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Outline

* What is a "track trigger"?

» Physics motivations for track triggers

 Current generation of track trigger in ATLAS: FTK

» System design and performance

» Track triggers for the High-Lumi LHC (Phase-Il upgrade)

 Upgrade design goals and current concepts
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What is a "track trigger"?

Consider current layout of the ATLAS trigger (a 2-level system)

pp collisions: 40MHz
Level I: Calorimeter detectors L g

TileCal| Muon detectors

implemented in hardware | eeicao] ] Lovettmuon | oreon
reduces rate to |00kHz e T
(LIcalo & LImuon) Tan || o 5 e o
:1 i) DataFlow !
:LlTopo cTP % g Read-Out System (ROS)
L% (crecore
CTPOUT
Level-1 Central Trigger g
I-!lgh-leveITrlgger (HLT): | D —
implemented in CPUs

High Level Trigger

steps to final rate ~ |1 kHz e

Processors O(28k) T‘
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Event .
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Software tracking

Co

We currently use tracks in the trigger,
though only in software (HLT)

Detector
Read-Out

impl
red

Many HLT track users include:
electrons, muons, & taus (ID and isolation)
as well as jets (b-tagging & calibration)

FE

—_

low
v

stem (ROS)

Level-1 v i

High-level Trigger (HLT): D ™ G coesion e
implemented in CPUS e
steps to final rate ~ |1 kHz ()('T
H ‘ Tier-0
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Drawbacks

Co

Limited to the HLT rate
All events must first pass a L| seed trigger
from the calo or muon systems

Detector
Read-Out

imple
red

FE

Tracking is CPU-intensive!
Limited to tracking in small regions
for a fraction of events ov |

stem (ROS)

—_

Level-1 v v

High-level Trigger (HLT): D ™ G coesion e
implemented in CPUS e
steps to final rate ~ | kHz o T
H ‘ Tier-0
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Track trigger

Col] Partially solve problems w/ hardware track trigger

But still face system constraints
(data volume, latency,...)

Detector
Read-Out

impl
red

So one must make choices, e.g.:
4 GeV tracks in the full-detector, or

| GeV tracks in regions of interest!? o |
Which rate? _—

FE

—_

W -
Level-1 _ % v v
[ ° ‘R; FastTracKer. ~ = - Data Collection Network
ngh level Trlgger (HLT): ’~_| ek
implemented in CPUs "semw=e

High Level Trigger
steps to final rate ~ | kHz pmes(sH:L@JQ“‘f ] =

Tier-0
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Physics motivations for track triggers

- b-tagging

Efficiency

Crucial for many signatures:
hh—4b, h—=bb (VBF), etc.

0.4

0.2

2017 4-jet thresholds:
35 GeV w/ b-tag
120 GeV w/o b-tag

With b-tagging, trigger is CPU-limited,
using 15% of HLT resources!
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Physics motivations for track triggers

- b-tagging

- MET (soft term)

MET very difficult in the trigger,

must get calculate energy over entire detector

Efficiency
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B S SIS _
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0.4(— . —e— L1_XE50 _
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0.2— @~ |
— +o-+lH .
: .'_._'l—O—o—.-' :
0 -—M‘T"{ | I N T A S N AR S RN
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ET™* (offline, no muons) [GeV]

poor resolution = "wasted" rate
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Physics motivations for track triggers

track-based soft term can significantly
improve resolution
- b-tagging

; 50 — L eeee-r»- . [0t b =
$§ 455 Vs=13Tev = CSTET™® E
» MET (soft term) § 405 Z—uu 25ns c TSTE;™ =
3 35 alljets + Track EY° =
N - W
T 305 L L
)] - -~ _
2 25p L 3
- - il oo
7 20 - S e —
E x - - _.__._...-0-"".' -
LU L15] Sl NSNS <. -SRI e A—h ke
JoEaeese T g
3 ATLAS Simulation Preliminary 3
- R R ST N NN Y Y O M S N SO SO TN N AN SO N W S

0 5 10 15 20 25 30

Npy

tracks can also help ID hard objects
coming from the primary vertex
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Physics motivations for track triggers

- b-tagging

- MET (soft term)
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forward tracking brings
substantial improvement
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Physics motivations for track triggers

Calorimeter response varies w/shower shape

- b-tagging
- MET (soft term)

- jet energy calibration

Efficiency

Track-based corrections reduce wasted rate

IIIIII T |
T o8 0
L O B
— . —
0.8— O _
B o i
- o® . -
- ATLAS Preliminary -
06 ° Data 2016 -
- © o HLT j380 -
0.4\~ o ® e HLT_j400 with B
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B o Injetl <2.8 —
0.2— O i _
— O —]
N OO o i
O M’.MM“ L IV ISR NN T RSN N SR RS |
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400 420 440 460 480 500
Offline jet P, [GeV]

Common theme for hadronic triggers!
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Physics motivations for track triggers

Calorimeter response varies w/shower shape

- b-tagging Track-based corrections reduce wastec

- MET (soft term)

Efficiency

- jet energy calibration

ATLAS Preliminary
Data 2016

o HLT_j380
e HLT_j400 with
updated calibrations
B o Inl_et|<2.8
0.2— O i
B o)
- OO °
O;nodoo“dﬂgggolmodﬂ"llullnuluulu.l...

300 320 340 360 380 400 420 440 460 480 500
Offline jet P, [GeV]

Common theme for hadronic triggers!
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Physics motivations for track triggers

b-tagging
MET (soft term)
jet energy calibration

pileup subtraction

pileup increasingly important

T o7 St rerre e —]

\Om - ATLAS Simulation Preliminary -

o.s - Ythia Dijet Is= 13 TeV No Pileup Correction ]

—Anti-k; LCW, R=0.4 e Jet-Area subtraction =

- n'"™°1<0.8, <u>=200 Vor. Spread. =

0.5— e Vor. Spread. + CVF 5 GeV—

- e Vor. Supp. + SK 0.6 .

0 4: CS, AR™=0.25 + SK0.6
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constituent-level pileup suppression
improves jet energy resolution
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Physics motivations for track triggers

hadronic taus
* b-tagging h— 77, hh— r7bb

. MET (soft term) SUSY: direct staus VBF triggers

w/ quark-tagging?

* jet energy calibration

- pileup subtraction

novel signatures!?

 Much more!

Your new ideas from
DM@LPC workshop???
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Track triggers in 2017

ATLAS has already built the Fast TracKer (FTK) system
Running in "commissioning mode" for 2017

pp collisions: 40MHz o 4=

. 8 = ‘ L —
Calorimeter detectors - il ﬂ

i L
TileCal| Muon detectors UF g

Designed with
associative memory

Detector
Level-1 Calo" {1 Level-1 Muon ] ead-Ou
(AM) teChnOIOgy Prsor SeI(E:?c()jrCI?)gic se(E[girlilgic FE FE ' dFEt
:l :”.—>
) JE) ‘MUCTPI' 8 ROD l%ﬂ ROD
Built to deliver tracks ! —
(I GeV, full-scan) at 100 | e |8 | s
. :
kHz, up to lumi of # CcteouT
3X I 034 Cm_zs_l P Central Trigger % | ! L
Full tracking available to /“:“ e
all HLT algorithms FTK e e
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AM track trigger concept

No real time track-finding, instead pre-store coarse tracks and
lookup based on silicon hits

» Coarse tracks seed more precise "track-fitting" step
Full procedure consists of two essential parts
- Pattern matching
+ Group detector elements into super-strips
» Build patterns out of the super-strips
 Track fitting
 Read all detector elements hits from matched patterns

* Perform a linear fit from {xi} = {pr, eta, phi, do, zo}
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% Ny
“ \ [ ] ...
“““ ....~
, Wl L[ T
"St”PS" “"“ .....
‘- U 1 | [ 7 ..
‘:“‘ ‘ ' "~.
) L7
"vixel layers”" ¢ - %7
P Y “'- Ny
- Ny,

Consider a toy model slice of a detector
/
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A single
Super-Strip

|| [ ]

M

[“—

built from many
detector elements

Detector elements are groupeézl into super-strips
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\

consider
single muons

Tracks impinge the detector, Ie19aving hits in the super-strips
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\

| Bank generation

tracks — patterns

FTK in data-taking

patterns — tracks

A set of super-strips (| per IayZ%r) defines a pattern
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1\ (@]

| ] D.....
5
[ [)...
N,
W,
=S i SSuY Bank generation
tracks — patterns
Wy, : :
s,/  FTK in data-taking

L 7~ patterns — tracks

Generate billions of muons to create a bank of patterns
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Each hit gives
| or 2 coordinates

y . 7
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each Perform linear fit
super £ > X+ {x} - {q} = {pr,eta, phi, do, 2

-Strip

[ ] o0 [ ] [ ]
///////// I I X I
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Radlus [mm]

FTK details

+ FTK designed to operate in two stages,
* Pattern+fits using 8-layers (IBL+2pix+5strips) w/ = 7 hit

+ Roads extrapolated to full |12 layers (req 3 of 4 add’l layers
hit) and second track fit performed

» Parallelization: detector divided into 64 "towers" working
independently on different detector regions

. \ per tower:
- | | ‘ 1 6.8M patterns
- I i | - | 6k roads max
"0 — ',\ == 80k fits max
' E in total:

' Ll ' 1 '
<7001 <100 1non 2000 Jnhmn

" - a billion patterns!
a barrel tower 3 Herwig (Pennsylvania)



Radlus [mm]

FTK details

+ FTK designed to operate in two stages,
* Pattern+fits using 8-layers (IBL+2pix+5strips) w/ = 7 hit

+ Roads extrapolated to full |12 layers (req 3 of 4 add’l layers
hit) and second track fit performed

» Parallelization: detector divided into 64 "towers" working
independently on different detector regions

. per tower:
- | | H 1 6.8M patterns
o = N | 6k roads max
o "l o 80k fits max
= in total;

' ' ' ' ' ' ' ' ' ' ' ' ' ' T T
<700 10N 0 100n 2000 Jonn

| " - a billion patterns!
an endcap tower %4 Herwig (Pennsylvania)



FTK efficiency

Towards physics goals w/ FTK

Develop banks and algorithms to meet physics goals,
while respecting hardware constraints

1 _2 : IIIIIIIIIIIIIIIIIIII | ' TTT | T'TTT | T'TTT | ' TTT | T T I:
140 ATLAS simulation -
n Preliminary -

1= =
0.95 .
0.8~ =
0.7~ =
— Ternary bits: (1 +1) 3, N;’( <8, N§°<5 Single muon sample ]
0.6 . — no efficiency Ievelllng |do|<2 mm ]
- — one iteration 1z <110 mm ]
0.5 —_ —two iterations P.>1 GeV 1
: IIIIIIIIIIIIIIII | L1 1 1 | IIIIIIII | L1 1 1 | L1 1 1 | L1 1 I:

-2.5 —2 —15 —1 -05 0 05 1 15 2 25
track pseudorapidity

FTK reaches near-offline
efficiency (>90%) across
the detector

— X1|O-6| T — T T T [ T T T [ T T T [ T T 1
s 60 4 E
= - * ATLAS Simulation, no IBL _¢_T -
= 14 4 -
—~ S ¢ -+ Offline 4+,
o 12 ¢ +
= - - - FTK + ]
° 10 et ot i
N -A~o * . ]
8 g o, —
- e - ]
6 :_ -A—®- o _:
4 4o o =
: -A- O, .
2 ;_ -A-—A—A— A _:
C | L | R TR %% [0 I
-(?).6 0.4 -0.2 0 0.2 0.4 0.6
q/pT [1/MeV]
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Precise pt measurement
key for single leptons,
MET soft term, all
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o(d ) [mm]

Towards physics goals w/ FTK

Develop banks and algorithms to meet physics goals,

while respecting hardware constraints

025 L L

ATLAS Simulation, no IBL

e FTK
—&— Offline
& FTK 3 GeV

0.2
0.15

0.1

+

* PP &
*"'-‘-"'-o- ERE
A _*_"‘-t**h;--tﬂ#i 0 A

-A~-A -A~a-A—aA"

0.05

A pAAA-A—Ap Ay Ay

Lo b v v e b e by |
0-3 -2 -1 0 1 2 3

=

0, do impact parameters
critical for track-vertex
association (MET, multijets)

and displaced vertex |ID
26

Normalized Entries

et L DL L L | et A o
1E ATLAS Barrel (i <1.1) =
- Simulation \s = 14 TeV 1
[ — Offline Light-Flavor <u> =60 7
107k — offline b-Jet R
- —e— FTK Light-Flavor
| e FTKb-Jot
2L o —
10°E of =
- - -~ -
: - - ]
- &
10° -® . —C!I =
- - - e N
i I'_‘.,_'.' ek h
10* | ;ﬂgﬂ 7 e
10.b 1 4 1 L 21 1 L l s 1 1 1 1 1 1 1 1 s 1 L l 1 L 1 L 1 1 1 l s 1 I—E
2 -1.5 -1 0.5 0 0.5 1 1.5 2
dO [mm]

precise do measurement
crucial for b-tagging
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o(do) [mm]

Towards physics goals w/ FTK

Develop banks and algorithms to meet physics goals,
while respecting hardware constraints

025 L L

ATLAS Simulation, no IBL

e FTK
—&— Offline
& FTK 3 GeV

0.2
0.15

0.1

.¢.
. 5 :::'-' i
-
A A__A_"-tt...it*;--tﬂ* ap A
A pAA-AA—A-p Aoy A g AN

Lo b v v e b e by |
0-3 -2 -1 0 1 2 3

0.05

0, do impact parameters
critical for track-vertex
association (MET, multijets)

and displaced vertex |ID
27

Normalized Entries

et
1E ATLAS Barrel (n| < 1.1) =
- Simulation \s = 14 TeV 7
- — Offline Light-Flavor <pu> =60 -
10" — ofiline b-Jet -
- —e— Re-fitted FTK Light-Flavor =
| —s— Re-fitted FTK b-Jet
107 E
107k
10*E
10_5....|....|....|....|....|....|.. N

ol
2 15 -1 -05 0 05 1 1.5 2
d0 [mm]

precise do measurement
crucial for b-tagging

can refit tracks if desired
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Adapting to high-pileup environment

—i
o
[e))
T
Ly
—
o
(o))
T
Ly

average number of roads per tower

ATLAS simulation

‘ refined bank ‘

ATLAS simulation

= . Preliminary —
- | original bank‘ E

-k
o
¢,

TTT7T
—
o
¢,

| T T TTT

Preliminary -

—_

(@)
™

]
o
23
3
ol
)
o
o
ol
L
o
=
3

—
(@)
~

—
o
w
III| T
—
o
w
TTT T

ternary bits: (1+1)pix(3)sct .

ternary bits: (1+1 )pix(1 )
Ny''<8, N°<5

sct :
no limit on NX

—h
o
N
TTTT T TTTI
—h
o
N
TTT T TTTI

— barrel towers
— endcap towers

average number of roads per tower

— barrel towers

— endcap towers - pp—tiX at {s=13 TeV

- pp— ttX at {s=13 TeV - -
|IIII|IIII|IIII|IIII|IIII|IIII| |IIII|IIII|IIII|IIII|IIII|IIII|

20 30 40 50 60 70 80 20 30 40 560 60 70 80

number of collisions per bunch crossing u number of collisions per bunch crossing u

options to toggle in order variable-sized patterns:
to maintain performance number and regions
with large pileup of 'ternary bits'

pattern merging

28 Herwig (Pennsylvania)

efficiency smoothing



Adapting to high-pileup environment

ATLAS simulation - ATLAS simulation

1006 . Preliminary -
- | original bank‘ E

Preliminary -

‘ refined bank ‘

10°F 10°F

ternary bits: (1+1)pix(3)sct .

ternary bits: (1+1 )pix(1 )
Ny''<8, N°<5

sct :
no limit on NX

—h
o
N
TTTT T T
—h
o
N
TTT T

— barrel towers — barrel towers

average number of roads per tower
average number of roads per tower

— endcap towers — endcap towers

- pp— ttX at {s=13 TeV

- pp— ttX at {s=13 TeV - -
|IIII|IIII|IIII|IIII|IIII|IIII| |IIII|IIII|IIII|IIII|IIII|IIII|

20 30 40 60 60 70 80 20 30 40 560 60 70 80

number of collisions per bunch crossing u number of collisions per bunch crossing u

options to toggle in order variable-sized patterns:

to maintain performance number and regions
with large pileup of 'ternary bits'
| Two
efficiency smoothing pattern merging patterns!’
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Adapting to high-pileup environment
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average number of roads per tower

ATLAS simulation

‘ refined bank ‘

ATLAS simulation
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ternary bits: (1+1)pix(3)sct .

ternary bits: (1+1 )pix(1 )
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TTTT T TTTI
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— barrel towers
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20 30 40 50 60 70 80 20 30 40 560 60 70 80

number of collisions per bunch crossing u number of collisions per bunch crossing u

options to toggle in order variable-sized patterns:
to maintain performance number and regions
with large pileup of 'ternary bits'

Or one!

pattern merging
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Towards the High-Lumi HLC (HL-LHC)

 Expect average of 200 collisions / crossing starting ~2026
- Ultimately will collect 3000/fb of data (had 30/fb in 2016 !)
» ATLAS detector being upgraded to take full advantage

* new all-silicon tracker, extending to very forward region

- Track trigger essential to identifying activity from the primary
vertex

B T T T T | T T T T | T T T T | T T T T | T T
1400 —ATLAS Simulation Preliminary
_ ITK Inclined

R [mm]

AL WAW

EXPERIMENT 1200

HL-LHC tt event in ATLAS ITK

at <p>=200 1000

T'|=1.0

=
I
g
o

800
600

400

3
n
g
(=)

II||||I|||||||||I|||II||||I||

AITISERRR R RN
200 ANMAAERRAL L R
Mtitti ey LR Y

n

SR B B B B I O O

4.0
I

1 I | | 1 I | 1 | I | 1 | I | | |
1500 2000 2500 3000 3500
Z [mm]
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Towards the High-Lumi HLC (HL-LHC)

 Expect average of 200 collisions / crossing starting ~2026

- Ultimately will collect 3000/fb of data (had 30/fb in 2016 !)
» ATLAS detector being upgraded to take full advantage

* new all-silicon tracker, extending to very forward region

- Track trigger essential to identifying activity from the primary

vertex § 250 ATLAS Simulation Preliminary 1Tk Ilr;plir;eg _
o " sinal =1 V. u= —o— Pixel+Strip
= - single u, p, =10GeV, u=0 =57 &0
o - —— Pixel
o 20
= L 4 L 4
I B L g '.'.‘- -.'.' @
- *e *%,
15 ;”“’: ® evececsssete A””’a
- - -
N A = - 4
10— il - v
— A A
N |“AA:' ::AA“.
5 A e AaAAAAA
B = =
: = =
O_I 1 1 1| | | I | | I | | I | I I | I I | I | I I

. n
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Phase-ll trigger designs

* Investigating new track-trigger based on the AM chip concept

- Must handle tracks up to #=4 and a | 5cm beamspot

* Nominal design is a 2-level system w/ hardware tracking

» Potential to evolve to a 3-level system

- Some choices remain; progressing towards a design

3-level system 2-level system
level oo track params | name || level QU track params name
rate rate
LO | 4 MHZz - - - LO | 1 MHZz - - _
L1 |400 kHz | regional |4 GeV | L1track regional | 2 GeV | EFtrack
HLT |10 kHz
HLT | 10 kHz |full-scan |1 GeV | FTK++ full 1 GeV | FTK++

33
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L1 track studies

 Lltrack studies produced banks
of 4 GeV tracks in 0.2x0.2 ROls

+ Studied "strips+pixel” = "8+0"

and "7+1" layout

* Track pt requirement targets

5x rate reduction

Detector layers q/pr [e/GeV]  ¢[rad] n dp [mm] zg [mm]
Strip layers only 0.003 0.001  0.002 0.3 1.7
Strip + 1 pixel layer 0.003 0.001  0.001 0.2 0.3

» Pixels layer usage improves zp by
|.7—0.3mm

* Zp goal set by multijet triggers

- vertex-matching reduces rate
from coincident dijets

34
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Background Efficiency
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ATLAS Simulation Preliminary

L1 Track selection on LO MU20 (Strips only)
Rol 0.1 <n<0.3, <u>=200 1

Strategy A: Max P,
—m— Strategy B: Max p of the 2 best y
—a— Strategy C: P, of best

I
N}
(&)}

3

III|III|III|III I|III|III|III|II |
.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1

Signal Efficiency

N

ATLAS Simulation Preliminary

L1 Track selection on LO EM18 (Strips only)
Rol 0.1 <N <03, <u>=200

Strategy A: Max P,
—m— Strategy B: Max p of the 2 best ¢
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L1 track studies

 Lltrack studies produced banks
of 4 GeV tracks in 0.2x0.2 ROls

+ Studied "strips+pixel” = "8+0"

and "7+1" layout

* Track pt requirement targets

5x rate reduction

Detector layers q/pr [e/GeV]  ¢[rad] n dp [mm] | zo [mm]
Strip layers only 0.003 0.001  0.002 0.3 1.7
Strip + 1 pixel layer 0.003 0.001  0.001 0.2 0.3

» Pixels layer usage improves zp by
|.7—0.3mm

* Zp goal set by multijet triggers

- vertex-matching reduces rate
from coincident dijets
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Acceptance

Much work to be done!
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Our sensitivity to benchmark
HL-LHC signatures relies on :
aggressive track triggers! O s
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Conclusions

Hardware track triggers offer significant improvements over
traditional systems for a variety of physics signatures

Their utility increases significantly
with upgraded machine luminosity

ATLAS FTK is running in "commissioning mode" for 2017 —
crucial as the LHC continues to break lumi records

Track triggers will be central to the
Phase-ll TDAQ system for HL-LHC

Crucial to enable everything from benchmark
physics searches to new ideas, yet-to-be thought up!
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Adapting to high-pileup environment

10" g LA N B R
N ATLAS simulation -

Preliminary -

- ATLAS simulation
10°F Preliminary -

[ # of fits
- | / tower

5
10 = estimated dataflow limit

5
10 = estimated dataflow limit

10% g

ternary bits: (1+1)pix(3)sct -

N''<8, N°<5

ternary bits: (1+1) (1)Sct

pix

no limit on NX

—h
o
w
TTT T T

— barrel towers — barrel towers

— endcap towers — endcap towers

- pp— ttX at {s=13 TeV -
|IIII|IIII|IIII|IIII|IIII|IIII|

20 30 40 560 60 70 80

- pp— ttX at (s=13 TeV -
|IIII|IIII|IIII|IIII|IIII|IIII|

20 30 40 50 60 70 80

average number of 8-layer fits per tower
average number of 8-layer fits per tower

number of collisions per bunch crossing u number of collisions per bunch crossing u

options to toggle in order variable-sized patterns:
to maintain performance number and regions
with large pileup of 'ternary bits'

pattern merging

efficiency smoothing
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patterns
=

51072
C

To)

fract

107°

1078

FTK track quality

ATLAS simulation

Preliminary

32 FTK barrel towers
—— 32 x10° patterns
(15.8 x 10° unique)

32 FTK endcap towers
— 32 x 10° patterns
(9.4 x 10° unique)

1 10 10°
pattern coverage
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Potential Phase-ll TDAQ schematic

ITK Calo Muon Trigger
1 N l output rate / latency
i LO Calo LO Muon
Felix \ / [ Level-0
H : 1 MHz /10 us
o Mecone oms ] LOTopo/CTP/RoIE
R3! —
DAQ/ y
Event Filter L1 Track
L1 Global Level-1
: L1 éTp 400 KHz / 60 ps
e L1
v 11
l_ Data Handlers < Felix
Event
Builder
=) Data to DAQ/Event Filter
l A 4 = = h 4 —p Data Input to Trigger
orage Ha
ag 1 » Trigger Signals: LO, L1
t ’ t t trigger + Regional
Re t Request (R3)
Event Filter Event T PadO“D' :q: P; | d3‘| .
- Trigger Data to Readou
Processor| | Fun Event Aggregator -
Farm Tracking Output
| (FTK++) 10 KHz
Permanent
Storage .
D
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Physics motivations for track triggers

ATLAS Simulation Preliminary
Vs =13 TeV

Anti-k, EM+JES R=0.4
In|<2.1, 150 GeV <p71 <200 GeV

10.0

Gluon Jet Rejection

— === CNN Truth Particles
= CNN Topo Clusters
CNN EM Towers
== CNN Topo Clusters + Tracks

= CNN EM Towers + Tracks
| IIIIIIII|IIII|IIII|IIII

05 06 07 08 09 1.0

Quark Jet Efficiency For example:

build a VBF trigger,
w/ quark-tagging?
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Efficiency
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ATLAS Ternary bit merging

Pattern already stored New pattern to be Merged pattern —
in pattern bank merged update pattern bank
Bit Bit Bit
[ | O 1 X
[ | O 1 X
| 0 0 | 0
X 0 wem X
X + o X
X 0 X
| 0 0 | 0
| 0 0 | 0
N,=3 N4=0 N,=5

» Patterns which differ only at the ternary bit positions can be packed into a single
AM address

- Example: a pattern with N, =3 changes to N, =5 after adding another pattern

Connecting the Dots, March 2017 S.Schmitt, pattern recognition with ternary bits 12
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ATLAS

EXPERIMENT

Ternary bits and Gray code

 For each AM chip address: hits
are stored in eight layers, one 15-
bit word per layer

» Of the 15 bits, 3 bits are ternary

 Ternary bit can encode three
settings: 0, 1, X={0 or 1}

 Ternary bits — many patterns can
be saved in one address

 Shown here: a selection of
superstrip sizes and positions
which can be encoded using 3
ternary bits

Connecting the Dots, March 2017

Three ternary bits encode one of eight positions

or combinations of 2,4,8 positions

Position (binary, Gray—coded):

000 |001

011

010

110

111

101 |100

Selected combinations with one bit set to X

00X

01X

11X

10X

0X1

X10

10X

Selected combinations with two bits set to X

0XX

1XX

All three bits set 1o X

X1X
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S.Schmitt, pattern recognition with ternary bits
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