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® Proton-proton collider with c.m.s energy = 14 TeV
-- ¢c.m.s. energy of elementary parton-parton collision

Vser (Q—q) =O(1) TeV

=» The real explorer for “TeV scale” physics
-- Origin of EW symmetry breaking; SM Higgs
-- New physics (necessary to stabilize EW scale);
SUSY, Extra Dimension, etc...
* which can bring good dark matter candidates

ATLAS

® General purpose detector, covering ~4n solid angle
-- Detection capability to Higgs with mass covered
seamlessly up to ~1 TeV

® Inner detector: combination of silicon strip / pixel
detector and straw tube tracker (2 T by solenoid).

® Calorimeter: LAr for EM and had (endcap) , scintillator
tiles for had (barrel)

® Muon spectrometer : stand-alone measurement by using
Toroid magnet 2




LHC and ATLAS Operations in 2009, 2010

® Year 2009: Vs=0.9, 2.36 TeV : ~12 pb'! 0.9 Tev 7Tev
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® Year 2010: Vs=7 TeV r "m,__‘M 10°

~45 pb! collected by ATLAS
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-- Full data set (~40 pb-!) allows ATLAS to
produce a large variety of physics results

Events / sec for £ = 102 em™ sec”



® Delivered luminosity: 1.0 fb!

LHC and ATLAS Operations in 2011

ATLAS ready recorded: 0.95 fb!

Data taking efficiency > 95%
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Now LHC is not only highest-energy,

but also highest-luminosity hadron collider!
(At 103 cm2s1, 1 SM Higgs with 150 GeV

mass is produced every 83 seconds)

» Today’s talk also includes:
-- Some hot results using up to ~200 pb-! (New at PLHC2011, 6-11/June)
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S ATLAS

LD EXPERIMENT

Challenging days for Trigger

® Event trigger rate has to be reduced from 40 MHz down
to ~200 Hz = 1/500000 rejection necessary
® Under high pile-up (average 6 interactions (max 8-12)
per crossing in 2011) environment 11 vertices s
® Pipelined, dead-time free, 3-levels trigger  with 1 Z>pup & =
-- Typical deadtime 2-3% in 2011 runs S

. : , Globaltrigger rates [ —ZY[AS Trigger Operation
-- Dynamic changes to trigger settings ¥
during a run w/o stop/start S0 i
-- Stopless removal/recovery of detector Lovel2
r/o0 elements - ———
® Need to cover the wide and rich physics v E i
potentials comprehensively 10 | TR
-- Various kinds of trigger logic (“chain”) | . |
e.g. inclusive, exclusive, combination... - " Timeinpe 2
-- Typically, few hundred trigger logics s e Tt [ w0 |
are deployed at any time. T ;EUMZ ZZ: ;Z
mute
The trigger system has been successfully S o = .
operating in a wide range of conditions: R —— T ST R 15
10?7 to over 103 cm2s! (6 orders!) e Soxem | o




Standard Model Physics

® Hard QCD
® Electro-weak
® Top



Jets  LHC

® QCD validation at unexplored kinematic phase space
-- We are seeing pr = 1 TeV and di-jets with M;; >3 TeV !

Jet with p =1 TeV

Run Number: 159224, Event § S 35
Date: 2010-07-18 11:05.44 CEST

LLATLAS

1 EXPERIMENT —




> Anti-kT, R=0.6 (Measurement with R=0.4 was also made) :

Inclusive jet cross sections

-- pr(jet)>20 GeV to 1.5 TeV
Vel up to 4.4

ATLAS-CONF-2011-047
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® Data are consistent with NLO pQCD prediction with non-pert. corr

® Some differences observed at high p and large |y



EW bosons @ LHC

® SM “candles” provide:

-- QCD validation, with sensitivity to 7= pzdf:_[ ax;cx; [ 1 (%) 15 (x;)
quark’s parton density functions (PDFs) x Ao (q,q; = XX, X;)]
-- Important in-situ calibration method - s
ud ->W
du ->W~

® /: Event selection
-- pr (lepton) > 20 GeV
-- Oppositely charged pair
» Di-muon invariant mass

® W: Event selection
-- Isolated p; (lepton) > 20 GeV
- E;miss > 25 GeV
--my > 40 GeV
m, =42p;' B, (1-cos(¢' — ")
C L omamoecrtn 5
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W/Z-production cross section

» Ratio of W to Z cross sections:

o(W)/o(Z/y")

T | T T T T | T T T T
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® In the cross section ratio, both exp/theory
uncertainties partially cancel
-- Exp: luminosity, theory: PDF

3.5

ATLAS-

CONF-2011-041
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I ATLAS Preliminary

Data 2010 \s =7 TeV)
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s total uncertainty -
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uncertainty
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® Started to constraint PDFs!

® Measured cross sections are in agreement with theoretical predictions
based on NNLO QCD

10



ATLAS-CONF-2011-060

EW bosons + Jets

» W-+nlets cross section

® A powerful test of QCD
;‘IO3 T ' T — T
§ ok Jlmsen’ R ey | | |
3 Py Y apoen ® Often becomes irreducible/main
g Swer oo backgrounds for top, Higgs,  eptons s
8ok o7 A4S Preliminary SUSY, new physics searches,

ete.
—> Mandatory to understand
with real data

=>» Measured cross sections
are 1n agreement both with Multi-parton ME
+ PS MC models (ALPGEN, SHERPA) and
also NLO calculations (MCFM,
BLACKHAT-SHEPA)

N

—

» /-+nlets cross section
- See ATLAS-CONF-2011-042 ,

Theory/Data Theory/Data

o

o~ o

100 200 300
First Jet P, [GeV]



® Rich physics programs

W helicity

Wtb L-Jupuug . Vi

[op mass, w

1dth, spm, charge

Production
Cross secton

Resonant

production ?

Production
kinematics

Spin
polanzation

Yukawa couphng ?

lAnomalous couphngs ?

Figure by Dhiman Chakraborty

Rare/non-SM decays ?

Branching fractions ?

C.Helsens, FPCP 2011

Top

® Experimentally:
Measurement of top quarks requires
understanding of full detector performance
-- Lepton 1dentification
__ ETmiss
-- mUItI-J ets w'f-"fq’v/‘
-- b-taggin N Ve |
S5HS 000 M
and also,
understanding

e \;f‘
of QCD

backgrounds (W/Z+nlets etc.))

12



ATLAS-CONF-2011-023
ATLAS-CONF-2011-035

o(ttbar) [1-lepton mode]

® Br=33% : “Golden” channel b

® Event Selection
- pr ' >20 GeV, nlj<2.5
-- E{miss > 20 (35) GeV (for e)
-- my(W) > 60-E™ss (25) GeV (for e)

--> 1 jets of pg*t>25 GeV, || < 2.5 » W/ b-tagging
-- Impact parameter based and
> W/o b-tagging secondary vertex based
-- Multivariable discriminant -- Multivariate discriminant
* : -
nil, 1Qyf, aplanarity * Wip, [0y, aplanarity, Hy
© [T T T T TI T T 0 240 E ' T ' 1 =
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Likelihood Discriminant

o =171+17(stat)") (syst) = 6(lumi) pb o =186+ 10(stat) 2! (syst) + 6(lumi) pb

20



ATLAS-CONF-2011-034

o(ttbar) [2-lepton mode]

® Br=6% : “High purity” channel = “Counting” taking advantage of high puritv

® Event Selection
-- 2 opposite sign leptons with p!>20 GeV, [n|<2.5
B, > 40 GeV
-- > 2 jets of p{° > 20 GeV, [ni¢] < 2.5
-- H=%p;' + Zpt > 130 GeV
M, — M, |> 10 GeV

q

K]

» W/ b-tagging

» W/o b-tagging -- o(tt) and g(btag) extracted
BT T T T simultaneously
§ ATLAS al’ Channelg > ErToT | LI ‘ T T T I T T I T T T ‘ L |
14| Preliminary ¢ data . S FATLAS Preliminary ® Corned i 8 18- arLAS channel e+ -
j L=35pb Ll =240 é e =3 je Preliminary . data 1
120- W single top | © 220l — P _[L _a5py!  [ttbar ]
[ DY + jets - é:, 14 =P [l single-top
100~ -diboson 7 2001 Yook O 3_:+iets :
fake leptons L iboson ]
Edr uncertainty | 180 10 I fake leptons
L 8- 77 uncertainty |
160/ : ]
6 ]
1401 ‘ ]
A .
1201~ of \ 3
B | I | T | | | L ]
04 045 05 055 06 065 0.7 o ]
S 0 200 400 600 800 1000 1200
Number of jets H; [GeV]

o =173+22(stat) 5 (syst) S (lumi)pb o =176+22(stat) +22(syst) + 6(Ilimi) pb



Summary of o(ttbar)

ATLAS-CONF-2011-040
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Top mass

» Main result: template fit to R,
R., = My _ M g
2T m m i

“ My,,: three jets with highest vector sum p;

= m,,: non b-tagged jets/smaller dR in top rest frame
(60<m,,<100 GeV)

Normalized Events / 0.1

0.14

0.12

0.1

0.08f

0.06

0.04

0.02}

My, =169.3+4.0(stat) £ 4.9(syst)GeV

-- Dominant syst: ISR/FSR, JES
>Template fit to My, (by klne ﬁt)

- C B
& 70: Taggedmu-o-;ers _rL 35ps’ @ \s=7TeVdata =
9 F i m, 1725 Gev 3
Py 60 :_ - s-top, mmP:ITZ,S GeV _:
‘ch E I Zsjets .
L% 50 Wejets =
F | WW,2ZWZ B
40 . I oco 3
30F -
20F ATLAS Preliminary —
10
oF

600 700
Mg [GeV]

-- Dominant syst: JES (larger),

500

0 100 200 300 400

- Simultaneous fit to JES and my,,

® 3.7 % precision already with L=~35 pb™! (expects ém,,, ~

of

........ AR o AT "

[ ] o ATLAS Preliminary \'s=7 TeV data

[ um,,::gggez 1 R el e Best Fit background

r m,, = eV 4 A

- Em:pﬂaacev ] $ 30 _[L=3s pb Best Fit tf + background|
i

W, = 190 GeV —
— Psig 4

ATLAS Preliminary |
\s =7 TeVSimulation _

ATLAS-CONF-2011-033
ATLAS-CONF-2011-054

My, = 166.7+ 5.0 GeV

4
] 7 8
2 25 3 35 4 45 5 R
32
RGZ
ATLAS Preliminary - Winter 2011, L_ =35 pb”
default (1d TMT, Rsz)’ e+jets —_— 173.816.7+ 4.8
default (1d TMT, R ), p+jets ———— 166.7+ 5.0+ 5.0
default (1d TMT, R_), comb —_ 169.3+4.0+49
2d TMT, e+jets —_— 168.3+6.2+4.3
2d TMT, p+jets - = 163.5+6.7+ 4.6
2d TMT, comb —_ = 166.1+46+4.4
1d TMT, KLF, e+jets O 179.0+43+75
1d TMT, KLF, u+jets —_— 172.0+3.5+7.5
1d TMT, KLF, comb _— 1748+27+£7.5
Tevatron July 2010 - 173.3+06+0.9
+ (stat.) + (syst.)
| | \ | | | |
140 150 160 170 180 190 200
Miop [GeV]

M, =174.8+2.7(stat) £ 7.5(syst)GeV
m,, =166.1%4.6(stat) + 4.4(syst)GeV

16
1GeV with 1fb!)



Di-boson

® Sensitivity to Triple Gauge Boson Coupling (TGC)
® Irreducible backgrounds to Higgs, Susy searches, ¢.g. HO>WW, ZZ

CATLAS
A EXPERIMENT -'

Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC

WZ->evuu Candidate




ATLAS-CONF-2011-084
‘&“A arXiv:1104.5225

m%“z\»"\ Di-boson production [WZ, WW]

o SSprTTTTTTTTeTTTT T T T
» o(WZ) > o(WW) £ | ATLAS :
Q@ 30 K-
. O 0 [Ldt=34pb" -
o > ooy - ) opposite sign 0 f Ns=7TeV " ..
_ 2 0pp0s1te Slgn 0] 55 ATLAS Prellmrnaryj Ldt = 205pb™" \s=7TeV 1 . h - ([ Drell-Yan -
o ] eptons wit 200 = QCD st
lept ith = C +Data ] - QCDjet -
cplons wi » 4K Owz - I~ 20 G V 15 EJDiboson 3
c r COW/Z+X ] pT C - [[Im]]I'W iets .
pT > 20 GeV e |, ETop . . ot I = + E
YRRy 10 GUJV 3F gz 4 --0jetof pf®>20GeV " o
__ _ < e cly stat+sys b 5 — _:
My =M, | 1 M, —M,|>10GeV ;
miss | i ] ; - . o
- E T > 40 GGV r 1 . Emlss > 40 G V % 6 7 8 .cls 10
[ ot T - T, rel c inlici
- 3rd lepton E T i””’L 1 > Jet Multiplicity
C g i L ]
= === e T I e e - . o ’
Pr I>120 GeV % 20 40 60 80 100 120 140 e I;.'I'.""‘" x sin (A¢) if Agp < m/2
WZ :. ™ . — - - . ‘ 5
Pz [GeV] T.rel E"‘I"“hh if Ag > ﬁ/z
Final State  eee + ET"™  eep+ EP'™  eup + EY™  pup + EF™ combined
Observed 2 2 2 6 12 -
- ) Final State ete EPGY o EP e“ut Efe Combined
Signal 132009 1.76x0.10  248+0.11 352013  9.08+0.22:1.26  Gr———tTroomc - T - -
Bkg Expected W W~ 0.70 £ 0.02 £ 0.00 1.61 £0.04 £0.14 1.45 = 0.06 £ 0.44 6.85 £ 0.07 £ 0.66
ZZ 0.028+0.003  0.12+0.01 0.08+0.01 0.18+0.01  0.40+0.01+0.05 Backgrounds
WiZipts  009:002  017:004 0242007 052:008 102:0.12:050  ZRroon,, - O 001£001  010£0015001 07350054002  0.89.004£004
Z, 27, Wy .05 £ 0. : . X X 23 % 0.05 =£ 0.0 .38 £ 0.04 £ 0.
Top - 0+0.03 - 0.3520.18 0'3510' 18£0.03 W +jets 0.08 £ 0.05 + 0.03 0.00 £ 0.20 £ 0.10 0.46 +£0.12£0.17 0.54 +0.32 £0.21
W/Z +y 0.14+0.14 0(<0.05) 0.07£0.07 0(<0.05 0.21+0.15£0.07 Top 0.04 £+ 0.02 +0.02 0.14 +0.06 £+ 0.07 0.35 + 0.10 £ 0.19 0.53 = 0.12 £ 0.28
Bkg(tot) 0.25£0.14 0.29£0.05  0.39+0.10 1.05£0.19  1.98+0.27+0.67 Total Background 0.17 £ 0.11 £ 0.08 0.25 £0.31 £ 0.15 1.26 £ 0.17 + 0.31 1.68 + 0.37 = 0.42
S/B 53 6.2 6.3 33 4.6

o =187 (stat) + 3(syst) = 1(lumi) pb o =417 (stat) = 5(syst)  1(lumi) pb

® Started to observe di-bosons
(For Zy. Wy: see arXiv:1106.1592) 18



Ctotal [PP]

Summary of EW, top cross sections

10° = ATLAS Prellmmary

[ lIIIII]
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A0t a‘z&‘l‘\ ® Observation of t-channel single top
056? production (ATLAS-CONF-2011-088) 19



Higgs searches: the last missing in SM

\ WW - evuv Candidate
&P[RI?IV%NS] Run 167576 Event 120642801

Time 2010-10-24 13:06:00 EDT

............. __ - |
o E | TI-VI-V 4 \ll.‘i

B S5 Y s S

Theory uncertainty 7]
— Fitincluding theory errors
---- Fit excluding theory errors |

- Tevatron exclubion pt 85
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H->vyy

® Despite low BR, significant due to excellent y

resolution

® Event Selection: 2 isolated y with p;¥>40 (25) GeV

® Backgrounds

E 800? + 201 Data 5
. 8 700 data-driven composmon
- Loosened y-id. § ot cmpemw
. E E B jj expected 3
to normalize & **° B Dvopeied
k fr m 1 t 300;— ATLAS Prelimina
l‘)‘dgdblo Je > o B | ------ ILdt =209 pb’ ’ —5
- - 100F =
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a 100F- @ vy th. uncertainty
§ Z — DY expected
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—9

60
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40 4
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100 105 110 115 120 125 130 135 140 145 150

My, [GeV]

10°

oxBR(H—vy)/SM @ 95% CL

» New vertex

reconstruction

by using photon

direction at LAr
-- Cope with

Entries / 0.50 [GeV]

ATLAS-CONF-2011-085

0,12 .

| ATLAS Preliminary — Photon Pointing ]

0.1+ -
(Simulation) - PVE pi

0.08- .

0.06~

0.04f-

o

o2}

A Lol 1 1 i O] ]
?10 112 114 116 118 120 122 124 126 128 130
My, [GeV]

2011 high pileup condition

— Observed Power Constrained Limit

Expected limit

rrr+rrj T+t [ 11 11

i +16

T IIIII||_

ATLAS Preliminary
Ldt = 209 pb”’

| IIIIII|_

+ 20
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130

® Limit down on 4.2 X SM
® World best limit for H>yy



HOWW [Dlviv]

® Unlike most other channels, full mass
reconstruction not possible

® Event Selection: exploit differences in
angular distributions (due to spin correl.)
+ dedicated selection for H+0,1,2 jets

-- 2 opposite charge leptons with p; !> 20 (15) GeV

- Emiss > 40 GeV, M, — M, | >10 GeV
- A(p(ll) < 1.3 (1.8) for my < 170 (> 170) GeV b

® Backgrounds: estimated from

control sample

-- Wjets: loosing lepton 1d

-- ttbar: altered jet cuts, b-tag

-- Di-boson: altered M;; and Ag(11)

95% CL Limitono

10°

10?

10

T Rl

ATLAS-CONF-2011-005

E s ' ' ATLASPreliminary ]
N . —4— Dat — HoWW (m =170 GeV) |
= H+0 jet Swies DT "
~ 10 - W B Z/y+jets i
e F  WZ/zZ/Wy E
£ [ \s=7TeV ]
L -1
1 J Ldt=35pb" 3
107 =
102 —=
0 50 100 150 200 250 300
m. [GeV]
__I_ T I LU l LI L] l-l I-I T l T V1 YA ASVA I vl | UL I L | '—I
= ATLAS Preliminary g
. —e— Observed PCL Ldt = 35 Pb ]
L e Expected PCL \Ns=7TeV 4
3 E 10 —a— Observed CLs 3
- +2a - - - Expected CLs A

T T IHHII

- = e
-

______________________________

Tevatron <L> = 5.9 fb1

—=— Observed CLs
--- Expected CLs

T IHHFI

lllllllll

1 1 IIHHl

Tevatron
¢ Exclusmn

1 1 IIIIIfl

120 130 140

® Limit down on 1.2 X SM
® Approaching Tevatron excluded region

150 160 170 180 190 200

22 .,



ATLAS-CONF-2011-052

H>OWW [2lvqq]

® One of the best channels for intermediate and high masses
® Possible to estimate P,” and My, by solving My=M,,

® Event Selection:

-- 1 leptons with p; !> 30 GeV,
veto 2 with p; ! > 20 GeV
_Emiss > 40 GeV
-- 2 or 3 jets with py€t > 30 GeV, [l < 4.5
-- Veto bjet (against ttbar)

o L LI L L L L |||||||.||l-|||||_
§ 45F L dt = 35 pb” ATLAS Preliminary—
D o _ ® Data B
G 40 :_\s il I Dibosons E
o 5 top 3
N 35F W/Z+jets —
:B B 0 Multi-jet ]
o 30 [ signal (x30) 3
*E‘ - m, = 400 GeV/c* ]
w 25F 3
205— H + 1j Search _f
15 =
10 3

5r E

C L. + -

AR AT e
00 100 200 300 400 500 600 700 800

My [GEV/C?]

® Background normalization from fit
-- Cross-checked using an

anti-isolated lepton sample

g _‘ LI l 1T 1T I T 1T ] LI 1 I LI I L [ L L L | B ENC AR ) ]
2
0102 z
© o -
=
(@]
E
— L
o 1OF §
S d
n | ----- Expected PCL ..
o C N ATLAS Preliminary
B |:] + 20 7]
—8— Observed PCL \s=7 TeV
1 :_ --B- ExpectedCls —:
- served CLs -1 -]
- : (SDI\bM Prejifi%on (ggH only) J L dt=35 pb :
- 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I'—
250 300 350 400 450 500 550 600
M, [GeV]
® Excluded 11.2 X SM )

for m;=400 GeV



ATLAS-CONF-2011-026

H>ZZ [llqq, livy]

> AL D D L o B B
o - ATLAS Preliminary o data | Ldt-35pt" 1 T T
S 6 _ anlx ] > FATLAS Preliminary TR
> HW 8 55_ H = livw (m, =300 GeV) : ?cgal IIB(;O _E > lqu E‘B_: :zg H— llgg (m:ié%r(l}a;\){) i:;ajl.::‘;af' po E
- Emis; > 66 GeV 2 45_ — tzt 1 —-Eme<50GeV & b — e :
_ Veto bjet I S 0<MI<I05 GeV 2 e —t 3
- 76<M11<106 GeV 3t 4 --76<MIlI< 106 GeV 7 20f =
2f - 15 .
Final discriminant 7 Final discriminant 2 E

o

il ] ..
100 200 300 400 500 600 700 800 9009 m 1155

= my

e Ao T R 1
100 200 300 400 500 600 700 800 900

My [GEV] m||jj [GEV]

% 160_l l T 11T | T T 17T | LI B B I TrrT | T 11T lIIlIllVlIlI III_
5 160y © - ATLAS Preliminary 1
g 140:_ ATLAS Preliminary E g 140:_ —— Observed (PCL) H577sllqq E
S - —e— QObserved (PCL) HosZZ—llv . .8 120 e Expeated (FCL) i
= 120F - Expected (PCL) '+ <" = E : — S Ldt=35pb ", \'s=7TeV ]
E - 0+ 10 . = - Cd+2o ’ s
i 100 [+ JLd‘=35Pb'1,\'S=7TeV = - 1001 E
o C 7 (g 80— —
X 80 - S - ]
Tp] | - o L ]
® 6o = 60/ E
40 = a0f- =
20[ = 20 =
0:| [ i 1 co e b by | |: O:I Py b v o by b bww o by g b v b a g |l |:
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
my [GeV] my [GeV]

® Most sensitive channel in 200-400 GeV ® Good sensitivity in 24

® Excluded 10.5 X SM for m;=300 GeV 200-600 GeV
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Exclusiono limits

10

9 mdividual channels combination
g ATLAS Preliminary g"» ATLAS i;relmlnaly + gxg::, ggt S i
T g 1 o-7Tev  EER+io,PCL E
£ z ILm~359b' 1 + 20, PCL ]
o = B, |7 ..
3 o
i 2

()]

ILd~359b'.\&-?TaV g

......

...... & ~p siars Yw s Mg 1
100 200 300 400 500 600
m, (GeV] E

current H2yy 100

— Tvalt0N exCiugion

e
2 300 400 500 600
a}\ my, [GeV]
Atlas approaching SM (x1.6 SM)
Tevatron excl. limit

- | Illl‘l

| arLas Proliminary SM4 i
4" generation modal {
\g=7 TeV

Lat-35pd’

-
o
"Il[li L] T

95% CL Limit on mmo

10" =
100 200 300 400 500 600
m, (GeV] .
SM4 excluded for my; : 140-185 GeV
M.Escalier, PLHC 11/June 25

arXiv:1106.2748



Sensitivity to o/cg,,

ATL-PHYS-PUB-2010-015

Higgs prospects with ~1 fb!

» SM Higgs
-- Conservative analysis scenario (cut based, robust systematic error estimates)

® Observation sensitivity (median) @ 95% CL exclusion
10 RIF. FLILEN PR FoLI Y. 0.6, A7 LS. L AL . S T Y R L O R

10 UL T L O, PO, O, O, L O O O O, N Y L O D UL L. Y LS L LA
e —0— 30 obs 1fo

- —a— 3c0bs,2fb"
o = 3g0bs,5f6" .
s (I TeVatron 95% CLexc.
... 1 LEP 95% CL exc.

e e @ TQV
et [ T@Vatron -
... IBLEP

@
)
<

i il

95% CL Limit on o/cg,,

''''

I Medlansensmvnty ........... i
\s =7 TeV Prolectlons U A B .
L T 1010550200 250 300 350 400 450 500 550 600
m[GeV] my[GeV]
- 3o observation: 139 <m, < 180 GeV - Exclusion: 129 <m, <460 GeV
(~50% chance to 36 : 200 < m, < 430 GeV) (~1 o' @ 7 TeV)

® Reminder: 1 fb-! = already we have in our hand.

.. . 26
—> Now, no surprise if we see surprise in our data



SUSY searches

p— — BT T [ T 'l T I UL [ T T I I-I=; 4 P | T 6\ b‘ “1& ]év} T -
1000 > By ey jets O'lepton il
o © 450f-ATLAS Preliminary ... 4jets 1 lepton
S 200 tanp=10,A;,=0, u>0 (0] == 2 jets 2 leptons OS]
[ - = o+ === 2 jets 2 leptons SS
CMS preliminary o el 3,(1.00 Tev)
O 800 V=7 TeV = _ 5 ¢ discovery - - -]
I_Q. 700 Hadronic search, 95% C.L. curves E ¢ ! MSUGRA tan B= 10 :
E == | =1000/pb ¥ . : _:
. = | =100/pb =
500 CMS-NOTE-2010-008 B + Tevy_J
400 250 3‘* ‘*{; (1.0 TeV) & " _:
full CMSSM [ ” L
300 parameter space 200 } J
o e r J 12 gY0.50 Tevi ]
200 m 68% C.L. ma'S/TEFl__cppy - $ R e a
95% C.L. o (e 150, . % i ]
100 . [ 3 '!+ o u_‘ E * Al

1) | SRR A el b Ly |N|o Evl‘slsl 100 — +;/' + + : lt (0.p Te\/f: + 3
0 200 400 600 800 1000 1200 1400 1600 1800 2000 R e S MLV U PRPRRN AN (ROURR VRN o ik

M0 [GeV/(;z] 0 200 400 600 800 1000 1200 1400

m, (GeV)
S. Heinemeyer, Feb/2011 27

“Prediction for LHC” (fit on EW, B rare, g-2)



SUSY searches @ LEC

[(s]}

O @

g | a9
9 g
® SUSY @ LHC ; 5| |q il q
-- Gluino/squark pair can be produced ‘strongly’ T | g
via t-channel exchange = large production cross section |, |9 ;
-- Cascade decays to lighter ones = multi-jet, (Iepton)
-- LSP (if Rp conserved) = E,Miss
=> Event topology: Multi-jets + E;™ss + (X)  X=e, W, 1,y, b...
® Model-independent inclusive search based on event topology
- (0, 1...) lepton + (1, >2, >3, >4...) jets + E;™ + (b-jet)...
Channel Signature Main backgrounds
0 leptons + jets + E; s 2 24 jets, large E; s, Meg'™ W1/ Z + jets, top, QCD
1 lepton + jets + E; e 2 3 jets, large E yes, Mey, My top, W/ Z + jets
2 leptons (SS/OS) +jets + E, ., large E; s SS: Fakes, diboson; OS: top,
(also “flavour subtraction” OS ana\ysm)‘ ' Z+ jets, also cosmics (;l,ll)
2 3 leptons + jets + E; ..o 22 jets, Eq iess My # M, top, Z + jets A. Hoecker
: . L : Planck 2011
" 0(1) lepton + b-jets + Eq e 2 3(2) jets, Et miss: Men, (My) top, W/ Z + jets
2 photons + Eq E rmiss QCD, top, W(y) + jets
+ more targeted analyses for SUSY scenarios with features not covered by above inclusive searches
"TMett = ETmiss + ZPTiet
of T.miss M Tets 28

**) Large mixing scenario can give light sbottom, stop with: g — b.b,‘ g— tt



ATLAS-CONF-2011-086

o,%“xv‘\ Jets + mE, [0-lepton]

q . 3 10 o Data2011(s=7TeV) 3
/ / S 100 I L at ~ 165 pb Elgngg (r)rt]illtijet -
R - P~ F Three Jet Channel =\Z’ﬂ{*_ﬂ;;s ;
X 0 9 — 2 10° It ede single top 3
. . 1 q E E e SM + SU(660,240,0,10) 3
® Signal region L 102k ATLAS Preliminary
— B miss > 130 GeV % : f
- Ag(jet, E™) > 0.4
-~ E;™8 /M > 0.3 (0.25 for nJet >= 3)
-- p{t> 130 (40) GeV (for sub-leading) o
Final discriminant cut: < '3 :
== Meff > 1000 GCV ° _0'50 500 1000 1500 2000 2500 3000
Meff [GeV]
. . > F L L L B BN B
® Background estimation S 10k [l at-tesp8" S e Y
. . . =t 5§ IZIQC!J multijet 3
-- Z+jets (irreducible, Z2>vv) % 0L FourdetChamel SN .
o W+J ets_ _ E 1P ;_ |:Itstl\e/1m:i 53%25?540,0,10)
- TOp ( tt —> bbTqu ) ; ATLAS Preliminary
—> Control regions + Transfer 10g E
factors (TFs) from MC I -
-- QCD multi-Jets (E;™* by miss F LO§
: 07 E
reconstruction) U g e ——
—> Control region (A@ inverted) < 1§*¢++++++ __________ 20
. g O TR ;
TFs data-driven = -05; 500 1000 1500 2000 2500 3000

Meff [GeV]



squark mass [GeV]

ATLAS-CONF-2011-086

o) Jets + mE, [0-lepton]

» m(q) vs m(Q) » m,, vs m,
Squark-gluino-neutralino model (massless i?) MSUGRA/CMSSM: tanf = 10, A = 0, >0
2000 T IY " TATLAS Preliminary =600 T —
: | : " 0 lepton 2011 combined D - ATLAé PreMinary T e Observed 95% C.L. limit
1750 | | ; | === Observed 95% C.L. limit 9550 " 0 lepton 2011 combined -=== Median expected limit
: i % (== == Median expected limit 8 F M_qespbias=7TeV, e CL, Observed 95 % C.L. limit
[ 3 i = CL, Observed 95% C.L. limit E" i, ' o
1500 i i i ===~ CL, Median expected limit 500 E T_;*’;'u‘x,_ """""" CL; Median expected limit
i i i —— 2010 data PCL 5% C.L. limit S \Z * Reference point
Y j— #EP 2q | 450 = ) — 2010 data PCL 95% C.L. limit
! ! [ Tevatron, Run e , ) 3
1250 | 1 Do, Run Il } v P '\-;;5""‘H'“H-i\l‘,‘,, ------ CMS 2010 Razor,Jets/MHT
b e epR Al . N\ % 15 (1000) [ LEP 2%/
1000 1 \ LS TEeR ST TV 350 < \‘\‘ [ ] D0§,g tanp=3, <0, 2.1 o
750 Vo S — 300 ]
\ R Z1] 250 ‘-] |12
500 h - - [ %. .
T Osugy=10pD] 200 i N E;_(EDJ) I 7'_3
250 B ; | , .
_ o0 N 7 i iz
0 ?1":5:"\||||||||||:
0 250 500 750 1000 1250 1500 1750 2000 500 1000 1500 2000 2500
gluino mass [GeV] m, [GeV]

® [n MSUGRA/CMSSM,
m(G) =m(G) <950GeV and m,,, <455 GeV are excluded.

® Cutting into a new territory of SUSY parameter spaces

30



\\ 6‘2* ATLAS-CONF-2011-090
20 Y)

G Jets + mE [1- lepton]

New @

> O T e N e
LHCC 14/6  4,—q% —ql™ vy, 8 qofATASTImI | ot 0y
" - il 2 16 IL dt ~ 165 pb' B Wit 3
g-qq' % —~qq' v 8 L. B oo :
. S. 1 . E 10° .#\- -E-TBI:SbeSg%hn'h:zﬂtl) m, ;=300 g
lgna reglon . L ectron anne o
10
- pr>25(20) GeV for e () 10l
- E miss > 125 GeV i
- m; > 100 GeV ' ,.
. = i :
miss o 2r 7
— By /Mg > 025 3 o " f
: .o B Apeonorostanstin, 1 i 4 Mo
Final discriminant cut I |
0 50 100 150 200 250 300 350 400 450 500
- Meff > 500 GGV ET [GeV]
. . E ATLAS Preliminary é’ S?%?d%%‘d ??,;, {ST“;‘E)\:) :
o Background estimation : Lot~ te50 =c&]j" o it
--To i my=420 m, =300 5
p ' Uh\{l+?ect>sncghannel 3
—> Control regions + Transfer
factors (TFs) from MC
-- QCD multi-Jets (E{™% by miss
reconstruction) 7
—> Control region 5 :
TFs data-driven % 200 400 600 800 1000 1200 1400 31

M [GeV]



IO

S

165 °

a2
o)

New @
LHCC 14/6

Entries / 100 GeV

Data/SM

Entries / 100 GeV

Data/SM

Jets + mE, [1-lepton]

» m,, vs m,

5
10 ‘ ‘ ' ® Data2011

ATLAS-CONF-2011-086

- [ ] D0g,g, tanp=3, u<0, 2.1 b

- Observed PCL 95% CL

-- Expected PCL
Observed Clg
Expected CL

|:| LEP2 55:

|
Lyl

I COF §,§, tanp=5, u<0, 2 fo™ ]

800

IR LA B
- =7TeV) E
ATLAS Preliminary 2 Standard Model (SM) qs
10% ., muliijets (data estimate) ] | MSUGRA/CMSSM: tanB =10,A =0, u>0
IL ot~ 165 pb’  EIWeiets EE 400 o
Wl Z+jets 1% S‘ 71 r r r [ v 1 T 1 171
3 [ 1z ~ ) )
10 Esingle top 3 % 8 = ATLAS le 165 pb \s=7 TeV
@ Dibosons =] ~, -
2 ---MSUGRA m;=420 m,,=300_ B
102 Eror o =20 mia300o ¢ N - F’i‘ellmmary 1 lepton, >3 jets
E = E 350 <
10 : = [~ g(BDDGeV)
1: E S \\ """""" —
§ 300 __ q (700 GeV) \ a (800 GeV)
10" 1 [T N .
E E N TN e
2F E N\
—r : e
O: 1 1 1 1 1 | I 1 E ’
0 200 400 600 800 1000 1200 1400
Mgy [GeV] 200 |—-- ..
10° ' ' ' e Data2011 fs=7 TeV) |
ATLAS Preliminary > Sindara Modal (h) | 12
10? J‘ 4 Evmvul_lij{ets (data estimate) ; 50 ‘‘‘‘‘
~ +)els -
L dt ~ 165 pb -Zﬂ_le ot f 1
3 T g
10 -tslingle top 2
@@ Dibosens 2
2 ---MSUGRA m =420 m, ,=300_ =
10 Muon Chanrrrlbel " g 200 400 600
10
LIS [ s I,
T
1o | -
2F 7
+4~H» ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ;

OO

200 400 600

800 1000 1200 1400

m. [GeV]

1000
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» Benchmark: R-parity violating SUSY

dd sV ———e u’

2'311 26‘21

® Very clean signals: isolated, pr ! > 20 GeV

g 2 '_I LI |3| T T 117 FLIAllsl Trrr | LI | LI Jrhlecl)r):_;: [ [—(]) ‘;1 }\‘lal; —Id 07|_
] 10 = -Theoryl -0101 ,=0.05o
Cl:} E \s=7TeV = Observed lelt E
T - 4 meese Expected Limit 7
1" : Ldt =35 pb [ Expected Limit 16 :
E [ Expected Limit+2 ¢
= 10 E
X = =
Q
&
o 1E —
e S |
10" = \ 3

m; [GeV]

El
100 200 300 400 500 600 700 800 900 1000

Events / 50 GeV

Data/SM

arXiv:1103.5559

L L B B BB BLRLNLEL LR B B B
ATLAS e Data 2010l Instrumental

- —— Total BKkg. WW/WZ
10° \S=7TeV Top e V,(650 GeV
) I Ldt=35pb”’ W Zy—twt —-Z(700 GeV)
10
10
1
107 _
102 - et ™ | [l
2F + + + 3
1"_.._ B 3
ot +

0 100 200 300 400 500 600 700 800 900 1000
My [GeV]

® m(v,)<750GeV for (A’5,,=0.11, 1;,,=0.07) excluded
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MSSM A/H/h=>1t

® C/H + Thad

® Event Selection
-- 1 isolated e/p with p!'>20 GeV

® Background estimation =<
-~ Z(2>11)Hets :

embedding technique 0%

-- WHjets:

control sample + OS/SS

ATLAS-CONF-2011-024

0.18|
0.16[-

Ar bitrary Units

0.12F
0.1F
0.08[

0.02_—

ATLAS Preliminary

——Z > 1uMC -

—e— Embedded Z — pup

\s=7 TeV,_[Ldt =36pb"

+

sles galag: slee

120F

-- 1 had 1. charge opposite to e/p
-- E miss > 20 GeV
- my <30 GeV

=

s 70

60
50

Y

w0 A
o O

Y D Y S A T T A

N
=)

| \s=TTeV, J.L 36pb”’
10 ATLAS Preliminary

i

100

150 200

Tevatron (1.8-2.2 o)
LEP-2

== Observed (CLs+b, PCL
—— Observed (CLs)
Expected (95%CL)
[ + 10

[ J+2c

/ o e

mp®, u>0

100

50

T T T T M Y O I O |

® Excluded:
250 300

m, [GeV]

III[III1|III
- I+jets e+ channels —— ca.

100__ ATLAS Preliminary

LI LI AL L L L LI

B A(120)H/ho1, tanp=40 |
I bbA(120)/H/h—sTr, tanf=40 |
) Z(-)+Jets(0S-SS)
Others(0S-SS)
Wajets AddOn
| Same Sign
A, syst

\s=7TeV, j L=36pb™" ]

150 200 250 300
M., visible [GeV]

m,=110-150 GeV (tanp=23)

, AN R I BN L aleas
20 40 60 80 100 120 140 160 180 200

M., Visible [GeV]
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Other BSM searches
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ATLAS-CONF-2011-083

Resonance search in M(lep-lep)

y 0%
1“\ “A\
2 | ' . e Data2011 ;
c . - L ] ala
o 10° ATLAS Preliminary 5z 5
L Jacb 3
10* J. Ldt=167 pl:)'1 [(CJDiboson -
EW+Jets =
= i ]
10°] Yo il (JZ'(1000 GeV) 5
[1Z'(1250 GeV) 7
10° (JZ'(1500 GeV)5
10 .
1 5
10" .
80100 200 300 1000 2000
m,, [GeV]
E T T T T T T I
g 10° ATLAS Preliminary e Data 2011
i y Oz
10 J. L dt = 236 pb-1 [ODiboson
. =ﬁ ,
107k _ W+lJets
Ns=7TeV CJaco
102 [J]Z(1000 GeV
[JZ'(1250 GeV)
1
10"
102

1 1 I
80100 200 300

2000

1000
m,, [GeV]

6 B [pb]

\s=7TeV
Z' =l

T T T ] T T T l T T T [ T T T | T T T

--- Expected limit
[ Expected + 1o
Expected + 20

— Observed limit
=L som

o z’x
— Z’w

. ee:J. L dt=167 pb" uu:I L dt = 236 pb'1
107" ATLAS Preliminary

0.2

1 1 1 J 1 1 1 I 1 1 Il l 1 1 1 1

0.8 1.0 1.2

0.6

0.4

1.4I 1.6
M [TeV]

» Benchmark: 72’

® Scquential Standard Model (SSM)
-- 7> same coupling to fermion
as /z

= M(Z°) < 1.408 TeV excluded.
36



Events

ATLAS-CONF-2011-082

1“359‘0'“ Resonance search in M(lep-mE)
o

. . > L L L B B L L L L )
10° ATLAS Preliminary @ Data 2011 £ {0l —&— CDFW — ev (2010) |
5 W’ = pv Ljwilseq L FE 4 ATLASW S Iv (2010) .
10 i [(Jw'(1000) = - 7
NS = e ; = - -
4 [Jw'(1500) © B _
1 [Ldt=205pb" [Fw %
10° m- = ~ =
W ttbar . :
102 , . ]
Dleoson
10 _1_ ATLAS Preliminary |
1 E o e —— W — uv (2011) 3
1 - \s=7TeV :
0 B [Ldt=205pb" ]
102 2| 2010+2011 -
10? it 105 T 3
m; [GeV] 400 600 800 1000 1200 1400 1600 1800 2000
my, [GeV]
g 10° - ATLASl ' ' @ [li)ate[l 2C']10' ' . >
L% 1 05 [:] W'(500) > B enChmark . W
\ w —>791‘f v EIW‘UOOO)
10 \Ns=/le W'(1500) .
- ILamssp’  En ® Scquential Standard Model (SSM)
, . .
o -- W’: same coupling to fermion
10° || Diboson
10 []aco as W
1 L]
0" %ﬁ > M(W’) < 1.70 TeV excluded.
102 - e 37
10? 10°

p, [GeV]



ATLAS-CONF-2011-081

Y  Resonance search in M(jet-jet)

» Benchmark: Excited Quark

_'(2 LI T R D I | : ! ! L [T 3 3 = T T T T | T T T T T ]

C [ _ _ -1 ] - n

L \s.—T'II:')e\:,J-Ldt—163pb <& . ——— g"MC10 ]

W E ata 10°F : A (MRST) =

i = Fi i X g —e— Observed 95% CL upper limit

107 --@-- q*(1000) E © N Expected 95% CL upper limit

- T A ¥(1700) ] 1 02 = N % 68% and 95% bands =

102 -4~ q*(2750) = F \\\ .

ATLAS Preliminary

1F = - ILdt=163 pb'

10_13_ B 1 - Ns =7 TeV -

= ATLAS Preliminary 2 -

8 E\ | T T T ¥ | T T T T | (I 1 0.1 = R —

, o 2? = \ ...... E

S f - : ]

2 N \ ]
2 ; %

.% E\ | l 1 1 1 I 1 1 1 1 I l 1 1 1 I 1 1 10 2 g-l 1 | 1 1 L 1 I 1 1 1 i [ \|\ 1 1 1 _§

1000 2000 3000 4000 1000 2000 3000 4000

Reconstructed m, [GeV]
Resonance Mass [GeV]

. . . dN p2 .\, p3+p4lnx
® Fit with smooth function =P, (1=X%)" X + BumpHunter

® Excluded q* mass range : 0.80 <m_. <2.49 TeV 38



SUMMARY OF MASS LIMITS

Several table entries: to be updated if approved

channel | particle | Limits [leV] __|l channel | Model/partices _| Limits [Tev] _

jet+MET+X
bjets+MET

Long lived
particles

di-jets

di-leptons

Lep+MET

MSUGRA g, q
gluino

gluino

stop

sbottom
slepton
Excited quarks
axigluons
SSM Z’

E6 Z

SSM W’

0.950* if m(g)=m(q) Leptjets 1°tgen.LQ(B=1) 0.376

+
0.590* if m(b)<m(g) MEL 2" gen. LQ(B=1) 0.422*
0.562-0.584* vw+MET UED(1/R) 0.961
0.309* Gluino (GGM) 0.560
0.294* Yy RS graviton 0.920
0.110-0.136 (/Me=01)
th
2 49* Iqvigv 4" gen. u 0.270
2.67* * World's best limit
1.407
s 2010 data already allowed us to set
it better limits than Tevatron/LEP searches
1.70 In most channels
50-100 times more data expected by the
end of 2011! 24
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ATLAS Searches” - 95% CL Lower Limits (June 6, 2011)

1 1 | I L

MSUGRA : 0/1-lep +E; ..

MSUGRA : O-lep +E; ...

Simplified model : O-lep + E; ..

Simplified model : 0-lep + E; ..

Simplified model : 0/1-lep + b-jets + E; .,

Pheno-MSSM (light %) : 2-lep SS + Ey g

Pheno-MSSM (light i°) 24epOS_ +Ey e
GMSB (GGM) + Sll'rpl model : '{7 + E

GMSB : stable?

Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

fua-

SUSY

Large ED (ADD) : monojet M, (3=2)
UED :yr + Em-
©w

g RS with k/M,, = 0.02 :m,,
Z RS with k/M,, =0.1:m_,
E RS with top couplings gl=1.0, g"=4.0 My
® Quantum black hole (QBH) : My, F(x)
5 QBH : High-mass o,
ADD BH (M,/M,,=3) : multiet =p , N,

ADD BH (M,/M,=3) : SS dimuon N,,, ..,
< Qqqq contact interaction : F (M)
G Qauy contact interaction : m_

o 0 Scalar LQ pairs (f=1) - kin. vars. in eeij, evij
= Scalar LQ pairs (f=1) : kin. vars. in pujj, uviji
4" tamily - coll. mass in Q,0,~ WqWq

g 4" tamily : 3~ w:wuss dilepton)

§ Major. neutr. (V,_",A=1 TeV) : SS dilepton

Excited quarks : My,

Q" mass
axigluon mass
1

ATLAS
Preliminary

(31 -236) pb”’

*Only a selection of the available resulis shown

10

Mass scale [TeV]

LHCC 14/June
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Summary and future plan

® [HC is the explorer of the highest energy frontier, no substitute to it. Given the
highest energy, search regions for new physics are being significantly extended

® Running plan:
-- 2011-12: Physics run @ 7 TeV
* Max inst. Luminosity may increase up to 5 X 103* cm2s-!
* May add a few fb-! more alredy in 2011
-- 2014 mid: Physics run @ 14 TeV

® KEK physics seminar on 26/July (c.f. “EPS-HEP 20117 21-27/July)
ATLAS results report by Soshi Tsuno (KEK)
-- Most probably, many updates with several 100 pb-! or even O(1 fb!)
—> Stay tuned!
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