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distance from center

@ Ordinary Matter
@ Dark Matter
Dark Energy

Empirical problem in the Standard Model (SM) of Particle Physics:
no explanation for Dark Matter

A possible solution:

invisible Dark Matter particles with weak SM interactions
(Weakly Interacting Massive Particles)

that can be detected by a variety of experiments

Dark Standard
Matter Matter

SM DM

DM SM SM SM SM
: : DM

DM SM DM DM SM SM

. Astrophysics Indirect Detection Direct Detection  Colliders & accelerators
& 4
- ATLAS Lunp

See DM/astro parallel sessions, DM plenary talks and panel
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(If there are SM-DM interactions, like in WIMP models)
The LHC can produce invisible particles, in controlled conditions

Standard Dark
Matter Matter
SM DM
SM DM

CERN-VIDEO-2015-024-001
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(If there are SM-DM interactions, like in WIMP models)
The LHC can produce invisible particles, in controlled conditions

Standard Dark
Matter Matter
SM DM
SM DM

Experiments like ATLAS (and CMS) can also probe the dark interaction
using the decays of a mediator particle
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(If there are SM-DM interactions, like in WIMP models)
The LHC can produce invisible particles, in controlled conditions

Standard Dark
Matter Matter
SM DM
SM DM

Experiments like ATLAS (and CMS) can also probe the dark interaction
using the decays of a mediator particle

DM

a mediator particle produced through interaction of quarks/gluons
— will also decay back into quarks/gluons

DARKJETS: searches for signs of dark matter
in final states containing jets of particles

(originating from quarks and gluons)
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The team  The problem: too much LHC data The solution: TLA  Results Beyond DARKJETS

The Lund University DARKJETS team

™

In the picture from the left:

“l « Postdocs:
= William Kalderon (now at Brookhaven
- National Lab), Jannik Geisen (superimposed)
* PhD students:
Eric Corrigan, Eva Hansen (remote on photo-day)
« Master’s student, now PhD:
Alexander Ekman

f
-

+ Lund Master's students:

Herjuno Nindhito

now PhD student at the University of Geneva

Prim Pasuwan, Isabelle John

now PhD students at Stockholm University

Zhiying Li

now PhD student at the University of Oxford
Sebastian Murk

now PhD student at the University of Macquarie
Erik Wulff

now Deep Learning engineer at Axis communication

[+ 12 Bachelor's students, see website]
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Our “Big Science” problem to solve: too much data

« The dark matter signals we are looking for are rare
— need enormous amount of collisions to produce them
* Their backgrounds look the same and are much larger

* up to 30 million proton-proton collisions/second (MHz)
« ~1-1.5 MB/data per collision event, including raw data

* Problem: recording all LHC data takes 400000 PB/year [Ref] /““‘, S
&:.).\Sj B\ 2

after selection of "interesting” data

Caterina Doglioni - 2020/08/04 - ICHEP ERC event 9
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Our “Big Science” problem to solve: too much data

« The dark matter signals we are looking for are rare
— need enormous amount of collisions to produce them
* Their backgrounds look the same and are much larger

* Problem: recording all LHC data takes 400000 PB/year [Ref]

* up to 30 million proton-proton collisions/second (MHz)
« ~1-1.5 MB/data per collision event, including raw data

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

Collisions at ~30 MHz Hardware trigger Software trigger
(~1 MB of info each) outputs ~100 kHz outputs ~1 kHz

Online 4 } Offline

" — Object
vent selection > reconstruction
(trigger) and calibration

after selection of "interesting” data

>

Caterina Doglioni - 2020/08/04 - ICHEP ERC event 10
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Are we missing rare dark matter processes?

- |-
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DM mediators Events selected by the trigger 11



The team

The problem: too much LHC data

The solution: TLA

Results

Challenges for DM mediator searches (and more)

Beyond DARKJETS

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

Caterina Doglioni - 2020/08/04 - ICHEP ERC event
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The main technical idea behind DARKJETS

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

Real-time data analysis
Reconstruct/analyse data as soon as it is read out
so that only (smaller) final-state information

needs to be stored
CMS: Data Scouting, LHCb: Turbo stream

T ATLAS !Tq&D Caterina Doglioni - 2020/08/04 - ICHEP ERC event 13
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ATLAS implementation: Trigger Level Analysis (TLA)

Much smaller event size === orders of magnitude more data can be recorded
Data taking

— 30 : : ;
v Size of TLA event T ATLAS Trigger Operation
(relative to full event) = HLT stream rates
. O 25 pp data, September 2018, Vs=13 TeV
Trigger-level events 9 ©
) mmm Trigger-level analysis
(reconstructed jets only) € 50l == B-physics and LS
v Main physics
v T mmm Express
|: 15| w— Other physics
. 0 T mmm  Monitoring
Rejection of most Calibration
events by the trigger 10}
' 5
Full events Size of full event o
(. el s ) ' 09:00 11:00 13:00 15:00 17:00 19:00
mcludes raw data Time [h:m]
v https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults

Search for
new physics

« Challenges solved by DARKJETS team & collaborators:
 software: technical implementation and large-scale deployment
- performance: is a reduced data format “good enough” for a discovery™?
- statistical analysis: how to deal with unprecedented amounts of data?

S )2
140 R

>

; ‘L/'/s»
cwmarowacons ATLAS  LUND Caterina Doglioni - 2020/08/04 - ICHEP ERC event 14
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* Trigger Level Analysis is a Three Letter Algorithm (TLA)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults

The team  The problem: too much LHC data The solution: TLA ~ Results ~ Beyond DARKJETS

ATLAS implementation: Trigger Level Analysis (TLA)

Much smaller event size === orders of magnitude more data can be recorded

Data taking

— 30 : : ;
v Size of TLA event T ATLAS Trigger Operation
(relative to full event) = HLT stream rates
. O 25 pp data, September 2018, Vs=13 TeV
Trigger-level events 9 ©
) mmm Trigger-level analysis
(reconstructed jets only) € 50l == B-physics and LS
v Main physics
v T mmm Express
|: 15| w— Other physics
. 0 T mmm  Monitoring
Rejection of most Calibration
events by the trigger 10}
' 5
Full events Size of full event o
(. el s ) 09:00 11:00 13:00 15:00 17:00 19:00
includes raw data Time [h:m]
v https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults

Search for

. Heidelberg  Ohio State
new physics

+ Challenges solved by DARKJETS team & collaborators: oo coo
 software: technical impleme

- performance: is a reduced d ] ?
- statistical analysis: how to ¢ B ?
E =?c @ | Z
G, ATLAS LuND Caterina Doglio 15

* Trigger Level Analysis is a Three Letter Algorithm (TLA)
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(a subset of) Physics results from DARKJETS
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(a subset of) Physics results from DARKJETS

Phys. Rev. Lett. 121, 081801 (2018)

c
5 10°E E
m 'V E E .
v = e, ATLAS 1 TLA technique:
§ L T T T T c10E e, s=13TeV,29.3f" o Make the event
= 0.4r . . it 1o F y<0.6 1 size smaller
o - o 100 E
50 03 = ] AJet
.E 5 B n SM
— 10° E
[y = =
2 0.2 : :
3 - .
o 10* =
a = 3
o - * Trigger Level Analysis technique 1 SM jet
5 0.1 103 — Traditional analysis techniques —
S - = =
Ej C 1 1 1 1 | 1 1 I_
E 600 1000 2000 3000 4000
— m, [GeV]
Phys. Lett. B 795 (2019) 56
O 04 ﬂ%-l (. ATLAS ' ' '—o— bata, 7'6.6 ft"J_1, ' I ] ee
- 10" E _ bined tri 3 D’ et+ISR
0.03| BE I e o
- collider constraints ~ -----. pre-LHC constraints S  lewaggyy TV g —04 ] .
) o, 5 =R m,. = 550 GeV, 9,=01
from direct searches —= DARKJETS results 10° T Bipvae=06 5 Reduce the
0.02" . . T . - ~ BH p-value = 0.74 Tehg ~ * p-value = 0.22 -
Axial vector DM mediator decaying to quarks - % pvalue = 0.12 i 1 background
Di DM 10* = —=— Data, 79.8 fb™!, fBgg —
irac Tev = ;ingll(e-photgr;.ttrigger =
myy=10 TeV, o= 1.0 - _V_Z’ac(:’gr;)gg | Bg s
001 | DM | | | N o m,z, =X250 GeV, g, = 0. | a:_: a/g
200 300 1000 o —=
. Y= -'-‘-'."“J'-'.'r-'h.rlé
See backup for full set of constraints Mediator 8 -2 B85
. . : E 23_ ' ' ' ' ' ' ' I —
(including many from the CMS expen.ment) mass [GeV] 5 2E SRRL ,_
and for other results from the project _oF s "
200 300 400 500 600 700 1000 e
m; [GeV]
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A global view of WIMP dark matter

Comparisons are possible only in the context of a model
Essential to fully specify model/parameters and be aware of limitations

LHC Dark Matter Working Group ATL AS D 3 rk I\/I atter PlOtS
. -37
https://arxiv.org/abs/1603.04156 & 10 ' 2 == Dilepton
g a8 ATLAS Prehmlnarv PLB 796 (2019) 68
=10 =13 TeV, July 2020 Dilepton ~ Dijet
C jet;
SM SM S 1079k g s B
- T M Duet
L e AENORTTED = bb resonance
Med . g 1 O 40 //’——’f— JHEP 03 (2020) 145
3'5 104 — Em *4+X
— J E ATLAS-CONF-2020-020
9 99 bw | 0_42 \m S : 1; ATLAS-CONF-2020-048
DarkSide-50 RE—
w=o — XENONIT
S M S M _43 PRL 121 (2018) 111302
10 — PandaX
1 0_44 PRL 117 (2016) 121303
= DarkSide-50
SM DM 1 0—45 Paﬂda% PRL 121 (2018) 081307
— XENON1T MIGD
Med 1 0—46 —WONY PAL 123 (2019) 241803
€d. Vector mediator, Dirac DM
10747 g,=0.1,0,=001,g =1
9q gx 48 ATLAS limits at 95% CL, direct detection limits at 90% CL
SM DM 0 10 10° 10°

m, [GeV]

* *

Complementarity of colliders with direct (indirect) detection
B performed within the chosen benchmark models & parameters

...more discussions with direct/indirect detection ongoing/to come...

How do we compare results of different experiments | European Strategy Update
- : : “Big Question”

18
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DARKJETS: the plan

Plan in grant proposal: arrow = publication in the original plan
New Physics at high;\sses New Physics at low masses 2016 2017 2018 2019 2020 2021
) _ “t} Dijet TLA | |
Dijet mass I . (Real-time Three-jet
resonance @ ar Analysis): search:
S trlbutlon ,: RUN.2 Run.—3 RUN-2
(@ 6((\: search E '
0\ o& ) T Tpppp———

New Physics Dark Matter

in boosted topologies

interpretations

aU I NN NN EEENEENEEEEEEEENENNNENy
|

- Effective Field Theory .

|
‘..IIIIIIIIIIIIIIIIIII--'

Simplified Models

EParticIes associated to DM

search (Real-time

Iépaired dijetéll Paired dijet TLA: I
: for Run-2 : Analysis)

for Run-3

Caterina Doglioni - 2020/08/04 - ICHEP ERC event 19
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DARKJETS: the outcomes

[Covered in this talk]
Eric Corrigan’s thesis + Eva Hansen & Alexander
Ekman 's contributions + Will Kalderon's focus

arrow = publication in a given Y€ar (not including conference papers)

New Phy5|cs at hlgh asses New Physics at low masses 2016 2017 2018 2019 2020 2021
q t} Dijet TLA ,
DIJet mass _ g ﬁ\ : (Real-time Three-jet
resonance trlbu;on . Analysis): search:
Seg ((\ —— E Run-2, Run-3 Run-2 Full list of publications on the website
0\(‘ o&a -’llllllllll’. . LOADIMG 7
m\energeticjet performance Low-energy/trigger jet performance Dissemination:
* Not everything goes according to plan or is in your
New Physics _Dark Matter g hands (especially in a large collaboration)
in boosted topologies interpretations . . .
- Still, reached all project milestones
. Effective Field Theory . . .
palred duet “paired dijet TLA: « Organised, chaired, eaneelled conferences
- Real-time implifi .
search I (Rea time + A number of conference talks given by team
: for Run-2 : fnaRyS|s3 : — —
: EParticIes associated to DM members (see Eva Hansen's ICHEP talk)
l_:lHDING I I

7 Communication & outreach:

- We contributed to various newsletters related to

Extra: Paired-fat-jet analysis Extra: synergies with other DM searches
for non-WIMP DM models European Strategy of particle physics DM/computing/particle physics, CERN Courier,
Not covered in this talk (see backup) Snowmass process (US) ATLAS features [see website]
Eva Hansen'’s thesis + Jannik Geisen’s focus .
- We are responsible for the Lund IPPOG
software and computing for DM and real-time analysis . . o _

within the HEP Software Foundation Masterclasses (including Day of Women and Girls in Science)
~es ATLAS LUND Caterina Doglioni - 2020/08/04 - ICHEP ERC event 20
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The team  The problem: too much LHC data The solution: TLA  Results Beyond DARKJETS

What next for/after DARKJETS?

DARKJETS research questions related to
finding signs of dark matter in jet final states at the LHC

after ~4 years: many answers,
but also many new directions for future research

Further exploration of the Upgrade ATLAS trigger for next LHC run
electroweak scale (~100 GeV)

Start from jet TLA prototype

Non-WIMP searches — make real-time analysis widely usable
with non-standard jet signatures for searches (and measurements)
DM @ Colliders Complementarity Wlth SUStainabﬂity and reusability Of LHC/DM
accelerator experiments & astrophysics analyses, in terms of data and pipelines

ATLAS LUND Caterina Doglioni - 2020/08/04 - ICHEP ERC event 21
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The team  The problem: too much LHC data The solution: TLA  Results Beyond DARKJETS

Collaborations and interdisciplinary projects

Ongoing collaborations related to DARKJETS:

- SMARTHEP network (submitted as ETN)
- gathering real-time analysis experts

from all main LHC experiments (6 ERC grantees)
- REALTIME interdisciplinary Advanced Study Group
- members from engineering, IT, maths, astrophysics, law, social sciences

- HELIOS Lund-Hamburg research school on intelligent instrumentation in physics
- similar “knowledge environments” of university + labs (ESS, European xFEL, DESY + CERN...)

Other networking opportunities within Horizon2020/Horizon Europe,
some examples for prospective grantees [link]:

- ERC Visiting Fellow program [Czech link]
- Implementing arrangements with non-EU countries

Caterina Doglioni - 2020/08/04 - ICHEP ERC event
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http://smarthep.hep.lu.se
https://realtime.blogg.lu.se
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=1780
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https://erc.europa.eu/managing-your-project/set-and-develop-your-team
https://gacr.cz/en/overview/support-of-erc-grant-applicants/
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Conclusions and acknowledgements

What we did in DARKJETS so far:

« Advanced real-time analysis methods at ATLAS
Helping pave the way for doing more physics with fewer resources at upgraded LHC experiments

* Helped define a framework for DM searches at the LHC

Many collaborative efforts started through the LHC Dark Matter Working Group You can (aﬂd shou |d)
« Looked for DM mediators in a challenging but promising region think big, about

No signs yet, but we keep on looking, in this and different directions <cience that wouldn't
» Trained postdocs and students on DM physics & big science tools | .

Career development includes links with other disciplines and industry happen without you /

without this grant
Disclaimer: | didn't go into more
* Pursue the research questions you find most interesting (and fun) | "unsolicited grant-advice” but feel

An ERC grant is a unique opportunity to:

. ) free to ask in the Q&A!
« Train a group of talented researchers and work with them to

answer those questions
 Build networks that will last throughout your career

This grant / work would not have been possible without:

» Lund research services (especially Sophie Hyden Picasso and Karin Langborger)
» Theory & experimental collaborators / friends

« and everyone who advised/mentored me along the way 6\
» Lund colleagues (not only from HEP) a(\\(\ ;
* Many others not mentioned here... ’K\(\

t LD s

LUND Caterina Doglioni - 2020/08/04 - ICHEP ERC event 23
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https://lpcc.web.cern.ch/content/lhc-dm-wg-dark-matter-searches-lhc
https://lpcc.web.cern.ch/content/lhc-dm-wg-dark-matter-searches-lhc

Backup slides

LUNDS

UNIVERSITET

For more information, see recent (virtual) seminars:
Seminar at UK STEC Particle Physics Experiment (RAL)

Virtual MIT Colloguium
[plus more on the website]
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Video: LHC collisions and data selection
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High energy physics collaborations (a fraction of)

Grant-related question:
ATLAS Howtofind CD (or other ERC grantees) in such large experiments?

Caterina Doglioni - 2020/08/04 - ICHEP ERC event 26
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The team  The problem: too much LHC data The solution: TLA  Results Beyond DARKJETS

The Standard Model is not enough s

Example of aesthetical problem:
- Measured Higgs boson mass is “fine-tuned”

Example of empirical problem:
- Dark Matter not described in the Standard Model

The Standard Model may be only a low-energy
approximation of a more complete theory

Many different theories can explain those shortcomings
* 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

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

27
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Dark Matter mediators at the LHC

If there's a force other than gravity, there's a mediator,
and the LHC could detect it:
simplified models are popular Run-2 LHC search benchmarks

SM DM DM ; \-‘.; ; ' Physics of the Dark
SM SM SM e Universe
Med Volume 27, January 2020, 100371
: Dark Matter benchmark models for
- DM M [S)l\h/,l‘ early LHC Run-2 Searches: Report of the
>M ATLAS/CMS Dark Matter Forum

Dark Matter Forum & Working Group

https://Ipcc.web.cern.ch/content/lhc-dm-wg-dark-matter-searches-lhc
Phys. Dark Univ. 26 (2019) 100371 & references within

LUND Caterina Doglioni - 2020/08/04 - ICHEP ERC event o8
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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

electron proton photon neutron muon .
. 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) Hve ey
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How would new particles manifest?

Number of events

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

A

antiquark

Background

>

mass of two-object system
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Challenges for new particle searches

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!

LET
LE
Taa,
ey
.
.......
"~
"
ey
LN
.
.
.

Actual
recorded
events

.
e
e
N
.
.
.
B
N,
.
.
.
.
.
.
.
.
.
.
.
.

Background Mass of two-object system

4" .
(~new particle mass)

celtlevert PN AN
XA T [a7a" | g EEN
veelt o0’ 7S [ w2\
a8l Py %
Y - ‘/ SR Z
Ll Z\ s £ (. /=
05e s 3 \7\ v d P _:«/
S Sepe’, MO =
Teadvesstl NOps s
Established by the Suropear Cemmizsio
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Results from dijet+ISR search

Number of events

MNumber of events

Partiall Aet a/g
:emrde:ri SM s
events or b-jets
- a/g
secouded et Signal  Data jet
e * or photon
Mass of di-jet s;rstem NIt
(~DM mediator mass) reduce backgrounds Us€e |r(1j|.t|a.| State
: radiation
TLA restores full sensitivity, to look for mediators to trigger
but range still limited by L1 trigger with lower masses Background
Mass of non-ISR system
{~DM mediator mass)
Phys. Lett. B 795 (2019) 56
c — . . : . . . : : — E ] T T T ] T T T [ T T T [ T T T l T
D00 L ATLAS —e— Data, 76.6 fb", . a. . ATLAS 95% CL Upper Limits |
% E Vs=13Tev | g‘;’gf"r‘gg n‘(;'%i?e' = 0 107 5 - 13 Tev Observed ]
g - 2Db-tags - 02 by . N - 2b-tags wess Expected = 1-20 -
G10° o ¥feag s, e Tl m, =550 GeV, g =01 -3 W - 79.8 | 76.6 b O =FRes. 4
= W"E""ﬁ“ﬂaﬁ&_g:"!ﬂ;;; Ty BH p-value = 0.63 X 5 \ —e— 0g/mg =0.07 ]
, [ BH p-value = 0.97 ‘“"D‘-grﬁgta":é—:_, . x2 p-value = 0.52 < L —— 0g/mg =0.10 i
10 = 2 p-value =0.77 G*‘Dzu%u;?’gi‘- = x —— OG/mG =0.15
- —e— Data, 79.8 b, 000 e = B - .
B single-photon trigger gCaTEeee -
10 & Background fit : ‘l’?’%ﬁlh_f‘a
— —w—Z2,0x15 l|’+ = 10_3_
— m,. =250 GeV, g, = 0.1 . * C
g 25 - :
e OF =
g -2F- = :
& 2E —= 1
» OF = _ _
25 | . . - IR N RS R SRR B
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Results from paired dijet search  ruwewercrscom s

 For even lower masses:

. > 6/in'.A's' " Inclusive Signal Region
G 10 8= o 1 Total SM
produce two new particles, each & 1O T
. . . — e Data
decaying in two jets 2 10°] Mulet D)
. . . ) 103 —t—>qq(m 300 GeV)
* Not (yet) limited by triggers at ~ 100 GeV i :L:(ﬁl?? 500 GeV)
» Benchmark signal: (r-parity violating) 10g i | Tl
1 \\\\\
supersymmetric top partner 10" e ke
= s ' ' ' \\\\ \\\
, , 5 15 \\
» Connections to non-WIMP signals 3 eeetwtdann \\\\\\Q
<R
a 0.5 ,
(e.g. dark QCD) 500 1000 1500 2000
+ Developments ongoing... e
E ATLASSumuIatuonII:]m%O GeIV E 700;_/'11"LAS' o '_1' b-tagged Signal Region | E
%’ 0.5] Vs=13TeV gx ey = 600§E=13Tev’ 57 N\ SM Stat. uncertainty 3
12 L m,= 1 ~ E * Dat E
g oab | O oy 2 500F Wl 00)
5 r [ m,= 1500 GeV 1 QC) 400:_ Et E
S C ] L1>J = —£—>§a(m 100 GeV)
< 0.3:— —: 300F —1—)9?(”1 200 GeV)d
= C ’ C —t—>bq(rr1 300 GeV) 3
S 200F -
L - .
1001 =
2 - ]
L ] w
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S LUI@fD Caterina Doglioni - 2020/ 33
8



https://arxiv.org/pdf/1710.07171
https://arxiv.org/pdf/1710.07171

The team

The problem: too much LHC data

The solution: TLA

Results

Beyond DARKJETS

Full set of mediator constraints from dijet searches

107"

CMS Preliminary

N\

I,/M, =100%
— /My =50%
— » - - - -
— /M, =30%
——
_\ -

[p/ My =10
_\

/Mg =5

|

LHCP 2020

95% CL exclusions

CMS Dijet %, 13 TeV

20 30 100 200

810

~71000 2000

M, [GeV

[arXiv:1803.08030]

l‘zv/ Mt < ~30°/o

CMS Broad Dijet, 13 TeV
[arXiv:1806.00843]

l‘zv/ MZ < ""1 0°/o

CMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet, 13 TeV
[arXiv:1911.03947]

CMS Dijet+ISRjet, 13 TeV
[arXiv:1911.03761]

CDF Run1
[arXiv:hep-ex/9702004]

. CDF Run2
[arXiv:0812.4036]

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

Z width (all I";/M,)
[arXiv:1404.3947]

https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/
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 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]

I, /M, <~5%

CMS tf, 13 TeV
[arXiv:1810.05905]

Y width (all ', /M;)
[arXiv:1404.3947]
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Visible/invisible searches for DM (mediators) ="

1.6

m, [TeV]
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‘ All limits gt 95% CL | ]

0 05 1 15 25 3 35 4
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Keep in mind: these

plots are only valid for
the couplings specified,
in the limited case of
a benchmark model!

Ill

L1 1

tor mediator, Dirac DM

thanks to non-standard
analysis workflows

— Dijet
Dijet, 139 fo’
JHEP 03 (2020) 145
Dijet TLA, 29.3 fb™'
PRL 121 (2018) 081801
Dijet+ISR, 79.8 fb
PLB 795 (2019) 56
Boosted dijet+ISR, 36.1 fb”
PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb™
ATLAS-CONF-2018-052

— tf resonance

36.1 b’
EPJC 78 (2018) 565

— bb resonance

139 b
JHEP 03 (2020) 145

mISS+X

ET**+jet, 139 b
ATLAS-CONF-2020-048
ET*+y, 139 fb
ATLAS-CONF-2020-020
ET**+V(had), 36.1 fo'
JHEP 10 (2018) 180
ET**4+2(1l), 36.1 fb

PLB 776 (2017) 318
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Performance of small/large-R jets in ATLAS

0.85
0.8

arXiv:2007.02645

IIIIII I I I

13 TeV, 80 fb™
ti-k, R = 0.4 (EM+JES)

ATLAS

== Total uncertainty
g= Statistical component

] U'r-'!l‘uv----,"_; vvvvv

IIII|IlII|IIII|.

E_ Z — ee + jet

— v Z — uu + jet

- o Mulltijet y

20 30 10° 2x10° 103 2x10°
P [GeV]

Final jet energy scale correction for small-R jets

0.03

0.025

0.02

Relative uncertainties

0.015

0.01

0.005

Eur. Phys. J. C 79 (2019) 135

B ' ' T
— ATLAS
- \s=13TeV, 36.2 fb™

- Trimmed R = 1.0 anti-k, (LCW+JES+JMS)

—— Single particle high pT

—— Flavour composition
Dijet, modelling

----- Pile-up P, term

Pile-up offset mu

Relative non-closure

—— Flavour response
—— Pile-up rho topology
Dijet, Statistical
-~ Pile-up offset NPV
BJES response
Dijet, Non-closure

Illllllll|lllllllllllll

-------

10° 2x10°
Large-R jet p; [GeV]

Jet energy scale uncertainty for large-R jets
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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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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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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)

@ about the REALTIME Advanced Study Group

o@eﬂ
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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
* time-to-insight is the key metric 0357 o
» €2) about the SMARTHEP and HELIOS networks °

HELI®S

Helmholz-Lund International Graduate School

Innovative Training Networks (ITN)
Call: H2020-MSCA-ITN-2020

(proposal currently in “reserve list’) (proposal funded as Helmholtz International Graduate School)

Synergies between MAchine learning, Real Time analysis

and Hybrid architectures for efficient Event Processing and decision making : SRS .
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Foundations needed to exploit synergies

European Strategy
for Particle Physics

R

@ Ordinary Matter cEpSchA.PmE,
® Dk Maer | | 20— mhminniam
. @ Dark Energy \
.. | ] v . o
i ’., ;«- < a Perspectives .
o éf '@2 [ th dN clear Physics I rI S
ommon theory groun X/7
ep /‘\
instrumentation data acquisition,
(accelerators, beams, computing, EuUCAPT

detectors, vacuum &
cryogenics,
control & automation...)

data sharing
& open science

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)

47
The need to foster these synergies has been clearly identified in the national inputs
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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
Common theory ground interpretation

e Tns?umergtion dat;Iacquisition, A Towar dS a Dark Matter
(accelerators, beams, detectors software, com i ESCAPE
' y J ' puting, P o
vacuum&cryog.enics, data Sharing TeSt SClence PrO]eCt
control & automation...) & open science H F
— - — ESCAPE Progress Meeting, 2020

compare end-to-end analysis workflows for
SOftware & data WIMP searches, towards their implementation
in a common Software Catalogue and
i as input to the design of the
e @ European Open Science Cloud
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