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Negative ion measurements by Fred

Run 1042

Ar/iC4H10/CS2 95/4.5/0.5 gas mixture

Drift field is −280 V/cm

Grid voltage is −380 V

Run 1043 – 1051

Ar/iC4H10/CS2 95/5/1.4 gas mixture

Drift field is −150 V/cm to −400 V/cm

Grid voltage is −380 V
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Diffusion in pixel plane
Run 1042

z-position [mm]
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Diffusion as a function of E-field
Run 1043 – 1051

Drift field [V/cm]
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σx0 as a function of E-field
Run 1043 – 1051

Drift field [V/cm]
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Fit of all z-residual slices per run

Use exponentially modified Gaussian distribution for main peak:
exGaus(constant, σ, λ, µ) + gaus(constant2, σ2, µ2)+ offset

Global fit (per run):

ratio of peak heights (fixes constant2)

exponential slope λ

ratio of mobility (fixes µ2)

Per slice:

σ and σ2

1 µ

1 constant

offset

Kees Ligtenberg (Nikhef) Negative ion measurements March 22, 2020 6 / 23



Fit of z-residuals at a specific drift distance
Run 1050

zResidualByLaserz_py4166_copy
Entries  12663
Mean   0.2457
Std Dev    0.9306

 / ndf 2χ  596.4 / 114
p0        7.5± 559.6 
p1        0.00423±0.02037 − 
p2        0.0037± 0.3737 
p3        2.19± 32.01 
p4        0.021± 2.716 
p5        0.0197± 0.3062 
offset    0.42±  7.27 

z-residual [mm]
2− 1− 0 1 2 3 4 5

0

100

200

300

400

500

600

zResidualByLaserz_py4166_copy
Entries  12663
Mean   0.2457
Std Dev    0.9306

 / ndf 2χ  596.4 / 114
p0        7.5± 559.6 
p1        0.00423±0.02037 − 
p2        0.0037± 0.3737 
p3        2.19± 32.01 
p4        0.021± 2.716 
p5        0.0197± 0.3062 
offset    0.42±  7.27 

z-residuals as a function of laser distance to grid

E-field is 450 V/cm and z = 36.66 mm
Fit with gaus(p0,p1,p2) + gaus(p3,p4,p5) + offset
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Fit of z-residuals at a specific drift distance
Run 1050

zResidualByLaserz_py4166

Entries  12663

Mean   0.2457

Std Dev    0.9306
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Mean   0.2457

Std Dev    0.9306

z-residuals as a function of laser distance to grid

E-field is 450 V/cm and z = 36.66 mm
Fit with exGaus(constant, σ, λ, µ) + gaus(constant2, σ2, µ2)+ offset
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Fit of z-residuals at a specific drift distance
Run 1042

zResidualByLaserz_py1177

Entries  38944

Mean   0.03484

Std Dev    0.3644
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z-residuals as a function of laser distance to grid

At z = 6.76 mm
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Fit of z-residuals at a specific drift distance
Run 1042

zResidualByLaserz_py2177

Entries  37363

Mean    0.216

Std Dev    0.5839
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z-residuals as a function of laser distance to grid

At z = 16.77 mm
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Fit of z-residuals at a specific drift distance
Run 1042

zResidualByLaserz_py3177

Entries  29109

Mean   0.3042

Std Dev     0.861
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z-residuals as a function of laser distance to grid

At z = 26.77 mm
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Fit of z-residuals at a specific drift distance
Run 1042

zResidualByLaserz_py4177

Entries  27722

Mean    0.332

Std Dev     1.108

z-residual [mm]
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z-residuals as a function of laser distance to grid

At z = 36.77 mm
Fit the second peak also with an exponentially modified Gaussian?
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Drift velocity
Run 1042

drift distance [mm]
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The first peaks lags the second peak by approximately 8%
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Drift velocity by E-field
Run 1043 – 1051

Drift field [V/cm]
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Ion mobility
Run 1043 – 1051

Drift field [V/cm]
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Ion mobility ratio
Run 1043 – 1051
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0 100 200 300 400 500

R
at

io
 o

f m
ob

ili
ty

0.91

0.915

0.92

0.925

0.93

0.935

Kees Ligtenberg (Nikhef) Negative ion measurements March 22, 2020 16 / 23



Ratio of ion peak height
Run 1043 – 1051
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The height of the second peaks is about 6% of the first peak height

As Jan noted, the integral should be compared instead
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Diffusion in drift direction
Run 1042

from width of leading peak

z-position [mm]
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σ2z = D2
Lz + σ2z0
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Diffusion in drift direction of subleading peak
Run 1042

z-position [mm]
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Diffusion coefficient as a function of E-field
Run 1043 – 1051

Drift field [V/cm]
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σz0 as a function of E-field
Run 1043 – 1051
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Mean free path as a function of E-field
Run 1043 – 1051
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Conclusions

The diffusion coefficients behave as expect

The drift velocity and mobility can be determined

At large field strengths, the mean free path is not negligible

A global fit using a exponentially modified Gaussian improves the fit

Next steps:

Fit the second peak also with (the same?) exponential Gaussian

Take a high statistics run and try to resolve some ion peaks
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