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Setup for measuring positive ion drift

Drift cathode used as an antenna

Digital

oscilloscope

lons from the laser beam v _
instantaneously induce charge on e DL CBMNODE
drift cathode
lons move towards the drift
cathode, generating an induction
current E g
= Current terminated at arrival at the o Q| Laser
drift cathode = z
In addition ions leaking through the ‘e avalanche
grid during the avalanche induce
Charge as well I e e
Measurements triggered by laser 8 quad testbox
diode
m On the scope averaged over 32
triggers
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Instabilities/ noise reduced/cancelled Setup of the charge signal

collection
m Filters on control line and output of drift
field HV supply Oscilloscope
-HV [ ]
. : D549]
m LabVIEW communication with HV x
supplies had to be stopped during data f 1n 3kV
- Lo
taking | “Y Drift cathode l_" /
: >
m Remaining micro discharges at drift 90p Q

cathode

m Reducing 50 Hz pickup

Best scope sensitivity 1 mV/div
« Signal was often clipped at 0.5 mV/div

_ . a0
m Laser instability 20 — 30% rms Averaging over 32 laser shots
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Simplified electronic circuit

m Circuit values measured with test
pulse

m Through 1 pF and 100 MOhm

m Parasitic capacity of drift cathode,
Lemo cable, electronics measured as
89.5 pF

m RCtime 10 +/- 0.5 ms ,

1n

Oscilloscope

[

J

Drift cathode — I

m \We get an ideal integrator curve by
deconvolution of the measured curve
from the RC time constant

m Also taking into account the voltage
change on 1 nF coupling capacitor

Nikhef/Bonn LepCol meeting, February 24, 2020 4

(o]

Op

250 M

Fred Hartjes




m Vgrid =-150V => no gas gain

m lonizing exclusively TMPD (N, N, N’, N’ -
Tetramethyl-1,4-phenylendiamin)

In the chamber gas as a pollution in the ppb level

m Laser beam at about 30 mm from the drift cathode

m Note the sharp bend when the ions are collected by
the drift cathode

m Initial drift time 8 ms

=> velocity ~3.8 m/s
But possible tail of slow ions

Phenomenon hard to measure because of instabilities
on the charge signal

Measurement with blocked laser has been
subtracted

m Integrated charge 200 - 260 fC

=>1.25-1.6 M ions

m Above the 8 grids: 129 — 167 fC

=> ~ 6.7 — 8.8 electrons entering each hole
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Primary ionization by laser

Vgrid =-150 V
Field: 280 V/cm
14-2-2020

260f -
oo iESEEHAH
220 -

200f -

Deconvoluted curve

180f-
o 160f-

Initially created
ion cloud

Integ

| | | | | | |
-10m 1] 10m 20m 30m A0m 30m
Time (s)
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lon measurement at working point

Vgrid=-340V
Field: 280 VV/cm

m Mainly ions leaking through 14-2-2020
the grid 24p- iR Bl
- e
- e
m Measurement is polluted by 1 8p- SiSdceescacasyca ey e
two phenomena S 6p- B Primary EEdCEHSeERMHRHHRHARTIERICRARAE
= Signal of the ions from the 5 14 M IONIZANON e et
primary ionization E 120~ ---
m Cross talk from the grids onto = p- P EFE o
the drift cathode E o e
oo B e Eae
or- R e e
2008- SECEHRIR IR R
-10m 0 10m 20m 30m 40m 0m 60m
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Primary ionization subtracted  verid=-340v

Field: 280 V/cm

_14-2-2020
INtegrar vncasw s
2.6p-
m Sudden charge jump at laser 24p-
firing 22p-
m lons starting drifting from the 2p-
grid should not induce an 1.8p-

Immediate charge 16p-

1.4p-

U_nexplained
charge jump

m Unexplained charge jump of
~ 350 fC

Integrated charge (C)
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Test with extremely low drift field Vgrid = -340 V

Field: 15 V/cm
14-2-2020

integral measurement

Drift field 15V/cm Sanr-
Primary ionization subtracted 260f -

240f -

Sudden jump of the integrated charge curve 2208~
mostly cancelled after 5 ms

:

m Time constant does not correspond to the % 180f-
system time constant (10 ms) -
m Source of the rapid charge rise: cross talk by g
the eight grids under the laser beam to the B 140
drift cathode & 120f-
m After that slow rise due to the slow ionic drift 1

Small part of the initial peak charge remains
m ~75fC (1fC=6242¢-)
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Time constant of the charge

J um p Cross talk from grids
300x10°
Vgrid =-340 V
Field = 15 V/iem
- TRC =1.33ms 550x10-15 - curve deconvoluted for system RC circuit
f = yO+a*exp(-b*x)
5 ' yO 7.9189E-014
: : < 15 _ _ a 1.5780E-013
m Each of the 8 involved grids g s | b 752.4002 =>1.33 ms
- O) it 1
has a supply resistor of 100MQ = 1naReel
. o
m =>C,y = 13.3 pF for asingle o 150x107 -
grid Qo
T
(@)
2 100x105
=
50x10-15 |
0 AAATS AN I\ AD T T T T
-2x102 0 2x1073 4x1073 6x102 8x102 10x10-3

_ _ Time (s)
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Low field measurement with cross talk compensated  vgrid=-40v

. i Field: 15 V/cm
m Current peak at the beginning remains 14-2-2020

m Cannot be compensated by cross talk correction integral measurement
m Here ~ 60 fC (1 fC = 6242 ¢-) 0

260f-
m Peakis 4 ms wide, NOT a delta function o
m Peter effect?? e
differential measurement 200 -
- % 180f -

20p- . - o
’ Induced current from differentiation | 5 160f-

e of deconvolution curve. dT =2 ms <
16p- AEERAEARARAEARARA AR AR AR AR AR % 140f -
14p- E‘ 120f-

A)

E 12p-

:

10p-

3

8p-

Induc

B -

Bp-

Ap- 40f-

2p- Eﬂf—l 1 1 1 1 1 I 1
-10rmn 0 10m 20m 30m A0m 50m B0m

-2 p- - Ty
-Elm 'LlJ 1 lI]Ilrn Eﬂlm Hﬂlrn -‘flﬂlm Sﬂlrn EIDIm 10 —_H —QIM |




Induced ionic current at working point

2.2p-

2p-
1.8p-
1.6p-
14p-
1.2p-

m Current corrected for grids cross talk differential measurement
m TRC=15ms
m Same peak as for the low field
measurement
] Vgrid =-340V
m It has aduration of ~1.5ms Field: 280 VV/cm
14-2-2020
integral measurement E
3p- 4
2.8p- E
2.6p- 5
24p- -u-";

Integrated charge (C)

1p-

—

1
7.59m
Time (=)




How blg IS the VOItage jump Fild 280 Viern Laser induced grid current

. Gas flow (T2K) 5 ml/mi
On the grldsf) A\?:rag:/evd(lasez inzinucrgzjncurrento.48 nA
14-2-2020
15
m The grid supply current induced
by the laser beam can be |
measured 1.0
m 0.48nA
m Laser frequency: 2.68 Hz - ‘ { i
m => 180 pC per laser pulse < !
m Total grid capacity: 8 x 13.3 = o i | h
o
106 pF 0.0 - “ru ‘ 1'|'|'|'1|H TY 1700 [[
m =>voltage jumpongrids 1.7 V -
B LI I || N e
= Induced charge: 350 fC | | | .
— Sy : v nolaser || laser i no laser 3 laser
m => parasitic capacity between 8
grids and drift cathode: 0.2 pF AO A5 ) A
00 05 10 15
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m Tail of slow ions with drift times

between 15 and 30 ms

m From deconvolution using TRC =

10 ms

m System time constant measured
using test pulses through 1 pF
capacitor and 100 MQ resistor

integral measurement

3p-
2.8p-
2.6p-
24p-
2.2p-

2p-
1.8p-
1.6p-
14p-
1.2p-

Integrated charge (C)

1p-

-200f ) i 1 1
-10m 0 10m 20m
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lonic current at work point

Vgrid = -340 V
Field: 280 V/cm
14-2-2020

differential measurement
240p-

220p-
200p-
180p -
160p-
@ 140p-

D
= 120p-

i

100p -
20p-
&0p -
A0p-

20p-

"j-ﬂp_l 1

| |
20m 25m
Time (s)
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= Tail of slow ions has disappeared using D€CONVvolution for other time constant

TRC=12.5ms Vgrid = -340 V.
m So are these slow ions really there or Field: 280 V/cm
has the system time constant been 14-2-2020

wrongly measured?

integral measurement differential measurement
24p- 240p -

220p- dT =1ms
o SEe=sam=ssmm=s===stoosossSISSSEEEs

22p-

2p-

1.8p- 180p -
1.6p- 160p -
G L]
= 1dp- '?:_." 140p -
= 0
= 1.2p- E 120p
1 = 100p
-t - [T} =
5 S 200 Vv/cm E
£ 800 2 a0p-

- TRC =125 ms

'
600f -
"l-.
- ---- -
o B e EE
-10m 1] 10m 20m 30m A0mm 50m B0m -2Zm 0 Jm 10m 15m 20m 25m 30m 35m A0m
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Vgrid -340V . .

Field 280 V/em Laser induced grid current
Gas flow (T2K) 5 ml/min

Averaged laser induced current 0.48 nA

14-2-2020

Grid leakage and gas gain

o |

m Total avalanche charge per laser shot = 180 pC

05

m Induced charge on drift cathode = 2.8 pC
m Subtract primary ionization (0.2 pC)

|
h

Igrid (nA)

!
|

b lru l‘ I‘1‘|"
AT

m => lon leakage through grid at working point
(280 V/cm, -340 V grid): 1.45% oo I e | rotmer | eser

-1.0 — —T— T v
00 05 10 15 20

integral measurement

3p-|

m => Gasgain 1075-1400 @ Vgrid =-340 V
m Using only the primary charge above the grids e

m 129-167 fC 22p-

m Possible saturation effects (7 — 9 electrons entering o
each hole during ~ 100 ns)

m lonic drift time over 50 um at -340 V grid is 50 ns

m So fresh electrons entering the gap when still positive
ions from the previous avalanche are present 4006

Integrated charge (C)
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|_eakage for different

I " lon leakage vs drift field (E)
drift fields 20 T
f=y0+a*x
y0 = 0.4034
a = 0.0033 /
m Leakage rising with field strength = e
from<1.0t0 1.7 % 15 ./t

m Accuracy affected by instabilities

S
% 1.0 ~T {
m The 1.45% value was measureda 5 i
few hours before the other 4
measurements
m The fit suggests rather 1.3% 2
0.0
100 200 300 400

E (V/cm)
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Comparing leakage fraction with Chefdeville

10

m For our working point (280 V/cm, -340 V
grid and 50 um grid gap) => Field ratio =

252
m Chefdeville => leakage ~ 2.2 %

=

m This measurement: 1.3 — 1.45%

backflow fraction BF (%)

i N I T i A
10° 15?7
field ratio FR
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f=y0+a’ . : : :
y0 = -0.40 Drift velocity of Ar+ ions in T2K gas

Ar+ drift velocity vs Sy
drlft fl@ld corrected for E-filter

Measurement on 6-2-2020

6
m Not valid for low fields
m Curve does not pass X, Y =0, 0 2 /
m Linear fit may not be correct /./
m Mobility gets smaller at low 4
fields 2 /
v
E 3 s
>U
2
L P
0
100 200 300 400
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f = yO+a*x

I il if - Mobility of Ar” ions in T2K gas
m I y0 =0.875
|_On|C Oblllty vs drift Y ONOE
| 1€ I d Corrected for E-filter

s Measurement on 6-2-2020

m Assuming the main peak originates

from Ar+ ions /

m Literature (Ar+ions in Ar) 11 g
(Madson, Hornstein 1967, 1951) : ° /
m ~1.3-15cm?VisI measuredin

20 — 25 kV/cm range /
1.0 -

m For mobility = 1.5 we get for the
ionic drift time across the /
amplification gap of 50 um: ~ 50 ns

T} (cm2\f1s 1)
@

0.9 ]
100 150 200 250 300 350 400 450
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Summary positive ion measurements

8-quad testbox has not been designed for ionic
measurements

m Additional analysis is required to extract the physical
phenomena

Using the drift cathode as an antenna the leakage
current of positive ions through the grid could well
be measured
m Disturbing effects from electronic noise, cross talk
from the grids, laser instability could be minimized by

shielding, filtering, offline compensation and
averaging

The leakage fraction of ions through the grid at the
working point was measured considerably lower than
earlier (Chefdeville)

Some additional ions (0.11% of the avalanche
charge) generated during the first few ms

m Peter effect?
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Induced current (A)
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Summary positive ion measurements cntd

m Uncertainty of time constant of the measuring system
m 10 ms measured with test pulses => reliable

m 12.5 ms removes tail of slow ions

m Are the slow ions there or not??

m Measured gas gain at -340 V grid possibly too small
(1075 - 1400)

m Possible saturation effects because of the extremely
high primary ionization

m Electrons entering the amplification gap when positive
ions are still present

m To be verified with ToT measurement

m Unattenuated laser pulse gives significant voltage
drop on the grids (1.7 V)

m => Cross talk to drift cathode
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