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Introduction

* APV25 channel response modeled with Four-Pole Fit Function
* Used UCSC testboard Calibration Pulse Scan data (ADC as function of 48 time bins) to calculate svt shape

fit parameters values for 2021 slim sensors

* Parameter values very different from default values in conditions database
— Default values lead to poor hit fitting, effects track and vertex reconstruction efficiency
— All 2019 and 2021 analysis thus far use these default fit parameters

* No testboard calibration pulse data available for 2019 sensors, or 2021 “non-slim” sensors

* Calibration pulse run using DAQ taken at Jlab 2021 (run 014393), however error in script lead to only 6
(instead of 48) time bins for a given pulse being filled

— Similar run taken in 2019 will be analyzed separately in future
* Successfully fit 99% of alive channels, using only 6 time samples

— Dead channels and failed fits use nearest neighbor fit param values

* Local database updated with correct fit params, will compare reconstruction
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APV Pulse Fit Functions

* Hps-java pulse fit function does not match function )
referenced in Sho’s thesis: > Fapoelt) = s ?272)3 (eé _e*%% (T;”Et) ) (4.2)
— Function in hps-java stops at k=2 in summation,

vs k=3 in thesis

thesis, and reference used for his thesis, have typos —® (1 +jwf,—1)(1+jwf,—2§4> - (n, _T@

APV pulse fit function in hps-java is correct!

* Cam emailed Sho, and Sho confirmed that both his 3 @2 2 R
1 _Tt_l_@(Tl—Tz_t) e 72-|
¢ TiTs k! J

Parameterization of CMS silicon detectors pulse shape and Form Factors determination. A.
Buffini, S. Busoni, M Meschini, G. Parrini

k=0

* Also noticed additional Four-Pole function (“3 Tau
Paper shows 5 poles for a “4 pole function”...Correct values in red

Function”) in apv6_ formfactors paper worth studying
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o o Channel 5 charge injection delay setting (cdel) = 1
UCSC Calibration Cdel Scan : —
= Voanx 8594
8000 ; - ’\Sﬂtzaggv X ?293 20
* (alibration pulse scans taken at UCSC on testboard for sooE- _ - StdDevy 7868
2021 L0/Slim-sensor production 00l o N
* APV25 internally injects charge into channels, reads out 6500; = i K
6 time samples at 25ns intervals (TOP) 000, ]
* APV25 “cdel” setting (1-8) changes the time delay 0L -
on readout by 3.125ns*(8-cdel) to provide more o e e ‘180"1‘i‘n‘11<2‘30 (ns)" i
pulse time resolution (BOTTOM) Channel 5 charge injection delay setting (cdel)=All

* Fit data with pulse shape function defined in hps- 5000

- channel_5_pulse_response 25
= Entries 47303
Mean x 75.01
_!! Mean y 6854

l StdDevx  43.29 20
= Std Dev y 809.4

java to get real pulse shape fit parameters
7500

* This data only exists for 2021 slim sensors...
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Comparing Fit Functions/Params

ch_2_cdel_scan_pulse_response

[&]

° . . ° ° ° a channel_2_pulse_response
Fitting pulse with Standard Fit Func using < 8000 Enties 47032 | o
conditions database default values results in poor Miﬁﬂ; 7658'28

i StdDevx  43.29
7500
fit in general Std Devy 803.9 —120
* Fitting pulse with Standard Fit Func and allowing

fit parameters to float results in good fit 7000

15
- Expect gains in reconstruction 6500
ey . . . . . 10
* Fitting using alternative “3 Tau” Fit Function results in Standard Four Pole Function
Simﬂar ﬁt quallty 6000 Standard Function, Tau1/Tau2 Fixed to 2019 db
3 Tau Fit Function
— Ignore this function, USE STANDARD FIT 3 Tau Fit Function Fixed Baseline

FUNCTION ONLY 5500 T I B I

0 20 40 60 80 100 120 140
Time (ns)

~—  See backup for justification
Fit channel pulse response using Four Pole Function

* RED: Using existing database params
* GREEN: Allow fit parameters to float
* MAG/ORNG: Alternative fit function, not used
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I
APV Pulse Shape Fits

* Database default 2019/2021 values taul=35.0, pulse fit taul_tau2_ All
tau2=10.0 E
=~ 105 pulsg_ﬁt_tau 1_tau2_All 35
* 2021 slim sensor fit taul mean ~56 Fniries, i
significantly different than database " ﬁ Sabex  1re *
m Std Dev y 0.3008
* Current fit parameters in hps-java not os— f %
representative of 2021 slim sensors, rawhit 9 20

fit quality impacted
—  Likely true for non-slim sensors

—  Likely true for 2019

* Compare 2021 reconstruction using
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crat eSS Ry SR WY Standard Function fit results for floating taul and tau2

2021 Slim Sensors Only

caluclated param values




Track Reconstruction New Taus vs Database

* (Cameron ran standard reconstruction on 2021 Run 14191 using existing 2021 hps-java database APV
channel pulse shape fit parameters
—  Default values (Taul = 35.0 and Tau2 = 10.0)

* (Cam also ran standard reconstruction on same file, using Taul=56.4 and Tau2 = 8.7 for all channel
fit parameters

* Compare changes in hit/track reconstruction




New Taus

Database Taus

Number of Tracks

Number of Tracks
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Reconstruct more -
30,000 25,000
° 20,000
Tracks using New | ;01 il
10,000
Tau Values 10,000 |- 5,000 |-
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Reconstruct more
electrons and
positrons using
New Taus

New Taus

Database Taus

[ Number of Electrons per event |
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Reconstruct more
Vertices using New Taus

New Taus

Number of VO per event
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Track Reconstruction New Taus vs Database

* Improvement in Track reconstruction/more Tracks and Vertices using New Tau fit values
compared to existing hps-java 2021 conditions database values

*  While not investigated here, likely same gains in Tracking/Vertexing would be found for
2019 reconstruction (as conditions database holds same default values as 2021)

* Need to update database with calibrated shape fit parameters for 2019 and 2021

as soon as possible!

* Need calibration scan data for all 2019 and 2021 sensors




2021 JLAB SVT SHAPE FIT PARAMETERS
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2021 Jlab Pulse Shape Fits

FOH2_ch_106_svtid_1130
* (alibration pulse scan run taken at Jlab in é 8500 —
2021 (run 14393) 8000 —
* However, scan script had error, so only 6 time 7500 —
samples available (instead of 48 with full scan) 7000
* Made hpstr processor to read evio events, get 6500 — ’\EAntriesF PR IR T e
— ean 60
all rawsvthits, and build Tprofile of hit 6000 ey, Py
C Std Dev
amplitude vs time, for all channels 5500 £ /o ’ 13953546;3452
* Fit Tprofile with standard fit function to get 5000 e 7266 2 0.008
= p3 3.334e+05 + 1.527e+02
shape parameter values amplitude, t0, taul, 4500 — S O S S H S S E RO
0 20 40 60 80 100 120 140
tau2 time (ns)
- Baseline parameter fixed and set equal to Tproﬁle of FOH2 channel 106 with 2000 Calibration Pulse
Mean of Bin(0) events. Only 6 time bins available. Profile fit with standard

shape fit function.




° slim_sensor_taul_v_2
2021 Jlab Pulse Shape Fits N
8 - 25
10.5—
C 1
. . . 10— 20
* Fit parameter results of Jlab calibration data g
05—
* NO CUTS yet on fit/pulse quality oF et 15
* (TOP) slim sensor taul v tau2 85 3 0
Well grouped £ s ]
- Taul ~53 =
I RN I R T R B BT 0
46 48 50 52 54 56 58 60 62 64
-  Tau2 ~8 taut
* (BOTTOM) thick sensor taul v tau2 thick_sensor_taul_v_2
% 227 thick_sensor_taut_v_2
o . & - Entries T 1984 120
Multiple outlier channels = e =5
. . . E o H g:g Biyx 13031471 100
— Large dispersion in taus 18— 5 i o i s
. L. 16— 80
—  Distinct taul /tau2 groups B
14—
*  Check if outliers are bad calibration pulses or bad fits oF ®°
*  Check t0 and amplitude fits results o . 40
= L] . . L Ill. .
8| |‘.F§ Ly . 20
6;
7\ L ‘ L L L L ‘ L L Il L ‘ L ‘ L L L ‘ L L L L ‘ L Il ‘ 0
3! 45 50 55 60 65 70
taut
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° slim_sensor_t0_v_amp
2021 Jlab Pulse Shape Fits I |
E - —I50
= 380? slim_sensor_t0_v_amp
£ Entries 4096
« — Mean x 19.22
360 — Mean y 3.189e+05 40
C Std Dev x 0.4498
= Std Dev y 1.775e+04
340 3 i w06
. . . - 0 0 0
. Fit parameter results of Jlab Cdel = 1 calibration scan data a0l 30
* NO CUTS on fit/pulse quality a00F—
= 20
* (TOP) slim sensor t0 v amp 280
* (BOTTOM) thick sensor t0 v amp 260 0
—  Many outier in t0 and amplitude 240
L Ll I I | Ll L L I L
15 16 17 18 19 20 21 22 23 0
t0 (ns)
thick_sensor_t0_v_amp
_ x10°
[$) =
3 380 120
2 - —
§ 30— ===
340— o 100
320 -
(- | 7_—: 80
300~ = -
20— ; - o 60
260 — T
[ thick_sensor_t0_v_amp
240 Entries 19840 40
= o Mean x 16.56
220 — S11 Do x g
= Std Dev y 1.969e+04
= T 0 W B 20
200* 2 196;8 g
[ 150 H 5
180 ! ! SRR R
10 15 20 25 30 0
10 (ns)




2021 Jlab Pulse Shape Fits

Plots show examples of failed calibration

pulse on channel
Pulse should peak near time sample 3

Bad pulses largely identified by checking if
time__sample3 < (time_sample2 AND
time__sample4)

For channels with bad calibration pulse, use

nearest neighbor shape fit parameters instead

F8H3_ch_104_svtid_21480

6080 1— F8H3 ch 104 svtid 21480
6060 | Entries 8556
- Mean 60
60401— Mean y 5900
6020 — Std Dev 40.99
= Std Dev y 38.1
6000 — X2/ ndf 8989/ 2
5980 — po -1.481e+08 + 1.291e+06
e p1 5.234e+07 + 2.051e+06
5960 — p2 4.0046+06 + 3.697e+05
5040 — p3 3.722e+10 + 2.410e+09
5920 — - B
5900 — -
5880
5860 R S H R R B N
0 20 40 60 80 100 120
F3H3 _ch_115 svtid 8691
5200(—
5180 —
5160 — . ‘
C F3H3_ch_115_svtid_8691
= Entries 11190
14
5140 Mean 60
Mean y 5163
51201 Std Dev 40.99
- Std Dev y 43.07
5100— x2/ ndf 3598 /2
C pO -20.96+1.23
5080 — p1 3.863e-05 + 1.051e+00
- p2 51.49 +0.72
‘ ‘ ‘ Il L ‘ L L ‘ 1 L
50407, 20 40 60 80




T 1 S .k all_sensor_taut
au Dl eS E 100 i all_sensor_taut
L 4> Entries 23936 <
Mean 2.125e+04
* (TOP) Plot of svtid vs fit taul 80 Std Dev 1816
* taul = O represent “dead” channels 60|
"
* Large taul spikes (> 100) likely indicate poor fit ol
—  (Bottom) shows calibration pulse missing/bad sl
* Cut fits with taul > 100 -
07
*  Use nearest neighbor channel shape fit parameters for - <
20— L | L L | L L | L L | | L L L L
dat abase 0 5000 10000 15000 20000 S\iiSdOOO
F3H2_ch_576_svtid_8512 F8H3_ch_6_svtid_21382
%%~ No pulse in 0 INO pulse in
00— svtid 8513 - svtid 21383
7000 : 7000 j F8H3_ch_7_svtid 21383 F8H3 ch 6_svtid_21382
= - Entries 11520 Entries 12000
— - Mean 60 Mean 60
6500 — L Mean y 5740 Meany 6726
E F3H2 ch_577_svtid 8513 6500 j 2:3 BZ: y ?2193 2:3 g: y ::)::
6000 — e, K - o osesom | [0
- g:ﬂ Dov y 23'32 [ p1 200.4+7.5 p1 53.54 £0.57
— 2/ ndf 26150404/ 2 [ p2 68+0.3 P2 16.1+0.1
5500+— 0 16.88 ig k‘); p? ~319.9+ nan 6000 — p3 7.163e+04 + 1.918e+03 p3 2.468e+05 + 7.237e+02
= R esimes| (B -
5000 — 7 _ B _ B L
I ‘ ‘ ‘ ‘ - Time (ns) = L L \ .1, , Time (ns),
[ 20 40 60 T80 100 120 140 0 20 40 60 80 100 120 140




FOH1_ch_179_svtid 691

l
w
Q

FOHT ch_179_sviid_691 FOHT_ch 178 svitid_690

9000 Entries 12000 || Entries 12000

W %2/ ndf 1.004e+05/2 || x2/ndt 11.61/2

po 19.61+ nan || po 19.14 +0.02

pi 0.02841+nan || p1 53.81+0.06

8000 p2 20.82+nan || p2 7.836 + 0.008

. . P3 2.936e+05 + nan p3 3.297e+05 + 1.456e+02

. (TOP RIGHT) Plot shows 3 neighboring channels, _For_on 180 svie 692

Entri

1 g 4 ) 7000 xg/'niisl 38.56/ 2

- svtid_ 691 has bad fit with taul~1 , and “nan” errors on fit params P fz5z001

p2 7.658 £ 0.008

3.333e+05 + 1.448e+02

Cut channels where errors are “nan”, use nearest neighbor fit 6000

params

* (BOTTOM RIGHT) Plot shows 3 neighboring channels with good fits 5000

—  Taul values vary between 52.2 — 55.26 4000 =
- (BOTTOM LEFT) shows oscillation in taul 3000% | | | | | TimQ (ns) |
L L L L L L L 1 L L 1 L L 1 L
. 0 20 40 60 80 100 120 140
*  Fits look okay
all_sensor_taud FOH1_ch_383_svtid_895
=
64 all_sensor__tauil
Entries 23936
o= ‘ Y2 ey 3528 - [ FOH1_ch_383_sviid_895 |
60 8000 — Entries 11526
ss = ¥/ ndf 169.4/2
se - po 18.54 + 0.02
o ‘ M‘ ‘ 7500 — pt 55.26 +0.09
s2 W = p2 8.555 £ 0.012
o 27000 2.9286+05 + 1.9190+02
] ——— P S S S S H U S E S | -
5 s60 1000 1500 2000 2860 5060 3800 4000 F
6500 —
all_sensor__tauil —
= all_sensor_taui =
= EEll 6000/
56 Std Dev 327.7 -
| — FOH1_ch_384 svtid_896 FOH1_ch_382_svtid_894
sa |l (1 ‘ | 5500 — Entries 12000 Entries 12000
oo J 1 i ‘ I | \[ . J ) 1 C %2/ ndf 8.45/2 %2/ ndf 69.65/2
Ml i ‘ 'i 5000 — p0 19.33 £0.02 po 19.1+0.0
so ‘ ‘ | ‘ | “ = p1 522101 p1 55.9+0.1
H ‘ ‘ p2 8.164 +0.011 p2 7.66 +0.01
p3  2.82+05 £ 1.56e+02 p3  2.956e+05 + 1.747e+02
\ L L L J L L \ L 1 L L L L ‘ L 1 L ‘
40 60




d all_sensor_t0
t0 Fit Parameter e
= 35—
*  Plot shows svtid vs t0 fit param =
*  Slim sensors (svtid < 4096) have different average t0 than thick 25
sensors 20 g [l M
. — 10w LAY
*  (BOTTOM RIGHT) Large t0 spikes correlate to bad pulses...cut :Z;
these channels SsE
* (BOTTOM LEFT) Interesting t0 pattern as function of channel... =
e Cut to > 30 S R R | R R S SR R RS RN B
(0] 5000 10000 15000 20000 SfﬁSC?OO
* Cutto<=0
F2H3 _ch_96_ svtid_ 6112
Q 5700
all_sensor_t0 < —
Z E 5600 F2H3 _ch_96_sviid 6112
= o4l all_sensor_t0 = Entries 11094
- Entries 23936 Mean 60
22 St Doy 1555 5500 Std Dov 40,90
— [ Std Dev y 50.2
ool - x2/ ndf 4.117e+04 /2
5400 — pO 113.9+0.3
C - p1 55.41+7.32
e o L k o b5 290105+ 3.00404
ol [ it A Mg M A M 5300 —
e 5200|— 3 _ - -
5?00 ' 52‘00 ' ' ' ' 53‘00 ' ' ' ' 54‘00 ' ' ' 55‘00 ' ' ' ' 56‘00 ‘svﬁ; 5100;
£ e e e b e
0 20 40 60 80 100 120 tim; ‘zgs)
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2021 Jlab Pulse Shape Fits POST CUTS

Checking svt shape fit parameters after cutting the following channels:
* No/bad calibration pulse
* Fit errors are “nan”
* taul > 100
* t0 > 30 ns and t0 <= 0 ns

Channels that fail these cuts are assigned fit parameters of their nearest

neighboring channel that is not cut




2021 Jlab Pulse Shape Fit
a UISE ape€ rits 3 E— N
- Entries 4096
= Mean x 53.03
10.5— Mean y 8.017
FIF3_ch_250_sviid 3834 = LS Sk P
° _Ch_ )_sviid_. — 20
* (TOP) Slim sensor taul v tau2 - — 10 R N
. . 7000; 95—
shows good grouping with no g B 15
. (5500E 9;
severe outlier channels oo E
F / 85— 10
* (BOTTOM) Thick sensor taul v | =
tau2 shows no remaining severe fm  / 75— 5
: R o e i i o =
outlier values = L. Ll Ll [ Ll L Ll Ll
48 50 52 54 56 58 60 62 0
t
—  Bottom left group =
represents one hybrid thiCk_SenSOr_taU1_V_2
8 20l [ ok semsor v 2 |
thick_‘f,ensor_tau1 = Enres i 100
:é thick_sensor_tauil 18 : géaégz ; 0;9-22‘1;%
" Entries 657 L 0 [0 ] '0
1900 — glt?:lal?)ev 1-4:1%5};\ 16; g - g 8
80 [
70 14] =
60 — C . 60
ol wv " Outliers?
20 s = - 40
- T
so - 8 .. N Wi 20
6 " -
20 Zo‘oo‘ éO‘Od ‘so‘oo ‘ 1‘0(‘)06 12000 1‘4(‘)06 ‘ 1‘6(‘)0(‘) ‘ 1‘3(‘)06 ‘ 2‘0(‘)06 ‘ 22(‘)06 ‘ 2‘4(‘)06 Co | [ | I P I T [ 0
svtid 35 40 45 50 55 60 65 70
taul




2021 Jlab Pulse Shape Fits Sim-senserov-ame
< 380 >i03
= — 70
g 360 — o
* (TOP) Slim sensor t0 width looks good a0l
[ 50
— Two peaks in amplitude = o a0
soo— |fu %%
* (BOTTOM) Thick sensor t0 improved...no ol ZEE 0
- ) o T 0
. [ o | 4096 | [3)
severe outlier channels 2ol = 20
L 10
— Some scattered channels with larger t0 2a01 | | | | | | | | |
16‘ ‘ ‘165‘ - ‘17‘ - ‘175‘ - ‘18‘ - I18.é - ‘19‘ - ‘19.5‘ - ‘20‘ - éOé — ‘21 o
than expected... © (ns)
thick_sensor_t0_v_amp
. x10°
‘L.(; 380 j - _lhick,sensor,lofv,amp
: E coves 140
5 o e o
L S:d DZ:; 1.96§e+04 120
340 (I g } 19627 | 8
— o | 0 0
320 . _ 100
300 f— — i - :__ 80
280 ;— :_ ; ; — 60
260 — 40
240 — =
— —_— - 20
220 —
- 0 is ' 20 25 ‘ 0
t0 (ns)
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2021 Jlab Pulse Shape Fits

* (Calibration pulse shape fit parameters for
99% (23753/(24575-640)) of connected
channels calculated

* Remaining channels (including disconnected)
assigned fit parameter values of nearest
“good” neighbor

* Fit parameters exported to local copy of
conditions database for testing

*  Will compare DQM plots using default
database params (taul = 35.0, tau2 = 10.0,
t0 = -10.0, amplitude = 2500), and new fit

values

all_sensor_chi2

2200
2000
1800 -
1600
1400
1200

1000
800
600
400

200

e H\‘H\‘\H‘\H‘\ ii

all_sensor_chi2
Entries 23753
Mean 81.31
Std Dev 80.07

o

1 1 ‘ 1 1 1
100

P I M
200

1
300 400
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Summary

Have calibrated svt pulse shape fit parameter values for 2021 SVT
— Updated in local copy of database for now
—  Will compare tracking using new vals

— Are we okay with using nearest neighbors for channels w/o calib pulse?

Should decide if full calibration scan upon return to Jlab is necessary

Similar 2019 run exists, but in different format, will require modified eivo processor

—  Will work on getting fit params soon
Validate 2016 values as sanity check?




Backup
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Current vs 3 Tau

* Fit parmeter seeds for 3 Tau Shape are unreliable

= Some channels fail fits using same seeds
Sometimes fixing baseline gives a better fit...sometimes
letting it vary gives better fit

. When 3 Tau fit is good (determined by checking errors on tau3
fit parameter), taul and tau3 are ~equal

. Looking at fit function definitions, if taul = tau3, “3 Tau Fit
Function” becomes equivalent to Current Fit Function

*  If 3 Tau Function only performs good fit when taul = tau3, it’s no
different from Current Fit Function, except more difficult to seed fit
parameters

C Conlusion: stick with Current Fit Function

tau3

3 Tau_Fit_ Taul_v Tau3

n 3_Tau_Fit Taul_v_Tau3
66 - Entries 226
~ Mean x 5.84
6 4; Mean y 5.84
L Std Devx  0.2001
C StdDevy 0.1999
6.2—
61—
58—
56—
54 ;I L L L L ‘ L L L
5.2 6.4 6.6

16

14

12

Current Fit Function

3 __ 3

2 2 _t
1 FT. -+ @(Tl - T, f)k e T2
(1+jwn)(1+ jwm@ (1, — ‘r@ ‘ =\ T ) k!

3 Tau Fit Function

1 J—

F.T. —ke -t _t
Ae m+B.e 2+ (C+D-t)e =
(1 + jwn)(1+ jwr) (1 + jwrs)? 7 ¢ ¢ ( e
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