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e LHC
ATLAS detector and performance

Standard Model measurements

e Summary

biased to ATLAS results
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Large Hadron Collider at CERN

e The largest accelerator with the highest energy

e circumference 26.7 km
e proton-proton collisions at 7 TeV CMS energy
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Large Hadron Collider

2011 Instantaneous luminosity

np Nbunchl Nbunch2
LX ——

B*en = T T T

q‘,” 4 ATLAS Online Luminosity Vs=7Tev =

e Physics runs re-established 5 F ¢ LHCStableBeams E

. . 8 3'5: Peak Lumi: 3.29 x 10** cm2s™! B

with 75 ns bunch spacing o E §

then switched to 50 ns = sE b

T L5 OO

® Increased number of bunches g 2'5; o E

to 1380 by end of June > 2 S

@ £ 7
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e Reduced 5* from 1.5 m to o :_I_H__‘_H__“_‘ L]
1 m in September 24/02 27/03 28/04 29/05 29/06 31/07 31/08 02/10

Day in 2011
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Large Hadron Collider

2011 Integrated luminosity

T 4E ATUAS Online Luminosiy G- 7Tev.
e 1 fb~! of data recorded by 17 June ~—. 35[ [EJLHC Deivered
M b [CDATLAS Recorded
* by today ... £ E Total Delivered: 3.00 f6"
e 3.00 fb71 delivered l\l: 2-5; Total Recorded: 2.92 fb '
e 2.92 fb~! recorded by ATLAS Q 2;
150
o best in a day: 116.56 pb ™" 40
e best in 7 days: 499.45 pb~? f@ 05E-
29102 2503 23/04 22105 20/06 19/07 17/08 15/09
Day in 2011

parameter 2011 design

beam energy [TeV] 3.5 7

bunch spacing [ns] 50 25

number of bunches 1380 2808

€n [pm] 2.0 3.75

B* [m] 1.0 0.55

bunch intensity [10M] 1.2 1.15

peak luminosity [em=2s~1]  3.20 x 10%® 1 x 10*

stored energy [MJ] ~100 362
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Large Hadron Collider

2011 Operational problems

e SEU (single event upset)
e Radiation induced malfunction of QPS, Cryogenics, Collimators, Power

Converters...

e Dependent on total intensity and luminosity

e Relocation of electronics and additional shielding planned in Christmas
technical stop. In the meantime - victim of our own success
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Large Hadron Collider

2011 Schedule

lon Beam
to5PS

T T T T T T
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Date in 2011

o ~40 days left for pp runs in 2011
np Nbunchl Nbunch2

L x

B*en

e Increase bunch intensity up to 1.55 x 101! (maximum) [£ x 1.7]
e Christmas stop
o Chamonix workshop (6-10 Feb.) to decide run plan in 2012
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ATLAS collaboration

e 38 Countries e 174 Institutions e 3000 Scientists (1000 Students)

e ~ 150 participants from Japan (~ 80 students)

Hiroshima IT, KEK, Kobe, Kyoto, Kyoto UE, Nagasaki IAS, Nagoya, Okayama, Osaka,
Shinshu, Tokyo ICEPP, Tokyo MU, Tokyo Tech, Tsukuba, Waseda, (Kyushu)
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ATLAS

Detector: Exploring a new territory with a precision instrument is the key to discovery

e Length: ~45 m I‘\ :
e Diameter: ~22 m i ‘"’ f’#{,&&qk /

. Wk ﬂ!\
Weight: ~7,000 tons O

&“:—L \

e 2 T solenoid? and air-core toroids ‘/vi
e Tracker:|n| <2.5 [0.05 x pr & 1%] i
e silicon tracker (pixel + strip)
e transition radiation tracker
e Calorimeter:|n| <4.9
e EM: lead/LAr [10/VE&0.7%]
e hadron: Fe/scint.,  [50/vVE®3%]
copper/LAr
e Muon system:|n| <2.7 [13% at 1 TeV]

o drift tube, cathode strip chamber
e thin-gap chamber, resistive plate
chamber

?major contribution from Japan
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Event pile-up in 2011

T T T T T T !
ATLAS Online 2011,'s=7 TeV J- Ldt=2.39 fb™ "

ATLAS

EXPERIMENT

Recorded Luminosity [pb}

e
IS
W

o 2 4 6 8 10 12 14
Mean Number of Interactions per Crossing

e distribution of < x> in simulation
re-weighted to reproduce data

Z — pp event with 11 primary vertices

e need to study effects on

miss

e vertexing, lepton isolation, jet energy scale, ET"™, CPU time/event size

SATL
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Detector performance

e Luminosity measurement

e Object reconstruction
°e/n
° jet
e neutrino — EP's
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Luminosity measurement

ATLAS

; N1 N,
L= nbfLHC@ = NpfilHc T—=—+
Ovyis. 2mY Y,
e van der Meer scan for oys.
e N from
e DC Current Transformer (CT):
total current
e Fast Beam CT:
fraction of current in each bunch
e Y., from van der Meer scans

ivis. by LUCID, BCM, Calorimeter

2011 £ uncertainty: + 3.7%
e Ny, measurement: + 3.0%

np: number of colliding bunch pairs

finc: LHC revolution frequency = 11245.5 Hz
Lvis.: measured from detector rates

Ovis. = €Tjnel.

N1, Na: number of protons in bunch

Y., X, profiles of the colliding beams

-+ - Gaussian + constant
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o r o ATLAS Preliminary
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Lepton performance

> F T T T T T T,
& 10°F ATLAS preliminary 3
8 ol Jy Data 2010, V5=7 TeV
. s WE Ldt=40 pb’’ E
e Re-discovery of known resonances e E LY I P E
- o e 2 .
in 2010 F nirsi - 40 pb~1 3
o I/, T, Z LA R NG E
10¢ N B Y E
Eaoth o (s | E
A S o Mee ]
P ey | E
L 25 3 35 4 —
10'; o i X E
1T 2 345 10 2080 100 200 1000
Mee [GeV]
e performance study with Z — [/ < so000 T S
c r imi o data 5=7Te 1
o o(mz) ~ 1.8/2.5 GeV for e/p isouuoifLLf?;rzu‘mmary :I;-L:mgemnw ]
o efficiency with high precision: £ Snstea rorsany E b o ]
o & [ MC normalized to data B Dibosons 9
0(6) ~ :l: 1 A) SAODUUTMUUHsmeanngdenved'mmdala EOCD E
. E] [ Wow ]
. el.ectron energy scale Wlth. £ soooof- E
high-precision: 0.3-1.6% in g 1
In| <2.47 20000-1020 pb~? Z — pp ]
o o(pr)/pr =13% at 1 TeV in 1o000F- 3
barrel region E ]
0 70 75 80 8 90 95 100 105 110 115

@ATL S @ my, [GeV]
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Jet/missing Er performance

o Jets reconstructed by anti-kr algorithm 2 Z:; a0, EMLIS, 002 1 <08, D201 s CatoGcD s |
. S E 4 ALPGEN +Herwig+Jimmy v  Noise Thresholds E
® Jet Energy Scale uncertalnty § 0.14F x JEsca\ibrationnogn-c\osuri . PVTHIAPeruZiaZmO 4
0 3 01 2: o Single particle (calorimeter) = Additional dead material
o ~ 3 in 08 Central = . 21:|Tota\JESuncertamty =
3% n [n] < 08 (central) E o pbt
e Additional uncertainty due to pile-up 2 o8 ATLAS Preliminary ]
e 20< p¥' < 50 GeV: 5% in central £ 006 =
e 50< pf' < 100 GeV: 2% in central Soooa L 3% -
Soo-|g & ga g eomEEET T o
R NTTYNTNY.
20 30 40 102 2x10? 10°
miss : : Pe GeV]

o ET' resolution with Z — /I, '
. .. . A ‘
QCD di-jets, minimum bias (MB) 5 T p
. . . = 14 =
o Fit resolution curve with o = k\/Et 5 pata 2010 o E
k(data) Kk(MC) s faewr ]
Z — ee 0.42 0.42 & o T w";*** E
— 8 b . E
QCD di-jets  0.51 0.50 Tl Ht! ]
MB 0.45 0.48 ‘%u‘ 6; 4 MinBias: it 0.45\X E; E
. - v QCDdi-jets: fit 05\NTE, ]
o MB difference: probably due to E s Zseefit042\TE ]
imperfect modelling of soft particle 27 o Zouft04a\TE, 1

| | 1 1
100 200 300 400 500 600 700
T E((event) [GeV]

activity
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programme

10

10°

e

o BB = AERE - @ y
o L=10% cm 25~ HITRRWNT v
e Heavy flavours: ~ 100 kHz 10}

e Jets (pr = 250 GeV): ~ 100 Hz 102

e W —lv: ~ 10 Hz v

e tt: ~ 0.1 Hz IR

o 10

o ex. Higgs FIFHRZRICIF <1/10% 10"
@ selection HYHNE 10°

e Background DEFENEE 10°

10"

10°

10°

107

@&P“E‘Rll.lﬁ% @ 2011-09-17 JPS

proton - (anti)proton cross sections

T — T T

]
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Electroweak boson productions

T T T T
leptonic final state (I = e,u)

—a— Theory

[ CMS err,y,
_| [ CMS terr,, *err,

theq

Production cross section [pb]

10 36 pb”! |36pzb" 3Sppll:(" Jas;?“ 1A |11’ [1.1?“ | .
Fouy, e " by it WW\J/.’A, Wz“’lw, z“flw,' ’50\)22

o WW/WZ/ZZ production
o the last step before Higgs search
e study of triple gauge boson couplings (TGC)

e Background to searches: H - WW, H — ZZ
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WwW — Ilvlv

g wtooq 9 w-

N\‘\N\ \N\,\N § ATLAS Preliminary = Bf;ﬁ van
; { Ldt=1.02tb" \5=7TeV . WietsiDiet
11 k< (3 Diboson
q o O WW-spivpv
w
T, " o
7 w- o q 9 wt miss
ET rel
® sensitive to triple gauge boson coupling
® important background to H — WW
g g g [S- 1
event selection / background rejection s 18 SERTHN I |
(E& 0“ o i Inah s i
Drell-Yan: fake- E””ss S O —aa0 508060 Te0 b TéD T80 B0
miss %) Saaan T T T T T T g
° Z_mass EI ET Emiss § 900; ATLAS Preliminary Eleva\;va->\‘vlv é
e require large relative-E7 oS Torel 9 g00Ef Lat= 100" Vs=7Tev Do E
A¢/,i E . W-jets/Dijet 3
W + jets: fake-lepton o Epooson
5 o E E|
. o /R e . pPr 600E- E
lepton isolation/identification sooE- | I E
top: WW with two b-jets 0= Jet multiplicities:
’ 3005 3
® jet veto 200 3
Other diboson: WZ, ZZ 100E E
e no third lepton 2 5 e
s L e
3 %% I

0
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WwW — Ilvlv

T T
—4— Data

e kinematic distributions after selections — % \6oF. ATLAS Proliminary pa ]
e reasonable agreement between data and T L E‘EE:;T E
predictions § 1200 -
w c |
100 =
events ZZ; E
Signal (MC) 2324+ 0.9 £ 21.5 o E
top (data) 58.6 + 2.1 £+ 22.3 s E
W + jets (data) 50.5 + 4.8 + 14.7 E E
Drell-Yan (MC/data) | 54.0 3.7 + 4.5 g : .
other diboson (MC) 6.8 + 0.4 + 0.8 I e i manaiins s niris A
total background 169.8 + 6.4 + 27.1 © % 20 40 60 80 100 120 140 160
S/\/E 17.8 P;(leading lepton)[GeV]
observed events 414

o =48.2 £ 4.0 (stat.) &+ 6.4 (syst.) = 1.8 (lumi.) pb

Systematic uncertainty dominated by data driven background estimation
NLO prediction: 46 + 3 pb

measurement in agreement with prediction

ATLAS )
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Wz — Ivll

q W % 50: T T T T _“_D '\ |
' E 151 [ ATLAS Preliminary e 1
o T . =pss ]
< 40/ Lat=1.020" \5=7Tev =3 Top =
£ C COW/Z+X 1
" S r [0 Ostatssyst 1
, 4 s0p -
. 200 E
e Three leptons and ET™° > 25 GeV F 3
10 .
o |my— mz| <10 GeV, mr(W) > 20 GeV E ]
events 70550 85 90 o5 100 05
Signal (MC) 49.1+ 0.4 & 3.02 M, [GeV]
total background 10.5 +£ 0.8 ‘:2291 ATI‘.AS Preﬁiminary‘ -‘Ams,jm.:‘mm*
) / \/E 15 [ VE=7TeV, A=3TeV
observed events 71 N _ *?T!;;V‘A‘;'LV
o =21.173} (stat.) + 1.2 (syst.)"%3 (lumi.) pb L , ey
.. ' Ak S
e NLO prediction: 17.2742 pb -
® measurement in agreement with prediction
o |imits on anomalous TGC have been i Agf i
. WiZ > it -
d erlved A9y 95% C.L. s —
e comparable to Tevatron limit with 1 fb=* T N e
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ZZ — I

q— NN Z qQ——

ATLAS Preliminary - e Data 2011
Lz

JLd«:mztb"\E:ﬂev

=
S

Standard Model Production SM Forbidden

e
S

RN LA LA AAANRARE AR AR
o b

al
N
|
N
| a
X
Leading Z Mass [GeV]
g 8
|

Predicted BG in signal region:
03703 (stat) "0 (syst)

N
=3

e Four leptons (eeee/eefufs/ ppipipe)
e Two Z with |my — mz| < 25 GeV

=)
S

events 60 : \ Signal Region é
Signal (MC) 91+ 01+03 B R T R R TR T v
total background 0.3 t%‘%‘:od% Subleading Z Mass [GeV]
R
S/vB 19 ATLAS Preliminary B Jur-reee
observed events 12 - TV A T
) ft £ _=:-:% 7ATLAS‘J‘Ld|:L02¢b‘
o =8.4127 (stat.)™%? (syst.) £ 0.3 (lumi.) pb ° 5 V7o 2oV
. . . 0.3 4 :LEP‘ILdﬁmcpb !
e NLO prediction: 6.57%3 pb i [ == emwe
® measurement in agreement with prediction L soofane |
V5= 1.96TeV, A= 1.2 TeV/|
e limits on anomalous neutral TGC have 2 ff ——
been derived 2
e competitive to LEP/Tevatron limits with L ——
1fb? TR TR
5 1 05 0 0.5 1 1.

ATLAS & T - 5
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top

e combined cross-sections measured ® Mo, determined with template fit
in di-lepton and lepton-jets using lepton-jets channel by
channels combining 2010 and 2011 data

o: 176 £ 5 (stat.) 'ﬂ% (syst.) £ 7(lumi.) pb ATLAS Prefiminary (Dates August 15, 2011)
2010 data e-jets prel. ———— 1738£6.7+ 48
T [ nodcoen | e commemer e ] 2010 data sfets prel, ———o———— 166.7£50% 50
N .:Ezzcm;;w ' g’:;"?s"::':-f 2010 data ljets prel.  ———e——— 169.3+ 4.0+ 4.9
A Dilepton 171 + 19pb
10% ?. 2‘;’;’"‘ NNLOGR) (07015 Prefm,), .2 = E 2011 data e-jets prel. — 173.9+1.2+ 3.1
[ *Do %;zg ] 2011 datap+jets prel. —_ 175.9+1.0+ 2.7
r P 333 7 2010+2011 data l+jets prel. _— 175.9+09+ 2.7
10? ﬂ" 12§ g Run- | best (DO I+jets) ———— 180.1+ 3.6+ 3.9
Fos 1% ] Run- Il best (CDF I+jets) - 173.0£ 0.7+ 1.1
[ ATLAS  Preliminary 138 53 + =z 1 Tevatron July 2011 - 1732+ 0.6+ 0.8
Il Il Il Il Il
11 2 3 4 5 6 37 [TeV] 1(‘50 1é0 2(‘)0
s|le

e precision of combined results Meop [GEV]

(~10%) already close to ® mup: 1759 4 0.9 (stat) & 2.7 (syst)
theoretical one o Tevatron: 173.2 % 0.6 (stat) = 0.8 (syst)
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Standard Model cross-section measurements

current status — ATLAS

measured /predicted cross-sections of SM processes
in agreement

S T
S = ATLAS Preliminary
= =
c F . _[Ldt=0.035~ 104 15"
1 04 = \Nsi=7 TeV ” Yest_erdayys
- = Theory signal is today's
- = Datq 2010 (~35pb'} control sample
10°E © Data 2011 and tomorrow'’s
E L] 071" background”
B _!_ 071
1o’
10°E 2
= e 107
L — statistical error fo} 11!
10 E — total uncertainty 5
w Tz T wy zy i t ww Towz 7z

e probing heavy di-boson productions, the last step before Higgs

S o
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LHC is performing well

e peak and integrated luminosity increasing rapidly
e delivered 3.09 fb™!, 6 weeks of pp runs left in 2011
ATLAS detector is performing well

e high data taking efficiency with high operational fraction of detector
o recorded 2.92 fb™!
e understanding of detector and reconstruction performance is progressing

Standard Model processes re-discovered up to di-boson processes
(WW/Wz)z2)

e the last step before Higgs searches

e measurements in agrement with predictions

e precision of measurements quickly catching up to Tevatron results

o Necessary and successfull step before discoveries

e discovery = measurements — standard model
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