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ATLAS Run-2 Summary

(in particular focusing on what we, Japanese group,
are working on - including prospect to full run2)
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ATLAS Data taking in Run-2
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— Excellent performances of the LHC/ATLAS

140 fb- recorded for physics during the Run-2 period in 2015-2018.
Almost all of published results are currently based on 36 fb-1L.
The analysis of the full Run-2 dataset is in progress.
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Japanese Group Activities
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Search for SUSY particles

Minimal requirements for a natural SUSY DM considerations

¢,° assumed to be the lightest SUSY
particle (LSP)

The DM relic density is sensitive to
the gauge content of the LSP.
— Some cPand ¢ are degenerate.

Light two stops(left-/right-handed) and one
sbottom (left-handed)

Light two higgsinos (one chargino and two
neutralinos). In case of absence of other
charginos/neutralinos, their mass spectrums
are quasi-degenerate.
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https://arxiv.org/abs/1608.00872

SUSY cross-section at LHC

The gluino production has been important for _ 9
the relatively large cross-section. . .
B \ NLO + NLL, pp, \s = 13 TeV s
o = ; v —==0 . e B
-§104 Eg ............... |‘ ,,,,,,, ,,,,,,,,,,,,,,,,,,,,,, Tlﬁg(hlggSInOIIke) ,,,,,,,,,,,,,,,,,,,,,,,,,,, H
ke) - v %% (wino-like)
"g 103 TR 1 e et T ...................... Hl' ? ............................. .............................
S ol i ) natural SUSY
310 N e o T — [{(ﬁh@égéh@ﬁﬁmﬂ """""""""""
&)

—_
o

10xdegeneras¥) | The direct production of EW SUSY

—~t—~

1, ; .

1 ................... ‘ ........................ 1 1 ............................. .......... partlcles Suffered from the Sma”
107! I\ NN I = -3 27 cross sections. The constraints are
] e, . S 5 e f ... Still rather weak.
10—3 .......................... __________ ___________ __________________________
104 ... S - i . «eemwan - e ==

: I E : : . .

| P e T el e Sl sl il e R 2.5 TeV gluino events in data

0 500 : 1000 1500 2000 2500

i SUSY particle mass [GeV] 3.6 evts in 36 fb1

The lower cross-section of Higgsino 14 evts in 140 fb-1
makes its search more challenging.
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Typical SUSY Search

SUSY events observed in small deviations from SM predictions
Signal buried in backgrounds due to its small cross section in particular
for large masses.
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Gluino Search

Gluino search has played a key role in SUSY search
since its production cross-section is relatively large
and the mass cannot be too heavy in naturalness.

Prospects of Full-Run2 analysis
The cross-section sharply drops at a higher
gluino mass.
The conventional analysis will not improve
the sensitivity a lot in full Run-2 analysis.

Improvement by the machine learning
Training categorized by the kinematics of
the final state to have sensitivities on all
phase spaces.
— ~200 GeV gain in sensitivities on

ATLAS h luino b d ~2 TeV. : : '
PUSNES gluino beyon © gluino mass in full Run-2 analysis.

Still low sensitivity at large LSP mass
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Stop Search

Stop is also a key because natural SUSY suggests low-mass stop.

The current exclusion limits reach up to ~1 TeV

Still low sensitivity at heavy LSP due to too soft objects to be reconstructed
The stop cross-section sharply drops at a higher mass.
— New techniques necessary for further exploration in full Run-2 data
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Electroweakino Search Strategy

The large data statistics in full Run-2 boosts 3 [ amas smuaton  1608.00871
= Samples from the initial likelihood Scalj:__{_gi—
the EW SUSY searches. & 100 | EKHmod A
The strategy depends on Dm = my, spT M sp | P A
Some dark matter consideration favors a situation | e Wi
. . H-like
for nearly degenerate c®and ¢ (small Dm). 102 o
— The accompanying decay products are rather soft, | AO— B mix ]
making their identifications more challenging 10° 0
m(%;) [GeV]
Degeneracy
—
Dm <~0.2 GeV ~ 0 G&/< nD<m,, m,, my,< nD
Wino LSP sec?rch Higgsino LSP search Wino—Bino LSP searct
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ISR jet+ E,miss = | . | 5
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https://arxiv.org/abs/1608.00872

Wino — Bino LSP Search

The usual canonical scenario motivated by Bino LSP DM.
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The leading contributions are the Drell-Yan
processes via W (large SU(2) coupling).
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An expected gain is ~400 GeV in full
Run2 analysis.

DM motivated scenario
4+ Dm ~ a few tens of GeV

I Wino (N2, C1)
Bino (N 1)\§oft objects

Improvement of soft-lepton identification
down to a few GeV in full Run-2
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Higgsino LSP Search

Naturalness suggests models with light Higgsino.

[

DM ~ hudreds of MeV to tens of GeV ,

Mass

$ Higgsino (N2, C1, N1)

p

In 2018, limits on compressed SUSY filling
in the sensitivity gaps and extending to
regions not probed since LEP

S

quite difficult at LHC o)
The lower cross-section makes their search :f
challenging g

The soft lepton identification has low efficiency
and large fake background.
Development of new technique with the
machine learning is ongoing (~a few GeV).

q
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X1 Large E{™ss to be
X! triggered
¢ two soft leptons

!

Limits on higgsino production
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== Theoretical prediction for pure Higgsino
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Wino LSP Search

Wino LSP scenario, as often realized in AMSB.
The lightest states ¢, and ¢, are highly mass-degenerate. J

4 Dm~160 MeV P »
»| — Cllifetime ~0.2ns .
9 .
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---------- ' N
-------------- A u P N
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vl enough that it can reach the 5 J q 9 3 é’ s
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E S= ev, . E . .
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0.0 Mt L L o
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Excluded a pure Wino ~200 GeV gain in full Run-2 by some improvements,
up to mass of 420 GeV as well as the larger statistics
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Di-boson Resonance Search
and Boosted Boson Tag

New resonances can generally be expected to
couple to bosons in a number of extensions to the

q VIV

SM.

For high-mass resonance, the quarks from V boson can be
identified as a single jet because of its small opening angle.

— Tagging with a combination of jet mass and jet substructure
variable to identify jets with two-prong substructures

L B
ATLA"&»l Simulation Preliminary 7
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q anti-k, R=1.0 jets
Trimmed (f_ = 0.05 Ry, = B
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Boosted jets: Increasing transverse momentum, p;

Highly collimated and merged
Into a single large jet o
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Data / SM

The identification of hadronically decay of boosted bosons (and top)

10° =ATLAS ¢ =
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4l N Z+jets B
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------- HVT Model AZ" 3
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05 s 2
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IS a key technique in various fields in the ATLAS analysis.
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Boosted Boson Tagging

Ongoing improvements in the boosted boson (and top) tagging.
Make use of track info.

combined information from clusters and tracks
Machine learning with the more direct use of the jet constituents

— Significant improvement
W tagging performance
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Higgs

Wit hout a c¢cl ear si gn of NP 1 tdéds cCr

of Higgs properties to look for possible deviations from SM.
Higgs physics is already in the field of precision measurements.

Our current understanding of Higgs

Higgs mass: 125 GeV
— Precision reached to ~0.2% in 2018

Cross-sections are in good agreement with the SM predictions.
— Differential cross section measurements in 2018

Couplings
— Observation of couplings to the third generation quarks

(H—bb, ttH) in 2018

l
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Higgs Mass

The latest summary of mass measurements

ATLAS ~Total [ Stat. only
Run 1: Vs = 7-8 TeV, 25 fb™, Run 2: {s = 13 TeV, 36.1 fb™' Total  (Stat. only)
Run 1 H—4[ ; . = 124514 0.52 ( + 0.52) GeV
Run1H—-yy 126.02 £ 0.51 ( £ 0.43) GeV g geSUIt dominated
Run 2 H—4l — 124.79 + 0.37 ( £ 0.36) GeV .
Ru nZH_)W .................. .! ........................... 12493+0 .4.6 ( +02 1)(;9\/4— I by SyStem atics alre ady
R ol (rom oo | TN RUN-2
Run 142 H—yy 125.32 £ 0.35 ( £ 0.19) GeV
| RuniCombined  &— — 12538 £ 0.41 (£0.37) GeV
Run 2 Combined —— 124.86 £ 0.27 ( £0.18) GeV
2 R 143 Combined e T e ode e
CURTLAS S OMS Run 1 e e T ose (s00n eV

1 1 I 1 | 1 I | | 1 | 1 1 1 1 I | 1 | | | 1 | 1 I 1 1 1
73 Y o8 198 57 58 Phys. Lett. B 784 (2018) 34

m,, [GeV]

ATLAS Runl+Run2: 124.97 0.24 (Stat. 0.16) GeV.

— ~0.2% uncertainty
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Higgs Cross-sections

Global signal strength (m= sg,) ATLAS-CONF-2018-031
A global scaling of the expected Higgs yield in all categories by a single value.

ATLAS] p = 1137002 + 1.13 +0.05 (stat.) + 0.05 (exp.) *0-0> (sig. th.) + 0.03 (bkg. th.)
CMS] = 1.17+£0.10|= 1.17 £ 0.06 (stat) *32 (sigtheo) = 0.06 (other syst),

Cross sections normalized to the SM predictions

L L rrrrrryrrrrrrryrrrrryrrrrrr7rrrTrp T T T T T T TTrT
| | \ I | | | |

ATLAS Preliminary e Total Stat. @ Syst. — SM
Vs=13TeV, 36.1-79.8 fb™'

my = 125.09 GeV, \yHl <25

Tl st Syt | T heyodore measured w

ooF e 17 2 (=27 s+ 0y | Of SM BR.

VBF - —e—] 1212 03 (£ 008 . £ 013)

WH HE—— 1575 0% (£ 07 ,% %) : )
Cross-sections are in

ZH 1 074+ 08 (+ 03+ 022 .
good agreement with

ttH + tH == 122+ 022 (£ 017 . % o3%)

the SM predictions

llllllllllllll{llllllllllLIIIIILIII]I]IIIIII

05 0 0.5 1 1.5 2 25 3 35 4
Cross-section normalized to SM value
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Differential cross-section in HY g ,gZ7

Webve s
To probe the kinematic properties of Higgs boson in more detail.
The differential p; distribution is sensitive to new particles in the loops.

[pb/GeV]

H
T

do/dp

Theory/Data

tarted

measur e me ndectionirf HYdigiZf e

00
g '
fO—OTq

Good agreement is observed.

Larger data set will give more precise
comparison with the SM.

2.2: i T { T e T =
oF ATLAS ¢ Combined —]
FIH->ZZ,H— vy :I“ g”w it =
1.8 15 TeV, 36.1 b HResaxH =
1.6 s NNLOPS (K = 1.1) + XH  —
= BB MG5 (K = 1.47) + XH -
1.4 RadISH + XH —]
- 2 XH = VBF+WH+ZHttH+bbH -
1.2 —
1 H 3
0.6F [ @F E
0.2 [ H#M =
= jrreren R A A A T R AP Lt T T,
1.6F N T =
141 " I ' I |
1 2 — . ol [ . v
1_' TR TTam Mmoo AL o * """""" ﬁ_
0.8-= - | |
0.6 . e
04 , , . , , , , —
0 10 20 30 45 60 80 120 200 350

p" [GeV] Phys. Lett. B 786 (2018) 114
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Observation of HY bb in 2018

Direct measurement of HY bb e
The most sensitive channel is the associated production VH ‘ w/z:
Combination of Run-2 with Run-1 and of all production modes . S
lead to the direct observation of the decay channel. / N

— 5.4s (exp. 5.58) significance Measured VH (VY lepton) cross sections

x the HY bb branching ratio

_lllIIII'\TITTIIIIIIIII'TTTIT\f[[[lll_
C ATLAS —e— Data ]

;; 18E g § ATLAS Pre||m|nary VH, H—bb, V—leptons cross sections:
Z . Is=13TeV,79.8 fb” B VH, H — bb (u=1.06) | o | {s=13 TeV, 79.8 fb"' ® Observed ==tot.unc ==stat. unc
é) 16 0+1+2leptons Slbos:n . - >0 108 - ., ==Expected [Jtheo. unc.
X [ 2+3 jets, 2 b-tags R ncertainty g :
S 14E weighted by Higgs s/8 Dijet mass analysis CQ - VoW : Vez Good agreem ents
0 I~ = | =

- 12_ ] T Q - 1
5 | 1R el T are observed
g t 1% E - 1 In p; bins.

(0] b_ - > ! —
= + 10 T !
> ——
8 ; ;
= 5 T
~ AN \ N je] 2— F -l_ ' * -
2 o, 1 e T * I = ¥
L%) 40 60 80 100120 140160180200 c O J; ! 5 -

50 .s 5. Z 50 .52
M [GEV] s ?506 is Gey ?“506‘ prf 950(3 %0 Goyy
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Observation of ttH production in 2018

First direct observation of the Yukawa coupling
between the Higgs and top.
Low cross section because of the heavy final state
Various decay channels combined: g @ tWW, ZZ, bb
Run-1 and Run-2 results combined: 6.3s (exp. 5.1s)

H

—_—

Complex
- final state

Combined ttH cross-section with individual
decay channels.

Di-photon invariant mass in the ttH

Sum of Weights / 2.5 GeV

357 o =

= Back ?‘TL‘:gT V,79.817 3 ATLAS e Toul Stat. W Syst g SM
30F Continuum Background |s = ev, /9. - Ys=13TeV, 36.1-79.8 fb"

- - - Total Background m, = 125.09 GeV E Total Stat. Syst.
25— — Signal + Background All categories — o | - 0.2

. In(1+S/B) weighted sum . ttH (bb) F——— 079+ §% (+ 0% ,+053)
201 E fiH (multiepton) FEmemy 156+ 0E (03,103
151 - ]

- . ttH (1Y) —== 139+ g% (£ 0% .+ o%7)
10k * —

- TR ! J{ ! l ] tH(Z2) <1.77 at 68% CL

E | | 1 *I . Combined H=e=H 132+ 022 (£0.18,+ %)

110 120 130 140 150 160 1 1 1 1 I | 1 | 1 I 1 1 1 1 I 1 1 1 1 | | 1 | 1 | 1 1
m,, [GeV] —1 0 1 2 3 4
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Consistency with the SM

The nAn expresses Higgs boson interactions using multiplicative modifiers
to SM cross-sections and partial widths, leading to the parametrization:

2-SM
K.l
(0 xB)is = 2e™ML L k parameters defined to
| k2, oM be unity in the SM
H H y

Fit results for the modifiers k&

T A The coupling modifiers A and &
> 1 ATLAS Preliminary e .
o - Vs=13TeV,36.1-79.81b" ..Z? 3 measured assum|ng no BSM
= [ m,=125.09GeV, |y, | <25 AN ] . . .
Ef|; 1071k SMHiggsboson " ] contributions to the Higgs, and the SM
v : structure of loop processes such as
- * 1 - .-
10_22_ ‘_,»‘fi;" b _E ggF1 HY g gnd HY gg.
10 4+ The compatibility of the measurement
1 with the SM prediction corresponds to
L T p-value of pg,,=79%.
107! 1 10 10°

No significant deviation from the SM

Particle mass [GeV]
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Precision measurements of SM:
AWmass and EW mi xi

First precise W mass measurement with 7 TeV data published in 2017
Electroweak mixing angle, sin?q,,, with 8 TeV data published in 2018

— Comparable to the best single experiment result

Next step: Dedicated special low-pileup data recorded in 2017 and 2018
will help for a further improvement

ATLAS Preliminary

[ T [ | T
LEP-1 LD: Z-pol 23152 + 0.0001
ATLAS o m, and SLD: Zpole | e | 0:28152 £ 0.00016
= Stat. Uncertainty LEP-1 and SLD: Ajp —e— | 0.23221+0.00029
— Full Uncertainty SLD: A B —e—i | 0.23098 + 0.00026
LEP Comb. Py 80376433 MeV Tevatron B —a— N 0.23148 + 0.00033
LHCb: 7+8 TeV B \ s . | 0.23142 + 0.00106
Tevatron Comb. Py 80387+16 MeV - |
CMS: 8 TeV — e 0.23101+ 0.00053
LEP+Tevatron o 80385+15 Mev ATLAS: 7 TeV I o : 0.23080 + 0.00120
ATLAS: ee,+ujt B — o B | 0.23119 + 0.00049
ATLAS @-50370519 MeV ce | |
ATLAS: ee.p —— 0.23166 + 0.00043
Electroweak Fit @-8035618 MeV ATLAS: 8 TeV | — 0.23140 + 0.00036
| | | I — P
80320 80340 80360 80380 80400 80420 023 0231 0232
2
m,, [MeV] sin“e.

ATLAS-CONF-2018-037_
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https://cds.cern.ch/record/2630340

Other SM tests:
Weak Vector Boson Scattering (VBS)

VBS is a key process to probe the structure of the EW interaction

In the absence of any other contributions, the scattering amplitude of longitudinally

polarized vector bosons would violate unitarity at as

for the scattering process of O(1) TeV.

If the discovered Higgs boson contributes fully to EWSB,

the VBS would not grow strong at high energy.

If the discovered Higgs boson is only partially responsible

for EWSB, the VBS could get strong for a range of energy. >
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2018 VBS Results and Prospect

Observed VBS in 2018
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The observed excess of data events is
consistent with the SM predictions,

although they still have large uncertainties.
_— Next step : look for deviations from the SM

We b6r e wor ki n2@analysis t

with an improvement by adding on
hadronic channels from one boson.

Gain in statistics (larger branching
ratio)
as reconstruction
Large backgrounds from W/Z+jets/tt
— Boosted W/Z tagging with the use
of jet substructure in ML

Highly collimated and
merged into a single
large jet
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Summary

With lack so far of any indications about the energy scale of the NP,
further investigations with a higher luminosity may be required to fully
explore the next layer of phenomena beyond the SM.

Simple — Complicated analysis to make full use of available information

Almost all of our published results are currently based on 36 fb-1L.
140 fb-! recorded for physics during the Run-2 period in 2015-2018.

A series of results on the full Run-2 analysis will publish in next spring
Many other results will follow in coming a couple of years.

>-Q

((( )))

Tomoyuki Saito (ICEPP), Jan. 7 2019, IPMU-ICEPP symposium 25



Backup




Stop Search at HL-LHC
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SUSY EW at HL-LHC
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Higgsino Search at HL-LHC
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Disappearing Track at HL-LHC
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Disappearing Track at HL-LHC
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Mono-jet at HL-LHC
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Higgs measurement at HL-LHC
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