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Disclaimer

This is a personal snapshot of ATLAS experimental
results

— Full list available at https://twiki.cern.ch/twiki/bin/view/AtlasPublic

There are 166 ATLAS publications on collision data up to
now

— An average of 2 papers/week in 2012

Material included in this talk is collected from differentes
sources

— Colleagues, previous talks, official ATLAS conference slides

| tried to be “fair” and not let Higgs searches results
monopolize your attention (and mine)
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Outline

Introduction
— ATLAS, LHC luminosity, trigger

Perfrmance of the ATLAS detector for physics analysis
— Physics objects reconstructions: e, u, hadronic t decay, jets...

QCD

W/Z bosons
Dibosons

Top quark
Higgs searches

BSM
— SUSY,
— EXotics: extra-dimensions, new resonances, everything else(?)
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The ATLAS detector

44 m
— — —

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

A general purpose detector
Inner detector (ID)

> Pixel (
o Silicon microstrip tracker (SCT)

o Transition radiation tracker (TRT)
Solenoid

o 2T magnetic field < i
Calorimeter 25m ||
o Electromagnetic (EM)-Liquid Argon (LAr)

o Hadronic (HAD)
scintillating tiles in the central barrel, LAr in end
caps (EC) \
Muon Spectrometer (MS) 7000 Tons

> Monitored drift tubes (MDT) and cathode
strip chambers (CSC) used for position
measurement in bending plane

Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

- Resistive plate chambers (RPC) and thin | Detector companent f coverage
gap chambers (TGC) used for triggering Measurement Trigger
and position measurement in non-bending Tracking +7.5

lane —
P . . EM calorimetry +3.2 +2.5

Three large superconducting toroids : - :
one b | and EC Hadronic calorimetry (jets)

O E_m; farlzje a_n tvf\llol g barrel and end-cap +3.2 +3.2

- Eight-fold azimuthal symmetry aroun
ca?orimeter y y forward 31<n| <49 |31<|n|<49

. . ' 2, 2.

- 0.5T magnetic field Muon spectrometer +2.7 +2.4
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LHC performance
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LHC is performing extremely well.
LBl

Peak luminosity up to 6.8x10% cm™'s™2.
Expected integrated luminosity by the end of 2012: ~30 b~ L.

More than 90% of delivered pp collisions are used in analyses.

High luminosity, but high-pile-up environment:
>20 additional interactions per bunch crossing

(9 interactions on average last year).




The new chalenge: Pile-up
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ATLAS and 2012 Pile-up conditions

Huge efforts over last months to prepare for 2012 conditions and mitigate impact
of pile-up on trigger, reconstruction of physics objects (in particular E;™ss, soft
jets, ..), computing resources (CPU, event size)

Pile-up robust, fast trigger and offline algorithms developed

Reconstruction and identification of physics objects (e, vy, M, T, jet, E{™ss)
optimized to be ~independent of pile-up - similar (better in some cases!)
performance as with 2011 data

Precise modeling of in-time and out-of-time pile-up in simulation

Flexible computing model to accommodate x2 higher trigger rates and event size
as well as physics and analysis demands

S 105E ariAs internal =

g oo R

] i E

Efficiency of inclusive electron 09F E
trigger (E; thresholds as low as 24GeV) O:Zf 7 ee events E
as a function of “pile-up” Tk -
0.75 J-Ldt=2.0 ' fs=8Tev - E

0.7F e =

E 2012 p-p Collision Data —— EF -

065, . 1 o
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Performance of the ATLAS
detector for physics analysis
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Tracks & vertex reconstruction

Track Reconstruction
Algorithms based on pattern recognition

- Inside out
« Silicon seeds extended out to TRT
» Reconstructs most primary tracks
- Back-tracking:
« TRT seeded with inward extension

» Recovers secondary tracks
(conversions, hadronic
interactions, VO decays)

Primary Vertex (PV) Reconstruction

lteratively fit tracks consistent with
interaction region

Choose physics PV based on Z(pT?)

- Becomes reference PV for b-tagging

- Physics object association is also used

X Vertex Resolution [mm]

Data / MC

—
<

—
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n
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= —e— Data 2012, Random Trigger:

—— Minimum Bias Simulation

1.2F

0.8F

oot ee oot oo TS T H+ ......
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Number of Tracks

PV resolution in data from 'split vertex'
method: well modelled in 2011 & 2012
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Impact of pile-up
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Electrons and photons reconstruction (1)

Towers in Sampling 3
Apxam = 0.0245x 0.05

Use sliding window algorithm
» Find seed with energy >2.5 GeV
Form clusters AnxA¢

» For electrons and converted photons:
0.075x0.175 in barrel and 0.125x0.125
in end-cap

1 At Or
! T .098)

» For unconverted photons: 0.125x0.125

Measure cluster energy — Calibrate
energy

Match cluster to an ID track
» Electron — photon separation

» Match track to a secondary vertex
» Converted — unconverted photons
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Electron and photon reconstruction (Il)

Electron reconstruction takes into account e
Brem point
bremsstrahlung losses at pattern
recognition level Conversion point
» Gaussian Sum Filter method for improved
electron track parameters and cluster-track Electron tracks
matching [ Electron track
/Improvement on the track ) ‘
transverse parameter significance| [  Impact on low-p; electrons )
g T T——————n and J/{p mass distribution
'QC L Simulation ] % 0.025 T T T T
5 22 -l . ~ = - ATLAS Preliminary Y
o r o Z—ee (GSF) ©0.02- . —
2- — o \s =7TeV 5
1,8:— g - Zi 0.015:_ e Data 2011 (Standard) ..o ® o
C - - 1 g E o Data 2011 (GSF)
1.6 o i= ] g 0.01— .0. o° o} _:
145 . I e - 0'.20000 ¢ ]
12;_ “‘_‘Z*-c_*rwhv_t_*_o_:wF_C_Hﬁ_-"-*’“ _ 0.005 ?_80'3888’53388800000 * . OO a —E
Lol bbb b s b 1 I R (ST B %
25 2 s o 0 08 T s 7 2 {500 2000 2500 3000 3500 4000
\ pren / \ Mo [MeV]/
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Electrons and photons Identification

|dentification criteria include calorimetric cuts using the
information from the different layers of the EM
calorimeter, leakage in the hadronic calorimeter, track
quality variables and cluster-track matching

3 (2) different sets of cuts with increasing background
rejection
» e:loose, medium, tight

» y:loose, tight back

Example: Due to the fine middle
granularity of the strips

(EM), it is possible to | | I strips
distinguish between y and  IE————— |

—— —— ' CS2MPler
1 using strip variables.

Strip granularity in n:0.003 (barrel) 0 v



Electrons identification efficicency

Identification efficiencies measured using Tag&Probe method on Z —» ee, W — ev, J/y—ee
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e T waaa.
ATLAS Data2010, \s=7 TeV, [Ldt=40 pb™

- ?T 0 .
:— Medium identification _:
B —— Z—see data 3]
- O Z—ee MC -~
e b b v Ve e U b ey 1
15 20 25 30 35 40 45 50

E; [GeV]

Dependence of the identification efficiencies on

> 1T N B B e pile-up. Improved for 2012 data taking
% : ATLAS Data 2010 \{5-7 Tev ILdtz40 pb 1 : ‘Q 1 05 TT | T 1T | T TT I 17T | T & ol I ET 0 1T | G & | 1T | L I_
= L _ o~ =
= 1:_ = P 100:— ATLAS Preliminary JLL dt=47" —
N [ ] ,E 95:_ 222 00 ® =
0.9 i ‘ . £ = * ¢ e s =
i ] o 0H & 4 .
- iy 1 4 c - & 3 & 5 -
C I 7 - 4 3
0.8 | ] '(% 85F ol £ 4 =
: . 2 = * 4 3
0.7~ Medium identification — z 808 B m p L =
B ] O o L H =
C - J/y—ee data ] T 75F ¥ oop B —
0.6/ —& J/y—ee MC i S - o =
:I I P R R | co b b b by I: ﬁ 705_ _E
& B 8 M0 17 ¥ 18 B X Il 65[ MCLoose++ & MC Medium++ O MC Tight++
Rl goF a2 Looseris, 4 Pota Miedumes , 8 Pele i
2 6 10 12 14 16 18 20



Photons identification efficiency

Photon identification efficiency measured on MC events
corrected for data-MC differences
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Photon purity estimated on data using a 2D side-band
method (tight identification and isolation)
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Electrons and photons energy calibration

- The energy measured in the cluster cells is calibrated using
simulation based methods and tuned with test beam results

Z—ee in-situ calibration is used to correct the EM scale on data
» Used for the full pseudorapidity region |n|<4.9
» Cross-checked for linearity, uniformity and stability with |/ and W events

» Derive constant term to apply to MC resolution
» Barrel: 1.2% +0.1%(stat) +£0.5%(syst), End-cap: 1.8% +0.4%(stat) +£0.4%(syst)

50.08||ll||lll|llll|lll'|""|""|'"'I ><103 Both electrons In barrel
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- sl 4+ ] = 40— ]
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Muons in ATLAS

« Segment tagged (ST)

« Combined (CB)
— coverage: |In| < 2.5

— inner detector (ID) and muon
spectrometer (MS) contribute to
momentum accuracy

— best momentum resolution
« Stand-alone (SA)

— coverage: |n| < 2.7

— high momentum resolution

— momentum from MS

« Muon momentum resolution

 Combined muons from Z boson
decays

* Resolution: width of Gaussian
convoluted with dimuon mass
resolution at generator level

» Fit range for m(up): [75 GeV, 105 GeV]

Rachid Mazini, Acade

my, resolution at m =90 GeV [GeV]

coverage: |n| < 2.5
momentum from ID

needed for low pT to fill
acceptance gap atn=-1.2

- Calorimeter tagged (CT)

available for [n| < 2.5
lowest purity

uniform efficiency near MS
acceptancegapatn=20

O 4 NN W & 00 0 N ©

n- &
00

+*0-
<0

L =

L = 2

I I | | I I
ATLAS Preliminary
e Data 2012

® Simulation
¢ Simulation with smearing

?? :.? ?' ? .05
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Muon Reconstrucion efficiency and Isolation

Tag and probe selection

Efficiency

Data/MC

and MS selected as tag

to

* J/y mass for low p; range
» Z boson mass for high p; range

Efficiency = fraction of probe objects

identified as muons

One good muon reconstructed in ID

Second object identified by one of
the systems taken as probe muon if
invariant mass of two muons is close

Muons required to be isolated to
suppress background in many
analyses

— Calorimeter based isolation
2Et(AR<0.3)/pt< X

« Corrections applied to remove pile-up
dependence

— Track based isolation 2pt(AR<0.3)/pt<Y
* Pile-up robust
1=

1 -
0.98 —
= s = = ST e % =
0.96— =
0.94/— L,
- I Ldt 2264 pb” -
0.92— - -
C g” 901 73 2012 data, chain 3
09  ®data ATLAS Preliminary—
1,028 R
1.01
1 L ]
0998 —.'W_'_. [ L]
0.98& : : : :
0O 5 10 15 20 25 30 35 40 45 50
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Jets reconstruction and calibration

5
i 3
—

 Inputs to jet reconstruction: 5 oy //

o J3-dimensional calorimeter topological clusters: B10°k| eus
» Follow shower development é ; ;_""““ s
* Pile-up + electronic noise suppression %’y;&y«g S e e |
» Local hadron calibration (EM/HAD weights) §1o; -~ o I
derived from single pion simulations z | E°

o Tracks

Pile-up

subtraction

Monte Carlo
JES calibration

Jet-by-jet

Post-calibration

* Independent from calorimeter © R

iy ; 3 Ed 1:_ATLAS ISreIiminary 3

» Additional z-vertex information g  Barel  BamebEndcap  ypg HECFCA oy

w 09__— .

° ° .(-U' i“.AAA“ aM, ‘AA“AAA“A ‘A‘ E

+ Jet algorithms: anti-k; R=0.4, 0.6 g ool e Lo L e
o anti-k; R=1.0, C/A R= =k O I O i =

5 oef |4 [T -

© ® ° ° moole, % o o .

[ ] C .o. ooooo <
Factorized jet energy calibration o5t |, A A -

o Pile-up, non-compensation, inactive material, 0,4:_Am.k R -06, EMES s Ml
shower leakage R N

o Residualinsitu calibration Jetin,,|

In-situ residual
calibration

corrections
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Jet p$M [GeV]

Pile-up substruction and uncertainty

Offset correction to account for
in-time and out-of-time pile-up
Determined from Monte Carlo

Uncertainty from data/MC
differences in dijet and 7y +jet

L] L] a apT

insitu offset measurements OWpv.pt o) = 7t laed) (Nev = N+ 528 ) (= 1)
PV
e — In-time Qut-of-time
*ATLAsPreIlmlna : — 1:Ill(||I!FIIIIY]]lII|!11||Il!l||l|l|lllllllll ||1£ — 0_6llll‘IIII‘III|IIII]II||]|IY1I|II]II[IIIIIIII TTTT
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L tracket 3 = Sl a E = Ry — X -
W55 P, " 5 30 G ‘ 1 _Z 0.8 Antik EMR=0.6 3 2 047 anik, EMR-06 ]
SO 0<p™H < 35Gey MI<19,7.5<p<85 | Z F | 18 ]
- -"‘-35<P"ad('et<40 GeV . E_“ Qi —0—+I — 3 & 0.2 e —— i
502 o-40< p"“""*‘<45 GeV 1 ® 0.6k - | | = R= 7
C Average Slope = 0.578 +0.005 GeV/N,,, ] Fg-—o— | n el . e —— — ' ]
L i E—= 7] = — _
B o _o——e—o—90 7 05%—3:_ 3 or _r 4
40F o eo—o—o° - = 0.4 = I T ]
- WPJ ] 0.3 Y+jet data 2011 = 0.2, y+jet data 2011 ]
30 L W ] E —— y+jet simulation 3 - —— y+jet simulation —— .
: M._—l——r" ] 0.2 Track-jet data 2011 7 _0.4/—= Track-jet data 2011 —
C ] 0 11_—.-— Track-jet simulation 3 "+ —— Track-jet simulation .
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Fraction of jets

e 9O
W

S
()

Pile-up suppression

JVFLjet2,PV1]=0| |
JVF[jet2,PV2]=1

W/ TvFLjert, Pvi)=1-f
| JVFLjetl, PV2] = f

Jet Vertex Fraction (JVF)

0.1F

0 02 04 06 038 1
Jet vertex fraction (JVF)

ATLAS Simulation
PYTHIA QCD dijets

anti-k, R=0.4 .
2x10® cmr%s™, 25ns pile-up N
P,z 20 GeV, nl<20 )
Hard-scatter jets
I Jets from pile-up

« Reject fake jets from pile-up
fluctuations using jet-vertex

association

« Similar technigue used to
suppress pile-up on missing ET

06 =
0 5 —¢— Data 2011 _:
- Z ALPGEN MC10 —e
—4— Data 2011 (UVFI > 0.75)
04 Z ALPGEN MC10 (UVFI > 0.75) e

r. | | | | | | | -
ATLAS Preliminary  Anti-k, R=0.4 EM+JES -

4 P>25GeV, i <257

.nlnnln*

|
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Jets energy scale uncertainty

« Single particle response (test beam / insitu)

« Monte Carlo samples with different physics modeling and detector
configurations

Relative p; balance in dijet events

42, 01 2 B T T T T T T T T T T T T T ] O 1 .1 4
% I Anti-k, R=0.6, EM+JES, 2.1<1n1< 2.8, Data 2010 + Monte Carlo incl jets S 112— |
S 0.1 4 ALPGEN+HERWIG+JIMMY v  Noise thresholds = ] ; 1_0 Multi-jet ATLAS B
= % JES calibration non-closure « PYTHIAPERUGIA20107] @ "o Tra_Ck'J 9t ILdt:SS pb'\Vs=7 TeV
S L o Single particle (calorimeter) = Additional dead material] = 1.08—a 7y -!et direct balance T
.c% 0.08 — o Intercalibration [ Total JES uncertainty 1062 7 -jet MPF Data 2010 and Monte Carlo incl.jets
& N i 1.04 -
Q _ )
B 0.06— - - ot _
: ool R, i
i 0.04f O | ! '
% B g w 832: == i
S 002+ & o — 5 ooo o9 9 0 '
() - & O ¢ g U 2 0.94— —
© EX % & ¢ o o o . _
- ol = e 0.92— JES uncertainty anti-k, R=0.6, EM+JES |
30 40 102 2)(102 | 103 0.9 L L L (1A A O | ‘ll(|)2 I I I O SR | 1163
p* [GeV] -
J Py [GeV]

Insitu tests of the jet energy scale:
« 1y tets (MPF and direct balance)
« track/calorimeter jet ratio

Mulfi-jet balance ,
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< 2.5% for cenftral jets, p;>100 GeV
<7 (14)% for endcap (forward) jets



Insitu jet energy scale: Z+jets

Use large 2011 datasets to improve the precision of the jet energy
scale and to adjust the jet calibration using insitu techniques

[+jet balance probes the jetf response at low p; (low background,
and low py thresholds)

Total uncertainty 1% to 2% for jet p; > 30 GeV

< [ s, 0.05 :f
g 1.041—  ATLAS Preliminary Eo.045 | ATLAS Preliminary Vs =7 TeV, f Ldt=471f"
- m -
~ 1.02f = = anti-k, R=0.4, EM+JES
- o 0.04 ) Total
10 C - Stat.
3 - B I LT ——— =0.035 & Extrapolations
Q. 098 =" < ¢ e - - Pile-up jet rejection
oy E 0.03 — ---83--- MC generators
= 0.96 — - ---6--- Radiation suppression
8 R -~ -------=<eosen e e 0.025 |- - Width
0.94 o — +-- Qut-of-cone
= Is=7TeV, fL dt=4.7fb 0.02 ——-»--- Electron energy scale
0.92 anti-k, R=0.4, EM+JES =
- 0.015 |—
Q oo/ —o— Data 2011 =
. Total uncertainty 0.01—
0.88 |- EO ok
- 0.005 : _'-_'-_'-f-_'-_'*'-_'-_'-f-f-f-é’-}_‘-_‘-}:—:@;:-j-j-j{{{é» ------------- g
80 3 | | | | oo ! 0 - '%" ‘% Cadl g (CHI %
20 30 40 50 60 100 200 50 60 100 200
pre' [GeV] pre! [G7€V]
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Reconstrucion of Tau hadronic decay

Hadronic decays of tau: 65% Topological clustering
Reconstruction seeded by anti-kt 0 0 ‘o
jets(R=0.4) R
* pr>10GeV, |n| <25 =0 "
- calibrated 3D topological clusters 0 |0
+ good quality tracks with p; > 1 GeV 0
« discriminating variables
R . . 2
combined information from calorimeter I E
and tracking ohil 0 ‘I
input to multi-variate algorithms 5 g
0 |0
> eta
core cone
iy AR<0.2

1rt2n0y

isolation cone
0.2<AR<0.4
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Tau identification

Decay properties of tau Detector information used

Collimated decay products 4 Jet width in tracker and calorimeter
Leading charged hadron o Leading track
Discrimination
No gluon radiation against Isolation
Jets
Low invariant mass Invariant mass of tracks and clusters
Lifetime v Impact parameter, secondary vertex
EM energy fraction different from electrons Longitudinal position of energy
deposits
EM component from m° LAr strip
Less transition radiation than electrons TRT
Energy weighted calorimeter radius provides Ratio of high threshold to low threshold hits in TRT for leading
discrimination against jets track provides discrimination against electrons
X *“""'E (8 ||||||\|
g 0'162_ 5011ndir:1 d;\;a JdtL=130pb" 1 prong p,>20 GeV = g 0-25 i::ﬁ p;>20 GeV
% 0.14F ATLAS Preliminary — 5 02 < ATLAS Preliminary i
B 0.12F . g - .
i o ] L 3 ]
0.1 7 Q9 3 —
£ 0.08¢ E 5 NN .
D 0.06F . AR -
0.04f - ‘ ]
- . 0.05% .
0.02:— E :
% % 125
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Inverse Background Efficiency

Signal Efficiency

Tau (1P) identification performance

; taus vs jets taus vs eIectrons
10 E\ T 11T L | L ‘ T T 1T ‘ L | T T 1T | L | T T 1T T Iéf 3‘ 104 :_| T T T I T T T | T T T T T T T | T T _:
; ATLAS Preliminary = BDT E E % — BDT based electron veto é
e + Likelihood — &) C B Cut-based electron veto ]
10 - jdtL=3?0pb‘1 ikelihoo 5 = .
Cut 3 - 10°F E
L m i g g E
10° = = o - 1
= LY 3 o - .
r LY 1 _~c
- " e u S 10°E =
10° . E o F .
E ‘A‘ el | n 3 g B 7]
C N "ag, . i 5 - ATLAS Preliminary .
10 1 Prong Lo T ey — E 10 = tau performance E
- p,>20GeV, m| <23 "’\ - - 1-prong, p, > 20 GeV, |n|<1.37 ]
7\ Lo b b b b b b 7| . vy by by by b by |
10 01 02 03 04 05 06 07 0. 8 02 03 04 05 06 07 08 09
Slgnal Eff|C|ency Slgnal Efficiency
1 2 C LA L I S L B B LA N L L B |_ L>J, 1 :_‘ LI N L L L L N L L L LA ;:
B 1 Prong —— BDT loose ] CICJ E 1 Prong 2012 data _[dt L = 740 pb'1 3
- P, >20GeV, [n <23 — BDT medium | ‘5 - P, >20GeV,[n <23 ]
- X _ E L _
B —— BDT tight | . [
0.8 — % 10 e T BASS —
N . ] c = =1 N N 3
B ] =4 S —+ ]
(0.6 Frierk ittt ek ik i e ke — e B + ]
- — W+ |
L | E’ - +'i" — _
04me*—k—t—t—k—t—k—t—-—t—' ] % 10_2 - -
B ] 24 E ——BDTloose 7
0.2 - B — BDT medium _
- ATLAS Preliminary ] | ATLAS Preliminary —— BDT tight ]
L [ T NI AT T AT A NN TR SO N NN TN A N N SN T NN NN HN NN ME A ,7 P 5 AT T T AU T AN T T [N T T T S O A S A B RO
"5 10 15 20 25 30 0o "5 10 15 20 25 30

NV NVtx
Same procedure applied to |dent|f¥ three prong taus using addltlonal
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Tau identification efficiency measurement

« Efficiency measured in data
using

— Z->1,1,and W->1v events

Events

* require events to pass

— Data/MC scale factors (SF)

rnncictant with 1

4500F" T

4000

3500¢F
3000¢F

2500
2000
1500

1000F

500

pr > 22 GeV
: v ; - i B
Wlth tag and prObe SeleCtlon Tau ID Inclusive 1-prong 3-prong
LLH Loose 5 4 10
muon/MET trigger to tag a tau LLH Medium 4 5 10
» probe hadronically decaying tau LLH Tight 5 5 11
BDT Loose 4 4 8
BDT Medium 4 5
AMARE AARRE AR RARRL R BDT Tight 4 4 7
® Data 2011 (4.6 fb')
B r(W— v
= elp (W) : > S L B L IR UL L L L B
== Jet background ] & 1200 After medium BDTID ATLASPreliminary ]
ERT PO fotL=19f" =
ATLAS Preliminary ] P - \s=7TeV :
. 3 - DataLate 2011 ]
After tau ID — L%J 800[ Eziira © i
i int) N O W-uv ]
(Tight BDT working point) E 600 = & Multiet .
] - 8 Z-uu 7
E 400[- = ;;Vﬂfv -
—; 200 f_ Bl 2 (fake) _f
5 6 7 8 9 10 03 ]
Number of tracks 4 0 20 40 60 80 100 120 140 160 180 200

Myis(T) [GeV]
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QCD at work

The i1ssue with QCD Is Calculations
can be extraordinarily difficult. Many
guantities need to be measured at
the LHC for QCD predictions tests.

Rachid Mazini, Academia Sinica
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Jet structure: Fragmentation and shape

» Understand the hadronization process
« Benchmark for the simulation

<Z>

Fragmentation function Particle density around jet axis
T ! | -1 ’:103:""|""""I""I""l"":
N ] ~ - e Dat -
— : g;ltr?ias AMBT1 ] S == n P;?tl?iaﬁ AMBT1 3
0.08 —e— %  Pythia6 MC09 - < - % Pythia6 MC09 8
__'_ A Pythia6 Perugia 2010 7 B 4 Pythiaé Perugia 2010 h
= v Hemwig+Jimmy . 1 d‘.‘\.‘ﬂ h - " HBMEg+JII12"ITyE -
007 = —*— * Herwigrs 242 A Pen(rPried) = 55— ~ . Horwiges 251
SO —_— % Herwigs+ 2.5.1 ] Njet 2mrdr 102 == X Sﬁ:’[\;g++ 5. _
= O Sh - — (&) I 3
i E?E—x- Pwiri';aa 8,145 4C : - Pythia8 8.145 4C ]
0.06— —— — - —— ]
N —p—% ] - |
B —w— . : i —— i
0.051 :g_ — 3 == i
C  ATLAS Ef—*— i 10 - ATLAS —___ . E
0.04[ \s=7TeV == - - \s=7TeV ==_—
B _ 3 f= —¥— ] : . :—'—::D—_
B J-Ldi=36pb'1 :E;Q:—:__E i ILdi=36pb 400 GeV < p__ <500 GeV ==
0.03[ L . . e
£ 15F ' 3 -
s 10
S JE
& 5
S 107
s -15

o AD(AE ety — Jra 1 na IR
Rachid Mazini, Academia Sir | = AR(ch, jet) = v(ﬁ-‘-"ah Piet)” + (Yeh — Yyet)



Jets production cross section

L I

E‘ L~ I I I é ™ 1 24 =1 1 1 I LI I I I 1 LI —
ﬂ 10 - ATLAS : % 021  anti-k, jels, R=0.6 ; E«L <0.? (xﬂﬁ"’)m .
[ - 1 B2y <0.8(x —]
B [ ] Q 10 :_ILdt—:}?pb ,\s=7 TeV - U.BSU};|<1.2(X10F’} =
10°F q S 10'® e D 12syl<21(x10% 3
; » E o C —-— 3 2.15[}/||<2.8((><10_%) 3
[ m 15;—@— —— 23{W(36x_105::
10* 1 2107 E S e, 7 26cI<a4(109 3
F 3 I—1 012 f_-.-—._ —0— +—0—_._ _
Sl - 3 B — —— —a— -o- - —

F A-0.4, | Ldt-2.4 E 10 o o=
i Data F-u’l 7 TaV) II:'I - n'lg 6 e _E-_E-—E— ++'.'—l— e =
102 T e e 100 T e, e, e
f ———— ALPGEN:HEAWIG AUET1:1.11 = —a— T, T
R - PYTHIAAMET 10,65 107 = —__ L ™
10 F —— ALPGEN.PYTHIA MCog 1 22 {f=r= e R e | 3
f ——1— SHERPAK1.06 | | | R . - 9|
E 1 5 1 0-3 ;]j Systematic =7 e s =
[14] C uncerlainties T B _
Q 4 10°Fe : == =
.9 1k ATLAS| | =
g ﬂ..S [ [ [ [ [ 10 9 1 Lol ]

2 3 4 5 6 20 30 10?7 2x10? 10°

Inclusive Jet Multiplicity p, [GeV]

pr interval 20 GeV-1.5 TeV. 10 orders of
magnitude in cross-section

Source of systematic uncertainties:
jet energy scale, luminosity, unfolding, jet matching, jet angular resolution,
reconstruction efficiency, pile-up, trigger, jet ID
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Parton kinematics

o 105
E E Atlas Jets M=7Ter,
=107 =3 om
= F [m =zEus
106L e W Tev
; BCDMS
10 5:_ 1 E665
% 1 sLAC
104% I ATLAS W,Z "= e
103k
10 2— P
é M=10 GeV
H
L il H”HHH
E Il
k munnnnmHIHHHH||||||||HHHHW‘
10 & il il
E L \IIHIIl L I\Hllll L \||||||| L \IIIHI‘ L I\\IlHl L I\\Ill\l L
w07 0% 107 0* 107 10?

v

7.10°<x<0.9
Q%< 2.107

;‘ LB I L LB I L LB | LI I LI I L I L
D Inclusive |et cross section kinematic reach
O, ox10° I summer 2010 jL dt =17 nb"
'_
Q P This analysis IL dt =37 pb’
5 ] o -
— — Kinematic limit =
5x102 anti-k, jets, R = 0.6
Ys=7TeV |
2x10? .

102
50

20

oo Lo by b b b Lo by by Iy
o 05 1 15 2 25 3 35 4 45 5
jet rapidity | y|

20 GeV{p];t{I.S TeV
70 GeV < mqy2 < 5 TeV
ly| <4.4
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d*c/dm . ,dy* [pb/TeV]

High mass dijet

2010 dataset : 37 pb?

2011 dataset : 4.8 fb?!

430 17
10 FTT] T T L B B B T T T T 10" T T LI T T T T
= + 40<y <44 (x10"%) 5 = i Stdigines Y 20<y*<25 (x10% _|
= Systematic V 352y <40 (x10") ® - ystemanc O 15<y" <20 (x10%
107 & uncertainties :\ %.ggy' < gg gx }8:%_— t 10"° uncertainties A 10< Y < 15 (x10%) 3
o <y <3, b B | i ]
24 Y 20<y<25 («i0%) Q. F poo NLOJET++ O 05<y <10 (x10) —
107 NLOJET++ O 15<y' <20 (x10°) 3 — 10 3 (CT10,u=p_exp(0.3y")x ® y*<0.5 (x10°) |
T 5 (CT10, u=p_exp(0.3y™))x 4 10<y*<15 (x10%) ] * : —
1021E Lon_peﬁ -fc:rr pO-3y™) O 05<y* <10 (x103) 3 =T o Non-pert. corr. 5
il _COIT. ™ y <05 (x10%) J 'ON 10''E e“'-e- -
18] = = 3 il °, ]
10°E ATLAS = = E 10°k - E
il = 2 e i =
10" iy = L 1ok Feo o ]
- g, . f o) =
12E o = ~5= L= =
1074 *_._ =, == — 105 [ -0-_._ = ]
:: —— *-"-* == :: —_. -..*... ]
107 e ey - - i o i
= . =T — 10° - -
L —— =% 7 = “ -
105 g - 3 — ATLAS Preliminary =
il e p—— - 10 anti-k, jets, = 0.6 =
ar . . _ B |— —]
107 antik, jets, F‘U'B \_a_ 7 1o Y =TTV, [Lat=a81" e -
— {s=7TeV, |Ldt=37pb" - § —_—— 5
- , —— . — 2011 Data ]
1 O | | Lol | | L1 0.3 | L ' T | ! | 1 L1
107 2x10™ 1 2 3 4567 3x10™ 1 2 3 4567
m., [TeV
12 [TeV] m... [TeVl

Very large dijet mass range investigated: 260 GeV-4.6 TeV.

no significant deviation from QCD observed
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b-jets

Jets with a b-hadron

* Verify QCD with heavy-floavou quarks

* Precise knowledge of cross sections necessary for discovery physics: Higgs,
new physics

* b-jets identified with both secondary vertices and leptonic decays.

Double-differential b-jet cross-section

[ATLAS arXiv 1100.6833, EPJC] b 'ElijEt Cross section
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Better agreement with POWHEG+Pythia _ o
than Witl’? MC@NLO+Hervig Rachid Ma¥ini, Academia sini@00d agreement with NLO predictions
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Direct photons

* DIS and Drell-Yan are sensitive to the quark
PDFs.
 Gluon sensitivity is indirect
* The fraction of momentum not carried by the
guarks must be carried by the gluon.
« direct photon is useful way to have a direct
measurement of the gluon PDFs
* It might less sensitive than the indirect
measurements,
* It also has the potential to probe higher Q?
* his process depends on the (largely known)
quark distributions and the (less known) gluon

distribution
BUT

* There is a discrepancy at low pT, seen at the
Tevatron experiments

* There are theoretical ideas on how to resolve
this, but the cross-section calculation and the
PDF measurements have become intertwined.

* No longer a clean PDF measurement.

Mazini, Academia S
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Dlrect photon measurements in ATLAS

; 10 E Fn Zrad ¢ N rd vn "hEa3® ; .,I..—' ‘ T 7T ' T T T ] LI I | I L [ | T I T T T I TGy
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:._ 102E = -g. L . & = .
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*There is still something not entirely understood going on below 50 GeV
* It appears is a function of E;. — separate PDF effects from the calculational issues.

* Narrower binning in 'y primordial
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W/Z bosons measurements

o 10®
Motivations : S107F
 Important backgrounds for new physics o =
searches —
 Advantage — known production cross Y
sections 104}
- Provide tests on QCD and understanding [ =
of collision environment (PDFs) 102?

* Low x dominance of gluon and sea quark :
» Check evolution of QCD from low scales 10
to high scales

* Test pQCD predictions up to NNLO

T

Atlas and CMS (7 TeV)
Atlas jets

DO Central+Fwd. Jets
CDF/DO Central Jets
H1

ZEUS

M=7Tev,

NMC
BCDMS
M = 100 GeVz7
E665 /)
SLAC
y= ;-6 -4

sl | I T RT] B S AT

0% 10° 10*
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W and Z bosons in ATLAS

L S LA e s s s s s o Run Number: 154817, Event Number: 968871 > ‘E,\(‘t )=45GeV  E. (e*) = 40GeV
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> .
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o, X Br(W— 1v) [nb]

10

10"

Cross section measurements in ATLAS

# Signal events # Background events

\ /

Otot = OW/z X BR(W/Z — EI//EE) —

Signal acceptance Signal efficiencies

 Extrapolation to total phase space introduces an extra uncertainty of 1.5 — 2.1%
but allows comparisons with other experimental results
* Measurements are in good agreement with theory predictions at NNLO QCD
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« Comparisons in the common
fiducial (|n| <2.5andy, < 3.6

respectively)

» Regions disentangle theory and
experimental effects better

Fiducial Cross sections

~ ATLAS 7

'[ Ldt=33-36pb'

e total uncertainty
-@- sta®sys

| @ Data2010\s=7TeV)
O MSTwos

* Detailed comparisons to PDFs,

without the additional

extrapolation uncertainty.

» Overall, NNLO QCD

comparisons in remarkable

agreement.
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Cross sections ratio

 Correlations due to luminosity measurement cancel at the ratio of the cross

sections

* (W+ + W-)/Z ratio rather insensitive to PDFs (provided that the sea is flavor

symmetric)

» Agreement with measurement — flavor-independent light-quark sea (athigh scale x

around 0.01)

» Charge-dependent ratios (eg. W+/W- ) more sensitive to u/d differences
* Discrepancies observed between PDF sets
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mm total uncertainty s total uncertainty

exp. uncertainty N exp. uncertainty — =l

A ABKMO09 A ABKMO09

¥ JRO09 HO- ¥ JR09 ®

B HERAPDF1.5 B HERAPDF1.5

® MSTWO08 ® MSTWO8
IIII|lII|IIIIIlIlIIIIIIIll]I-lIIII IllllllIIIII!IIIIIIIIIIII||II4I|IIII||

5.2 54 56 5.8 6 6.2 6.4 6.6 6.8 1.25 1.3 135 14 145 8 185 16

fid fid
O/ Oz
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do/dly,| [pb]

Differential cross sections

160Ll  J K | I TTTT I |||||||| | | % I o | I | A% = B | I | J77 B B | l
. ATLAS Data 2010 (\'s = 7 TeV)]
140" -
F é o % J-Ld’(=33-36 pb ]
1201 ik e .
100F % #- .
80F E
60: 4 Z - pu i
[ zoee =

C et — Uncorr. uncertainty _]

40: —4>_ bl [ Total uncertainty

) 0:_. Z-IT luminosity excluded _:

I e | I L.l I G | | | ole O | | 11 11 I 111 | | el | I
0 08 1 156 2 285 3 35
ly,|

do/dmn| [pb]

800

- ATLA
700 .
eoo:#ill'i"h aid
5001 .

C Data 2010 (1s =7 TeV)]

: Ldt=3336pb" -
4004w - v, J ]

. W= — Uncorr. uncertaint ]
300 *_+_ o [ Total uncertainty '

C . W' Ty, luminosity excluded |

i 1 1 1 1 | 1 1 | 1 I 1 1 | 1 | 1 1 1 1 I 1 | 1 1 ]
2000 05 1 18 2 2.5

n|

i —
- ATLAS

5001 -
400~ - .
: wﬁ .
—o
300~ —
i Data 2010 (1s =7 TeV)]
i W= — Uncorr. uncertainty ]
100 __+_ ° |7 Total uncertainty ]
i . W1y, luminosity excluded |
O i 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 ]

0 0.5 1.8 2 25
n|

* Electron and muon measurements are consistent in all three channels

» Datasets are combined taking into account the correlations for the

systematics
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W charge asymmetry

_dow+(ne) — doy - (1e)
Alne) = doyw+(me) + doyw— (ne)

<_ 0.35 T T T T | T T T T ' T T T T l T T T T I T T T T
4= Data 2010 (Vs =7 TeV) - Stat. uncertainty

MSTWO08 I Total uncertainty |

Comparisons with different PDFs with  LERAPDET 5
the NNLO predictions. ABKMO9 and 0.3 o Agkmos
¢ JRO9

HERAPDF1.5 give the best agreement.

1

0.25

'RLJALAL AN NLANLAL NN NN L L L L L L L L LB L B LB
0.3 \'s=7 TeV 4 ATLAS+CMS+LHCb

N Preliminary 0.2

f L dt = 33-36 pb™’

ATLAS

-0~ ATLAS (extrapolated data, W — Iv) 35 pb™
&« CMS (W—> puv) 36 pb™

m  LHCb (W= pv) 36 pb"

MSTWO08 prediction (MC@NLO, 90% C.L.)
HEEE CTEQS66 prediction (MC@NLO, 90% C.L.)
0.3 SRR HERAO precidtion (M0N0 3% O 1

0 0.5 1 1:5 2 25 3 356 4

Lepton charge asymmetry
o

| | 1 1 | 1 1 I | | 1 1 | 1 l 1 1 | | | 1 1 1
0% 0.5 1 1.5 2 2.5
m|

-0.2

|IIIIIIIIIlIIIIlIIIIIIIII'I

In |
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NNLO comparisons

@
o
IO

do/din| [pb]
\l
o
o
do/din| [pb]

o
o
o
—
—
o
N
o
o

B +
- ILdt:aa-aepb“ Z->1T - — -
80¢ T [Ldt=33-36pb" W= I'v ] T | Ldt=3336pb" W Iy
- E$= Data 2010 (1s =7 TeV) £ =IR0P [ ] C P [
60 T A MSTWo8 ﬁ 4001 B#= Data 2010 (I1s=7TeV) 4 200 B#= Data 2010 (1s =7 TeV) .
- © HERAPDF1.5 —}— Uncorr. uncertainty — L 4 MSTWos —} Uncorr. uncertainty | 4 MSTWos —} Uncorr. uncertainty 1
40+ — - © HERAPDF1.5 R - © HERAPDF1.5 B
O ABKM09 [ Total uncertainty ] 300 O ABKMO9 [ Total uncertainty ] 100 T O ABKMO9 [ Total uncertainty =
- ¢ JRo9 . N g E
20 - -0 JRoo C o JRo9 .
£ fop ey o o g 5§ o) g 4= 4 o L 5 g g 3 oIt o § - o
© , © © B -
T 1.1 w 1.1 w 1.1 0y ]
S o < <
209 £ 0.9 £ 0.9
(0] (0] (0]
= = <
- - —

« Combined measurement of differential cross-sections are compared with NNLO

predictions using NNLO PDFs
* more deviations apparent than in W charge asymmetry
« good potential to bring impact on PDFs, as there are some differences

among the PDFs sets
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W —1tv and Z—1tt Cross sections

W — T v with 2010 data (~35 pb™)

Z— 1 T with 1.32-1.55 fb! in three channels:

* M+ hadrons + 3v (T,T,)

« e+ hadrons + 3v (T.T})

* e+pu+4u(tT)

~ 10 % systematic uncertainties

Validation of T performance critical for searches!
Measurements in agreement with other leptonic channels:

lITIIYIlllll‘llllllIIlllI‘Ill]lI‘ll]lIll]ll‘lllITl
ATLAS
ATLASW - 1V, —e— 1
e Data 2010 \s=7 TeV)
—— Stat uncertainty
ATLASW > ev, et — Sys © Stat _
—— Sys ® Stat @ Lumi
---------- Prediction (NNLO)
Theory uncertainty
ATLASW - pnv, o
IlIllllllllllllIlllllllll l IIllIlIlIlIIl 1
6 7 8 9 10 11 12 13 14 15 16

6(W = lv) [nb]

Phys. Lett. B 706 (2012) 276-294
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ATLAS Preliminary
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T O O TR =

I Ldt=1.55fb"Ns=7TeV]
-e-Data 2011
OyZ-rr
B Multijet
COW-npuv
W1ty
WY/Z->pp

1§
[@ Diboson

IIIIIIllI|IIII|IIII|IIII|II|I

100
mvis(uf T;.) [GeV]

120 140
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ZoT T,
1.550b" 1 ATLAS
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Z>1,1
e"h *—+
1.34fb™
Z—7,1,
®
1.55fb™
Z — ee/pp combined i
=2 ; [ - Stat
33-36pb — Syst ® Stat
7 bined — Syst ® Stat @ Lumi
— 11 combine
H— . ......
1.34-1.55fb" Theary: (NNLOD)
1 1 I 1 1 1 1 l 1 1 1 L l 1 1 1 I 1 1 1 1 l 1 1 1 L

0.7 0.8

0.9

1 i 1.2
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o(W + =N, jets) [pb]

Theory/Data

10

10°

10

W+jets cross section

E ‘ \ \ 3
e Wl + jets .
- - Data 2010,Vs=7 TeV |
, ¥ ALPGEN i
A SHERPA

= = PYTHIA E
= —p— BLACKHAT-SHERPA 7
- ATLAS :
B f Ldt=36 pb” = AP i
= anti-k; jets, R=0.4 ‘ =
- pf‘>30 GeV, ly*'<4.4 —Xé_
= | | | E

B —————— i

= A
=0 >1 >2 | >3 >4

Inclusive Jet Multiplicity, N,

Good agreement between data and
predictions, except Pythia

Many systematic uncertainties
cancel in ratios of cross sections:
o(W +2N,,)/o(W + ZNjet_l)

0.4

»w
E | Wolv + Jets
-~ | = Data 2010,\/s=7 TeV f Ldt=36 pb
' " ¥ ALPGEN
Zhl " A SHERPA ATLAS
5 93 < pYTHIA 7
+ " [ BLACKHAT-SHERPA
=3
2 ~¢—_§_
@ 0.2 A ———
9
B,
Z r 3
A | |
é’ o anti-k; jets, R=0.4
= A p>30 GeV, 1y*<4.4 -
C | | | ]
>1/20 =2/>1 >3/22 >4/>3

Inclusive Jet Multiplicity Ratio
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Z+|ets cross sections

* Data and predictions also agree for Z + jets cross sections and ratios
ALPGEN and BLACKHAT-SHERPA configured as for W + jets; SHERPA version 1.2.3

= J T J ~ 04r | T | .
= 10 ATLAS ZIy (= I')+jets (I=e,n. combined) s o ATLAS Zh'(— IT)+ets (I=e,p combined) -
% Ldt=36pb" 44 Data 2010 ({s = 7TeV) {0 35" Ldt=36pb" 444 Data 2010 ({S=7TeV) |
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e 7 ﬁ 02— o :;::-_J‘//////"///,l
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06— : “ - ; :
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Dibosons in ATLAS

 Diboson production cross-sections are sensitive
to the couplings at the triple gauge-boson vertices
» Provide direct test of SM predictions
» WWy and WWZ vertices are predicted and have
been measured
» ZZy, Zy Z, Zyy and ZZZ vertices are forbidden

* The presence of new physics could:
» Give anomalous Triple Gauge Couplings (aTGC)
» Modify cross-sections and/or kinematic
distributions

*Di-Bosons are also a background to new physics

searches
» Higgs boson search

Rachid Mazini, Academia Sinica
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Events

Data/MC

Dibosons: Wy / Zy

T
ATLAS y5=7 TeV

_[Ldt:1.DEfb'1
N g >=0

L e s
—e— Data

[ Wiiv)+y
B W(lD+jets
[ ] THjets
. ZD
ttbar
B W(tv)+WW+SingleTop

AT

Data/MC
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100 =

ATLAS {5=7 TeV —e Data =

_[ Lat=1.02" [Jzan+ N

107 —
N, >=0 - Z(ID+jets E

EW+tthar ]

10 =

300

Ry

i
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Dibosons: Wy / Zy

E 107 lz_ —— FElectron chlannel (Inclusive) —EI
= = —— Muon channel (Inclusive) =
2 C —— Combined (Inclusive) ]
T | ] Theory (Inclusive) |
g 10 E —&®— Electron channel (Exclusive Ojet) 3
B :--m,-@l_mxm —— Muon channel (Exclusive Ojet) =
-7 TR T ——— Combined (Exclusive Ojet) _
L [ Theory (Exclusive 0jet) |
1E ATLAS (s=7TeV ' E
- S @ 0 A ]
L J Ldt=1.02fb F==rmsmmmsmmmessss -
10" = o Bk ____';!_)____l_i_l____’_g_‘____:
E ry 7
B [ ] ¥ ﬂ‘
102
9 1 .TE 51
% 1&"""""'""'4 """""" +'""*_""+ """""" + ""_*""1"';1
8 03
A
% 13§$ - @ A b
= 0.8°
8 >15 > 60 > 100

 Statistical uncertainties are dominant

E(y) [GeV]

a(pp— I'Ty) [pb]

Data/NLO Data/NLO

E —g— Elettron channel (Inclusive) E

F —H— Muon channel (Inclusive) E

? | ATLAS {s=7Te\VV —A— Combined (inclusive) 7

107 , [ Theory (inclusive) E

F j Ldi=102{b —@— Eleciron channel (Exclusive 0jet) 3

B —— Muon channel (Exclusive Ojet) ]

10~ —&— Combined (Exclusive Ojet) =

E [ Theory (Exclusive Ojet) ]

1:_§:::::E&:.:::m::.:: ::ﬁ::f:::::: ?_

10'E i

c == ::!E:i:::{;g:.___f@::x::::%

| :

1.5 | 3

S T R Y

1.5

1% ..... PUREPE - T —
05 >15 > 60

E(y) [GeV]

» The measured cross-sections for exclusive (Njet = 0) production agree well
with the NLO SM predictions both at low and high photon p-
* At high p+, the measured inclusive (Njet = 0) production cross-sections are
higher than the NLO calculations

» Calculations do not include multiple quark/gluon emission

Rachid Mazini, Academia Sinica
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Events

Dibosons: WW

C [ | | I I T T I = } LI I N N O Y O O
3500F- ATLAS Preliminary —— Data = & 170 ATLAS Preiiminary —— Data
- =] Diboson 7 2 J Lat = 470" [] WW—pvpy
3000 [ ] J‘:;!;]et!duet 3 ‘UEJ 10° oy [ Diboson
- ¥ / 3 @ ) .
2500F- [ Drell-Yan 3 @ 10 - ‘t"gﬂetfd'le‘
E ] WW—lviv ] T top
2000 ;— [ Ssiatesyst —; 10* ] Drell-Yan
= - 3
1500F el ] ) = 10
= Ldt = 4.70fb 3
10001 /5= 7TeV £ 102
- N ] 10
5005 -
C e . L =i N T D S . [ h A
0_0 T 2 : 3 ' 1 5 ' e ' 3 ' 3 0 20 40 60 80 100 120 140 160 180 200
Jet Multiplicity ETrelGeV]

Channels  Total cross-section (pb) AGgux(pb) AGLx(pb) AGumi(pb)

evev 41.5 + 6.5 + 7.8 + 1.6
UVLV 57.3 + 5.5 +54 +2.2
eviLyv 54.3 + 2.4 + 4.4 + 2.1
Combined 53.4 + 2.1 + 4.5 + 2.1

» Good agreement with NLO SM total cross-section ~ 45.1 £ 2.8 pb
» Measurement already dominated by systematic uncertainties when combining
all three channels
» Systematic uncertainty of ~8.4%, of which: ~6.7% on signal acceptance, and

~5.1% on background estimation
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Dibosons: ZZ—4leptons @ 8TeV

} :I LI | T 1T T 1 | LI L | T 1T 17T | L | L | L | LI I:

@ - ALTAS Preliminary —4- Data -

G 35F p =

S TF JLit=581 [z i

~ 30 Js=8TeV [ ] Background(d.d.)3

"(.2 - l:l Gstatwyst .

S 250 =

= C 3

) ZZ ST E

150 =

105 ]-H, 3

5E tgtﬁ =

10050 200 250 300 350 400 450 500

Four-lepton mass [GeV]

Final state etee’e [T T T eTe T A AR A
Observed 23 22 40 85

Signal (MC) 16.5+0.8 20.9+0.4 33.2+0.9 70.5+1.7

Background (d.d.) 0.6+0.4+0.2

0.1*06+0.1 0.6*09:0.3 1.3+1.20.5

0.1~

fid
T 77— e+¢-0r+ -
tot
Tzz

= 21.0%33(stat.) " (syst.) + 0.8(lumi.) fb

= 9.3*](stat.

agreement with the
+04 NLO SM prediction:
)Zo3(8yst) £ 0.3(lumi.) pb, | 7,52 +0.39-0.34.pb




Dibosons: ZZ Results comparisons

G4z [PD]

10

ATLAS Preliminary

NLO QCD (MCFM, CT10.0)

ZZ (pp?

ATLAS Data 2012 ({s=8 TeV)
® ZZ-1lll (66<m <116 GeV) L=5.8 fb

ATLAS Data 2011 ({s=7 TeV)
o ZZ— I (on-shell) L=4.7 fb
O ZZ— livy (on-shell) L=4.7 b

Tevatron (Vs=1.96 TeV)
® CDF ZZ- li(Il’vv) (on-shell) L=6.0 fb

® DO ZZ- li(IVvv) (60<m, <120 GeV) L=8.6 b

8 10 12 14

(s [TeV]
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Anomalous Triple Gauge Coupling (aTGC)

&
W
&

& '

W
o :
? 1

\L/LAL"\Z

Example: W/, Z’ could be SUSY, Technicolor, Higgs...

The effective lagrangian for model independent triple gauge couplings
depends on a number of parameters:

S
forbidden

coupling parameters channel
Wiy Ay, AKy WW, Wy
WW.Z Az, Axz, AgT | WW, WZ
27y NaZ, Nat 2y
XY Na¥, Na¥ Ly
2L fao®, fao” i
i fanY¥, fan¥ ZF
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aTGC limits from the ZZ channel

» Using 2011 ZZ cross section
measurement.

* The measurement is dominated by
statistical uncertainty

* No significant deviation w-r-t SM
predictions is observed

» ATLAS results are more stringent
than the LEP and the Tevatron ones

| T T T | I T TT1 I
ATLAS
Y
fso
Y
f4o
Z
fso
/4
fz 95% C.I.
40

I|IIII|IIII|
iATLA& Ldt = 1.02 fb™

W=7 TeV, A=c= 1
___ATLAS, det -1.02"

\e=7TeV, A=2TeV
=LEP, JLdt = 700 pb™

\/s= 130~209 GeV

== DO,_[L_dt= 1’

\s=1.96 TeV, A= 1.2 TeV

-1.5 -1 -0.5
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Events / 20 GeV

50

aTGC limits from the WW channel

- ATLAS [ Ldt=1.02fb"\s=7TeVv

—4-Data
C1sMmww

----- Agf:O 2
L [ 7] Background
|:| 0-stat+syst

| 95% CL limits from WW production

higher sensitivity

in high pT bins

« Maximum likelihood fit performed for events with p;lep > 120 GeV

— ATLAS (1.02 " A=3TeV)
L ATLAS (1.02 b, A=)
. prosssmmsmns e sdeemeess ] CMS (36 pb!, A==o)
Az ki LEP
[SETTELES: frommmee 1 CDF (361b™, A=2TeV)
brmememememidimemeaeq DO (1.1 107, A=2TeV)
——
b---t--d
Ay [
[ 1
Femrmimbmimamas 1
—
Fedd---
z i
591 [
[ ReRbe SELEEEEEEEEs 1
l. .................... |
1 | 1 1 1 | 1 | 1 I. 1 1 | | 1 | 1
0.6 -04 0.2 0 0.2 0.4 0.6

* No significant deviation wrt SM predictions is observed
» ATLAS results are more restrictive than Tevatron ones
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Top quark physics in ATLAS

* Precision test of theSM predictions
 Establish the different channels separately
» Cross-section oc|V,|?

* Test of the unitarity of the CKM-matrix
* R= (t)/t) is sensitive to the u/d —quark PDF
*Test of the b-quark PDF
» Search for new physics BSM
* LHC Is a top quark factory

Rachid Mazini, Academia Sinica
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Top quark production and decays

@ Production mechanism Predictions Ys= 7 TeV
% tt pair, 85% by gluon fusion, (PP — th) i oapprox = 167727 pb
~15% by qq production Computed with: Aliev et. al., HATHOR,
% single top (electroweak) arXiv:1007:1327 (2011)

@ Top pair event classification according to W decays

a1

i

"MET

bjet~ b-jet 4 <Dl
e, jety” W et

dileptons lepton + jets all hadronic
Branching ratio 4.9% 29.6% 45.7%
Final state 2 isolated leptons 1 isolated lepton no lepton

large E™'** ET no E_ mss

2 b-jets 2 b-, 2 light jets 2 b-, 4 light jets
Backgrounds few moderate huge

(mainly Z+jets) (mainly W+jets) (mainly QCD)

T channels : 13.5% for t+jets and 6.3% for t+e/u+jets



Top quark pair production with 2 leptons +jets

Signature : - JHEP1205 (2012) 059

2 isolated ely + E,  + jets (1b)

_IIII'lIYTITYTT[T,TYIT]TYIITITITITTITTTIWTTTTIITYT_
— ATLAS non-b-tag All channels -|

e
_ ATLAS b-tag  All channels _

Data Data
p . 3 (it ] [ et
Trigger : 1 single isolated lepton 1200- mz 8003- mores |
Offline : opposite sign leptons + o Womersw || 22 momerew |
ET*>30 GeV, JE (eu), m, (Z veto) 800

7. Uncertainty | 600_— ) ) ’//AUncertainty_'
Analysis Strategy : counting experiment o0
data driven estimation of Z+jets, W+jets 400

Events
Events

7

400 =

and QCD backgrounds 2000 ]
IIIIIIIIIIIIIIIlgl]l[llII]IIIIIIII 00 3 2 3 w1 0 1 2 3 24
ATLAS N Theory (approx. NNLO) Number of jets Number of b-tagged jets
-1 m, = 172.5 GeV
: +14 :
ee e 186:17 73 *2 | 0,= 176 £ 5 (stat) _, (syst) = 8 (lumi) pb
i - 16712 +]F *8
e - .- 177+ 7% +8
eTL — 161 £28 52 *° . .
uTL . teBE2atE i ~ overall precision ~9%,
ee W/ b-tagging B, . . 184x15°*2 *° limited by systematic uncertainties
up w/ b-tagging ki 175+11 *17 +3
eu w/ b-tagging . 192+ 7 *17 +8 _
Combination et 176+ 51! +8 | Systematics : in ey : JeVE" (~4 pb),
cev v e v v by | IEI T B liqs'tlat)li-(leSpi(lum')

——— generator (~4.5 pb), fake lepton (~3 pb)

0 50 100 150 200 250 300
5, [pb]



Top quark pair production in full hadronic mode

Signhature :

no E."*" + jets (2b)

Trigger : 5 jets with p. >30 GeV
Offline : = 5 jets with p. > 55 GeV
and = 2 b-tagged jet

- 6™ jet with p_ > 30 GeV

-S <3

ETmiss

- Kinematical likelihood fit to find correct
association of jets to reconstruct m

Signal and background modelling :
data driven estimation of background
35% signal and 65% multijet by the
pre-btagged sample in the data

Analysis Strateqgy :
Unbinned likelihood fit to m,

6 < Njet < 10,
X2 form_and m _ is calculated

and satisfy x2 < 30

ATLAS-CONF-2012-031

= 250[F ! 1
(©) s
= i ATLAS Preliminary
3 200 .

& 470 "
LlJ L 4 -
150~ ]
i —e— Data |
100k ﬁ :] tt S|g”nal 4
i ﬂ | Multijet background -
501 [ “ ]
4 NEW ! ]
[ 4 ‘ ]

L= [ I
q 00 200 300 400 500 600 700

m, [GeV]

+60 .
=168 £ 12 (stat) . (syst) =7 (lumi) pb

overall precision ~37%,
limited by systematic uncertainties

Systematics : JES (+20, -17 pb),
b-tagging (17 pb), ISR/FSR (17 pb)



First measurement of ttbar + photon

tt + photon Ty PN

Signature : 1 elp + E7*° + jets (1b) + v f TR NN N\ / |
Offline : similar to Iepton+jets analysis g o LM e
tight photon with p_>15 GeV L TN e A M, S

Signal and background modelling :

signal, hadron fakes and QCD+y templates
are obtained by data driven methods
electron fakes, tty, W+jets+y templates

are obtained from MC

Analysis Strategy : Fit to track isolation of vy

G, (P, ¥>8 GeV)xBR(LJ,DL) =
_ ATLAS-CONF-2011-153 2.0 + 0.5 (stat) + 0.7 (syst) = 0.08 (lumi) pb

s 70t 04T et expected (NLO) = 2.1+ 0.4 pb
® 602_ ATLAS Preliminary Efﬁta o
: [ non-tf bkg overall precision ~43%,
B bkg ity

I eloctron fakes limited by systematic uncertainties

@ hadron fakes
Systematics : y-ID (0.33 pb),
ISR/FSR (0.31 pb),

JES (0.28 pb)

I|l|l||IIlIIIlIllIIlI'IIIIlIIIIlI

2 4 6 8 10 12 14 16 18 20
p;oneZO [GeV]



Summary of ttbar cross section measurements

» measured accuracy < theoretical one

* 0y IS also measured in alternative channels (t), showing SM is applicable at

the LHC
- additional features are explored (tt+jets)
He 15 May 2012
ATLAS Preliminary N i KHLG)
form =172.5 GeV
Data 2011 — stat. uncertainty —
= total uncertainty '8_
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Top quark mass measurements

LHC Miop combination - June 2012, Lint =35 pl::u'1 -4.9 1!
ATLAS + CMS PreliminaryNs = 7 TeV

ATLAS 2010, l+jets
Ly =35pb’, (& CR, UE syst.)

ATLAS 2011, l+jets
L, =1f"

ATLAS 2011, all jets
L, =2fb", (& CR, UE syst.)
CMS 2010, di-lepton

L, =36 pb”’, (& CR syst.)

int

CMS 2010, I+jets
Ly =36 pb™, (& CR syst.)
CMS 2011, di-lepton
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t-channel cross section with 1 fb1

——————
- ATLAS
- 2 jets 1 b-tag

—r— —r—r
[Ldt=104" |
\s=7TeV .

® Data -

[ Single-top t-channel =

[ T, Other to‘a

[ W+heavy flavour

[ W+light jets

ATLAS

IIIIIIIIII||
[Ldt=1.041b"
\s=7TeV

[ Z+Jets, Diboson
Il Multijets

0.8 1
NN output

% 02 04 06

2000

NN 83*2 pb

cut-based 922, pb

-16 I
antitop 33"} pbi—H
TTheory pr(ladiction (approx. NNL(ID)
IIIlIIIIII!llllIIlI!III!I
0 20 40 60 80 100 120
t-channel cross section [pb]

1500

- 3 jets 1 b-tag

[ ATLAS

———r—r———r—
[Ldt=1.04a" ]
\s=7TeV

e Data =

[ Single-top t-channel

I {i, Other tor

I W+heavy flavour

[ W+light jets

Total relative uncertainty 24 %

Main Systematics:

1000

Z+Jets, Diboson
I Multijets

0.8 1
NN output

04 0.6

= B-tagging efficiency 13%
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Significance: /.2¢

Cut-based analysis as a cross-check
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Submitted to: Physics Letters B



t-channel cross sections ratio with 5 fb!

Flavour of the incoming light-quark
defines the top-quark charge

Measure R; = oy(1)/o(7) to constrain the
light quark PDF in the momentum
fraction range of 0.02 < x < 0.5

Separate neural networks for top/anti-
top production to measure R,

Result:
o:(t) =532+ 10.8 pb
o(f) =29 Sj‘é pb
s
=180

Main Systematics:

» 0. JES 209 =R; 4%
= Ry stat 6%, BG Norm 4%
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W1t channel cross section

Y W
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Summary of part |

So many topics not covered
— Soft QCD, heavy mesons physics, b-quark measurements, so W, Z,

dibosons, jets...

— Reminder, more data at 8TeV, many measurements are being redone in

2012. Expect improvements, higher precisions, new channels...
Main conclusion

— SM is always valid. EW and QCD predictions are holding through LHC

measurements

~ ATLAS Preliminary

LHC pp Vs =7 TeV
Theory
®m Data 2010 (L = 35 pb™)
© Data2011(L=1.0-47fb")

LHC pp Vs = 8 TeV
mmm Theory

® Data 2012 (L=5.7 fb’)
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