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Month in Year

LHC is performing extremely well.
Peak luminosity up to 6.8x10% cm™1s72.

Expected integrated luminosity by the end of 2012: ~30 bt

More than 90% of delivered pp collisions are used in analyses.

High luminosity, but high-pile-up environment:
>20 additional interactions per bunch crossing

(9 interactions on average last year).




Latest physics results

Precision tests of the Standard Model (SM)

@ Electroweak processes (W, Z, dibosons)
@ Top quark physics

Key missing piece: Search for the SM Higgs boson

@ Observation of a new boson with a mass around 125 GeV

Is there anything Beyond the Standard Model?

—

@ Supersymmetry
@ Exotics: new resonaces, extra dimensions, black holes...




Studies of Electroweak Processes

@ Precision tests of the SM & understanding of backgrounds for many searches.
@ W, Z: Also serve as candles for the detector calibration.
@ Diboson processes: Probe for anomalous Triple Gauge Couplings.
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All results are consistent with theory predictions. Most recent studies with 2012 data: y

@ 5(W), 0(2): CMS-PAS-SMP-12-011
@ s(WW), 0(22): CMS-PAS-SMP-12-013, CMS-PAS-SMP-12-014, ATLAS-CONF-2012-090




Top Quark Production

@ LHC is a top quark factory (tt @ 7 TeV: 85% gluon fusion, 15% qg annihilation).
@ Allows for precise measurements of important SM parameters: mp, Vip.

tt cross section measurements at 7 TeV: J
(NEW, 2012 data)
ATLAS Preliminary 15 May 2012 CMS Preliminary, \s=8 TeV
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Current precision is challenging the NNLO QCD predictions.
single top cross section (uncertainties larger than the theory prediction): J

Measured in t-channel, evidence for Wt channel, 95% CL upper limit in s-channel.




Top Quark Mass Measurement
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Measurement is dominated by the systematic uncertainty
(b-jet energy scale, theory/generator dependence).

Uncertainty at the moment 30% larger than Tevatron.




H|ggs search update (CERN seminar, July 4)
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Search for the SM Higgs boson

associated prod. with tt
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@ Concentrating on three most sensitive channels in the low mass
region: H — ZZ®) — 40, H — ~~, H — WW®) — tuiv.

° Combi_ned results include many other search channels:
H— bb, H— 77, H— ZZ — (Vlvv,llqq), H — WW — lvqq.

ATLAS-CONF-2012-093, CMS-PAS-HIG-12-020
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° Combi_ned results include many other search channels:
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Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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H — zZ*) — 4¢: The Golden Channel

@ Very clean signature.
@ High lepton reconstruction efficiency crucial, leptons down to very low pr (5-7 GeV).
@ High lepton energy/momentum resolution (1-2%) allows for a narrow signal peak.

Event selection

@ Separation into lepton flavour categories, isolated leptons, small impact parameter.
@ Two leptons with mass my, = mz, other two with my, > mey:.

@ CMS: additional discrimination by combining several angular variables into likelihood.
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H — zZ*) — 4¢: The Golden Channel

@ Very clean signature.
@ High lepton reconstruction efficiency crucial, leptons down to very low pr (5-7 GeV).
@ High lepton energy/momentum resolution (1-2%) allows for a narrow signal peak.

Event selection

@ Separation into lepton flavour categories, isolated leptons, small impact parameter.
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CMS Experimentat LHC, CERN

Data recorded: Sun May 13 22:08:14 2012 CEST
Run/Event: 194108 / 564224000

Lumi section: 575
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H — ~v: The Beautiful
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Significance: 4.50 at 126.5 GeV Significance: 4.10 at 125 GeV
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H— WW® — ¢uiy

Most sensitive channel in a broad mass range, my ~ 120-180 GeV.

. . ; 2 - —mice |2
No mass reconstruction possible due to 2v = mr = \/(E$‘ + Emiss)” — | pYf + prss|

Selection criteria | Background suppression |
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Large missing transverse energy (E7"*°); Z veto Drell-Yan, Z + jets

Jet multiplicity categories (0/1/2vsr jets), b-jet veto tt

Topological cuts using spin correlations (mgeg, Acee) ww

Remaining background contributions estimated from dedicated control data samples.
WW: reverted cut on my,. tt: b-tagged jets. W + jets: inverted lepton ID and isolation.
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All channels combined: exclusion limits
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@ Expected exclusion: 110-582 GeV. @ EXxpected exclusion: 110-600 GeV.
@ Observed exclusion: @ Observed exclusion:

110-122.6, 129.7-558 GeV. 110-122.5, 127-600 GeV.




Closer look into the region of excess

Probability that the background fluctuation would give the same or higher excess: y
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Closer look into the region of excess

Probability that the background fluctuation would give the same or higher excess:
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Local significance at 125 GeV:




Closer look into the region of excess

Probability that the background fluctuation would give the same or higher excess:
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Local significance at 126.5 GeV: Local significance at 125 GeV:

Vs = 7 TeV: 3.60 at 126 GeV /s = 7 TeV: 3.00 at 125 GeV
/s = 8 TeV: 4.00 at 127 GeV /s = 8 TeV: 3.80 at 125 GeV

Separate results from 2011 and 2012 data compatible.
In any other mass region, significance is below 1o.




Closer look (II)

Probability that the background fluctuation would give the same or higher excess: y
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Closer look (II)

Probability that the background fluctuation would give the same or higher excess: y
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Short interlude




Short interlude

In both ATLAS and CMS we have discovered
a new particle with a mass around 125 GeV,
consistent with the Standard Model Higgs boson.

However, much more data are needed to determine
the exact properties of this particle (mass, spin, CP).




Beyond the Standard Model: SUSY

ATLAS SUSY Searches* - 95% CL Lower

MSUGRAICMSSM : O lep +j's +E. L-"rlih‘ 1|hv[An‘_u.4‘:m‘s.l‘Mz‘-an ! ! R ‘1‘ Tev a’L T | ! !
7mas =
§ MSUGRAGUSSN 0 ep + mulios + £ israrespy g giss tx ng I Lot = (0.03-48) 15"
2 7, frge m)
g Pheno model : 0 lep +'s + E,‘,,,,Ss =47 15" 7 Te¥ (ATLAS-CONF-2012:033] Aaf el Gmass (m) <27V, ion 7)) fs=7TeV
H Pheno model : 0 lep +js + E, .. | (=i s eV jATUAS CoNE810%] SéDGa [ mass (<2 Tev iant )
¢ Glinomed.7 (§oqar’): 1lep +js +E, . |ISiT ey jATASEONESEEGa] So0GaV [ mass ("< 200 8av, mz) = Jim ) ATLAS
g GMSE : 2 lep OSSF + E, e |Esiiie s eV [ATLAS-CONFESTEA%6] FOG] G [nass (s <25 Preliminary
z GMSB 114 s + E " | s o e smva [ mass ()
GMSB :2-t+ s+ E " |7 iew (126368501 sa0Gav| § mass (ars > 20)
GGM :yy +E L1248 10", 7 TeV IATLAS-CONF-2012-072] foiTed §mass m( )50 Gev)

Gobby, (virtualb): 0lep + 112 bjs + E,
gabbx (yinualb) : Olep + 3bs +Ep .,
gabbx (realb) : Olep + 3 bs +E; .
gty o:vmuawq 1lep + 112 b's +E;
ga% (virtualt) : 2 lep (S8) +js + E; .,
oty (virtuall) : 0 lep + multiq's + £,
§~)Itx {yirtual}): Olep + 3 b +Ey .,

mass (i) J<:‘mu Gav)
Gmass {m[}d) <400 Gov)
gmass (miz)=60Gev)

55 (mu v 150 Gov)

s miz) 1<2m Gev)

mass’ i) < wosen
mass (mb: ) < 50 Gev)

3rd gen. squarks
gluino mediated

Gslig’ (reall) : 0 lep + 3 bjs +E,. §fnass (miz)=60Gev;

P Bb, b,z : Olep + 2-b-jets + £, " |ieaiit s seu iasesss - 006EVI b mass (mir] <60 Gev
H ] _ (veryhghl) an 2lep +E, . | (ST CONEZHE0BINTIS0EW [ mass (i) = 45 Gev)
33 i light), an e lep + b-jet oE =47 10", 7 Tev [CONF-2012070)  120-178GEW] L Mass () = 18 Gev)
< g 1t (heavy), i- Htx 20 lep + bjet oE, miss |E=47 17,7 TeV [CONF 2012074) sa0aes cawl tmass ¢
S E(heavy) Hix 1lep + bjet + E; ., [t=47m"7 1oy [conF 2012073 2uanGev] tmass mk”
22 H (heay 20ep + bjet 4 E, . [L=47 7 710 [cONF201207 298-3056av | Emass e’} =0
o GMSB) 2(—l) + bjet + E. L2 ™, 7 Tew [1204.6736] F0GeW] T mass (115 <mif) < 230 Gav)

5 LTSI, - 2lep + By, |esia ', 7w coneameore)  SSSBOGENA | mass im(r) =01
e LA SV S 2lep + By ey |Ena710" 7 Tov GoNF anrzarss IR 7, Mass  (n(f[-c.min)=JmiT) < mi)

3 P ?!I(h:v)-v‘2x 3lep +E, 1247 ", 7 Yo [CONF 2012, = i‘* mass| )= mq ), mﬁ( )= 0. mii) as anove)

+ long-lived x LS TV [EONFEE0MITBGRV] 7 mass  (1<:(r) < 2ns. 90 CeVlirfitin 0.2.50] nsp
o Slab\eg R-hadrons : Full detector | LS 7 ey [ATLAS/CONFL2812:475] S85GaVl| G mass
s Stable b R-hadrons : Full detector [ESi i fad (AFLAS CoNEaaiar) I ma
g5 Stable T R-hadrons : Full detector =TI TV IATLAS-CONF20ia-07s] SEICAV] { mops -
3 Metastable § R-hadrons : Pixel det. only | =il 1aV iATLAS CONF-201 2751 sioeav! [ mass (@ >10ns)
GMSB - stable T |E=d71b" 7 TeV [ATLAS-CONF-2012-075] B0B Tmass (5<tanplf20)
- RPV : high-mass ejL aSS (3, 7010,4,,=0.05)
z Bilinear RPV: 1 lep + s + E, .., |[ISGime ionsee 6w G G mass (., < 15 )
BC1RPY :4lep + E; ., Gmass
5 Hypercolour scalar gluons : 4 jets, m M, |L=34pb™.7 Tev 11102683 1005BSGEVI Sgluon Mass  (not axcluded M= 1401 3 GaV)
£ Spindep. WIMPmteractmn monojet +E, as |L=47107.7 TeV [ATLAS-CONF-2012-084) 7oacew. M fcale (m, <100 Gev, vector DS, Dirac 1)
S Spin indep. WIMP i - monojet +E, | |EiiiE e IATEAS saglGev] M* scalf  (m, < 190 Gev: tensor DS, Dirac 4
1 I\\\\\ﬂ | N I 1 I\\\\Ill
107 1 10

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenemena shown




Beyond the Standard Model: SUSY

@ Numerous channels studied. Limits reach up to 1 TeV.

@ No sign of new physics yet. However, interpretations are model-dependent,
some plausible ,,natural” scenarios not ruled out:
light-stop and R-parity violating scenarions still not fully constrained.

Combined search in CMSSM. J

Solid lines represent 95% CL exclusion. Combined direct search for top-squarks J

CMS Preliminary Lim =4.98fb",\'s =7 TeV

800 T, production: T, — b+, 7, W7 (BR=1. m, <200 GeV): - 1+, (BR=1, m > 200 Gav)
- = Ere el b 1L q
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2 = E |Ldt=47®" {57 TeV - Expected imits (nominal) ="
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m, [GeV] Small part of the low-mg,., parameter space

Squarks and gluinos with masses up to still remains unconstrained.

~1.3 TeV (~0.8 TeV) excluded at 95% CL

for Msquark = Mgluino (msquark >> mg/uino)-

Latest results with 2012 data:
CMS-PAS-SUS-016 (E'ss + b-jets), CMS-PAS-SUS-017 (SS dileptons), CMS-PAS-SUS-018 (v + ETs)




Beyond the Standard Model: Exotics

A Exotics Searches™ - 95% CL Lower Limits (Status: ICHEP 2012)
. L R L— R T T T T 1717
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Beyond the Standard Model: Exotics

@ Numerous channels studied. Limits reach up to 2-4 TeV.

@ No sign of new physics yet.
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Search for microscopic black holes (2012 data)

s
CMS-PAS-EXO-12-009
Typical signal:
large total transverse energy (St) from
multiple energetic jets, leptons, and photons.
Candidate black hole event with 10 jets. = gxsw e ‘R%ﬁggwmm
g t CMS Preliminary Vs = 8 TeV, 3.7 fb™ f) g CMS Preliminary s =8 TeV, 3.7 fb™*
S10°E Multiplicity, N> 8 o [ Nonrotating Black Holes
Z E ® Observed Thearetucal %’?SS Sectécm
F e eV,

2 r — Background - M I38Tevnca
5 L Uncertainty Mp=25TeV,n=6

e Mp=15TeV, M"=55TeV,n =6 Ohse%ed_cgross Ser::llozn Limits Depending on the

Mp=2.0TeV, M™=50TeV,n=4 e M2 =30TeV.n=4 model,

M =25TeV, M{i'=4.5TeV,n =2 Mo =25 TeV.n=6 black holes with masses

up to 4.1 - 6.1 TeV
excluded at 95% CL.
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Search for new resonances: dijets (2012 data)
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Exclusion limits on the cross section (ATLAS-CONF-2012-087, CMS-PAS-EXO-12-016):
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New resonances in leptonic final states (2012 data)

Search for dilepton resonances (CMS-PAS-EXO-12-015)
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Search for leptonic decays of W’ resonances (CMS-PAS-EXO-12-010)
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More searches (2011 data)

Search for the tt resonance in the semi-leptonic final state (ATLAS arXiv:1207.2409) J
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Search for large extra dimensions (monojet+ET"*) (ATLAS-CONF-2012-084) J
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Summary

Outstanding performance of the Large Hadron Collider in 2010-2012
allows for a rich physics programme of ATLAS and CMS experiments.

No sign yet of any new physics beyond the Standard Model.

But, there is still some space left for the signal to appear.

The observation is consistent with the Standard Model predictions,
but within large uncertainty.
Need much more data to determine the properties of this new boson.
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Save the best for last
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W /Z cross section at 8 TeV (CMS-PAS-SMP-12-011)
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tt cross section at 8 TeV (CMS-PAS-TOP-12-006, 007)
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Spin correlations in tt
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Latest results: Overview

search channels

Key channels updated with improved analyses of 2011 and 2012 data.

Channel Experiment [ my range [ £ (2011) £ (2012) Public document
(GeV) (fb—1) (fo—1)
low- and intermediate-my, good mass resolution
H— vy ATLAS T10-150 %z} 59 ATLAS-CONF-2012-091
CMS 110-150 5.1 5.3 CMS-PAS-HIG-12-015
H— zZ0) — a¢ ATLAS 110-600 4.8 5.8 ATLAS-CONF-2012-092
CMS 110-600 5.0 5.3 CMS-PAS-HIG-12-016
low- and intermediate-my, limited mass resolution
H— ww) = e
CMS 110-600 4.9 5.1 CMS-PAS-HIG-12-017
H— 771
CMS 110-145 4.9 5.1 CMS-PAS-HIG-12-018
VH, ttH; H — bb CMS 110-135 5.0 5.1 CMS-PAS-HIG-12-019,025




H — 7ZZ®) — 4¢: Results
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H — 7Z®) — 4¢: Results
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H — ZZ*) — 4¢: Mass distributions, different flavours
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H — ~v: Results
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H — 77 and H — bb: Results
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Combination: channel summary
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Combination: channel summary
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Combination: channel summary
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Closer look: channel by channel

Probability that the background fluctuation would give the same or higher excess: y
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@ H — vv: largest (>40) excess in both ATLAS (126.5) and CMS (125 GeV).
Significance is higher than the expectation from the SM Higgs signal.

@ H— ZZ™ — 40: Most sensitive channel around 125 GeV.
Both ATLAS and CMS see an >30 excess around 125 GeV.

@ Other channels (low mass resolution): No significant excess observed.




Closer look: channel by channel

Probability that the background fluctuation would give the same or higher excess: y

T o

- e
ELY % 10° ATLAS Prellmlnary 2011 + 2012 Dat
| 4 —-
/"—"\—-:—i 26 g 1 o Exp Somb. \s=7TeV: [Ldt=4.6-4.8 b
//, - 2 10 —— Obs. yy+4l \s=8TeV: |Ldt =5.8-59 b
= 102 --- Exp.yy+4l
El 10 —— Obs. viv+tt+bb
40 1 --- Exp. IViv+tt+bb
L

~~~~~ 60 ) :5
oF
_E:;‘;(‘]"fs"ﬁs CMS Preliminary 10
e ls=7TeV,L=5.11" oE .
H oo o |15= 8TeV,L=531" 1 10°E ) e ey B
E Lbbatis % VU Eaiia,
10712 B 1618 920 125 130 135 140 145150

T6 118 120 122 124 126 128 130 my, [GeV]
Higgs boson mass (GeV)

@ H — vv: largest (>40) excess in both ATLAS (126.5) and CMS (125 GeV).
Significance is higher than the expectation from the SM Higgs signal.

@ H— ZZ™ — 40: Most sensitive channel around 125 GeV.
Both ATLAS and CMS see an >30 excess around 125 GeV.

@ Other channels (low mass resolution): No significant excess observed.




Compatibility with the SM Higgs hypothesis

Best-fit signal strength u = o/osm:
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Compatibility with the SM Higgs hypothesis

Best-fit signal strength u = o/osm:
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But, more data needed to determine couplings, spin and CP properties!J.




First property measurements

Mass fit: Coupling strengths
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Combination: Mass measurement
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SUSY: squarks and gluinos (all hadronic channel)
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MSUGRA/CMSSM: tan = 10, A0= 0,u>0
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SUSY: squarks and gluinos (all hadronic channel)
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SUSY: sleptons and gauginos (dilepton+E7)

ATLAS-CONF-2012-076
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Best limit on chargino mass.

Sensitivity to weak production processes still limited,
due to lower cross sections.




SUSY': R-parity violating models
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SUSY: General Gauge Mediation scenario (v + EF*)

CMS-PAS-SUS-018
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SUSY: SS dileptons + b-jets (CMS-PAS-SUS-12-017)

CMS Preliminary \s=8TeV Ly =3.951b"
T
Em‘ss>OGeV N 2 @ Observed

brets ™ [ Fakes

Irreducible (MC)
[ Charge MisID
[ Total Uncertainty

300 400 500 600

H; (GeV)

CMS Preliminary, Vs =8 TeV, L, =3.95 fb™
% 800? ‘ ‘S‘a‘m‘e‘ ‘Sl‘g‘n‘dl‘le‘ptons Wlth bt‘a‘g*s‘élécl‘t;c;r{ JE
O 700 s Exclusion 0™ = gNOML + 1 £
500 E
400 =
300 E
200E =
1005 E

Lo b b b e b TR R

400 500 600 700 800 900 1000 1100

iii GeV miii GeV

Events / 10 GeV

N

CMS Preliminary Vs=8Tev Ly, =3.95 b

R e T IR
2.5[~H, >80GeV,N,, 22 @ Observed
ot I Fakes

[ Irreducible (MC)
[ Charge MisID
Total Uncertainty

SRR
AN

20 40 60 80 100 120 140 160 180 200
EMS (GeV)

=3.95fb*

CMS Preliminary, F— 8TeV, L

10001 " URAUSRBU ——
E Same Slgn dlleptons W|th btag selectlon E
900E  Exclusion o™ = MO + 16 E
800 =
700E E
6001 =
500F 5
400 m() = 150 GeV E
300F m(¥) = 50 Gev E
2001~ ' '
1000 b e b e L
0 500 600 700 800 900 1000



SUSY: EMis{b-jets
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