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The Standard Model Measurements
The Standard Model is working very nicely! HEP experiments 
give values consistent with theory.

But...
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The Standard Model Problems

Hierarchy problem
● Higgs mass only correct if parameters are very precise for cancellations to 

occur

● Matter/Antimatter asymmetry
● SM says matter/antimatter are almost the same, but world tells us that there is 

more matter

● Dark Matter
● Cosmological observations show large blobs of unseen mass and SM cannot 

explain them

● No gravity, Dark Energy, neutrino masses...
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Large Hadron Collider
The Standard Model can be tested by smashing particles at high energies

And the LHC outside of Geneva is the latest tool.
● 27 km proton – proton accelerator
● several experiments studying the collisions
● record 13 TeV center of mass energy in 2015!

protonproton
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Runs I and II

Run I
● Physics data at 7 TeV in 2011 (5.2 fb-1)
● Energy increased to 8 TeV in 2012 (21.7 fb-1)

Higgs discovery! Run II
● Started running at 13 TeV in end of 2015 (3.9 fb-1)

● Received much more data in 2016! (35.6 fb-1)

● Results presented here use 2015+2016 data.
● Already have 18.0 fb-1 in 2017

● Ends in 2018 with total of 100 fb-1 planned
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ATLAS Particle Detector

Very big, very complicated and very general!

CALORIMETER

TRACKER

MUON SPECTROMETER
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SEVERAL DEDICATED CONTRIBUTIONS

●
Squarks and Gluinos by M. Backes (Sunday)

●
Stop pairs by F. Meloni (S

unday)

●
EW SUSY by A. Marzin (Sunday)

●
RPV SUSY by Y. Liu (poster)

http://indico.ihep.ac.cn/event/6329/session/4/contribution/283
http://indico.ihep.ac.cn/event/6329/session/4/contribution/284
http://indico.ihep.ac.cn/event/6329/session/4/contribution/285
http://indico.ihep.ac.cn/event/6329/session/15/contribution/327
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COVERED HERE, with exception of
● DM searches (see A. Cortes-Ganzalez' talk)

http://indico.ihep.ac.cn/event/6329/session/4/contribution/224


September 1, 2017PANIC1711

Analyses Covered

● Diphoton
● Dilepton
● Lepton + MET
● Dijet
● Diboson (qqqq, lνqq, llll, lllν, qqbb, ννbb, lνbb, llbb)
● Doubly-charged Higgs

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-17/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-053/
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Diphoton Search

● Two selections optimized for
● Spin 0 “heavy Higgs”
● Spin 2 resonant RS1 and non-resonant ADD graviton 

● Significance of 750 GeV excess went down
● Largest excess is at 708 GeV in spin 2 dataset

arXiv:1707.04147

tight ID and isolated
ET> 0.4 mγγ

ET>55 GeV

tight ID and isolated
ET> 0.4 mγγ

ET>55 GeV

10

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-17/
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Diphoton Search - Limits

Non-resonant search expects 4.3±0.1 events with mγγ>2240 GeV 
and observes 4 events. Limits on ~MS > 7 TeV.

arXiv:1707.04147

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-17/
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Dilepton Search

● Two models used for limit setting
● Resonant search using Minimal Z' framework
● Non-resonant search for qqll contact interactions

arXiv:1707.02424

pTeμ> 30 GeV

pTeμ> 30 GeV

oppositely charged
   for muons only

12

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/
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Dilepton Search - Limits

SM Z-like couplings

Lower limits on Contact Interactions energy scale for non-resonant models

arXiv:1707.02424

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/
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Lepton + MET Search

● Search targets SSM W' model
● Look for excess in transverse mass distribution

arXiv:1706.04786

pTe> 65 GeV
pTμ > 55 GeV

MET > 65 GeV
MET > 55 GeV

RESULTING LIMITS

14

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/
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Dijet Search

● Resonant search looks for peaks in mjj>1.1 TeV (1.7 TeV for y*<1.2 SR)
● Benchmark models are q*, QBH, W', Z', W*

● Non-resonant search looks for excess in χ=e2|y*| binned by mjj

● Benchmark models are contact interactions

> 440 GeV> 60 GeV

y* = |y1-y2|/2 < 0.6 (1.2 for W*)

y* = 1.7, yB=(y1+y2)/2

arXiv:1703.09127

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
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Dijet Search - Limits arXiv:1703.09127

Limits on a generic gaussian 
signal exclude cross-sections 
less than 100-1 fb.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
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Diboson Resonances (pp→X→VV, V=W/Z/H)

Benchmark Models:
● Heavy Higgs (spin 0)
● Heavy Vector Triplet (spin 1)

● Model A → dominant decays to fermions
● Model B → dominant decays to SM VV

● Bulk RS graviton (spin 2)

Channels grouped by V decay
● Hadronic W/Z decays have a big BR

● and full reconstructed final state

● Leptonic W/Z decays easy to trigger
● H→bb decays used for Higgs channels
● Have 2 V's → can mix and match

Hadronic decays of V's can become 
merged

● Happens for ~PT,V>200 GeV

● Requires the use of jet substructure 
techniques

● “boson tagger” uses D2 and trimmed jet 
mass

https://arxiv.org/abs/1507.03018
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Existing ATLAS Diboson Results

Final State √s Luminosity Reference

qqqq 13 TeV 36.7 fb-1 arXiv:1708.04445

lνqq 13 TeV 36.1 fb-1 ATLAS-CONF-2017-051

lll’l’, llν’ν' 13 TeV 36.1 fb-1 ATLAS-CONF-2017-058

ννqq, lνqq, llqq 13 TeV 3.2 fb-1 arXiv:1606.04833

lνl'l' 8 TeV 20.3 fb-1 arXiv:1406.4456

lνl'ν' 7 TeV 4.7 fb-1 arXiv:1208.2880

llqq 7 TeV 1.2 fb-1 arXiv:1203.0718

qqbb 13 TeV 36.1 fb-1 arXiv:1707.06958

ννbb, lνbb, llbb 13 TeV 36.1 fb-1 ATLAS-CONF-2017-055

NEW

NEWH
→b

b 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2012-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2011-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-055/
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Diboson Limits
Excluded mass ranges in TeV of Z', W' and Bulk RS Graviton.

HVT model A HVT model B Bulk RS, k/M
pl
 = 1

WW
qqqq 1.20-2.20 1.20-2.80 1.30-1.45

lνqq (DY) 0.40-2.75 0.40-3.09 0.40-1.76

WZ
qqqq 1.20-3.00 1.20-3.30

lνqq (DY) 0.40-3.09 0.40-2.82

WW+VZ qqqq 1.20-3.10 1.20-3.50 1.30-1.60

WH
qqbb 1.10-2.40 1.10-2.50

lνbb, llbb 0.5-2.67 0.50-2.86

ZH
qqbb 1.10-2.35 1.10-2.60

ννbb, llbb 0.50-2.65 0.50-2.83
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ZZ → lll’l’, llν’ν' Results

● A modest excess seen at 240 GeV and 700 GeV in lll’l’, but
● 240 GeV excess only observed in 4e channel
● 700 GeV excess is excluded by more sensitive llν’ν’

ATLAS-CONF-2017-058

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-058
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Doubly Charged Higgs

● Target left-right symmetric model
● Looks for same-sign lepton resonances

● There are 4, 3 and 2 lepton signal regions

ATLAS-CONF-2017-053

pTe,μ> 30 GeV
ΔR(l±l±)<3.5
pT(l±l±)>100 GeV

ΔR(l∓l∓)<3.5
pT(l∓l∓)>100 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-053/
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Conclusion

● ATLAS has a large program searching for new BSM particles
● Nothing seen so far, but strong limits are being set

● Diphoton: no RS1 graviton below 4 TeV
● Dilepton: no new Z-like particle below 4.5 TeV
● Lepton+MET: no new W-like particle below 5 TeV
● Dijet:  no leptophobic W' below 3 TeV
● Diboson: no new heavy boson below 3 TeV 

● Multi-channel boson searches important as they allow for cross-checks
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BACKUP SLIDES
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ATLAS Exotics Results on 2015+2016 Data (36 fb-1)
Search for Diboson Resonances with Boson-tagged Jets in pp Collisions at √s=13 TeV with the ATLAS Detector Aug 2017

Search for Heavy Resonances Decaying to a W or Z Boson and a Higgs Boson in the qq(′)bb Final State in pp Collisions at √s
=13 TeV with the ATLAS Detector

Jul 2017

Search for new phenomena in high-mass diphoton final states using 37/fb of proton-proton collisions collected at √s=13 TeV wit
h the ATLAS detector

Jul 2017

Search for pair production of heavy vector-like quarks decaying to high-pT W bosons and b quarks in the lepton-plus-jets final s
tate in pp collisions at √s=13 TeV with the ATLAS detector

Jul 2017

Search for new high-mass phenomena in the dilepton final state using 36.1/fb of proton-proton collision data at √s = 13 TeV wit
h the ATLAS detector

Jul 2017

Search for Dark Matter Produced in Association with a Higgs Boson Decaying to bb using 36/fb of pp collisions at √s= 13 TeV w
ith the ATLAS Detector

Jul 2017

Search for a new heavy gauge boson resonance decaying into a lepton and missing transverse momentum in 36/fb of pp collisi
ons at √s= 13 TeV with the ATLAS experiment 

Jun 2017

Search for dark matter in association with a Higgs boson decaying to two photons at √s= 13 TeV with the ATLAS detector Jun 2017

Search for pair production of vector-like top quarks in events with one lepton, jets, and missing transverse momentum in √s=13 
TeV pp collisions with the ATLAS detector

May 2017

Search for dark matter at √s=13 TeV in final states containing an energetic photon and large missing transverse momentum wit
h the ATLAS detector

Apr 2017

Search for new phenomena in dijet events using 37 fb-1 of pp collision data collected at √s=13 TeV with the ATLAS detector Mar 2017

Search for dark matter and other new phenomena in events with an energetic jet and large missing transverse momentum usin
g the ATLAS detector

Jul 2017

Search for heavy resonances decaying to a W or Z boson and a Higgs boson in final states with leptons and b-jets in 36.1 fb-1 o
f pp collision data at √s = 13 TeV with the ATLAS detector

Jul 2017

Search for doubly-charged Higgs boson production in multi-lepton final states with the ATLAS detector using proton-proton collis
ions at √s = 13 TeV

Jul 2017

Search for WW/WZ resonance production in lνqq final states in pp collisions at √s = 13 TeV with the ATLAS detector Jul 2017

Search for Higgs decays to beyond the standard model light gauge bosons in four-lepton events with the ATLAS detector √s = 
13 TeV

Jul 2017

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-17
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-17
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-060/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-060/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-042/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-042/
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2015 Diphoton
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Dijet Search - Limits arXiv:1703.09127

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
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VV → qqqq

● Unprescaled large-R jet trigger
● Boson tagger based on D2 and V mass window
● Events with leptons and MET vetoed
● Search starts at mJJ>1.1 TeV
● WW, ZZ, WZ and combination signal regions

pT> 450 GeV (trigger limited),
Ntrk< 30, boson tag

pT> 200 GeV,
Ntrk< 30, boson tag

Δy = |y1-y2| < 1.2
A=(pT1-pT2)/(pT1+pT2)<0.15)

arXiv:1708.04445

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19/
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VV → lνqq

● Unprescaled electron, muon or MET trigger
● Boson tagger based on D2 and V mass window for boosted hadronic decay
● l+ν system reconstructed from MET and W mass for leptonic W decay
● Veto b-jets to supress ttbar background
● Search starts at mJJ>0.4 TeV
● WW and WZ signal regions (inside VBF+DY and boosted+resolved selections)

pTl> ~25 GeV

pTW> 200 GeV for boosted,
otherwise resolved

MET > 100 GeV

There are VBF + DY versions, and a resolved SR...

SELECTION 
  GREATLY 
   SIMPLIFIED!

ATLAS-CONF-2017-051

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-051/
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VH → qqbb arXiv:1707.06958

pT> 450 GeV

pT> 200 GeV

Δy = |y1-y2| < 1.6

● Unprescaled large-R jet trigger
● Heavier jet is considered as the Higgs candidate

● Higgs tagger based on b-subjets and mass window
● Boson tagger based on D2 and V mass window

● Events with leptons and MET vetoed
● Search starts at mJJ>1.1 TeV
● Overlapping WH and ZH signal regions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-12/
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VH → ννbb, lνbb, llbb

● Unprescaled electron, muon or MET triggers
● Boosted and resolved regions for Higgs reconstruction
● l+ν system reconstructed from MET and W mass
● Using transverse mass for ννbb channel
● Models considered: HVT (MVH>500 GeV), 2HDM (MVH>220 GeV)

MET > 150 (200) GeV
  for resolved (boosted)

SELECTIONS
  GREATLY 
   SIMPLIFIED!

ATLAS-CONF-2017-055

pTl> 27 GeV

pTJ> 250 GeV for boosted,
pTj1 > 45 for resolved

MET > 40 (100) GeV
  for resolved (boosted)

pTl1> 27 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-055/
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VV → qqqq and VV → lνqq Limits

WW WZ WW+VZ

Model qqqq lνqq (DY) qqqq lνqq (DY) qqqq

HVT model A 1.2 – 2.2 0.4 – 2.75 1.2 – 3.0 0.4 – 3.09 1.2 – 3.1

HVT model B 1.2 – 2.8 0.4 – 3.09 1.2 – 3.3 0.4 - 2.82 1.2 – 3.5

Bulk RS, 
k/M

pl
 = 1

1.30 – 1.45 0.4 – 1.76 none none 1.30 – 1.60

Excluded mass ranges in TeV

VV → lνqq

Exclude HVTs <3 TeV and gravitons <1.5 TeV.
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VV → lνqq VBF Category



September 1, 2017PANIC1735

ZZ → lll’l’, llν’ν'
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ZZ → lll’l’, llν’ν'
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