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XFT = CDF Level 1 Track Finder i

e Role of tracking

» Top, W/Z, Exotic Physics triggers
require High momentum electron and Detector Elements
muon Level 1 trigger candidates ‘ CAL COT’ ‘MUON’ [svx} ‘ CES ’

» Bottom Physics require low momentum
tracking at the ‘ v
Level 1 trigger .
d electrons —=
d muons
[ hadronic tracks
e L1 Trigger Primitives

» Electrons: XFT track + EM cluster
» Muons: XFT track + muon stub

e L2 Trigger Tracks
» XFT Track + Silicon Hits

CDF Trigger System

» TSI/Clock
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e 8 “superlayers”
> 4 with axial wires: r - ¢ measurement
» 4 with stereo wires: z measurement

e Small Cells
» 0.88 cm drift (avg.)
» Max drift time ~220 ns

> 12 sense wires/cell: 96
measurements

» 2540 cells, 30240 channels
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Charged Track Finding i

Hit Finding: Mezzanine Card

» Hits are classified as prompt or i ] .
delayed Good hit patterns are identified

e Segment Finding as segment, then segments are

> In the axial layers, search for linked as tracks
patterns of prompt/delayed hits
consistent with High Pt tracks

» Each segment found is assigned a
pixel (phi, all layers) and possibly a
slope (outer 2 axial layers only)

Track Finding

» Looking across 3 or 4 axial layers,
search for patterns of segments
consistent with Pt>1.5 GeV/c

» Resultant Pt and Phi of all 1.5 GeV/c
tracks sent on to XTRP

» Maximum of 288 tracks reported
New Tracks found every 132nsec!
» eXtremely Fast Tracker: XFT

\\ 27
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The Hit and Segment Finders ol

Track segments are found by comparing hit patterns in a given
layer to a list of valid patterns or “masks”.

. Mask : A specific pattern of prompt and
delayed hits on the 12 wires of an axial

COT layer

. Pixel: represents the phi position of the
track at the midpoint of the cell.

10 =

FINDER
1

Layer Cells Pixels Masks

T 1 192 | 2304 166
L 2 288 | 3456 227
T e T T 3 384 | 2304 292

O “Prompt" hit 4 480 | 2880 345

0 “Delayed” hit
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The Linker i

Tracks are found by comparing fired pixels in all 4 layers
to a list of valid pixel patterns or “roads”.

; « Chamber is divided into
Pixels must © = " L S e 288 1.25-degree “identical”
match S B Linkers

ob s S » Each linker uses a look-up
L s S table of ~1200 roads

: Slope".s must
s | match

7‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
50 60 70 80 90 100 110 120 130 140
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XFT System Electronics

e Mezzanine Cards
» 168 cards
» Classifies hits as prompt/delayed

e Final Finder system
» 24 SL1-3 boards
» 24 SL2-4 boards
» Heavy reliance on PLDs

 Allows for some redesign: new
patterns for number of misses, wire
sag, faster gas, etc

1 -8
-
—
i
@
[
LI
—_
= i’
b 5 -
L EE
i

il

e Final Linker System
» 24 Linker boards
» Heavy reliance on PLDs

J Allows for new road set based on
new beam positions

(J Have already developed 2 new roads
sets due to accelerator changes.
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XFT Performance in CDF Runl I

Performance of the XFT in CDF's Runll has been excellent
1. Momentum resolution 1.74%/GeV/c
2. Phi Resolution < 6mRad

3. Efficiency ~ 95%

0 L B L | U T L L B L R g = I X T\ "?md
1 - — = - XuX /) T
I - Offset 0.84 +- 0.008 %/GeVic - S - X -
LﬁlOOOO | Both charges -] 5 08— [} —
- Resolution  1.74 +- 0.007 %/GeV/c _| T C .
- - -e-- Negative charge — x 06— Numerator is offline tracks with match to XFT track —
8000 C = ] 04 :_ Denominator isall offlinetracks _:
C ...e.... Positive charge ] . E N —*— Negative charge E
6000 — ] 02— N —a— Positive charge " —]
- _ - 4 & ]
- - 0 [ ﬂ ! ! ! .
4000 — ] 1 15 2 25 Oftline transver se msmentum (GeVic)
2000 — . —
- = gk QW %WW oo Wﬁ B *J}*—wa
los A A PR h o E 08—
0.2 0.15 0.1 -0.05 0 0.05 O 1 0.15 0.2 »U—J E tA
Transver se momentum resolution (/GeV/c) = 06— A
04— {I
9 9000 T T T L E e S B B — - &
= Offsat 001+ 0.023mR E 02— ) .
3 8000 - oE _ﬂg . . . . s
E Resolution 5.45 +- 0.024 mR =
7000 — — 0 2 4 6 8 10 2 Offlmetranwerslesmomemum (Gev/c)
6000~ —=
s 1 1 E R T
4000~ = £ os % + + =
= E £ = 3
3000 = = x 06— —_
2000 = oaf- =
= b) 3 = 3
1000 OF= = ]
ol . o ) E o 0
-0.06 -0.04 -0.02 0 0.02 0.04 } ol . : . -
Azimuthal resolution (radians) 0 8 10 12 Offli%étranwerslgmommtu%?(eevm)
Richard E. Hughes IEEE/NSS 2003 Portland, OR 21 September 2003; p.8




XFT Run I'l Upgrade

e The XFT was designed for a
luminosity of:

> L=1x1032cm2s! 396nsec bunch

Qcint/crossings ~ 3 : e
» L=2x1032cm2s-1 132nsec bunch §10 -
Q<int/crossing> ~ 2 S
e Accelerator Performance § ---------
> Max lum attained: 5x103cm=2s! £? =
» Expect maximum of -
L=3x1032cm-2s-1 396nsec bunch oL
<int/crossing> ~ 9
Factor of 3-4 above design 0 O R
10-21 Lol Lol

10° 110 10°
Luminosity (x 10> cm?-s?)
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Event : 382481 Hun: Iﬁﬁﬁ EventType : 1JATA pUnpresc: 1,36, 31,23 24

™~

Miz=ing Et
Et= 3.3 phi=3.7

Lizt of Tracks=
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.1 -2.2 1.0
152 25.7 0.8 -6.3
137 1.2 0.3 6.2
1iz -1.6 -1 ol
13a 1.2 1.6 -1.3

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=
CelectSrtTrack | Id)

_
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Event : 382481 Hun: Iﬁﬁﬁ EventType : 1DATA pUnpresc: 1,35 ,11,23 24 350

™~

Miz=ing Et
Et= 3.3 phi=3.7

Lizt of Tracks=
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.1 -2.2 1.0
152 25.7 0.8 -6.3
137 1.2 0.3 6.2
1iz -1.6 -1 ol
13a 1.2 1.6 -1.3

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=
CelectSrtTrack | Id)

_
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Event : 382481 Hun: Iﬁﬁﬁ EventType : 1DATA pUnpresc: 1,36, 11,23 24 3

™~

Miz=ing Et
Et= 3.3 phi=3.7

Lizt of Tracks
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.1 -2.2 1.0
152 25.7 0.8 -6.3
137 1.2 0.3 6.2
1iz -1.6 -1 ol
13a 1.2 1.6 -1.3

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=

CalectEreTrack |Id)
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Event : 382481 Hun: Iﬁﬁﬁ EventType : 1DATA pUnpresc: 1,35 ,11,23 24 350

™~

Miz=ing Et
Et= 3.3 phi=3.7

Lizt of Tracks
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.9 -2 1.0
152 25. 0.9 -0,
137 1.

I'd & 02 -] da
1
[l
Oy i I Ld
[

1iz -1.
13a 1.

[
i = [ L

—
1
—

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=

CalectEreTrack |Id)
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Performance at High Luminosity

Significant degradation observed as number
of additional interactions exceeds 5
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XItPResHist

Nent = 12084

de-19
784161252
-0.000234%0.000210)
0.016550.0002559
p3  =54623351

P4 =000320001576

Phi0_xft - Phi0 off | [Fremesme: - e 2Miss All Pt

2500~

1500

o
©
[

Integ = 1.181e+04
Chi2/ndf = 119.4/ 44

4 1 Miss All Pt

o
\‘

1000

200~ F
500

100~ -

e 1 1 1 i 0 C L 1
-0.2 -0.15 -0.1 -0.05 -0 0.05 0.15 0.2 -01 -008 -0.06 -0.04 -0.02 o 002 0.04 006 0.08 0.1
XftPtResHist . . XftPhiResHist
(Pt xft - Pt off) / Pt off**2 Phi0 xft - Phi0 off I Py
500~ 1600~
400 -

20

S
T

P 3625¢8.151
Pl =-0.000283 0000412
P2 =0.02083: 0.0005792

p3 = 84.1+3.662
P4 =0.001353+0.001503

! !
-0.2 -0.15 -0.1 -0.05 -0 0.05

T
0.15 0.2

o PtRes(68%L1)

o
)

800~
600
400

200)

-0.08

=2642+7.231
P4 =0.0003341+ 0.00035¢

-0.06 -0.04 -0.02 0 002 004 006 008 01

oE
02 015 01  -0.05 -0 0.05

0.15 0.2

600)

500)

400)

300

200)

100

(Pt xft- Pt off) / Pt off**2 Phi0 xft - Phi0 off | | R
RMS =0.03476
o0
Over =

Integ = 1.115e+04
Chi2 /ndf =54.83/ 44

Prob =0.1263
PO =3805:1895

Pl = 0000359 0.00036 O 2
P2 =0007277 0.000413

p3 =386t 7.78
P4 =7.491e-05+ 0.000425

! ! !
0
01 -008 -006 -004 -002 0 002 004 006 008 01

8 10
Additional Int

Richard E. Hughes

IEEE/NSS 2003 Portland, OR

21 September 2003; p.14




Algorithm Changes

e Hit Stage
» Provide 6 times bins instead of the present 2

e Segment Finding Stage
» Using 6 times bins, measure phi (pixel) position and slope at all 4
axial layers and 1 stereo layer.
» Provide 5 slope bins at the outer two axial and outermost stereo
layers, 3 slope bins at the inner two axial layers.
e Segment Linking Stage
» Require matching slope and pixel at all 4 axial layers, instead of
limited (low pt) slope requirement at the outer two layers.

» Require stereo confirmation for high Pt tracks, stereo association
for all tracks.
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Simulation of Upgraded XFT I}

e Full simulation of Runll detector and occupancies necessary

» Started on implementation of Runll XFT design using standard
CDF environment

» Preliminary indications of design performance

o Elec Data 10 or More Hlts/SL

Improvement

expected from
0.04 upgrade
0.03

0.02

0.01

o

o

gl
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 10
<Add|t| onal I nt>
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Impact of Stereo i

e The stereo can have an impact in
two ways:

» Provide Z-pointing to tracks:

: - :0 i%:S d§d0f§2'
Since EM and muon calorimeters § pt>E tan ar 100 ;1 Hits
are Segmented in Z Coarse %10 E—KP’[’>8Standal'd110f12HITSW/SteI‘E‘OVetO .........
pointing can be very helpful in =
eliminating fakes L

...l....l..l..l.l.I.I.I.I......

» Confirmation Segment: Since
often fake XFT tracks are the 10"
result of linking two unrelated
low Pt segments, requiring
another high Pt stereo segment
in the allowed window around an
axial track can be very powerful. 10°

e Note that the stereo has no
Impact on phi/pt resolution. 10

..I....l..l..I..I.J.ll.I....

-2
10

..l...]...l.l.l.I.I.lI.....

P e ',I.ll.LI...

I 1 1 | 11 | |1 1 | | 11 | 11 | | 1 1 | | 1 1 |
2 4 6 8 10 12 14 16
Additional Int
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Event : 382481 Hun: Iﬁﬁﬁ EventType : 1JATA pUnpresc: 1,36, 31,23 24

™~

Miz=ing Et
Et= 3.3 phi=3.7

Lizt of Tracks=
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.1 -2.2 1.0
152 25.7 0.8 -6.3
137 1.2 0.3 6.2
1iz -1.6 -1 ol
13a 1.2 1.6 -1.3

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=
CelectSrtTrack | Id)

_
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Improving Pattern Recognition Chips [

e New Finder Chips

» Expect factor of 7 more Chip 2 Time 6 Time
masks Bins, Masks | Bins, Masks
> Need to Run about factor Finder Axial SL1 | 166 1344

of 2 faster (16nsec

) Finder Axial SL2 | 227 1844

internal clock versus

33nsec internal CIOCk) Finder Axial SL3 292 2056
Finder Axial SL4 | 345 2207

e New Linker Chips
» Expect factor of 3.3 more

Slope Bins | Roads

roads
> Need to run about factor 0,0,2,2 1200
of 2 faster(16nsec internal 3,3,5.5 4000

clock versus 33nsec
internal clock)
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® The Original XFT dESIgn utllizes ‘ High-Performance Architecture

TriMalriz™ Memaory

Altera FLEX 10K50 chips for S | el
the Finder and Linker " TR —
algorithms. e
The current Altera technology _ Y R
leader is Stratix: B\ Horsoeed s

e Factor of >10 more logic elements
e Factor of >100 more memory

e Advanced 1/0 features Logic Array _ DSP Blocks
) LVDS’ SERDES Phase-Locked :::%:I:AMT"
- Factor of 4-6 faster Loors g .

11O Elements
.__.-"‘"

Full simulation of new Linker
chips using latest Altera FPGA Blocks
design software tools

~— M4K RAM
Blocks
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Key features:

» Design uses much more slope
information from the upgraded
Finder design

13 slopes inner two axial
layers

5 slopes outer two axial
layers

» Many more roads needed per

Ons  1200re  1600ns  2000ns  2400ns  2800ns  3200ns  3600ns  4000ns

link_1_in_1_!

link_1_in_0_|

1.25 degrees:

link_2_in_0_I

link_3_in_1_c:

link_4_in_1_r

JCurrent: 1200

Iphi_0

Iphi_1

Iphi_2

dUpgraded: 4000

Iphi_3

aut_lpt_m

out_lpt_p

00000000000000000007 0000

pt_bin

min_pt

Design fully (and successfully)

preect_add

phi_3

phi_f

simulated using Altera software

ptsect_add_|_0

mini_pt_{_0

package (QUARTUS)

pteect_add_|_1

mini_pt_|_1

Lout_1

iclk132

iclkEE

o e e e e e e S A A A A A A

ichk33
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. o
Conclusions ol

e The current XFT Trigger is installed and working well in the
current CDF Run 11 trigger and DAQ system

e Fermilab’s luminosity plans indicate that the current XFT
will suffer from increased occupancy when the design
luminosity is greatly exceeded

e A planned upgrade of the XFT will address the occuppancy
problems

e The upgrade is currently in the design stage, and we are
planning for installation and commissioning by summer 2005.

Richard E. Hughes IEEE/NSS 2003 Portland, OR 21 September 2003; p.22




Finder Output i

e In the inner two layers, each mask
corresponds to 1 of 12 pixel
positions in the middle of the
layer.

e The pixel represents the phi j B T hoeR
position of the track. i : ‘ 1

e In the outer 2 layers, each mask |
corresponds to 1 of 6 pixel .|
positions and 1 of 3 slopes: I
(low pt +, low pt -, high pt).

e When a mask is located, the
corresponding pixel is turned on. .

10 =

N

72 L

L L L ‘ L L L ‘ L L \.‘.\ L L ‘ L \.\ ‘ L L L ‘ L L L ‘ L
120 122 124 126 128 130 132 134
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Improving The XFT iy

e Degradation of XFT occurs in 3 areas:
1. Transverse momentum (P;) resolution
2. Extrapolated ¢, resolution
3. fake track fraction

e To improve things we need:
» Better segment finding: This will reduce the number of spurious
pixels reported to the Linker.
J Axial Finders: improve ¢, and P+ resolution.
 Stereo Finders: Reject fake tracks
» Better segment linking: Valid segments from different low pt tracks
could be mistaken for a single high Pt track. This becomes a much

bigger problem at high luminosity. Using better slope information
at the linking stage reduces this problem.
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Fake Tracks I

e The plots show the difference in
local slope between found XFT

tracks and the nearest true I delta-siope, layer 4 | s}
Monte Carlo track. .
e The top plot is for “real” XFT -
tracks. ya
e The bottom plot is for “fake” N
(unmatched) XFT tracks. BT e ]
e Conclusion: Fake tracks are due __ delia-siope, layer 4, unmatche | —
to combination of segments from N | [z
different real tracks £ 2
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The additional resolution in
timing at the hit level allows the
Finder to measure the Pt or
Slope of the segments with
higfer precision.

We have added this new timing
iInfo to our full XFT simulation,
to understand the impact on
resolution at the segment finding
level.

The top plot shows the
Improvement in slope resolution
at the mask level. The solid
curve uses the additional timing
iInformation.

The bottom plot shows the same
for the slope resolution at the
mask level.

Mask Pt Resolution, SL4
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We have tested how better
segment slope resolution can help
reject fakes.

In a Monte Carlo sample, we
smear segments found by the
expected slope resolution. We
then ask if this “measured” slope
IS above a high Pt threshold.

We require both segments from
the outermost axial layer to have
passed the high Pt threshold.

The upper plot is the efficiency
for true tracks to pass the
threshold.

The lower plot is the efficiency
for fake tracks to pass the
threshold.

Efficiency

ssssssssss

0.8
0.6
0.4

0.2

Ll
10

10
XFT Pt (Gevic)

Efficiency for Fake Tracks

0.8
0.6
0.4

0.2

10 10°
XFT Pt (GeVic)
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algorithm (12) Retain
VME
control
_ Retain
Retain clock
Input control
connectors
and pinouts :
Retain VME
connectors and
pinouts

Replace FPGA

input (6) Replace FPGA

output (2)
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e The input capture section runs at
the same speed and does not
change.

e The pixel driver (output) section
runs at the same speed and does
not change.

e The primary change is to the
Finder pattern recognition chips.
» Need more masks

» Need to run faster since time is
taken to input more data (3x
more hit data)

e New board layout needed since
Finder chip footprint will change

Richard E. Hughes IEEE/NSS 2003 Portland, OR
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What changes:TDC to Finder

The upgraded TDC (?) replaces the current TDC + mezzanine card to
provide hit information to the Finder.

However, the TDC transition cards, cabling, and Finder transition cards
In the present system are reused.

Data is driven up the Ansley cables at the current clock of 22nsec.
Two additional CDFCLK (@132nsec) are required to send up 6 time
bins/wire versus the present 2 times bins/wire




What changes: Finder to Linker [

e The Finder control output, cabling, and Linker Input sections do not
need to change. We use the additional 2 CDFCLKs (@132nsec) to
transfer additional slope information.

e The Linker output section can also remain the same as the present
system.

Linker Muodule Finder Maodule

Algorithm chips
need to be modified™~
to handle increase
In information.

Finder to Linker Transmission
Channel Link Cables
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Using the New FPGASs i

e Current Linker chips use Altera EP10k50 devices.
e Target device for upgraded design: Altera EP1S25

e First step: Implement current algroithm in new devices, with no
changes

e Design fits easily: factor of 10 less utilization; much faster (3-10x)

iDevice For Compilation EP1S25 EP10K50 i
{Total Logic Elemnts 2,404/25,660 (9%) 2515/2880 (87%) !
‘Total Pins 160/706 (23%) 159/249 (63%) !
iTotal ESB bits n/a 3328/20480 (16%) |
iTotal Memory Bits 3,328/1,.944,576 (<1%) n/a i
EDSP Block 9-bit elements 0/80 n/a E
(PLL"s 0/6 n/a i
{TIMING i
I iclk33 T =7.5ns T = 25ns ;
i iclk66 T = 10.8ns T = 70ns i
i iclk132 T=23.7ns T = 34ns ]
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