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Straw Tube Tracker(STT)

Solenoid Supply Box Target Production Instrumented Flux -
Return Yoke Barrel -
-
-
-
Upstream Door Ty Downstream Door - -
imall / .
-
Solenoid Sub-Coils _ - -
— -
Solenoid Cryostat j .'___Muon Filter
Beam Pi
pe | Disc DIRC
[
ﬂ Drift Detectors
el
T GEMs
1E
Micro-Vertex Detector Wi b
r ElectroMagnetic
Central Tracker ) | T~ Lalorimeter
=—————— |l T+ S ~
- ri — —
Barrel DIRC ——— ] Muon Range ~ -~ ~
| Barrel TOF ——— System -~y ~
l = N \
—~
Target Recovery U =

» 4636 Straw tubes
»23-27 planar layers

15-19 axial layers(green) in beam direction
4 stereo double-layers for 3D reconstruction,
with +2.89 skew angle(blue/red)

From STT : Wire position + drift time ,




Conformal transformation and Hough transformation

: Real space
Conformal transformation: _ & ——
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Transform circles to straight lines &~ N
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Hough transformation:
For lines: y=mx+b
R=x cos(B) + y sin(06)

» Use all possible angles
»Save data in histogram
» Peaks in histogram )
represent possible lines in
point set | & -
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Describing points in real space by parameters
(x1, y1), (x2, y2),...~ (m,b) or (r, 6)

Hough space




Previous method of Pt reconstruction with STT

Transform these two points to CF space.
Draw lines around each point in CF space.
Fill the line parameter into the Hough space.

Real space CF space
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Pick up two points around the drift circle.
Problem:

Bad for low momentum.



New method of Pt reconstruction with STT

Real space CF space
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« Transform the drift circle to CF space. _
- Draw lines around the “circle” in CF space. Legendre transformation
 Fill the line parameter into the Hough space.
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A look at one example event
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Momentum resolution
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New method improves at low Pt.




Status of the tracking algorithm in VHDL

Tracking Algorithm

Conformal Legendre Fill
transformation transformation Legendre space

Find peak

Wire position
+drift distance

For more realistic input, like id of
tube or amplitude, lookup tables
need to be added here.

128X128 Legendre space (r, 6)
used.
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. . 30 Mean  0.9781+0.0146
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Event Structure

Marius talk
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Time based simulation by T. Stockmanns
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Can we extract the event start time?

* Need fast detector to provide TO. {é |
« With TO, are the overlapped hits =2 T0=50
= P " T0=80
E TO + 220ns window size r T0=120
R X(cm)
=_ 1: If TO is known, the contamination hits
=_ from other events have wrong drift circle. @O".Q
E_ Wrong drift circle - bad peak in legendre spacg._ g 'o 2
= 'éu@"Q@'“@‘ 2. W TO> W drift circle > bad K
= 5 O 2 () : Wrong > Wrong drift circle ad pea
= 7 % Can we use this to extract TO?
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TO extraction

Time based simulation: TO scan with tracking algorithm:
1) 4 events (single track) in one burst. Step size: 2ns
2) TO (0, 90,160, 220) ns

C++ VHDL with 1Sim
Hough space: 800 X 800 Hough space: 128 X 128

3
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TO extraction — for large burst

TO scan + 220ns window size
If large burst: oo

----------- ToT

Time based simulation of one burst with 50 events
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y(cm)

TO extraction — another idea

his
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Setup and test

PC as data source and receiver.
> Ethernet. Detectors

» Optical link (UDP by Grzegorz Korcyl )
(not integrated yet)

Ethernet via
Optical Link

FPGA

Tracking

algorithm




Summary

» New method studied. Low momentum reconstruction improved.
4.27% (old method) - 3.47% (new method) @ 0.2GeV/c

»  First version VHDL implementation is finished. A Legendre space
of 128X128 is used.

» TO extraction using tracking algorithm is studied. “T0 scan” is
feasible to extract TO. The problem is the dramatically increased

computing time. (25 times longer if using 2 ns step size.)

Next to do:
» Combine MVD information

»  Optimize the algorithm.



Thank you



Multiple tracks in one event

hough_height
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If TO is known:
For each TO, all hits within the 220ns window size need to be considered.

Assume, we have 100 hits in this window, 2 clock-cycle per hit.

100 hits * 2 = 200 clock-cycle per event

If TO is unknown:;

We need a TO scan.
Assume a step size of 2ns, average time between two events of 50ns.

(200 clock-cycle  per event) * 50ns/2ns = 5000 clock-cycle per event



Conformal transformation and Hough transformation

Transform circles to straight lines Describing lines by parameters
X~ X, y=mx+b = (m,b) or(r, 6)
X'= 2 » Use all possible angles
V=V, »Save data in histogram
y N » Peaks in histogram represent possible lines
in point set
¥ = (X=%0)* + (Y = Yo)’ g
Y’ ,
= -
[ | ‘/
= /y'/
[ | /,I/
. oo
X X’
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Momentum resolution at 1GeV
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Precision check

One input hit.

000000011010100101110010000000000000110011101101000000100000000000000000000000000000011001101011

(1.6619, 0.0505, 2, 0.0250782) Unit (0.1m)

Generate two point candidates:
000000011010100110001011000000000000011001L1110..........eveveeeeeeseeees e,

x1,y1 (1.66228,0.0253601 ...)  C++ calc: (1.66228,0.0254247)
000000011010100100110000000000000001001000000000 «.rrnnniiiiiit e e

x2,v2 (1.66089, 0.0724945 ...)  C++ calc: (1.66076, 0.07555)

Conformal transformation
0000000010011001111102111000000000000001001011001 ..+ eeeermme e

x1°, y1° (0.601425, 0.00917053)  C++ calc: (0.601443, 0.00917575)
000000001001100111010110000000000000011020000000 ..ttt

x2°,y27 (0.600922, 0.0262146)  C++ calc: (0.600942, 0.0262299)

Hough space, not listed here.
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Summary table of the resource utilization

« Hough Space
128*128 bins
e Parallelized in 0

 Serialinr

Estimation from

David’s previous design

« 2 clock cycles per bin

=252 clockcycles

pipeline => latency.

—2520 ns at 100 MHz

Device Utilization Summary (estimated values) [-1
Logic Utilization Used Available Utilization
Number of Slices 12860 25280 50%
Number of Slice Flip Flops 4633 50560 9%
Number of 4 input LUTs 23463 50560 46%
Number of bonded 10Bs 38 5?6. 6%
Number of FIFO16/RAMBL16s 89 232 38%
Number of GCLKs 6 N 32 18%
Number of DCM_ADVs 2 712 16%
Number of DSP48s 77 128 60%
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Displaced vertex --old method
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, Behavior of transformations
P=1GeV phi=100
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P = 1GeV phi = 190
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, Behavior of transformations
P =2GeV phi=100
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Logic Utilization Used Available utilization

Number of Slices 4931 25280 19%
Number of Slice Flip Flops 4442 50560 8%
Number of 4 input LUTs 8019 50560 15%
Number of bonded 10Bs 38 576 6%
Number of FIFO16/RAMB16s 89 232 38%
Number of GCLKs 6 32 18%
Number of DCM_ADVs 12 16%
Number of DSP48s 49 128 38%
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PC as data source and receiver

Detectors
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Real Space Conformal Space
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Entries 312
Mean 0.1849
RMS 0.02983
1* I ndf 72.97/13

Constant 88.33+ 8.53
Mean 0.1939+ 0.0007
Sigma 0.0108+ 0.0008

%.1 0.120.14 0.160.18 0.2 0.220.24 0.260.28 0.3

400
350
300
250
200

150

50

)

=y

h truth
Entries 936
Mean 0.1906
RMS 0.02184
x2 7 mof 1411 /16
Constant 38551 19.7
Mean 0.1932 £ 0.0003

Slgma p.008225 + 0.000303

0.120.14 0.160.18 0.2 0.220.24 0.260.28 0.3

450

400

350

300

250

200

150

100

50

%.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28

h_circle real

Entrles 989
Mean 01911
RMS 0.01497
k= ndf 84.23/12
Constant 406 + 18.9

Mean 0.1935 + 0.0003

Slgma  g.008001 + 0.000262

.
Truth: 4.1%
Old_ideal: 5.4%
Old_real: 5.6%
New ideal: 3.6%
New real: 4.0%
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Can we extract the event start time?

 TO(ns) * Need fast detector to provide TO.
220
T « With TO, are the overlapped hits problem?
160 LITTETT
TO + 220ns window size
90 NERINEN — —
0 LT L CIIEEN Ty
ToT ToT

1: If TO is known, the contamination hits
from other events have wrong drift circle. .8 @OG

Wrong drift circle - bad peak in legendre space. &

- ~

& Oov‘ OG O 2: Wrong TO = Wrong drift circle > bad peak
N Can we use this to extract TO?

1 " L M M 1 L M M " 1 M M L L 1 M " " M 1
20 25 30 35 40

-
(%))
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