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Looking back...
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Recent developments
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Recent developments

WJS2013
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[ ratios of LHC parton luminosities: 13 TeV /8 TeV '

luminosity ratio

long shutdown (2013-2015):

» LHC splice repair to allow 13 TeV collisions
— parton luminosity at 2 TeV increased more than 5x
— 2x more colliding bunches
=» experiments collected 1.9-3.2 tb-!

* detector upgrades in ATLAS/CMS




Recent developments
« ATLAS:

— new innermost tracking layer:
better vertex reconstruction

— muon trigger improvements

ST | | | |
- ATLAS Preliminary  {s=13TeV
- [ LHC Delivered

A~ [_]ATLAS Recorded

I All Good for Physics

Total Delivered: 4.2 fb™
5 Total Recorded: 3.9 fb™
F All Good for Physics: 3.2 fo”!

— more muon coverage (trigger
improvements)

— new luminosity detectors

Total Integrated Luminosity [fo'"]
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— new calorimeter trigger (pileup
robust)
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(atlas)
Muon drift tubes + cathode strips

p-1D efficiency > 99% in tracker acceptance

|[two magnets: ~3% m, resolution throughout . * * *
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granularity ~ 0.025 (EM, LAr) to 0.1 (HAD, Tile)




(cms)

muon systems
< 2% py resolution

(Z — Uy, barrel)

tracking
10-20 pm in R-@:
(~30x cT(B

P
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es of new interactions:
and photons

ing enpergy”
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oA D 3 Sk e / J fs
Barrel/endcap calorimeters (to Inl~3) " eakiand Higgs bosons
granularity ~ 0.0174 (EM, PbWO4) 1/

* photon momentum resolution ~1%
(central, unconverted)




leptons
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inner detector material up to 2.5 X,
energy resolution 1.5-3% (unconverted) 10%/JE (+) 1%
energy scale 0.1-0.3% 0.2-0.5%
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CMS Simulation {s=8TeV
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b-jets

combine discriminating
variables:
> Niacksr Myertex
» vertex L significance
» track impact parameter d,
» vertex pg ratio

ATLAS tracker upgrade

~doubles rejection power
at 60% efficiency

* b-jets identitied by tracker properties: useful independence
from calorimeter

— muons, neutrinos in b-jets degrade jet energy response and
resolution
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W/Z bosons

Efficient: pairs of quarks
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t/W/Z jets

ATLAS & CMS: groomed mass +

substructure tags 5 9 vy 121(2)
— typical top tag: 50% efficiency, light jet (70%) (20%) (10%)

rejection factor ~10 W — v (33%) | 23% 7% 3%

— typical boson tag: 50% efficiency, rejection | W = qq (67%) | 47% 13% 7%

factor of 30-40
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higgs bosons
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* better for higher p; or
second tag

— b decays degrade mass
resolution

Higgs-jet efficiency




Impact of LS1 activities

' ?
8 TeV — 13 TeV Excited quarks? TeV

gravity?
new pixel layers (ATLAS)
new displaced vertex natural explanations for EWSB?
reconstruction (CMS)
optimized boosted compositeness/warped ED
hadronic decay tagging signatures
improved muon reconstruction :
(CMS) BSM higgs decays
new beam structure/ larger systematic uncertainties

detector hardware (for now)
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Resonance searches with Higgs

« Strategy: exploit efficiency
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Resonance searches in X— HH

CMS fully-hadronic search for 13 TeV
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Resonance searches in X— HH
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Resonance searches with W/Z
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Increasing acceptance: Z — vv

fit Z+jet, W+jet, top backgrounds in enriched sidebands
* one or two leptons; b-tag
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All-hadronic (ATLAS)

e Same kinematic cuts
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Selection | Data  HVT W’ simulation
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All-hadronic (CMS)

check signal efficiencies
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WZ summary (ATLAS)

Expected 95% C.L. upper limit
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WZ combination (CMS)

2.2-26f " (13 TeV)
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diphoton resonance search

irreducible, smooth background
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diphoton resonance search

CMS Experiment at the LHC, CERN

= e e an irreducible, smooth background?
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local significance @ 750 GeV

ATLAS CMS
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Testing the Yy excess
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Testing the Yy excess
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searches fo
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VLQ search overview

complex: final states
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search for heavy TT production

ATLAS: single-lepton channel
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search for heavy TT production

_ITT1IIII IIITI lT1]Tll [YIIT b_TTI]III] IITII TTI]IIT IITTI

> > .
& 70~ATLAS Preliminary —#- Data ] & 70-ATLAS Preliminary -~ Data E
S - {s=13TeVv,3.2f" [ TT doublet (800) - = " {s=13TeV, 321" Eg * ';ggt-lets :
O eof>2J, >6j, 3b [ g + ';%ht'lets E O enl>2J, 26j, 3b B i + >1b &
" : >1c 1 : _ : ]
g - Pre-fit L] P * ~1b . g - Post-fit [ Non-tt .
© ok Et+21 i S 5ol 77 Total Bkgunc. A
T N [ Non-tt ] & C ]
- 772 Total Bkg unc. . - |
30} = 30} 2772 -
20f- 3 20 -
10}~ . 10}~ .
g) 0 g) 0 " 111 '
5 1.5 . o 15[ —+— p
< 1 /////«/f{///%////;é S| s s s s
£ o5 S55R555555 g 4 -
S I 4 T 05 T T :
0 0

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

o
o

m. [GeV] m. [GeV]




TT and single-T limits
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Outlook

« Collisions (how-2018)!
— intensity ramp through spring
— July: ~6 b

» pileup increases:

— modest in 2017, but tremendous for high-
luminosity upgrade

* boost increases:
— b-tagging? Higgs and boson tagging?




Conclusions

* New search results poured in from early
Run 2 dataset...

— new physics explanations for ATLAS VV
excess are disfavored

— a new diboson excess to make bets on for
summer

* A sure bet: LHC/detector improvements
and new analysis tools play a starring role




handling high pileup

standard grooming event-by-event corrections
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tracks vs. pileup and boost

track-assisted substructure
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track-based pileup removal
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kilometers apart...

CMS ATLAS
« HVT Model B * HVT Model A
— CHM-like: suppressed — EGM-like: comparable
fermion couplings fermion &vector couplings

e RS model with k/M ~ 0.1 e RS model with k/M ~ 1

— higher cross-section,
broader resonance




Higgs strategies

Resolved analysis Di-higgs signal efficiency
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Resonance searches with Higgs
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combination of diboson searches
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after combination, local excess significance is strongly reduced: (to 2.6 sigma)
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CMS summary

Vector-like quark pair
production

Q-+ qW
T—tH
T-tZ
T — bW
B — bH
B — bz
B - tW
X5/3 = tW
X5/3 = tW

T - bW

0 0,3 0,6 0,9 1,2 1,5
Observed limit 95%CL (TeV)

Vector-like quark single

production
T = tH ¢(Wb)=1.5 800 fb
13 TeV
T - tHc(Zt)=2.5 900 b

0 0,4 0,8 1,2 1,6 2
Observed limit 95%CL (TeV)

W’ = tb Mvr <Mw

W’ = tb Mug > Mw

Resonances to heavy
quarks

Z'(1.2%) — tt
Z'(10%) — tt
gKK — it

W - tb

Z(1%) — tt

Z’(10%) — tt

Z'(30%) — tt

gKK — it

0o o5 1 15 2 25 3 35 4

Observed limit 95%CL (TeV)

B2G: new physics
searches with heavy SM
particles
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Excited quarks
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+model-independent




