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Higgs Properties

e Necessary to develop new techniques for many measurements, El: L ?LT’-AS Preliminary é
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e In this talk, focus on details from a few key Higgs measurements E 3
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Charm-tagging in VH, H—cc

e c-jet-tagging is a challenge, in terms of performance and calibration

e Necessary to have high charm efficiency to measure H—cc, due to the low cross-section, while also rejection b-jets,
to suppress H—bb and to have orthogonality with the VH(bb) measurement
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Truth-tagging in VH, H—Dbb/cc

e VH(bb/cc) has backgrounds from difficult-to-model regions of phase-space

e MOC statistical uncertainties large, particularly for event with true c- or light-jets mis-tagged as b-jets

e Rely on parameterized flavor-tagging efficiencies and apply as event-weights with uncertainties to
dramatically improve sample statistics
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2-Point Systematics in VH, H—bb

e Comparisons of truth-level samples commonly used to evaluate systematic uncertainties (e.g.
comparison of samples produced with different generators)

e Train BDT to discriminate two MC samples, and propagate BDT comparison from truth to
reconstructed samples

e Allows for propagating effect of comparison on many kinematic variables through 1D reweighting
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Z—>bb Background in VBF H—bb

Potentially significant mismodeling and systematic uncertainties
—One of the main limiting factors in 2016 analysis

e Due to trigger limitations, cannot constrain Z in fits
—Data-driven approach: estimate Z—bb from Z—pu (embedding)

Add back to original
event, without muons

Select muons, replace with bb,
pass through parton shower,
detector simulation, reconstruction

——» Other particle
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Z—Dbb Background in VBF H—bb

Start with Zup event

Produce Zbb event
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Z—TT Background in H—-T1T

e Large Zt1 background that overlaps with H1T signal
e Simplified method with-respect-to what was done in Run 2
e Starts from Zee or Zpy events to estimate Z11 background

Parameterize average energy lost to neutrinos from 1 decays
and T efficiency

Scale momentum of each light lepton in ZIl events by energy
lost to neutrino from T decay of similar momentum >

Correct event weights with parameterized efficiencies and
correct event-level variables

Dt

—— Light lepton
——» Other particle
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Z—T1T1 Background in H—-T1T

Closure test between Zt1 Data/MC modeling of Example signal region, showing signal
and embedded ZI| embedded samples and embedded Z background
x10° 40 x10°
% £ T T T T | T T T | T T Z\ |“ T T ] % 5?/\\11’_)\;; Il.l.\ T | T T T ‘ T 1T |E| Ibldclj Idljltl g E |Aj1|-L|A|SIIPrIeI|ir|n;nIa|r| I |;I IDI tI LI | T 1T 11
- imulati imi — B reliminary ® Embedded Data ata
O] B ‘\AET:‘::TS;\'/" :"’;9°f”bfre'm“ary = Embedded Z ~ I o 10 = \5=13TeV, 139 fb" W EmbecdedZ 113 o 85 E /s = 13TeV, 1 39fb—1y 772 Uncertainty
2 15 H-rp,, T T 2 el et W Embedded Vv | 5 30 F_All Boost SRs ﬁ H—r(0.92 x SM)
?) - Boost + VBF + V(had)H selection . ?) 10 ?Boost selection 7 Uncertainty _§ *g gt?\)eirbackgrounds
Q2 - 4 2 = 1 w25 1 Misidentified
= 10j ] = 103 E
oL 1 @ . =
5° 7 5
- . 10
0
o1 - ootz =12 | | = g4 T .
_-':. g_ —— = _E_/ rr] ||I|Illllllllllllllllllll__
§ eV~ IR 8 E
0 0.95E 7 8 0.8 = P
O'gg_l | | 1 | | I | 1 | | | | | | | | | I_; 8 0'6;—[ L1 1 | | | | ‘ | | | | [ I_; % ‘/ E
0 50 100 150 200 100 150 200 250 300 350 ) T T T T T

0_(H) [GeV] 50 75 100 125 150 175 200
T mMMC [GeV]

ET° [GeV]

ATLAS-CONF-2021-044

Matthew H. Klein Novel Experimental Techniques for Higgs Measurements with ATLAS 2021/10/20 ¢


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-044/

Non-prompt Lepton Suppression in ttH(multilepton)

e B-hadrons commonly decay to leptons

e Can use track vertexing information to identify and reject leptons from heavy-flavor processes

e Dedicated lepton selection working points developed
for this analysis and reoptimized after

e Compared to lepton isolation alone, tightest working point
decreases non-prompt muon efficiency by 45%

MUON-2018-03
ATLAS-CONF-2019-045
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Merged Electrons in H—lly

e Search for Higgs boson decays to photon and low mass lepton pair

e Normal electron reconstruction breaks down when two electrons are closeby - need dedicated trigger,

reconstruction, and identification algorithms
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Merged Electrons in H—lly

By including dedicated reconstruction technique, analysis found evidence of H—lly at 3.20 (expect 2.10)
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Conclusion

e Measurements of the Higgs boson thus far do not give strong indication of BSM
properties

e There is still large room for BSM effects and many Higgs properties that have yet to
be measured with sensitivity to the SM (e.g. the Hcc and HHH couplings) -
developing new techniques is necessary

e For more information about individual measurements, see the following talks:
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H—Dbb:
H—cc:
ttH:
HoTT:
H—lly:

Maria Giovanna Foti
Maria Mironova
John Stakely Keller
Frank Sauerburger

Tom Neep
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