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‘ 0 Status of the experiment and recent accomplishments:
-- highlights from data-taking and operation
-- physics and performance results (few examples)
O Conclusions
> Upgrade plans: M. Nessi
> Status of ATLAS resources: M. Nordberg
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Since the Ias‘r RRB, University of Regina, Canada, has ceased membership.
The team leader left, and no ATLAS-related activities remain there.

A letter has been sent by NSERC to the ATLAS Spokesperson and CB Chair

announcing the withdrawal.
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Status of the experiment and
recent accomplishments

Since the last RRB meeting (12 April 2011):

O Superb LHC performance - ~ 5 fb! delivered to ATLAS as of this morning

O ATLAS has been taking data with high efficiency; very smooth and effective operation
from detector to computing

0 Huge amount of physics results presented at Summer Conferences and
documented in dozens of papers (not only Higgs ...)
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ATLAS Online Luminosity Vs=7TeV

[ ] LHC Delivered Al

[ ] LHC Delivered Stable
[ ] ATLAS Ready Recorded

Peak luminosity
seen by ATLAS:
~ 35x1033 cm? st

EPS, July
~12 fbl

Last RRB, April l 1\
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70 pb Lepton-Photon,
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Fraction of non-operational detector channels: few permil to 4%
(depends on the sub-detector)
Data-taking efficiency = (recorded lumi)/(delivered lumi):

Fraction of good-quality data used for analysis :
(depends on the analysis) 90-98% after data reprocessing
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Computing operation Production jobs running on ATLAS Grid every day

Terminated jobs

287 Days from Week 00 of 2011 to Week 41 of 2011
SDU'DUD L] L] L] L] L] L] L]

Includes data reprocessing and simulation at
>00.000 1= | 10 Tierl-s + CERN + ~ 70 Tier2 federations
- >80 sites

400,000
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| Average: ~250 000 jobs/day |

| |
I "||| Fraction of failed jobs: ~ 0.5% I|| Ll I |'|'I i
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Maximum: 540,525 , Minimum: 0.00 , Average: 252,309 , Current: 137,737

The excellent Grid performance has been crucial for fast release of physics results and
for the worldwide ATLAS community to participate in an effective way to data analysis




Analysis jobs running on ATLAS Grid every day e

Terminated jobs

287 Days from Weelk 00 of 2011 to Week 41 of 2011
600,000 - . . - .

500,000

400,000
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200,000

Average: ~287 000 jobs/day
(~ 15% of total available CPU time)

100,000 ' ||
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Maximum: 573,920 , Minimum: 0.00 , Average: 286,953 , Current: 249,356

Grid-based analysis in 2011 : > 1500 different users, ~ 83M analysis jobs




Papers ...

Q Papers submitted for publication in 2010: 16

O Papers submitted for publication in 2011 (until today): 63 (48 since the last RRB)

Q Papers in final circulation in the Collaboration: 20
- will soon cross the "100 papers” line

O CONF-notes submitted to 2011 Summer Conferences: ~ 50

(~250 since beginning of data taking)

First direct observation

of jet "quenching” in
heavy-ion collisions

PHYSICAL
REVIEW
LLETTERS

blished week ending 17 DECEMBER 2010

Jet cross-section

measurement

volume 71 - number 2 - february - 2011

Particles and Fields

@ Springer

SUSY searches

in the 2| channel

volume 71 - number 7 - july - 2011

Particles and Fields

ATLAS L™ =35pb”, Ve=7 TeV
2-lepton analysis (OS and SS)




ATLAS general/physics talks and posters at
International Conferences vs time

151
until foday

M Posters

36 475

Talks HJ”T” today

342

Before start of data-taking most talks
and posters were on detector sub-systems
- not included here

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
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Improving the Z->pu mass resolution Emss resolution versus total calo energy from

T T T lOGeV‘ro15TeVusm9ppandHIda‘ra

6'9’30000; * Spring 2011 alignment (3 ATLAS Preliminary = 90— ‘ ‘ ‘ - _
- - i”mmer ,;?;11 alignment &y Data 2011, \5 = 7 TeV - 2 - GCW cell- based E™® Ini<4.5 3
025000 M * g = = 80 5 Data Pb+Pby[s, = 2.76 TerL dt=1.7 ub” B
E C D track i _[Ldt=0-70fb 7 = 70 Fit: 0.48\= E; -
= - racks o — - .
'©20000 — B oy ] = 60E- e Datap+p\Vs=7TeV:[ Ldt=0.34nb" E
S C ] é = Fit: 0.48\/X E; E
N __ & ] C _
15000 * > 250k ] é 50; =
MC (perfect): 2.31+001 GeV " Z-> py = o 40E E
Spring 2011 : 2.89+001 GeV . | events . £F  30F =
Summer 2011: 2.45+001 GeV 2 — o0E- 3
%M A R M 10 i E
0 70 80 90 100 110 120 - ATLAS Preliminary -
L1 ‘ Il Il Il Il Il L1 | ‘ Il Il Il Il Il L1 | ‘ Il ]

M, [GeV 107" 1 10
> E; [TeV]

Pixel clusters per bunch crossing

3 examples of recent performance
studies

Tracking performance depends on occupancy
and hit/cluster distribution - understanding
and correctly modeling these parameters

crucial for high pile-up operation in 2012 and

500:17 Tllll-II]TII]ITT]1TIIITTIIT IIIT‘1I]_
450 ATLAS Preliminary =
= On-track clusters ]
400 = e Data 2011
350 E_ Pythia8 Minimum Bias
-« Barrel layer 0 e
300: = Barrel layer 1 =
250 + Barrel layer 2 -
- v End-capA =
200 - & EndcapC E
150;- =
100 —-Cl =
50
O—*‘“ v’lTJlllllllJJlll',\llli | TR =
0 2 4 8 8 10 12 14 16

Reconstructed vertices per bunch crossing

e for the Upgrade
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Summary of main electroweak and top cross-section measurements [Egé

Inner error: statistical ATLAS pre“mmary
Outer error: total

ILdt-0035 104fb
\s = TTeVE
Thecé)ry

= Data 2010 (~35 pb’)
0 Data2011

m,
: 0?fb1§

°‘P'°* H) "‘H=13° Gev S

~ 40 fb

lW“f'-Z“('ﬂl

Good agreement with SM expectations (within present uncertainties)

Experimental precision starts to challenge theory for eg. tt (background to most searches)

Measuring cross-sections down to few pb (~ 40 fb including leptonic branching ratios)



Precision measurements start to
challenge theory and previous machines

From Z-> ee, yu and W > ev, pv
cross-section measurements: probing
lepton universality with accuracy
comparable to PDG world average
(from LEP and TeVatron) for W

| ATLAS

i j L dt = 33-36 pb ™’

- BR(W*—= nv)

b%
<
s | 1
g - 68.3% CL ellipse area -
= I Data 2010 (Vs = 7 TeV |
o ¥ Ry, PDG world average i
.% - [ R, PDG world average .
t"> - O Standard Model 7
; _I 1 1 1 I | 1 | 1 | | 1 | 1 | 1 | 1 | | 1 I_
o

0.8 0.9 1 1.1
R, =0, -BR(Z— e'e) /6, BR(Z— 1)

ATLAS Preliminary (Date: August 15, 2011)
2010 data e+jets prel. - 173.8+ 6.7+ 4.8
2010 data +jets prel. =——— 166.7+ 5.0+ 5.0
2010 data l+jets prel. —_— 169.3£4.0x 49
2011 data e+jets prel. _—— 173.9+£1.2+ 3.1
2011 data+jets prel. —_ — 1759+1.0+ 2.7
2010+2011 data l+jets prel. e 1759109+ 2.7
Run-I best (DO I+jets) —e—— 180.1£ 3.6 3.9
Run-Il best (CDF I+jets) - 173.0£07£ 14
Tevatron July 2011 e 1732+ 06+ 0.8

I | |
160 180 200
My, [GeV]

ATLAS top mass measurement to 2.8 GeV
(16%) demonstrates level of detector
performance, as well as good maturity of
reconstruction algorithms and modeling of
main physics objects

Present ATLAS dataset (~ 5 fb1) contains:
0 ~ 100000 top-pair events (with > 1 lepton)
Q~ 3M Z - ee, yu events

Q ~35M W ey, yv events

after selection cuts




Extending the kinematic reach further
and further into the TeV region

Searches for New Physics in
di-jet final states (1 fb)

Model 95% CL Limits (TeV)
Expected Observed
Excited Quark g* 2.81 2.99
Axigluon 3.07 3.32
Colour Octet Scalar L.77 1.92

< oo~ ATLAS

A EXPERIMENT |

Run Number: 183081, Event Number: 29591437
Date: 2011-06-05 11:50:44 CEST

-
8
L

Jet prspectrum

ATLAS Preliminary

\s=7TeV
anti-k, jets, R=0.6
ly| < 2.8

—- El Pythia x NLO PDF

LO PDF

- m 2010 data, [Ldt=37pb’
2011 data, [ L dt= 1.9 1o
(only high P, triggers)

_._

8
=

-
e 3

pr (jo) ~ 1.9 TeV
pr (j2) ~ 1.7 TeV
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Results of main searches for New Physics

..
ATLAS Searches* - 95% CL Low. ! imits (Status: BSM-LHC 2011)

N __ i T T T T 11 T T 1
P tid T miss |
MSUGRA/CMSSM : 1-lepgf€ + £~
MSUGRA/CMSSM : gifjets + £, 2 ATLAS
Simpl. mod. {light i,} ep+is+E, §=gmass Preliminary
Simpl. mod. {light ¥ J@0-lep +js +E, §mass
Simpl. mod, (light ¥4¥: O-lep + s + E g mass __
Simpl. mod. (ight 7,) : O-1clif+ bjels + j's + Eiﬁi gmass (for m(b) < 600 GeV) Ldf = (0.031 - 1.60) fb™'
Simpl. mod. (§-tTy) : 14 +bjels + s +E,' g mass (for mi(%, ) < 80 GeV)
. Pheno-MSSM (lighl; ) : 2-lep SS+E, G mass Vs =7 TeV
8 Pheno-MSSM (light 4 / 2-lep OS__ +E, ., " B §mass o o
] Simpl. mod. {(G— o) : Tlep +s+E, % mass (for m(g) < 600 GeV, (m{x ) - m(x )}/ (mi@) - m(x B 1/2)
GMSB (GGM) + Sinf@ll. model =y + E,—:ms g mass (for m(bino) > 50 GeV)

T mass

GMSEB : stable T
icles : R-hadrons

gmass SUSY: mass limits

Stable massive pY

Stable massive parfgies : R-hadrons E‘_mass ~ o~ .
Stable massive partichy R-hadrons t mass on q, g n 'rhe r‘ange
Hypercolour scalar gluons @ 4 8 =My sgluon mass (excl: m,, < 100 GeV, m,, = 140 =
RPV (4,,,=0.10, 4, ,=0.05) : high- el V. maa O 5_1 Tev
Bilinear RPV {ct ., < 15 mm | +ES G4=0§mas .
Large ED {ADD} : monoje M, (8=2 ' 1 N
9 o ERED Ty e o wo@=2) (within constrained models)
2 RS with k/My, = 0.1 : diphoton, m,,, Graviton mass
& RS with ki, = 0.1 : dilepton, Meeian Graviton mass
E RS with g J8.=0200H + By L KK gluon mass
k= Quantum BISck hole (QBH) L P Fix) My, (5=6)
8 QBH : High-mass o, My
5 ADD BH (M, /M,=3) : multiet Tp . I\}Hs Mp (3=8)
dimuon N, part.. My (5=6)
. raction Fltmdﬂ} La36 pb” (2010) [arKiv-1103.3864 (Bayesian limit)] ETTeV A
© qquu contact interaction : m L=42 pb” [2010) [arkiv-1104.4388] 48Tew A
:_b .......................................................................... S'SM“f'}ﬁé;.HH“ - w7 mass
SSM e o) frivitiva i) 2i5TeW | W' mass
o Scalar LQ pairs (§=1)  kin. vars. in eejj, evjj 1 gen. LQ mass
]

2™ gen. LQ mass

Q, mass

d, mass

T mass

p_fw, mass (for m[pTJ'LuT) = mn;) = 100 GeV)

N mass (for m[WR} =1 TeV)

Wy mass (for 230 < m{N) < 700 GeV)

_ 4" generation : d d,— wiit (2-lep S8}
TT, —)ﬂ‘.+A$f\ ‘1-lep + jets + E
"M Techni-hadrons : dileptan, m;ms
Major. neutr. (LRSM, no mixing) : 2-lep + jets
Mq_jtor. neutr. (LRSM, no mixing) : 2-lep + jets
H™ (DY prod., BR(H —uu)=1) :m
L . . (like-aign)
Excited quaf'ks tmy
Axigluons @ m,

.......................................................... Colar octet scalar : my,,

Other

Q" mass
Axigluon mass
Scalar resonance mass

(| ] L 1
10 1 10
Mass scale [TeV]

*Only a selection of the available resulfs leading to mass limits shown 17




Events / 10 GeV

Events / 10 GeV
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Summary of present Higgs searches in ATLAS

Channel

my range
(GeV)

Int. lumi
fb!

Main
backgrounds

Number of
signal events
after cuts

Excluded

o/0¢y and
m,, range

H-> vy

H=> Tt > ll+v
H=> 1T 2 T
W/ZH - bbl(l)
H-> WW - Ivlv
H->ZZ* > 4
H> ZZ > Il v
H> ZZ > 1l qq

H-> WW - lvqq

110-150

110-140

100-150

110-130

110-300

110-600

200-600

200-600

240-600

1.08

1.06

1.06

1.04

1.7

YY. YJ. JJ
Z~> 7T, top

Z>TT

W/Z+jets, top

WW, top, Z+jet
ZZ*, top, Zbb
ZZ, top, Z+jets

Z+)ets, top

W+jets, top jets

~ 15
~0.8
~ 10
~6
~ B0 (150 GeV)
~ 1 (130 GeV)
~ 10 (400 GeV)
~5

~ 60

~ 4

6-25
10-20

0.3-10
154-186 GeV
1-10
190-200 GeV
1-5
340-450 GeV
2-13

~ 3-20

O Based so far on (conservative) cut-based analyses
0 Large and sometimes not well-known backgrounds estimated mostly with data-driven
techniques using signal-free control regions

19



H—syy (1.08 b ™) H— ZZ— Il (1.96-2.28 1b™)
Hos WW-s Ivlv (1.701b™) H— ZZ— liqq (1.04 fb™)

= W/ZH,H — bb (1.04fb™) HoZZ—llvy (1.041b™)
H-stt (1.06 fb™)

—_
o

| |||||||
LN

95% CL limit on G/GSM

B ATLAS Prehmmary .[L dt ~ 1.0-2.3 fb" \'s=7 TeV CLs limits _|

100 200 300 400 500 600
my [GeV]

H-> vy : most sensitive channel m, < 120 GeV
H> WWO®-> |vlv : most sensitive channel 130 ¢ my< 180 GeV
H> ZZ® > 4| . most sensitive channel 180 < my < 300 GeV
and most convincing channel down to ~ 130 GeV
H> ZZ-> llvv : most sensitive channel 300 < my < 600 GeV




H>vy , H> 7T

All channels together - combined constraints W/ZH> Ibb+X
H> WWO-> vy
H> ZZ®) > 41, H> ZZ > llw
H> ZZ - llqq
= o 1 1.1 T2 T A = RN RS 0 D D D B
B AILAS Prelimirjary ClLs L|mits 3 B TLAS Prgliminary CLs Limits 3
s i © -
c —~ Obsaryed c —— Obsefved
o cted 1] o ---- EXpe¢ied 1
€ 10 det = 1.0-2.3 fb € 10 det =1.0-23 b _|
- sk7Tev - =) s=7TeV | 7
& T &) [ J*2o = :
3 2 -
ToJRN | "Y 1 I N N R e 0 -
o HeIl! Wl g o
TN AR e =3 TEN S0 =
Tevatron | |
.10-1 T o | TR T N SN T A S NN T W R 101 PRI T 1 B L PRI T (N T S T NI R
200 300 400 500 600 120 140 160 180 200 220 240
m, [GeV] m, [GeV]

Excludedby ATLAS at95% cL : 146-466 GeV, except 232-256, 282-296 GeV

Expected if no signal at 95% cL : 131-447 GeV

O LHC provides direct exclusion (95% CL) of a large mass range until now unexplored

0 The best-motivated low-mass region (EW fit: my < 161 GeV 95% CL ) still open to exploration
O Data are today within =20 of expectation for no signal = no significant excess
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Improvements with time
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Prospects for ATLAS+CMS combined:

with ~5 fb-! per experiment in 2011 and assuming ~10 fb-! per experiment by end 2012:
QO First half 2012: sensitivity to exclude full mass region up to my ~ 600 GeV (2 95% CL )

0 End 2012: may achieve 50 discovery over the same range
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Heavy Ions

Recorded ~ 9 ub! in 2010
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O Measurements of direct jet quenching > ratio of
jet rates in central and peripheral collisions
(~ 05) is ~ independent of E+ (jet)

O Observation of J/y suppression

anas | | 9 Observation that W and Z are not suppressed
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multiplicities

O Studies of elliptic flow and charged particle

- looking forward to the second HI run in Nov-Dec
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As of today, ATLAS has recorded ~ 4.8 fb! at /s =7 TeV

The whole experiment works very well, from smooth and efficient operation

of the detector, trigger and computing to the (fast) delivery of physics results

- MA&O funds and Computing Resources (THANKS Il) have been essential for
these achievements and have been well used.

> It is crucial to maintain this performance in 2012 - huge efforts by the Collaboration
(~ 1100 FTE needed to operate the ATLAS including shifts and personnel at Tiers)

Excellent physics achievements:

0 About 80 papers using collision data published or submitted for publication

O "Rediscovery of the Standard Model” is complete; precise measurements of various
processes start to challenge theory and previous machines

O Searches for new physics extend well info the few-TeV region for many scenarios;
pair-produced SUSY particles excluded for gluino masses below 0.5-1 TeV in simplest models

0 Heavy Ion data produced exciting results, from jet quenching fo J/y suppression, absence of
such effects for W and Z bosons, etc. > will soon be able fo do more quantitative measurements

ATLAS has looked for a SM Higgs boson over the mass region 100-600 GeV, in 11 distinct
channels, using up to 2.3 fb! of data:

- We have excluded most of the mass region 146-466 GeV

- if the SM Higgs exists, it is most likely in the region ~ 114-145 GeV

2012 will most likely be

“the year of the Higgs"

F.Gianotti, RRB,17/10/2011



The FUTURE > Upgrade plans will be presented by Marzio Nessi

O Phase-0: 2013-2014 shut-down: mostly devoted to consolidation > plans presented
at April 2011 RRB - financially covered within the present funding plan

O Phase-1: 2018 shut-down: emphasis is on Trigger upgrades - LoI to be completed
end of the year - preliminary plans and cost estimates presented at this RRB

O Phase-2: 2022-2023 shut-down: main upgrade is Inner Detector replacement
> LoI by end 2012 - very preliminary plans and cost estimates presented at this RRB

ATLAS is very grateful to the Funding Agencies for their
fundamental contributions to the success of the experiment and
for their continuous support during more than 20 years.

THANK YOU |

F.Gianotti, RRB,17/10/2011

26



SPARES

F.Gianotti, RRB,17/10/2011 27



Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution< 10% up foE, ~ 1 TeV

Length : ~46 m
Radius : ~ 12 m
Muon Detectors TIN Calorimeter Liquid Argon Calorimeter WelghT t A 7000 TonS

3-level trigger
reducing the rate

~108 electronic channels

i 4@ | 3000 km of cables

from 40 MHz to
~200 Hz

| Inner Detector (|n|<2.5, B=2T):
~ SiPixels, Si strips, Transition

| Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:

c/pr~ 3.8x10* pr(GeV) ® 0.015

Toroid Magnets  Solenoid Magnet SCT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \

e/y trigger, identification and measurement | HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: /E ~ 10%/~E Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+
E-resolution: c/E ~ 50%/VE @ 0.03

F.Gianotti, RRB,17/10/2011
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Operation Tasks sharing s

ATLAS operation, from detector to data preparation, SW, computing, requires ~ 1100 FTE
0 Operation Tasks divided in 4 classes (note: physics is not an OT):
1 : shifts in the control room

2 : on-call shifts
3 : "expert” tasks (e.g. calibration, software releases, trigger validation, data distribution, etc.)
4. ATLAS efforts at Tierl-s and Tier2-s
O Shared in fair way across Institutions: proportional to the number of authors
-- students get favorable freatment as they are weighted 0.75
-- new Institutions must contribute more the first two years (weight factors 1.5, 1.25)
O FTE requirements and contributions of Institutions reviewed and updated yearly

O ~50% of these FTE tasks are CERN-based > efforts to reduce this fraction

ATLAS Control Room last year (left) and this year (right):

| Q shift crew reduced from 20 to 11 people
| O strong efforts fo increase automation - reduce further (also on-call shifters) &8
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Data preservation as a first step toward open data access

0 ATLAS is very sensitive to this issue since long: first discussions at Feb 2010 ATLAS week
Motivations:
-- long-term completion and extension of existing physics program:
- eg. may need to go back to 7 TeV data when running at 14 TeV
-- new theoretical ideas and/or results from future facilities
- may need to re-analyse LHC data

-- provide access to society: education, training, outreach ...
0 Joined DPHEP (Data Preservation in HEP) in March 2011 - participated in FNAL Workshop

0 We have started to develop a plan with medium and long-term goals:

-- medium term: simplify software architecture, reduce dependencies on
external sources, etc.

- target is ATLAS software "upgrade” during 2013-2014 shut-down
-- longer term: investigating technical solutions (together with DPHEP):
data storage for multi-PB data, language/compilers, software maintenance/migration

0 Many issues: technology, governance, organization, funding > coherent approach
across experiments/labs/countries is mandatory !
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