïðèìåíåíèÿ Ìåòîäà ßäåðíûõ Ðåàêöèé (ÌßÐ) â ñî÷å-
òàíèè ñ SEM/XEM àíàëèçîì ïðè èçó÷åíèè òàêîãî òèïà ñòàðåíèÿ. ×óâñòâèòåëüíîñòü ÌßÐ ïðè
îïðåäåëåíèè óãëåðîäà, êèñëîðîäà è àçîòà ñîñòàâëÿåò 5.10-2 %. Òî÷íîñòü îïðåäåëåíèÿ ñîäåðæà-
íèÿ ýòèõ ýëåìåíòîâ ñîñòàâëÿåò ∼5%. Ïðîâåäåíû èññëåäîâàíèÿ ñòàðåíèÿ äðåéôîâûõ òðóáîê
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 ãàçîâîé ñìåñüþ ïðè îáëó÷åíèè β-èñòî÷íèêîì 90Sr àêòèâíîñòüþ

2 Êþðè. Âåëè÷èíà íàêîïëåííîãî çàðÿäà ñîñòàâèëà 1,6 Êë/ñì äëèíû àíîäíîé ïðîâîëî÷êè.
SEM/XEM àíàëèç ïîâåðõíîñòè àíîäà ïîêàçàë, ÷òî çîëîòîå ïîêðûòèå ïðîâîëî÷êè, íà÷èíàÿ ñ çîíû
îáëó÷åíèÿ è äàëåå â íàïðàâëåíèè ãàçîâîãî âûõîäà, ðàçðóøåíî, à äèàìåòð ïðîâîëî÷êè âîçðîñ.
Íà ïîâåðõíîñòè îáíàðóæåíû îñàäêè, ñîäåðæàùèå âîëüôðàì è êèñëîðîä. Ðàñïðåäåëåíèå ñîäåð-
æàíèÿ êèñëîðîäà è óãëåðîäà âäîëü ïðîâîëî÷êè, ïîëó÷åííîå ñ ïîìîùüþ ÌßÐ, ñîîòâåòñòâóåò äàí-
íûì, ïîëó÷åííûì ïðè SEM/XEM àíàëèçå. Ïðèìåíåíèå ÌßÐ òàêæå ïîçâîëèëî îïðåäåëèòü
ðàñïðåäåëåíèå êîíöåíòðàöèé êèñëîðîäà è óãëåðîäà ïî ãëóáèíå àíîäà.

Abstract

Recent results of aging investigation of the straw drift-tubes with different gas mixtures show
the presence of the oxidation process running underneath of the anode wire gold coating. We demonstrate
the efficiency of the Nuclear Reaction Analysis (NRA) usage in combination with SEM/XEM analysis
for such kind of processes in aging investigation of the straw drift-tubes flashed with
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 gas mixture. The sensitivity of the NRA to carbon, oxygen and nitrogen

is better than 5x10-2 %. The precision of the quantitative evaluation of the element content depends
on the accuracy of the known differential cross section for the following nuclear reactions 16O(d, p)17O,
12C(d, p)13C, 14N(d, p)15N, 14N(d, α)12C, 19F(p, αγ)16O nuclear reaction that is about 5 %. A thorough study
of the aging degradation of the gold cladded tungsten wire has been done. The aging test under sustained
irradiation from intense 90Sr β-source was stopped at total accumulated charge 1.6 C/cm. Following
the SEM/XEM analysis demonstrated the destruction of the gold surface and a lot of species containing
oxygen and tungsten along the wire both in the irradiated zone and downstream the gas flow direction.
The wire diameter was found to increase at this area. The application of NRA gave us a distribution
of oxygen and carbon along the wire that confirmed SEM/XEM data and matched with observed wire
diameter increasing. The concentration of oxygen and carbon as a function of depth within the wire has
also been investigated using NRA.

Ïðåïðèíò ¹ 2440, 25.09.2001 ã., àíãë. òåêñò
E-mail: kriv@rec03.pnpi.spb.ru



Ïðåïðèíòû 09.2001                                                                                                                                   3

Anode Wire Heating due to Avalanche Discharge

G. Gavrilov, E. Kuznetsova, S. Manayenkov

Àííîòàöèÿ

Â ðàáîòå ïðåäñòàâëåíà îöåíêà âåëè÷èíû ðàçîãðåâà ïîâåðõíîñòè ïðîâîëî÷êè â ïðîïîðöèî-
íàëüíîì ñ÷åò÷èêå ïðè ðàçâèòèè â íåì ëàâèííîãî ãàçîâîãî ðàçðÿäà è ïðîõîæäåíèè ÷åðåç ïðîâî-
ëî÷êó òîêà, âûçâàííîãî ðàäèàöèîííûì îáëó÷åíèåì. Ðàññìàòðèâàåòñÿ íàõîäÿùèéñÿ ïîä íåïðå-
ðûâíûì îáëó÷åíèåì β-èñòî÷íèêîì 90Sr öèëèíäðè÷åñêèé ïðîïîðöèîíàëüíûé ñ÷åò÷èê äèàìåòðîì
4 ìì ñ àíîäîì èç ïîçîëî÷åííîé âîëüôðàìîâîé ïðîâîëî÷êè äèàìåòðîì 35 ìêì. Òàêîé òèï ïðî-
ïîðöèîíàëüíûõ ñ÷åò÷èêîâ øèðîêî èñïîëüçóåòñÿ ïðè ïðîâåäåíèè ðåñóðñíûõ èññëåäîâàíèé
ñòàðåíèÿ ãàçîðàçðÿäíûõ äåòåêòîðîâ íà èñïûòàòåëüíîì ñòåíäå ATS â Ïåòåðáóðãñêîì èíñòèòóòå
ÿäåðíîé ôèçèêè.

Ïðîòÿæåííîñòü çîíû îáëó÷åíèÿ ñ÷åò÷èêà áûëà ïðèíÿòà ðàâíîé 2,5 ñì, ÷òî ñîîòâåòñòâóåò
ðåàëüíûì ðàçìåðàì â óñëîâèÿõ ñòåíäà ATS. Èññëåäîâàíèå èìåëî öåëüþ óñòàíîâèòü âåðõíèé
ïðåäåë âîçðàñòàíèÿ òåìïåðàòóðû, êàê ïî ãëóáèíå ïðîâîëî÷êè, òàê è âäîëü âñåé çîíû îáëó÷åíèÿ.
Êàê ïîêàçàëè ðàñ÷åòû, íè ìãíîâåííîãî, íè ïðîäîëæèòåëüíîãî âîçðàñòàíèÿ òåìïåðàòóðû ïðîâî-
ëî÷êè íå ïðîèñõîäèò.

Abstract

The evaluation of the wire surface heating caused by an electron avalanche discharge and irradiation
current in a proportional counter has been done. The calculation was performed in the frame of cylindrical
counter model. It was considered the counter based on the 4 mm diameter tube and 35 µm goldplated
tungsten anode wire under 90Sr β-source sustained irradiation. This kind of proportional counter
is widely used for the aging investigations at the Ageing Test Station (ATS) at PNPI.

The length of the irradiated zone was taken equal to 2.5 cm that corresponds to the real conditions at
the ATS. The study was intended to establish upper limit of the temperature increase in the depth
of the wire and over the whole irradiated zone. As shown by the calculations neither inatant nor continuos
noticeable temperature increase of the wire have been obtained.

Ïðåïðèíò ¹ 2441, 25.09.2001 ã., àíãë. òåêñò.
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Aging Studies of CMS Muon Chamber Prototypes

T. Ferguson, G. Gavrilov, A. Korytov, A. Krivchitch, E. Kuznetsova,
E. Lobachev, G. Mitselmakher, L. Schipunov

Àííîòàöèÿ

Ïðåäñòàâëåíû ðåçóëüòàòû èçó÷åíèÿ ñòàðåíèÿ ïðîòîòèïîâ ïðîïîðöèîíàëüíûõ êàìåð äëÿ
ýêñïåðèìåíòà CMS. Èññëåäîâàíèÿ ïðîâîäèëèñü äëÿ òðåõ ïðîòîòèïîâ ñ ðàçíûìè âàðèàíòàìè ãåð-
ìåòèçàöèè ãàçîâîãî îáúåìà è òðåìÿ ãàçîâûìè ñìåñÿìè: 30%Ar+50%CO

2
+20%CF

4
, 30%Ar+70%CO

2

è 40%Ar+50%CO
2
+10%CF

4
. Äëÿ CF

4
-ñîäåðæàùèõ ñìåñåé ñòàðåíèå ïðîòîòèïîâ ïðàêòè÷åñêè íå

ïðîÿâëÿëîñü äàæå ïðè äîçàõ, ïðåâûøàþùèõ 13 Êë/ñì äëèíû àíîäíîé ïðîâîëî÷êè. Îòñóòñòâèå
CF

4
 â Ar-CO

2
 ãàçîâîé ñìåñè ïðèâåëî ê áûñòðîìó ñòàðåíèþ ïðîòîòèïà. Â ýòîì ñëó÷àå ïàäåíèå

êîýôôèöèåíòà ãàçîâîãî óñèëåíèÿ ñîñòàâèëî 50 % íà êàæäûå 0.25 Êë/ñì.

Abstract

Aging of CMS muon cathode strip chamber prototypes under sustained irradiation was studied.
The tests were performed with three prototypes of different gas seal designs and with three gas mixtures
Ar(30%)+CO(50%)+CF

4
(20%), Ar(30%)+CO

2
(70%) and Ar(40%)+CO

2
(50%)+CF

4
(10%). The CF

4
-

containing mixtures showed no or little aging for an overall accumulated charge per unit of wire length
in excess of 13 C/cm. In comparison, the performance deterioration in the Ar-CO

2
 mixture proved

to be very dramatic: the gas gain falls by a factor of 2 for each 0.25 C/cm of accumulated charge.
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The Effect of Oxygen on Anode Wire Swelling under the High-Accumulated Dose

T. Ferguson, G. Gavrilov, A. Krivchitch, E. Kuznetsova, V. Lebedev, L. Schipunov

Àííîòàöèÿ

Ïðåäñòàâëåíû ðåçóëüòàòû èçó÷åíèÿ ñòàðåíèÿ äðåéôîâûõ òðóáîê ïðè ïîñòîÿííîì îáëó÷åíèè
β-èñòî÷íèêîì 90Sr  àêòèâíîñòüþ 2 Êþðè. Èññëåäîâàíèÿ áûëè ïðîâåäåíû ñ äâóìÿ ãàçîâûìè ñìå-
ñÿìè: 70%Xe+10%CO
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. Áûëî ïðîâåäåíî òùàòåëüíîå

èññëåäîâàíèå ñòàðåíèÿ àíîäíûõ ïðîâîëî÷åê, èçãîòîâëåííûõ èç ïîçîëî÷åííîãî âîëüôðàìà ñ äè-
àìåòðîì 35 ìêì. Íàêîïëåííûé çàðÿä ñîñòàâèë, ñîîòâåòñòâåííî, 3,6 Êë/ñì è 1,6 Êë/ñì. Â ðåçóëü-
òàòå îáëó÷åíèÿ çîëîòîå ïîêðûòèå àíîäîâ áûëî ïîâðåæäåíî, à äèàìåòð ïðîâîëî÷åê âîçðîñ
íà 5-6 %. Ïðèìåíåíèå Ìåòîäà ßäåðíûõ Ðåàêöèé (ÌßÐ) â ñî÷åòàíèè ñ SEM/XEM àíàëèçîì ïîçâî-
ëèëî âûÿâèòü ïðÿìîå ñîîòâåòñòâèå ìåæäó êîëè÷åñòâîì êèñëîðîäà, ïðîíèêøåãî â çîëîòîå
ïîêðûòèå ïðîâîëî÷êè, è óâåëè÷åíèåì åå äèàìåòðà. Òàêèì îáðàçîì, ïðîöåññ «ðàñïóõàíèÿ» àíîä-
íîé ïðîâîëî÷êè ìîæåò áûòü îáúÿñíåí îêèñëåíèåì âîëüôðàìà ïîä çîëîòûì ïîêðûòèåì. Âîç-
ìîæíî, «ðàñïóõàíèå» àíîäà, èíèöèèðîâàííîå ïðîöåññàìè, ïðîèñõîäÿùèìè ïîä çîëîòûì ïîêðû-
òèåì, ÿâëÿåòñÿ íîâûì ìåõàíèçìîì àíîäíîãî ñòàðåíèÿ.

Abstract

We present result from an aging investigation of straw drift tubes placed under sustained irradiation
from a 90Sr (2 Si) β-source. Aging tests were performed with two different gas mixtures
70%Xe+10%CO
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phenomenon of gold-coated tungsten wires with a diameter of 35 mm has been done with accumulated
charges of 3.6 C/cm and 1.6 C/cm. As a result of the aging process, the gold coating on the wires was
damaged , and the wire diameter has increased on about 5-6 %. Using Nuclear Reaction Analysis
(NRA), in combination with a SEM/XEM analysis we determined that a direct correlation between the
amount of oxygen inside the gold coating and the anode wire diameter exists. This anode swelling
effect can be explained as a result of tungsten oxidation underneath the wire coating. This phenomenon
of anode wire swelling by forces applied from within the anode wire is a possible new phenomenon
in anode aging.
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