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The Motivation and the Challenge

Higgs discovery confirmed the SM
model once more

The picture is still incomplete and
more measurements will challenge it

New precision tests require much
higher luminosity

Energy increase to 13 TeV may open new
scenarios

Focus on very rare and energetic
channels

Maintain high trigger efficiency on
challenging final states is crucial

Selections complicated by the presence
of a large number of pileup events

LHC expects between 40-8o0 multiple
interactions (pileup) 2015-2018

Full tracking is a powerful tool to limit
its effect
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2012 Post LS1

20 MHz | 1.6 MB
40 MHz+ 2.4 MB

~30 CIn Level-1 accept
. ; 70 KTz [ 100 GB/s
100 kHz T 240 GB/s
Tracking detector can provide powerful information like
the number of primary vertexes.
Can help in correcting the calorimetric measurements or be FTKS

fundamental to identify specific topologies, as b- or t-jets.

Level-2 requests

skHz | 8 GBJs
The Fast TracKer ( ) will perform a complete tracking in iyl
time for the level-2: 100 KHz with a latency <100 ps.

Event building
6.5kHz | 10 GB/s
12 kHz ¥+ 29 GB/s

JVF[jet2, PV1]= 0

‘\ , JVF[jetl,PV1]=1-f
JVF[jet1, PV2] = f
A 600 Hz | 960 MB/s

<1kHz + 2.4 GB/s
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The FTK basic ideas

FTK algorithms designed to be simple and highly parallel
Tracking divided into two sequential steps
The pattern matching comparing the hits with calculated
patterns at course resolution and special hardware
Hits are grouped in super-strips (SS) with coarse resolution
Limited resolution reduces the number of pre-computed
patterns

The track’s parameters are evaluated from the full resolution hits
using a linear Principal Component Analysis algorithm

(j.nima.2003.1.078)
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[Integrating FI' K in ATLAS

The ATLAS inner detector is
composed by 4 pixel layers and 4
strip pairs (12 layers)

Not originally designed for
real-time tracking

FTK will receive data from the
whole ATLAS inner detector
after each Level-1 trigger

Pattern matching performed
looking for segments with hits in
8 layers

Track fitting performed in 2
stages
1%t stage confirms the road
2"d stage extends the track to

improve the quality and reduce
the fakes
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FTK architecture overview

The system receives a copy the Pixels

data from the RODs & SCT

The Data Formatter (DF)

performs a first data reduction RODs |

and organizes the data in 64 Cluster
overlapping n-¢ towers Finding

DF provides data for pattern
matching to the Processing
Units (PU)
1% track fitting stage removes
random coincidences

The 274 stage board (SSB)
combines 15t candidates with
additional hits ROBs

Refines the fit: improve

, quahtY.and redu.ce S This talk will focus on the clustering
Final candidates using up to 12

layers are filtered and “input mezzanine” (FTK_IM) in the

reformatted by the “FTK Level- DF and the processing unit (PU)
2 Interface Crate” (FLIC)
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>D-Clustering for the
ATLAS Fast' TracKer Processor

The is installed on the e
“data formatter” (DF) =
boards =

Performs a fundamental
data reduction for the

]
Ll

FTK Input Mezzanine

My | “““t,“ 1‘1”“‘

system =S
Main challenge: input Detector ¥ Fast TracKer
rate 308 Gbits interface®  jnput stage
256 S-link fibers from
all pixel RODs
Running at 1.2 Gbits
32bit words at ,
1 hit/word 132
SCT data partiall S-links

clustered by the font- &
S Level-2
Event buffers
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Grid Clustering - Generate Window

==; =llllllllll

EEEEEEEEEE Generate a cluster window (e.g. 4x5 pixels) around
a reference hit

The reference hit is located on the middle row of
the window and
Column 1 of the window if it belongs to an odd column
Column o of the window if it belongs to an even column

Pixel hits are read from the _| | |
front-end in columns

Hits are read from the input | 13| 15
until a hit which belongsto  ——

a column beyond the | | |
cluster window is identified

The hits that belong to the  —— Femym s
same columns as the cluster B st
window are stored in a T 090 T3 i i PR SRS
separate circular buffer
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The Clustering Implementation

The current implementation is an evolution of a linear
algorithm with a high cost in terms of FPGA resources

In the previous algorithm grids of 168x4 or 328x8 pixels
were used. For these grid sizes the extrapolated area
and clock results (for the Spartan 6-LX150T) would be:

Slice
Registers

696 (1%)

Grid Size

21x8 (current)

2784 (1.5%)
10510 (5.7%)

168x4
328x8

Slice LUTs | Clock | Frequency

83Mhz
14.8Mhz
3.8Mhz

1950 (2%)
7800 (8.2%)
30457 (33%)

12NS
68ns

265ns
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The FTK processing unit

The core of the system is

composed of the AM board and
the AUX CaI'd Hits from DF COI‘e Crate 450 4 additional layer

Pix+axial SCT hits from DF

The AUX card interfaces with
the DF (input) and Second-stage
board (output)

Prepare the input for the AM
and do the 1% stage of the fit to
remove low quality candidates

The AM board performs the
pattern matching

The final system will have 2
boards for each tower
Each tower has 4 independent
engines
The system will contain 512
independent engines
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AUX Card (1/2)

RLDRAMII . .
16Meg x 36

12x 2 Gbps

FTK AUX Card Block Diagram
' MB-Rev. A - 3/5/2013

e Receives full precision
clusters from the DF

e gU VME Rear Transition
Card

e 280omm deep!

e [/Os:
e Fibers: to DF, SSB

e 2x QSFP (8 x RxTx @ 6Gbps)
e 1xSFP (1x RxTx @ 2Gbps)

e P3 Connector: Data to AMB

¢ 12 x Out @ 2Gbps
e 16xIn @ 2Gbps

e P2 Connector: VME control,
power

e Processing power: 6 Arria V
FPGAs

e 20 Mb RAM, ~1000 DSPs
each
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AUX Card (2/2)

eConvert 32 (16) bit pixel (sct)
hits into 12 bit coarse resolution
superstrips to send to AM, store
full resolution hits for later use

eReceived matched roads from
AM and fetch full resolution hits

eup to 8kHz road rate

eDo 8-layer track fitting using
full precision hits to reject fake
roads

eup to 1 fit per ns average

eSend tracks passing chi2 cut to

Second Stage
*20 MHz single track output rate

i
0

‘.‘J i ’

T
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Associative memory board (AMBFTK) and

Large Area Mezzanine board (LAMB)

OLD AMBFTK+PROTO LAMB PROTO-AUX

Track«fitting
(fir@t stage)
i

ERNI high
speed

connector
(data 1/0)

Associative memory board receives coarse resolution hits from the AUX using
high speed connector
Each board is composed of 4 LAMBs with AM chips
Each LAMB-FTK will contain 16 chips, ~10° patterns/LAMB
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https://indico.cern.ch/contributionDisplay.py?contribId=50&confId=228972
https://indico.cern.ch/contributionDisplay.py?contribId=50&confId=228972
https://indico.cern.ch/contributionDisplay.py?contribId=50&confId=228972
https://indico.cern.ch/contributionDisplay.py?contribId=50&confId=228972

Processing unit tests

CDF fan unit with one extra fan
(1]

Existing prototypes of the PU
were tested

Cooling tests for the crates
were performed

High-speed links between
AMBFTK and the AUX
successfully tested

A limited integration test
with the ATLAS DAQ was
also successfully performed T = -
before the LHC shutdown o s e e e
Previous generation AM- \ e ] , - -
board and LAMB : y

Additional tests are expected
to start in the winter
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Simulation results

FTK detailed simulation has been
performed

The load ho the system is compatible
with allowed latency

FTK tracks show a near to offline result
in many quantities key quantities

HLT CPUs can use the tracks to make a
preliminary identification of the events '
0 10 20 30 40 50 60 70 80

Allowing to use the existing resources for Latency (u sec)
more complex selections

|
|

A

!
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. HNNHffWMMMMfHHMMfffHWHffHHNN{(fHHNNHHHHWHHW-

ATLAS Simulation, no
-+ Offline
- FTK

: o *m'a****ﬁ#ﬂ‘*’r"

-+ Muon

—s-pion ATLAS Simulation, no IBL

q.fpT [1/MeV]
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Schedule

Asic submission [ |

integratedtest ||

Global Integrationtest | |

Production - Installation ||

|
Months | 7 8] ofsdf1a1df 1] 2] 3[ 4 pi=st=ri=ai=sigo[1a]12 1 2 3] 4 s ¢
2014 | | |
Dualoutputtola || | 1| clobalint. [J] | |

III

I _Globalint.

NI

NI

tabeout | | |

NI

BO(_Global Int. |

1 GlobalInt. ||

II

|_Globalint. |

cooting | [ | [ [ B [ [ [ [N | [ [ ||

Tests in are already started in the single institutions
Some tests already performed, no issues found
Integration tests at CERN are expected starting next year

First collected data expected during summer 2015
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Conclusions

FTK TDR has been published in May
https://cds.cern.ch/record/1552953/?In=it

FTK is able to improve the ATLAS trigger performance
FTK tracks can be used to identify interesting objects
The tracks can be used as by the HLT algorithms

More detailed integration studies are ongoing

Prototypes of the main components are under

construction or final design
The processing unit boards are in advanced state

Preliminary integration tests done

FTK is expected to collected data from 2015
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Tracking with AM at ATLAS

End-cap disk layers

I DY/ D

The ATLAS inner detector
was not originally designed
for HW trigger

Study required to find the
best compromise between
HW complexity and
performance

Pattern recognition based on
8 silicon layers
3 Pxl +5 SCT sensors

Track fitting performed in 2
stages
1%t stage confirm the road

2"d stage extend the track to
improve the quality and
reduce the fakes
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ATLAS Simulation, no IBL

—k— FTK Primary Vertices vs |1
—@— FTK Primary Vertices vs Offline

Efficiency

- Linear Fit
Linear Fit

Number of FTK Vertices

ATLAS Simulation, no IBL
\'s = 14 TeV, p = 46, n-endcap
VBFHH%TTHT,EPT"EH

70 80 50 100

track p _ [GeV] 70 80

Number of Vertices

ATLAS Simulation, no IBL Barrel (In| < 1.1)
= <u> =69
— Offline Light-Flavor
— Offline b-Jet
—* FTK Light-Flavor
—* FTK b-Jet
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Status of the other main components

* Handles the input of the system, distributing
the data to the processing units

* Large data exchange between the boards

* Uses ATCA technology with full mesh

backplane

Improves the track
candidates calculated
by the PUs
Responsible for
duplicate suppression

L «— Intracrate SSB |
-~ track flowi (1)}

Interfaces the FTK processor with the ATLAS HLT
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FTK within the ATLAS DAQ
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ASSOClatlve Memorlymatch I|r¥drlvmg scheme:

To save power we have used two diffe
« Current race scheme (dummy layer timing)
« Selective precharge scheme

Current source:
3.7 x 1.8 um each

ML discharge:

b um each

* |4 NAND Cells: 14 NOR Cells:
' 12.6 x 1.8 um_each 2.6 x 1.8 um each
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