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SN > When will FTK provide
: ‘ tracks?




What is the FastTracKer (FTK)?

FTK provides full tracking information to HLT for
tracks with |n| < 2.5, pr > 1 GeV

> The Inner Detector (ID) is read out with each
_1 trigger

> Data from the ID is sent to both FTK and HLT
> FTK performs tracking and sends results to
HLT

L1 Trigger

Inner
Detector

T. Holmes, University of Chicago



Why do we need FTK?

ATLAS tosses more than 99.99% of collisions

Final decision on what to keep is made in around 250 ms

How do we decide if
this event is worth
keeping?

(image of an event with analysis-level “offline” reconstruction)

T. Holmes, University of Chicago 4



Why do we need FTK?

40 MHz —

Level 1 trigger decision are made with rough
calorimeter and muon information 100 kHz

High Level Trigger uses full precision 100 kHz —
information around objects identified at L1 1 kH7

Event @ L1 | Event @ HLT

T. Holmes, University of Chicago 5




Why do we need FTK?

Level 1 trigger decision are made with rough
calorimeter and muon information

High Level Trigger uses full prélLEIS e NslEs{elinle
information around objects ident EeIal\ATaRCIo (oJaFN0)i

Interest (Rol)

Event @ L1 | Event @ HLT
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Why do we need FTK?

Level 1 trigger decision are made with rough
calorimeter and muon information

High Level Trigger uses full prélLEIS e NslEs{elinle
information around objects ident EeIal\ATaRCIo (oJaFN0)i

Interest (Rol)

FTK removes the limitation of these Rols

T. Holmes, University of Chicago 7



What was FTK designed to look at?

o B 1 Lowest unprescaled MET
b - 'gfrt‘a'ﬁg?me"mm_fw - trigger is at 110 GeV,

ol i_: ::ETXZ:)S'I) - but takes until ~200 GeV
y U Uarewmues]  to become fully efficient

L L R .
> high threshold partially due to pile-up
> additional hadronic activity contributes to MET soft term
(energy unassociated with other objects)
> tracking lets us identify objects from the primary vertex (and
ignore everything else)

T. Holmes, University of Chicago



What was FTK designed to look at?

MET > (Offline, tracks are used to construct the MET soft
term, nearly eliminating its dependence on pile-up
> FTK can make this possible for the trigger

to make an improvement

need this in every event similar to this
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T. Holmes, University of Chicago 9



What was FTK designed to look at?

b-jets and Ts

—5 tracks b jet

------ b hadron

------ impact
parameter

P eecond :
W o verex hadronic Ts

efficient identification of these
particles requires tracks

T. Holmes, University of Chicago



What was FTK designed to look at?

b-jets and Ts large improvement in
b-tag working points
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T. Holmes, University of Chicago



Time constraints

Tracking in an Rol takes on order 10 ms

Offline track reconstruction (analysis level) for the full
tracking volume requires about 10 s / event
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Time constraints

Tracking in an Rol takes on order 10 ms

Offline track reconstruction (analysis level) for the full
tracking volume requires about 10 s / event

% 1? ATLAS tlme/ROI g :Z ATLASSirn]ulation Prelim:nary Ofﬂlne
§ 0 ¢ e s I N - E
g 10'25— S{Jacing =

. . . e =
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truction

o tracking for the full event in ~1 ms ==
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Software release

T. Holmes, University of Chicago



Time constraints

Tracking in an Rol takes on order 10 ms

Offline track reconstruction (analysis level) for the full
tracking volume requires about 10 s / event

T S L v —
3 10"5";_: 3 =
g 102 .“5";_, | —
IR [0 keep up with L1 rates, FTK must do e
oL tracking for the full event in ~1 ms  ZENEE
10°E :

Requires time reduction of ~5 orders of magnitude

T. Holmes, University of Chicago






Making Tracking a Simpler Problem

77
fg’ e
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7
SEE
i

Straight to
HLT

,.
//.‘ 7
:
%
H

Split signals
go to HLT
and FTK

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

Step 2: Parallelize

Divide the barrel into
64 overlapping towers

Send data from each tower
to separate processing units

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

Step 35: Pattern Match

Divide each layer into
coarse chunks

— + + -

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

Step 35: Pattern Match

Divide each layer into
coarse chunks

Define patterns of these
chunks that correspond
to tracks

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

Step 35: Pattern Match

Divide each layer into
? coarse chunks

Define patterns of these
chunks that correspond
to tracks

Compare fired patterns
to a stored bank of
track-like patterns

T. Holmes, University of Chicago
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Step 35: Pattern Match

Divide each layer into
? coarse chunks

Define patterns of these
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to tracks
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Making Tracking a Simpler Problem

Step 35: Pattern Match

Divide each layer into
? coarse chunks

Define patterns of these
chunks that correspond
to tracks

Compare fired patterns
to a stored bank of
track-like patterns
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Making Tracking a Simpler Problem

Step 35: Pattern Match

Divide each layer into
? coarse chunks

Define patterns of these
chunks that correspond
to tracks

Compare fired patterns
to a stored bank of
track-like patterns

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

Step 4: Fit a Subset

— 4+ 4+ -

» ’ For matched patterns,
. retrieve the full resolution hits

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

j; Step 4: Fit a Subset
?
|
* E For matched patterns,
i retrieve the full resolution hits

Perform a linearized fit
on the hits in 8 layers

— 4 4

I 7 Keep tracks passing a X2 cut

T. Holmes, University of Chicago



Making Tracking a Simpler Problem

Step 4: Final Fit

Extrapolate the 8-layer
tracks to find additional hits

Refit in all 12 layers

Keep tracks passing a X2 cut

Send the resulting tracks
to HLT

T. Holmes, University of Chicago






Can this work for LLPs?

Looking directly at LLPs

What are the physical limitations of FTK?

IBL PIX SCT TRT

T. Holmes, University of Chicago



Can this work for LLPs?

first stage tracks

allowed to drop
1 layer

IBE PIX SCT TRT

T. Holmes, University of Chicago



Can this work for LLPs?

second stage tracks

allowed to drop
2 layers

iBL PIX SCT TRT

T. Holmes, University of Chicago



Can this work for LLPs?

disappearing tracks

> anything that decays outside SCT is fine (> 55 cm)
> reduced efficiency down to ~44 cm
> impossible for decays before that

IBL PIX SCT TRT

0 10 50 R (cm)

T. Holmes, University of Chicago



Can this work for LLPs?

displaced tracks

> NO necessary loss for tracks starting within 5 cm
> drops in efficiency at and © cm
> |mpossible after 12 cm

IBL PIX SCT TRT

0 10 50 R (cm)

T. Holmes, University of Chicago



Can this work for LLPs?

What about pattern bank efficiency?
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0.65 —+muon =
0‘55;_ - pion ATLAS Simulation. no IBL_;
ol o b b b Lo L b 1]
Y2 15 1 05 0 05 1 15 2
d, [mm]

> pattern banks are generated to have b-jet-like coverage,
optimized for do< 2Zmm

T. Holmes, University of Chicago



Can this work for LLPs?

%) °-95§‘ — > this Is not set in stone

E) 0082_ 1 = very small gains in coverage
&LE’ 0"; from the last 10% of patterns
o o7E : > discussions of using this
§ 06_ E for special signatures
el 7 = ITwewant it for ourselves, we

# of patterns generated need to push for it!
“not a real plot

T. Holmes, University of Chicago



Can this work for LLPs?

To answer the question — YES!

We just need to get everyone excited about it!

T. Holmes, University of Chicago






Timescale goals

This is the LHC’s plan:

2015

WWWAMJJASWW]WFNA

Sauzdown/Technical stop
Protons physics
Commissioning

Ions

2018 2019 2020 2021

Y E : : [a[M]2]3 Als|o]n|o
I 1
sz
i I

Run 2 Long shutdown Run 3

T. Holmes, University of Chicago



Timescale goals

now: FTK commissioning,
working on stability

2015 2016

WWWAMJJASWW]WFMAWJ:A

Sauzdown/Technical stop
Protons physics
Commissioning

Ions

2018 2019 2020 2021

M[a[1 Als MJJASWW]

Ik

T. Holmes, University of Chicago



Timescale goals

now: FTK commissioning,
working on stability

2015 2016

JFMAMJJASWW]JFMANJ:A

Sauzdown/Technical stop
Protons physics
Commissioning

Ions

2018 2019 2020 2021

MJJASWW]

M| Als 1l MlaM[i]:|als

|

2018:

Installation of full system
partial integration (limited coverage)

T. Holmes, University of Chicago



Timescale goals

now: FTK commissioning,
working on stability

2015 2016 2018 2019 2020 2021
[F[M[A[M[1]3 Als[o|m[o]a|F MAIM]J |- |A]s|O|N M[1[J Als[o|n HE : | o[n|o
|I|I|]| 'I'I'I | HHDEUUUU] HH |I|

]

Sauzdown/Technical stop
Protons physics
Commissioning

L Ione

2018: Run 3:

Installation of full system full FTK
partial integration (limited coverage) available

T. Holmes, University of Chicago



A _ i
x the whole team is
~ . very actively debugging

Z I

T. Holmes, University of Chicago 43



Conclusions

The FTK is actively integrating into the ATLAS
detector and will soon be available to provide
full event tracking at HLT

FTK has the potential to help identify LLPs —
but much work needs to be done to study efficacy

Up next, Lesya will explain more about how we can
use FTK to get gains in the LLP triggers







How good are we at triggering on b-jets and Ts?

Rate Limitations

as instantaneous luminosity climbs,
trigger rates for these objects increase untenably
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T. Holmes, University of Chicago



How good are we at triggering on b-jets and Ts?

Currently the lowest unprescaled
triggers ATLAS can support are: . 160 GeV for T

- ~200 GeV for b-jets
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T. Holmes, University of Chicago



Improvement from FTK

lll IIIII

— T
— ATLAS Simulation, no IBL
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T. Holmes, University of Chicago



Improvement from FTK

FTK-based algorithms show great improvement over the
current HLT efficiencies
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(caveat: this working point comes with a slightly higher fake-rate)

T. Holmes, University of Chicago



Improvement from FTK 3 O ATLAS Promma i
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Implementation

Input Mezzanine &

Data Formatter

IM receives data from the
ID, clusters adjacent

silicon hits to form the
“hits” used in FTK

DF divides hits into towers
and sends to the
appropriate boards

T. Holmes, University of Chicago



Implementation

Auxiliary Card

AUX converts hits to coarse
resolution “super-strips”

T. Holmes, University of Chicago



Implementation

Associated Memory

Board

AMB performs the pattern
matching, returns “roads”
representing matched
patterns to the AUX

T. Holmes, University of Chicago



Implementation

Auxiliary Card

Retrieves the full-resolution
hit information for hits
matched to roads

Performs the 8-layer track fit

T. Holmes, University of Chicago



Implementation

Second Stage Board

SSB Extrapolates 8-layer
fit to remaining 4 layers

Performs a fit on all 12
silicon layers

T. Holmes, University of Chicago



Implementation

FTK-to-L2

Interface Card

Sends tracks passing
all cuts to be processed
by High Level Trigger

T. Holmes, University of Chicago



Implementation
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T. Holmes, University of Chicago



Implementation
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Time constraints

number of tracks time to reconstruct
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Only gets harder with more pile-up

T. Holmes, University of Chicago



