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Geometry of Phase Il

- EKLM, BKLM, CDC, VXD and Beast will be used.

- VXD: One ladder in each layer

- VXD: 4 sensors of PXD and 14 sensors of SVD

- Beast: Dedicated radiation monitors (FANGS, CLAWS, PLUME)
- ¢rangs = {90°,180°,270°}
- dcLaws = {135°,225°}
- ¢prume = {135°,225°} (exchanged position of sensors)

VXD and Beast Geometry of VXD. 3/23
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Geometry of Phase Il

- Similar geometry as in VXD DESY TestBeam 2017
- Difference between Phase Il and VXD DESY TestBeam 2017:
e VXD TB 2017: narrow beam of e~
o VXD TB 2017: beam is perpendicular to planes of sensors
VXD TB 2017: low beam background and no cosmic rays
Phase II: particles from collisions
Phase II: particles fly out from the IP to all 6 directions
Phase II: realistic beam background and cosmic rays

Geometry of Phase Il in XZ direction. 1‘”(
Horizontal plane for highest background sensitivity (+X direction). 4/23
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VXD Alignment of phase |l

VXD alignment based on different datasets:
l) Vertex constraint decay: et + e~ — ut + pu~
I) Other x* from beam collisions

[ll) Cosmic rays

V) Beam background
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Explanation of analysis cut (green) for muons, because of alignment
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Alignment
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Status of VXD alignment

Beam collision datasets
« Datasets of vertex constraint decay and p* from beam collisions

are tested.
¢ Results are calculated ~ 10 um, if we fix first and sixth layer as in
TB VXD and some parameters for all sensors.

e We need tracks from outside of IP

Track of cosmic rays
- Procedures for reconstruction and creation cosmic ray
- Inspiration in "CDCCosmicTrackMerger" by Dong Van Thanh.
- Is it possible used cosmic rays in alignment?

Tracks outside from IP
o Different way is using tracks outside of IP for alignment.
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Cosmic rays: what is it?

. . 2= Generated particles == Reconstructed particles
- The CosmIC rays are parth'eS, are 10 Entries 1002051 Entries 14191
coming from outside of Belle Il
detector.

- The cosmic rays can be many types
of particles, but only u* pass KLM
system.

Number of events

wow om0 ®opdoptoe et Y

Efficiency of reconstructed cosmic rays

Reconstructed cosmic muon in Belle 2 tracking system 9/23



Geometry of phase Il Alignment Cosmic rays Cosmic alignment Summary
oo oo 0000000 0000

Simulation of cosmic muons
For simulation we are used cosmic generator CRY.

cry.param(’acceptLength’, 0.45)

(
cry.param(’acceptWidth’, 0.45) "cry.setup":
cry.param(’acceptHeight’, 0.45) returnGammas 0
cry.param(’maxTrials’, 1000000) returnKaons 0
cry.param(’keepLength’, 0.45) returnPions 0
cry.param(’ keepWidth’, 0.45) returnProtons 0
cry.param(’ keepHeight’, 0.45) returnNeutrons 0
cry.param(’kineticEnergyThreshold’, 0.01) returnElectrons 0
add_module ("Gearbox", returnMuons 1
fileName=’ /geometry/Beast2_phase2.xml’, date 2-1-2018
override=|[ latitude 36.0
("/Global/length", "300.0", "m"), altitude 0
("/Global/width", "300.0", "m"), subboxLength 300

("/Global/height", "300.0", "m")])
- 1k events with 10° maxTrials parameter are using 12 GB RAM memory.
- 1k events are 20s (real time) with 20 cosmic tracks in VXD phase II.
- 33k cosmic tracks (11.5 hod real time) are simulated at https://www.
dropbox.com/s/n6i7rmj0ki0e8q0/withMagneticField.root?d1=0,,,


https://www.dropbox.com/s/n6i7rmj0ki0e8q0/withMagneticField.root?dl=0
https://www.dropbox.com/s/n6i7rmj0ki0e8q0/withMagneticField.root?dl=0
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Reconstruction of cosmic rays

It is using reconstruction of simulated PXD and SVD hits.
add_svd_reconstruction (main)

add_pxd_reconstruction (main)

Track finding is based on combinatorial kalman filter (CKF).
tracking.add_geometry_modules (main, components=components)
tracking.add_ckf_based_track_finding(main,
components=components, reco_tracks="RecoTracks")
main.add_module ("TrackCreator", recoTrackColName="RecoTracks",

useClosestHitToIP=True)

It is using reconstruction of BKLM and EKLM hits and merging
"KLMClusters" and tracks to "RecoTracks":
main.add_module (' EKLMReconstructor’)
main.add_module (' BKLMReconstructor’)
main.add_module (' KLMKOLReconstructor’)
main.add_module (' Muid’)

11/23



Cosmic rays
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Reconstruction (creating) of cosmic rays

- Creating "CosmicRecoTrack" array composed by a track is based on
comparison between "RecoTracks" and "KLMClusters".

RecoTracks (with KLMHits) | KLMClusters | CosmicRecoTrack
1 (1) 1 Create
1 (1) 2 Create
2 (1) 1 Create
2 2) 2 Create
2 (2) More than 2 Create
More than 2 (2) 2 Create

- Each "CosmicRecoTrack" is composed by 40 CDC hits.
For more than 2 "RecoTracks" it is used cut for more than 3 KLM hits.
- For more than 2 "KLMClusters" it is used cut for more than 4 layers.

Definition of beginning of track:

1. All seeds from alone "RecoTrack" is used for "CosmicRecoTrack".
2. If two "RecoTracks", we classify an upper and lower part according
seed of time. All seeds are used from upper "RecoTrack".

12/23
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Reconstruction (creating) of cosmic rays
- "CosmicRecoTrack" is composed by all hits (PXD, SVD, CDC, EKLM,
BKLM) from chosen "Recotracks".

- The algorithm of merging (creating) cosmic track is written in
"CDCCosmicTrackModule".

main.add_module ("CDCCosmicTrackMerger",

recoTracksStoreArrayName="RecoTracks",
MergedRecoTracksStoreArrayName="CosmicRecoTracks",
deleteOtherRecoTracks=True)

main.add_module ("TrackCreator",
recoTrackColName="CosmicRecoTracks",
trackColName="CosmicTracks",
trackFitResultColName="CosmicTrackFitResult",

useClosestHitToIP=True)

- All used scripts are published in
feature/BlI-2837-cosmic-tracks-in-vxd-phase-ii.

13/23


https://stash.desy.de/projects/B2/repos/software/commits?until=refs/heads/feature/BII-2837-cosmic-tracks-in-vxd-phase-ii
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Analysis of VXD hits

- We simulated 32 838 cosmic events (11.5 hours of collecting data).
- We reconstructed 30 783 (93.74 %) cosmic muons.
- We choose 27 869 (84.87 %) "RecoTracks" with VXD Hits.

Summary

10

Number of tracks in VXD

10°

' —

One Two Three Four Five Six
Number of hits in VXD

The "CosmicRecoTrack" is composed by one (85.65 %), two (9.99 %), three (3.45 %),
four (0.65 %) five (0.07 %) or six (0.05) hits.

14/23
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Analysis of VXD hits
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Occupancy of layers depended on number of hits in VXD
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Conditions for alignment using cosmic rays

- We are fixing CDC.

- We are using magnetic field.

- The Millepede algorithm using 22 krecords for alignment.

- We are fixing all half-shells and ladders (in alignment hierarchy).

The Millepede algorithm calculate 108 parameters ( 18 sensors x 6
parameters)

17/23



Alignment results for SVD (fixth and fifth layer)

layer 6 ladder 1

Cosmic alignment

[u=6.86895 um|

[u=13.17417 um|

[u=12.86617 um]

v =18.4564 um|

[v=-0.1264 um]

[v=7.1892 um]

[w=-2.37634 um|

[w =-0.30586 um]

[w =0.39094 um]

[a=-0.11031 mradj]

[a =-0.07353 mrad]

[a =-0.02058 mrad]

[a =0.07829 mrad]

[a=-0.05451 mrad]

[B=-0.06867 mrad)

[B=-0.29693 mrad

[B=-0-04662 mrad]

[B=0.16435 mrad]

[y =0.03883 mrad)

[B=10-03705 mrad)

[y =0.03542 mrad)

[y =0.00715 mrad

[y = 0.04864 mrad]

[y =-0.0305 mrad]

layer 5 ladder 1

—

u=11.73769 um|
v =4.9833 um)
w = 1.53199 um|

u=12.69418 um|
v =3.0218 um
w = -0.52786 um

u = 14.72388 um|

u = 8.76404 um

v=5.1111um

v =3.0744 um

[w=-4.14755 um]

[w=1.09787 um]

[a =-0.02067 mrad]

[a =0.05371 mrad]

[a=-0.0272 mrad]

[a'=-0.04308 mrad]

[B=0.11155 mrad]

[B=0.03496 mrad]

[B=10-06242 mrad]

[B=-0.05409 mrad]

[y =0.02953 mrad)

[y =-0.00929 mrad]

[y =-0.02133 mrad]

[y =0.00792 mrad)

Results of alignment procedure using cosmic rays.
The worst results are for u alignment parameters.
The error for shiftsin u,w < 2umand v < 2 um.

The error for rotations in «, v < 0.05 mrad and 8 < 0.1 mrad.
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Cosmic alignment
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Alignment results for SVD (fourth and third layer)

layer 4 ladder 1

F=— 1075 s
y = -0.05283 mrad y = 0.01672 mrad y = 0.07643 mrad
[u=18.44568 um] [a = 0.01338 mrad) [u=21.8378 um] [a=0.00327 mrad)
layer 3 [ =-T1.1964um] [F=-057436mrad] | [v=-L1517um) [ = 0.04829 mrad|
ladder 1

Results of alignment procedure using cosmic rays.
The worst results are for u alignment parameters.
The error for shiftsin u,w < 2umand v < 2 um.
The error for rotations in o,y < 0.05 mrad and 8 < 0.1 mrad.
More details for errors can be found in backup.
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Cosmic alignment
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Alignment results for PXD (second and first layer) %

7

u =20.57616 um| (a=-0.21967 mrad u=15.7233 um @ = -0.40115 mrad

layer 2 [=44955um] [f=-070415mrad | v=33858um [B=-1.13189 mrad)

ladder 1
W= -5.1603 um| y = 0.22826 mrad W = -10.84347 um| |y = -0.26776 mrad|

u=10.61439 um| [q = -0.06142 mrad| u = 14.50351 um| [q = -0.27381 mrad|

layer 1 =-12214um] [F=-030374mrad] | [v=-16432um [ =-1.30093 mrad]

ladder 1
w = 1.98835 um)| y = 0.28571 mrad W= 1.9125 um| y = -0.14583 mrad

Results of alignment procedure using cosmic rays.
The worst results are for u alignment parameters.
The error for shifts in u < 2um, v <4umand w < 3 um.
The error for rotations in o,y < 0.2 mrad and 8 < 0.9 mrad.
More details for errors can be found in backup.
The reason for higher errors can be in statistic. Sensors are smaller, and it is difficult
to hit them. Typically average for SVD sensors is 1200 hits per sensor and for PXD

only 250 per sensor.
20/23



Summary

Summary

In phase Il we are able observed 33k cosmic events focused to
VXD per 11.5 hours.

According our analysis reconstruction of cosmic ray in VXD is
efficient (93.74 %).

More than half of reconstructed tracks has one hit in VXD only.

The Millepede algorithm used 22 krecords for calculation
alignment parameters.

The Millepede are possible to calculate 108 alinment parameters.
The worst results are in u alignment parameter.

Scripts are published in
feature/BII-2837-cosmic-tracks-in-vxd-phase-ii

Status of our study is published in JIRA issue
BII-2837-cosmic-tracks-in-vxd-phase-ii

21/23


https://stash.desy.de/projects/B2/repos/software/commits?until=refs/heads/feature/BII-2837-cosmic-tracks-in-vxd-phase-ii
https://agira.desy.de/browse/BII-2837

Summary

Plans for next weeks

- Alignment studies using mixture of cosmic and beam collision
data

- Alignment studies using cosmic rays without magnetic field,
because reconstruction is not efficient. We should tune
reconstruction firstly.

- Development monitoring tools for VXD alignment in phase 2

22/23



Open topics for phase 2

Summary

At beginning of phase 2 (1. February), will we use general trigger
for data?

Will all subdetectors (PXD, SVD, CDC, ...) take synchronized
data?

Will we use them for alignment?
What do you think about other data taking terms?
Which type of trigger will be used in terms of phase 27

Will it be "easy" type of trigger, which will collect data and we
should write pseudoanalysis tools for selection of the events like
di-muons, off-IP tracks, bbbar or cosmic events?

Or will we use some sophisticated type of trigger, which will
separate events to di-muons, bbbar, ...
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Backup

24/23



Exchange PLUME sensors in simulation

Plots show exchange of PLUME sensors in simulation
according discussion with Carlos Marinas.
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Alignment errors for SVD (fixth and fifth layer)

[B =0.05573 mrad]

layer 6 ladder 1
[u=1.3572 um] [u=10.87351um] [u=0.75833um] [u=0.79724 um] [u=1.0558 um]
[v=3.9539 um] [v=2.8248 um] [v=2.7um] [v=2.7657 um] [v=3.3596 um|
(w=21171um) [w=1.0095um) [w=10.95462 um] [w=10.98764 um) (w=1.121um)
[a'=0.04092 mrad] | [ =0.02814 mrad] | [a@ = 0.02577 mrad) | [ =0.02629 mrad] | [ = 0.03139 mrad]
[B=10.04956 mrad] | [B=0.05345 mrad] | (B =0.06232 mrad]

[y =0.02608 mrad]

[B=10.09636 mrad]

[y =0.02226 mrad)

[y =0.01786 mrad)

[y =0.01812 mrad]

[y =0.0349 mrad]

v = 2.8543 um|

layer 5 ladder 1

u=0.72887 um|
v =2.5906 um)
w = 0.89594 um)|

u=0.73762 um|
v =2.5787 um|
w = 0.90425 um)|

u = 0.88521 um|
v =2.867 um|
w=1.0319 um

[a’="0.02792 mrad]

w = 1.4506 um

[ =0.03338 mrad]

[ ="0.02404 mrad]

[a'="0.02341 mrad]

[B =0.05442 mrad)

(B =10.07803 mrad]

[B =0.0473 mrad]

(B =0.04609 mrad]

[y =0.01585 mrad]

[y =0.0196 mrad]

[y =0.01555 mrad]

v =0.02614 mrad)

The error for shiftsin u,w < 2umand v < 2 um.

The error for rotations in «,y < 0.05 mrad and 5 < 0.1 mrad.
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Alignment errors for SVD (fourth and third layer)

i

layer 4 ladder 1

u = 0.68722 um|

v =2.5884 um
w = 0.8628 um

o

a = 0.02349 mrad
= 0.04513 mra

i

y = 0.01862 mrad y = 0.01571 mrad y = 0.0172 mrad|
U = 0.8685 um (@ =0.02922 mrad] [U=0.85752um] [a=0.02976 mrad)
layer 3 =29939um] [F=0.09202mrad] | v=29887um [B=0.0854 mrad)
ladder 1
w = 1.0886 um)| y = 0.01967 mrad W= 1.0726 um| y = 0.02001 mrad

The error for shiftsin u,w < 2umand v < 2 um.

The error for rotations in «, v < 0.05 mrad and 8 < 0.1 mrad.




Alignment errors for PXD (second and first layer)

u = 2.0346 um @ = 0.13548 mrad u =1.9395 um| @ =0.13203 mrad

layer 2 =37077um] [=057384mrad | [v=37341um [E=0.5329 mraqd

ladder 1
W = 2.5046 um y = 0.11358 mrad W = 2.3909 um| y = 0.10965 mrad

[u=22002um]  [a=0.18752 mrad [u=2.0746um]  [a=0.23154 mrad)

layer 1 [ =40062um] [F=0.65400mrad] | [v=4.0266um [B=0.57512 mrad]

ladder 1
w = 2.8903 um y = 0.13831 mrad W = 2.9508 um| y = 0.1701 mrad|

The error for shifts in u < 2um, v <4 umand w < 3 um.
The error for rotations in o, v < 0.2 mrad and 8 < 0.9 mrad.
More details for errors can be found in backup.
The reason for higher errors can be in statistic. Sensors are smaller, and it is difficult
to hit them. Typically average for SVD sensors is 1200 hits per sensor and for PXD
only 250 per sensor.
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How to works script for plotting alignment result

Normal calculated parameters for sensors

layer 2 (V=4.4935um] [E=-0.70415mrad] | [ =3.3858um] [B=-1.13189 mrad]
ladder 1
W = -5.1603 um y = 0.22826 mrad W = -10.84347 um| y =-0.26776 mrad
/[C=Ax
laver 1 Excluded sensor
y B = -1.30093 mrad
ladder 1 from alignment
g y = -0.14583 mrad

Normal calculated

Fixed or

non-calculate parameters

parameters

The script is possible recognize excluded sensor (red) from alignment.
If parameters are fixed or non-calculated, they are shown as "NAN".
The used sensor are shown green and all calculated parameters are in white boxes, .,
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