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e Introduction

e Status of LHC accelerator

e Status of ATLAS

e Physics capabilities

e Upgrades...and haven't even started!
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35 Countries

164 Institutions
e Total 41 U.S. Institutes

1,800 Scientific Authors

“The sun never sets on the
ATLAS empire!”

ATLAS Collaboration

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy,
Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku,
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU
Berlin, Bern, Birmingham, Bologna, Bonn, Boston, Brandeis,
Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest,
Cambridge, Carleton, Casablanca/Rabat, CERN, Chinese Cluster,
Chicago, Clermont-Ferrand, Columbia, NBl Copenhagen, Cosenza,
AGH UST Cracow, IFJ PAN Cracow, DESY, Dortmund, TU
Dresden, JINR Dubna, Duke, Frascati, Freiburg, Geneva, Genoa,
Giessen, Glasgow, LPSC Grenoble, Technion Haifa, Hampton,
Harvard, Heidelberg, Hiroshima, Hiroshima IT, Indiana, Innsbruck,
lowa SU, Irvine UC, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE,
Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana,
QMW London, RHBNC London, UC London, Lund, UA Madrid,
Mainz, Manchester, Mannheim, CPPM Marseille, Massachusetts,
MIT, Melbourne, Michigan, Michigan SU, Milano, Minsk NAS, Minsk
NCPHEP, Montreal, McGill Montreal, FIAN Moscow, ITEP Moscow,
MEPhHI Moscow, MSU Moscow, Munich LMU, MPI Munich, Nagasaki
IAS, Nagoya, Naples, New Mexico, New York, Nijmegen, BINP
Novosibirsk, Ohio SU, Okayama, Oklahoma, Oklahoma SU, Oregon,
LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia,
Pennsylvania, Pisa, Pittsburgh, CAS Prague, CU Prague, TU
Prague, IHEP Protvino, Regina, Ritsumeikan, UFRJ Rio de Janeiro,
Rome I, Rome Il, Rome lll, Rutherford Appleton Laboratory, DAPNIA
Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser
Burnaby, SLAC, Southern Methodist Dallas, NPI Petersburg,
Stockholm, KTH Stockholm, Stony Brook, Sydney, AS Taipei, Thbilisi,
Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokyo MU, Toronto, TRIUMF,
Tsukuba, Tufts, Udine, Uppsala, Urbana Ul, Valencia, UBC
Vancouver, Victoria, Washington, Weizmann Rehovot, FH Wiener
Neustadt, Wisconsin, Wuppertal, Yale, Yerevan
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Particles used: Protons and heavy ions (Lead, full stripped 82+)

Circumference: 26,659 m.

Injector; SPS

Injected beam energy: 450 GeV (protons)

Nominal beam energy in physics: 7 TeV (protons)

Magnetic field at 7 TeV: 8.33 Tesla

Operating temperature; 1.9 K

Number of magnets: ~9300

Number of main dipoles; 1232

Number of quadrupoles: ~858 -
Number of correcting magnets: ~6208 o i
Number of RF cavites: 8 per beam; Field strength at top energy = 5.5 MV/m ./ & **% J&%
RF frequency: 400.8 MHz £ RS
Revolution frequency: 11,2455 kHz. ST |
Power consumption: ~120 MW

Gradient of the tunnel: 1.4%

Difference between highest and lowest points: 122 m.

From http://lhc-machine-outreach.web.cern.ch/Ihc-machine-outreach/
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e LHC: pp, Vs = 14 TeV, L = 1034 cm2s™' (nominal design)
e Start at 10fb-'/yr — 100fb-"/yr at nominal design
e May be able to be pushed to 2.3 x 1034 without major upgrades

errors

® Reach 1034 in
2011 then flat

B Reach 2x1034
in 2016 then flat

Peak luminosity
fgr the year

-2 —1

10%% em—?s

I
2015

Jim Strait: http://www.cerncourier.com/main/article/45/3/29/1
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: Hardware . .
Installation . gineering Run
Commissioni

Hardware Commissioning 450GeV 450GeV

Beam commissioning Collisions 450GeV
450GeV Ramp commissioning

e 450+450 GeV Engineering run

e Firm platform for eventual 7 TeV
commissioning of machine

e Commissioning opportunity for ATLAS

Low luminosity (~10309), 43 bunches
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2008 LHC Operations

< Stage | e

2008 YE Jul

Hardware Beam
commission dimmissioning

TeV /TeV

43 bunch

operation 7onsiCEs

end Dec

Shutdown

Pilot physics run
° First collisions
) 43 bunches, no xing angle, no squeeze, mod. intensities

° Push performance (156 bunch, partial squeeze in 1 and 5,
push intensity)

75ns operation

Establish multi-bunch operation, moderate intensities
Relaxed machine parameters (squeeze and crossing angle)

Push squeeze and crossing angle

Nominal crossing angle

Push squeeze
Increase intensity to 50% nominal

° Push to nominal (Ib=3.2x10"4; 362MJ; 1034; 19 ev/xing)
March 24, 2007 Mike Tuts, Princeton LHC Workshop




energy

luminosity

physics beam time

450+450
GeV

5x1030

protons - 26 days at 30% overall
efficiency = 0.7*10° seconds

7+7 TeV

0.5x10%

protons - starting beginning July
4*106 seconds

ions - end of run - 5 days at 50% overall
efficiency = 0.2*10° seconds

protons:50% better than 2008 =
6*10° seconds

ions: 20 days of beam at 50% efficiency
=>10°% seconds

7+7 TeV

TDR targets:
protons: =» 107 seconds
ions: =» 2*10% seconds

MEG Review FNAL Feb 13, 2007
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» 10° Tiy—pu, Y—pu, e Assumed selection efficiency:
; W— b, £— Il - 20%
' tt — e+ - 1.5% (no b-tag, inside
mazs bin)

similar statistics
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A A

e ATLAS = A Toroidal Lhc ApparatuS

MAGNETS

Central Solenoid (2T, 5m long, 2.4m bore, 6tons)
8 Barrel Toroids
End Cap Toroids

L]
Pixel Detectors

INNER DETECTOR
Pixels (80M ch)

Silicon Strip (6M ch) [SCT]
Transition Radiation Tracker
(0.4M ch) [TRT]

. ' CALORIMETERS
MUON SYSTEM Diameter 25m EM - Liquid Argon — Lead (190k ch)
Monitored Drift Tubes (354k ch) Length 46m HAD - Scintillator Tile (10k ch PMT)
Cathode Strip Chambers (31k ch) Weight 7,000 tons
Resistive Plate Chambers (374k ch)
Thin Gap Chambers (322k Ch) Mike Tuts, Princeton LHC Workshop




March 24, 2007

8 superconducting coils
«25x5 m2, 1.6GJ, 20kA,
d= 3.9T
ﬁ *Tested in pit @ full field
jv\ Coils tested @ 22kA on surface
Last one tested Jun 2005

First coil installed Oct 2004,
last one Aug 2005

2 endcap
Z toroids

.\ |\ being

& assembled
I on surface:
10 m dia,
250MJ,
240 tons,

41T P

T 0ct2005
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Lowering
down the
. shafth

Barrel
Calorimeter
electronics

Barrel
Calorimeters
in pit since
Jan 2005
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Sampling
H1

AR=0.7 * Sampling
= HI

Sar}:p!. Const. Term

[%/ \(GeV)] [%]
10.1:0.1 0.17=0.04

* Data
° Data noise subtracted . | =10.3

Noise ] O/E = 4.7/E @ 0.54NE @ 0.013

¥,

i ATLAS

0.1 02 WE]_S
INVE (GeV ")

@® conejetsize 0.7

=
o(a)

V conejetsize 0.4

Light jet rejection

Electron energy resolution for EM module

B-tagging eff vs
light jet rejection
March 24, 2007 Mike Tuts, Princeton LHC Works
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Pixel barrel

e Silicon pixels
e Silicon strips in barrel SCT (4 layers) & End barrels

e 99.7% channels fully functional

e Transition Radiation Tracker (TRT)
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Tracking performance

Selected figure-of-merit

ATLAS

Rec. Eff. Muons with p;=1GeV

97%

Rec. Eff. Pions p;=1GeV

84%

Rec. Eff. El. p;=5GeV

90%

c(p+) for p-=1GeV n=0

1.3%

o(py)for p=100GeV n=0

3.8%

Transverse o(i.p.) for p;=1GeV

/5um

Longitunal o(i.p.) for p;=1GeV

150um

Mike 2, Fadeton LHC




hieraclion rale
-1 GHz

Bunch cressing
rale 40 MHz

LEVEL 1
TRIGGER

<75 (100} kHz
<2us

Regions of Inferesi

LEVEL 2
TRIGGER

~ T kHz
~10 ms

EVENT FILTER

~ 100 Hz
~ Sec.

March 24, 2007

CALO MUON TRACKING

Fipeline
memeores

Derandomizers

Readout diivers

(RODs)

Readout buffers
(ROBs)

Event builder

Data recording

Mike Tuts, Princeton LHC Workshop
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ATLAS Performance

e ATLAS TDR dates from 1999... needs
updating
e Currently writing “CSC Notes” ~now

e As-built simulation (distortions, mis
calibrations, ~final material, etc)

e New reconstruction algorithms
e New generators

e |In the meantime...

March 24, 2007 Mike Tuts, Princeton LHC Workshop




Performance at Start up

e At start up the detector will still need to be
tuned up

Expected Day 0 Goals for Physics
ECAL uniformity ~ 1% ATLAS < 1%

Lepton energy scale 0.5—2% 0.1%

HCAL uniformity 2—3% < 1%
Jet energy scale <10% 1%
Tracker alignment 20—200 um in R O(10 um)
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Minimum bias particle density drives detector global occupancy even

at « low » £=1033cm2s-"
Uncertainties up to 30% from extrapolation from lower energies

Can be measured in a few days, but should always be kept in mind
when defining startup scenarios (occupancies, rates....)

e (similar issue about underlying event)

=
© o
\E ———  PythioB.214 (CTEQSL tuned) g_
= S I e Phojet1.12 (GRV4L)
© - 7 PYTHIAG.214 (tuned)
LHC predictions o
= PHOJET1.12 (defclult}
6 2
£ B
= A,
© A UAS 53, 200, 546 aond 900 Ge¥ /// .7
5 S
5 © COF 630 and 1800 Gev o
4 - ,f"
¢ //’{"
,-//l:ﬁ(le’z{"" -
3 7
NSD dota 2 "‘__-
® CDF (1.8Te¥) " - 0.023Ir(s) — 0.25In(s) + 2.5
1
O UAS (200 GeV) e 0.27In(s) — 3.2
1
V]
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Reconstructed in
tt—-W(lv)bW(qq)b
e Background W+4;

Early running, no b-tag
6(M;op)—3.2 GeV (30pb™)
e Isolated lepton with P;>20

GeV
Exactly 4 jets (AR=0.4) with
P>40 GeV
Reconstruction: Select 3 jets
with maximal resulting P+ ;
Identify W peak (also useful
for jet energy scale
calibration); select highest p;
2 jet
e o(M,)—0.8 GeV with b-tag ) ot ]
(150pb1) 0 eV
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o 10fb-1
e Backgrounds increased from TDR
e Now need to use lepton trigger

O-lepton 1-lepton

ATLAS Preliminary ATLAS Preliminary

- SUBY

— SLISY

(7] sum of all EG 7 sum of all BG

i tthartlets ' tthar+ Jet=

A VWHlets Y :"--Jc‘.s
T+lels S £+ als

[l QCO real+iaks B QCD baj+cci

T TTT I]

SUSY signal
Mass=1TeV

Count /400GeV/10fb-"

b PO

L, |
4

i,

R

L DO ST, |
. e B ISt |
o ey Sy
N K Y o

m(g.q) ~1TeV

T

A
»

’J"'l"‘"i‘- Al Fa A L
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Evwenk=0.5 Ga 'l 00 !

Example Reconstruction of SUSY Decay Chain
m (@2 Lpa ') = 690, 232,157,121 GeV Il m (/¢j)" spectrum

wa — m (4/) spectrum

®

#

Events20 Geviim k'

ki
]

2

-
end-point : 109 GeV I
exp. precision ~0.3% 0

:__. bl q X 2

m (¢2j)mx spectrum
= threshold: 272 GeV ==
| exp. precision ~2 %

-~ end-point: 552 GeV ]
exp. precision ~1 % 1

/

Events'20 G io0 '

| " m (¢%j) spectrum
ATLAS | end-point: 479 GeV
100 fb-! I “1 exp. precision ~1 %

LHC Point 5

Everis'20 Gal im0 &'
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e Fairly robust with
1fb-1 or less

e Of course 1 month

oo mass TV /X1 X1 Tm.Jg
: [ . W

of data does not
mean 1 month to
get results!
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Lacmmt g BT e Changes since TDR

(no K-factors) A H = 779 5 a1

ATLAS H > ww"” —>‘*Evlv ® NeW Channe|S added -
D ok Su VBF
e M ,>150 GeV could be
visible in 200877

e Lower masses need
more luminosity

e Plot is for ~ 3years of
running at 1/10 of
00 120 140 160 180 200 deSign IuminOSity
i (30fb1)

Signal significance

Total significance

Mike 2, Fadeton LHC



e Many different theoretical variants exist:

Large extra dimensions (ADD)

Randall-Sundrum models with “warped” extra dimensions
Strong gravity at the TeV scale (with Black Hole production!)

e ADD example:

qq N gG("), }/G(k)
qg — qG" jets + BT, v+ ES
gg — gG

) ir\t_[?)z..a.;r (TeV) i;\t__[;gz..a.;r (TeV) in‘__[Bz..-i-n.
LL,30fb~t | HL,100 fb=! || (TeV)

9.1
7.0

~ 4

Events / 20 GeV

E
C Vs =14 TeV :
= jW(ev), jW(uv)

100 fb-t —

JW(tv)

10°

L jz(vy)
= total background

® signal =2 M, =4TeV

signal =2 M, = 8 TeV
A signal =3 Mg = 5TeV
m signal 5=4 M, =5TeV

e M T 0 o S T ! S = 1 P R Y O i Lkl . A
500 750 1000 1250 1500 1750 2000

ETmiss (GeV)
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e Massive data loads demand worldwide computing resources

e Similar overall structure for CMS & ATLAS

e Tier O (at CERN)
Raw data, reconstruction

e Tier 1 (National Centers)

Each host part of raw data, re-reconstruction, derived data sets, analysis
BNL (US ATLAS one of ~10): total ATLAS need in 2008 is 24 MSI2k; 14 PB

e Tier 2 ("Regional” Centers)

Simulations, derived data sets, calibration, analysis
Total ATLAS 2008 need 20MSI2k; 8 PB (5 T2 sites in US)

e Tier 3 (Institutional clusters)

e Computing grid(s) link these sites
e 3 gridsin use (LCG, OSG, Nordugrid)
e Many 10k’s of CPU

March 24, 2007 Mike Tuts, Princeton LHC Workshop




Luminosity upgrade
e 103 — 103 cm2s™
e Silicon dies, radiation damage

Extend LHC mass reach by ~30%

e Less demanding on detector upgrade because of robust signals

Improve on precision measurements
e SM parameters, Higgs couplings
e Parameter measurements for new physics (e.g. SUSY)

e More demanding on detector upgrade because of pileup
environment

Increased sensitivity to rare processes and rare decay
modes

e More demanding on detector upgrade because of pileup
environment

e Both ATLAS and CMS are developing the necessary
R&D in preparation for ~2015 installation

March 24, 2007 Mike Tuts, Princeton LHC Workshop




Conclusions

Construction is winding down, operations are starting to
ramp up
Accelerator seems on schedule

e CERN management seems committed to that date

e Engineering 900 GeV may occur in late 2007

e 14 TeV running start in mid 2008

ATLAS is on schedule for LHC startup

e Commissioning underway
2008 is not far away!

See real data at the next Workshop”? (maybe...but surely
iIn ‘09 workshop)
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MSSM Higgs Discovery Potential

2 Higgs doublets = physical Higgs states are h, H, A, H*

At least one Higgs observable over entire mA-tanf} plane 4 Higgs observable
(covered almost completely already with 10 fb!) N 3 Higgs observable
Sizeable region with SM-like h gets better covered if 2 Higgs observable
include decays to sparticles, but then very model dep. 1 Higgs observable

Septarmbar 2001
September 2001
plember VT

ATLAS+CMS |

Lt=10 67" fexp |
727 Maximal mixing

ATLAS + CMS

SLdt=300 fb™"
Maximal mixing

'./}Zistatisticully combined # SLdt=3000 fb7

/_tth,h—>bb H :
I/gg —> h—=>yy | E h — SM like
> i

LEP 2000

77
o, H=—>tb
o b by b N L
250 300 350 400 450 500
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