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Goal of this talk: solicit feedback on 1deas for what we should
include 1n the trigger to dig deeper during the LHC run 2

Trigger overview

- Why a trigger and how does 1t work

Can we improve?

- What we actually trigger on

Examples of triggers starting from physics
» Examples from BSM Higgs: Er™ss, VBF, VBF + y

+ Examples from diHiggs: multijet

- Examples from heavy resonances: boosted jets

What I won’t discuss 1n detail

* T’s, electrons, muons, long-lived particles



Physics—trigger signatures Carlson 3

Electrons

Muons

Taus

Dark Matter % jb< Triggers signatures
v, T .

Photons
Jets (pt, multijets, Hr, b-jets)

Exotic Higgs | » Eqmiss

(+ production modes)

Not yet implemented

Not yet thought of

Maximize coverage, minimize the not yet implemented!



Standard Model Total Production Cross Section Measurements

Why a trigger?

Status: August 2016
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Pileup

Proton bunches are formed in trains around the LHC ring

bunch CI'OSSing 25ns spacing 70-90 bunches/train ~2200 total bunches

rate: ~40 MHz (2016)
(1/25ns) i tra
— +... Sab DAV TATS +... 3564 maximum

Pileup: multiple interactions per bunch crossing

<> - In time pileup: interactions in one bunch crossing ST in2016: 20-40

Out of time pileup: interactions from previous bunch crossing

Interaction rate (effective number of pp collisions) ~ 1 GHz

B.C. rate =40 MHz, <u> = 25,
40 MHz x 25 =1 GHz

Effects of pileup must be mitigated in the trigger



ATLAS detector Catoon 6
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L1 calorimeter trigger Carton 7

Trigger towers: Analog v
sum of pulses from
calorimeter cells
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Central trigger

processor
Reference: link, link



http://iopscience.iop.org/article/10.1088/1748-0221/3/03/P03001/meta;jsessionid=133AACF448664921F9A12767D28A75EF.c5.iopscience.cld.iop.org
http://iopscience.iop.org/article/10.1088/1748-0221/9/01/C01023/pdf

Improvements to L1Calo Carin

Upgrades after run 1 needed for hadronic triggers visible

 Improved pileup filters reduce impact of out of time pileup (left, backup)

 Pedestal correction removes dependence on position in bunch train and
reduces exponential dependence (right)

L1 rate vs. ET™* threshold Rate / bunch vs. pileup
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B ATLAS Preliminary Simulation ] before pede stal correction
— 2011: Matched + 1 GeV noise cuts — — :
— 2012: Matched + 2012 noise cuts

— Autocorr. + 0.5% occ. noise cuts
—— Autocorr. + 0.5% occ. noise cuts + p. C.
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ATLAS Operations
2015 Data, Vs =13 TeV
50 ns pp Collision Data
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ATL-COM-DAQ-2015-150 ATL-COM-DAQ-2013-150



https://cds.cern.ch/record/2053123
https://cds.cern.ch/record/1631717

What we trigger on (L1) cuton

Breakdown of rate by physics
e L1 total: ~100 kHz

* Dominant fraction used by lepton triggers

Breakdown of contributions

L1 trigger rate vs. lumi block

®L1 Trigger Total Output .
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Total L1 rate Not equal to sum of #Single EM

contributions (overlaps) ®Multi EM mu1ti muon
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Combined

Luminosity decreases with lumi block

Reference, link


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

What we trigger on (HLT) Cuton 1

Breakdown of rate by physics
e HLT total: ~1 kHz

« Er™iss fraction substantial because of pileup dependence

Breakdown of contributions (overlaps included)

HLT trigger rate vs. lumiblock

eMain Physics Stream
@Single Muons
®Multi Muons
Not equal to sum of e Single Electrons

contributions (overlaps!) ® Multi Electrons
@Single Jet
@ Multi Jets

b-Jets

prescale change .¥;32ing Trans. Energy DA . MU.ltl eleCtI‘On
Single jet

S Multi jet

Photons
®B-Physics
®Combined Objects

ETmiss

:
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Luminosity Block [~ 60s] < 4 B-PhYSiCS
Significant pileup dependence Combined

—

Reference, link


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

Trigger thresholds (2016) Caron 1

Most of the rate g20CS to inclusive triggers (backup for more complete table)

Triggers targeting specific processes tend to be lower rate

B Isolated B Non-isolated . | ==== .
. Symmetric [ Lead Single jet g

B Sub-leading /-

Multijet | 4,5,6j€%ts

Single mu 5 i
Single e g
Two mu 5 i : 5 :
— 5 As:ymmetrlc
Twoe 2 b-jets F
Two tau i
5  ETmi : | L
Two photons | ; g g S I Range depending on use
0 17.5 35 52.5 70 0 125 250 375 500
Threshol
reshold (GeV) Threshold (GeV)
Single tau
Single photon . . . :
0 42.5 85 127.5 170
Threshold (GeV) *dedicated triggers with more complicated

ATL-COM-DAQ-2017-001 kinematic requirements not shown here



https://cds.cern.ch/record/2242069/files/ATL-DAQ-PUB-2017-001.pdf

BSM Higgs decays cutn 1

Higgs could have significant fraction of decays to BSM
 Decay to invisible (left)
- Many final states where Higgs couples to a scalar a (right)

Higgs to invisible Higgs to 4b, largest Br decay




Why VBF? Cation 13

hadron collider production modes

g largest Br, but trigger / backgrounds
- H g gF — make this intractable for some final

states

Possible to gain
significant stats for
: hadronic final states

13



Triggers for VBF H—1nv Caron 15

Jet

[nvisible e Epmiss

q

Possible triggers et

Jets: difficult to get out of L1 if only require two jets above prthreshold
(until recently only counting of jets above threshold possible at L1)

Rate ~ 6(QCD dijet) X Linst~ 10’pb x 10-?pb-!s-1=100 kHz

Etmiss: efficient for > 150 GeV, with L1 rate ~5kHz

14



Er™ss distribution Cat 13

Private work: VBF H—inv simulation, pp 13 TeV

Higgs pt boost
from jet selections

c 0.2
O P ]
¥ s QCD (sketen) -
£ 0'2-_‘-_ signal ~
g [ 5 / (no selections) )
;é) 0.1 5:— f.“ . / signal (w/ jet selection): _:
i . Jet pr > 75 (50) GeV _

0.1 j . AG(Gj) < 2.5 =

=1 l_l_'* L PO

0O 50 100 150 200 250 300 350 400 450 500
ET* (GeV)

+ After (loose) selections, Er™ss distribution peaks at ~150 GeV

15



E™iss trigger performance Carson 1

ET™ss triggers
» Several algorithms available at HLT (backup), mht uses calorimeter jets
« Er™iss; offline threshold ~ 150 GeV, approximately L1 limited (left)

* Dramatic rate increase with <u>, but are constantly improving (right)

Efficiency curves for E7™, Trigger cross section vs. <u>
reference events selected with lepton triggers

ATLAS Trigger Operations % B
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https://cds.cern.ch/record/2242069/files/ATL-DAQ-PUB-2017-001.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MissingEtTriggerPublicResults

Why a VBF trigger Caron 17

"+ low-pr jets
+ low-pre,u,T
»  Many soft particles
+  Long-lived (?)

Trigger on the tag jets

Trigger on the jet kinematics at L1
+ Need handle 1n addition to jet pr

- m(]j)) or kinematic quantities to reduce background

dijet mass:
. L1 trigger variable

m2(ij) ~ pr(j1) ® pr(jz) ® e




RedUCing the rate Carlson 18

Trigger events with m(jj) to reduce QCD
Orders of magnitude background reduction to help with rate
 Also used 1n offline selections to remove QCD

QOCD background falls rapidly with m(jj)

VBF m,, = 125 GeV,

- CMS simulation - _
B B(H—inv) = 100%

= (s=8TeV,L=19.5fb"
C VBF H(inv)

lllustrative plot from CMS, note
some selections

pt > 50 (50) GeV
(opposite hemi.)

— EWK

QcD

Arbitrary unit

m(JJ) > 150 GGV - ;—0(102) rate reduction
Ermiss > 130 GeV o

1 1 | 1 1 1 1 | : 1 1 1 | 1 1 1 1
500 1000 1500 2000

m(jj) (GeV)




Kinematics at Ll Carlson 19

Ji ]2 J1 J1 j
2
\/ I_» ETmiss |
mass. m(JJ) A(I)(J ETmiss) Hr J3

Additional flexibility at L1 possible
Compute variables from truncated lists of inputs (jets, muons, EM, +..))
Possible m(jy) trigger at L1
Two lists of up to six jets, pr > 60(50) GeV (oftline)
Compute m(jj) for all combinations
Rate driven up by combinatorics and pileup in fwd region
- Restrict |n| ranges 1n m(jj) combination



Reduce combinatorics Carton 21

To reduce the rate, restrict |n| for combinations
» ~50% of signal events have central-forward combination
- Significant rate reduction makes this a plausible strategy

Fr Cl.CIZO.I/l of events split into Jet |n| distribution for VBF tag jets
combinations of central/forward

(central defined as |n| < 3.1)

= O e e S L S A R
leading subleading Fraoctlon 5 009 . VBF Mp=125 =
[/0] ® 008t T leading jet 3
£ UUF ing -
Central  Central 25 5 0.07E subleading Jet | E
Z : = leading jet, after selections -
Forward Central 18 = 0.06 subleading jet, after selections —
- - =
Central ~ Forward 46 0.05¢ E
0.04 —
Forward Forward 11 . -
0.03F =
Total 100 0.02F i =
Includes selections oG + Sl iat
| — A 1 1 1 l 11 1 1 l | I | l 11 1 1 l 11 1 l | I T | l L1 1 1 l : ]

pr> 75 (30) GeV %05 1 15 2 25 3| 35 4 45

i) > 1 TeV |4n| > 4.8
iy = LI = Central FCAL




VBF heavy scalar catson 21

Physics 1n the forward-forward category?

Jets from a heavy scalar are even more forward

Significant fraction of these events will be lost by central-forward requirement

Also trigger on
FF category?

:  Theoretical =
- justification would
= help here.. :

Jet |n| distribution for a heavy scalar, VBF production

Mp=500 GEV

Loose requirement:
jet pr > 20 GeV
— m, =125 GeV Mp=2 TEV
— my =500 GeV
— m,, = 1000 GeV
— m,, = 2000 GeV

2500

2000

Arb. norm.
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VBF +y Catson 2

tagjets ot

q q
W*/Z v
H
W=/z o(VBFH +y)~70 b
q q

Jet

Clean events with a phOtOH (initially implemented for H—bb, but generally useful)
» 60% L1 bandwidth already goes to EM

» 2016 trigger seeded from EM 1tem at L1:
Y pr > 22 GeV, m(j)) > 700 GeV

 Future trigger will require L1 m(jj) as well

ATLAS-CONF-2016-063



D ihigg S Carlson 23

Box diagram

Proposed trigger strategy for 4b similar
between run 2 and HL-LHC, but contingent

on trigger upgrades

Y T T T T L T T Y T T T T Y T L

ATLAS Prelimina —4— Data
(s =13Tev, 2016, 10.1 fb' [ Muftijet
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Run 2 analysis uses combination of
several jet triggers

: T ROOOarsRE Most important trigger: multijet
'ff\w,mmh, 4++'+'++ \ i Many users of multi jet triggers

s

Y44 ELMNM Lol

00 200 600 500 7000

(b) 2016 dataset



Multyjet triggers cutn 21

Lowest unprescaled triggers: 4J15, 3J50
Efficiency curves for L1 multijet triggers (left)
Efficiency curve for HLT 5-jet trigger (right)
Approximately L1 limited

Efficiency of L1 3(4) jet triggers
offline, |n| < 2.8 Efficiency of HLT 5 jet trigger
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O: Data 2015
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ATL-COM-DAQ-2016-130 (link)


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetTriggerPublicResults#2016_pp_Data

Large-R single jet

Carlson 25

Boosted jets reconstruct resonances, V’—VH
* Trigger: single R = 1.0 jet, pr > 420 GeV, mvy distribution (right)

* Trigger threshold can be improved using jet mass requirement (left)

Efficiency curves (equal rate) demonstrating
improvements to large-R jet triggers
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Data 2015, Vs = 13 TeV ]

-1+

no trimming
Offline selection:
=1 jet with m]_et >50 GeV, Inl<2

anti-k, R=1.0
trimming: f_ . =0.04 R

cut sub

=0.2

e HLT p, > 420 GeV, no trimming
0 HLT p_>395 GeV
v HLT p. > 375GeV m

et >30 GeV -

p-cut tuned to achieve equal rate -

1 1 | 1 1 1
400
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450 500 550 600

Leading large-R trimmed jet P, [GeV]

ATLAS-CONF-2016-083

Events / 100 GeV

Data / Pred

Distribution of myy formed from two large-R jets

|

ATLAS  Preliminary
(s=13TeV 13.3 "

HVT Model A Z' (2 TeV) x 50

[ | Muttijet

|:| Other Backgrounds

pr > 450 (250) GeV
Mjet > 50 GeV

ATL-COM-DAQ-2017-007



https://cds.cern.ch/record/2206276/files/ATLAS-CONF-2016-083.pdf
https://cds.cern.ch/record/2244774/

Large-R dyjet Cuon 24

Jet mass requirement reduces threshold
- L1 seed fully efficient by 220 GeV (offline): HLT limited
- However, L1 1nefficient for >2 sub-jets (see right, backup)

- Run 3: global feature extractor to target this, but opportunity also in run 2

Efficiency curves (equal rate) demonstrating Turn-on curve for boosted jet trigger

improvements to large-R jet triggers

—_
()

—
\*}

—

M N0 trimming
Offline selection:
=2 jets with mjet >50GeV, Il <2

per-Jet Efficiency
o
0]

o
e

o
o))

>
(&}
c
Q0
O
=
()
—
o
(®)]
2
=
l—

anti-k, R=1.0
trimming: f_ . =0.04 R

cut sub

=0.2 tt Vs=14 TeV (u)=80
anti-k; R=1.0 (5% trimmed)
=1k, D=0.3 subjet with pT>20 GeV

®'1<2.5; isolated by A R>2

o
N

e HLT p, >420 GeV, no trimming 1

0 HLT p_ > 390 GeV
v HLT p_>330 GeV m

et > 30 GeV
o A L1_J100 (Run 1 L1Calo sim.) L1_G140 —

O 1 subjet ® 1subjet |
O: oA O 2 subjets B 2subjets |
A A =3 subjets A =3 subjets |
l_\./_\-ﬁﬁ | ! | ! !

|
200 300 400 500
uncalibrated p':t [GeV]

o
N

®
=
p-cut tuned to achieve equal rate - "

Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il
300 350 400 450 500 550 600

Second leading large-R trimmed jet P, [GeV]

=

ATL-COM-DAQ-2017-007 ATL-COM-DAQ-2014-087



https://cds.cern.ch/record/2244774/
https://cds.cern.ch/record/1749167

Conclusions

The ATLAS trigger system
Remarkable system with a great deal of flexibility

- Many improvements implemented already
Examples of triggers motivated by physics use cases

o ETmiss

+ VBEF i 30001

L =
»  Multijet triggers S, @
N
- Boosted jet triggers 2 300
= run 2 (2015)
£ 150
>
— upgrade
(2019) (2024)

30 80 200
<<Pﬁ>






Carlson 29

Timeline for upgrades

ANA exXDEe 9, DOTAAEe O () s,
O
LHC
Run1 | | Run 2 | I Run 3
LS1 EYETS 14 TeV 14 TeV
1314 Tov RS
splice consolidation injecto rade
7 TeV 8 TeV Ig.tmon collimators l:rcy'o'P‘:up:t a in oor':':('::lilon HL-LHC Installation
e R2E project Civil Eng. P1-P5 eaions
H
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
A diation
damage
’ experiment ninal luminosity || | experiment upgrade ,_—-4~ - e experiment upgrade
non il | beam pipes r/-—« - phase 1 phase 2
— A A
) b ) 1b D0 1b D00 b~ fEees
uminosity

ATLAS upgrade Upgrade 2019 Upgrade 2024

* 2019: significant upgrades in trigger readout electronics and L1 trigger electronics

» 2024: upgrades to tracker, calorimeters, muon system and trigger

Needed to cope with increasing pileup & add new features

Reference: link, link



https://lhc-commissioning.web.cern.ch/lhc-commissioning/schedule/LHC-long-term.htm
https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

Trigger upgrade overview Cartson 30

. Run 3 system Electron
Calorimeters Granularity [0.25x0.11 B Feature ,
"1 Extractor Angular cuts
[An X Ad] & —
nx ——  Mass L1 accept
Digitize Jet R =0.4 Jets L
supercells D b - Bt
> Feature A A L]Topo A A CTP
[0.025 x 0.1] Extractor NCdin
electromagnetic - R = 1.0 Jets
& GlObal o miss
hadronic 10-2 x 0'2]; Feature v

»

Extractor

Large

Digitize
Trigger towers
[0.1 x 0.1]

hadronic

*muons not shown

Digitize trigger readout path and increase physics capability

 Global feature extractor [gFEX]: no direct analog in existing system

* Run 2 system also will operate during commissioning of run 3 system

ATLAS-TDR-023



https://cds.cern.ch/record/1602235?ln=en

Detector upgrade

Calorimeters
New BE/FE electronics High granularity timing
New HV power supplies detector (?)
Lower LAr temperature ‘_/44'“\ « 24<n/<3.8

Additional tile granularity (?)

Tracker (ITK)

All silicon tracker (strip &
pixel)

Radiation tolerant
High granularity
Low material budget

Coverage to n| =4.0

|

Muon _ \
New BE/FE electronics '\ Pixeldetes 1O rate ~ 1 MHz (latency up to 10 us)
New RPC layer in inner barrel foroid magnefs “Arele. Possible hardware L1Track
bers Solenoid magnet | Transition radiatio .
Muon tagging 2.7 < n| <4.0 (?) Semiconductor fracker - Possible 10 kHz HLT output

Primary focus of upgrade physics on performance of phase II




Trigger for H—>tt caren 32

Unsustainable rates T rates reduced with AR(7,1) & jet requirement

- Factor ~5 rate reduction (below), with negligible signal loss, targeting H—tt (backup)

Full requirement: pr Tt > 20 (12) GeV, AR(t,1) < 2.9, pr jet > 25 GeV
[offline: pr TT 40 (30) GeV, 60 GeV jet]

Rate reduction for Thaa triggers with

angular and jet requirements

Additional kinematic
requirements needed?

—
(]
n

L

| LI |
! j
'
'

Rate [kHz]

rate kHz
.llllllllllllllllllllllllll.
. . . . pr T > 20 (12) GeV
-  Missing some TT - : AR(e7) <29
. -
. 1 - B s AALAAAAAALLALY
: decays, Where rt palr : B DDQQDQEEEggggggggggg,\mgaah ALLLBSH S I
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Inst. luminosity [10* cm2s|

ATL-COM-DAQ-2017-001



https://cds.cern.ch/record/2242069/files/ATL-DAQ-PUB-2017-001.pdf

HT tri g ger Carlson 33

Hrt: scalar sum of jet pr (central)

* L1 fully efficient by Hr = 400 GeV (offline) with reasonable rate (left)
« HLT fully efficient by Hr = 1 TeV (offline), could be updated with new L1 seed

: o Efficiency (HLT) for ht trigger.
Lfficiency curves for Hr, rates for 2x10°%cm~s Note, seeded by L1 J100, as L1 HT was not

yet available

| 1 !
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https://cds.cern.ch/record/2242069/files/ATL-DAQ-PUB-2017-001.pdf

Profile of <p> vs. time (2016)
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Data readout

: . 30 MHz
trigger path full data path (bunch crossing
rate)

L1Calo L1Muon

barrel + e.c.

. Tl

100 kHz
(L1 accept)

|

L1 readout
Pixel/SCT l
3 O FTK
- g
(ol
\ 4
CPU farm S 1 kHz

HLT forage Dataflow (HLT accept)

Derived from “Performance of the
ATLAS Trigger System in 2015
arXiv: 1611.09661


https://arxiv.org/pdf/1611.09661v1.pdf

Autocorrelation filter

Apply several techniques to mitigate pileup

» Pedestal correction = Removes bunch train dependence

* Autocorrelation filter Removes sensitivity to previous bunches

Filter coefficients

- Negative coefficients reduce impact
of out of time pileup
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ATLAS Preliminary

ATL-COM-DAQ-2015-150



https://cds.cern.ch/record/2053123

Dealing with pileup Carlson 37

Apply several techniques to mitigate pileup
Itipl 1lisi
» Pedestal correction  Removes bunch train dependence

» Autocorrelation filter Removes sensitivity to previous bunches
(out of time pileup)

Calorimeter pulse shape

ATLAS

1 bunch crossing = 25 ns + Sum over 24 bunch crossings is 0:
cancels out of time pileup

- Leading edge of pulse tends to
increase trigger rate for first few
bunches

- Pedestal correction removes this
artifact

- Also corrects for differences in
luminosity for each bunch

Relative amplitude
o
) -

o
o

100 200

Time [ns]




Pedestal correction: Ep™ss Caron 3

Er™ss trigger requires a pedestal correction visible
 Rate significantly higher for first few bunches

 Remove spike at start of bunch trains (left)

 Pedestal correction reduces exponential dependence on pileup (right)

L1 rate vs. position in bunch train: Rate / bunch vs. pileup
Rate rises at start of train

IIIIIIIlllllllllllllllllllI||I|I|IIII|II_ 5
ATLAS Prefiminary— ] efore pedestal correctln

s = 13 TeV 50ns pp Collisions Data -
Run 271595—
Pedestal Correction disabled J

€ Rate spike at start of
train removed with
pedestal correction

[Hz]

—_
£

ATLAS Operations
2015 Data, Vs =13 TeV
50 ns pp Collision Data

-
N

O_IIIlIIIlIIIIII|III|III|III|I

without pedestal correction

(o]

with pedestal correction

(22}

Average L1_XE35 rate / bunch [Hz]
o

Per-bunch rate of L1 XE35

Ah

N

lllllll[[lllllllllllllllll

AA
AA AL AALAAAAAAAG 4 A Abhbyhbiahysa
Lov oo Lo v v bov v byvvn bovv o byvv oo by v v T

B0 90 100 110 120 130 140 150

Bunch Number

>

o

m_lll|III|III|III|III|III|III|I

Instantaneous luminosity / bunch [10*° cm2 s7]

luminosity ~ pileup
start of bunch train

ATL-COM-DAQ-2015-150



https://cds.cern.ch/record/2053123

Impact of pileup mitigation Cartson 39

Apply several techniques to mitigate pileup

» Pedestal correction = Removes bunch train dependence

* Autocorrelation filter Removes sensitivity to previous bunches

separate signal from pileup noise by deweighting previous bunches

L1 rate vs. E7™S threshold

Matched filter: 2011 settings
Matched filter: 2012 settings

A AR AR MR — Autocorrelation filter
g 10': 2012 Matched + 2012 nose euts. 3 . .
T F — Autocorr. + 0.5% occ. noise cuts - —— Autocorrelation filter + pedestal correction
-— B —— Autocorr. + 0.5% occ. noise cuts + p. ¢. _|
- 10°;
: \ : - Autocorrelation and pedestal
s \; correction allow for x10 rate
10 N reduction
= V5 =14 TeV, (u) = 54, 25 ns \ ]
1 _I N B | ! | [_

|||I||[||+|||||I
40

60 80 100 120 140
MET Threshold [GeV]*

0 20

more on autocorrelation filter,
see Wikipedia!

*Threshold at L1 not equivalent to offline E7"

ATL-COM-DAQ-2013-150



https://en.wikipedia.org/wiki/Autocorrelation
https://cds.cern.ch/record/1631717

Trigger menu (2015)

Not a complete list..

Year 2012 2015
Vs 8 TeV 13 TeV
Peak luminosity 7.7%10* cm™2s7! 5.0%10* cm™2s7!

pr threshold [GeV], criteria
Category L1 HLT L1 HLT Offline
Single electron 18 241 20 24 25
Single muon 15 241 15 201 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
E.'I‘.liss 40 80 50 70 180
Dielectron 2x10 2x12,loose 2x10 2x12,loose 15
Dimuon 2x10 2x13 2x10 2x10 11
Electron, muon 10,6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35,25 2x15 35,25 40, 30
Ditau 151, 111 27, 18 201, 12i 35, 25 40, 30
Tau, electron 111, 14 281, 18 12i(+jets), 15 25,171 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, E.‘E‘iss 20, 35 38, 40 20, 45(+jets) 35,70 40, 180
Four jets 4x15 4x80 3x40 4x85 95
Six jets 4x15 6x45 4x15 6x45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4x15  2x35b, 2x35 3x25 2%35b, 2x35 45
B-physics (Dimuon) 6, 4 6, 4 6,4 6, 4 6, 4

From “Performance of the ATLAS

Trigger System in 2015
arXiv: 1611.09661


https://arxiv.org/pdf/1611.09661v1.pdf

ATL-COM-DAQ-2017-001

Trigger menu (2016)

Trigger Selection Level-1 Peak @ HLT Peak
Trigger Typical offline selection Rate (kHz) Rate (Hz)
y :]- Y V
Level-1 (GeV) HLT (GeV) 7 =12 % 0% em 25|
Single isolated u, pr > 27 GeV 20 26 (1) 13 133
. | Single isolated tight e, pr > 27 GeV 22 (i) 26 (1) 20 133
Single leptons = e 2 pr > 52 GeV 20 50 3 a8
Single e, pr > 61 GeV 22 (1) 60 20 13
Single 1, pr > 170 GeV 60 160 5 15
Two p's, cach pr > 15 GeV 2x10 2x 14 1.5 21
Two u’s, pr > 23,9 GeV 20 22,8 13 30
Two loose e's, cach pr > 18 GeV 2x 15 2x 17 8 7
. . One e & one u, pr > 8,25 GeV 20 () 7,24 13 2
Twoleptons -5 oose e & one g, pr > 18, 15 GeV 15, 10 17, 14 15 26
Two 7’s, pr > 40,30 GeV 20 (1), 12 (1) (+jets) 35,25 6 35
One 7 & one isolated g, pr > 30,15 GeV 12 (i), 10 (+jets) 25,14 (1) 1.5 7
One 7 & once isolated e, pr > 30, 18 GeV 12 (i), 15 (3) (+jets) 25,17 (1) 3 9
Three loose e’s, pr > 18, 11,11 GeV 15,28 17,2x 10 15 < 0.1
Three y's, cach pr > 7 GeV Ix6 3x6 0.1 3
. | Three u's, pr > 21,2 x 5 GeV 20 20,2 x4 13 4
Three leptons 0 = < & one Ioose &, pr > 2 X 11, 13 G&V 2% 10 ('s) 2% 10, 12 15 0.2
Two loose e's & one y, pr > 2x 13,11 GeV 2x8, 10 2x 12,10 1.1 0.1
| Onephoton | One loose y, pr > 145 GeV | 22 (i) | 140 | 20 | 30 |
Two photons Two loose ¥’s, pr > 40,30 GeV 2x15 35,25 8 40
P Two tight ¥’s, pr > 27,27 GeV 2x15 2x22 8 16
Single iet Jet (R =0.4), pr > 420 GeV 100 380 3 38
giel Jet (R = 1.0), pr > 460 Gev 100 420 3 35
| EMs | EF™ > 200 GeV | 50 | 110 | 6 | 230 |
Four jets, each pr > 110 GeV 3x50 4x 100 04 18
Multi-jets Five jets, cach pr > 80 GeV 4x15 5x70 35 14
Six jets, each pr > 70 GeV 4x15 6 x 60 35 5
Six jets, each pr > 55 GeV, [p] < 2.4 4x15 6x45 35 18
One b (e = 60%), pr > 235 GeV 100 225 3 24
beiets Two b’s (e = 60%), pr > 160, 60 GeV 100 150,50 3 20
L One b (€ = 70%) & three jets, cach py > 85 GeV 4x15 4x75 35 19
Two b (e = 60%) & one jet, pr > 65,65, 110 GeV 2% 20,75 2% 55,100 27 25
Two b (e = 60%) & two jets, cach pr > 45 GeV 4x15 4x35 35 56
o Two u's, pr > 6,6 GeV
Gplgeice plus dedicated b-physics selections 6.6 %0 dl 2
| Total [ 85 | 1500 |



https://cds.cern.ch/record/2242069/files/ATL-DAQ-PUB-2017-001.pdf

Comparison of Ep™ss

Comparison of efficiency for various ET"* algorithms

—

MHTI110

PUEIT110 ATLAS Preliminary

o
o)

Cumulative Efficiency

Data 2016, Vs = 13 TeV,
Z — u u preselection
Relative to ET'*° (mht) > 110 GeV

mht) > 130 GeV
pufit) > 110 GeV

0.6—

0) 50 100 150 200 250 300 350 400
ET"** (offline, no muons)




Etmiss at HLT: methods Carlson 43

E1™iss glgorithms

* mht Vector sum of pileup-corrected jets with Et > 7 GeV (threshold at uncalibrated
scale)
 cell Calorimeter cells with cut on energy significance s (s > 2, -5 < s<-2)

 topocluster  Start with seed, add neighbors, then add their neighbors
* pueta p.u. sub. from density in n rings

* pufit p.u. sub. by y? fit”

*Forces no ET™ss from towers < threshold

From “Performance of the ATLAS
Trigger System in 2015
arXiv: 1611.09661


https://arxiv.org/pdf/1611.09661v1.pdf

Trigger cross section Catson 4

Rates

» Conceptually, linear rate v. <u> means “no pileup dependence,” see left cartoon

« Rates show non-linear <u> dependence, see right plot

Cartoon of rates HLT cross-section = rate / lumi

|||||||||||||||||||||||||||||||||||||||||||||||||
ATLAS Trigger Operations Wm
Data 2016, Vs= 13 TeV i

ET**(mht) > 110 GeV

ET " (mht) > 130 GeV

ET " °(pufit) > 110 GeV
(

ET*(mht) > 110 GeV
and E7"*(cell) > 70 GeV

non-linear rate =
non-constant cross-section

Trigger cross section [nb]

linear rate =
const. x-section

PUFITI10

: |||||||||||||||||||||||||||||||
% 5 10 15 20 25 30 35 40 45 50

Average number of interactions per bunch crossing




arX1v: 1603.02934 Formlng topoclusters 45

- Topoclusters: inputs for jets and Er™s*

* Same as offline: made for every event :
see event display

[terative algorithm: 4/2/0

1. Seed: |E| > 40 . EEEEEE

2. Add neighbors: [E| > 20 1 EE 2 E -

3. Add cells on perimeter: |E| > 0o " ——

O. noise from electronics + pileup cartoon of topo-cluster formation

LCW calibration sequence

calibration procedure

Topo-cluster Cluster Calibration Out-of-cluster Dead Material
Formation Classification Corrections Corrections
e ; EM em-cal em-00c¢ n-dm
"""""""" 7—7 W (=1) W W'
' clus cell cell \cl]
Topo-clustering is based HJ“'-' cal ,had-ooc ‘.lmd dm
on the cell significance: cell cell cell

Corrects. calorimeter response, losses in clustering, dead material


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2014-07/

[tan 6] x sin ¢

arXiv: 1603.02934 Forming tOpOClUStGI’S 46

+ Sequential algorithm to combine cells ¢ detined by

electronics + pileup noise

» Projection 1n one layer of FCAL

Seed + neighbors ++ neighbors

ATLAS simulation 201 0 ATLAS SImuIatlon 201 0 ATLAS simulation 2010

| Pythia 6.425° L | E[MeVle [ pythia6aas i 8 E = [ Pyhiacazs

| Pythia 6.425 ° N
duetevent R : I SN 10° duetevent K d duetevent \ :

—
°U'l
[tan 6| x sin ¢

[tan 6] x sin ¢
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2014-07/

L1 jet trigger efficiency

Turn-on curve for jet trigger

Efficiency

|

ATLAS Preliminary
e ¢ Data 2016

o Q:Data 2015
Injetl <28

ocoe L1_J20
ocoe L1_J50
ocoe L1_J75
oe L1_J100

&. T R W T N T T TR WA SR
150 200 250
Offline central jet p_ [GeV]

ATL-COM-DAQ-2016-087 (link)


https://cds.cern.ch/record/2200390

L1 forward jet trigger efficiency

Turn-on curve for jet trigger

O@QM@ ©) Q@OO“ O —Q—QﬂQ §\\ N

N
AN

Efficiency
o |
2

i LSS
|||||||||||||||////(/

ATLAS Preliminary
-¢-: Data 2016

©: Data 2015
3.6 < In_etl <45

ce L1 J20.31ETA49
oe L1 J50.31ETA49

oe L1_J75.31ETA49

..|@901. ORI N R I
60 80 100 120 140 160 180 200 220

Offline forward jet P [GeV]

ATL-COM-DAQ-2016-087 (link)


https://cds.cern.ch/record/2200390

oFEX architecture Carkon 1

Global feature extractor: single board targeting boosted jets

Details
 Detector split into three FPGAs

o Jet algorithm: like a cone jet
 Global variables: Hr, Epmiss

gFEX layout Event display

pFPGA #3 pFPGA #1 pFPGA #2 pFPGA #3

- ter -FPGA Comnnections (DDR)
s (ter-FPGA Connections (MGT)
<« === External Connections (MGT)

ATL-DAQ-PROC-2015-059



https://cds.cern.ch/record/2104248/files/ATL-DAQ-PROC-2015-059.pdf

Large radius jets Carlson 50

Global feature extractor: single board targeting boosted jets

« Event by event pileup subtraction: allow for lower rates at high pileup (left)

 Larger radius jets to trigger efficiently on boosted jets (right)

Online energy density (p) vs. offline p Turn-on curve for boosted jet trigger

ATLAS Prellmlnary
Slmulatlon 5

per-Jet Efficiency

tt Vs=14 TeV (u)=80
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https://cds.cern.ch/record/1749167

L1Calo EM algorithms

Trigger towers (TT): An x A¢p=0.1x0.1

- EM Rols constructed using a sliding window algorithm over 4x4 TT

» Each EM Rol characterized by:

VISP g o

&2

-

@ f
SEY

-

/

Trigger towers /(An xA¢p=0.1x0.1)

Vertical sums

Horizontal sums

+.] Local maximum/
+ | Region-of-interest

ATL-COM-DAQ-2013-057

[

[

i

/ focus for - EM isolation
(] " - Ring: ErinEM layer, 1 TT

ring around core

Hadronic
calorimeter

- Hadronic

Electromagnetic
calorimeter

E. » Core: ET 1n hadronic layer
Electromagnetic .
isolation ring behlnd CcCorc

Hadronic inner core
and isolation ring

» Ring: Et in hadronic layer, 1
TT ring around core

51


https://cds.cern.ch/record/1564863/

Improved run 3 resolution

High granularity to improve resolution

» Trigger tower resolution: 0.1 x 0.1

» Supercell resolution 0.025 x 0.1 (depending on layer)

Granularity improvement Resolution improves: higher granularity

Trigger Towers

in
T
1

Anxa® = 0.1x0.1
ok
9

Super Cells

Level-1

ATLAS Super Cells
Simulation

Events/b

\s =14 TeV
<u> = 80

Z— ete
mei offlinel <12
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https://cds.cern.ch/record/1602230/

Compressed SUSY

M, gp (GeV)

CMS Preliminary, 19.4 fo!, s = 8 TeV Mass splitting ~5 bGGV
600 -
pp —bB,6—>b%’ NLO+NLL exclusion || P, N
500 %Observedi 104 c0ry ; 5’ o /E’l/’ XY
- == Expected = 1Oexperiment 1, - b-jet ZOSt./
L o &q —_— & D ~ o
- (oY A 2 7 ~
400 Q \)\4\ R N
L % 606 & _ 7p)
- qf? Q$ g ® 1 —10" 8
L ,& “ L o - - E @)
3001 &Q ; 1 1 =&
1 ] E
200 '\_— — 107 8_
1 ] O
A ] >
1001 LI O
| 22
| 1] O
O|||||||||||||||||||||||||||| I:I_ 10'3®
200 300 400 500 600 700 800
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- Sensitivity by VBF invisible?

53



Direct EW SUSY: charged

: VBF X1 X1 via/t
VBF production e Sroteseset 775 2Ty ka2 X
fe) Pl
o F ATLAS —— Qbserved kmit
\s=8TeV, 2031 = Expected limit (z10__)
Al limits at 95% CL B L0 Theory +10 o
SS VBF
m(x') = 120 GeV
10°% ¢ m;=(m + m"_).-2
target this part
10:b
e e R,
A I I PRI TS e I
5 10 15 20 25 30 35
m.. - m., [GeV]

» Currently sensitive for the case where leptons missed?

o4


https://indico.cern.ch/event/493539/contributions/1172385/subcontributions/104043/attachments/1249831/1842251/SoftLeptonsPhysMotivationPetridis.pdf

Decay modes

Branching fraction

Decays of a 125 GeV Standard-Model Higgs boson

charm/anti-charm, zz YY Z+y others

0 \ vas 0.2
tau/anti-tau_iﬁ ‘.V3A’\

6%

2 gluons _
9%




pr distribution of VBF jets

Jet pr distribution for VBF tag jets

VBF H—Inv Simulation
pp 13 TeV

leading jet

subleading jet

Unit Normalization

leading jet, after selections

subleading jet, after selections

Run 1 selections

(

150 200 250
p_ (GeV)




AR(T.T) efficiency

Impact of additional L1 requirements

- Excellent signal efficiency after offline requirements for H—tt (left)

- L1 signal efficiency for AR(t,T) 1s fairly sharp (right)

Efficiency of AR(t T) requirement at L1

Signal efficiency for H—TT after cuts
not impacted by AR(T T) requirement

—

|
|

LI R L R AL B
ATLAS Simulation
Boosted Signal Region, ggF H > 1t —> 1, 7, + 2v
L1 p)>20GeV,p, > 12 GeV
————— L1Topo: p;' > 20 GeV, p; > 12 GeV, A R(t, 7,) < 2.9
gy T—

Efficiency

ATLAS Preliminary

Data 2016, Vs = 13 TeV
L1Topo Commissioning

Arbitrary Units

+

—e— L1Topo: p;>20 GeV, p,>12 GeV, AR(z 1,)<2.9
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Trilinear selt-coupling limits

Decay Br (%) Yield glimit M Asm Documentation
bb(bb) 33 40000 35-11 ATL-PHYS-PUB-2016-024 (link)

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

bb(WW)| 25 31000 :

77(bb) 3.1 3800



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-024/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-001/

HH—4b

Run 2 extrapolation to 3ab-!
+  Multyet background difficult to estimate (used data)
- Investigate various assumptions on background systematics and jet pr threshold

my;. search distribution Expected limit on A/Asm

] | ] | 1] | 1 l 1 1] 1 1 I 1 L | 1 l 1 L 1 ] I 1 L 1
ATLAS Preliminary == Non-resonant prediction
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s =14 TeV, L = 3000 fo | Expected = 1o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-024/

strip TDR

HH—bb(yy)

Extrapolation to 3ab! performed using smearing functions (link)
+  New photon ID optimized for <u>= 200

- Latest b-tagging function and pileup jet contribution used

*  Main background, non-resonant QCD with at least one y [bbyy] (left)

- [so far] most sensitive HH channel (right)

myy: search distribution Expected 95% C.L. limit on A/Asu

—
NN
o

R o \n = Nonresonant HH prediction
Stat. Unc. - Expected Limit (95% CL) -
A : - N - Si i imi Expected+ 1
— Simulation Preliminary B HH—bbyy 5[-Simulation Preliminary xpected 1o

- Vs =14 TeV, 3000 fo" B SingleH - C ; Bxpecied: 20
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bbyy B ! excluded
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ATL-PHYS-PUB-2017-001 (link)


https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/UpgradePerformanceFunctions
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-001/
https://cds.cern.ch/record/2239048/

