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L 7

EXPERIMENT

» Trigger system is responsible for real-time selection of subset of proton-
proton collisions to be recorded and analysed offline

design driven by physics priorities and resource/system limitations (eg processing time,
processing units and storage rate)

» In 2017/2018, LHC delivered collisions at both record high instantaneous
luminosity (x2 design value) and at record high number of simultaneous

collisions per bunch crossing, “pileup” or u (x2.6 design value)

»  This talk summarises how the ATLAS trigger system adapted successfully to

this challenging conditions
taking advantage of new hardware and
optimising trigger menu and reducing processing costs
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Trigger System

ATLAS ™

EXPERIMENT

New hardware installed in Run2:;

Calorimeter detectors

TileCal | Muon detectors
L1Topo
event'tOpO/OQY'based Level-1 Calo {1 Level-1 Muon | g:;zc_;g::t
selections based on L1Calo Preprocessor Endcap Barrel O -
and L1 Muon inputs. ~ seclorlogic jy sectar logic -
Used to collect physics data ™ | | > — >
since 2017 CP T) JEP (jet, E) v v ol s SOD
CMX | CMX | MUCTPI =1
(see next) 3
X DataFlow
» LlTopo ala
3 Read-O em (RO
CTP
3
CTPOUT
I-1 0
Level- % v v v
‘ E Data Collection Network
~ Fast TracKer ——
(FTK)

Currently under
commissioning (see
talk by T. R. Holmes)
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https://indico.cern.ch/event/686555/contributions/2976687/

Trigger Menu

»  Set of algorithms and selections
(“chains”) running at the L1 and HLT

»  O(1500) chains targeting different
signatures and topological phase spaces

»  Designed such that resources (rate,
memory/timing and output) are allocated

based on physics priorities

»  Despite higher peak
luminosity in 2017 than
in 2016 (1.7 vs 1.4
x1034 cm-2s-1),
minimum pt thresholds
for single lepton chains
kept unchanged
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Selection of 2017 menu (ATL-DAQ-PUB-2018-002), full table in backup

Trigger Selection Level-1 Peak | HLT Peak
Trigger Typical offline selection Level-1 (GeV) HLT (GeV) Rate (kHz) . Rats 2(H_zl)

L=17%x10"" cm™“s

Single isolated u, pt > 27 GeV 20 26 (i) 15 180

Single isolated tight e, pt > 27 GeV 22 (i) 26 (i) 28 180
Single leptons | Single u, pT > 52 GeV 20 50 15 61
Single e, pT > 61 GeV 22 (i) 60 28 18
Single 7, pt > 170 GeV 100 160 1.2 47
Two u, each pt > 15 GeV 2x10 2x14 1.8 26

Two u, pt > 23,9 GeV 20 22,8 15 42

Two very loose e, each pt > 18 GeV 2x15() 2x17 1.7 12
One e & one u, pt > 8,25 GeV 20 () 7,24 15 5
Twoleptons =G & one 4. pr > 18, 15 GeV 15, 10 17,14 2.0 7
One e & one u, pt > 27,9 GeV 22 (e, i) 26, 8 28 3
Two 7, pt > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35,25 5 61

One 7 & one isolated u, pt > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 10
One 7 & one isolated e, pt > 30, 18 GeV 12 (i), 15 (i) (+jets) 25,17 (i) 4 15

| One photon One loose y, pt > 145 GeV | 22 (i) | 140 | 28 | 43 |

Two loose y, pt > 55, 55 GeV 2x20 50, 50 2.6 6
Two photons Two medium y, pt > 40, 30 GeV 2x%x20 35,25 2.6 17
Two tight y, pt > 25, 25 GeV 2 x 15 (i) 2 %20 (i) 1.7 14
Jet (R = 0.4), pT > 435 GeV 100 420 33 33

Single jet Jet (R = 1.0), pt > 480 GeV 100 460 3.3 24
Jet (R = 1.0), pt > 450 GeV, mjet > 50 GeV 100 420, mjee > 40 33 29

| Emss | ETS > 200 GeV | 50 | 110 | 5 | 110
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EXPERIMENT

2017 Improvements at L1

L1Topo: diau trigger rates for H-r (ALLAS-CONF-2017:061)
- _ _ i % - ATLAS Trigger Operation -
.even.t topology basepl selec.tlons (eg angular and = T Data 2016, foe 13 Tov ]
invariant mass cuts) in real time using L1Calo and § | o L1p;>2060V,p7>12 o wihoutsolation ]
|_1 |\/|UO|’] |nputS =] L1: p.>20 GeV, pI>12 GeV
A L1: [ >20 GeV, P, >12 GeV, p *'>25 GeV
. : . : 10° opo: p'20 GeV, p>12 GeV, R(r )< =
- critical for rate-demanding signals, like H—=>tt and B F . ﬂIOEoEiggev E >1§GeViR(rr)<§: 1 A
phySiCS measurements : 0000000000000000000000000000000000000000000000 i :
- allOWS to trigger On diffiCU|t Signatures’ eg \/BF H_’bb’ B I:|l:“:||:||:||:||:||:||:||:|I:|I:|I:|I:||:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:I|:|I:|I:|I:|I:|I:|I:|I:|I:|I:||:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:II:|I:|I:|I:|I:|I:|I:|I:|I:|I:|I:||:|I:|I:|I:|I:l:|l:l;22.9 B
long-lived particles, and Higgsino to soft leptons 10 x0.25
E AAAAAAAAAAAA AAAAAAAAAAéééééééééééé éééééé’ E
At I_1 I\/Iuon: E eeéeccCcCcCCCCVVvvVVvvvvvVvv;:::;:;:<><><><><><><><><>eeeeeeoeeeeeeei:g;?ee: 3.8 :
- single muon trigger rate significantly reduced at no O N N
~ _ 9 9.5 10 10.5 11 11.5 12
efficiency loss thanks to improved chamber-by-chamber Inst. luminosity [10°® cm?s
coincidence windows and new coincidence between 0, 2MUB trigger rates w/ and w/o L1Topo
i i N L L L L L L L L L L R B
Tile calorimeter and TCG muon chambers ¥ - ATLAS Trigger Operations. 3
£ 5000 Data 2017, s =13 TeV =~ —
At L1 Calo, T = Run taken on Jun 17, 2017 ]
. .o . . i 4000— —]
- filter coefficients and noise cuts optimised for high - -
pileup conditions and different LHC filling schemes 3000:—f‘w\“'*~~-~~~..‘*v__\.~_"§‘_E
- significantly reduced rates and pileup dependence at 2000(} —L1:2xp; >0 Gev X0.23
|_1 fOF Jet aﬂd mISSIﬂg energy ChaIﬂS 1000; — L1Topo:2xpT>6GeV, mwe[z, 9]GeV,ARWE[O.2,1.5] _E
- reduced calorimeter occupancy and consequently i -
. . . PR [T T T A T T N T T T [T T T [N T T TN [N T T T [N T T M B
improved reconstruction time at HLT 07700 ~720 140 160 180 200 220 240

Luminosity block [~60s]
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ATLAS

EXPERIMENT

2017 Improvements at HLT @@F‘fﬁz\

»  Missing energy triggers:
- new algorithm (“pufit”) with improved pileup robustness

- O(10) rate reduction at u=50 with no efficiency loss allowed to keep 2017 threshold
unchanged from 2016

»  Offline-like calibration in HLT jet triggers:

- based on both calorimeter-based and track-based inputs. Tracks cached from b-tagging
algorithms used in b-jet triggers, so no additional CPU cost

- reduces differences wrt offline jet reconstruction, i.e. higher efficiency and lower rate at
same trigger pt threshold

missing energy trigger efficiencies and rates w/ (pufit) and w/o (mht) jet trigger efficiencies w/ (2017) and w/
new HLT reconstruction algorithm 0 (2016) new HLT calibration
3 60 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ TTTT rTTT C>J\ 1'2_I T j I ' ' ' I _I I. ' I ' ' ' I ' ' ' I ' ' ' I ' ' ' I I I 1‘ _I
g [Ty & | ATLAS Trigger Operations 5 - ATLAS Preliminary Data 2017, /s =13 TeV, 21.9fb™"
s T A e e 5ol Data 2016 / 2017, Vs = 13 TeV - 2 1=
TR e 4 3 2L o HLT xel10_mht_L1XE50 i © C - ]
| @~ e | (%] - . %% — B O |
08— - - § - HLT_xe110_pufit_L1XE50 % % 0.8— O. ; ]
B . ATLAS Preliminary ] 5 40 ﬁ 4 £ N s Eﬁp }
- £ 5 Data 2017 7 o B < - Offli lection: 7]
06— _ 4 -1 3 & 06 o & jetwith m<2s ~
- \s=13TeV,1.3fb 4 = %% > - O J " s
n - ; W v 1 = 30 33 — 8 - .o & .
0al— . —e— L1_XE50 _ - f ] L 04 .ogE HLT, p_ > 450 GeV ]
- o . —.— HLT_xe110_pufit_L1XE50: 20; QQ { - .ﬁ 0 2016 calibration 1
02— . " o HLT_xe110_mht_L1XE50__ - ch ’ 0.2~ 5 ® 2017 calib., calorimeter only —
- ¢l . 10 B Do°° v ] = ; @) 2017 calib., with tracks —
. . ] : . N . _
- e ol - B OQOO @%%@ i ( 3y T AR L v by by by by
o().........ggﬁhr'ﬁ1éo- T R o L0000  aapopn0a®??E o8 ] 80T 400 420 440 460 480 500 520 540
miss H 7\ﬁg\aﬁa\g\g\g\DF\D\D\DD\D‘D\D\D\D\ ‘ \\\\‘\\\\‘\\\\‘\\\\‘\\\\7 H H H
ET"* (offline, no muons) [GeV] 90" 15 20 25 30 95 40 45 50 55 Leading offline jet P, [GeV]
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Triggering at High Pileup & {A\C

EXPERIMENT

» Extensive work to reduce memory/timing usage, with particular focus on algorithms like
tracking which requires resources that scale non-linearly with pileup

- eg better caching information, preselections to reduce execution rates of tracking algorithms, further
algorithm optimisation

» In August 2017, issue in LHC 2017 eveling 2018

. > = \ \ A \
SeCtor 16|—2 forced tO run Wlth "(% N E ATLASOnIme Lummosny \F 13 TeV 1 q,"” r ATLAS Onlme Lumlnosny \/E 13 TeV
e - e ms — 1S L o ms -
reduced number Of bunCheS 8 %: 25; PeakL:iu(:n:tZC?ISJ xB10 S em2st : f-"; 25; PeakLru(:nitz:a.L ><B10 3 cm2 gt
: : : = T 20 * 4 = 20F A =
compensations for luminosity loss leadto '€ & | . o~ 1 EE RTINS T
lumi above 2.0x10% at 4~80 =R A 2 A At R SRR AR AR AR R R
1 % C g ;' . ] D N v
- S g 1op : W . 1 g 1o . =n
HLT farm could not cope with this pileup. <5 L & ;"‘:.-5 L E L N N
ATLAS decided to level at 1.56x10%, y~60 © § | ,»° +*+ . °
al Qe el o o g | o 1. g\ .1 @ ] Ol —aasty | ‘ ! L o .l ‘
. 5 : 01/05 02/06 05/07 07/08 08/09 11/10 12/11 15/12 12/04 25/04 08/05 21/05 03/06 16/06
sugqessful strategy: h|gh dgta taking [ Day in 2018
efficiency with little loss in integrated e i e ey e s T S R S Sy
|Um|nos|’[y o E’ 100:_ ATLIL\F?C(::]I;TeBLummosny Vs =13 TeV _: z) 80§— ATLt\:C(;?ILTeBLummosny Vs=13TeV E
> % sol ] % 70( =
Q E L ° B j‘T_-? GQr o 1] .OA ".Qo .8 .,° © o e o 0o o o
» In 2018, LHC reached record peak 3 5 wrvennnnnns dimmmenas s s LN
' : “f ., . e . 1% a0 . E
lumi of 2.0x1034 with u~55. No L ol oy maswAW S - E El
O -2 1 20f- . E
need to level thanks to o om . s I f
developments in HLT triggers to reduce 09/05‘02}0‘6‘0‘5/‘0‘7‘57/‘0‘8‘0‘8/‘05‘3‘1‘1/L1(‘)‘1‘2‘/11. 15112 1304 2504 oslos 2105 03006 1606
inefficiencies at high pileup Day in 2017 Day in 2018

20% more HLT processing slots
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ATLAS

Trigger Efficiency in 2018 @)@E\R_NZ\

» Very good
stability of trigger
efficiencies as
function of pileup

D. Zanzi

Efficiency
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EXPERIMENT
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End-of-fill Triggers &)

»  After few hours of collisions, L1 rate and HLT
processing slots free up thanks to luminosity
exponential decay

»  High-rate and CPU-intensive triggers can be
enabled within the data storage output
limitation

»  Strategy is used for the Trigger-level Analysis
(ATL-DAQ-PUB-2017-003)

tiny event size with only information on HLT jets,
collected by low-pt single jet trigger at an HLT rate
up to 13 kHz when luminosity is below 1.0x1034

total HLT output bandwidth is only marginally
iIncreased by these additional events

»  End-of-till strategy used for triggers for B-
physics signals (high processing power
needed)

w
o
()}

ATLAS Trigger Operation
| pp data taken on 3—4 May, 2018, vs = 13 TeV |5

N
(S,

— HLT output rate (all streams)
— - HLT output bandwidth (all streams)

HLT output rate [kHZz]
>
AN

HLT output bandwidth [GB/s]

1(%:30 19;30 21;30 2323:0 01;30 03:190
. Time [hh:mm]
! End of fill
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAQ-PUB-2017-003/

Summary 9 G

L 7

EXPERIMENT

»  ATLAS trigger system maintains excellent performance even at LHC running
conditions far beyond design values

continuous and prompt developments of trigger software to improve pileup robustness
and optimise resource usage

fully exploitation of new L1 hardware

» In 2017, levelling successfully ensured a highly efficient data taking when
pileup reached levels beyond the capabilities of the HLT farm

»  Running at high pileup is precious testbed for further optimising the trigger
systems for Run-3 and HL-LHC run

References: Related talks/posters at ICHEP2018:
- Trigger Public Results the ATLAS Muon trigger (A. Held)
- Performance of the ATLAS Trigger system - the ATLAS FastTracker: Pioneering the next era of
: _ hardware track triggers (1. R. Holmes)
IanO‘I S, EP‘JC. (2017) 77:317, 1611.09661 - the ATLAS Electron and Photon Trigger (P.
- Tl’lggel’ Menu N 2017 (ATI_‘DAQ: Podberezko’ poster)
PUB-2018-002) - triggering on hadronic signatures in ATLAS -
developments for 2017 and 2018 (S. Schramm,
poster)
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https://indico.cern.ch/event/686555/contributions/2976687/
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CERN

ATLAS "

EXPERIMENT

Trigger Menu

Trigger Selection Level-1 Peak | HLT Peak
Trigger Typical offline selection Level-1 (GeV) HLT (GeV) Rate (kHz) L Ratf 2(H_zl)
L=1.7x10""cm™*s
Single isolated u, pt > 27 GeV 20 26 (i) 15 180
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 28 180
Single leptons | Single u, pt > 52 GeV 20 50 15 61
Single e, pT > 61 GeV 22 (i) 60 28 18
Single 7, pT > 170 GeV 100 160 1.2 47
Two u, each pt > 15 GeV 2x10 2x14 1.8 26
Two u, pt > 23,9 GeV 20 22,8 15 42
Two very loose e, each pt > 18 GeV 2x15(@3) 2x17 1.7 12
One e & one u, pt > 8, 25 GeV 20 (u) 7,24 15 5
Twoleptons =5 =% one 1, pr > 18, 15 GeV 15, 10 17,14 2.0 7
One e & one u, pt > 27,9 GeV 22 (e, 1) 26, 8 28 3
Two 7, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35,25 5 61
One 7 & one isolated u, pt > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 10
One 7 & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25,17 (@) 4 15
Three loose e, pt > 25, 13, 13 GeV 20,2 x 10 24,2 x 12 1.3 < 0.1
Three u, each pt > 7 GeV 3x6 3x6 0.2 6
Three leptons | Three u, pt > 21,2 X5 GeV 20 20,2 x4 15 8
Two u & one loose e, pT > 2 X 11, 13 GeV 2% 10 (u) 2x10, 12 1.8 0.3
Two loose e & one u, pt > 2% 13,11 GeV 2x8,10 2x12,10 1.7 0.1
| Onephoton | One loosey, pr > 145 GeV 22 (i) | 140 | 28 | 43 |
Two loose y, pt > 55, 55 GeV 2x20 50, 50 2.6 6
Two photons Two medium y, pt > 40, 30 GeV 2x%x20 35,25 2.6 17
Two tight y, pt > 25, 25 GeV 2 x 15 (i) 2 x20 (i) 1.7 14
Jet (R = 0.4), pt > 435 GeV 100 420 33 33
Single jet Jet (R = 1.0), pt > 480 GeV 100 460 33 24
Jet (R = 1.0), pt > 450 GeV, mje; > 50 GeV 100 420, mie > 40 33 29
| Emiss | EDSS > 200 GeV | 50 | 110 | 5 | 110 |
Four jets, each pt > 125 GeV 3x50 4x115 0.5 16
.. Five jets, each pt > 95 GeV 4x15 5% 85 5 10
Multi-jets Six jets, each pr > 80 GeV ix15 6x 70 5 4
Six jets, each pt > 60 GeV, || < 2.0 4x15 6x55, |71 <2.4 5 15
One b (€ = 40%), pt > 235 GeV 100 225 33 15
Two b (e = 60%), pT > 185, 70 GeV 100 175, 60 33 12
b—jets One b (€ = 40%) & three jets, each pt > 85 GeV 4x15 4 %75 5 15
Two b (€ = 70%) & one jet, pT > 65, 65, 160 GeV 2 x 30, 85 2 x 55,150 1.2 15
Two b (e = 60%) & two jets, each pt > 65 GeV 4x15,|n| < 2.5 4x55 32 13
Two u, pt > 11, 6 GeV 11,6 11, 6 (di-p) 2.5 47
B-Physi Two u, pt > 6,6 GeV, 2.5 < m(u, u) < 4.0 GeV 2% 6 (J /[y, topo) 2x6(J/y) 1.6 48
-raysics Two 1, pr > 6, 6 GeV, 4.7 < m(, p) < 5.9 GeV 2% 6 (B, topo) 2x6(B) 16 5
Two u, pt > 6,6 GeV, 7 < m(u, u) < 12 GeV 2% 6 (T, topo) 2%x6(7) 14 10
| Total Rate | 85 | 1550 |

D. Zanzi ATLAS Trigger20 20 a8 IQHERPAR-PUB-2018-002) 13
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L1 Muon: Tile-Muon Coincidence

| as o 0 1 0 1
r 2 Cam
' L4
¢ “
»
£l -
.’ »
- . o’
. - e o’
’ - -
.
- pr - L4
o “
.

BOL |

CERN

ATLAS ™

EXPERIME

Tile Extended—Barr§W - T G C

BW-TGC

10

NT

D. Zanzi
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qc_) v - |:| rejected by Tile coincidence =
- - expected distribution at the end of Run 2 .
6 - offline reconstructed muons —
= [ Jofflinep_ =20 Gev ]
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Trigger Performance

Photons

Medium photon trigger ET>25 GeV
—e— s 13 TeV, Data 2018, 534 pb™

—+4— Vs 13 TeV, Data 2017, 688 pb™
Offline photon E >30 GeV
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ATLAS Trigger in 2

CERN

ATLAS
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tracking efficiency in muon trigger
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ATLAS Preliminary

Data 2018 Vs = 13 TeV

Offline medium muon tracks p, > 4 GeV
24 GeV muon trigger

e Fast tracking
O Precision tracking
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tracking efficiency in tau trigger
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ATLAS Preliminary
Data 2018 Vs = 13 TeV
Offline medium 1-prong taus, p, > 20 GeV

25 GeV tau trigger

e Stage 1 fast tracking
o Stage 2 fast tracking
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