Improving the trilinear Higgs boson self-coupling measurement at the
FCC-hh by exploiting triangle/box kinematical properties

Bastien Voirin Claude Charlot

Department of Physics, Ecole normale supérieure de Lyon, FR Laboratoire Leprince-Ringuet, Ecole polytechnique, IN2P3, CNRS, FR

In collaboration with

Angela Taliercio Birgit Stapf Paola Mastrapasqua

Northwestern University, IL, US CERN, CH Université catholique de Louvain, BE

FCC-hh Physics & Performance meeting 3

2024-12-12

NUCLEAIRE Laboratoire
& PARTICULES Leprince-Ringuet W 1P paRIs




« Improving the sensitivity of the Higgs self-coupling measurement by exploiting the kinematical
properties of the triangle vs. box contributions
Bastien Voirin, Claude Charlot
FCC-hh ESPP studies, meeting 3
https://indico.cern.ch/event/1461211/#4-improving-the-sensitivity-of



https://indico.cern.ch/event/1461211/#4-improving-the-sensitivity-of

1/o dcr/dr]H (/bin)

100 TeV 100 TeV

E — Box - — Box
0.045 JlﬂllH — Trangle 0033 g 1'-.[ — Triangle
0.04 LLI_I_ Interference 0.03F '_'-H Interference
= E I = F
3 0.035 g ﬁﬁ E 0.025 - JJr‘J LLHLHILL
v 0.03F i v =
Tz E I -ITL, ILL Tz 0.02F
& 0.025F LL| .111 o -
kel F -
S 002F L o 0.015F
o 0.015F £y o g L'H
= O E J'J HLL = 0.01F
0.01F e r I’PHLH‘LH
0.005 - JIJ‘ Rt 0.005 1 S
: e :
%00 300 400 500 600 700 800 900 1000 % 50 100 150 200 250 300 350 400 450 500
m,,, (GeV) Py (GeV
100 TeV 100 TeV 100 TeV
F 0.024 F 0.04
0.022 F — Box E — Box — Box
g Tt Pt Triangl 0.022 rife, — trianel i o
0.02 F i L. riangle E J..-"I_._|—~...--1_.-L;Er Triangle 0.035 F Triangle
0.018 E J‘. .LFI'L r"rrr T,|— Interference = 0.02 f_r,.l‘ T Interference _ E Interference
E < E = c
0.016 F r'Jr" LH‘*WFI i g g'gii 3 ,JJ s s 003k
0.014 F il i = ook I K = 0.025F L‘H.;‘ﬁ
0.012 F i i 5 oo bt 9 Y . . 0
E JJIJ 1'1, e CUE T 1111 g 02 Ly
0.01¢ il 1 3 ool . 2 g R,
0.008 F i o 3 0008 i 3 0oL ot
0.006 F i LL, S 0.006 —rj T{:‘ = ooif o
0.004 0.004 & i : 1‘&
0.002 E ;"JI'IH '11'11'1.,11 0.002 [ L"'-I:"‘L_LH 0.005 E s "1.,_‘1‘H‘
034_1::'7'{. N PR AP B .:L".“-‘e.b., 05.....................1.1‘."‘h-.~ ol ) ST B S PPN B ci
-6 -4 -2 0 2 4 6 0 1 5 6 7 0 1 2 3 4 5 6 7

2 3 4 .
n max|nH| min |nH|



BDT classifier response (mHH, min mH|, max h]H|)

L % Signal (training)
C §iiSE Background (training)
1200 [+ Signal (testing)
L [=#—] Background (testing)
1000 —
800}
600}
400
200~

O—1 —O -06 -04 02 0 02 04 06 08 1
NEvents=75000 NTrees=800 MaxDepth=3 nCuts=100 MinNodeSize=0.750000



BDT classifier response (mHH, min mH|, max mH|) Cross sections vs. minimum BDT response
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« Take-away — a BDT trained on LO triangle vs. box improves the sensitivity of 0'2;)_>HH to Ky
« Caveat — only a proof of concept
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» Update on HH—>bbyy studies
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Current bbyy workflow (simplified)

Event pre-selection

Y

Deep Neural Network (DNN)

A 4

Statistical analysis using COMBINE:
Fit, scan of log-likelihood vs. K




Target bbyy workflow (simplified)

Event pre-selection

Y

Deep Neural Network (DNN)

Y

Boosted Decision Tree (BDT) trained on LO triangle vs. box
and fed with m,j, « min 7, » max 7, * min py , e maxpy. ;,

Y

Updated statistical analysis using COMBINE:
Fit, scan of log-likelihood vs. k




Steps
« Retrieve the LO samples for triangle, box, and total gg — HH — bby~y

Remake the BDT in Python using XGBoost

Append the BDT application after the existing DNN

Update the statistical analysis using COMBINE

Compare the log-likelihood vs. K, scan with and without the BDT

Schedule

« 2025-01-20
First draft for the FCC-hh studies for the 2025 update of the ESPP

« 2025-03-31
Absolute deadline for the FCC-hh studies for the 2025 update of the ESPP
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