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A much larger dataset
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/

A factory for many things

Particle Produced in 139 fb-! at Vs = 13 TeV
Higgs boson 7.7 million

Top quark 275 million

Z boson 2.8 billion (— #¢, 290 million)

W boson 12 billion (— #v, 3.7 billion)
Bottom quark ~40 trillion ;sggre]giéir;tg reduced by

Andreas Hoecker, EPS-HEP-2019
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Events/2.5 GeV

The “discovery” plots...
..but with all that data
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At the cost of lots of pileup
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Excellent reconstruction is
still possible (with innovation)

ATLAS-CONF-2018-038
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Making and breaking them
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As of Scalars 2017
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As of Scalars 2017
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Previously:
b-layer added
before Run-2

11/09/2019

Towards H=> bb

b-jet tagging efficiency SF

Scalars 2019
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1808.08238
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1806.00425

Observation of ttH production
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Four different decay modes
contributed to ttH observation
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Photon identification and
diphoton resolution were key
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ATLAS-CONF-2019-004

Observation of ttH production

11/09/2019

30

25

20

15

10

Sum of Weights / 1.375 GeV

¢ Data ATLA|S Preliminalir
-------------- Continuum Background Vs =13 TeV
== == Total Background m, = 125.09 GeV
—— Signal + Background All categories
In(1+S/B) weighted sum

I R T RN I I I R BT
110 120 130 140 150

160

m,, [GeV]

4.90 in a single decay channel

Scalars 2019

13



Run: 336567
Event: 2327102923
2017-09-25 15:38:38 CEST

N

Display of a tt(-=>e+jets)+H(>upup) candidate
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/

Probing the small
couplings




Weighted Events / 2 GeV
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(expect 1.3 for the case of no signal)



ATLAS-CONF-2019-028, ATLAS-CONF-2019-005
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Entries / GeV

Data - fit

ATLAS-CONF-2019-039

Electron modes
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Events / 0.10

Data/ Fred.

More flavour-violating modes

More signal-like

»
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AHHH self-coupling

V(H'H) = p*HYH +n(H H)?

L 5.9 7 3, 1,4
— —mzih W =mph” + —=h",
o h +\£ Wl

Loop effects

H
Direct HH searches - T T




AHHH self-coupling

HH production

1906.02025
ATLAS e Obened
[ 5=13Tev, 275-364 M7 o E0eTed ]
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Combination || -5.0 — 120 | -58—12.0 | -53—11.5
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Loop effects
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VMeasure measure measure
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E

-1 constraints

1008.4884
Grzadkowski et al

X3 ¢® and 1D? 23
Qe | fAPCCIGIGT | Q, (¢Te)? Qe (¢T) (herep)
0 | 1Gramce | Qu| oD | G| (@@
Qw | KwhwlewEe | Q.p | (¢'Dre)" (¢! D) | Qua, (') (@drp)
QW EIJKWJUijWK#
X2p? VX 22D
Qua Wt‘f:" ?;:-u(;ﬂ.!w Qew (-’f ae )T W w Qfoli} (Eﬂiiﬁp ‘P)EIP'T#'E"] “\Warsaw basis”
Qe | #oGuc R Quw| Gove)eBu | Q| (WD, @)(lr'y"h)
Quw | oWl B Qu | (@G0T )G, | Qe | (p1iDup)@Ente)
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Q. ¢ By, B" Quc | (G0™TAL)pGA, | Quu | (pliD, o)y u,)
Qowr | oo WLB* N Quw | (4o d )T oW}, | Qua | (D, @) (dyy dy)
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Table 2: Dimension-six operators other than the four-fermion ones.
_£SMEF1" C{GO‘%;F C{’iwo;iw + CEBOiH, + CHWEOHWB Ei C; UQ/AQ
+CHGOé + CHWO}{W + CHBO}.; + CHWEOHWB \
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EFT constraints

ATLAS-CONF-2019-029
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Figure 10: The effect on the five differential dlSTl‘lbUTlDl’lH uaed in the analym of (a) the CP-even coefficients CH(;.

CHB CHW CHWB and (b) the CP-odd coefficients CHG CHB CHW Chw p of the SMEFT effective Lagrangian
for values of the coefficients close to the observed limits.
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ATLAS-CONF-2019-029

EFT constraints

Table 6: The 959 CL observed limits on the Cy . Cyw. Cyr. Cyw g Wilson coefficients of the SMEFT basis and
their CP-odd counterparts using interference-only terms and using both interference and quadratic terms. Limits are
derived fitting one Wilson coefficient at a time while setting the other coeflicients to zero.

Coethcient | 95% CL, interference-only terms | 95% CL., interference and quadratic terms
Crc [-4.2,4.8] x 107* [—6.1,4.7]x 107~*
Crec [-2.1,1.6] x 1072 [—1.5,1.4]x 1073
Chw [-8,2,7.4] x 107 -8.3,8.3] x 1074
Cruw [-0.26,0.33] [-3.7,3.7] % 1073
Cusr [-2.4,2.3] x 10~* [—2.4,2.4]x 107%
Cus [—13.0, 14.0] [-1.2.1.1]x 1073
Chws [-4.0,4.4] x 10~ [—4.2,4.2] x 1074
Cuwa [—11.1,6.5] [—2.0,2.0] x 1073

11/09/2019
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The other scalars?
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Extended Higgs sector?
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\s=13TeV,36.1 1"
JHEP 01 (2018) 055
[ | H = v
Vs =13 TeV, 36.1 b
JHEP 09 (2018) 139
o H -t
] Vs =13 TeV, 36.1 b
arXiv:1808.03589 [hep-ex]
1 H= ZZ— 4l/lvy
Vs =13 TeV,36.1 b
Eur. Phys. J. C (2018) 78: 293
gg— A— Zh
\s =13 TeV,36.1 1"
JHEP 03 (2018) 174
/1 H-> WW- viv

Vs =8TeV, 203"

Phys. Rev. D92, 092004 (2015)
] H->hh—bbyy

Vs =13 TeV, 321"
ATLAS-CONF-2016-004

h couplings [k, K, k]
Vs =13TeV,36.1-79.81"

ATLAS Preliminary Vs = 13 TeV, 36.1 '

' o ot — Eur. Phys. J. G 78 (2018) 24
: hMSSM, 95% CL limits | e s i b,

. — Observed — bb v/,
--- Expected - = WWry

1000

ATLAS-CONF-2018-031

2000

m, [GeV]

Other BSM Higgs searches (flipped 2HDM, scalar resonances, ...) at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
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ATLAS-CONF-2019-014

Scalar leptons?

14 This region particularly interesting for
DM relic density
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First sensitivity beyond LEP
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ATLAS-CONF-2019-018

First sensitivity to staus
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Many more SUSY searches (stops, sbottoms, ...) at
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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1902.03094

Long lived scalars

Trigger on narrow jets
in HCAL (little ECAL &

no tracks) (I) — 55 = fff,f’

Ly} 8 T I I T L | T T T I L I T T I T
8 10 ATLAS
@ 107 m,, = 600 GeV, m_ = 150 GeV, high-E_selection
T Vs=13TeV 33.0fb"
o s — obs. limit
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B 4 exp. + 1o
c 10 exp. +2c
_S 10:3 ---- Scaled Run 1 limit (8TeV) m, =600 GeV, m_ =150 GeV
E 107 )
|
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Q
Q 1
-
- 107
o -2
32 10
8 10_3 | | Lol 1 1 A | | | |
10" 1 10

s proper decay length [m]

Many more exotic scalar searches (leptoquarks, dark scalars, ...)
can be found at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Light-by-light scattering 1904.03536

Candidate Event:
Light-by-Light Scattering

Run: 366994 Event: 453765663

EXPERIMENT 201811-26 18:32:03 CEST

o oc /4

Pb

\N\N\' photon

photon photon
59 yy = yy events observed for Pb . Pb

12 = 3 expected background (8.20)

11/09/2019 Scalars 2019 33



Conclusion

 Run-2 data-taking was a great success

* VH and ttH production are now observed

* H=>bb decay is now observed

* Second generation couplings getting closer

e Rare and flavour-violating decays being tested
e Differential distributions used to test EFTs

e Searches continue on a broad front

Lots more results at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
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Mass

. —
AI TLAS —Total  Stat. only
Run 1: Vs = 7-8 TeV, 25 fb”, Run 2: Ys = 13 TeV, 36.1 fb Total  (Stat. only)
Run 1 H—4] . . = 124.51+ 0.52 ( £ 0.52) GeV
Run1H-yy ' . +  126.02 +0.51 ( £ 0.43) GeV
Run 2 H—4l —— 124.79 + 0.37 ( £ 0.36) GeV
Run 2 H—yy -——-I——l 124.93 +0.40 ( £ 0.21) GeV
| Run1+2 Ho4l S 124.71+030 (£0.30) GeV
Run 142 H—yy ———— 125.32 +0.35 ( +0.19) GeV
| Run1Combined  4+— — 12538 £0.41 (£0.37) GeV
Run 2 Combined ——i 124.86 +0.27 ( +0.18) GeV
Run1s2Combined e T 124.97 £0.24 (£0.16) GeV
| ATLAS+CMSRun1 =S 125.00£0.24 (£0.21) GeV

| | | | l | | | 1 | | 1 | 1 I | | | | I | 1 |

1 | 1 1 | |
123 124 125 126 127 128
m,, [GeV]
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Total width (off-shell measurement)

Constraints on off-shell Higgs boson production
and the Higgs boson total width in ZZ — 4f¢ and
Z7Z — 2{2v final states with the ATLAS detector

11/09/2019

The ATLLAS Collaboration

A measurement of off-shell Higgs boson production in the ZZ — 4f and Z74 — 2£2v
decay channels, where ¢ stands for either an electron or a muon, is performed using data
from proton—proton collisions at a centre-of-mass energy of vs = 13 TeV. The data were
collected by the ATLAS experiment in 2015 and 2016 at the Large Hadron Collider, and they
correspond to an integrated luminosity of 36.1 fb~!. An observed (expected) upper limit on
the off-shell Higgs signal strength, defined as the event yield normalised to the Standard Model
prediction, of 3.8 (3.4) is obtained at 95% confidence level (CL). Assuming the ratio of the
Higgs boson couplings to the Standard Model predictions is independent of the momentum
transfer of the Higgs production mechanism considered in the analysis, a combination with

the on-shell signal-strength measurements yields an observed (expected) 95% CL. upper limit
on the Higgs boson total width ntl 14.4 (15.2) McV. I
[ = 4.1 MeV

Scalars 2019
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-2 AIn(A)

1904.05105

Higgs =2 invisible

14

12

10

ATLAS

Vs =13 TeV, 36.1 fb”
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- Combined
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1807.00802

H-> quarkonium +y
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- N The Standard Model Higgs boson decays H — J/i y and H — (2S)y offer an opportunity to access
- . the c-quark Yukawa coupling [15, 16] in a manner complementary to studies of the inclusive decay
- — H — cc. The branching fraction for // — J/yy has been calculated within the SM to be B(H —
C ] Jy) = {2.99;3::‘5’) % 1079 [17]. Other recent results on these calculations are given in Refs. [18-20].
— — For H — (25)y the branching fraction was calculated by the authors of Ref. [17] to be B(H —
C " W(285)y) = (1.03 + 0.06) x 107° using an estimate for the value of the order-v> NRQCD long-distance
E matrix element.
é . The corresponding decays in the bottomonium sector, H — T'(15,25,35)y, can provide, in combination
B T e I S N BN VIR P . 3 with I — bb decays, information about the real and imaginary parts of the b-quark coupling to the Higgs
g 50 100 150 200 %50 [Ge\%?o boson [19], which could probe potential CP violation in the Higgs sector. However, the expected SM
wwy branching fractions, B(H — Y(nS)y) = (5.22*292 1.42*0.72.0.91*03%) x 10~ (n = 1,2,3) [17, 18], are
smaller due to a cancellation between the “direct” and “indirect” amplitudes. The direct amplitude proceeds
11/ 09/ 2019 through the H — ¢4 coupling with a subsequent photon emission before the g4 hadronisation to T(nS).

The indirect amplitude proceeds via the Hyy coupling followed by the fragmentation y* — T(nS).
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Indirect constraint on charm Yukawa
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Reconstructed Event Category
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ATLAS-CONF-2019-029
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Figure 12: The observed 68% (green) and 95% (yellow) confidence level regions from the simultaneous fit to the
caw and cgw Wilson coefhicients of the SILH basis are shown in the left plot (a). The values of ¢gp and ¢y p are
set to be equal to cgw and cgw. respectively, and all other Wilson coefhicients are set to zero. The SM expectation
at (0,0) is also shown. The corresponding limits from the simultaneous fit to ¢, and ¢,. setting all other Wilson
coeflicients to zero. are shown in the right plot (b).

Constraints on a different EFT basis (SILH) on two parameters
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1906.08589

Search for diboson resonances in hadronic final
states in 139 fb~1 of pp collisions at Vs = 13 TeV
with the ATLAS detector

The ATLAS Collaboration

Narrow resonances decaying into WW, WZ or ZZ boson pairs are searched for in 139 o1 of
proton—proton collision data at a centre-of-mass energy of /s = 13 TeV recorded with the
ATLAS detector at the Large Hadron Collider from 2015 to 2015. The diboson system is
reconstructed using pairs of high transverse momentum, large-radius jets. These jets are built
from a combination of calorimeter- and tracker-inputs compatible with the hadronic decay of a
boosted W or Z boson, using jet mass and substructure properties. The search is performed
for diboson resonances with masses greater than 1.3 TeV. No significant deviations from the
background expectations are observed. Exclusion limits at the 95% confidence level are set on
the production cross-section times branching ratio into dibosons for resonances in a range of
theories beyond the Standard Model. with the highest excluded mass of a new gauge boson
at 3.8 TeV in the context of mass-degenerate resonances that couple predominantly to gauge
bosons.
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Table 1: Tree-level fermion couplings of the 2NDM A, H. and A bosons for model types L II, X (or lepton-specific),
and Y (or flipped). Here U, D, and E refer to yp-type quarks, down-type quarks, and charged leptons, respectively,
tg = tan B is the ratio of the vacuum ex pectationfvalues of the two scalar doublets, and € = cos (f — «) where « is the
mixing angle of the two CP-even scalar bosons [P]. The couplings are normalized to the SM Higgs boson couplings
hsmUU. hsyDD. and hsmEE and are given in the alignment limit cos (8 — @) = 0 where the couplings of the light
scalar boson h are close to SM expectations.
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X ]'I'i ]+!‘_ ]—Efﬁ —{E—E) {?—E) Ig + € —a E —fﬁ
£ 1 1 1 |
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