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My recent work

o ATLAS

L hh—4b analysis

o Developed and maintained boosted analysis software framework

o Implemented use of Variable Radius track jets

o Tested background reweighting using boosted decision trees

o Performed statistical analysis, proposed new result interpretation
L MET Trigger

o Developed framework for performance monitoring plots

o Evaluated and monitored trigger performance during 2017 run

e hh—4b phenomenology study
o Developed and maintained neural-network-based analysis
o Implemented baseline boosted analysis
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Why di-higgs?
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Why di-higgs?

o Standard Model
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Why di-higgs?

g ~
h ,/’, ¢ Ev P

+ (LD +he

ct

N

(e

[}

|

|

|
O\

S T )Lf lﬁc')L'¢+L\<.
208 h ™~ - 37
W RA-VE

Santiago Paredes Sdenz 11



Why di-higgs?

g
m h - \
n =3 Fu F™
t/b A -0 + (LD +he
\\\ T )L: k5(')L'¢1’L\<
— - hs 3 S
g W RV

Santiago Paredes Sdenz



Why di-higgs?

g
m h - \
n =3 Fu F™
t/b A -0 + (LD +he
\\\ T )L: k5(')L'¢1’L\<
— - hs 3 S
g W RV

Santiago Paredes Sdenz



Why di-higgs?
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Why di-higgs?
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e Key missing measurementin SM —
e Defines Higgs potential
L Evolution of early universe 5 9 sl Ay
L Baryon asymmetry AVh” 4 AVh” |- Zh

e hhis the only way to directly measure self-coupling!
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Which channels?

Higgs branching fraction
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Which channels?

Higgs branching fraction
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Why HH—4b?
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ATLAS
hh—4b
Analysis
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HH — 4b: two regimes

Boosted
Channel

Resolved
Channel

Low higgs p. High higgs p,
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Boosted Signal Event Topology

Calorimeter Jets
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Separate signal regions

e Boosted higgs bosons
L Decay to collimated b-jets
L Jets start to overlap

= Three search regions
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Introduction of Variable Radius Track-Jets

e How to avoid overlapping track jets as p. increases?

Santiago Paredes Sdenz

24



Introduction of Variable Radius Track-Jets

e How to avoid overlapping track jets as p. increases?
L Let the jet’s size shrink!
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Acceptance Gain in the 4b Region

e Expected migration of events from 2b, 3b, to 4b
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Acceptance Gairt Loss in the 4b Region

e Expected migration of events from 2b, 3b, to 4b
e Unexpected drop in efficiency in the 4b region
L, Events migrated to the 2b region
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Traced down the problem...

Efficiency

e Working with
the flavour

tagging group

L Issue was
traced down to
a small
inefficiency in
the b-tagger
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Impact on the Expected Limit
FIYED-RADLUS (FR) ANALYSLS - -eommmmmmememeeme e

E T T T T T | T T T T | T T \_j/\,
= ) — BukRS. kM, =10 .7
e VR track jets were P ATLAS Work in Progress .. e 5% 0L ]
. 8 Ldt=32.9 fo' = =@ e Expected Limit VR (95% CL) |
implemented to the % :
. I Expected + 1o
analySIS E 10 = Expected + 26 =
L Improvements T F i
' 4 - _
even V\{Ith . w L i y
b-tagging issue! 1 T .
e Input from oursearch =

prompted a re-training
of btagging

> Expected soon 000 1800 2000 2800 3000
KALUZA-KLELN GRAVITON MASS — — — — — —— — — — - Mg [GeV]

Santiago Paredes Sdenz



Future of
hh searches




Future & Prospects
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e Key missing measurementin SM —
e Defines Higgs potential
L Evolution of early universe 5 9 sl Ay
L Baryon asymmetry AVh” 4 AVh” |- Zh

e hhis the only way to directly measure self-coupling!
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Future & Prospects
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Future & Prospects

X
R) =
9 ASM
038 h .-~
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e Key missing measurementin SM
e Defines Higgs potential
L, Evolution of early universe g 5 4 5 A
/ Av2h2 +Avh? |+ 2 R
L  Baryon asymmetry 4
e hhis the only way to directly measure self-coupling!
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Future & Prospects
A

-~ e Multiple channels making
promising progress!
-~ L bbyy, bbzr, and bbbb
o keyn® HL-LHC projections (yellow report)
o Defir 1, <3 g sensitivity for hh discovery
b Ey rSf
, 5> ~50% precision onk,

e hhis the only way to directly measure self-coupling!
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https://arxiv.org/pdf/1902.10229.pdf

Phenomenology Studies of Di-Higgs—4b

e Study the hh—4b process
in HL-LHC conditions 77 """ ----=--mm-mmmmmmmommmm oo mmo oy

! I
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overcome difficulties
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Phenomenology Studies of Di-Higgs—4b

e Study the hh—4b process
in HL-LHC conditions
L Explore how to

Higgs self-coupling measurem

optimize for K,
precision

L Explore new
techniques to
overcome difficulties
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Neural Networks Analysis

e One of the main challenges is
signal-background discrimination

L Trained neural networks
to improve separation
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NN Validation: Signal Sample

E 300:_ Vs=14 TeV, pp » hh signal sample, k =35

= —  Resolved analysis
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e Correlation plots made to validate NN training
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NN Feature impact: SHAP values

Resolved, kK, =5

o SHAP:
L SHapley Additive
exPlanations
L, Combines several feature
importance methods
e Impact on signal score of each

of the input variables

b-tag(hs>"
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https://github.com/slundberg/shap

Neural Network Improvements

e Cuts on neural network

Vs =14 TeV, 3000 fb™!, hh — 4b, 68% CL contours

. . 1.4 e
signal score were set in the 3
analysis 12 o Bedne
. el 1.1 F == =+ Intermediate :
L Significant g gy
improvements, even 0.9 F |
. 0.8 F
with proof-of-concept 07 [ |
L, Room to expand IN 0.6"'"_15'"1(')"' T
the Futu re DNN trained on Ky, = 5
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Neural Network Improvements

e Cuts on neural network
signal score were setin the

analysis
L Significant

improvements, even

with proof-of-concept

L, Room to expandin
the future

0.9 t

Vs =14 TeV, 3000 fb™!, hh — 4b, 68% CL contours

IIIIIIIIIIIIIIII:III.II

— DNN Baseline > va
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Summary & Conclusions

e Avariety of di-Higgs searches are doing good progress
towards discovery and constraining 4, .
> hh—4b and hh—bbzz two most sensitive channels
in ATLAS
e Di-higgsis arich area for both SM and BSM searches
L Promising results expected for run 1l and HL-LHC
L With new approaches and novel techniques these
expectations could even be exceeded!
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Latest ATLAS hh4b paper
Latest ATLAS bbtautau paper
h+hh self-coupling constraints
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Di-Higgs Diagram Interference
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ATLAS Detector
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Self-Coupling from Single Higgs Production

e Single Higgs also (indirectly) dependsona,,, !
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Self-Coupling from Single Higgs Production

e Single Higgs also (indirectly) depends on 4
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Self-Coupling from Single Higgs Production

e Single Higgs also (indirectly) dependsona,,, !
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The Idea

H gy
H—ZZ"— 4¢
H— WW*— evuy
Single Higgs — H-or'r
e Combine existingH 36.1 fb - 79.8 fb | VH,H — bb

ttH, H — bb
and HH analyses for  — t7H, H — multilepton

improved constraints

o

. HH — bbbb
Double Higgs - wu — pbrtr
27.5 fb* - 36.1 fb* HH — bbyy

— —

*Caveat: Overlap between H and HH analyses carefully considered
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Improved Constraints!

e Constraints improved by & LAr——rre

o - ATLAS Prellmlnaryl A llllll 1
combining Hand HH jaf FeBmons men E

e Various results presented: R s .
. . 1.2 + Best Fit H+HH & P R LTTRRP s : -

> Varying self-coupling only [ =& ' w1 ]

. 1.1~ —HH -

L Vary self-coupling and =" {1 ) /3
coupling to top - NG ' a—

> Generic model (couplings  oof " S O
toV, top, b, lep. mayvary)  F

=20 —15 —10 -5 0 5 10 15 20
ATLAS-CONF-2019-049 K;
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Resolved bbzz (had-had) Event Topology

A single or di-T triggerA

trig. dependent p. cut

__________________ _ﬂ_(x\,_H__
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A
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m cut
™

x no extra [,t/e/’rx
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BTagging relevant variables

THCK'S =~ TN
IMPT—— T
PARAMETER

PRIMARY
VERTEX
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QCD Background Estimation

[ Estimate QCD background in the n-tagged signal region

LOW
1AG

<
<




Mass Plane Region Definition

=
ATLAS o)
¥Ys=13 TeV, 36.1 " (Lg
Boseted 300 <
2
®
o Control «------- - 0
. . 2
e Validation = | -~
e Signal « - ——-—___ o

100

0

580 100 150 200 250

m'?a [GeV]

Santiago Paredes Sdenz *Plot from https://cds.cern.ch/record/2313703/files/1804.06174.pdf 59



https://cds.cern.ch/record/2313703/files/1804.06174.pdf

Backgrounds

e Main backgrounds: ttbar + multijet
> Multijet is dominant

e Estimated separately for each signal region
Flgure 8i in ar><|v 1804 06174
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Background Estimation

Figure 8 in this paper

--------------------------------------

e QCD multi-jet =
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Resolved hh4b analysis

e One of the main challenges is
jet pairing
e Different approaches
o Using dR between jets
o Use a BDT to discriminate
right/wrong pairs
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Boosted hh4b background

e Newidea:
o Gaussian processes
regression for background
estimation + systematics

Santiago Paredes Sdenz

Data: 2-tag split (ttbar subtracted)
ATLAS Work in Progress

200 250 300 G
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Background Model
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New idea: BDT re-weighting Details in arXiv:1608.05806

e Use a boosted decision tree to find the optimal
multi-dimensional binning to re-weight low-tag to estimate
the background in signal region

+ yields - <.
to get weights\'\'\\‘
. maximizes I LY
decision tree—— % apply weights X X
high-tag between to form new i
X, low-tag — x \ y ‘tree L
$ [ v $ [ < $ [ I 7

phase space |

-; xi -; xi
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https://arxiv.org/abs/1608.05806

BDT re-weighting

e Re-weighting variables, control region used for training
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Intermediate Signal Event Topology

Santiago Paredes Saenz
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Datasets

e Generated MC samples:
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NN Validation: ttbar Sample

Events / bin
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e Correlation plots made to validate NN training
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Neural networks and structure

e [oss
L categorical crossentropy
e Activations

L Hidden layers
L ReLU

L Output layer

L softmax
e Adamax optimizer
e Learning rate, drop-out and
batch size optimized using
random search

Input layer

)l
NODES

[ XN

Hidden layer 1

)0
NODES

Hidden layer 2

)0
NODES
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Output layer

SIGNAL
TTHAR
0CD
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Validation: ttbar Sample

Hadronic
W's?

S. Paredes Saenz
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Validation: ttbar Sample

Hadronic
W's? Leptonic
150 W's?
100
50 .
- so Test :veto
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S. Paredes Saenz NN top score trained on K(A__ ) =1
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Validation: ttbar Sample

Leptonic
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e This approach al

1/N dN/d(NN Score)
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Output layer

lows for extensions and more
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Feature impact: SHAP values

0.25 A

0.20 A1

0.15 A

0.10 A1

0.05 A1

SHAP value for
hl Pt

e Can also study
correlations this way
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L1Calo Changes

L1Calo updates discussed here
https://its.cern.ch/jira/browse/ATR-17276

L1Calo updated its filter and noise cut coefficients, starting with run 339037
e Expect positive effect on rates
L Needed to check the impact on MET trigger performance

e Comparing to the previous run 338987
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https://its.cern.ch/jira/browse/ATR-17276

MET Trigger SW Framework Layout

4 METTriggerToolBox /\ N
|

(Dx)AOD — NTupleMaker — Ntuple — PlotMaker — Hlstograms Plots!

/\
METTriggerHelper HLTAlgorithmEmulation

! 1 - y

All bundled and documented in the METTriggerFramework Package

Processed
Histograms

https://qitlab.cern.ch/atlas-trigger/MET/code/METTriggerFramework
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https://gitlab.cern.ch/atlas-trigger/MET/code/METTriggerFramework

Trigger turn-on by pileup
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Trigger turn-on, run-by-run, W — uv

efficiency of L1_XE50 by run number
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Trigger turn-on, run-by-run, checks
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