UNIVERSITET

y o Y
Ty W

’
-

\ 4 ‘ \i: )&. ) °
AR * Real-time analysis at the LHC
‘ k| S
¢ ; HOW TO MAKE THE MOST OF LHC DATA
¢ s | A ‘ - @CATDOGLUND, SHE/HER
N Yo T CATERINA DOGLIONI - LUND UNIVERSITY '

. " http://www.hep.lu.se/staff/doglioni/



https://twitter.com/CatDogLund
http://www.hep.lu.se/staff/doglioni/
https://twitter.com/CatDogLund
http://www.hep.lu.se/staff/doglioni/

Outline

*The Large Hadron Collider and its experiments
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*Dark matter searches with real-time analysis
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Challenge: selecting interesting data at the LHC

* |f everything was recorded at the LHC:
 up to 30 million collisions/second (MHz)
 1-1.5 MB/data per collision
* 30 MHz * 1 MB =30 TB/s

+ 30 TB/s * 10e+6 s/year (day & night) ~ 0.05 ZB/year / ﬁ
= y

* 600 TB/day 200 PB/year [Facebook 2014]

. “There's always a bigger fish” This picture is after selection
, , of "interesting” data:
[C. Tu”y s talk @ siRTDM1 8] with all data, the stack of CDs

 But bigger fish also have bigger money... reaches to the moon
cost-effectiveness important for scientific instruments!

LHC experiments need to select ”interesting” events
in real-time (milli/microseconds)

Caterina Doglioni - 2021/03/08 - IWAPP
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Trigger and data acquisition chain

Online 4 } Offline

' . - Object
> vent selaction > reconstruction > Data analysis
S (trigger) and calibration

Computing resources are essential for the full data taking chain

Trigger and data acquisition: select interesting events

First step: fast hardware selection (Level 1)
ATLAS/CMS data taking rate: 100 kHz
Second step: computer farm (High-Level Trigger)
ATLAS/CMS data taking rate: 1 kHz
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Online 4 } Offline

Object

> reconstruction >

(trigger) and calibration

Event selection

Data analysis
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This works for a number of
LHC measurements (& searches...)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-010/

Standard Model Total Production Cross Section Measurements status: May 2020
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...but are we missing something?
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Introduction Triggers at the LHC

Real-time analysis for physics

What is interesting at the LHC?

Beyond HEP

J. Stirling / C. Fitzpatrick
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Cross-section * Luminosity
= nhumber of events produced

Challenges:

The definition of
”interesting” changes
experiment by experiment

Rare signal processes that
are buried in high-rate
backgrounds have to be

discarded

Caterina Doglioni - 2021/03/08 - IWAPP
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Where are the limitations to record more data?

sl . Object
e, 2 Event .selectlon > S P AN > Data analysis
(trigger) and calibration
|
- Disk/tape to store events
Detector readout CPU for processing events P

(within the software trigger, and in the offline farm)

to hardware trigger
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Image from CMS HEPHY

This talk: how/why overcome them

4 ™M

Alternative data taking, Low-mass resonance decays
trigger and analysis workflows (motivated by dark matter & dark sectors)
wmascns ATLAS  LUND Caterina Doglioni - 2021/03/08 - IWAPP 11
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

How LHC collaborations can make the most of the data

Interesting time for high energy collider physics:
we don’t know what to expect from dark matter / new physics
(but we have a prior: it should be somewhere)
we have the LHC running now,
and the data we discard is gone forever

Caterina Doglioni - 2021/03/08 - IWAPP
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

How LHC collaborations can make the most of the data

Interesting time for high energy collider physics:
we don’t know what to expect from dark matter / new physics
(but we have a prior: it should be somewhere)
we have the LHC running now,
and the data we discard is gone forever

>

1. Build detectors (+services) that can read-out more
« Some LHC experiments aiming for 40 MHz readout for Run-3

2. Save data for further reconstruction, later

» Periods between data taking can be long...keep as much as possible
» Byproduct: make data & workflows FAIR and sustainable! Overcome

3. Analyze as much data as possible, as fast as possible computing
 Requires making hard choices on what information to keep for further analysis limitations

4. Make software/hardware faster

« Optimize software or use heterogeneous architectures, e.g. FPGAs/GPUs

5. Implement more refined algorithms to look for the unexpected

Including unsupervised searches / novelty detection
[T Europesn Researh Counc AILRAD LUN Laterina pogliont - ZUZ 1/U3/Us - IVWAFF 13
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detector limitations




Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

How LHC collaborations can make the most of the data

Interesting time for high energy collider physics:
we don’t know what to expect from dark matter / new physics
(but we have a prior: it should be somewhere)
we have the LHC running now,
and the data we discard is gone forever

>

1. Build detectors (+services) that can reag st more

« Some LHC experiments aiming for 40 MHz readout for Run-’(no%ojaf&pa%h

B v S :
2. Save data for further reconstruction, later @i, se

/S
» Periods between data taking can be long...keep as much as possible
« Byproduct: make data & workflows FAIR and sustainable!

3. Analyze as much data as possible, as fast as possible
* Requires making hard choices on what information to keep for further analysis

4. Make software/hardware faster oA

« Optimize software or use heterogeneous architectures, e.g. FPGAs/GPUs

5. Implement more refined algorithms to look for the unexpected

Including unsupervised searches / novelty detection see Maurizio Pierini's talk
[T sgmgeanvfe_evse;‘mhﬂc(,uvmu AILAD LUND Laterina pogliont - ZUZ 1/U3/Us - IWWAFF 14
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Real-Time Analysis (RTA)




Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

A paradigm change

Asynchronous data analysis
First record data, then reconstruct/analyze it

Real-time data analysis
Reconstruct/analyze data as soon as it is read out
so that only (smaller) final-state objects
or histograms need to be stored

Y
T ‘ e aﬂa\#

conemma  ATLAS LUND Caterina Doglioni - 2021/03/08 - WAPP e 16
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Regular trigger & data analysis path

only if trigger passed

Wi o Trigger event Full event , Standard data
. . e
S LUND Caterina Doglioni - 2021/03/08 - IWAPP ea\,x\ﬁ\
!
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Turbo stream (LHCb),

Turbo/Data Scouting/ TLA path , possecs

only if trigger passed

> Trigger event
reconstruction

In any case X

Partial (HLT-only)
event reconstruction

\

Special trigger
analysis stream

\Y4

Analysis with trigger objects

Full event ) Standard data
[> reconstruction [> Main stream [> analysis

a a\\,‘ 5\5
[roe 18
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

(Near-)real-time analysis of LHC data

Can either store large

a(\a\\JS\S amount of data for a
a\,{\ﬁ\e small number of
e > events..
Enormous > 4> .
amount of > Size of full event
data read in >
at L1 trigger >
level > "\
>
Size of RTA event
Graphics by K. Pachal Fixed amount Of .. Or Sma” amount Of . =Y (relative to full event)
bandwidth data for many, many
events
\d
eRC Staﬂ(\;(%ﬁ 2821)
DARKIET
Perform as much “analysis” as possible @ HLT Reduced data formats:

Only keep final trigger objects (drop raw data)
- First preselection to skim "backgrounds” - Save only "interesting” parts of the detector

: : \\*
. A combination of the two eor &
g% e Coﬂgo\\d n 207
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Introduction Triggers at the LHC

Real-time analysis for physics Beyond HEP

More with less: Selective persistency/Partial Event Building

Real-time analysis is necessary for searches
that would otherwise have been impossible due to trigger constraints

Traditional offline analysis still required for a number of searches/final states

where all raw information is needed (but we could do better)

Partial Event Building / Selective Persistency as a middle way:

save raw data && trigger objects only in the regions of interest, re-reconstruct later

H. Russell, EPS-HEP 2019,

Customizable output data @ LHCb:
- keep trigger objects only (7 kB)

reco in selected regions (< 200 kB)
- keep everything (200 kB)

- keep trigger objects + “on-demand” raw and/or

AlL; f?isl'eﬂ -
nCy

EXPERIMENI

e.g. events for low-pr muon
performance save only data in
cone around J/Y > uu candidate

Caterina Doglioni - 2021/03/08 - IWAPP
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Physics use cases for real time analysis




Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

The need for dark matter

Empirical problem in the Standard Model of Particle Physics:
AR no explanation for Dark Matter

A possible solution, guided by relic density:
invisible Dark Matter particles in the ~GeV-TeV scale

(including but not limited to one of the most studied DM hypotheses: Weakly Interacting Massive Particles)

@ Ordinary Matter
@ Dark Matter
Dark Energy

Dark Standard
Matter Matter

SM DM
DM SM SM SM M
: E ] { : :DM : L\
DM SM DM DM SM SM < LN

Indirect Detection Direct Detection Colliders & accelerators ~ Astrophysics Theory

N . v ¥ —

Complementary experimental strategies & inputs

e ()

ATLAS LUND Caterina Doglioni - 2021/03/08 - IWAPP 22
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Recreating dark matter/dark sectors in the lab: challenges

Known Dark matter Trying to stay
particle (-related) particle(s) as model-agnostic as possible,
while exploiting what the LHC is good at:
focus on the presence of a resonance
(alongside EFTs/more complete theories)
Known Dark matter
particle (-related) particle(s)  2dded bonus: resonance searches are bread&butter

at colliders — robust analysis toolkit available

Challenges:
1. This kinds of processes are very rare

2. Many other processes may look the same (—large backgrounds) (\beme‘
3. Often we don’t know how the resonance decays look like ha\\e“%eiwo(
(6)

Caterina Doglioni - 2021/03/08 - IWAPP 23



Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Dark matter mediators at the LHC

If there’s a force there’s a mediator:
(in this case, with axial vector couplings)

SM DM DM
SM
> Med.
‘\‘ DM DM

SM SM SM

For this kind of models to be consistent with relic density:
mediators should have low masses

Caveat: very simple picture
erc @ (5 See e.g. DESY's "Puzzle of Dark Matter” workshop talks for more

\? D))

ATLAS LuND Caterina Doglioni - 2021/03/08 - IWAPP 24
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

How would new particles manifest?

New particles: resonant excess (bump) over Standard Model background

Number of events

A

GATLA
JLEXPERIMENT
http://atlas.ch

antiquark

Background

>

mass of two-object system

[B{ERY S o I
G\ A L9/
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Another look at the Standard Model

Standard Model Total Production Cross Section Measurements status: July 2017

9 10" - ATLAS Preliminary Theory
N Run1,2 v/s=7,8,13 TeV LHC pp V5 =7 TeV
10° BBl Data 45-40f0!
0 Frequent processes LHC pp V5 =8 TeV
10° o BE Data 2030 3
o M 3
" » o  (electroweak scale) :
E 7 _ LHC pp Vs=13 TeV
g 10* BEE Data 008 36170
(D)
e i
© 103 E
% v 1 interesting  :
— A o
i , © o event every 106
Q 10 o a 3
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2 :;l B “ B * o o
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VEF n ]
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. . l H ttH !
! 10-1 Interesting signals .
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Introduction Triggers at the LHC Real-time analysis for physics

Challenges for new particle searches

Beyond HEP

Main challenge for resonance searches: large backgrounds
and signal that looks very much like background

Number of events
produced by the LHC
A

Signal Impossible to record
all events in full

— statistical error

harms sensitivity!
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Introduction

Triggers at the LHC

Real-time analysis for physics

Example: dijet decays of DM mediators

Beyond HEP

Selecting interesting events works for most of the LHC physics program...
...but it is not optimal for rare processes with high-rate backgrounds:
we cannot record and store all data, and trigger discards both background and signal

This prevented us from being sensitive to low-mass DM mediators decaying into jets

>M SM Adapted from JHEP 1507 (2015) 089
Stl:ength(?fthe 104_ — T — T L s
SN i model produces

99 g 0o 50 much DM
=L o
SM SM & gom = 1
L . =~ | G¢=0.1
Visible mediator decays = @
E B -
SM DM 5 O] ) -
= §’ model can
Med. § ,§® produce the
9q gom N right amount of |
: relic DM
SM DM
. . 1021 ----I2 .....I3 ....4
Invisible mediator decays 10 10 10 10
erc @ v DM mass [GeV]
RTA LUND

UNIVERSITY
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Introduction Triggers at the LHC

Real-time analysis for physics

ATLAS/CMS results on DM mediator searches

Beyond HEP
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SM DM
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Med.
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SM SM

Dijet+anything

ATLAS

s=13 TeV, 29.3 fb™
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Phys. Rev. Lett. 121, 081801 (2018)

e Trigger-level jets
Offline jets, single-jet triggers
—— Offline jets, single-jet triggers, prescale-corrected
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...can also be overcome by choosing other signatures!
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

CMS and ATLAS are closing the gap at low mediator masses

Summary of public material from ATLAS and CMS, plot by C. Doglioni / W. Kalderon
Apologies for ATLAS-centricity! CMS results are equally sensitive

O | s | | | | | | | I
) O _4 B - . :: "._ Updated from https://arxiv.org/abs/1810.12238 .
O 3 \‘ o “‘ > . Status as of February 2020
n - e e 3 -
4 ' :
5 O . «, P ““ ’:.’
D-q I/"/ -
‘/ \_\.‘ "". [
8 \ a real-time analysis
o0 O 1 O\ “H// N
k= -
a - Note: CMS searches
5 s
go down to 50 GeV
S 0.04f :
@)
0.03; collider constraints ~ ---:-. pre-LHC constraints
0.02 from direct searches == ATLAS Dijet+ISR/TLA
' Axial vector DM mediator decaying to quarks
Dirac DM
001 mDM=1OTe'V’ gDM=I1.O ] ] ] ] L1 |
200 300 1000

- Mass of the new particle mz [GeV]
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Real-time analysis beyond HEP




Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Parallels with astrophysics?

C. Fitzpatrick, LHCb

The trigger

Flavour

||||||||

C. Fitapatrick

...or how to drink from a firehose M 3020t

TCOLE POLYTECHNIOME
FEOTRALE DI LAUSANNE

E. Bellm, LSST

REAL-TIME DECISION MAKING « BERKELEY, CA « FEB. 26, 2018 47

Are we building a
firehose?
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Introduction Triggers at the LHC Physics searches Monitoring Beyond HEP

Example: common “big data” problem in large infrastructures

REALTIME advanced study group, Pufendorf Institute for Advanced Studies (2018)

LHC (ATLAS, 2018) LHC (ATLAS, 2026) EuXFEL (2017)
Raw Data Size per event 1 MB S MB 8 MB
Events/pulses per second 40 million evts/s 40 million evts/s 27000 evts/s
Potential data generated (before selection) 0(100) GB/s 0(100) GB/s 216 GB/s
Event/pulse rate after real-time data 1000 10000 Not yet implemented
level reduction
Real-time analysis event rate Up to 20000 events/s Not yet implemented Not yet implemented

Table 1: Data challenges at LHC” and EuXFEL
g
) about
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Real-time analysis in HEP and industry

* Big data analysis / real-time analysis
+ Shared tools: machine learning, hybrid computing architectures
« Connections: IT, industry (e.g. Internet-of-Things)
« data is mostly cheap to record: large datasets in industry as well
+ time-to-insight is the key metric

SMARTHEP:
Innovative Training Networks (ITN)

Call: H2020-MSCAITN-2020 International network of high energy physicists
and companies for real-time data analysis

Main challenge tackled: how to take decisions,
fast and efficiently

Tools:
« Hardware (FPGA, GPU) & software
* Machine learning to enable fast decisions

(funded with LU as coordinator, starting late 2021)

Synergies between MAchine learning, Real Time analysis
and Hybrid architectures for efficient Event Processing and decision making

SMARTHEP

ATLAS LunD Caterina Doglioni - 2021/01/19 - HELIOS kick-off 34
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Motivating real-time analysis in HEP

* Many different theories can explain the shortcomings of the SM
including low-mass resonances
* None of these theories is yet favored by data

» Very different detector signatures
« Some of them buried in high-rate backgrounds
» Some of them rare but very unusual

Probing for new physics below/at the electroweak scale where
many (rare) SM particles are located requires efficient trigger systems
and novel data taking techniques

Making the most of the data: enabling discoveries
ensuring these events are recorded and analyzed

& O @
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Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

What does it take for a discovery? Real-Time

I The Standard Model of particle physics we Leptons | Theorised/explained « We aren't done ta king LHC

: Bosons
Years from concept to discovery

Quarks | Discovered data (10x more expected)
1880 90 1900 10 20 30 40 50 60 70 80 90 2000 12 "|OW-hanging fruit” checked
Electron | | ﬁrSt, eXpECt Su rpriseS
Photon | |
Muon l

Electron neutrino s | European Strategy Update, deliberation document

Muon neutrino | | The upgrades of the ATLAS and CMS experiments have been documented in a

- series of Technical Design Reports and have been approved, and the intermational
collaborations are gearing up to commission these detectors by 2027, the scheduled

Strange = start of the first HL-LHC run. The timely delivery of these upgrades is a milestone

Up | for the global particle physics community, and the continued allocation of adequate

resources is a priority. Based on continued innovations in experimental techniques, the

Down

Charm l |

. . untapped physics that is surely awaiting in the third LHC run and the HL-LHC era can
Tau ParthIe thSICS | be unlocked. Incorporating emerging new technologies into trigger systems, computing
Bottom . . . | | and management of big data, reconstruction algorithms and analysis methods s
Gluon dlSCOVGl‘leS reqUIre | | the path to get the best out of these upcoming datasets.
W boson large instruments e , , .
Z boson & , I | - Real-time analysis and decision
Top and time l I making cross fields: let's think
Tau neutrino e |

together and collaborate on tools

HIGGS BOSON .
& infrastructure

Source: The Economist

The Economist

)
%

ATLAS Lunp
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Thanks for your attention from the DARKJETS/TLA team

Photo: B |n the picture from the left:
« Postdocs William Kalderon (now BNL), Jannik Geisen (not pictured)
« PhD students Eric Corrigan, Eva Hansen (remote on that day, now @

LHCb Manchester)
« Master's (now PhD) student Alexander Ekman

+ Lund Master's and Bachelor’s students

Heidelber
DM Complementarity plots: eidelbe &
Isabelle John (Lund, now Stockholm) Geneva
Boyu Gao (0SU) Buenos Aires
Marco Rimoldi (DESY) _
Ohio State
Oregon
CERN

TLA team @ Heldelher WOrkshop, 2017,

Collaborators & Contributors for this talk: Jannik Geisen, Alexander
Ekman, Eva Hansen, Eric Corrigan, Will Kalderon, Antonio Boveia, Monica
Dunford, Steven Schramm, David Strom, Suchita Kulkarni, Marie-Helene
Genest, Dilia Portillo, Nathal Lalloué, Deepak Kar, Sukanya Sinha, Conor

Fitzpatrick, the SMARTHEP network & many others
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https://videos.cern.ch/api/files/483e8626-ee1d-48a7-96e1-95ebb9ac2711/CERN-MOVIE-2013-041-001-2672-kbps-1280x720-audio-128-kbps-stereo.mp4?versionId=fd4a2800-b5ec-44c9-9e8c-284992808ac7
https://videos.cern.ch/api/files/483e8626-ee1d-48a7-96e1-95ebb9ac2711/CERN-MOVIE-2013-041-001-2672-kbps-1280x720-audio-128-kbps-stereo.mp4?versionId=fd4a2800-b5ec-44c9-9e8c-284992808ac7

Introduction Triggers at the LHC

Real-time analysis for physics

Beyond HEP

Real-time analysis, in the CMS trigger

O LHC vs=14TeV L=10"cm"s" Trigger Levels Event rate

From a talk by Mia Tosi
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Which worktlow to choose? (a rough guide)

My analysis is limited by HLT and | have relatively simple objects/backgrounds
- use real-time analysis

| have a real-time analysis going and | am sure I'll discover something
- use partial event building to keep more raw data behind the objects
- use delayed stream as a safety net (CMS)

My analysis is limited by HLT and | have more complicated objects
- use real-time analysis and partial event building to look into region of interests

My analysis is limited by HLT but I still need the full event
(and | don’'t mind when | get it)
- use delayed stream
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Triggers at the LHC

Real-time analysis for physics

Beyond HEP

More CMS results from jet searches

(Acceptance x do/dm;;) [pb/GeV]

(data - fit) / \data

First results of this technique for dijets at 8 TeV...

CMS Preliminary 18.8 fb-' (8 TeV)

1 I 1 | 1 l 1 1 1 I I 1 1 I 1 1 1 I 1 1 1 I

l L T
10% =
= -+=-= qq (0.5 TeV) -
E - qq (0.7 TeV) E
105_ -:=.= (g (0.9 TeV) =
- Phys. Rev. Lett. 117, 031802 (2016)
TE-
107" =
102 =
3: e e
2E
E
_(: | ||
2
400 600 800 1000 1200 1400 1600 1800

Dijet Mass [GeV]

UNIVERSITY

..Now also extended to three-jet searches

35.9fb™" (13 TeV)

I

UL l L UL I LI | L I L I L I

> ] " 1
3 Region 1 : CMS
~ F | i
; ¢ Data )
D —— Blackbody fn + tt
Q - - - Blackbody fn
= B — - it (Shift+Smear)
------ m§ = 300 GeV
A A
- ; : |
N ;
| : |
I | t arXiv:1810.10092
I | | | | I‘l | | | I I.I | | I | | | | l | | | | I | | | 1 I | | | | I
= c 2 —
'| & N | -L . . L [ I .__
R Bl L e T oy
© 150 200 250 300 350 400 450 500
m [GeV]
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https://arxiv.org/abs/1604.08907
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Turbo stream (LHCb),

Turbo/Data Scouting/ TLA path , possecs

Customizable output data @ LHCb:

- keep trigger objects only (7 kB)

- keep trigger objects + "on-demand” raw
and/or reco in selected regions (< 200 kB)

- keep everything (200 kB)

Data sizes @ ATLAS:

B % of total event rate recorded
B % of total trigger storage used for this kind of data recording

Trigger Level
Analysis
Objects and data sizes @ CMS: Standard
ata taking
Stream Rate (Hz) Event Size Bandwidth (MB/s) Cagbfa:on
PhysicsMuons 420 0.86 MB 360 endomer | |
PhysicsHadronsTaus 345 0.87 MB 300 0 25 50 75 100 %
ScoutingCaloMuon 4580 8.9 KB 40
ScoutingPF 1380 14.8 KB 20 Information from ATLAS Trigger Operation plots, 2017
Selected CMS stream rate, event size, and bandwidth at the beginning of
LHC Fill 7334 (23 Oct. 2018, La~1.5x103*cm =257 1)
JLab HSF workshop session on RTA: LHCb, ALICE, ATLAS, CMS
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults#Trigger_Rates_and_bandwidth
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults#Trigger_Rates_and_bandwidth
https://indico.cern.ch/event/759388/contributions/3303363/
https://indico.cern.ch/event/759388/contributions/3303371/
https://indico.cern.ch/event/759388/contributions/3303365/
https://indico.cern.ch/event/759388/contributions/3303370/
https://indico.cern.ch/event/759388/contributions/3303363/
https://indico.cern.ch/event/759388/contributions/3303371/
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https://arxiv.org/abs/1903.01360
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Beyond HEP

Mediator mass-coupling summary plot

95% CL exclusions

LHCP 2020

CMS Preliminary
. ————rry

I,/ M, <~100%

CMS Dijet %, 13 TeV
[arXiv:1803.08030)

l‘t/ MZ' <~30%

[ 1111

CMS Broad Dijet, 13 TeV
[arXiv:1806.00843]

I,/ M, <~10%

CMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet, 13 TeV
[arXiv:1911.03947]

CMS Dijet+ISR jet, 13 TeV
[arXiv:1911.03761)

107"

CDF Run1
[arXiv:hep-ex/9702004]

. CDFRun2
[arXiv:0812.4036)

Illllll

UA2
[Nucl. Phys. B 400, 3 (1993)]

A ' s 2 222l '

1000 2000
M. [GeV]

P | N M M
810 20 30 Z width (all T, M,)
[arXiv:1404.3947]

.A .
Trelivessel
European Research Council I L

XPERIMENT UNIVERSITY

Caterina Doglioni - 2021/03/08 - IWAPP

m

Extablished by the Europear Commiszion

ATLAS Boosted Dijet, 13 TeV

 [arXiv:1801.08769]

ATLAS Dijet+ISR y, 13 TeV

" [arXiv:1901.10917]

ATLAS Dijet TLA, 13 TeV
[arXiv:1804.03496]

ATLAS Dijet, 13 TeV

" [arXiv:1910.08447]

CMS Dijet b tagged, 8 TeV
[arXiv:1802.06149)]

CMS Dijet Scouting '16, 13 TeV
[arXiv:1806.00843]

CMS Boosted Dijet, 13 TeV
[arXiv:1909.04114)

CMS Boosted Dijet+y, 13 TeV
[arXiv:1905.10331)

l‘z / !z <~5%

CMStE 13 Tev
[arXiv:1810.05905]

Y width (all I',/M,)
[arXiv:1404.3947)

45



(HLT) / p_ (offline)

Introduction Triggers at the LHC Real-time analysis for physics Beyond HEP

Are trigger jets good enough?

.they have to be, to be able to detect very small signals!

P;

September 2015 (interview) May 2017 (paper submission)
ATLAS jet trigger public results Phys. Rev. Lett. 121, 081801 (2018)
14:l—l LI I LI | T LI | I T LI | LI | 1T T ® 1.01 : : - T . ;
- offllnejetp >120 GeV 00<Inl<08—l £ - | 0
e — Events passing HLT_j100 trigger- o0 = 1 '008;— ATLAS —;
_E 1 1, & 1.008 (s=13TeV,20.3tb" =
E - 81.004F vl <06 =
1E ~s0 2. F E
13— i400 f_ _f
o.gf— % —{300 ;_ _;
o.af— — —f 200 :— _E
- — ATLAS Preliminary- — =
07— —_ — — I 100 - -
- - \~'S=13TeV,1474nb ] - .
0.6:|-| Lo oo by gy e | e |00 L0 Ly a0 | I |—|- 0 0-99_ ! 1 1 1 1 I n
50 100 150 200 250 300 350 450 5x1 02 1 03 %1 0

offllne jet P, [GeV]

m, [GeV]

(Note the change in y-axis scale)
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https://arxiv.org/abs/1804.03496
https://arxiv.org/abs/1804.03496
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetTriggerPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetTriggerPublicResults
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LLHCD online vs offline reconstruction

LHCb Trigger Run 2 g 5 g - S| &
(B ; ol (9% (%8 (%8 () 5|2
unch crossing rate ] = T T T T g
> w w w w M
y 40 MHz | |
LO Hardware trigger TIME ........ TTTTTTTPTTITHTTTPTPITOR FILL ........................ TR TR TP >
high pr/E7 signatures 4 A A4 A 4
‘ 1 MHZ VELO alignment (~7min)I | Calorimeter Calibration
4 A Tracker alignment (~12min)
5 High Level Trigger 1 OT global calibration MUON alignment (~3h)
O | partial event reconstruction RICH calibration _
(o)) (every 15 min) RICH 1&2 mirror alignment (~2h)
'%‘D 1].0 kHZ ((~7min),(~12min),(~3h),(~2h)) - time needed for both data accumulation and running the task
g Alignment & E
z Calibration IR LHCb Simulation Real-time data
§ 110 kHz = , lvsi
c% [ High Level Trigger 2 ] : 0.03 Online Run II analysis
full event reconstruction = 0.02- - — Offline Run I requires real-time
- che — .
i 12.5kHz g oo - detector alignment
Storage ' T : : :
| B Storact, CERN Serninar and calibration, in
. 20 40 60 80 computing farm
arXiv:181.2.10730 Multiplicity of reconstructed tracks P 5

This is also done in ATLAS and CMS
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ChOICC Of benChmar kS https://abstrusegoose.com/406

[ ] L J DM
”"Why should we choose/believe the simplest models?” oM SM

”Do we think DM 1s all made of a single WIMP model?” —

(not really...see dark sectors!)
_ DM
SPATLAS SM SM
e Key particle discoveries
1900 1910 1920 1930 1940 1950
1895 1905 1915 1925 1935 1945 1955

. antiproton

nnnnnnnn

* Lesson from SM: most common particles discovered first

1962

muon neutrino 1983

1976 W&z bosons from DM ATLAS feature
e 1960 1970 ““ 1980 1990 2000
- -?
Qua:g:?uds) char1rr917q4uark g1l?11,)9n top quark 2012

electron neutrino tau neutrino

1977

bottom quark Higgs boson

» Even simple models can encapsulate relevant experimental characteristics

representing wider classes of theories

as long as we are aware that they can be more rare than what we choose as example

M) el

ATLAS LuND Caterina Doglioni - 2021/03/08 - IWAPP
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Possibilities for cross-talk in collaborative environments

* High Energy Physics Software Foundation
* Not only LHC experiments

« Forum for physicists with interest in software for HEP
* Instrumental for creation of |IRIS-HEP NSF effort
» Working groups including trigger & reconstruction
» Website
* Mailing list: hsf-forum@googlegroups.com (google group)
 DarkMachines
* Collective of astro/particle physicists interested in machine learning tools
for dark matter
* Various (self-organized) efforts, including unsupervised searches
* Website About Dark Machines
 Subscribe to main mailing list

Dark Machines is a research collective of physicists and data scientists.
We are curious about the universe and want to answer cutting edge
questions about Dark Matter with the most advanced techniques that
data science provides us with.
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https://iris-hep.org
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Finding synergies

Astroparticle (APPEC)  Particle (ECFA) Nuclear physics (NUPECC)

4 CERN Council Open S sium on the Upc
European Astroparticle European Strategy mpean!na.eg»
7= Physics Strategy for Particle Physics
APPEC 2017-2026

13-16 May 2019 - Granada, Spain

Carlos Salgado

José Santizgo

https:ﬂcafpe.ugr.es{eppsu2019/ E] = NuPECC
¢ . Y B "m(( Long Range Plan 2017
s Avea Shmet T timsid piccuB IFAE® © ¢ Quorae ift Perspectives
P o fm () = in Nuclear Physics

Astroparticle, particle and nuclear physics in Europe have strategies and plans
that recognize the importance of synergies between the different fields

US: Snowmq;s effort has started, (for DM at Colliders WG: @ﬁ? |

" ‘—’\/ \/I
E.gmf,egﬁg{s;;;;h‘CDUTci. ATLAS LUND Caterina Doglioni - 2021/03/08 - WAPP 50
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http://www.nupecc.org
https://europeanstrategyupdate.web.cern.ch
https://www.appec.org
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Foundations needed to exploit synergies

K European Astropart{cle European Strategy !
7 L s Strategy for Particle Physics

~

@ Ordinary Matter
@ Dark Matter
@ Dark Energy

ppsu2019/  mibike NuPECC
EIF?L% WPECC Long Range Plan 2017

S e e e
Common theory ground

instrumentation

data acquisition,
computing,

data sharing

& open science

(accelerators, beams,
detectors, vacuum &
cryogenics,

control & automation...)

Talk at EPS-HEP / ECFA session 2019, CERN EP Newsletter

Slides from European Strategy Update release, 19/06/2020

European s’g» 2020 Strategy Statements

5. Synergies with neighbouring fields

Particle and Astroparticle Physics

« Synergies exist at the level of infrastructure, detectors, computing, interaction models and physics goals (ex.:
neutrinos, dark matter, cosmic rays and gravitational waves)

* The need to foster these synergies has been clearly identified in the national inputs

57
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Two ongoing projects focused on Dark Matter

h 1 . JENAS Eol: Initiative for Dark Matter in Europe and beyond: Towards
Sea‘rc e S & lnterpretatlon facilitating communication and result sharing in the Dark Matter

community (iDMEu)
Astroparticle Particle Nuclear

https://indico.cern.ch/event/869195/
ESCAPE newsletter APPEC newsletter

build a discussion platform and tools to
facilitate collaboration of existing groups/
efforts on dark matter searches and
interpretation

Common theory ground
data acquisition,
software, computing,
data sharing

& open science

1 —

L e T e e e e T

instrumentation
(accelerators, beams, detectors,
vacuum & cryogenics,
control & automation...)
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Two ongoing projects focused on Dark Matter

SearChe S & interpretation JENAS Fol: Initiative. for.Dark Matterin Eurf)pe.and beyond: Towards

facilitating communication and result sharing in the Dark Matter

community (iDMEu)

Astroparticle Particle Nuclear

https://indico.cern.ch/event/869195/
ESCAPE newsletter APPEC newsletter

build a discussion platform and tools to
facilitate collaboration of existing groups/

efforts on dark matter searches and
Common theory ground interpretation
PO % . — ‘Aﬁ \\\\\JK
r instrumentation ﬁa acquisition, ESCAPE Towa]_’ds a Dark Matter
softwar ti
d(;ta shaeri(r::;mpu - Test SClence PI'O]eCt

(accelerators, beams, detectors,
& open science H F
— | ES— ESCAPE Progress Meeting, 2020

vacuum & cryogenics,
control & automation...)
compare end-to-end analysis workflows for
SOftware & data WIMP searches, towards their implementation
in a common Software Catalogue and
“ . as input to the design of the
erc @ European Open Science Cloud
wnnows  ATLAS LUND Caterina Doglioni - 2021/03/08 - IWAPP 53
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https://indico.cern.ch/event/869195/
https://projectescape.eu/news/escape-engages-initiative-dark-matter-spanning-ecfa-nupecc-and-appec
https://www.appec.org/news/idmeu-an-eoi-gathering-the-dark-matter-community
https://indico.cern.ch/event/869195/
https://projectescape.eu/news/escape-engages-initiative-dark-matter-spanning-ecfa-nupecc-and-appec
https://www.appec.org/news/idmeu-an-eoi-gathering-the-dark-matter-community
http://www.hepsoftwarefoundation.org
https://indico.in2p3.fr/event/20203/contributions/79577/
https://indico.in2p3.fr/event/20203/contributions/79577/
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Real-time analysis (well) beyond HEP

Welcome to our REALTIME ASG blog! We're a group of researchers interested in

real-time data acquisition and decision making as well as open data working as an
Advanced Study Group 2019-2020 at the Pufendorf Institute for Advanced Studies.

* Connections to astrophysics ,.
+ Real-time alerts for interesting events Riaa § |
* Connections to accelerator beams / phy5|cs / engineering
« Beam steering, “triggering” for synchrotron and laser experiments
 Sharing of technology, hybrid architectures (FPGA/GPU)
* Connections to social sciences & law

» Real-time data deposition promotes open data and credibility of science
 Implications for treatment and ownership of data treatment
« Sharing of tools (versioning / data persistency)
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