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Tracking | Tracking information

Tracking information

@ Since end of 2022 we are using straw-stand software for:
o Alignment (using linear 2-point fit)
e Track reconstruction (using Isf)

o | created another procedure for fitting using poll LSF
o Alignment information from straw-stand sw partially used

@ While comparison with straw-stand sw | found:

e There is no pol coefficient uncertainties
o Used fitting with equal weights (no cluster position uncertainties used) !

tracker, - February 3/35


https://gitlab.cern.ch/rd51-straw/straw-stand

Tracking | Fit coefficients

Fit coefficients

p0 pl
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@ There is no significant difference in values.

o All values in cm, for compatibility to straw-stand fit output. Will be changed to mm.

tracker, - February 4 /35



Tracking | Fit coefficients

Fit coefficients uncertainties

Tracking was completed with uncertainty calculation:

p0 uncertainty pl uncertainty
DS DS
h_pOE_ds h_p1E_ds
C Entries 7548 450 Entries 7548
C Mean 0.01487 £ Mean 0.0003204
350— — DS StdDev 0004415 400i L Ds ; StdDev 9837005
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250 300F- 1
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F 200
150/ E
E 150/
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C 100(—
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0 0.005 001 0.015 0.02 0.025 0.03 0.035 0.04 0 0.0002  0.0004  0.0006  0.0008  0.001
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Comparison fit with/withot

Fit with/without uncertainty

Straw 9 RT for fit with/without uncertainty:

fit with cluster position uncertainties without cluster position uncertainties
time:trackPositionX {strawDet==11&&strawNum==9} time:trackPositionX {strawDet==11&&strawNum==9}
200 _ 200 _

C <1 Entries 1129774 C Entries. 1129774
r Mean x 4779 o Mean x 4.756
— | Meany -96.12 150— * | Meany -96.12
C StdDevx  3.121 C StdDevx  3.114
; Std Dev y 44.83 100 } Std Dev y 44.82
F 50

e o

-50

-100]

-150

RN B L

PN R SR i BT S | _ PRI AU I S SR AR Si) T
0 5 20—015 -10 -5 0 5

Additional RT-like lines on fit without uncertainties
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Comparison fit with/withot

Fit with/without uncertainty

Straw 7 RT for fit with/without uncertainty:

fit with cluster position uncertainties without cluster position uncertainties
time:trackPositionX {strawDet==11&&strawNum==7} time:trackPositionX {strawDet==11&&strawNum==7}
200 h 200
Entries 367031 Entries. 367031
Meanx  -535 . Meanx  -5.309
Meany  -64.88 150 Meany  -64.99

StdDevx 6.984
.|StdDevy 49.28

StdDevx 6911
Std Dev y 49.3
- 1
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Additional RT-like lines on fit without uncertainties
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Comparison fit with/withot

Fit with/without uncertainty

Straw 10 RT for fit with/without uncertainty:

fit with cluster position uncertainties without cluster position uncertainties
time:trackPositionX {strawDet==11&&strawNum==10} time:trackPositionX {strawDet==11&&strawNum==10}
200 _ 200 S I
. Entries 1292235 Entries. 1292235
| Mean x 7417 Mean x 7.076
Mean y -96.03 150 Meany -96.03
| Std Dev x 3.431 Std Dev x 3.424

Std Devy

53.92 100 | std ?ev y 53.91

50
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-100]

-150
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Events outside RT vs merging window

Events outside RT

Cut for select events within/outside RT
All events RT-only cut

time:trackPositionX {strawDet==11&&strawNum==9}

. h h
ZOG: ; : Lo | Enties 1129774 200: Entries 978725
F Meanx 4779 F Meanx 4915
— | Meany -96.12 150— Meany -99.42
r " |stdbevx 321 b StdDevx 208
} Std Dev y 44.83 100 } Std Devy 41.63
E 50
r o 15
E Uy
C _s0- 10
100
r 5
-150—
EPRPREAE AR BRI S DR S I OTIr S B PV T R T BT e R I
-10 -5 0 5 10 15 20—015 -10 -5 0 5 10 15 0
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Events outside RT vs merging window

Events outside RT

Calculated the percentage of events within RT for different merging window
(maximal calculated time difference between scintillator hits in VMM and TIGER)
Window, ns Fit with unc., %  Fit without unc., %

10 87.17 86.5
20 87.03 86.3
25 87.06 86.4
30 86.99 86.3
50 86.98 86.3
100 86.95 89.0
100, full stat 86.63 85.86

tracker, Status 2024-02-19 February 23, 2024 10 / 35



Events outside RT vs merging window

X-talks

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)

Time difference between hits in 10mm straw 9 and Charge ratio difference between hits in 10mm straw 9
10mm and 10mm 11
h_timediff_1109_1111 h_timediff_1109_1111_charges

h_timediff_1109_1111 T imedi_1108_1111_charges

r Entries 101480 %‘, Entries 101480
1400 Mean -3.61 S Mean x -2.629
n StdDev  23.56 s Mean y 1.343
o l B StdDevx 233
1200 — 5 1927
1000 — q
oy
600 o _P L

400 ;f—ﬂuﬂ-ﬂ h

200y v be e be e Lo b bee i Ll
0 -40 -30 -20 -10 0 10 20 30
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Clustering

Clustering

@ Gaus2 (used up to 2024-02-19)

o Cluster center

Methods checked
X = ch;x;

, where x — strip coord, ¢ — charge
—R)2.c2
o Uncertainty: 0% = DR

ZC,
o Gaus

o Cluster center: x =

o Uncertainty: o?

o Gaus-scaled (the most logically-defined, used now)
o Cluster center: X = %’CT’

where x — strip coord, ¢ — charge
o Uncertainty: o2

_ 1 X—02g
- N 26
o Geom (geometrical mean, mean square minimization)
Lo XX
o Cluster center: X =

where x — strip coord
o Uncertainty: o2 = Z(X",\TR)
o Geom-scaled

- X
o Cluster center: X = DOL

, where x — strip coord

N
o Uncertainty: o2 = ,}IZ( =)

tracker,

February

12 /35



Clustering

Comparison uncertainty calculation methods

Chi2 Mean square distance
Chi2< Gaus Mean Square&aus
h_gaus h_gaus
25000 Enlries 2128429 22000 Enties 2128429
Mean  0.00364 20000 Mean  0.07079
Std Dev 0.003263 Gaus Std Dev. 0.0661

Gaus2

Gaus (norm to cluster size)

Gaus

Gaus2

Gaus (norm to cluster size)

P T I N i M
0.006 0.008 0.01 0

Ll
0.0:
The most reasonable method (gaus-scaled) is the best?

0.2 0.25 0.3 0.35 0.4

T TR A
0.1 0.15

IS}

PRI P
0 0.002 0.004
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Clustering

Comparison uncertainty calculation methods

MMO residual MM3 residual
Gaus Gaus
h_gaus h_gaus

2000 E Entries 2128429 30000_ Entries 2128429
18000~ Mean  0.02296 E Mean  0.01787

E f ) Std Dev_ 0.07269 C Std Dev__0.06201

C Gaus | Gaus 1
16000 25000

£ Gaus? C Gaus2 1
14000 L

E Gaus (norm to cluster size) 20000~ Gaus (norm to cluster size)
12000 =
100001~ 15000
8000/— r
6000 10000(—
4000 C

E 5000(—
2000 L

E ==t W NPT A IR N NI N s P v P T I PR R e o=

825702 045 01 005 0 005 01 015 02 025 B25 202 015 -01 006 0 005 01 015 02 025

residual, mm residual, mm
The most reasonable method (gaus-scaled) is the best?
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Clustering

Comparison uncertainty calculation methods

MM2 residual

Gaus
h_gaus

C Eniries 2128429
14000 Gaus Mean  -0.02806

C Gaus2 Std Dev  0.07698
120001

= ‘Gaus (norm to cluster size)
10000[—
8000
6000—
4000
2000

T T I B B S P i .

825720z 015 01 005 0 005 01 0.5

02 0.
residual, mm

The most reasonable method (gaus-scaled) is the best?

tracker, 15 / 35



Clustering

Comparison uncertainty: cluster

We require the maximal “empty” space inside cluster not greater 4 strips. Checking that value.
Gaus-scaled methor was used.

MMO residual MM3 residual
1 strip max 1 strip max
h_gaus_s1 h_gaus_s1

O0E Entries 1972436 F Entries 1972486
e e S - [ Jsremas e

F 2 strip max - 0.01— 2 strip max -
0.007= | — 3 strip max [ |— 3 strip max

F |— i F |— 4 strip max
0.006 4 strip max 0.008—
0.005— L

= 0.006—
0.004— L
0.003 0.004—
0.002 C

F 0.002(—
0.001F r

0 E i T : 0 L L Il L
0.4 “02 0 0.2 0.4 0.4 02 0 02 . 06
residual, mm residual, mm
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Clustering

Comparison uncertainty: table

Residual at MMO

type

1 strip max

2 strip max

3 strip max

4 strip max

Gaus; Uncertainty = 0gaus

peak 8um

o =19um

fit [-0.01;0.02]
unsymmetrical
peak

Gaus; Uncertainty = crgaus/\m

peak 15um
o =33um
fit [-0.02; 0.04]

peak 12um
o =26pm
fit [—0.01;0.03]

peak 11um
o =26pm
fit [—0.02;0.03]

peak 1Ium
o =27pum
fit [—0.02;0.03]

gaus2; Uncertainty = 2

(x=

%)2.c2
2

C

peak 7pum

o =17pm

fit [—0.01;0.02]
unsymmetrical
peak

tracker,

Status 2024-02-19

February 23, 2024
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Propagated uncertainty

Clustering

Calculated uncertainty for different calculation types
Gaus (norm to cluster size)

Calculated uncertainty on 10mm straw 9 plane:
Calculated uncertainty for different number of “empty”
strips permitted (Gaus-scaled method)

1 strip max
h_gaus_s h_gaus_s1
Entries 1129774 = — Y
| Mean 01727 0.022 Entries 1046364
StdDev 003826 E Mean - 0.1663
2aus (norm to cluster size) . 002 StdDev  0.02818
—— Geom E
—— Geom (norm to cluster size) 0.018— T strip max
Gaus E .
Gaus2 0.016 2 str!p max
- —— 3 strip max
0.014F )
- —— 4 strip max
0.012F
0.01—
0.008
0.006
0.004F
0.002F
0 0 0.2 0.3 0.4 0.5 0.6 07 08 0
0.1 0.15 02 025 03 035 0.4 045 05

tracker,

residual, mm
Finally, method selected:

gaus, normalized to number of hits (gaus-scaled),
with 2 “empty” strips inside cluster permitted
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Clustering

Number of hits in cluster

Cluster size at MMO (with pseudotrack req.)

‘SubRUN_0_GEMROC_C_TL

[mim_0_clusters_nHits_Slayer]
Entries 51249
Mean 3517

td Doy 1.548

30
n hits

tracker,

UL IR L L N L

Size of “empty” region inside cluster, MMO0

‘SWRUN_D_GEMROC_C_TL: Maxmal “empty” region size in MicroMegas  {cluster i tree layers)

Entries 61249
Mean 0.06247
Dev 0.2725

25 3
‘empiy ragion size

19 /35



Clustering

Overflow

Number of non-overflow hits in cluster)

SUbRUN_0_GEMROG_C_TL: N hits with and without overflow in MicroMegas 0 (all clusters)
mm_0_clstrs_nis_vs_1OF_ah

Std Devy

o Currently, overflow are hits with charge > 45 fC

N hits without saturation

@ On previous plots overflow hits was removed from
clusters

@ Need to check the difference due to overflow removing
procedure

(only-overflow cluster not shown)
Finally, method selected:

gaus, normalized to number of hits (gaus-scaled),
with 2 “empty” strips inside cluster permitted

20 /35
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Clustering

Overflow

MMO cluster center difference between samples

MM2 cluster center difference between samples
with/without overflow cut)

with/without overflow cut)
clustersX._1-t_geom.clustersX._1 {clustersX._0<100} clustersX._1-t_geom.clustersX._1 {clustersX._0<100}
h_gaus_geom_center_diff h_gaus_geom_center_diff
Entries 2133919 F
10°

Mean 6.236e-06
Std Dev 0.02078

Enties 2133919
Mean 6.236e-06
Std Dev 0.02078

0.6 08 1 -1 -08 06 04 02 0 0.2 0.4

No difference in cluster centers

tracker,
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Clustering

Overflow

MMO residual for different overflow removing method)
without overfl

without overflow, remove if all overflow

. with overflow
F ———— without overflow, gaus if all hits overflow

————  geometrical, without overflow

—————  geometrical, with overfiow

5;_ o No significant effect
4;_ @ Then, overflow (charge > 45 fC) removing stays
3

0 il U ST SR NI A S S

0.2 0.3
residual, mm

tracker, 22/35



Charge at MMs

| compared charge in different MM on run TB-August-56

MMO charge

SubRUN_0_GEMROC_C_TL: charge (Sample and Hold mode) for detector 2

charge_sh_det2
Qe S Entries 61541
g b e - -~ 2| Meanx 1938
5 L - R o | Meany 6.46
N - - ST . T |sdpevx  ssa2
E IR - < —|SWDevy 5298
L- . = - - Z= lintegral  6.1540404

channel

o Only MM1 tigers was fully calibrated on external pulser.

o Other tigers was calibrated on July, | believe

Charge, fC

4

8

3

8

20

MM1 residual

SubRUN_0_GEMROC_C_TL: charge (Sample and Hold mode) for detector 3
charge_sh_det3
Entries 5595
—_— — —_ — Mean x 1924
- - Mean y 6.976
— ~ Std Dev x 11.73
_ — StdDevy  9.018
- - — . - Integral 5595

10
channel

23 /35



Charges

E Y S

| compared charge in different MM on run TB-August-56

MM2 charge MM2 residual
SubRUN_0_GEMROG_C_TL: charge (Sample and Hold mode) for detector 4 SUbRUN_0_GEMROC_C_TL: charge (Sample and Hold mode) for detector 5

° charge_sh_det4 ° charge_sh_det5

e Entries 24708 e | Entries 82379

S | Mean x 198.4 s | Mean x 199.7

s Meany 8914 g - |Meany 532

S | Std Devx 331 o - |sDevx 3159
SdDevy 8633 StdDevy 5345
Integral  2.471e+04 - Integral _ 7.831e+04

channel channel

Need to check calibration on all tigers

tracker, Status 202: 24 /35



Backup slides |




backup

Error propogation

f(x) =po+ p1-x

AF(x0) = \/(Bpo)? + (A(p1x))?

(P1X)

o (2]

tracker, Status 2024-02-19 February 23, 2024 26 /35



backup

rical and weighted mean

difference between weighted with charge and
geometrical cluster mean
MMO clusters

clustersX._1-t_geom.clustersX._1 {clustersX._0<100}
h_gaus_geom_center_diff

Entries 2128429
Mean 0.0007163
Std Dev 0.04585
%2/ ndf 1713/1001
Constant 209223

Mean  0.0009683 + 0.0000431
Sigma 0.03745 + 0.00006

rr i S SN NI A s
-0.2 -0.15 0.1 -0.05 0 0.05 0.1 0.15 0.2

Gaus-geometrical residual, [mm]

tracker,
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backup

Filtering RT by mean square

Mean square distribution for 10mm straw 9 10mm straw 9 RT with mean square < 0.25mm

{strawDetex1

Ti2eT7e
4765
0425

32
1285

©

o

o o

P

ey
(RAadiatinadsriaia) kNI N (AN atat

X coord [mm]

»

s X coord [mm] Reminder: without cut

timerackPositionX. {strawDet==118&strawNum==9}

(strawDete=1
200,

b z
i VBT e e

Meanx 4937
Meany 006817 150,
SiWDevx 286

SidDevy 007258

100;

150,

After filtering we still have some “noise” inside RT
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backup

X-talks

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)

Time difference between hits in 10mm straw 7 and Charge ratio difference between hits in 10mm straw 7
10mm 10 and 10mm 10
h_timediff_1107_1110 h_timediff_1107_1110_charges
[h_timedifi_1107_1110] . mod_11G7_1110_sharges|
2200F= Entries 106601 | g 106601 |
E M 7.45 &
2000 E Stza[r;ev 22.88 E
1800/ T
g Std Devy 0.5474
1600/— ki
1400
1200/ { J‘Jl’
2l .
800— ﬁ JLT”L
600 — Tt L
= W‘ J
400/ ffﬂf
2005
= d ' ‘J‘D - ‘a"iO‘ ' L2‘0 - ‘71‘0‘ - ‘l‘) - 1‘0‘ ' ‘2‘0 - 3‘0‘ ' ‘4‘0‘ - 50 950 -40

At,ns

X-talk from other place to both, straw 7 and 107
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backup

X-talks

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)

Time difference between hits in 10mm straw 10 and Charge ratio difference between hits in 10mm straw 10
10mm 7 and 10mm 7
h_timediff_1110_1107 h_timediff_1110_1107_charges

2200 h_timediff_1110_1107 | m
200E Entries 106601 g Entries 106601
2000/~ JJ Mean ~7.451 s Meanx  -4.042

E Std Dev 22.88 S 4 Meany 1.077
1800 — ® Std Dev x 222

E g Std Dev y 1.095
1600/ £ .
1400
12001 L i )‘

E L
1000 n J I b
o o N,
600~ L

| L
400" ’LJ\H
200 L |

= d ' ‘J‘D - ‘4‘30‘ ' L2‘0 - ‘71‘0‘ - ‘l‘) - 1‘0‘ ' ‘2‘0 - 3‘0‘ ' ‘4‘0‘ - 50 =50 -40
At ns

X-talk from other place to both, straw 7 and 107

tracker, - N 30/ 35



X-talks

backup

Time

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)

difference between hits in 10mm straw 9 and

10mm 6
h_timediff_1109_1106

1400 — Entries
C Mean
F Std Dev
1200}~
1000 —
800/ W
r 0 ’LLLFM 7y
600 — B Jm " L L
J
g Pl
w1 "
;JLF I\LL
2000, b e b e Lo e Lo Lo
- 30 20 10 0 1 20 0 0
Atns

h_timedifi_1109_1106

86072
0.5706
23.95

tracker,

charge1/charge2

and 10mm 6
h_timediff_1109_1106_charges

Charge ratio difference between hits in 10mm straw 9

A fmed_1108_1106_charges
. ﬂ LY Entries 86072
6 . % Mean x 421
- o Mean y 1.135
r StdDevx 229
S5, - = StdDevy 1218
=
-1 -
P F
Ly
=L
2
1
%0 40 -3 -20 -10 0 10 20 30 40 50
At ns
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backup

X-talks

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)

Time difference between hits in 10mm straw 9 and Charge ratio difference between hits in 10mm straw 9
20mm 9 and 20mm 9
h_timediff_1109_1009 h_timediff_1109_1009_charges

h_timediff_1109_1009

Entries

,ﬁ w5
] r

ﬂﬂ & il
!
Al

600

500

charge1/charge2

40

3

300

200

I
5
=z
=
5
o

100/~
Covn Lo Lo Lo Lo Lo L |
0 40 80 20 10 0 10 20
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backup

X-talks

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)

Time difference between hits in 10mm straw 9 and Charge ratio difference between hits in 10mm straw 9
20mm 0 and 20mm 0
h_timediff_1109_1000 h_timediff_1109_1000_charges

h_timediff_1109_1000
Entries 65465
Mean -1.896
Std Dev 23.86

Entries

Mean x

Mean y

Std Dev x

Std Devy 0.9257
clidd

800

70

8

charge1/charge2

60

3

500

I}
Lﬂw LHIU

i Jm\ I
MJVMJ LHLR“IL

10035

400

300

i
200 J

Ll T |
-40 -30 -20 -10 0 10 20
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backup

X-talks

| checked event data, | can see some x-talk-like hits to 10mm straw 9.
(clear x-talks — when | have large number of events with the same time on other straw)
Time difference between hits in 10mm straw 7 and Charge ratio difference between hits in 10mm straw 7

10mm 3 and 10mm 3
h_timediff_1107_1103 h_timediff_1107_1103_charges
h_timediff_1107_1103

Entries 87390
Mean -2.238
StdDev 2369

Entries 87390
Mean x -1.934
Mean y 1.165
StdDevx  22.54
Std Dev

1400

1200

charge1/charge2

T gy
w i,

2005 b b e L L
50 40 -0 -20 10 0 10 20

NI AR
30

Atns

tracker,
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X-talks

backup

Time

600
500
400
300
200

100

T \““\“%“\‘ T

| checked event data, | can see some x-talk-like hits to 10mm straw 9.

(clear x-talks — when | have large number of events with the same time on other straw)
difference between hits in 10mm straw 10 and

20mm 9
h_timediff_1110_1009

h_timediff_1110_1009
Entries 47919
Mean -11.27

Std Dev. 22.83

]
3]

sl Lo Lo Lo L
-40 -30 -20 -10 0

tracker,

Charge ratio difference between hits in 10mm straw 10

charge1/charge2

and 20mm 9
h_timediff_1110_1009_charges

_timedif_1110_1008_charges|

Entries 47919
Mean x -2.499
Meany 1.393
Std Devx  20.82
StdDevy 0.8694
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