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ATLAS and CMS experiments

ATLAS: emphasis on excellent ~ CMS: emphasis on excellent
jet and missing Er resolution, electron/photon and tracking
particle identification, and (muon) resolution
standalone muon measurement

Detectors well understood, stable operation
and data taking efficiencies above 90%



Data samples
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Record breaking LHC performance in 2016

- 30% higher machine availability
- Instantaneous luminosity exceeds design value



Experimental challenges
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Peak interactions per bunch crossing
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Precision measurements
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The Higgs boson

Breathtaking progress in O(2) years

E> 1 ATLASand CMS
% | LHC Run1
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Eli o E Higgs boson mass
_ measured with 0.2%
102 precision
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R R SM Higgs boson -
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[ 68% CL : measured with
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Particle mass [GeV]

A plot for textbooks!



The Higgs boson

Breathtaking progress in O(2) years
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Top-Yukawa coupling
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Uncertainties still large, no clear picture yet



@ATLAS

EXPERIMENT
http://atlas.ch

Run: 280673
Event: 1273922482
2015-09-29 15:32:53 CEST

Di-Jet Event

Highest Mass Central Dijet
pT,=pT,=3.2TeV
m,=6.9TeV

MET =46 GeV




Search for new resonances
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10° Background fit

—— BumpHunter interval
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q*, ox3
p-value = 0.67
Fit Range: 1.1 - 7.1 TeV
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CMS Experiment at LHC, CERN

Data recorded: Mon Jun 13 17:44:28 2016 CEST
Run/Event: 274999 / 1837785290

Lumi section: 1029

pTlet =1.04 TeV

Mass =79 GeV
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CMS Experiment at LHC, CERN

Data recorded: Mon Jun 13 17:44:28 2016 CEST
Run/Event: 274999 / 1837785290

Lumi section: 1029

Ermiss = 1.05 TeV
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Dark matter at the LHC

ICHEP 2016 ICHEP 2016

Axial-vector med., Dirac DM

LHC
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Complementary sensitivity to direct dark matter detection
experiments
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Dark matter at the LHC

ICHEP 2016 ICHEP 2016
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Complementary sensitivity to direct dark matter detection
experiments

17



Towards the High Luminosity LHC

Upgrade LHC and detectors to accumulate a data sample of
3 ab-1over a 10 year run period

LHC
LS1 13 TeV EYETS 13.5-14 TeV 14 TeV 14 TeV energy
injector upgrade S5to7x
splice consolidation o Point 4 i inal
» DS Collimation meraction HL-LHC IL?SL'!ZQ;W
’—

7Tev 8TeV button collimators
o R2E project P2-P7(11 T dip.) regions installation
Civil Eng. P1-P5
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Go to design energy, Phase-1 upgrade to Phase-2 upgrade
nominal luminosity design luminosity L =5(7.5) *10%° cm—2s-2
L = 1034 cm=2s2 L =2*1034 cm—2s=2 u = 140 (200)

U =255
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CMS Phase-1 upgrade

Quter layer of new pixel
detector built by German

institutes
- 512+ modules out of 12k

Installation beginning of
2017
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The need for new detectors

ATLAS and CMS designed for y = 23. Major upgrades
mandatory for the HL-LHC

- Cope with the huge pileup interactions and radiation damage

- Maintain similar levels of performance as of today
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ATLAS and CMS upgrades

New tracker
Fully silicon based
Higher granularity, better
radiation tolerance

New trigger and data-

acquisition system
Enable trigger rates up to an order of magnitude
larger than the current systems

Requires replacing almost all of the current Upgrades to muon System and
readout electronics : : ,
calorimetry in the forward region
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ATLAS and CMS tracker upgrade

Both experiments: one Silicium Strip Detector End-Cap built by
German institutes and assembled at DESY

Much improved performance:
- Radiation hard sensor material and electronics
- Increase granularity
— Improve performance (light material)

- Extend to high rapidities
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The origin of mass

ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 fb" ; fLdt=3000 fb™
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K
A)»XY=A(K—§)

Higgs Snowmass report (arXiv:1310.8361)
Deviation from SM due to particles with M=1 TeV

Model Ky Kb Koy
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —4%
Composite ~ —3% ~—B-9% ~-9%
Top Partner ~ —2% ~ —2% ~ +1%

HL-LHC a Higgs boson factory

- Couplings measured with 2-8%
precision

- Access to rare decays
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The origin of mass

ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 fb" ; fLdt=3000 fb™
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Higgs Snowmass report (arXiv:1310.8361)
Deviation from SM due to particles with M=1 TeV

Model Ky Kb Koy
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —4%
Composite ~ —3% ~—B-9% ~-9%
Top Partner ~ —2% ~ —2% ~ +1%

JH-up

HL-LHC a Higgs boson factory

- Couplings measured with 2-8%
precision

- Access to rare decays



Supersymmetry

E o \s= 14 TeV ATLAS Simulation Preliminary
g 500 ==+ 3000 fb™ exclusion, p = 140
=== 300 fb™' exclusion, u = 60
400 8 TeV, 20.7 tb™ exclusion
3-lepton channel ,_'~“
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Run-2/3 at LHC will ~double mass reach compared to Run-1

Significant further increase with 3000 fb-1
- ~50 to 100% for electroweak production of neutralinos and charginos

- ~20% for gluino, squark, stop
25



Conclusions

The LHC Run-1 has been a tremendous success

An exceptionally well performing LHC delivered the first large
13 TeV dataset. Exploration of huge uncharted territory

Experiments are entering the area of precision measurements
and rare phenomena searches

The LHC will provide exciting science for the next two decades
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Conclusions

The LHC Run-1 has been a tremendous success

An exceptionally well performing LHC delivered the first large
13 TeV dataset. Exploration of huge uncharted territory

LHC beam orbit displacement

New Zealand
earthquake

Experiments are entering the area of precision measurements
and rare phenomena searches

The LHC will provide exciting science for the next two decades
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Additional material
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Dark matter at the LHC
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Di-photon search

Events / 40 GeV

Data - fitted background
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Di-photon search

Events / 20 GeV

Data - fitted background
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Challenges with high-luminosity

Peak Luminosity per Fill [10* cm2 7]

Peak-instantaneous Iummosﬂy
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Precision measurements
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ATLAS Vs=13 TeV (m,  66-116 GeV), 3.2 fb”
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A ATLAS {s=8TeV (m, 66-116 GeV),
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Lt
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WZ-¢8evee
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=== MATRIX NNLO, pp—>WZ (l‘l‘lz ,, 66-116 GeV)
NNPDF3.0, pi_=pi_=(m +m,)/2

=== MCFM NLO, pp—->W2Z (mz . 66-116 GeV)
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Run-1 puzzle to describe inclusive diboson cross-sections
* Measurements tended to lie above NLO calculations

NNLO calculations — ~20% corrections and better agreement
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The Higgs boson

... still there iIn Run-2

Vs=8TeV, 20.3fb" .
= C Vs=13TeV, 133" (yy), 14.8 b (ZZ*) ]
% 80 90 100 110 120 130 140 150 160 170 P Y S S S RS B

CMS Preliminary 12.91fb" (13 TeV)
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& e Data ] 2 100l ATLAS Preliminary — G, My=12509GeV ]
< r . T L : i
> 40: % ng.;)z 2 % [ AHoyy 0 H—ZZ*—4l QCD scale uncertainty i
c L 9 ’ Y, ] g N mm Tot. uncert. (scale ® PDF+a,)
o 351 W 99-2Z,Zy* o 8ok ¢ comb. data syst. unc. ]
AT - M Z+X ] i
301 =
o N . e
25 Higgs 4 =
20F /
15}
10}
: Vs=7TeV, 45fb"
Sp

m,, (GeV) 7 8 9 10 11 12 C 13 )
s [TeV]

Overall significance at 13 TeV ~100
Rate consistent with SM prediction

Increasing dataset allows for ditferential cross section

measurements and tests of top and bottom-Yukawa couplings
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Searches

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: August 2016 f£ dt = (3.2-20.3) fo? Vs=8,13TeV
Model t,y Jetst E:"‘ JLdt[fb] Limit Reference
T T T T — T T T T T
ADD Gkk + 8/q - =1j Yes 3.2 6.58 TeV n=2 1604.07773
ADD non-resonant (( 2e.p - - 203 n=3HZ 14072410
ADD QBH — (q lep 1j - 203 n=6 1311.2006
ADD QBH - 2j - 18.7 M 8.7TeV n=6 ATLAS-CONF-2016-069
ADD BH high ¥ pr 2lep 22j - 32 | My 8.2TeV n =6, Mp = 3TeV,rot BH 1606.02265
ADD BH multijet - = 3j - 36 My, 9.55TeV n =6 Mp =3TeV,rot BH 1512.02586
RS1 Gy — (( 2ep - S 203 |Gekmass o 268TeV k/Mpy = 0.1 14054123
RS1 Gk = yy 2y - - 3.2 | Gk mass 3.2TeV k/Mgs = 0.1 1606.03833
Bulk RS Gy — WW — qqlv lepu 1J Yes 13.2 Gy mass 1.24TeV /Mgy = 1.0 ATLAS-CONF-2016-062
Bulk RS Gy — HH — bbbb - 4b - 133 Gxx mass 360-860 GeV /Mgy = 1.0 ATLAS-CONF-2016-049
Bulk RS grx — tt teu 2152102 Yes 203 |KKESSE BR - 0925 150507018
2UED/RPP Tep 22b24j Yes 32 |KKmass 1.46 TeV Tier (1,1), BR(A®Y) — ¢1) w1 ATLAS-CONF-2016-013
SSM Z" — (¢ 2e,pn - - 133 | 2'mass 4.05TeV ATLAS-CONF-2016-045
SSM Z' — rr 2r - S 195 | Zmess  202TeV 1502.07177
Leptophobic 2’ — bb - 2b - 32 |2 mass 1.5TeV 1603.08791
SSM W' = (v lepu - Yes 133 | W’ mass 474 Tev ATLAS-CONF-2016-061
HVT W’ — WZ — ggvwvmodel A Oe,pu 1J Yes 13.2 W’ mass 24TeV sv=1 ATLAS-CONF-2016-082
HVT W’ - WZ - gqqq model B - 2J - 155 W’ mass 3.0Tev 8v = ATLAS-CONF-2016-055
HVT V' - WH/ZH model B multi-channel 3.2 V' mass 2.31 TeV gv =3 1607.05621
LRSM W, — tb 1epn 2b,0-1j Yes 20.3 14104103
LRSM W}, - tb Oep 21b1J - 203 14080858
Cl qqqq - 2j - 157 |A 199TeV 7w = -1 ATLAS-CONF-2016-069
. Clllqq 2ep - - 32 |A 252TeV e = -1 1607.03669
Cl uutt 2(SS)28epu21b21j Yes 203 [N Gl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,p >1j Yes 3.2 my 1.0Tev 8,+0.25, g,=1.0, m(y) < 250 GeV 1604.07773
. Axial-vector mediator (Dirac DM) Oe,u, 1y 1j Yes 3.2 ma 710 GeV 8,+0.25, g, =1.0, m(y) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,p 1J,€1)  Yes 3.2 M, 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1* gen 2e 2 2j - 32 |LQmass 1.1 TeV =1 1605.06035
Scalar LQ 2" gen 2p >2j - 32 |LQmass 1.05 TeV =1 1605.06035
Scalar LQ 3" gen fepu 21b23] Yes 203 |ECHSSINNNs0ca p=0 1508.04735
VLQTT = Ht + X lepu 22b23j Yes 20.3 T in (T,B) doublet 1505.04306
VLQ YY — Wb+ X lep 21b23) Yes 203 Y in (B.Y) doublet 1505.04306
VLQ BB — Hb + X lep 22b 23] Yes 203 sospin singlet 1505.04306
VLA BB = Zb+ X 2/23e,u 22210 - 20.3 Bin (B.Y) doublet 1409.5500
VLQ QQ — WqWgq lepu 24j Yes 20.3 1509.04261
VLQ Te3 Toj3 — WeWe 2(SSy23eu21b,21] Yes 32 ATLAS-CONF-2016-032
Excited quark ¢* — qy 1y 1j - 32 44 Tev only u* and d*, A = m(q") 1512.05910
Excited quark ¢* — qg - 2j - 15.7 5.6 TeV only u* and d*, A = m(q") ATLAS-CONF-2016-069
Excited quark b* — bg - 1b.1j - 8.8 ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2e,u 1b,20j Yes 203 fi=fi=fr=1 1510.02664
Excited lepton £* Sepu - - 203 A=30TeV 14112921
Excited lepton »* Beur - - 20.3 A=16TeV 14112921
LSTC ar —» Wy Teuly - Yes 20.3 1407.8150
LRSM Majorana v 2ep 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 139 DY production, BR(H™ — ee)=1 | ATLAS-CONF-2016-051
Higgs triplet H** — (r Bepurt - - 20.3 DY production, BR(H* — f1)=1 14112921
Monotop (non-res prod) lepu 1ib Yes 20.3 Bnon-res =02 1410.5404
Multi-charged particles - - - 20.3 DY production, g] = S5e 1504.04188
Magnetic monopoles - 7.0 DY production, [g| = 1gp, spin 1/2 1509.08059

'

2oa s gl " PR S

1071

10 Mass scale [TeV]
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LHC publications
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The four LHC experiments together:
— 1 publication per working day!
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