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Hey Matt | want to tell you this how do you be able to
a good actor though in production can | ask

May 18, 2020, 1:30 AM

Jan 10, 2019, 9:14 PM

You should be together in the show friends Joey and
Rachel just Match SOO good btw | LOVE YOU GUYS

YWWPuguysaremyidols > QPO

Dec 23, 2020, 5:33 PM

Sure!

@ I'll try to find you at boost :)

Aug 5, 2022, 1:56 AM

oo (T HAPPENS QUITE OFTEWN.
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SORRY IF YOU WERE EXPECTING SOMEONE ELSE.

Hey Matt | always watch you on the TV the sitcom of
friends and always | am doing drama at the moment |
want to act with you is that ok with you

Hi joey...fan from India..

Jan 3, 2017, 10:28 AM

Joey

Joey

Joey

Joey

Joey

Joey

Joey

Joey

Joey

Feb 18, 2017, 8:40 PM



WHy b6 WE
BOOST ?

e We want to better understand the world

-~ —_— -

around us. || | WHAT THE
MELL IS
A BRIEF | HAPPENING ? |
HISTORY THE
OF END
HUMANS

Matt LeBlanc (CERN) — Overview (Experimental) — BOOST 2022 — Slide 3 SMACS 0723 via https://www.nasa.gov/webbfirstimages, bullet cluster via https://chandra.harvard.edu/photo/2006/1e0657/more.html
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WhHy b6 We
BOOST ?

We want to better understand the world
around us.

Many of these questions imply the
existence of particles beyond the Standard
Model (BSM).
We search for them directly, and
develop new tools to do so.
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around us.
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existence of particles beyond the Standard S
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>0.1-0.5 GeV
20 GeV ~1TeV (depends on detector)

Why b6 we BOOST ? '™ o Detection 1"

¢ Jets & jet substructure allows us to Hadrons

coherently probe QCD over several orders Partons Gl@
of magnitude of energy.

e ..from the hardest, TeV-scale emissions
at the LHC ... P

 ..through the resummation-dominated
region we can study perturbatively ...

¢ ...down to the softest, MeV-scale
emissions produced by hadronisation and
non-perturbative processes.
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>0.1-0.5 GeV
20 GeV ~1TeV (depends on detector)
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WHy b6 we BOOST ?

¢ Jets & jet substructure allows us to
coherently probe QCD over several orders Partons ao

of magnitude of energy.

e .. fromthe hardest, TeV-scale emissions
at the LHC ... P
 ..through the resummation-dominated

region we can study perturbatively ...

non-perturbative :
* .. down to the softest, MeV-scale (hadronisation) p~-0.C(.) fixed-order
emissions produced by hadronisation and .
. O : e Data
non-perturbative processes. = 5= 13 TeV, 32.p fo A
p p -g : CZIorlmefer baskd, anti-k R =0.8 ¥ NNLL+NP
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NI \N
P
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.. down to the softest, MeV-scale
emissions produced by hadronisation and
non-perturbative processes.

We often do this in a single analysis!

WHy b6 we BOOST ?

Jets & jet substructure allows us to
coherently probe QCD over several orders
of magnitude of energy.

... from the hardest, TeV-scale emissions
at the LHC ...

.. through the resummation-dominated
region we can study perturbatively ...

13 TeV

non-perturbative
(hadronisation)

~ F {s=13TeV,32p b’

The tactile nature of Jets+JSS lends itself
naturally to ML/AI studies:

Playground for classification, regression
tasks with well-understood non-ML

benchmarks.
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https://arxiv.org/pdf/1902.09914.pdf

20 GeV ~1TeV
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naturally to ML/AI studies:
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Playground for classification, regression
tasks with well-understood non-ML
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https://arxiv.org/pdf/1902.09914.pdf

AVICK TOUR OF A COVPLE SELECTED
RUN & SEARCH RESVLTS.

THESE WILL BE PRESENTED AFTER LVNCH TODAY
— SO THIS IS VERY CURSORY / CHERRY—-PICKED,

(I wiLL SHOW ONLY ONE SET
OF LIMITS (N THIS TaLK)

| DON'T WANT
MUCH IN LIFE.

JUST S\CK CLOTHES.
A BUNCH OF MONEY.

/

OPTIONS.

/

j?j

.2.
“ 7\3
AND LIKE. .
CONVENIENT FREE SHIPPING V
RESTAURANT A SENSE OF

1S ALWAYS NICE.

/
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PURPOSE, | GUESS ?
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Lots of CMS ML/AI Jet Tagging Info:

— RUN & SEARCHES : CMS
CMS 3W QES'ONANCES' CMS 138 fb™ (13 TeV)

—— SF'+Stat. unc. Stat. + PS unc.

CMS-B2G-20-001

,/4: \\ l

\ \\ 2.5

il

— SF"4Stat. unc. Stat. + PS unc—

E SF¥9,Stat. unc. Stat. + PS unc]
21~ 60 <m; < 120 GeV n
T p. > 400 GeV ]
q i i
1-5__ _—
! a | i
W W —/ ;::e Z
0
q
Jet 1) et g W) 0.55 :
(—l’ (1) 0O 01 02 03 04 05 06 0.7 0.8 09 1
deep-W
DEEPAKSY
PARTICLE + SV CNNs l )? OVTPVUT NODES, CALIBRATE &
q/9g w 12 34 R344 R?44

(q/9,j) <0.6 (W,j) <0.6 (t,j) < 0.6 (2,j) < 0.6 (R,j) < 0.6 (R,j) < 0.6

(q1w»j) < 0.8 (b;,j) < 0.8 (b,,j) < 0.8 (91,j) <0.8 (91,j) < 0.8

(g2w>j) < 0.8 (g1wj) < 0.8 (q1w»j) < 0.8 (92,j) < 0.8 (92,j) <08

(bi,j) > 0.8 (qaw+) > 0.8 (qow+) < 0.8 (g3.§) < 038 (¢.j) < 0.8

For £ (). For R% (R39) :

(4/9.j) < (>)0.8 (44,3) < (>)0.8

—J@i WWVVW<: 2’ tz_&i
SOTIROVLLA AND DENIS WILL PRESENT THE
DETAILS FROM CMS AFTER LVNCH TODAY!
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https://arxiv.org/abs/2201.08476
https://indico.cern.ch/event/1144064/contributions/4940254/
https://indico.cern.ch/event/1144064/contributions/4940253/
http://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/

CMS Experiment at the LHC, CERN
Data recorded: 2018-Apr-30 20:22:15.346880 GMT
Run/ Event/ LS: 315488 / 220301208 / 231

Lots of CMS ML/AI Jet Tagging Info:

— RUN & SEARCHES : CMS
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Matt LeBlanc (CERN) — Overview (Experimental) — BOOST 2022 — Slide 12



https://arxiv.org/abs/2201.08476
https://indico.cern.ch/event/1144064/contributions/4940254/
https://indico.cern.ch/event/1144064/contributions/4940253/
https://indico.cern.ch/event/1144064/contributions/4940294/
http://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-18-005/

RUN & SEARCHES : ATLAS

ATLAS-CONF-2021-043

LI I | I LI I | I LI I B | I L I L I LI
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¢
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W' -> T8 SeARCH 12
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8 0.75F o %
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ALl + LARS WILL PRESENT MANY ATLAS SEARCHES

FOR BOOSTED STUFF, AFTER LVYNCH TODAY!
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https://indico.cern.ch/event/1144064/contributions/4940268/
https://indico.cern.ch/event/1144064/contributions/4940277/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/

RUN & SEARCHES : ATLAS

ATLAS-CONF-2021-043
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10°E | =
- 1 ANOMALY VRNN
o T 1 Usep 10 berANE
- . SILVIA HAS A POSTER
S o8l o balsole o8 SIGNAL REGION  asBovT TMIS!
COMBINE TRACKING :: -
+ CALORIMETER (NEO R STRTET TSRS T TR T I ALl + LARS WILL PRESENT MANY ATLAS SEARCHES FOR
my [TeV] BOOSTED STVUFF, AFTER LVNCH TODAY!

( RUN & STYLE, "TCCs‘") ATLAS-CONF-2022-045
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-045/
https://indico.cern.ch/event/1144064/contributions/4940283/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/
https://indico.cern.ch/event/1144064/contributions/4940268/
https://indico.cern.ch/event/1144064/contributions/4940277/

NEW DIBOSON RESONANCES

QWI Z SEAQCHES b Ams - COMBINATION OF @ RUN 2 ANALYSES!

ATLAS-CONF-2021-043 Analysis leptons  E7,... jets b-tags Discr.
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e Sometimes ATLAS & CMS

Tracker §"F ATLAS Proliminary —0aa use a simple, cut-based
e e .j JSS approach ... but
! = Ano'mal7y585R95.5 - — BumpHunter in erva_i .
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102— T —;
4 Wﬁ—? VSED T DEFINE o, 4 145 & posTEe
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¢+ CALORIMETER (NFO 2 5 SRV IV [T 4114155 ALl + LARS WILL PRESENT MANY ATLAS SEARCHES FOR
my [TeV] BOOSTED STVUFF, AFTER LVNCH TODAY!

( RUN & STYLE, "TCCs‘") ATLAS-CONF-2022-045
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https://indico.cern.ch/event/1144064/contributions/4940268/
https://indico.cern.ch/event/1144064/contributions/4940277/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-028/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/
https://indico.cern.ch/event/1144064/contributions/4940283/
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https://atlaspo.cern.ch/public/summary_plots/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

Y. Huang o.b.o. ATLAS @ BOOST 21 H. Qu o.b.o. CMS @ BOOST ‘21

ATLAS + CMS : BOOSTING APART?
T B A L R L > 1

(13 TeV)

& 103 =
% = ?_TLAS Simulation Preliminary = g CMS T
S | s=13TeV = o :
) — . . — . . s _®
5 anti-k, R =1.0 jets _ 'O Simulation Preliminary OP taggmg
c _Contained top tagger o .
5 102 1500 < p. < 2000 GeV _ O 10_1 _Top qu:rk vs. QCD multijet |
S Fre ' = - 500 <p) <1000 GeV,h "l <2.4 |
C‘é E ~~~~~~~~~~~~~~~~ . g 105 < mg, <210 GeV

C Tl i o

_________ o .
1 O =TTl TS — {) 1 O—

—  — UFOSDjets (parton-based truth label) ~"v= = g

— -=-- LCTopo trimmed jets (parton-based truth label) ) -
8 = ————ee e = 10"3
S 2.5~ = — DeepAKS
O °E I E ParticleNet
o 1.9F =
o 1E = -4 .
§ 03 04 05 06 07 08 09 i 10001 02 03 04 05 06 07 08

Signal efficiency Slgnal efﬂc'ency
Different jet inputs (UFOS: track+calo objects, cluster splitting) Different architectures (GNN vs. CNN)

e Big improvements to boosted object tagging on display from both ATLAS and CMS, but via
completely different approaches! (Do not directly compare these plots to each-other!)
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https://indico.cern.ch/event/1037559/contributions/4440946/
https://indico.cern.ch/event/1037559/contributions/4447039/

SEIRINKAN, TOKYO

DEVILCRAFT, TOKYO

(I THINK BOTH LOOK GREAT)
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ATLAS UFOs

ATL-PHYS-PUB-2022-038
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© _ \s=13 TeV Z S . 44 .
S ool . Anti-k, R=04jets, PU+JES+JMS+GSC 1§ ©1°F . +F * -
o - Pythia8 dijets : 2 014 A —
o 0.15 . true CHS PElow — = “F ATLAS Simulation Preliminary ]
> — - —— - D — —
S i . —x— CS+SK PFlow - o 0.1:— /s = 13 TeV | —
(z i . CHS UFO { 2 (.0sb Antik A =04 jets, PU+JES+JMS E
0.1 v CS+SK UFO 1 o E Pythia8 dijets -
E "y, 1 % 006 2200 < p*® < 2400 GeV, 40 <m, < 200 GeV —
0.05[~ e — 0.04F —+ CHS PFlow -« CS+SK PFlow =
- e Sse § .- 0 02:_ CHS UFO CS+SK UFO _:
oL v v v | S O:...I...I...I...I...I...I...I...I...I...I...:

102 10° 0 02 04 06 08 1 12 14 16 18 2 22

pI*[GeV]

mtrue

FIRST R=0.t UFO JTET PERFORMANCE STUDIES! —p  PERFORMANCE EQUIVALENT TO OR
BETTER THAN R=0.t PFLOW TJETS.

Matt LeBlanc (CERN) — Overview (Experimental) — BOOST 2022 — Slide 19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-038/

H(ce)

CMS HIG-21-008

|
< E. miss
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CMS Experiment at LHC, CERN
Data recorded: Wed Sep 28 22:04:23 2016 CEST
Run/Event: 281797 / 2280041904
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Orbit/Crossing: 355492809 / 236
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e cc-jet
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Higgs Boson,
You will be
assimilated.

— ParticleNet

§% OF CROSS-SECTION
IN THIS CATEGORY!

PARTICLE KINEMATICS + PID INFO
GRAPH NEVRAL NETWORK

x @
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I
r X.
X/U Jil
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X,

Combined
Expected 7.60
Observed 14.4

Merged-jet
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html

H(cc)

CMS HIG-21-008 (New!)

(13 TeV)
2} -
3 - CMS DeepAK15
._C:J - Simulation —¢— ParticleNet
© 1 . .
= - anti-k; R=1.5 jets
= - p_>300 GeV, n| < 2.4
e ot
[
c 107y e
O P L
s S
L X Better
e \
N H—cC vs. H—bb
S| — H—cC vs. V+jets
107
E_ | | | | | | | | | | |
0

0.2 0.4 0.6 0.8 1
Signal efficiency

H—-2X IMPROVED RETECTION OF H(BB) AND V+TETS
Vs. DEePAKS (CNN)

a.u.

Qu & Gouskos 1902.08570
Regression: CMS DP-2021-017

2016 (13 TeV)

i CMS N 0 no cReg, no Kin-Fit
Imulation lementary *
0.081 Simulation Supplementary \k 122862147
~  Resolved-jet Z - o T
B : S c-jet reg, no Kin-Fit
2I-_, High pT.(V) /4+\+\
- Signal Region L . —u=12238,06 =119

0.06 - - ﬂ%}g\ » cjetreg+Kin-Fit

—u=1235,6=9.8

0.02- I -
: gﬁ* . _
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di-jet invariant mass [GeV]

PARTICLENET TET MASS REGRESSION
IMPROVES TET MASS RESOLVTION BY ~SOX%
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
https://arxiv.org/abs/1902.08570
https://cds.cern.ch/record/2777006/files/DP2021_017.pdf

BrEAKING NEWS!

ATLAS ASSIMILATED BY PARTICLENETI?
ATL-PHYS-PUB-2022-39 (New! Link doesn’t work yet.)

1 0/ | | I |
@)
X
o ~ ATLAS simulation Preliminary —~ ParticleNet
10°F Vs =13 TeV, Pythia8 -+ PFN —
! anti-k;, R=1.0 UFO SD jets DNN
105 [ pr> 350 GeV, |n| < 2.0, m > 40 GeV hIDNN —
EFN
1041 e ResNet50
PN BETTER -
102— |
10" — —
1 0 _ —
- BOOSTED TOPS
10905 0.2 0.4 0.6 0.8 1.0
gsig

TOBIAS WILL TELL VS ABOVT ATLAS'S NEWEST

UFO-BASED TOP TAGGERS ON WEDNESDAY MORNING!

DON'T MiIss KEVIN'S POSTER!

3 sig

Ratio to Z/ — tt

10 T T T T 1 O
.g . I 1 I I I
ATLAS Simulation Preliminary ~— __ » _ g W ATLAS Simulation Preliminary PN
V's =13 TeV, ParticleNet, £5,=0.5 - . Vs =13 TeV, EFN, &¢,=0.5 - .
anti-k, R=1.0 UFO SDjets "~ SMit Powheg+Pythia8 anti-k, R=1.0 UFO SD jets ~~ SMit Powheg-Pythia8
0.8 —-= SM tt, aMC@NLO — 0.8 —-= SM tt, aMC@NLO —
------ SM tt, Powheg+Herwig7 ----- SM tt, Powheg+Herwig7
s PARTICLENET 1 el .
- L]
e S - 0.4}~ —
——__L—"-—-'____h—=——=
0.2 l = 0.2
1.0~ ==== il —— o F;Jr 1.0— ——————._—_i—_ J___,-——r——'{———- o
08_ __—_h—g_.L_ __:-—_—:______._—____"“ ] g 08_ ...................... P v BT T T 0 — — ]
06— | | | | T G, eens | E 0.6— 1 . | | 1 . . _—
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Jet pr (TeV) Jet pr (TeV)

Interesting that ATLAS & CMS are converging on similar approaches —
but we should be mindful that AUC is not the only important metric!

More aspects of our simulation enters the picture when we rely
on low-level info.

(c.f. Fig. 42-43, CMS-]ME-18-002)
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https://indico.cern.ch/event/1144064/contributions/4940280/
https://indico.cern.ch/event/1144064/contributions/4940286/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-39%20/
https://arxiv.org/abs/2004.08262

ATLAS ASSIMILATED BY PARTICLENET *REALLY BADLY*!?

ATL-PHYS-PUB-2022-39

COMING SOON:

Your tralning sample’s
statistics will become
our own.

ATLAS I3 TEV O6PEN SIM

Resistance 1s futile.
=).0 UFO SOFT-DroOP JTETS

~ FOR ~

BOOSTED TOP TAGGING,
ML/AT stuDlEs!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-39%20/

JES Flavour Response uncertainty related to

TJES FLAVOUR RESPONSE
ATLAS ATL-PHYS-PUB-2022-021 (New!)

differences in gluon jet response in different generators:
limits precision in many LHC analyses.

0.08 ———— .
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-021/

TES FLAVOUR RESPONSE

ATLAS ATL-PHYS-PUB-2022-021 (New!)

Pyniia v8.23S vs. HErwIG V3.).6
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Pyniia v8.23S vs. SHERPA 2.2.F
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By re-weighting the baryon and kaon fractions within Herwig and Sherpa

jets to match Pythia, the jet response in all generators can be made closer.
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TES FLAVOVR RESPOMNSE
ATLAS ATL-PHYS-PUB-2022-021 (New!)

Pyniia v8.23S vs,
RE-TVNED SHERPA 2.2.F

Pyniia v8.23S vs. HErwIG V3.).6 Pyniia v8.23S vs. SHERPA 2.2.F
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Sherpa can also brought to
out-of-the-box by re-tuni
to LEP data!

By re-weighting the baryon and kaon fractions within Herwig and Sherpa

jets to match Pythia, the jet response in all generators can be made closer.
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TES FLAVOUR RESPONSE

A - -
TLAS ATL-PHYS-PUB-2022-021 (New!) RIS WL askc ALICE
OWN Thue 70 bo ™
DAY Arre ’
RNAOW!

-
It also motivates the measurement of these quantities in LHC data to enable such tuning, as well as careful
comparison to the LEP e*e” data. While ATLAS does have the ability to identify protons and K* at very

low momenta [56] it is not designed for measurements in the pt range of particles in jets at LHC. However,

the ALICE detector 1s caf able of good particle identification 57 and has already hublished spectra of
identified particles in minimum e baryon and

bias collisions [58] and therefore precisemeasurements of th
kaon energy fractions of jets are
of the LHC physics program.

feasible. Such a measurement could have a significant impact on precision

measurement

ALICE HAVE DONE THIS

OlAN WILL TELL V5 ABOVT HOW
y AFTERNOON!

INCLVUSIVELY (so-¥nr) ON TVESDA
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HEAVY HADRONS @ LHC

ALICE 2112.08156 CERN-EP-2021-088
CERN-EP-2022-171 (New!)

SN ALICE: A Large lon Collider Experiment at CERN

i‘.

Inner Tracking System (ITS):
Vrtexing, tracking

Time-of-Flight (TOF):
PID via time of flight

Rencontres d i
e Moriond, 24/03/2022 J. Wilkinson l

6
T —

ALICE has complementary abilities to
ATLAS & CMS — particularly PID.

Charm fragmentation fractions
differ significantly from LEP, HERA!

... Should include LHC data

B + B factories, e'e”, Vs = 10.5 GeV
- °++o o HERA, ep, PHP
04
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R,
A ~50
u ¥
53 (%]
li] Qe .

I [ I I

= ALICE, pp, Vs = 5.02 TeV

+LEP, e'e’, (s = m,
« HERA, ep, DIS

in tuning / validation!

Soft-drop observables in
DO-tagged jets! Brand new!
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OIAN WILL TELL VS ABOVT THE LATEST

Feom ALICE W PP 6N TUESDAY AFTERNOON!

+ EZRA (N PB+PB ON THURSDAY MORNING!

Matt LeBlanc (CERN) — Overview (Experimental) — BOOST 2022 — Slide 28


https://alice-publications.web.cern.ch/node/7614
https://alice-publications.web.cern.ch/node/7107
https://alice-publications.web.cern.ch/node/8385
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ATLAS Fragmentation Functions w/ jet topics extraction
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CMS, Phys. Rev. Lett. 124, 202001 (2020)

CMS jet shapes in ttbar
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Can make many comparisons from these results — here, note how agreement improves for larger
R, or with grooming. Studying a dijet topology (g/g-like jet admixture) exposes mis-modelling at the

gluon-initiated jet enriched region (large thrust).


https://doi.org/10.48550/arXiv.2109.03340

CMS, arXiv.2109.03340
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ATLAS-CONF-2022-056
(Branch New! Link doesn’t work yet)

ATLAS

EXPERIMENT

Run: 300687
Event: 1358542809 /
2016-06-02 18:19:05 CEST

1-IsoRing128 = 0.92
Njets - 12

MOST (RING—LIKE )
ISOTROPIC EVENT SELECTED
N RUN & DATASET!

Matt LeBlanc (CERN) — Overview (Experimental) — BOOST 2022 — Slide 32


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-056/

ATLAS MULNTET EVENT ISOCTROPIES W/ OPTIMAL TRANSPORT

MANY EVENT SHAPES CAN BE RECAST AS
OPTIMAL TRANSPORT PROBLEMS

+ SOLVED VStNG (IRC-SAFE) TECHNIAVES FROM
TOPOLOGY + COMPVUTER VISION.

0.5m 0.5m

THIS ALLOWS VS TO (NSTEAD QVANTIFY THE DISTANCE
BETWEEN EVENTS AND ISOTROPIC RADIATION PATTERNS,
RESULTING (N NEW + BETTER-PERFORMING EVENT SHAFPES!

"Work” TO RE-ARRANGE EVENT INTO
REFERENCE GEOMETRY: DISTANCEXENERGY

P-UJASSERSTEIN DISTBNCE (A.k.A. EMD)

1.01 ATLAS Preliminary 0.01 1.0m ATLAS Preliminary 0.0m
12, =0.227 M M’
EMD.B(S 8)_{;?1_%}12{124«]‘11 ij’
LINK TO ANIMATIONS
* ATLAS-CONF-2022-0S% EMDs (WASSERSTEIN DISTBNCES BETWEEN EVENTS) EVENT ISOTROPIES E
.  Key Puene KOMISKE, METODIEY + THALER CESAROTT! + THALER  :
5 Ibeas: 1902.023%6, 200%.0%159 200%.06)28 :
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https://indico.cern.ch/event/1037559/contributions/4428523/attachments/2290656/3894538/BOOST21_exp_intro.pdf
https://indico.cern.ch/event/1037559/contributions/4428523/attachments/2290656/3894538/BOOST21_exp_intro.pdf
http://www.apple.com/uk

Dijet selection, Soft Drop B = 2.0, z,,,; = 0.1
C\-l: 0.3 :—II_I+I_| b;tgl | I | I I | I | [ I I II_:
TVNE-Y TVESDAY? e, TSNty
el S -+
What can we learn from our existing oeuvre of 5 ol | =
g - i E §
measurements? & oos - — —_—
* Unclear that all mis-modelling we observe can = 1_g§:r*++|%=?l|%=~|%=u|==lIIHIIIHH{HQ
be solved by tuning NP parameters. & ;-}---:;L':-i- e | B =
. S 08 ECIT =
 (Canlearn something about e.g. the A T T
0.5 | || I T I T I T I T I I I T I =
universality of hadronisation (et yunsroomed 2

» (Compare w/ recent Sherpa tune to LEP

Min. Value | Max. Value
d ata? SigmaProcess:alphaSvalue 0.12 0.15
) BeamRemnants:primordialKThard 1.5 2.0
SpaceShower : pTORef 0.75 2.0
i 141 S Sh :pTmaxFud 0.5 1.5
Propose to have an initial chat for anyone SpaceStover P ke
paceShower : pTdampFudge 1.0 1.5
- ' SpaceShower:alphaSvalue 0.10 0.15
interested during Tuesday PM coffee break, e 710 0T
. StringPT:sigma 0.3 0.37
bEfore pOSter SESSIOn! MultipartonInteractions:pTORef 1.5 3.0
MultipartonInteractions:alphaSvalue 0.1 0.15

Table III.1: Choices of parameters to tune, and their maximum and minimum values.

Les Houches '19, Chapter 3
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RESULTS ARE NON-PERTURBATIVE'
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https://arxiv.org/abs/2007.06578
https://arxiv.org/abs/1807.04758
https://arxiv.org/abs/2012.08526
https://arxiv.org/abs/2004.03540
https://arxiv.org/abs/2111.00020
https://arxiv.org/abs/2106.05713
https://inspirehep.net/literature/1992901
https://arxiv.org/abs/1903.09644

DIRECT OBSERVATION OF DEAD CONE EFFeECT
ALICE 2106.05713

8 ALICE Data --- PYTHIA8LQ/inclusive pp Vs =13 TeV
. no dead-cone limit

— PYTHIA 8 charged jets, anti-k,, A=0.4

— SHERPA - -~ SHERPA LQ/ inclusive

no dead-cone limit C/A reclustering

@ (rad)

0.22 0.14 0.08 0.22 0.14 0.08 0.05

lllllllll]lllllllll IIIIIIIIIIITIIIIIII

10 < E e, < 20 GV 20 < Egpyer < 35 GeV

First observation of a
fundamental QFT (QCD)
phenomenon

The ratios of the angular distribution of gluon emissions from charm

quarks to those from light quarks and gluons (where no dead cone is & exper[m ental

expected), shown in intervals of the emitting parton’s energy at each

emission vertex, Ep.gi.tor A Significant suppression of gluon emissions COI’)fII’mCItIOn Of nonzero

from charm quarks is observed at small angles, with the suppression
exhibiting an inversely proportional relation to the energy of the emitting

charm quark. ChCII’m qual’k mGSS.’

Dead-cone effect in a parton shower. The cone size is inversely

proportional to the quark’s energy and increases as the quark’s
energy decreases with each subsequent emission.
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https://arxiv.org/abs/2106.05713
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/
https://indico.cern.ch/event/1144064/contributions/4939803/

STRONG COVPLING FROM TSS (PROSPECTS)

LEP EXTRACTIONS LHC ExTRACTIONS LHC EXTRACTIONS FROM T55

soft-drop grooming
Underlying event,
colour reconnection — mitigate soft/wide-angled

contributions

Thrust extraction sensitive in Jet rates, cross-section ratios

resummation-dominated usually compared to fixed-
region order calculations

Soft-drop mass prediction
— precise resummation

MLB ;: TUESDAY MORNING HOFIE ;: THVRSDAY MORNING!

Prediction: we will see the first as extractions from JSS during Run 3!
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https://indico.cern.ch/event/1144064/contributions/4940391/
https://indico.cern.ch/event/1144064/contributions/4940355/

TOP SECTOR MEASVREMENTS W/ T55

CMS-TOP-21-012 138 b (13 TeV)
1 1 L I

— T T T ]
CMS —e— Data ~
Preliminary m, = 169.5 GeV _
— m,=1725GeV —

- m, =175.5 GeV -

160 180 200 220
m... [GeV]
m, = 172.76 £ 0.22 (stat) £ 0.57 (exp) £ 0.48 (model) £ 0.24 (theo) GeV

= 172.76 - 0.81 GeV. B a GS.TED MTO 2

Many 67'“82 NEW RESULTS!

ATLAS _—
Vs =13TeV, 139fb~! EEm A: (expected)
— 68% CL

1 I 1 | 1 I T T
ATLAS ! global mode
vVs=13TeV, 139 fb"' i 4 Obs. 95% CL

1

Obs. 68% CL
| Exp.95% CL
i Exp.68% CL

| 1 I 1 | 1
0.5

w 138 o' (13 TeV)
= f ' ] B
# Measured AY 3

C (TeV/A)? 882; . Predicted AY

20 Y-

ATLAS-TOPQ-2019-28 <002

ATLAS-TOPQ-2019-23 001&% \\\\\\\\\\

-0.01
—0.02F

CMS-TOP-21-014 750750900 ggQGeV‘)

ALEXANDER : THURSDAY AFTERNOON KEeviN (AFTER LVNCH) + TITAS (THURS. PM)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/index.html
https://indico.cern.ch/event/1144064/contributions/4940228/
https://indico.cern.ch/event/1144064/contributions/4940274/
https://indico.cern.ch/event/1144064/contributions/4940226/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-014/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-28/

EMS-PAS-TOP-2]1-0)2

CMS BOOSTED TopP Mass — CGGL DE™AILS

35 9 fb 13 TeV 35 9 fb'1 (13 TeV)

—h
o
O

—~ 1 ™ | " S L B I T
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= 80— — Jet energy scale £ go- — FSR — Choice of m, 7
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© _ — ;e - - T 1 3 - P _
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™~ 8 i Jet mass scale flavour 7 8 CR b
% 5 i ——— Jet energy scale | 5 ——— UE tune
0 ® | — Pileup i @ — WK scales
s - T = 20+ ~———— MC statistics - 2 20 ——— ISR —
(4] — i i 4] — .
+ re_tu N e d F 5 R a S ( MZ) 0 50 100 1rig) DT:) XCone jet correction E’ FSR
L . . my™ [GeV] EXPERIMENTAL MODELLING
in fiducial region w/ t3; 10

(in backup)

120 140 160 180 200 220
mjet [GeV] mjet [GeV]

ALEXANDER WILL TELLS VS MORE (WITH (NCREASED PRECISION), THURSDAY AFTERNOON!

120 140 160 180 200 220
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https://indico.cern.ch/event/1144064/contributions/4940228/
https://indico.cern.ch/event/753914/contributions/3444281/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/index.html

BOOST s
EXPANDING

BOOST 2022 is the fourteenth conference of a

series of successful joint theory/experiment
workshops |[...] to generate new ideas &

develop new approaches on the
reconstruction and use of boosted decay

topologies in particle physics and beyond.

Date of paper

"1 (*) %]jss/jets vs year
15

1958

2022 -

s/jets

Date of paper

%js

"“TET SVBSTRUCTURE"” (*)

1990 2000 2010 2020

year
1976 2022

“(TET) SUBSTRUCTURE"” MENTIONED?
ATLAS TDR (1999) x EIC CDR (202)) J

CMS TDR (2006) x fLc TpE (2003 J
ILC Swowmass (202))
ALICE Puysics TR (2009) x 19+ nimes)

TET SUBSTRVCTURE HAS BEEMN ESTABLISHED AS A VERSATILE
o+ MAINSTREAM TOOL FOR MANY AREAS OF COLLIDER PHYsIcs!
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"jet" not "blazar" not "black hole" not "Kerr" not "Supernovae" not "blazars" not "black holes" not "Radio" not "Galaxy" not "optical" not "accretion" not "GRB" not "gravitational"

** ”jet substructure" or "soft drop" or "soft-drop" or "Lund jet plane" or "jet topics" or "Particle Flow Network" or "boosted top" or "boosted boson" or "jet fragmentation”


https://cds.cern.ch/record/391176/files/cer-0317330.pdf
https://cdsweb.cern.ch/record/922757/files/lhcc-2006-001.pdf
https://cds.cern.ch/record/879894/files/lhcc-2005-030.pdf
https://cds.cern.ch/record/391176/files/cer-0317330.pdf
https://arxiv.org/pdf/2203.07622.pdf
https://arxiv.org/pdf/2203.07622.pdf

BoosniN' s LeoiT

 |SS has been established as a versatile and

mainstream tool for many areas of collider physics.
Proving ground for many ML/AI studies and other

interdisciplinary techniques (optimal transport,

statistical demixing, etc.)
Can coherently probe huge range of energy scales

with a single analysis.
Helping to push boundaries & beat projections of

what we can do with LHC data!

JSS being considered explicitly in the design of future
detectors / facilities.
CLEMENS WILL TELL YOV ABOVT THAT ON

FRIDAY AFTERNOON!
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ELLIS, TACOB + LANDSHOEF

SCALE DRAWINGS OF TYPICAL JETS
AT ©=90°

/ _, 2.5Gev JET
2 CHARGED

S | NEUTRAL

O 200400 600 Mev/c )9
/a'
-7 5 Gev JET
-7 4 CHARGED

2 NEUTRAL

Figure 4



https://indico.cern.ch/event/1144064/contributions/4941010/
https://inspirehep.net/literature/100764

It means:

Let's BOOSI!




Some material from D. d’Enterria @ Moriond QCD ‘22

PDG World Average (NNLO+)

= B STRONG COVPLING
Boito 2015 —e— T desc(:ays
Boito 2018 I——-.—-':—I low OZ
PDG 2020 '_"F
MatezomTOa """" The QCD coupling, as, is known with far less precision than those of other gauge field theories:
Peset 2018 | e i
Narison 2018 (cc) |——:6-—-| thl;nd
Narison 2018 (bb) I—+—I SLALES
___________________________________ | S S S SN NN S S S B
1
. ‘OE This uncertainty is driven by tensions within the as world average, and it is becoming
ABMP16 —e—— | . : : : P : :
g i PDF fits increasingly relevant in predictions related to Higgs & top production, EWPOs, etc.
CT18 I —
MSHT20 ——
Ramn ;'.'.'.'.T.'.' ) o S R g Jup iy T;.'.'L AT T rTre oo T M T T T T I MM I T T T T - 1 dO‘ 3 ,
= |ALEPH (j&s) : — N°LL' results
: |oPAL (j&s) 2% dr
* |J)ADE (j&s) . o . . = L A A L L A ' ' I.'.' L
: Disserjtofi (3)) Fixed-order predictions, extractions : -/ f\, g — fulll jvil;ozt flg;ng Vcizl;
EJADE @) from jet rates, etc. : ] ,' : —_ = ng ggl ((:’;111;5) "
. Verbytskyi (2j) . 15 I |
:i"ﬂlga:rp:qs:.s'ggg.).'.'.'.'.' """""" e I.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'E ’ : ST ne Ql’ BS profile
E éZiiEﬁaﬂ M ——e s : Most precise collider extractions : oy e
:|Hoang (C) | +—e@— : (LEP) in tension with other results... 10t ! |
l'z;?fj:r];:r‘{g.;.g)::ﬁzzﬁ.'.1:::‘:::_‘.?.1;.‘:‘:::‘.‘:::‘:::‘.‘::‘.‘.‘::'.':::-::':'.'.1-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 5 o - Q=m,
CMS' (tt)* b *— ! hadron | | : - : (A)JFE;lTH -
:|H1L (ets) 1 colliders No LHC input from jets at NNLO+! : ! L3
E d'Enterria (W/Z) I- —] : i : ST D ]
- |HERA (jets) ——— . 0L N S R S E
.ll.l_l.llJ_llJLI.IJ_I.I.I.I_I.I.IMIJLI.IJ_Ié.I.+.II.lJ.lIJLI.IJ_I.I.IJ_I.I.IJ_lIJJ_I.lJ_I.IIllllllllllllllllllllllllllllllllllllllllllllllllll: OOO 0-02 0.04 0.06 0.08 0.10
PDG 2020 = |
Gfitter 2018 : electrowegk T
'--I-I-I-I-I-I-I-I-I-I-I-I-I-II-I-I-I-I-I-I-I-I-I-I-I-I-EI-Ill A AR EEEE NN NN NN EEEENENNNNEEEEEEEEEEEEEEEEEEEEEEE
1|FLAG2019 | |lattice L attice average most precise input. : ds (Mz) =0.1135 + 0.0010 (€+€' th rust) Tension
ctakasasmmsesbosetabtedsctanssesedtsnsmatabad s Ve

> 30

as(M2)

August 2021

as (Mz) =0.1182 + 0.0008 (lattice)

Abbate et al. Phys.Rev.D 83 (2011) 074021

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update. MLB (CERN) — Going off-topic to demix quarks and gluons in as extractions — BOOST 2022 — Slide 47



https://pdg.lbl.gov/2021/html/authors_2021.html
https://academic.oup.com/ptep/article/2020/8/083C01/5891211
https://moriond.in2p3.fr/QCD/2022/ThursdayAfternoon/dEnterria.pdf

Slides from 1. Klinsma, SVJ JSS working group

SEMI-VISIBLE TETS

ntroduction Central challenge of substructure in SVJs

e Common feature for dark sector models with hadronization: Final
states of mostly soft particles, jets

o Semivisible jets are quite QCD-like: Preliminary!

 We have long decay chains
Stable dark

Mean SVJ s hadrons
0.8 Mean QCD jet image 0.8 emi-visible jet image 0.8 Mean top jet image : | > = -
Mean Ll . o Mean Z l o E
QCD. .. - top jet % 8..
image . image @ o
0858 —0a %ﬂ’(; oa o8 | %208 —oa (1)3:,(7) 04 08 0808 —04 gﬂ’(?) 04 08 [—]SOL”CG 0 v ™ © Decay tree depth o Q2 1q 16
» Using jet substructufe is virtually required to achieve S e Dark QcD Decay back to SM

sensitivity Hadronization

« Many existing subsiructure variables are based on identifying hard
processes in the Wistory of a jet - prongs

* Not necessarjly the signature of semivisible jets

e Features of the hadronization must survive through multiple
stages in order to eventually appear in substructure variables

e This talk: A colfection of ideas, insights, and concerns identified e |52 prOng_CentriC view going to suit the SVJ t0p0|ogy?
during meetings of the Substructure Working Group
6 July 2022 - Thomas Klijngma - Semivisible Jet Workshop (Zurich, Switzerland) Z& Fermilab 2 6 July 2022 - Thomas Klijnsma - Semivisible Jet Workshop (Zurich, Switzerland) 2 Fermilab 4

: . _ Organising the space of models JSS of these models exhibits diverse pheno
Picture strongly depends on details of model. ) . : : )
: . — Is a big open question here, — I think there’s a lot of room for members of the
Huge variance from one choice of parameters to another : . : .
preventing systematic study. BOOST community to get involved!

TwWo SVT PHENS TALKS THIS WEEK — SvkaNYs (WED. MORrNING)
+ TeremMl (WED. AFTERNOON) WILL TELL VS ABOVT THEIR TSS!
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https://indico.cern.ch/event/1133166/
https://indico.cern.ch/event/1133166/contributions/4859649/attachments/2475819/4248783/0706_svjworkshop_f1.pdf
https://indico.cern.ch/event/1144064/contributions/4940316/

Arbitrary units

SEMI-VISIBLE JETS FROM CMS5 + ATLAS

CMS CMS-EXO-19-020, ATLAS CONF-2022-038 (New!)

CMS simulation (13 TeV)
—r 1 111 3
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BDT discriminator (J, ,)
CMS 138 fb™' (13 TeV)
2] LR AL R L AL R L B
T High-SVJ2 Signal (m,,, =20 GeV,
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Analyses currently rely heavily
on imbalance between leading
Jets due to invisibles produced

in shower ... ¢ y ot

q R ............
. plenty of room here for JSS NN

to improve sensitivity to certain
sets of models.

S. Kulkarni @ SVJ '22

SVJ can be enriched in heavy flavour, depending
on hidden sector mass spectrum:

Will lepton jets from BOOST °09 return!?



https://arxiv.org/abs/2112.11125
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-038/
https://indico.cern.ch/event/1133166/contributions/4760987/subcontributions/386906/attachments/2475721/4248592/Kulkarni_SVJ_workshop_2022.pdf

CMS, arXiv.2109.03340

CMS a/6 ANGULARITIES

 New measurement of generalized angularities
from CMS!

K ;
Ag

409

LHA Width

®@ O PRODUCTS OF CONSTITVENT

RELATIVE Pr AND ANGLE,
> P Vagy WEIGHT OF EACH COMPONENT

Multiplicity

T

» Explores differences between quark-enriched
and gluon-enriched selections (Z+jets vs.
dijets).

* Exponents of energy/angular components
can probe different aspects of QCD.

e Focusing on three angularities today which are
IRC-safe (k>0).
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- CMS 35.9 o' (13 TeV) CMS <359 b (13 TeV)
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Predictions for three IRC-safe angularities available at NLO+NLL, with & without soft-
drop! For ungroomed observables, agreement improves for larger angular exponents.
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Removing soft radiation via soft-drop (zc.t=0.1, §=0) accentuates
disagreements already observed in LHA: description of soft-collinear splittings?
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TOP MASS w/ TSS : TNDIRECT PROSPECTS (NEAR + FAR)
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CMS BOOSTED TP MaAsSS — CooL DETAILS, SVITE.

7. Studies of the final state radiation 13
36 b (13 TeV) 101 fb" (13 TeV)
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Figure 8: The normalised distributions in 13, for AKS8 jets with mj, > 140GeV, from the
hadronic decay of boosted top quarks. Shown are distributions for 2016 (left) and the combina-
tion of 2017 and 2018 (right). The background-subtracted data are compared to tt simulations
with different parton shower and UE tunes and different values of fgggr. The bottom panels
show the ratio to the tt simulation with frgg = 1.
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Soft-drop / mMDT

* This algorithm has played a central role in understanding JSS
since its proposal in 2013/ 2014.

* Recluster jet constituents with C/A algorithm, then remove
soft & wide-angle radiation failing SD condition.

 Removes Non-Global Logarithms: first analytical
predictions for JSS @>LL rely on the SD/mMDT procedure.

* Observables characterizing the hardest splitting in SD jets
have been studied thoroughly by experiment and theory:

'f min(pr.j1, PT j2)
not (PTj1 + PT1,j2)

* p = logiolm;/ pTi)

® Zg= ij2 /ij1

* Rg=AR(1,2)

 Many other schema for understanding JSS are built from this
tree-based declustering technique (e.g. Lund jet plane).

Dasgupta, Fregoso, Marzani, Salam, JHEP09 (2013) 029,
Larkowski, Marzani, Soyez, Thaler, JHEP 1405 (2014) 146
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Soft-drop / mMDT

1. Begin with an anti-k; jet.

2. Recluster jet constituents using
Cambridge/Aachen (C/A) algorithm
(angular-ordering). J

3. Iterating inward from widest-angle
radiation, discard subjets when they fail
the Soft Drop condition.

e Two parameters: Zcyt and f8.
4. When the SD condition is satisfied, stop!

o Soft and Wide-Angle radiation is
removed.

Dasgupta, Fregoso, Marzani, Salam, JHEP09 (2013) 029,
Larkowski, Marzani, Soyez, Thaler, JHEP 1405 (2014) 146
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Soft-drop / mMDT

1. Begin with an anti-k; jet.

2. Recluster jet constituents using
Cambridge/Aachen (C/A) algorithm
(angular-ordering).

3. Iterating inward from widest-angle J
radiation, discard subjets when they fail
the Soft Drop condition.

 TwoO parameters: Z¢yt and fS.

4. When the SD condition is satisfied, stop!

o Soft and Wide-Angle radiation is

removed.

Dasgupta, Fregoso, Marzani, Salam, JHEP09 (2013) 029,
Larkowski, Marzani, Soyez, Thaler, JHEP 1405 (2014) 146
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Soft-drop / mMDT

1. Begin with an anti-k; jet.

2. Recluster jet constituents using
Cambridge/Aachen (C/A) algorithm
(angular-ordering).

3. Iterating inward from widest-angle J
radiation, discard subjets when they
fail the Soft Drop condition. x if  minorypr) AR,
not (pT,j1 +pT,j2) o R
e Two parameters: z.,: and fS.
L s 2
4. When the SD condition is satisfied, stop! /
o Soft and Wide-Angle radiation is X

removed.

Dasgupta, Fregoso, Marzani, Salam, JHEP09 (2013) 029,
Lar K O WSk [ g Marzani g SO«VEZ g Ih 0/ er, -/ HEP 1405 (2 0 74) 146 MLB (CERN) — Jet reconstruction in ATLAS — Semi-Visible Jets Workshop @ ETH Zurich, July 2022 — Slide 59
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Soft-drop / mMDT

1. Begin with an anti-k; jet.

2. Recluster jet constituents using
Cambridge/Aachen (C/A) algorithm
(angular-ordering).

<

3. Iterating inward from widest-angle
radiation, discard subjets when they fail
the Soft Drop condition.

'f min(pr j1, PTj2)
not (pT,j1 + pT,j2)

e TwoO parameters: z.,t and fS.

4. When the SD condition is satisfied,
stop!

e Soft and Wide-Angle radiation is
removed.

Dasgupta, Fregoso, Marzani, Salam, JHEP09 (2013) 029,
Larkowski, Marzani, Soyez, Thaler, JHEP 1405 (2014) 146
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Dreyer, Soyez, Salam 1807.04758

Lund jet plane

QCD radiation within jets

IS approx. uniform in
In(E), In(B):

zaSCg 1 - asCqg

e In’ E6
w FE6

P(E,6) =

J

1. C/A Reclustering:

Combine closest pairs
of charged particles or
tracks!

2. C/A Declustering:
Unwind, widest angles first.
Each step is an emission, or,
a pointin the Lund Jet Plane!

emission 2

core

core

core

emission 1

core

emission 4

emission 3
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... a collection of jets gives a

ATLAS
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Soft — ;
Emission

Even
Splitting

Jj_ 0o

Wide-angle

distribution:

Vs=13TeV, 139 fb", p_ > 675 GeV

(1N ) PNoriggons / ( dIin(1/2) din(R/AR) |

1 1 2 25 & 35 4
IN(R/AR)

D e Collinear


https://arxiv.org/abs/1807.04758
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-035/

ATLAS Collab., Phys. Rev. Lett. 124, 222002 (2020), (HepData, Rivet)

T h e L u n d Wide-angled,

Here there be
non-perturbative

soft splittings .
Jtsplitting (s =13TeV, 189 fb”, p_ > 675 GeV physics. w
: . 1 ol 0.35 . R s,
~~ [\ T deca LO) +=+ ]
jet plane ¢ g e N0
o —0.9 < - DIS jets (NLO) -
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Multijet Event Isotropies with
Optimal Transport in ATLAS

ATLAS-CONF-2022-056


http://www.apple.com/uk

EVENT SHAPES

GLVON OBSERVATION AQACD CoLoVR FACTORS MONASH TUNE BSM?
(FADE, 1980) (KLvti eT AL, 20060) (Skawps T aL. 201%) (Aucnorboavl ET aL. 20))
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EVENT SHAPES INTERPOLATE BETWEEN COLLIDER EVENT TOPOLOGIES.
THEY HAVE SEEN A WIDE VARIETY OF APPLICATIONS (N COLLIDER PHYSICS FOR OVER SO YEARS.
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TRANSVERSE THRYST )

* Transverse Thrust is an extremely well- @
understood event shape in pp collisions.

 Quantifies how “back-to-back” an
event Is.

e Small values: back-to-back.
ATLAS

EXPERIMENT

Run: 305811
Event: 1126942872
2016-08-08 22:49:14 CEST

» Largest values: Mercedes events

* (c.f.Fig. 1in STDM-2019-02), or
event displays here.

e Are Mercedes events isotropic?

pb)

LHC 13 TeVRDF: MMHT2014
Scil: g = pup = Hy
1000 GgV <=Wra <

v""'lv’rm

de,

* Transverse thrust really just quantifies
If an event is back-to-back, or not back-
to-back.

ratio to ATLAS _



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-02/
https://moriond.in2p3.fr/QCD/2022/ThursdayMorning/Poncelet.pdf

EVENT ISOTROPY

CESAROTT! + THALER, 20041.06)2S 0
&
* Quantifies how far the radiation pattern of a % - )
collider event is from a distribution.
O—
» Will define what | mean by far precisely on RING U™
the next slide.
* We will be precise with what we mean by DIPOLE P*
) | JERN
» |sotropic in transverse plane? — ring-like T
» |sotropic in rapidity-azimuth? — cylindrical
Pfoinniiy CYLINDER U
* Original proposal motivated by certain BSM o L s s
models that do not produce ‘jetty’ signatures. Is this approach also N
useful for precision
» Certain dark showers models, SUEP, low-mass QCD studies?”

INstantons, etc.
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FIGURES/CARTOONS FROM KOMISKE ET AL.

ENERGY-MOVER'S DISTANCE (EMD)
KOMISKE, METODIEVY + THALER, 2004t.06128

M M’
EMDg(E,8') = {}111%}2 Z fii6%
* Need to define a IRC-safe distance metric between * i=1 j=
collider radiation patterns.

* EMD defines the minimum work required to re- R O el :
arrange one event into another. o : 5
» Given a metric, we can study collider physics using T : E" :
techniques from topology. 3 : ‘.k,. 5
< ' O * '
F 0 : : e :
* Corresponds to the p-Wasserstein class of E : : ‘e, :
metrics. 2 s e &
—R/Q‘ . E *lllllllllllll* E
* This metric is often utilized in computer vision: : 5
formulated as Optimal Transport problems. n | | | ] ;
~R ~R/2 0 R/2 R S TTTTEEEmmoTmmEmmmmmmmmsmmmmmnt

Rapidity y

* We can solve these problems with computer vision

tools/libraries. 1, 2, 3 m

 Some have even been adapted for particle
physics use since this analysis began! 4, 5

A.K.A. EARTH-MOVER'S DISTANCE
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https://users.cs.duke.edu/~tomasi/papers/rubner/rubnerIccv98.pdf
https://github.com/caricesarotti/event_isotropy
https://github.com/pkomiske/EventGeometry

THE PLAN

* We measured three EMDs, per-event: . et A
M ="Py7(6)

* The two maximally-distant 1D isotropies
that conserve transverse momentum.

* IsoRing2 is equivalent to transverse @
thrust — can be used to direCtly EVENT ISOTROPY

evaluate performance of EMD(U",€)

RING
IsoRing128.

DIPOLE 1D
* The 2D extension of isotropyinto @ === = - - - - - - - - - s s s s s T T T T T T T TS e

rapidity-phi space (IsoCyl16). CYLINDER

 Take calibrated R=0.4 PFlow jets with pr >
60 GeV, |y| <4.4 as inputs to calculations.

* Calculation also includes jet-based recaoil
vector to balance visible momenta.

* Measurement made in inclusive bins of jet
multiplicity and Hrz = p11+pT.2.
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ANIMATED VISVALISATIONS OF OT CALCULATION

EVENT &

0.5m 0.5

EVENT ISOTROPY

EMD(U, €)
1.0m ATLAS Preliminary 0.0m 1.0m ATLAS Preliminary 0.0
Jong = 0227 1-1328=0.672
ATLAS Preliminary 1-1Y'=0.79
6_
5 - [ J
1.5m ~ 1.5m
g 4]
g3
E ©
<, |
1_
ol B | | | | | | | Animations are at this link :
42z et 2 3 e https://cernbox.cern.ch/index.php/s/rYYF20n3je2rtXI
aplaity, y
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ATLAS

/ , EXPERIMENT . B
ATLAS - EXPERIMENT 2018
EXPERIMENT ) Runs 349268 ——=

Event: 1820380775

Run: 305811 ) 2018-05-01 06:52:25 CEST
Event: 1126942872 |

2016-08-08 22:49:14 CEST

IsoRing2 and IsoRing128 take extreme values for qualitatively different events.
IsoRing128 takes extreme values for much rarer multijet final states (increased dynamic range).
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ATLAS | | - = 2
- ATLAS - &
Event: 1126942872 ! I— _ >
ZI Simulation Preliminary =107 ®
‘ f_ Particle-level _i 102 %
- H.,>500 GeV - *§
— Pythia v8.230 —= 10> L
0.6 107
- Events that saturate IsoRing2 only
0.5 107 have intermediate IsoRing128 values!
- . (“increased dynamic range”)
0.4 10
0 35 S IsoRing128 saturated by “perfectly
~r 10 (and only perfectly) isotropic events.”
0.2 8 . .
N 10 3-pronged configurations are not
01— 10°S isotropic in the same way as a
- multijet event.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-021/

Run: 349268

AI LAS Event: 21320506011

EXPERIMENT 2018-05-01 08:58:11 CEST

1- IRingN=128 o 0.83
1-TcyiN=16 = 0. 85

Njet —




ATLAS

EXPERIMENT

Run: 349268
Event: 1921189174
2018-05-01 07:30:24 CEST

Tring™2 = 0.0001




ATLAS

EXPERIMENT

Run: 359010
Event: 439598060609
2018-08-24 11:01:18 CEST

l—ICle:16 = 0.48

Figure 2. Event configurations that maximize event isotropy (i.e. least isotropic), assuming balanced
(transverse) momentum. The optimal EMD transportation plan is determined by partitioning the

uniform event, where the sphere (a) is partitioned into two hemispheres, the cylinder (b) is separated
along the dashed lines at fixed ¢ and ¢ + 7, and the ring (c) is divided in half.
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