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ATLAS PhysicsiGoals

Precision of Higgs branching ratio measurements

» Broad physics programme @ HL-LHC projection from Run 2 datfd 1o Run 4
. . ATLAS Preliminary
» Precision measurements Projection from Run 2 data O 1 Stat L] Syst mm
Vs = 14 TeV, 3000 fb’* Total  Stat  Syst

» Higgs boson's properties

BR,, +0.050 ( +0.020 + 0.046 )

» Standard Model parameters BR., +0.044 ( £ 0.017 £ 0.041)

» Searches for BSM signatures BRuw +£0.044 (£0.010£0.043)
BR

T +0.087 (£0.012+£0.035)

» Flavour physics

» Heavy-lon Physics

m +0.137 (£0.127 £ 0.049)

ES
==
e
b
BR,, Fed +0.038 (+0.016 +0.035)
—s=—
==

» Goals driving trigger requirements BR,,

I 1 1 1 1 1 1 1 1 1 I 1 1 1 | 1 1 1 | 1 1
0.6 0.8 1 1.2 14 1.6 1.8 2
BR norm. to SM value
ATL-PHYS-PUB-2018-054

—{ +0.242 (+0.203 £0.131)
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Trigger Regquirements

» Inclusive frigger selections
» Maintain low thresholds for

Single-lepton
Di-lepton
Di-hadronic t
Multi-jet

» Missing transverse energy

>
>
>
>

» Requires upgrade of
Trigger and Data Acquisition (TDAQ)
to handle higher rates & pile-up

Sebastian Dittmeier - Heidelberg University
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Simulated tt Event at Ultimate Luminosity

ATLAS

EXPERIMENT

HL-LHC tt event in ATLAS ITK
at <p>=200

0(10 000) particles / event
Mostly low p; particles

Inner Tracker (ITk) offers
excellent p;resolution

Track reconstruction
as early as possible
enhances trigger



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradeEventDisplays

TDAQ Phase-lI'Baseline Architecture

» Single Level-0 hardware trigger:
calorimeters and muon system

» Detectorreadout rate of 1 MHz

» Event filter system after first level trigger using
track reconstruction of Inner Tracker (ITk) data

» Qutputrate of 10 kHz to permanent storage

Sebastian Dittmeier - Heidelberg University

7 Inner Tracker

~ Calorimeters | |

Dataflow

Permanent
Storage

<+ Trigger data (40 MHz)
<~ - L0 accept signal
<— Readout data (1 MHz)
«- -+ rHTT data (10% data at 1 MHz)
<— gHTT data (100 kHz)

<~ - EF accept signal

4: Output data (10 kHz)
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Event EilternSystem

Processor

» Commodity processor farm
Tracking CPU time versus pile-up

» Custom Hardware Track Trigger

T = rr I I ]

§ %% aTLAS simulation ]

. T - . - 7]

» Reduce CPU requirements = 250/ ITk Inclined Duals, tt events E
% - [ Total ID Run 2 Reconstruction .

i © -~ --Ik- Total ITk Reconstruction ]

. ngh ’rhroughpu’r 5 200: O i Track Finding (Run 2) . .
3 - --@-- Si Track Finding (ITk) R .

» TwoO s’rdges of HTT :g 150~ A  Ambiguity Resolution (Run 2) o -
8 - --A"- Ambiguity Resolution (ITk) __.-*" 0]

» Regional fracking Tt P A
-0 - .

i 50— = | JURTTTEL ]

» Global fracking P PR ;
LY o S Tl ]

oW
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FastiRegionalfliracking (rHTT)

» Full Level-O rate of 1 MHz

» Regions defined by the Level-0
trigger (< 10% of the full event)

» All charged particles p; > 2 GeV
and |n| <4.0

» Coarse resolution
sufficient for initial rejection

» Single high-p; lepton
» Multi-object triggers

Sebastian Dittmeier - Heidelberg University

Background Efficiency
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More Precise Global Tracking (gHTT)

» Lower Level-0rate of 100 kHz
» Full ITk event data

» All charged particles p; > 1 GeV
within |n| <4.0

» Track quality and min. p; similar to
offline track reconstfruction

» Primary vertex identification
» Pile-up correction and mitigation

Sebastian Dittmeier - Heidelberg University
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TDAQ Phase-lI'Evolved Architecture

[ Inner Tracker l I Calorimeters ] [ Muon System ]
A A A :

...............

» Dual-level hardware trigger architecture
» Mitigation strategy for

» Detector readout bandwidth limitations

» Hadronic trigger rate uncertainties

» Also holds opportunities

e il R |

» Reduce thresholds B

» Improve acceptance for physics signatures '

L1Track

Event Filter
‘ Processor
Farm |~ ©

Sebastian Dittmeier - Heidelberg University

<€---- Trigger data (40 MHz)

<~ = L0 accept signal

<= = L1 accept signal

«— Readout data (1 MHz)

<« - Regional Readout Request

Permanent

J|| Storage

ITk data (Max 4 MHz)
<€ - Readout data (800 or 600 kHz)

<— gHTT data (100 kHz)
<~ - EF accept signal
<= Output data (10 kHz)
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TDAQ Phase-lI'Evolved Architecture

[ Inner Tracker l I Calorimeters ] [ Muon System ]
A :

A T :

...............

» Level-0 trigger: 2-4 MHz, latency 10 s
» Level-1 trigger: 600-800 kHz, latency 35 us

» rHTT — L1Track
» p;> 4 GeV

» Latency constraint 6 ys

L1Track

&
X
&
<

» LlTrack receives data on .
low |GTeﬂcy stream from ITk Readout  f«- - === - - - - L1CTP I

) 4 <€---- Trigger data (40 MHz)
<~ = L0 accept signal
<= = L1 accept signal
«— Readout data (1 MHz)
E Filter ) A4 <« - Regional Readout Request
e— ITk data (Max 4 MHz)
J | Storage <€ - Readout data (800 or 600 kHz)
<— gHTT data (100 kHz)
<~ - EF accept signal
Q:l Output data (10 kHz)

» HTT system is being developed for
baseline and evolved scenario

==
__Farm J& %
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Major Processing Steps in HIT

SUPERSTRIP B
STRIP 0%,
1. Pattern recognition in AM ASICs (rHTT) R ""%%
Uy, 2,
» Pre-computed 8-layer patterns r— e, %%}%
stored in Associative Memory ASICs -
» Reduced cluster resolution: Super Strips ",
oy o 11.4-1.6
2 Tstagefrack-fitinFPGAs [TT) ¢ © asssmiaen  lmrtsvsotiottsmert
»  8-layer full resolution clusters e e, |
° ° 800 — P ﬁ : ﬁ ‘
3. 2 stage track fit in FPGAs (gHTT) - P
600 . - $
» 13-layers full resolution clusters | i
400°— 1 anfalilelegitidlgage——————
. e \ \ \
200] :mou:‘.“" o | [ ‘\ | [ }
Tr :gu . ‘r‘. [ [ | \ \
0 0 500 1000 1500 2000 2500 3000
ATLAS-TDR-029 v
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HTTFBaseline Arehitecture

» Evolution of Fast TracKer (FTK) design
» HTT simplifies hardware modularity

» Data from network via
dedicated servers (HTTIF) 100 Ktz

Rate

» HTT can run on simulated data
— commissioning without beam

FProcessing

Sebastian Dittmeier - Heidelberg University 17.10.2019



HTTFBaseline Arehitecture

» HTT simplifies hardware modularity

» Evolution of Fast TracKer (FTK) design [ Network Switch J
» Data from network via
dedicated servers (HTTIF)

» HTT can run on simulated data

— commissioning without beam M
Hheeete L,

e

ATCA

HTT unit HTT unit
{==) commodity network == Point-to-point optical <& Links trough ATCA
' data links backplane
17.10.2019
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HTTFBaseline Arehitecture

Network Switch J

» Single ATCA main board [
Tracking Processor (TP) I
rHTT—— » Pattern Recognition Mezzanine (PRM)

— AMTP: Associative Memory
Tracking Processor

gHTT—— » Track Fitting Mezzanine (TFM)
— SSTP: Second-Stage

Tracking Processor

Sebastian Dittmeier - Heidelberg University

e do

HTT unit

e

HTT unit

{==) commodity network == Point-to-point optical <& Links trough ATCA

data links

backplane
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» 48 independent HTT units

» rHTT and gHTT in specific
n X ¢ region (2.66 x 11/8)

» 12 AMTP boards (hosting 1 PRM)
» 2 SSTP boards (hosting 2 TFM)

Sebastian Dittmeier - Heidelberg University

[ Network Switch J

l

S

HTTIF

e do

HTT unit

HTTIF

e

HTT unit

{==) commodity network == Point-to-point optical <& Links trough ATCA

data links

backplane
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racking Processor

» Functionality -
. . . (ol <
» Data sharing/switching »  monitoring) R
v A
» Hit clustering N v v .
E _I_ h . _I_ RTM W_it'h Raw Data, Track output Clustered data, Track output Mezzanine
} ven Sync roniZzation optical fiber '\ Clustered data to SSTP i R (TFM track input) (PRM or TFM)
— (data flow, ~ 4
» Track duplicate removal — e, —L v
. . . Flz.lﬁ-nrﬁezs:h Clustered data sharing removal) Clustered data, Track output Mezzanine
> ngh-bdndWIC"'h. mCIIﬂ FPGA Backplane \_ / (TP rack e L (G )
> 90 Transceivers @ 10 Gb/s — G 1
v
» System-on-Chip for monitoring et - s T
+ ATLAS Detector Control System et e PR —
power <€«—> \onitoring
17.10.2019
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racking Processor

Demonstrator board ready for | e .
NON-PLATE%;HEE[E%E%

» Mechanical and thermal studies T“ J =
|

21/' Mezzanine #|
2.1

» [-ray connector and ons s
high-speed link studies

» Infegration and cooling fests ®¢\
@ CERN from summer 2020

TP

component | (i1
area

NN

Lo

Z-ray
Interposer

B 190,55

®.,

322,25

Mezzanine #2
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Associlative Memorny ASIC

) o The current prototype
Core component of the hit pattern recognition of the AM ASIC: AMO7

Parallel bit-wise comparison of incoming data
with pre-stored templates

About 30 peta comparisons per second per chip

AMO9? production version of the ASIC
3 x 128k patterns per chip

Technology: 28 nm HPC

Processing speed of 250 MHz | AM06 2013 i3 Lpic SR .11 Used in FTK

Shared cost and
Low power consumption AMO7 | 2017 28 16k 200 075 e sources with FIK
using KOXORAM+ CAM-cell AM08 2020 28 16k 250 0.42

AMO9? 2021 28 3x128k 250 0.42



RPaftern Recognition Mezzanine

» 4 groups of 5 AM ASICs per PRM

» Store 7.4 M patterns | ____ |

» Peak cluster rate/layer 250 MHz — [[ ﬁ 0 l
» 1large FPGA (Intel Stratix 10 MX) RoadiD e o
— [ O input: Raw data

» 1st stage track fit

RoadID track parameter

tracks removal

E—

> Linearized X2 fit Output: Track

g
SSID ' output,
» Up fo 4 x 1 Gfit/s u _ U Custered

data to SSTP
» High-bandwidth memory (HBM)

1TAG Ethernet Main data path :>
> Remo\/es need for ex.l.ernol RAM connector connector Control and Monitoring ———————»

JTAG - - - - - - -

» Reftrieve patterns and fit constants

» Demonstrator spring 2020

Sebastian Dittmeier - Heidelberg University 17.10.2019



RPaftern Recognition Mezzanine

» 4 groups of 5 AM ASICs per PRM
» Store 7.4 M patterns
» Peak cluster rate/layer 250 MHz

» 1 large FPGA (Intel Stratix 10 MX)
» 1st stage track fit
» Linearized x2fit
» Up to 4 x 1 Gfit/s
» High-bandwidth memory (HBM)
» Removes need for external RAM

» Reftrieve patterns and fit constants

» Demonstrator spring 2020

Sebastian Dittmeier - Heidelberg University

Linearized x2fit
Constants S;;, h;
Cluster coordinates x;

2

Naof | /Neoo
X2= Z ZSUX] +hi
i=1 j=1

Track parameter calculation
COHSTOHTS Cij' qi

~

NCOO

pi= z (Cijx; + q;)
=

Ngor: # degrees of freedom
N.,o: # coordinates

17.10.2019



>

>

Track Eitfing Mezzanine

Extrapolate tfracks from PRM
to remaining ITk layers

Perform 2nd stage track fit
Two mezzanines per SSTP
1 large FPGA (Intel Strafix 10 MX)

» High-speed links to TP
» HBM for fit constants

8L Tracks

Demonstrator end of 2019 P

Hits on
additional
5 layers

Sebastian Dittmeier - Heidelberg University

Data/Clk/Ctrl

Internal Memory

- o

Memory Interface

FPGA

Queue and format R/W requests

13L Sector ID
+ Constants

Extrapolator

Use 8L tracks to find hits
in additional 5-layers

8L hit coords
List of +5L

hits

13L Sector |
+ Constants

Track Fitter

Fit for 13-layer tracks

13L track
helix

Layer Map 13L track x2
13L Sector ID Hits and hit
map
17.10.2019



System ASPECTS

Refined power estimates \
» Current best estimates
Size of the system \  AMTP: 259416 W
> 576 AMIP b SSTP: 206+16 W
» 11520 AM ASIC » Total shelves 48 + 2 hot-spares = 50 (17 racks)
> 96 8STP (192 TFM) » Total HTT power: 289 kW (MPV: 385 kW)
» + PCs for HTTIF and
Control/Monitoring Data flow estimates from detailed simula’rions\
Massively parallel system Baseline scenario
» Total system hit data rate 3.2 Tb/s

» Maximum per PRM output frack rate 94 MHz *
» Maximum per TFM output frack rate 19 MHz *

*Ina 0.2 x0.2region

Sebastian Dittmeier - Heidelberg University 17.10.2019



Simulated Perfermance

Efficiency [%]

1st-stage muon track-finding
efficiencies for p; > 4 GeV

100

w A~ O B N © ©
o o o o o o o

|II1

....... B T e S e oS RS e T

ooooo

y

ATLAS Simulation
Efficiency w.r.t. offline, muon < pu>=0
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Targeted efficiency > 98%

@ p;> 10 GeV
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G(ZD) (min %2) wrt truth

wn

Z, resolution for muons
vs py for 15-stage fitting

C T — T T T T T
- ATLAS Simulation ——0.1<1<0.3
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all figures from ATLAS-TDR-029
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» Hardware Track Trigger important component of the Phase-ll
TDAQ upgrade to meet ATLAS physics goals @ HL-LHC

Baseline system: HTIT as co-processor in Event Filter

Regional (1 MHz) and global tracking (100 kHz)
System can evolve into L1Track with regional tracking @ 4 MHz

vV v v Vv

Modular design: Tracking Processor + Mezzanines
» Pattern Recognition Mezzanine (15" stage track fit)

» Track Fitting Mezzanine (279 stage track fit)
» System specification review passed

» Demonstrators for all components coming soon

Sebastian Dittmeier - Heidelberg University
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» The ATLAS TDAQ for Phase Il Technical Design Report

>

https://cds.cern.ch/record/2285584

» The ATLAS Fast Tracker Technical Design Report

>

https://cds.cern.ch/record/1552953

» Figures:

>

vV v v v Vv

Sebastian Dittmeier

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradeEventDisplays
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1TrackPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/PhysicsAndPerformancePhasellUpgradePublicResults

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-020
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-021
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054

- Heidelberg University
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ATLAS PhysicsiGoals

Physics Drivers @ HL-LHC Processes Trigger Signatures TDR Sect.
Precision Couplings to fermions H— tt, H— pp, tiH, H — bb |single/di-e or p / di-T 22,24
Couplings to W/Z, diff. cross-sections ||H — ¥, H — Wrw- — e/u, di-y 2.3
measurements of P . (%)
the properties of +U_ _1:' _ - L -
the Higgs Boson ereee
Self-coupling HH — bbtt / bbyy / 4b di-7 /7y, multi-jets 2.5
Scalar Higgs boson vs. BSM composite |H — o ZH — 00+ (inv) e/
Precision Forward /backward asymmetry Z—=ee, ;tJr;f single e/ jt
Standard Model |Vector-boson scattering WWjj, WZjj single ¢/
Measurements Precision top mass and cross-sections Hf production e/ u, large R—jets/ multi-jets |21
Searches for new vector bosons Vector Boson Fusion (VBF) Z" — high-pr single e/ p
o
Searches for BSM |Searches for electroweak SUSY _ﬂ'xg — WH x?x? ETm iss, single/di-¢, u, T 22,26
Signatures SUSY top partners b — tX[1] large R-jets/multi-jets+ET" iss
Dark matter ISR+;C(1] x? jets+E¥iss

New resonances, SUSY

Long-lived particles

72 = il

G qils, X1 — 7K

jets, large R-jets, e/p, 7,|2.3,2.5
E!Frliss

high impact parameter,

E_rrniss
Lepton Flavour Violation T — [pp low py di-p
Flavour Physics  |Searches for FCNC in top decays t—u/c+H/Z single ¢/
Rare B-meson decays B—pup, By — [/¥Y+P low pr di-p 2.10
Light-by-light scattering YY = 7Y low pr di-photons
Heavy-lon Electroweak production W/Z/t single e/
Physics In-medium parton energy loss (jets in| mono-jets jet, minbias
PbPb)
Quarkonia production T/, Y low-mass di-e/ jt 2.11

Sebastian Dittmeier - Heidelberg University
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TriggerMenuiter I MHz Level-0 Rate

Table 6.4: Representative trigger menu for 1 MHz Level-0 rate. The offline pr thresholds indicate
the momentum above which a typical analysis would use the data.

Runl Run 2 (2017) Planned After | Event

Offline pr | Offline pr HL-LHC L0 regional | Filter

Threshold | Threshold Offline pr Rate tracking Rate

Trigger Selection [GeV] [GeV] Threshold [GeV] [kHz] | cuts [kHz] [kHz]
isolated single ¢ 25 27 2 200 40 15
isolated single u 25 27 20 45 45 1.5
single 7y 120 145 120 5 5 03
forward e 35 40 8 0.2
di-y 25 25 25,25 20 02
di-e 15 18 10,10 60 10 0.2
di-p 15 15 10,10 10 2 02
e—p 17,6 8,25 /18,15 10,10 45 10 0.2
single T 100 170 150 3 3 0.35
di-t 40,30 40,30 40,30 200 40 | 05
single b-jet 200 235 180 - 55 | 0357
single jet 370 460 400 0.25
large-R jet 470 500 300 40 40 0.5
four-]:et (w/ b-tags) 45+(1—tag) 65(2-tags) 100 20 0.1
four-jet 85 125 100 02
Hy 700 700 375 50 10| 02"
Einiss 150 200 210 60 5 0.4
VBF inclusive 2X75w/ (A > 2.5 33 5| 057"

& A < 2.5)

B-physics'’ 50 10 0.5
Supporting Trigs 100 40 2
Total 1066 338 104

' In Run 2, the 4-jet b-tag trigger operates below the efficiency plateau of the Level-1 trigger.
™ Thisis a place-holder for selections to be defined.
Assumes additional analysis specific requires at the Event Filter level

Sebastian Dittmeier - Heidelberg University ATLAS-TDR-029 17.10.2019
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Regions Covered by HTT Components

Table 3.1: Definition of regions covered by all the HTT components, in the baseline scenario (1MHz)

Baseline scenario (1MHz)

Component nx ¢ coverage | # of Components | Comment

HTT-region 0.2x0.2 1256 in total used for simulation studies
HTT-unit 2.66x /8 48 in total optimise data sharing
HTTIF 2.66x /4 1 per 2 HTT-units

AMTP 0.44x7/16 12 per HTT-unit

PRM 0.44x7/16 12 per HTT-unit ~2.2 X HTT-region

2 ASIC groups abl 0.2 Xr/16 half PRM ~1.1 x HTT-region

SSTP 2.66xn/16 2 per HTT-unit

TFM 1.33x7/16 4 per HTT-unit ~6.6 X HTT-region

Notes:

& Each group has different stored patterns

b For PRM ASIC groups in the baseline scenario, Figure 5.2 can be used as a reference

Sebastian Dittmeier - Heidelberg University 17.10.2019



Regional and Global Tracking Needs

Table 6.5: Estimation of regional tracking needs. The fourth column indicates the y — ¢ fraction of
the detector for which tracking is needed, but as described in the text, a significantly larger fraction
of the data is needed to find the corresponding tracks because of the length of the beam spot in
z, the spread of the tracks in ¢ due to the track curvature, and the effects of module boundaries.
The impact of those effects on three example layers are shown in columns 5-7. The small differences
between bottom row numbers and the layer by layer maxima in Figure 6.26 are due to a more detailed

Table 6.6: Estimation of global tracking needs.

accounting of the n dependence of the objects for the figure.

Regional Tracking (rHTT) Need Per Event
Region Detector Data Fraction
Object Size Y1) — ¢ Pixel Strip Strip
Trigger Selection | Multiplicity | (% detector) | coverage | Layer5 Layerl Layer4
isolated single ¢ 1 | 02x02 0.13% 1.0% 1.3% 0.4%
isolated single u Not Used
single 7y Not Used
forward e 1 | 02x02 0.13% 1.0% 1.3% 0.4%
di-y Not Used
di-¢ 2 0.2x0.2 0.25% 2.0% 2.6% 0.8%
di-p 2 0.2x0.2 0.25% 2.0% 2.6% 0.8%
e—p 2 0.2x0.2 0.25% 2.0% 2.6% 0.8%
single T Not Used
di-T 2 | 0.2x02 0.25% 2.0% 2.6% 0.8%
single jet Not Used
large-R jet Not Used
four-jet 5 0.8x0.8 10.2% 23.0% 25.5% 14.5%
Hy 5 0.8 x 0.8 10.2% 23.0% 25.5% 14.5%
ET™® 3 0.8x0.8 5.7% 12.9% 14.3% 8.1%
VBF inclusive 2 0.8 x 0.8 4.1% 9.2% 10.2% 5.8%
Supporting Trigs 10% of total rate 0.2% 0.5% 0.6% 0.3%
Averages per event weighted by rates 2.3% 6.0% 6.8% 3.5%

Sebastian Dittmeier - Heidelberg University
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Global Tracking (gHTT)
Region Need Per Event
Object Size % 1y — ¢ | Effective Rate

Trigger Selection | Multiplicity | (% detector) | coverage (kHz) Use Cases

isolated single ¢ 1 04x04 0.51% 0.20 isolation

isolated single u 1 0.4 x04 0.51% 0.13 isolation

single 1 0.4 x 04 0.51% 0.03 isolation

forward ¢ 1 0.4 x 04 0.51% 0.04 isolation

di-y 2 04 x04 1.02% 0.20 isolation

di-e 2 04 %04 1.02% 0.10 isolation

di-p 2 0.4x04 1.02% 0.05 isolation

e— 2 0.4 %04 1.02% 0.10 isolation

single T 1 0.4 x 04 0.51% 0.02 isolation

di-t full event 100% 5 b-tagging, s
soft-term

single jet full event 100% 25 b-tagging, soft had-
ronic

large-R jet 1 20x20 13% 5.1 b-tagging, pile-up

four-jet full event 100% 20 b-tagging, soft jets
to seed high jet
multiplicity

Hy full event 100% 10 b-tagging, soft jets
to seed high jet
multiplicity

ET™ full event 100% 5 b-tagging, ET" soft
term

VBF inclusive full event 100% 5 ET"*® soft-term, soft
jets to seed high jet
multiplicity

Supporting Trigs 15 20% of total

Total Rate 91
ATLAS-TDR-029
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PRMIdesign reguirements

Aspect Baseline scenario Evolved scenario
Peak cluster rate/layer 100 MHz 250 MHz

Max average cluster rate/layer 92 MHz 100 MHz

Road processing rate 80 MHz 250 MHz

Fit rate /42 MHz 1 GHz

« All values are per group of 5 AM ASICs
* Including confingency and margin
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KOXORAM+ Cell int AM ASIC

» XORAM: Bit wise comparison of RAM cell with XOR gate
» Kill-Out XORAM: associative memory cell with kill signal (used in AMO7, 28 nm HPL)

KOXORAM | [NKOXORAM| | KOXORAM |, . . .|NKOXORAM | | KOXORAM
KILL OUT<0>

NKILL_IN ouT
KOXORAM | [NKOXORAM| | KOXORAM |, ., . ,|NKOXORAM | | KOXORAM
KILL OUT<1>

Fig. 2. Connection of KOXORAM cells operating on the bits of a word
Design and Characterization of New Content Addressable Memory Cells
Alberto Annovi, Luca Frontini, Valentino Liberali, Alberto Stabile
DOI: 10.1109/ISCAS.2018.8351682

» KOXORAM+:
» Used in AM08 and beyond (28 nm HPC)

» Different cell organization for 18-bit words:
maximize probability of switching cells off
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Physiecs ©Oppornriunities EvolvediSystem

Table 14.12: Prospective additional triggers for an evolved system. The gains for example physics
channels are described in the last column.

» Mitigation strategy for

EF before
: analysis
> D e Te c TO rrea d ou -I- b an dWI d -I- h Single- Dual- Level-0 | Level-1 | specific
limitations Level | Level
Scheme | Scheme
H d . _I_ . _I_ _I_ . _I_ Signature | Threshold| Threshold| (kHz) (kHz) | cuts (kHz) | Gain
> adaronic rlgger rare unceriainfies ET™ 210GeV | 160GeV 800 80 3 2x acceptance for com-
. pressed SUSY model and
> OppOI’TUﬂITIGS 2.4 x for ZH — vvbb
di-T 40,30 GeV| 30,20GeV| 800 80 22 increased acceptance from
» Reduce thresholds 30% to 55% for VBE H —
T and 32% to 54% for
» Improve acceptance for physics HH = tbre
sig Nnatures 4jet w/ | 65GeV | 55GeV 800 100 04 improved limit in HH —
2-btags 4b from 1.85 to 1.65 ¢/ ogy
VBF 75GeV + | 60GeV + 280 40 40 increased acceptance from
Higgs topolo- | topolo- 6.6% to 10% for inclusive
gical gical VBF Higgs production
Total 2680 300 -

ATLAS-TDR-029
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FliTracks+ gHTTArchifecture

Overview diagram of the L1Track Overview diagram of the gHTT system
system showing inferconnections showing interconnections within HTT
within L1Track units and with the FELIX  units and with the HTTIF

( ITk ] ( Network Switch ]

el ﬁ/'
—

Crec e e

B

. AMT

- - AMT
P

B T,

%

L1Track unit L1Track unit gHTT unit gHTT unit
{77 GBT data links <@~ Low latency point-to- <@ Links trough ATCA {==) commodity network - Point-to-point optical <& Links trough ATCA
point optical data links backplane data links backplane
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Simulated Perfermance L1 Track

» Signal vs. background efficiencies

events passing L1Track over 04
LO single lepton trigger accepts

>
. ) [

. .FUHCTIOHS.O]C d TI'.CICk pT CUT -§ _ ATLAS Simulation Preliminary 4:
In The reglon Of InTereST LJEJ 0.8—_ L1 Track selection on LO EM18 (Strips only) _
0.1=n<03, 03=<p<=<0.5. E [ Rol01<n<03, <y>=200 i

9 - ——o—— Strategy A: Max P, 7]

» Efficiency: 2 O SR -

m - ]

. . 0.2f—------mne- B SUNMR - iy - ARRRLELEEEELELEEEELELEE, —

» Signal: single electrons - . -
» Background: 0.8 0.620.84 0.66 0.88 0.9 0.920.94 0.96 098 1
semi-leptonically decaying jefts Signal Efficiency

L1TrackPublicResults
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Detailed System ASpeCts

Composition of the HTT system

Item | Number
Number of HTTIF PCs 24
Number of ATCA shelves for AMTP 48
Number of AMTP blades per shelf 12
Number of AMTP blades per HTTIF 24
Total number of AMTP 576
Number of PRM per AMTP 1
Total number of PRM 576
Number of AM ASIC per PRM 20
Total number of AM ASIC 11520
Number of ATCA shelves for SSTP 8
Number of SSTP blades per shelf 12
Number of SSTP blades per HTTIF 4
Total number of SSTP 96
Number of TFM per SSTP 2
Total number of TFM 192
Number of ConMon PCs per ATCA shelf 1
Total number of ConMon PCs 56

Raw hit data flow through each hardware

component in the baseline system

(Mminimum, median, maximum)

HTT gHTT 1% st. gHTT 2" st. Total

System total 990 Gbps 1100 Gbps 1000 Gbps 3200 Gbps
pixel 670 Gbps 820 Gbps 1000 Gbps 2500 Gbps
strip 320 Gbps 320 Gbps 32 Gbps 670 Gbps

UNIT total (23, 34, 41) Gbps (26, 55, 61) Gbps (64, 70, 77) Gbps (120, 160, 170) Gbps
pixel (11, 25, 30) Gbps (10, 43, 48) Gbps (62, 68, 74) Gbps (84, 130, 150) Gbps
strip (8.9, 9.7, 15.0) Gbps (12, 13, 17) Gbps (1.1,1.5, 3.1) Gbps (22, 24, 34) Gbps

AMTP total (2.5,4.9,9.8) Gbps | (6.3,9.0,19.0) Gbps (10, 14, 28) Gbps
pixel 1.9,2.6,9.7) Gbps | (3.0, 4.3, 19.0) Gbps (4.9, 6.9, 28.0) Gbps
strip 0.0,2.2, 3.7) Gbps 0.0, 3.6, 5.6) Gbps (0.0, 5.8, 8.7) Gbps

)

equalize pixel
equalize total
input evt size
equalized evt size

0.7.1.5,3.7) Gbps

1.0, 3.5, 5.9) Gbps
(50, 65, 140) kb
(5, 14, 26) kb

o —

(

(0.7, 2.1, 7.7) Gbps
(3.9, 5.6, 7.8) Gbps
(56, 80, 180) kb
(27, 47, 64) kb

(0.5, 4.4, 7.2) Gbps
(0.5, 4.4, 7.2) Gbps

(4, 33, 62) kb

(6.0,9.5,11.0) Gbps
(9,13, 19) Gbps

SSTP total
pixel
strip
equalize pixel
equalize total
input evt size
equalized evt size

(52, 58, 65) Gbps
(51, 57, 64) Gbps
(0.7,1.1, 2.3) Gbps
(6.0, 9.6, 11.0) Gbps
(8,10, 12) Gbps
(410, 490, 550) kb
(59, 89, 99) kb

(52, 58, 65) Gbps
(51, 57, 64) Gbps
(0.7, 1.1, 2.3) Gbps
(6.0, 9.6, 11.0) Gbps
(8,10, 12) Gbps




