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Summary: Challenges

High event rate and pile-up

— High granularity: typically 10x more channels compared to
present detectors

Timing/synchronization of 108 channels is non trivial
Event size (> 1 Mbyte)/Computing

— Limit event rate to 100 Hz, use the Grid

Trigger reduce event rate from 40MHz to 100 Hz

— Multi-layered trigger system and pipelined electronics

Detectors need excellent hermeticity (missing ET), lepton
identification, B & Tau identification, jet measurements...

Detectors must be radiation hard and reliable for ~ 10-20 years...

Can it be done?






General Purpose Detectors at the LHC

ATLAS A Toroidal LHC ApparatuS CMS Compact Muon Solenoid

In total about

~100 000 000 electronic channels
Each channel checked

40 000 000 times per second (collision rate is 40 MHz)
Amount of data of just one collisions

>1 500 000 Bytes
Trigger (online event selection)

Reduce 40 MHz collision rate to ~100 Hz data recording rate
Readout to disk

100 collisions/sec = pentaBytes of data/year



The CMS Collaboration: >3000 scientists and engineers,
>7/00 students from 182 Institutions in 39 countries .
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The Modular Design of CMS

ya7° g n<>
SUPERCONDUCTING ’ CALORIMETERS |
COIL ECAL HCAL U
scintillating
PbWO4 crystals Plastic scintillator/brass
== sandwich
IRON YOKE
TRACKER
silicon Microstrips tEEE
Pixels T - 8!
[ = I T
Total weight - 12,500 t i / — HH[?SAPS ==
Overall diameter - 15 m E
Overall length - 21.6 m MUON BARREL d
Magnetic field - 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers (CSC )
Chambers (DT)  Chambers (RPC) Resistive Plate Chambers (RPC)

Acceptance: Calorimetry [n| <5.0 Tracking |n|<2.4
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CMS Detector Design Priorities

Expression of Intent (EOI): Evian 1992

1. Arobust and redundant Muon system

2. The best possible e/y calorimeter consistent with 1.

3. A highly efficient Tracking system consistent with 1. and 2.
4. A hermetic calorimeter system.

5. A financially affordable detector.



" Compact Muon Solenoid (CMS)_..

Letter of Intent (LOI): LHCC, TDR in 1994
... Strong Field 4T

sss m GOmMpact design

4.645m

ws0m  O0lenoid for Muon P,
200m  trigger in transverse
plane

_k 2864

“rmem - Redundancy: 4 muon
stations with 32 r-phi
measurements

APJ/P,~ 5% @1TeV for
~¢ , reasonable space

e resolution of muon
Center of LHC
chambers (200um)

Transverse View



I CMS Solenoid —

Successfully

The largest high field solenoid magnet ever build!! tested in
: August '06!!
Magnetic length 12.5m
Free bore diameter 6m
Central magnetic induction 4 T =100,000 times earth magnetic field
Temperature 4.2 degrees Kelvin =-269 degrees Celcius

Nominal current
Stored energy
Magnetic Radial Pressure

Current Lead and Vacuum Chimney
Longitudinal Tie Rod

‘ Vacuum Vessel

CMS ALEPH factor




Construction of CMS (=2002)
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The CMS Central Tracker

—

e 200 mZ silicon detectrs
(~ tennis court)

e ~ 10’ read-out channels:
silicon strips




i
Installation of the Central Tracker in CMS
—

December 2007




Pixel Tracking Detector

. In total 7.10" read out channels
@\ ~ photo camera with 70 milion pixels
2 taking 40 million photos per second!!

p >



"The CMS Detector: Ca W

ECAL: Barrel 36 super modules/1700 crystals
Endcaps detectors completed in summer 2008
Total of ~70000 crystals for this detector

Lead tungstanate.
Transparent like glass
Heavy as lead!!

Central ECAL installation in CMS

Hadronic Calorimeter (brass/scintillata
completed in 2006
Lowering in the experimental hall
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Calorimeter Resolution: eg. for Higgs

» Excellent energy resolution of EM calorimeters

for /Yy and of the tracking devices for u in
order to extract a signal over the backgrounds.

H — vyy bad resolution

/ H — vy good resolution

background from

/ pp —>YY

Example : H —YY

My



"CMS: Lead TUHQSW

If the Higgs is light (115-120 GeV) /
then one of the most promising W
signals is H—=yy (i.e. 2 photons) \

A |

8000

100 fb-1

~l
o
o
o
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o
o
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Events/500 MeV for 100 fb!
3
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The CMS Detector: Muon Detectors

250 Drift tube chambers
172,000 channels

468 Cathode strip chambers
500,000 channels

912 Resistive plate chambers
160,000 channels

Total area ~ 6000 m? ie like a

football field

b




Elements of Muon Detection

calorimeter

tracker

Measure p,, in
solenoid field

Absorb hadrons
E .« from ionization

Measure p,, using
(a) toroid field
solid or air core

or (b) solenoid
return field

Detector Layer —
multiple planes of
(a) coordinate
measurements
(b) fast counters




Muon Reconstruction (Momentum Res.) _

« Stand-alone Muon Reconstruction
— Muon system only

* Global MuonReconstruction
— Muon system + silicon tracker

e 1¢ % -

8 [ < [

< .-
0.0<n<0.2

o Full system
® Muon system only
Inner Tracker only

e Full system

® Muon system only
Inner Tracker only
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CMS Today: Closed and Ready for Collisions

—




24 m

— ATLAS Detector —

45 m/\

-~ N

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



" The ATLAS Collaboration ...

.. not just a complex detector, but also a very large community of physicists,
engineers, students!

N i
\ e,
Argentina Morocco 4 o

: ,‘ ‘?’* i
Armenia Netherlands "i\ T . ' \. X v ,%
Australia Norway ‘,iﬂ B\ @
Austria Poland > 2 -oa%
Azerbaijan Portugal ‘ T Sengps W
Belarus . Romania ' RS
Brazil Russia Oy N
Canada Serbia S
Chile Slovakia : .
China Slovenia | Aug 2010:
Colombia South Africa f'
Czech Republic Spain K o .
» ~ 3000 scientists, from

L R \ ~
' HLAS - 174 institutes, from
Collabonration

e 38 countries, from

* from all continents




The ATLAS Detector: An Overvig%

EM calorimeter:
LAr/Pb according

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter Stru Cture
ely trigger
* 46m length, . PN
J " identification +
« 25m diameter, - measurement

« 7000t weight ~— Hadronic calorimeter:

Super-conducting
magnets:

2T Solenoid (7.6kA) , \
3 Air Core Toroids |
(22 kA, peak field
strength up to 4T)

central, W(Cu)/LAr in
fwd region

Trigger and measure
jets + missing E;

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Inner Detector: ~108 Si Pixels, 6 - 108 Si Strips, Transition Radiation Tracker
(TRT) — Xe-filled straw tubes interleafed with PP/PE foil for Cherenkov light:
precise vertexing, tracking, e/x separation
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ATLAS Installation —

Cavern

92m
underground

55m long
32m wide
35m high
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Inner Detector

Tracking [n|<2.5 B=2T

<

Silicon pixels (Pixel): 0.8 108 channels

Silicon strips (SCT) : 6 10° channels

Transition Radiation Tracker (TRT) :
straw tubes (Xe), 4 10° channels
e/t separation

o/p; ~ 5x104 p; @ 0.01
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Calorimetry

Tile barrel Tile extended barrel

LAr hadronic

end—cap (HEC) R s "'

LAr electromagnetic

LAr eleciromagnetic
barrel

]
Electromagnetic Calorimeter barrel,endcap: Pb-LAr
~10%/VE energy resolution ely
180000 channels: longitudinal segmentation

Hadron Calorimeter
barrel lron-Tile EC/Fwd Cu/W-LAr (~20000 channels)

o/E ~ 50%/E @ 0.03 pion (10 A)
Trigger for ely , jets, Missing E;
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Thin-gap chambers (T&GC)
- ‘» Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid

uon System

Stand-alone momentum resolution
Apt/pt < 10% up to 1 TeV

2-6 Tm |n|<1.3 4-8 Tm 1.6<|n|<2.7

~1200 MDT precision chambers
for track re '

trigger chambers
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Forward Detectors

—
AiLAS

4SK14K

MEB MO DFEA MBEW DFBZ MOXA MQxB MaXa TAS A5

:HHHF E_ NN

2423 5807 3067 2> 05 1585

Luminosity Cerenkov

Integrating Detector
Zero Degree Calorimeter

Absolute Luminosity
for ATLAS
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Closure of the LHC beam pipe ring
on 16" June 2008 (the last piece was
the one shown here in ATLAS)
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% ATLAS |
2 EXPERIMENT |

2010-03-30, 12:59 CEST
Run 152166, Event 322215

Collision Event at 7 TeV with Muon Candidate

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




ATLAS Trigger ...

Trigger and Data Flow Architecture

Interaction rate
~1 GHz CALO MUON TRACKING

Bunch crossing
rate 40 MHz

—| Pipeline

LEVEL 1 memories

TRIGGER
< 75 kH=z

Regions of Interest | | R:gg gl)-lt drivers

Event builder

EVENT FILTER Full-event buffers
~300 Hz prooessor sub -farms

Data recording

Level-1:
- Implemented in hardware,
*  Muon + Calo based, coarse
granularity
* e, u,x, T, jet candidate selection
Level-2:
Implemented in software
Seeded by level-1 ROTs, full granularity
Inner Detector - Calo track matching

Event Filter:
*  Implemented in software

Offline-like algorithms for physics
signatures

Refine LV2 decision
Full event building

—

High
Level
Trigger

HLT



-!New:) Forward detectors in ATLAS/CMS

TOTEM -T2 CASTOR ZDC/FwdCal TOTEM-RP FP420

LA

147m -220 m

IP1

ATLAS

ZDC ALFA/RP220 FP420



The LHC Detectors are Major Challenges

e CMS/ATLAS detectors have about 100 million read-out channels

* Collisions in the detectors happen every 25 nanoseconds

 ATLAS uses over 3000 km of cables in the experiment

* The data volume recorded at the front-end in CMS is 1 TB/second
which is equivalent to the world wide communication network traffic

* Data recorded during the 10-20 years of LHC life will be about all the
words spoken by mankind since its appearance on earth

* A worry for the detectors: the kinetic energy of the beam is that of
a small aircraft carrier of 104 tons going 20 miles/ hour

/ %3 Object Weight (tons)
_f i A Boeing 747 [fully loaded] 200
b 4 Endeavor space shuttle 368
A ATLAS 7,000
b\ Eiffel Tower 7.300
i\ 1 ~USS John McCain 8,300
A\ CMS 12,500

| CMS S|I|con tracker |

ATLAS pixel detector



m! and CMS Operation ﬁi“



" CcMS Sub-detectors Status

PIXEL TRACKER

STRIP TRACKER

PRE-SHOWER

ECAL END-CAP
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ECAL BARREL |
HCAL FORWARD i
HCAL ENDCAP ]
HCAL BARREL ]
MUON-RPC i
MUON-DT |
MUON-CSC :
90 91 92 93 94 95 96 97 98 99 100
CSC DT RPC BARREL|ENDCAP BARREL
RD CAP R R R
Séries1| 98.5 99.8 98.8 99.9 100 99.9 99.3 98.9 99.8 98.1 98.2

Alignment/calibration status, dead/masked channels mirrored in MC



Trigger/DAQ

—
- L1/DAQ

— L1 ~ 45kHz; Event size at DAQ 500 kB/evt (after compression in High Level
Trigger ~250kB); 200-400Hz of data to storage.

— Timing has precision of 1 ns or better
= All L1 triggers have high efficiency and sharp turn-on curves

y
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'CMS preliminary 2010.
Ns=7Tev

0N$ Preliminary:

L1_SingleJet6U

L1_SingleJet10U
L1_SingleJet20U
L1_SingleJet30U

L1 E/Gamma Trigger

Efficiency

o
(00]
Efficienc

O
8
I I

Conversions Electrons

e

L1_SingleEGS5

o
o

e ECAL Barrel
o ECAL Endcaps

o
N
[

0.4

: Efflc,lency
0_2__“... N NOTONOON S 02; fO!'lec ]EtS




Data Processing, Transfer and Analxsis —

Excellent experience so far: the whole offline and
Computing organization + GRID infrastructure

Performing very well.
" Hour'ly Peaks to Tl. -1s. of 600MB/S

600 =

: e : ]
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mop =il : : “mi
: dl : I|||| I

i 1 el | II|.I'. ||I || | |||,||||| |||||
Mlgas o2 mazt

TRt || MTH a2 Bl H
2010-07-11 2010-07-12 2010-07-13 2010-07-14 2010 07-15
Time

Terminated jobs
30 Days from 2010 06- 15 to 2010 07-15

Routmely >100k Jobs per daw

nnnnnn

3010 06- 172010 06- 202010 06 232010 06- 2!010 06-292010-07- 02010 07-0%010-07-082010-07-112010-07-14

| Express FEVT Latency | Entries 44185
M 60.46

2 - | AMS _ e3s2

F2000};

o) 1

(7] H

20000,

5 i

5%000/i| Mean is 60.5 minutes
soooll| Target is 60 minutes

40001

2000
O-I.\’LL‘\\_LAJ..x.JA_L‘

0 200 400 600 800
Latency to CAF (mins)

Change of slope

with ICHEP
and FastSim

| 250M New /

Events Written
-
o

05

Simulated Events
per Month with T2
and T3

00 = <
Thu 07 Thu 04 Thu 04 Thu 01 Thu 29
Jan 2010 Feb 2010

Thu 27 Thu 24
Mar 2010 Apr 2010 Apr2010 May 2010 Jun 2010

>1000 different individuals submitting

600
Jjobs
480
360
240

120

— |Individual Users

0]
36 39 42 45 48 51

2 5 8 11 14 17 20 23 26



Tracker Performance —

s=7TeV

-0
=}
s
3
5
o
2

In

1o

g ?1"1!["7']‘] :']olvvlIVI[I]!'I!l"l']llr']lll’: $22006_||I||'||||||I||'|||I’lllllll|l'Illllllllllllll— E 10: c”""""“""zo'o :;t:w"':[;--,.re:ta
-~ L . d ogun - -1 o - O reference a
Z 30000 Pixel Barvel - £ 20000 41 3 oF
g r MC ] LU 18000:_ _:_ g 85 - - -— Extrapolation .
= - J . 3 CMS prelimina i 5 = . . E
172 — — C ry ] = - $E-k.c e
2 25000 p -+ DATA ] 16000 Data - 2010 1 E sE F: ke 2008 20000 =
5 20000" N T 140005 1|\;|IIEV 19.4 el : S é
. 100 - r . o . > — -
o C } i . 12000 = 65 3
o r wh ] - 1 © 5E —
£ 15000/ ! : - . 10000 E g
= § . ] 8000F = 4F
u | . - 3 =
10000} i j - 6000t E 3
- Tr‘ e s B 4000F- si l/nois E 25_
000 plxgl cluster charge-  2000- gnal/noise S i
: L M“ : OI:A—A—I—L':IIQIIIIIIIIIIIIIII AAAAAAAAAAAA | - H '--....l.
N R ; . 10 20 30 40 50 60 70 80 90 10C 5 : AT
0 10 20 30 40 50 60 70 80 90 100 (o)
normalized cluster charge [ke] Signal-To-Noise 005115225335 4P?é2v;5
10‘S
—0.15% i ' 10°
§ Srrr T é:lv'ls‘ Plrellin;inlar'y S B CMS Prehmmary ° Ea::_ 8 b g i CMS Prellmlnary I -I D;:ta -
© 10° Ns=7Tev PR Ns=TTeV EPythia8 | ~ 100 \s=7Tev E@Pythia 8
&) X £
— = Data [&] >
= 10° @@ Pythia 8 "_E o1 I(—E
- y—
% 10* o ME
S 2 k=
= 10 Pt spectrum = £ 50
o Z0.05 >
5 102 : Z
O
€ 10
=
1 0
0 5 10 2 0 2 S 0 2

Track p (GeV) Track Pseudorapidity Track Azimuthal Angle



I ——

Tracker Tomography a—

Material studies with conversions and nuclear interactions

o
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‘:':, L2l —0.005 TIB Barrel:
2. R e |z|]<26.0cm for
= A R<20.0cm.
(&

—0 |z|<66.0cm for
nucl. int.,, Data\s=7TeV x (cm) R>20.0cm

Understanding of the material distribution is important !!
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Resonances

—
) —> AK2 E_ D 2t —> An? |
AK- or anti-AK* Invariant ¢ A Invariant mass
mass A - tracks displaced from

primary vertex
(dsp > 30)

« Common displaced
vertex (L;p > 100)

« combinations fit to a
common vertex

No [ | | | | l 1 | T | ] I | T 1 ] N No | L T ] T 1 T T ] T T 1 T I T T T T I
S W‘ CMS Preliminary S CMS Preliminary

v | Yield: 187.6 + 19.9 . o | Yield: 2344.8 + 58.2 |
= 100 Mean: 1672.2+ 0.4 MeV/c® _ = i Mean: 1321.92 + 0.09 MeV/c? |
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~ L Statistical uncertainties only - | Sigma: 3.24 + 0.09 MeV/c® |
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Charm Production

—_—

Candidates/0.1GeV

Events/10 Mev/c?
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MC Normalized to Data

B-Tagging

3D impact parameter value and significance (+zoom
into £2 region) for all tracks with Pt>1GeV belonging track
to jets with pr > 40 GeV and |n| < 1.5 (PFlow Jets
anti-k; R=0.5).

interaction pr"i’m_,ary vertex -

jet axis

Excellent alignment and general tracking performance

CMS Preliminary 2010 CMS Preliminary 2010 CMS Preliminary 2010
T

©
T 1T 1T TT 1T T | T o H T | T 1T | L | T T T H S [TTTTTTTTTTTTT l T T 17T l T T 1T I LI I IIIIIIII ]
RN RERERRRS RN R = g T R1200F +DATA

IMC n ht) = B IMC n%ht) 10 1. @MC (light) |
10? @MC cﬂarm) EMC (charm) | o r I @MC (charm)]
BEMG (botom) - 10k EMC bottomg—: = @MC (bottom)
OMC (no mfo? 3 E EMC (no info) 3 B r i

‘N F 1 g1000F

_®© r 18 i
10° ‘E 10°¢ 3 E C ]
e E 3 & 800 —
Z u 12 - .
e i 16 i !
1 = 107 == 600 -
10 10k :

-0.1-0.080.060.040.02 0 0.020.040.060.08 G -30 20 -10 O 10 20 30 % 15 1 05 0 05 1 15 2

3D IP value [cm 3D IP significance 3D IP significance

b-tagging can be used for physics already now!!
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" B-tagging Ready for Physics

CMS Experiment at LHC,|CERN
Data Recorded: Sat Apr 24 08:31:20 2010 CEST
Lumi section: 795

Two b-jets candidate
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CMS experiment at LHC, CERN
Run 136100 / Event 256858438
2010-25-5 03:43:48 CEDT
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M(uu K )=5.268 GeV/c*
M (up)=3.135 GeV/c?

CMS experiment at LHC, CERN

' Run 136100 / Event 256858438
— _.!f\ 2010-25-5 03:43:48 CEDT
= *i‘\\ B-— J/¢yK candidate
| ~

All other tracks:
p; > 1.0 GeV/c



ECAL Clusters: electrons and photons
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Low Mass Di-photons: /' n

MC based correction applied according to cluster n and energy

1.46M of % — yy
P(y) > 0.4 GeV,
P(pair) > 1 GeV

25.5K n—yy
Py) > 0.5 GeV,
P(pair) > 2.5 GeV

Numbers refer to a few %
of the currently available
statistics.

Very useful tool to inter-
calibrate the crystals.

Photon Pairs / 0.005 GeV

Photon Pairs / 0.010 GeV

(o) B
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x10°  CMS Preliminary Data \s=7 TeV
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Jet Finding
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« Calorimeter jet (cone)

¢ jetis a collection of eneray deposits with a
given cone R: R=1/4¢> + 4’

+ cone direction maximizes the total E; of the jet
+ various clustering algorithms

- correct for finite energy resolution
- subtract underlying event
- add out of cone energy

e Particle jet

+ a spread of particles running roughly in the
same direction as the parton after hadronization
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Di-Jet Events

Events/GeV

CMS Experiment at LHC, CERN
Run 133450 Event 16358963

Di-\ief Se|€CTIOn ! Lumi section: 285
Sat Apr 17 2010, 12:25:05 CEST

Jet1 py: 253 GeV
Jet2 py : 244 GeV

*Jet prq, > 25 GeV Di-jet mass = 764 GeV.
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I Particle Flow .

SP . - D, L

Clusters
A |l detector < ) ) )
S _ ~90% of the jet energy is carried by

hadrons and photons. Use Tracking
<)article-ﬂow

information whenever is possible.

-é,s ! M3 Prefiminsry 2010 | 5 207 WS Preliminary 2010
| ? S Siwateion S 18— 7-TeV data. 7.8 b PF s
- 10 s 7.TeV data, 7.5 nb" | !‘,. | e Simulation, PF _.'.fq-f’}f
- , 18] o YoV data THb Calo] o
i { safl—"— Simulation, Calo ﬁ;h..o: -
5 @ 120
z Di-jet events b
10 ':_
s .
1 £ = Dijet events
£ (G # . Di-jet events

50 100 1w %0 300
Ty lGOVI
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Di-Jet Events
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Jet 2 Py : 557 GeV

Run : 138919 yE .
Event : 32253996 -

. 20 = - =
Dijet Mass : 2.130 TeV Jet 2 Py: 557 GeV“"

r' 0 ‘&4 .--"""";“ : ‘\t,t-""t

. - $ "F;; % *_‘_“,..-"‘ + 3
The highest mass dijet event 2Ty N
in the first 120 nb-* of data e
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Jet Energy Corrections

+ Jets reconstructed with anti-k; R=0.5 algorithms.

+ Three different approaches: Purely Calorimetric, Jet+Tracks, Particle Flow Jets

+ Jet Energy Correction performed using MC vs data on single particle response, dijet p;
balance, photon+jet balance.

\O o c LB U BULE BN I c LELBLELEN BLALEL LA NLALELEL NN LA R LA B c AL UL LB BN LR
o = B | O [ Corected CaloJets 0O L Corected JPTJets O [ Corrected PFlets
O ™ . oo mmme o e T . 4| Residual Correction Applied W 4| Residual Correction Applied T 4| Residual Correction Applied i
‘_|" S 1 ,; - T 5 14 —- 37w djel p” < 60 GeV 3 14 — W ediptn”™ <62 GV 5 14 —o— 43 el p™ < 66 GeV
SR doommm T B T BT S I - 80 < djelp™ « 75 GeV b g 62 cdijpt G P - 60 e dijelp™ <85 GeV
(@) 0.8 Calo J'e]fs — g 0 Gov g 75 <djot : E | e B5<0iotp” <120 Gov
< 20 30 a0 5_»'0—. 60 70 9 9 v 120 <djotp;" < 150 GV ‘i) v 120 <djotp” < 150 GoV
:E Photon p_ [GeV/c] © o [ Uncertainty o [ Uncestainy
+~ o I w12 1 ®12r 1 ®12r 7
= = .
= 3T P ] a a Pef + Track a PGPTICI? Flow Jets
© ® L l
0 ° V= e e T
, + t
g e Jet + Tragk - ) s i4 Lo
o 20 30 40 50 60 70 f =1 f
—U Photon P, [GeV/c] I I [
o ! ! |
j.i =550 i _| L ‘ CMS Preliminary | I CMS Preliminary J L CMS Preliminary |
52 O
Q = 1 ; T O.BAAI‘IIIAIIIA‘AAIIAIAI 0.8.“MH.l‘.ulu,l,.“ 08 s Lo by by g by sy
[ i = s f ---------------- I 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
s 0.8 | Particle Flow Jets Il In| Il
20 30 a0 50 60 70
>-.

Photon P, [GeV/c]

Current physics analysis use a 10% (5%) JEC uncertainties for CALO jets (JPT and
PFjets), with an additional 2% uncertainty per unit rapidity.

Our measurements show that this assumption can be considered conservative.



I ——
Mlssmg Transverse Energy

I 30

% 10’ ; [~ typet calog; (Data)
0] ——— Before cleaning 9 -~ type1 calok, (MC)

= “Swoe|.  — type2 calo, (Dat
3 10 ? —— After ECAL noise cleaning m?25 _t:zza z;g;: EMZ)a)
42 10°E —— After HF noise cleaning é - T tCET Eaact;l)

= (¢

q>) . :_ —— Atter HB+HE noise filtering g 20: —— pf ETT (Data)
HLH 10 E S | T pfE (MC)
° 4L > 16
Q 10 E N
o f i
E 4 101
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10 3 -

: S \s=7TeV
U . |l|[[||ﬂ|]|]|]|]| (T : E CMS preliminary 2010
050100150200250300350400 e L Lo b L Lo Lo 1
00 50 100 150 200 250 300 350 400
Calo I [GeV] Calibrated pf:E, (GeV)

Excellent resolution and small non-gaussian tails. Understanding all
sources of erratic noise is very important for cleaning the distributions.
MET ready for physics.



Muon Distributions —

“Global Muons™. matched tracks from Muon system and Tracker

Norm. Entries/0.2

1000

N

o

8
T

-h
§
L LI |

MM B B B | T T
8oL -
zg ol t-—r@-'—,'—' 1 i
Soef T '
0.8 - 7
S [ )
206l Tag & probe

B b :
0.4_— 12<hi<2.1 =
. ~e— T&P Data, 60 nb™'| 4
- ~E8- T&P Simulation |
0.2 5 —=— Simulation truth | 4
i CMS Preliminary, J§=7 TeV

0 0 s 2 b 2 2 2l o o 2 0 a0 0020 ..0...

’ 2 4 6 8 10 12 14

Pseudorapidity 0 Probe p_ (GeV/c)

* ) distribution dominated by light hadron decay muons (red)
« good agreement with MC prediction, including

o heavy flavor decays (blue)

o punch-through (black)
Tag and probe method using J/y@’s
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ATLAS Detector Status

B |
Working fraction of the ATLAS detector end June '10:
Sub-Detector Number of Approx. operational
channels fraction (%)
Pixels 80 M 97.4
SCT Silicon Strips 6.3 M 99.2
TRT Transition Rad. Tracker 350 k 98.0
LAr EM Calorimeter 170 k 98.5
Tile Calorimeter 9800 97.3
Hadronic Endcap LAr Calorimeter 5600 99.9
Forward LAr Calorimeter 3500 100
LV1 Calo Trigger 7160 99.9
LV1 Muon RPC Trigger 370 k 99.5
LV1 Muon TGC Trigger 320 k 100
MDT Monitored Drift Tubes 350 k 99.7
CSC Cathode Strip Chambers 31k 98.5
RPC Barrel Muon Chambers 370 k 97.0
TGC Endcap Muon Chambers 320 k 98.6

For all systems > 97% of channels are operational, in addition have built-in
redundancy in most systems: Overall detector is performing very well, but a few
issues with component failures to watch out for ...
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Data Taking and Data Quality

Typical LHC fil « Data Taking Efficiency very good
* Few minutes needed for tracking detectors (silicon and
% , & ATLAS Online Luminosity . muons) to ramp HV when LHC declares stable beams
e 7PF  [CILHC Delivered Al Aug 6 e 3 "
o 45 CIucodersdsite - Short ‘dips’ in recorded rate: recover “on-the-fly
) - eady rRecorae . . . .
?;3-5; T | — modules which would otherwise give a BUSY blocking
= 3E
R —] further events
So5E - ’
E C
3 20 / Inner Tracking .
156 Detectors Calorimeters Muon Detectors
1
05E Pixel SCT TRT 'éf\‘; I::E) F';:‘IE) Tile MDT RPC TGC CSC
9—%_ -05h -08h -11h -14h -17h -2 hI I -2 I‘In I7r- 2hl
T S S s g E;GE;TOT?me 97.7 96.4 100 94.4 987 99.3 992 985 983 986 983
Luminosity weighted relative detector uptime and good quality data delivery
| MB/S during 2010 stable beams at Vs=7 TeV between March 30" and August 14 (in %)

Throughput (MB/s)

| Jan Feb‘ Mar  Apr Aﬁay Jun | Jul

40000

200007

Start 7TeVop. ! S’rar"r 101 p/ bun

FLERTH U T e et oM ] 111 [T TTTHHHHES
o7 08 09 10 11 12 13 14 15 16 17 18
Week

0% 01 02 @ of 05 08

A (PR T 3 0 AR T HE T FTTHT
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[ASGC OCERN BEFZK ONDGF WRAL OTRIUMF

EENL ECNAF ELYON @PIC OSARA

10 GB/s peak rate during data

— and MC processing ..

ch More than 1000 users running
analysis jobs on the GRID

B8~~~ 26B/s design




ATLAS Trigger: 2010 Roadmap

Steps and Status of 2010 ATLAS trigger deployment:
« 102" cm=s! —initial collisions
— minimum bias — hits in scintillator modules located 3.5m from interaction point, all HLT chains
in pass thru mode

« L=few 10?7 ... 102° cm2s:
— minimum bias prescaled at Level-1,
— other level-1 items (largely) un-prescaled

« L>~10%2° cm3sT:
— activate high level trigger algorithms,
« starting with low threshold EM triggers, followed by tau and muon chains,
* running with low Level-1 thresholds
— high threshold Level-1 jet triggers un-prescaled as long as possible

« L>~103% cm2s: trigger menu for 2010 pp-physics — fully deployed
— Muon HLT rejection active for lower thresholds (MUO, MUG)
— E/y chains: HLT rejection active for all lower, pass thru mode for highest threshold(s)
— Tau: HLT rejection active, pre-scale single tau HLT triggers as luminosity increases
— jet HLT algorithms in pass-thru mode,
— HLT B-physics chains activated, triggers un-prescaled



. Tracker Performance in ATLAS

U At low pT : from early peaks and cascade decays

tinemam B Strewr. Daly 200¢ 4\[?-&(?0 GeVi \

>6000: 1 |' . T LR I'[lltt__ >2000— T T - " ]
o) ATLAS Preliminary Buth frstes: = 100 Me, Si e = 6 2 Jaool. VS=7 TeV data ATLAS Preliminary -
= N Kg Invariant Mass cox(8) » 0.8, fight dislanve » 0.2 mm . o - E',( 1 320) SAT - Gomest chamge camb.|
o 5000 @ 1600 -1 [ Wranga st cxaenibs,
P~ . @ Data . 2 ~250 ub
£ 4000 23 Simulaton 5 1400 t i
ch » — Gauss (+poly) fit 3 1200 | '1 o 2.6+ D.08{E1RL) MaV
so0ef- R vonol [ e
i PG 2K = SHE R+ 102 AN i | | —_ 'lT -
20001~ 0 7 600[ 1 1.‘ i
1000l Ko-1mm | S 400f J L ]
- 200[ L Aot e A
906 - 4;30 . 560 . 550 600 IBS(; ‘ :"06 - :"EIS(; - .800 1%&0 1300 1350 1400 1450
My« [MeV] M, - [MeV]
. E 250 ' | ATLAS Preliminary  0.628 <1 < 0.100
U Knowledge of Inner Detector Material < =% 3*,*™"™", ]
® ® é 200 | :I MO mamwveesian canicisbeae .
= Looked at using y>ee conversion » & B e e conversions -
. . . . 150 -
and hadronic interaction secondary vertices : Incorrect description -
. . 100~ - will be fixed in MC -
= Found some discrepancies data-MC - ]
50— .
= Today ~10% level. Ultimate goal: 1% ofiné. !

= Momentum scale known to few permil in low pT range
= [nner Detector material known at 10%
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- Eiectromagnetic Calorimeter

U Taste of EM calorimeter uniformity with first million of n®->yy

Events / 5 MeV

E (cluster)>0.4 GeV, pT(yy)>0.9 GeV

%10

= T T T T T ™ T
220 - 1 hon dittractive minimum bies NC, = s gnal
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——— D 2010NZ =T TeV, L= 412807 )

180 — i
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)
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Lty

I I + .|

105

- EMEndcap A

1 + 4 —+ e

USSTATLAS  Prelimipary . | .
3 2 1 [}

First check of energy scale over ) (~ 2%) and EM calo response uniformity in @ (< 0.7%)

62



Q

Hadron Calorimeter

Jet energy scale

* Presently from MC (based on last 10 years)

Relative JES Systematic Uncertain

O E,™Mss resolution and tails
* From Minimum Bias events (E;M5~0)

» Measured over full calorimeter coverage
(3600 in ¢, Inl<4.5, ~200k cells)

> 0.18r N —— _
- AntiK, R=0.6, JES Calibration, 0.3<i/<0.8 n
0.16— Monte Carlo QCD jets —
— ® Underlying event (PYTHIA. PerugiaQ) (e} Fragmentation (PYTHIA, Professor) -
0.14 A ALPGEN, Herwig, Jimmy /. Shifted Bsam Spot ]
’ B B Adational Dead Matarial (]  Hadronic Shower Model .
0.12 ¥ NoiseThresholds = esese- LAeTile Absokute EM Scale -
' - JES calibration non-closure [ Total JES Uncertainty n
0.1 =
0.08 —|—\—\ ATLAS Preliminary 3
0.061 o
0.04F
0.02}
0 C 1 L 2 3
20 30 40 102 2x10° o 10
p; [GeV]

= Soon reduced with y-jet balance (~1 pb')

~7 %

--------

—— T
ATLAS Preliminary

= e -
w
3 100 -‘-"'-.
a 107 Data 2010 VE= 7 TeV
o "'" Ldt=0.:34 nb”’
G100l "‘-\_\ nl<4 5
< « Data :
10° L 1M MinBiss No tal IS
102 Low
o,
10 -"‘ﬂ w4
1
L TRy
a 10 20 30 40 50 60
ET™ [GeV]
7 10 T T T ]
B 9F e Damftoss\FE, ]
s 8 —— MG Minbias: fit 0 51\[3 E, =
% 7E Lcw ]
w - —
& 6 =
> 5F =
O of -
2;" Data 2010 V& = 7 TeVv |
j: ATLAS Preliminary J' Ldt=0.34 nb”
e nl<4.5
0 - 1 [ 1 1 M 1 1
0 50 100 150 200 250 300
L E [GeV]

Jet Energy scale known to ~7% for pT>100 GeV. E;™Mss under control
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J

O Full ICHEP stat, MC normalised to data
= Main jet : p;>80 GeV (and sub-leading jets: p>40 GeV) in ly€t<2.8
= Statistical error only

bin
events

1 /Nevenw N
3
[

—

2

—
Q
w

-
o
IS

et Reconstruction _-—

ATLAS Preliminary
Ns =7 TeV

—4— Data Iun:zsﬁ nb!
— FYTHIA

anti-k, R=0.6
y*™<2.8

. " 1

1 11 1 |1 T llILLL] IIII llll IIII

I [ [ - s ' N 1 < 102F T
g_._‘—t— ATLAS Preliminary ; % 1 0'2 = ATLAS Preliminary E % =
- Ns =7 TeV 1 G002 NS =7Tev 3 &10°
% —4— Data JLdr=29ﬁ nb! ; 'QQ'._ 1 0'4 ;— —4— Data Imt=296 b’ | g‘] 0-4
£ — PYTHIA g 5 E — PYTHIA 3 2
= = T 10 3 anti-k, R=0.6 E ; 10°
£ 1 Z4n60 Iy™'|<2.8 =4 &
E = 107 = 3 - 6
T antik R=0.6 3 7 ] 10
= t 3 107" = E
L Iy “l<2.8 1 10°® :_ | = 107
i T, 1 3 10°r | E L A T
=21 =22 =3 \24 =5 =6 =7 y Za-e, ‘ 560' ' 10'00 . 150 0 1000
Y N Pt [GeV]

Few Top candidates in !

Already start to explore new phase space !

2100

Tevatron Vs=1.96 TeV !!

M [GeV]
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Missing E;

e —— )

Missing E+: Min. bias events and p;-enhanced L1Calo samples, full calorimeter coverag
> AL B B B L B s 71— 77 g
(‘.:J ATLAS Preliminary & 9; e Data: fit 0.49 \T E; _i
Impo r'TClnT E Data 2010 Vs =7 TeV é 8; MC Minbias: fit 0.51\(X E; —i
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| : [_]MC MinBias e S = =
efFina 8" 4= =
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- Jet cleaning cuts to remove fake

good agreement with MC
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‘No tails introduced by improved T oo
calo calibration (i 10° [ L =206

102 E

Detailed 10 3
Understandin [
g fromW's .. I
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]
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Muon System -

O Combined Inner Detector (ID) + Muon Spectrometer (MS) measurement

Trigger: 6 GeV pT threshold, Combined muons, Izl<icm O T T
Q 1 04 = T T T -I T T T T T T l.l T 3 %3.115i ATLAS li"r—elimin?ry —+—hma>?mn ]
‘© - ID driven » MS driven 1 G aif  [lalnw g,
o - ¢ ] &.105] j
— n . E aif — SRS S o
S 103 = j _ 3.005[ g 1~0.2 Yo
E - I L~330nb"' | Y 3 ]3[;:95: ]
> B 1 ' 7] 3.08[
= = /® ] g =
w P X3 2 1 ‘o 1 2 3
2 10%5 . E
8 : ; 0.141— ATLAIS Preliminary ' ~4- Datax: 45]"-’ =
a f i L S e e prom v
@ % 01
10 = .. 3 bg 0.08}- =
= ATLAS Preliminary S “ O — .
- Data 2010,Vs = 7 TeV | 0.04f ——A2 Y
1 0.02}- ° =
- Lol 1 Lol 1 1 K 93 12 - 6 1 é 3
n
1 10 102 max

M, [GeV]

Very good understanding at low pT (high pT needs more data)
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Muon Reconstruction

At low p,, Inner detector is dominating overall muon

Di-
i-muon resonances momentum resolution,

y Candidates / (0.04 GeV)

o C ] . . . .
5 10 1 = | = expected resolution is ~ 2%, dominated by multiple
o E L=0.9pb 3 .
S f Y ] scattering:
£ 10°F - E :
- ,/ ] — From J/W¥ di-muon mass peak: absolute momentum
® 102 - i scale known to = 0.2%, momentum resolution
g ] known to = 2% for few GeV
8—10'_ N ;312E e A
E E 8. 3.115F ATLAS Prellmmary —4- Data: 2010 E
E L_: E 3 115_ \'s 7TeV71 A MC: Prompt J/y _E
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2500: det=290 nb’! === == Fit projection of background | 3'075; . ‘2 L |1| cl) ‘ -‘I L é |
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J/p Signals —

O Probe JAp production mechanisms

—
L

—
<

Po/dp_dy*Br(Jiy—u'w) [nb/GeV]
2

. . .. . . Ly m(J/Y)
= Differential cross-section in pr and y bins = Separate prompt J/p from others with: ;’Tw'ﬁ)
T

....... —  1F

= -#-(Pythia+II\IRQCD))I<O.1 ' .' 1-50$|V|],.w<2-25 | = 2 - I | | | | | I =

5 Spin-alignment uncertainty m 075<ly( <150 3§ 72 0.9 o Data:ratio of non-prompt to prompt =

N . 0'00§|y|.y\,<0‘75 - g_ 0 8:_ * Pythia+NRQCD 3

= —— & ’ E E

: } ........ 1 8 07F 3

B o . 1 = g ATLAS Preliminary &
[l Q) . - — g 0.6 :— L‘_m =17.5nb"

. N i
i i "' ; .......... N % 0.42—

@ = #px0 3 T o3 + !

1 i, = 0.2 E

= ATLAS Preliminary ey 3 = =

- L, =95nb' ’ 1} § 0.1y * E
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Comparison limited by theoritical uncertainties
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Photon Reconstruction -

O Possible in ATLAS with the fine granular EM calorimeter (n° rejection)
= Test perturbative QCD, constraint parton structure function (first step for H,G->yy search)

T T T T T T T T T T T T T T T T

= S | — —]
X, ¥ vs Layer 3 o = —— JETPHOX NLO -
) : N " =t - = P Statistical uncertainty 7
>2 y A \ Y % S3 = 10°|L — PDF uncertainty ]
3 ; N w - — I Scale uncertainty R
1 I
x \ (=] —
; ' - 5
y 107 — E
m C ]
: 107 E
= — 3
L 1 1 f L L 1 L f | ' L | 1 L 1 1 L
. . . 1 1
2D [y ID vs y Isolation] side-band background subtraction =20 © 6o 80 00
= 1F T T . 3 E+(y) [GeV]
§ g.::— 5 ATLAS Preliminary = 10tk : | ol e )
=] 8 i B - 0, [ F ATLAS Preliminary 3
2 o7 i - P=72x7 % 2 -~ Ns=7TeV, |Ldt=1109nb"
o F f E 2 10°E = I
E % T ] g F - -
£ o5 : G 7TeN J-l a5 - - e Data 2010 (tight, isolated ) ]
0.4 ] : Data 2010 — 10° E "'_’_ =
- 4 i o Full n| raarge . —-—
0.3F i - n,_-:h;]—.‘l') n1 E _’_‘?‘_*_.4,.
0.2 —x— 0.8e-|1 =1.37 = 10L -+ _
— 1.520—r)|:1.8 - E '+' '+' =
0.1t _ —— 1 Bz=jn =7 A7 E c ﬁ -
" 1 1 P "
%0 15 20 25 30 a5 a0 TE * 1' f 1':
| SRS TR T ST TN SR SN SR T S SN SN S i | P PR L
Bl [GeV) 20 40 60 80 100 120 140

Ef?' 1star [GeV]

Observe ~ 40 prompt y signal / nb with E;>20 GeV with a good purity (~70%)
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: W - Tv signal more difficult to observe due to softer
W = 7v candidate spectrum and larger backgrounds (jets, W-> ev, Z-> T71):
signal efficiency < 1%, S/B ~ 7
o AT LA S p(t) = 29GeV
N E™ = 39GeV
Sl Ad(T,E™) = 3.1

1A EXPERIMENT ™ = W

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

W-1tv candidate in
7 TeV collisions

1-prong T-candidate
Passes tight T-selection cuts, fails loose e cut
Second hardest track: pr ~ 3 GeV




The Detectors work well!

Now we can look at the first
physics results!! -



