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Overview

 LHC Program is focused on finding ‘next’ piece of Standard Model
— Origin of EW symmetry breaking — Higgs particle
— Explore possible connections of EW with Gravity
— Many extensions of the SM proposed — little experimental input to date

e LHC Machine @ Vs =7 TeV

— In commissioning & early running with short-term goal of L ~ 1032 cm=s! by
end of CY10

— Longer-term to accumulate XL~ 1 fb-* by end of 2011
— Physics reach will be ‘deeper’ than Tevatron for some heavy channels

e ATLAS Detector

— Commissioned & working well & efficiently operating
— More refined alignment & timing corrections under way
— Several hardware deficiencies uncovered — mitigation being planned

F.E. Taylor Status of ATLAS 09-Aug-10



Cross sections vs. Vs

proton - (anti)proton cross sections
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Ratios of parton luminosities allow to estimate
physics yield of LHC @ 7 TeV

® factor ~70 in ttbar production
Higgs: (115 to 200 GeV; mainly gg)
® factor ~15

Z" ~1TeV (qq)
® factor: ~ 50 to 100

HP Begk - LHEP.Bein

ttbar: (85% qg, 15% gg at Tevatron; mainly gg at LHC)

SPIN-Fraha 2010,

Tevatron @ 1.96 TeV vs. LHC @ 7 TeV

WJS 2010
1000 e
iy
ratios of parton luminosities i
at 7 TeV LHC and Tevatron
W
i
100 | 7 -
7
/ 99

luminosity ratio

=
o
T
\\
AN

......

MSTW2008NLO

1 1
10’ 10° 10
M, (GeV)

W.]. Stirling, private communication

biggest gain from parton luminosities for large My, :

1fblat7 TeV:
>10 fb! at 2 TeV for Higgs searches

>50 fb! at 2 TeV for ttbar, 2’

Some discussion CERN management of
running LHC @ Vs = 8 TeV in 2011

Prague, July 18-25 8



ATLAS reach 2010-2011/New Physics Benchmarks

V4
Z (SSM): Tevatron limit ~ 1 TeV (95% C L)

V4
W (SSM): Tevatron limit ~ 1 TeV (95% C.L)

50 pb! : exclusion~1TeV (95% C.L.)
100 pb! : discovery ~ 1 TeV

300 pb: exclusion~ 1.5 TeV

1fb!l : discovery~ 1.5 TeV

10 pb! : exclusion ~ 1 TeV
20 pb! :discovery ~ 1 TeV
50 pb? :exclusion ~ 1.5 TeV
100 pb! : discovery ~ 1.5 TeV
1fb! :discovery~ 2 TeV

S U SY( EI,Q) : Tevatron limit ~ 400 GeV

(95% C.L)

200 pb! :discovery up to ~ 480 GeV
1 fb!  :discovery up to ~ 700 GeV

Higgs H 2> WW, m, ~ 160 GeV

300 pb! per experiment : ~ 30 sensitivity combining
ATLAS and CMS (similar to Tevatron)

1 fb per experiment: could exclude 130 < m,, < 190
GeV and ~ 4.5 6 combining ATLAS and CMS

LHC will start to compete with the Tevatron in 2010, and should

take over in 2011 in most cases. (Fabiola Gianotti — ICHEP2010)

F.E. Taylor Status of ATLAS 09-Aug-10




Integrated Luminosity
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ATLAS in Overview

Muon Spectrometer (|n|<2.7) : air-core toroids gas-based chambers
Trigger 6 to 40 GeV & Reconstruction AP, / P,<10% upto P, ~1TeV

Muon Detectors Tile Cololrimeter Liguid Arglon Calorimeter Length .~ 46 m

\ | e Radius :~ 12 m

j /40 | Weight : ~ 7000 tons
| ~108 electronic channels
3000 km of cables

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

&4 Si Pixels, Si strips, Transition Radiation
\‘“--.l?“} dete_ctor (strz.aws) '
°| Precise tracking and vertexing,
e/n separation
o/p; ~ 3.8x10* p; (GeV) @ 0.015

/ | y
Toroid Magnets Solenoid Magnet [SCT Tracker Pixel Detector TRT Tracker

2 ca.Iorlm(.-:ter: !D!D-LAF SRR HAD calorimetry (| n|<5): segmentation, hermeticity
e/y trlggejr, identification & measurement Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
E-resolution: o/E ~ 10%/E Trigger and measurement of jets and missing E;
E-resolution: o/E ~ 50%/VE @ 0.03

F.E. Taylor Status of ATLAS 09-Aug-10



ATLAS Channel Efficiency

ixels
ISCT Silicon Strips
TRT Transition Radiation Tracker

ILAr EM Calorimeter
Tile calorimeter

I[Hadronic endcap LAr calorimeter

IFnrward LAr calorimeter
ILVL] Calo trigger
ILVL] Muon RPC trigger
ILVL] Muon TGC trigeger
IMDT Muon Drift Tubes

Fraction Operational > 97%

CSC Cathode Strip Chambers
IRPC Barrel Muon Chambers
TGC Endcap Muon Chambers

F.E. Taylor Status of ATLAS 09-Aug-10 8



ATLAS Works Well
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R = 1082 mm | d
i 2 T solenoi
TRT
e/n separation
TRT _- ale\
LR=554 mm ) g/ i x ' N N
(R =514 mm e o s o
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o - ATLAS Preliminary + .
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K C _
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" R I | : 99 -
~ [R=1225mm Pixels LT 't  pIONS + + electrons 1
Pixels { R = 88.5 mm 0.05[ cogsescereasanees™  © =
R =50.5 mm - 4 y factor |
- 07 1 1 \II\Hl 1 | \II\Hl | | \II\IIl 1 | I\IIH‘ 1 1 I\\IH‘
R=0mm , 10 10 10° 10* 10°
~6m long, 1.1 m radius ; 10 ; 10
G/pT ~ 3.4x10% Pr (GeV) @ 0.015 (nominaL low n) Pion momentum [GeV] Electron momentum [GeV]
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Tracking & Vertexing

W-ev candidate in
7 TeV collisions

P, |£-+| =23 GeV
064

31 GeV

M =55 GeV

F.E. Taylor Status of ATLAS 09-Aug-10

Event wi-‘tiﬁ“
KS - atn—

Candidate
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lonization Energy Loss - Hadron ID @ Low P

o Time over Threshold is proportional to collected
charge so is sensitive to the ionization energy loss

o Specific energy loss due to ionization is modeled
by Bethe-Bloch function. Parameters depend on

mass of ionizing particle.

o Tracks with three pixel hits provide a useful dE/dx

measurement

—k

W A O N O © O

T [T T vrriT = x
-ATLAS Preliming
- Good Pixels>=3 - i3

dE/dx (MeV g'cm?)

-1

-25 -2 15 -05 0
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Kinematics of K.° and A° at Vs=7 TeV

ID Commissioning & Test of Understanding

Look for flaws in material modeling
Test the magnetic field modeling of the ID

Check the alignment

1

Entries / 1 MeV

Study fragmentation model of strange quarks,

NYN° ratio

Selections (L~190 pb-1)

Oppositely charged tracks, p; > 100 MeV,

Decay vertex fit, Transverse distance L;

between PV and K2, A%vtx

cos(line of flight, momentum K° /A%) ~ 1

F.E. Taylor Status of ATLAS 09-Aug-10
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Entries / 1 MV
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=, O  baryons anc

3 O T ATLAS Preliminan
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K*(890) meson productlon

180
= r
% 160i \j_ 7 TeV data A+LAS Prehmmary;
Yo] L (1 670)—)AK e Correct charge comb. | |
% 1 40? ~250 Mb- 1 [___] wrong charge comb. —;
£ 120 } eyl
1 OO } o= 4.0 + 0.3(stat.) MeV {
801 E
60 =
40 44, f =
L +T [ LIT : | . L1L+ | B
20; |.II |I n I| |'l 11 .'l'”'*. 19, Ld B
C ' LA B! s Ly
1%00 1650 1700 1750 1800
Mk [MeV]

\
1850

Test performance of the ATLAS ID and tracking software
Basis for more advanced B-physics analyses

= mass 1322.22+0.07 1321.71£0.07
QO mass 1672.78+0.33 1672.45+0.29
K*(890) mass 892.1+£0.7 891.66x0.26
K*(890) width 49.8+2.1 50.8+0.9

Reasonable agreement at this stage with PDG 09
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F.E.

Impact Parameter Tagging for Jets

(2} 8 rTrrTTTTITTT T T T R T T T T T T T T T T
& 10 \s=7 TeV
g-lOT e Data 2010
© 6 ND min. bias MC
210
£ 10°
|
Z 10*
10%F
102k
10F
3
10 FTATLAS Preliminary
Ell\II\\\I‘IIIIlIIIIlIIIIIIIIIII\\II\III
-40 -30 -20 -10 O 10 20 30 40
Track S
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Track Counting Tagger

Simple and robust tagger

Use d, (transverse impact parameter) and
Syo = dy / uncertainty V,, filter

Tag if
2" highest S ,>Threshold to tag jet

m ET T T 7T | TTTT | L L I TTT1TT O D e | I T 1T | TZTed &
& B -
S | Ns=7TeV L ~1 nb"
£ 10°F e pata2oio
- = mg min. Eias mg : Iig_h{ jets
o . min. bias MC : ¢ jets .
E 10 EE- ND min. bias MC : b jets 2nd |ead|ng SdO
g 10°E ;:
pd E ATLAS ]
3 " . —
10°E Preliminary 3
10° E
10 E
i

30 20 -10 0 10 20 30 40
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S5 AT AC Run 152166
e

Event 817271 b-tagged jet in 7 TeV collisions

"R

« BAYHE TR\ J

PLEAPERIMENI

N

.
jet :
pT=19 GeV (measured at electromagnetic scale)

4 b-tagging quality tracks in the jet 16
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ATLAS Calorimetry

Liquid Argon (LAr) detectors in 3 cryostats = |n|<5

Surrounded by Tile Calorimeter =2 |n|<1.7

Tiie barrel

Tile extended barrel

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel

Intrinsically linear and stable with time
Intrinsic radiation-hard

Maximum absorption depth at least cost

F.E. Taylor Status of ATLAS 09-Aug-10
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Electron Detection

Run Number: 152777, Event Number: 3

Date: 2010-04-10 12:07:39 CEST

W-ev candidate in
7 TeV collisions

=
bl | 7 |\ SN p—n,

| B

| = ~ | \N\_ " TS |

p,(e+) =23 GeV
nle+)= -0.64
E mss = 31 GeV
M, =55 GeV

F.E. Taylor Status of ATLAS 09-Aug-10
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Material mapping with conversions (500ub)

LANNLEL S B L L L [ L  LL  INL

Radial map of converted photons 600

100

Identified / 2 silicon tracks Select electrons with TRT s !
o -1.752 <m < -1.304 -
500 > = = :
: . - : : . e 5 5 | Pixel support
Small discrepancies identified and will be adjusted in o Q > | structures
: : 400 X 2 o

simulation of ZI — ~ ]
g8 5 ]
300 g S
(®)) ) - -

s " Nt | -
00 50 100 150 300 350 400
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= F
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£ - ESS= MC truth conversion
® 5000~ — MC truth x° Dalitz
41 - B MC truth n° conversion
-'E 4000} — Data conversion candidate 7 TeV
w -
3000{— ~
@x S
2000
N ]
. 1000, < .
The number of Dalitz _>?ﬁi_= fé
. C.. ., == PR [ [P P [SP ] [ [P
decays allows to constraint 0Dalitz10 20 30 Bp 40 50 60 70
beam pipe thickness (R <20 mm) (20 <R <45 mm) B-layer (Pixel)R [mm]
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Di-Electron Resonances

_ 15 FT (GeV)

. . p— Run Number: 154817, Event Number: 968871 ET(e‘): 45GeV ET{e+] _ 40GeV
AT LAS Date: 2010-05-09 09:41:40 CEST €)= 021 e =038
EXPERIMENT e %96

/>ee candidate in 7 TeV collisions

F.E. Taylor Status of ATLAS 09-Aug-10 20



J/U = e*e - Important Reconstruction Test

Analysis is challenging due to large background, small
signal and Bremsstrahlung of the electrons. _ .
Important handle for electron ID and trigger studies Mass is based on track properties
2 electrons with p;> 2, 4 GeV Not corrected for Bremsstrahlung
+ Shower shapes and track quality cuts

High fraction of HT TRT hits on the tracks

ATLAS Preliminary
« Data 2010, (Vs=7 TeV)

— CBfit

EM calo
cluster

Entries / 0.1 GeV

|++ #m

.H.\ffﬁ;-”.m..lfhl‘.%

5 2 25 3 35 4
mee [GeV]
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Physics with Jets

New Physics:

Measure distribution of number of jets, Jet-Jet mass distribution, Search for large
missing energy — first check with SM expectations. Jet energy scale ~ 7%

ATLAS Preliminary
\Ns=7TeV

—4- Data ILdt=296 nb’

— PYTHIA

anti-k, R=0.6

y*|<2.8

Leading jet py > 80 GeV
Other jets p; > 40 GeV

|
ATLAS Preliminary
\s=7TeV

¢ Data det=296 nb”’
— PYTHIA

anti-k, R=0.6
y*1<2.8

! Leading jet pr >80 GeV
_alf| Second leading p; > 40 GeV

F.E. Taylor Status of ATLAS 09-Aug-10
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1000 2000
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Massive Di-Jets 400 < m, * < 1290 GeV

Highest-mass di-jet
event observed so far:

o F TR | i
= 40 \s=7 TeV, [Ldt=296 nb™' |
M. = 2.55 TeV A * D :
]) Fit
— —e— q*(500)
107 3 —— g*(800) =
—— q7(1200)
: PDF: MRST2007 Modified LO
10°E ATLAS Preliminary =
10 E
F _— 3
E b 1] ;
L | L L | 1
500 1000 1500
Reconstructed m’ [GeV]
E T T T T T i T T
=1 — —— g" MRST2007 Modified LO
© - — g" CTEQS6L1
2 104 q* CTEQS6.6 _
T E s imi 3
5 F 5 Expected limit
EJ' Ny, Observed limit
O | o Data [Ldt = 296 nb'
2 AN I
X 103 =3 \\\ =
e - N
1021 1.29TeV |
-i’EXPERIMENT E X
Run Number: 158548, Event Number: 5917927 = . .
Date: 2010-07-04 07:24:40 CEST - ATLAS Preliminary
[

N N B 4
500 1000 1500

Resonance Mass [GeV]

Search for Excited Quarks

ATLAS-CONF-2010-080
F.E. Taylor Status of ATLAS 09-Aug-10 23



Observed event with hardest jet

Run Number: 159224, Event Number: 3533152

Date: 2010-07-18 11:05:54 CEST

pr (j1)= 1120 GeV
pr (j,)= 480 GeV
pr (j3)= 155 GeV
Pr ()= 95 GeV

A EXPERIMENT

F.E. Taylor Status of ATLAS 09-Aug-10
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ATLAS Muon System

Monitored Drift Tube 354k

1
|
[

r
L
]

precision wire-locator

Cathode Strip
Chambers

Total System

~ 1200 MDT & 32 CSC
Tracking Chambers 5.5k m?

~ 600 RPC and ~3600 TGC
Trigger Chambers

= B
"
g 40 — [‘j
= — © Muon Spectrometer
= — O Inner Detector
8 ~ @ Combined
o 30
= B
o
20 |- 0
B (]
10 —
e L
'S
CDOO ] FE
0 F*W* *|||||||? Lol
10 10° 10°
p(GeV)
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Thin-gap chambers (TGC)

Cathode sirip chambers (CSC)

qurel foroid

Resistive-plate
chambers (RPC)

End-cap toroid

Monitored drift tubes (MDT)

25



Muon ldentification Algorithms

Combined Muon |\
J track in MS
8 combined with

Resisti%e plate chambers
A

Standalone Muon
track in MS
extrapolated to IP

R '|
Barrel toroid coif ", Barre! toroid coif |,

corrected for track in ID
Calo E-loss Calo E-loss taken i )
ok into account i
Cathiaid i Cathiad { zcal'
chambers chambers N }GID
Segment Tagged Muon " calo Tagged Muon

V Barrel tor udml' 3 . |

g if signals in Calo ﬁ ‘MS

6 around extrapolated | Iy N\ B 5
J track consistent . I S .

End-cap

B . vihaMIP = I g}zcm
MH_T;D =il

M. Woudstra ICHEP 22 July 2010 4
F.E. Taylor Status of ATLAS 09-Aug-10 26
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Muon ldentification Performance

High pT muons key signature of high pT Saite o e ERE R FERE

physics: W/ Z / top and new physics (> 6 GeV) ~ 10 — 105 per
random trigger and 10-° for
At low pT dominated by hadron decays, combined muons.

At intermiediate pT mainly heavy flavor decay

Good data/MC agreement of Pt spectrum Efficiency of combined muon wrt to tagged muons
n N L B (L Y BN BN BN
T —_— —— — : - i g
g E [ | I I ] g 12,_ =
£0.251- R =
3 C 1
< \s=7 TeV S f . J%_iin :# T
0.2 . =X i *__,_-0- -+
8 Chain1 (pT>6 GeV) 0.8 e he
0151 — DATA 3 o + .
' L | MC i "'g 0.6? . i
B - - ] 1
0.1 - - B ]
o 0.4 .
C % i + Combined wrt tagged (Data)
0.05 . 2 02 7« MCtuth -
C w i - » Combined wrt tagged (MC)
SRS S S S S R —— R B BN B B
% 5 10 15 20 B Y 2 4 & 8 10
Py (GeY) . [GeV]
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Di-Muon Signals J/w, Y, Z

J/y is good for commissioning & early physics
(B-physics, QCD). Get low-p; muons to study p

trigger and identification efficiency, resolution and

absolute momentum scale in the few GeV range

i

. R B s B e e B
é 3000 Arias Preliminary ®  Data2010 opostesign |
[~ ata 21 - Same —
~ o s =7 TeVv # projection .
3 25000 J‘ e o P eenen ot ]
%} 2000~ N, = 6820+ 90 Tight Selection -
= E m,,=3.095+ 0.001 GeV -
=2 F Gm =57+ 1MeV s
S 1500 °n .
3 © Nygs, = 290+ 30 ]
> 1000 m, e~ 3.686+ 0.006 GeV —
E Cm., = 57+ 1 MeV —
500— —
ok L e T r 5
2 22 24 26 28 3 32 34 36 38 4
my, [GeV]
9 104 E T T T T TTT T T T T TTTT T T T T TTTT E
8 - Jhy ]
c L 4
S 3
3 10°F =
E = 1 =
c L~ 330 nb -
S C ]
D L p/lw ¢ 4
jub)
=
W
o
Q.
o
O

10 3 ATLAS Preliminary E
B Data 2010,\s = 7 TeV |
e
E 0l Ll L
1 10 107
M, [GeV]
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Simple analysis:
LVL1 muon trigger (p; ~ 6 GeV threshold), 2
opposite-sigh muons reconstructed by
combining tracker and muon spectrometer

both muons with |z|<1 cm from primary vertex

entries / 100 MeV

a o =~ o
o
o

o ©
o O

ATLAS Preliminary

» Data: opposite sign
Data: same sign

=948+ 0.01 GeV
meant'ss) © I L dt ~290 nb”
o(Y, )= 0.17+0.01 GeV

N(Y ) = 952+ 77
N(Y ) = 259+ 59

N(Y ,5) = 60 + 59

6 7 8 9 10 M 12
dimuon mass [GeV]
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Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p, () =27 GeV n(u)= 0.7
p.(H') =45 GeV n(u) = 2.2

M =87 GeV
M

) Z»pp candidate
~ in 7TeV collisions

\ A7
\/
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Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

\TAAAPe

Y EmEEE Y S r A
- -y v . --”T

y

" W-pv candidate * *
in 7 TeV collisions

F.E. Taylor Status of ATLAS 09-Aug-10




W= and Z Physics at 7 TeV/ICHEP 2010
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Efficiency

LVL1 Triggers-Calormetric & Tracking

* JetTrigger

* EMTrigger

e MET Trigger

*  Muon Trigger
* Tau Trigger

L1 Efficiency w.r.t. Offline Cluster
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Efficiency
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] 4 ] ‘ ; F o e p(t) = 29 GeV
X | E,mss = 39 GeV
o » Ad)(..c’&_miss) — 3.1

EXPERIMENT m, = 68GeV

Run 155697, Event 6769403
Time 2010-05-24, 17:38 CEST

W-1tv candidate in
7 TeV collisions

A candidate for a W->tv decay,
with a hadronically decaying tau,
collected on 24 May 2010. Event
properties: p(t) = 29 GeV, E{miss
=39 GeV, Ag(t, E{™ss ) = 3.1, m;
= 68 GeV. No additional object
(electron, muon or jet) was found
in the event.




World Wide Data Processing

MB/s
| per day
80000 Jan Feb March April May June July
6GBIS | oo Data and MC\} _______________________________________
reprocessin
- \ P ;g Start of
8 2009 data Start of | il 10™ p/bunch |
3 reprocessing 7 TeV | operation i
400007 data-taking
= MC reprocessing :
~2GBls | ' I | [ Wi
(design) . IR L g e Ay 4 4
o0 .,': iﬂﬂ:i!m:.ﬂu...+..EE§':'EE!!! LanBgn s ! [ HH :I... :“3*:5!!
o 17 18 ' 20 21 22 23 27 28

BHASSC OCERN B FZE E HNDGF HRAL OTRIUWF .
Peaks of 10 GB/s achieved

GRID-based analysis in June-July 2010:

> 1000 different users, ~ 11 million analysis jobs processed
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Many Physics Results Already

ATLAS

@EKPERIMENT

Soft OCD - Hard QCD - Electroweak - b and ¢ Physics - Top - Searches

-Luminosity and beamspot - Performance - trigger - Performance - tracking

-Performance - flavour tagging - Performance - e/gamma - Performance - muons

- Performance - jets and missing-Et - Performance - taus - Soft OCD

ATLAS Results for Summer 2010
See also: ATLAS Public Results page and links there
from, which contain supplementary material such as

A vavirsity of - By ipTH ATLAS PHYSICS WORKSHOP OF
THE AMERICAS

performance-related plots
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2§ TEXAS

ARLINGTON

Contact Information

Fourth ATLAS Physics Workshop of the Americas
August 9 - 11, 2010
University of Texas, Arlington, TX

First Announcement

This is the next meeting in the series g
formerly known as the North
American Physics Workshops held in 2
Tucson, Toronto, Boston, SLAC, e
Vancouver and NYU and is jointly
organized by Canada, Latin America,
and U.S.A.

35



Long Term Plans — Nessi (CERN)

Be ready for sLHC

A New ID + address
radiation/rate in LAr
- Be ready for ultimate Luminosity end-cap if needed
- Insert new pixel b-layer (IBL)
_-? - Upgrade various systems for a _ /
8 better and sharper LVL1 trigger _——
= Consolidation + | L. ~ 300 fb -
:E, new external Phase-1_— !
T beam pipes
~ //: |Tilrlt ~10-30 fb : 24
E / I I Lp - 5 10
I ~1- 34 |
/- Lp < 10 34 I Lp 1 2 10 I
| 1 [ )
I I
IL . ~1fb -1 2016 '2020-21 year

int

Shutdown requirements:

Phase-0 : 15 months (defined by the LHC consolidation) : 2012 to spring 2013
Phase-1: 12 months (time necessary to install the new pixel b-layer) : 2016
Phase-2 : 18-20 months to install and debug the new ID detector : 2020-2021

+ 2 months technical stop at Xmas
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Conclusions

e ATLAS is working well

— All the major functionalities are working ~ 95% efficiency
* LVL1 Trigger, Tracking, Calorimetry, Particle ID, LVL2 Trigger, DAQ
* Event reconstruction

— Analysis can be done in a short time after data taken

— Prospects for interesting physics @ 7 TeV good
e Confirm SM predictions
* Fine-tune detector
* Search for anomalies — none so far

* Many interesting results already
e Detector ‘consolidation’” during 2011 pause & 2012
shutdown

— Several areas of concern (LVPSs & Optical Couplers)
F.E. Taylor Status of ATLAS 09-Aug-10
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