Post-thesis results

Improved method to obtain signal
size spectra from 2010 testbeam
data



Method used in my thesis

Event no. 6 on 02 Aug 2010, 00:12 -- channel 0
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results — S/N

signal to noise, Cluster 4

Pad |feedback|signal (M2) [au]|sigma (M2) [au]| S/N
0 active 382.7 30.7 12.5
1 active 372.1 27.9 13.3
2 active 372.7 27.0 13.8
3 active 386.6 25.5 15.2
4 passive 182.9 16.0 11.4
5 passive 174.3 16.6 10.5
6 passive 175.2 18.2 9.6
7 passive 177.5 17.8 10.0

10 to 11 for passive feedback
13 to 15 for active feedback




results — corr. coeff.

correlation coefficients, cluster 4

combination correlation standard

of channels feedback |coeff. (mean) deviation
Oand 1 activ 0.54 0.02
0and 2 activ 0.55 0.02
0and 3 activ 0.51 0.02
1and 2 activ 0.54 0.02
1and 3 activ 0.52 0.02
2 and 3 activ 0.52 0.01
4 and 5 passiv 0.29 0.02
4 and 6 passiv 0.36 0.02
4 and 7 passiv 0.35 0.02
5and 6 passiv 0.32 0.03
5and 7 passiv 0.26 0.05
6 and 7 passiv 0.33 0.09

small for passive
feedback (0.26 to 0.36)

moderate for active
feedback (0.51 to 0.55)



pros and cons of that method

[0S, cons:
integrating with respect to * number of samples for baseline
baseline (necessary because of calculation less than for pedestal
temp. dependence of BL) — noise distribution widened by the

pedestals are built error of the baselines

independently from integration * Ssizes of intf‘e‘gratiorl windows
window for signals (no were fixed “by eye
additional influences apart from — windows too small -> signal
noise) sizes too small

— windows too large -> noise
distribution too wide



fixing Integration window sizes

built spectra with different integration window sizes
fitted with GLG -> plotted MPV(Landau) vs. window size

MPV [a.u.]

' Pad4 (Cl4) |

188

166 e e e e

Sample [#]

MPV [a.u.]

415

410 ]
405
400
395

385

370
365

360
355
350
345
340 Jd

335

375 4

'Pad0 (Cl4)

/

L/
:
/

i

Sample [#]

/I
- — =Wy

B R B N s L R R R R L R N R R AR RR R R n ]
375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800

no saturation in signal size



fixing Integration window sizes

 fitting signals with signal shape function:

S(t) =V, (1) =~V exp(—t/7)
T

e getting sizes of integration windows from fitting parameters
— Maximum:;

t=r
—  Amplitude:
A=s(t=7)=-V,exp(-1)
— Area under the curve:
F(a) =V,(exp(-a/7)(a+7)-1)
Fees = F (@ > 0) =V, llimlexp(-a/z)(a+7)] -7 )=V,



fixing Integration window sizes

o parameterized function for ROOT:

p[0] - p[d]* (x — p[2])/ p[3]* TMath

- Exp(=(x—p[2])/ p[3])

— plO]
— pli]

— pI3]

. y-offset
. norm

-> paseline
-> —V,* amplification

X-p[2]: relative time -> p[2] = time when

signal (fit) starts

. time constant (7), shaping time
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consistency checks

ran signal fitting over 5000 events in channel 3 (active feedback)
and channel 4 (passive feedback) of cluster 4
all four parameters were free (no restrictions)

— only signal starting time (p[2]) was restricted to X-axis range of an ADC-
spectrum

checked if resulting values for fitting parameters are consistent with
previous obtained results
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consistency checks -“Norm”-Spectra

[(Norm | Norm_ch4
900 Entries 5000
800 Mean 7.012
0 E RMS 6.191
i %2 I ndf 164.6/ 30
£ 0o Constant 4893+ 155.5
 soof- MPV 7.103+0.026
5 4o0 Sigma _ 0.7029:0.0194
a I I
£ 3000 | shaping time Tau_chd
£ 3 " Entries 5000
2000 F Mean 45.08
£ 70F RMS 20.1
100f E ¥ I ndf 298.4 1 227
E : ; sofF Constant  53.57+1.22
9675 0 5 10 15 20 25 30 35 40 4 E Mean 53.52+ 0.04

i Sigma 2.469 + 0.037

= "l ul
5 0 5 101520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
time [ns]

MPV: 7.1 a.u.
Tau: 53.5ns
MPV _Signal_Size (Area)
= MPV_Norm*Tau
= 379.9 ADC-counts*ns
= 190.0 ADC-counts*sample

for “old” method 182.9 ADC-
counts*smaple

[(Norm | Norm_ch0
9005 Entries 5000
800 Mean 13.22
700:'— RMS 9.239
E %2 I ndf 165.7 / 30
£ 0o Constant 2724+ 71.0
5 5000 MPV 13.02 + 0.05
[P Sigma _ 1.352:+0.029
'E E shaping time Tau_ch0
£ 300 T " Entries 5000
E =E Mean 50,96
200§ sof RMS 21.09
100F = ¥2 1 ndf 286.9 / 206
r El]_ Constant  55.63+1.25
ok Liss Lol bl E Mean 5867+ 0.04
S0 -5 0 5 10 15 20 25 30 35 40 45 50 £ Sigma  2.431+ 0,035

i Jrm,
5 0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 B0 85 90 95100
time [ns]

MPV: 13.0 a.u.
Tau: 58.7ns
MPV_Signal_Size (Area)
= MPV_Norm*Tau
= 764.3 ADC-counts*ns
= 382.2 ADC-counts*sample

for “old” method 382.7 ADC-

counts*smaple "



consistency checks - timing

[_start time | start_time_ch4 start time start_time_ch0
1000 Entries 5000 1000 Entries 5000
900E- Mean 541.9 soof i i Mean 541.9
F RMS 17.61 RMS 14.1
200 =
i 2 1 ndf 368.8/ 47 800 *2 1 ndf 397.6/44
‘3 700 2 Constant 903.5 +18.0 § 700 Constant 851.6+ 16.8
$ 600 Mean 541.8+0.1 € eoofb ; : Mean 541.9+0.1
- = Si A + 0. 2 -
5 soof gma_3.7614 0.048 s soof Sigma__ 4.039  0.051
'E 4007 _ -E a00F- i
F 300E- peak time Peak_time_chd4 3 peak time | Peak_time_ch0
S 550 Entries 5000 300E 550 | Entries 5000
200 F S E
g so0k Mean 587.6 200 sk Mean 594.6
100E- 3 RMS 29.33 100E- E RMS 29.11
g _ 450 121 ndf 269.1/29 - . &;_ | T x* 1 ndf 296.8 /28
f00 450 500 550 600 650 , 400E Constant  542.4+ 11.2 o0 —as0 500 550 600 650 7 , 00 Constant 5702+ 11.5
E as0f Mean 595.5+0.1 E 3s0E Mean 600.6+ 0.1
& ook Sigma __ 5.078 + 0.059 : E Sigma  4.958 + 0.056
¢ 300F 5 200
§ 2505 5 20p
E 2gpf E 2005
= =
150 10E
1001 1005
50— 50
80040 So0 S50 600 650 700 750 800 S0 "4s0 "s00 550 600 650 700 750 800
time [ns] time [ns]

e ‘“peak_time” = “start_time” + tau
« mean(peak_time) =596 ns « mean(peak_time) = 601 ns

 both close to 600 ns
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consistency checks - baselines

« “BL_calc.”: average of first 200 sample in an event
o “BL_fit": parameter p[0] from fit
« plots: distribution of (“BL_calc.”-"BL_fit")

difference in calc. and fitted BLs | basediff ch4 [__difference in calc. and fitted BLs | basediff_ch0
450 Entries 5000 450 Entries 5000
3 Mean 0.01176 = Mean 0.06515
400 ﬁ RMS 0.05774 e RMS 0.1131
g ¥2 1 ndf 73.34 1 54 Gif ¥2 | ndf 115.2/ 83
380E [ 1931+ 3.5
= Constant 416.2+ 7.4 - = onstant 1+ 3.
£ 300f Mean  0.01237 + 0.00067 £ 300 l:ean 0.06132 + 0.00146
2 i = igma 0.1006 + 0.0011
2 250k Sigma  0.04708 + 0.00049 E’ el
= - =
o = 2 E
é 200; é 200E ;
2 150 = 150; -h
100 100 .i
50 502 '/ 1
0F—93~ 0% 04 02 0 03 04 08 05 0708 06 04 02 0 02 04 06 08 1
(BL_cale.)-(BL_fit) [a.u.] (BL_calc.)-(BL_fit) [a.u.]

mean: 0.012 ADC-counts « mean: 0.061 ADC-counts

* Dboth show positive difference

— > consistent with the observed fact that signal size does not
saturate (but differences too small to explain it fully)



fixing Integration window sizes

fitting with selected events (for more precise parameters):
— only events with signals (“Norm” >= 0.9 MPV)
— events with no “peaks” in baseline (hopefully low noise events)

— took only fits with error less than 3% for all four parameters into
account

— 10 000 events

14



fixing Integration window sizes

[_start time | start_time_ch4 [_start time | start_time_ch0
1800 | Entries 10000 1600 Entries 10000
\SME | Mean 544.4 tsm'E ; | Mean 5448
o | RMs 5.02 :m— T 1 1 RMS 5.306
oot 3 | 421 nof 585.1/16 1200 1*/ ndf 586.2/19
£ 1100t .| Constant 1584 + 18.9 g HOOE— ot | Constant 1554 + 19.0
5 10005 | Mean 544.5+ 0.0 £ 1000 Mean 544.7 0.1
B gpi | ® g0 .
5 ol | |_Sigma 4.754 + 0.029 E w0 Sigma 4.8Mj:l)|.032
FE 1 é mc— F— T ~
§ [shaping time | Tau_cha § o [shaping time | au_cl
£ s " = S005- 900 Entries 10000
pon - s Entries 10000 4005~ 850[
£ C ] Mean 58.28
300} 850 Mean 53.33 0/ 8005 ] s
2005 00 RMS 1.958 zno— ;:g RzM; " 2_;1.49
750 ! B E L i 1 1 11 E ]
e NN N %/ ndf 323.6/61 Y . (NN L gs0 xn 594.5/78
00505510515 520 525 530 535 540 545 550 555 560 565 570 57 seal I %onsos51051ssms:ﬁsans:ssmsnsssnssss&uwssr 2 gooE | Constant 724.2110.0
2 b .| Constant 794.2+11.0 S eol M 57.94 + 0.02
$ ssop | Mean 53.24 0.0 % saofl | | goan o
¢ Lo Sioma  1.621+0.015 s 9oF Sigma__ 1.729:0.016
gasn;—- g J = 5 4000 erfranfen
& W05 T 1 E 3505
E sl 2 300
2 mef- 250
250 200 oo bed bbb R
20~ 1500
150~ BT O
100~ v
g Lol ol ol ] Lol L.l Lolol 1
pENRNN RN [ - - 323435 38 40 4244 4545 505254 5658 60626456 68 70 7274 7678 B0 6284 5688 B0
12uasu4nuu-wasmszsasessauazmssﬁsmnrmuwszrnaslsas]n time (ns)
time [ns

e start_time =545 ns e start_time =545 ns
. = sample # 272 . = sample # 272
e tau=>53.2ns e tau=57.9ns

« end of int. window: when area under the curve reaches 99% of it's (theoretical)
maximum

e have to solve: 0.017 a “a” = relative time when area reaches 99%

(a+7) T 15




fixing Integration window sizes

graphical solution:

16.60 -

-altau

—=— [n[0.01*tau/(a+tau)]

[

tau=5794ns |+

a =353 ns = 177 samples (“passive”)
a = 385 ns = 193 samples (“active”)

int. window sizes:
— “passive” ch.: (272 — 449) sample#

“active” ch.:

(272 — 465) sample#

16.68 —
2L L S B B B B R
350 355 360 365 370 375 380 385 390
a [ns]
o took:

— “passive” ch.: (271 — 451) sample#
— “active” ch.: (271 —467) sample#
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fixing Integration window sizes
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averaging baseline

* baseline as average of baselines from previous events
* be aware of changing baseline with temperature
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new windows

ADC counts

Event no. 10103 on 02 Aug 2010, 00:04 -- channel 0 Event no. 10103 on 02 Aug 2010, 00:04 -- channel 0
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“old™:

results — spectra

|_Signal Size Spectrum Cl4_Pad3 M2|
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results — S/N

signal to noise, Cluster 4 signal to noise, Cluster 4
Pad |feedback|signal (M2) [au]] sigma (M2) [au]| S/N Pad | feedback| signal (new) [au] | sigma (new) [au] | S/N
0 active 382.7 30.7 12.5 0 active 384.7 15.9 24.2
1 active 372.1 27.9 13.3 1 active 373.0 14.2 26.2
2 active 372.7 27.0 13.8 2 active 373.7 13.5 27.6
3 active 386.6 25.5 15.2 3 active 386.3 12.3 31.4
4 passive 182.9 16.0 11.4 4 passive 181.7 9.0 20.3
5 passive 174.3 16.6 10.5 5 passive 172.7 9.3 18.5
6 passive 175.2 18.2 9.6 6 passive 173.9 10.0 17.5
7 passive 177.5 17.8 10.0 7 passive 176.0 9.9 17.9

 10to 11 for passive feedback

e 13to 15 for active feedback

18 to 20 for passive feedback
24 to 31 for active feedback
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results — corr. coeff.

correlation coefficients, cluster 4

correlation coefficients, cluster 4 (new)

combination correlation |standard

of channels feedback Jcoeff. (mean)|deviation
0and 1 activ 0.54 0.02
0and 2 activ 0.55 0.02
0and 3 activ 0.51 0.02
1land 2 activ 0.54 0.02
1land 3 activ 0.52 0.02
2 and 3 activ 0.52 0.01
4 and 5 passiv 0.29 0.02
4 and 6 passiv 0.36 0.02
4 and 7 passiv 0.35 0.02
5and 6 passiv 0.32 0.03
5and 7 passiv 0.26 0.05
6 and 7 passiv 0.33 0.09

combination correlation standard

of channels |feedback |coeff. (mean) |deviation
0Oand 1 activ 0.30 0.02
0and 2 activ 0.30 0.02
0and 3 activ 0.27 0.02
1land 2 activ 0.29 0.02
land 3 activ 0.28 0.02
2and 3 activ 0.28 0.02
4 and 5 passiv 0.13 0.02
4 and 6 passiv 0.17 0.02
4 and 7 passiv 0.16 0.01
5and 6 passiv 0.15 0.02
5and 7 passiv 0.11 0.04
6 and 7 passiv 0.17 0.07

« small for passive
feedback (0.26 to 0.36)

e moderate for active
feedback (0.51 to 0.55)

very small for passive

feedback (0.11 to 0.17)

small for active

feedback (0.27 to 0.30)
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systematics in ADC?

 samplewise summation of 50k
ADC-spectra

e systematic in samples?

| summation of ADC-Spectra ch_0 | EANE
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Sample0-Sample2 ch_0 | SampleSum,_Even_1 | Sample0-Sample1 ch_0 | Sampleum_Even 0 |

Entries 26619 Entries 28870

24000~ 0.00586 Mean  0.05743

E 0.7156 26000 RMS  0.3583
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?a _Ielh‘!am led ch_0 ﬁ Sample0-Sample5 ch_0 Samplafim Even_t o Sampleo_samplex
e X even -> gaussian
e X odd -> not gaus.
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pedestals from samples:
“active”.  {0...196} “active”. {0...197}
“passive”; {0...180} “passive™ {0...181}
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pedestals from samples:
“active”.  {0...196} “active”. {0...197}
“passive”; {0...180} “passive™ {0...181}
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