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Outline

• Current track reconstruction at BESIII
– Pattern recognition
– Tracking fitting
– Still work for CGEM+DC?

• Track reconstruction with CGEM inner tracker
– Cluster reconstruction in CGEM 
– Track segment finding in CGEM (not started)
– Tracking fitting with Kalman Filter

• Summary 



Main Drift Chamber (MDC) at BESIII

Would be replaced by CGEM



Track segment finding with pattern recognition 

 A super layer contains 4 layers of signal wires
 Each wire in the layer 1 taken as reference to 

define 7 ‘neighbors’ (8 wires in total)
 A hit pattern defined within the set of 8 wires 

contains 4 or 3 hits
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 Most of possible patterns predefined in a pattern dictionary 
(99% for high momentum tracks)

 Keep track segments with 4 or 3 hits matching successfully to one 
of the predefined patterns

 Fit segment



Track segments combination
• Seed: one of the track segments in axial super 

layers 
• Match to segments in other axial super layers 

=> a 2D circle in transverse plane
• Match the circle to segments in stereo super 

layers 
=> a 3D spiral line (helix)

• Global fit all the hits to a Helix



Track fitting with Kalman Filter

• A standard track fitting with Kalman Filter method
• Initial track parameters and hits from track finding
• Track parameters obtained by in iterations: 

…predictionfilter with a hitupdate…
• Considered effects: inhomogeneous magnetic field, 

energy loss and multiple Coulomb scattering
• Inwards filter: provide track parameters at IP
• Outwards filter: provide track parameters seed for 

extrapolation (expected TOF, reconstruction with 
TOF/EMC/MUC)



Do these reconstruction methods 
work for CGEM + DC ?

 Track fitting with Kalman Filter: 
only need some modification for the filer to be 
able to process CGEM hit (cluster 2D, DC hit 1D) 
which already done with CGEM hit truth and used 
to give very preliminary results involving CGEM 

Pattern recognition for outer DC

?  Pattern recognition for CGEM inner tracker
DC: one fired wire in one layer for a track
CGEM: one cluster in one layer 

=> no fixed pattern



Reconstruction flow for CGEM + DC
(open for discussion) 

1. Cluster reconstruction for CGEM: 
fired strips => cluster (in progress)

2. Track segment finding in CGEM (not started)
3. Track segment finding in DC (exist)
4. Combination of track segments 

(need modification)
5. Global fit (need modification)
6. Kalman filter (modified)



Temporary version for CDR in June
1. Cluster reconstruction for 

CGEM: 
fired strips => cluster 

2. Track segment finding in DC 
3. Combination of track 

segments in DC
4. Global fit in DC
5. Kalman filter + matching 

CGEM clusters

preliminary reconstruction 
with full simulation

MDC 
tracking

Outer 
MDC hits

Kalman track 
fitter

CGEM 
hits

Track in 
outer MDC

Kalman
track with 

CGEM

CGEM 
fired strips

Cluster 
reconstruction

Problem: inefficiency for low transverse momentum tracks



Cluster reconstruction for CGEM
Search for continuous 

fired X strips

Search for continuous 
fired V strips

Intersections 
as clusters 

Charge 
weighted 

geometrical 
center

Correction to 
the position 

on track

RecCgemCluster

type item Description

int m_layered ID of CGEM Layer

int m_sheeted ID of CGEM sheet

int m_flag Type of cluster: 0-X, 1-V, 2-XV

double m_energydeposit Total energy deposit 

double m_recphi X position (phi)

doulbe m_recv V position

New package: CgemClusterCreate



Correction on the cluster position

From G. Morello’s talk, MPGD 2013

 correct the reconstructed 
position to the one at 
cathode where the track 
impacts the CGEM

 Depend on the drift process 
from the ionization to the 
read out

※ CGEM hit (position on the 
track)

Point at cathode



Preliminary residuals from the cluster reconstruction
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Summary

Pattern recognition and Kalman Filter are used to 
do the track finding and fitting at BESIII

Pattern recognition is not an appropriate method 
to do the tracking in CGEM

A preliminary cluster reconstruction package is 
developed

The Kalman filter based track fitting with full 
simulation of CGEM+DC is in progress

Preliminary performance results with full 
simulation of CGEM+DC expected in June



backups



Questions



Momentum resolution sp

Ptot(GeV/c) 0.2 0.6 1.0

sp(MDC)  (MeV) 0.89 (100%) 2.53 (100%) 5.59 (100%)

sp(CGEM 4 layers, type I) 0.91(+2.2%) 2.52 (-0.4%) 5.34(-4.5%)

sp(CGEM 3 layers, type I) 0.89(+0%) 2.43 (-3.9%) 5.40(-3.4%)

sp(CGEM 3 layers, type II) 0.89(+0%) 2.51 (-0.8%) 5.30(-5.2%)



Vertex resolution in r (sr)

Ptot(GeV/c) 0.2 0.6 1.0

sr(MDC)  (mm) 622 (100%) 215(100%) 168(100%)

sr(CGEM 4 layers, type I) 652(+4.8%) 230(+7.0%) 169(+0.6%)

sr(CGEM 3 layers, type I) 650(+4.5%) 224(+4.2%) 170(+1.2%) 

sr(CGEM 3 layers, type II) 664(+6.7%) 228(+6.0%) 166(-1.2%)



Vertex resolution in z (sz)

Ptot(GeV/c) 0.2 0.6 1.0

sz(MDC)  (mm) 2020 (100%) 1531(100%) 1539(100%)

sz(CGEM 4 layers, type I) 772(-61.8%) 336(-78.1%) 266(-82.7%)

sz(CGEM 3 layers, type I) 757(-62.5%) 319(-79.2%) 263(-82.9%) 

sz(CGEM 3 layers, type II) 742(-63.3%) 327(-78.6%) 270(-82.5%)



vrec-vtruth (mm)
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