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Objectives

» Systematic measure ion mobility in gaseous mixtures of inferest
» Ar-CO2
= Ne-CO2
= Ne-CO2-N2
» Ar-CF4
» Ne-CF4

» Simulation work within the mentioned gas mixtures and quantitative
description of the measurements.

Whye Urgency to give
Scarce data available on ion mobility in mixtures
relevant for the ALICE TPC, although measurements for feedboqk
other gases have been performed since long. fo the Alice TPC

Project!
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*Develop a new
detector and
improve the large
set of measurements
done by VECC and
LIP-Coimbira.

Project Tasks

 Systematically
measure ion mobility
of mixtures such as Ar-
LIP- CO,, Ne-CO,and
Coimbra other gas mixtures at
various concentration
and electric fields
around 400 V/cm.

OUR
COMMON PURPOSE

<

* Adapt their simulation
framework to the
mentioned gas
mixtures and aim at a
quantitative
description of the
measurements.

*Improve ion mobility,
extending the
composition range,
pressure and the
electric field range.



Collaboration Previous Achievements
» March 2014

» First contacts.

» April 2014

» S| starts developing its ionization chamber
» | |P-Coimbra starts with Ar-CO2 mixtures studies
» ludag Univ. starts with the simulation work

» May 2014

» GS| concludes the ionization chamber
» | |[P-Coimbra achieve some preliminary results on Ar-CO2 mixtures studies
» Uludag Univ. continues the simulation work

» June 2014

» Sl starts testing the ionization chamber

» | |P-Coimbra finishes the Ar-CO2 mixture studies

» Uludag Univ. concludes the preliminary analysis for Ar-CO2 mixtures
»
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a» Present Status

» GSl has the ionization chamber constructed, and is testing it.

> LIP-Coimbra is about to start with Ne-CO2 mixtures.

» Uludag Univ. has already started doing some simulation studies on the
mentioned mixtures, Ar-CO2 already completed.

There's much yet to be done depending on
financing...




lon Mobility Measurement at LIP Coimibra

« Basic Concepts
 Experimental Setup and Working Principle
» |on Identfification Process
* Experimental results in:
« Ar-CO:




Basic Concepfs

et us consider a group of ions moving in a gaseous medium under the

influence of a uniform electric field...
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Microscopically ...

O G

Langevin Limit
1

Blanc’s Law

1 £, £

Drift velocity Reduced Mobility
vy = KE Ky= KN/N,

N — Gas number density

E- Electric Field
No—Loschmidt Number

K-lon Mobility

1 \2
K, = 13.88 (—)
ap

u — reduced mass
o — neutral polarizability

= +
KOmix KOgl K0g2 |

f;,f,— molar fraction of gas 1, 2
Kog1, Kogz — ion mobility in
the gas 1 and gas 2
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Experimental Setup and Working Principle

(Neves, Conde and Tavora, 2007)

Xenon UV flash
lamp
10Hz, <500ns

Frisch Grid

Pre-amplifier

Oscilloscope

GEM
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Experimental Setup and Working Principle

Xenon UV flash - After the signal and the

lamp

10Hz, <500ns e fior background were recorded...

____________ L] - Subfract the

Fricoh Grid I digial bgckground to the
Oscilloscope S|gnq|

» |dentify possible peaks
« Fit Gaussian curves to
the spectrum obtained

200
peaks centroids z Argon Ary’
Y p="7.039 Torr A
l g 150 E/N =30 Td ’
g 100
average drift fime of the % UV Flash
ion’s distribution (ty,:) = T n::ls
B 50 c
7]
_ Xarift Vg4 0
Va= “=F 0 M0 150 200 250
drift Ko1 = 1.57 cm2V-1s™! (Ar* ?)

Koo = 1.92 cm2V-s1 (Ar,* ?) Drift time (us)
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lon ldentification Process

Identification of candidate ions

- GEM Voltage

* Possible Reactions|most « Langevin Limit (formula)

« Cross Section Probable | , :
‘ . anc’s law (mixtures
« Reaction Rates |Candidates ( )

|dentification of expected mobility

Compare with experimental results

Theoretical Experimental ?
) ‘ MatCh !

Values = Values

YES




lon ldentification Process
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Assume that Experimental Results
and Theoretical Values are identical

Identification of the ion’s mass

Experimental
Values

Theoretical
Values

Langevin Limit (formula)
Blanc's law (mixtures)

Identification of candidate
ions based on the mass

Most
Probable
Candidates

Candidate’s
Mass

lon’s Expected
Mass

Match?

YES
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lon Identification: Ar-CO,

0.16
95% Ar — 5% CO,

E/N=25Td
P=38Torr
VGem = 25V

0.14

o
=
N

o
[

Amplitude (mV)
)
o
00

o
o
»

0 0.0001 0.0002 0.0003 0.0004 0.0005
Drift Time (ms)

Which ions are we observing?
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B Experimental Results: Ar

Appearance Energies
Art 15.76 e

200
S For Vgem =20 V
Ar+ e S/Art + e Above threshold £ A[g;)& 0T Ary’
15.76 eV ® 150 p= /.17 Lot A,
T E/N=30Td
o =
= £ 100
‘ © . UVFlash
< % 50 signal
_‘_\ At H/2Ar 2> Ary)t + Ar 72
Ar +Ar > Ar + Arf Koq ~ 1.57 cm2V-1s™! 0 ——
(Ar*?) 0 50 100 150 200 250
Koz ~ 1.92 cm?V-1s

\\ (Ary" ?) Drift time (us)
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Appearance Energies

CO,* 13.8 eV 0.045

cOo* 19.5¢e

O+ 19 VeV 0.04
0.035

CO,+e A CO, +e above threshold ;
13.8 eV =
% 0.025
% 0.02
CQO, +e »/CO," +e 84.7 % E
CO* +1/20,+e 37%| gbove 19.5 eV o015
> 0*+CO+e 54 %
* 0.01
02+ + COQ 9 COQ + C02+ 0.005
W/ co - CO,> CO,*+CO ’

O*+ CO, > O, + CO
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Experimental Results: CO2

June 2014
E/N=15Td
CO, P=8Torr
VGem =20 V
Lamp
Discharge
Signal
Koy ~ 1.13 cm?V-1s
(CO," ?)
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016

Drift Time (ms)

* values obtained from ionization cross
sections for electron impact of 25 eV
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CO,* E/N=15Td
1.300
P=38Torr
Veem =20 V 1.200
3
= 1,100 dm— % } %
E
é =~ 1.000 L s * 3 .
:fg :> 0.900
0.015 g .
0.01 Lamp » 0.800
Discharge Koy ~ 1.13 cm?V-1s
0.005 Signol (C02+ ?) 0.700
a 0.600
0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016
Drift Time (ms)
0.500
5 10 15 20 25 30 35 40 45 50
. E/N (Td
Good agreement with ) 43 A3 "
earlier reported work.. G i - .
. Calc. Langevin Limit Experimental value
(Schultz, Charpak, Sauli 1977) 1.8] cm2vils) = A
Koq ~ 1.09 cm2V-1s-! Charge Transfer Process

(COy" ?) CO,*+CO, > CO, + CO,*




Experimental Results: Ar-CO2
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E/N=25Td
P=8 Torr
VGEM =25V

YRR OIS TR THORT bt it byt et
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VGEM =25V
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0.4 m“h" e 06 07 08 - 0.9
Drift Time (ms)
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2 Experimental Results: Ar-CO»2

lons move faster with the
resence of Ar.

Amplitude rises until 80% of Ar

<~

Cross section.
Presehce of Ar limits
the/variety of possible

ion products.

Ar > 80%

Deak maybe due to:
. 02+
H,O*

Ky (cm?V-ist)

2.60

2.40

o800

2.00

1.60

1.40

1.20

1.00

CO,*?

10

20
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50
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2 Experimental Results: Ar-COz2

Results Discussion

0.16 1CO,* (Charge Transfer Reaction)
. 95% Ar-5% CO,

E/N=25Td Ar-+ CO, > CO,* + Ar | Prevents the
2 P =8Torr formation of
oo VGEm = 25V Ar,”

Amplitude (mV)
o
=
o]

°
o
15

Same lon Product

0 0.0001 0.0002 0.0003 0.0004 0.0005
Drift Time (ms)

Kgp ~ 1.98 cm2V-1s! (CO,*2) Match
Koy ~ 2.35 cm?V-1s! (O,* or H,0*2)

I | Although the identification of

the peak w/ higher KO remains.




+
O,

0.14

0.12

e
=

Amplitude (mV)

or H,0" ? ~

0.05
95% Ar — 5% CO, CO,"
E/N=25Td
P=8Torr
VGem = 25V 0.04

o
o
@

Signal Amplitude (V)
(@]
Q
N

0.0001 0.0002 0.0003 0.0004 0.0005
Drift Time (ms)

The small bump appears even for lower 0.0]
energies (18 eV).

Even for 25 eV, Oxygen has a small
probability to be formed

*only 5.4%

Experimental Results: Ar-CO2
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Signal Degradation 18V-GEM at 10 torr

95%Ar
H,O*
origin CO,"
= l — 1 min
l —56 min
« Gas purity (99,999%) (HP) —9 min
» Qutgassing process (LP) — 12 min
— 15 min

0 0.0001

0.0003 0.0004 0.0005 0.0006

Drift Time (s)
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Conclusions

Technique and Method

« /This technique has allowed us to make ion mobility measurements in several gases.

A GEM is used to produce the ions. The ions’ initial position is known with great
precision. The number and type of ions can be controlled by varying the GEM
voltage.

» / Although this technique doesn’t provide direct identification of the ions, using a
different method we were able to identify the group of ions present.

 Impurities effect has to be taken into consideration when analyzing the
experimental results.

Collaboration Project
« First steps taken with interesting experimental results.

« Good perspectives for the collaboration future (Ar-CO2 results to be published
soon).
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Future Work

Pursuit the investigation on the mobility of ions in different
gas mixtures of practical use:

= Ne-CO2

» Ne-CO2-N2
» Ar-CF4

» Ne-CF4

Optimization of the detector: . Rate constant influence

» \ariable Drift Distance )~ Study lighterions (H2)
S 0

= High Pressure =

Study of improved ion-neutral interaction models
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28 Mixing Langevin Limit with Blanc's Law

Langevin Limit Experimental lon Mobility Values

To determine the mobility of an ion within a gas Mobility of an ion within his parent gas (if
(not the parent). known).
1
1\2
K,=13.88 (—)
(047} u — reduced mass
o — neutral polarizability

1 Blanc’'s Law
Theoretical Mobility Values Used to calculate the mobility of anion in a gas

mixture.
1 _f 6
KOmix KOgl K0g2

f, , f,— molar fraction of gas 1 and 2

. 4

Mobility of anionin @
mixture
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Reaction rate Measurements

Rg* + 2Rg i3 Rg," + Rg

/

0.006
0.005 } E@B:Tgo;rd Ne.® I Rao* + 2Ra -> Ra-.*+ R
Voen=32V g g 92 g
0.004 | .
oo | “ | dRgVdt=-BRgIRGE
0.002 | - \‘\
5 il Ll (Rer0-RovI0eroeny )
E 0 0L L N L
E 0.006
£ ooos | nemereoy | LRGYI(E) is proportional to the area
0.004 F N_(t.)=Noexp(-BNat)) | Of the atomiC ion gaUSSian
0.003 | -
0.002 |
0.001
. Depends on:
0 0.0002 0.0004 0.0006 « Temperatur
Drift time (s}

e
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Results: Reaction rate

Rg* + 2Rg i3 Rg," + Rg

Ne: B =(5.6 £ 0.1)x1032 cmbs™"

Ar: 3 =(1.2%£0.2)x103" cmbs-

Kr: B = (2.1 £ 0.9)x103" cmbs-"

Xe: B = (1.5 + 0.2)x10-3! cmbs-

(Neves, Conde and Tavora, 2010)
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Candidate ions identification

B

Maximum energy gained by electrons.

mixture.
Rg (pure) =~
kN

Rg + e -> Rg* + 2e

L4

|dentification the possible ions present.

4
Universal decay law

Possible Reactions

lons formed through reactions of the primary ions Used to calculate the variation of the
with neutral atoms or molecules from the medium. concenfration of a specific ion in a mixture.

Rg +Rg* S X+ + Y

Select Most Probable lons dm || [Re'l | X1 __ [Rg’]

[Rg*]o [X*]o [Rg*]o

|dentification the possible ions present.




