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Gas emissions from particle detectors

Gas emissions from particle detectors

Gas Systems

& 50
PH-DT-DI

= Operational costs and Greenhouse Gas (GHG) emission

= Total emission: ~127100 tCO,e

= Main contribution C,H,F,(R134a), CF,, SF;
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. WUccnedoeaHue HOBbIX IKOM02UYeCcKU be3onacHbix 2a308bix cmeceli
Eco- fr'lendly gas mixtures study:

JKonoauvyeckasa npobaema:

/100 0 0
*O6wWwunn ob6BEM rasa, NOCTyNaOLLMUN €ANHULIaX
B Kamepbl CSC 180 m3 B CyTKM GWP
- 90% dKBMBAJZIEHTEH
*Peunpkrynauma 90%
7390 kg CO,
*Bbibpoc CF, - 4380 ToHH CO, B rog,
B GWP eanHunuax
Lna cpasHeHus ebibpoc T GWP (Global
11-12 meic. moHH CO, 8 200 .
Warming
*Bpems u3Hu CO, B aTmocdepe Potential) —

Bo3aencTema 1 kg
CO, Ha atmocdepy

3

*Bpema »xun3uu CF, B
atmocdepe 50 000 ner

01/12/2015




Analysis of the gas components

GWP
Xnmunueckas NUHAaeKc (Global- Bpems }KU3HU B
dopmyna Warming atmocdepe, net
Potential)
co, R744 1 50-200
CF, R14 7390 50 000
CF,l R13I 0.4 <1
C,F, R116 12200 10 000
C,F,g R218 8830 7 000
c-C,Fg RC318 10300 3 000

BO3MOXHOCTb TpasnieHUs Si pTOpoYyriiepoaamu

B Tabaunue rasbl, LULUPOKO MPUMEHSEMbIE B
MUKPO3NEKTPOHUKE ANA TPaBAEHUA
KPEMHMEBbBIX MUKPOCXEM BCE OHMW,
obHapyXeHbl B aTmocdepe obnaaatoT
6onbwnum GWP

TonbKo CF;l He faéT BKhaja B
NapHUKOBbIN 3P PeKT:
GWP= 0.4 3a 100 net

CF, CF, |

Padounn ras

IHapametp F/C

XapakTepHcTHRA mponecca

Q ?

Si + F*—>>SiF, T

D. Yangd, G. Chend et al. Properties of potential
Eco-friendly gas replacements for particle

detectors in High-Energy Physics, CERN-OPEN-
2015-004, 02 May 2015.

Antti Nuottajarvi, Tarmo Suppula,
Plasma Etching and Integration with Nanoprocessing, lon Beams in

Nanoscience and Technology Part of the series Particle Acceleration and
Detection pp 251-263, Nanoscience Center, University of Jyvaskyla

Mpuropbes ®.M. MNazsmMoOXMMUYECKOE M MOHHO-XMMUYECKOE Tpas/ieHVe B
TEXHONOMMU MUKPOINEKTPOHMKK: YuebHoe nocobue / MoCKOBCKUIA

Dez uoHKOU C UOHHOU GOoMOaPOUPOEKDL
bombapoupoexu (<15 (=10038)
35)

CFs 4 TpaBIcHHE TpaBIcHHE

CF3l 3 TpaBJIcHHE TpPaBICHHE

C.Fs 3 HET TPABICHHA TpaBIcHHE

CsFg 2.67 MOTHMEPH3ALIHA TPaBICHHE

C2Fs 2 MOTHMEPH3ALIHA IOTHMEPH3ALIHA

rocyapCTBEHHbIN MHCTUTYT 3NEKTPOHMKKU U maTemaTmku. M. 2003. 48 c.
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«— safe t0 0.35 C/cm .
Currents observed in Run 1 and Run 2

— ME1/1: 1=2 pA per 103 cm2s?
— ME2/1 (HV#1): | =5 pA per 103* cms?

— Current per lumi is about the same at 8 and 13 TeV

Extrapolation toward HL LHC L = 5x103* cm2s!
— ME1/1: |, .. =10-15 pA
— ME2/1 (HV#1): 1, .c=25pA
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What Is the main origin of background in
the CSC?

The major source of background radiation in the CMS region away from the beam pipe (R>50cm) comes from
neutrons with energies up to few hundred MeV (testing with reactor-n not exhaustive).

* Background hits in the CSC are mostly generated by Compton electrons produced by 0.1-1 MeV photons
irradiated by neutron-capturing nuclei.

 The avalanche total deposited charge is typically 3-4 times larger than that released by minimum ionizing
particles (~1pC at the CSC operating voltage of 3.6 KV).

Neutrons (and protons) with energy above 20 MeV are also the major source of malfunctioning (SEU) or
incremental damage to electronics components caused by hadronic interactions in the silicon

01/12/2015 l.E. FfaBpunos, cemmHap OPB3I 6



Cross Section (10%Y m?)

Cross Section (10’ m?)

Si etching with CF;l »
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Phys Rev A. 1988 Jul 1; 38(1): 58-69.
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Electron Interactions Cross Section with Plasma Processing Gases

Cross Section (1020 m?)
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Gas mixture to be studied

40%Ar+50%C0,+10%CF,
40%Ar+55%C0,+5%CF;|

40%Ar+59%C0,+1%CF;|
40%Ar+50%C0,+10%CF;|

+CF;(gas) + Si - *CF;(adsorbed) + Si

¢ CF;(adsorbed) + Si - C(adsorbed) + 3F(adsorbed) + Si
4F(adsorbed) + Si - SiF,(adsorbed)

SiF,(adsorbed) - SiF,(gas)
C(adsorbed) + 4F(adsorbed) - CF,(gas)

From aging point of view:

CF;l is capable to substitute CF, because
CF;l + hv =*CF;+l- ->

Si etching by CF;l is possible because

the binding energies of C-1 (2.4 eV) and C=C (2.8
eV) that is << C-F (5.6 eV)

Daiki Nakayama et al., Highly selective silicon nitride etching to
Si and SiO, for a gate sidewall spacer using a CF;1/0,/H, neutral
beam, Journal of Physics D: Applied Physics

Samukawa, Seiji et al., Environmentally harmonized CF3I plasma
for low-damage and highly selective low-k etching, Journal of
Applied Physics;Mar2008, Vol. 103 Issue 5, p053310

X N

-<C|E/C|X>, o’ p’
Mev-g/cm3 g/em? cm?
1.67 29.21 36.72
1.667 28.31 45.97
1.67 29.29 36.43
1.64 27.07 57.56
chemical adsorption
dissociation
chemical reaction
desorption :
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GARFIELD simulation of (a—p)— effective ionization and data from publications

70 [ e e e 4. 3 . 3
Effective ionization coefficient in electric field
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Puc. 4: I'pacukn Temueparypbl 0 JABJIEHHS] B CHCTEME B IIPOIECCe OTHCTKI.

KpacHslii nser

Chemical formula

Molar mass

Density

Melting point

Boiling point

Solubility in water

Vapor pressure
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TeMIIEPATYPa, 3eJeHbIi

JlaBJIEHNE

Properties

CF,l
195.91 g/mol
Colorless odorless gas

2.5485 g/cm?3 at -78.5 °C
2.3608 g/cm3 at -32.5 °C

-110 °C (-166 °F; 163 K)
-22.5 °C(-8.5 °F; 250.7 K)
Slightly

541 kPa

Gas components - candidates for CSC

2

0, ~0.16%
N, ~0.74%

TR 98.5% > 99.99%

Puc. 2: Cxema ycranoku. BHenHsa KoMMyTalls ra3oBbIX JHHAN 1 psijl
nojgpobHocTel onyensl. 1) rasopas TpyOKa; 2)  CKoJIb3siiee VILIOTHeHHe
3) BepxHuil BakyyMHBIH ajanrep; 4) KpHOreHHOE pasbeMHOe CoejIHHeHHe
5) cHabxKeHHasi BHYTpeHHell MeJIHOil ceTKol KOoH/leHcallnoHHas siueiika
6) ocHopHOl BakyyMHBIH o0bem; T)  TypOoMoseKynsipHblil Hacoc; 8)

TeIoBoil MoeT, cHabKeHHbI HarpeBaTenem; 9) rojoBKa KpHoreHepaTopa

10) curna/jbHbI pazbeM
I.E. laBpunos, cemmHap OOBI



http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Aqueous_solution
http://en.wikipedia.org/wiki/Vapor_pressure

Gas mixtures straw-test set up

L] Wisy

e ——— ,.. Two identical blocks with 2 straws:
' 1. Test block (top) is irradiated by Sr%°
with rate 15 MHz per 3.5 cm spot

s v s 2. Gas gain monitoring with °°Fe y-source,
...... - Ey=6 keV

"""" E : 3. Control block (bottom) is not irradiated
and used for compensation of the air
pressure and temperature influence

AG (AP AT

* 50 um W anode wire, 5% weight of Au
coating

* 4 mm straw diameter, 38 mm length

Both aging tests and gas mixtures study are available < 72 um thickness of the kapton made
cathode wall

av

01/12/2015 I.E. laBpunos, cemmHap OOB3



Gas mixtures straw-test

CuyeTHbIe XapaKkTepucTukm ot 9Fe AMNAUTYAHbIE CMEeKTpbI
o0 [ 409Ar=50%C02+ 10%CF4 40%Ar+50%C0,+10%CF.|
* 40%Ar+60%C02 NIRLEIE | " '
so0 | A 40%AT+59%C02+15%CF3T 7
& 40%Ar+50%C02+10%CF31
HV=2150 B
® 40%Ar+55%C02+5%CF31
400
0B 1 3 RIS 3 g1 gl 1 Ao
/ HV32325B HV=2150B HV=2450 B HV=2500 B HV=2550 B HV=2600 B
300 -
D%
4 40 avensis
‘ ! 40%Ar+59%C0,+1%CF;|
200
I // HVj25001; ' 0.63 pC ’ 2.2 pC | 4. .
100 - : |
' : (g \ S
1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 dkah - % ' "W

Count rates plateau appears at
Limited Streamer mode Q>> 2pC

e HV=2050B HV=2100B  HV=2200B HV=2270 B HV=2300B
40%Ar+50%C0O,+10%CF ;4

01/12/2015 11
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X, um

Malter aging safe detector

500 1000 1500 2000 2500 3000

High signal amplitude due to LSM

High angle resolution
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Probable detector structure Contour of V
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Working gas mixtures with CF3I

PRO - CONS

10 times high pulses amplitude good for Not good for CSC because of low
operation at high background efficiency

Safe from Malter aging effect, because Short efficiency plateau ~ 100 V
insensitive to cathode electrons
emmision

Limited amplification zone in vicinity of
the anode wire implies good space
resolution

m CF3l concentration < 0.1% with adding methane (to increase plateau)

have to be studied
m Searching for new gas components have to be continued

01/12/2015 I.E. FfaBpunos, cemnHap OPBI
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IT. CF3T gas mixtures study with CSC prototype

e 2 planes with 7 controlled anode wires
in each one
* 50 um gold-coated anode wire
* 300 x 300 mm? sensitive area
* S=3mm
* L=45mm
* Identical geometry, construction materials to
CSC
BUT
* No strips, readout from anode wires only
* - HV applied to the cathode

01/12/2015 I.E. FfaBpunos, cemnHap OPBI
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CSC test prototype at ATS in PNPI
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AMNUTYAHbBIE CNEeKTPLI OT UCTOYHUKA PeHTreHOBCKUX (POTOHOB Fe
40%Ar+50%C0O,+10%CF;l

HV=4850 B HV=4900 B HV=4950 B

40%Ar+59%C0,+1%CF,|

HV=4800 B

H\'=46O HV=4650 B T
40%AF+50%CO +10% CF4 : HV 4100 B

129~
120-

HV=4550 B

40%Ar+60%CQO, , HV=3650 B

T St T
] Iﬂ-l-_l sFe |ININRNRNNRNANE
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#Ewvents
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BosmoxHeiu kaHauaatr C(CH,), - N - NeHTaH

GWP (¢34 < 15 32100 ner
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[leHTaHbl — HaCbIWEHHbIE aUUKANYECKME YIr/1IeBo40opPOoAbl Knacca
a/IKaHOB. UmeloT NATb aTOMOB yriepoaa B mosiekyne. N3oneHTaH
obnapaeT HAPKOTUYECKUM AencTBMeM. Knacc onacHOCTH
YeTBEPTbIN

®opmyna: C.H,,

TemnepaTtypa kmneHusa: 36,1°C

Ha3saHue UIOMAK: Pentane

MNnotHoCcTb: 626,00 Kr/m3

MonsapHaa macca: 72,15 r/monb

TemnepaTtypa nnasneHumsa: -129,8°C

Knaccudukauumsa: AnkaHbl

IE. laBpunos, cemmHap ODPBI 19
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Simulation Studies of Characteristics and Performance of small-strip,
Thin Gap Chambers for the ATLAS New Small Wheel
Muon Detector Upgrade
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Figure &: The electron drift velocity (a) and Lorentz angle (b) as a function of the electric field in CO;:n-

pentane (55:45) for several values of an orthogonal magnetic field.
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Chambers for the New Small Wheel

//L Ageing studies on small Thin Gap

»y

First 100 hours Last 100 hours
Flow rate: 2.5 co/min
Integrated charge [p0] L2 £ 0.82 13.30 = D.B2
Pressure [Tore| 763 62
Temperature [C] s 24
Flow rate: 5.0 cofmin
Integrated charge [pO)| 14.70 + 0,82 1401 = 0,82
Pressune [Torr TE2 754
Temperaturs [C] i 4
Flow rate: 10.0 cc/min
Integrabed charge [pC| 12.63 £ 0,82 13.11 = 0.82
Pressune [Torr TR TES
Teenpesatuse [ e 25
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A prototype sTGC chambers measuring 10 cm x 20 cm was used to test the signal quality
after a total accumulated charge of 10 C/ecm?. This is an equivalent radiation dose to that of

150 LHC years.
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B.P. KONSTANTINOV
PETERSBURG NUCLEAR PHYSICS INSTITUTE

ITI. Si aging recovering method

1

60MKm 3nexTpoxKoe naobpaxenne 1
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First recovering experience with 80%CF4+207%C0O?2

Magnet Chambers (HERMES, DESY ) ageing studies

180

3 B 2

Signal amplitude from 5Fe, mV
2

g
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A - Scan along B axis

O - Scan along A axis

Irradiated
zone

»Gas gain in the irradiated zone

drops 4 times at Q_,,4.= 32 mC/cm
i & ik ' ol B SR e e »Out of the irradiated zone the gas
20 40 60 80 100 gain is constant
Coordinate along X and Y axes, mm Anode wire 30 mcm
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Relative gas gain, a.u.

Cleaning of Si, SiO, deposits from the anode wire with 80%CF,+20%CO,

=
)
th

65%Ar+30%C0,+5%CF, 80%CF,+20%CO,

Relative gas gain, a.u.

0.75- . L . L . L . L L 0.75 , ! . ! . . . ! . !
2 6 10 14 18 20 0.0 0.5 1.0 1.5 2.0 2.5
Accumulated charge, mCiem Accumulated charge, mC/cm
*5Fe amplitude spectra
65%Ar+30%C0O;+5%CF, 80%CF,1+20%CO,

450

Recovered

...........

Eﬁn Eﬁn ?ﬁu 35“ 95“ ch 450 550 650 ?En 350 95“ c.h Fig. 11. SEM micrograph of the anode wire irradiated in the fifth test point (see Fig. 6) after accumulation oni’::i‘:" =32mC/cm and XEM spectra of
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> by
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#Training with 80%CF,+20%CO, gas
mixture at inversed HV =-3400 +-3600V

# Aged point irradiated with a >>Fe X-ray
source (6 keV)

~2um Si, Si0, cleaned per 4 h from
the wire surface with accumulated
charge Q~2mC/cm!

ntitled:1
Labelilabel Sirmrad> anodo
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the deposits on the surface.

S. Belostotski, S. Frullani, G. Gavrilov, O. Miklukho, L. Shchipunov, Extension of the operational lifetime of the proportional
chambers in the HERMES spectrometer, NIMA 591 (2008) 353—-366
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Relative Gas Gain, a.u.

Multiple cleaning of the anode wire with plasma chemistry glow discharge

Straw aging performed with a 60%Ar + 30%C0,+ 10%CF, working gas mixture and limited by dG/G ~33%
Straw recovering with a 80%CF, + 20%C0O, gas mixture

1.05

1.00
A @
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0.00 0.005 0.01 0.015 0.020 0.025 0.030 B0MKm 1 3nextponHoe naobpaxenue 1 1 2 3 4 K35B

== Straw 1 -0~ Straw 2

Accumulated charge, C/cm

Multiple cleaning with plasma etching of the silicon compounds on the wire
surface leads to complete restoration of the detector performance and few times
increases the lifetime.
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Chamber aging and eco-friendly
gas mixtures

Armando Lanaro (UW)
CSC Coll. Meeting CMS week
Oct 20, 2015

Many thanks to all colleagues providing material and inputs
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PNPI collaborators are actively studying this subject (see last week
presentation https://indico.cern.ch/event/454874/ by G. Gavrilov )

Cleaning of Si,
SiO, deposits
from the anode

wire with
80%CF,+20%CO0O,

50w IneaDoHHOE WI0BDEKEHAE 1 1

2 3 4

Use of high concentration CF, gas mixtures (glow discharge) produces etching of Si
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I.E. laBpunos, cemmHap OPBI

\ — Multiple cleaning leads to complete

Aged point irradiated with a °>Fe X-ray

Perform recovery of aged CSC in
equipped lab (B904)

restoration of detector performance

11

27

5
k3B



Strategy for future

* Preliminary targeting aging tests in PNPI. At
ATS with intensive 90Sr local irradiation will be
performed studies of alternative gas mixtures.

* Then at GIF will be tested compact CSC
prototypes with recirculation gas system flushed
by the tested at ATS gas mixture.
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3aknovueHue

1. Bce cocTtaBbl UCCNEA0BaAHHbIX FA30BbIX CMECEeN AEMOHCTPUPYHOT BbIXOA, Ha NJ1IaTO CYETHOM XapPaKTEPUCTUKM
B MO/JE OrpPaHUYEHHOrO CTpUMepa. ITO NPOAEMOHCTPUPOBAHO HA NPONOPLMOHANIBHOM CHETUYMKE Straw
npu pabote c npotoTnom CSC.

2. bonbwaa amnantyna curHana B obnactn nnato — B 4-10 pa3 6onbwan, 4em B 0O6bIMHOM
NPONOPLUMNOHANbHON MOAEe — NO3BOJIAET PACCMOTPETb BO3MOXKHOCTb CO34aHNA HOBOIO TUMNA AETEKTOPA,
paboTatowero B Moae orpaHMY4eHHOro CTpMmepa.

3. Hannume 30HbI CUIBHOTO NPUAMNAHNA SNEKTPOHOB BOIN3M KAaTOAHOM NIOCKOCTU AeNaeT AETEKTOP,
paboTatowwmin c paboyen razoson cmecbio cogepratten CF;l, 6esonacHbim ana 3¢pdeKToB BTOPUYHOM
3MMCCUN SN1EKTPOHOB C KaToda, KOTOPble BO3HMKAIOT B Pe3y/bTaTe CTapeHMa Npu 4nntenbHom obaydyeHumu.

4. Ho. NMpumeHeHne nogobHbix cmecen ana Kamep CSC HEBO3MOXKHO M13-3a UX HU3KOM 3PEKTUBHOCTH
perncTpaumm n HeobxoaMMoCTM NoaaBaTb 3HAUYNTENbHO Bonee BbICOKOE HAaNpPAXKEHMeE.

5. Heobxoanmmo n3y4ymTb BO3MOKHOCTU Pa3paboTKmM HOBbIX Paboumnx ra3oBbiX CMECEN C UCMOJIb30BAHMEM
APYrMX KOMAOHEHT



IV Planning

1. Aging test of straw (50 um anode wire) at ATS with the 5% gas

mixture.
2.Aging test of the CSC prototype (50 pum anode wire) at ATS

with 5% gas mixture.

& Outlook
* Reducing of CF4 content in gas mixture * Reducing the CF3T content in the gas
up to 1-2% mixture up to 0.1 %
‘ * Looking for new gas components

This makes shorter the efficiency plateau

To compensate an X component have to
be added. It can be CH,, C,H,and e 1 c.
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How to cure ageing?

» R.Openshaw, R.S. Henderson et al IEEE Trans. Nucl.. Sci NS-34, 528 (1987) - training with
80%CF,+20%iC,H,, glow discharge

2 T. Marshall NIMA 515 (2003), 50 — “Zap” cleaning by quick current heating
(C=1.5uF HV=3500V | = 190 cm)

2 M. Kollefrath, V. Paschhoff, M. Spegel et al NIMA419 (1998), 451 — reversed HV and glow
discharge in Ar +O, (the current 1=0.7+23 pA/cm cleaned carbon)

> A.M.Boyarski NIMA515(2003), 190 — 2h of training with He + iC,H,,+ O, under >°Fe
iIrradiation cured the Malter effect (29nA/cm)

> S, Belostotski, S. Frullani, G. Gavrilov... NIMA 591 (2008) 353-366 4 hours training of
HERMES Magnet chamber prototype with 80%CF,+20%CO, with >°Fe irradiation and

inversed HV cured anode (~2 mcm Si cleaned from the anode with 20nA/cm glow
discharge current)



Ageing terms and faces

Anode wire swelling effect
Q=3.7C/cm
Amplitude drop ~30%

33 um

Crold only

T.Ferguson et al. NIMA 478(2002) 254-258

-1 T
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Ciold only

Radiation Radiation e + C02 — CO. + O. +e7;
HiH Hit L co*+0;
[Ovveer | Actis L—co +0";
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L s 420 +¢:
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Adtive
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T.Akesson et al. NIMA 515(2003) 166-179

by

(a}

T. Fergusona, G. Gavrilov et ¢, Swelling phenomena in anode wires aging under a high
accumulated dose, NIMA 515 (2003) 266-277
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Curing of the anode wire in the straw from swelling
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Multiple recovery test results
1.02

1.00
0.98 i
0.96
0.94 -
0.92
0.90
0.88

0.86
0.85 Currents changing during
0 0.5 1 1.5 2 2.5 3 3.5 recovering

Accumulated charge, C/cm B I e G

=3 g%
RB.E\

(Gas gain, arbitrary units

G.E. Gavrilov, D.A.Aksenov, R.Conti et al., Using an 80%CF4+20%C0O2 gas mixture to o -5E+6
recover aged anode wires in proportional chambers, NIMA 694 (2012) 167-172 "
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PAST EXPERIENCE

DETECTOR

AGEING EFFECT

SOLUTION

ZEUS Central Tr.

83%Ar+12%C0,+5%C,Hq+0.5%C,H;OH

Malter effect (0.1 C/cm)

Addition of water
0.1%

H1 Central Jet Ch.

50%Ar+50%C,H,+0.1%H,0

Malter effect

5 years with 0.1%
water, then changed
on 0.8% ethanol

DO Drift Tube Ch

90%Ar+4%CO0,+6%CF,

01/12/2015

CDF Central Tr.

50%Ar+50%C2H6+1%C,H;OH

Existing methods of ageing preventing are passive and only delay

the process development

IE. laBpunnos, cemmHap ODBI

35



01/12/2015

I.E. laBpunos, cemmHap OPBI

36



