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Challenge Justification and Goals

* Goal is to perform model-agnostic searches

* General searches (without explicit BSM signal
assumption) already performed by

D@ Collaboration at Tevatron using SLEUTH
« H1 Collaboration at HERA using 1-D signal detection algorithm
 CDF Collaboration at Tevatron (using similar to above)

* ‘Bump’ hunting searches for localized excesses in
events often used in these searches

 Machine Learning can perform these hunts using anomaly
detection techniques that have become more sophisticated

5 0610772021




Challenge Outline

 Dataset of > 1 Billion SM Events used to train ML models
 https://zenodo.org/record/3685861

 Hackathon Dataset: (https://zenodo.org/record/3961917)
4 different channels (selection cuts)
« 11 different BSM signals
* 19 total mass spectra
* 34 unique signal/channel combinations

* Train each method 4 times (once per channel) using SM

e Select ML methods which perform best to apply to
blinded Secret Dataset: https://zenodo.org/record/4443151

" —



https://zenodo.org/record/3685861

General Strategy

Detection of “expected” signal events Detection of “unexpected” anomalous events

Control regions to predict background
in signal region

Control regions to predict background
in signal region

Number
of events

Number
of events

Signal Region Signal Region

ML classifier score anomaly score
or physics motivated
discriminating quantity

Use fixed cuts for background rejections of 10-2, 10-3, and 10-4

ﬂ 06/07/2021



Variational Autoencoder

 Same structure as an AE except
the latent space is continuous by

dESign ilnput
« Sampling can be done on latent S
vectors to produce a continuous Dense - 120
set of outputs S
* (Generally) MSE + Kullback- R
Liebler divergence used as error S~
v

= 1 - Dense - 500

> S(ti—w) > oi +pui —log(oy) — 1

T 2 i=1 lOutput

Typical MSE Error KL-Divergence
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Challenges with the VAE

* Should the events be zero padded?
* Should we take a smaller number of objects?

 Which anomaly score to use:
* Just one or the other of reconstruction or KL
e Radius in the latent space
* Beta parameters (and how to tweak them)

0 0/ 0] O

0 0

mm “ 0]/0.3/0.5 0

- 0 0

[05[0.2 ol 50 00/00 o

1 losloclaolaol o

0 H i —_— A A A
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The Datasets

u -
SM processes E Number of jets of all backgrounds i
Physics process Process 1D o (pb) Niot (Nypm-1) é RN I IR B e
pp — ji(+27) njets 19718, >600Gev | 415331302 (197179140) S 107 -
pp = Fu(+25) w_jets 10537 11, >100Gev | 135692164 (105366237) é 10 ——
pp — 7i(+24) gam _jets 79275, > 100Gey | 123709226 (79268824) 3 -]
pp — U1 (425) z_jets 3758k, >100Gev | 60076409 (37529592) 10° =
pp — th(+27) ttbar 541 13590811 (5412187) 104 s
pp — t + jets(+2j) | single_top 130 7223883 (1297142) 10° - |
pp = t+ jets(+2j) | single_topbar | 112 7179922 (1116396) e
pp — WHW~(425) | ww 82.1 17740278 (821354) 10? -
pp — WH(+25) wtop 57.8 5252172 (577541) 10! i
pp — WEE(+2j) wtopbar 57.8 4723206 (577541) L0 -
pp = 1v(+25) 2gam 47.1 17464818 (470656) 5 5 0 T -zt
pp — WEy(425) | Wgam 45.1 18633683 (450672) Number of jets e
pp — ZWE(+2j) | 2w 31.6 13847321 (315781) 2 oo
pp — Zv(+2j) Zgam 299 15909980 (299439) < __ Hrofallbackgrounds == . e
pp = ZZ(+2j) 2z 9.91 7118820 (99092) - | | | -z o
pp — h(+25) single higgs | 1.94 2596158 (19383) g1 —_
pp — tiy(+24) ttbarGam 1.55 95217 (15471) £ =
pp — tZ ttharZ 0.59 300000 (5874) . -
pp — tth(+15) ttbarHiggs 0.46 200476 (4568) .
pp = vt(+25) atop 0.39 2776166 (3947) -
pp — W ttharW 0.35 279365 (3495) 103 s
pp — 7E(+25) atopbar 0.27 ATT0857 (2707) o
pp — Zt(+25) ztop 0.26 3213475 (2554) it
pp = ZE(+25) ztopbar 0.15 2741276 (1524) 10t - -
pp — titt dtop 0.0097 399999 (96) -
pp — W W - ttharWw 0.0085 150000 (85) 1000 2000 3000 —)
Hr [GeV] -

Madgraph+Pythia+Delphes | jets, b-jets, electrons, muons, photons
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The Datasets

Channel 1: 214,185 SM Events Channel 2a: 20,005 SM Events

H; = 600 GeV * MET = 50 GeV

« MET = 200 GeV « At least 3 y/e with p;> 15 GeV

e MET/H; = 0.2 « At least 1 (b)-jets with p;> 200 GeV

* At least 4 (b)-jets with p;> 50 GeV * Few training events, many ML

Channel 2b: 340,268 SM Channel 3: 8,544,111 SM Events
Events «H, = 600 GeV
*H; = 50 GeV

 MET = 100 GeV

* MET = 50 GeV ) dataset. timed out train
. * Large dataset, timed out training
« At least 2 py/e with pr> 15 on some methods =

GeV

o m—




The BSM Physics

BSM process Channel 1 | Channel 2a | Channel 2b | Channel 3
Z' 4+ monojet X X X
Z'+W/Z X
Z'" + single top X X
Z' in lepton-violating U(1)z, L, X X

R-SUSY stop-stop 5 X X
R-SUSY squark-squark X X
SUSY gluino-gluino X X X X
SUSY stop-stop X X
SUSY squark-squark X X
SUSY chargino-neutralino X X
SUSY chargino-chargino X

Some processes have different mass spectra or decay
modes: 19 signals, 34 Signal-Channel combinations

10 —



Conclusion

 Model-agnostic searches

* Primarily use Variational Auto-Encoders

* Variety of channels and signals

* Stick around to find out about the results!

N

f
T "REVEVBER, 507% OF
THE DISTRIGUTION
HIOFOMT - 2 FALLS BETUEEN
l THESE T LNES!

HOW TO ANNOY A STATISTICIAN
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