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—— ' s —~af— > LHC
> pp & heavy ion
colliding beams
> 2010-11:

> ATLAS is one of the four LHC experiments at CERN

Vs =7 TeV
> 2012:
Vs = 8 TeV
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ATLAS in pictures
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| (incl. ~1000 students)
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The ATLAS detector

Muon Spectrometer: In 1<2.7 EM calorimeter: |1 |<3.2
Air-core toroids and gas-based muon chambers Pb-LAr Accordion

o/pT = 2% @ 50GeV to 10% @ 1TeV (ID+MS) o/FE = 10%/NE®0.7%

——— Hadronic calorimeter:
B nl<l.7 Fe/scintillator
¥ 1.3<In1<4.9 Cw/W-Lar

| QU™ e, 5

*44 m long, 25 m heigh
>2=10% electronic channels Inner Tracker: | 1<2.5, B=2T
-3-level trigger reducing 40 MHz Si pixels/strips and Trans. Rad. Det.
collision rate to 300 Hz of events to tape o/pT = 0.05% pT (GeV)® 1%
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Working wonderfully since Nov. 2009
7 TeV pp collisions in 2010-2011
> 5.61 fb' recorded in 2011

> ~ half of total luminosity at Tevatron

Peak luminosity: 3.65x10% cm™s™

Average number of interactions up to 24 last year

o R oo oo e R B e R R Es mm e e

ATLAS Online 2011, \s=7TeV | Ldt=5.2fb"" ATLAS Online Luminosity Vs =7 Tev

[ LHC Delivered
— B*=1.0m,<p>=11.6 5 [_] ATLAS Recorded
— = <pu>=
p*=15m,<p>= 63 Total Delivered: 5.61 fb”
Total Recorded: 5.25 fb™

Recorded Luminosity [pb ]

Total Integrated Luminosity [fb
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LHC this year

8 TeV pp collisions
Started delivering pp collisions with stable beam on 6th April
Very fast and smooth increase in luminosity
0.59 b delivered up to now
Peak luminosity already higher than last year

ATLAS Online Luminosity \s=8TeV
[ LHC Delivered
[ ] ATLAS Recorded

ATLAS Online Luminosity \s=8TeV
¢ | HC Stable Beams

Peak Lumi: 3.92 x 10% cm? s

Total Delivered: 0.59 ™!
Total Recorded: 0.55 fb™
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Ratio of scale p to jet p;
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~130 papers published!
~300 public notes
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Fermilhtb SSC
CEF!T i :LHF l
QCD
> Jet production, jet properties
> Searches for di-jet resonances

Electroweak boson production and
properties

Top quark

1

Events /s for &£
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> Precision measurement of cross

section, mass, polarization, FCNC
decays, ...

Uai/2
(PP
05, (mg = 500 GeV)

Di-boson production
> Anomalous triple gauge couplings

Higgs searches
0.001 0.01 '[LI
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Jet cross section

Dominant high p,_ process at LHC:

> Information on proton structure

> Understand strong interaction

> Search for physics beyond SM
Measurement includes forward jets

> Sensitive to different dynamics

> Better coverage than Tevatron
experiments!

Jet algorithm definition
> Anti-kT with R=0.6 (and R=0.4) o feasr

Results corrected for detector effects M<os

- L2 £ 15 GeV

. _ . -~ L2 EfM> 30 GeV

> Trigger efficiency . L2 £ 45 Gev
<+ L2 EEM > 70 GeV

-+ L2 EEM 5 90 Gev

> Reconstruction and calibration Pl e esce

o
)
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Inclusive jet cross section

m— 1 024 T T T T L L ] T T T T L ' = [ |
%) 1 [ anti-k, jets, A=0.6 ; |$/|3<< (‘)y? (x01§;)109) = ~F J. L dt=37 pb" —
I R 3<y| < 0. —] FE R4 ._:::
Q 107 F] oarpo’vorrov W oossh<i26i) o o g 4 s=7 Tev i
Q 1018 T —e— O 12syi<21610) 3 5 L8 anti-k, jets, R=06 o ]
10 il . A 2.1s\y\<2.3(x1o:) 3 S f . t ’ ’ = E
15 __——e—_e_ —o—_._ A 28<|y|<3.6{x 10_ ) = 205+ Iyl <03 Data with [&] ]
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> Exploring a new kinematic regime in energy and rapidity

> Forward region never measured with such precision in a Hadron Coll.

> These results constitute a comprehensive test of pQCD in a large
kinematic regime
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Reconstructed m, [GeV]

100 e T

e,
102k —e— Observed 95% CL upper limit
g \\ ------------------- Expected 95% CL upper limit

r AN 68% and 95% bands b
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10_1 E_ ....... _E
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1000 2000 3000 4000
Mass [GeV]

SM extensions predict new particles decaying to two partons

> Excited quarks g*: manifestation of quark compositeness

Excluded exited quarks up to 3350 TeV

> Tests quark compositeness down to scale ~ 3x10%° m
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W/Z. boson production

Todamas |
W/Z total/differential cross sections known to < | ‘
NNLO in QCD perturbative theory | )

. . @ L /<>// i
> input EW parameters known to high accuracy E3 & [[EE—
> Main uncertainty comes from proton PDF's [8 DOReTT e

- HERAPDF1.5 uncertainty
25— iABKMOQ 68.3% CL ellipse area
O JRO9
- q8 2 a3
— ATLAS/CMS W > v ] ) )
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Top quark measurements

ATLAS CONF- 2012 024

ﬂ : —NLO IQ(;:D‘(plpjI I IV Slng\e \elplon‘l?9+ |I2 pb ] :
= | [Approx. NNLO (pp) A Dilepton 173 *'7 pb . .
b 4
--NLO QCD (pp) O All-hadronic 167 + 81 pb > Spln Correlatlons
10? E{JApprox. NNLO (pF) ® Combined 177 ipb =
E = CDF > E ATLAS (Date: February 23, 2012) §%) Frrr T[T T T[T T T T[T T T T [T T T T[TTTT[H
- ¢D0 1 eiets (1d) 1729+ 15+ 25 S 9001 . data ATLAS —
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> reflects the V-A coupling

>
<

Ariiciy= 0-34+%-15 ;.. in agreement
> In agreement with SM with SM (ASY, . = 0.32)

Uncorrelated spins disfavoured @ 3o

2 o i — = —4— data
c 35 ATLAS Preliminary
g E L I P — best fit
w 39 = 1 e SM exp.
E —— Bkg distr.
25E [ uncert. on best fit|
20 > And more...
15—

> See presentation by N. Castro
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Di-boson production

[ Drell-Yan =

450 T T T T T T T T T
E ATLAS Preliminary —— Data 3
400 [ Diboson =
= Ldt = 4.70fb™ o 3
V4 350F- J. e = 7oV Bl W-+jet/dijet 3
= = [ top 3
g =

CIWW=lviv

t-channel u-channel s-channel gg-channel 2225_ L@
150
> Standard model predicts Triple Gauge 100
. . 50F
Coupllngs7 fully conStralnt by EW 0550 100 150 200 250 300 35(:)

Symmetry my{IE™**)[GeV]
> WWy and WWZ vertices are predicted,
> 77y and ZZZ are forbidden g o i

Ak, i LEP ;
CDF (3.6 fb™', A=2TeV)
DO (1.1 b7, A=2TeV)

Beyond SMphysics could modify di-

bosons cross sections and kinematics . L

> ATLAS measured WW, R~ N
WZ: ZZ) WY: Zy (9,5K*N)=(1,1,0),,, Agf __________________
pI'OdllCtiOI’l 7 '3 B

P. Conde Muifio Jornadas do LIP, 21-23 Abril 2012 15



Higgs Searches

> ATLAS has searched for the Higgs boson in 12 different
channels

H—yy (4.9 b H— WW — Ivqq (4.7 b7
Ho1t (4.7 fb° H— ZZ— Il (4.81b7)
-------- ~———— H—bb (4.6-4.7 1b™) s e— H, 775 g (4.7 fb7)

H— WW— viv (4.7 fb™) H— ZZ— livy (4.7 fb™)

J- Ldt~ 4.6-4.9 b \s=7 TeV

%
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CLs limits
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my [GeV]
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Higgs searches

g
o

" ATLAS Preliminary 2011 Data -
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---- Exp.
Bt1c

Low P, categories + Converted transition
. Data 2011

I Ldt=4.6-49fb"

Background model
Fermiophobic Higgs boson
m,, =120 GeV (MC)

Events / GeV

\s=7TeV

\s=7 TeV,I Ldt= 4.9

—_

@

95% CL Limit on o/cy,,

ATLAS Preliminary
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73 Signal (m =190 GeV)
/// Syst. Unc

> Expected exclusion oz
@ 95%CL [120-555] GeV S

> Observed: [110-117.5] —[118.5-122.5] —
[129-539] GeV

> All channels using full 2011 luminosity
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Higgs searches

- ATLAS Prelminary 2011 Data -
—— Obs. p
--- Exp. Ldt=4.6-4.91fb
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Background model
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m,, =120 GeV (MC)
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[129-539] GeV

H-zz" 4l
[Ldt = 4.8 fb”

Y

24

=

RN
\\\\§\\\\\\\\\

9.0
7 7
7 %%

A

bE
NN 22

w7

’
-y
‘{//,,,,,,,,,,,,,,,

O"'- 1 L Il
100

P. Conde Muifio Jornadas do LIP, 21-23 Abril “u .. My [GeV]



SUSY searches

ATLAS SUSY Searches” - 95% CL Lower Limits (Status: March 2012)
T T T 1T T T T T 71T T T T T T T T 1
MSUGRA/CMSSM : 0-lep +j's + E .. [L=a7 0" (2011} [ATLAS-CONF-2012-033) 140Tev. G =§mass

der =(0.03-4.7) 0"
fs=7TeV

MSUGRA/CMSSM : 1-lep +'s + E; ... |L=47 b (2011} [ATLAS-CONF-2012-041) 120Tev. § =g mass
MSUGRA/CMSSM : multijets + E; ... |t=47 fb” (2011} [ATLAS-CONF-2012-037) 850GeV. §mass (large my)
Pheno model : O-lep + 's + E; ... [t=a7 b7 (2011} [ATLAS-CONF-2012-032) 138Tev| g mass (m(g) <2 TeV, light f?) ATLAS
Pheno model : 0-lep + j's + E; .. |L=47 16" (2011} [ATLAS-CONF-2012-033] sanGev. gmass (m(g) <2 TeV, light f?) Preliminary
Gluino med. ¥ (G- qG% ) : 1-lep + J's + £ .. |£=47 10" (2011} (ATLAS-CONF-2012:064) s00Gev| §mass (m(7) < 200 GeV, m(%") =2i(m(f°)+m(§))
GMSB : 2-lep OSSF + Eq s |L=1.0 1" (2011) [ATLAS-CONF 2011-158) sl0Gev Jmass (tanf < 35)
GMSB:1-t1+js+E

Inclusive searches

T miss | L=24 107 (2041} [ATLAS-CONF-2012.005) s20Gev. § mass (tanf > 20)
GMSB : 2-t +js + ET.miss L=2.1 fb” (2011} [ATLAS-CONF-2012-002) 280 GeV | § mass (tanf > 20)
GGM:yy + E L=14 t” (2011} [1111.4116] B05Gev § Mass (m(f?) > 50 GeV)
Gluino med. b (§—bb3") : O-lep + b-j's + E ... g mass (m(i?) <300 GeV)
Gluino med. T (§—>tff1) 1-lep + b's + E . Gmass (m(i?) <150 GeV)
Gluino med. T (§—>tff?) s 2-lep (SS) +'s + Ey . Gmass (m(f?) <210 GeV)
Gluino med. T (§—tTF") : multif's + E e g mass {m(i?) <200 GeV)
Direct bb (b,— bi,): 2 brjets + E .. b mass (m(i?) <60 GeV)
Direct Tt (GMSB) : Z(—ll) + b-jet + E. e Tmass (115 <m(%") < 230 GeV)

Direct gaugino (ﬁi: -3l f?) 1 21ep SS + £y .. |t=t0’ @t pistoes)  470Gev. 7. mass ((m(i?) <40 Gev,i?,m(ﬁ) :m(iZ),m( V)
Direct gaugino (7.7, — 317} : 3-lep + Ey ., |L=2if (2011 [ATLASCONF 2012.025] 280 68V . mass (m(7,) < 170 GeV, and as above)
AMSB : long-lived if %, mass (1 <(3,) <2 ns, 90 GeV limit in [0.2,90] ns)
Stable massive particles (SMP) : R-hadrons g mass
SMP : R-hadrons b mass
SMP : R-hadrons Tmass
SMP : R-hadrons (Pixel det. only) g mass
GMSB : stable T
RPV : high-mass e|l |i=1.1 " 2011} [1109.3088] 1327ev. Vv mass (4,,,=0.10, 1,,,=0.05)

Bilinear RPV : 1-lep +'s + E; .. |t=1.0s" (2041) [1109.6608) 7606GeV. =g mass (cT g, < 15 mm)
MSUGRA/CMSSM - BC1 RPV : 4-lepton + E; ... (=24 i (2011} [ATLAS-CONF-2012-035) 17T TeV. g mass

Hypercolour scalar gluons : 4 jets, m; =m,| sgluon mass (excl: m., < 100 GeV, my,= 140 £ 3 GeV)
L L

1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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Exotic searches

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: March 2012)

Large ED (ADD) : monojet

Large ED (ADD) : diphoton
UED :yy + E is

RS with k/iM_, =0.1: dlphoton mrf

RS with k/My, = 0.1 : dilepton, m,

RS with k/M, = 0.1 : ZZ resonance, m,, i
RS with g Ig =-0.20 : tT — I+jets, m

ADD BH (M35 TM;=3) : multijet, xp NJE,:

ADD BH (M, /M,=3) : 8S dimuon, Nch_ part
ADD BH (M., /M,=3) : leptons + jets, £p
Quantum black hole : dijet, F (m

Extra dimensions

qqgll Cl : ee, pp comblned‘ mII

uutt Cl : S5 dilepton + jets + E
SSMZ':m

SSM W':m

Ta'n

T miss

Scalar LQ pairs ($=1) : kin. vars. in eejj, evjj
Scalar LQ pairs ($=1) : kin. vars. in ppjj, pvijj

4" generation : Q Q,— WqWq

4" generation : u‘U — WbWb

4" generation : d H — Wiwt
New quark b': bE'—;‘Zb+X m,,

T ST+ AA,:1-lep +jets + £
e NEeited quarks ™ y-jet resonance, m

Excited quarks : dijet resonance, mL
Excited electron : e-y resonance, m_

Excited muon : p-y resonance, m
Techni-hadrons : dilepton, m
Techni-hadrons : WZ resonance (vIll}, M
Major. neutr. (LRSM, no mixing) : 2-lep +jét3
W (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H“—)pp) 1) : 85 dimuon, m,
Color octet scalar : dijet resonance, mJJ

Vector-like quark : CC, My

Vector-like quark : NC, m,,

T miss..

T T T TTTT T
L=1.0 " (2011} [A'n_ns.tlau:mﬂ.nm

L=24 1" (2011} [1112.2194]
L=14 1" (2011} [111.4116]
L=24 1" (2011} [1112.2194]

L=4.9-5.0 fb”" (2011) [ATLAS-CONF-2012-007]

L=1.0 1" (2011} [1203.0718]

L=21 1" (2011} [ATLAS-CONF-2012-028]
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*Only a selection of the available mass limits on new states or phenomena shown
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Summary and conclusions

The LHC has collected 5 fb-1 of pp collisions at 7 TeV

The ATLAS experiment has used this data to study a long list of
physics topics

In general, measurements in agreement with SM

No sign of new physics yet

Starting to find indications that the Higgs boson may be there!
A lot more data expected this year at 8 TeV!
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Thank you!
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> 1.2 I
. . . 8
> Trigger efficiencies 5
£
. . . . L
> Jet trigger efficient to provide unbiased, 5
. . . . . . 2 r 4]
high statistics jet samples in all p_ bins SR o= JLat=a7t ]
' . <03
> Unfolding: 04~ *° e
. = 12FM545GeV
0_2; # -+ L2 EM>70GeV ]
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J 0 100 200 300 400
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> Systematic uncertainties

> 12
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Di-jet cross sections
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Model, and Analysis Strategy

y 95% C.L. Limits (TeV)
Expected  Observed
Excited quark, mass of ¢g*

Resonance in m j; 3.09

= cein Folm:s 7 Q
Resonance i Fy (mj;) 2.97

Colour octet scalar, mass of s8
Resonance in i 1.95 1.94
Quantum Black Hole for n = 6, Mp
Fy(mjj) 4.14 4.11
11-bin ¥ ,m;; > 2.6 TeV 4.23 3.96
Contact interaction, A, destructive interference
FX {_HF”_} 0 L 7.6

11-bin )y ,m;; > 2.6 TeV 7.8
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W/Z. boson production

W/Z total/differential theoretical cross
sections known to NNLO in QCD

perturbative theory
> input EW parameters known to high accuracy F€s

> Main uncertainty comes from PDF's

Experimentally very clean
W*/W"™ asymmetry provides ufz): up

g AR % up of valence
information on A
> The quark content of the p '

> Fraction of momentum
carried by the quarks

P. Conde Muino Jornadas d¢




[.imits on anomalous TGC

95% CL limits from WW production

ATLAS (1.02 b7, A=3TeV)
ATLAS (1.02 fb!, A=s<)
LEP
CDF (3.6 b, A=2TeV)
DO (1.1 fb", A=2TeV)

> Di-boson cross sections compatible with
SM predictions

Ak,

OTOT(W*W)=53.4+2.1,,,, +4.5., +2.1,, . pb

SM(W+W-NLO=45.1+2.8 pb

stat

........

.......

Limits imposed on anomalous triple

Gauge boson couplings

~ ' " ATLAS Preliminary -
B 95% C.L. intervals 1

L — ATLAS(1.02fb7, A=2TeV) |
(9, K* N)=(1,1,0)g, T et fo
—— DO (4.2b7, A=2TeV)

LEP

I R
0.2

|
04

|
0.8

Ly
0.8

v b by
2 1 1] 1 2
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Higgs searches

Mo =
T

> Fit to electroweak data: m = 92" GeV
> LEP, TEVATRON exclusion limits

> LEP excludes mH<114.4 GeV

> Tevatron excludes 156 < m < 177 GeV

> ATLAS has searched for the Higgs boson in 12 lescuses N/

100 300

different channels m,, [GeV]

ﬁu&sl ' N
41 —002750:0.00033 ff :
i1 0.02749:0.00010 if §
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E I H-yy (4.9 fb m--- Ho WW = Ivgq (477 T
© I T H-s1t (47fb1]) - H ZZ— Il (4. afb‘) _ Tevatron Run Il Preliminary, L < 8.6 fb™!
c R T Hobb (464717 e ———— H> ZZ- ligq (47107 | = S S
:g H—s WW= viv (4.7 fb7) H— ZZ— vy (4.7 fb7) = LEP Exclusion Tevatron
E 10k det~4.5-4.9f6,{s=7Tev | =10 e T N S i
E 10g 3 E
— — - —
o [ 3 -
32 i . 3
ST T 2
o 1)
l 1 o
'E 3 1
- - / |
— — <— vaatron Exclusnlon ; 'ﬁ Iy 17,2011
10 ATLAS 2011 Preliminary CLslimits  —| 100 110 120 130 140 150 160 170 180 190 200
= . . ) . 3 mH(GeV/c )
100 200 300 400 500 600
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Higgs searches

Channel Mass range Luminosity
my (GeV) (fb-1)

H—yy 110-150 4.9

H—-ZZ(")—4| 110-600 4.8

H—=WW) —lvlv 110-600 4.7

H—tt—1l4v

H—tt— It 43v 100-150 4.7

H—tt—1},,4Thaa 2V

WH-—=Ivbb

ZH—lIbb 110-130 4.7

ZH—vvbb

H—ZZ—llvv 200-600 4.7 F e e wwora @rmh
- F e Hott (4.7 b smme ——— H ZZ- Il (481b7) B
b e Hobb (464717 e —— H>ZZ-ligq (471b) ]

H—-ZZ—lljj 200-600 4.7

Ho WW— viv (4.7 fb) H- 2Z— vy (4.7 fb™)
J.L dt ~4.6-4.9 b, {s=7 TeV

300-600

H—WW->lvjj

95% CL limit on o/cg),
S

:
<
= 1 -
g - E
O I~ -
S _ ]
—
= 101 ATLAS 2011 Preliminary CLslimits  —
; 100 200 300 400 500 600
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> LHC is a top quark factory

> 0, ~20x Tevatron, backg.~8x Tevatron

> Predicted cross section @7TeV
> o(tt) =165""" _pb.

approx NNLO

ATLAS-CONF-2012-024

U L e UNSLIL A B e S e e e e e e
| —NLOQCD (pp) ¥ Single-lepton 179+ 12 pb

| [lApprox. NNLO (pp) A Dilepton 173 "7 pb
--NLO QCD (pp) © All-hadronic 167 £+ 81 pb

—{ JApprox. NNLO (pf) @ Combined 177 lipb g

C mCOF

L +Do

> Top signatures:

> High p_ leptons, missing E,_, bjets
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