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ATLAS Detector and HW-Triggers

e Calorimeter triggers: — energy distribution and rough particle 1D
* Muon triggers: — muon identification and momentum
* No track triggers: — N0 momentum, origin and separation

of charged particles

Muon Chambers Electromagnetic Calorimeters
Solenoid

End Cap Toroid
Forward Calorimeters

Barrel Toroid Inner Detector Hadronic Calorimeters
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Motivation for Track Triggers
@ Hadron Colliders (with high pileup)

event pileup:
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Motivation for Track Triggers
@ Hadron Colliders (with high pileup)

* Isolated high-momentum track trigger:

highest momentum track
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Motivation for Track Triggers
@ Hadron Colliders (with high pileup)

* Isolated high-momentum track trigger:

highest momentum track

NY

— typical signature for e, U, T
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Motivation for Track Triggers
@ Hadron Colliders (with high pileup)

track triggers can provide useful information about:

e particle momentum

e particle direction

e origin (primary vertex, secondary vertex)

e particle counting

* particle isolation (— lepton identification)

* particle identification (in combination with other triggers)

— complementary to calo / muon triggers
— improve selectivity of trigger in general
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Overview ATLAS Track Triggers

* Phase | upgrade (2018)
» Fast TracKer Processor (FTK) — 100kHz (being installed)

* Phase Il upgrade (2025):
» “Regional” track trigger (baseline) — 1 MHz (not decided)
 Triplet Track Trigger (option) — 40 MHz (idea)

LHC

LS1 EYETS 14 TeV 14 TeV
13-14TvVr-y, Y ncnengy

x nominal luminasity
ment ol Laninoaity 4 | experiment upgrade | —— 1 experiment upgrade
beam pipes e — phase 1 phase 2
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FTK Project — Track Processor

Inner Level 1
Detector ~100kHz
V= ~100kHz
LR o ” "y Higher Level
21m 1 ERT s aamw™ FTK ——p Trigger (HLT)
\ { Barrel semiconductor fracker <100 & .
us Event Filter
End-cap transition radiatfion tracker

Aim & Concept
- full track reconstruction p.>1 GeV using 8 silicon layers (pixel+strips)

o fast pattern lookup using associative memory
* linearised track fit for precise track parameters
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Associative Memory

pattern Bus_Layer<0=> Bus_Layer<1> Bus_Layer<2=> Bus_Layer<7=>

(; ::E:::::::::: pattern 0 layer O 4-? layer 1 # layer 2 ‘..?
4 = f'\. = e e
pattern 1| I_.? [ I_.F | I_.? [
=T iy - — — — — — —
@

pattern 3|

/" FISCHER TREE

pattarn W? % IJMF‘@ ______

 fast matches (100 MHz)
 highly parallel
* AMchip06: 100k patterns
e ~10000 AMchips (pattern banks) in FTK
« tricks like “Don’t Care bits” for variable resolution
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FTK Expected Performance

track reconstruction efficiency
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track finding efficiency depends on
 size of pattern bank
e pattern generation algorithm
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Normalized Entries
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FTK Limitations |

* number of (pre-calculated) patterns is limited (— AMchip06: ~100Kk)
 patterns covering small phase space are neglected — inefficiency
 superstrips (-pixels) needed in order to reduce number of patterns
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backdraws of superpixels:
* |oss of resolution

e ambiguities (e.g. A < B)
cannot be resolved with
coarse patterns

coarse patterns
need to be validated!
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FTK Limitations |l

* to regain precision: refine hit positions and fit track candidates (DSPs)

* resolve ambiguities (“hit warrior”)
- time consuming \‘

> data flow limitations

i

10° T
- ATLAS simulation -

10°F Preliminary -

1 04 L estimated dataflow limit

Liiuih

3
10°F
- ternary bits: {1+1}m{3}gcT ]
N?(a”<8‘ N;c<5

10°E

— barrel towers

average number of roads per tower

— needs to be upgrade for HL-LHC upgrade

i pp— ttX at {s=13 TeV — endcap towers
1 I | 1 1 1 | 1 1 | L | 1 1 | 1 | 1 1 1 1 | 1 | 1 |

20 30 40 50 60 70 80
number of collisions per bunch crossing p

A.Schoning, Heidelberg University 12 10" Helmholtz Alliance Detector Workshop 2017



HL-LHC Phase |l Upgrade

A O LA, TR RR VRN BRNETY
1
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silicon
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HL-LHC Phase Il U
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Pileup at HL-LHC

e 5 times more luminosity
— significantly higher data rate

e up to 200 pileup events
— tracking becomes even more important

HL-LHC: extremely challenging environment for track trigger!
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Track Trigger Challenges for Phase I
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— use reduced number of layers
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ATLAS Baseline Phase-ll Readout +
Trigger Architecture

not final!

ITK Calo Muon Trigger

x A Al output rate / latency

i | | ¢ ¢ ¥

. - L LO Calo LO Muen
Felix Felix Felix \ | I

A A * ¥
LTI LTI LTI Global Event
: ! | LO 4 Level-0
“““““““““““““““““““““““ LOCTP 1 MHz /10 ps
DAQ/
Event Filter Felix |«
Y Y Y v
‘[7- Data Handlers
—» Data to DAQ/Event Filter
Event Data Input to Tri
Builder —> Data Input 1o I'rnigger
----- » Trigger Signals: LO
A Y Y Y .
I_) Storage Handler — Trigger Data to Readout
A A
¥ i ¥ i
Event Filter Event
Al t
Regional Processor Full Event ggregator
Tracking Farm Tracking Output
(EFTrack) r 1 (FTK++) 10 KHz
Permanent
Storage
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ATLAS Baseline Phase-ll Readout +
Trigger Architecture

not final!
ITK Calo Muon Trigger
x A Al output rate / latency
: i : ¥ v v
. = v, LO Calo LO Muon
Felix Felix Felix \ | I
A A A ¥
LTI LTI LTI Global Event
: ! | LO 4 Level-0
""""""""""""""""""""""" LO CTP 1 MHz /10 ps
DAQ/
Event Filter Felix |«
Upgrade:
Level 1 (100 kHz) — Level 0 (1 MHz)
Y Y Y Y
‘[7. Data Handlers
—> Data to DAQ/Event Filter
Event Data Input to Tri
Builder —— Data Input to Trigger
_____ » Trigger Signals: LO
Y ¥ Y A 4 .
[ Storage Handler — Trigger Data to Readout
A A
L i ¥ i
Event Filter Event
Regional | |Processor| Iy Event Aggregator
Tracking Farm Tracking Output
(EFTrack) Y (FTK++) 10 KHz
Permanent
Storage
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ATLAS Baseline Phase-ll Readout +
Trigger Architecture

not final!
ITK Calo Muon Trigger
J' x l A Al 3 1 output rate / latency
i | | ¥ .
- . L0 Calo | | LOMuon No Track-Trigger
Felix Felix Felix
\ | L
x T d v @ Level O
LTI LTI LTI Global Event
: : ! Lo 4 Level-0
"""""""""""""""""""""""" LoCTP 1 MHz / 10 ps
DAQ/
Event Filter Felix |«
Upgrade:
Level 1 (100 kHz) — Level 0 (1 MHz)
Y Y Y Y
‘[7- Data Handlers
—> Data to DAQ/Event Filter
Event Data Input to Tri
Builder — Data Input to Trigger
_____ » Trigger Signals: LO
Y ¥ Y A 4 .
[ Storage Handler — Trigger Data to Readout
A A
¥ i ¥ i
Event Filter Event
Regional | |Processor Full Event Aggregator
Tracking Farm Tracking Output
(EFTrack) r 1 (FTK++) 10 KHz
Permanent
Storage
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ATLAS Baseline Phase-ll Readout +
Trigger Architecture

not final
ITK Calo Muon Trigger

J' A l AL A ; ] output rate / latency

; s v : Tri

Felix Felix Felix -0 Calo || LOMuon No Track-Trigger
\ | [
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! ! ! LO v Level-0

""""""""""""""""""""""" Lo CTP 1 MHz /10 ps

DAQ/
Event Filter Felix |«
Upgrade:
Level 1 (100 kHz) — Level 0 (1 MHz)
Y Y Y ¥
- Data Handlers
'[ — Data to DAQ/Event Filter
EE:;E;; — Data Input to Trigger
_____ » Trigger Signals: LO
‘ S:;orage Handh;: Y —» Trigger Data to Readout
[y A
L i ¥ i
Event Filter Event .
Regional | |Processor| [ gy gyent | | LA99regator Track-Trigger
Tracking Farm Tracking I Output @
(EFTrack) Y (FTK++) 10 KHz :
Event Filter
Permanent
Storage
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Common Track Trigger HW based on
FTK Concept with AMs?

being investigated by ATLAS: .
very preliminary!

v v v
Event Filter
Regional | ™ eam | |k Even: FTK++  EFTrack | (L1Track)
(EFTrack)) 4 A | (FTK++)
Input
100 kHz | 1 MHz (ROI) | 4 MHz (ROI
Two systems but same HW: Rate (ROD (ROD
* FTK++: Full tracking at 100 kHz P; 10 2.0 4.0
. EFTrack: Tracking with 1 MHz in | (GeV/c)
Regions of Interest (10% of ITK) | #patterns c ", ",
« (L1Track): Tracking with 4 MHz in | (billion) | '
Regions of Interest (10% of ITK) | 5na fitting
| | | {206 yes no no
Remark: L1Track requires dedicated Stag

LO/L1 readout architecture

development of improved AMchip2020 —~ ~ 400k patterns per chip (250 MHz)
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ATLAS Track Trigger Emulation
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Background Efficiency

Simulation Results of AM-based
Track Trigger

- Muon (MIP) track finding and fitting efficiency ~99%

Rejection and Efficiency of Muons and Electrons triggered by Level O:

0.8

0.6

0.4

0.2

Muons

numbers refer to p, threshold

ATLAS Simulation Preliminary

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

Strategy A: Max P,
—— Strategy B: Max P, of the 2 best x2

I|III|III‘\II|III]‘>_

Signal Efficiency

Background Etficiency

0.8

0.6

0.4

0.2

Electrons

numbers refer to p threshold

ATLAS Simulation Preliminary

L1 Track selection on LO EM18 (Strips only)
Rol 0.1 ¢<1<0.3, <pn>=200

Strategy A: Max P,
—8— Strategy B: Max P, of the 2 best ¥2

o
III|III‘\\I|III|

| | I 1 1 | I 1 1 | I 1 1 | 11 1 | 11 | | 11 | | 11 | | 11 | | Ll
8.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1

— factor 5-10 rejection of minimum bias background
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Signal Efficiency
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Why not reconstruct all tracks at 40 MHz"?
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The Bandwidth Problem

ATLAS detector for HL-LHC

Maximum Hit Rates for Minimum Bias (PU=200)

~ 107 ¢ = —~

) - 1 2

2 ra 1 E

% L ~ A hit multiplicity (40 x 40 um?) g

> O ~ —10 8

= 10 = a ~_ O cluster multiplicity - ‘;:

- - ~ N =

- g ~ . -

» Readout of all hits 4 T AR? =

for every bunch crossing L B oa - ER
only feasible for large radii ; o A ~ ]
i O A ~
I i = Bl Sl LI
10 = 100 Mbit/s A .
- O A ]
B = -
I .
I 10 72

10_2 I | L I | 1 1 | I ! | A | | 4
O 20 40 ©0 80 100

radius (cm)
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Minimum Number of Tracking Layers?

transverse view: longitudinal view:

p, with beamline /7
constraint \

y
beamline

X

/ p,(triplet)
/

/dca r
| beamline

« with beamline constraint — 2 layers
« w/0 beamline constraint - 3 layers (some redundancy included!)
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Optimal Distance Between Tracking Layers?

Large gap between layers:
 reduction of extrapolation uncertainties
* increase of ambiguities (fake tracks)

Small gap between tracking layers
* increase of extrapolation uncertainties

 reduction of ambiguities (fake tracks)

no ambiguities o
ambiguities

e optimal tracking layer distance ~2-4 cm
e hits line up on almost straight lines — easy reco
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THE FOLLOWING SLIDES CONTAIN CONTENT
THAT SOME MAY FIND DISTURBING
AND THAT ARE NOT SUITABLE FOR
SOME AUDIENCE

ACCORDINGLY,
VIEWER DISCRETION IS ADVISED



Alternative 40 MHz Track Trigger (LOTT)

£ 1400 —
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Strips  1000*= -
- T]:2.0 ]

D-MAPS 800 ’ —
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D-MAPS = Depleted Monolithic Active Pixel Sensors

A.Schoning, Heidelberg University 29 10" Helmholtz Alliance Detector Workshop 2017
p



Hybrid Pixel versus Monolithic Pixel Chip

——

A

|
sensor
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no composite - no interconnects
simplified design (ASIC)

il
i
s sparsified readout (zero suppressed)
i

fast signals
@ low noise
@ thin sensor!
@ fast serial output
@ continuous readout — trigger
@ radiation hard!
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Mupix7 (AMS 180 HV-CMOS)
neutron irradiated
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H : v : ..l . :
T v Al & :
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02— i ¥ 5e15-85V365MeVic | o
[ oof
1 | 1 1 | 1 1 1 | 1 1 1 1 1 | . 1 1
0366 ® 0ss 0.7 Yo 07 =
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Possible Design of HV-MAPS stave

distribution of e
Istribution o optical fiber

e caoling
— Double Group IpGBTX link pipes
optical 2X power groups data concentrator
links 2x 15 reticles (15 inputs)
2X data concentrator
data rate: 6Gbps (cluster)
1x optical link (1 spare?)
5 |1 ]
| — i
1400mm S
N N
ooooooooo Oo0oooooooo Oooooooooo ooooooooo DDDIDIDIDIDIDD

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

1 Oom m DDDDDDDDD
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Alternative 40 MHz Track Trigger (LOTT)

- - triplet trigger

pixel size: 50 x 50 pm?

X
—_ - —— -

E 1400 — —

o " 1Tk Incline gap 20mm ]

1200 n=1.0 —

Strips 1000 —

B P n=20 |

D-MAPS 800 | -
600 // -

T -

400 n=30 -

o 2002 n=40 -
Hybrld PIXEI 0 b \ii | T | 1 1 | | | 1 1 | | | 1 1 | | I_
0 500 1000 1 500 2000 2500 3000 3500

Z [mm]

D-MAPS = Depleted Monolithic Active Pixel Sensors
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Track Finding Efficiency

Single track efficiency for mips different p.. thresholds migration losses

) i /
e 1 r il T - 1 o i T 1T 17T
508 5

0.6 [

[ >2 >5 >10 >15 >20
0.4 |-
0.2
0_|||F||||-|||||J|||||||||||||||||||

2.5 5 7.5 10 12.5 15 17.5 20 22.5 25

O

triplet threshold (all) p.(gen) (GeV/c)

= Track reconstruction efficiency ~ 100% * .
T * assuming 100%
= Track purity is close to 100% (not shown) single hit efficiency
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Simulated Z, Resolution

r RMS 0.2567E-02
C ¥/ ndd. 1139E+05, 97
. . . 12000 — nstant 9209.
event vertex can be reconstruction with a resolution N égm ~0.6825€-05
of a few mm in z-direction (depends on tracker material) - [~
8000 [
6000 —
? 4000 / \'\.
2000 [ \
0 C T e ] T
-0.01 -0.005 0 0.005 0.01

zv—zgen

o(z,) ~ 2.5 mm

7 800
700
600
500
400
300
200
100

— good separation of pileup events possible! 0

D
>
o
O
QD
©

endcap

barrel

1 2 3

relevant for multi-jet triggers theto

coverage up to |etal=2.2

OHI\‘\Il\lll\l‘\\I\‘II\Illl\ll\l\\‘\ll\ll
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Example: Simple Two Track Trigger

ATLAS
1L EXPERIMENT

16

Run M ant MNu
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Summary

FTK Phase | upgrade
@ full track reconstruction at 100 kHz
® being installed and fully operational in 2018

ATLAS Phase ll: discussed track trigger upgrades

» FTK++: continuation of FTK concept with associative
memories (baseline)

» EFTrack: similar to FTK but reconstruction at higher rate
(1 MHz) in regions of interest (ROI) only

ATLAS Phase II: LOTT triplet track trigger

» not so crazy idea of instrumenting large areas with
monolithic active pixel sensors for track trigger

» can reconstruct ALL tracks (p.>1 GeV) at 40 MHz
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Backup
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Track Parameters from Space Points

basic assumption: solenoidal magnetic field

3D tracking:
» simple
 robust

» from three planes — 9 parameters
» helix and crossings described by 8 parameters
— over-constrained fit
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Variable Pattern Matches with Don’t Care

NS
N
i
.f/'l ™~

. particle trajectories to find
I fixed resolution pattern

TOTAL: 3 patterns

g particle trajectories to find
I fixed resolution pattern

] 1 don't care bit

TOTAL: 1 patterns

. \._
S~ N\

cmE
—

particle trajectories to find
M fixed resolution pattern
[/ 1 don't care bit
I 2 don't care bit
[T 3 don't care bit

TOTAL: 1 patterns & improved
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