Novel String Banana Template Method of track reconstruction
for high multiplicity events with significant multi pIe scattering

P. Kulinich ( kulinich@mit.edu )

Outline:

1. Method description.

2. Application for “toy” model and
demonstration of capabilities.

3. Implementation for real
spectrometer with complex
geometry.
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Goal : charged track reconstruction for "primary" particlesin
~(6-:-20) “layers’ Tracker with "externally given" Vertex
@ "low" momenta (MS up to ~(10-:-20) mrad per Si layer)
& high multiplicity events (combinatorial #)
& Horizontal granularity ~(0.44-:-1.0)mm @
& non-uniform magnetic field for ~2D Spectrometer
@ analog read-out (!!! @ limited granularity !)



PHOBOS S Spectrometer @RHIC @BNL

* ~"2D" detector (¢ [1100mrad, h~80mm)

* aignment ~(50-:-100) pum

* <occupancy> ~(2-:-3)% HJ ( * 2 data)
* 137 wafers ~(40x80)mm”2 overlapped
*~108k analog channels




Au<=>Au collision at sgrt(s NN)= 200 GeV

For pattern recognition in high occupancy events more narrow
search window Is required — and for that one need
“apriorl” known momentum ...




Multiple Scattering in 300 um Si wafer

W rad

oos i SI300wmm ... |Athighoccupancy
MS*dL > pixel size

could affect

pattern recognition

and Momentum Resolution
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How particleisgoing ?

a) NoMS, fixed P

ensembl e features:

\
Op=0; \ O

store hit positions for single track for given Vertex and P
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How particleisgoing ?

b) MSis"ON", fixed P

ensembl e features:

Op=0;
OX>0 :wideMScone
P

calculate Covariance Matrix for MC tracks for given Vertex and >




How particleisgoing ?

b~) MSis"ON", “wide” beam

2" RP
dzo fi
ensembl e features: o B J%ﬁe
Op =/=0;
narrower “ Banana’
OBanana
st
1* RP\ | - Bnan
o i

For ensemble of tracks with
3 fixed points “space size” is much smaller

exploit 3points correlation & calculate/measure OBanana, OP, OString
for given Vertex and two pixels{i,j} in 2 Reference Planes (RP)



How particleisgoing ?

b~) MSis"ON"

Banana width for ensemble
of all tracks passed through

3 “fixed” points

I | |
Banana® center . )
t = '\ 75 Particular wack
| ]

Sring width : “uncertainty” in
the hit positions for a particular
event based on 1 parameter
model —relative position inside
the Banana ( ~4-6 time more
narrow than Banana)




How particles are going ?

Different templates for
different species at low
momentum




oMultScat, eBanana(mm)

oMultScat, eBananalmm}
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Templates and their fitting/parametrization
("large plane” case)

Center of Bananafor internal planevs. {i,j}
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Templates and their fitting/parametrization
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Imm

Templates and their fitting/parametrization
("large plane” case)

Sigma of Bananafor internal planevs. {i,j}
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Momentum Resolution

sTP
|||||||||| T 1 T Nenr = 3939

|Meanx = 31.5
Meany = 0.11

tring/dP/sig

SBTM hasan

additional parameter :
Relative String deflection,
which correlates with
Momentum “deflection”
from average of Banana.
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Track reconstruction steps:

Y} = {F}=1C}

Where {Y} is an N-dimensional pattern space of vectors ¢ with real coordi-
nates {yx, 1 <k < N} of tracks in all related planes . { F'} is an n-dimensional
(n < N) feature or model space given by some transformation which per-
mits us to simplify the task without loosing tracking capabilities. {C'} is an
m-dimensional (m < n) classification space which describes real track pa-
rameters. For a spectrometer with non uniform magnetic field and complex
geometry a numerically calculated track model is natural choice.

SBTM has few more model parameters SRF

(usually m=5, dz¢ )
n=7 for “toy” model below ) y NG

Track reconstruction Steps: r

1. Find Banana with hitsfor all {1,}} A A Bana®

2. Check if hits are inside the “ String”

3. Correct Momentum X EE



Comparison to Optimal Track Fitting (OTF)
which reproduces the results of the global LSM fit

B=1Teda )
OX=5 um Ox=200 pm
20cm 140 em
Xrad =0.4% Xrad =0.1%

G. Lutz, “ Optimum track fitting in the presence of Multiple Scattering”
NIM A273 (1988), 349-361



Momentum resolution for SBTM and OTF
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Veartex Resolution for SBTM and OTF
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Angular resolution (mrad)

Angular Resolution for SBTM and OTF
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Residuals for detector with “ideal” space resolution,
(how closeis SBTM model to actual hits)
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Problem #1 Edge correction...
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x=Hqous real, y=ACent exp

. / ,
Solutiohs: / ;

*Statistics! =Time , PCs;



This method was implemented for PHOBOS spectrometer
with complex geometry

ROQOT (C++) V. Krylov, Dubna, Russia; (seeelsewhere)

Main features:

t (0.07-:-10.0) GeV/c

K (0.16-:-10.0) GeV/c
P (0.24-:-10.0) GeV/c

Templates::

Banana Center, G banana, 0 _MScone,
P, o P, Length, angles

*|n the PHOBOS case Templates are generated with ~5mm step along
beam pipe (Z) with interpolation between,
horizontal (X) shift of primary Vertex could be "corrected" using such
linear set of Templates (along Z).



Test Sample for playing ...
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Momentum Resolution for MC (PHOBQOYS)
with “exact” Vertex

MC, central wing, ’‘precise’ Vertexl
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3D - event




Ntracks

N _track vs N_hit for AuAu 200G

Data: Ntrack VS Nhits
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Computing time for reconstruction vs N_hits

Processing time (s)
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Residuals for MC and for Data

Residual for SpecN wafers in MC_35tracks
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2 tracks correlation in AG & A

2track Corr Funct
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Conclusions

“Global” method for primary track reconstruction with narrow search
window for "given" Vertex with potentially better resolutions.

* MC/GEANT based accumulation of Templates (could be non-uniform B)
(Mean, O instead of Covariance Matrix, a priory to reconstruction )

*"'|_ow momentum ~80/160/240 MeV/c" tracks could be reconstructed in
high multiplicity events  with MS ~10mrad/layer.

* Acceptance is mainly determined by 2 "Reference Planes’ (tracksin
Magnet could be reconstructed without " Straight Region" planes)

* Occupancies up to ~20% .

* Having Analog Read-out, one could survive in high occupancy case.
Ghost cleaning agorithm based on Analog read-out allows many hits
sharing (Nsh <Npl-2...3)

e Combinatorial {i,j} sort out is shortened after ~(1-2) "lost planes’
and because of narrow Banana, String-width.

* Powerful computers are required ...



