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Main open questions in Particle Physics:
e Hierarchy problem: small Higgs mass vs large Planck Mass
e Does Higgs boson exist?
* Origin of Dark Matter
e Flavor puzzle: flavor parameter small and hierarchical

e Neutrino masses

LHC will give an answer to many of those
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e search for the Higgs

— in the whole mass range O(100GeV+600GeV) :'3:"

lep

A

* measure SIM parameters A(LEP)
A(SLD)

— e.g. forward-backward asymm., m sin’e' (@ )
Ae

e look for deviations in EWK processes AC®
AC

— e.g. anomalous triple gauge couplings A,

Re

* check for processes beyond SM , P
A(x:w(MZ)

— e.g. SUSY with missing Er My

I

mc

e search for new resonances -

— e.g. Z at large masses
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e focus on the EWK physics results
- W/Z
—Top
— Higgs
e some flavor of searches of physics beyond SM

e DISCLAIMER:
— ATLAS/CMS oriented talk

—small fraction of physics results detailed

e complete list of physics output here:
— ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
— CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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e pp collisions at 7TeV

e great performance, beyond expectations
— luminosity peak ~2.2 1033 cm™s!
—"80 pbt/day

— 50 ns bunch spacing ¢ gpErE T PR A gk R AT
o ] ATLAS Online Luminosity V\s=7TeV
e ~2.7 fb* delivered so far z  3f ElluiCoeiversd
o - ATLAS Recorded
. s : £ 25F =
e <6-7 collisions> per crossing E “"L  fotal Delivered: 2.68 " :
- - Total Recorded: 2.55 fb -
3 2 T
© - pp collisions -
g Vs =7 Tev E
* Future: 5 1(similar for CMS) k.
. . . . ) C -
— fast increase in luminosity T o5k 3
— 0(5-10 fb1) expected for Moriond12 05 1 o | :

01/03 31/03 30/04 31/05 30/06 30/07 30/08

— 0(30 fb!) expected for end of 2012 Day in 2011
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ATLAS CMS

Magnetic Field solenoid (2 T) + toroid (0.5+1T) 3.8 T solenoid + return yoke
Tracker Si pixel, strips + TRT Si pixel, strips
EM Calorimeter Pb + LAr PbWO4 crystals

Had Calorimeter Fe+scint./Cu+LAr/W+Lar (211A) Brass+scintillator(=7\)/Fe+quartz
Muon air-toroid muon spectrom. iron return-yoke muon spectrom.

Trigger L1+Rol-based HLT L1+HLT
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eisolation to reject jets
‘escale known to
1003%'1.5%

muons

| | ematch between tracker
| |and muon detector

| | *isolation to reject jets
' | *scale known to better
| than 1.0%

| jets

RECONSTRUCTED OBJECTS: SUMMARY

e — = ————

photons

ecalo-only+conversions
(with tracker)

' eisolation to reject jets
| | *scale known to better
|| than 1.0% (CMS)

MET

| ereconstructed with calorimetric

detector information
~eanti-Kt algorithm
*AR cone 0.4-0.5

deposits, with tracks or with the whole |

| | *negative vector sum of
-calorimetric objects

-(or) tracks

-(or) all objects from whole detectors
eprojected on the transverse plane

Fantastic detector performance, already close to design
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RECONSTRUCTED OBJECTS: CALIBRATION

O CRPEIEY 0" CMS preliminary s =7 TeV
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HIGH ENERGY FRONTIER: NICE DISPLAY

m(jet-jet) = 4.0 TeV Missing E; = 100 GeV



Events per 10 MeV

trigger paths
10° 5 2011 Run,L = 1.1 fb" SR
Jhy v
CMS \s=7TeV mJy
10° " B — u'w
B, Y Y

) low P, double muon
high P double muon
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Dimuon mass distribution obtained from overlapping several trigger paths.
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PILE-UP CHALLENGE

Past: <nPU>~ 6. Future: <nPU> > 15!
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W/Z PHYSICS
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W/Z PHYSICS: MOTIVATIONS

Precise W/Z measurements important for many reasons:

e deviations from SM as a sign of new physics, e.g. anomalous TGCs
in di-boson production

e test of perturbative QCD, constrain proton PDFs
e understand backgrounds for new physics searches and Higgs

e detector and physics objects fine tuning

— W, Z: source of isolated high pt leptons

— benchmark for lepton reconstruction and identification (understand

efficiency, resolution)

e crosschecks for LHC luminosity
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VWV AND Z PRODUCTION AND SIGNATURE

= = = e —————— = ——
= — =

a  wz |

LO: + NLO

qbar WAY
DY W/Z + jet

Rate: 10M W per fb? (#Z ~ 1/10 of the #W)

QATLAS s

JLEXPERIMENT %.ee candidate in 7 TeV collicior

Signature:

1) ~high pt and
isolated leptons
2) missing Et (W)
due to neutrino
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WAND yA EXTRACTION AND BACKGROUNDS

W—»ev Z—»ee

3 CMS prelimina
20><_1'9"["'["'["vpl'rvry > T 1 1 - O 'lllllll]l'l
i 36 pb’ at\s=7TeV v Data 2010 N5 =7 TeV) J‘ y -
- [ & S 350k, ., L dt= 36 pb
9 15 |- o data - ~ 300 ece ATLAS Preliminary
o~ . g W - v
—— : ' 0 W ey > 250
2 | B EWKHT w '
g 10 B QCD .
@ - 200 i
S ' ATLAS
. 150
L 5
e
e 100
s .." L S 3
¢ T e i . -
= b 0® 0%0%, 00 0,05055%0,0%% 5a5 0009
M P | N PO | M y b . P N
0 20 40 60 80 100 [GeV]

Er [GeV]
use of missing Et or
transverse massm, =+2pspi(1-cos(g, -4,))

di-lepton invariant mass

f Backgrounds:
'QCD (real or fake leptons), EWK WW,WZ,ZZ, W with tau decay, Z with one
| missing lepton (background to W)
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W/Z CROSS SECTION

o mcluswe cross section (and VS pseudorapldlty) sensitive to PDFs
(due to acceptance cuts)

e cross section vs pr sensitive to extra jet radiation, i.e. to NLO

corrections
CM§ ~ - ~ - - - - v - ?6 pP.1 at \s' = 7vTeV U) 1 LI ll] I | L L B I I ||
tumi. uncertainty: + 4% Q . Combined ee+up ATLAS (b) -
oxB(W) —— 0.987 +0.009,, +0.051, 1.6 ——Data 2010 Y =
" il [ —RESBOS Ldt=3540pb' -
oxB(W*) —t— 0.982+0.009,, +0.049 - i A Eﬁg@glNlALO 5§
c F -
xB (W 0.993 + 0.010, + 0.056 - = POWHEG i
oxB(Z) o 1.003:0.010,,,:0047, | D :_:SHERFI’A I :
Rz HeH 0.981+0.010,,, + 0.016 g 1~ { : i
R 0.990 S i s - P Ll
o —— 990 + 0.011,,, + 0.037, _ tl: i i g w0
0.6 0.8 K 1.2 14 © 08.‘_|‘l'_|< 2.4 -
' ' ' = o —
Ratlo (CMS/Theory) 0.61 p; > 20 GeV |
ratio limited by theory systematics O e e s 4
(PDF + fixed order calculation) 1 10 102
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CHARGE ASYMMETRY

e at LHC W charge asymmetry due to
N(uy) > N(dy) = N(W+) > N(W-)

* W pseudo-rapidity cannot be
reconstructed = lepton asymmetry

Acap() = 2 -

=% dN dN (p— 2 03F\s7TeV .. 4 . ATLAS:OMS+LHCH-
dn (6 )+ dn (f ) g E\SJTSV : -:"" ’ Preliminary
§~ 0.2 © pl,>20GeV
* inclusive measured to be $ i E

« L
1.43 £ 0.05 (CMS) s o =
‘g- i 1: @ AILAS |extrapoiated dats) 35pb h

o geo s (" | P & CMS 36 00"

e asymmetry vs pseudorapidity to e :
. . s ok MSTWOE preciclion [MC@NLO, 90% C.L.) A=)
check u/d ratio and sea antiquark % « crrampuscion peamio, o ) :
03_ w HEnA1 Opreclcilon MC@NLO 90’” CL) ‘ Al ek

densities in different ranges of x 0 ob f 15 2 28 3 (4B
Lepton Pseudorapidity |n |
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WV POLARIZATION

e at LHC dominant high pr W+jet production mechanism is qg = Wq
e combining with V-A nature of weak interactions

= W is polarized: left handed

e cosO* (angle of the lepton in the W rest frame with respect to the
W direction in the lab) cannot be measured (neutrino p; unknown)

= use of Lpsz“_), 'pT|2
T

CMS, \s=7TeV,L _=36pb’
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CMS preliminary
where or for cos0 >0 0.51- b) 36 pb” at Vs=7TeV _
Or + 03 o for cosB cs<0

AfpB =

B”cs = so called Collins-Soper angle
calculated with respect to direction closer
to dilepton direction

e

e sensitive to sinZ0y 60 100 26°M(ee) -
. . . 40 pb'at\s =7 TeV
e in bins of My and looking at the full 3 T : .
. . S, I :
kinematics jg‘m- + ]
g | .

>

()]

o I - 1 200F b o Data .
Q1 2 — = 2 2 K SNIQ | ] — fit projection -
l — 9eff _ 02287 e 0°0020(S_tat°) , OZb : ) | | --- background-only projection |
100:' 0

to be compared with (world ave.) 0.23153+0.00016 | CMS
(DO exp)  0.2309%0.0010 ok y
- 05 0 0.5 1
cosb.g
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ZZ/WW/ZW CROSS SECTION

° fundamental test of the Standard I\/Iodel
— self interaction between ewk bosons, triple gauge couplings (TGC)

* probe for new physics (resonances, anomalous TGC) "~ 2z~
/ I\'/‘J‘MVL”-

9

e backgrounds for Higgs searches (high mass)

” o — , —— CMS Preliminary,\s=7 TeV, 1.1 fb"
§ 120/ ATLAS Preliminary Co Wi | Cs Prelimipary 011 \F =7 Tey o 7 g
= Cf =102 \e=rTev @ R > CMS; e DATA
g e — Jigeee R 4-Data * EW~Tet: G 8 z
5 - ATLAS | O oo 1 30 v EE = Mzz - al
80 Al 3 WZ-Jets @WZ—3lv o 5( Wz +jets
7 + I 1 %
2
w 3} -
ZZ
2.— -
") o A B e 3
é ;3;_.,:*- """ —+- ++ 3 . 90 100 110 120
[ B SO DD B W = W Fws m, (GeV) fo0 200 300 400 500 600
Py(I"NiGeV) M, (GeV/c?)
o (WW) = 48 2+ 4.0( stal) o (WZ2)=17.0+2.4(star) o(Z2Z)=3.8";(stat)+0.2(syst)
ATLAS +6.4(sysh) +1.8(/umi) pb CMS +1.1(syst)£1.0(/umi) pb CMS +0.2(/umi) pb
(NLO expected 6.4+0.6pb )
(NLO expected 46+3pb ) (NLO expected 19.790+0.088 pb )
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10° Obsemtion of Bosons at Hadron C_ollldm
10 W +” Observed
Z | Z | === Theory
T 10 | o | : ‘ :
1983
10’y CERN Wy oz
< o | '] i | :
! 1995  ww
Fermilab = - |
10 , . 2005 el 5
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o 1 Fermilab 2008
Fermilab
10" :
104, A A A A
ﬁ
25 years
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LHC: FROM EWK PHYSICS TO HIGGS
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T OP PHYSICS
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e most massive constituent of matter

e M(top) ~ EW breaking scale

80.5 Julyzon' - - .
. — LEP2 and Tevat}on
e decay and strong production rate ] - LEP1 and SLD
as tests of SM 68% CL

e coupling to the Higgs~ 1

— Special role in EWK symmetry
breaking?

e various scenarios with direct/
indirect coupling to new physics

— from extra dimensions to new strong
forces
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z o Tevat | LHC(7) | LHC(14)
probe Io.w Xin pc.ifs gluon 9g | ~10% | ~85% | ~90%
fusion dominated qq | ~90% | ~15% | ~10%
top pairs:
strong Y /1 S :
g 8 e - (
Aliev et al 2011 ]
Beneke et al 2010 q t 0
Langefeld Moch S ' g oo t—— |
Uwer 2009
Moch, Uwer 2008
o = 165*""_4; pb
y Wt chan s chan
single ; q t q t
top:
electroweak - b
b ; W =
b W q b
Kidonakis 2010

Daniele del Re News from the LHC




TOP PAIR SIGNATURES AND SELECTION

| 1]’ TT\JTT |I EREER |I| LI} TTwT]’Y LU TT||]\' LI

e top decays before it can hadronlze - ‘§10001Ams Preliminary allczannels i
w — . ta N
— almost exclusively t—=Wb Ve : j“"=°-7° o Ca
800~ .Z/‘{ +jets _
t - % Fake leptons -
b 600E_dilepton W other Ew _
 top pair event classification sodl
e,u Jet jet 200:
b-jet 0

DW 0 1 2 3 >4
Number of jets

CMS preliminary, 1.09 fb™" at /s = 7 TeV

;‘”L —e— CMS data: 1620 events
dlleptons lepton + jets all hadronic $160- + S ahaliion
f_,uo-— + -~~~ QCD estimate from data
BR~ 5% BR ~ 30% BR~46% &% 1| + e
: 2502 0.
i\
| ]
| : = v + CMS  fully
background background background 0 * | W hadronic
small | moderate high /AN ™
. . . . . 4/ ~ +
mainly Z+jets,EW mainly W+jets mainly QCD AT rresSSS  c WY
! m,,, (GeV/c?)
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TOP PAIR CROSS SECTION

LHC Ns=7 TeV

* measurements using different

170+ 4+ + 8
(val = stat. £ syst. = lum)

CMS dilepton (ee up . eu)
TOP-11-005 (L=1.14/%)

signatures with similar i i, M
ATLAS-CONF-2011-100 (L=0.7%b) (val + stat + syst + lum)
performance from both A 305216451 7
. arXiv-1105.5661 (L=36/pb) (val + stat. £ syst = lum)
experiments performed e it wkeancad A
arXiv-1108 3609 (L=35/pb) (val + stat + syst + lum)
. CMS e/p+ets+btag — 150+ 9+ + 6
e most precise measurement NOW | axiissm =) (vl stat.+ oy + )
~=T0 . ATLAS e/u+jets+btag 179+ 5+ 7
at 7/) uncerta|nty ATLAS-CONF-2011-121 (L=0.7#b) (val + 10t ham)

ATLAS e/p+ets+btag
ATLAS-CONF-2011-035 (L=35/pb)

e combination not yet there but | cusenues

186+ 103, + 6
(val + stat. + syst + lum)

173+ 14+% + 7

arXiv-1106.0902 (L=36/pb) § (val £ stat. + syst = lum)
can be as low as 5% ety N DR
z

CMS dilepton (u) e : 149+24:+% 1+ 9

* NNLO calculation to be e - AR g
ALy iy il P g il e

Cha"engEd CMS all-hadronic e 136+20+ ) + 8
TOP-11-007 (L=1.00/D) (val + stat. + syst = lum)

e, . Moch,
* also sensitive to PDFs WETHABRALS 7 Sy’ PR ) oty | |
0 20 100 150 200 250 300

o(tf) (pb)
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SINGLE TOP

o challengmg because of smaII cross section and large bkg
e measurement of Vy,, b-parton in proton, anomalous couplings
e s-channel even more challenging at LHC

e require leptons+(b)jets+MET

t-channel
s-channel Wt-channel

ORCE X

pp @ 7 TeV 46+0.3pb 64.6 +3.3 -2.6 pb 15.7+ 1.4 pb
large at small at
Tevatron Tevatron
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t-channel “seen” by both

SINGLE TOP RESULTS

not enough sensitivity for

s-channel and Wt production

ATLAS

s-channel: oy < 26.5 pb

o(pp —» Wt+ X) < 39.1 pb (obs.)

experiments
ATLAS: 07 = 90%)(stat) H3 (syst)
CMS: 0 =83.6+29.8(stat+syst)+3.3(lumi) pb Wt:
(7)) T T T L | 'uv L T T T i iy R S — ..(Q
€ ooE CMS, 36 pb™',\/5 = 7 TeV * data £ -
:>: = B t channel - g’
60 [ Jtw+sch. = L
: [t . ko 40
50 o= = (T i
Bl wobswes - 2 _
40 I we 5 =
30F- [ W+light jets - O 5 i
[Jaco 0':'
20t l Other E
10F 3

o
T

1 -08 -06 04 02 0O

Daniele del Re

02 04 08 08 1 %
boosted decision tree

News from the LHC

— e ——r——r
" ATLAS Preliminary
- 2 jets 2-tag

——————
0.70fo"' @ 7 TeV’

ATLAS data

B single-top s-channel

B single-top Wt &

N single-top t-channel

@ top pairs

B W+heavy flavour

© WVislightjets
Diboson

BN Zsjets

Bl Muttijets -

2 4 6
A R (jet1, lepton)




TOP CHARGE ASYMMETRY

e at Ieadmg order in SI\/I quark pair productlon symmetrlc under
charge conjugation

e at higher orders asymmetry appears (sensitive to NP)

e wider pseudorapidity distribution for top compared to anti-top

."’..1400—“"]”"I""l""l""l"“_

§ - ATLAS Preliminary i+>4jets (btag)

Tevatron4 top LHC A top F1200- | L=070 15" 55{-5-:33 .

anti-top anti-top - . Zsjots MC :

— 1000~ -gll:;l?t’:::)‘ac ]

i Il QCD .

800:— 777 Uncertainty _:

- i gy )

L n : 4 :
N(AlY| > 0) — N(AlY| < 0)

= AlY| = Y| - |Yi]

N(AY| > 0) + N(AlY| < 0)

Yol Y

CMS A% = —1.6 + 3.0(stat) T19(syst)% Al (theory)= 1.3 %
ATLAS A7 = —2.4 +1.6(stat) +2.3(syst)% Ag(theory)= 0.6 %
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TOP MASS

= e

Mass of the Top Quark

e done in dilepton and lepton + jets NG SAT (Rpeaminay)
CDF-I dilepton 167.4 +11.4 (:103+ 4.9)
mOd ES D@-I dilepton » 168.4 +12.8(2123+ 36)
CDF-II dilepton g | 170.6 + 3.8 (+ 22+ 3.1)

- H *

e full sample not yet used (36-700pb-*) |oo-dicpten TR
CDF-l lepton+jets 176.1+ 7.4 (£512523)

° ° ° ° D@-l |ept0n+jets 180.1£ 5.3 (+39+386)

e statistical error already similar to R o
Tevat ron D@-Il lepton+jets u ;74,g¢ 15(:08+12)
CDF-l alljets 186.0 +11.5 (+100+ 57)

. . CDF-ll alljets * " 1725+ 21 (2 14+15)

* need to work on systematics. Main | o va o 1669595 o020
Contrlbutlons: CDF-ll MET+Jets | | 1723+ 26 (+18+18)
Tevatron combination * 1732+ 0.9 (£ 06+ 08)
| ot =531 88 5
o J et ene rgy SCa I e Atlas lepton+jets * 1750+ 2.8 (09+27)
CMS lepton+jets/dilepton * 1734+ 33 (:19+27)

— ISR/FSR : : 5 : i
150 160 170 18? 190 200
GeV/ic
oo (SOVIE)  arXiv:1007.3178
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SUSY ASA POSSIBLE SM EXTENSION

°* hew symmetry between fermlons and bosons (every SIVI particle
has a partner differing by 1/2 in spin)

e solves hierarchy and other SM problems
e SUSY particles produced in pairs

e stable and neutral lightest SUSY particle (LSP)
— good candidate for Dark Matter

SM Particles SUSY Particles
quarks: g q squarks: ¢
leptons: / [ sleptons: /
gluons: g 4 gluino: g
charged weak boson: W'* wE Wino: If ~+
+ B ™ Y., chargino
. 770 H charged higgsino: H y ’
Higgs: H 10 40 Ff0 S I ~o
4= neutral higgsino: -1 H higgsino
~0 -,
neutral weak boson: Z° Z° Zino: Z 2’3234 neutralino
photon: 7 /4 photino: 4 p
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SUSY SIGNATURE

Event topology:
. . . max(g, q) Jets of
* high pr jets from squark-gluino decays o ~100’s GeV
min(g,q)
* large missing Er from LSP é
jets
* high prleptons from sgaugino/slepton % X
e AN ol -

* high pr b-jets, t-jets depending on

models Missing Energy 0 be
of 100's GeV Leptons
of ~10’s GeV

N
] E\ P\ In RPC models,

chains end up
with the LSP
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e strong production of massive particles
— require high pr jets

2 1° 1 paaz0t1fs=7Tev)
— leptons are vetoed o JL o 1o0af —SMTotl
Y 40 ’ D QCp multijet -
E? Four Jet High Mass =;\:z;s ;
€ 100 Channel [ttt and single top =
. . AT >4iets SM + SU(660,240,0,10)
o different techniques: e STI8S  anas preliminay 4
— large missing Et i e ]
— large jet hadronic transverse energy (Ht) | + !
— large jet multiplicities (large cascades) .0 ‘ ]

. . il Lol A L !
— QCD topology rejection S A= T ]
E o'g ----------- -.-'."'.5++ .......................................
S of

~0 500 1000 1500 2000 2500 3000

o striking signature from SUSY Mg = Hy + Missing E; [GeV]
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SEARCHES |

* require leptons + MET

e different lepton selections
— 1 lepton
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— 2 same-sign leptons with same or
opposite flavor (opposite cascades)

Entries / 10.

e use kinematic constraint of the SUSY
cascade to identify signal

N R *2) o)
_TII 1, 8-8 | 3¢ 0 | R ) LI LI b 88

O

e Data
— Fit
— nal
Iy
- eu-shape
Uncertai

CMS preliminary -
(s=7TeV,0.98fb" -

o

ng=84=x77
ng=81.5+9.0
n,=10+3.2

1. J : 1

* |ess stringent limits than fully SESUINARRaTY

hadronic but complementary
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SUMMARY OF SUSY RESULTS

® NO hlnts of SUSY so far

* much more stringent limits than for previous experiments

— limits at 1TeV for m(squark)=m(gluino)

» x10 statistics helps but limited by 7TeV energy

CMSSM interpretation simplified models
CMS Prellmlnary \/§ 7 TeV f Ldt =1. 1 fb1 Squark-gluino-neutralino model (m __ = 0 GeV)
‘G\ _"_ Wy, | | ;2000 Trr 'I Trorr r, 4 T ‘l | re"m‘nary
(\.) : —2011 lelts - CDF €., tanf=5, u<0— 8 | HER 0 lepton 2011 combined
| ~ 2| o i T w— CL_ observed 95% C.L. limit
% 600} =+++2010 Limits ] 00 7, tans=a.uc0 § 1750 | ..' \ e
g ; taw= 10' Ao=0. u>0 - LEP2 11 CMS e 1500 p “‘ \ oxp. limit 68%, 99% CL
N —— LEP2 T =i '§ ! l‘ %, = 2010 data PCL 95% C.L. limit
~— — E B ™~ o ' —
E 2000 - : 8- 1280 \\ L = 1.041b  \8a7 TQV__:
£ MT2 Jets+MHT H . e e  Oguey = 0.01 B
— 1 Lepton 7 (1000)Gev] 1000 < - -i
- 2750, GeSS Dilepto % = = S
. z| 750 8 Fousy = 0.1
..................... R Fere. EL759GeV - Ssusy = 1P
"I o S, 500
?naQbG::. ............. “l..._~\\\ Gguay = 10 pb
m “‘t ' . PR W il [ T, s
e eeeest’ ., '....o.. % (500)GeV : 250 %
LEP2 q
0 200 400 600 800 1000 0

0 250 500 750

m, (GeV/c?)
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SEARCHES FOR HEAVY RESONANCES

o predlcted by humerous extensions of SM
— sequential SM, GUT-inspired theories, technicolor, Kaluza-Klein ED

* relatively clean with good S/B and identified by a peak!

 care for energy/momentum reconstruction above 1 TeV

® no peak so far N
% —~#— CMS (1017
(D e e — it
‘Q L oY | L L T T LI B S e | ~ 1 -
g 10°] ATLAS e Data 2011 = dl jet """ QCD Pythia ¢ CHS Simulation
o . . o2y ‘é’ JES Uncertainty
w 107 p dl_u J‘ ; goiboson - 10 S(1.8TeV) ... excited Quark
t=1.21fb ti B Al RS
104 L d 2 .WoJets ,8 : String Resonance
10°
3 \s=7TeV D?'Ca%oo GeV = :
10 E]] Z'=1250 G evi “a (15 TQV)“. s.('Zf T'v) CMS
102} [)Z'(1500 GeV) 100 .- :
10 B I,
10 E_ ST ¢ @23TeV) °,
1 10° <25 jani<13
107} =
107 :
0
A
-2

Lol .
80 100 200 500 1000 2000

Significance

1000 1500 2000 2500 3000 3500 4000
arXiv:1108.1582 m(u*-) [GeV] Dijet Mass (GeV)
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L'SSM I

I’'wli

GKK Il k/M = 0.1
GKK yy k/M = 0.1
GKK Il k/M = 0.05
GKK yy k/M =0.05
W' v

W' dijet

WR, MNR < 1.0 TeV
W'— WIZ

oTC

Mb’, b' = tW, I+jets

Mt', t' = 1Z (100%)

Mt', t' = bW (100%), I+jets
Mt', t' = bW (100%), I+
gluino, HSCP

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP
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e Full list, to have a feeling of the scanned phase-space

ALL EXOTICA SEARCHES

e — — S —— ———— e e D = = —_— - — - - e
—— _

CMS

similar for ATLAS

Ms, vy. GRW, nED = 2
Ms, pp, GRW, nED =2
Ms, vy. GRW, nED = 6
Ms, pp, GRW, nED = 6
MD, monojet, nED = 2
MD, monojet, nED = 6

MD, mono-y, nED = 2 . Extrq
Dimension

Heavy
Resonances
MD, mono-y, nED = 6

MBH, rotating, MD=3.5 TeV, nED = 2
MBH, non-rot, MD=1.5TeV,nED = 6
String Ball M, MD=2.1, Ms=1.7, gs=0.4

4th String Resonances
Generation Eé diquarks
! Axigluon/Coloron

q* . dijet

q* ., boosted Z

e*", A=2TeV
w,A=2TeV

C.l. A, dijet mass (3 pb-1)

Heavy C.I. A, X analysis

Long-Lived

g 1 2 3 4 S 6

| TeV
2 3 4 5 ¢Tev 95% C.L. Exclusion Limits on Masses
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HIGGS PHYSICS
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HUNTING THE HIGGS

e

e in SM electroweak symmetry
broken via the Higgs
mechanism

V() = ulgl* + Algl*

EPS 2011: m =173.2+0.9 GeV, LEP & Tevatron Higgs Searches

- ST BEMEARRT S R B s

e W and Z bosons acquire mass, < .£ | “ No,ye,,nc,ud,ngﬂf'"f;?»:
photon remains massless ) Wl e {°

_ o {\|eeps2011 7 E

e Higgs not yet seen N/ / 3
------------------------------------------------------ 430

° ° . 8 F =

e limits for the Higgs bosons £
from direct searches and Bl Fitincluding theory erors 4%

2 s ---- Fit excluding theory errors —
° B === =f-3cccedi ccceccescctcsncscssssncnncsesnncsccacccnns 11o

gIObaI EW fltS 0 00 150 T T S
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HIGGS CROSS SECTIONS (@ LHC AND BR

o x BR [pb]
g

|=e,
H — Fvbb V = Ve,V Vq
ZH — ['Tbb % q = udscb
200 300 400 500
M, [GeV]
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My<130GeV |
'H—yy dominates |

Daniele del Re

o x BR [pb]

| 130GeV<M;<200GeV
{HAWW dominates |

(AR [N
LHC HIGGS XS WG 2011

10
1
107
10°
) N
10 =Y. VBF Ph 't l=e,u
F \WH — Fvbb\ ™. V =VeV,,V,
Y ZH— IMTbb\ \ ™.\ "' q = udscb
-4 {9 1 1 1
10700 200 300 400 500
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e = ___

BACKGROUNDS, SIGNATURE, AND S/B

e ——————

(Z and Higgs)

mode backgrounds signature S/B
born/box diphoton
two photons low
H—vyy QCD o
, peak in inv. mass 0(0.1)
photon+ jet
tthar two leptons with .
, medium
HWW drell-yan opposite charge
O(1)
pp—bWW MET
four leptons with
right charge high
H—2ZZ pp—22 oS °
peaks in inv. mass >1
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* crucial channel in the mass region preferred by EWK fit

e sensitivity to either excluded or see Higgs not reached yet
— exclusion at about 3xSM

e with O(10fb*) possible to give a final answer

& gooE T T T T TII T TITTITTTTR  g 20
S = CMS preliminary e Dats - f 15
© 700;— \s=7TeVL=166" [ 2prompty _; 1 |
N - [ tprompty 1 takey 1 © I
= 600; [ ] 2take - 3
~ v 3 5
£ 500 ++ [ oreli-van = E
o -
L% 400 = %
+ -
300 ¢ CMS -
\ -
200 +, . =
100 -

%O 90 100 110 120 130 140 150 160 170 180 1
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- CMSpreliminary
\s=7TeVL=1.66fb"

..........................
...............................................................

...............................................................

Observed CLs Limit

Observed Bayesian Limit

Median Expected CLs Limit

- + 1o Expected CLs

+ 20 Expected CLs

115

120 125
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e best channel for exclusion in the intermediate mass region

— but tough for discovery since no peak

e MET and topology requirements (e.g. A} between leptons)
e exclusion in 140GeV<Mu<200GeV

o)}
o

entries / 5 degrees
NN
o

] 1 1 1
- @ data . Z+jets
—  — m, =160 top

ww [l wzzz
B Wijets

H - WW - 212v + 0/1/2 jets (CLs)

L] ] L] L] L] L l I L 5 10:
CMS prellmlnary‘l ' \é of-
L=155" - -
% 8F- CMS
CMS 5 7
o I
2 6
® F
SE”
af-
3
- IR B

pa oo o by e o Lo o Lo s g 1y sl

----- 95% CL exclusion: median
I 95% CL exclusion: 68% band

95% CL exclusion: 95% band
—=— observed

1 1 gemp—y § ¢
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e very clean signature (peak over ZZ SM) but low statistics

— best channel for discovery at high masses

 sensitivity (>200GeV) already reached

e exclusion in combination with other ZZ modes (e.g. 2|12v)
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HIGGS COMBINATION: UPPER LIMIT

e _ = — = e ——r———

* final limits combining more than 10 channels
e ATLAS-CMS combination in progress
e expect that at 95% confidence level Higgs is excluded in region

140GeV<Mu<450GeV

- VSRR, e IS A R H IV S S DA B 2 LI R A s A PV R A SR A e — ——— — = — — —— ——
s’ F ATLAS Preliminary CLs Limits " & - CMS Preliminary, \'s =7 TeV —=— Observed |
B [ s S - Combined, L =1.1-1.7 fo” B Expected: o
S — Observed NG | 2 c RSy NONNNNENNNNIWNEE Expected + 20 ]
= —-- Expect i I dt=10231" | S B PN D ep e |
5 19F Bt P R b | |22 Tevatron exciuded | -
o ]+ 206 S=1/1¢€ 3 5 s T s e
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HIGGS COMBINATION: P-VALUE

— —— —_—— = e e i = — = === — - = ==

e p-value = probability that data are consistent with a background-
only hypothesis

e no sighificant excess yet...
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o ATLAS Preliminary E
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HIGGS CONCLUSIONSAND PERSPECTIVES

e Tevatron results are almost superseded (except for very low mass)

e Higgs with large mass (>140GeV) is unlikely
— excluded with a decent CL by LHC

e tough job at low masses

— major player will be H—vyy 6%  CMSPrivate,Ns=7TeV [ opserved | |
5 Combined, L = 1.1-1».7fb“ B Expected+ 1o
c 10 - e Expected + 20 -
2 _Tevatron EPS11: expected ] n : 3
é l-T evatron EPS11: observed‘
e Personal view: 8 I
— 0(10fb!) enough to 3 1
exclude on the whole range ; ]
= ~“Moriond 2012 |
1 TR TR T T TN TR SN S N T SO W S S AU EE N AU AT ATIN AT O 0 8 ST SN AN U N A
—end of 2012 for a final answer 100 200 300 400 500 900

Higgs boson mass (GeV/c?)
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CONCLUSIONS

e = e r——— e —

= = . e — = — B

e LHC is doing great. >2fb! so far. Fast increase expected

e Fantastic performance of ATLAS and CMS
—physics objects and trigger already deeply understood

e Wide physics output (>100 ATLAS+CMS papers)
—EWK and Top physics already at precision level
—extensive searches of physics beyond SM
—Higgs hunting providing world-best exclusions

e Short summary of searches
—no hint of new physics or Higgs. Exclusion at 95% CL:

SUSY (msquark=mg|uino) <1TeV
New Gauge Bosons (Sequential SM) <2TeV
Higgs 140GeV<Mu<450GeV
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G dilepton rest frame
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