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2 ATLLAS Detector and Status

¢ Luminosity and Data Collected

-
(B

3% Performance of the Detector
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3¢ Overview of Results
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ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
\ I

General Purpose
‘ Collider Detector

Broad Physics Program:
*' Heavy lons, Electrowealk,
QCD, Top, Higgs, exotics...

J
/ / \
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Magnets 2T solenoid Pixels 80 M 96.9%
3 air-core toroids SCT Silicon Strips 63 M 99.1%

Tracking silicon + transition TRT Transition Radiation Tracker 350k 97.5%
- [LAr EM Calorimeter 170 k 99.5%

radiation tracker Tile calorimeter 9800 97.9%

EM Calorimet]y sampling Hadronic endcap LAr calorimeter 5600 99.6%
LAr technology Forward LAr calorimeter 3500 99.8%

[LVL1 Calo trigger 7160 99.9%

R - [LVL1 Muon RPC trigger 370 k 99.5%

Hadron plastic scintillator (barrel) VL1 Muon TGC trigger 320 k 100%
Calorimetry LAr technology (endcap) MDT Muon Drift Tubes 350 k 99.8%
Muon indemndent system CSC Cathode Strip Chambers 31k 98.5%
with tngger capabiliﬁes RPC Barrel Muon Chambers 370k 97.0%

TGC Endcap Muon Chambers 320k 98.4%
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DATASETS
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¢ Rapidly increasing
dataset

* Expect ~ 1 fb-! in

2011
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¢ World record at hadron

—

machine

Az

—

¢ Expect ~ 5.0 x 103 cm2 st

in 2011
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PERFORMANCE:

ELECTRON

Excellent
performance over a
wide range of
momenta

Data/MC comparison
quite good shightly
better resolution for
high momentum
electrons in
simulation

< 2000

Events / 1 GeV

- Fit to data

H dat
H MC

m|<2.47
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—e- Data J Ldt = 39 pb”’

i Bkg. from fit to data
Pythia MC (direct J/vy)
— Fit to MC+data bkg.
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PERFORMANCE:
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ATLAS Preliminary

Data 2010,Vs= 7 TeV
1 1 1 L1 1 II 1 1 1 1 1

llll

"~ tracks

1
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2% Good agreement with simulation

T | T T T T

- \s=7TeV

N J L =40 pb’
— Combined

T T T T | T T T L
i ATLAS Preliminary |
o e Data

Corrected
Simulation’]

100 110
M., [GeV]

s¢ Dimuon Resonances - Excellent Clean final state
to calibrate the detector
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PERFORMANCE: JETS

—

s Tracks used to
validate jet energy

measurements

Al

% Relatively well
known fraction of
charged/neutral
particles

P
— -
g

3¢ Tracker calibration
independent of
calorimeters

L
+—

(1/N)dN/dN
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__ ATLAS Prellmmary © Minbias data
= p, = = 40-60 GeV e Jet Trigger data ]
" Ahti- k,R=0.6 EM+JES —— QCD JetMC

" \s=7TeV, [L=236pb’

Ntrk
E lllllllllllllll I T T T T T T T T T T T T T T T IE
- ATLAS Prellmlnary o Minbias data ]
- P = = 40-60 GeV e Jet Trigger data
" Ahti- k,R=0.6 EM+JES —— QCD JetMC |

=~ \s=7TeV, |L=36pb’

0 02040608 1 10149618 2

Z= pT,trk/pT,jet
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~track data
— ‘ZPT ‘R fise - Ttrk =
bk Pt et MC
pfjr - Firk = 1.2 -
¢ Compare the sum of the 115 55470 Jra-somt -
% 3 :_ Anti-k, R=0.4 EM+JES \s=7TeV _:
charged tracks within a 1 ]
e . 1.05 =
jet to the jet energy ¢ | . e
measurement T T e e
0.95
5 0-95_ o Minbigsdata
¢ Low momentum tracks : o Jot Trgger cat
¥ N 0.85:— —e— Systematic Uhcertainty ]
fail reconstruction cuts : B o Urcotainy ]
but still deposit energy 1n 10 10° L
o [GeV]

calorimeter. Use double
ratio.
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PERFORMANCE:
HIGH PT JETS

3% Resolution and scale

A
[ |

uncertainty generally 1.
improve at highest

momentum

A
o\, p; Recoil System

s Sufter statistical

O
o
®

—— Tot

uncertainties at highest jet

O > B
g E B Jet p Threshold
% 4;:_;' 0.065_ = gcc::;g mmetry Cut
momentum = 8 004 - EJTnde)r/Iyir}gtg/ent
%?_) 0.02F Pileg-up
%ﬂg 0‘23.'; RAAA == W— —
A P J - e e ——— : ——
7 Callbrate lOWGI’ energy )ets <q’§ %-o 02/’/\
2D E ATLAS Preliminary
and then use events where § oo+ T
: -0.061 o
several IOW energy)ets :ll.,.|....|..l.|..,.1....|..?Tt'f‘ft,ﬁfo.'?..dl...l.
3 > "0-08/50 200 300 400 500 600 700 800 900 1000
balance hlgh momentum jet Recoil p_ (GeV)
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JET SHAPES

A

> Momentum
fraction of jet in
annulus of radius r
inside jet cone with

radius R

A

¢ Shown here for
ditferent jet pt

DATA/MC

71— T T T T T T T T T T g
- ATLAS anti-k; jets R = 0.6 -
- 30 GeV < p, < 40 GeV :
(@ |
1= ry =
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B PYTHIA-Perugia2010 .
e HERWIG++ (c)
e e ALPGEN
1 T - PYTHIA-MCO9 E
- ATLAS = ]
. anti-k, jets R=10.6 $ |
500 GeV < p_< 600 GeV
107 = !
- |y|<28
_ U R S W U S W
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SUBSTRUCTURE

© (5 0.04 ATLAS Prehmmary —=— ATLAS 2010 data: 35 pb’ —

~ - ——— Pythia MC10 -

@0.035 o =

5 —— — Herwig/Jimmy 3

—lo  0.03 ------ Herwig++ —

4 0.025 E

o . Anti k; jets with R=1.0 =

V di2 = min(pra, pry) X 0Rap : e

0.02 —

Al

2 Splitting scale varable oot l E
of the two subjets (a,b) " T e .

before the final g
. =0.
clustering step

\/d,, [GeV]

¢ Jet mass and splitting  [Foors aras stmimmy - s o -
= 0.016[— ——— Pythia MC10 ]
scale can be used to IS 0,014 e 3
0.012)~ E
understand the 001 l e i<
. 0.008 s =
structure of jets s o -
b U

2¢ Search for highly gl
: : S 1w e e T
boosted ob)ects->)ets o5 :

50 100 150 200 250 300
jet mass [GeV]
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QO (GeV?)

JET CROSS-SECTIONS

L} L] llllq T L) lllllll L) T ll'llll L) L) lllllll L] L] LI AL
- DO Central + Forward Jets

BB CDF/DO Central Jets

ZEUS 95 BPC+BPT+SVIX &
H1 95 SVIX + H1 96 ISR

[] zEUS 96-97 & H1 94-97 prel
E665
CHORUS
[] ccrr
JINR-THEP
[] sLaB E97-010
[] Bcoms
- [ ~ic
SLAC

10° 10° 10 10 10 10

i

partonic subprocesses for
central inclusive jet cross section

fractional contribution

200 400 600
P (GeV)

Highest E; probes shortest distances
= Tevatron: r,<10""® m
= LHC: r, <109 m (?)
= Could e.g. reveal substructure of quarks

Tests perturbative QCD at highest
energies
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JET CROSS-SECTIONS
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AZIMUTHAL
DECORRELATIONS IN
JET EVENTS

 Dyjets have A~

Al

 Presence of other
partons causes AQ<<TT

% pQCD has prediction
for shape

Number of Events
S S
N (@)

—
o
w

—
-
(\V)
T

—
o
|

— I !

- ATLAS \s=7 TeV
- anti-k, jets R=0.6

| pT>1 00 GeV |y|<2.8

- Leading two jets: |y|<0.8

C P10 GeV .
- Data [Ldt=36 pb" i ﬂ&
= 0 22 jets . —
- e >3 jets
- O >4 jets
- m >5jets ¢'—D—L—D=1=D—
L CPYTHIA | T
r=+=.:$;’—‘—+——:
| ! | ! | !
/2 27/ 3 o51/6 T
A¢ [radians
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AZIMUTHAL

DECORRELATIONS IN

NA

¢ Normalized by total dyjet
cross section for each

range

Al
nw>

¢ Divided 1into 9 ranges of
the leading jet P

Ayl <0.8and lyl < 2.8
probes 0.02 = x <0.14

JET EVENTS

= — | ' |
. 9l
2 107 ATLAS \s=7 TeV
® gf antik, jets R=0.6 p,>100 GeV |y|<0.8 e~
-8 10 3 DataJJLdt =36 pb” ¥
= a7E* pT>> 800 GeV (><10) . <
- 10" g E 0 600< pP;1 *< 800 GeV (x10’ ) ““:Ez—‘ﬁ:# *
< .60 -, 500< p™< 600 GeV (x10° %) *
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©O - m 21o<p%axs 260 GeV (x107) == == ax
= 4104 b —A— &
~ 10" o 160< p%aXs 210 GeV (x1 ) AR
S 110< p™*< 160 GeV (x10°) Wﬁ*ﬁ.—* =N
107 x g
= ) A =
20 N -B-'E' I'K!
10 s = ==
= I . - O
10k N .\\Ei.:--"' @Q@g
§ —— . Q;@-QQ L
i W o oo
= N
- X -
AL ;;;!!;;;&i@&i i -
10°F 9F
= & — NLOpQCD [O(0)] §
af 7y, PDF & o unc. .
10 E \\\ scale unc. a

I !
/2 27t/3 57t/6 T
A¢ [radians]
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ATLAS\'s=7 TeV

— NLO pQCD [0(04)]

~ anti-k,

'jetsl R=0.6 :

— 1
Q ;
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AZIMUTHAL
DECORRELATIONS IN
JET EVENTS

ATLAS\s=7 TeV
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INCLUSIVE ISOLATED
PHOTON CROSS-SECTION

-
o
N

iii?,i";ff:il:l‘f’f % Test pQCD with a
3= s Py colorless probe

S revvrrerveserrorems 1S Important for wide

‘ variety of BSM
i searches

1 S . 5 Measured with
. P 40 <pt <400 (GeV),
3 .= ATLAS Preliminary] st
— split into several m

ranges (shown here 1n

most central and

forward regions)

50 100 150 200 250 300 350 400
E, [GeV]
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ELECTROWEAK W/Z

>10000 ARARRRRARRE
0] - —e— Data 2010 (s =7 TeV) -
To) i [ Jw-u i
N - _ 1 [Jaco T
> 6000} | Lat=sap St
'.g- i o [ JWo i
1 6000 o =
: . | ATLAS Preliminaryz
¢ Jacobian peak of W in I - i
transverse mass 2000 -
distribution 43' 50 60 70 80 90 100 110 12;)
m; [GeV]
mr = (/15[ + P52 — (P + 752

NA < SR RN LA AR LA RARAN RALLN ALY RARRN RARRNC

" ngh momentum Sis00f oo [Lasemm

leptOn RE MET > ATLAS Preliminary_i

Y
P

¢ Two high momentum
leptons

70 75 80 85 90 95 100105110115
Mee [GeV]
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W/Z CROSS-SECTIONS

ATLAS Preliminary

Al
j Ldt=33-36pb"

FA1
—— Data 2010 \s =7 TeV)

mmm total uncertainty
exp. uncertainty

o E
ABKMO09
JRO9
HERA )
MSTW08

o N <>

&'/é 1 I 1 1 Il 1 I 1 1 1 1 I 1 1 1 | 1

% Total cross-section x o 85 i s AT s

branchingratio

ATLAS Preliminary

measurement in J.Ldt=33-36 pb”

v

A
—— Data 2010 \'s =7 TeV)

electrons and muons = ot unceranty

HERA t
MSTWO08

| B!

o N «)>

A

S LOOk at ra«tio to 5658 6 62 64 66 68 7

reduce systematics

ATLAS Preliminary

J Ldt=33-36pb "'
S

K\ GOOd agreement —— Data 2010 \'s = 7 TeV) A

mmm total uncertainty
exp. uncertainty

Wlth NNLO the ory nerow .

HERA
MSTWO08

o N «)>

IIlllllllllllllllllllllllllIIlIIIIIllIl
37 38 39 4 41 42 43 44
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W CHARGE ASYMMETRY

dW %
A e dnmu dnmu
w =
dW’u_|_ | dWM_
dnmu dnmu
10.35_|||||||||||||||11|
| —$— Data 2010 ('s=7 TeV)
- 444 MC@NLO, CTEQ 6.6
0.3 S MC@NLO, HERA 1.0
" LUl MC@NLO, MSTW 2008
: % ,,'/ ‘,
025 W —> LV %; R
) AN
i AN
0.2} SRR N
"'.-l"“ | ATLAS -
JLdt=31 pb " -
i 1 | 1 1 l 1 1 1 1 l 1 | 1 1 l 1 l 1 1 I 1 1 | ]
0 0.5 1 1.5 2
uM

P
—
~

“*pp (valence quarks,

sea anti-quarks)

P
— -
~

a2 W charge
asymmetry
sensitive to PDF

Al

¢ Roughly 1n
agreement with all
sets - shght
preference for

CTEQ
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WH+JETS

2 Test of pQCD at S P — -

) 1 W—ev + jets ]

NLO % 102 JLdt=33 pb :REEG‘QSIJIO’\ s=7 Tev—?

S 10 MWy, A\ SHERPA _

Qt .;..-@k »\Bkﬁ%rHAFSHERPAE

© 1 (9] =

X : R AT _ATLAS Preliminary -

% Test of showering 8 4 . 10+ b4 Y

: ob Wes, \ -

model and Matrix 102 TSGR z

10°6 w,,, ‘ .

Element + Parton 104 L 210 :

Shower 10 3 x o1
—6;} A

m1o e | -

A/ = 2 W +2>1 jet —

“¢ Important S 5 SRGES

g K S %, A \ 4 5 A

back.grm.md to many E P Z %

exotics signatures § 25 o2 et -

= 1.50 % -

: . W .

¢ also Z +)ets not shown = 0.50 T
kL ~ 100 200 300

CLE First Jet p_[GeV]
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Az

—

.
7y

¢ Comparison of jet
multiphicity ratio
sensitive to modeling

of ME+PS

Pythia alone
expected to have
dewviations at high jet
multiphcaity

W+JET MULTIPLICITY

W-oev + jets -1

- -@ Data 2010,\'s=7 TeV det=33 pb |
v ALPGEN | \
A SHERPA
% PYTHIA |
[UBLACKHAT-SHERPA
- MCFM \ |
//{ oy 5 /
7 &

ATLAS Preliminary 7

>1/>20 22/>1 23/22 2>4/>3 2>5/>4
Inclusive Jet Multiplicity Ratio

| | I
W-puv + jets -1
| -#Data 2010,\'5=7 TeV JLdt=33 pb
v ALPGEN
A SHERPA O\
— < PYTHIA —
\[/BLACKHAT-SHERPA
MCFM

P = gp
- // —

ATLAS Preliminary
| | I |
>1/>0 2>2/>1 2>3/>22 2>4/>3 2>5/>4
Inclusive Jet Multiplicity Ratio
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AT HIGHER X

Al

¢ 1t dijet mass spectra
over large range

A

¢ Look for evidence of
deviation from
prediction - resonant
particle decay

Events

10°

102

10

10"

L I L B I

e Data
Fit
—e— (1000
—=— ("(1700
—— (*(2500

) \s=7TeV

; j Ldt = 36 pb

L 11l

e llll | llllllll | llllllll | llllllll | llllllll | llllllll

—

T R A ST S
2000

PR B I PR IUR RS N
3000

Reconstructed m, [GeV]
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ANGULAR ANALYSIS

I

L — T
520<ml..<800 GeV _

)
800<m, <1200 GeV (+0.04)
1200<m. <1600 GeV (+0.08

I I I
J-Ldt =36 pb' \s=7 TeV

P
e

¢ ook for deviations 550_35 o
fr()m OCD ,%\ 0.3 (A) 1600<mz<2000GeV(+o.12;
~~ 5 . : o

m,>2000 GeV (+0.18)

|

s - : S| [ =z E e : —— QCD Prediction E
p}”ed.lctlo.n 1n I‘él:pldlty = 025" — Theorsice Uncartinies
distribution of jets + : St SUPUS, P .

0.2 <:> | o ¢ ¢ .

s More sensitive 1n 0150 oo T

(TR Ay Ak A A

some models 0.1 * B

ET_A_ A & a E

\ o A 005-__.__._—.——.—0—.——.——0——.—.-_._—:

s Less sensitivity to of T T T T T ATLAS -
: 1 10

largest systematic of .

jet energy scale
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LIMITS

'5‘ = T T T T T T T T T T 3
Q. r N
= 4l — — — g*MCO09 .
< 10 E q* Perugia0 E
>b< e q* MC09’ .
al A (MRST) 1

10 E \ ——e—— Observed 95% CL upper limit E

- \\ --------------------- Expected 95% CL upper limit .

B "\ Expected limit 68% and 95% bands 1

10°F N [ Ld 1

c N t =36 pb E

Coe N\ B N

1 O - \\ \S§ = 7 TeV -

1 E

T III]III

\I/

-~
[

|

¢ No evidence of o

IIH|

| [N

| I 1 | |
1000 2000 3000
Resonance Mass [GeV]

disagreement with

QCD

a T L L

g ]

% 102 = ® -[Ldt = 3PS T e II\E/IeF;ereddLLimEt E

A o Er .
¢ In fact, remarkable DI NP
5 i o e _ |

C 10k coned =

agreement over o TVF > a e

: e j

i R _

many de cades L o i

1 0-1 = .“"’ —

- ATLAS S,

C | I | | | Il I | 1 | 1 I 1 1 1 1 [ ! | I“-J.-_‘ '._J___

2000 2500 3000 3500 4000
M, [GeV]
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# LHC and ATLAS are a huge success!

Al

* Many Many Measurements, Searches, on
broad topics! Too many to cover here!

XA

-« Expect many more results i1n months and
years to come
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