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What is different between Sti and StiCA?
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Sti:  Find seeds in individual TPC sectors starting 
from the outer part and extend tracks to the inner 
part of TPC and HFT if it exists. Favor seeds in the 
outer TPC.

StiCA: Use CA as seed 
finder in TPC, i.e. seeding 
everywhere in each sector. 
Send tracklets to Sti to fit and 
extent to HFT if it exists.

GORBUNOV et al.: ALICE HLT HIGH SPEED TRACKING ON GPU 1847

Fig. 6. Reconstruction time on CPU for events with different track multiplicity.

Fig. 7. a) Neighbors finder. b) Evolution step of the Cellular Automaton.

The tracking algorithm starts with a combinatorial search for
track candidates (tracklets), which is based on the Cellular Au-
tomaton method [3]. Local parts of trajectories are created from
geometrically nearby hits, thus eliminating unphysical hit com-
binations at the local level. The combinatorial processing com-
poses the following two steps:

• 1. Neighbor finder: For each hit at a row k the best pair
of neighboring hits from rows k 1 and k 1 is found,
as it is shown in Fig. 7(a). The neighbor selection criteria
requires the hit and its two best neighbors to form a straight
line. The links to the best two neighbors are stored. Once
the best pair of neighbors is found for each hit, the step is
completed.

• 2. Evolution step: Reciprocal links are determined and
saved, all the other links are removed (see Fig. 7(b)).

Every saved one-to-one link defines a part of the trajec-
tory between the two neighboring hits. Chains of consecutive
one-to-one links define the tracklets. One can see from Fig. 7(b)
that each hit can belong to only one tracklet because of the
strong evolution criteria. This uncommon approach is possible
due to the abundance of hits on every TPC track. Such a strong
selection of tracklets results in a linear dependence of the
processing time on the number of track candidates. When the
tracklets are created, the sequential part of the reconstruction
starts, implementing the following two steps:

Fig. 8. Reconstruction performance for proton-proton collisions at 14 TeV.

Fig. 9. Reconstruction performance for central heavy ion collisions at 5 TeV.

• 3. Tracklet construction: The tracklets are created by fol-
lowing the hit-to-hit links as it is described above. The ge-
ometrical trajectories are fit using a Kalman Filter, with a

quality check. Each tracklet is extended in order to col-
lect hits being close to its trajectory.

• 4. Tracklet selection: Some of the track candidates can have
intersected parts. In this case the longest track is saved,
the shortest removed. A final quality check is applied to
the reconstructed tracks, including a cut on the minimal
number of hits and a cut for low momentum.

IV. TRACKER EFFICIENCY

The performance of the HLT track finder of 99.9% for proton-
proton events and 98.5% for central Pb-Pb collisions has been
verified on simulated events. Corresponding efficiency plots are
shown on Figs. 8 and 9. In addition to the high efficiency, the
real-time reconstruction is an order of magnitude faster than the
off-line algorithm used as reference.

The described algorithm has the advantage of a high degree of
locality and parallelism. Step one only searches for local neigh-
bors to each hit. It can be done in parallel for all the hits as the
result does not depend on the order of processing. Step three

† The difference between Sti and StiCA is the seeding strategy.



Scanning Efficiency
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* K. K. M. Wu and et al., Some remarks on scanning efficiency, Nuclear Instruments and Methods 25, 343 (1964).
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SOME REMARKS ON SCANNING EFFICIENCY 
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Severa l  nuc lear  emuls ion  p la tes  h a v e  been  tr iple scanned  for 
nuc lear  in te rac t ion  stars .  Tr iple  s c a n n i n g  showed  t h a t  s ta rs  of 
d i f fe ren t  t y p e s  had  near ly  s imi la r  in t r ins ic  probabi l i t i es  of 
be ing  de tec ted  app ly ing  the  Tols toy  test .  H o w e v e r ,  the  esti-  
m a t e d  n u m b e r  of s t a r s  us ing the  double  scann ing  m e t h o d  of 
L i m  et al. a n d  the  a v e r a g e  va lue  f r o m  tr iple  s cann ing  sugges t ed  
b y  To ls toy  were  below the  to ta l  n u m b e r  of s t a r s  found  by  the  

three  scannings  n1+2+3. A m e t h o d  was sugges ted  to clagsify the  
s ta rs  into two groups  each of d i f ferent  intr insic  p robab i l i ty .  
\Vi th  th is  classif icat ion and  wi th  the  cons idera t ion  of the  effect 
of t he  posi t ions of s ta rs  in the i r  fields of v i ew on the i r  efficien- 
cies, the  double scann ing  m e t h o d  was  found  to g ive  a n  est i -  
m a t e d  to ta l  n u m b e r  above  n1+2+ a. 

1. Introduction 
The value of the cosmic ray  flux may  be derived 

with the aid of nuclear emulsions by determining 
accurately the number  of nuclear interact ion 
"s ta rs"  in a given volume. In  this method the 
est imation of scanning efficiency is important .  To 
determine efficiency Lim et al.  x) suggested the 
method of double scanning using the assumption 
that  the scanning efficiency is constant  throughout  
each scan. If nx is the number  of stars found by the 
first scanner, n 2 the number  found by the second 
scanner, n,2 the number  common to both and n~ +2 
the total  number  of stars found in the two scans, 
then the efficiencies of the two scans e, and e2 are 
related to the est imated true number  of stars N by 
(1) and (2) 

n I = ~; lX 

Also 

Thus 

n 2 = e, z N  . 

n12  = ~:1 8 2 N  , 

(1) 
(2) 

(3) 

(4) N = n l • 2 / n 1 2  

and the total  efficiency 

e = n l + z / N .  (5) 

I t  has been pointed out by Waddington  2) that  if 

a) y .  K.  Lira,  J .  E.  L a b y  and  V. D. Hoppe r ,  Supp lemen to  
N u o v o  C imen to  X V  (1960) 382. 

~) C. J .  W a d d i n g t o n ,  S u p p l e m e n t o  N u o v o  C imen to  X I X  
(1961) 37. 

the stars have different intrinsic probabili t ies ot 
being detected, the above method will lead to an 
underest imation of the true number  of stars N. 

Generally if there are v homogeneous groups each 
with an efficiency "~ then the number  of stars found 
by the i th scanning will be 

v 
n i = ~ ~N~e, and 

#=1 

those found common to both the i th and the j t h  
scanning will be 

= ~, UNUe u e niJ l 
~=1 

Similarly the number  of stars found common to the 
three scannings will be 

nljk = i t~Z~gqull fff'k 
~=1 

and etc. 
If  the events are scanned independently r t imes 

then the following independent  equations may  be 
formed 

~N~e  i = 1, 2 . . . .  r .  n I Z. i u = 1 (r equations) 

~ . N . e  C; equations 
n~ = '%J i ¢ j 

#=1 
v 

nilk = ~ .NUs Ue ue C a equations 
u=l ' J k i # j # k  

n 1 2 3 . . . r  = ~ uXU~ u82 . . " u~  1 equation 
/1=1 
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• Use Sti and StiCA to reconstruct the same data sample 
• Two independent tracker with efficiency ε1 and ε2 
• Number of reconstructable tracks is N 
• N usually smaller than the number of real tracks 
• ε1 and ε2 will be larger than the real efficiency, which 

needs MC to obtain 
• Scanning efficiency only in this presentation



Run14 Au + Au 200GeV 
Global Tracks

4

StiCA

Sti

StiCA

Sti
~12%

~6%

?

Production Mid 

(w/ HFT)

Production High 

(w/o HFT)

Production Mid 

(w/ HFT)

Production High 

(w/o HFT)



5

Run14 Au + Au 200GeV 
Primary Tracks

StiCA

Sti

Production Mid 

(w/ HFT)

Production High 

(w/o HFT)

Production Mid 

(w/ HFT)

Production High 

(w/o HFT)



Run 9 and 13 pp 500GeV Luminosity
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2009 pp 500GeV BBC And

2013 pp 500GeV BBC And



Run 9 and 13 pp 500GeV 
Global Tracks
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Run 9 and 13 pp 500GeV 
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Summary
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✤ We compared the tracking efficiency and pT resolution between Sti 
and StiCA with real data in AuAu 200GeV Collisions in year 2014 and 
pp 500GeV collisions in year 2013 and 2009. 

✤ AuAu 200GeV  

• StiCA gives ~12% higher tracking efficiency when there is no HFT 
and ~6% higher tracking efficiency when HFT is available 

• The pT difference between Sti and StiCA is less then 3% for global 
tracks and no obvious difference for primary tracks 

✤ pp 500GeV 

• StiCA gives ~8% higher tracking efficiency at RHIC-II luminosity 

• The pT difference is less then 3% for global tracks 

✤ StiCA is less sensitive to bad TPC sectors



Issues and Todo
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✤ Issues 
• ∆ pT shows a pT dependence for global tracks 

in both AuAu and pp collisions 

✤ Todo 
• Comparing timing performance 
• Use MC data to evaluate the real tracking 

efficiency and pT resolution


