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Introduction

Context
* | HC Upgrade Program
* ATLAS trigger overview
* Planned ATLAS Phase-| upgrades
* Problems with pile-up
* Physics requirements
* The Higgs
* BSM ... and the unknown

Track triggering

The current ATLAS plan
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LHC Program and ATLAS Upgrades @PGI]D

UNIVERSITY 0f PENNSYLVA

* Additional *New trigger
forward muon strategy

trigger detectors *Most electronics
*Increased replaced
calorimeter *New inner tracker
trigger granularity *New(?) FCAL

*New inner pixel layer 4
*New “topological” trigger - 14(?) TeV
Phase-2 3000 fb-
7/ TeV,8TeV _, — 5x 1034 cm2s”!
102’ ¢cm2s! Phase- | 14(?) TeV

7x1033 cm2s-! 300 fb! Phase-2
B 0 13 TeV — 3x10%* cm%s’! upgrade
aSe-

100 fb"! prepared for
7x 1034 cm—2s"!

— 2x103* cm-—2s!

Run | Run 2 Run 3 Run 4
2011-2012 2015 2018 2024
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LHC Program and ATLAS Upgrades
Run | Pile-up
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Luminosity

Bunch spacing

Pile-up

Run |

7x1033

50 ns

~35

Run 2

2x 1034

25/50 ns

~55( or 80@50ns)

Run 3

3x 1034

25 ns

~80

Run 4

5x 1034

(7x103* w/ margin)

25 ns

(200 w/margin)

~140

Smaller bunch spacing means smaller in time pile-up
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ATLAS trigger system overview :

Twriggery bflonnsyivania
Trigger DAQ ATLAS Event
Calo/Muon 1.5 MB/25 ns
Detectors Other Detectors

Level 1 <2.5 us 40 MHz
40 MHz Hardwarefbased 00
¥ Detectaor Read-Out

Hadron Electromagnetic | _ et .
" === ll.. FE FE FE

“ra) z L1 Accept

/@!ﬂ;;—zii Uhimen

75 (100) kHz I PO &
egiong nteres
1

112 (150) GB/s

~40 ms ReadOut System
(~2%)

v

CPU farm 201 Requests A 4 vent Builder

Data Collection ~06 GB/s
Network

~4 sec L2 Accept
CPU farm -

. Back-End
Event Filter Network |
EF Accept

High Level Trigqger
Tkz |
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ATLAS trigger system overview

40 MHz

?

75 (100) kHz

Peak ~ 300 Hz

Trigger DAQ
Calo/Muon
Level 1 <2.5us 40 MHz Detectors Other Detectors
Hardwarefbased 00
Data flows Detector Read-Out
Hadron Electromagnetic
‘ from FE
after LI| | FE FE FE
L1 Accept
Regiong Of Interest &
Data — 1
buffered
~40 ms outside ReadOut System
! L2
ROI data
v
CPU farm 201 Requests v vent Builder
Data Collection
Network
~4 sec L2 Accept
CPU farm -
. Back-End
Event Filter Network |
EF Accept

High Level Trigger

SubFarmOutput

Data-
Flow

L

Twriggery lmfiannsyivania

ATLAS Event
1.5 MB/25 ns

T

112 (150) GB/s

T

~6 GB/s

~ 450 MB/s

5
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Calorimeter trigger vertical

YIIBL,

1 i NN NG
z @ e/ A B /g
U J )/ ANINTINYAN N
ks Hadronic NN
&2 ul calorimeter v/ N/ /
/ ~ Electromagnetic - Square towers in
. calorimeter Sampling 2
Trigger towers (An x A¢p = 0.1 x (0.1)
! : L1 Electromagnetic
Vertical sums — | isolation ring
|
(=£=) Horizontal sums Hadronic inner core
%7 Local maximum/ and isolation ring
~+'] Region-of-interest

HLT: L2 & EF Trigger:

* Full detector granularity
same digitization as offline

* Track-shower matching

* Detailed shower shape cuts
* Reclustering jets

* Sharper turn-on curves

LI Trigger:analog sums over...

¢ 0.1x0.1 for e/~ and T
*[solation is possible

e ~0.2x~0.2 for jets, MET,

sumET
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UNIVERSITY 0f PENNSYLVANIA

Calorimeter trigger vertical view @Penn

MDT chambers

I
10

toroid

Radiation shield
chambers

Cathode strip \

e— e —=— = L. b —|-0

LI Trigger: HLT: L2 & EF Trigger:

* Fast Resistive Plate and Thin * Use slower more precise MDT
Gap Chambers chambers

* Hardware pattern * Combine with inner detector
recognition track

* L2 uses simplified B-field model
* EF uses full offline software
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Lepton Trigger Rates

& Penn

UNIVERSITY 0f PENNSYLVANIA

Electrons Rates for 3x103* cm?s! (from ATLAS Phase-1 TDR) This is
2012 Menu Planned 2015 Menu well past the
Run 1 Run 2 original
Offline pr Offline pr ‘
Threshold Rate Threshold Rate des Ign
[GeV] [kHz] [GeV] [kHz]
EM18VH 25 130 | EM30VHI 14 Yery High
EM30 37 61 | EM8O o 25 Single
2EM10 2x17 168 | 2EM15VH I 2x22 2.9 Electron
EM total 270 18
Threshold
Muons Rates for 3x10%* cm2s'! (from ATLAS Phase-1 TDR)
2012 Menu Planned 2015 Menu
Run 1 Run 2
Offline py Offline py ”
Threshold  Rate Threshold  Rate Very High
[GeV1  [kHzl [GeV1 Single Muon
MU15 25 150 | MU20 25 Rat
2MU10 2x12 14 | 2MU11 2x12 ate
Muon total 164
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Single Lepton Motivation

UNIVERSITY of PENNSYLVANIA

Electron Candidate Et.

>1O7; T T T T SRl gt Skl il Bl
The Peal( Of the @106‘ (a) det=1.3pb" :ait:t:(();aorlgs:?TeV)_
lepton energy from W .gms ' Eﬁd
and Z is around 35 0 b ce :
GeV, so a cut at ~35 10°k ATLAS
GeV gives a 50% 107k
acceptance 10
1 -
N — 107690 20 30 40 50 60 70 80 90 100
| ATLAS Simulation, 14 TeV
= osl —— WH
5 | et Acceptance increase from lowering
8 oal _ threshold from 30 GeV to 20 GeV is
" |.3-1.8 for WH, tt, and a SUSY model
0.4(- -
0.2 . We would like to maintain sensitivity/
_ flexibility for the unknown
0

0 10 20 30 40 50 60 70 80 90 100
true muon P [GeV/c]
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Phase-| L1Calo Trigger Upgrade & Penn

UNIVERSITY 0f PENNSYLVANIA

Granularity
Improvement

Hadronic
~ .salgrimeter
~

ny
Electromagneti®™ o
calorimeter

< u t O n Trigger towers /(Ar; xAp=0.1x0.1)
L1 Electromagnetic

t :
Vertical sums £ isolation ring

S h Owe r Horizontal sums -
@ Local maximum/ # and isolation ring
shapes

Region-of-interest

I
-

T ] T T T T ] T T T T I T T T T I T T T T ] T T T T

A.U.

0.25 :_ ATLAS Simulation (Preliminary) -.-+_: O . ]. X O. ) 8 0.025 X O. 1
E Vs =14 TeV, Cluster > 20 Counts E ¢
0.2 :— ® Rol matched to electron —:
- gl —
i 4 MinBias Rol -
0.15— — I:>
0.1 E— 0 _f
0.05 f— L et ;f
W"" A L1 i
037 0.75 0.8 0.85 0.9 T 0.95 1 Current n
oo After Upgrade
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Phase-| Muon Trigger Upgrade

Rates driven by
*Resolutions (muons
below the nominal
threshold)

*Fakes (charged particles
not associated with the
collision)
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coincidence

10<|n/<13 [EOL

n=1.3

NSW & TGC
coincidence
13<|n|<24

Rates at 3x103% cm™s”!
51 KHz for 2012 Configuration

10°F - ATLAS intoma 1 32 KHz for 2015 Configuration
........ IR N EEE NN RS NN N .
51015202530 "3 40 45 |5 KHz with “New Small Wheel”
P, threshold [GeV]
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Lepton Trigger Rates @PGI]D

UNIVERSITY 0f PENNSYLVANIA

Electrons
Rates for 3x103* cm2s! (from ATLAS Phase-| TDR)

2012 Menu Planned 2015 Menu ; Planned 2018 Menu
Run1 Run 2 Run 3 :
Offline pt Offline pr Offline pt ]
Threshold  Rate Threshold  Rate Threshold ~ Rate BOth e
[GeV] [kHz] [GeV] [kHz] [GeV] [kHz] : d
EM18VH 25 130 | EM30VHI 38 14 § EM25VHR " and mu
EM30 37 61 | EM80 100 25, EMS80 251" Rates
2EM10 2x17 168 | 2EM15VH I 2x22 29 J 2EM12VHR 2x19 501
EM total 270 18 208 Reduced

Muons Rates for 3x10%* cm2s™! (from ATLA:S Phase-1 TDR) \Electron
2012 Menu Planned 2015 Menu , Planned 2018 Menu : Threshold

Run1 Run 2 Run 3 : Stlll
Offline pt Offline py Offline pr
Threshold Rate Threshold Rate Threshold Rate : SomeWhat
[GeV] _[KHz] [GeV] _[KHz] [Gevl [kHzl - high
MU15 25 150 | MU20 25 28 § MU20 25 15
2MU10 2x12 14 | 2MU11 2x12 4.0 § 2MU11 2x12 401
Muon total 164

With Phase-1 Upgrade
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Lepton Trigger Rates

& Penn

UNIVERSITY 0f PENNSYLVANIA

Electrons
Rates for 3x103* cm2s! (from ATLAS Phase-| TDR) Crude
2012 Menu Planned 2015 Menu ; Planned 2018 Menu 751 034
Run1 Run 2 Run 3 : 9]
Offline p Offline py Offline pr g | €M7S
Threshold  Rate Threshold  Rate Threshold  Rate :
[GeV] _[kHz] [GeV] _ [kHz] [GeV] _[kHz]
EM18VH 25 130 | EM30VHI 38 14 { EM25VHR 32 14 " 33 KHz
EM30 37 61 | EMS80 100 25 EMS80 100 250 6 KHz
2EM10 2x17 168 | 2EMI5VH I 2x22 29 ] 2EMI2VHR 2x19 501 12-27 KHz
EM total 270 18 20: 51-66 KHz
i
i
Muons Rates for 3x10°** cm™s™! (from ATLAS Phase-1 TDR) 1 | Crude
"1 R
0 ates for
2012 Menu Planned 2015 Menu , Planned 2018 Menu 75| 034
i
Run 1 Run 2 Run 3 : cm-2s-!
Offline pt Offline py Offline pr ;
Threshold  Rate Threshold  Rate Threshold  Rate
[GeV] [kHz] [GeV] [kHz] [GeV]  [kHz] "
MU15 25 150 | MU20 25 28 § MU20 25 15" 35KHz
2MU10 2x12 14 | 2MU11 2x12 4.0 §2MUI11 x12 401" 9-22 KHz
Muon total 164 32 19 * 44.57 KHz
With Phase-| Upgrade /
Please note these are my crude numbers
Elliot Lipeles UNIVERSITY 0f PENNSYLVANIA CERN Detector Seminar Oct, 2013 12



Problems with pile-up

One might think we can make it up with |+X triggers (where
X=jets, met, more leptons,...)

Multiobject triggers scale badly with pile-up...

If pis the probability that a single collision produces object passing
a given threshold

Then the trigger rate for that object is
Rate = pu f

where f is the frequency of crossings and i is the number of collisions
per crossing

The rate for a coincidence of two such objects is approximately

1

Rate = (pp)* f

l.e. it grows with the square of (1, and worse for more objects!!!
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More pile-up problems @PGDD

UNIVERSITY 0f PENNSYLVANIA

Pile-up will degrade
Calorimeter Isolation (used at LI for 2015 electrons)
Missing Energy
Jets (creates fake “pile-up jets”)

Cavern Background

Tracking is used increasingly in offline analysis to cope with pile-up
(jet vertex association, track isolation, track MET, ...)

Elliot Lipeles UNIVERSITY 0f PENNSYLVANIA CERN Detector Seminar Oct, 2013 14



Selected Higgs Physics

3 10 Ariae ST
= imulation
H — ILLILL E?, gf (s=14TeV -
S 10°E [Lat=3000 15" = ha
. . —~ 8 tt - pvX uvX
Could use a dimuon trigger, £ g — s
2 L1>J 107 -gg = H-uu, m =125 GeV

but then you pay €“ instead :
of 1 — (1 — €)* which could 1
be order 50% loss of efficiency 10

2
s000ff

G-

c L
E -5000 X .
100 10 120 130 140 150 10

PR IS ST TR T (T S | —— ———
80 100 120 140 160 180 200

H — 7171 My, [GeV]

In particular, VBF channel has moderate ptr and forward
jets. High multiplicity does not scale well with pile-up

HH — bbrT and other self-coupling channels all have relatively
low pT objects. Many possible channels still being explored

W H — lv + X serves as an inclusive Higgs trigger for BSM
decays

Elliot Lipeles UNIVERSITY 0f PENNSYLVANIA CERN Detector Seminar Oct, 2013 15



Chargino Search %Penn

UNIVERSITY 0f PENNSYLVANIA

1

LI | L '

ATLAS Simulation

L I L I L

700

One of the - Vs=14 TeV .
compelling - seess 3000 fb, 95% exclusion limit -
; — == 3000 b, 50 discovery reach —
physics cases sUETERe 300 fb"!, 95% exclusion limyi .
for HL-LHC _ —— 300 b, 50 discovery rgéch R
E .0"“ E

5 e YL g B

.
5

This region just

»

Illlllllllllll

below the 7
Kinematic 200 E:
boundary has low 100% -
JTIeptons NN A T R R B S P
100 200 300 400 500 600 700 800

X, and ¥, Mass (GeV)

Also still a lot of thinking going on about how to address
these kinematic boundaries
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Issues Entering Phase-2 PCI]I]

UNIVERSITY of PENNSYLVANIA

Issues:

*Overall rates are large

*Muon resolution limits largest possible pTt cut
eCalorimeter isolation degrades, track isolation could help
*Missing energy degrades (less useful in combinations)
*Fake jets, which forces larger jet threholds

*Multiobject triggers increasingly from coincidences

Goals:

*Would like to maintain lower pt leptons at least to HLT

*We are searching for the unknown, it might be at high pT, but it might
be at moderate prand rare...

Trigger Strategies:
* Two-stage hardware triggers (with tracking)
*Self-seeded track triggers

Elliot Lipeles UNIVERSITY 0f PENNSYLVANIA CERN Detector Seminar Oct, 2013 17



& Penn

UNIVERSITY 0f PENNSYLVANIA

Track Triggering
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Overview of Phase-2 Upgrade @Penn

Replace Innermost - Tllieglfnce (t:alonn:etedrAEIec::rcfnlcst
Forward Muon uon belteciors ne caiormeiter Iqui rgon aiornmeier Replace some

Chambers Phase /Il Forward Calorimeters

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Some muon electronics hard Replace All Trackers
to reach/upgrade
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Baseline Tracker Layout

UNIVERSITY 0f PENNSYLVANIA

All Silicon Tracker

Long Strips
2 Layers o -
ela= 0.0 e:e-: y

‘—' eia=20
Short Strips E |
3 La)’ers —s e | ‘-

| - __ea= 3.0

Pixels / I l I l
4 Layers T

z (m)

*Alternative optimizations still being studied (resolution, fakes,
material)

*Strips are designed to have one-side as a low angle stereo
*Details in Phase-2 “Letter of Intent”
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Strips design @P@Dﬂ

UNIVERSITY 0f PENNSYLVANIA

Carbon fiber

2 ' |
=ITER o] A R . S — — . —" facing

Carbon honeycomb

Hybrids
e or foam

Readout IC's

Coolant tube structure

Barrel >

ABC130 hybrids modules  Si sensors

Endcap >
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Track Trigger Challenges @P@Dﬂ

UNIVERSITY 0f PENNSYLVANIA

Detector: Silicon area | Channels
2] 1067 Huge Channel Counts
Pixel barrel 5.1 445 Pixels
Pixel end-cap 3.1 193 Strips
Pixel total 8.2 @ P
Strip barrel 122 47 :
Strip end-cap == - with a 40 MHz beam
Strip total 193 C7a Y crossing rate!
Data Flow

* Read out at 40 MHz is a non-starter due to material in power and
cooling

e Current planned readout rate is 200 KHz

* Need to filter to reduce data flow

Filtering Options
|. Filter on pt
2. Filter on Region
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Filtering on pr:
unseeded, doublet, push model
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Reducing the data flow: Filtering on pr @PGDD

UNIVERSITY of PENNSYLVANIA
“Unseeded”/Doublet Method

Lopr: High P
hits separated hits close
in @ in ¢

Sensors on either
side of stave/module

\ ' y ) 5 mm

Low p Ttrack — =<— Highp Ttrack

=

<«— Beam line

v
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Other sources of doublet coincidences @PGDD

UNIVERSITY of PENNSYLV

Close in ¢ but not from high P, tracks

Sensors on either
side of stavelmodule

A ~5 mm
Y
A
Lowp Ttrack — -<—— Photon with
with nuclear conversion ~1 m
interaction
<— Beam line |
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Doublets: The data reduction %PGI]D

wrnermu ~F Dy NSYLVANIA

o L‘:;pi;hﬁere Efficient of 20 GeV tracks
SsTatad | Filters data to 2%
104:__ N ) 3.00%
Number_— :... J' . \ l-‘l
okt 1 & d e | 2 2.50%
B Yy 20GeV : | Y
103j : : in+1GeV % 2.00%
E | [ —
- ; ép“aoeev - : g
7 1GeV: ! L, Z 1.50%
102; - -1 ~1 4
' gl Py c 1.00%
j"" o )
= o | | .3 O
2 0.50%
i)
O
0.00%
N | T I N » 05 1 15 2 25 3 35 4 45
-30 -20 -10 0 10 20 30 corrected phi difference cut in units of strip pitch

Corrected Phi Difference in Units of Strip Pitch

* Two-trigger layers at 0.8 m and 1.0 m have roughly double the readout
rate as an offline only design

* Total bandwidth for outer layer with doublet readout is comparable to
an inner layer without

*Must eliminate stereo angle for outer layers (impact not that serious)
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Communication between the two-sides @Penn

veedto | LHEE A

get from 1.2 m
here o T - Carbon fiber
to us cable facing

here ——

Carbon honeycomb

Readout IC's
or foam

Hybrids

Coolant tube structure

USA15

Cluster tags for 2
SCT module pairs

* Add wrap around cable with a L oL R LD S LD L L

NINNNINNsnnunnennm
\AAAAAAAAAAAAAAAAAAA

high-speed serial interconnect
for each 128 channels e o

* Add correlator chip for each AAAAAAAAAAAAAAAAAAAA

~ I O cm mOdUIe iNININININININININIGINIGINININININIDIn
INZ WS Z WA Z WS Z WS Z WS Z WS 7 W Z WS Z WY
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Filtering on Region:
Two-level trigger, Pull method
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Reducing the data flow: Region method @Penn

UNIVERSITY of PENNSYLVANIA

Two-level trigger: LO and L1
@ L0 uses calorimeter and muon system to define regions of interest

(Rols)
@ L1 extracts tracking for just Rols from detector front-ends
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Read out dz aNnes \\\

LO Muon Seed
\\.

L P E
=
S

-
-
=Y
: 7

(1) \
- E 'n
— 1
5 - 4
& ™
Ml
g .
A -4
| ' .
- q{:{? &

L0 Calorimeter
Seed
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Two-buffer scheme

&

Front-end chips: At least strips and pixels

Penn

UNIVERSITY 0f PENNSYLVANIA

Buffer 1 Buffer 2
onlL0
on L1 -
-
on R3 L1 Trigger (L1)
Readout all data
A A

LO Trigger (LO) "Regional Readout
LO Calorimeter Move data from RequUssE (RB)
using only middle layer first buffer to Read subset of data

d buffer i from second buffer

fsrt:)cnczfenduc:i;;n to L1 Track system 44 L1 Track Finding
LO Muon |_,.| Topological
using RPC and TGC, 1™ |Global L0 | Rol Map = Correlator
and new forward —™ and Global L1

e L1 Calorimeter [~ "~~~ """ """ -
using full granularity
oo L1{Muon [Tt -
including MDT information
- S—— — S— — e
LO decision Distribution of LO Readout of Regions Track Finding Central L1
Determine Regions
-

Time

Elliot Lipeles
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Two-buffer scheme
In Front-End ASIC

UNIVERSITY of PENNSYLVANIA

Beam L0 Buffer LI Buffer
. Crossing

E Rate 40 MHE) LO Rate

: 500 KHz S

LI iAccept Rate
200 KHz
. »Event Builder/HLT

Regional Readout Request
4-10% of data . Off detector LI

Trigger Hardware

Bandwidth = LI Rate + LO Rate X% fraction of data in Rol
Nominal parameters:

LO Rate = 500 KHz, L1 Rate = 200 KHz, Rol fraction = 10%

LO Buffer length (in events) 128
Beam Crossingrate ~ 40MHz

L1 Buffer length (in events) 128
LO Rate ~ 500KHz

LO Latency =

~ 3.21u8

L1 Latency = ~ 2968
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Data Reduction from Regions

Consider cones in n — ¢ space

@ Typical cones size used for
iIsolation are
AR = +/A¢?2 + A2 =0.2-04
@ Fractions of tracking volume in a
coneof AR ris

mr?
(n range) x (¢ range)

@ Foraconeof AR < 0.2thisis
0.4%

@ This allows for a large number of
Rols and a safety margin to fit in
10% Rol request fraction

n |
@
®
I foommmeees
. @
-2.5 2.5
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Data Reduction from Regions

A tricky challenge

eBecause of beam
spot spread, Rol need
to be elongated along
beam direction

eLarge request rate
for central wafers in
inner pixel layers

& Penn

UNIVERSITY 0f PENNSYLVANIA

Module number in Z

7=0"

oon—
F
Sw h—
= p-Z view
0
-L00 p—
1000 —
o - | | y
3000 2000 1000 2000 ‘%

TTTV TR T I TV IRy
I RERZTRTELLY Riadd RRead

|

2 -
lllllllllllllLLLIQLllllll

5 6 7 8 9

Fraction of Rols requesting a module (in %)
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Finding tracks... @PGDD

UNIVERSITY 0f PENNSYLVANIA

Both methods are about getting the data out of the detector
Still need to find the tracks = Content Addressable Memory (CAM)

eTechnology has been used in many places : CDF SVT, HI, ...
oFTK:ATLAS is implementing a preprocessor for the level-2 trigger
which gets tracks with near-offline quality at the current 100 KHz LI
output rate

*More advanced ideas involving 3-d chips are being explored
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Comparing the Methods

Doublet Method
*Delivers: High-pT tracks for all crossings
e[ atency: Could fit within short latency specifications
*Effects on tracking system:
*Requires development of fast readout chain
*Requires removal of stereo angle on trigger-layer strips

UNIVERSITY of PENNSYLVANIA

Region of Interest Method
*Delivers: All momentum tracks in regions for selected events
* Also gives vertex information
e[ atency: Needs replacement of all electronics in the system
* Almost all electronics already planned to be replaced
*Large latency allows for more processing of the other detector
information
*Inclusion of muon monitored drift tube (MDT) information
*Inclusion of fine granularity calorimeter information
*Effects on tracking system:
*Only affects buffers and readout logic in the front-end chips
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More on the ATLAS LO/LI Plan
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Constraints on the latency and rates PGHD

Detector Max. Rate Max. Latency
MDT ~ 200 kHz ~20Uus

Constraints:

LAr any any
TileCal > 300kHz any
ITK > 200kHz < 500 us

*Assumes LAr plan to go to full 40 MHz digital readout
*MDT Chambers will replace all accessible electronics
eLimit is from difficult to reach inner barrel layers which will
not be replaced

Plan:
Rate Latency
LO 500 KHz 6 1S
LI 100 KHz 14 1S
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Two-layer scheme from Letter of Intent

500 kHz, 6 us 200 kHz, 20 us

Front End Level-0 § Level-1

i Muon Trigger :

Muon[ . r : : 4 MDT
; ; Trigger
' Barrel Sector '

Barrel =T Loal
 ———— | MuCTP
' naca clor
Endcap/NSW [——>| o

........................ ’.-----------------------------.----------------------”---------------_-- RS,
| ﬁ
|
: : >l Level0 |~ Level 1
5 Central Trigger s| Topo/CTP [ Topo/CTP

........................ Y SR *

Tracker [ LOA ;

ITK RODs
Calorimeters | Calorimeter Trigger | | i |
DPS/TBB —*—> eFEX/JFEX
¥ . LOA —
Calo RODs [

-------------------------------------------------------------------------------------------------------------------------------------

Specifically envisions MDT muon
trigger and a fine granularity LI Calo
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Resulting Rates @Penn

Object(s) Trigger Estimated Rate

no L1Track with L1Track
e EM20 200 kHz 40 kHz
Y EM40 20kHz 10 kHz*
I} MU20 > 40 kHz 10kHz
T TAUS0 50kHz 20kHz
ee 2EM10 40 kHz
YY 2EM10 as above
el EM10_MUG6 30kHz small
[17) 2MU10 4 kHz
TT 2TAUL15I 40 kHz
Other JET + MET ~ 100kHz ~ 100 kHz
Total ~ 500 kHz ~ 200 kHz

Numbers only assume affect of L| Track (no L1Calo and
L I Muon except the photon which assumes L1 Calo)

Elliot Lipeles
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Conclusion Penn

HL-LHC poses significant challenges:
*Overall event rates
*Pile-up
e|solation, MET are degraded, Fake jets
*Coincidences for multiobjects increase
* Flexibility is a key design criterion
* Parts of the detector will be run at ~5 times their design luminosity
~30 years after their design

Addressing the challenges:
* ATLAS has outlined a planned to address these challenges based on a
two-stage design
e Meets challenges while potentially improving (reducing) some
thresholds to get back acceptance
* A self-seeded (doublet) method is also being investigate
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Begin Backup
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Muon Turn-on curves from 201 | @PGDD
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Muon Eta Distribution from 201 | @P@Dﬂ
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ATLAS Run 201289 [LB 96-566], LHC Fill 2516, Apr. 15 2012, 50ns spacing
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Stop search @P@Hﬂ
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