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ATLAS Higgs highlights

® Combined total and differential cross-sections in H—~~
and H—ZZ*—4¢: ATLAS-CONF-2022-002.

® Higgs coupling & production cross-section combination,
ATLAS-CONF-2021-053.

® Direct constraint on Higgs-charm coupling from
VH,H— c¢ production, arXiv:2201.11428.

¢ HH production: combination ATLAS-CONF-2021-052 and
HL-LHC projection, ATL-PHYS-PUB-2022-005.
® New results for Moriond 2022:
® HH searches: HEFT interpretation + Guillermo’s talk
® CP of top Yukawa interaction in ttH and tH, H—sbb,
ATLAS-CONF-2022-016.
® Fiducial cross-section of VH, H—bb + 0 leptons,
ATLAS-CONF-2022-015.

More on cross-section & properties in Adinda’s talk,
more on exotic Higgs decays in Guillermo’s talk. 2/ 18
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ATLAS: data-taking

® Preparing for Run3: 2022-2025.
® Results today: Run2 pp collision data-set, /s = 13 TeV.
® About x2 LHC design instantaneous luminosity & pile-up.

e Data-taking efficiency: 94%, data quality fraction: 95%
= 139 fb~! of data.
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Higgs Production and Decay
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Combined H—~~y & H—ZZ*—4/¢ x-sections

Comb. : o(pp—H, /s = 13 TeV) = 55.5753 pb (4+3.2(stat.) "35(sys.))
SM : o(pp—H,+/s =13 TeV) =55.6 + 2.5 pb
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Combined H—)fyfy & H—ZZ*—4¢ x-sections
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Higgs couplings combination

Combination of cross-section measurements in prod./decay modes.
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Higgs couplings interpretation

SMEFT, 2HDM & k-framework: M i S
1.1F my=12509GeV, Iy <25 ¥ Standard Model

o I i ]

R? _ J or RZ _ J 1.05F- E
J oSM J SM i E
J J 0.95F- ; E

SM .2 0.9F E

I‘i%{(/{ B B ) _ Z.l BJ HJ' 0.85F- ) E
iy Du.) = E

T 1-Bi. — By, % ]
0.95 1 1.05 11 115

ATLAS Preliminary T T
S =13 TeV, 36.1 - 139 fb* 68% CL [ ATLAS Preliminary .
- s = Vs=13TeV, 36.1- 139 fb* 2475
my = 125.09 GeV, [yH|<2.5 95% CL “T m, =125.09GeV, ly | <25, p_, =19% - 3
KZ . g&g - E’; 10 SM Higgs boson - -
fwo | - | - | :
ko[ P e ] =
Ky | - - ] B
P 1 - 1 E
K r 1 TM,(my,) used for quarks
" — — —— ]
Ky | 1 \ , , M
g - -

L 1 [~ E
Ky -— - - 1
L 1 5 E
Kzy o 3
L 1 & ]
| ] tH RE
Bu. =

| | | | | 107 1 10 10?

0 1 20 1 2

Particle mass [GeV]

8/ 18



Higgs-charm coupling from VH, H— cc

® Analysis uses VH production: golden
channel for VH,H— bb measurements.

® Direct probe of Higgs-charm coupling.

Challenges of VH, H — cC in addition to VH H— bb ones:
® BR(H — ¢€)=2.9% << BR(H—bb)

® Tagging charm jets:

® Based on 2 algorithms: c-tagging DL1 and b-tagging MV2.
® MV?2 vetoes b-jets, ensures orthogonality with VH,H—bb.
* Efficiency(tag+veto): c-jet:27%, b-jet:8%, light: 1.6%

c-tag
+
b-tag veto

DL1 c-tagger (NN-based)

b-jet selection

Run2 analyses: MV2 tagger (BDT-based)

Data c-tagging efficiency + total uncertainty

T T T
ATLAS

Vs=13 TeV, 80.5-139 fb™*
VH, H- ¢ 27% c-tagging efficiency working point
DL, c-tag + MV2 b-tag veto

—c-jets —b-jets —light-jets

50 100 150 200 250
jetp, [Gev]



Higgs-charm coupling from VH, H— cc
Aim: extract signal & background from
a combined fit to 44 regions:
® 16 SR-s: N(¢), N(c-tags),
N(jets),pr(V).
® 16 CR-s: large AR(jetl, jet2).
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VH, H— cc: interp

ke affects coupling strength &
the Higgs width;

under assumptions on [ 4:

|ke| < 8.5 @95% CL.

\ke/kp| is extracted from combi-
nation with VH,H—bb:
® Key: b-jet veto in
VH,H — ccC; ensures
orthogonality.
® No assumptions on [ 4.

® mp/m. = 4.578 + 0.008

® Higgs-charm coupling <
Higgs-bottom coupling.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.054517

Searches for HH production

1 1
V(H) = SmiH? + svH? + 2 H'
SM : Az = Ag = AM = m, /(2v?)
Define : k) = )\3/)\§M

HH production cross-sections and event shapes sensitive to k).
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HH: combination results

Signal strength:
o(pp—HH) /o (pp — HH)SM
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HH: HL-LHC projection

Projection of HH—bbvy~y and HH— bbrT.

e Assume 3000 fb~! of HL-LHC data at /s = 14 TeV.

® Various scenarios for evolution of the uncertainty;
baseline scenario: halved theory, scaled Run2 syst. uncertainty

® HH signal strength: 23% stat. and 4%, stat. @ syst.
® k) l-o interval: [0.6,1.5] stat. and [0.5,1.6] stat. @ syst.
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Top Yukawa CP: ttH and tH, H—bb

New measurement probing:

L= —&WTK’T(COS(Q) + isin(a)y° )W H S :'
v
e Background dominated by t+bb. Shape from t
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Top Yukawa CP: ttH and tH

L= —&WTKJ/T(COS(O[) + isin(a)y°)WTH
v

New H—sbb result:
Best fit: a¢F = 11°+§$Z,
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https://doi.org/10.1103/PhysRevLett.125.061802

VH, H—bb + 0 leptons

New fiducial cross-section measurement:

® Particle-level selection criteria as close as q
possible to detector-level. Unfolded
measurement can be interpreted with
particle-level predictions & BSM models.

® 7y : 150 GeV<EWisS<250 GeV, ure : EPIS>250 GeV.
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Complementary to VH, H—bb STXS measurement, which: uses 0,
1 & 2 lepton channels, WH sensitivity: 4.00, ZH sensitivity: 5.3 o.
17/ 18
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https://arxiv.org/abs/2007.02873

Summary

¢ Combined cross-sections in H—~~ and H—ZZ*—4¢
and couplings&production cross-section combination:
<10% probe of Higgs mechanism, consistent with the SM.
® Direct constraint on Higgs-charm coupling from
VH,H—>cc production:
Higgs-charm coupling < Higgs-bottom coupling (95% CL).
® HH production:
® Current Run2 combination: sy C [-1.0, 6.6] (95% CL).
® HL-LHC projection: sy C [0.5, 1.6] (1-0).
® New results for Moriond 2022:
® Probe CP of top Yukawa interaction in ttH and tH, H— bb:
aCP — 110+56°
T3 ~
® Fiducial cross-section measurement of VH,H—bb + 0 leptons:
complementary to VH,H—bb STXS results.
® [HH searches: HEFT interpretation will be discussed by
Guillermo.

For many ATLAS Higgs results | did not cover, please see ATLAS
Higgs results page and Adinda’s & Guillermo's talks today. 18/ 18
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Simplified Template X-Sections

STXS targets phase space regions within production modes, using
Standard Model kinematics as a template.

high mj, high p."|

e [ ] [

Compromise: maximise experimental sensitivity vs minimise
dependence on theory assumptions.
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VH, H— c¢: Kk interpretation

® s affects coupling strength  Combination with VH,H— bb:
& the Higgs width. o my/m. = 4578 + 0.008

® Negative best-fit value o |kp/rc| < 4.5 @ 95% CL
pushes k. toward 0. c

® Higgs-charm coupling <
o |re| < 8.5(12.4) @ 95% CL. g8 Png

Higgs-bottom coupling.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.054517

HH: combination

H— bb~y~y analysis:

Events/ 2.5 GeV

e BDT for background
rejection: yy-jets,
single-H production.

® 4 categories: myy, BDT

® Signal from m.,, fit.

® | imited by statistical
uncertainty.

[t Dpaa ATLAS 1
8¢ Vs=13TeV, 139 fb™ |
r Continuum Background > eV ]
r HH - bbyy 1
6L Total Background High mass BDT tight _]
4 |

| I
110 120

130 140 150 160
m,, [GeV]

H— bbrT analysis:

® Non-resonant background

norm. & shape from data.

3 categories: trigger &
{ThadThad7 7—had'rlep}
Fit to MVA output.
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HH: HL-LHC projection

Combination of HH—bbyy and HH— bbr7 analyses.
e Assume 3000 fb~! of HL-LHC data at /s = 14 TeV.
® Various scenarios for evolution of the uncertainty.
e HH signal strength: 23% stat. (34@ stat. + syst.)
® k) l-o interval: [0.6,1.5] stat. ([0.5,1.6] stat.+syst.)

No syst. unc,

Baseline

Theoretical unc. halved|

Run 2 syst. unc,
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Projection from Run 2 data E Projection from R ;Vd [ Theory prediction
Asimov data (bkg. only) & rojection from Run 2 data ¢ SMprediction

O, ver =38.79 fb

2 25 3 35
95% CL upper limit on signal strength

Asimov data (bkg. only)

102
""" Baseline scenario
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VH, H—bb

New VH, H—bb+0 leptons fiducial cross-section measurement is
complementary to VH, H—bb STXS measurement (2021), which:
® Uses 0, 1 & 2 lepton channels.
® Fit to MVA discriminant; fit to myf used as control analysis.

® WH sensitivity: 4.0 (4.1) o expected (observed).

® 7H sensitivity: 5.3 (5.1) o expected (observed).

e 3
40F ATLAS —e-Data 3
F {s=13Tev, 139 b Bl VH, H — bb (u=1.17) J
35 04142 leptons Diboson 3
E 2+3jets, 2 b-tags B-only uncertainty ~ J

E" Dijet mass analysis
£ Weighted by Higgs S/B
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-015/
https://arxiv.org/abs/2007.02873

VH, H—bb

New VH, H—bb+0 leptons fiducial cross-section measurement is
complementary to VH, H—bb STXS measurement, which:

® Uses 0, 1 & 2 lepton channels.

® Fit to MVA discriminant; fit to myp used as control analysis.
® WH sensitivity: 4.0 (4.1) o expected (observed).

® 7H sensitivity: 5.3 (5.1) o expected (observed).
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