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Standard Model of Particle Physics

Building blocks of matter and
their interactions - describe
well current observations, but
missing pieces

Higher energy: Reproduce
conditions of early Universe

« TeV energy scale: Expect
breakdown of current
calculations unless a new
interaction or phenomenon
appears

* Many theories, but need data to
distinguish between them




The LHC and Experiments




Collisions at the LHC

Proton

Parton
(quark, gluon)

Particle

jet

Proton-Proton-Kollisionen
2835 Teilchenbiundel (Bunch)

10" Protonen / Bunch
Kollisionsrate 40 MHz (25 ns)

Schwerpunktsenergie 14 TeV
(= 7400 x Ruheenergie der
kollidierenden Teilchen)

Schwerpunktsenergie der
kollidierenden Quarks und Gluonen
bis einige TeV

~25 pp-Kollisionen pro
Bunch-Kollision

Interessante Ereignisse: 10-2-10-11
unterdruckt!




Muon Spectrometer (|n[<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to, Eu ~1 TeV

Length : ~ 46 m
Radius : ~ 12 m
TIN Calorimeter Liquid Argon Calorimeter Welgh-r t o~ 7000 Tons

~108 electronic channels
P b 3000 km of cables

Muon Detectors

3-level trigger
reducing the LVL1

rate to ~200 Hz
j

Inner Detector (|n|<2.5, B=2T):

Si Pixels, Si strips, TRT

Precise tracking and vertexing,
o/p; ~ 3.8x10* p;(6eV) ® 0.015

Toroid Magnets Solenoid Magnet SCT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion

e/y trigger, identification and measurement | HAD calorimetry (|n|<3): segmentation 0.1 x 0.1
E-resolution: 6/E ~ 10%/JE ® 0.007 Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
granularity :.025 x .025 @ strips E-resolution:o/E ~ 50%//E & 0.03

FWD calorimetry:W/LAr. 6/E ~ 90%/JE & 0.07




Particle Detection

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnel
Transition

Radiation
Tracking Tracker

detector

Pixel/SCT

=

lectron’

The dashed tracks
ETROE R ]
the detector

«a A1 B B 1

% rvprnisMruT




~3000 scientists from 174 Institutions and 38 Countries

A
Argentina Morocco o =T

Armenia Netherlands &, g ne
Australia Norway ~

el b : - Iy e
Y, X L,

Austria Poland o - ﬂ"?‘ . ﬁ%ﬂ%‘
Azerbaijan Portugal ‘ .'ﬂ’ . T s N )
Belarus . Romania ' ‘T' ﬁ . A
Brazil Russia o " { ' ~ :
Canada Serbia ' "
Chile Slovakia b
China Slovenia o O;?
Colombia South Africa ,j ’
Czech Republic Spain . .

Sweden

AT AS
Collaboration

Denmark




Total Integrated Luminosity [pb™

ATLAS status and operations

Year 2009: pp collisions at /s=0.9, 2.36 TeV: ~12ub?
Year 2010: pp collisions at /s=7 TeV, ~45pb* collected by ATLAS

60 [ rrrr T T T T ‘ IIIIIIIIIIIII l
- ATLAS Onllne Luminosity vs= TTeV ]
501 [ LHC Delivered -
- [_]ATLAS Recorded

40 Total Delivered: 48.1 pb"! _
C  Total Recorded: 45.0 pb™ ]
30 =
20— =
10 =
bt > ]

24/03 1 9/05 14/07 08/09 03/11
Day in 2010

~97-100% of detector elements in operation

Peak luminosity: 2.07*10% cm?s?

Highest mean 3.8 interactions/crossing

Peak Luminosity [10%° cm?2 s

250

200

150

100

50

T | T
ATLAS Online Luminosity Vs=7TeV

[_] LHC Delivered

Peak Lumi: 2.1x 10% cm2 571

'|_'\Tr‘|\|||j

ey, ) i nl

P I

24!03 21/04 19/05 16/06 14/07 11/08 08109 06/10 03/11

Day in 2010

Almost 1 billion pp events recorded = 1 PB RAW data
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Event with 4 Pileup Vertices
in 7 TeV Collisions
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Number of events in 45pb™

proton - (anti)proton cross sections

e — 70 billion (10°) pb -> 3 trillion (102) events! *

Tevatron

* N.B. only a very small fraction saved!

E jet
 Fo,(E>100 GeV)

Higgs (mH=120): 17 pb -> 750 events

5 L -

t
jet
0 (E > Vsl)

(M =120 GeV) A/ : - :
I e.g. potentially ~1 Higgs in every

"k /N 1w 300 billion interactions!

E wy 52009 500 GeV

& PO
= Higgs

1
0.1 1

Vs (TeV)
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Trigger evolution

One of many examples: check eff.

Five orders of magnitude

increase in luminosity

of L2 4GeV p; muon selection

. S e+ :
Gradually commission and then g b |
. . m o8- -
apply higher level trigger (HLT) 30 ml<t08 ;
. . 0.6~ -
rejection 3 - DATA :
0.4 - MC -
Evolution of HLT configuration : |
. . o_gf + ATLAS Preliminary =
durlng The PP run. C \'s=7 TeV, Data 2010 ]
o5 075 20 25 30 35 40
Offline SA P [GeV]
Date (2010) April May June July August September October
Luminosity 7 28 29 30 31 32
(emZsl)y |10 10 10 10 10 10
Level 1 active HLT Rejection on Increasing HLT Rejection
HLT Records e, Y, M, jets, MET, 1, o i 36 30 o
Trigger all data, in pass-through mode 4x10 forward p v
Config HLT in pass- 29 o4 10 13
through 6x10 T T 16 20 38 50
30 MET 10 25 30 40
1x10 MET Jet 15 30 55 75 95
menu InitialBeam_v3, approx. 600 items Physics Menu approx. 550 items

after J. Baines




Trigger rates in highest luminosity fill

Trigger rates at each level

ATLAS Trigger Operation, 25 Oct, 2010 |

1.1x10* (cms™)

T |||||I'I'|

T |||||I'I'|

L=2.1x10%

Ll

L1 total

L2 total

ol 3 vl

EF total

01:00 04:00 07:00 10:00

13:00
Time

3 Trigger Levels:

L1 (Hardware)

L2

- EF (EventFilter,Software)

Trigger rates of lowest unprescaled items

= 50
L,

Rate

ATLAS Trigger Operation, 25 Oct, 2010 i

L=2.1x10%

1.1x10% (em™s™).

45
40
35
30
25
20
15
10

5

electrons 15 GeV

muons 13 GeV

taus 50 GeV

jets 115 GeV

01:00

04:00

07:00 10:00 13:00

Time
‘Rates fall with luminosity

‘Rates of Prescales adjusted
during fill fo keep ~400 Hz
constant output rate with
decreasing luminosity
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ATLAS Worldwide Grid Computing

Tier O (CERN): first processing

MB/s
Tiers 1: reprocessing , simulation , data storage for analyses
8000 0
Jan Feb March April May June | | | July .| August

S e startof - Natg and MG L LHC multi-bunch
n 0 U : Start of operation

2 data-taking reprOCeSSIng 10" p/bunch |

2 HIE operation

o 4000 0

£ 2009 data

MC reprocessing | | reprocessing

I R : ;

~2GB/s Lo i 1 | 1Y |1 1Y 111 TR Rt R

(design) '

i 'E HTH] 'I'l || :

e (T O El
30 31 32 I 4 35 35

_ EEH :
: i, 1L el LT e Ll =:EH...!:E:. ; MR
: 09 'II'J 11 12 13 1-1- 15 16 12 'IB 'Ig 20 21 :z2z2 23 2-1- 25 .Efi 27 28 2

Weak

%0 o1 G o4 05 06 aF

OCERM EFZE O MDGF HRAL OTRIUKMF PeakS Of 10 GB/S aCh|eved

EASGC

EENL

ECHNAF ELYOM

] gl

OSARA

13



# reprocessing jobs

— [=] [=] [==] ==} =] - - =] FJ Fed Fed
=] Fd [EX] = un o =l == [T ] = =] Fud
= = = = = = = = = = = = = = = = = = = = = = =
-
[

(]
[ T S B U ¥ I T -~ BT T |

o
o

—+
(0]

L
=

[ |
Range

—

Autumn 2010 Reprocessing

World Wide - running - reprocessing - month

Oct 29 Start Step | Step i
Reprocessd data transfer to reprocessing data taken
230000 “Tier=1-and-Tier-2-sites-GB/day Jul-Sep

20k GB L~10 pb?

1500000

0 28 = 04 05 08 07
Oct "ASSC "CERN SFZK NDGF WRAL TRUF
BENL WCNAF ELYON sPIC  SARA

Express Stream and
Calo Stream reprocessing

Sun Tue Thu Sat Man Wed Fri Sun Tue Thu Sat Maon Wed Fri Sun
MOE MWMES MFR WUK ETW ENL END BIT @ CERN Oct 29 Nov 8
Fri Oct 8 12:24:00 2010 UTC to Monm Neowv 8 13:12:08 2018 UTC
Generated by TRIUMF-LCGZ (times in UTC)
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World Wide Distributed Analysis

Number of simultaneously running ATLAS user jobs in 2010:

World Wide - analy_running - year

28 k

Compare with:
2 & 50K daily MC
22 J Production jobs

20 k

26 k

18 k

16 k

u«| <—15k jobs

12 k

jobs

LMU contributions
in all areas:
‘Production
‘Data distribution
‘User analysis
-Tierl operations

6 at FZK
W CA .DETS .DEJan. ES .FEIER .S:r W TW Ap.r NL DM;; .ITJun. CERNJUL e = ot e .Tier.z GT LRZ_LMU

Range from Fri Dec 11 00:00:00 2009 UTC to Sat Dec 11 00:80:80 2010 UTC
Generated by TRIUMF-LCGZ (times in UTC)

LHC 7 TeV

10 k
g8k
6 k
4 k

2 k =

Grid-based analysis in summer 2010:
>1000 different users, > 15mio analysis jobs processed

15



Analysis ingredients in a nutshell

N N N : number of observed events
i . Observed  *V BG
Cross section measurement: = 5= :’W ; N, : Number of background events
Total ) ..
%)105 T T ATLAS Proiia T ot 810&1 . OV€I"(1” d@TCCTIOH effICIQHCY
© 10° —— Data 2010 (s=7 TeV)_] ) ] . . .
Q10 Jra=aarpn' Oz L: Luminosity provided by collider
-@103 =g—)'c'|: E
G107 — L -

Select interesting events based signal event
o characteristics:
102 - e.g. leptons, jets, E* , angular correlations etc.

20 30 40 50 B0 70 80 90 100110120
GeV]

Py

Example: Z->pp :

> . .
B10°F ATLASPrelimivary - bwazvionis-71ev .2 isolated p-tracks, back-to-back, low ET"’“ , high
0 CJacp . .« .
?ﬂ“’ﬁ m.-- transverse momentum, low jet activity
2104 =E-_’TT
W 3 P . . . .
10 [ret-aspo Determine N_ or Signal prediction from Monte
0| .
1 Carlo or data driven methods
10
1 e, : Combination of Efficiencies:
0 20 40 60 80 100120140160180200 'Tr‘igger‘, ReCOHSTr‘UCTion, ACCZpTance, CUTS eTC.

EM®* [GeV]

16



Different Analysis

proton - (anti)proton cross sections

p L2 ¥ Y A> p
tot

Tevegltron

[0

o, § : ' top quar,
o (EF'>vsia) a8 . 4) /

" F jet

(M =120 p_7 (—p

FO,
- Higgs

f 200 Gev? i/ "
; / L <

F 500GeV vy . - /
P PR b AR - s W

0.1 1
Vv
Vs (TeV) N\,

B jet

17



V=
I
P /S P

1st measurements with pp - Minimum Bias

®c,=0y "_'_ESD i Gny T Onp

. é'_'____- e s—' e ‘:-_\-"%L
- - e oY :
P v I it L T - . T
P P - Charged particle multiplicity
F o - i = . - -
| b TS P = P &} Measured down to p_™ > 100 MeV
L > M 3 i iy 3 T
"."-' _g- C T T L T T T ]
Minimum bias g B — PYTHIA ATLAS AMBT1 o
c - ===+ PYTHIA ATLAS MC09 | a
2" [ omme PYTHIA ATLAS MC09c ! ]
PYTHIA MCO9 S g - YT P i
e TR 5 L —-PYTHIA DW i
b 18% p,>100 MeV, [ | <25,n,,> 2 < § - . - g:gj:;rs - S g /"/:
g._ 10°e  *Data \s=7TeV = %0 25} oo #0000" 000000 00s, 0,9% E - +Data /Q‘ﬂd‘” .;-L';-';'."' L~
-5; 10°E  — PYTHIAMCO9 ~ ND®™SD®=DD 1§ L EC e%es. B ]
3 ATLAS Preliminary 2 o - - - i
15 = . . = 3 C £y
- " e A
3 = H\s=7Tev E
' ost BB\s-236Tev ]
) = ~F ATLAS Preliminar - B
, : ~ Data 2009/201 #\s = s00GeV :
E Cov 0y e e b e by by
- — MC/Data ] O3 > E 0 1 2 3
[ = Data Uncertaintj’f—l_u .
o 1.5 -
T r ]
o L 1
I;'_‘_‘_,_,—r_/ i

10" 1 10
p_ [GeV]

Multiplicity higher in data compared to pre-LHC tunes, and even to post LHC-tunes for
P."* >100 MeV, i.e. better tune and diffractive models necessary

18



/
— C—
P Z P

Di-electron invariant mass

Data with 5 GeV E; di-electron trigger (prescaled in later data)
Trigger selection produces shoulder around 15 GeV

G 10
S|E” 10°
107

10

1

10

E | | I LI I | I LI I | | LI IE
- y ATLAS Preliminary 7
"
= _ Data 2010 \s = 7 TeV =
g ) . det=10.1 pb’! 1
Eﬁ'ﬂ +'"+“ e, =
; ey - z -
. W ]
= “{H# ' '3
- i -
3 *‘ |i E
E | | 1 L1 11 | 1 | L1 11 I | ’ ‘ | | { 11 :
1 10 10 10°
m,..- [GeV]

19



Di-muon invariant mass

Leading muon, p>15 GeV, second muon, pT>2.5 GeV

10°

10*

dN,,/dm,, [GeV

107"

1 IIITII| I I I1IIII| 1 |1IIII|

10°

- / I f L~ 40 pb’”
= (0] ¢
- / y EF_mu15
; s YU0bs) -
ii
|
| M
= ATLAS Preliminary ]
[ Data 2010,\s= 7 TeV ||1||
Ll | Lo aaaql | Lo aa
1 10 10°
m,, [GeV]

20



Di-muon Candidates / ( 0.017 GeV )

J/YWY(2S) and Y —-pp

Use a selection of looser triggers
Oppositely charged muons with
Ri(Hk;)>(2.5,4) GeV

For J/y & @(25) fit tracks
to a common vertex and
recalculate mass.

x

-y

(=]
[

ATLAS Preliminary ®  Data: 2010

= Fit projection

\/§ =7 TeV = === Fit projection of bkg.

det=41 oo’

100

[
o

N,;, = 846000 = 1000
,, =3.095 = 0.003 GeV
0y, =65= 1 MeV

[+2]
o

'S
o

20

—_

Events /(0.1 GeV

-y
o

x1|03

ATLAS Preliminary

Vs =7 TeV det~41.0 pb!

o  MOXN

—=e— Data 2010 : Opposite Sign

s Fit Projection

------ Fit Projection of Background

Barrel + Barrel

N(Y o) = 16300 = 200 (stat.)

N(Y ,o) = 4800 = 200 (stat.)

N(Y ,o) = 2300 = 100 (stat.)

9 10

11 12

Inv. Muu) [GeV]

About 60k Y(15,25,3S) candidates

over full acceptance

21



Z-Production cross section

2 oppositely charged leptons (ee or pu) with p_>20 GeV

>105§L\\I‘\\I\ II\Il\\\\‘\II\lll\\|\\\I‘\II\|I\\\‘\\I
@ E ATLAS Preliminary
8104;7 , == Data 2010 (/3=7 TeV)
~ ;det=3.37pb‘ CJZ—-uu

210°L .

2 E Bz

51023 W Qch

W — uv

20 30 40 50 60 70 80 90 100110120

P, [GeV]
2 DR L R I R IUALILE LI I
O 1200~ o Data [ Ldt=37pb” ATLAS Preliminary
> F — MCZee E
S 1000: — Fitto data . v
o g0l <247 Oyota= 1.73+/-0.08 Ge E
C Gy = 1:49+-0.02 GeV ]
600 .
4000 .
200F .

.. N
95 100 105 110
M,, [GeV]

C70 ”75H”80”H85HH90|H

Z: ~9k ee and 14k pp in ~40pb?

Total Z-Production cross section (L~320nb*)

*Acceptance: 46.5+1.5%

‘Reconstruction eff.: 64.5+14% (e), 79.7+7% ()
6,/ BR(Z/y" — £0) = 0.8240.06(stat) &0.05(syst) + 0.09(lumi) nb

Gy~ X BHZ/y*— ) [nb]

(66 < my < 116 GeV)

ATLAS
Data 2010 s =7 TeV)
IL dt=316-331 nb™

® Ziv* 1l (66 < m < 116 GeV)

.
*
-
.
o
.
.
o
.
o’
-
o
.

NNLO QCD

....... Z* (pP)
Ziy* (pp)

-
-
-

|
L]
0]
v

-2
>
.
%
.
.
.
.
.
o
.
-

CDF Z/y*— ee (66 < mEe <116 GeV)
DOZ/y*>ee (70< m < 110 GeV)
CDF Z/y*— eelpp (66 < m < 116 GeV)
DOZ/y*—>ee (75<m <105 GeV)
UA1 Z/y*> ee (mM > ;:) GeV)

UA1 Z/y*— pp (mMl > 50 GeV)

UA2 Z/v*— ee (mee > 76 GeV)

1 1 Il | 1 — |

10

\'s [TeV]

Luminosity (11%) is dominant syst. source
= o(W)/0(Z): cancellation
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W-Production cross section

Transverse Mass:

Event selection:

) W ) v

.p.(Lepton)>20 GeV my, = \/ 2pr pr (1—cos(¢" —¢7))
-Isqla‘ruon (v only): Zp_(ID)/p_(u)<0.2
-E.™ >25 GeV 119k e and 135k p candidates in ~40pb*
.m >40 GeV
>16000——————————1——— T ] > SRR R L LR RN AR RN R
8 T ATLAS Preliminary . 816000 :_ATLAS Preliminary —s— Data 2010 Ns= ?TEV}_:
14000 —— Data 2010 NS = 7 TeV) 0 - p % W=y -
o F CIw—ev : c\i14000;f Ldt=35pb" mo®, ;
~12000F ., Maco 1 = e -
g O OF [ra=ssp’ e | g120007 - -
£10000} I — e 4 £ o i E
S _ L Mz 1 510000f :

6000} = = - 6000 .

4000 : > 4000 =

2000F [ = 2000 =

%  e0 80 100 120 40 50 60 70 80 90 100 110 120

23



W/Z-Production cross section

Total W-Production cross section (L~320nb?)

'y
o

—h

oy X Br(W— 1v) [nb]

-
<

oy BR(W = £v) = 9.96 £ 0.23(stat) £ 0.50(syst) £ 1.10(lumi) nb

ATLAS

Data 2010 {ys =7 TeV)

art
"

I Ldt=310-315nb" ¥ e

eW=lv

" ‘
''''''
w -
" o

vt
.

s
-
[
-
-
-
.
-
-
.

..
.
.
-
-*
-
-
-
-
-*
.
*
.
.

s
o
.

®/0 CDFW- (I/e) v
B/0 DO W (e/u)v

= W) o UATWS Iy
R W* (pp) v uAZWo ey
B g% e W (pp) /0 Phenix W'— (¢*/e’)v
[ T | . ) , | o
1 10

\s [TeV]

Ratio of W to Z cross sections:
o(W)/o(Z/vy*)

== GW/GZ/Y* (Theory NNLO) [t ATLAS
_[ Ldt=310-331nb"
Data 2010 (\s = 7 TeV)
L A 1

|
4 Electron channel ! I e i
|

¥ Muon channel b

m Combined : =

IR RN RR SR NI * MR SRR R SR
6 8 10 12 14 16

Oy / Oy

*In the cross section ratio both
exp/theory uncertainties partially
cancel:

Exp: luminosity, Theory: PDF

Measured cross sections are in agreement with theor. predictions based on NNLO QCD
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W+/W- charge asymmetry

Oy — O u, —d,

A= = —
O, +0y. Uyp+d,+uU+d

Sensitive to valence quark PDFs

©
o1

—+— Data 2010 (\s=7 TeV)
“42 MC  NLO, CTEQ 6.6
NS MC NLO, HERAPDF 1.0
555 DYNNLO, MSTW 08

Asymmetry
o
-hl T 1T

03- W —ev |

- .

i ANy
0.2 I IIIIIIIDIINDY ]
0.1 ATLAS |

: JLdt= 315nb " |

O_I | [l Il | [l [l 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 I_

0 0.5 1 1.5 2

I |

Asymmetry

0_5_ T T T T | T T T T | T T T T I T T T T T T T ]
- —¢4— Data 2010 \s=7 TeV) .
[ %4 MC NLO, CTEQ 6.6 i
0.4 B8 MC  NLO, HERAPDF 1.0 -
[ 2% DYNNLO, MSTW 08 ]
03- W — v | m
0.2 S T e St _:
0.1 ATLAS
] JLdt= 310nb" ]
O_I l 1 1 | 1 1 l 1 | l 1 1 l I 1 1 l 1 | l 1 I_
0 0.5 1 1.5 2

Data demonstrates the expected charge asymmetry

I |
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Number of Events

W =TV observation

Observation of W->Tv based on 550nb" also available.

78 events with hadronic T decay candidates. Backgrounds:
11.1+42.3+3.2 from QCD

11.8+0.4+3.7 from other W/Z decays

Event properties consistent with expectation

:I T T | T T T | UL | T 17T | T 1T | LI | T 17T | T I: > : T T | T T T | T T T | T T T | T T T | T T T | T :
40F ATLAS Preliminary Integrated Luminosity 546 nb™'= 8 40F- Integrated Luminosity 546 nb' ATLAS Preliminary 7
35 » Data 2010 (Vs =7 TeV )] 1':-: 355_ ®» Data2010 (Vs=7TeV) E
30 = |:| QCD background = g 30 = |:| QCD background E
o5 - % | EW background E L%J 25%_ | EW background _;

= | W 1, v, = HE - Wos Ty, =
20 4 3 20 | =
100 / E 10F | + E

5 A (57 = 5 L7 =
0 E 11 1 I\I| 11 1 1 | 111 m 4 ; 0 : L L o A L T /ll 1 1 1 | 1 1 1 ﬂ

0 1 2 3 4 5 6 7 0 20 40 60 80 100 120
Number of Tracks m; [GeV]
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p;(p) = 18 GeV
pYs(Th) = 26 GeV
My;s (MIT_h) = 47 GeV
m, (K,ET") = 8 GeV

OATLAS

A EXPERIMENT

r2 GeV

E:"ss = 7 GeV
Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST
-5

L — TT 3

muon = = = = -1
Candidate in 7 TeV Collisions , i~
3

3-prong hadronic
tau decay

1
360



L Inclusive jets

p /Z p
It - 1
10

— | I I 1 | I I |
Combine a range > ; S ATLASPreliminary  _ . [,
of triggers to cover g: 0 : s=rTeV -,
The fU” pT SpCCTrum g 10 ? MC (Pythia LO + Parton Shower, normalised to data)
% 1 0'4 S Statistical errors only
: £ 1054
In all cases, jets N
corrected to 107 E
hadronic scale 107 E
arlr E;lnti-Kt R=0.6 N
(JES uncertainty 7%)  10° q P i<os E
10°° El E
Jet pp606GeV 10710 ' e 3
. . 100 0 b [ T N T SR R L
Highest p; jet 1.3 TeV 10 500 1000 1500
p, [GeV]

Shape comparison with MC PYTHIA (LO + parton shower)
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Inclusive Jet cross section

—_
o
[+)]

O Measured jets corrected to >V E T aas G
particle-truth level (incl y and v) S il o <28 N
using parton- shower MC (Pythia, Herwig): = - . I systematic Uncertainties -

QO 404 - |
< 10%E I NLO pQCD (CTEQ 6.6) x Non-pert. corr. 5

Q Results compared to NLO QCD g F - ik s, A0
prediction after corrections for 10° == 3
hadronization and underlying event F — I bi=trnb . fs=7TeV) 3

10°E == 3

U Theoretical uncertainty: ~20% - — .

(up to 40% at large |y;|) 10 I E
from variation of PDF, a,, scale (U, Uf) i | 7.7*
E N

O Experimental uncertainty: ~30-40% > 2 ‘
dominated by Jet E-scale & 1.5¢ [ . E
(known to ~7%, ) E i ——— S —

% 0.5F | —T—

Q Luminosity uncertainty(11%) not included Qo of 100 200 300 200 500 6(:)0

p, [GeV]

All Jets from events with at least
One Jet p;i> 60 GeV, |yi|< 2.8

Good agreement data-NLO QCD over 5 orders of magnitude
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. : p; jet1=1.3 TeV (also
ngheST pT JeT evenT rjet2=12 TeV, m;=2.6 TeV)

Run Number: 167576, Event Number: 69725215

Date: 2010-10-24 15:42:22 CEST

30



Dijets and multi jets

Leading jet p>60 GeV,
Subleading p;>30 GeV
Highest dijet mass 3.7 TeV

—
Q
N

ji L~
S

1/n dn/dm, [GeV ]
o

—h —h —h —h —h
c © Q o <
[{e} o ~l (o2} [3)]

—

<
-y
o

ATLAS Preliminary
\s=7 TeV

—e— Data f Ldt=36.3 pb™'

|L|I IIIIIIII| IIIIIIII|_

— PYTHIA

MC (Pythia LO + Parton Shower, normalised to data)
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p jetl=670 GeV,
p jet2=610 GeV, m;=3.7 TeV

Highest mass di-jet

Run Number: 166466, Event Number: 78756195

Date: 2010-10-08 08:05:57 CEST
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8_J et event 8 jets with p>60 GeV

EXPERIMENT

Run Number: 166198, Event Number: 100726931
Date: 2010-10-05 03:27:52 CEST
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Events

(D - B)/\B
N oo N

Resonance search in Di-jets

Excited Quarks:

104

10°

102

10

_

Data
Fit
q"(500)
q°(800)

—a— (*(1200)

ATLAS

s =7 TeV
J‘Lm —315nb

1L

|
500

1000

1500

Reconstructed m’ [GeV]

6% A [pb]

T T T T | T T | T
o ———aMe9  ATLAS

10 §_ q° Perugia0 _§
e q* MC0g' 3
- \ —e— Observed 95% CL upper limit .
1 04 =N e Expected 95% CL upper limit =
- ‘5\\ Expected limit 68% and 95% bands 1
o[ ‘*r\ [ Ldi=315nb" 1
107 RN G=7TeV 3
10° E
10k S S
§ | | | | | | | | | I-\- ) * o | §

500 1000 1500

*Fit smooth function (assume Bgrd only)
-Syst. Errors: JES, background fitting, luminosity taken into account
‘Requirement on pT(j1) > 150 GeV to match the evolving trigger.

-0.30«m _<1.26 (1.20) TeV @ 95% C.L. Exclusion with MRST2007(CTEQ6L1) PDF

Resonance Mass [GeV]

— First ATLAS limit to extent previously existing limit



Events

W plus jets

Distribution of number of jets in selected W events.
Stat errors only, with ALPGEN MC normalised to data

10°

 ATLAS Preliminary —— Data 2010 (/5= 7 TeV)]
p [ IW—ev
=36 pb 7 Qcb
B Z—ee
[ IW—tv
B 1t

Alpgen MC (normalised to data
——e—— Statistical Errors Only

|—
=

2

:

=0 =21 =22 =23 =24 =5 =6
Inclusive Jet Multiplicity

Events

- | | | |
- ATLAS Preliminary

, E}vala 2010 (Vs=7 TeV)
Ldt=35ph L_JW—uv
f P> =5qcD
B Z—-up
LT W-—1tv
N it

Alpgen MC (nomralised to data)

10°

-k
o
o
II L IIIIII| L IIIIII|

Statistical Errors Only

=0 =21 =22 =23 =24 =5 26
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 Calibrate SVO (secondary vertex) tagger L/a(L)>5.72
« 50% tag efficiency point in simulated ttbar events.

b-tagging efficiency

Tag rates from template fit to p;® of muons
» Evaluate data/MC scale factors.

0.5

- ATLAS Preliminary 2.9 pb" ¢ Data

[ Jb-jets

B non-b-jets

pretagged

1.5 2

| 2.5
p; [GeV]

Secondary Vertf.‘)/( .

; Decay Length

Track / b

Impact
Parameter

Primary Vertex

ATLAS Preliminary 2.9pb”" ¢ Data
[ Ib-jets
B non-b-jets

tagged
L/o (L) >5.72
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Measurement of top cross section

Complete set of ingredients to investigate production of ttbar, which
is the next step in verifying the SM at the LHC:

« ey, E;™ , jets, b-tag

Assume all tops decay to Wb: event topology ,i'-l"'
then depends on the two W decays. w v
Of interest: il . y |
B
* lepton (e or ) [}””(](L/ a, I
Er™= , jjbb (37.9%) / TN oS
« dilepton (ee, pp or ep) % t \\"J__ »
E."= , bb (6.46%) b, N

Data-driven methods to control QCD and W+jets backgrounds

Counting experiment, with simultaneous likelihood fit to all channels
to derive the combined cross section.

37



Top Quarks in Lepton+J e’rs Mode

*BR=33%: 'Golden' channel
-lisolated e or p, p_>20 GeV, |n'[<2.5 9

2= 4 jet with pTJar >25 GeV, [n*® |<2.5

->= 1 b-tagged jet - 50% b-tag effciency _
-E.* >20 GeV, E;™ +m(W)>60 GeV 9

b jet

— 37 events in 2.9pb™
12.2+-3.9 events Background

8 I | | a8 F I I . 7
S10°c  ATLAS  pretag e/u+jets & [  ATLAS  tagged e/n+jets
> - ] =120 _

W ® data ] iy | ® data

- — | 1 _
10°F JL=2.9pb1 Lt = - J.L=2.9pb L ]
: [ single top | 100 Bl single top  —
AR I Z + jets ] 2 I Z + jets 1
10°¢ W+ jets ao% W+jets -
Etecdze | Keles] ] Il QcD .
103 i 77 uncertainty 60 /% %2 uncertainty .
102 ! 401 7 %
E L 72 1
0

1 2 3 =4

1 2 3 >4

. Number of jets
Number of jets

38



3

Top Quarks in Lepton+Jets Mode

-jet mass:

Invariant mass of the highest p; 3-jet combination

for tagged 3 and 4 jet events used in cross-check
analyses. Agrees with top hypothesis.

Events / 40 GeV
© o> A

(03]

J. L=29pb"

7@
2 R

® ﬁ

100 200 300

ATLAS tagged e/n+3-jels |

® data
[ Jtt
B single top
N Z + jets
W + jets
B acp
72 uncertainty

400 500 600

&..I|||I|||||||I|||||||I||

m;[GeV]

AREEEEERERERRNRARRRRARENRAREN RERS
o5l ATLAS lagged e/\+>4-jets]
i ® data _
i J.L=2.9 pb’ [t ]
201 B single top

- N Z+jets

- W + jets .
15F B aco B
7/ uncertainty

Events / 40 GeV

0 100 200 300 400 500 600
m;;[GeV]
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- Hy [GeV]

Top Quarks in Di-Lepton mode

b jet

*BR=6%: 'High purity’ channel
-2 isolated opposite charged e or p: 9
ee, ey, uy, p>20 GeV

>z 2 Jets with p# > 20 GeV, [n® [<2.5

-E_* >40(30) GeV for ee (uu) q
H_= Zp +Zp *>150 GeV for ey
-|M,-M_|>5 (10) GeV for ee (uu)

— 9 events in 2.9pb™
2.6+-0.6 events Background

=l ] I | I | | _ 2 | | I
10*E < u
Q& F e data ] w e data gging
Al0°F J' L-29pb (s E al J. L-29pb’ C e | used, but QOOd
[ = : . . i
e | Bl single top 1 B single top cross ChCCk
Wy g2k M Z + jets - M Z + jets
B diboson E 6 diboson .
10 i Ml fake leptons I rfake leptons
E_ uncertainty 3 uncertainty
i ] N 7. -

2 B
!

100 150 200 250 300 350 400 450 0 1 2

Number of b-tagged jets
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Top Quark cross section

Combining all channels, o,; = 145 + 31+27 pb

Significance of ~4.80 w.r.t. background only hypothesis.

E _I I I L I L L L L | I 1 I I | I L L L I L I I I I 1 L L I I L L I_
o | e ATLAS - NLO QCD (pp)
T | (2.9pb™) =— Approx. NNLO (pp) 4o ;
© YCMS NLO QCD (pp) e\
10° = (3.1pbT) == Approx. NNLO (pp) _..:2:55 —
- = CDF -
A DO e e 300 -
B ’__‘_r_,-,-""""'.. ,’/’/ 250_ _E .
10 200} |
- 150f b ] ]
- 100} 1 -
6.5 7 7.5 ]
1 ] 1 e | | .
1 2 3 4 5 6 7 8
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Heavy Ton Data Taking & Lummosﬁry

‘LHC Heavy Ion (Pb-Pb) running started on Nov 4,
ended on Dec 6.
- Is,,2.76 TeV, 14 x higher in energy compared

to RHIC at BNL

‘First observation of HI events on Nov 7, jet
events shortly after

*Total recorded Lumi = 9.17 ub-1 (95% efficient!)
*Peak luminosity = 3x10% cm®s™

‘First physics results submitted for publication in
PRL on Nov 25, accepted on Nov 26.

Run 168875, Event 1577540 AN\
Time 2010-11-10 01:27:38 CET %

Heavy lon Collision Event with 2 Jets'

Total Integrated Luminosity [ub™|

e _
12_ ATLAS Online Luminosity \[_ 276 TeV  —
- [ LHC Delivered (Pb+Pb) -
10j [] ATLAS Recorded =

8:— Total Delivered: 9.69 ub™ _:

- Total Recorded: 9.17 ub™ 1
6 -
- :
20 -
e o T

02/11  09/11 16/11 23/11 3011 0712
Day in 2010
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One of the first Pb- Pb* evenTs

@ ATLAS Run Number: 168665 Exent Number: 57083

EXPER'MENT Date: 2010-11-08 11:29:31 CET




Run 169045, Event 728772
Time 2010-11-12 01:52:11 CET

Heavy lon
Collision with
aZ—uu
Candidate
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Di-Jets events in Heavy Ions

‘Use jets reconstructed with R=0.4 anti-kt clustering jet algorithm (cone-like but
infrared and collinear safe)
Background subtracted on per-layer, per n-ring(0.1), event-by-event

404 P [GeV]

-;EXPERIMENT

Run Number: 168875, Event Number: 7
SymmeTr'IC dl-Je'r _ Date: 2010-11-09 :
event

Calorimeter
Towers
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Asymmeftric di-jet events

- Jet quenching is expected in central HI collision po
RHIC observed quenching in two particle correlation ¢

» Study the physics responsible for jet quenching
How parton shower develops in the dense medium

Select events with leading
jet, E>100 GeV, In|<2.8
Sub-leading: highest E_-jet
in opposite hemisphere
Ap>mt/2 with E >25 GeV, |n|
<2.8 i
5% of selected jets have nho > ~ o Er [GeV]
sub-leading jet ' . N 10

60

Di-jet Asymmetry: 3 '. \ ¥ o

Run Number: 1689136, Event Number: 4511690

Date: 2010-11-13 06:44:25 CET

e
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- 4 T T T T = 4 T T T T - 4 T T T T - 4 T T T
g 40-100% | 3 20-40% | & : T I\ E=2.76 TeV 0-10%
z = 2 z o ATLAS
~ 1 2 = 2P0 Pb+Ph
g -3 z" z ++ Ljy=1.7 pb
- 2 ] = = LR .
. ¢
| ] b ¢ ]
° o k " " Increasing
J - c
centrality
' 16E T T
g g E N g T @roiespan
?_ % % % Crpp Data 1
E: ;:: 1;: ;E F OHumNG Ry THI ]
- 10" i -,;=** E
107 10 .
For more central collisions: ‘First observation of large dijet asymmetries
‘Increased fraction of jets with large in Pb+Pb collisions
asymmetry ‘Not observed in p-p collisions or peripheral

‘For all centralities, Ag strongly peaks at 7 collisions
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Cross check example: Energy, p_ flow analysis

hardest

i “away-side”

jet

(D

leading jet |

()

A

-
‘_..-:

w2 |

Independent check without jet Il>

algorithm

o

and no subtraction
Asymmetry seen in calorimeter data

And also in tracks

>

—

3 E¥OWEF [Gev]

z pl* [GeV]

50¢
asE- ' ATLAS Preliminary
= * Pb+Pb
40§ $ I—irlt:‘I -?Hb_1
35 Sp= 2.76 TeV
30 S
5 o A;>04 "
=0 g3 .
15 o ote
ol s
5
- 1 TR | | i .
0 1 0 1 2 3 4
Adp
m_
2 ATLAS Preliminary
N + Lin=1 -?I-lvb_1
20 ¢ \[Sup= 2.76 TeV
. ﬁ e A <02
15 s« 02<A;<04
E o A,;>04
10:— 4
H L]
5 .t
E widag
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Prospects of pp results

proton - (anti)proton cross sections

9

10

Tevétron LHC

Discussed:
‘Inclusive
‘Jets

‘W/Z Bosons
*Top

Next Year(s):

‘Di-Bosons: WW, WZ, ZZ,...
Higgs ?

-SUSY ?

(&)

t
jet
b OuES >V
o, (M=120 GeV) /Y
200 GeV’

500 GeV
A |

§ O
L Higgs

E

[ WJs2009
11l I

0.1 1
Vs (TeV)




Candidate ZZ->ppvv

;((i; AT LAS Candidate Event with a Z—pp and missing E..
\\‘g?,,f g . B ,_ . -

ALEXPERIMENT 57703

Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET




Higgs Production and Decay

102Pr'oduc‘r|on cross SZCTIOH Decay modes
"""" I R =

e
.....................
............................

10

Branching Ratio

o(pp —H) [pb]
LR

ool

Lol

ATLAS
—bb
— 1T
—VY
- WW

—_
S
3+

10%E " e gt

-
—I-III|

100 150 200 250 300 350 400 450 500 550 600 1

(G
M, [GeV] ool

At low masses:
2 7 7 ar Wiz g ‘ * dominant bb decay, enormous
§> " jz . >’Jf :‘::E . QCD background

*H->7T via Vector Boson Fusion
. q g g ‘n ¢ 7 ‘H->yy has low BR, but excellent
(@) gg — H (b) VBF (©) VH () iiH Y/J@T Separ'aTion and Y resolution

At higher masses
*H->WW
*H->Z7->4 |eption final states
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Higgs sensitivity, 7 TeV, 1 fb?

-
o

) IIIIIIIl

- H— WW

| = H-= 4l
== H— ZZ— lIbb el

| ode-Ho ZZo vy ATLAS Preliminary

=a= Homy , ;

=€ VH, H-s bB (Simulation)

=B~ H=1t 2l

« ==+ Combined

i \s=7 TeV Projection .[ Ldt=1fo "]

—
<

LU
Illlll

95% CL Upper Bound on cfcg‘:m

Cdt2a

102t N ST SRR T (PR B
100 120 140 160 180 200
m.{GeV]

TT, bb and yy channels all contribute in low
mass region

—
o

T T T TTTTT
poupaainl

—— H- WW
== H- 4l
1mi —r— H 3 77— libb
ATLAS Preliminary - tzz: e
(Simulation) - b LR

—=— Hatt

I Ldt=1fb" — o

[

—

o
|
e
[7)
]
\l
—
4}
<

LU

95% CL Upper Bound on o/cgy;

| ||IIILI|

1 0-2 PR TN T T N NN R TN TR NN TN T TR TR NN SHNN SN SHN T AT SR TR S N
100 200 300 400 500 600
m,[GeV]

129-460 GeV has >50% chance of
exclusion
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Higgs sensitivity

Effect of increasing luminosity Increasing the beam energy
7 1 -+ 0.5f 5 10
% -'-1be g -7 TeV
c "'Efb c
o - 5ip °
= ETeVatron B8 T E & TeVatron
S R CJLEP A S i 5 CILEP
= H .|
@) 0]
2 S
Iy 'g]
m o]

ATL;QS F’rellmmary {Slmulatlon) ATLAS Preellmlmary,r (Slmulatlon) ; ;
i I PP PP S PP PP
10100 110 120 130 140 150 160 170 180 190 200 10100 110 120 130 140 150 160 170 180 190 200

M{[GeV] M.[GeV]

‘1 fb? at 7 TeV gives: 129 to 4606eV 95%CL limit

2 fb? at 7 TeV gives: Nearly 131 to 430GeV 3o

2 fb? at 8 TeV plus optimization: 114 to >> 500 GeV 95%CL limit
-5fb? enough to close gap with LEP at 7 TeV: Expected 30 observation
from 123 to 550 GeV




Summary & Outlook

. Successful first year of LHC operation
_ Exploring the energy frontier in both pp and heavy ion collisions
. Excellent ATLAS detector operations
_data taking - data processing — distribution - analysis
. Remarkable detector performance demonstrated by the data

_ Many years of testbeam, detector modeling give rise to impressive agreement between data
and expectation.

. First physics measurements of jet, W, Z, top-pair, and observations of 1 leptons
_ Searches for new physics at TeV scale have begun
_ Many new results to come in the winter conferences
. 1st Heavy Ion run has started a new era of heavy ion physics
_ Dijet asymmetry indicates jet quenching
. Very exciting physics ahead next year
_ Sensitive to SM Higgs, search for new physics beyond SM.
. Mid Term Plan:

_ L=1fb* at /s=7TeV by end of 2011 - possible extension or increase of /s to be discussed
end of January

. Long Term Plan:
_ So far: ~1 year shutdown 2012 and collect L=10fb-1 at /s=14TeV by end of 2014




http://atlas.ch

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Backup
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First measurements with pp

(}'J_'103 IIIIIIIII III||III| | g3_|||||\||||\|\lll\\|l||\|\\_
> 10? p,>100 MeV, |n | <25, n,,>2 = :
2.5 P S eeses, -

§ 1o § S g ——
N %g%&g ATLAS Preliminary 3 .0 E
go] -1 88 = C N

10 - —-_-'--"I-.. ]
\%10-2 1.5— _ " I ]
& 10° I e
O s = 4-\s=7Tev E
Q|_1 0_5 05t p:>500 MeV BE\s-236Tev B
8 e CLBTHASTRBEY  MEve-swow
"510-7 N L . R B
~2 10'8 == Data\-S =7 TeV - —— n
— =0= .

10°F == Dataxs=09TeV Number of charged particles

10710 as a function of p;yand n

10-11 1 Lol ] Lol ] L1

10’ 1 10 Plus studies of underlying
p, [GeV] event, hew MC tune...

Charged-particle multiplicities in pp interactions at sqrt(s) = 900 GeV
measured with the ATLAS detector at the LHC. Phys Lett B 688, 1, 21
Additional results with 2.36 and 7 TeV data
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B_J/W(uu)K

Signal for B:->J/y(up)K:

Require transverse decay
length >300pum

Unbinned likelihood fit to
signal (with event-by-event
mass uncertainty) and
linear background

Combining K' and K
283+22 signal events,
fitted mass 5283+2.5 MeV

Entries / (30 MeV)

Entries / (30 MeV)

60F ATLAS Preliminary

E Vs=7TeV
5ID:_ ILd1:3.4 pb’
40
30

m%
10F

I T T T T I T T T T I T T T T
m,. = 52826+ S.Si 55555 i Mey
o= 40+ 4|:519|_| MeV

M, = 138+ ISBHH

Ly = 300 pum

Ke 2

:lllllllllllll
5000 5100 5200

P T BT SR B
5300 5400 5500 5600
My« (MeV)

?0 B T T T T '| T T T T I T I 'I I

- ATLAS Preliminary mg = 5283.7+ 3.3, MeV
60 - N c=39%4_ MeV E

- =71V Ng = 146+ 15__ ]
5G — (=lat.} -

s J.Ldlz 3.4 pb’ .
A0 Ly > 300 um .
30 E
20F K

10F

:....I....I..
5000 5100 5200

PRI BRI B S B
5300 5400 5500 5600

Mk (MeV)
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o x BR [pb]

W' search

W—ev —e— 95% CL limit
N \s=7TeV,317np' -o-SSM(LO)
g .- Expected limit
‘O\ [+ 16
[J+2c

) . ATLAS
10°F Preliminary

10} .

0.2 0.4 0.6
My [TeV]

-m,,>465 GeV (with 317nb")
c.f. Current limit: m,, 1.0 TeV

50 observation prospect:

M, >1(2) TeV - ~10pb* (~1fb?)

Events / (0.06 Iogm(m_r))

Luminosity [pb]

10* " ATLAS Preliminary W—ev ® Data 2010
103 \s=7TeV DWY(ZOO)
. 317 nb™ w00
10 [Jwrz
10 .ttbar
’ [Jaco
10"
102
10°
10
102 10°
m; [GeV]
v W' 5 Evidence Combined
L W' = ev 10 Events
L O W' — ev 5z Evidence
103 E ; w':::;;\:ﬂrﬁcs
10° F
_ Ns=7 TeV ]
i ATLAS Prellmlnary
10¢ Simulation
1.0 15 2.0

M(W’) [TeV]
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Inclusive Jet Cross Section

Anti k_, R=0.6 (or 0.4) with L=17nb",
p.(Jet)60 GeV, th |<2.8

18
;‘ 1 01 7 [ T T T T T ‘ ]
o 10" ATLAS =
% 1 01 5 i anti-k, jets, R=0.6 —>— 21 <ly,, <28 (x 10%) f
o [ \s=7TeV, [Lat=17np"  —e— 12<ly, <21 (x10) ]
13 —&— 08<|y| <12 (x10%)
o - 'max 1
g-l 0 - Systematic uncertainties 5— 03<ly| <08 (x 10 —
=~ 11 ]
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10-1 i ! . ] ] 1+ L 3 |7 )
2x10 10 2x10
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doldydm._[pb/GeV]

12

do/dydm_[pb/GeV]

12

do/dydm._[pb/GeV]

45E- anti-k, jets, R=0.6
40— Ns=7TeV, [Ldt=17 nb’
35
30
25
20—
15—
10E-
5E-
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1 10
x
8E T
72— —e— 340 < m,, < 520 GeV
6 —=- 520 < m,, < 800 GeV
5 —— 08 <m, <1.2TeV
4
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X

Data is consistent with NLO pQCD predictions with non-pertubative corrections
‘Leading log (LL) parton showes (PS) MCs provide reasonable description

(with proper normalization factor)



Di-Jets

1+cos@

1-cos@
O* corresponds to scattering angle for 2-> 2 parton scattering or in di-jet CMS
Rutherford (gluon ex.) scattering implies dN/dy is flat

P ¥ >60(30) GeV, ly,, <2.8 (L=17nb")

L]' jerl =¥ Jer2 | _

M_ and angular distribution: 7 = e
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Data is consistent with NLO pQCD prediction with non-pertubative corrections



Non-resonance search in Di-jet events

Quark contact interaction
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bl

Angular distributions sensitive to & channellvs. t-channel (QCD) production of

dijets.

* x is almost flat for QCD. s-channel exchange peaks at low .
*Syst. Error: JES (dominant), PDF, NLO scales...

*'A>3.4 TeV @95% CL exclusion » New best limit (A>2.8-2.96 TeV)
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b-tagging mis-tag

* Mis-tag rate from vertex mass fit or rate of signed decay
length significance L/o(L)<-5.72

« Mis-tag rate ranges from 0.2 to 1%, as p; increases

ﬁfter all corrections
0

T
—

> - L I 1 ¢ 10 TR T ATLAS Prbliminaly 297pb T ]
9 25000 —e— Data E A ¢ Daa ]
& - [ biets 1 2 q00L [ bjets N
e - [ EEE - 8 - B ciets i
> 20000 , | 1 £ I . | g
’ - B light-flavour jets . 2 80 I light-flavour jets -
- N N 777 + 1o Simulation Tag Eff. -
= 15000 i B0 — SVO0 Cut .
0 _ ] i ]
E - . N :
210000 - 10 __
N ATLAS ] ]
L - _ .
5000 Preliminary 2.9 pb™ 20 .
oL y 0

5 1 > 3 q z 3 0 5 10 15 20 25 30 35 40

SV0 Vertex Mass [GeV] L/o(L)
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SUSY Searches

if SUSY, LHC produces copiously strongly interacting sparticles (gluinos, squarks)

SUSY signatures

- high E* (from LSP)
- enrichment witht, b, t
(depending on model

* high pT leptons
parameters)

* high pT jets
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Example Search channels
- jets + E* +nleptons
. b-i Mes

b-jets + E_
Conclusions

» within the models investigated no signal expected yet 400

- data compatible with SM expectations
= SM background well under control
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SUSY Search in b- JZTS and E_*

% e ""'""o'.;,!t;n';h'a}m'e'.""'?
o 10 Py 2-jet selection
g %E _I-Ldt=305 nb ® Data 2010 45 =7 TeV) E%
. . @ 103 E — Egr;ﬁnz?;l‘::tion =
+  Secondary vertex b-tagging algorithm: % M (5 W proucton s
- Decay length significance: L/s> 6 @ 10e D oo
sb_mggmg'\' 500/0 10? llllll SUSY sSU4 EE
- Rejection >98%(light) »80%(charm 1L ATLAS Preliminary =
9 = 5
- Event selection (305 nb?): F Dijet channel ]
10" J =
-Di-jet channel: S E
w . . 1.0 RN T N N T N N S A RN TT T TORT U ST T ST
>2-j (70,30)", at least one b-jet 0562 "4 6 8 10 147716718720

-lepton+jets channel ETsS/\[TE, [GeV'?]
One isolated muon

» 2-jets( 30,30) at least one b-jet 8 ' ATLAS prewminay | Mooncramel

-E,//ZE;> 2 JGeV E; 107 Jua=a0s v’ i

- : 5 F —Hi

- Clean ET miss measurement essential o 10 Dwpprotucion 5

- Data are consistent with background - b o -

(8 evts seen,4.7 expected in muon channel 1 3 Tu+1jet =

- With one lepton, top BKG dominates B e N +1 b-jet |

- Can extendTevatron sensitivity (gluino 390 - T
GeV) with ~ 5pb? 1025105 46506408 5U6 606708508

M.« [GeV]
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Mapping the Inner Detector material
with y 2 e*e conversions and hadron interaction

E L | | | | | T 11 | 1T 11 | | | T 11 | T 11 _I_
E 250 ATLAS Preliminary  -0.626 <1 < -0.100 —
o B i
~ u %  Dala -
o B i
:EIE.} 2[]{} — MC conversion candidates ] RCCOHST.I"UCTZFI .
c B MC trie comversions il conversion point in
w B g@l the radial direction
150 o =il of y > ee from
| A — 5o .
| & : Bl minimum bias events
-| € Pixel support il (sensitive to X,)
100 § structures ]
T - -
10 Dalitz B _
decays | | : .. SCT2 |-
% 50 100 150 | 350 400
Goal is to know material to better than 5% R [mm]

(e.g. for W-mass measurement)
Present understanding: at the level of ~ 10%
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-E..' O 18 I. T T 1 T B R T T T
}'—’n.ntll(t R=0.6, JES Calibration, 0.3<|<0.8

Jet Energy Scale

= . .
® 0.16F Monte Carlo QCD jets —
th - [ ] Underlying event (PYTHIA, Perugial) O Fragmentation (PYTHIA, Professor) 3
Q 0.14 [~ A ALPGEN, Herwig, Jimmy M\ Shifted Beam Spot ]
5 I — ] Additional Dead Material [} Hadronic Shower Model ]
) 0 12 — v Noise Thresholdls ~ =====- LArTile Absolute EM Scale 1
" . = ' ~ : JES calibration non-clasure [ Total JES Uncenainty ]
*Jet reconstructed from “topological clusters” | £ & E
*Jet momenta corrected for 2 : o .
-calorimeter non-compensation @ 0-081 ATLAS Preliminary
-dead material, etc. D 0.06F -
using n/p-dependent calibration factors - 0oaf | 8 ]
. . = : e O .
derived from MC ( tuned with = . 12 E---------D ST = ' I B B
"combined testbeam” data ) © 0.021~ x4y : ' g .
*Result checked with single particles /Min bias ot ¢ . 8. 8 P, L_i_i:_!_._;_LL_L_!:
20 30 40 102 2x10? 10
Pl [GeV]
1-1:""|""l'"'I""I""I"
1.08| Anti-k R=0.6, JES Calibration Monte Carlo QCD jets
81.06 50 <p;” <110 GeV Data 2010
Q1.04F o
g 1.02 E_ ATLAS Prellm}nary
E‘O 9815 ) ; :
D % E =
£ 0.96F P—
@094 —e— Data 2010 V=7 TeV =
0.92E —=— Dijet MC =
0-g: A 1 L 1 l ' 1 L I l L 1 L 1 |. L 1 L 1 I L | 1 1 I 1 L 3 Today JES
e ey known to : ~ 7%
E ’ 1 - messeeaEs—— ?. e 1 =
S 0.98} S < ) o
pad] : : 1 DU Ultimate goal: ~1%
2 2.5
Jet inl
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Missing transverse energy
in the calorimeters

Calibrated E,™ from

minimum-bias events
(component on vertical axis)

Sensitive to calorimeter performance
(noise, coherent noise, dead cells,
mis-calibrations, cracks, etc.), and
cosmics and beam-related backgrounds
("Event cleaning")

Events / 1 GeV

% 105 T ™ IR I I
(0 9F e Data:fit049\[TE, E
& 8 —— MC Minbias: fit 0.51\[Z E,
] - | Calibrated -
e 6 =
@ = ]
E . 5
u - —
E 4 =
W 2
25_ Data 2010 Vs =7 TeV
i ATLAS Preliminary Tﬁ-dtﬂ'-ﬂ*’r nb” E
I nh<4.5 |
oLt 1 [ Lo I N B S Lo [ 1 I s
a 50 100 150 200 250 300

T T T T T T T T T
;'Ak ATLAS F'rellmlnary

* Dala
|:|MLF.1|PB|33 f D:ﬂdzﬂm *J'_ 7 TeV

w

Measured over ~ full calorimeter coverage
(360%in o, InI <45, ~ 200k cells)

I|'|I::4 5

|'I'|'|'I" |||||'|" |||||'|" |||||1 |||||'|" |||||'|" ||||T|_|:
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Observation of a Centrality-Dependent
Dijet Asymmetry in Pb-Pb Collisions

su-:j E, [GeV] AT LAS

Run: 169045

. Event: 1914004
Calorimeter Date:  2010-11-12

30: Towers Time: 04:11:44 CET

40

Jet quenching:

How do parton showers in hot medium (quark gluon plasma) differ from
those in vacuum ?
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Minimum-bias, centrality

- Triggers: minimum-bias trigger scintillators, ZDC
Characterize centrality by percentiles of total cross-section using forward
calorimeter FCAL ZE_(3.2 < [n| < 4.9)

S
ATLAS
Pb+Pb \[5=2.76 TeV

dN/dE, [ TeV']
| III|I[|] 1

(20-40)%

*

1
> ’

N

. | T B
25 3 35 4
FCal X E; (3.2<Inl<4.9) [TeV]
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Dijet analysis

Use jets reconstructed with R=0.4 anti-kt clustering jet
algorithm (cone-like but infrared and collinear safe)

_ Calibrated using energy density cell weighting
Select events with leading jet, E_>100 GeV, In|<2.8

Sub-leading: highest E_-jet in opposite hemisphere Ag>m/2
with E>25 GeV, |n|<2.8

_ 5% of selected jets have no sub-leading jet

Introduce new variable to quantify di-jet imbalance:
_ Asymmetry:

Robust Variable

_ Residual substraction errors cancel in numerator
_ Absolute jet energy scale errors cancel in ratio
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Dijets: comparison to pp,
HIJING+PYTHIA

| 4 1 I T 1 1 T 1 1 I L 1 1 I T 1 I
E | ® PbePb Dal
Z wh
o O psp7 TeVDala
E O |
HIJING+PY THIA
Z 3 -
~ i
—
e
E- -
1 —
D [l

A,

(1N_) dN/AG

Pb+Pb di-jet asymmetry (A), acoplanarity (Ag)
Compare to pp data and PYTHIA dijet events embedded in HIJING
No HIJING quenching, Data agrees with pp, MC in peripheral PbPb

F=Y

L
40-100% '
" ATLAS Preliminary
| Pb4Pby[s,,=2.76 TeV
- L, =1.7pb"

| Peripheral |
L 40-100% |
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Di-Jet Asymmetry - Cross checks

o Carried out a number of cross checks to test for
detector or analysis source of asymmetry - partial
list:

Problems in calorimeter

Background substraction

Different jet sizes

Jet shape

. Energy loss to muons

. Missing E_

« Many more
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Higgs sensitivity
Study Higgs sensitivity at 7 (8, 9) TeV

« Conservative, cut-based analyses
« Robust systematic error estimates

Recently added new channels to earlier 7 TeV
study

o Full simulations at 7 TeV for some analyses, and cross
section rescaling for others

« 8 and 9 TeV sensitivity from rescaling

Also benefit from updated cross section
calculations with most complete available higher-
order corrections which also give increased
sensitivity

ref. ATL-PHYS-PUB-2010-015
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