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Introduction

Physical fundamentals and methods for direct measurements of the Higgs
self-coupling at future Higgs factories
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The Higgs self-coupling A4 in the SM

2

1 m
V(h) = Smih? + Avh® + o(h*); sy = #

v vacuum expectation value (vev) of Higgs field h

my mass of Higgs boson

SM: Agy fixed since my is known [At/Cm12]

deviation from A = Ag, hints at BSM physics

beyond the SM, many values are possible
strong-case for model-independent measurements

most projections assume A = Agy
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Projected sensitivity at 68% probability for k5.

From [Db20]
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Measuring the Higgs self-coupling at e+e- colliders
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Direct access to A through double-Higgs production =2 0.5 . o7 1=05-08): —Hoge satiung 2
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The ZHH Analysis

Extensive projections at ILD @ ILC500

Based on ILD detector concept (DBD2013,
IDR2020) and fully simulated event samples

Last projections from 2016 (DESY-Thesis-16-027)

17 background and 3 signal channels

.i.i.i
n
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Universitat Hamburg

Lepton, neutrino and hadron channel of the signal process ZHH.

From [Du16]

Multivariate (MVA) tools for multiple steps
e.g. lepton and flavor tagging, background rejection etc.

Precision reach after running 4ab~1 at
500 GeV (HH - bbbb + HH —» bbW*wT)

Aozmn/ = 16.8%

MSM/ASM = 26.6% (10% with additional upgrade to 1 TeV)
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Limits to A from last ZHH analysis nl 7\'SM
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https://browse.arxiv.org/pdf/1306.6329.pdf
https://browse.arxiv.org/pdf/1306.6329.pdf
https://inspirehep.net/literature/1493742

Improving on the last Analysis
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~ All signal channels evolve around HH — bbbb

— Large' gains possible from new tagging algorithms
analysis depends on €, by o(x%)

bb 58.1%

— Even more important for background suppressionin
hadronic channel

» Lepton channel

— Profits? from lepton ID improvements by o(xz) : bbZZ 3.1%

bbrT 7.3%
bbct 3.3%

— Tagging of tau events possible in the future e D

bb
Branching Ratios of Di-Higgs Decays
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Branching Ratios of Z decays


https://indico.in2p3.fr/event/32629/contributions/142206/
https://indico.in2p3.fr/event/32629/contributions/142548/
https://indico.in2p3.fr/event/32629/contributions/142602/

Bottlenecks in the ZHH analysis Hamburg
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jet pairing and jet misclustering: “perfect® jet clustering —» 40% improvement
improve di-jet mass resolution

All improvements
removal of yy overlay: 15% improvement expected are relative
important to tackle initial state radiation (ISR)

flavor tagging: 11% improvement expected from 5% eff. increase with newer LCFIPlus
important as H — bb is the dominant Higgs decay channel

adding Z — 77 channel: 8% improvement expected
include a yet unaccounted decay channel

more modern ML architectures for signal/background selection
improvement expected when transitioning from BDTs to (e.g.) transformer-based models etc.

separation of ZHH diagrams with/without the self-coupling Expected improvements

would directly improve the sensitivity on A (lower sensitivity factor) from DESY-Thesis-16-027
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https://inspirehep.net/literature/1493742
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Status of the Analysis
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Progress on ZHH Universitt Hamburg
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Framework for analysis with fully-simulated samples now running using law [*]

covering SM backgrounds for 2f, 4f, 6f, 8f and incorporating weighting for P(e*,e™) = (+0.3,—0.8)
Optimization of cuts in progress (next slides)

550 GeV sample production ongoing with colleagues from SLAC and U Tokyo
Motivated by 550 GeV COM studies; have shown over proportional improvement over 500 GeV meas.
Investigation of early 2f/4f samples with fast simulation (SGV) in progress

Production of 6f/8f background samples ongoing

Using : 44.84M events

Available: 53.74M events

Number of events considered.

[*]1luigi analysis workflows
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https://github.com/riga/law

Analysis Flow
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https://github.com/ILDAnaSoft/ZHH/blob/main/source/CheatedMCOverlayRemoval/src/CheatedMCOverlayRemoval.cc

. UH

Ana lySIS Flow 'ﬂ{ Universitat Hamburg
Overlay Pair isolated Clusterl.ng + PreSel | PreSel |l
Removal leptons b tagging

[Ibbbb

Future MVA ) ParticleNet Cut Modern
T-Tagging?
Improvements: LRl K / ParT windows ML?
Kinematic fits
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https://github.com/ILDAnaSoft/ZHH/blob/main/source/CheatedMCOverlayRemoval/src/CheatedMCOverlayRemoval.cc

Preselection: Leptonic Channel-ZHH — 11bbbb

ZHH — llbbbb analysis (wt. events before cut on nis

| |
liminary

wt. events / 8.00E-02
w

2 3 4 5 6
IsoLeptons

UH
m . .y e
L2 ¥ Universitdt Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

oleps = 2) ZHH — lbbbb analysis (wt. events before cut on 71.2 = mz/GeV = 111.2)

ILD preliminary
Vs =500 GeV, Lj,;=2ab™ !
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Preselection: Leptonic Channel-ZHH — 11bbbb

ZHH — lIbbbb analysis (wt. events before cut on 60.0 = my,/GeV < 180.0)
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L

ZHH — lIbbbb analysis (wt. events before cut on 60.0 = my,/GeV < 180.0)
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Preselection: Leptonic Channel-ZHH — 11bbbb

ZHH — libbbb analysis (wt. events before cut on p/"s*/GeV < 70.0)
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ZHH — lIbbbb analysis (wt. events before cut on thrust < 0.9)

ILD preliminary
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Preselection: Leptonic Channel-ZHH — 11bbbb

Efficiency of preselection cuts (1llbbbb)

UH
m
L2 ¥ Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

1.0

0.8 -

0.6 1

0.4 1

0.2

0.0-

Events with
leptons so far not
accounted for

nisoleps

Pairing of isolated
leptons to recover
Z fails

99.0% 99.5%

99.3% g7 9s

99.1% 98.9%

miss
Pt

0.0%

100.0% 100.0%

" eeHHbbbb
B uuHHbbbb
B ttHHbbbb

thrust

Higgs self-coupling measurement at ILD via the ZHH Process at multiple COM energies | 3rd ECFA Workshop on e+e- Higgs/EW/Top Factories | 2024/10/10 | Paris | Bryan Bliewert

15



Preselection: Comparison of Efficiencies

I3

already now, preselection efficiencies
match last analysis at similar
background rejection

5-10% further increase in efficiency
expected by optimizing cuts

Improvements through modern jet-
tagging, PID etc. stilto be included

vvbbbb

55.6%

80.5%

59.0%

cy after pre-cuts

50.14

UH
_ii.l
L2 Y Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Totel efficiency for llbbbb: 55.6%

85.9%

78.3%

0.0%

UuHHbbbb eeHHbbbb TtHHbbbb

Totel efficiency for vvbbbb: 80.5%

80.9% 79.9%

v23v23HHbbbb v1v1HHbbbb

Totel efficiency for qgbbbb: 59.0%

90.3%

bbHHbbbb qqHHbbbb
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Automated framework for a new ZHH analysis is set up

Preselection efficiencies for all channels line up with last study at similar rejection
~10% improvement expected by optimizing cuts

Effort on 550 GeV sample production ongoing

Next steps:
Large improvements expected from upgrading to state-of-the-art analysis tools

Integrate modern jet tagging and particle ID

Implement final event selection using current ML techniques and extract limits on A5y

Better than 20% sensitivity on A in reach
through demonstrated reconstruction improvements
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Thank you for listening!
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Backup
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Faster Progress through Data Pipelines UH.ﬂa

» Problem: highly heterogenous data
requires reliable bookkeeping and job
submission

» Solution: based analysis on luigi+law* to
— organizes flow of data more transparent, —

htcondor/
slurm etc.

— manages job submissions, resubmission etc.

— makes the central book-keeping easier

» Status: Working/Done.

_ * law: Luigi Analysis Workflows
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https://github.com/riga/law

Preselection: Neutrino Channel-ZHH — vvbbbb @
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ZHH — vvbbbb analysis (wt. events before cut on nisoleps = 0) ZHH — vvbbbb analysis (wt. events before cut on 60.0 < my;/GeV < 180.0)
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Preselection: Neutrino Channel-ZHH — vvbbbb
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ZHH — vvbbbb analysis (wt. events before cut on 60.0 = my»/GeV < 180.0) ZHH — vvbbbb analysis (wt. events before cut on 10.0 < p;™**/GeV =< 180.0)
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Preselection: Neutrino Channel-ZHH — vvbbbb

ZHH — vvbbbb analysis (wt. events before cut on thrust = 0.9)
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ZHH — vvbbbb analysis (wt. events before cut on E, ;s < 400.0)
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Preselection: Neutrino Channel-ZHH — vvbbbb
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ZHH — vvbbbb analysis (wt. events before cut on myy/GeV = 220.0) ZHH — vvbbbb analysis (wt. events before cut on vvy,max3 = 0.2)
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Preselection: Hadron Channel-ZHH — vvbbbb
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Efficiency of preselection cuts (vvbbbb)
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Preselection: Hadron Channel-ZHH — qqbbbb @

ZHH — qgbbbb analysis (wt. events before cut on xx,isoleps = 0)
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ZHH — qqbbbb analysis (wt. events before cut on 60.0 = my;/GeV = 180.0)
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Preselection: Hadron Channel-ZHH — qqbbbb @
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ZHH — qqbbbb analysis (wt. events before cut on 60.0 < my,/GeV < 180.0) ZHH — qgbbbb analysis (wt. events before cut on p/"*$/GeV < 70.0)
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Preselection: Hadron Channel-ZHH — qgbbbb

wt. events / 5.06E-03

ZHH — qgbbbb analysis (wt. events before cut on thrust < 0.9)
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ILD preliminary
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Preselection: Hadron Channel-ZHH — qgbbbb

Efficiency of preselection cuts (qgbbbb)

UH
m
L2 ¥ Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

1.0-

0.8

0.6 1

0.4 -

0.2

0.0-

97.2% 97.7%

XXpisoleps

99.1%

94 .3%

My

mgyp

99.5% 99.6%

miss
Pt

99.9% 100.0%

thrust

100.0%100.0%

B gqgqHHbbbb
B bbHHbbbb

bmax4

Higgs self-coupling measurement at ILD via the ZHH Process at multiple COM energies | 3rd ECFA Workshop on e+e- Higgs/EW/Top Factories | 2024/10/10 | Paris | Bryan Bliewert

29



The International Large Detector (ILD)
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» well charatecterized, highly granular
detector concept [IDR]

» designed around particle flow concept

— allows reconstruction of individual physics objects
(Particle Flow Objects, PFOs)

» full Geant4-based simulation available

— Including links between truth/reconstructed particles

»in the following: assuming ILD @ ILC500

Rendering of the ILD detector. From [Ba19]
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https://arxiv.org/abs/2003.01116

The International Linear Collider (ILC) Hamburg
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linear collider concept with multiple energy stages (% = 250,500, 1000)

e

500 GeV stage allows direct measurements of A through di-Higgs production

mature concept (TDR), technologies available (superconducting RF-cavities etc.)
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Sketch of ILC500.
From [TODO]
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Future Higgs Factories

goal: high production of Higgs bosons
ete™ colliders for precision measurements

different concepts proposed:
linear (ILC, CLIC, C3):
maximum energy constrained by length
direct measurements of A possible
measurements with polarized beams possible
circular (FCC-ee, CEPC):
maximum energy limited by synchrotron radiation

higher luminosities through beam reuse

UH

j-t'l . .y e

L2 Y Universitdit Hamburg
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Collider Vs Ple™/eT)[%] | Ngee | Llabarn™s™!]

250 GeV +80/+30 1 2.0

ILC 500 GeV +80/+30 1 4.0

1000 GeV +80/£30 1 8.0

380 GeV +80/0 1 1.0

CLIC 1.5 TeV +80/0 1 2.5

3.0TeV +80/0 1 5.0

oo | 20GeV +2/0 ? 1.3

550 GeV +x /0 7 2.4

M, 0/0 > 150

FOCce 2My 0/0 2 10
240 GeV 0/0 2 5

2miop 0/0 2 1.5

M, 0/0 > 16

CEPC 2My 0/0 2 2.6
240 GeV 0/0 2 5.

HALHF | 250 GeV 0/0 1 =

Comparison of selected physics programs at the proposed
accelerators ILC, CLIC, FCCee, CEPC, €3 and HALHF. From [Db20]

Higgs self-coupling measurement at ILD via the ZHH Process at multiple COM energies | 3rd ECFA Workshop on e+e- Higgs/EW/Top Factories | 2024/10/10 | Paris | Bryan Bliewert 32



UH
SOftwa re Universitat Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

ILCSoft software stack Event Data Model: LCIO

Marlin for reconstruction;
important in existing ZHH-analysis: enorator

Recon- Ana|y5is

Whizard, struction Vertexin
Truelet: jet-clustering of PFOs using truth information Pyt .. Oizator et Custrn
racking avor Tagging
PFA
isolated lepton tagging: decision trees for tagging leptons j f j r j r

[ Detector Geometry: Icgeo (DD4hep) ]

Event flow in the iLCSoft stack. From [TODO]
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Flavor tagging with LCFIPlus
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improved b-tagging efficiency in current Flavor Tag Analysis ILD Preliminary

: 1.1
ILD standard LCFIPlus since SOTA gt 4
s Better
projections from 2016 e -
wor
g L
5% relative improvementin €,_;,, at same 3 0.9 f
g 09r
purity 5L "5,
A @ 0.8
0 i in AOZHH - b "
11% expected improvementin /UZHH © ALLD jets v, ¢ jets e
0.7 b jet identification "t
- DBD .
0.6~ AVF+VertexMassRecovery ..
- +Bness 5
0 5_{ 1 1 1 ] | 1 1 1 1 | 1 1 1 | ‘ 1 1 | 1 I [ | 1 1 I
0.5 0.6 0.7 0.8 0.9 1

Signal Efficiency
T. Suehara [2017]
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https://arxiv.org/abs/1506.08371
https://agenda.linearcollider.org/event/7520/contributions/38829/attachments/31495/47441/170425-lcfiplus-ildsoftware-suehara.pdf

Flavor tagging with ML (ParticleNet) Universit Hamburg
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. . . . . 1.0
improved b-tagging efficiency since | — LCFIPIs, C jets
. N | e, LCFIPlus, light jets
state-of-the-art projections from 2016 — ParticleNet, c jets
0.81 —— ParticleNet, light jets
ML models (Deeplet, ParticleNet, ParT)
show highly improved rejection 8 o6l
compared to LCFIPlus §
status: ready for use (in MarlinML) g 041
0.2
0.0 s
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

b jets

Flavor tagging performance of LCFIPlus vs. ParticleNet
using ILD full simulation. M. Meyer [2023]
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https://arxiv.org/abs/2008.10519
https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/2202.03772
https://gitlab.desy.de/ilcsoft/MarlinML/-/tree/master/JetTaggers
https://agenda.infn.it/event/34841/contributions/207748

Flavor tagging with ML (ParT)

improved b-tagging efficiency since
state-of-the-art projections from 2016

ML models (Deeplet, ParticleNet, ParT)
show highly improved rejection
compared to LCFIPlus

status: ready for use (in MarlinML)

Mis-id. fraction to b jets

Jet Misidentification Probability
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e oy
b likeness > 0.5
Lot 1.t . R N
~=uds jets ! &
-~ ncPu‘
o
& |

b tagging efficieng

ILC Simulation - Unsorted Sample - 2( Epochs

-
o

- bvsc
— bvsq b tagging

b
o
"

._
<

L

10~
0.0

02 04 06 08
Jet Tagging Efficiency

1.0

Flavor tagging performance of LCFIPlus (top) vs. ParT (bottom) at

ILD full simulation. T. Suehara [2023]

Higgs self-coupling measurement at ILD via the ZHH Process at multiple COM energies | 3rd ECFA Workshop on e+e- Higgs/EW/Top Factories | 2024/10/10 | Paris | Bryan Bliewert

36


https://arxiv.org/abs/2008.10519
https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/2202.03772
https://gitlab.desy.de/ilcsoft/MarlinML/-/tree/master/JetTaggers
https://agenda.infn.it/event/34841/contributions/208239/

. o o . . . . UH
Neutrino correction with kinematic fitting Hamburg
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for semileptonic decay (SLD) processes

alreadyinZH — bE/cc‘, 66% of events include at least one SLD

procedure:
Recovering the neutrino kinematics. Y. Radkhorrami [2022]
identify/tag heavy quark jet > T T
O 0.14 |
O N fit nd ]
identify lepton in jet 10 5 12k F-prett B ]
S T | fitted p;‘et
calculate neutrino four momentum from kinematics £ 0.1 | fitted pt 4" .
with kinematic fitting, the best solution is selected %0_08:_ |- fitted pt +pR=C ]
3 L
. i . . No®) C . —
status: in production (in MarlinReco) 8% || WDl simulation
= F
§0'04:
20.02f
0

100 110 507130 140150
m . [GeV]

Improved di-jet mass reconstruction. Y. Radkhorrami [2022]
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https://github.com/iLCSoft/MarlinReco/tree/master/Analysis/SLDCorrection
https://agenda.linearcollider.org/event/9514/contributions/50130/attachments/37875/59422/Yasser_Radkhorrami_ILD_Phone_Meeting_22_02_16.pdf
https://agenda.linearcollider.org/event/10079/contributions/52747/attachments/38973/61392/Yasser_Radkhorrami_ILDSWANA_20230621.pdf

. . o go . UH
Comprehensive Particle Identification (CPID) Hamburg

» modular and highly configurable PID toolkit g - :
al a 4
- “plug-and-play“ of multiple data sources Q protons 10
e.g. atILD: dE/dx, TOF, cluster shape ()
m kaons
— extension through custom inference modules
e.g. MVA/ML models etc. pions
» includes default weights for BDT model muons
» status: in production (in MarlinReco) electrons

MC truth PDG

Confusion matrix for single charged partilces at ILD.
U. Einhaus (2023)
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https://github.com/iLCSoft/MarlinReco/blob/e6c420abe8c80814fbbd3d34641b14dc90a23f5f/Analysis/PIDTools/src/ComprehensivePIDProcessor.cc
https://arxiv.org/abs/2307.15635

Motivation: Misclustering in the ZHH analysis Hamburg
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misclustering of PFOs to jets deteriorates the sensitivity to A by = 2 [Du16]
quantification: purity vs efficiency of energy in reconstructed di-jets

classify di-jets into 4 regions (A, B, C, D) based on threshold: > 95% on both axes

e.g. 45.5% Of dijets "ql 1 T Fd | > F T [T T T T I T
. . © . i
In region A L i - 8 — 500 GeV
8 0.8 regionA- . (\11'5 B BregionA |
Qo . | =~ - [l regionB
:5 - -.. % I regionC
o 0.6 _ N = 1 MregionD |
I ~ 0 o |
‘_3 0.4 —
>0 o 0.5]
o 0.2 - i
o i - i
| Misclustering in the ZHH analysis 8 00‘. | '012' | '0|4' 06 . 08 0’ “éo | 100 150 200
. Misclustering in the ZHH analysis ! . : : .
: J. Torndal, J. List (2023) : correctly clustered / true Ediiet reco Mdijet /| GeV

Misclustering in ZHH events at ILC500. From [To23b]
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https://doi.org/10.48550/arXiv.2307.16515
https://doi.org/10.48550/arXiv.2307.16515

o o UH
Supervised Jet Clustering
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» idea: learn from truth-reco links

0.16 - ] Durham
: ; : ] Entries: 2675
to cluster PFOs into jets 1 Mean: 117 23
. oar o o 0.14 - ] Std Dev: 26.69
— upper performance bar given ]
PPETP ) ) g y " TrueJet-ICN
Truelet-ICN jet clustering 0.12 ] Entries: 2687
- ] Mean: 113.22
— realistic target performance bounded S 0.160 Std Dev: 16.57
by Durham and Truelet E
a 0.08
o
o
0.06 - |
0.04 -
0.02 -
0. 00 LR . S

25 50 75 100 125 150 175 200

Dt s oo
Di-jet mass reconstruction using Durham algorithm and Truelet
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https://agenda.linearcollider.org/event/7839/contributions/40940/

Architecture: Supervised Jet Clustering with GNNs
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__________________________________

TransformerConv operator from the paper Masked

hel’ei |mplemented as hybl’ld mOdel. (GN NSC) i Label Prediction: Unified Message Passing Model for

Semi-Supervised Classification [Sh20].

training a GNN in supervised manner to calculate edge scores
here: using TransformerConv layer (implements message-passing and graph attention)

spectral clustering (SC) to build “jets”

Training with BCE loss

B - D - Lo
o I R | i | T Il [ e
advantages: disadvantages:
permutation invariant by construction not fully differentiable
straightforward implementation no inherent IRC-safety
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Supervised Jet Clustering
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» proof-of-concept ML model (GNNSC) shows performance on par with Durham

— status: proof-of-concept (Marlin processor available)

— in the future: investigate more powerful architectures

Durham GNNSC
0 06 I A (49.8%) 0 06 I A (48.5%)
[ B (25.6%) ) [ B (25.4%)
0 05 - I C (11.4%) 8. 05 - I C (11.2%)
. I D (13.3%) I D (14.9%)
- =
S 0. S 0.
T e
(@] (@]
20. 2 0.
[ [
j= j=
0. 0.
0. 0.
E}- E}. T o e
50 100 150 200 50 100 150 200

reco Mgjer [GeV] reco Mgjer [GeV]
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https://github.com/nVentis/MEM_HEP/tree/main/source/JetConvProcessor

UH
ErrorFlOW Universitét Hamburg
assume full parameterization of errors for individual jets
OFEjet = ODet D Oconf D gy @ 0cius®D Oraa D Oyy

Opet. detector resolution Y. Radkhorrami [2022]

dcons: Particle confusion in particle flow algorithm

0,,: heutrino correction

status: in production (in MarlinReco)
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https://github.com/iLCSoft/MarlinReco/tree/master/Analysis/ErrorFlow
https://agenda.linearcollider.org/event/9823/contributions/51271/attachments/38397/60337/Yasser_Radkhorrami_ILD_SWANA_Meeting_22_09_28.pdf
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The Matrix Element Method (MEM) _: J—

method for calculating event-likelihoods, i.e. p(event x|channel i) = p;(x)

example use case: separate ZHH vs. ZZH — u~u*tbbbb using likelihood ratio Ir o <b
PzHH ) 5,
lr = .z :/ H s,
PzzH
. .z b,
binary classification by cutting on Ir o <“+
.

for each event y and process i (ZHH, ZZH), solve integral

1 2
A, ]lMi(x)l Wi(y | x)e;(x)d®,(x)

Pi(}’)=0i

M;(x) LO matrix element

W;(y|x) transfer function (TF): PDF for measuring y given x ; fit from ILD full-
simulation samples

A; :acceptance of channeli
€;(x) : detector efficiency
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MEM Introduction with Examples

Event data

Reco

generator level check

MEM type

» excellent separation

ME+DTF

log(M2,,/M2,,)): MCTruth)

0.16
ZHH Events
Entries: 28666
0.14 1 Mean: 1.16E+01
Std Dev: 9.43E-01
] Z7H Events
0.12 Entries: 28625
Mean: -1.24E+0Q1
Std Dev: 2.11E+00
c 0.10 -
o
|
T
o 0.08 -
o
O
|
O 0,06
0.04 1
0.02 -
B. 80 T T - T T T T T
-15 -10 -5 0 5 10 15
log(M2,,,/M2 )
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m
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n a ive M E M Event data

» separation power lost

ME+DTF -

=» need to describe smearing with TFs

log(M2,,,/M2,,,): Reco

.16
/HH Events
Entries: 28658
.14 - Mean: -1.52E+00
Std Dev: 3.78E+00
12 4 Z7H Events
’ Entries: 28194
Mean: -6.22E+00
Std Dev: 2.80E+00
.10
.08 -
.06 -
.04
.02 4
.BB T T T T a T T T
-15 -10 -5 0] 5 10 15
log(MZ,,,/MZ21,)
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MEM Results

Actual label

Higgs self-coupling measurement at ILD via the ZHH Process at multiple COM energies | 3rd ECFA Workshop on e+e- Higgs/EW/Top Factories | 2024/10/10 | Paris | Bryan Bliewert

ZHH

ZZH

obtained using VEGAS algorithm

by including integration over transfer functions, some
separation power is regained; AUROC = 0.73

Classifier with t=0.9610

861
(TPR: 62.21%)

769
(FPR: 28.36%)

ZHH

523
(FNR: 37.79%)

1943
(TNR: 71.64%)

Z7H

Predicted label
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Event data

MC Reco
before MEM type truth
ME only
0.04 1 ME+DTF
0- 00 T T T T T T T
-15 -10 -5 ¢} 5 10 15
log(MZ,,/MZ 211)
0.16 log(pzHH/pPzz1): Reco
ZHH Events
Entries: 1384 Event data
0.14 4 Mean: 4.49E+00 MC Reco
Std Dev: 2.27E+00 MEM type truth
| ZZH Events ME onl
0.12 Entries: 2712 ony
Mean: 1.72E+00 ME+DTF
Std Dev: 3.37E+00
0.10 4
0.08 4
0.06 1
0.04 4
0.02 4
0 . 00 T T T T T T T
=15 -10 -5 [¢] 5 10 15
log(pzun/PzzH)
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