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Physics at the Large Hadron Collider
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What does data taking mean?

What we are looking for:
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What does data taking mean?

What we are looking for: What the detector looks like:
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What does data taking mean?

LHC produces
40 million collisions
per seconds
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What does data taking mean?

LHC collisions
40 million times per seconds Trigger and DAQ

2.5 us 200 ms

100 kHz Event
Filter

> Trigger
—l 1 l 1,5 kHz

* Reconstruction
* Analysis
* Physics results
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The High Luminosity Upgrade
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The High Luminosity Upgrade
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The High Luminosity Upgrade
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High Luminosity challenges
40 MHz

Trigger and DAQ

Trigger

) 1 MHz - 10x Event
signals

> Trigger Filter
1 l 10 kHz - 7x

* Reconstruction
* Analysis
* Physics results
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High Luminosity challenges

Montecarlo simulations:  Run 3 equivalent Run 4 equivalent

Simulated Z — uu event Simulated Z — jiu event

ATLAS "

EXPERIMENT

Pileup u = 50

ATLAS

EXPERIMENT
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Rate but also data
40 MHz

Trigger and DAQ

5TB/s - 25x Event
> Trigger Filter
1 l 50 GB/s — 25x

* Reconstruction
* Analysis
* Physics results
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What do we do?

Better detector Faster trigger Improved selection

Each with some upper limit: technology, availability, cost
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We can just go bigger

ATLAS si .
More computing power
and storage...

i ]
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We can(‘t) just go bigger

More computing power
and storage... comes with
huge drawbacks:

* Size
* Costs (~ Milions €)
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We can(‘t) just go bier

More computing power
and storage... comes with
huge drawbacks:

* Size
* Costs (~ Milions €)
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We need be smart about
resource usage!
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The PhD project

My research approaches this problem from two sides:

Trigger and DAQ

Detector
b, / Event
4 1 l * Reconstruction
N

* Physics results
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The PhD project

My research approaches this problem from two sides:

Trigger Level
Analysis

Trigger and DAQ

Detector T 7Y
Event

Filter

Trigger
LT w
l * Reconstruction

* Physics results)

<
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The PhD project

My research approaches this problem from two sides:

Trigger Level
Analysis

Data Acquisition
Optimization

Detector

Trigger and DAQ

e

Event
Filter

~

——

DAQ

y,
a . Reconstructior?
H_.@,@_. - Analysis
<

* Physics results)
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Trigger Level Analysis, a new paradigm

Normal data taking:

Event

1. DAQ sends full raw event data Filter

to Event Filter ®1 l
[;AQ ’_F‘ Storage \
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Trigger Level Analysis, a new paradigm

Normal data taking: Event

1. DAQ sends full raw event data Filter

to Event Filter @ @
2. EventFilter: EAQ l ‘ , @
* Reconstruct the event physics 8

* Select interesting events
 Sends decision to DAQ
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Trigger Level Analysis, a new paradigm

Normal data taking: Event

1. DAQ sends full raw event data Filter

to Event Filter
2. Event Filter: ®1AQ l@’_@b‘ Storage \

* Reconstruct the event physics
* Select interesting events
 Sends decision to DAQ

3. DAQ saves full raw event data to
storage
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Trigger Level Analysis, a new paradigm

Normal data taking:

Event
1. DAQ sends full raw event data Filter
to Event Filter

2. Event Filter: 1 l@ ﬁ
DA )—b
* Reconstruct the event physics Q Storage

* Selectinteresting events Storage Bandwidth (Data/s) is
* Sends decision to DAQ limited:

3. DAQ saves full raw event data to » Raw Events are heavy (~5 MB)

storage » Hard limit on how many
events we can record (or not?)
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Trigger Level Analysis, a new paradigm

What if we don’t record full events?
Event

Filter

t |
DAQ )—»@@
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Trigger Level Analysis, a new paradigm

What if we don’t record full events?
Event

1. DAQ sends full raw event data Filter

to Event Filter ®1 l
2. EventFilter: E j
DA )_V St
* Reconstruct the event physics Q orage

* Select interesting events
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Trigger Level Analysis, a new paradigm

What if we don’t record full events?
Event

1. DAQ sends full raw event data Filter

to Event Filter ®1 @
2. EventFilter: DAQ l ‘ , @
* Reconstruct the event physics 8

* Select interesting events

e Sends decision and reconstructed
event to DAQ
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Trigger Level Analysis, a new paradigm

What if we don’t record full events?
Event

1. DAQ sends full raw event data Filter

to Event Filter ®1 @
2. EventFilter: DAQ l ‘ ® , @
* Reconstruct the event physics 8

* Select interesting events

e Sends decision and reconstructed
event to DAQ

3. DAQ saves reconstructed event
to storage
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Trigger Level Analysis, a new paradigm

What if we don’t record full events?

Event
1. DAQ sends full raw event data Filter
to Event Filter

2. Event Filter: 1 l@ ﬁ
DA )—b
* Reconstruct the event physics Q Storage

* Selectinteresting events Storage Bandwidth (Data/s) is
e Sends decision and reconstructed

limited:
event to DAQ

» Reconstructed events are
3. DAQ saves reconstructed event much lighter(~50 kB)
to storage

» Up to x100 events recorded

17/09/2026
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Trigger Level Analysis, a new paradigm

What do we gain from this?

* We discard around 99% of
trigger selected events

10 kHz
50 GB/s

Event

Trigger Filter

1 MHz 1 l
5TB/s

’_V‘ Storage \
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Trigger Level Analysis, a new paradigm

What do we gain from this?

* We discard around 99% of
trigger selected events

* We can recover up to
~200 kHz using 10% more
bandwidth

Event
Trigger Filter
10 kHz
; :'B'Z 1 l 50 GB/s
ﬁ DAQ H‘ Storage \
TLA:
200 kHz
5 GB/s

17/09/2026 From discovery to precision physics: ATLAS Trigger and Data Acquisition evolution




Trigger Level Analysis, a new paradigm

What do we gain from this?

* We discard around 99% of
trigger selected events

* We can recover up to
~200 kHz using 10% more
bandwidth

Event
Trigger Filter
10 kHz
; ?"B'j; 1 l 50 GB/s
— DAQ H‘ Storage \
TLA:
200 kHz
5 GB/s

Low cost, high gain... x20 Event rate, only 10% more data stored
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Trigger Level Analysis, a new paradigm

What do we gain from this?
Event
* We discard around 99% of Trigger Filter
trigger selected events 10 kHz
 We can recover up to ;?IBIE i 1 l ‘ >0 GB/SI E j
. — DA
~200 kHz using 10% more Q _— Storage
bandwidth 200 kHaz
5 GB/s

Low cost, high gain... x20 Event rate, only 10% more data stored
but

Information loss... if there is a mistake, raw is unrecoverable, event is lost
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Events / GeV

Trigger Level Analysis, a new paradigm

17/09/2026
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. ATLAS

Vs=13 TeV
Dijet events
ml< 2.4
P, > 85 GeV
y*| <0.6

IITHITI T[HHHI TT1
=
L

« Trigger-level jets (J100), 132 fb”
o Trigger-level jets (J50), 15 fb
—— Offline jets, 140 b
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* Not all sighals were made
the same!

v'Must have good quality
online reconstruction

> Lower thresholds

> Higher acceptance

> More statistics

> More discovery potential
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PhD Project: Jets TLA

PhD focus are jets signatures:

Low
From data From MC -
Pr threshold,
—m A A A
§ 9 ® kinemdtic  wils —
|ill .5 © @ ® kinemdlic + momedlum el :L:::" .
-
2 g B
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5
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3
> F =
Pieeup OFFline. threshold. Acceptonce.
Rate estimation Signal sample Rate vs acceptance
for Run 4 acceptance for proposed trigger
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PhD Project: Jets TLA, status

Model evaluation showed
discrepancies:

* Proposed models underestimate
rate scaling

e Run 4 condition are difficult on the
current hardware

* Difference could be pileup driven
noise around the forward region

400 A

w
o
o

L1 rate [kHZz]

100 A

o
1

Data / Fit
= =
— N

o
L

L1 jJ60

- Total fit
¢ Overlay run

# High mu run 509891 rlay rune507654

Vs =13.6 TeV, 5
Scaled to 2448olliding byriches

5'0 7;5 160 1&5 15|0 1'}5 260
Average pile-up, (u)
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PhD Project: Jets TLA, status

Work in progress:

EXPERIMENT

* Monte Carlo simulation to
Identify noise regions

e Better fit to confirm rate
models

Thesis goals:

* Acceptance plot using new,
updated models

* Full TLA cost-benefit
evaluation for jets
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The other side: Dataflow

At the center of DAQ is the Dataflow system.

Trigger and DAQ

Event
Filter

Detector

Trigger

O
>

Q

B e Reconstruction
Dataflow Ecorag?" * Analysis

* Physics results

Readout
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The other side: Dataflow

At the center of DAQ is the Dataflow system.
With the upgrade, this will have to sustain:

Trigger and DAQ
Event
Filter
Detector
1MHz 10 kHz
: 5TB/s
Trigger DAQ 10 kHz
.
;_'I‘_"B"/': ‘EIR = 50 GB/s » Reconstruction
o -» Dataflow () Storage [T -Analysis
2 * Physics results
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PhD project Dataflow evolution

Luminosity (10™ cm™s") _
Pile-up 60 200

L1(LO) rate (kHz) 510/ 1006 x10
HLT(EF) rate (kHz) x5
B Run3 " Run4

Research focus is:

* Develop the new system to handle much higher performance

* Optimize resource usage as much as possible to lower upgrade costs
* Create a flexible system to accommodate new workflows (like TLA)
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The other side: Dataflow

System integration is critical:

* Dataflow talks with almost all DAQ Readout
systems trigger

* We need extensive test for reliability
and robustness to ensure maximum

. . Dataflow
efficiency

=
~

Control

* Integration with monitoring tools to
provide early problems detection
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PhD Project: Jets TLA, status

D DD External applications sl RO :

| | 0> Extemalintornal nators | ESE ,
WO rk In progress° J7) Internal EB modules

* Core software prototype is done

Internal

e Full syst.em. performanqe tests B [ I Dvent —
and optimization ongoing e > emu
. : ' X ek,
Thesis goals: T >L0 Source> <Pr§gglslstor
* Complete Technical Design L0 Internal ¢ nternal
Report of the system cenerator R Processor
* Working system, integrated Online N < Event 1,
. Soft P
with the rest of DAQ T L
Internal
{ File
\ Storage

..........
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Conclusions

Trigger Level Dataflow

ATLAS Hi-Lumi More physics, less | |Faster. Denser.

upgrades: space! Better. Cheaper.

* New analysis * |ncreasing * Better DAQ
techniques, TLA discovery reach performance

* TDAQ upgrade: * Enhance data Peak efficiency
Dataflow collection and flexibility
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ATLAS

EXPERIMENT

Backup slides
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The Higgs candidates

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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The ATLAS experiment TDAQ

DAQ must maximize efficiency.

@ - ATLAS DAQ Operations
2 M0 [Beam In previous Runs:
g 1200 %:::sics /_/ * Very small data loss from DAQ:
"~ 1000C- Y, 93% all time avg efficiency
gggf_ ' * Dataflow efficiency: 100%
Gggf_ What happens if the Dataflow system
- fails?
400
. With 80% efficiency:
200
- * DAQ efficiency would drop to 74,4%
B | I ! I ! I L I ! I

0 | | 1 | | | | | | | | | | | | | .
06/04 01/05 26/05 20/06 16/07 10/08 04/09 29/09 ¢ Severe impact on rare event
Date in 2025 detection and measurement
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Buffer size evaluation ATLAS

Throughput vs Buffer Size CPU consumption vs Message size
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Where does TLA helps?

Dijet resonance in search
for Z’ mass
(exclusion plot)

* Normaltrigger only
reaches up to~1 TeV
dijet mass

e Lower masses are
prescaled (too many
events)

T4

ATLAS Preliminary
1.00r /s =13 Tev, 15-140 fb! )
October 2025 j
L /
0.50
0.40 I
0.30 .
0.20 .
0.10r .
005 jet trigger 1
U ] 04' Axial-vector mediator 132 fb—1 ) h T
m, =10 TeV, g, =1.0
0.03-' : 1 - MR 1 -
10 300 1000 2000

mz, [GeV]

95% CL upper limit
e Observed
= == Expected

Resolved dijet 4+ ISR
140 fb; PRD 110 (2024) 032002

| == Boosted di-b-jet + ISR

80.5 fb'; ATLAS-CONF-2018-052
= Dijet + lepton

139 fb'; JHEP 06 (2020) 151

Dijet angular

37 fb'; PRD 96 (2017) 052004
s Di-b-jet

139 fb''; JHEP 03 (2020) 145

24.3 fb'; PRD 98 (2018) 032016
e Dijet TLA

15.0, 132 fb'; arXiv:2500.01219
w—— tt resonance (1L)

36.1 fb™'; EPJC 78 (2018) 565

| — tt resonance (oL)

139 fb'; JHEP 10 (2020) 61

Dijet

139 fb'; JHEP 03 (2020) 145
= Boosted dijet + ISR (~7)

140 fb'; JHEP 01 (2025) 000
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The High Luminosity Upgrade

1 To solve the issue, one can raise the

() ] % 2% = ) ¥ & ¥ ] T2 &5 #
c 0.9 g:ﬁfe'\’/"”'at“’“ 4 thresholds, but
§ o8 ] .
S o0.7E W=y E severely reduce acceptance
< E —__ HH-1tbb 3 . .
0.6 o = With the current detector this means
0.5F Compressed SUSY = o .
045_ (A m (%)= 40 GeV) * Raising single pu, e  thresholds from
0'35_ E 20 GeV to 50 GeV
0.2F 1« Efficiency dropping by almost 50%
0. 1;_ ﬁ?ggttwold | No lIJpgrade | "
® 20 20 60 8 100 120 _ |
Lepton p_ Threshold [GeV] Trigger rate must be increased
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The High Luminosity Upgrade

ATLAS simulation preliminary
[s=14 TeV: [L dr = 300 b ; JL di = 3000 fb!

ATLAS simulation preliminary
(s=14TeV: |L dr =300 tb'; [L dr = 3000 fb~!

H— uy

(comb.)

(ttH-like) S

The High Luminosity Upgrade aim is:

H— 17

(VBF-like)

H—>77

(comb.) @*

(VH-like)

(ttH-like) B :
(VBF-like)
(ggF-like)

Switch from discovery to precision
measurements

H—WW

(comb.)

(VBE-like) [
(+1)) p—

(+0j)

Extend the accelerator lifetime
collecting as much data as possible

H—Zy

(incl.)

H—yy

Ty ——
(VH-like)

(ttH-like)

(+1j)

(+0j)

Significantly improve precision for
the Higgs sector

Observe very rare new phenomena
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