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ATLAS Data taking in Run-2

140 fb-1 recorded for physics during the Run-2 period in 2015-2018.

Almost all of published results are currently based on 36 fb-1.

The analysis of the full Run-2 dataset is in progress.
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Larger than expected !

Stable operation around 2.0x1034 cm-2s-1 

(double of the designed one).

— Excellent performances of the LHC/ATLAS



Exotic

Di-boson resonance

Japanese Group Activities
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SUSY

Gluino/Squark Stop

Disappearing track

Electrowikino

Higgs/SM

Di-Higgs
H bb

ttH

Heavy higgs
VBS

Boosted object tagging

Weôve looked for any indications about the energy scale of the NP 

by both precise measurements of the SM and direct searches.



Search for SUSY particles

Jan. 7 2019,   Tomoyuki Saito (ICEPP), IPMU-ICEPP symposium 4

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.

A not too heavy gluino

Minimal requirements for a natural SUSY

c1
0 assumed to be the lightest SUSY 

particle (LSP)

The DM relic density is sensitive to

the gauge content of the LSP.

— Some c0 and c are degenerate.

ATLAS Run-1, Planck, 

XENON100, etc

DM considerations

1608.00872
Important guidelines for SUSY hunting

https://arxiv.org/abs/1608.00872


SUSY cross-section at LHC
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The gluino production has been important for 

the relatively large cross-section.

The direct production of EW SUSY 

particles suffered from the small 

cross sections. The constraints are 

still rather weak.

2.5 TeV gluino events in data 

3.6 evts in 36 fb-1

14 evts in 140 fb-1The lower cross-section of Higgsino

makes its search more challenging.



Typical SUSY Search
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Background

SUSY

Signal separation from backgrounds
Reconstructed object multiplicities, momenta, energies

e.g. Njets, Nlep, Nb-tag, pT

Scale variables, event-wise variables 

Angular/Mass variables

Hypothesis based event variables

e.g. 

e.g. 

e.g. 

C
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Trigger : online selection of events

Up to ~1 kHz record rate of the LHC 40 MHz pp 

crossing rate

SUSY searches mainly based on ET
miss, single or  

multiple lepton triggers, etc.

SUSY events observed in small deviations from SM predictions

Signal buried in backgrounds due to its small cross section in particular 

for large masses.



Gluino Search
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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 

gluino mass in full Run-2 analysis.
ATLAS pushes gluino beyond ~2 TeV.

Still low sensitivity at large LSP mass



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

ñSoft b-taggingòto 

identify very-low-

momentum b-jets, based 

on inclusive vertex filter 

independent on jets

(>20 GeV jets for the 

conventional b-tagging)

ñBoosted Top/W tagò to 

reconstruct highly boosted

top/W using the machine

learning.

merged into a 

single large jet

Boosted



Electroweakino Search Strategy
The large data statistics in full Run-2 boosts 

the EW SUSY searches.

The strategy depends on Dm = mNLSPïmLSP.

Some dark matter consideration favors a situation 

for nearly degenerate c0 and c (small Dm).

— The accompanying decay products are rather soft,

making their identifications more challenging
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mZ, mW< Dm

Wino—Bino LSP search

Dm <~0.2 GeV

Wino LSP search

ET
miss+ 3ǎ ET

miss+ soft 2ǎ 
ISR jet + ET

miss

+Disappearing track 

Degeneracy

1608.00872

~0.2 GeV< Dm < mW

Higgsino LSP search

https://arxiv.org/abs/1608.00872


Wino — Bino LSP Search
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Bino (N1)

Wino (N2, C1)

M
a

s
s

Dm ~ a few tens of GeV

PHYSICAL REVIEW D 88, 

115010 (2013)

The usual canonical scenario motivated by Bino LSP DM.  

The leading contributions are the Drell-Yan 

processes via W (large SU(2) coupling).

An expected gain is ~400 GeV in full 

Run2 analysis.

ñBoosted boson tagò to reconstruct 

highly boosted bosons in fully hadronic 

mode (large BR).

Improvement of soft-lepton identification 

down to a few GeV in full Run-2

Soft objects

DM motivated scenario



Higgsino LSP Search
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Higgsino (N2, C1, N1)

M
a
s
s

DM ~ hudreds of MeV to tens of GeV ISR jet to get the system 

boosted 

Large ET
miss to be 

triggered

two soft leptons

In 2018, limits on compressed SUSY filling 

in the sensitivity gaps and extending to  

regions not probed since LEP

quite difficult at LHC

The lower cross-section makes their search 

challenging
2 soft leptons

L
E

P
2

Naturalness suggests models with light Higgsino.

Limits on higgsino production

The soft lepton identification has low efficiency   

and large fake background.

Development of new technique with the 

machine learning is ongoing (~a few GeV).



Wino LSP Search
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Wino (N1, C1)

M
a
s
s

Dm~160 MeV 

— C1 lifetime ~ 0.2ns

Wino LSP scenario, as often realized in AMSB.

The lightest states c1
0 and c1 are highly mass-degenerate.

Final state: very-low-momentum p , ET
miss and 

disappearing track

New ATLAS Pixel layer (IBL) allows reconstruction 

and use of Pixel-only tracklets— access to short 

lifetimes.

ISR jet to get the system 

boosted Large ET
miss

to be triggered

c1 can have a lifetime long 

enough that it can reach the 

detector before decaying.

ñDisappearing trackò

Excluded a pure Wino 

up to mass of 420 GeV
~200 GeV gain in full Run-2 by some improvements, 

as well as the larger statistics 



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 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
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Signal peak 
Jet mass

The identification of hadronically decay of boosted bosons (and top) 
is a key technique in various fields in the ATLAS analysis.

m(WV) 

Highly collimated and merged 

into a single large jet



Boosted Boson Tagging
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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

~10-50% improvement 

1808.07858

W tagging performance

~10



Higgs 
Without a clear sign of NP itôs crucial to perform precise measurements

of Higgs properties to look for possible deviations from SM.

Higgs physics is already in the field of precision measurements.
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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

Our current understanding of Higgs



Higgs Mass 
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Phys. Lett. B 784 (2018) 34

The latest summary of mass measurements

ATLAS Run1+Run2: 124.97 0.24 (Stat. 0.16) GeV.

ggresult dominated 

by systematics already

In Run-2

— ~0.2% uncertainty



Higgs Cross-sections
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ATLAS-CONF-2018-031

Cross sections normalized to the SM predictions

ATLAS: 

CMS: 

Global signal strength  (m=s/sSM)
A global scaling of the expected Higgs yield in all categories by a single value.

Cross-sections are in 

good agreement with 
the SM predictions

Theyôre measured with the assumption 

of SM BR.



Differential cross-section in HŸgg, ZZ

Weôve started measurements of differential cross-section in HŸgg, ZZ.

To probe the kinematic properties of Higgs boson in more detail.

The differential pT distribution is sensitive to new particles in the loops.
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Phys. Lett. B 786 (2018) 114

Larger data set will give more precise 

comparison with the SM.

Good agreement is observed.



Observation of HŸbb in 2018
Direct measurement of HŸbb

The most sensitive channel is the associated production VH

Combination of Run-2 with Run-1 and of all production modes

lead to the direct observation of the decay channel.

— 5.4s(exp. 5.5s) significance
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Phys. Lett. B 786 (2018) 59 ATLAS-CONF-2018-053

Measured  VH (VŸlepton) cross sections 

x the HŸbb branching ratio

Good agreements

are observed 
in pT bins.



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: gg, tt, WW, ZZ, bb

Run-1 and Run-2 results combined: 6.3s(exp. 5.1s)
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Phys. Lett. B 784 (2018) 173

Di-photon invariant mass in the ttH
Combined ttH cross-section with individual 

decay channels.

A good agreement is observed.

Complex
final state



Consistency with the SM
The ñkñexpresses Higgs boson interactions using multiplicative modifiers 

to SM cross-sections and partial widths, leading to the parametrization;
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The coupling modifiers kF and kV

measured assuming no BSM  

contributions to the Higgs, and the SM 

structure of loop processes such as  

ggF, HŸggand HŸgg.

The compatibility of the measurement 

with the SM prediction corresponds to 

a p-value of pSM=79%.

No significant deviation from the SM

Fit results for the modifiers k

k  parameters defined to 

be unity in the SM



Precision measurements of SM:

ñWmass and EW mixing angleò

First precise W mass measurement with 7 TeV data published in 2017

Electroweak mixing angle, sin2qW, 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
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ATLAS-CONF-2018-037

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 ãs

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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arXiv:0806.4145

Cross-sections

With HiggsWithout Higgs



2018 VBS Results and Prospect

Observed VBS in 2018
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CMS:PhysRevLett.114.051801

Weôre working on the Run-2 analysis 

with an improvement by adding on 

hadronic channels from one boson.

Gain in statistics (larger branching 

ratio)

ãs reconstruction

Large backgrounds from W/Z+jets/tt

— Boosted W/Z tagging with the use 

of jet substructure in ML

Қ
n

q
q

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

Highly collimated and 
merged into a single 
large jet

6.9sin W W

5.6sin WZ
ATLAS-CONF-2018-030
ATLAS-CONF-2018-033



Summary
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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

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.

Almost all of our published results are currently based on 36 fb-1.

140 fb-1 recorded for physics during the Run-2 period in 2015-2018.



Back-up
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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

Tomoyuki Saito (ICEPP), Jan. 7 2019, IPMU-ICEPP symposium 32



Tomoyuki Saito (ICEPP), Jan. 7 2019, IPMU-ICEPP symposium 33



Higgs measurement at HL-LHC
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