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Resolved and Boosted Semlleptonlc WH/ZH, H—>bb
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candidate event. candidate event. candidate event.

Analyses targeting the H—bb decay, based on |, 4
three main channels targeting WH and ZH
production, based on the W or Z decays both in
the resolved and boosted regimes:

— 0 leptons (for Z—wvv)

— 1-lepton (W—ev and W—pv)

— 2-leptons (Z— e’e*and Z— p")

Wiz

q’
Higgs’' pT <400 GeV . Higgs’' pT > 400 GeV
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Resolved and Boosted Semileptonic WH/ZH, H—bb
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top production.
Modelling — simulation and auxiliary measurements.
Controlled in the mass side-bands.
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Resolved and Boosted Semileptonic WH/ZH, H—bb

Resolved

Boosted

Combined

Process Signal Obs (Exp)
Strength y | Sig. o
(Z/W)H,Hbb 1.027018 | 6.7 (6.7)
ZH, Hbb 1.08 0% | 4.0(4.1)
WH, Hbb 0.95%027 | 5.3(5.1)
(Z/W)H,Hbb 072703 | 21(27)
(Z/W)H,Hbb 1.00 7% | 6.4 (6.3)
ZH, Hbb 0.97 *0% 4.6 (5.0)
WH,Hbb 1.0370%8 | 4.1(3.9)
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Boosted All-Hadronic WH/ZH, H—bb
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Boosted All-Hadronic WH/ZH, H—bb NEW! (2023)
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V.o BosoFusion and VBF-photon H—bb

EPJC 81 (2021) Additional photon for

topological advantages.

— Useful for trigger.
— Reduces multijet
background, which has
destructive interference.

Difficult trigger against

multijet background. JHEP03(2021)268

t-channel — forward
jets.
Hbb — b-tagged jets.
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VBF and VBF-photon H—bb
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top-Higgs CP in ttH and tH, H>bb 210305074

t b Very complex final state with at
g ~a_
T H
g
t G

least 3 b-jets (H— bb and t—-Wb ).
1 and 2-lepton regions, boosted and
ttH and tH — Tree-level probe of top-Higgs Yukawa
coupling.

resolved bb-pairs.
Lig = —K;)’tflw’t(cosa’ +iys sin @)y,

BSM models allow CP-odd component of top-Higgs.
Pure CP-odd excluded by H—yy, but mixtures with
angle a still allowed.

Dominated by uncertainties on
background modelling.

tH production suppressed in SM due to interference
with other diagrams — Modified top-Higgs would
enhance tH production.
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Ratio to Bkgd.

top- nggs CP in ttH and tH, H—bb
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Simultaneous fit of the CP sensitive
observables in the many regions of the
analyses.

Expected yields from pure CP-odd and
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top-Higgs CP in ttH and tH, H—bb

................... — 40
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Search for Semileptonic WH/ZH, H—cc

Higgs couplings to 3" generation fermions (ttH, H—zz, H—bb)
oy, Observed. Probing couplings to lighter 2" generation fermions

@/ vl or |l could open windows to new physics.

H—cc: one of the most common yet unobserved decay
modes.

M-
c-jets
, |

Deep learning based dedicated c-tagger with
27% c-jet efficiency, 8.3% b-jet efficiency, and 1.7%
light jet efficiency (on a ttbar sample).

€-88501-¢¢0-¢S001s/lds/ovLL 0L
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Search for Semileptonic WH/ZH, H—cc
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olepon | Ml 3.5F Ikl <8.5at95% CL — 2-lepton (obs.) E IS
Exp.= 40 x SM F ] 3F ]
Obs.= 35 x SM 3F E "
""""""""""""""""""" S 2.5F 1
1 lepton 25 e\ 2/ T ] r
Exp.= 60 x SM E - ] L
Obs.= 50 x SM 2:_ e N —,
""""""""""""""""""""" I 95% CL ]
2 lepton 1.5F 3
Exp.= 51x SM E
Obs.= 49 x SM 1; E
Combination E ]
Exp.= 31x SM 0.5F E
Obs.= 26 x SM F : i
(- o e b ot . 1 L ) RN [
0 60 80 100 -30 -20 -10 0 10 20 30

95% CL limit on uVH( 5 Ko
CC,

Obs. (exp.) Hyh HeeS 26 (31) |k | <8.5(12.4) @ 95%CL |k /k,|<4.5(5.1) @ 95%CL"
times the SM @ 95%
Confidence Level.

*|kC/kb| obtained through a combination with the Semileptonic (W/Z)H, H—bb analysis (slide 4).
The observation |k /k,| <m,/m_ (= 4.578+-0.008) implies c-Higgs < b-Higgs Yukawa.



Conclusion

H—bb and H—cc decay channels are
essential tools to probe various
properties of the Higgs boson.

Combining with all the other decay
modes — a detailed map of the Higgs
boson properties (> 10 years after the
discovery!).

H—bb and H—cc open windows on
Higgs physics well beyond the b-Higgs
and c-Higgs Yukawa couplings.
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ttH, H—bb - ATLAS and CMS comparison

S CMS Preliminary 138 fb (13 TeV)
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ATLAS — Results compatible with SM predictions within 1-2 o, but
several negative fit values.

CMS — Results compatible with SM (<2.40), but fairly significant deficits,
similar to ATLAS.
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Search for Semileptonic (W/Z)H, H—cc

4000 I||\II|IIIIIII|WIIIIII|II1|I
ATLA —e— Data
3500F Y8 =13 TeV, 139 fo! Il VH(— ct) (u=-9)
0+1+2 leptons I VZ(— cC) (u=1.16)
3000F- 7+2 c-tags, All SR I VW(— cq) (1=0.83)
B-only uncertainty

2500 — SM VH(— CE) X 26

2000

1500

Events after B-subtraction / 10 GeV

1000

500

0

IIIJI IIIIIIIII|IIII|IIII|IIII|IIII|IIII\IIII

-500

1

60 80 100 120 140 160 180 200
m,. [GeV]

Complex composition of backgrounds: V+jets
and top quark — backgrounds constrained in
dedicated control regions.

Measurement of VZ process with Z to ¢ quarks to
validate the strategy.
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(ZIW)H, (Z/W)— wilv/ll H—bb

Fraction of total events
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