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Micro-ITS3 test beam data analysis

Upstream reference arm DUT Downstream reference arm micrO'ITS3 Setup USing ALPIDE bent sensors (DUT)
/—% /—)—\
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sensors

One Real Event
X-ray tomograph
Beam with 6 hits y g p y

Analysis using Corryvreckan software and local scripts:

> Alignment
Extrapolation of beam and tracks > TraCkmg

> Vertexing
Demonstration of tracking capabilities of bent

ALPIDE MAPS mimicking a truly cylindrical barrel
conﬁguration in view of the I'TS3 upgrade of ALICE Difficult to align bent sensors so developed local scripts

> Event display

ALICE ITS project* Estimation of DCA between beam and tracks and interaction vertex
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Residuals along the y axis (bent direction) (jun)
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Single hit resolution after subtracting tracking

Unbiased:
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Is uncertainity underestimated?
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Track fitting and Modified Sketch (n-ranges)
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Test beam data analysis: Results
p-value = 1 — CDF (Xz, ndf )

ROOT: :Math::chisquared_cdf_c(chi2, ndf);

Selection of tracks based on p-value: To avoid sensitivity to the ndf

3, 4, 5, and 6 hits tracks: ndf are 2, 4, 6, 8
respectively

double pvalue =

p-value is the probability of having x? value larger than what you observed, i.e. P(x? >xfit). If this probability is very small, it means that the
hypothesis that your fit function is a good representation of your data is very unlikely

b}
1000 T T T T T T T T 10 ' ' : v
Entries : 17845 — Outgoing tracks Fntries : 17845
_l\xlz‘u}; LI;\;:;_.} — Incoming beam Mean - 0.192
i . [ RMS : 0.301
800 - Residuals per plane (um) RMS 1-."13.1“3 10 E
Number of hits per track Overflow - 4638 Entries - 3310
6 > 4 3 Mean : 0.633
600 F ot 3 10 95 87 7.1 Enfries : 3319 [ J » RMS © 0.268
2 - 10183 173 158 129 Mean : 0.87 = 10°
= RMS : 0.99 =
= | Overflow : 6 =
400 r
—— Qutgoing tracks
—— Incoming beam 102 k
200 F
0 i . . . . . . 10 L L L 1
0 2 4 6 8 10 12 14 0 0.2 04 0.6 0.8
Track XQ/ndf p-value
2 2
) 2 &
v =R"W& R = E Ly 2
— g2 o2
i i i

05/11/24

ITS3 meeting-Shyam Kumar


https://root-forum.cern.ch/t/root-chisquared-cdf/43948

PYTHIA8 Simulation
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Mean is not a good estimator but use some kind of weighted mean ?
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Event detalls

i)
Non Diffr.  F =% ' :-::.".".".':',
Process A B -> X B single diffractive with code 103is 2> 2. [“E’ZSE'CLMBI e i e
4 o 5 ey g~02m e LR ..- T
Ithass= 2.269e+02, t=-25222-01, u=-2.120e+02, BT Ty s 5 : g 8
pT = 4.870e-01, m3= 3.467e+00, md= 9.383e-01,
theta = 6.863e-02, phi= 7.014=-01. . g
Elastic SR e
-------- End PYTHIA Info Listing —— Seattering; g - :
G~30mb 5" n
i 0 -5 " : w on
———————— PYTHIA Event Listing (complete event) - - - - -
Single T g Ve,
- Ty . Vi
no id name status mothers daughters colours px py p.2z e m T S P [E‘ b e fl. o
0 90 (system) 110 0 0 0 0 0 0.000 0000 11999 178.618 132.308 i L ga
1 222 (pH) 12 00 3 0 0 0 0.000 0000 11999 120.000 0.938 - o B ¢ ; e
21000250630 (63Cu) 12 0 0 4 0 0 0 0000 0.000 -0000 58618 58.619
3 2212 (p+) 13 1 0 5 0 0 0 0000 0000 11999 120.000 0.938
4 2212 (p+) 13 2 0 6 0 0 0 0.000 0000 -0.000 0538 0.938
5 9902210 (p_diffr+) 15 3 0 7 8 0 0 0372 0314 1159814 119.866 3.467
6 2212 p+ 14 4 0 0 0 0 0 -0.372 -0.314 0.182 1.073 0.938
7 2 24 5 0 10 12 201 0 0.386 0.326 3.630 3.679 0.325
8 2101 (ud_0) 63 5 0 10 12 0 201 -0.014 -0.011 116.184 116.186 0.650
91000280629 NucRem 14 2 0 0 0 0O O 0.000 0.000 0.000 57.680 57.680
10 111 (pi0) 83 7 8 13 14 0 0 -0.179 0.155 1.580 1.604 0.135
11 2212 p+ 83 7 8 0 0 0 0 0.822 5 3 TETE] o0.938 0
12 111 (pio) 84 7 8 15 16 0 0 -0.271 -0.256 86.084 86.085 0.135 p+Cu->p+x ()/)/)
13 22 gamma 91 10 0 0 0 0 O -0.037 0.025 0.086 0.097 0.000
14 22 gamma 91 10 0 0 0 0 0 -0.141 0.130 1.494 1.507 0.000
15 22 gamma 91 12 0 0 0 0 0 -0.193 -0.190 47.011 47.012 0.000
16 22 gamma 91 12 0 0 0 0 O -0.079 -0.066 39.073 39.073 0.000

Charge sum: 30.000 Momentum sum: 0.000 0.000 119.996 178.618 132.308

0000000000000
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Hit Multiplicity

6 hits more combinations in data

YN — ———
—— Toy MC
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Selection data

Why tracks are rejected?
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Hit multiplicity per reconstructed outgoing track

My idea is just try once outward->Inward fitting (?)
Check event display with all properties of tracks

> 0 0 0 0 0 0 0 0000000000000
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Eta distribution

All Outgoing tracks (p-value>=0)
Selected tracks (p-value>0.001)

Remnant beam tracks (tracks formed with 12 hits)
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600 F Incoming heam i —— ToyMC outgoing tracks
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3001 0.2 b
200 F
0.1 F
100 F
0 j! L 0.0 I L
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Mtracks Mtracks
In PYTHIA 8 simulation beam is along z-axis but in data it
has a an angle with respect to z-axis
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DCA resolution o (pm)

DCA Resolution vs Nhits

All data (p-value>=0)
Data with (p-value >0.001)
Data with (p-value >0.05)

18 F @ All data ]
© @ Data for P — value > 1%,
16 ‘ ® Data for P — value > 5% 7
n P ToMOTg, =8 { 4 hits and 5-hits tracks are suppressed after
é applying a selection based on p-value?
12 F .
10 | 1
Issue by Andrea and Fabrizio (solved):
8T ® .
® > Comment: we are using only large eta-tracks
6 F ® : ] only means using not using bent region
Lr 8 1 > Answer: Now we are also showing results for
pure 3 hits means accessing bent region of
2 F | . | . ; DUT
3 4 5 6

Hit multiplicity per reconstructed outgoing track
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DCAXxy Resolution for ITS3

L)

SRt

LIS UL OO DU VUL UL A 1 AU AU UL IO UL DL ALY UL

IFull sim (ITS) 7* || < 1.0, Pb—Pb Y5, = 5.5 TeV

& |TS2 --- FAT ITS2 — FAT ITS2 + TPC
e- |TS3 --- FAT ITS3 — FAT ITS3+TPC

107" 1 10

P, (GeV/c)

Qualitative Comparison:
> Black marker with 3 hits (our result)
> Magenta marker with 6 hits (our results)

> Three hits case can be compared with
the hyperon tracking

Values of the DCA resolution in the order of 30
um are found when the tracks of the hyperons
are made of three or more hits
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Position of Interaction Vertex

Cu-target thickness = 1.16 mm

200 L T L T L T L L]
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Z-vertex resolution must include DCAz resolution: Fit with step function convoluted with
Gaussain?

0000000000000
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DCA,, and DCA; Resolution

Beam is precisely known in transverse plane with an
uncertainity of ~ 4 um because of very high-momentum

What about z-position of interaction vertex?
Fit the vertex using produced tracks

N
o(DCAx) ‘_\} -

102 | | 10° | |
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DCA, and DCA,; Resolution

Considering 6 hit tracks with a very high momentum: fast simulations o _ bca,
DCA,™ _: 6
S1n
U N U U L L hDCAXY EREE R LS L L hDCAXY R N Y L hDCAXY
2000 Entries 100000 2000 Entries 100000 2000 1 Entries 100000
F Mean 1.133e-06 F Mean 1.191e-06 F Mean 1.126-06
1800 Std Dev 0.0003987 1800 - Std Dev 0.0003994 1800 Std Dev 0.0003995
; F l %2/ ndf 144.6 /156 16007 l x2/ ndf 141.1/154 ] E l x2 / ndf 141.7/154
500 ’ \ Constant 2001£7.7 E ’ ‘ Constant 1997 £7.7 5001 ’ ‘ Constant 1997 £7.7
1400 Mean 1.146-06 * 1.266-06 1400 Mean ~ 1.245¢-06 + 1.2646-06 1400 Mean  1.221e-06 + 1.264e-06
e ‘ ‘ Sigma  0.0003981+ 0.0000009 - F = 400 ‘ ‘ Sigma  0.0003989 + 0.0000009 e 1 ‘ Sigma  0.0003991+ 0.0000009
Feoo ’ \ oo n=4.J9 ’ ‘ ] Feoo [ \ .
o ] o ] o — ]
£000 - = 3.402 g 2000~ ] 000~ n 4.5 1
bt i I i I i :
800~ [ \ - 800~ } \ = 800~ I \ -
600 , \ - 600 ! \ - 600 ’ \ -
400F / \ - 400F ) \ - 400F } \ -
200 = 200(- g 2002 E
E 11 il T " | | T 11 1 | - | : E Lokl il 1 1 I - : E il T | 1 1 - 1 :
—%,01 —0.008-0.006 —0.004-0.002 0 0 002 0 004 0 006 0.008 0.01 % 01 -0.008-0. 006 0 004 0 002 0 0 002 0.004 0. 006 0 008 0 01 % 01 —0 008-0.006 —0. 004 0 002 0 0 002 0 004 0 006 O. 008 0.01
x (€m) x (€m) x (€m)
Opea = : ~59 83um Opca =— ~119.76 um O = . ~179.59 um
: : DCA,~ . oJu
- sin(0.066568127 ) * sin(0.033321027) © sin (0.022218527)
FrorT T[T T T[T T[T T T[T rr[rITTT hDCAZ ERLENEEERS N R LA R hDCAZ [(TTT T[T T T[T T[T [T T [rrrT hDCAZ
7001 1 Entries 100000 E | Entries 100000 - | Entries 100000
C Mean 1.168e-05 350 4 9 5 | Mean 1.478e-05 250 Mean 2.301e-05
500 F n= 3 . Vi 02 | Std Dev 0.005994 F I ' Std Dev 0.01199 - Std Dev 0.01757
L ! ' X2/ ndf 419.6/ 440 3005 x2/ ndf 758.6 / 842 r %2/ ndf 989.2 /997
F Constant 666.4 +2.6 E Constant 3329+13 200 | Constant 2215+0.9
500 it Mean  8.659¢-06 + 1.8946-05 C || Mean 6.746-06 * 3.79¢-05 r Mean  5.041e-06 +5.811e-05
- T [‘ \ Sigma 0.005963 + 0.000013 250 Sigma 0.0119 + 0.0000 - Sigma 0.01783 £ 0.00004
3 C 3+ 3
S400- ] s W | 8150
- . 42001 . ] 8 L :
E300 . 1 g F W 1 E T ]
- /‘ \‘ ] 1501 M ] 100
o0 / \ : 100[ 1 C n=4.5 .
B \ ] B \M ] 50 ~ .
100 7 50| M m . L 1
INENENANEN AN AVENAN A T | O e T il b ) 7\\1\. TN T Y I Y M |Lw|: W}lllllll NIRRT TR INURUIN AU A .
—8 05 -0.04 -0.03 -0.02 —0 01 0 0.01 0.02 0.03 0.04 0.05 8 05 -0.04 0 03 -0.02 -0.01 0 0.01 0.02 0. 03 0.04 0.05 -0.05 -0.04 -0.03 -0. 02 —0 01 0 0.01 0.02 0.08 0.04 0.05

DCA, (cm) DCA, (cm) DCA, (cm)
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Selected and Rejected tracks

P-val (>0.001) vs Chi2 (selected)

after selection (nHits 3)

250 Entries 2787
Mean 1131
Std Dev 1.231
200 Underflow 0
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3 Hits
100[- ¥
50
07 L s 1 1 L1 1 i
0 10 12 14 16 18 20
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0.6
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0.2
0 1k 1 S | L1 L 1 11 1
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P-val (>0.001) vs Chi2 (selected)

after selection (nHits 5)

Selected and Rejected tracks

; Entries 1
Mean 3.45
L Std Dev 0
0.8 Underflow 0
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0.6
i 5 Hits
0.4
0.2
D 2 4 s 810 12 14 16 18 20
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600

500

0.8
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Residuals for selected tracks with 3 hits

Layer 7 has large residuals

Layer 6

x hit residual for tacks with 3 hits

Layer 7

x hit residual for tacks with 3 hits

Entries 3610 90— Entries 3610
E Mean 0.237 - E Mean —2.549
E Std Dev  0.7241 E Std Dev  7.589
E Overflow 0 70— Overflow 0
2 60— ‘
E 50— ‘
= 40—
E 30—
? 20— %
= 10— H'I
:H‘lH\H‘\H\.H,’H‘\.Hm.mH\‘H :H.\H\H.\“Jhw‘H‘II'\F'%J‘H\.H\H\.H
00 -80 -60 —40 -20 0 20 40 60 100 —q 00 -80 -60 —-20 o 20 40 60 80 100

res [um] res [um]
x hit residual for tacks with 3 hits x hit residual for tacks with 3 hits

— Entries 0 11— Entries o)

Mean 0 Mean 0
- Std Dev 0 L Std Dev o]
[ Overflow 0 08— Overflow o

0.8
- 04—
— 0.2—
M L IR RN ST R A - - Al [ R L
00 -80 80 —40 20 0 20 40 60 80 100 R [T — —20 0 20 60 80 100
res [um] res [um]

800

700

0.8

0.8

0.2

x hit residual for tacks with 3 hits

Layer 8

- Entries 3610
=3 Mean  0.2437
; Std Dev  0.7307
E Overflow 0
:HmHm.m‘.\‘H}H.\‘Hl”mHlu‘
00 -80 -60 —-40 -20 0 20 40 60 100
res [um]
Layer 11
x hit residual for tacks with 3 hits
— Entries 0
Mean 0
= Std Dev 0
[ Overflow 0
- . . | IR R 1 L
o0 -80 =) —40 -20 0 20 40 80 80 100
res [um]




Y Residuals for selected tracks with 3 hits

Layer 7 has large residuals

Layer 6 Layer 7 Layer 8

y hit residual for tacks with 3 hits y hit residual for tacks with 3 hits y hit residual for tacks with 3 hits
1000 — =
L Entries 3610 Soi Entries 3610 E Entries 3610
= Mean  0.01008 E Mean -0.129 200 Mean  0.008421
800 [ Std Dev  0.6255 70— ) Std Dev 8.764 800 ; Std Dev 0.6279
= Overflow 0 E Overflow 0 E Overflow 0
60— 700 —
eooj 50} 600;
L E i 500 —
L 40— i E
400 — E 400 —
= 30— =
= E 300 —
- = y B
200 — = 200 —
I 01— M\[ 100
PR RPN P | AL I (P SR B :H.\H\H.\‘-AnH“HM-H\.H\H\.H B ol v b b il e L L
Y00 s0 60 -40 20 0 20 40 60 80 100 Y00 80 60 40  -20 0 20 40 60 80 100 Y00 80 60 -40 20 0 20 40 60 80 100
res [um] res [um] res [um]
y hit residual for tacks with 3 hits y hit residual for tacks with 3 hits y hit residual for tacks with 3 hits
1— Entries o] 11— Entries ) 11— Entries o]
Mean 0 Mean 0 Mean 0
- Std Dev 0 L Std Dev 0 L Std Dev 0
08— Overflow 0 08— Overflow o 08— Overflow 0
06 0.6 0.8
04— 0.4— 04—
0.2(— 0.2— 0.2—
Y60 B0 0 40 2 0 20 40 60 80 100 860 80 0 40 = 0 20 40 60 80 100 S0 80 e0 40 20 ) 20 40 60 80 100

res [um] res [um] res [um]



X Residuals for rejected tracks with 3 hits

Layer 7 has large residuals

Layer 6

x hit residual for non selected tacks with 3 hits

Layer 7

x hit residual for non selected tacks with 3 hits

E Entries 124 3 Entries 124]
14— Mean -0.2613 C Mean 2.721
F Std Dev 3.302 F StdDev 3176
12— Underflow [ 25 . Underflow 1
C Overflow o - Overflow 1
10— 2=
sl C
C 15—
o =
C 1=
4— ] E
= 05—
2 C
’H‘l‘w”w”\.lﬂh‘ ‘lw.um.w.”m” C B L 0§ L
—ql 00 -80 -60 —40 -20 0 20 40 60 80 100 —q 00 -80 -60 —40 —-20 0o
res [um] res [um]
x hit residual for non selected tacks with 3 hits x hit residual for non selected tacks with 3 hits
1— Entries 0 11— Entries o]
Mean 0 Mean o]
L Std Dev 0 L Std Dev o]
08— Underflow 0 08— Underflow 0
L Overflow 0 L Overflow 0
0.6 — 0.6
04— 0.4 —
02— 0.2—
I U S R U EE S R B I N E N N IR R R BN
o T — —40 20 0 20 40 60 80 100 Y00 "m0 60 a0 2o 0 20 40 60 80 100
res [um] res [um]

Layer 8

x hit residual for non selected tacks with 3 hits

16— Entries 124

F Mean -0.2387
14— Std Dev 3.292

C Underflow 0
12— Overflow 0
10/—

8

6—

4

2 (

’H‘\H\‘.‘\‘.\‘Hﬂﬁl' | A T I
—QIOO -80 -60 —40 -20 0 20 40 60 80 100

res [um]
x hit residual for non selected tacks with 3 hits
1 Entries 0
Mean 0

L Std Dev 0
0.8— Underflow 0

L QOverflow 0
0.6
0.4—
0.2—

S U EU U P B E I R BN
Ty =) -40  -20 0 20 40 80 80 100




Y Residuals for rejected tracks with 3 hits

Layer 7 has large residuals

Layer 6

y hit residual for non selected tacks with 3 hits

Layer 7

y hit residual for non selected tacks with 3 hits

= Entries 124 5 Entries 124
16— Mean 0.5548 C Mean -6.213

c Std Dev 2.276 C Std Dev 29.57|
e Underflow 0 41— Underflow 2
12 Overflow 0 C Overflow 0|
10— 3

8— C

C 2

6/ — -

4l L

- 1

2f— C

P P IR R H | T || A E R C

—QI 00 -80 -60 —40 -20 0 20 40 60 100 —q 00 -80 -60 —40 -20 0o 20 40 60 80 100

res [um] res [um]
y hit residual for non selected tacks with 3 hits y hit residual for non selected tacks with 3 hits
1— Entries 0 11— Entries o]
Mean 0 Mean o]

L Std Dev 0 L Std Dev o]
08— Underflow 0 08— Underflow o]

L Overflow 0 L Overflow 0
0.6 — 0.6
04— 0.4 —
0.2(— 0.2—

I P E B H N B I P O SO B R R IR
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Y Residuals for rejected tracks with 4 hits
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X Residuals for rejected tracks with 5 hits
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Y Residuals for rejected tracks with 5 hits
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X Residuals for selected tracks with 6 hits
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Y Residuals for selected tracks with 6 hits
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X Residuals for rejected tracks with 6 hits
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