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® CDC becomes large
® #wires : 8400 -> 14000
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Table 6.2: Configuration of the CDC sense wires.
superlayer | No. of | Signal cells radius Stereo angle
type and No. | layers | per layer (mm) (mrad)
Axial 1 8 160 168.0 — 238.0 0.
Stereo U 2 6 160 257.0 — 348.0 45.4 — 45.8
Axial 3 6 192 365.2 — 455.7 0.
Stereo V 4 6 224 476.9 — 566.9 | -55.3 — -64.3
Axial 5 6 256 584.1 — 674.1 0.
Stereo U 6 6 288 695.3 — 785.3 63.1 — 70.0
Axial 7 6 320 802.5 — 892.5 0.
Stereo V 8 6 352 913.7 — 1003.7 | -68.5 —-74.0
Axial 9 6 384 1020.9 - 1111.4 0.




CDC Front-end

Electronics Hat

GDC TRG : Logical Flow

Front-end

Track Segment Finder

2D Tracking

3D Tracking

~14000 wires KEK
including stereo

292 boards KEK
48 wires/board

39 boards N.UU.
384 wires/board

9 boards KEK
960~2304 wires/board

1 board FlC.U.

all wires available

8 board = 8¢ sectors KU
all wires available
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CDC TRG : Front-End Location

® KFront-End

® 48 ch/board
® 292 boards in total
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CDC Front-End Board
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Partial Track Segment (pTS)

TRG logic system clock : 125 MHz
Data update : 62.5 MHz (every 2 clocks)

Data
1 bit for hit info. for all cells

4 bit for hit timing for the priority wire cells (LSB 2ns)
2 bit for the fastest timing in the pTS (LSB 8ns)

Wire cell

Data size : 1x48 + 4x16 + 2x16 = 144 (bit)
Data flow : 144 x 62.5 M =9 G (bps)

CDC Front-

We like to send “TRG local clock” to end
Front-ends when in development stage (48ch/board)

Optical
RocketlO

(built-in)

Priority wire cell

TRG Stream IN

[12.5Gbps = 3.125Gbps x4]
* control
* calibration data
* simulation data

TRG Stream OUT
[12.5Gbps = 3.125Gbps x4]
* hit pattern (48 cells)
* hit timing (16 cells)
* fastest timing (16 cells)
* calibration data



CDC Front-end board 7
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CDC Front-end board 6
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CDC Front-end board 5
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CDC Front-end board 4
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CDC Front-end board 3
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CDC Front-end board 2
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CDC Front-end board 1
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CDC Front-end board 0
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9 Gbps (12.5 Gbps max)
9 Gbps
9 Gbps
Y
9 Gbps
72 Gbps IN
Merger
9 Gbps 36 Gbps OUT
System clock : 62.5 MHz
Hit info. (5 bit)
1 bit hit info.
4 bit hit timing (LSB 1ns)
5 Gbes | Hit info. (1 bit)
D 1 bit for hit or not
3.125 x4 Gbps line
s 6.250 x4 Gbps line
9 Gbps
9 Gbps

Data size : 1x48 + 4x16 + 2x16 = 144 (bit)
Data flow : 144 x 62.5 M =9 G (bps)

CDC phi Sector 3
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CDC phi Sector 2
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CDC phi Sector 0
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Data size : 1x16x4+4x16x1 = 512 (bit)
Data flow : 512 x 62.5 M = 32 G (bps)

CDC Trigger : Merger Data Flow 1.02
2011/01/24
Y. lwasaki



CDCS. Layer0

160 x 6 wires
=20x48

CDCS. Layer 1

160 x 6 wires
=20x48

CDCS. Layer 2

192 x 6 wires
=24x48

CDCS. Layer 3

224 x 6 wires
=28x48

CDCS. Layer 4

256 x 6 wires
=32x48

CDCS. Layer 5

288 x 6 wires
=36x48

CDCS. Layer 6

320 x 6 wires
=40x48

CDCS. Layer 7

352 x 6 wires
=44x48

CDCS. Layer 8

384 x 6 wires
=48x48

signal Flow in GDCTRG

System Clock : 62.5MHz System Clock : 125MHz System Clock : 62.5 MHz System Clock : 62.5 MHz CDC Trigger Output
Optical link : 12.5(3.125x4) Gbps Optical link : 25(6.250x4) Gbps Optical link : 10 Gbps Optical link : 10 Gbps All TSF
10 Gbps max 20 Gbps max 8 Gbps max 2D tracks
TSF Layer 0 2D Track Finder 3D Track Finder
20 6
960 ch (200 Gbps max) 800ch @ (120 Gbps max) 160 ch 19 2336 ch 1941 CDC Trigger Output
cDC Merger uT3 uT3 i uT3 D e
Front-End 140 Gbps 384 100 Gbps Board 10 Gbps 146 Gbps Board Board
(x20) (x3) (x8)
TSF Layer 1
20 @ 6
200 Gbps max a 120.Gbps max
e 960 ch ( p: ) Merger 800 ch ( p ) U3 160 ch
Front-End | 140 Gbps 384 100 Gbps Board 10 Gbps
(x20) (x3)
TSF Layer 2
24 @ 6
240 Gbps max; a 120 Gbps max
e 1152 ch ( p: ) Merger 960 ch ( p ) e 192 ch
Fron;fnd 168 Gbps 3834 120 Gbps Board 12 Gbps .
b = Link speed 3.125 Gbps (GTP)
TSF Layer 3
28 @ 8
280 Gbps max; a 160 Gbps max H
epe | achy  oRePPs e IMierger | 120ch T (190%bRs max uts | 22 Link speed 6.250 Gbps (GTX)
Front-End | 196 Gbps 384 140 Gbps Board 14 Gbps
(x28) (x4)
TSF Layer 4 Link speed ~10 Gbps (GTH)
32 8
(320 Gbps max) @ (160Gbps max)
cDC 1536 ch p: Merger 1280 ch p! uT3 256 ch
Front-End | 224 Gbps 384 160 Gbps Board 16 Gbps
(x32) (x4)
TSF Layer 5
36 @ 10
(360 Gbps max) al (200 Gbps max)
cDC 1728 ch p Merger 1440 ch p: uT3 288 ch
Front-End | 252 Gbps 384 180 Gbps Board 18 Gbps
(x36) (x5)
TSF Layer 6
40 @ 10
400 Gbps max) a 200 Gbps max
e 1920 ch ( p: Merger 1600 ch ( p ) T3 320ch
Front-End | 280 Gbps 384 200 Gbps Board 20 Gbps
(x40) (x5)
TSF Layer 7
44 @ 12
(440 Gbps max) al (240 Gbps max)
cDC 2122 ch P Merger 1760 ch p: UT3 352ch
Front-End | 308 Gbps 384 220 Gbps Board 22 Gbps
(x44) (x6)
TSF Layer 8
48 @ 12
(480 Gbps max) a) (240 Gbps max)
cDC 2304 ch p: Merger 1920 ch p: uT3 384 ch
Front-End | 336 Gbps 384 240 Gbps Board 24 Gbps
(x48) (x6)




Partial System Test

System Design

Front-end

2D Tracking

System Test VO

UT2 board (GTP)
1 board

UT3B board (GTP+GTX)
1 board

UT3pB board (GTP+GTX)
1 board

UT3pB board (GTP+GTX)
1 board

System Test V1

UT2 board (GTP)
1 board

UT3B board (GTP+GTX)
1 board

UT3y board (GTX+GTH)
1 board

UT3y board (GTX)
1 board

® Partial System is building in Tsukuba B2F
® Version 0 : test with compatible boards without GTH
® Version 1 : test with compatible boards with design link speed
® Version 2 : test with production boards

® We will report performance of VO at B2GM in
spring



CDC Front-end

Track Segment Finder
(TSF)

2D TRK Finding

2D TRK Fitting

3D TRK Finding

3D TRK Fitting

GCDG Trigger : Algorithm

Inner TSF Outer TSF

Formed in all super layers : ~2000TSFs
Hit decision by Memory Look Up (MLU)

Finding by Hough transformation
— Pt and ¢, #tracks, charge sum

Linear fit in Conformal plane
— improved Pt and ¢
Pt resolution : 2~15%

Attach stereo TSFs to 2D tracks
— 3D track candidates

40

oMuon, Pt=2.0GeV |,2/ndf=500.4/15

Prob

350

Fit 3D tracks — z and cotb
z resolution : ~4cm

200

150

Constant 278.9:9.5

Mean 1.039 = 0.351

Sigma 8.595 + 0.197
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2D Track Finding

® Hough algorithm

Fu Jen CGathelic U.
KEK

® C(ircle (on the origin) search -> Peak finding on the parameter plane
® Plan to do similar method like *‘trasan” (offline track finding module

in Belle)
® Input : TS hit

® Peak finding and mesh size are keys to obtain good performance

® F.J.C.U. group will study peak finding using TSIM

X Hough Window X circle Hough plan
next | wire# | axial | stereo | coordinate | zoomin | zoom out | next | wire#t | axial | __ stereo | coordinate | _zoom in | _zoom out [
skip | skipall | rphifsz_ | conformal | sgmt link | sgmtvec | window cp | skip | __skipall | _rphifsz | _conformal | sgmtlink | _sgmtvec | window cp |

CDCX-y Plane |
; R/phi Plane

2 2
X +Yy

r= .
(x—a)2+(y—b)2=r , 2XCOS¢+2ySll’1¢

phi

After the selection of good hits

X Hough Window

next | wire#t | axial | _ stereo | coordinate | zoomin | zoom out |

skip | skipall | rphifsz | conformal | sgmtlink | sgmtvec | window cp |

fld:15er:3.5 her:8
datFri Jan 2 18:59:18 1970
exp:31 runBrm:0 evt:1

0
fioRe
% o

Ch - o g.-'
L

Candidate hits for 3D building



GDC Trigger Simulation

® Basic components were installed under basf2

® trg/cdc/...
® Present version can simulate up to TSF

® Hardware module base simulation is necessary

® Especially for 3D tracking developments
® Input and output of each hardware module will be simulated
® Simulated input can be sent to real hardware

X| CDCTriggerDisplay X| CDCTriggerDisplay X| CDCTriggerDisplay

Next Step End of Event ‘ \ Next Eevnt Next Step ‘ ‘ End of Event ‘ ‘ Next Eevnt \ ‘ Next Step End of Event ‘ \ Next Eevnt
Stage : Triggering not started Stage : Triggering not started Stage : Triggering not started
Information : An event just occured Information : An event just occured Information : An event just occured

0.264 ([ Reset position | [7] Axial [] Stereo [] Wire Name [] Belle CDC  0.264 [ ———————— |Reset position | [/] Axial [] Stereo [] Wire Name [] Belle CDC  0.264 [ _ Reset position | [7] Axial [] Stereo [] Wire Name [] Belle CDC

4 4




How to Debug GDG TRG System?

Up-stream

Down-stream

® To debug a target, we need both input and output
® Input is simulated data sent from Up-stream to Down-stream via Target,
then send to Target from Down-stream
® Qutput is recorded and examined at Up-stream



simmary

® Proto-typing of modules are on the way

® No big delay in schedule
® UT will be made fiscal year 2011

® Partial system tests

® To demonstrate stability of our system design
® To develop monitor tools, maintenance methods, debugging, etc

® Trigger algorithm development with TSIM is going
on






