l"l MeTepOyprcknini MHCTUTYT aaepHoin dusnkm um. B. M. KoHcTaHTUHOBA @
W2 HauunoHanbHOro nccnenoBaTenbCckoro LeHTpa «KypyaToBCKUiA UHCTUTYT»

Mpupoaa BO3HUKHOBEHUA CNOHTAHHOIO CaMmonNoAAepPXKUBAIOLWeroca ToKa B
nNPoONOPUUOHaNbHbIX Kamepax akcnepumentos Ha bAK
(no pesynomamam uccnedoeanruii MIMK LHCb & CMS)

[[aBpunos I".E-

bottom view

[locTaTo4Ho 4acTo Ha NOBEPXHOCTU KaToa BCTPEYAoTCA HeKpYyNHbIe CTPYKTYpbI (50-
100MKM) HanomuHaroLme Kpatepbl*.

I".E. MaBpunos, cemnHap OPBJ,
2023
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MAaP

NnaH:

MoTusauua paboTbl

Llenb u meToabl uccnenoBaHus

MIK MmooHHbIX cuctem LHCb n CMS 1 BO3HUKHOBEHUE CNOHTaHHbIX TOKOBU

PecypcHble ucnoitanua npototunoe MK miooHHOU cuctembl CMS

KomnnekcHble uccnenosaHusa nosepxHoctu katoga MIK us LHCb

NCTOYHUKM 3MUCCUM U BONbT-aMNepHbIE U3MEPEHUA NOBEPXHOCTU KaToaa
SAKNIOYEHUE
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Il NetepGyprckuii uncTuTyT spepHoii pusmkm um. B. M. KoHcTaHTMHOBa @
W27 HaunoHanbHOro nccnepoBaTenbCckoro LeHTpa «KypyaToBCKUIA MHCTUTYT»

MoTtuBauuma n 3aaaum uccaeaoBaHuA

O B pesynbraTe pekoHcTpyKumm LHC ero cBeTMMoCTb BO3pacTeT

B akcnepumeHTe LHCb:

cL=4-10%2 ¢! cm2 (2012 2) po L=2- 1033 L cm (2022)

B aKcnepumeHTe CMS:
cL=7x103s1ecm™2(2012)toL=5x10°*s1cm= (2022)

> ToKk B MIK Bo3pacteT B ~10 pa3 ) ycKopAaTca npouecchl aerpagauun 8 MMK

O MponopumoHanbHbie Kamepbl MIOOHHbIX aAeTekTopoB LHCb u CMS nepuognyeckn 4emMoHCTpUpYoT
BO3HMKHOBEHME CMOHTAHHbIX CamonoaaepXuBatomnxca Tokos — Manbtep adpdpeKkt (M3)

NoaBneHne HoBbIX TOYEeK M3 cTumynunpyeTca UsmeHeHnamm 3arpyskm ot LHC
Heobxodumo obecneyumob pabomocnocobHocmo

MIIK Ha nocnedyrouwue 5-7 nem pabomei Ha ny4yke HL-LHC !

— UccnedosaHue popmupoeaHuUsa UCMOYHUKOB IMUCCUOHHbIX moKoe 8 MIINK Ha LHC
— BoipabomKka memoouKku nooassneHus



> @g) ““ NMeTepOyprckuini MHCTUTYT saepHoi ¢uauku um. B. M. KoHcranTuHoBa @
/

‘WY HaumoHanbHOro nccnepoBaTenbcKoro LeHTpa «KypyaToBCKuil MHCTUTYT»

MeToauKuN nccneaoBaHuA

0 AtomHo-cunosaa mukpockonua Ha C3M «Solver Next» npoussoactea OAO
«HT-MAOT>» r. 3eneHorpaa

O 3nemeHTHbIW aHanu3 NOBepXHOCTU NpOBOAUIICA HA YCTAHOBKe <<N\MKpO3OH.U.>>
komnnekca MukposoHa - 3T TT-10 meTopom 06paTtHOro pesepmopAOBCKOrO
paccesHus (Rutherford backscattering spectroscopy - RBS).

(A6pamosuy C.H., 3umuH E.B., MearuH N.A. I Tpyasl BHUNS®. 2010. Ne 15. C. 486)
OHepruna nyyka — 4 MeV;
Tok npoToHOB Ha obpa3suax — 0.01 nA;
Paamep ny4yka Ha obpasue — 30 x 30 um.
[Mnowaab ckaHnpoBaHus — 300 x 300 um.

d AHanu3 3nemeHTHOro cocTaea Ha NOBEPXHOCTU KAaToaa € NMOMOLLbHO
peHTreHoBcKoro augpaktometpea “Shimadzu XRD-7000"

L Metoa PamaHOBCKOM CNeKTPOCKOMUU - aHANU3 CTPYKTYPHOrO COCTABA MUKPO-
06beKTOB U CY6CTAHLUUMW Ha NOBEpXHOCTU 06pa3LIoB.

PamaH-munkpockon PamMukc M532® coBmeltatowmin PamaH-aHanusatop EnSpectr R532® Scientific
Edition n mukpockon Olympus CX-41

JTazep ¢ nanyyeHmem A= 532 nm, MOLLHOCTbIO My4Ka Ha NOBEPXHOCTM cocTasndana 30 mw,
anameTp nydka 4 um skcnoauums 1000 ms
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MIK mrooHHOM cuctembl LHCD

(The Large Hadron Collider beauty experiment)

Tracking s

L=25mm, s=2mm,
Cu ponbra # 35 um
HV ~2.7-28kV
Ecan ® 5 kVicm

| The LHCD detector at LHC (JINST 3 2008 508005) |

RICH detectors

K/n/p separation i

BEPLUMHHbBIA OETEKTOP, MarHUTHbIA CNEKTPOMETP € TpekoBon cuctemomn (Tracking system),YepeHkoBckum
netekTop pasgenenna Kin/p (RICH) n MooHHaga cuctema MIK (Muon System)
g

O Muon System BKJtoMaeT NATb CTaHUMN-cnoes 13 1368 moaynen

no 4yetbipe MIMK c obLien nnowaabto 435 m2,

U MakcmmanbHbIM HakonseHHbIN 3apsg nposonodkamm MIK B

Hanbonee obnyvaemblx pernoHax Q = 0.6 C/cm.

Q [osa, HakonneHHaa meagHou honbron Ha katogax MINK camon ganbHen ctaHuum MS,

coctaenaetr D= 1.3 Gr

Q0 Pabo4as razosas cmecb: Ar(40%)/CO,(55%)/CF,(5%) 5



Currents from Sr*° along the chamber, GAP A

'DETECTED MALTER
ZONES
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Trip — HV turn off in the detector due
to current exceed of the alarm
threshold

HV trips probability (MCE) per 1 m?
(normalized per region instrumentation
area) is about of 0.4 per 10 yrs of
operation

F.P. Albicocco, G. Gavrilov, E. Kuznetsova, O. Maev, D. Maysuzenko
et al., Long-term operation of the multiwire proportional chambers
of the LHCb muon system, Journal of Instrumentation. (2019) V.14
P11031

Malter current: trips observed at LHCb
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Accumulated fractional number of new
trips observed in the detector,
normalized to the total number of gaps
(4944), as a function of the total number
of effective run days integrated between
2010 and 2018. The values are
evaluated at the end of each year of
data taking. Errors are statistical
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50 pm wires spaced by 3.2 mm

60 ns maximum drift-time per plane
5 to 16 wires ganged in groups
Wires measure r

Figure 1: An R-z cross section of a quadrant of the CMS5 detector with the axis parallel to the
beam (z) running horizontally and radius (R) increasing upward. The interaction point is at
the lower left corner. Shown are the locations of the various muon stations and the steel disks
(dark grey areas). The 4 drift tube (DT, in light orange) stations are labeled MB (“muon barrel”)
and the cathode strip chambers (C5C, in green) are labeled ME (“muon endcap”). Resistive
plate chambers (RPC, in blue) are in both the barrel and the endcaps of CMS5, where they are

6.7 to 16.0 mm strip width labeled RB and RE. respectivelv.

Strips run radially to measure ¢

150 um _resolution for chambers
(75 pm in station 1)

cathode 2 endcaps
Gas: Ar(40%)+C0,(50%)+CF ,(10%) 4 stations (disks) in z

2 or 3 rings in radius

HV ~3.6 kV g 540 chambers
B-field up to 3 T in station 1 g T 6000 m?2 active area
plane cathode 2.5 million wires

0.5 million channels
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Malter current effect (MCE) Is secondary

electron emission which appears when:

1. an insulating layer exists on the cathode,

2. the rate of ion build-up is higher than its

removal from the insulating layer,

3. some ignition mechanism take place

Viziniiestziion of VICE

1. self-sustained discharge ignited by high
intensity irradiation and micro sparks;

2. sustained O(1) pA current independent
from external irradiation;

3. spurious signals which hard to see in data.

Curing is possible:
» Make cathode again conductive by
- Adding water/alcohol vapours
(not good for FR4 cathode strips);
- Clean (etch) insulating layer with training at presence
of Oe,Fe and CFge
» Wait until insulating layer rises up to 1 um (?7?)
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cathode

| ~ 50 uA MCE current in CSC corresponds to
/GG ~1nA
of the cathode electron emission at GG = 5-104

For 10 A insulating layer
AV = 1V provides E = 107 V/cm

Malter current effect may by assumed as a local current of 1 pA

per 1 cm of wire length.

— per year 1 pA/lcm x 10’ s/year x 1 year = 10 C/cm !!!




@ CVYIS WItor Traiexar Prooariionzl CrrzirnoSrs Aejinlef TS5t

Cepwus 1: [N1ockocTh KaToaa Bepxuss Huxknasa

40%Ar+50%C0,+10%CF, Cepus | Hassanue o6pasiia E; E-H E-B E-D H C

>Q=1.36 C-cm'l; | =17 },LA Obayuenme PaccTosiHue 10 LIeHTpa 30HHI 1.0 3.5 3.5 5.2 8.5 13.5

Cepwus 2: 2.1-10%¢ 00JIyUCHHS, CM

38%AI’+50%C02+2%CF4 [MorsoweHHas nosa, MI'p 11500 63 63 14 8 0.2

SQ=039Ccmil~4 HA Cepus 2 Hassanue obpasua Ep - E-B H

cepm 3: Obnyuenue PaccTosiiive 10 LeHTpa 30HbI 1.0 — 3.5 8.5 13.5 13.5
2.3-100¢ 0BIyuUeHHUS, CM

0, + 0 o+ 0, 2 s
40%Ar+30 /0002 10 /BCF4 [Tornowmwennas nosa, MmIp 4500 — 100 8.6 0.2 0.2

ZQ=0.147C-cm?; 1~1.2 pA

4 T
l.E. Maspunos, A.A. [jst06a u Op. AApepHas dmsmnka n uHxuHupuHr, 2018, 1.9, Ne4 c. 328-339
51 i VICCAEAOBAHUE PAIHALIMOHHBIX MOBPEXKIEHUWI KATOMIA B MPOTOTUIIE
1 (a) (©)
=] 3 Dize= L DCPXHAA KaToAHas IMJI0CKOCTh HukHss KaToqHag MI0CKOCTh
90 N e ~
N

J

= 0 e )

Cxema pacrniosioxeHus odpasuos Ha Katonax npororuna KCK: (a) nanens BepxHeil KaToaHoil niaockoceTH; (0) naHens
i KATOIHO# MJIOCKOCTH. 30HBI, e ObLIH BbIpe3aHbl 00pa3Libl KATOAHOI MOBEPXHOCTH, MOKa3aHbl OeJIbIMH KPYKKaMH.

EfE-HE-D H  C EyE-BE-D H C
B

Puc. 1. Boepxy — cxema oGmyuenns S-nctounnkom Sr npi Monre-Kapnio cumynsinmi: / — cotopmifi nonukapGonar (honeycomb)
Tonumuo# 1.6 cm; 2 — ¢oabruposannuit crektomiactik FR4 tomuumuoit 0.15 em; 3 — “Sr p nitactikonom KoHTefiHepe; 4 — CBHHIOBas
3aumTa Herounnka. Bumy: @ — pacnpeneneniie F,s ™' - em ™ — IIOTHOCTH NI0TOKA 5/ICKTPOHOR B 3aBHCHMOCTH OT PACCTOSIHHSE 10 LICHTpa
30HH oG/yucHmst (Y=0cm) s neproro uMkna crapenusi. b — pacnpenenetne F,s~' - cm ™2 po BTopoM umkac cTapenmsi. BHOCHEMK
JIMHHAMH HA OCH KOOP/IHHAT YKa3aHEl PACCTOSIHHS OT LICHTPA 30HLI OGJIYUCHHS /10 HCCIICIYCMBIX 00pastoB Katojia.
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@ GlV/SHVIUonNIraGKER=ro porionaliCiianinerssAgIngMiests
Q=0.0Ccmt Q=1.36 Ccm?® Gas mixture 40%Ar+50%CO,+10%CF,
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@ GlVISViuonyiiacKern=roporionaliGhamperssAgingaliests
Gas mixture 38%Ar+ 60%CO,+ 2%CF,

Dark currentin PR _Ill ,pA
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Reduction of CF4

Accelerated local irradiation of miniCSCs (ME2/1 type) with *°Sr:

5, 2 and 0% CF4 - performed at 904 and GIF++ up to 0.24 C/cm (1.8 x Q.

10%CF4 was performed in PNPI up to 1.3 C/cm with high acceleration factor

no significant performance degradation was seen up in any of these longevity tests (gas gain,
dark rate and current, interstrip resistance)

cathode and anode surfaces were investigated after the tests (CERN, University of Belgrade, Sarov)
cathode surface modification is seen in all cases

anode depositions are clearly seen for 2 and 0 %CF4 even with a naked eye

CSC Prototype Chamber '"d Source Applied CSC Prototype Chamber
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@ OIS Witorr Traexar Proooriiorrzl Crrzirnosrs Aefirief Tasis

U BunaHbl paguaumoHHO-CTUMYNUPOBAHHbIE
n3meHeHust Tonorpadmn noBepxHocTn. CteneHb
aerpagauum 3aBUCUT OT NOrMOLWEHHOW O03bl

U BbicoTa MUKPOMMKOB Ha NOBEPXHOCTU OOCTUraeT

2-2.5 Um, aneKkTpu4eckoe nomne Ha BepLunHax
pnocturaet ~ 10 kV-cm?

O Manbstep achcdekT He Habnoaanca !

(a) () (B)
0=0Kx cm! 0=0.39 K1 cm™! 0=136K1 cm!

———

e ren——
A e g

. ~
Puc. 3. Katoaubie muiockoctu rpototunos KCK: (a) 10 Hauana pecypCHBIX UCIBITAHMIA; (6) 1Mocjie akKYMYJIMPOBAHMS 3apsij Puc. 6. ACM — usobpaxenus o6pasuos, pazmep 30 x

0.39 Kiem™ !, (B) nociie akKymyaupoBaHusizapsiga 1.36 Ki em L % 30 MKM, cepus 1: (a) H, (6) E-H, (8) Ef; cepust 2:
(r) H, (1) E-B, (¢) Ej,.
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Electric field simulation at the cathode micropeaks with Ansys Maxwell program

s1

9.47:
8.42:
7.36i
. 6,311

S. 26

%.21]
3.15i
2.1@

Positive ions current and
polarised polymers flow is S2/S1
times bigger on the peaks

1 G

E [kV/cm]

lons current density through the peak is

] =J; % Simr?,

S- peak surface area, r — peak radii, j; - ions
flux density.

For cylinder peak j = j; x 2h/r (h —
height)

For conical j=j; % &/r (€ -length of slope)

0

17.01.2023 D. Maysuzenko



CSC - oxygen & CO,* generation

Magboltz & GARFIELD simulation for 40%Ar+60%CO,+10%CF, :
CO, > CO,",0

g ! -~ q
g - T2 1 cToyHuK Knucnopoaa,
£ / — 3
£ B P OKVUCNSIIOLLEr0  MOBEPXHOCTb
‘m_: o = Katoga, — gmccouuaums CO?
) s 1 B JlaBUHe Yy dHOOHOU
3 . $ . MPOBOIOYKMU
1 & 7
" A
'.l:--I | \_\
\ N &
l'. \"-. '.l:-b
e E 'I,I‘I:l kViem \\\\
E = 10kViem I'. \\\ 1 w : % 3
= = ¥ 3 = 3 &£ & £ & E 2 R TR R R AR R e+C0O;— CO, 13.8 eV,
Electron energy [eV] Electric field [kV/cm]
cCo™ 195 eV,
Process Reaction 0" 19.1 &V,
CO; lonization e+CO; —e+e+COJ c+ 278 eV
CO; lonization from CO; e+CO; —e+e+ CDZT ' )
CO lonization e+CO—e+e+CO" CO, " 374 eV,
O lonization e+0D—e+e+ 07
05 lonization e+0y—e+e+0] C™" 512 eV,
K. Anzai, H. Kato et al., 07" 542 V.
Cross section data sets for electron collisions with H,, O,, Yukikazu Itikawa, Cross Section for Electron
CO, CO,, N,0 and H,0 // The European Physical Journal D Collisions With Carbon Dioxide // J. Phys.

volume 66, Article number: 36 (2012) Chem. Ref. Data. Vol.31, N. 3, 2002 15


https://link.springer.com/journal/10053

XRD of crystal phases on cathode 10% CF, irr.

Crystal structure analysis/identification

X-Ray Diffractometer (Rigaku Smartlab), detection limit: 1%

Analyzed area: ~15x15 mm (depending of 8-6 geometry during data sampling)
Penetration depth < 15 um integral (depending of the investigated material)

2.0e+005
Meas. data detekdor B_Theta_2-Thela

1.5e+005 , . .
N.Begovic, O.Kovacevic, A. Radulovic

The Institute of General and Physical Chemistry
University of Belgrade

1.0e+005

Intensity (counts)

5.0e+004

0.0e+000 |
Copper, syn, Cu, 00-004-0836

Cuprite, syn, Cu2 +1 O, 00-D05-0867

| Cu(OH),xH,0 Copper Hydroxide Hydrate, Cu ( O H )2 H2 O, 00-042-0746
. L ik e S
ICU(OH}F Copper Hydroxide Fluoride, Cu ( O H ) F, 01-074-3547
20 40 60 80 100 120
2-theta (deg)

Identified crystalline phases: Cu, Cu,0, Cu(OH),H,0, Cu(OH)F
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EMT = 10.00 kV
WD =102 mm
ignal A = SE2

Date 9 Oct 2018 WD = 10.2mm

Anite Perez Fontenis EMT » 10.00 kV
Mag= S00KX @ J A= SE2

I.E. Naepwunos, AOPO 2021

MM Ren T I M A

Mohammad Moeen Hasan Raza et al.

/Study the electron field emission properties of
plasma-based reduction of graphene oxide
(GO): An ex-situ plasma approach//

Carbon Trends 5 (2021) 100127

=

(a) pristine GO

(b) GO - 50 W plasma
(¢) GO - 100 W plasma
(d) GO - 150 W plasma
(e) GO - 200 W plasma

Sample 10 = EH
Mag= 100KX




Micro-Raman Spectroscopy of different regions
on cathode surface

amorphous C D G G,

1

‘no Cu20 |

\ | ./ graphene\,

|
/ {

{ f
| I} \

Deconvolution and assignation of vibrational modes in Raman spectra




@ UTorn nabopatopHbIX uccnengoBaHum

JTabopatopHble uccrnegoBanusa ctapeHust npototunos MIK (CSC CMS muon system) B
NMNAD n CERN (bld.904 stand) ansa rasosbix cmecen ¢ 5%CF, n 10%CF, nokasanu:

- 3HauynTernibHOEe OKUCITIEHME NOBEPXHOCTU KaTOAHOM dOONbLIN
- [losBneHue paguaumoHHbIX 4edeKToB HAa Meaun . BnucTepsbl, KpaTtepbl, Nenkn

-  NoeHTudunumpoBaHbl Kpuctannuyeckue dasbl Men ¢ BbICOKOWU PE3UCTUBHOCTLIO:
Cu,0, Cu(OH),H,0, Cu(OH)F

- OcHOBHbIMW 3riIEMeHTamMn 0bpasoBaHHbIMKN Ha MedHOM Katoge asnaTca C,0On F
(He kpemHMi !)

- Habniopaetcss pocT HaHOYrnepoaHbIX NIIEHOYHbLIX 0Opa3oBaHUM Ha KaToae.

Ho ! Hu 8 oOHom mecmoesom obrnydyeHuu 8 NNA® u CERN , ¢ pabo4yumu 2a308bIMU C
mecsamu Ar/CO,/CF,, codepxawumu CF, 8 duanasoHe 0% , 2%, 5% u 10%,
He o6HapyXeHO 803HUHOBEHUS CNMNOHMaHHbIX mokoe Manbmep aghghexkma.
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Fig. 7. Scans by the collimated *'Sr frsource along the anode wires. The total accumulated charge in the irradiated zones 2, 5 and 8 is 0!, = 95mC/cm
that comresponds t0 Quahode = 4.73mC/em for the cathode wires. An area where the gy ignited the self-sustained current is marked as ‘Malter zone’.
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@ UTorn nabopatopHbIX nccrieaoBaHUMN:
803MOXXHbIU UCMOYHUK 3MUCCUU — HaHOoyarepoo

120"':J""""I“""I“"I"‘"l"""l"'

U Hawubonee 3Hauynmbln adhdeKT 3a
nocnegHune 15-20 neTt — HM3Konoporoeas
nosieBas anekTpoHHas aMUCcnd 13
yrnepoaHbIX CTPYKTYP

U 3Smuccua ns metannos u
MonynpoBOAHUKOB (¢ ~ 2.5-5 eV) npwu
E ~ (1-3)x10% V/pm;
0 3muccua yrnepoaHbiX HAaHOCTPYKTYP
(p~4.5-5eV)npu E=~ 1- 4 V/um !!

KoanuecTo padoT

Hanps»keHHoCTb nonsa Ha katoae MIK
E ~0.5V/um =5 000 V/cm

1995 2000 2005 2010 2015
[ ox nyOnukanun

Pucynoxk 1.2. Konr4ecTBO padOT Mo HCCACIOBAHHIO PAa3THYHBIX A7LTOTPONHEIX GopM yriaepoaa

MeTOIaMH MoaeBoii sMuccHH (/] — Gynaepensl. 2 — anMas H aTMa30N0100HbIE IITEHKH, 3 — rpaduT. 4 —
rpadeH. 5 — yIIepoaHBIE HAHOTPYOKH., 6 — 00IIee KOIHUECTBO padoT). JaHHbIe B3ATHI H3 0a3el Web of

science (Clarivate Analytics).
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@ MWPC LHCDb — obpasubl kaToqHOW NMOCKOCTK

NccnegoBaHa MHOronpoBosiodHas nponopumoHansHasa kamepa (MI1K), oTpaboTtaBwasa B akcnepumeHTe
LHCb LHC B pexume obnyyeHns T ~ 366 gHen ~ 3.2 x 107 s npwu 3arpy3ke ~350 Hz cm2 .
AKKYMYIMpOBaHHbIM 3apsig Ha npoBoroyvkax aHoga Q ~ 1 mC/cm

[o3a Ha Cu-¢onbre katoga D ~ 1.3 Gy

Gap A N3 4-x nnockocTten: Gap A, Gap B, Gap C, Gap D.
Tonbko nnockocte Gap D perynsapHo aeMoHcTpupoBana
CMOHTaHHble caMonogaepXnBatoLLMecs ToKu
Ha ypoBHe 30-40 um npwu 3arpyske ~350 Hz cm

30

aKKymynupoBarna TaKylo Xe
paguaunoHHyto gosy D = 1.3

[ MD_Nel0

V2L 5-“3T / Mnockocte Gap A
BMD_Ne3

71 M3_xeo Gy, KaK 1 ocTanbHble.

2 M5_No S
£ M3_Neg (‘)BMC-)_N_Z Ho 6e3 HV (Q ~ 0 mC/cm)

vo_wr O NnasmMoxuMmyeckoe
10 20 0o BO3aencTBMe Ha ornbry
OTCYTCTBOBAmo

M3-06pa3ubl bpanuck nocregosartenibHO BAosb ocn Y anuHon 30 cm, napannensHomn
aHOAHbLIM MPOBOSIOYKAM.
BM3-06pa3ubl B3ATLI BAOMb OCKM Y CO CMELLLEHMEM OT 30HbI CMIOHTaHHbIX TOKOB Ha ~ 20 cm

17.01.2023 22



@ dakTopbl, BNuaLwwmue Ha opmMmpoBaHme LLEeHTPOB 3MUCCUM.

paguauMoHHOe Bo3aencTeme
KoHTponbHbIM 06paseL

0 5 10 15 20 25 um O 5 10 15 20 25 um O 5 10 15 20 25 um

. E. laspunos, M. 3. bBy3osepsi, Y. A. Kaprios, M. B. TaueHko, M. B. TkayeHko,
U3zeecmus Pocculickol akademuu Hayk. Cepusi gpusudeckasi» Ne 8, mom 86,
2022
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MAaPa

»KoHTponbHbI 06pasel (a)
- crnabo BOMOKHUCTLIN
pernbed c
TEXHOSTOrMYeCKNMM

| nedektamn ¥ eAMHNYHBIMU

nMKamMmmn

»BM3 obpasubl (0,B)

— TeppacHble U CNoucTble
CTPYKTYpbI C
BblAeNeHHbIMU A4YerKaMu

»M3 obpas3usil (r, A) -
TeppacHble CTPYKTYpbI C
BblAeNeHHbIMU fAYerKaMu
+ paguauuoHHbIe
nedekTbl: 6nucTepsl,
KpaTepbl, BOITHOOOpa3Hble
M MenkKoaucnepcHble
CTPYKTYpHI. (€) -
CTPYKTYpHO-cpa3oBble
nepexoAbl — OKUCINEHNA U

¥ onnaBneHwus.

Ha6nopgaembin achchekT
crnaxuBaHusA U3-3a
onnaBrieHus pacnpepenex
no nnowagun
nsoo6paxeHma 30 x 30 um
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Sample Ne5
ME manifestation zone

B (G N O PO PRI RCH AN P ERAILEIRE ISES

Sample Ne2
Zone without ME

SEMBIING

. B H 1.5
80 §
60 = 1.0 o 1.0
=40 N S ¥
= 0.5 0.5
20 o
(0 EE : : 0 0
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
um um
Topography Phase contrast
Samples Ngmber of Average height, | Transverse Nl_meer of Transverse
micropeaks pm dimention, um | micropeaks dimention, um
Ne2 (BMD) 230 1.1 1,2 286 0.4
Ne5 (MD) 415 0.6 0.5 455 0.5
Laboratory test 24
sample E-D 122 2.3 0.6 295 0.35




@ OueHKka mukpopenbedpa obpasuos MWPC LHC@

MAarPao

200 1800 i
160 -+ ® 1600 PN
- < .
120 | ® m ¢ m ¢ g 1400 + m ¢ e g
£ [ ¢ ¢ m
£ S £ : LR
] <:>' <:> ] - 0’0’
80 - ® S 1200 ¢
40 | o us 1000 — @ ® M3
i B EM3 i m EM3Z
0 4——— e 800 +——— ey
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Y,cm Y,cm
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RBS aneMeHTHbIN aHanu3 NoOBepPXHOCTU

17.01.2023

150

100

150
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50

P®auU "Eé%éﬁi"
BHUN3D
®)
OJ1eMeHT 1cnoi 2 ciou 3 cnon
ar. % ar.,% ar., %
Cu 15 25 100
@) 80 65 -
C 5 10 -
Tommmua, | 0.2 1.8 23
. pum
1 3 1 5 1 e -
1000 2000 3000 4000
0 D1eMeHT 1cnoit 2cnon 3 cnou
| ar. % ar.,% ar., %
Cu 10 30 100
O 70 60 -
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Tommuua, | 0.4 1.6 23
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1000 2000 3000 4000
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RBS aneMeHTHbIN aHarM3 NOBEPXHOCTHU

PO aL
BHUNISD

MDparMeHT KapThl MOBEPXHOCTH 06pa?.1[a MDS 8 ¢ kparepom : a - (l)TOp_; 0 -
KUCIIOPO/T, B — VIIIEPOJ. - ME/b. YepHBIN OBal - JIHO KpaTepa. BKIFOUEHHS — CTEHKH KpaTepa.
— PacnipederneHusi ykasblearom Ha CrIOXHbIU cocmas rnosepxHocmu obpasuos (uameHeHue
cmexuoMempuu,  rosierieHUe  Memarsiiudeckol  melOu,  MOJIEKYrspHO20  Kucriopoda 8

MEXCMPYKMypHOM MpocmpaHcmee, 803MOXHO 0bpasoeaHue yanepoOHbIX /MONUMEPHbIX MIEHOK
Ha cmeHKax Kpamepos, 8 ropax u rpo4vee.)

a 1

10 4

. (a) COI'IpOTMBJ'IeHVIe B 3aBMCMMOCTU OT CTeneHn C*)TOpVIpOBaHI/IFI @I nneHok

5 i g C YKa3aHunem obnacrten ¢ pa3nnMyHbIMU N1EKTPUYECKUMU CBOWCTBaAMU;

104
all'E (6) Mopconornsa NnoBepxHOCTU C yBENNYEHNEM CTENEHN (PTOPUPOBAHNSA

16°] 8%, 17%, 30% n 36%, COOTBETCTBEHHO CneBa HanpaBo Ha PUCYHKe

10" - MBaHoB A. U., HeboraTtukoBa H. A., KypkuHa WU. U., AHToHOBa V. B. MexaHu3m pe3ncTmBHbIX NEPEKOYEHNI

0 10 20 30 40 B MNEeHKax Ha OCHOBE YacTUYHO hTOpMPOBaHHOTO rpadeHa // dPramka n TexHMKa NoNynpoBoAHNKOB. 2017.

Crenens Qropuposanms (F/C), % T. 51. Ne 10. C.1357-1363.

. - Antonova I. V., Kotin I. A., Kurkina l. 1., Ivanov A. |, Yakimchuk E. A., Nebogatikova N. A., Vdovin V. I.,
Gutakovskii A. K. and Soots R. A. Graphene/Fluorinated Graphene Systems for a Wide Spectrum of Electronics
Application // Journal of Material Sciences & Engineering. 2017. Vol. 6. No. 5. P. 1000379.
- Kurkina I. I., Antonova I. V., Smagulova S. A. Fluorinated graphene suspension: creation, properties and
perspective of application // AIP Conference Proceedings. 2018. Vol. 2041. P. 020012.
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BHUMID

@ RBS 3neMeHTHbIN aHarnn3 NOBEPXHOCTU  -osu

- Kucnopog 21%
B vrepog 19%
®Top 7%

B Menb 53%

AneMeHTHbIN aHanu3 noBepxHocTU Katoga (yctaHoBka «MwukposoHpa» — 3IT1-10)
metoaom RBS (Rutherford backscattering spectroscopy)

[My4oKk NnpoTOHOB
- 9Heprmna 3 MaB (Tok Ha obpasue 0.01 HA; pasamep — 30 x 30 MKM),
- liar ckaHmpoBaHua 5 MKkM no nosepxHocTu nnowanbio 300 x 300 MKM.
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|@| PaMaHOBCKMI aHaNn3 NoBepXHOCTU 06pa3LoB kaToaa > @2

MHTEHCUBHOCTb, OTH. ea.

MHTEHCUBHOCTbL, OTH. eA.
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7000
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1000

10000 -

8000 +

6000 -

4000

2000 A

0-

sp2 'SP
sp3 ymepon % ymepon

yrnepog L

Cu(OH)F

LN

G

mM=AP

] 100-700 cm! moabl konebaHuit OKCuAOB
meamn CuO, Cu,0 u Cu(OH),

0 1300-1600 cm! nonocbl D n G
D(Diamond) — nonoca manopasmepHbIX
obnacTen ynopsaoveHust - anmasonogo0HbIN
yrnepoga.

G (Graphite) — nonoca rpadwuTa ¢ sp?
rmépuansaumen

1700-2000 cm' cTpyKTypbl C coaepXXaHuem

sp yrmepog
KapOuH
CF=CF,

e T e e = S
500 1000 1500 2000 2500

PamaHoBckuit casur, cm™

1975

sp yrmepoa
" xapbum

Cu(OH)F
1897

\

1781

1600

r * T v

T * .2

1800 2000 2200 2400
PamaHoBCKuit casur, cMm™

dtopa: -CF=CF, wu Cu(OH)F pesynberar
npoueccoB TopnpoBaHUS

d 2000-2200 cm! accumeTpusa cnekTpanbHOWM
obnactm - kapbuH B sp? rpadute, Katanus
yrnepoaHblX COeANHEHM Ha Meaun

Casari, C. S et al. (2004). Chemical and thermal stability of
carbyne-like structures in cluster-assembled carbon films.
Physical Review B, 69(7). doi:10.1103/physrevb.69.075422
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Tabanna 1.1.

MeToms! CHHTE3a H YCTIOBHA CO3JaHHA QTOPHPOBAHHOTO IrpadeHa

[IPHEMEHEHHA
01.04.07 — ¢m38EA KOHIEHCHPOBAHEOTO COCTOAHEA
JIHCCEpTAIHA HA COHCEAHHE YIEHOH CTEIIEHH
EAHTHIATA (HIHEO-MATEMATHIECKHT HAVE

Ol — okeung rpadeHa
BOIMI™ - BLICOKOOPMEHTUPOBAHHbIV NMUPONUTUYECKUA rpacunT

BOI™ — BoccTaHoBreHHbIN okeng rpadpena (C,0OH), rmgpodune,

PenepatsHOS MOCYIAPCTECHHEDE ABTOHOMEOE o0pazoBaTerbHOe
VOpeEISHES BEICIIETO OOpasoBaHHT Axcyrew - 2019

#Cepepo-BocToument demeparsiri vEpEepeHTeT va. MK, Anpsocosas

BblCOKOI'IpOBOD,FILLI,VII?I NOPOLLOK

MeTon MartepHaT Ha ocHOBe | DTOPHPVIOIITHI areHT F/C otHOmMeHHE Temmepatypa BpeMa peakIHH Hetounuk
rpadera / pacTBOpHTeIB IPH PeaKIHH
skcomHaHE
CHH3Y BBepx
T'padeHOBEIE = 0-1,00 70°C =1h-2 Hegemn [2]
MeMOpaHBI 200°C ~ HecKOJBKO YacoB
I'paderOBEIe TUIEHKH ~025-1,00 30°C ~30-1200 ¢ [65]
Xe}'g
IMpsmoe razodasHoe
$ropuposarme ['padeHOBEIS CTOH - 350°C = 1-5 mnefi [68]
DNHTAKCHATHHBIA = 0,06-0.07 120 ¢ [69]
rpaden
or E = 0-1,02 OT KT 10 180°C 20 MuH [70]
BOII B = 0,70 600°C 36-48 0. [71]
CVD-rappesr = KT 6, 172]
5-300c [73]
DIHTAKCHATEHBIH SFsmmazma - KT [74]
rpaden = 0,10 KT [75]
. 60°C 30c [76]
BOT =0,17-0,27 KT - [77]
I'paden (Mex. - KT 10¢ [78]
DTOPHPOBAHHE B PACCTIOeH.) - 10-30¢ [75]
TIasmMe I'pateHOBBIE CTIOH CF, nmasMa - KT 45MHEH [79]
- 10¢

CVD-rapden ~0,274-0,056 Ot KT 1o 200 °C 1-30 mMuH [80]
Meree 0,1 opu 15 MuE KT 3-20 MHH [81]
T'paden = 0,17 ama 3 MuH KT 0,5-30 MEE [82]
BOT Ar/F; miasua = 0,20 111 45 vuH 300-450°C 145 vuH [83]
Koprarea Hpms Fnanosss HF (40wt%) 0,09-0,32 150-180 °C 10-30u [84]
TOHKHE ILTEHKY H3 CYCIIEH3HE $TOPHPOBAHHOrO | TPH@TOPHI 0,03-0,04 0°C 174 [85]

. . [H3THIaMHHOCEPEL 220.04-0.05 e KT

T'PAPEHA: CO3TAHHE, CBOHCTEA H ITIEFCTIEKTHEERI
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Figure 1. (a) Potential energy of the electron as function of the distance x from the metal-vacuum interface.
The barrier for electron field emission is thinned and lowered by the electric field and the image force,
which add to ¢ the position-dependent terms —¢Ex and —¢? /4x, respectively. Experimental setup for
field emission measurements in the (b) parallel plate and (c) tip configuration for average and local

characterization, respectively.
applied
. sciences mfy

Review

Field Emission from Carbon Nanostructures

Filippo Giubileo L+(J, Antonio Di Bartolomeo 2, Laura lemmo 12, Giuseppe Luongo 12Q
and Francesca Urban -2
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NMouck ueHTpa amuccum Ha NoBepPxXHOCTU 00pa3uos katoga MIK

BeATM 1 ApeAFM

MD 7.8 11 2021

MpnBAMKEHHO NNMHEHAN 3aBUCMMOCTb, MOYTN OMUYECKUA KOHTAKT.
O6nacTtb ¢ HenuHeHbiMKM BAX- 0.4MKkM. HeT nepekntoyeHms

IprAFM FIprAFM

S

Wi

gt

Hauano pocta Toka npu 4B CunbHbIn pocT npu 5B.
O6paTHbIv TOK Npu 4B Bbiwe 1HA No cpaBHEHUtO ¢ NpsiMbiM -0.4HA

17.01.2023

IprAFM FIprAFM
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vvvvvvvv

Bcnneck Ttoka ¢ 0.4 go 3.5 HA npu U= 8 B. Pa3sHoCTb
noteHyuanos HegoctTwkumasa B MK

[ONuUTenbHOCTbL N3MEPEHUSA B TOUKE
KacaHua 3oHOa ~ 5 mc
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NMounck ueHTpa ammccum
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NMounck ueHTpa aMmmMccum Ha NoBepxXHOCTU obpa3uoB katoaa MIK > @%}
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Mouck ueHTpa aMMccun Ha NOBEepPXHOCTM 0bpasLoB KaToAa
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MCE curing without beam with 2% of Oxygen Curing process of CMB M5R4#22C
. 35
addinag to Ar/CO2/CF4 (40 : 55 : 5). MV 260052750
Currents from St*° along the chamber, GAP A % W Eithreatird
25
DETECTED MALTER
5600 nA JONES g 20 AV | |
6000 - . = 15 —|_nominal mix
5000 10 -=|_Oxygen -
€ 4000 2706nA .'N, .+
=300 > L
- HV 2700->2850
2000 0 J T T T T T T 1
0 1 2 3 4 5 6 7
1000 &
0 Curing time,h
N
M5R4 #22C
Coordinate along sensative aria,cm 35
30
vRemoval of organic polymeric material with oxygen containing plasma ~~Befortraining /

25 ||
(H. Boeing, Plasma Sci.&Tech., page 281, (1987). o-After 6h of training with / /
¥'Cleaning of mirrors contaminating films by a glow discharge in oxygen

< 20 +—| nominalgas mixture
plasma. (R. Gillette et al., Vac. Sci. Tech., 7(1070)534) 3 —— After 4h of training with l /
v'Recovery from the Malter effect deposits by Oxygen (A. M. Boyarski ~ 15 | oxygen.
Additives That Prevent Or Reverse Cathode Aging in Drift Chambers 10 / /
With Helium-Isobutane Gas, Nucl. Inst. And Meth. A515, 190-195(2003). / /
v'M. Blom, I. Mous, and N. Tuning, Effects of adding oxygen to the outer 5
tracker gas mixture,“ LHCb, vol. 064, 2008 /
vE.P. Albicocco ,...G. Gavrilov,... O. Maev, D. Maysuzenko,... A. 0 = i
Vorobyev “Long-term Operation of the Multi-Wire-Proportional- 2300 2400 2500 2600 2700 2800 2900
Chambers of the LHCb Muon System”, JINST (2019) V.14 P11031, HV,V ~—
https://doi.org/10.1088/1748-0221/14/11/P11031 ol

G.Gavrilov, PNPI, Gatchina, RF D.Maysuzenko, O. Maev
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3akKknro4deHue

KomnnekcHoe uccnepoBaHue obpasuoB katoga u3 MIK nokasano,
YyTo NCTOYHMKOM MO  aBnsTCA  HaAHOYIMEepoAHble  CTPYKTYpbl  Sp?-
mbpuansaumm ¢ npumecamm  sp3-rmbpuausauun, chopmmpoBaBLUME B
OETEKTOPE UEHTPbl HU3KOMOPOroBOM 3MUCCUN 3NEKTPOHOB. OBOHapyXeHHble
LeHTPblI 06ragatoT YHUKaNbHbIMU XapaKTePUCTUKAMM:
O cdoopmupyroTca npu KoMHaTHOM TemnepaType U atMoccepHOM AaBrneHun B
YCITIOBUAX MOCTOSAHHOrO pagvauuoOHHOro oonyyYyeHus 3apAXeHHbIMU YacTULamu;
BefiIMYMHa TOKOB 3MMCCUU B TOUYKE Ha KaToae Bapbupyetcs oT 1-5 HA;
U nosiBneHue LUeHTPOB cTabUNbLHOM 3MUCCUUN OBYCNOBNEHO ONUTEeNbLHON PaboTon
cuctembl MIK B ycnoBusax obny4yeHus, Nn0O3ToMy UX ulydyeHme B nabopaTopHbIX
yCIIOBUAX 3aTPYAHEHO;
O Bpems paboThbl LLeHTpa aMuccumn B getektope coctaBnsiet Ao 108 cekyHa, Yto B
AEeCATKN pa3 6onblue, YeM Y U3BECTHbIX Ha cerogHsA HU3KONOpPoroBbIX AIMUTTEPOB;
U UeHTpbl SMUCCUM INEKTPOHOB CTabuUIIbHbI B PeXNMe MaKCUMasibHbIX TOKOB Npu
TpeHupoBkax MIIK, koTopble gnaTca ot Heaenu A0 ABYX MeCALEeB.

NopaBneHne TOKOB MOXHO OCYLLECTBUTb MYyTEM BbICOKOBOJSILTHOM TPEHUPOBKMU
AeTeKkTopoB B rasosom cmecu Ar(38%)/CO,(55%)/CF,(5%)/0,(2%). MNpoBepeHO Ha
npakTuke.
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dopmyna @aynepa-Hoodzelima — 3aBUCUMOCTb NJOTHOCTU TOKA
aBTO3MMUCCUU OT 3NEKTPUYECKOTO Nons U paboTbl Bbixoaa:

32 3/2 3
] E A/ 2m E
]ze exp[— ve H(e )‘,
8mhe h eE

@Y

E — aneKTpU4ecKoe nosie Ha NOBEPXHOCTU KaToAa;
h — nocroaHHaa MNnaHKa;

m — Macca 3/1EKTPOHa,

@ — paboTa BbiIxoga 31eKTPoHOB U3 meTanna (~ 4.5 eV);
6 — yHKuma Hoparerma.

Mocne NOACTaHOBKU KOHCTAHT, paboTbl BbIXoA4a,
anektpuyeckoro nona (V/cm) u nnotHoctn Toka B (A/cm?):

E? 3/2 (3.62107*-VE
j =1.5510° " X —6.85-107 2 9( \[_)]

E @
B skcnepumeHTe namepsaetca Tok [ =j-S, 20e S — nnowaab ammnccnm Ha
KaToae
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