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PRESENT STATUS: ION DIFFUSION STUDIES

Measure the diffusion coefficients and drift velocity of ions in gas mixtures of interest

will be specially important in the case of Negative lon TPCs
Why?

To achieve optimal tracking capabilities the charge is transported by the negative ions.

Lower diffusion is obtained with ions, but as in the case of ion mobility relevant data is
scarce.

Essential for track reconstruction of events.

...Present Status

» First contacts made with groups from RD51 with a general good receptivity.
» System is currently being developed in Coimbra, groups interested are
more than welcome to join this effort.
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PRESENT STATUS: DUAL POLARITY ION DRIFT
CHAMBER
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Pre-amplifier

Soc Present Status » New detector developed (dual-polarity drift chamber), will help to study the effect
of negative and positive ions simultaneously.
» Detector already assembled.
> Integrity tests underway. 0
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PRESENT STATUS: ION MOBILITY MEASUREMENTS

Systematically measure ion mobility in gaseous mixtures of interest

Scarce data available on ion mobility of mixtures relevant for the LCTPC (Linear Collider TPC),
although measurements for other gases have been performed since long.

$ Ar-CF4-iC4H 10

Desired Look for the highest mobility ions to flush rapidly the TPC.

Characteristics

To stop the ions with a 'gating device’ and dimension the gap between the gating
device it is important to know the thickness of the ion disk.

...Present Status

» All data with Ar-CF4 obtained, results to be published soon.
» Xe-CF4 data already taken with the results to be published as well.
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BASIC CONCEPTS -
Let us consider a group of ions moving in a gaseous medium under the
influence of a uniform electric field...
Microscopically ...
. +\/ PICATY
| |E o O
Drift velocity || Reduced Mobility Langevin Limit Blanc’s Law
1
2 1 f f
K,= KN/N, K,=13.88 (—) =1 42
o Komix  Kog1  Kog2
f;,f,— molar fraction of gas 1, 2
Kog1, Kogz — ion mobility in
the gas 1 and gas 2

vy = KE

E- Electric Field N — Gas number density
K-lon Mobility Ng—Loschmidt Number

u — reduced mass

o — neutral polarizability




RD51 Collaboration Mini-week @CERN (Switzerland), February 2018

EXPERIMENTAL SETUP AND
WORKING PRINCIPLE

(Neves, Conde and Tavora, 2007)

Xenon UV flash
lamp
10Hz, <500ns
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EXPERIMENTAL SETUP AND
WORKING PRINCIPLE

L]

Xenon UV flash

lamp

10Hz, <500ns

Frisch Grid

—

o

After the signal and the
charge were recorded...

Pre-amplifier

ackground

* Subtract the background to

Digita the signal

Oscilloscope * ldentify possible peaks

* Fit Gaussian curves to the
spectrum obtained

peaks centroids

!

average drift time of the ion’s
distribution (¢ 4..¢)

Vy =

Xdrift

tdrift

3rd prototype: typical ion pulse

_.200
E Argon Ar,*
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Kop = 1.57 cm2Vis™ (A" ?) — prift time (mg)
Koz = 1.92 cm2V-is (Ar,* ?)
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ION IDENTIFICATION: Ar-CF,-C,H,

V (mV)

100 Exp.Values
94% Ar - 3% CF,- 3% C,H,

P=8 Torr
E/N=15Td

90
——Exp. Values
80
70
60 R .
Which ions are we observing?
50
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Appearance Energies

IONIZATION

REACTIONS
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EXPERIMENTAL RESULTS: Ar

Ar? 15.76 eV

Ar+e > Art+ 2e

Art + 2Ar > Ar," + Ar
Art + Ar-> Ar + Art

~— ForV 25V
> orVgem =
Above threshold E A[gon Ary”
15.76 eV o 150 p=7.039 Torr A, /
'g E/N=30Td :
£ 100
A . UV Flash
o signal
2 50
7))
Koy ~ 1.57 cm2V-igl 0 EE—
(Ar?) 0 50 100 150 200 250

Koz ~ 1.92 cm?V-ist
(Ar,* ?) Drift time (u9)




IONIZATION
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EXPERIMENTAL RESULTS: CF4

!ﬁ
1

l

ol |/ ([

Appearance Energies

CF,*  150eV
CF,*  19.0eV
CF* 22.3 eV
F* 23.1 eV

CF,+e > CF +F +2e

CF,+e > CF*+F+2e

2e

> CF,* +F,+2e 36%
> CF+F,+F+ 016%

> F+ CF3 + 2e 0.07%
- C++2F2+2e

CF,* + 2CF, > CF,*.(CF,)

above threshold
15 eV

*
96.1 %

about

25 eV
0.07 %

Possibility of
Cluster
Formation

(Pressure dependent)

Signal Amplitude (V)
N
(9]

Sr(CR"?)

" Koy ~ 1.10 cm2vigt

Drift Time (s)

CF5* A E/N=15Td |
P =8Torr 1
VGeM = 25V

8 10 12 14 16

<1074

* values obtained from ionization cross sections for
electron impact of 25 eV
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EXPERIMENTAL RESULTS: CF4

«1073

el 1 ! ! ! i CE + l,
E/N = I5Td A 3 CF,*
“*F p=8Torr n -
I Veem =25V
<35}
_8 e Iao
= & o
= .
>
<_E£ 25 €09
g 2 =
2 o
D45t ¥ 0,8
1+ Kg; ~ 1.10 cm?Vv-ist ;
ost (CF3" ?) ' \ - 0.7
O J 1
2 4 ) 8 10 12 14 16 0,6
Drift Time (s) <104 0 10

Fair agreement with earlier
reported work..
(Basurto, Urquijo 2002)

Experimental value Calc. Langevin Limit

Koy ~ 0,96 cm2V-1s1{I) 0.92 cm2V-is!
(CF4*.CF,?)

; , Langevin limit (CF;*)= 1.13 cm?V-Is’!

20 30
E/N (Td)

Calc. Langevin Limit

1.13 cm?2V-ist ~

Cluster Formation
CF,* + 2CF, > CF;*.(CF,)+ CF,

Impurities?!

40 50

Experimental value
1.12 cm?V-s!

0.9% error
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EXPERIMENTAL RESULTS: C2He

g
Appearance Energies
CH,* 13.72 eV E/N=15Td
2 3 . e —

CH,  118leV o | YoEM =18V

C,H:* 12.08 eV _

C,H,* 11.57 eV E CH,
Z | CH,+e> CHy +CH,+ 2 3% 3 A R
O > CyH,* + 2H, +2e 7% & S
P N C2H3+ +H-+ H2 +e 12 % about EJ--’ ( '_:'.'-- '-r;:L
g > CH +H, + 2e 44%| 25eV ’ s &
E 2> CH +H +e 1l % 200 G .ﬁ-___:'-'- .
g > C,H,* + 2e 15 % __‘__:_;_-:-'-—.-' .-::':1.
= C,H¢ + CH3* > CH™ + CH, 0.00 #_:_"le—gﬁiﬁ&??- “:?":::""-?“'##"-“—T:

C,H, + CH;* 2> C,H;* + CH, 2 CHs" + CH, 0. 0.650 0.701 ) 0 : 0 st
7)) > C3H5+ + 2H2 > C4H7+ + CH3 on's Drift Time {ms)
% > C,H,* + H, e S e e o (Cortez et al. 2013)
Mg T CoHy 3H" + CH, . . . .
=l cHor ey > cHe o, > C,H,* + CH, p Intermediate reaction This result:.s In two .
0 > CHe* + CH; C,H, + C,H,* > CH " groups of ions a C;H
g > CyHy* +CH; +H, GCH + CH* > CHy" + H, and C,H *
*+
I!.I:J z gzﬂ; + E‘:j_ H C,H, + C,H* > C;H,* + CH, * values obtained from ionization cross sections Q
> C,H," + CH, for electron impact of 25 eV

> CH," +H



RD51 Collaboration Mini-week @CERN (Switzerland), February 2018

Let’s now move to the binary gas mixtures:

Ar-CF4
Ar-C2Hs m=) Ar-CF4-C2Hé6

CF4-C2He
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EXPERIMENTAL RESULTS: Ar-CF4

1,00
lons move faster with the presence of (Charge Transfer Reaction) Prevents the
Ar 0,90 formation of
Sl Art + CF, > CFy* + Ar+F EEE) | Aryn
0,80
[ ]
Behaviour well described by Blanc’s law TP N ot S Ar
and Langevin theory. 0,70 * o TTTTTmmesseeeeeo e—
—~ 0,60 ) .
Amplitude rises until 90% of Ar > 14 L
g 00 - > 90% Ar *
@ = 2 10 Fs* .
o 0,40 o
: \V/ ERE:
* Cross section. =~ 0.30 5 6
* Presence of Ar leads to ’ E 4
the same ion as in pure 0,20 ER)
CF4. & 0
0,10 0,2 0,4 0,6 0,8
Only one peak for 15Td Drift Time (ms)
a bump appears for Ar > 80% 0,00
5 20 35 50 65 80 95
@ % Ar
* Probably due to Increasing pressure may lead to the formation of

impurities. cluster (10% slower than CF3+) (s )




lons move faster and the signal amplitude
decreases with the presence of Ar I:>
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EXPERIMENTAL RESULTS: Ar-C2Hs

Behaviour well described by Blanc’s law and

Langevin theory until 80% of Ar »000
& 4 ° E/N = 15Td
P =8Torr
A bump appears above 85% of Ar 2500 VGEM = 20V
8,00
95% Ar — 5% C2H6 e Exp. Values .
7,00 Gauss Fitting Peak 1 il
C,H,* ——Gauss Fitting Peak 2 S
<$6,00 Gauss Fitting Peak 3 E R
SO ol el CH, 1
£ —Overall Fitting 4 i e 1
5,00 e
Nl —
= CH,*
‘54,00 E/N=15Td
g P =8Torr 1.000
=3,00 C.H
c 3My VGem = 20V
2,00 /
0.500
1,00 \\ 0 10 20 30
0,00
0,350 04400 0,450 0,500 05550 0,600 0,650 0,700

lon's Drift Time (ms)

40

(Charge Transfer Reaction)

Ar* + C,H, = products

50
Ar %

60

L 3 -
— 1]ftL,
| < [ ]
* | Ar2+
CHyy" '
Ar*
70 80 90 100

(Cortez et al. 203
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EXPERIMENTAL RESULTS: CF4-C2He

g
. Charge Transfer Reactions
| I h th
(;r:FTove slower with the presence CF,* + C,H, > CH* + CF,H
Behaviour roughly described by " E/N = 20Td
Blanc’s law and Langevin theory 1100 P = 8Torr
A L : VGem = 25V +
Amplitude decreases with increasing oo, YGEM CF,
concentration of CF4 el P SR S
) e L A N A R B
080¢® _ _ _ L e e em e wme==="<
* Two peaks throughout all = [ e babutl RPN P SUUIPUUEN SURIDIDEY SEpEpL g
mixtures gEomorT CH,*
\;0,600
<\/
Two different ions (C3Hn+ and C4Hn+) — 0500
* One peak (overlap) up to 15% 0,400
* Two peaks clearly identified for 20 Td 0,300
between 25% and 85% of CF4 0200
5 I5 25 35 45 55 65 75 85 95
* A third peak appears for concentrations % CF,

above 85% of CF4
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EXPERIMENTAL RESULTS: CF4-C2He

Why there is only one peak up to 15 % of CF4?

Increasing
VGEM
. E/N=20Td
P =8Torr 5
- A Increases the electric field inside
g b the GEM holes
= o VGEM
2 AN
Y 5 © N 18V
2 80 : 3
5 <20V .
g Increases the number of ions
Tgo 60 + 25V

40

Increases space charge effects

20

500 550 600 650 700 750 800
lons' drift time () Leads to peak broadening
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EXPERIMENTAL RESULTS: CF4-C2He

P

\

7N + - /4 : 1
0,900 - -

Dy o) She -t 17

0'810 :--“-————--————-—:;;:=-““=F:=:‘:' —————————— 1\_—"
R X At P S [ - -
0,7&0 mT==S---=-~-=T°°% ‘; ,1'- C.H* ~’

\ \~ 4 % ofe . .
0,600~% - " The mobility is highly
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0400 E/N = 20Td predecessor ions
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0,300 VGEM =25V
0,200
5 5 25 35 45 55 65 5 85 95
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CH,’ CH." gox cF CH,
n (o) (o] 4 o
5% CF, _ 100 &0 95% CF,

< 120 S >
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£
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EXPERIMENTAL RESULTS: Ar-CF4-C2He

2\/-1 -1
7 Gauss Fitting Peak | ol | C,H; (cm?Vs)
. f/ P=8 Torr Kesime ~ 2.31
e — Gauss Fitting Peak 2 / E/N=15 Td K o
_Overa” F|tt|ng /," CAHN+ ; 5
C3Hn? , )
J Exp. Values Theor.
3 ‘ (cm?V1is?)
Ko; ~ 2.5010.03 8.4 %
> Ky, ~2.0720.02 3.4 %
) _ e Jm T AT S 0ng ]
'50,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65 0,70 0,75

t (ms)

I C,H, + C,H,” 2 C;H_* + products I
'_—> Increases the mobility of

C3Hn+ ©
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CONCLUSIONS AND FUTURE WORK

Pursuit the investigation on the mobility of ions in different gas mixtures
of practical use (if you have any suggestions feel free to contact us):

AriC4H 10

CF4-iC4H 10

Ar-CF4-iC4H10 (LCTPC objective)
Ne-CF4

First measurements with new detector:

SF6 and mixtures of SFé with additive gases of interest.

With this new detector we expect

to be able to: Study the rate constant influence

* Study lighter ions (H2)
* Negative ions (for NTPCs)
° (..)
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Thank you for listening...

Questions?

Universidade de Coimbra
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MIXING LANGEVIN LIMIT WITH BLANC’S LAW

Langevin Limit Experimental lon Mobility Values

To determine the mobility of an ion within a gas (not the Mobility of an ion within his parent gas (if known).
parent).

1 \2
K,=13. 88( >
op u — reduced mass

o — neutral polarizability

| =

]

Theoretical

Blanc’s Law

Mobility Values Used to calculate the mobility of an ion in a gas mixture.

1 _h 6
KOmix KOgl K0g2

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

y Mobility of an ion in a mixture

N
N
—

"py

N

v
/
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REACTION RATE MEASUREMENTS

= | Y
|
-; '

Signal Amplitude (V)

0.006

0.005 |

0.004 H

0.003 H

0.002 H

0.001

=

0.006

0.005 f

0.004

0.003 F

0.002 F

0.001 F

Rg* + 2Rg > Rg,* + Rg

p=8Torr
E/MN=9Td
Veen=32V

Wl

MNe,*

Me*

Lk

0 0.0002

— Aexp(-(t1,)2/(202)) ]

Na(ta)=Noexp(-BN°t.) ]
ty

0.0004
Drift time (s}

0.0006

~—
—
L

\

Rg* + 2Rg -> Rg," + Rg

d[Rg*/dt= -B[Rg"][Rg]?

[Rg+](t)=[Rg+](0)exp(-BN?t) |

7

[Rg*](t) is proportional to the area
of the atomic ion gaussian.

[Rg+](0) is proportional to the
total area.

Depends on:
* Temperature
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RESULTS: REACTION RATE

Signal Amplitude {\)

0.006

0.005 |
0.004 H
0.003 H

0.002 H

n ! MMW'M Ar: B =(1.2£0.2)x103! cmbst

2.1 £0.9)x1031 cmbs?
(

0.001

0.006

0.005 f

0.004

0.003 F

0.002 F

0.001 F

Rg* + 2Rg > Rg," + Ry

=8 Torr
EN 9 Td
Veey=32V ]‘h
I Hl

Ne: B =

Rg* + 2Rg -> Rg,* + Rg

(5.6 + 0.1)x10-32 cmés-1 JI°

Drift time (s)

0.0006

Kr: B =
Xe: B=(1.5£0.2)x103! cmbs-1
(Neves, Conde and Tavora, 2010)
0 0.0002 0.0004
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CANDIDATE IONS IDENTIFICATION

GEM Voltage

*  Maximum energy gained by electrons.
*  Primary ions possible to be formed.

Rg (pure)

Rg + e ->Rg* + 2e

4

Possible Reactions

lons formed through reactions of the primary ions with
neutral atoms or molecules from the medium.

Select Most Probable lons 4=

Used to calculate the mobility of an ion in a gas mixture.

= 1
kN

* Identification the possible ions present.

Universal decay law

Used to calculate the variation of the concentration of
a specific ion in a mixture.

k
Rg + Rg" -> X" +Y

Re*) _ t||[x*1_ . [Rg"]
[Rg* 1o [X*]o [Rg*]o

Identification the possible ions present.




