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Questions to be

answered:

What is ATLAS?

What it does?

What are the results?

Can it do more?

What are future challenges?




First of all the ATLAS are people who proposed it, made R&D, designed and built it,

developed sophisticated SW tools, operate it and carry out the data analysis!

THE ATLAS DETECTOR ~ 3000 authors!
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BEHIND EVERY GREAT DETECTOR, THERE ARE LOTS OF GREAT PEOPLE!
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ATLAS (A Toroidal LHc Apparatu$)

The Largest High Energy Physics Experiment
45 meters long, 25 meters high, 7000 tons.

Muon Spectrometer: | n |<2.7
Air-core toroids and gas-based muon EM Calorimeter: | n |<3.2

chambers o (p,)/p; = 2% @ 50 GeV Pb-LAr Accordion o (E)/E=10% VE€0.7%
{0 10% @ 1TeV (ID+MS)
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Hadronic calorimeter: | n |<1.7
Fe/scintillator 1.3<| n | <4.9 Cu/W-LAr;
o (Ejet)/Ejet= 50%/E © 3%







Toroid magnets for muon system

Field integral 2-6 Tm |n|<1.3 4-8 Tm 1.6<|n|<2.7 ——— — y

4 Superconducting magnets:

- Solenoid around ID (B=2T;7.6 kA) ' \ /¥ »
- 3 Air core Toroids (with 8 coils each: 22.0 kA) 7
- Btoroid ~0.5-1T



Muon System 4 gas chamber technologies.

Thin-gap chambers (T&C)

Cathode strip chambers (CSC)
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Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid

: ~1200 MDT precision chambers for
— track reconstructlon ( CSC)
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~600 RPC and ~3600 TGC
trigger chambers




Muon System

* Precision chambers : MDT ; CSC
Trigger chambers : RPC ; TGC

« Coverage: |n|<2.7

e Total number of channels: 1.1x10°

« Area: 12000 m3

« Alignment accuracy: ~ 30-40 um

« MDT resolution = 80 um (|n|<2)
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« CSC resolution =60 um (2<|n|
<2.7)

— -

« Momentum resolution (ID+MS)
op+/pr ~10% (pr ~ 1 TeV)
op+/pr ~2% (pr =50 GeV)
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Calorimeters — 3 technologies

Precise energy measurements +
Coverage |n|<5 Trigger for e/y , jets, missing E;

Tile extended barrel

8m

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-¢cap (EMEC)

v S
4000 tons

S

A
S M

LAr eleciromagnetic
barrel

f/h"l“

Electromagnetic Calorimete

Barrel and End-cap: Pb-LAr
180’000 channels:

Hadron Calorimeter

Barrel Iron-Tile, End-Cap and Forward Cu/W-LAr
10 A, ~20000 channels




Lar-Pb EM calorimeter:

« 3 longitudinal layers with different
granularity

« Extra presampler

« 0/E ~ 10%VE

Barrel |[n|<1.475,

*End-cap 1.375<|n|<3.2

Hadron calorimeter

0/E ~ 50%VE®0.03

*In|<1.7: Fe/scint. Tiles (Tilecal)
3.2 <|n|<1.5: Cu-Lar (HEC)
*3.1<|n|<4.9: FCAL Cu/W-Lar
*|n|<4.9

«101 at |n|=0

*3-4 Longitudinal layers
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ATLAS Inner detector

Tasks:
» Precise tracking and vertexing in|n|<2.5,
B (solenoid) =2T
« <hits> in barrel ~ 3/8/30 pixel/SCT/TRT;
+ 0.5Xpatn=0,; 1.1 X, atn=1.8
 e/n separation; coverage: |n|<2

3 technologies

- Si Pixels: 80M channels ; 3 layers and 3 disks ; |n|<2.5
- 106 Si strips (SCT): 6M channels; 4 layers and 9 disks ;
« Transition Radiation Tracker(TRT) : 350k channels ; |n|<2.0

« 2Teslasolenoid o/p;~5x10“p;@® 0.01 (R=1082mm I\

TRT<
\_R = 554 mm

(R=514 mm

TRT

R =443 mm
SCT

A

R =371 mm

LR =299 mm

R=122.5 mm
Pixels { R = 88.5 mm

End-cap semiconductor tracker

= mm /'
4.5 tons " R5(=).§ mm ‘/
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Trigger

o Level-1

Implemented in hardware

Muon + Calo based

coarse granularity

e, M, , T, jet candidate selection
Define regions of interest (ROIs)

o Level-2:

Implemented in software

Seeded by level-1 ROls, full
granularity

Inner Detector — Calo track matchinq

e Event Filter:

Implemented in software

Offline-like algorithms for physics
signatures

Refine LV2 decision
Full event building

HLT *

3

Front End
Fast Custom Pipelines
Electronics
t<2 5us ' < 75kHz
Requested
Data in Rol Readout
L2 <4 | Buffers
X racks
<t> ~ 60ms <6kHz
(40 ms) (3kHz)
Event
Access to Bulder
EF full event | Full Event
Y racks  — Buffers
<t>~(0.6s
(4s) ~500MB/s ~400 Hz
X+Y=49(72) (300MB/s) (200Hz)
Storage &
- Offline
ATLAS 2011 Tngger, end of run .
(ATLAS Design) Processing

@ Collision rate 40MHz
@ LV1 accepts up to 75kHz
@ recorded ~300 Hz

1
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Example of Level-1 Trigger electronics
LSt SRR N S T

The read-out electronics,
trigger, DAQ and detector
control systems

Example of LAr calorimeter read-out electronics

In total about 300 racks with electronics in the
ATLAS underground counting rooms
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10" September 2008, ~10:00 am
After almost 20 years of a hard work
the ATLAS Detector is ready to take the first LHC event on.




Data taking phase (2012)

Subdetector # of Channels Approximate Operational %
Pixels 80M 95.9%
SCT Silicon Strip 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 97.5%
LAr EM Calorimeter 170 k 99.9%
Tile Calorimeter 9800 99.5%
Hadronic endca LAr Calorimeter 5600 99.6%
Forward LAr Calorimeter 3500 99.8%
LVL1 Calo Trigger 7160 100.0%
LVL1 Muon RPC Trigger 370 k 99.5%
LVL1 Muon TGC Trigger 320 k 100.0%
MDT Muon Drift Tubes 350 k 99.7%
CSC Cathode Strip Chambers 31k 97.7%
RPC Barrel Muon Chambers 370 k 97.1%
TGC Endcap Muon Chambers 320 k 99.7%
ATLAS 2012 p-p run
Inner Tracker Calorimeters Muon Spectrometer Magnets
Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid
100 99.6 100 96.2 99.1 100 99.6 100 100 99.4 100

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at Vs=8
TeV between April 4t and June 18th (in %) — corresponding to 6.3 fb! of recorded data. The inefficiencies in the LAr calorimeter
will partially be recovered in the future.
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Delivered Luminosity [fb 7|

Data taking phase

I I [ I I I
10— ATLAS Online Luminosity _ Y e B
— 2010pp G =7 TeV - Q - ATLAS Online Luminosity Vs =8 TeV 3
L 2011 pp\E =7 TeV i > 85 M Hc Deiivered E
8~ =——2012pp\s=8Tev |WPIONWE B 8 75 [_]ATLAS Recorded =
B 6.6 bl € F
- X t 3 TeV 2011 E B Total Delivered: 6.63 " =
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A real challenge in 2012: PILE-UP

NSRS
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0.985H

0.99

0.985
i

Vertex Reconstruction Efficienc

- Zee

0.98

0 5 1

o Zoun

15 20 25 30 35 40 45

"*---__:ff::i—r-_______# . ®  Current reconstruction is performing well

Simulation o The Cha"enge is to:

®  Cleanly reconstruct each vertex

ATLAS Preliminary

i

® Vertex reconstruction in the high track density
environments is a challenging task

e  Our vertex reconstruction efficiency remains very high

®  Select the correct vertex for your each analysis

20



Trigger in 2012

Optimization of selections (e.g. object isolation) to maintain low un-prescaled thresholds
(e.g. for inclusive leptons) in spite of projected x2 higher L and pile-up than in 2011

Trigger rates

Rate [HZz]

—
o
[¢)]

ET T 1 — T T T ' H
= L1: up to ~ 65 kHz v ]
10° ] ] :
10° £ E
- EF: ~ 400Hz 3
102 B ATLAS Trigger Operations 1
LHC Fill 2686 May. 31 2012

C Starting Luminosity] 6.37 x 10> cm2s™" ]

10 & Endlng Lum|n03|ty 2. 91 x 10°° cm 2g™ =
i 1 1 1 1 E

31 06h 31 08h 31 10h 31 12h 31 14h 31-1
CEST Time

6

Lowest un-prescaled thresholds (examples)

ltem p; threshold (Gev) Rate (Hz)
5x1033

Incl. e 24 70

Incl. W 24 45

ee 12 8

MU 13 5

TT 29,20 12

YY 35,25 10

E.miss 80 17

5j 55 8

Note: ~ 500 items in trigger menu !
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It would have been impossible to release physics results so quickly without
the outstanding performance of the Grid (including the CERN Tier-0)

Number of concurrent ATLAS jobs Jan-July 2012

Running jobs
181 Days from Week 01 of 2012 to Week 26 of 2012

160,000

140,000

120,000

80,000

60,000

40,000

20,000

M MC Production
M Testing

Jan 2012

Feb 2012

W User Analysis
|_|Data Processing

Mar 2012 Apr2012  May 2012 Jun 2012

M Group Production M Group Analysis W Validation
[T others

Maximum: 154,378 , Minimum: 35,776 , Average: 110,775, Current: 139,430

Includes MC production,
user and group analysis
at CERN, 10 Tier1-s,

~ 70 Tier-2 federations
- > 80 sites

> 1500 distinct ATLAS users
do analysis on the GRID
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o, [GeV]

d, core width [mm]

Inner detector performance
Tracking: combined Pixel, SCT and TRT (low level threshold)

Tracking Alignment
B T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ] > : T I T T T T I T T T T I T T T T I T T T T I T T T T :
0.14~ ATLAS Preliminary ~4-Daa:2010 & 3oo0f- © Spring 201t alignment - 1 ATLAS Preliminary -
0 12i Js=7TeV A MC: Prompt Jiy j g E O Summer 2011 alignment 7 Data 2011,\'s = 7 TeV E
Tr det=78nb'1 : 8 2500 Z — uu MC oot =
0.1 - K m e det:O.?O b
0.08— . I C E
- — ] ﬁ - 1.05< n.< 25 ~ ¢ .
B _ 1500~ 1.05<m .<2.5 ° ® M ]
0.06— ] - " o Z->UUn
C ] C ° o ]
0'04} ———— { 1000:_ 080 O(.)o _:
0.02/ e 5001 o o E
0:1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1: _I 1 1 1 1 1 1 1 I 1 1 i 1 I 1 1 1 1 I il ] I :
-3 -2 -1 0 1 2 3 %o 70 80 90 100 110 120
"max M,., [GeV]
0027 =
0'018;_ ¢ Data 2011 _;
0016 iuition : E P, scale well determined
- Vertexing = 0
0.014- e « at < % level at low P,
0012 TS - at % level at P.~100 GeV
F — g oo -
001 ——, T T =
0008 E Vertex accuracy:
0.006 — ATLAS Preliminary - e~ 10 um
0.004— \Jsng =
_ p.\'sin6>20 GeV = -
00025 T E Data close to MC and close to design
= \ | L1 \ \ ]
% 2 1 0 1 2 3
n
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Inner detector performance
Particle identification with TRT (High level threshold)

W-> ev event display TR hit probability
- < N :/,,(\ \\\ \\\ .é‘ 0.3_ T T TTTTIT T T |IIIII| T T |l||||| T T IIIIIII III ]
N\ 3 - .
8 0.25F - E
g_ - ATLAS Preliminary %g .
— T 0.2 -
= S : TRT barrel -.3’8 E
3 0.i5. *® Data2010 Ns=7TeV) . =
= O Monte Carlo © .
< 06 .
(@)} — _
T 0'1_ ¥ ]
- » * .
0.05]~ Soeevessesseueee®™s™  © =
- + v factor -
0_ 1 1 ITIIIIl 1 1 ITIIIIl 1 11 IIII| 1 IIIIN 1 1 IIIIIIN B
10 102 10° 10* 10°
1 10 1 10
Pion momentum [GeV] Electron momentum [GeV]
) L o e I PP LA L L B B L ]
= - Pion rejection ATLAS Preliminary -
30; - Data 2010 s =7 TeV) |
© - 4<p<20GeV
o = A |
o
@_, A
E 10-1? A Y A ?
5 - * ]
-8 : X v M A :
(o} - e
9, A Simulation X v A v
2]
€ 102 v Data 2010 Ns =7 TeV) ]
C - v 7
o) - ]
o Cov b b b b by b e b by byl
0O 02 04 06 08 1 12 14 16 18 2
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EM-Calo Performance

Fine granularity makes it a powerful identification instrument to suppress jet — background
including jet 2 n° - fake y (cross sections are 10%-107 larger than yy background)

B 1

S — 0 =STrIPS

Measurement of the photon direction
with calorimeter allows to define Z of
primary vertex with accuracy of ¥ 1.5 cm Z



EM-Calo Performance

1.005 , : : , |
: : 1.004f- RMS: 0.054% ® W—ev Efp £
Present understanding of calorimeter: 1.003F- n;ms; o5 O Zeeomimass |

*E-scale at m, known to ~ 0.3% 1.002
1.001

—
L AL

eLinearity better than 1% (few-100 GeV) £+ ;* 15 # ?t ;W |

*“Uniformity” (constant term of resolution): ~ 1% 0.999f:- L - 1 :

Relative energy scale

lll[llll[]

Ill‘r‘l‘l‘l&‘r‘l‘...

(2.5% for 1.37<|n|<1.8) 0.998F- E
. 0.997 - ? =
*Very well described by MC model . Data 2011,Vs=7 TeV, [Ldt =4.9 b

0.996 | o =

= ATLAS Preliminary ]

0.995" ‘ : : : : : .
01/03 01/05 01/ 07 31/08 31/10

Date (Day/Month)
> 2000 T T Y s 1000 e e
G 1800f ATLAS preliminary 1 & goof ATLAS preliminary E
To) [~ -1 - ~ - _ -1 .
£ 1600F- Data 2010, \'s=7 TeV, det~40 pE) =y BOO;Data 2010, \s=7 TeV, ﬂ_dt==40 pb E
2 1400F v, = 3080:2 MeV 4 5 700 04,=1.62:0.09 GeV hi<1.37 =
%’ 1200:_ Mue = 3083:1 MeV = 600_0 c =1.45+0.02 GeV [ : —e—Data E
o - Oy, = 1322 MeV = - . 1
W 1000F oy = 1341 MeV N 500 |E]Flt 3
- 3 - Z—eeMC
800 . Data E 4005_ -
600F- — Fit = 300 E
- [JJAypy—eeMC . = 3
400 pa Background from fit E 2005 =
200 = 1001 , _ E

0] 15 > G 3 35 4 % 75 80 8 90 95 100 105 110

Mg [GeV] Mg, [GeV]
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Hadron calorimeter performance

Jet resolution (Lar+Tilecal (|1 |<0.8)

o

= 0.2

F Data 2010 Vs =7 TeV —o—

% 0.18 anti-k, R = 0.6 cluster jets EM+JES
016 0.0<lyl<0.8 — GCW

—— LCW
—— GS

Diff % (Data-MC)
o
P
tetam
s iy
el
» o
P13

- 30 40 50 60 70 80 90160 200 300 400 500
(P, +p, )2 (GeV)

Resolution close to design:
« constant term ~3% at ~2TeV (GCW/LCW/GS
calibrations)

Pile-up effect:

« worsens low pt resolution by ~20%.
« Improvements expected after pile-up corrections
for in-time/out-time bunches/noise threshold tuning

Good performance, agreement with MC
» thanks to >10 years test-beam, cosmics.

<E/p>

DATAMC

E/p response in Tile had. calorimeter

Number of Primary Vertices

0.9:_ L B LA B TV 7T LI | Tyrryrrrrrrrry ]:
0.8E =
2011 =
05E- TN L SR Ab g B =
- T._:r.—’.rﬁ et oty = -
0.4:;:—° = —— = 8= —~:
0.2; —;
E ® Data2011 =
0.1 ® MC 2011 —
Alpsepess ; g sbigsmens e (e ey ey oy B
I:;'_ So e et e ipet e L 0.8 =
ok ) AL ] [i} 1 B :]

— 80T o e

> - ATLAS Preliminary 1

2 [ \s=7TeV, Data 2011 ]

'K 60 m_ 1<03,D__>1us -

[} , |

25 - ——35=su<45 ]

WE 40 —#—45<u<55 ]

- 4+ 65su<75 =

20~ o

i ——— ]

L e v |

0] ey .

| e i

e Effect of Pile-up il

20— -

‘ 11 ‘ L1l ‘ L1l ‘ 111 ‘ ‘ ‘ ‘
1 2 3 4 5 6 7 %7
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Hadron calorimeter performance

Understanding detector performance basic ingredient of all physics analyses,
Jet Energy Scale is one of the main systematics of precision measurements and searches

Z > ee: PT'L"% P, Jet

EA ‘m; E ‘-“ 1
—

- Mean Pt balance PUET 18 Data/MC Scale Factor

b ‘ »

- | e [ /
Q008 e o i - ‘ = o 4
- — 0.98 I I , - ad

°’ L » ~
: gt ]
08 ’ -~ 0.94 |
. , I .s-?rov.ILa.-s.rro'
1Is=7TY, JLAt=47D a
08 ™ - 092 anb-k RO A4 EMWJES
anti-k, R0.4, EM+JES ‘-n:' 0.9 ¢ Data 20N
. o Data 2011 ~ Total uncertainty
2 Zi-»e'e) (PYTHIA) 0.68
07
L 0.86
20 30 40 5060 100 200 0505 = =50
1
P [GeV]

Py [GeV]
Data/MC in situ Jet Energy Scale determined with 2% accuracy above

25 GeV and constrains JES uncertainty down to 15 GeV
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Events

Transverse momentum resolution (%)

Muon Spectrometer performance

3

300?110| T T T T I T T T T I T T T T T T T T T T ]
FATLAS Preliminary 1 |
2504~ Data 2012 (Vs = 8 TeV) JLdt=5.11b -
L[] Z—>pu -
200}~ 7
5 72> UMY -
150 -
100 -
50} ] _ ]
[ Mass resolution™ 2 GeV ]
OM PR BT Mw o

~99%

70 80 90 100 110
m,, [GeV]

1417 ) B B A R L L N
iof ATLAS p,=100GeV -
10:_ = Stand-alone 03< <065 -

B o Combined N
8 —
6; ;“'}4 —f
4;_ . "}"@ .+$ * —;
2?%@ ﬂ*‘*-%hﬂ aik ﬂm
e s e

eoo

> N T ] I L T 1 _
g 1= =]
g 0 98: -
W Rt e 22 WU % -
0.96F -
0.94— -
" f Ldt =2264pb”
0.92|— = —
m Z“)(E” . 2012 data, chain 3
09  *cdaa ATLAS Prellmmaly—
1.02F ‘ e =
€ 1o 3
g 1 * T evetevvse .
S 0.99 :
0.98 : ——

0O 5 10 15 20 25 30 35 40 45 50
)

Muons reconstruction:

* reconstruction efficiency ~ 97%, ~

to p;~ 6 GeV and over |n|~2.7

flat down

*op;/p; close to design up to ~100GeV:
- At low P, mult. scattering in ID dominate (~2%)

- TeV region improvement after better alignment

*Good agreement data-MC
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Some physics results: standard Model cross sections

- ATLAS Preliminary

[T III|II|

LHC pp {5 =7 TeV
Theory
® Data 2010 (L =35 pb™)
0 Data2011(L=1.0-4.7 b7

[T IIIIIII

LHC pp ¥s =8 TeV
msm Theory

» Data2012 (L=5.7fb")

I IIIIIII| I IIIIIII|

[T IIIIIII




Entries / 50 MeV

Some results: Muon Resonances

Trigger
—— EF_2mu4_DiMu

[0 EF_2mud_Jpsimumu
EF_2mu4_Bmumu

EF_2mu4_Upsimumu

# EF_mu4mu6_Bmumu

W(2S)

—e— EF_mu20

Vs =

TeV det~
| 1 1 1 | 1 1

I EF_mu4mu6_Jpsimumu

[ EF_mu4mu6_Upsimumu

231"

T

Y (1S)

LAS Preliminary

N

4 6

New Resonance!!

Xp(3P) ->Y(1s, 2s) y

8

wy Candidates / (25 MeV)

B. observation

ATLAS Preliminary

oy

@
o

Events / ( 7(

-
<}

f Ldt=43"
\Vs=7TeV

+

3 401 my =6282 2 7, MeV
— Ng =82+ 170
n 20 0e36s 9(51,::1 Nev +
= O5gg0 6000 6200 6400 6600 G800
= my, . (MeV)
i .
E —4— Observed CLs
- B = > lJ. u E ----- Expected CLs - Median
‘H.E - - Expected CLs = 16
- 107 = l:| Expected CLs + 20
3 | ATLAS
3 10*= Preliminar
7 = 14
- F Vs=7TeV
7 - f Ldt=241"
— 10° =
oo b b L
1 2 3 4 5
BR(B{—uw)[10°]
I A
70—  ATLAS S 220 T T T T T T T
= det 441" g 2005 ATLAS o Data:Y(1S)y —— Fitto Y(1S)y 3
60; . baa 8 qg0b Ldt=4.4fo" | & DataY@sy — FitoY(sy E
C g o A Background to Y(1S)y
50 — Fit @ 160 E
E Unconverted Photons o E L e Background to Y(2S)y
Eo T e Background © 140F E
401 2 1200 Convgffed Rootons 3
- C | |
E S 100 B
30 o ; E
- S t f
= = 60 YRR NTVEE_ e LY £Y) 4 =
................ 40F /. } \
P U 200 XA
- o6 AR R N PR | T3
e . . . . . . . 9.6 9.8 10.0 102 104 106 10.8
9.6 9.8 10.0 102 104 10.6 m(y) - M) +m (Gev]
my) - m'p) +m TR My
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Events / GeV

Some results: Searches with leptons

SSM limits  E_, Observed Expected
Z’>ee,un 8TeV 2.42TeV 2.41 TeV
.7’ ’. ,
Heavy gauge boson: Z’, W’: Z’See,un 7TeV  221TeV  2.26TeV
W ->ev,uv 7TeV 2.55TeV 2.55 TeV
' >Ttt 7TeV 1.3 TeV 1.4 TeV
10" g T —3 5 F L I I
e ATLAS Internal &IData 2012 o 1‘ < --- Expected limit |
Zi* 3 3 s=8TeV +1g 3
5 Ldt=4.0fb" ODiboson = ©F Z |l e
107 ¢ I E i Expected = 20 1
=8TeV [W+jets, dijet 3 AL — Observed limit _|
10° ® andy+jet 3 10°7 E ' 3
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Summary of Beyond Standard Model searches:
TeV limit reached in many cases!

- 95% CL Lower Limits (Status: BSM-LHC 2011)

ATLAS Searches*
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A new state with M~126 GeV

compatible with SM Higgs Boson

— T T T T T T T T T T T T T T T T[T T T

Selected diphoton sample
o Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

--------- 4th order polynomial
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A new state with M~126 GeV
compatible with SM Higgs Boson
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Local Significance

Combined results: The Excess!!!

Excellent consistency (better than 2o !) of the data with
the background-only hypothesis over full mass spectrum
except one region!
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What ATLAS can do for the physics with

non-standard particles in a final state?
A few examples:

. 0.3 T
Search for monopoles: : :
8] 0.25 -
3 - ATLAS Preliminary + * ]
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\ = . : -QO
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What ATLAS can do for the physics with

non-standard particles in a final state?
A few examples:

Search for particles with anomalous ionization:

Many subsystems provide dE/dx information on the particle track
Pixels, TRT, LAr-cal, Tile Cal, MDT — A powerful tool discovery instrument!
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What ATLAS can do for the physics with

non-standard particles in a final state?
A few examples:

Search for slow particles.
[3 is measured in 3 systems Tile Cal, RPC and MDT.
A combination all detectors allow to measure § with accuracy ~3.5%

3 3
5200?11|0||"w"w"w"'ilu ] = §<.1.0.|...|...|...|...
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2 160:— Tile Cal. A 2 7 Tile Cal. + MS
S - IL‘“=4'7“"1 ' . S i J-Ldt=4.7fb'1 . ]
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LHC plans (LS1, LS2, LS3)

2009 « LHC start up, vs = 900 GeV
2010

2011 \s=7-8TeV, L=61o 81 OS“O’c:m'zs',1 bunch spacing 50 ns

2012 ~25 fb !
2013 « Go to design energy, nominal luminosity

2014

2015 ®=13-14 TeV, L = 1+10 cm’s. bunch spacing 25 ns

2016 (likely to be more) p
2017 ~50 fb
2018 « Injector & LHC Phase | upgrade to full design luminosity

2019

2020 's=14 TeV, L = 2.1 034cm'zs': bunch spacing 25 ns

2021 (likely to be more) ~300 fb !

2022
2023

HL-LHC Phase-2 upgrade, crab cavities?, IR

Vs =14 TeV, L = 51 034cm'2é1, bunch spacing 25 ns -
Plan for 50% more
41
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SLHC

Conditions

* sLHC beyond ATLAS design specification (103* cm2s-1).

* Interactions per crossing: design 23 ->80 Phase-I -> 200 Phase-lI.
* High radiation, harsh environment.

* Higher occupancy in the detectors.

What for it is needed?

Higgs studies:

— 300 fb-1 : observe all H decay modes

— 3000 fb-1 : precision measurements of Higgs properties
e Mass 0.1%, width and rates < 10%
® Couplings (WWH, ZZH, ttH) 10-20% -> 5-10%

With 3000 fb-1, we can increase the mass range for:
— Boson-boson scattering
— SUSY (exclude or extend the kinematic range)
— New gauge bosons: Z’, W’
— Compositeness
— Extra-dimensions
— SM physics (TGC)
ATLAS is already preparing to run at a much higher luminosity in the

forthcoming years, a new challenge to overcome the present limits .



Phase-0 (installation 2013-14)

Main Improvements to Physics Capabilities
. New small Be pipe

. New insertable pixel b-layer (IBL) (drives shutdown schedule)
. Finish the installation of the EE muon chambers staged in 2003.

. Add topological processing in level 1 of trigger

o A W N B~

. Improve L1 trigger readout rate to 100kHz

Important!
IBL preserves current physics performance at high pileup

43



Phase-I (installation ~ 2018)

Major Projects New muon small wheel

New muon small wheels with more trigger o
granularity and trigger track vector information.

Higher-granularity calorimeter LVL1 trigger and
associated front-end electronic.

Fast track processor (FTK) using SCT and pixel hits
(input to LVL2) expected installation before 2018.

Forward physics detection station at 220m for
new diffractive physics (full 3D edgeless and
timing detectors, target 2017).

Topological trigger processors combining LVL1
information from different regions of interest
(improvements starting well before 2018).

B and C - background
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Phase-1II (installation 2022-23)
Upgrades:

New Inner Detector (strips and pixels)

New LAr front-end and back-end electronics
New Tiles front-end and back-end electronics
TDAQ upgrade (add level O to the trigger?)

Under study:

LAr new FCAL

LAr HEC cold electronics consolidation

Muon Barrel and Large Wheel system upgrade
L1 track trigger

LUCID upgrade
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Conclusions

An excellent detector with a great discovery potential built and
successfully operates exceeding designed limits.

Many SM results and exiting discovery already now.

No sign of a new physics up to 1 TeV mass region (will be extended in
many cases up to 2 TeV and more by the end of 2012).

New break through may happen after long shutdown (2013-2014)
when energy will rise up to 13-14 TeV in CM.

Years 2018-2022 luminosity production up to 300 fb.

Significant extension of the rate capabilities after detector
modifications in 2022.

Years > 2022 detailed studies of known by that time particles and

search for rare events. Ny



. 'We managed to catch one!

What next?
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