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Introduction

The new ITS is an all-pixel silicon detector based on CMOS monolithic active pixel sensor (MAPS).

https://ep-news.web.cern.ch/content/alice-its-upgrade-pixels-quarks

• Precision trackers are used for the high energy and nuclear physics. 

• The trackers measure precise positions of the hits produced by the particles and associate 
hits to a trajectory when the associated positions are consistent. 

• Any small misalignment or deformation of detector caused by various factors significantly 
affects the precise position measurements and its correction frequently appears as a major 
issue in the tracker operation.

Inner Barrel : 3 layer

Outer Barrel : 4 layer
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Motivation

𝑔𝑥

𝑔𝑦

𝑔𝑧

Correction Function

FC

𝑔𝑥′ = 𝑔𝑥 + 𝐶𝑥

𝑔𝑦′ = 𝑔𝑦 + 𝐶𝑦

𝑔𝑧′ = 𝑔𝑧 + 𝐶𝑧

Apply Simple Correction

FC ∶ 𝑔𝑥 → 𝑔𝑥′ = 𝑔𝑥 + 𝐶𝑥

𝐶𝑥 =
0.01

15
∙ 𝑔z + 0.001

Line fitting offset in x direction(dx) plot, cosmic muon

Global hit position

Layer 0
Layer 1

Layer 2

Layer 0
Layer 1

Layer 2

We can see the deformation structure from cosmic muon events but there is no way to verify the right answer.
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dx(global residual)



Cybenko, G. (1989) "Approximation by superpositions of a 

sigmoidal function", Mathematics of Control, Signals, and 

Systems, 2(4), 303–314. doi:10.1007/BF02551274

A Neural Network can approximate any function!

Artificial Intelligence Model : Neural Network
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Network Construction

Cost Definition

𝐶 =
𝜒2

𝜈
=
1

𝜈


𝑡=𝑡𝑟𝑎𝑐𝑘



𝑗=𝑙𝑎𝑦𝑒𝑟



𝑖=1,2

1

𝜎𝑖𝑗
2 ҧ𝑠𝑖𝑗 − 𝑠𝑖𝑗 + 𝛿𝑠𝑖𝑗

2
+

𝑉𝑡 − ෨𝑉𝑡𝑟𝑎𝑐𝑘
2

𝜎𝑡
2

𝑡

+
𝑉𝑒𝑣𝑡 − ෨𝑉𝑡𝑟𝑎𝑐𝑘

2

𝜎2

𝜎 = 𝜎𝑀𝐸𝐴𝑆⨁
𝜎𝑀𝑆𝐶

𝑝
, 𝑀𝐸𝐴𝑆 = 𝐴𝑙𝑖𝑔𝑛 + 𝑅𝑒𝑠 𝑑𝑖𝑔𝑖𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛,…

→ 1 (𝑏𝑒𝑠𝑡 𝑓𝑖𝑡)

𝑠1

𝑠2

𝛿𝑠1

𝛿𝑠2

𝛿𝑠3

Network Design

𝛿𝑠3 = 𝑤13 𝑠1 + 𝑤23 𝑠2 + 𝑏3

𝛿𝑠1 = 𝑤11 𝑠1 + 𝑤21 𝑠2 + 𝑏1

𝛿𝑠2 = 𝑤12 𝑠1 + 𝑤22 𝑠2 + 𝑏2

Fit residuals in sensor plane Vertex consistencies

𝑤𝑖𝑗, 𝑏𝑗 : cm

𝑠1, 𝑠2 : normalized 
to be [-0.5, 0.5] 
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Deformation expressed by given network

Alignment in the sensor coordinate 

𝑠 = (𝑠1, 𝑠2, 0)

𝑠′ = 𝑠 + 𝑓 𝑠1, 𝑠2

𝑠′ = 𝑠1, 𝑠2, 0 + 𝛿𝑠1, 𝛿𝑠2, 𝛿𝑠3
Deformed Sensor Position

Reconstructed Sensor Position

Correction Function

NN topology can express the translation and 
rotation of the individual sensors.

Also, the given NN topology can describe 
other deformations, Tensile (Scale up and 
down) and Shear.

Tensile(Scale up) Shear

𝑠1

𝑠2

𝛿𝑠1

𝛿𝑠2

𝛿𝑠3
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Sensor level alignment : 1 NN / sensor



𝑠1

𝑠2

𝑠1

𝑠2

𝑠3

(row, col) = (0,0)

(511,1023)

Sensor Coordinate for Alignment

Inner Barrel, Layer 0
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𝝓(𝐫𝐨𝐰)

𝒛(𝐜𝐨𝐥)



Inner Barrel Outer Barrel

+z

(row, col) = (0,0)

𝑠1

𝑠2(row, col) = (0,0)

(511,1023)

+z

+z // −𝒔𝟏

9 sensors

2 x 7 sensors

(511,1023)

+z

Chip Index in a Module

0
1

2 3
4 5 68 7

9

13
12

10
11

1. Chip Index in a Module < 7
Same as Inner Barrel, +z // −𝒔𝟏

2. Chip Index in a Module ≥ 7

+z 𝑠1
𝑠2

+z // +𝒔𝟏

(row, col) = (0,0)

(511,1023)

Sensor Coordinate for Alignment
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Alignment Module for ITS detector

Layer 6 𝑧 axis

Beam

Layer 5 𝑧 axis

Layer 4 𝑧 axis

Layer 3 𝑧 axis

Layer 2 𝑧 axis

Layer 1 𝑧 axis

Layer 0 𝑧 axis
𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

𝑠1

𝑠2

𝑐𝑠1

𝑐𝑠2

𝑐𝑠3

Outer Barrel

Inner Barrel

ALICE ITS 

𝑅 = 50𝑐𝑚

𝑅 = 5𝑐𝑚

𝑅 = 2𝑐𝑚

432 sensors

23688 sensors

Totally 24120 sensors

24 staves

20 staves

16 staves

12 staves

30 staves

42 staves

48 staves
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Training Strategy

Gradient Descent (Full Batch)

𝐶 : Cost (dimensionless)

𝜂 : Learning Rate including dimension (= 4 ∙ 10−6 = 4 ∙ 10−4 ∙ 1000μm 2) 

Δ𝑤𝑖 = −𝜂 ∙
𝜕𝐶

𝜕𝑤𝑖

𝑤𝑖
′ = 𝑤𝑖 − Δ𝑤𝑖

• We follow the steepest descent path to minimize the cost by taking the cost gradient.

Experimentally determined.
- Pixel size
- # of data
- Noise tolerance
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Environments

14

Program Language : C, C++

Library : ROOT (TMultilayerPerceptron)

ROOT is an object-oriented program and library developed by CERN. It was originally designed for 
particle physics data analysis and contains several features specific to this field, but it is also used 
in other applications such as astronomy and data mining. 

Implemented training methods : Gradient Descent

Data format : root (tree, ntuple)

In order to store large quantities of same-class objects, ROOT has designed the TTree and 
TNtuple classes specifically for that purpose. The TTree class is optimized to reduce disk space 
and enhance access speed. A TNtuple is a TTree that is limited to only hold floating-point 
numbers; a TTree on the other hand can hold all kind of data, such as objects or arrays in 
addition to all the simple types.

Heavy Ion Meeting (HIM), April 29-30, 2022



ITS Alignment : AI approach with Pilot Beam

Workshop for Korea-UK AI/ML Research in Fundamental 
Sciences, Nov. 2022
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Steps to alignment

AlignmentTracking

Simulation

- Pythia8
- HIJING for the heavy Ion collision

Real Event

- pp collision
- AuAu collision

Data Collection

Preparation for alignment

“Focus on”

- Purity of data sample (multiplicity)
- Tolerance of the inefficiency
- Minimize dependence on the 

track finding (ex. # of Clusters)

Strategy construction

- Input data management
- AI optimizer selection

- Gradient Descent (Batch)
(Tolerance for mis-alignment)
- Stochastic Gradient Descent
(Fine alignment)

- Verification / Event Display

Phase I

Phase II
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Raw Data
Clusters
- Pixel (row, col)
- Chip ID
- Time

Cluster-based Data
Event (𝑁𝑐𝑙 ≤ 𝟏𝟎𝟎 )
- Clusters

Track-based Data
Event
- Track (𝑁𝑡𝑟𝑘 ~ 8)

- Clusters

Clusterer / Digitizer Tracker

for pilot beam
(pp 900GeV)



Alignment Module Test for MC

• Event Generation : Pythia8pp(14TeV pp with collision vertex width 5cm)
o2-sim –g pythia8pp –configKeyValues “Diamond.position[2]=0;Diamond.width[2]=5;…”

• Deformation 

• Layer0, Chip4 (ChipID=4) 𝑠1 = 𝑧 500𝜇𝑚

• Result

# of tracks / deformed sensor : ~1000 tracks

Alignment module reports 480𝜇m for deformed

sensor and zero for ideal sensors.

ITS Inner Barrel

x(cm)

y(
cm

)
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Pilot Beam 
summarized by I. Ravasenga & J. Liu, 01/11/2021

• Stable beams Oct. 27-31

• 12 fills with different filling schemes 

• Interaction point shifted on Oct. 27 and corrected on Oct. 28

• 19 GOOD runs (~58M events)

• Field on Run

→ ~30M events

01/11/2021 I. Ravasenga & J. Liu 

Workshop for Korea-UK AI/ML Research in Fundamental Sciences, Nov. 2022 18



Data Management for training

• Total : 8M events, 64M tracks

• Events in our definition : Number of clusters in IB >10

• Training Set : 5M events, 40M tracks

• Adjustment of the network parameters

• Key variable “Cost” assumes the exact circular trajectory in XY and linear trajectory in RZ 
plane. Hence, no multiple scattering and all tracks from collision location is assumed.

• Validation Set : 1.5M events, 12M tracks

• Monitoring of the training process

• Test Set : 1.5M events, 12M tracks

• Sample decoupled from training and validation set, left for independent and ultimate 
verification

• Used for the plots in this report

• XY plane : fit to a quadratic function (extraction of sagitta)

• RZ plane : fit to a line

Workshop for Korea-UK AI/ML Research in Fundamental Sciences, Nov. 2022 19



Deformation reported by AI (an example)

~0.7μm

~1mm

ITS Inner Barrel, Layer 1, stave 7 Reported Deformation

Ideal Geometry

Communication with detector experts is desired.
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Status Report : Phase I alignment 

• We are using average-over multiple track samples for crude alignment considering 
fluctuations due to noise such as 

• wrong hits which associated to tracks

• non-vertex tracks

• and low momentum tracks.

• Residuals after alignment(integrated over 𝑝𝑇 ≥ 0.3 GeV), Not Final

• Inner Barrel : 50μm(ds1), 40μm(ds2)  

• Outer Barrel : 300𝛍𝐦(𝐝𝒔𝟏), 80μm(ds2)

• Communication/Implementation of alignment constants obtained by AI
→ finalizing effort in progress
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Residual distribution for ITS detector 
After alignmentBefore alignment

L0

L2

L1

Residual in 𝑠1(=z or col) Residual in 𝑠2(=𝜙, row) Residual in 𝑠1(=z) Residual in 𝑠2(=𝜙)

Snapshot of the finalizing effort
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L3

L5

L4

L6

Snapshot of the finalizing effort
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Plan : Phase II alignment

• Data

• pp collision in 2022

• Required # of events for training : at least 200 tracks per sensors in IB

• Training strategy

• Parallelization (KIAF, Collaboration plan with Prof. Rho and Mr. Shin, CBNU)

• Gradient Descent : averaged entire event(batch), event by event (to be implemented)

• Fit method : Weighted Least Squares, TrackerCA(to be implemented)

• Target

• Under 5𝛍𝐦 precision
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