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Standard Model Total Production Cross Section Measurements staius: March 2018
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Cross-sections at 13 TeV

Updated Spring 2018 7
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Mass Measurements Updated Spring 2018

In several areas, we have reached an era
_of ultra-precision - what does this mean for
- the experimental and pheno communities?
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Fun fact: beam energy uncertainty (B) recently improved - significant impact on ttbar cross-section uncertainty!



https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.20.081003
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SM @ 100%

"Measurements” with ~100% uncertainty
are still in the "search” mode.
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"Measurements” with ~100% uncertainty
are still in the "search” mode.
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Example: Higgs to muons


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/fig_02.pdf

SM @ 100%

"Measurements” with ~100% uncertainty
are still in the "search” mode.

CMS 137 fb~' (13 TeV) CMS 137 fb™! (13 TeV)
E SR (pre-fit) { Data | 22z Observed upper limit Ill
O 5 Bttt 50—_ =— Observed cross section N
S 0 . W 1 === Predicted cross section /
%) . ttH 1
€ Nonprompt lep. ]
Q151 ttz _
L ttvv ;
Rare :
10 - Xy -
Charge misid. :
S 1 } ]
0- L :
.3 |
3 2- | | 1! :
& 1 ///}//////}//////1//////}//////}////// //////*///// ////////////T//////‘ Y, 2, 1
© O T T T T T T T
g 0 50 100 150 200 250 300 350 400 00_0 0.5 1.0 15 20 25

miss
p7™ (GeV) lye 1 yeM|

Example: Four top quarks


http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/

oM @ 10%

"Measurements” with 10% uncertainty can
begin to probe differential cross sections.
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Example: Dijets


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-03/

oM @ 10%

"Measurements” with 10% uncertainty can
begin to probe differential cross sections.
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Example: vector boson scattering
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Differential cross-
sections of W, Z, top
are reaching 1%

Matching or
exceeding precision
of corresponding
calculations

At this level of
precision need to be
careful what is

measured!
(e.g. parton != particle)



https://arxiv.org/abs/1803.08856

oM @ 0.1%

Even though newest fundamental particle, my very well known
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Requires superb understanding of muon momentum
scale and e/y energy scale and resolution


https://cds.cern.ch/record/2273853/files/ATLAS-CONF-2017-046.pdf

SM @ 0.01% - Ultra Precision: W mass
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https://arxiv.org/abs/1701.07240
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(2) New physics from precision measurements

Something no one ever said
With great precision comes

great responsibility

Image credit: Mavel (Spiderman)

—» KI1P workshop: New Physics from Precision at High Energies
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Many searches are not
imited by uncertainties

Looking for
"big” effects




Many searches are not
imited by uncertainties

e S

There are some exceptions where precision

Events / (0.5 GeV)

IS also required for direct searches
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Looking for

"big” effects



https://arxiv.org/abs/1804.02716
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-013/index.html
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Indirect searches with precision measurements
instead look for “small” deviations



Many searches are not
imited by uncertainties

Looking for
"big” effects
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Indirect searches with precision measurements
instead look for “small” deviations
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Running of the strong coupling constant
What if there are new colored particles?



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-025/

J. Llorente and BN, Nucl. Phys. B 936 (2018) 106
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Running of the strong coupling constant
What if there are new colored particles?
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Running of the strong coupling constant
What if there are new colored particles?



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-025/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-025/

Strong coupling at the highest scales
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Powerful probe: event shapes

Example: energy-energy
correlation function (TEEC)
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compare to theory predictions.
Uncertainties are %-level.


http://cdsweb.cern.ch/record/2725553/files/ATLAS-CONF-2020-025.pdf
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http://inspirehep.net/search?ln=en&p=refersto:recid:1477657

Jets as a precision probe for BSM

Using the TEEC, we have set stringent exclusion limits on
colored BSM (except when netf ~ 1 (€.9. single squark)

New fermion limits using NLOJet++ & ATLAS data
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Jets as a precision probe for BSM

Uexcl 0.50 ) .. .
o ' New fermion limits using NLOJet++ & ATLAS data

p = —1
g = 20 _i%
@)
0. 1 O v o UA2 i -
LEP CDF =
005 T (Kaplan, Schwartz) ATLAS ] _08 Cl)m
0 50 100 150 200 15 "
—
m: @)

g —0.6
J. Evans and D. McKeen, 1803.01880 10

0.4

C

/ g
There may be gaps: " - Bocis
Oo 50 1000 ©
m, [GeV]

J. Llorente and BN, Nucl. Phys. B 936 (2018) 106



000
\\\\\\\\\\

00
000
00)
00

"""""

o/ OR 4
CEN

[RA \‘\\
)
y

—» KITP workshop: New Physics from Precision at High Energies



https://www.kitp.ucsb.edu/activities/precision21

Data analysis in HEP

Theory of everything Nature
v v
Experiment
v v
Detector-level observables  Detector-level observables
v v

Pattern recognition «—— Pattern recognition



Data analysis in HEP + Deep Learning

Theory of everythinn Nature
= Parameter
. ast. ( v ) estimation /
simulation unfolding *
Physics simulators Experiment ~ ©Online
processing &
v v ) - quality control
Detector-level observables Detector-level observables
' Vo)
Pattern recognition «—— Pattern recogn Pata curation
Classification to gellofElon
clustering
enhance tracking
sensitivity noise mitigation

particle identification
“signal” versus “background”



Data analysis in HEP + Deep Learning
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How can ML improve
measurements with an
aim towards BSM?
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Data analysis in HEP + Deep Learning

N

Parameter i
estimation / How can ML improve

unfolding measurements with an
aim towards BSM?

e —




Data analysis in HEP + Deep Learning

A

Parameter
estimation /
unfolding

In low-dimensions, can try to explicitly model p(xlparams).
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Data analysis in HEP + Deep Learning \

Parameter
estimation /
unfolding

In low-dimensions, can try to explicitly model p(xlparams).
To make the most of our data, want many dimensions.
In high-dimensions, p is intractable. Need likelihood-free!




A hyper challenge

Key challenge and opportunity:
& hyper spectral data

Image inspired by JHEP 02 (2009) 007

Not to scale!




A hyper challenge

Key challenge and opportunity:
& hyper spectral data

We detect these
particles with
O(100 M)
readout channels




l.e. remove detector distortions



Example: Unfolding (Deconvolution)

If you know p(meas. | true), could do maximum likelihood, i.e.

unfolded = argmax p(measured | true)

Want this |Measure this
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If you know p(meas. | true), could do maximum likelihood, i.e.

unfolded = argmax p(measured | true)
true

Challenge: measured is hyperspectral and true is
hypervariate ... p(meas. | true) is intractable !



Example: Unfolding (Deconvolution)

A

If you know p(meas. | true), could do maximum likelihood, i.e.

unfolded = argmax p(measured | true)
true

Challenge: measured is hyperspectral and true is
hypervariate ... p(meas. | true) is intractable !

However: we have simulators that we can
use to sample from p(meas. | true)

— Simulation-based (likelihood-free) inference



I'll brietly show you one solution to give you a
sense of the power of likelihood-free inference.



Reweighting

I'll brietly show you one solution to give you a
sense of the power of likelihood-free inference.

The solution will be built on reweighting

dataset 1: sampled from p(x)
dataset 2: sampled from q(x)

Create weights w(x) = g(x)/p(x) so that when dataset 1
IS weighted by w, it Is statistically identical to dataset 2.



Reweighting

I'll brietly show you one solution to give you a
sense of the power of likelihood-free inference.

The solution will be built on reweighting

dataset 1: sampled from p(x)
dataset 2: sampled from q(x)

Create weights w(x) = g(x)/p(x) so that when dataset 1
IS weighted by w, it Is statistically identical to dataset 2.

What if we don't (and can't easily) know g and p?



Classification for reweighting

Fact: Neutral networks learn to
approximate the likelihood ratio

Solution: train a neural network to
distinguish the two datasets!

This turns the problem of density estimation
(hard) into a problem of classification (easy)



Unfold by iterating: OmniFold
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A. Andreassen, P. Komiske, E. Metodiey,
BN, J. Thaler, PRL 124 (2020) 182001
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Unfold by iterating: OmniFold
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Unfold by iterating: OmniFold
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Unfold by iterating: OmniFold
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. Andreassen, P. Komiske, E. Metodiev, BN, J. Thaler, PRL 124 (2020) 182001
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Example: unfold all particles in Z+jets
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OmniFold is:

- Unbinned

- Maximum likelihood

- Full phase space (compute observables post-facto)
- Improves the resolution from auxiliary features



Example: unfold all particles in Z+jets

N

OmniFold is:

- Unbinned

- Maximum likelihood

- Full phase space (compute observables post-facto)
- Improves the resolution from auxiliary features

Can it preserve BSM?



OmniFold + BSM

P. Komiske, W. P. McCormack, BN, 2105.09923
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Conclusions and outlook

Today | have focused on
indirect searches for new
physics with precision
measurements. | also
discussed how ML may help.

This is only a taste of both the
physics and methodology; there
IS also a rich program in direct
searches (with and without ML)

The full phase space of our experiments is now explorable,
and with new measurements combined with new theory
insight, we will be able to be maximally sensitive to BSM!
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Results - resonance mass

(order is arbitrary) Correct answer
Y
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N.B. not everyone reported an uncertainty



Full phase space unfolding: OmniFold

N

Emaly Dickinson, #975

The Mountain sat upon the Plain
In his tremendous Chair —

His observation omnifold,

His inquest, everywhere —

A. Andreassen, E. Metodiev, P. Komiske,
BPN, J. Thaler, 1911.09107

The Seasons played around his knees
Like Children round a sire —
Grandfather of the Days is He

Of Dawn, the Ancestor —



Parameter estimation

Mean and standard deviation over 20 runs:
Parameter Target value| Fit value
_.|TimeShower:alphaSvalue 0.1200 0.1195 4= 0.0022
S StringZ:aLund 0.6000  [0.6276 % 0.0373
StringFlav:probStoUD 0.1200 0.1203 = 0.0071
O|TimeShower : alphaSvalue 0.1700 0.1707 & 0.0022
= StringZ:alund 0.7500  |0.7425 4+ 0.0453 ‘\
E StringFlav:probStoUD 0.1400 0.1422 4 0.0065
Similar
spread
Parameter Target value| Fit value
1 D o |TimeShower:alphaSvalue 0.1600 0.1601 = 0.0018
° StringZ:alund 0.8000 0.7980 & 0.0257
StringFlav:probStoUD 0.2750 0.2754 = 0.0065

The meaning of this “uncertainty” is discussed later.



Pythia versus Herwig
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Pythia versus Herwig

No hyper-parameter tuning - out of the box!
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