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Region Of Interest Finding Motivation

= a very large amount of PXD data is expected at full luminosity

» ~2M pixels with a ~3% occupancy, 10kHz trigger rate — 20Gb/s of PXD data

= need to reduce the total amount of PXD data to be stored, roughly by an
order of magnitude

| ~1MB/ev | Factor 10 reduction | —100kB/ev
~20kHz ~/kHz

oD l PXD L =
readout
processor

| Citerh |

= this operation is done between the Event Builder 1 (all detectors except
PXD) stage and Event Builder 2 stage (all detectors + PXD), with inputs
from High Level Trigger (HLT)

= two parallel implementation of PXD data reduction are foreseen:
» software-based solution

» hardware-based solution exploiting FPGAs
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COPPER

'z> basf2-based

ROI finder

\ HLT
DATCON ROIs
FPGA-based
ROI finder
ROIs merger, ,9_’_’%‘@
pixel selector O /;GO,

BUILDER

TWO

Giulia Casarosa First Bellell Italian Collaboration Meeting - 9™ June 2014



Software-Based ROI Finding Algorithm

1. pattern recognition performed with SVD hits only:
* TrackCand list produced by VXDTF (or MCTrackFinder for testing purposes only)
2. fit the TrackCand using the standard kalman filter (genfit) and produce a Track
* the fit is done in both directions: first inward, then outward
3. the Track is extrapolated on each of the 40 planes containing a PXD sensor
* obtain an extrapolation point on the plane and the associated statistical errors ostat

4. a rectangular region is defined given ostat, @ systematic error osyst and a total number of
0 = sqrt(o?sat + 0%yst) in each direction u,v

5. the region is intersected with the sensor and then translated in pixels ID

L 4 s \
L 4
RO o track reconstructed

using SVD hits (VIDmax, UIDmax)
UL) m
v s PXD sensor (VIDmin, UlDmin) +
L ———— sensor|D
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Definition of the Figures of Merit

= Definition of efficiency for PXD Data Reduction:

# PXDDigits inside a RO inefficiencies of the
€= pattern recognition
total # PXDDigits of TrackCand are factorized!!

= Definition of data reduction factor:

< # pixels in ROl/event >
250%768 pixels/module * 40 modules

= execution time: we run on the HLT, we need to be fast: benchmark = 1ms/track
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ROI Finding Efficiency

= We compare the efficiency obtained using MCTrackFinder vs VXDTF
the VXDTF with the MCTrackFinder: 100
"o\ Illllllél!l!lli!lllllll|lll|l_,lllll|lll|lll
» VXDTF: official track finder S [ 4 | § S
vt €=(91.7+£04) % -
» MCTrackFinder: uses the true hits 90 ~
- I i
= Efficiency with VXDTF = (75.2+0.7)% i i -
sof- T —— } .
= Efficiency with the MCTF = (91.7 £+ 0.4) % 1 _
[ €=(752+07)%
= |n both cases inefficiency mostly due to 70k + —
failures in fitting the track and finding an - .
intercept with the sensor planes (see next sl s MCTrackFinder .
slide N ]
) : « VXDTF :
~ N L i
e 50— ]
# PXDDigits inside a ROl  'néfficiencies of the ; ]
€ = _— pattern recognition _ |
tOtal # PXDD]g]tS are faCtor’ZEd’ 40 —"l | l 1 11 | 11 | | .| | 111 I 111 | 11 | | | l | | | 11 | 1 l—
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[ genfit1 & MCTrackFinder ]

Inefficiency due to Bad Track Status

true hits

TrackCand

GFException thrown with _excString:
RKTrackRep: :RKutta ==>|Do not get closer to plane!

in line: 1230 in file: /home/buildbot/externals/v@v-04-01/src/genfit/RKTrackRep/RKTrackRep.cxx

with fal ] ] ]

'warnTy  GFException thrown wit :
RKTrackRep::Extrap maximum number of iterations exceeded
in line: 934 in file: ome/buildbot/externals/veb0-04-01/src/genfit/RKTrackRep/RKTrackRep. cxx
with ¥

'warn, GFException thrown with excString:
RKTrackRep: :RKutta ==> momentum too low: 2.56996 MeV

in line: 1134 in file: /home/buildbot/externa(s/v@0-04-01/src/genfit/RKTrackRep/RKTrackRep.cxx
with fatal flag ©

[WARNING] bad track status { module: PXDDataReduction }




[ VXDTF ]

The Pulls of the Track Intercept

U pulls for PXDDigits contained in ROI hPullU V pulls for PXDDigits contained in ROI hPullV
Entries 2670 Entries 2670
140 - | | [ [ Moan 02541 : | | I [ \ean 01008
- RMS 1.591 S /MS 1.404
120+ 13 1 naf 290.2 /88 100 ? 221 nat 150.8 / 81
B Constant 933 =27 - Constant 98.69 + 2.62
100— UL Mean  -0.3085 - 0.0248 80 -_ -0.1097 1 0.0249
: Sigma 116 = 0.02 - 1.212 + 0.021
80— — L .
i 3 60— _
60— . - i
i § 40+ —
40— - : :
= — 20— ]
20— - i |
0 - 1 1 I 1 1 | I 1 1 1 I | N 0 i 7
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

0 intercept - pixel center
PU = “stat error on intercept

= U (V) Pulls are negatively biased by 30% (11%) of the statistical error
= the statistical errors are underestimated by ~15-20% (understood, due to our definition of pull)
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ROI Modules Status

= Efficiency needs to be improved, in particular for low pr tracks
= Data Reduction Factor estimated ~1%, fully satisfactory
= Execution Time needs to be reduced
= Tracking code is in continuos development
» improvements in track finders
» improvements in track fitting

= The ROI module will be re-designed to exploit the powerful tools that
are being developed and to match all the requirements
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Expected Performance on Beam Test Geometry

Giulia Casarosa

-

-

We simulate 100 events using particleGun (2GeV e°, no beam divergence) and
use the VXDTF as pattern recognition:

» ~0.45 tracks/event (0.32 with MCTrackFinder)
» ~1.9 PXDDigits/track (3.1 with MCTrackFinder)

Efficiency = (97.5 + 0.7)% ( (99.2+0.4)% with MCTrackFinder)
Data Reduction Factor = 0.01%

Execution time = 5 ms/track (in debug mode!)

the code is usable in the test beam environment
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VXD test beam
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Test-Beam Introduction

= VXD common test beam in January 2014 (4 weeks @ DESY)

= Small sector close to final prototype detectors and ASICs + telescope:

» 1 PXD half ladder + 4 SVD single module layers

» EUDET telescope (3+3 layers) Mechanical Set-up

= Complete VXD readout chain: HLT,

monitoring, event building,
PocketDAQ

= |[lumination with (up to) 6 GeV e
under soleoidal magnetic field

= Alignhment, pattern recognition,
online tracking, ROls, ...

1’,{ GOAL = system integration test
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Event Display

L6 L5 L4 H3 L2

e SVD real data
* Track reconstruction
* PXD and telescope extrapolation

First Bellell Italian Collaboration Meeting - 9 June 2014



The Golden Run for HLT ROls

= preliminary results shown here are taken from run 642:

Giulia Casarosa

» no magnetic field

5 mm Al plate in front of PXD (~10% Xo)

v

v

v

v

SVD aligned with the first set of alignment parameters

PXD not aligned

®

we manually shifted the intercept position to correct for
misalighment, estimating the shift using the previous run (625)

ROIs parameters:

®

®

®

Osyst = 200 pm in both directions
No = 10
maximum width = 5 mm in both directions
statistical error of extrapolation:
e (Ostat(U)) = 27 pm (RMS = 31 pm)
e (Ostat(V)) = 16 pm (RMS = 50 pm)
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Event 573 of Run 642

ROI + pixel cluster

SVD trac

{

SVD track
rapolation
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PRELIMINARY

Giulia Casarosa

run642

ROIs Position on the PXD sensor

= ROIs are centered in U (long side) and spread over the V direction:

ROl center2 1 2 hROlcenter_2_1_2
- Entries 4656
8 :l rrryrr T T VT T T T T T Mean X 255_7
= 180 Mean y 101.9
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PRELIMINARY run642

ROIs Width along U (long side)

= average width along U is 30 pixels = 2.25 mm

ROI width in U for sensor2_1_2 hwidthU_2_1_2
Entries 4656
_l | L I LI l | L I LR I LI I UL I L I | L I e Mean 29.78
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PRELIMINARY run642

ROIs Width along V (short side)

= average width along V is 45 pixels = 2.25 mm

ROI width in V for sensor2_1 2 hwidthV_2_1_2
Entries 4656
103 71 T T | T T T [ T I T | T T I | T T T [ i Mean 44.89
= , , RMS 20.61
- ROls near - fixed maximum width Underflow 0
—  the edge (0.5 cm = 100x50pum) | Overflow 0

J—

|
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| IIIIHI
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PRELIMINARY
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2D Residuals

shadow of HTL ROIs + DATCON ROls spread over the sensor

run64?2

X

intercept

ROI
V vs U residuals = intercept - digit, for sensor2_1_2 adinobind = i st~ s
Entries 74543
fg 3 F—r 1 1 1 [ T 1 T 1. [ T 1 1t 1T [ T T 1T T ] 1 1 Mean X -0.7296
A Meany 0.08047
e — RMS x 0.8644
2 b RMSy  0.2782
> — 0 0 0
- v 11974423 1
[~ ) . .. 0 o o
1. LRI -
n [y ¥, _
o i a0
— 10 =130
- —
N - 20
2l -
N _ 10
- 1_ 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 1 B
3-3 -2 -1 0 1 3 0
U resid (cm)
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PRELIMINARY

Giulia Casarosa

2D Residual Peak Zoomed in

= a clear peak of signal pixels is shown:

Entries 2666000
Mean x -0.005464
Meany 0.007311
RMS x 0.05779
RMSy 0.05682
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= PXD ladder was manually aligned, minimal residual misalighment not affecting ROIs finding

= Extrapolation resolution ~30um on short side (V) and ~140pm on long side (U), difference
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Conclusions

= ROI Finding is of crucial importance in Bellell

= At present, our module is based on an pattern recognition module and a track-
fit function whose performance influence the ROI finding efficiency

= |mprovements in execution time and efficiency are needed and will come in the
future, exploiting the powerful features being developed by the tracking group

= The entire ROI chain has been successfully tested during test beam:
» the most important result is already achieved!

Thank You!
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