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2019 Is a special year.




2019 Is a special year.




2029 will be even more special!

Where will QCD take us in the
next 10 years? Let's discuss!
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- Tagging for BSM searches (and SM measurements)
- Uncovered scenarios

rigger and pileup challenges
racking / calorimeter challenges at high pr
- Precision QCD
Physics targets
Bottom-up approaches
- Machine Learning Methods (come to ML4Jets2020!)
- Tools
- Fast inference
- Anomaly detection
- Uncertainties



https://indico.cern.ch/event/809820/
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- Tagging for BSM searches (and SM measurements)
- Uncovered scenarios

rigger and pileup challenges
racking / calorimeter challenges at high pr
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Tagging for SM measurements

A growing number of measurements
at high pr using hadronic channels.
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Tagging for SM searches
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Tagging for BSM searches

Now widespread!

...Includes tagging boosted SM

particles and boosted BSM particles.

Challenges:

e How to calibrate BSM
resonance tagger?

e How to calibrate a
tagger beyond were
we can calibrate”?

e \What is the best way
to do mass
decorrelation?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-02/fig_30a.pdf

Tagging for BSM searches

Now widespread!
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Challenges: o THAS SmislnTrefminay
% [ Vs =13 TeV i %\ §§
. 5| S = e MVA: Analytical: _ c =
e How to calibrate BSM sz "CF | wiettaggng e ew 3 2 B2
® : p. € [500, 1000] GeV Zpn o 700t D 390
resonance tagger? S ol [ e 00 ] E L8
. - L Cg) o D2 _| %ECD
* How to calibrate a g wk | o2 ] E gBe
tagger beyond were = oL 1% ¢
3 = Jast B 1 & £
. h © 0=03"6._ _ cC -
we can calibrate? g e 1o
10 E_ . . R §
" N BPUOR 1 O
e \What is the best way - e, 5 o
1 e £ 8
tO do maSS - ! ! Lo e 102

10 102

d ecorre | ath n’? Background rejection, 1/ e[y @ &7 = 50%


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-014/fig_11b.pdf
https://indico.cern.ch/event/753914/contributions/3440387/attachments/1884206/3105265/Shih_BOOST2019.pdf

Trigger challenges
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We need to make the online algorithms
as close to offline as possible!
(and maybe even then, that is not good enough)


https://twiki.cern.ch/twiki/pub/AtlasPublic/JetTriggerPublicResults/L1J100_ATLASprelim.pdf
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Serious problem for jets, MET, and jet substructure
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(ML will help, though clearly work to do!)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-028/fig_04c.pdf

Tracking inside jets
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Highly boosted resonances lead to efficiency losses
inside |ets - many of these are recoverable!


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2019-006/fig_05a.pdf

Calorimeter reconstruction inside jets
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Angular resolution is a serious challenge at high pr. Can
we improve on both the calo side and the use of tracks?


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-035/fig_06a.pdf

- Precision QCD
Physics targets
Bottom-up approaches
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Physics targets

Standard Model
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https://arxiv.org/abs/1812.09283

Bottom up calibrations / uncertainties
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Calibrations from resonances not directly applicable to
QCD |ets - perhaps we can calibrate from the bottom up?
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- Machine Learning Methods (come to ML4Jets2020!)

- Tools

- Fast inference

- Anomaly detection
- Uncertainties
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Practical matters

e Fast inference (see recent FNAL workshop)
o Specialized hardware (GPUs, ...)

* |ntegration into ATLAS/CMS software

» Publishing NNs (for recasting, etc.)

« Sufficient training stats. / transfer learning
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Anomaly detection

We have performed hundreds of hypothesis tests and

have n

ATLAS SUSY Searches” - 95% CL Lower Limits

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

ever rejected the null (the Standard Model

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Three

possibilities
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Anomaly detection

CWolLa Hunting (1805.02664), auto encoders
(1808.08992, 1808.08979, ...), LDA (1904.04200), With signal

+ methods that depend strongly on MC + ...
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Uncertainties

But what are the uncertainties on the NN”7

- question asked by every review board



Uncertainties

limited training statistics

Statistical uncertainty

limited prediction statistics

ptrain(x) # Ptrue (113)
Inaccurate training data

rue S+B
NN(X) Ptrue=Ptrain # ptptru(ex(lm|B) )

model/optimization flexibility

Systematic uncertainty

Pprediction (37) 7é Ptrue (JI)

Inaccurate prediction data

1909.03081



Uncertainties I

What if you are using a NN to extrapolate into a SR”
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~— Low-level (undertrained)
- High-level

-
- -~ -~
-

—----—---——- - 3
- - \
-

unperturbed HL perturbed LL pertrubed

Relative Discovery Significance

0.51 — Expected - == QObserved Random
- background signal

0.0 0.2 0.4 0.6 0.8 1.0
Classifier Threshold

...we need to do | E
better than Pythia ““h__ux
versus Herwig! T

Jet mass [GeV]

1910.086006
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- Tagging for BSM searches (and SM measurements)
- Uncovered scenarios

rigger challenges
racking / calorimeter challenges at high pr
- Precision QCD
Physics targets
Bottom-up approaches
- Machine Learning Methods (come to ML4Jets2020!)
- Tools
- Fast inference
- Anomaly detection
- Uncertainties



https://indico.cern.ch/event/809820/




