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OUTLINE

e Why hardware based track finding? Why now?
e How we do it
e Current status and commissioning plan

e Looking to the future
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WHY USE TRACKS IN
THE TRIGGERY

TO DO THE PHYSICS, OF COURSE!
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WHAT QUESTIONS
ARE WE TRYING TO
ANSWER?




WHAT QUESTIONS
ARE WE TRYING TO
ANSWER?

e |s this really the Standard
Model Higgs Boson?
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CARRYING OUT THE
PHYSICS PROGRAM

* Need to be able to identify:

e 3rd generation particles: taus, b-
quarks

* Displaced vertices from b-hadron
decays

e 1- and 3-prong tau decays
e Leptons from electroweak decays:

e |solated electrons and muons
e Jets and Missing Energy

e Tracking is critical!
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Pixel Detectors
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ATLAS TRIGGER SYSTEM



ATLAS TRIGGER SYSTEM

VAR R |

Data Collection




ATLAS TRIGGER SYSTEM
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VAR VR |

HLT <=p Data Collection
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ATLAS TRIGGER SYSTEM
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CHALLENGES

CMS, 78 reconstructed vertices
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TRICKY
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* Huge combinatorial problem, very non-linear with number of interactions

e Atlas FastTracKer (FTK) solves these problems with a hardware based approach
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TRACKING AT HIGH LUMINOSITY IS
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CONCEPTUAL
DESIGN

45 Nexclear [nstruments and Methods in Physcs Rosearch A278 (1989) 436-4490
North-Holland, Amsterdam

e Parallelize the problem: Divide the detector n-¢

VLSI STRUCTURES FOR TRACK FINDING
towers

Mauro DELL'ORSO

Diparnmento & Fisica, Universird & Pisa, Piazza Torncel 2, 56100 Pisa, Taals

Luciano RISTORI
INFEN Sexiome di Pisg, Via Veccksa Livornese $82a, 52010 8. Piero a Grado (PIL 1ol

e Reduce the data volume: Convert clusters into NEPOp—
coarse resolution hits

We discuss Ihe architecture of a device based on the concept of auocaatioe memory designed 10 solve the track finding problem,
typical of high energy physics expeniments, in 3 time span of a fow microseconds even for very high maltiphcity events. This
“machune” s implemented x4 2 large array of custom VLSI chips. All the chaps are equal and cach of them stores a number of
“patterma”, All the patterns in all the chips are compared s parallel 1o ihe data coming from the detector while the detector is being
read out

e Eliminate costly loops: Compare hits to pre-
stored patterns simultaneously

e Simplify algorithms: Use a linearized fit for track
candidates

e Hardware solution: Implemented in FPGAs or
custom ASICs

13
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SYSTEM
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SYSTEM
ARCHITECTUR

e Parallelize

/ the problem
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HARDWARE

~8000 ASICS
~2000 FPGAs

Thousands of I/O links
128 IM + 32 DF
@ up to 10 Gbps > !

\

/7 128AMB

SSB-SSB
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STAGE 1: DATA FORMATTING

e Clustering

N
I
y
) \
i
./

e Route clusters to FTK eta-phi towers

Forward SCT

Pixel Detectors
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STAGE 1: DATA FORMATTING

e Clustering

e Route clusters to FTK eta-phi towers
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STAGE 1: DATA FORMATTING

e Implemented in ATCA crates with full mesh backplane (40Gbps)

e 32 DF boards in 4 crates

* Inter-board routing determined using greedy search algorithm minimizing tails of routing
distribution
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STAGE 1: DATA FORMATTING

e Implemented in ATCA crates with full mesh backplane (40Gbps)

e 32 DF boards in 4 crates

* Inter-board routing determined using greedy search algorithm minimizing tails of routing
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STAGE 1: DATA FORMATTING

e Implemented in ATCA crates with full mesh backplane (40Gbps)

e 32 DF boards in 4 crates

* Inter-board routing determined using greedy search algorithm minimizing tails of routing
distribution
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STAGE 2: BINGO
DATA REDUCTION AND PATTERN RECOGNITION

e Hits are ganged together
into coarse resolution hits
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| Layer 4
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e Hits are ganged together
into coarse resolution hits

e All possible patterns of coarse
resolution hits determined from
simulation



STAGE 2: BINGO

DATA REDUCTION AND PATTERN RECOGNITION

Layer 4

Layer 3

Layer 2

Layer 1

19

e Hits are ganged together
into coarse resolution hits

e All possible patterns of coarse
resolution hits determined from
simulation
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DATA REDUCTION AND PATTERN RECOGNITION
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into coarse resolution hits

e All possible patterns of coarse
resolution hits determined from
simulation



STAGE 2: BINGO
DATA REDUCTION AND PATTERN RECOGNITION

* Hits are ganged together
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into coarse resolution hits
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STAGE 2: BINGO
DATA REDUCTION AND

1| [ 1 Layer 4
I I I I I I Layer 3
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PATTERN RECOGNITION

e Hits are ganged together
into coarse resolution hits

e All possible patterns of coarse
. resolution hits determined from

simulation

e Custom associative memory
chips are used to compare hits
to O(10%) patterns
simultaneously (bingo cards)
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REFINEMENTS

e Majority Logic: Only require N out of M layers have a match

e Gains efficiency
e Variable Resolution Patterns (Don't Care Bits)

e Reduces the number of patterns and fake matches

No variable resolution: 1 bit variable resolution: 3 bit variable resolution:
3 patterns needed 1 pattern needed 1 pattern with 1/16th volume
N ol N ol

| AN | ] | 2\ | ]
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 Number of don't care bits set on a layer by layer, pattern by pattern basis
20
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AMCHIP 06
VITAL STATS

e 65 nm fabrication

2
e H0mm” area

e 2Gb/s1/0
o 23x23 BGA
e 128k patterns, 400M transistors

e 1.15V. 3.3 A, 3.8 W / chip

e Several hundred chips tested
so far, 85% yield
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VITAL STATS

e 65 nm fabrication

e 60mm? area lphone 6: A8 processor
20nm
e 2Gb/s /O :
2B transistors
e 23x23 BGA 89 mm?
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TRACK FITTING

e Problem: >90% of matched
patterns (BINGOs) are from
random association of hits

e Solution: check it full
resolution hits in matched
patterns are compatible
with a single charged
particle

25
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5 PICOSECOND
TRACK FITTING

’ hit layer 1 coordinate

. . . Li
e | inearized fits on FPGAs: approximation

2

. . Ph f
e Determine phasespace of possible tracks (y) asespace 0

possible tracks

* Linear approximation calculated and defined by sector

hit layer 3 coordinate
-

 FPGAs multiply and add coordinates by constants to
get &

e Keep roads with at least 1 good track hit layer 2 coordinate

e Fit 1 track / ns (1 track every 5 ps for full system)!

N,
Xi:ZSijIj—|—hi;i:1,...,NX

—1
J 26



AUX

Pix/ SCT Hits

from DF
find SS-Ds -
forhits s "=
Hits are ganged : (SSMap)
into groups of
pixels/SCT

modules called
Super Strips (59)

SCT Hits
from DF




AUX

Pix/ SCT Hits
from DF

find S5-Ds -

forhits s ="
Hits are ganged : (SSMap)
into groups of
méng/ SCT _ Data Organizer (DO)
ules called » .storesssS | Hits o
Super Strips (SS) ®¢hip ram (Write mode

® -

SCT Hits

| 1SS IDs ito AMB |
from DF b |Hq'— AP

e [P |

‘l
- g ;
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AUX

-

Data Organizer :Track Fitter (TF) FW
(DO) FW: Allows for 1 missing layer (Pix/SCT majority hit)
Associates roads

to SS using ext. k

| Nominal Tracks
MEMoTY, i passing
sends [ o : atc etrieve v cut

hits to Constants  Hit coordi-  Pix Majority
TF to Roads nates Sl W

-L-[I- o

Organize Roads

i:: | Constants




FINAL TRACK PRODUCTION

AN AR




FINAL TRACK PRODUCTION

Track Fitter (TF):

Extrapolator (EXT):

Finds candidates in Fits track with each
unused layers using combination of
extrapolation possible

constants

candidates, takes
one with best x°.
(Nominal and

Pix/SCT Majority
Fitters)

12 layer

andidate tracks

Track Hits




FORMAT FOR HLT: FLIC

* Merge into
event
packets

......

M!ﬂﬁl‘"’h’il il val v'a

* Include/strip
debug &
monitoring
information



H FLIC: FTK-to-Level-2 Interface Crate _

L.

v
e
| -
m @ : .
SSB: Final Fit-HW .m SSB: Final Fit-HW

A ceste EAA

FTK pipelines

H 4
LN a
4 HWs 4 HWs | 4 HWs
v
o - w .m -
= 4 TFs | | 4TFs po o | 5l] 4TFs
= o ~ 21l
c (mial] - — (a8
S||400s| |S||aD0s| — 2|=|]|4 DOs
B < seooee |
> N
LI 5
32 DF: cross-point for clusters - m
=
<

Clustering in parallel —

] Board-board
Connector

—>» fibers

>300
ROLs

AS A SYST
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WHERE DOES IT FIT IN?

Calorimeter_and Muon detectors 40 MHz |
trigger data Tracking and
other detectors
data

Level 1 Accept

100 kHz

Pix & SCT data

ReadOut System

Regions of Interest

Tracks
Data Collection
Event Network
«—— 1 Data
ROI 12 kHz
requests
40 kHz Storage

1 kHz
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HOW FAR ALONG THE
ROAD TO REALITY ARE WE?



* |nitial production of all boards started

e Some delays for AMB and SSB

e At least one prototype or production board for each board
available at CERN for integration tests

e |nstallation in USA 15 started!

¢ One slice including IM+DF+AUX+AMB

e One full DF Shelf installed* -
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DATA TAKING DURING HEAVY
ON COLLISIONS

4 e
SRS L e

; ‘ATLAS TOAQ SOFTWARE * Ppation ATLAS

Togaing Level Held
B trol_Settings Log

el il N T |
a [fpLoad Panels =05 [ Trgger | OFFane! |
; commit & Kglaas ﬂ' , : wan Control Segments & Resources Dataset Tag: \
‘RUN CONTROL STATE " N RootController | CHIP-ATLAS |
J o 4 Online Segment : |
-&mm Lo W Calorimeters 2
459 [l ] ™A
4 (i & Infrastructure “.
P — AppOks2Coral |
= [:u;_’___j AACIATLAS ATLGCSDDC |
d o [CRURRINGE| LiCemralTrgner £
0 - [:’_,ﬂ"‘;‘.—"—“-’j :i?"’ o {2 pOMsegment
ormation @ Seings & [ﬂj y
0 ::v:, ::mur 286639 o _-Iﬂm TriggerConfig o ForwardDetectors |
A & TRP_Segment o+ (4 GlobalMonitoringSegment !
2 o[ _RuNNING ] geamspotController - 410 Histogramming \
|
Number Rate >@] ole2hitarl - i Histogramming-Global-iss |
9993 el 1 8094121 5625 KHz "l:—r“"”ﬁj JIDAQ; MonRadno 1 S skesostay |
0.00% o [IRURNNG ] FTK-segment o (0 innerDetectors |
0.00 747 4.60 Hz InnerDetectors t }
0.00% B
008 o] e 0 Daen case Repests 1
0 ~ s
0.00% " .
0.008% 12} subscription criteria [ WARNING [ ERROR (] FATAL INFORMATION [] Expression [,.,_ !
7 g = SEVERTY APPLICATION NAME MESEES \
SR 4 s CtpController L1CT:LumiBIlocKC... Performed luminosit block update, lumi block is now S -\ T
17:13:54 AnyError, REC Decoding has found up to now 101 decoding errors. Last |
17:13:54 WARNING RPCEventGnam egnamsANYEITOr g a5 LVL1 1D 0x503322508 \
g a Tile L1Calo tower 0x061a0002 is hotter than Its neighbours. \
- 5 Eta=0.95 Phi=-3.09 (9,32). Please check L1 Empty wrigger |
0.00% Oka 17:13:38 WARNING 11calo-trigger-monitor-app trigmonzHotTower o o nusual activity (EM3,J10,Tau8 etc) Beam \
; g _——’_’_ﬂ—’ﬂ;ﬁ_’fﬂg@ﬁﬁ#_ﬁ,ﬂ_wm g |
& RPC Decoding has found up to now 91 decoding errors. Last |
i 171331 WARNING RPCEventGnam egnamzANYEITOr g s (VL1 1D 0419571130 |
: ARNING RPCEventGnam e RPC Decoding has found up 10 now 81 decoding errors. Last
171321 WARNIN PCgnamARYEITOr 0 pgs VLY 1D 0x335553628 \
17:13:10 WARNING RPCEventGnam cgnamzAnyError RPC Decoding has found up 1o now 71 decoding errors. Last |
N ol DegnamANYEMOY o6 yag \v11D 0X352386203
NFORM J pController L1CT:LumiBlockC... Performed luminosity block update, lumi bilock is now 4
g : Tile L1Calo tower 0x061a0002 is hotter than its neighbours
INFORMATION I1calo-trigger-monitor-app trigmonzHotTower Eta=0.95 Phi=-3.09 (9,32). Please check L1 Empty trigger
| rates for unusual activity (EM3,J10,TauB etc) Beam
state=ADJUST
e RPC Decoding has found up 10 now 61 decoding errors, Last =
l lihuﬂ Message format L @ Visible rows 10‘000[-3 Current ERS subscription

sev=WARNING or sev=ERROR or sev=FATAL or sev=INFORMATION

%
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ON

prrr

0.00%

0.00%

DATA TAK

COLL

mmanﬁ ss contro! Settings Logging
[ Load Panels -

eload

Level Help

NG DURING HEAVY
SITONS

G} EETPR -~
olc2hitctrl
TDAQ_Monitoring

o| RUNNIN

o- | RUNNING

¢ [_RUNNI

& ‘

A B2 o-|  RUNNING
2 I
11 it =
Al =" = o-| RUNNING FTK-segment
| -
e o-| RUNNING InnerDeteClors
oo e Li_,rf;;_/';_ﬂr:—‘i“—‘ﬁ—i alorimeters
' I‘NVF.(‘)Rl;IATwN DFxpvessloll‘ E:'Ei—é‘fg |

{7 subscription aiteria

% INFORMATION

WARNING (] ERROR FATAL

MESSAGE

L1CT:LumiBlockC... Performed Juminosity block update, lurl block is NOW S -
RPC Decoding has found up t0 now 101 decoding errors. Last| = §

APPLICATION
CtpControlier

egnamzANYENTOr o5 has Lvi 1 1D 0x503322508

17:13:54 WARNING RPCEventGnam ‘
Tile L1Calo tower 0x061a0002 is hotter than Its neighbours. \
5 Eta=0.95 Phi=-3.09 (9,32). Please check L1 Empty trigger !
17:13:38 WARNING 11calo-trigger-monitor-app trigmonzHotTower o o nusual activity (EM3,J10,Tau8 etc) Beam |
A we=ADNST - oa |
RP ing h i |
v wwe epncn pr—— A L il |
\
17:13:21 WARNING RPCEventGnam rpcgnamzAnyError ﬁzec E::?_s{"f%‘;g‘;“;’s's‘g 6‘; ;‘W 81 decoding errors. Last ! |
\
17:13:10 WARNING RPCEventGnam " Al RPC Decoding has found up 1o now 71 decoding errors. Last |
WCGNAmIANYENTOr gng pog VL1 1D 0352386208

INFORMATION

CipController 1 CT:LumiBlockC.. Performed luminosity block update, umi block is now 4

INFORMATION

Tile L1Calo tower 0x061a0002 s hotter than its neighbours

trigmonzHotTower Eta=0.95 Phi=-3.09 (9,32). Please check L1 Empty trigger
rates for unusual activity (EM3,J10,TauB etc) Beam
state=ADJUST

I1calo-trigger-monitor-app

RPC Decoding has found up 1o now 61 decoding errors, Last =]

Clear B{| Message format |}

@ Visible rows IO‘OOOH Current ERS subscription

sev=WARNING or sev=ERROR or sev=FATAL or sev=INFORMATION

%
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CHALLENGES

e Delays in production due to manufacturing issues (AMChip 06, Second
Stage Board)

e |nfrastructure:
* New(ish) technologies: ATCA

e Power consumption in VME racks & limited cooling capacity (14-15kW/rack)

e Integration into ATLAS DAQ chain (talking to Pix/SCT & ROS)

* Firmware planning/stability/completion

e Done by students & postdocs with finite institutional lifetimes

e Integration of such a heterogenous system!
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FTK SCHEDULE

Barrel system Full processing

First production First integration into installed, power

boards arrive ATLAS data stream commissioning starting

Fall Winter Spring ». Summer 2017

2015 2015 2016 2016

| | . Full detector
Design reviews complete Input/Output
coverage

Systems Commissioned
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PLANNING FOR THE
FUTURE

THE FUTURE IS NOW



( LHC & High Luminosity LHC

Al l | Run 2 | | Run 3
Lon B&E8 Long 14 TeV
Shutd ; 1 —— Shutdown 3 energy
utdown .
eyl HL-LHGC 7.5 x nominal

2011 2012 2013 2014 215 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2l 26 2037

radiation
damage

aninal uminosity

-

‘:(;;_;L:{Ir ;:.p:“n;‘npzf. 1ominal kminosity I oxpori::::e"rﬂ'm k—’ ; : ' mm:ggﬂdt
=
—

30 b 2 I3 = EXd —g— Intgratnd

’ Addition of Inner  Addition Further trigger upgrades Upgraded ATLAS Detector incl.
p1>fel layer (IBL) of FIK e Concurrent processing ¢ Replacement of Inner
* Inigger Upgrades on many-core cpu Tracker
(+ accelerators) e Upgraded Trigg

LATLAS N

- ™
~.

‘;t)ﬁrﬁtKIMtNl i

Y 4 FTK: Fast TracKer: hardware based tracking

gbar event with 140 pile-up events

First W->ev 7 TeV

collision data. John Baines CDT 2016 /




TRACK TRIGGERING AT HL-LHC

. Silicon Strips ) .
o | i Sljconpuips .
e [=7.5x10"cm™s” , 200 pile-up R
o L
events - i
‘Q | f
s
 ~10 times current highest luminosity -
N
.. . . o )
e Critical to measure Higgs couplings, Pixels Extended coverage o 1] <4
including Higgs self coupling! . . | |
| | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
° Tracking strategy: 40MH2z collision ga{tg)

LO

* Hardware Tracking in Rol at up to 1

MHz PMuon, Calorimeter
31 MHz
e AM+FGPA technology Regional Muon, Calorimeter
Tracking Regional Fast-
) Tracking
e Hardware Full Event Tracking at ~100 00 kHz
kHz — selected events: FTK++ 3 Fvent Filter
>
3 Muon, Calorimeter, AM C h IPC)Z a
. 100 kH Full-event Fast-Tracking
o AM+7?7 “ Precision Tracks in Rol
ACKINO
<510 kH
o CPU/GPU precision tracking in ROI Offline

Reconstruction &
Storag
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CONCLUSIONS

e LHC Run Il & lll will have a lot of
challenging and exciting physics to be
explored

e Using tracking information in the trigger will
increase our sensitivity to heavy flavor objects

e FTK uses a hardware solution to solve the
oroblems of tracking at high luminosity

R, W R A R S

e Good performance with respect to offline
tracking

e Trigger chains under development

e Commissioning in 2016, usage in HLT in
2017.
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DF Backplane Tests

- HER
5

—_ o0

Q

2 0

o

§ -50

€ -100

>

-05 -0.375 -0.25 -0.125 0.0 0125 0.25 0.375
Horizontal Offset (UIl)

o

o

Q

& 0

o

§ -50

£ -100

> -05 . -0. 0.0 0.125 0.25 0.375

Horizontal ofiset Uy INOte axis scale

 Large bit error rates in data transferred between boards were seen
in previous backplanes built by ASIS
 ASIS delivered new backplane for testing ~2 weeks ago, and
came to help test
 Performance was greatly improved in new version
« See above eye scans for an example comparing the two
backplanes under the same configuration and board pair, testing
transfer rate of 10Gbps |_
1

EXPERIMENT
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EXAMPL

USES: TAUS

Preselection ‘ Precision
Trigger Towers Secona stage Rol
) Etand iso cut :
w ', L1Topo/CTP |
o -
: ] First stage Rol

dR and/or L1 jet ',

.w-—-
Regon of ~terest

AR

‘:Topoclustering

\
\

/

L
r i pt cut *
- ' Fast-tracking
jots SN Avx \
— » /e #track cut |
— - A N \ Precision Tracking, HLT tau reco
| . - — ' / \ o 1
THOON bowers (4g « M - 01 w0 1) M %
7 - R - :
§ v i:i} etonon " #track and BDT cut 4
=l e Morirostsl sums Sagvents Sanse 6999 ' \
g soleton ring '
'
L
'

L1

~25ns

High Level Trigger

Processing Time
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High Level Trigger

Processing Time



Efficiency

- XAMPLE USES: TAUS

1_"|"'|"'|"'|"'|' | | [ | 1
~ Teeepasteogegs—S ’ = 2 ATLAS
} i o i Simulation
0.8 ATLAS — 2 o8k \s =14 TeV, <u> = 60
i . . i A L1=2TAU12] TAU20I J25 DR28
) Simulation i Yol L e FTKL2
DS __ ‘IES =14 TEU, <> = Bﬂ, ggH_}ThTh__ % 06 __ A PV+FTKL2
- L1=TAU12I 1 = - % Calorimeter L2 + E1! %, 21232 GeV
B . B v
04__ - " ETK-HLT efficiancy wr 1 affline Loase BDT ] 8 04‘ W Calorimeter L2+ E;" "' 40 GeV, frlmt|L1 25 GeV "
- . o L
02:_ —— Calarimater-HLT afficiancy wort offline Loose BDT _: :é : +r Y
i i S 0.2
WY A AP PP PP SN SR PP IPRPRE R PP s i 4
20 40 60 80 100 120 140 160 180 200 = -

R ] | 1 | l
Offline = p_[GeV] % 0.5 1
Efficiency for Boosted events of ggH — 1, 1,
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Normalized Entries

EXAMPL
B-JETS

USES:

S A LA DL LA DL

. ATLAS Barrel (n <1.1) |

10 | Simulation <u>=60 _

- \s=14TeV — Offline Light-Flavor 3

i — Offline b-Jet "

5 3 -»- Re-fitted FTK Light-Flavor

107 ~»- Re-fitted FTK b-Jet =

10°F =

1

107k 3

+ .

_’_“

1 0.5 A I L L l I I I ' l ' A A A l A A A ) ] A A A l ' A A l-_':
-20 -10 0 10 20 30 40

d, Significance

rate [Hz]
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Displaced
cks

Secondary

7
'
A
'
'

Primary S

Vertex /

o Jet
BDD_ RN L
- ATLAS \s =14 TeV <p> =60 A
- Simulation ]
250 — G(300 GeV) — hh — 4b D45_4j45_Tight .
— 4+ HLT items w/ FTK -
200 ® HLT items no FTK §o20- AR a8 Tant
150 -
E -Ebﬁﬁ_#-jﬁﬁ_ru'ﬂdium E
100 —
- Ehﬂﬂ_ﬂﬂﬂ_ﬂgnl 7
N b75_4i75 Medium N
50— . —
:I. Ll I I Ll 1 1 I Ll 1 1 J 1 1 1 |. L_L L 1 |. Ll 1 1 I Ll 1 1 I Ll 1 1 J 1 1 I |. L_L_1L I.:

0 10 20 30 40 50 60 70 80 90 100

signal efficiency



- XAMPLE USES: B-JETS

Calo Jets Track Jets

> 300 T T T T T > 300 T T T
3 - ATLAS Preliminary tt, s = 14 TeV, u>=60 3 - ATLAS Preliminary tt, s = 14 TeV, u>=60
o - — o - —
= 3000: Simulation | | Offline b-Tag (80%) 7 = 3000: Simulation | | Offline b-Tag (80%) .
0 - — _ ] 0 - o . N
_-.GEJ 2500__ - —@—— Offline b-Tag w/L1_J20 Match —] g 2500__ -@- - —@— Offline b-Tag w/F'II'zIE:;z?r(::(e;JIe:zn;tnc;h o
c - i c L i
L - . L - .
2000— —] 2000~ | —
L - _ L _
1500 o 1500 o
1000 —] 1000 - —]
L - _ L _
500 o 500 o
N ] - ]

O_ -’-l 1 11 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 1 O_ 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 1 11 | 1 11 | 1 11
o 1r 0000000000990 o I --0-0-10-0-0-0-0-0—00—0—00—9- 99
£ osp ; € 05f -
r —!—._._ . . . . . . . . . ] r . . . . . . . . . . ]
OO 20 40 60 80 100 120 140 160 180 200 O0 20 40 60 80 100 120 140 160 180 200
Offline E; [GeV] Offline E; [GeV]
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Input Mezzanine board (IM)

Spartan -6 IM

————— . Total 80 boards are produced.

‘ 79 boards Pass all test

board with patch cable goes to spare
All boards were delivered to CERN.
Several boards are already installed
to USA15 and used to test.
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o » All boards will be produced at
Nov 23.

* Boards will delivered to CERN
after the initial test in this year.

* Several boards are already

tested in Real data at CERN
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Integration test results

Receive the hit by required
speed. OK

Process the hit clustering by

required speed.~80 %
Check IBL

"| Send the hit to next board
4 (DF) OK

~80%
Stable data flow.

There are still miner bug in data flow
for Firm ware side.

->Under Investigation.




FTK Second Stage: Functions IIIinois

8-layer Tracks
from AUX

IBL + SCT stereo \

hits from DFs Use linear approximation

for extrapolation
Each SSB:

® Receives 8L data from 4 AUX cards

e Receives IBL and stereo SCT hits from DF for 2
n-¢ towers

e “Extrapolates” 8L fits into layers not used in
the 1st stage using pattern constants and ¢
retrieves candidate hits from those layers for
use in 12L track fitting (Extrapolator FW')

12-layer fits from
other boards

Good
track list

to
FTK ROD

12-layer fits
to other
boards

Performs 12L fit (Track Fitter FW')
Receives Intra- and inter-crate SSB 12L
track streams and uses these to
remove duplicates (Hit Warrior FW')
Merges FTK data within a core crate

and outputs data to FLIC
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core crate (450) 4 additional layer

hits from DF
——- _ TR HOOmEE
HHE 2-layer tracks (intra- crate) H

Pixel+axia| SCT

E
12- Iayer tracks (Intra-crate) @ overlap removal only

12-layer tracks {Inter-crate) O overlap removal only

Hits from DF

__-‘ ERaE PO (R

layer tracks

fSSB
pSSB
fSSB

1n-®

To FLIC To FLIC
tower : oZ




HW: SSB track flow

Core Crate 45° Core Crate 45°

lllinois

0°-225° 22.5° - 45° 45° - 67.5° 67.5° - 90°

Green arrows show the flow of tracks. Tracks flow out of the TF and are merged in the HW.
Red and Blue arrows show tracks sent to neighboring ¢ regions for overlap removal
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Final f(SSB)*

Main board fSSB

Configuration

memory

External

VME IF
FPGA

TF

| 12L Track |

8L Track + SS

EXP

8L Track

12 layer tracks

12 layer tracks (overlap removal
12 layer tracks (overlap removal

HW e o

—— SFP+
|

M ninois
l

QSFP <= DF input

QSFP
e e—
SFP+ |+
[
SFP+ |
' AUX input
SFP+ | e—
|
SFP+ | &
Intracrate SSB
track flow
SFP+
]
SFP+
1
SFP+ |e—s
' Intercrate SSB
SFP+ |e— Overlap only
—
+
SH.) Intercrate SSB
SFP+ overlap only
$
SFP+ == To FLIC
l 54

*pSSB and fSSB are identical hardware, only Hit Warrior firmware is different



FLIC functionality

Receive event records from upstream FTK
system, 1/16th of the detector per channel

= Full bandwidth output from the FLIC to HLT
= Baseline: 300 tracks per event @ 100 kHz

Convert FTK identifiers to ATLAS global
identifiers using SRAM lookup

Repackage event record into standard
ATLAS format

Communicate with HLT
= Sends records

= receives xoff signal and propagates it
upstream to FTK

Monitoring and Processing on ATCA Blades
via backplane

RuiWang 2015 IEEE NSS & MIC
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Hardware status

= Prototype boards have been fully
tested

= One send to CERN for integration testing

= Two production boards arrived at ANL
in Oct. 2015

= New front panel, new back panel, IPMC,
new SRAM architecture and etc.

= Firmware updates to fit to the hardware
change from the prototype to the
production board

= Currently under lab testing at ANL

Rui Wang 56



FLIC testing at ANL

= Prototype been fully tested at ANL

= Latency ~20us, well understood

— 700
T == Robin-NP Event Rate
1 2 C ——— FLIC Event Rat
= Stable rate above 100 kHz, tested with 1 - 8 & 600 vent Rate
- One Hundred kHz
C h anne lS 00l Full Bandwidth at 2 Gbps
N FTK TDR Design Spec.
= Rates are shifted to have a better visibility 400~
300[—
200—
1 00 :_ "'----.__________ """""""""""""""""""""""""""""""
0 A \ \ \ \ Ll \ Ll L
5 10 15 20 25 30 35 40
Tracks per Record
— 7 —_
ii 0 C Measured in FLIC I - One Channel Rate
> - = 250! — Two Channel Rate +10 kHz
% 60 - Theoretical Model % L Fgur Channel Rate + 20 kHz
E - Theoretical Model at 4 Gbps T B E:grgtgr?::rig T:EZt; :43-04i(()|-I|<ZHz
: A o ‘ FLIC Measurement
so— T gressive Limit 200 _— ............... One Hundred kHz
40 - 150|-
30 :— B
- QU0
20— -
- s0H
10— B
0_\'—\—‘\“\ "\\ \\‘ 1 1 | \‘ L1 1 | ‘ L1 1 | ‘\ 1 1 | ‘\ \\\‘ 1 | \\‘ 1 1 | \‘ L1 1 | ‘ 0_‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1
5 10 15 20 25 30 35 40 45 50 0 5 10 15 20
Tracks per Record Time [min]
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FLIC testing at CERN

= One prototype send to CERN for testing
= FLIC to ROS rate tested for one channel

= Rate vs number of tracks per event records
(fixed tracks & random delay)

= Standalone software & ROS partition

1200

— Maximum
— Measured — L4 —
[ Run Control f Segments & Resources Dataset Tags | DFPanel
| Common Rates f Others
900 IS Information
Ol HLT []RE
175,000 ‘
600 HEI ' 3Tracks |
125,000

= .

T 100,000 {5 A R e

w 20 Tracks

5 75,000
300 50,000

40 Tracks
25,0004  f EaaasssaSsEEEEEEE.
) 100 Tracks
19:25 19:26 19:27 19:28 19:29
Time
0 = HLT
0 10 20 0 40
Maximum period to plot @E Days [ ZH‘ Hours [ OH‘ Minutes
# of tracks e

A Rui Wang
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o'

DCS

:r n

/.\‘

Npo ‘
=

&
&

)

USA15

Y

- | -

-> 4 in total with
mounted Data Formaters
[temperatures, voltages,
status, fan speeds r/w,
monitor/control boards]

-> one crate for FLIC

->8 crates in total
The mounted boards have
temperature sensors on them.
[temperature values via SBC]

y

16 custom fan trays
controlled with CAN, 2
fan trays per crate
[fan speed r/w]

able to support up to 2
Wiener crates +

. [temperatures, voltages, cooling
->2PSin total status, fan speeds r/w, -> 4 PS in total
monitor/control boards] [voltage-current,
power switch]
<@l Ethernet
< ===<c<  CANBus
HLT = | ow Voltage
4_ Data
I Inner Detector
(PIXEL, SCT)

~ Rui Wang
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EXAMPLE USAGE OF LAB 4
TESTSTAND

e Controlled environment lets us test FW limits in interaction between
two boards

DF+IM PROCESSING SPEED
UNDER VARYING CONDITIONS

400

150 MHz FW: 1 Modules/evt
T 125 MHz FW: 40 Modules/evt
125 MHz FW: 1 Modules/evt

200

100

Event processing rate (kHz)

0 100 200 300 400

Number of words/evt
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