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* |ntroduction
+ quick description of Kalman Filter procedure
+ stand-alone muon reconstruction in CMSSW
« Current status of stand-alone reconstruction
+ problems at high |n|
+ quality cuts on track/segments
+ effects on global reconstruction

» Possible improvements and ongoing work
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The Kalman Filter (1)

In CMS it is used to reconstruct the trajectory of a charged particle

+ in a magnetic field, the trajectory is a helix = 5 parameters:

x = (charge/momentum, position and direction on a given surface)

Kalman Filter allows at the same time to

+ perform the pattern recognition (= collection of hits)

+ have the best estimation of the track (= minimum y?)

Requirements:

+ it must take into account energy loss and multiple scattering

« It must be fast (— well suited for HLT)

It is used both in the Muon System and in the Tracker (stand-alone, tracker
and global muon reconstruction)
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L The Kalman Filter (1)

k-1 k  info from the

— th
K" measurement first k layers m, = measurement on the k" layer

, X, = stateon the k™ layer, with info
from the first k-1 layers (predicted)

propagation (magn. field,

_ 0 .
mult. scatt., energy loss) X, = state on the k" layer, with info

from the first k layers (filtered)

» k X, — state on the k" layer, with info
from all the N layers (smoothed)
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,,.,;;,’ Stand-alone track reconstruction in CMSSW

Starts from an initial state (seed):

+ built from one or more segments

- p, parametrized as a function of ¢ (or A¢) of segments

+ different seeding algorithms exist
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,,.,;:;’ Stand-alone track reconstruction in CMSSW

Starts from an initial state (seed):
+ built from one or more segments
- p, parametrized as a function of ¢ (or A¢) of segments
+ different seeding algorithms exist

1- pattern recognition (KF based, no smoothing):

> on each layer, search for the most compatible segment (hit in RPC) based on y?
> trajectory parameters updated with the chosen RecHit(s) (segment or its hits)
> 2 filtering steps performed (by default)

« forward (inside-out): update with segment granularity
» backward (outside-in): update with hit granularity
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,,.,;;’ Stand-alone track reconstruction in CMSSW

C

Starts from an initial state (seed):
+ built from one or more segments
- p, parametrized as a function of ¢ (or A¢) of segments
+ different seeding algorithms exist

1- pattern recognition (KF based, no smoothing):

> on each layer, search for the most compatible segment (hit in RPC) based on y?

> trajectory parameters updated with the chosen RecHit(s) (segment or its hits)

> 2 filtering steps performed (by default)

« forward (inside-out): update with segment granularity

» backward (outside-in): update with hit granularity

2- refit (KF, filter + smoother, no pattern recognition): <«

> initial state from fw/bw filter, error enlarged to avoid biases

Not yet in standard
offline reco

Recently included in
L2 muon trigger reco

> use of RecHits (hits or segments) previously collected

> refit performed n times (3 by default), limit on max # lost hits (5% by default)l CIVEYE
| o
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O psiajp e~ CMSSW_2_0_6 (100 GeV)
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O psa/peen — CMSSW_2 2 0 (100 GeV)
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P p.Se/p.ee" — CMSSW_3_1_0_pre4 (100 GeV)
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INEN FullSim vs FastSim
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Track %2 in Endcaps (100 GeV)
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Segment x2 in Endcaps (100 GeV)

# of segments with x?/ndof > 100 - 7051 (~ 12%)

All the segments

)

(not necessarily belonging to tracks!)

INEN
(5
1#Indof | hChi2NdofSeg_End |x’/ndof | hChi2NdofSeg_End
- Entries 57000  10* Entries 28486
10 Mean 8.849 Mean 5.526
RMS 1825 5l RMS 14.14
B Overflow 7051 =
10t - Overflow 2776
- 102 =
10° 3 10 ;—
10 E_ 1 g_ l l | | l l | l l
0102030 20 50 60 70 80 90 100 0 10 20 30 40 50 60 70 8 90 100
R. Bellan
# of segments: 57000 # of segments: 28486
# of segments with y2/ndof <01 - 1677 (~ 3%) # of segment with ¥?/ndof < 0.1 — 895 (~ 3%)

# of segment with y2/ndof > 100 —» 2776 (~ 10%)

Anyway, we can try to get rid of
them and see what happens...
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INEN

¥? cuts on segments

Only events with at least 1 muon in the Endcaps having p.°™ / p.*" < 0.3
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Effect of 2 cuts on global reconstruction

220 ==
200F
180
160 -
140
120 —
100 —

grd .ol | { | .-I.J...-...l.-..l".-.l..n..l

PtStaOwverPtGen_End
Entries 2051
Mean 0.9614
RMS 0.1929
: T
PtStaOwverPtGen_End
Entries 1986
Mean 0.9897
RMS 0.1671
: |
1 PtStaOverPtGen_End
Entries 1915
Mean 0.9839
RMS 0.1355

1 1.2 1.4

1.6

1.8 2

102

10

20/04/09

-
]
1
]
]
]
.
g
.
el

L\\\\&\

TR

rec .. Sim
PtStaOverPtGen_End
Entries 2051
Mean 0.9614
RMS 0.1929

: al
- PtStaOwverPtGen_End

| Entries 1915
Mean 0.9837
0. 135?

b Dt i ool

3+

-

B =S

p STA/pTGEN
p STA/pTGEN
charge flip

p STA/pTGEN
p STA/pTGEN
charge flip

p STA/pTGEN
p STA/pTGEN
charge flip

0+2
0+0.5

0+2
0+0.5

0+2
0+0.5

N. of muons

2032
189 - 9.3%
2.2%

1971 (3% loss)
93 = 4.7%
1.3%

1898 (7% loss)
76 = 4.0%
1.6%

D. Trocino - Torino CMS group weekly meeting




N Possible improvements (work ongoing...)

« Final goal — improve global track resolution

(x? cuts improve both STA and global tracks resolution)
— keep the highest efficiency
(x? cuts cause drops in efficiency)

« Possible strategies:

+ “split” STA track collections (or simply add a “quality bit’):

= “golden tracks” (with better resolution) in a separate collection
= usual tracks (with higher efficiency) used only for matching

+ keep the STA collection as it is and postpone the segment skimming to global
reconstruction

+ introduce invalid hits:

= tight %# cut: RecHit is valid (used for the fit)

= |oose %? cut: RecHit is compatible with the trajectroy but invalid (added to the
trajectory but not used for the fit)
— possibility of stand-alone tracks containing only invalid RecHlits:
only seed information, but used for matching
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