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Gas Gain Monitor

Gas is passing through a short straw-tube.

This tube is irradiated by radioactive source >°Fe.
Signal spectra are collected and stored in database.
Data from pressure and temperature sensors are
also stored in database.

The device is now located in gas channel of CMS
CSC on GIF++ facility at CERN.

Our work group: Kirill Salamatin, Vitaly Bautin,
Straw tube Temur Enik, Ekaterina Kuznetsova, Viktor Perelygin,
Alexey Kameney, Vladimir Karjavine
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Database

* Stored data:
* Time stamp
* Pressure and its error
* Temperature and its error
* Spectrum of signals collected over 3 minutes time
* Signal readout rate
* Oncein 20 measurements (1 per hour) we make electronics test:

HV is turned off and the test pulse is applied on straw tube wire.
Spectrum of this test pulse is also stored in database
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Grafana monitoring

Pressure

Temperature

The database is connected to Grafana system for online monitoring
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Signal spectrum and fitting

Chi2Spectrum N=507673. P=982.3, T=25.3, R=854.3, DT=2025-02-02 21:29:00

_ Sp 34344
- Entri 4096
- vishe a6 | Spectrum has two peaks: escape peak
500— Std Dev 10911 and full absorption peak.
_ ¥ | ndf 258.2 / 249
- N 4.142e+04 + 2.649e+02
400 — Mean 4174+ 0.5 . . .
- Sigma ens7+04a | SPectrum is fitted with a convolution of
- N2 7859+ 727.5 two Gaus functions and an exponential
300 [ Mean?2 213.5+25 .
u Sigma2 606+38 | function.
- A 4.665+ 0.470
200 B ~0.01591+ 0.00762
100 g
0 _l L] : 1 Im‘—l—l | I L 1 - L I 1 1 1 1 I 1 1 1 1 XL | 1 1 L 1 I 1 bl ) I 1 1 1 1
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Escape peak Full absorption (FA) peak
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Calibration algorithm

* Fit all spectra
* Get full absorption peak position (the big one)

* Plot dependence of the peak position on pressure and
temperature

* Fit this dependence to get a calibration function
* Check this calibration on a different set of data

* As a result, we can monitor the difference between new data and
the calibration function.
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We drop some spectra from calibration

Chi2! Status! Spectrum N=591521. P=976.4, T=29.7, R=798.1,

DT=2025-05-21 10:12:00

Sp_18059

Entries 4096
Mean 433.1
Std Dev 123.6
Underflow 0
Overflow 0
¥? / ndf 1806 / 307
p0 263.1+ 6485.8
p1 335.14 17232659.0
p2 166.5+ 696.8
p3 1174+ 6945.7
p4 486.9+ 104.8
p5 60.87 + 660.96
p6 1.167e+06+ 1.000e+00

p7 —-0.3445+ 17232658.9794

200 400 600

800 1000
ADCs

Some fits don’t converge
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x?/NDF of all fits
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Bad x2. We set cut on fit quality.

chi

Entries 15893
Mean 1.893
Std Dev  0.1487
Underflow 0
Overflow 1079

¥2/NDF




Pressure and temperature

Temperature vs Pressure
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P, mbar

May 2025 data. We only have a limited combinations of parameters.
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Full absorption peaks

Full absorbtion peaks

Full absorbtion peak fit errors

herr2

Entries
Mean

Std Dev
Underflow

Overflow

5824

0.2668
0.007211

0
0

— q2
240 Entries 5824 < 6000/—
- Mean 487 .1 —
2201 StdDev  14.73 -
200 Underflow 0 5000—
- Overflow 0 B
180 — —
160 — 4000[—
140 — B
120 — 3000—
100 [~
80— 2000(—
60— B
40 1000
20— B
: | 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 | | 1 1 | 0 [ 1
00 420 440 460 480 500 520 540 560 580 600 0
Q, ADCs

May 2025. Full absorption peaks.
All pressure and temperature combinations.
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ADCs

FA peakfit errors are less than 0.5 ADC




Q, ADCs

Full absorption peak VS (P/T)

Full absorbtion peak VS P/T

- x? | ndf 5.404e+05 / 5822
530 p0 3446+ 0.7173

= p1 —-917.7 £ 0.2224
520 —
5103—

= One of the possible calibration functions is the
500~ dependence on ratio P/T.
4903—
4803—
4703—
4603—
4502—
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Dependence of FA peakonPand T (2D)

Average FA peak value

31

- o _ls5y  Gas gain grows with temperature rise and
B 525 drops with pressure increase.
B —{520
. 523 521 515 512
30— o 510 We fit this plot with a plane:
: a*P+b*T+C
- 519 515 500
29—
- 510 490
B 480
28—
B 470
27— 460
- 450
2 B 1 1 1 | 1 1 1 1 | 1 1 | 1 | 1 1 | 1 | 1 1 1 |
860 965 970 975 980 985
P, mbar

Average FA peakin bins Tmbar X 0.5°C.
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Q, ADCs

Separate FA peak dependenceonPand T

Full absorbtion peak vs Pressure Full absorbtion peak vs Temperature
- x?/ndf 6.841e+05/58 , -
530F PO 3837+ 2.3 :‘:’: 530
- p1 -3.432+0.0024. 5 -
520 — 520 [—
510 510 —
500 — 500 —
490 (— 490
4801 480~
470 470~ e
460 460 N -,
— — L ]
450 — 450 —
— 1 I 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 | 1 1 1 | | | | 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | | | | | I
965 970 975 980 985 28 28.5 29 29.5 30 30.5 31 31.5
P, mbar T,°C

Dependence on separate parameters doesn’t work
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Relative difference between calibration and
the measurement for (P/T) function

Full absorbtion (peak - norm(P/T))/peak. Same dataset Full absorbtion (peak - norm(P/T))/peak. Same dataset Full absorbtion (peak - norm(P/T))/peak. Same dataset
_ q2nPT g2nPT q2nPT
140— Entries 1733 - Entries 7750 = B Entries 5824
B Mean -2.685e-06 | 00— Mean 2.679e-05 r Mean -2.517e-05
L StdDev  0.003373 E Std Dev  0.004239 300 StdDev  0.005294
120— Underflow 1 e = Underflow 0 B Underflow 0
B Overflow 0 - Overflow 0 I~ Overflow 0
B - 250(—
100— 00— C
80— 50 :— 200 :—
R 00 -
60— = 150 -
5 50— C
40— - 100 —
B 00~ C
- - 50—
201 50— .
T R | s = Ll C —
B3 —0.02 0.02 0.03 Bo3 -0.02 0.02 0.03 8o 0.02 0.03
Rel.Diff. Rel.Diff. Rel.Diff.

March 2025 April 2025 May 2025

Relative difference. (FA-calibration)/FA. Most of the differences are less than 1%.

We have 3 sets of data. Here we see how data is arranged around its own calibration.
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Relative difference between calibration and
the measurement for 2D function

Full absorbtion (peak - norm(2D))/peak. Same dataset Full absorbtion (peak - norm(2D))/peak. Same dataset
Full absorbtion (peak - norm(2D))/peak. Same dataset q2n q2n
qg2n )= Entries 7750 - Entries 5824
< 220 Entries 1733| [ Mean -0.0005008 | [ Mean  -0.0008801
200 Mean  2787e-05| [ StdDev  0.003577 | ' Std Dev  0.004038
- StdDev  0.003155 | |- Underflow o] F Underflow 0
1801 Underflow o| l— Overflow o| ' Overflow 0
= Overflow 0 B C
160 — L =
140 y— =
- B =
1201— - C
- B =
100 e C
80— B =
60— - ==
C )i — ) F
40— ~ =
C r =
20— r C
F | A B I TR TR | C |
B3 0.02 ~0.01 0 0.01 0.02 0.03 ).03 -0.02 -0.01 0 0.01 0.02 0.03 ).03 -0.02 -0.01 0 0.01 0.02 0.03
Rel.Diff. Rel.Diff. Rel.Diff.

March 2025 April 2025 May 2025

Relative difference. (FA-calibration)/FA. Most of the differences are less than 1%.
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Datasets comparison (P/T). Reference is May
2025

Full absorbtion (peak - norm(P/T))/peak. Cal. dataset Full absorbtion (peak - norm(P/T))/peak. Cal. dataset
_ g2nPT cal g2nPT cal
= Entries 1733 Entries 7750
140 — Mean 0.0101 Mean 0.009458
= Std Dev  0.003345 Std Dev  0.004578
120 [ Underflow 0 Underflow 0
= Overflow 0 Overflow 0
100
B March April
80—
60 —
40 —
20—
B 1 1 1 1 I 1 1 1 1 I 1 1 1 | 1 1 I 1 1 1 1 | 1 b |
803 -0.02 -0.01 0 0.01 0.02 0.03 -0.02 -0.01 0 0.01 0.02 0.03
Rel.Diff. Rel.Diff.

Relative difference distribution around May calibration 1D function
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Datasets comparison 2D. Reference is May

Full absorbtion (peak - norm(2D))/peak. Cal dataset

2025

Full absorbtion (peak - norm(2D))/peak. Cal dataset

g2n_cal g2n_cal
— Entries 1733 < 500 B Entries 7750
200 — Mean 0.002171 L Mean 0.004065
E Std Dev  0.003012 — Std Dev  0.003602
180— Underflow 0 400 s Underflow 0
— Overflow 0 L Overflow 0
160 — L
140 -
— 300—
120 — B .
= March - April
100— L
u 200—
80— L
60[— -
s0F- 100{—
20— B
: 1 1 1 1 | 1 1 1 1 J. - 1 . | 1 1 1 1 B 1 1 1 1 | 1 1 1 1 J_ L | _I_ 1 1 1 1
—8.03 -0.02 —-0.01 0 0.01 0.02 0.03 —8.03 -0.02 -0.01 0 0.01 0.02 0.03
Rel.Diff. Rel.Diff.

Relative difference distribution around May calibration 2D function

Shift of the mean value is less than for P/T calibration
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T,°C

Difference of datasets

Average FA peak value Average FA peak value

[ S-_,') [
31— T3 530

B B 520
30— 30— 510

" " 500
29\— 29—

- - 490

- - 480
28— 28—

B B 470
27 27 460

- April N May 450
2 B 1 L L 2 B 1 L L 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 L I 1 1 1 1

860 965 970 975 980 985 860 965 970 975 980 985
P, mbar P, mbar

Mean values on the previous plots are not zero because conditions were slightly different.
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NG

Relative difference VS time

FA peak relative difference with 2D norm (Self)

(FA peak — calibration)/(FA peak) dependence on time.
April X-axis is a measurement number, as we have some
periods of lost data.

0.015

0.01

-I-I-Illlllllll

Distribution is within £1%
0.005

We can see regular variations over time. This is
correlated with daily temperature variations.
Probably this is the influence of temperature on

—0.005
readout electronics.
~0.01
-0.015
IIIIIII\IIIIII|IIII|IIII‘IIII|III\|IIIIIII
0 1000 2000 3000 4000 5000 6000 7000 8000
Meas.
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FA peak — Calibration correlation

FA peak / 2D norm (Self)

2 540 v2/ndf 6.037e+04 / 13572
c ol —4.258 + 0.5821
g 530 p1 1.008 + 0.001199
.ﬁ,“.
520

510

500

490

480

470

460

450

L
450 460 470 480 490 500 510 520 530
F, ADCs

Slope is almost 1. Width is £1%.
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Conclusion

* We propose an algorithm for the calibration of gas gain monitor
* Variations of the data around calibration function is about +1%

* Plans:
* |nvestigate daily variations in gas gain due to temperature

* Implement comparison of the calibration with new data into online
monitoring

* We are building a new version of the device
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