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We report on the application oftechniquCli from the target tracking literature to the experimental study ofthc distribution of charged 
particles. In the experiment we have multiple planes of position-sensitive detectors able to detect location of the particle hi t in each 
sensitive plane. The problem we address here is determining how to combine a series of particular hits into a panicle trajectory. This 
simple task is complicatoo by the specifics of tile measurements. missed bits and background. In the target tracking literature. the 
challenge of associating hits in ditlcrelll images is called the a.~sociation problem. and current best practice is the Multi-Hypothesis 
Tracking or MHT. Recent work has investigatoo the possibilit)' of using Markov chain Monte Carlo (MeMO methods for 
addressing the multi-hypothesis challenge. In our study we report on results from both approaches and on the trade otl' between 
computational budget and acruracy_ We extend the usual MHT fomlahsm to select tracb with certain qualities and set quality nags 
as required by the experiment. In our presentation we describe in more detail our approach and preliminary results of its application 
to the experimental data. 
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800 MeV 

Measuring energy with 
maanetic soectrometer 
. 8 For a uniform magnetic field B(Tesla) 

object I I ~ perpendicular to the particle momentum p(MeV) 
radius of a curvature R(cm) is: R = p/300qB 
If a length of a magnetic field is L(cm) then 
bending angle e is given by: sine = 300qBL/ P 
By measuring e we can get momentum and 
energy of the proton. 

~~ .~. 

M'agnetic spectrometer: bending magnet 
with two drilft modules mounted around it 
at Staging Area A at LANSC~NL) . 
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Easier to Track Pions than Vehicles: 

~ Not so many pions in our scenes 

~ Dynamics easier to model: They move in straight lines or 
on circular arcs 
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Rough Idea: 

• Propagate stories right --+ left 

~ Prune implausible stories 

~ After reaching left most plane backtrack left --+ right to 
smooth most plausible story 
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Notation 

Input: List of hits {Ti (p)} for each plane p 

Ti (p) == Pulse delay -t Radius 

Output: List of tracks for each particle 

{Sj(p): Pi <p < Pf} 

where 
Sj(p) == Position & Slope 
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Example 
Challenge: Several different stories can explain the same data 

45, story 0 45, story 1 

x x 
x x 
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Solution: Approximate maximum a posteriori probability 
(MAP) via Multi-Hypothesis Tracking (DB Reid 
IEEE Trans AC 1979) D 01l = .t)~0-



Solution Strategy 

Want to characterize: 

P(sfIT[) == L p(sf, AfIT[) 
AF 

1 

Approximate: with sequence of states ® associations: 

AF AAF P( F AFI F) sl, 1 == argmax sl, 1 T1 
F AF 8 1 , 1 

Association includes map from particles to hits 
and resolution of up/down ambiguity 

State space model: Linear particle dynamics, Gaussian 
accelerations: Sj (p + 1) == L . Sj (p) + TJ(p). Like 
Kalman filtering and Viterbi decoding 
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Notation for Viterbi decoding 

u(sf) Utility of state sequence sf 

log (P( Tf, sf)) 

v(s,p) Utility of best sequence ending with s(p) == s 

max u(sf) 
sf:s(p)=s 

B(s',p) Best predecessor state given s(p + 1) == s' 

argmax max u ( sf+ 1 
) 

s sf+1
:s(p)=s&s(p+l)=s' 

Insights: 

~ Calculate v(s,p) and B(s,p) Vs&p recursively 

~ For most sf, never calculate u( sf) 
~ Complexity linear in number of planes 

0 .. • Oil '0 a... 0-



Conclusions 
We report on the application of techniques from the target tracking 
literature to the experimental study of the distribution of charged 
particles. In the experiment we have multiple planes of position
sensitive detectors able to detect location of the particle hit in each 
sensitive plane. The problem we address here is determining how to 
combine a series of particular hits into a particle trajectory. This simple 
task is complicated by the specifics of the measurements, missed hits 
and background. In the target tracking literature, the challenge of 
associating hits in different images is called the association problem, 
and current best practice is the Multi-Hypothesis Tracking or MHT. 
Recent work has investigated the possibility of using Markov chain 
Monte Carlo (MCMC) methods for addressing the multi-hypothesis 
challenge. We extend the usual MHT formalism to select tracks with 
certain qualities and set quality flags as required by the experiment. We 
applied these theoretical techniques to experimental data and obtained 
promising results. 
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