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GSI 2021 Analysis

* Data-taking at GSI (Darmstadt, Germany) in 2021
* 10 400 MeV/u on 5 mm C target
* Partial setup: no magnet, only one module of calorimeter
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* Global tracking with VT and TW used




Xt IS the fit result

Xmeas IS the measurement

Ot IS the error associated to the fit

Onmeas IS the resolution of the measurement

p should be a Gaussian distribution with y=0 and op,u =1

For more details:
https://lucdemortier.github.io/assets/papers/cdf5776_pulls.pdf


https://lucdemortier.github.io/assets/papers/cdf5776_pulls.pdf

Glb Tracking Pull




Pull — X coordinate

Pull for measured VT cluster in layer 0 on X view Pull for measured VT cluster in layer 1 on X view
Pull_viX_layer_0 Pull_vtX_layer_1
-§ 700— Enr::rfs o.oggggg é 7001~ fnr:::s -o.ogg:g
S n :217 na 5045 464 & r Std Dev :
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Meas-Fit Pull X
Pull for measured VT cluster in layer 3 on X view
Pull for measured VT cluster in layer 2 on X view @ 7001 Pull_vtX_layer_3
Pull_viX_Tayer_2 = - .
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Pull — Y coordinate

Pull for measured VT cluster in layer 1 on Y view

Pull for measured VT cluster in layer 0 on Y view - _ Pull_vtY_Tayer 1
5 Pull_vtY_layer_0 £ 700— oy ———
3 F == = 5 C Mean -0.006857
MC data £ C Entries 94265 i - Std Dov 0.988
Y s00— Mean 0.006549 600— 2/ ndf 435.1/ 460
c = Prob 0.7921
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C p:o_oos Prob 0.4803 e ”='0.007 Sigma 0.9797 £ 0.0023
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200 200—
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expected Meas-Fit Pull Y[ Meas-Fit Pull Y[
Pull for measured VT cluster in layer 2 on Y view Pull for measured VT cluster in layer 3 on Y view
Pull_vtY_layer_2 » = Pul l—VtY—l ayer_3
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Pull TW point

MC data

Pull for measured TW point in X view Pull for measured TW pointin Y view
Pull_twX Pull_twY
2 E Entries 94265 3 ~ Entries 94265
£ 900— Mean 0.0008508 S 1000— Mean -0.002323
c C Std Dev 0.7976 = L Std Dev 0.741
w F 2/ ndt 1090 /512 u %2 / ndf 1379 / 529
800 — Prob 7.707e-44 r Prob 0
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Meas-Fit Pull X Meas-Fit Pull Y

* pulls for measurements in TW
* lower opuithan expected: overestimation of the
error of the TWPoint?



Pull — X coordinate

Pull for measured VT cluster in layer 0 on X view Pull for measured VT cluster in layer 1 on X view
Pull_viX_layer_0 Pull_vtX_layer_1
@ r Entries 327610 % F _
£ 3000— Mean -0.2677 E 3000(— Entries 327610
run 4306 & C Std Dev 0.959 i - Mean 0.335
C %2/ ndf 1.358e+04 / 597 C
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expected Meas-Fit Pull X ) Meas-Fit Pull X
* not best Pull for measured VT cluster in layer 2 on X view Pull for measured VT cluster in layer 3 on X view
modelling for Pull_vtX_layer_2 Y Pull_vtX_layer_3
fitting £ r Entries s27610 | £ Entries 327610
& B Mean -0.1689 Woosgo Mean 0.03676
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Pull — Y coordinate

Pull for measured VT cluster in layer 0 on Y view

Pull for measured VT cluster in layer 1 on Y view

o 2200 Pull_vtY_layer_0 w Pull_vtY_layer_1
= - 8 E -
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u = _ * 1800 .
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Pull TW point

run 4306
Pull for measured TW point in X view
. Pull_twX
-f'zj B Entries 327610
2500 Mean 0.3003
- p=0.30 Std Dev 0.9136
— Gpull = 0-8
2000— Prob 0
B Constant 2668 £ 5.9
1500 } Mean  0.3042 + 0.0014
B Sigma 0.7985 + 0.0011
1000~
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Meas-Fit Pull X

» discrepancies between p and lower op,uithan expected

* not best modelling for fitting

Entries

Pull for measured TW point in Y view

_ Pull_twY
L Entries 327610
3000|—
E 0.30 Mean -0.3906
o500~ o Std Dev 0.9143
* Gpull _— 0.7
C %2/ ndf 1.731e+04 / 564
2000[— Constant 2064 + 7.0
C Mean —0.3095 + 0.0013
1oL Sigma  0.6946 + 0.0011
1000[—
500{—
O:L 1 ‘ I I | ‘ I | | || | L1 (NI I ‘ I
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Meas-Fit Pull Y



* The resolution of the pul in real data measurements is still overestimated (opu < 1)
* Misalignment to be investigated in contiguous runs
* Tails in Y position present in VT points and even in TW points

* could be associated to a inter-misalignment between planes

* Chi? cuts and polar angle studies under investigation




Conclusion

Analysis focused on run 4306 of GSI2021 data
e synchronization issues fixed
 alignment issues fixed

Single detector performance studies as a main step for the analysis chain
« vBM

e VVTX

e VTW

Performance studies about global tracking to discover issues to be fixed

— Global Tracking Analysis chain to be applied

Thanks to Mauro, Matteo, Marco for the assistance and help!
"~ Giacomo Ubaldi 12






Chi?

run 4306
h_chi2 m_pVal
h_chi2 10° — m_pVal
C Entries 327610 = Entries 327610
r Mean 2.439 F Mean 0.341
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5000/
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1000( n
L 1=
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0 1 2 3 4 5 6 7 8 9 10 0 0.2 0.4 0.6 0.8 1

e absent values at low Chi?2 distribution



VTX pull




vtx Clusterization

measurements:
N . . > futn 2 foln
 cluster position from center of gravity of the pixels T = S 7 ¥y= S fa
* cluster position resolution as follows: _ Y=
O, = | S falzn — 2)?)
H m where o, = S S
fit:
* linear fit extrapolation at z of each plane r=mz-+gq

* resolution given by error propagation o) = \/(d_:zam)z o)+ 2 cou(om, )




VTX Pull = X coordinate

Vertex - PullX of sensor 1 Vertex - PullX of sensor 2
F vtPullX1 F vtPullX2
MC data .- Entries 1067631 40000 Entries 1067631
F Mean 0.005279 E Mean -0.006321
35000 35000 —
E =0.006 Std Dev 1.025 = ”__0 007 Std Dev 1.028
30000~ H '_ 2/ nd 913.6/97 30000 — =1.02 28 ndt 996 / 97
r Gpull _— 1.02 E o-pull =
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expecte Vertex - PullX of sensor 3 Vertex - PullX of sensor 4
£ vtPullX3 E vtPullX4
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MC data

pulls for
every VT
plane
good as
expected

Pull — Y coordinate

Vertex - pullY of sensor 1

Vertex - pullY of sensor 2

viPUllY 1 45000 - vtPullY2
- Entries 1067631 C K
40000 =5 Mean 0.0002611 40600 — Entries 1067631
E Std Dev 1.009 E Mean 0.0003524
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- C — 2
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=5 = -3 -2 -1 0 1 2 3 4 5 =5 - -3 -2 —1 0 1 2 3 4 5
Vertex - pullY of sensor 4
Vertex - pullY of sensor 3
45000 — vtPullY4
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= 35000 —
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- —_ 2 / nif . 30000— - *2/ ndf 1049 /97
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= 20000|—
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10000 10000 —
5000 5000 —
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MC data

p-value with

uniform distribution

Vertex - Total Chi2 X

vtChi2TotX

Entries 1067631
50000 Mean 1.564
L Std Dev 1.259
40000|—
30000 —
20000 —
10000 —
7\\\\‘\\II|\\\\‘II\\‘\\I\‘\\\\ll\\\‘\\I\‘\\\Il\\\\
0 15 2 25 3 35 4 45
Vertex - Total Chi2 Y
vtChi2TotY
B Entries 1067631
» Mean 1.535
50000 — Std Dev 1.246
40000[—
30000
20000 —
10000 |—
_\\\\l\\\\‘\\\I‘\\\\‘\II\‘\II\‘I\\\‘I\\\l\\\\l\\\l
0 05 1 15 2 2.5 3 35 4 45

Vertex - p value of the fit (chi2 probability) X

vtChi2pvalueX

Entries 1067631

Mean 0.4921
Std Dev 0.2923
\\\\‘I\\\‘\II\‘\\\\ll\\\‘\I\\‘\\II‘\\\\‘II\\‘\\\\
!
Vertex - p value of the fit (chi2 probability) Y
— vtChi2pvalueY
Entries 1067631
Mean 0.5005
Std Dev 0.2909

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9



Pull — X coordinate

Vertex - PullX of sensor 1 Vertex - PullX of sensor 2
viPullX1 viPullX2
B Entries 1694288 80000 Entries 1604288
4 3 O 6 90000 — Mean -0.296 C Mean 0.3283
ru n E Std Dev 0.9962 80000 = Std Dev 1.028
80000 — %2/ ndf 4.71e+04 /56 F %2/ ndf 7.5240+04 / 97
E Prob 0 70000 — Prob 0
70000— 0 3 Constant 8.283e+04 + 9.099e+01 = p:o _3 Constant  7.82e+04 + 8.60e+01
; ==U. Mean -0.304 + 0.001 60000 — o_ - 0 8 Mean 0.3374 +0.0006
60000 Opul = 0.7 Sigma 0.7676 + 0.0006 E pull = U. Sigma 0.8144 £ 0.0006
C 50000 —
50000— =
= 40000|—
40000— E
. . 30000 30000
» discrepancies F E
= 20000 —
between p 20000 E
and lower 10000— 10000
Gpu" than 0: ] ‘ L1 ‘ L1 | L1 | L1 b O:‘ Lt | L L1 ‘ || | I | | | I ‘ 11 L
=5 -4 -3 -2 -1 0 1 2 3 4 5 =5 -4 -3 -2 -1 0 1 2 3 4 5
expected
v PUIX of Vertex - PullX of sensor 4
ertex - PullX of sensor 3 VPO
vtPullX3 e Entries 1694288
= Entries 1694288 C Mean 0.1003
80000~ Mean ~0.1729 80000 — Std Dev 1.027
= Std Dev 1.089 C 2/ ndf 6.815€+04 /97
70000 o 2 1 nf 6.3196+04 / 97 70000 Constant 7.735e+04 + 8.397e+01
= _ Prob 0 = _0 Mean 0.1+£0.0
60000~ =-0.2 Constant 7.361+04 + 7.960e+01 soooo - M=U- 1 Sigma 08308 + 00006
- Opm=0.8 Mean -0.1742 +0.0007 - Opu=0.8
50000 — Sigma 0.8736 + 0.0006 50000
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30000/ 30000
20000 — 20000—
10000 — 10000—
: 11 ‘ 111 ‘ I ‘ 111 ‘ I ‘ Il :' ‘ L1l | L1 | L1 ‘ L1l ‘ L
5

3 2

- 0 1 2




run 4306

» discrepancies
between p
and lower
Opunthan
expected

Pull — Y coordinate

Vertex - pullY of sensor 1

viPullY1
~ Entries 1694288
70000 — Mean -0.1655
C Std Dev 1.344
C ¥2/ ndf 7.877e+04 /58
60000 F Constant 6.175€+04 + 7.598e+01
= ”=_0.2 Mean -0.218 + 0.001
50000 — Sigma, 0.96 £0.00
C Gpu I = 0 . 9 6
40000—
30000 —
20000 —
10000—
0 : L1l | ‘ | I ‘ | ‘ | ‘ | ‘ Ll
5 - 3 -2 1 2 4 5
Vertex - pullY of sensor 3
viPullY3
C Entries 1694288
E Mean ~0.05907
45000 :_ Std Dev 1.765
Z_ %2 ¢ ndf 3.189e+04 /53
40000 C Prob []
= Constant  4.247e+04 £ 5.408e+01
35000 :_ _0 2 Mean 0.2711%0.0011
SOOOOi p_ . Sigma 1.158 £ 0.001
; Gpull = 1 . 15
25000 —
20000
15000 —
10000
5000 =
O:I\\\‘I\\\‘I\\\‘I\\\‘II\\‘\I\\‘\I\\‘\I\\‘\I\\‘\\\\

4 5

Vertex - pullY of sensor 2

viPullY2
C Entries 1694288
C Mean 0.3168
60000 —
C Std Dev 1.391
C ¥2 / ndf 4.85e+04 / 57
50000 ; u=0_3 Prob 0
O — Constant 5.704e+04 + 6.642e+01
- Opun = 1.05
40000— P Mean 0.3025 + 0.0009
E Sigma 1.051+ 0.001
30000/ —
20000[—
10000[—
0 = L1 | L1 ‘ L1 ‘ I | ‘ I ‘ I L1 ‘ | I
-5 -4 -3 -2 -1 0 1 2 3 4 5
Vertex - pullY of sensor 4
viPullY4
50000— Entries 1694288
- Mean 0.0377
N Std Dev 1.754
40000~ %2/ nf 2.313e+04 /52
B Constant  4.493e+04 + 5.663e+01
30000/ p=-0.3 Mean -0.346 +0.001
- Opun = 1.08 Sigma 1.082 +0.001
20000—
10000{—
0 7\ L1 ‘ L1l ‘ Ll ‘ I ] | I ‘ Ll ‘ Ll ‘ L1l ‘ Ll ‘ Ll
4 2 1 1 2 3 4




Vertex - Total Chi2 X Vertex - p value of the fit (chi2 probability) X
vtChi2TotX vtChi2pvalueX

Entries 1694288 E Entries 1694288
120 Mean 1.215 C Mean 0.5489
r Std Dev 1.14 10° Std Dev 0.31
100 L’_/_/f’/
run 4306 - e
80— 10° =
60— 10° =
40— 0=
20; 1;
* p-value with slightly L E
|ncrement 0(;\\I\O‘5\\\II1\\\I1‘5\\\\‘2\\\\2|5\\\\:‘3\\\\3‘5I\\\4‘I\\\‘II\\ 10-10H\0\1\“\0\2“\\()\3“\\0|4\H\0|5\\\\Oluwl\\\l\\\lm\mu
. . . . . . . . 4.5 5 . . . . . .6 0.7 0.8 0.9 1
* Chi2 distribution after
x=5 to be studied N "
Vertex - Total Chi2 Y Vertex - p value of the fit (chi2 probability) Y
viChi2TotY vtChi2pvalueY
C Entries 1694288 GE Entries 1694288
F Mean 1.482 107 = Mean 0.3456
60000 StdDev  1.268 StdDev 03421
r 10°
50000 — s
C 10°
40000:— 103?
30000 — 102§
20000— 10z
10000 — =
:le\\\H\\\H\H\\\\\H|\\H|HH||\H\|\H\||H Lo b b b b b b b oa Lo L
0 0 1



* The resolution of the pull in real data measurements is still overestimated (Opu < 1)
* Tails in Y position could be associated to a intra-misalignment between planes
* relation between tails vs polar angle and chi2 under investigation




Pull — X coordinate

Pull for measured VT cluster in layer 0 on X view Pull for measured VT cluster in layer 1 on X view
Pull_vtX_layer_0 o Pull_vtX_layer_1
3 - Enties 327610 e Entries 327610
= 3000— Mean  -0.2677 S L Mean 0.335
ru N 430 6 = B StdDev  0.959 r StdDev  0.9683
2500 2500
2000~ 2000
1500/ 1500[—
1000/ 1000
500 500
it o b b b b 0 0 (Ko 0_““"‘*”‘" cpealageplagrulorealor -
5 4 3 -2 1 0 1 2 3 4 5 5 4 3 2 4 0 1 2 3 4 5
Meas-Fit Pull X Meas-Fit Pull X
: : Pull for measured VT cluster in layer 3 on X view
Pull for measured VT cluster in layer 2 on X view Brmeasured UStErATYIayer s 9
Pull_vtX_layer 2 @ Pull_vtX_layer_3
2 C Eu — );7‘1 2 = Entries 327610
= L Mr:::s %1283 5 L Mean 003676
[=4 b =0.
L L Std Dev 1.001 25005 Std Dev  0.9995
2500 C
- 2000/
2000(— L
- 1500
1500(— L
] 000} 1000—
500/ 500—
0 e A IR IR NP R B Lo o] e i I T R A W i o SRS
-5 4 -3 -2 -1 0 1 2 3 4 5

-5 —4 -3 -2 -1 0 1 2 3 4 5 :
_ Meas-Fit Pull X - Meas-Fit Pull X _



Pull — Y coordinate

Pull for measured VT cluster in layer 0 on Y view Pull for measured VT cluster in layer 1 on Y view
0 2200 Pull_vtY_layer_0 Pl ViY Tayer 1
e B Entries 327610 8 2000 Entries 327610
S 2000— Mean:  =0:06175 g F Mean 0.4084
run 430 6 r StlDev 1469 1800 StdDev 1532
1800— E
i 1600/—
1600 =
= 1400
1400— 00:
12001~ 1208
1000 1000
800 8001
600 600
400" 400
200 200
o 2wl vy lie g Dy Lo [y ol oo Tanny) T oF A O A I NN B I N B
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 —4 -3 -2 -1 0 1 2 3 4 5
Meas-Fit Pull Y[cm] Meas-Fit Pull Y[cm]
Pull for measured VT cluster in layer 2 on Y view Pull for measured VT cluster in layer 3 on Y view
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Pull TW point

run 4306
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run 4306
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Vertex - PullX of sensor 4
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Vertex - pullY of sensor 1

VTX Pull = Y coordinate

Vertex - pullY of sensor 2
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