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After discovering the Higgs boson at the LHC [1], no major breakthroughs in Beyond Standard Model physics have occurred. Anomaly Detection,
could complement research by broadening the phase space while maintaining sensitivity to potential signals. ATLAS performed weakly
supervised resonant searches and unsupervised searches, selecting events based on deviations from a background model. Focus is on finding
heavy particles decaying into other particles in full Run 2 of LHC data (2015-2018, 139 fb~1), with particular attention to the first unsupervised
Machine Learning application in ATLAS: a search with a SM Higgs boson H and a new particle X produced in the final state
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/ Fully unsupervised search for new resonances decaying into a Higgs boson and a new particle X in hadronic final states [4] \

1. Analysis overview 2. X tagging with unsupervised Anomaly Detection
Search for a heavy-mass resonance Y decaying in a Higgs boson (H — bb) and a new particle X in the fully '®
N 7
hadronic channel AN
nput | @ L@ O Output NN
my [GeV] Merged 17 large-R jet ./‘ > 1 @ P<
! my/my = 0.3 X ! AN, <N | E—
6000+ " e & » 3
boosted IR i /P 2> 10T LN B T T T
, S q small-R jets ® o 5 b Coowe ATLAS Preliminary
—_— ? ’ — Y—=XH (m,, = 2000 GeV, m =300 GeV) = -1
Mass range: - 7}{ ; #ﬁr 4’ § 10f- — i s (s=13TeV, 139 b
» E“c 2 1 Y~ 2
b ©
| E 10"
- ® o -~
1000 = resolved large-R jet 4 < 107
000 ¢ big reco error 10°°
| L+ my [GeV]
O_T | 1 my b 107
65 3000 large-R jet ::bstructure TR — 10
10_61"'dé'-'éé"c;h"d'z"c')"blz"b'4' t?s"sb'é -
2 approaches to X tagging: . - I A
PP 99Ing B Fully unsupervised variational recurrent neural network (VRNN) . i ARGMaly Scors
* Model dependent: X — gqg boosted (my/my < 0.3) or resolved (my/my > 0.3) application (first time in ATLAS) g NCETTTTTTITTIIII
] ] i ] _ 5 102 [pae reliminary
* Model independent: anomalous hadronic decay reconstructed in a large-R jet (!) 99 . . . . o —Dcse is =13 TeV, 139 fo"
° > 5 10 Mz = 0 5E
X{ P Tralned 9ver jets with pt > 1.2 TeV using ATLAS reconstructed B OF e
| o o arge-R Je jet constituents modeled as sequence of four-vectors I T
X and H candidates identification performed on the two most-leading jets. v ; S . A B ;
\\\ -3
o _ 2 Anomaly score computed from VRNN output 134 oo
Ambiguity .resolved by DNN H — bl_) tagger[s], Dy, score computed * Sensitive to alternative X decay hypotheses other than 2- 10°
° . 4
H candidate chosen based on highest score prong (e.g. heavy flavor, three-prong and dark jet) ot e 1999
b -1 -08 06 04-02 0 02 04106 08 1
2 o I J, Anomaly Score
c ATLAS Preliminary =
) 102 [ ]Data ry DH L Sj ) .
— Y=XH (m,, = 2000 GeV, m_=300 GeV) _ -1 BB ow Side Band  Higgs mass window
_‘3 105 — Y—XH (m, =340 GeV, m, =110 GeV) fs=13TeV, 139 fb 5 4. Results
ﬂ‘) 1 — Y—=XH (mY =5000 GeV, m, = 2500 GeV) = :
5 3 Fit performed on final state invariant mass distribution my; in SR of data, repeated several times in
£ = : SR J]
)] _ ; . . .
Z : :
-+ X tagging overlapping bins of the X candidate mass
?E);XZ;’ ................................ R ..............-.-..ccooomieenemmene ° Many S|gna| regions defined for each (mX: mY) bin
L — ' .
. Calculated stat-only p-values to test compatibility with background only hypothesis using BumpHunter [7]
I I P -2 3 H
° J7 5 8 =S 2 B2 [GZ‘C/’;’ Max deviation: ~30 local significance, becoming 1.43¢ global significance
H “H,, my 1G€

ATLAS p-values grid

Vs =13 TeV, 139 fb~! Anomaly SR

3. Background estimation 6000
The background is mainly QCD dijet events (~97%) L
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