


Outline of this lecture

= Why detached vertices?

<= |ntroductory considerations

<= Early ideas / implementations

= Today: CDF & the Associative Memory
= Today: DO more recent project

= Towardsthe future: L1 V-trigger@BteV
= Towardsthe future: ideasfor LHC
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Why detached vertices ?

= Heavy Flavors play acentral role in HEP
o Charm physics
o B physics, CP violation, Bs oscillation
o New physics at high Pt often couplesto HF
= cand b lifetimes ~101° s - distinctive signature
o Many decays have no leptons!
< Need for large samples/specific hadronic channels

= Detached decay vertexesa crucial handle
o Specially important in hadronic collisions
o High rates/high backgrounds/limited BW to tape:
o need to select HF before writing data out



|mpact parameter

=d from b/c decays.
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= |f relaxed, distinction
signal - background
washes out quickly
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Detached vertices, how to ?

= Often look for anumber of detached tracks rather
than avertex

= Need track reconstruction with almost-offline
guality in avery small time
= A more recent development in the art of triggering

o A race between state-of-the art electronics and design and
Increasingly challenging experimental environments

o Large paralel systems, new tracking ideas
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WAS82/WA92: an early example (‘ 90)

= Fixed target experiment, looks for ¢ and b production in p-
N collisions at 350GeV in the lab frame. ~MHz input rate

= Uses 6 planes* 48 bins (25kchannel s total) to reconstruct
tracks coming from the primary vertex, then iterates
scanning for secondary vertices.

= Trigger: 3 primary + 2 secondary tracks

= Uses ASIC , makes a FASTBUS crate. 35ustotal time,
used at asynchronous L 2, independent of occupancy.

= Regection ~10 for b/c, amodest improvement (initial S/B
~10). Only useful in conjunction with other triggers.

= Closeto the limits at the time - how can one deal with
much more complicated collider experiments ?
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V-trigger comes of age @CDF

+ GOAL: Boost CDF B-physicsreach

= B production at Tevatron large (10'/year) but:

o QCD background is 1000x larger
 RUN I trigger on (stiffor 2) leptons P [ow efficiency

= Solution: Build afast device to reconstruct
SV X tracks online
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Quadrant of CDF |l Tracker

m 4
2.0 =10 gua'} o ~COT: Drift chamber
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Point resolution ~12um
L1 analog pipeline and digitization in Front-End - Read out at L1 accept

G. Punzi, INFN-Pisa NSS short course on Triggering in Particle Physics Experiments - Triggering on detached vertices




SVT: Silicon Vertex Trigger

The Catch:

SVX hasasmall lever am
=> |ow Pt resolution

=> pad extrapolation to origin
=> need additional input

“”) @
............................ SVT Inouts:

e COT tracksfrom Level 1 XFT (f ,P,)
2D, Pt resolution 2%*Pt, Pt>1.5

* Digitized pulse height in SV XI1 strips
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CDFII trigger/DAQ

Trigger and DAQ

[

Dataflow of CDF "Deadtimeless ']

7.6 MHz Crossing rate
132 ns clock cycle

*CONSTRAINTS to SVT:
*O(10°) SVX channels
*0(10°) fjred
C cgnne)ls)event

50 kHz Input rate

L1 Storage

Pipeline: Levell:

42 Clock Cycles . L1 | 7.6 MHz Synch. pipeline

Deep NYger s544ns latency

L1A ; <50 kHz Accept rate
cee SVXread out after L1
Level 2:
L2 Buffers:
4 Events

DAQ Buffers

< At L3 it is too late

Mass Storage (50~100 Hz)

Asynch. 2 stage pipeline
~20 us latency
300 Hz Accept Rate cy <10 nsec

N0 Dead Time allowed
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Trigger on Hadronic B decays

Two paths \
o X9 ol 1:
*Two XFT tracks *Two XFT tracks
*P.>2 GeV P, +P,>5.5 GeV P22 GeV PP ,>5.5 GeV
*Df <135° *Df <135° L
: ow Mass
s High Mass i ‘
*dy>100 nm for both tracks J *dy>120 nm for both tracks i:
s\VValidation of L1 cuts with Df>20° *Validation of L1 cuts with Df>2°
PeX,>0 PreX,>0
«dy(B)<140 Mm -gg(.\a,kqim‘n
Two body Many body
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Hadronic B trigger

B°— mm Trigger

0%

10"
Background

10"

0% wr
A A,

10°

Pb - :\‘V"r \ Le‘e-lﬁd&l-zm&

' ! SVT rate reduction:
_ \ 3 orders of magnitude

10° |-

0%

Little signal loss

107

10°

Delta-phi

CUTS> !

sigma'BR

2 XFT »2 GeV

Opp. charge
Max(Pt1,Pt2)=3 GeV
2 SVT =100 um
Pt.Xv=0 & IdBI=140 u
Offline Cuts



SVT: Slicon Vertex Trigger
Tl STT wa

=l W 2 & m&\} @
_lst: find low-res tracks D
2nd: Fit Tor best resolution

» Asynchronous data-driven pipeline

o Hit Finder: “on the fly” cluster finding

e Associative Memory: real-time pattern
recognition at low resolution

e Hit Buffer: associates hits to the roads
found by the Associative Memory.

e Track Fitter: full-resolution fit

X 12 phi sectors
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Step |: match precal culated * Patterns’

Instead of looking for hit combinations such that f(x1,x2,x3,...) =0

1. Build a database with all patterns corresponding to “good” tracks
2. Compare hits in each event with all patterns to find track candidates

In this example:
Straight lines, 5 layers, 12 bins/layer

:> Total number of patterns grows as Nbins”Npars
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Building a“Pattern Bank” for CDF
= Dividein 12 phi wedges
= Limit to 2-D, and Pt>2GeV
e It means the beam must

=6 layers. 5 SVX + 1IXFT
ity: XFT IS]
Nl)= phi@SV X

for minimal AM size

=AM flexibi
o usef(Pt,p
e Optimized

ne parallel to the detector !

ust another layer

Used 4 SVX + 1 XFT (no miss) up to date - now moving to
58SVX+ 1 XFT (1-miss) to increase efficiency.
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Building a“Pattern Bank” for CDF

= |mportant Tradeoff:
o Smaller bins=>more patterns

o Larger bins
P more fired patterns/event
P larger combinatorics inside each pattern

e P Morework in fitting stage

o CDF optimum: ~300 pm bins
b 32k roads*12 sectors
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Massively parallel pattern matching:
the Associative Memory

A set of patterns is stored in the Associative Memory.
Each pattern (ROAD) contains the coordinates of hit
at each detector layer of a possible track.

/ Hit coordinates are read out
~ sequentially into the AM.

Y In the AM, each coordinate is
== = \ compared to all the patterns in
L‘r’ Lr %J WJ HJ parallel.

2

Road# 1

detector

\

sparsified hits roads

front—end

Roads found by the AM are —
output sequentially. gif |

I




Associative Memory and bingo...

AM = BINGO PLAYERS

PATTERN 3 i *®
PATTEEN 4
PATTEEN 2
PATTERN | PATTERN 3 PATTERN N --'
:: i .I'

Bingo scorecard
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Assoclative Memory Internal structure

| AB<6:0> (RIW MODE)

*

| SELP<2:0>

pattern O pattern 1 pattern 127
12 bitsword 12 bitsword 12 bitsword
12 bits compar . 12 bits compar . 12 bits compar .
ooeeee
COUN
i (. . . . . . . 1 . 1 . ]
SHIFT <" HIT COUNTER»
<4 MATCH BIT » rr .ttt 1 0 1 0 J

AB<6:0> (OUTPUT MODE)
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Custom AM Device

Special electronics was needed to implement
the functionality required by SVT

eFull custom VLSI chip,
developed at INFN-Pisa
(started in the ‘80!)

«0.7mm technology
*35mm?2
«180000 transistors

«128 patterns, 6x12bit
words each

2
.E
% .

,JJ)JJIIIIIIIIIIIIIIIIIIlllQ\( J

emajority logic
*\Working up to 40MHz
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AM chip

= Full custom VLSI, 0.7 mtechnology, 2 metal layers 1 poly, 35 mm?2die
surface, ~ 180,000 transistors, PLCC44 package, 128 patterns stored,
6 layers of 12 bit each

= Not overlapping 2 phase clock, CLKA & CLKB, using leading and trailing
edge of both signals (t0,t1,t2,t3).

CLKA _|

CLKB

tO t1 t2 t3 t0O tl1 t2 3

= Maximum output frequency ~40Mhz => t,,-t ~ 6 nsec => need very good
control of clock edges. Maximum input frequency > 100 Mhz

= 16 operation codes: el

0 No Operation (NOPO) 9  Clear Counter and Load Shit Regi er(s';r_eat ﬂ e_XI bl I Ity ;

1 Read 10 Init It ispossible to fine tune the matching

2 Output 11  Disable - . - =
e G e al gor ithm, asking 6/6 layers, or majority
4 lnput 13 Enable logic (e.g. 5/6 layers)

5 Clear Hit-Registers 14  No Operation (NOP14)

6 No Operation (NOP6) 15 No Operation (NOP15)

7 Shift

8 Count
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AM board (1998)
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AM board block diagram

a PLL‘ I N
, —Y
] | o] AM][AM ][ AM ]| AM
clocks for §| o 0 AM || AM || AM || AM
gluechips| |3 |3 p L || lor T 1T 11
|svT gl - 4 o0
A > Glue |t
A = & 1
backplane ‘ ~ = 0 ]
§ = || Glue
—> 4 l g
Glue2[] —1
Glue
e - O
2 O
Glue
1 O
3
INTERFACE GLUE TREE
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SVT: Slicon Vertex Trigger
7.5 T WA

1st: find low-res tracks
It for best resoILTEiUm>

I

5

» Asynchronous data-driven pipeline

o Hit Finder: “on the fly” cluster finding

e Associative Memory: real-time pattern
recognition at low resolution

e Hit Buffer: associates hits to the roads

found by the Associative Memory.
e Track Fitter: full-resolution fit

X 12 phi sectors
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Stepll: use linearized constraints for speed

Non-linear geometrical constraint for a circle:

F(Xl’XZ’X3’ ):O

But for sufficiently small displacements:
F(Xl , X2 , X3 , ) -~ ao + alD)(l + azDXZ + aSDX3 +... =0

with constant a; (first order expansion of F)
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Constraint surface

6 coordinates: Xy, Xz, X3, X4, %5 (P1), Xg (¢)

3 parameters tofit: P1, ¢, d X3

3 dimensional surface
3 constraints in 6 dimensional space

tangent plane:

&
EBiKi:b
1

track parameters:

6
d::Cﬂ+ ECiXi
1

Linear approximation is so good that a single set of constants
is sufficient for a whole detector wedge ( 30°in ¢ )
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Track Fitter: find track parameters

Track parameter s expressed as scalar products:
track

P=Fi&X+Qi (Pi=pt,f,d,c,c,cC)

N

Coefficientsfixed in each sector

road boundary} Po
ds

XFT
. 5 = . % i
POI+dPI—FI/XO+d)+ Qi SVX |ayer 4
SVX |ayer 3 Xﬂ$
L ower SuperStrip edge SVX |ayer 2 X 02
SVX |ayer 1 _XO.?.

Poo=Fi* Xo+ Qi (storedinaRAM)

Super Strip 250
dPi=Fi* d
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Track Fitter design
[ 1nput Spy Bufter

>

(@]
LL
T < i
E _ @) \A A
B~ FPGA """ O |8
™ y
° Pl 2
N ﬁ 'é Tracks
If Nhit > 1/ SuperStrip
X1 X2, X2, X3, X4, XET f. XET C, ... ﬁ
X1, X2, X3, X4, XFT f, XFT C, ... Fit quality cuts

X1, X2, X3, X4, XFT f, XFT C, ...

- - Timing: 1.1 ns (1road, 1 combination
All good fits are output - final SVT board J ( )

(* GhostBuster” ) selects only the best one
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SVT boards

Xilinx and Altera FPGA, y o BEqUenCer, - BEsy AN B odid
with exception of AM board M e m—

Hit Finder

€

Matching

Detector
Data

Patterns

Roads +

Corresponding

3 :il:: -. jl_“ts

Hit Buffer

L2 CPU

Tracks +
Corresponding Hits
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Hit Buffer data processing

« SS MAP: from hits to SuperStrips Hit List Memory
base | 7 | word

hit coor dinate :> SS MAP I:> Super Strip ID word Hit List
size word

base + size ™

 AM MAP: from roads to SuperStrips

word

- ‘ ‘ SuperStrip ID|  SuperStrip ID isused to
access the corresponding

List and retrieve hits
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Hit Buffer architecture

First stage Second stage Third stage

not (WR)

T
= o
' | m
o LA < - o
5 » = 3
L o O 7~ Sh b
Ll - 21 @ 5
7 = 5 &
i Middle w o
4 Latch
-% g A Add[O—lSﬁ
o - 9( Hit List
g —»| AM MAP §' | Control
i —

—+C i cong
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CDF Hit Buffer

Dy | R AT pﬁm?%?l?ﬂ‘?&fLﬁtﬁﬂwuﬁEﬁm

EEEdaE |
11111
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Hit F| nder board

-.-i-n L R

_II_I

T e -r-i'll
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Hit Finder data flow

. . sks hot channel
16 data bits/stream Cluster Clustering Su?otrictos |§edaerlsila|:
dieg.o Mz 'Cluster Engine omputes cluster centroid
| Cluster
[ .
AI |gn 'Cluster 30||\/||-I|<Z
Cloc
G-Link data \»C|U5ter
fromVTM
20 bits/fiber Merge
at 53 MHz r-'CIuster
E———- Al n" Cluster Output 2 FP
7 9 N Pr ocessor Connectors
Cluster
k.CIuster 21 data + 4 ctrl bitsat 30 MHz
OSPY (layer, barrel, Ic, chip, strip, substrip)
Cluster
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SVT dataflow

raw data from

SVX frontend  Hit Finders Sequencer
S ) Associative Memory
- - COT tracks
— 4_ fromXTRP_,
LS Q
12 fibers i
Track Fitter
= - Epa= .
Merger hits Pattern recognition:
o 1AMS + 2
Hit Buffer to Level 2 AMBOARD

X 12 phi sectors :
for each phi sector

*9Ux400mm Eurocard boards

*VME used for download/control/diagnostics.

*Data flow on dedicated point-to-point cable connections

*The sequencer board isthe“brain” of the associative memory system
» Sequencer and Amboards ar e connected via a custom P3 backplane
*Up to 4 amboards can be driven by one sequencer
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SVT Merger board

MERGER 4
SYT = CODF

m THIESTE

K OARI — &l TAKETTI
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SVT: board and crate layout

CPU I Hit Finder B Merger XTFA
Tracer Sequencer Hit Buffer XTFB
Spy Control . Associative Memory . Track Fitter XTFC
bOsvt00 bOsvt07 bOsvt06 bOsvt05
bOsvt01 bOsvt02 bOsvt03 bOsvt04

@
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Beam position effect:
|mpact parameter vs. phi

.5
(L4
03
L
o

Raw

=01
-0.F
-0.3
-4 .
o Bewo o b by b b b b s

=]
LLJLLEY L LU RN LR | LN LELE) RIELN AL LA

1
-
=
LR
&
Ln
(=]
-

0.75
ne [
nos |
(1]
non |

Subtracted
-00s F
Cone ol
- |
L
S0 N S Y T 0 U Y T M SO T S N W

d =y cos(phi) — x sin(phi)
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Online 3D beam position

Measuremente delivered to GB
for on-line subtraction and to
Accelerator Control

In each barrel

3D fit through 6 points yields
Xo» Yo, X/dz, dy/dz

positions in z using tracks from six

distinct “electrical barrels”
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800

700

600

500

400

300

200

i0f

Beam profile as seen by the trigger

Impact parameter distribution

/

SVT resolution

F This distribution is interpreted as the

: convolution of the actual transverse size of

- " the beam spot with the impact parameter
resolution of the SVT

< sigma ~ 48 um ~ 42 um®23 um

\

beam spot size

?0,125 O.f 00750050025 0 0023 0.65 0.075 0.1 0.{25

3 beam VT Total
s sigma 23 42 48
: rms 23 51 56
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210"
o1
L Measuring beam width and SVX impact

.06 : ¥ parameter resolution

i B ! 5. Donati, L. Ristori

~ Introduction

{'. ~ the primary vertex distribution with the impact parameter resolution and its width
 [og ~ 46 gm) is given by:
r!: == .'!f + .'.!3
where #,. is the actual beamn width and o, is the impact parameter resclution. We
~ propose a method to measure &, and o, rately from data.
“I'he idea i= to exwtract 7, from the measurement of the correlation between
impact parameters of track pairs exiting from the i :

{(Ha. (13). .
“I'his method can also be used to determine - and o, dependence on 2z and pe.










Timing o,

Stepl |

SVT TIMING

FROM TO DaTA  Dps gps 10ps
Analag Digjital Fulze Height u
Front Encl Hit Ancers Fuls2 Height
Hit Bricers Meroers Hits:
XFT Mercers Tracks
Mercers Ass. herm. Hits/Tracks
Wergers Hit Bufiers Hits{Tracks
#ss. Mem. | HitBuflers  |Foads =
Hit Buffers Mercers Foad Info E
Mergers Froc. Farm Foad Info :
Proc. Farm Mercers Tracks I -
Mergers Final Decision | Tracks

SVX readout

SVT proc.

Total (us)

2.5

10.5

13

Q

-

13

22

G. Punzi, INFN-Pisa

Prediction of SVT execution
time from design document
CDF3108 — Nov 1994

<

predicted
actual
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Results. Hadronic Charm decays'

760 nb ' February 26th 2002 CDF Run 2 FRELIMINARY

CDF Runll Preliminary L=9.6 pb

-
o~ 250 pp 2
g :D — KE $ gqon_— }D" P KT
%5@0:—ND“=56320i490 Lg E
o B
by —
8 4000
[14] =
- L
5 L
3000
il
20001~
1000i— :,; 80 FCOF Run Il preliminary
B = "' [ D",D,—0m 0—KK
- | | | | | | | e
P78 18 182 181 186 18 19 192 194 « 60
= b
K Mass [GeV/c ] S50
S 40|
No lent irements! 25
O lepton reguirements ! Z 2
10 Feb '02, Luminasity 1.05 pb !
0 ;

180 185 190 195 200 205
KKm mass [GeV]

Get as many B from hadronic D sample
than from Jly - awhole new window to B physics thanks to V-trigger
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Hadronic B decays!

CDF Runll Preliminary L=10pb™
(4] L —
© 40 B° - D%t = Ku n w, e L8 18 e 2002
E ~ 2 5 ]
E B &0 CDF Run 2 Preliminory 5
s : = ]
(=] iy ]
’-;‘_' 20 gs0 B — h"h~ -
E' E [ 3349 aignal events i
@ 25 E,m L, Mean 5.215£0.013 GeV/c%
E I Width 0.053£0.011 GeV,/c*-
> 20 I ]
m +

ﬂ

i 1
Coooo b ool I I I 1 - e
505 5.1 5.15 5.2 525 53 535 5.4 545 5.5 g, Lot spphin bl s b Do R b
2 7] Cev,/c?
B Mass [GeV/c 2] cax i) bevie

G. Punzi, INFN-Pisa NSS short course on Triggering in Particle Physics Experiments - Triggering on detached vertices




Impact parameter trigger at = =

= Tevatron experiment, ssimilar goals and
boundary conditions as CDF

= SImilar trigger design, but younger project:
technological differences

= Massive use of powerful FPGA - makes
headlines of Xilinx Xcell journal
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DO Central Tracker

Silicon Tracker

—_— ¢ =

=%
=
L=\
p==_

T
| e
£ o —
=B

E*EEZ'“SS

%

) 7

Llld
-

rward
reshower

—_——

Solenoid Central Preshower







SMT Barrel




Central Fiber Tracker

= 16.000 channels
= Read-out: SV X-I1I chips

&>

& 2.6 m scintillation fibers,
VLPC readout + 10m
waveguides

= Mounted on 8 cylinders
20<r<30 cm

= 8 alternating axial and
stereo doublets (2deg pitch)

00000000000
| SSsBeeaae
A O0OCOCO0EOE
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DO Trigger System

3 us 100us 100ms
v Detector ~ VvV L1Trigg L2 Trigger v
7TMHz -10 kHz 1000 Hz
“ CAL ~ﬁ“ L1CAL Tﬁ“ L2Ca '
=0 | ues |-
CPS o W s L2PS

T et o Y W & o T

Lsur | ’
Y
“ 3‘ L1 ”_)“ L2 V_
“ s \_Mmu_ Muon
‘ L 2FW:Combined
“ e N——»“ D | objects (e, m |

_ L 1FW: towers, tracks, correlations l _ ,
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Overview of STT

Silicon Trigger
Card (STC)

Track Fit
Card (TFC)

Fiber Road

Card (FRC)

3 custom VM E boards mounted on common custom
motherboard
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L2STT Card Flavors

= fiber road card = track fit card
e recelve SCL o fit trgectory to hits
o fanout L1CTT data = CPU
 manage L3 buffers o initialization
o arbitrate VME bus « downloading
= dllicon trigger card e Monitoring
e preprocess SMT data o resets
e associate hits with =\VBD
CFT tracks
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Fiber Road Card

e [rigger recelver communicates with the trigger
framework (SCL recelver card on motherboard) and
broadcasts any control signals to the other cards (J3)

e Road recelver receivestracks fromthelLevel 1 CFT
trigger

e [rigger/road data formatter constructs the trigger/road
data blocks and transmits this information to the other
cards

e Buffer manager handles buffering and readout to
Level 3

e Implemented in 3 FPGAS
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Fiber Road Card (FRC)

Link
Transmitter
Board

=

Link
Receiver

Illlll,lllllll.l.llIl.III.I“

Buffer
controller

G. Punzi, INFN-Pisa
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Silicon Trigger Card

e Bad strips are masked (LUT)
e Pedestals/gains are calibrated (LUT)

e Neghbouring SMT hits (axial or stereo) are clustered
using FPGAs programmed in VHDL

>

centroid

pulse height

e Axial clusters are matched to £1mm-wide roads
around each CFT track via precomputed LUT
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Silicon Trigger Card

from FRC via serial link SMT
LLCEFGSCL
_________________________________________ Strip reader == L3
Cluster finder L3
Road — |
LUT Hit filter L3
control logic channel logic (x8)

_______________________________________________________________________________
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STC Prototype board

. - . |
| " g ara

iy -
Fe Boston Umiversity EDF | 4
. /PsN STCvZ 9,-2001 S.Xubuo |
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Track Fit Card

e Control logic (Altera FPGAS) maps each road to one of
elght processors and handles 1/O buffer management

e Processor (Tl DSP) recaives 2 CFT hitsand r-j SMT
clustersin road defined by CFT track

e | ookup table used to convert hardware to physical
coordinates

e C program on DSP selects clusters closest to road center
at each of 4 layers and performs alinearized track fit:

f(r):?—+kr+fO
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Track Fit Card (TFC)

Coordinate
Conversion
LUT
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Track Reconstruction

= Formulate track equation in terms of hits (3 or 4
SMT + 2 CFT hits)

= Withf , asreference, usef residualsin computation
= near-zerof residuals allow use of integer arithmetic
= Matrix Is precomputed and stored in alookup table
= Expect 35 um |.P. sigma (15um res.+30um beam)
= Simulation predicts 25 s average total
execution time, adeguate for DO L2
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Hit Filtering Algorithm

CET H laygr © ° e Start from road defined by
OOQ?-/ . CFT track
A e Look for hits in all four
GEL layers but allow hits in only
N three out of four layers

\ e Simpler than AM algorithm,
easier to implement in FPGA

O
CFT A layer

SMT barrels
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CDF |.P. trigger with just 4 S layers

AM-based tracking
does not need an
external track as seed

Iyt parameter (Cm)}

|.P. resolution = ~60um
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Beam Spot Correction

= Track parameters computed wrt detector origin
(0,0)

= |mpact parameter relevant to physics measured
wrt collision (i.e., beam spot)

= Beam spot position downloaded to STT on arun-
by-run basis

= Impact parameter correction performed in DSP
bcorr :b+8ign (k)rBSin( 1:B_fo)

where(r, ,f . ) ISbeam position
= Beam spot offset tolerance is 1 mm, within
Tevatron specs
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‘ STT Crate |

L2 Global L2 Global
to L2CTT SCL in to L2CTT

6 ldentical Crates
with

1 Fiber Road Card
9 Silicon Trigger
Cards

2 Track Fit Cards

Joreuiwiia)
aJeds
aJeds
aleds
Joyeulw.a)

// 6 § 51N 787 o 0D Wt 7 SV Syl = henstal 1617 1 1% ﬁ Yol wagy®, 21
ra sl .
/ / \\ Sector 1 (1

/ Sector 2
// / Layout of Run 2A STT Crate
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STT Performance

|Impact Parameter Resolution vs. pT |
b, micron {fine binning) | 50
Bk
F 3455—
25 50 GeV muons Emz_{.
oS 20 mm ([l No beam spot -
[ gsuf—*
B 5,4
18 B 255
- gzn;— ; { ’ ¢ t
10 3152—
; E-
5 5
- MONE oottt eoireeir
g— ! . PR 1 [1] 10 20 30 40 50
200 -150 -100 -50 a 50 100 150 200 ™~ I Single Muon, true pT, GeV
b, micron (./a.

| Filled: b-decay ;;articles, good tracks
Open: All good tracks

[

- Plots from STT Trigger Simulator

2
10

- Exact DSP fitting code used

- Has been instrumental in developing the 4,
fitting algorithm

. Produces test vectors for all cards 1
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Physics expectations from STT

= Increase inclusive bb production yield six-fold with low enough
threshold to see Z->bb signal

o Control sample for b-jet energy calibration, bb mass resolution, b trigger
and tagging efficiencies
= Top quark physics
e Factor of 2 improvement in top mass systematics due to improved jet
energy scale calibration

+ Heavy bb resonances for Higgs searches
e Doubletrigger efficiency for ZH->(nn)(bb) by rgecting QCD gluons and
light-quark jets
= pb-quark physics
o Lower p; threshold on single lepton and dilepton triggers
(B®=>nm B, mixing, etc.)
o Increase B,°2>JY Kgyield by 50% (CP violation)
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New challenge: BTeV L1 trigger

= Tevatron collider experiment, forward-
backward geometry

= Strongly oriented to B physics
= Depend on displaced track trigger starting
fromL1
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ST
Hereisaplan view of the BTeV Detector in the CO Interaction Regiomm
\ /
e .; \ TQDHD Dipole 7§ 2
P> = T Hi= = <
% Sj / DD et = &)
/ 2 \

| |
The pixel vertex detector has tracking stations located inside the Tevatron

beam vacuum in the dipole field of the BTeV spectrometer magnet:

o 31 tracking stations are evenly distributed over 128 cm

o each tracking station has 2 pixel planes

» each plane has ~ 500,000 pixels covering a 10 x 10 cm area
» each pixel isrectangular, with a size of 50 x 400 microns
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hASARNY

BTeV S pixel detector

sensor module
14,080 pixels (128 rows x 110 cols)

X

total of 23Million pixels
in the full pixel detector Sinrs!

2 1
— — 400mm —
\/ 10cm = Si pixel sensors
T \Mrf bonds HDI flex circuit
\ Senr module
6cm

380,160 pixels
per half-station, Pi

| detector half-station / \

. . Bump bond
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BTeV trigger system

BTeV detector

/7.6 M HZﬂlB TB/s

7

L1 rate reduction; ~100x

A 4

7

L 2/3 rate reduction; ~20x

A 4

4 KHzﬂ~800 MB/s

v

Tl

#t tont-end electtor

e =2x ]UT channels ¢
aaws PIX anaw i

L11.P. trigger

Level-1 Buffe

L1 vertex

Cslobal
Level-1

Information Transfer

GLI accept

| IR I I L I K W Control Har dware
Req. data for ITCH
crassing #M
i Crossing #M
Level 2/3 (“rmsmg Switch S
M| Level-2/3 Processor

#l

Level-2/3 Buffers

Farm
el

=¥

Hin- |

=

fm

1

o
%i%“

Data Logging

200 MB/s (4x compression)

==

Level-3 accept



A TAY
L evel 1 vertex triegager ar chitecture

30 station pix ector
Eoa iy I —
\(\”\(N — |
r/."/’// /,/»/‘
FPGA segment trackers

Switch: sort by crossing number

vV vV v v v v tracklveetexfaam v v v v v v

(52900 PLacessers)

Merge

{ ‘ Trigger decision to
Global Level 1
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V%TC\ For each station the plane on the right belongs to the collection of
planes referred to as the non-bend view and the plane on the left

bel ongs to the bend view.
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V%TC\
By compressing everything by afactor of 10 along the beam direction, the
curvature of each track in the bend view is more evident.

Per vedere questaimmagine
occorre QuickTime™ e un
decompressore Cinepak.
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met’ S rotate everything by 90 degrees so that we can see the tracks and

hitslooking along the beam direction.

Per vedere questaimmagine
occorre QuickTime™ e un
decompressore Cinepak.
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Per vedere questaimmagine
occorre QuickTime™ e un

decompressore Cinepak.










AVES L HA




VoV

X ‘T‘.




min one tracking station are matched with pixel hits in an adjacent station.

We require that the line connecting a pair of hits projects to the beam region. This
step is performed in parallel for hitsin all 31 tracking stations.
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VY

Now we rotate everything by 90 degrees around the beam direction, and have a
look at the track segments in the non-bend view.

Per vedere questaimmagine
occorre QuickTime™ e un
decompressore Cinepak.
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Level 1trigger 4-DSP prototype board
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BTeV Trigger on detached tracks

Generate Level-1 accept if >2 “detached” tracksin the
same arm of the BTeV detector with:

pr> 025 (GeV/c)?
d> 6s
dg 0.2 CIM
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BTeV Level 1 vertex trigger efficiency

Process Eff. (%) Monte Carlo
Minimum bias 1 BTeVGeant
B.~D*K 74 BTeVGeant
BO—>D**r - 64 BTeVGeant
BO—>r0pO 56 BTeVGeant
B —=>JlyK 50 BTeVGeant
B,—JlyK ™0 68 M CFast
B-—>D - 70 M CFast
B-—>Kp- 27 M CFast
BO—> 2-body modes 63 M CFast
(PP, Kp ,K'K")
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FUTURE: Towardsthe LHC

= New complex detectors being built

= L1+L 3 DAQ systems, connected by a
switch - no hardware L2

= Harder to clarify physics targets
= Tracking mainly viewed as L3 (CPU) task

<+ Hardware detached track finders are being
studied as pre-processors before the switch,
after L1 accept
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LHC-type trigger/DAQ: L1-L3

CALO

MUON TRACKING
| |
PIPELINE
o 1100 kHz @

l

:

Cl}.i ster Ev/sec = B0 kHz
Finder
few
Fast Track + CPUs

Buffer Buffer Buffer
Memory| Memory, Memory|
| | |
EVENT BUILDER

&

G. Punzi, INFN-Pisa

- Track/vertex
ProCcessor as a
“cluster finder”

- Preprocessed data,
smaller size, ready
for L3 to use
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R& D on Fast Tracking*

= “CDF-like” system, based on Associative Memory
= Large Sl trackers

=" No L1 tracks, must use several S layers

= Larger datavolume

= Need larger AMs, ~10 layers, ~10/ patterns

* |EEE Trans. on Nucl. Sc., Vol 48, No 3, 575, (2001).
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Progress in AM implementations

= (*90) CDF Amchip, full custom 0.7 pm:
o 6 layers, 12-hit, 16 kpatt/board
= (*01) XC2S200E 0.18um (80%/kpatt)
o 6 layers, 38 kpatt/board
= (*01) XC2V 1000 0.15um (170%/kpatt)
o 8layers, 153 kpatt/board
= ('98) Stand. Cell 0.35um (~100k$ + 25%/kpatt)
e 6 layers, 800 kpatt/board
= (“05) Virtex? (.1um) (ITRS98)
o 12 layers, 18 hits, 330 kpatt/board
= (‘05) Stand.Cdll (.1um) (ITRS98)
o 12layers, 18 hits, 5600 kpatt/board
= System: 0.4AMpatt ® 4 Mpatt, B/W: 0.4Gb/s® 4Gb/s



ASIC vs FPGA (from Xilinx)

Cumulative
NRE+Unit Cost

ASIC Costs
Start higher,
but slope is
flatter.

Eumulﬂﬂw For each technology advance,
olume K Units PLDs become more cost effective.

FPGA is best for development/small systems
ASIC may be still better for large systems at future experiment



AM size & fit workload vs bin size

N N
o = 3
g & | I I I I g
g0 ; £ g
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i
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Quick summary

= CDF and DO: ~10us latency=proc.time (L 2)

o CDF: paralle pattern matching
(AM 400kcells) + linearized fit (FPGA)

e DO Seed road+association (FPGA)+linearized
fit(DSP)
= BTeV: 350us latency/(N=2500) P 132ns(L1)
o Extensive buffer memories, long L1 pipeline

o Tracking by growth: hit pairs® triplets ® tracks ®
vertices (FPGA + DSP)

= |LHC R&D: Largesize AM (FPGA ® ASIC)
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Concluding remarks

= Triggering on displaced vertices is complex,
but it Is now a well-established technique

= |t Is starting to produce hot physics results

= |t it likely to play arole in most future
experiments
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