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Outline

e lonsin LHC - where, when, why?

e HI physics program - pick your favourite physics from our menu!
e ATLAS and its trigger system - how it works? why we need it?

e Advances in HI trigger strategy - what's new in recent years?

e HI trigger operations - challenges and why it's fun



LHC

e [ HCisthe last one and largest in the CERN accelerator complex
e |t usesthe infrastructure from
previous colliders
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LHC experiments

e [ HCisthe last one and largest in the CERN accelerator complex
e |t usesthe infrastructure from CMS
previous colliders
e Four big experiments

operate at the LHC %
o ATLAS/CMS - with a goal

to discover Higgs boson
and test SM

o ALICE - tostudy ion
collisions

o LHCb -to study CP
symmetry breaking




LHC - colliding pp

e Most of the year LHC collides bunches of protons

o pp collisions possible at very high luminosities, up to 2.4 x 10> cm2s’

o allowed to discover Higgs boson
and to study its properties

o a lot of collision data available:
precise test of Standard
Model and Beyond Standard
Model searches performed

o interest from all four big
experiments at LHC

ALICE LHCb




LHC - colliding ions

e Few weeks each year are dedicated for ion collisions

o lower beam energy than in pp - accelerated protons “carry” neutrons
o lower luminosities than in pp (up to 6.7 x 102 ecm™s™) - due to lower beam intensities and

lower number of bunches
o typically few weeks at the end
of the year

e Primary goal: study properties
of quark-gluon plasma (QGP)
with Pb+Pb collisions

e Unique capabilities of each
large experiment: all involved
INn heavy-ion data taking &

e Thisyear also started program

for light ions with O+O and Ne+Ne
collisions s

ALICE LHCb
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ATLAS detector

e Large general-purpose

detector with almost 41t

coverage

n = -log(tan(6/2)) e
Inner detector |n|<2.5

Muon system |n|<2.7

Calorimetry out to |n|<4.9

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Ze ro- D eg ree- Ca | orim ete rs I e A Toroid magnets LAr eleciromagnetic calorimeters
(ZDC) capture neutral particles Muon chambers  Solenoid magnet | Transition radiation fracker
Wl t h | r’ | > 8 3 Semiconductor tracker
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Role of ZDC

lons can collide at various impact
parameters - b

Spectator neutrons - outside the
overlap region - travel along the

beam direction

ZDC with coverage of |[n| > 8.3

provides information on number of

detected spectator neutrons
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Spectators
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e lons can collide at various impact ! Participanis
parameters - b . 3
. Before collision After collision
e Spectator neutrons - outside the
overlap region - travel along the iy o ;gﬁ‘f:v%":f‘;'gﬂev ) %
beam direction o ETo -
LLIN ] o

e /DC with coverage of |[n| > 8.3
provides information on number of
detected spectator neutrons

e Both very large overlap and very smal
overlap produce low number of
neutrons - can be used in event
selection
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Spectators

A
Forwa rd Cal orim eterS ........ | ...“\ ........... _%5:3 ........................................
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e Forward Calorimeter - FCal "w:':f.}"' Partcipants
covering 3.2 <|n| < 4.9 \
e Multiple interactions in
overlap region - up to . LY, ﬂ

thousands of charged
particles produced

lAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel
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Spectators
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e Multiple interactions in
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Spectators

Centrality

e Total energy in FCalis a proxy
for event centrality

e Measured using a sample of
MinimumBias events

Before collision After collision
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e The more central collisions is, g ok PbaPb \5=2.76 To

the larger the quark-gluon .
plasma (QGP) droplet is % .
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Spectators
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Centrality
e FEvents can be splitinto
coarse categories in terms of

centrality

- UCC: ultra-central collisions
CC: central collisions

Spectators
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Centrality

e FEvents can be splitinto
coarse categories in terms of
centrality

- UCC: ultra-central collisions
CC: central collisions

.’.\'i\

VA

A [

) )

u"l”:.t" b 9.. i

K e 4
‘\ ...I‘,
1{.’.,,

Before collision

(40-100)%

Spectators

Participants

After collision

15



Centrality

e FEvents can be splitinto
coarse categories in terms of
centrality

- UCC: ultra-central collisions

. CC: central collisions

. PC: peripheral collisions ;
: UPC: ultra-peripheral collisions :
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HI physics programme

e Bulk properties of QGP

o soft particle correlations, global properties

e QGP studies with hard-probes
o  W/Z, jets, heavy flavor

e Photon-induced interactions
o vyy,y+Pb




Initial state

Bulk properties

e Original purpose of HI collisions:
study properties of QGP

e Using PC, CC and UCC events

e Interest in all particles (including soft
tracks down to 0.5 GeV)

Preequilibrium

Hydro expansion
of QGP or hadron gas

Freeze-out

Eur. Phys. J. C 78 (2018) 997
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2016-06/

Hard probes

Interest to select events with
jets, electrons, photons, muons

at high p;

Using PC, CC and UCC events

Studies of colorless objects
W/Z - not modified by QGP
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2018-10/

Hard probes

e Interest to select events with
jets, electrons, photons, muons
at high p;

e Using PC, CC and UCC events

e Studies of colorless objects
o W/Z - not modified by QGP

e QGP studies with hard-probes

o jets, heavy flavor - modification of
particle spectra by presence of the

_ e

scaled

& | ATLAS  anti-k, R=0.4ets, Sy =5.02TeV |, ;
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y| <2.8
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2017-10/

Photon-induced interactions

e Using UPC events 180
e Interest in both photon-photon and

photo-nuclear interactions
o VYy: precise tests of photon flux modeling

2
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with SM processes, but also BSM searches 80
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2021-16/

Photon-induced interactions

e Using UPC events
e Interest in both photon-photon and

photo-nuclear interactions
o VY: precise tests of photon flux modeling
with SM processes, but also BSM searches
o y+Pb: probing nuclear PDFs, shadowing
and saturation phenomena, searches for
collective effects
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2022-15/

Why ATLAS needs trigger?

e Collisions at LHC every 25 ns for pp, 50 ns for ions
o eventrate is12-30 MHz

e Amount of data limited by recording bandwidth at
about 8 Gb/s
e With current event size recording rate is only about

a few kHz
o need to lower the incoming event rate by 3 to 4 orders of
magnitude!

e Which events we should select? How do we select?

We make decision using the trigger system
o for every process there is a need for a dedicated trigger chain
o ideal trigger chain provides high efficiency and high purity
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ATLAS trigger system

e [wo components:

hardware (Level-], Level-1
L1)-and software | Detector
(High Level Read-Out
Trigger, HLT) l

e LI:upto512items

e HLT:nolimitin i e Sl
number of O Acdept
algorithms lpm

Event data l
High-Level Trigger Accept TierO
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ATLAS trigger system

e At Ll coarse
granularity info from '
calorimeters, muons Level-] v " — L1Muon
system, TRT and ZDC, —  L1ZDC

e Lloutputupto —
100 kHz e | L1 Calo

e Topological selections -
using muons and L1 Topo
calo information
possible ! '

e Regions of Interest — Central Trigger Processor
(Rols) identified
around muon, lRO'
e/gamma, jet L1

objects

L1 Accept

25



ATLAS trigger system

e At HLT: offline-like

reconstruction Level-1 | '
: ! — L1 Muon
and selection — L17DC
M - | Detector
o a.ny prqcessmg e Read-Out
units available L1 TRT i
o [
ast . — L1 Topo l
reconstruction \ B
around Rols, . __ Data Flow
. — Central Trigger Processor
longer using full LT Accept
' Rol
detector info l o N l
e HLToutputatthe High-Level Trigger Accept TierO

level of a few kHz
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What is trigger chain?

e Sequence of L1 and HLT selections
e Simple examples:

o TTTTTTsTE T E TR - e - ————
'HLT: reconstructed

| / | . |
1 1 |
,muon with p- >4GeV!_ \HLT mu4AL1MU3V ) : i

S~ - S~ o - T I
— e ———— o —

-HLT -u total E,

___________ - above 6OO GeV
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What is trigger chain?

e Sequence of L1 and HLT selections
e More complex example:

. L1 one e/gamma ROl with E.>2GeV, signal in
.TRT no signal in ZDC, total E at L1 below 200 GeV

S o e e e e e e e e M e e M M e e M M e e Gmm M e e Mmm M M e Rmm M e e mmm M e e e e e e o e )

[ — —_—— -
e m—— —-————

—— “

- -~

\~~ ——
- -
- -——

T e e e e o =
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What is trigger chain?

e Sequence of L1 and HLT selections
e More complex example:

. L1 one e/gamma ROl with E.>2GeV, signal in
.TRT no signal in ZDC, total E at L1 below 200 GeV

S o e e e e e e e e M e e M M e e M M e e Gmm M e e Mmm M M e Rmm M e e mmm M e e e e e e o e )

—— - —— — —— —
= ———— —_— e e =—— —-_— -

- - —— - =
’—— ~~ ’— -~

‘5 —’ \s_ _—’
Dl - - -~ -——
e e e === T e e e e o =

' HLT: less than 16 tracks in total, between 1to 5 tracks
L with p, >1GeV, FCal E. on both sides below 5 GeV

________________________________________________
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Trigger
menu

Some selected
physics trigger

chains with their
statistics in 2024

Trigger menu has
hundreds of various

trigger chains

HLT_noalg_L1TESD_OVERLAY
HLT nealg_L1jTE1S00_OVERLAY

HLT _noalg_L1jTE4000_OVERLAY |

HLT_mb_sptrk_L1ZDC_A_C_V]TESO_OVERLAY
HIT_noalg_L1jTEGD0
HLT_mb_sptrk_pc_L1ZDC_A_C_VJTESO
HLT_noalg_L1jTESO_VJTEGDO0
HLT_hmt_FgapCS5_LIMBTS_2 ZDC_A VZDC_C_VTE200
HLT_hmt_FgapA5_LIMBTS_2 VZDC_A ZDC_C_VJTE200
HLT_noalg_L1ZDC_HELTS0_jTE4000
HO_noalg_L1ZDC_HELT35_jTE4000
HLT_noalg_L1ZDC_HELT25_jTE4000
HO_noalg_L1ZDC_HELT20_jTE4000
HLT_noalg_L1ZDC_HELT15_jTE4000
HLT_hi_uccTh3_L1jTE12000
HLT_hi_uccTh3_L1jTE1I0000
HLT_hi_uccTh2_L1TES000
HLT_hi_uccTh2_L1jTE12000
HLT_hi_uccTh2_LLTE10000
HLT_hi_uccThl_L1TEB300
HIT_g20_|cose_ion_L1eEM15
HIT_2e20_loose_nogsf_ien_L12eEM18
HLT_e15_|eose_nogsf_ion_L1eEM1S
HLT_mud_j40_ion_dRABOS_L1MU3V
HIT_2mud_L12MU3V
HLT_mud_mudnoll_LIMU3V
HLT_mud_L1MU3V
HLT_mu6_LIMUSVF
HLT_muB8_L1IMUSVF
HLT_j60_ion_L1jj40
HLT_jS0_ion_L1jTESO

HLT _j85_ion_L1j50
HLT_75_ion_L1j50
HLT_j501_jon_L1j|40p30ETA49

ATLAS Preliminary
Pb+Pb 2024

VSanw =5.36TeV
Recorded: 1.73 nb~!

I
]

Muons
Electrons
Photons
ucc
HMT

PC

cc
Overlay

DODE@ONN

AEAEENEANAEEEAEAREEERERLANEER
T e

107t

10° 10t 102
Events [millions]
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COME 'I'II 3 THEDAY OF THE RUN

Trigger
menu

Some selected
physics trigger
chains with their
statistics in 2024

Trigger menu has

BeiNsnOvGiaandl AND YOU ASK METO CHANGETHETRIGGER MENU

trigger chains
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MinBias triggers

e \We cannot record all MinBias rate

o gi:ril/;tgsselect which events we need for further % 107% | o ATll.AS IPIrellilnl]irl]alr;/l é
o Interest in more central collisions 8 10° E PP Yy, =502 Te, 75 ub'é
e MinBias events split based on the total % 1ok N
transverse energy at L1 (jTE) 2
o  toreduce photon-induced rate for low jTE also 10* 3 o RSN § E
coincidence in ZDC (ZDC_A_Q) oF o L1_TE600 s 3
e CC:JTE > 600 GeV 19 § Er e o
PC: (50 GeV < JTE <600 GeV) || (ZDC_A_CR&JTE 102 o HLT_UCCths
<50 GeV)
e At least one track required at HLT for most I T
1 2 3 4

peripheral, no selection at HLT for more central
T Ef [TeV]
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MinBias triggers

e \We cannot record all MinBias rate 10°
o need to select which events we need for further
analyses
o Interest in more central collisions
e MinBias events split based on the total

transverse energy at L1 (JTE)
o  toreduce photon-induced rate for low JTE also a
coincidence in ZDC (ZDC_A_Q) 10

ATLAS Preliminary
Pb+Pb \(S_NN =5.02 TeV, 75 ub’

10°

Counts

10*

T I||||||| T ||I|||TI T I||I||T| T IIIIIII| UL

IIIIILL| 1 IIIIIII| | IIII|LI.| 1 IIIIILI.| | IIIIIIIT L

e CC:JTE > 600 GeV ) e L1_ZDC_A_C_VTE50
PC: (50 GeV < jTE < 600 GeV) || (ZDC_A_C && JTE 10 § s
<50 GeV) " e HTucome i

e At least one track required at HLT for most e T i
peripheral, no selection at HLT for more central 1 2 3 4 5

e Relative rate regulated by “prescales” - only T ET[TeV]
fraction of accepted events is recorded
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ZDC trigger for UCC

e Most central events - most
energy in FCal

o one approach to select UCC, we use
forward JTE > 6600 GeV
e UCC also with low signhal in ZDC

o also needs to veto low forward JTE
events

e Thisapproach introduced in
2024

o selection of the UCC based on initial
geometry, complementary to
selection in FCal energy

E;nc [TeV]

T T | T T T T | T T T
ATLAS Preliminary
Pb + Pb |s, = 5.36[TeV
Lo = 1.5 ub™, Minimum Bias

IIIIIIIIIIIIIIII'-F

ILllllllJ'II;JIlI-Ilrllvlwllll—

1

2

3

4 5
FCalX E;[TeV]

10*

counts / bin

108

10?

10
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Hard probes triggers

‘O-J ] ] ] I ] I- l' I 1 1 1 1 1 L'LTleoll E|E'&> sl‘2 [IT vll ] ] !
-3 1.4+ ATLAS Preliminary ---©-- HLT_j60,007< TET™ <°o.31 [Tev] -

-
. . . Ti= - Pb+Pb 2024 —@— HLT 75, TES > 3.2[TeV] .
e Interestin recording all high-p W - Sy = 5.36 TeV o HUT 78,007 < TER <031 (ToV] |

T anti-k, R=04 ® HLT_j85, ZE:“> 3.2[TeV]
. 1.2 S s © -~ HLT_j85,0.07< TE;™ <031([TeV] |
O bJ ects - Inl <28 ——e— HLT_j100, tE5™ > 3.2 [TeV] 1
---©--- HLT_j100,0.07 < LE;* < 0.31 [TeV] |
o electrons with p.>15 GeV | e e 9

o photons with E. > 20 GeV
o muons with p. > 4 GeV 0.8
o jetswith p.>75GCeV 0.6

e At Ll: dedicated objects, i.e. EM, MU, J
o At HLT:

o e/gamma & muons - reco around ROIs 0.2

0.4

IIIIIIIIIIIIIIIIIIII

o jets-full scan reco - : o T TINIY
o ion version of reconstruction: % 40 60 80 100 120 140
corrects for underlying event Offline Jet p_ [GeV]
i
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UPC triggers

e AllUPCtriggers with Ll total E;
up to 200 GeV

e Photon-photon interactions

o little signal in central detector
o mostly nosignal in ZDC
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UPC triggers

o AllUPCtriggers with L1 total E;
up to 200 GeV

e Photon-photon interactions

o little signal in central detector
o mostly nosignal in ZDC

e Photonuclear events

ATLAS

. . . EXPERIM
o more particles in final state

o typically asymmetric in central
detector and in ZDC

] |

1 |

sl gl

ATLAS

EXPERIMENT

Rung {1]
Event: 793849435
2023=10=06 03:25:08 CEST




UPC triggers

e Interestin low p; objects:

o muons with p. >4 GeV

o e/gamma with p.>2 GeV
o jetswith p.>10 GeV

o tracks with p. >100 MeV



UPC triggers

e Interestin low p; objects:

o muons with p; > 4 GeV

o e/gamma with p.>2 GeV
o jetswith p;>10 GeV

o tracks with p. >100 MeV

Typically multiple
requirements at L1,
often also at HLT

o resulting in longish
trigger chain names...
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ZDC trigger for UPC

e \Various neutron topologies provide

handle on impact parameter

e Extra neutronsin ZDC possible due

to additional photon exchange

o excited nucleon de-excites by neutron

emission

Annu. Rev. Nucl. Part. Sci. 2020. 70:323-54

an (b)

STARLIGHT 7
LHC beam energy -
—— 0nOn
—— XnOn
— XnXn

10 102 10
ATLAS o / N\

PbPb(yy) — wu (PbPb")
P, >4CeV,In|<24

my, > 10 GeV, Pro < E GeV
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N Bl
ZDC trigger for UPC I e
6 1 2
e Various neutron topologies provide o W
handle on impact parameter
e Extra neutronsin ZDC possible due Ll on | an | ssn
to additional photon exchange rias
o excited nucleon de-excites by neutron szi’(ZYé;“hﬁ'fgf:Pb"))

emission my, > 10 GeV, Pr <2GeV g

e Switched from 2 to 3-bit

information in ZDC trigger in 2023 %102

o Allows for selection on more complex _ >

neutron topologies with intermediate -4

\ -
neutron threshold -7
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TRT trigger - how it works

e TRT - Transition Radiation Tracker
o outermost tracking detector in ATLAS
o reaching upto |n|<2.0
o helpsin e/m discrimination

e TRT splitinto 288 segments providing
signal for trigger T

o hit when energy deposited in straws slightly
larger than MIP

ATL-INDET-PUB-2009-002
42


https://cds.cern.ch/record/1229213/files/ATL-INDET-PUB-2009-002.pdf?version=1

TRT trigger - how it works

e TRT - Transition Radiation Tracker ;
o outermost tracking detector in ATLAS !
o reaching up to |n]|<2.0 !
o helpsin e/m discrimination

e TRT split into 288 segments providing

signal for trigger T AT Side A
o hitwhen energy deposited in straws slightly ide
larger than MIP TG
e Segments grouped into slices -

in ¢’ with width of 2‘T|_/32 B \‘"‘-—--_____'Z_-_.:';"','.L':’;;','.'_., >

ATL-INDET-PUB-2009-002
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TRT trigger - how it works

e TRT - Transition Radiation Tracker
o outermost tracking detector in ATLAS
o reaching upto |n|<2.0
o helpsin e/t discrimination

e TRT splitinto 288 segments providing

signal for trigger T -
? hit when gngirgy deposited in straws slightly Slde A
larger than MIP 1 LY. 4
e Segments grouped into slices ...
in ¢, with width of 2/32 I S S v
e Event accepted if at least 4 segments NG
have signal in 4 nelghborlng slices in
barrel (2 in end-cap) e
e Selective L1 trigger for very low-p. ATL-INDET-PUB-2009-002
signhals - crucial for UPC 44
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TRT trigger - performance

Efficiency for events with exactly two
. opposite charge tracks with p.>100 MeV,
nl <2,and |d | <2 mm |

All tracks are required to have
' p;>100 MeV, || <2,and |d,| <2mm

geometry

! 5  Im——= < - .
é B f'; N ]
oy 1.4 T T T T T T T ] 5 0.95— B * ]
c [ Reference tiggers ATLAS Preliminary . E r b
g 1 2'_ HLT_mb_sptrk_L1ZDC_1XORS5_VJTE200 Pb+Pbys,, =536 TeV _] = - ]
£ *&L HLT_mb_sptk_L1ZDC_XOR_V[TE200 UPC stream i - 09— # —
e e i -=-isolated bunch ]
% N ] 0.85 }+ -e-first-in-train bunch {
=_ - — - 1 r -4 last-in-train bunch b
"/T—- 0.8 " " ®e0—0o—0— + & — B ]
e o - —— i 0.8~ ATLAS Preliminary -
// ’_ - -1 -
— 06 - + Pb+Pb Sy, = 5.36 TeV .
7 - - . 0.75H run 462205 -
coe e e ' 0.4 . E L1 TRT Barrel+Endcaps, M = 4 E
| [ C ] PN P B I I I B
! Bump at V028 o & 0.7 5 10 15 20 25
1 0.3 GeV T A 1 track multiplicity
:resultsfrom | G(;..1...1‘..1..,1“.1...1..‘n,..l...l.,' TS T T T T T ommmmmmmmm oo e e !
' | 02040608 1 121416 18 2 ! : .
TRT : - ' Very high efficiency even at low ;
| ea
1 H p. [Ge\/] ! . e el H
| : T . multiplicities :
1 1
! 1
1



Run: 365512

[ ] [ J : 130954442
Topo items In UPC

e Very low p. of final state particles for 14!
many UPC processes N

o Need to have as low as possible E. /J/;f

requirement at L1 o

o However this increases the rate of events a lot

e Exclusive final states with characteristic

back-to-back topology
o using topological selection - large A¢ - to
lower the rate
o alternatively together with loose invariant
mass requirement (to further limit noise rate)




Streaming strategy

o  WY/Z, jets, heavy flavor

e Bulk properties of QGP — . MinBias, PC, CC, UCC
o soft particle correlations, global properties MinBiasOverlay » for data overlay

e Photon-induced interactions

UPC (small event size)
o Yy, y+Pb

Separate streams » different offline reconstruction

Very important for low-p.. particles!
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Recording bandwidth per stream

Recording bandwidth [B/s]

16 GB/s : :

14 GB/s v : : /\/\,\/\\/\\\

12 GB/s : :

10 GB/s : 00065 MM\
8 GB/S 0.0055

0.0045

6 GB/s

4 GB/s ,1 : Ty
on || UCC
I PC | CC

0B/s — i = = 2 = e =
20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 00:00 ke

HardProbes and UCC streams following lumi decay ---------- -
Others boosted towards end of the fill: UPC - strongly, PC/CC - slightly
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Recording bandwidth per stream

Recording bandwidth [B/s]

THE FASTEST
THINGS ON EARTH

e O

=
AIRPLANE

CHEETAH

C,

16 GB/s H g ; :
| ws 5w e ]
e T /\\_J\\/\ SPEED OF UGHT [HI GROUP, MEMBER ASKING|
12 GB/s t \/\ [FOR HIGHER TRIGGER RATES]
10 GB/s ‘ 00065 M\A/w\
8 GB/s 90055
6 GB/s 00045
4 GB/s , : ' : : : . .
Il UCC e — —
0Bl ——4k - — < < =
20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30 00:00 2 o #ho" 130
\ 4
-~
HardProbes and UCC streams following lumi decay ---------- -7

Others boosted towards end of the fill: UPC - strongly, PC/CC - slightly
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How to write more data? Let’s play with SFO!

e Data from HLT enters Sub-Farm
Output (SFO) system
o then it's transferred to permanent storage

e Typically recording bandwidth is kept
at 8 Gb/s

o this allows simultaneous reading from HLT
and writing to TierO
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How to write more data? Let’s play with SFO!

Data from HLT enters Sub-Farm
Output (SFO) system
o then it's transferred to permanent storage

Typically recording bandwidth is kept
at 8 Gb/s

o this allows simultaneous reading from HLT
and writing to TierO

But data can be temporarily kept in
SFO

By stopping the immediate transfer
we can record more events
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Data from HLT enters Sub-Farm
Output (SFO) system
o then it's transferred to permanent storage

Typically recording bandwidth is kept
at 8 Gb/s

o this allows simultaneous reading from HLT
and writing to TierO

But data can be temporarily kept in
SFO

By stopping the immediate transfer
we can record more events

How to write more data? Let’s play with SFO!

AFTER ALL .. WHY NOT?

WHY SHOULDN'T
_._WE TAKE 16GB/S2
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How to write more data? Let’s play with SFO!

e Datafrom HLT enters Sub-Farm

Output (SFO) system - Buffer vs Time
o thenit's transferred to permanent storage g AL, e L YT T T T i
e Typically recording bandwidth is kept & o] smz onmram s e
at 8 Gb/s 1200
o this allows simultaneous reading from HLT iwar

and writing to TierO
e But data can be temporarily kept in

1= ®
o <]
S} S)
T T
st
_.__.J"'
r— .

\

SFO - ' \ \

e By stopping the immediate transfer 0= A \ \
we can record more events 200[- \

e Simulations suggested up to 30% ot LUMRL W S U T M
more data Tims el
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Can we fill the buffers? jattirstturnonthe
-  transfer after 4 h !

----- e T
¥ 0 e
T TTTTTTT 25 £ 1 .5 T o ol
' buffer e & | & 8 i ol
2O 00— 4 O
 oceupancy e ¢ ci 1t o c C C
oo J I =} i ») =2
" EE N o X O ad o
1 ‘ s s 5 s -
ro-Toosoes [
, Start of Tl
' physics N
. g -7 :
, data taking 147
| 18 L
F-=-------- el A N s S s S ST .
' Beams |4 < ,con5|dered safe ;
| :
'dumped 1 : 'to extendto6 h !
___________ J

: ; P e em o o - - - -p——-p—-..___
0 ; ; T

- - a A A
11/23 06:00 11/23 12:00 11/23 18:00 11/24 00:00 1‘1/24 06: 00 11/24 12:00 1/24 18 00 11/25 00:00
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' LHC downtime
° 1 H
Can we fill the buffers?  helping to free up
_________ » the disk space
————— R e
¥ WUNS B | B
SR == - £ sollik= o to
24 : : : : : : L) : :
' buffer ' o c 13 c O cC ® N ©C
roccupanc L CD Il v (D v (D v CD U)Cl)
. PanNCy ., ., ¢ ¢ | ¢ ci c c c\cc
. 2 2 V3 miE = Ji |2 Ji\JiJ!
X x 'd & ga]agx
e m _:16 |‘ |‘ |‘ : ' ‘ I, ; :
, Start of T \
' physics B '
. 1 -7 ‘
 data taking 14~/ RS
1 | 8 ;,’ = ___'____'______:__‘_____I
Sintaiainilet W 'flllmg SFOs more and |
, Beams B ) more with'good LHC :
| 2 : : :
 dumped 'avallabll ‘ :
] ( /ravallabliyy.

i x A i - —
11/23 06:00 11/23 12:00 1/23 18 00 11/24 00:00 11/24 06:00 11/24 12:00 11/24 18:00 11/25 00:00
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More bunches - more problems?

e In 2023 we moved from 100 ns to 50 ns bunch
spacing
o Reaching higher luminosities than in 2018
e Caveat: several unwanted effects seen
o High rate of events with out-of-time
contributions - noticed in events passing
UPC jet triggers
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More bunches - more problems?

e In 2023 we moved from 100 ns to 50 ns bunch
spacing
o Reaching higher luminosities than in 2018
e Caveat: several unwanted effects seen
o High rate of events with out-of-time
contributions - noticed in events passing
UPC jet triggers

NS MNISNEVER LATEINOR S,

‘5“(';‘ \
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More bunches - more problems?

e In 2023 we moved from 100 ns to 50 ns bunch

spacing 1 JET (BIETEIRING

o Reaching higher luminosities than in 2018
e Caveat: several unwanted effects seen
o High rate of events with out-of-time
contributions - noticed in events passing
UPC jet triggers \RK
o Accepting more UPC events - potential loss AEANS|TO:

(shadowing) of hadronic events
m due to ~100 ns time reserved for write-out of
accepted event

-
= y
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Shadowing

® Huge calorimeter signal from UCC event is so wide ,

that 50 ns before it looks like UPC signal
o related to broad timing distribution for some L1 items

TE

O 25 50 time [ng]
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Shadowing ATIAST 10
liTRIGEERS | AN

e Huge calorimeter signal from UCC event is so wide, N —— i 4%

UCCIEVENT

that 50 ns before it looks like UPC signal
o related to broad timing distribution for some L1 items

»

TE -
\WISITHIS/AURG'JET?

O 25 50 time [ns] 60




Shadowing

Huge calorimeter signal from UCC event is so wide,
that 50 ns before it looks like UPC signal

related to broad timing distribution for some L1 items

It was found that the shadowing is centrality
dependent, ie UCC events are more frequently
shadowed

Emergency fix by disabling the problematic UPC items

O

with/without shadowing

=
©

2
(o)

Pb+Pb \/ \=5.36 TeV
| HLT_mu4_L1MU3V

1 2 38 4

Fcal [TeV]
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Anti-shadowing items - new TE triggers

Proper fix with dedicated L1 Topo items

e Exploiting the fact that L1 Topo can “wait” some time before the final
decision

e |Looking for rising edge of calo response

e Two base algorithms

proposed

o TEATIME - Total Energy
Anti-Trigger for Imminent
Massive Events

TE SE—

0 o1 50 time'[ns]
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Anti-shadowing items - new TE triggers

Proper fix with dedicated L1 Topo items

e Exploiting the fact that L1 Topo can “wait” some time before the final
decision

e |Looking for rising edge of calo response

e Two base algorithms
TE

proposed
veto o TEATIME - Total Energy

Anti-Trigger for Imminent
Massive Events

— | PQASS

0 o1 50 time'[ns]

63



Anti-shadowing items - new TE triggers

Proper fix with dedicated L1 Topo items

e Exploiting the fact that L1 Topo can “wait” some time before the final
decision

e |Looking for rising edge of calo response

TE e Two base algorithms
proposed
veto o TEATIME - Total Energy
Anti-Trigger for Imminent
/ Massive Events
_/ pass

0 o1 50 time'[ns]
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Anti-shadowing items - new TE triggers

Proper fix with dedicated L1 Topo items

e Exploiting the fact that L1 Topo can “wait” some time before the final
decision

e |Looking for rising edge of calo response

e Two base algorithms

veto proposed

— o TEATIME - Total Energy
Anti-Trigger for Imminent
Massive Events

o gESPRESSO - global
Expedited Signal Protecting

: > from Rising Edges
@) 25 50 time [ns] Suggesting Soft Objects

TE

— | pass




- —

1 - il
- - - ﬁ 2025-11-25 18:07:58
o o o o e o o “ = L1_eEM2_VjTE200 1.06 K
Spin-off: anti-spike items w/o anti-spike | i
7K
e TEATIME algorithm also giving possibility o ;
to tag “long” lasting activity - noise bursts - -l
. I i
e In two flavours: | A |
o CALMTEA - Calming Algo for Lowering PSS ot DO A U OO IO

Misbehaving Trigger Excessive Activity (total E.)

o MATCHA - Mitigation Against Triggering on
Continuously High Activity (E; only in barrel)
TE
veto
_té_
pass
25 time [ng]
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-

2025-11-2518:07:58

L1_MATCHA_eEM2_VjTE200 949

° ° ° ° =3 . . & .
Spin-off: anti-spike items w/o anti-spike | L.

e TEATIME algorithm also giving possibility . ’\

to tag “long” lasting activity - noise bursts - w | /\
e In two flavours:

[ \ i
3K ’ \
I
° _ ° \ . \
W/\a\q FLsprlkﬂ\u o J \\W\L‘_’M

o CALMTEA - Calming Algo for Lowering u ol
Misbehaving Trigger Excessive Activity (total E.) e e T —_,—,—,
o MATCHA - Mitigation Against Triggering on
Continuously High Activity (E; only in barrel) L1 TEATIME
I 118CA
TE =7
1‘. \
veto "
e — S
pass /
time [Nns ‘
25 [ns] THE SWEET TASTE OF SHADOWING

AND RATE SPIKE MITIGATION
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Instead of summary
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Backup
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ATLAS trigger system

LHC collision rate is up to

40 MHz

In ATLAS experiment the limit
for recording rate is at about

a few kHz

Online filtering of the events is
done by the trigger system

It has hardware (Level-1) and
software (High Level Trigger,

HLT) component

o  Coarse granularity information
from calorimeters, muons system,
TRT and ZDC @ L1, output up to
100 kHz

o  offline-like reconstruction @ HLT,
output limited by recording
bandwidth

Calorimeter detectors

LAr

TileCal

Muon detectors (including NSW)

| |

Pre-processor

CP (e,y.1) | JEP (iet, E) || elilg
CMX CMX FEX

L1Topo
Legacy

L1Topo"

Level-1 Trigger

Barrel
sector logic

Endcap
sector logic

MUCTPI

Read-Out System
(ROS / Software ROD)

Level-1 Accept

Data Collection Network

Data Storage

Data

LHC collision rate & event size
40 MHz 3.0MB

Level-1 accept rate
100 kHz 300 GB/s

HLT output to storage
3 kHz 6 GB/s
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ZDC trigger for UPC

e \Various neutron topologies provide
handle on impact parameter
e Extra neutronsin ZDC possible due

to additional photon exchange

o excited nucleon de-excites by neutron
emission

Annu. Rev. Nucl. Part. Sci. 2020. 70:323-54
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