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To date ATLAS has submitted 225 papers with collision data
...and 435 conference notes with preliminary results

| can only mention a rather small subset...!
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Recorded Data over the Three Years of “Run-1"

ATLAS Online Luminosity

2010 pp Ns =7 TeV
m— 2011 pp Ns =7 TeV

= 2012 pp \/s = 8 TeV 23 fb! at /s=8 TeV
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LHC Performance in 2012

LHC achieved peak
performance early in the
year and sustained it

* Peak L = 7.7x10% s'cm™
* Max L/fill: 237 pb™
* Weekly record: 1350 pb™’

* Longest stable beams: 23
h

* Fastest turn-around
between stable beams:
2.1h

* Best weekly data-taking
efficiency: 92 h (55%)

At L = 7x10* s”'em™ and 8 TeV pp collisions, 560 Higgs
bosons of mass 125 GeV are produced in ATLASper hour

Or: every 45 min. 1 H - yy, need -2 typical 160 pb™
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Luminosity Precision - van der Meer Scans

Absolute calibration comes from special
fills with beam-separation scans in x & y
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Calibration transported to all fills using a
range of luminosity-measuring detectors
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Preliminary luminosity error for 2011
currently 3.6%, goal ~2%
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Pileup

Huge experimental challenge in 2011
and 2012 from multiple interactions per
beam crossing, pileup

Pileup was so high because LHC was
running with a bunch spacing of 50ns
not the design 25ns
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LHC and experiment design is for a
peak pileup of ~25 events/crossing

Regularly exceeded in 2012



Reducing the Impact of Pileup 20| N

ATLAS is designed for high levels of

pileup, up to a peak of ~25 interactions

per crossing

Example: calorimeter pulse shape

Intensive work has allowed impact of
pileup to be reduced by the design of

pileup-insensitive selections
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Data 2012 default

Data 2012 Pile-up suppression STVF
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Number of reconstructed primary vertices

Note: number of reconstructed primary vertices is
~ 60% number of number of interactions per crossings
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events after optimisation against pile-up

ET’“‘SS resolution vs pile-up in Z-ppy events
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using tracking information



Data-Taking Efficiency and Data Quality

120 rrrTr T T T T T T T T T T T T T T T T 1

The dat Lable f sis is | - ATLAS Online  Vs=8TeV :
e data available for analysis is less 10 Total Efficion E
than that delivered by the LHC due to B Toal Eneney@.29) ]
data-taking inefficiency, and data T .

quality losses

90

ATLAS (and CMS) have unprecedentedly
high efficiencies for hadron collider
experiments - takes a huge amount of
constant care and attention (many
people on-call 24/7)
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ATLAS p-p run: April-Sept. 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

100 993 995 970 99.6 999 998 999 999 99.7 99.2 Typically ~88% of data
All good for physic delivered by LHC is used

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at p y y
Vs=8 TeV between April 4t and September 17t (in %) — corresponding to 14.0 fb! of recorded data. The inefficiencies in the LAr

calorimeter will partially be recovered in the future.
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Triggering

This year the rather stable peak luminosity allowed a stable trigger menu
ATLAS subdivides triggered events into a few large data streams
In 2012 include “delayed streams” for reconstruction in 2013

ATLAS Trigger Operation 2012
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" — trfiiﬁifmcmn
500 '. E-physms ,,,,,,,,,,,,,,,,,,, [ 0.8B events ]

Minimum Bias A

400 Electrons/photons

Prompt Tier-0
reconstruction

[ 2.4B events ]

300

Jets/taus/missing E
200 it

Rate in Hz

100 Muons/B-physics

0
April June August Qctober

Average rate of 400 Hz
over 2012 run for
prompt trigger streams

Additional / looser ETmiSS & tau as well as VBF triggers

added to increase sensitivity for 125 GeV Higgs in bb

and tt modes
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Excluding the delayed streams

Main 2012 Triggers

Trigger selection

L1 Peak (kHz) EF Ave (Hz)

Offline selection Lpeak= 7x1033 Lave= 5x1033

Signature L1 EF

) Single muon pT > 25 GeV 15 GeV 24 GeV 8 45
Single leptons
Single electron pT > 25 GeV 18 GeV 24 GeV 17 70
2 muons pT > 6 GeV ks %m’fj fbaGle/omy) 2 x 6 GeV 3 2
2 muons pT >15 GeV 2 x 10 GeV 2 x 13 GeV 1 5
Two leptons 2 muons pT > 20,10 GeV 15 GeV 18,8 GeV 8 8
2 electrons, each pT > 15 GeV 2 x 10 GeV 2x12 GeV 6 8
2 taus pT > 45, 30 GeV 15,11 GeV 29,20 GeV 12 12
2 photons, each pT > 25 GeV 2 x 10 GeV 2 x 20 GeV 6 10
Two photons 2 loose photons, pT > 40,30 GeV 12,16 GeV 35, 25 GeV 6 7
Single jet Jet pT > 360 GeV 75 GeV 360 GeV 2 5
ETmiss ETmiss > 120 GeV 40 GeV 80 GeV 2 17
5 jets, each pT > 60 GeV y 5 x 55 GeV
Multi-jets 6 jets, each pT > 50 GeV 415 Gev 6 x 45 GeV L £
b-jets b + 3 other jets pT > 45 GeV 4 x 15 GeV 4 x 45 GeV + b-tag 1 4
TOTAL < 75 ~400 (avg)
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One Slide on Computing

| Stored data (TB)

120,000 ¢

The Worldwide LHC Computing

Grid is crucial to be able to Data disk
analyse these huge data sets and .
to generate the necessary Monte Tier-0 Imlikll
Carlo statistics o0

T T L T L L L -

20,000

Local and DAQ d1sk
It works so well that we can

produce selected results very
quickly, <4 weeks, from data-

Jen 2012 Feb 2012 Mar 2012 Apr 2012 May 2012 Jun 2012 Jul 2012 Aug 2012 Sep 2012 Oct 2012

taking to results, in selected cases ™ T S — Running jobs
Pileup imposes a big challenge
here too: ~triples CPU L

requirement for reconstruction coe W
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Measurements



Standard Model Measurements

10°

10°
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= : : m Data 2010 (L=35pb")

- o Data2011 (L=1.0-4.7fb")
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= mm Theory
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Event statistics with
~22 fb'at 8 TeV

1.5 quadrillion (10™) pp
collisions
3 billion recorded (+PU)

A wealth of high precision measurements are possible, and in progress - detailed
and intricate studies which need careful analysis

More complex topologies are important backgrounds for searches - validate MC
models in more inclusive regions
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Differential Y(1S,2S,3S) Measurements

Dimuon final state with p_(v) > 4 GeV, |n"| < 2.3

* Comparison of the three states interesting because of
contributions from direct production and feed-down from
decays of higher mass states (Y’s, y’s)

Comparison with models reveals problems at high p_

Entries / 50 MeV
N
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10 11
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C e, ] = W T
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Inclusive dijets
ATLAS-CONF-2012-021

1 1 17_ I I I I [ I I I T I ]
, . . > 0 _ Systematic Y 20<y"<25 (x109) ]
Jet differential cross-sections measured g 10!k uncertainties O 1.5s5y"<20 (x10) 7
. = A 1.0<y* <15 (x10%)
over 0.02 < p_< 1.5 TeVin PRD86 (2012) o - NLOUETss 0 05<y*<1.0 (x10%) —
014022 - 10137% CT10,u=p, exp(03y7)x & V<09 10 =
* - ]
> - Non-pert. corr. =
o 10" < B
Double-differential measurements for = — Ce, 5%55&5 =
high-mass dijets with full 7 TeV data ~ § 10°F T, e, -
* == - Tt S, %E —
sample (m_, y*=1(y +y,)/2|) L L = Ty, Oy = -
o L e e, el
= — —]
= - =T o EE — Y] =
Fully corrected to particle level, 107 e Sag_ Wy 3
. 9 — 2= (=" b == —
covering 0.26 <m_ < 4.6 TeV, y* < 2.5 10°E "'-o-‘_‘ EQEE o N
— ATLAS Preliminary ""-o-. == —
Reference calculation NLOJET++ with 10F antik, jets, 7= 0.6 ""-‘ — B
CT10 pdfs ot 1s=7Tev. [Ldt=48m" ®e B
2011 Data | === —

10-3 1 1 ] L1 1 1 1 1 1 ] 1
3x10 1 2 3 4 567
my, [TeV]
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Generally good description of the data, least good at high mass, y*

ATLAS-CONF-2012-021

POWHEG with PYTHIA6 AUET2B tune does best

_[L dt
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Data
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anti-k, jets, R=0.6

——

Data with
statistical error

Systematic
uncertainties

NLOJET++
(CT10, n=p_ exp(0.3 y7)

Non-pert. corr.
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(CT10, p:p_Er’“”‘) ®
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(CT10, p:p_?"”‘) ®
PYTHIA6 Perugia 2011
POWHEG

(CT10, p:p_Er"’”‘) ®
HERWIG AUET2
POWHEG

(CT10, u:pi”’") ®
PYTHIA8 A2

Different

POWHEG

tunes
with
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Z Differential Cross-Section

(Dn*: A Banfi et al EPJC71(2011)1600

Measurement of Z/y @ 115 F IR S P
¢ * distribution 0 11 e =T 3
n D : F-- - g
. ¢ *isrelated tothe @ 199 3
n —_— C - ¢
scattering angle of g h: S
leptons wrt. beam = 095t ~
= - —————
* Dependsonlepton @ 08 = 08y <16
anglgs only, more L ;g E T T
precisely measured & 115f 102 10" -
than momenta O 1.1 e e’'e +uu Data 2011 '
% - —— RESBOS =—— POWHEG+PYTHIA8
+ ¢, correlated to 105 ---- SHERPA -'=' POWHEG+PYTHIAB
p.(Z)/m - probes i o ALPGEN == POWHEG+HERWIG
R - - - MC@NLO
same physics 0.95 L
: Vs =7TeV ATLAS
095 'l <2.4 fL dt=4.6fb"
0.85 - p‘TE' > 20 GeV
ResBos provides best 10° 10° 10" 1 66 GeV <m,, <116 GeV

description (within 4%),
large deviations for
POWHEG / MC@NLO
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W and Z in Association with Heavy Flavour

Measurement of W + b-jets fiducial (p_> 25 GeV, [n| < 2.1) and differential

-------- ALPGEN + Herwig e+u, Net=1

cross sections ATLAS-CONF-2012-156

— 20 | > - ATLAS Preliminary | ' i

fs) . [0 4+ Data (Vs=7 TeV)

S [ ATLAS Preliminary Data 2011,Vs =7 TeV S I fL dt=461" == MCFM 3
§ - —— Electron Channel Ldti=d6fs | =2 - —=— ALPGEN ]
il - —#— Combined Electron and Muon f t=2. 12 % i

2 15 —=— Muon Channel 1 “a” ST

- ———— MCFM 4FNS + 5FNS 1 © 107 I '
[ e Powheg + Pythia : '8 7////’/////

1“ I g

L :l: ] '
= I % i —| o 4% Daa/MCFM | / /{ =
S A [ N S E =S 3~ theor. uncertainties -~ " /
s = '
HHHHHHHHHHHHHHHHHHHHHHHH 1 i -i- .!. | = S 21: i X - ok, s s / // / ZL‘Z:
B ] i C  4F %< Data /ALPGEN // .
I 1§ 3 A :
0 ] je’( 5 jet 120 jet iy = 2 P /?
25-30 30-40 40-60 60-140

b-jet P, [GeV]

Fiducial cross section within 1.56 of theory prediction
p. spectrum a little harder in data, but compatible with generators
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Dibosons - YY Diboson production is a common theme - for
measurements, BSM searches and the Higgs...

Example of differential cross section measurement: yy (7 TeV, 4.9 fb™)

S 0T Powerful test of perturbative
@ .
O E ATLAS QCD and quark fragmentation
=" 1§ Vs=7TeV
= = .— _ - q pah o
o n "5'\.‘ - Date 2011, fLt =491 ——n AN, “Direct” quark annihilation
2 107 £ S5 PYTHIA MC11ce x 1.3 (MRST2007) la (dominant: O(a?))
3 = e, %4 SHERPAMC11c x 1.3 (CTEQ6L1) o
B il = |
102 =, q '
- = q 3
0% == = Tu Collinear fragmentation,
- 4 g O(a’a,), but non-isolated y
104 - ' ST
E arXiv:1211.1913 ¥ o
10-5 pov o by v e lww e bwwww b e v by bvww s lwvwn bywwnbuyy i
0 50 100 150 200 250 300 350 400 450 500 Yo . - Box diagram, O(aa )
GeV A UL ’ s/
p,"'>25 GeV, p.¥*>22 GeV, |nY|<2.37 P Gevl T + but due to gg luminosity
and not in 1.37-1.52, AR(yy)>0.4 Q00 500 comparable to LO terms
a 1)

Rescaled leading-order parton shower
generators describe data better than higher-
order fixed-order generators (DIPHOX, 2yNNLO)

which lack soft gluon resummation o1



Dibosons - YY Diboson production is a common theme - for
measurements, BSM searches and the Higgs...

Example of differential cross section measurement: yy (7 TeV, 4.9 fb™)

< W T T T T g Powerful test of perturbative
© 3 ]
Q E ATLAS : QCD and quark fragmentation
= 189 Vs =7 TeV =
= E ¥ —— = . E q oo R
g n .""'\. + Data 2011, fLdt =491 - —— N “Direct” quark annihilation
T 0T e, S5 DIPHOX+GAMMAZMC (CT10) — . . P
3 = % pANNLO (STW = T (dominant: O(a9))
: s 7NNLO (MSTW2008) E .
i O = = i i1t
102 — ?i_\_\.‘-a" — a
- e ] q -
10° T _ — WY Collinear fragmentation,
: - E h O(a’a,), but non-isolated y
1D-4 E \\\\‘\\\\‘\\"\\“\\\“\\:\‘\\\\‘\\\\“\\\\‘\\ IH'E dlh J i
= arXiv:1211.1913 j ¢ o
1[}'5 pov v by w bww v s bwwww b v ww bvv v v www bwww o bwwww vy -
0 50 100 150 200 250 300 350 400 450 500 _ a N r Box diagram, O(a’a ?)
GeV R TW L ’ s/
p,"'>25 GeV, p.¥*>22 GeV, |nY|<2.37 Py (GeV] T 4 but due to gg luminosity
and not in 1.37-1.52, AR(yy)>0.4 00—l Ann0, comparable to LO terms
o ¥

Rescaled leading-order parton shower
generators describe data better than higher-
order fixed-order generators (DIPHOX, 2yNNLO)

which lack soft gluon resummation 2



Dibosons - WY and ZY Phys. Lett. B 717 (2012) 49-69

Example differential cross-section measurements: Wy, Zy (7 TeV, 4.6 fb™")
Fully corrected to respective fiducial regions

Inclusive fiducial E_” differential cross-section N-jet = 0 fiducial E differential cross-section
= I T ! T I I T T T T T
% 104 E‘ I:l Data 2011 (Inclusive) ‘; % 104 |:| Data 2011 (Exclusive)
O 103 B —&— SHERPA = 1.0 (Inclusive) _; O A 03 —e— SHERFPA = 1.0 (Exclusive)
-D =
.-—;_" 102 Em__‘_ -ar S —A— ALPGEN x 1.5 (Inclusive) _; ’_“é 102 P —m— MCFM (Exclusive)
B = T wgegg==  —H— MCFM (inclusive) q = 10 o
o ek -1 = i -
L_ I_-Ié'l_ 1DE ATLAS Preliminary Bty D— 3 L- }%'_ 1 ATLAS Preliminary -
= 1 e W
it 1E f'—‘”“f'“f‘ 4 2 ) det:d,_afn"
S Vs=TTeV 3 -8 10
107 e 102 fs=7TeV i
102 [Global scaling of SHERPA/ALPGEN to match data 3 , i
10- 1 | 1 1 |
m%., 1.9: ) | i Iq}*t T 1 | T :I: . mﬁ 1.8: T | T T + + T
- " 1 2lo L
Sl& e bobo BB bbb O B | e e e * ------ E
I_ 0.1 i . L - I I ] |_ 0 2: | 1 1 | ] + ]
15 20 30 40 &0 109 100 15 20 30 40 60 100 100C
Er [GeV] E! [GeV]

MCFM (NLO, parton level) undershoots the inclusive cross-section
Scaled LO ALPGEN/SHERPA with multiple quark/gluon emission in PS do better

Similar observation as for yy
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http://www.sciencedirect.com/science/article/pii/S0370269312009616

/dp_ [GeV

id fich
wWw x dT'l'l"l."l'

1/

Data/MC

Dibosons - WW, WZ and ZZ

Example differential cross section measurements: WW, ZZ (7 TeV, 4.6 fb™)

Normallsed fiducial d1fferent1al cross sectlon

B ATLAS — I'-.ﬂn ntn Carlc -:ME@NLO] N
0037 pata 2011 (V5=7 TeV) ]
- 1 +  Stat. Uncertainty :
0.025[— J Ldt=461b Full Uncertainty —]
WwWo
0.015 —]
0.01 —
0.005}— -
L I JIL‘-. =
1.5 =
‘1;1_._:._ I.‘ -
0.5E e =
25 40 U 350

arXiv:1210.2979

Leading lepton p_[GeV]

Data/MC

Normallsed flduc1al dlfferentlal Cross- sectlon

. — POWHEG BOX

- — —_—
- ATLAS =
ME; \s=7 TeV ® Data E
0.018— 1 + Stat. Uncertainty —
0.016 - f'—dt =4.6fb = Total Uncertainty 3
T E ZZ — T E
0.014:— —
0.012F 17 —
0.01E | Measured also E
0.008 + ¢¢vv channel E
0.006 = (ATLAS-CONF-2012-027) 3
0.004 - —
0.002- " i —
= Cle e L e il . ] =
1.5F —— e
1F.—3— """"" e H """"""" E

0.5 e i e = i .

0 50 150 200 500 550 600

P [GeV]

arXiv:1211.6096

NLO generators provide a good description of the data with these

statistics, also for the mass spectra. Same conclusion for WZ
EPJC72 (2012) 2173
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Top Pair Cross-Section

Large variety of 7 TeV measurements public:
0/1/2-lepton (e, y, T) — well-described by calculations

Measurement of 8 TeV cross-section in 1-lepton channel (5.8 fb™") using
likelihood template fit ATLAS-CONF-2012-149

E ||1_||||ll|llll|l||||||||lll| [ !
o - —NLOQCD (pp) # Single Lepton (8 TeV) 241= 32 pb \
[—
= ¥ Single-lepton (7 TeV) 179+ 12 pb
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Precision measurement: current programme is to (s [TeV]

obtain and reduce robust systematic errors 25



tt+jets
Significant background to more complex search topologies (e.g. SUSY cascade

decay chains)
MC scaled to approx. NNLO inclusive prediction

(7)) F T | | 1 = W T T | | | | T
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— [ ——
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g 0.5F ATLAS-CONF-2012-155 g
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n
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Jet multiplicity in fiducial region in tt production (£+jets) at 7 TeV (4.7 fb™") y



Modelling of tt events

Rapidity gap fraction vs. |y| helps control modelling of ISR/FSR

— targets large systematics on m,,, measurement
Eur.Phys.J. C72 (2012) 2043

c L B B L B S s B L B c I B B B B T NEEEL ]
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o - - ] 0
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Gap fraction: fraction of selected tt events which do not have a jet with p,>Q in the |y]| interval

Generally good description for |y| < 1.5, except MC@NLO (too little radiation)
For large |y| too much jet activity predicted 27
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Searches




BSM Searches - Introduction

Comprehensive programme of measurements provides a solid
basis for searches for physics Beyond the Standard Model

Nonetheless, generally we work hard to reduce any systematics
from Monte Carlo modelling - very extensive use of data-driven
background estimates using signal-suppressed control regions —

allows to search before full programme of measurements is done!

MC typically is used to model smaller backgrounds, and to
understand systematic errors coming from mapping control
regions to background estimates in signal regions

29



BSM Searches - Introduction

A huge array of searches have been carried out, including:

e Extra dimensions * Strongly produced q, g

 Excited vector bosons « Gluino-mediated t, b production
e Contact interactions e Direct t, b productlon

* Leptoquarks * Electroweak SUSY production

* New heavy quarks * Long-lived particles

 Excited fermions e R-parity violating SUSY signatures
* Technicolor ® e e e

While a lot of the simpler signatures have been well explored
at /s=8 TeV, much work is ongoing on more complex topologies

“Leave no stone unturned”
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Events

Significance

Multijet Topologies - Dijets

ATLAS-CONF-2012-148

| ! ! | k ! | ! ' = - LML I B B B B B LI I N B
- ATLAS Preliminary - hy .
10° | obata Y ] = b (s TeV, [ Ldi =13.0 fb”
- — Background E 4 e [data-fit]/fit
10°E s =8 TeV e & * PYTHIA 8 (1500)
i J.Ldf = 130 fb_1 . E o Y — q* PYTHIA 8 (EEDD}
e L A »-- " PYTHIA 8 (3000)
- . i q* PYTHIA 8 (3750)
102 3 = 2 Data / fit ratio, compared to four g* models
b - Bl (q) > 3.84 TeV (95% CL)
1 : Observed and fitted dijet mass ;
2f_i-i-i "ttt i-i-i-if (0]
D'_ | w W
f E ATLAS Preliminary
) l.III.I.I.I.l.I. I|||I|I|I|I|

1 1 1 1 | 1 1 | 1 | 1
2000 3000 4000 1000 2000 3000
Reconstructed m, [GeV]

In addition to limits on the benchmark g* model, also placed limits on
generic gaussian resonances:
95% CL upper limits on o x A for o_/m_=0.07, 0.10 and 0.15

4000
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The highest-mass central dijet event. The two central high-p_ jets have an invariant mass of 4.69 TeV

ATLAS

EXPERIMENT

Run Number: 209580, Event Number: 179229707

Date: 2012-08-31 20:24:29 CEST

325 ET (GeV)

| 285




Multijet Topologies - Jet Substructure

Search for boosted hadronically decaying objects by looking at jet substructure

Two methods identify merged hadronic top decays
* HEP-Top-Tagger uses substructure of “fat jets”

* Top-Template-Tagger uses calorimeter templates
m(tt) after HEP-Top-Tagger identification

> 70 T T T | T T T I T T T T T T | T T T I T T T i > 350_| ] I I I I I I | | ] ] T | I I I I | | |_
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§ e’o:_fLdt=4.?fb'1 N E 8300:—+ HZ' (1TeV)o=1.3pb 4
0 - ; . = N tt .
£ B0 ls=7TeV Multijet ] - .
& + | ] £ 250p PMuttijet E
T C ] o - i
40F E 0 200F ATLAS s

- - - _ 3 .

30: : 1500 Jlﬂ1_¢7m =
20l ] ' (s=7TeV :

E i 1 00_1 HEPTopTagger _Z

10F ; - B

c 50: arXiv:1211.2202 1

£0 140 160 180 200 220 240 OLE*-—— S :

| o _ 500 1000 1500 2000 2500 3000
et mass of leading jets in Leadlng Jet Mass [GE.‘V]

Top-Template-Tagger tt Mass [GeV]
signal region

Leptophobic topcolour Z’ excluded up to 1 TeV at 95% CL 33



Sequential Z' and W' in Leptonic Channels

Events

ATLAS-CONF-2012-129

107 g

10°
10°
10*
10°
10°

10

10

ATLAS Preliminary = Data 2012

Z' — ee Search Ozn*
-1 [] Diboson
Ldt=59fb
B
\s=8TeV [)Dijet & W-+Jets

[(]Z'(1500 GeV)
Z'(2000 GeV)

10°@

10

O imit! Ossm

107"

1072

10—3 I

1 I 1 1 1 1 1 1 I
100 200 300 1000 2000
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EPJC 72 (2012) 2241
T |

T | T T T T T T T T T T | T T T T |
—i— CDF

ATLAS 1 fb},

N

ATLAS
—— W > v
\s =7 TeV
[Ldt=47"

| | | | | | | | | | | | | | | | | | | | | | | | | | I
500 1000 1500 2000 2500 3000
m,, [GeV]

/’—28 search extended with 8
TeV data

Sequential-SM Z'
m(Z_,) > 2.49 TeV at 95% CL

E6-motivated models:
m(Z') > 2.09 to 2.24 TeV at 95% CL

Also: new 7 TeV dilepton limits on (lgg contact

interaction between 9.5 and 12.9 TeV
arXiv:1211.1150

W’—8v search - limits from
m_(€,v) = [(2p *E"*(1-cosg, )

Sequential W'
m(W') > 2.55 TeV at 95% CL

Chiral W*
m(W*) > 2.42 TeV at 95% CL
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Muon pairs / 10 GeV

Hunting for other Peaks in €/y States

Doubly charged Higgs produce narrow like-sign resonance Observed and predicted eey mass and signal models
40__. IIIII-I:} | L DL DL L B L L
: ATLAS +Data2011 1 [ ATLAS Preliminary ~* Data2012 i
35 N == 10 B [0z +y E
= Ldt=4.7 fo™ S on-prompt 3 2 det: 13fb 7 + jets, diboson, i ]
30 _ Prompt — % 10° []Bkg. uncertainty —
255 \J[g =7TeV I:IHE! 250 GeV E ‘% \|[§= 8 TeV DI{I‘I"IE‘,;‘\:I = (0.2, 10) TeV E
[ R —] 3 _
z W Chsocey 8 10 e -es o
20E []H=350 GeV 3 . j
15 [(JH=400Gev 5§ 10
10F + 3 1 e
st r i I
) = AP PR (= .1 4. . A 10 I ey e [ =
0 100 200 300 400 500  60C 200 400 600 800 1000 1200 1400
EPJC 72 (2012) 2244 m(u=u=) [GeV] ATLAS-CONF-2012-146 Mee, [GeV]
JHEP12(2012)007
Prompt like-sign leptons For compositeness scale A = m((*):
powerful probe for many forms exclude excited leptons < 2.2 TeV
. o)
of new physics at 95% CL
Other searches in trileptons, high-mass diphotons, ¢+t, Tt ... ...

35


http://link.springer.com/article/10.1140/epjc/s10052-012-2244-2
http://dx.doi.org/10.1007/JHEP12(2012)007

Still Seeking

SUSY...

Extensive and deep programme of SUSY searches at ATLAS

Direct squark pair
production (example) 10

Direct gaugino/slepton
pair production (example)l{}

u . . !

w L)
d N,
q it

¥, L L)
q ¢

SUSY cross-section versus sparticle mass

Gluino & squark
production (examples)

a, |pbl pp — SUSY

_1 | 1000 events produeed in 201 Y\ \

%[ 100 events produced in 2011

10 200 300 400

SO

pe [GEV]
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Strong Production of Squarks and Gluinos

Complete “jets + X + E ™" programme
Example: 0-lepton+(2-6 jets)+E ™

Results presented in MSUGRA/CMSSM and in
simplified models, to aid re-use

MSUGRA/CMSSM: tanB 10, A 0, u>0
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Multiple signal regions - selected according to
best expected limit

%

Benchmark MSUGRA/CMSSM tanB=10, A0=O, u>0

[m(q)=m(g)] > 1.5 TeV at 95% CL
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“Natural” Models - evading the absence of gand g

In these models, the lightest squarks are t/b, gluinos

possibly too heavy, gauginos may be accessible - but the —

Higgs mass can be stabilised

Lower cross-sections and larger SM backgrounds
require dedicated searches

Systematic and comprehensive set of searches

P, A . -7
// byt - X
alsot—»b+x’

Gluino-mediated b/t production Direct b/t pair production

Direct slepton-pair productiod8




Events / 5 GeV

“Natural” Models - evading the absence of gand g

Dedicated searches for EW slepton/gaugino production in multilepton final

states published this summer; 8 TeV 13 fb™ update of 3¢ search
arXiv:1208.2884, arXiv:1208.3144, ATLAS-CONF-2012-154

Interpretation in simplified models but also in a phenomenological MSSM
model (less “naive”)
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Direct Sbottom Production

Direct sbottom production can lead
to 2b + E™ (shown here) or also

to multilepton + jets + E™ final
states E E1 production, E — b}f
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ATLAS-CONF-2012-151, ATLAS-CONF-2012-165 40



Entries / 50 GeV

Direct Stop Production R

Similar final states as top pairs, searches use 0¢, 1¢, &

2¢ final states and depend on sparticle masses and % b/t e ki
stop decays

bt

_ . . 5 7 TeV: arXiv:1208.4305,
New 8 TeV 13 fb" results in 1€ and 2¢ final states, 512092102, ariv:1209.4186,

optimising fort » t + X°and t = b + X" decays arXiv:1208.2590, arXiv:1208.1447

E ™= distributions in t + x° (left) and My, distributions in b + " (right)

.
10°

+ X" (right) signal regions [1€ analysis]

” signal region [2€ analysis]
1 -
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ATLAS-CONF-2012-166, ATLAS-CONF-2012-167
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M _o [GeV]

LI T R B — T I | T T T T T —— " | I T T T
200 ATLAS = e Observed limits (-103.5") t,— b+x x - W +x (m; <200 GeV) —
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o 80 1/2-leptons + b-jets (m =2xm o)
Status: September 2012 All limits at 95% CL5

Direct Stop Summary - Status at SUSY12 this summer

T, production: T, - b+x., %, wt ’+’x (BR=1, m; <200 GeV); 3 —>t+x (BR=1, m_> 200 GeV)

t — t+;}( (ITL > 200 GeV)
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Direct Stop Summary

tt production Status: December 2012
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Significantly improved sensitivity at high stop mass with expected limits up to 620 GeV (prev. 500 GeV)
Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino
There is still room at low mass — remember: our models are simplified 43



Looking more generically for Dark Matter?

An alternative approach: search arXiv:1210.4491, ATLAS-CONF-2012-147
directly for production on invisible
R . . —_ :' 'I'"'|""I""I'"'I""I""I""I"":
WIMPs in proton-proton collisions S F arasPreliminay o 2 ]
-&5 . = WY i+
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oy = = By ceeeees D5 M=B0Ge¥, M=670GeV =
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q X

Signature: mono-jet events
We need the hard ISR jet to trigger the
event 44

Interpretations in variety of models:
extra dimensions, WIMP, gravitinos



Looking more generically for Dark Matter?

An alternative approach: search
directly for production on invisible
WIMPs in proton-proton collisions

Exploit “ISR technique”

q

Energetic gluon/photon
radiation from the initial state

— X

q X

Sighature: mono-jet events

arXiv:1210.4491, ATLAS-CONF-2012-147

(s =7TeV, 4.7 fb"', 90%CL
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We need the hard ISR jet to trigger the

event
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Interpretations in variety of models:
extra dimensions, WIMP, gravitinos
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R-Parity Violating SUSY scenarios

Decays of the LSP in RPV models can lead to many leptons, jets and/or

resonances

Dedicated programme to assess the extremely broad phenomenology

Search for strong and EW SUSY-RPV
production in events with >=4¢

Search for RPV sneutrino production
and decay through LFV into ¢¢’
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ATLAS-CONF-2012-153 arXiv:1212.1272 M, [GeV]

Search pairs of gluino decays to 3q

- Powerful limit from jet multiplicity
and p_ (no mass reconstruction)

- Boosted and resolved jets analysis

3105 ||||||||||||||||||||||||||||||\|__:l
Qa = F e Exp Limit (Resolved) .+1 o Exp Limit (Resolved)
—_— —— Obs Limit (Resolved) b
G 10° E — — obs Limit (cms 2010) (=20 Exp Limit (Resolved)
0 - Obs Limit (cMs 2011) [JJ3d Cross-Section (NLO+NLL)|
%cn 104 L L E
o) ; All limits at 95% CL
T 0%k -
o 10°F fL dt=4.61 Vs=7TeV |
o o
@) 1025 =
10k
|
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oo b b v v b Py gy 1y 0 d
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arxiv:1210.4813 my [GeV]
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ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: HCP 2012)

................................................ Laige ED (ADD) : monaiet + £, - Jw Dl{5|= |2 }I | T T T 111
Large ED (ADD) : monophoton + E, M (5=2) ATLAS

& Large ED (ADD) : diphoton & dilepton, m., M (HLZ 5=3, NLO) Prelimin
.g UED : diphoton + E, .. Compact. scale R Y

2 S'z, ED : dilepton, m, Mg ~ R

g RS1 : diphoton & dilepton, m,, Graviton mass (k/Mg, = 0.1)

3 R51: ZZ resonance, my, ., Graviton mass (k/Mg = 0.1) p

E RS1 - WWwW resonance, m; Graviton mass (k/Mg, = 0.1) Ldf =(1.0-13.0) fb
= RS QKK—}I'[ (BR=0.925): tt — |_+]E.‘t$,m1 — g,, mass "E =7 8TeV
Ll ADD BH (M., /M;=3): S8 dlmuon,ﬁcn_ nart. M, (5=6) :

ADD BH (M., /M =3) : leptons + jets, Lp M., (5=6)
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___________________________________________________________________________________________________ Wiy, |t 157 Tev 1200 404 e W mass
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*Only a selection of the available mass limits on new states or phenomena shown



ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)
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T.miss o
................................................... I 3...1 i3lep + By, |Am300%8Tav [ATLASCONF.2012154] NN 1 mass  {mi,) =mig).miz | =0, Sleplons decoupled)
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LFV : pp—=v_ +X, v —)E{J.L]I*t resonance "-’ mass {i,,=010,4,..=005)
EE Blllnear F{F"u’ CMéSM Tlep+7js+E; .. q g mass {67, < 1 mm)
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................................................................................................... . | [T | o | | 2 L
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*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

Al limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Production and Decays - the Channel Map

Dominant production
mechanisms (all important,
depending how H decays)

¢ x BR [pb]

(a) gg— H

—_
o

—k

A

T

—
=
\]

10°¢
%LH%
ZH— |

= 7TeV SM

Fvb
I bb

WW — ['VIV .
77 = IlqQ :
ZZ — I'Tw E
H—- 't o :

_ 7Z — I
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v q= udscb -
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LHC HIGGS XS WG 2011
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(b) VBF (c) VH (d) H

For discovery, key was a clean signal
with a clear mass signature

High-resolution channels were king...
* H-vy
* H-4¢
They are also experimentally simpler
channels (none are simple...)

In the 125 GeV region, many channels
are potentially observable
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ATLAS 2011 - 2012 -i‘lc
\s=7TeV: [Ldt = 4.6-48f" L1*20
\s=8TeV: |Ldt=5859f" — oooore

Since 4th July 2012...

---. Bkg. Expected

95% CL Limit on

ATLAS observation used
« 4.7 fb'®@/s=7 TeV data
« 5.8 fb'@/s=8 TeV data for
H—-yyand H - 4¢ 10°

CL, Limits

II'III

Local p

Added 5.8 fb'@/s=8 TeV for

Ho>WW-¢eveyv — 1
for paper at end of July

Couplings study in September

Updated results for HCP (Nov):

« VH, H - bb 4.7(@7)+13.0(@8) fb" 2 E

e H— TT 4.7(@7)+13.0(@8) fb" 5 E

e H—-> WW - €vev 13.0(@8) fb" % ;
© 7

And last week, updates of > °f -
* H - vy 4.9(@7)+13.0(@8) fb" @ os _observed 3

e H— 40 4.8(@7)+13.0(@8) fb" TE (c) B2t =

110 150 200 300 400 500

m, [GeV]




(W/Z)H, H - bb

Reoptimised 7+8 TeV analysis
Requires 2 b-tags and separates 0,1,2
lepton channels ~(W/Z)-vv,2v,28

Discriminate via m_, resolution [(M6%,

improved by including muons
Control samples and final fit used to
scale backgrounds
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+
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T 1

T T T T T T T T T T T T T T T T T
E 400[~ ATLAS Preliminary Wwzzz E
o C de::fs,a ', (s =8 TeV B WH 125GeV ]
E 300: de‘r:-l,?fb", 5=7Tev WizH 125Gev |
> L 0,1.2 lepton ]
W 200 -- Data - Bkgd —|

VZ cross section [b ti[nes argihap VH
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Cross-check: see expected WZ and ZZ peak with Z = bb

All non-diboson bkgs subtracted; Significance: 4c¢

U L L
— ATLAS Preliminary
5_fLm=13.afE’, (s=8TeV
= 0Lepton 2 Jets, ET** > 200 GeV
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--- Pre Fit

-#- Data 2012

PR UL L
TLAS Preliminary
Ldt=13.0 5", {s=8TeV
Lepton 2 Jets, p;! > 200 GeV
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=== Pre Fit

20 40 60 80 100 120 140 160 180
m s [GeV]
p(125)=-0.4+0.7(stat)+ 0.8(syst)

95% CL limit at p=1.8

ATLAS-CONF-2012-161
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 209787
\ Event: 1441000606
Date:  2012-09-05

Time: ©3:57:49 UTC
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Reoptimised 7+8 TeV analysis
Analyse had-had,?-had,?¢ ®

Events / 20 GeV

800F

jet categories 6000
Discriminate via MMC m 4001
Background from Z—-tr via 200¢
“embedding” technique ol

50

u(125) =0.7 £ 0.7
“significance” (125): 1.10
expected: 1.70

ATLAS-CONF-2012-160

Division into categories
provides some
discrimination between the
production mechanisms

WThag
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—— 5 x H(125)—t
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KN A I B B -
Run Number: 209109, Event Number: 86250372 A I lA : ;

Date: 2012-08-24 07:59:04 UTC EX P E R I M E N T

H — tt (doubly hadronic) candidate in VBF channel (m = 131 GeV)
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H - WW* = evuv

Numerous relevant
backgrounds: diboson,
top, W/ Z+jets,
estimated from control
regions

Distinguish 0/1 jet and
leading lepton — 4
categories, main
discrimination with:
m(ee), Ap(ee), m,

Observed: 917 events
Expected from B: 774 + 76

Events /10 GeV

Events /10 GeV

L L L L L
K P 4 Data 4% SM(sys@sta) |
100 ATLAS Preliminary gy gmwzzzw,
- Vs=8TeV,[Ldt=13.0fb" [J& [ SingeTop
- “ ) Bl Z+jets [ W+ets
80 H—-WW" —evuv (0 jets) B H (125 Gev)
60— —
40— —
20f -
L L L
i P 4 Dala %= SM(sys @ stat)
100 ATLAS Preliminary @ "' @@ wzzzw, -
L Vs=8TeV,[Ldt=13.0fb" [Jd [ SingeeTop
L “ . Il Z+jets [ W+ets
100~ H—=WW' —uvev (0 jets) [ PR
80 +
JE
60F .
40F
20
of

Expected from SM Higgs@125: 76 + 15

H(125) =1.5+ 0.6

expected: 1.90

significance (125): 2.60
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ATLAS-CONF-2012-158

FT ~ " T T
= ATLAS Preliminary

| 40F Vs=8TeV,[ Ldt=13.01"
E H-WW —>evuv (1 jet)

T | T T T T I T T T 4
4 Data == S5M(sys @ stat) _f
 ww [l WZZZWy
CIa [ single Top
Bl Z+iets [ W+jets

B H (125 GeV]

A5FT T T T T T T T T T T T T T
- P -4 Data == SM(sys @ stat) J
st ATLAS Preliminary g ' @ wzzzw, =
F Vs=8TeV,[Ldt=130f" [J& [ SingleTop
il Il Z+ets [ W+jets

E H-WW' —pvev (1 jet)

BB =125 Gev)

L L L L B ]

:_ ATLAS Pre“m inary + Bkg. subtracted data _:

- \s=8TeV, | Ldt=13.01fb" [ ] Hi1zsGey) =

E HoWW" Sevpv/uvev (041 jets) E

2 Backgroundsubtracted

- + transverse mass (stat errors only)
- with expected{H(125) signal
E + - 1_+__A_ - = S E

B 4kf_?:r ]
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One H - yy Ingredient \

Design feature of the ATLAS LAr calorimeter: fine
granularity, in n and depth, allows to determine
direction of photon

Directly affects mass reconstruction

m*(yy)=2E. E, (1-cos a) ?

where a is the opening angle of the two photons Measure 6 direction with calo
— get z of primary vertex

z-vertex measured in yy events
from calorimeter “pointing”

Entries / 10 mm (normalized)

———————————— ——— High pileup: many vertices distributed over o -
0.16—ATLAS Preliminary +:+: e Data 2011 (B*=1.5m)_7

- g o Data 2011 (p*=1.0m) ] 5-6cm (beam spot length)
L Ns=7TeV, | Ldt=4.9°fb . .
— tricky to know which vertex yy came from

0.14 — MC (yy)

0.12
2 unconverted photons

0.1; Inl<1.37 —f
0.08; GZ~ 1.5¢cm _E
0.06F 7 Calorimeter pointing alone reduces vertex
0.04£ 7 error to ~ 1.5 cm and is robust against pile-up
0.021~ 4 =2 good enough to make contribution to mass
Q=0 B0 0 50 100 =50 resolution from angular term negligible

2(y1) - (y2) 57



Local

2000 "~~~ T T T T T
— Selected diphoton sample

° Data 2011+2012
Sig+Bkg Fit (mH=1 26.5 GeV)

--------- Bkg (4th order polynomial)
ATLAS Preliminary

H - vy
Invariant mass distribution — 2 s

6000

Events / 2 GeV

4000
Analysis categorises events

into 12 exclusive event
categories with different
S/B, to enhance sensitivity 1000

-
...
-

3000

T

2000

\s=8TeV, |Ldt=13.0b"

\s=7TeV, ILdt —481fb"

, ATLAS-CONF-2012-168 (13 Dec)
overall and to the different .

: i 300 =
productlon processes % 200F- =
o 100~ E

> - 3

L oE + | + + . + ++ + | =

2011 126.0 GeV 3.50 (exp. 1.60) _woér* ! + + + PoyobTy T 3
2012 127.0 GeV 5.10 (exp. 2.90) = =
I T - S A B B I I I BRI * oo o 0 1% 40 10 160
102 —-SMH — vy expected p  ATLAS Preliminary m,, [GeV]

— Observed P,

1 =
101 T e T Now have a “single channel discovery”
102 =—_ __ \
10‘3 -'-""'---n.‘-.;;;-_‘__-__‘-;_‘- \ ' = for HAYY
o Obs. 2011 "~ |
5 = Obs. . oo
s Exp. 2011 Observed local significance 6.10
, ==='0bs. 2012 """
18—2?—'5“" 5015 Expected 3.30
10'QE --------------------------------
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H - yy Measurements

Mass measurement is systematics
dominated in this channel

m, = 126.620.3(stat)+0.7(syst) GeV

U = 1.80+0.30(stat)+)%1(syst)+33%(theo)

Or, allowing both to float —

Observed signal strength in different
categories (especially high-p_, jets),

gives some separation between
couplings in different production
modes

Common B/BSM branching ratio (production
independent)

)
o

= B — Al Sly‘ST.‘ 7
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H - 4¢

Invariant mass distribution

Data driven background estimates
See clean Z—4¢ signal around m_, as

expected
Q_O _III\|I\II|\I\\IIII‘\I\I|I\II‘I\II_
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Again, signal continues to grow

Observed local significance 4.10
Expected 3.10
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EXPERIMENT
http://atlas.ch

@ATLAS

203602
82614360

Run:

Event:

Date: 2012-05-18

Time: 20:28:11 CEST







H —» 4¢ Measurements
ATLAS-CONF-2012-169 (13 Dec)
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Combined p, value

ATLAS-CONF-2012-170 (13 Dec)
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—— Combined observed AT[_AS Preliminary
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10 - - gommed expected \s = 8TeV, JLdt =131b

10"
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10°
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10-13|||||||||||||||||||||||||||
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my [GeV]

This search is over - you may not see this plot much more often!
(for measurements it doesn't answer the right questions) ¢4



Combined Mass and p

Combining the high-precision channels
= 125.2+0.3(stat)+0.6(syst) GeV

ATLAS-CONF-2012-170 (13 Dec)
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Despite some rather misinformed
reports in blogs, there is just one peak
in the combined distribution

Combining all channels, assuming a
common |

H=1.35+0.24
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Events/ 0.05

Spin with yy

1"2
Sensitive variable is diphoton cos@* distribution gii
in yy system L —7 - 5 Zos

Use events within 1.50 of the peak at 126.5 GeV, ................... )
background shape from data sidebands
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Spin with yy
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Spin with 4¢

Use m_, m, and five production & decay angles

in a BDT or MELA discriminant
Use events with m_, between 115 and 130 GeV

ATLAS-CONF-2012-169 (13 Dec)
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Spin-0" hypothesis consistent with data within 0.2¢0
Spin-2" hypothesis slightly disfavoured at 80% CL
(expected disfavouring at 85% CL)

Not much sensitivity yet! o8



Parity with 4¢

Use m_, m, and five production & decay angles

in a BDT or MELA discriminant
Use events with m_, between 115 and 130 GeV

ATLAS-CONF-2012-169 (13 Dec)
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0" hypothesis excluded at 99% CL

(expected exclusion at 96% CL) .



What's Next?

A big programme now to complete analyses of “Run-1” data

« Painstaking work to measure precisely the properties of the new boson -
remember how hard it was to find - this is not easy work, it pushes the
detector capabilities very hard

« Continue searching in plethora of other channels - are other new objects
hiding there?

* Huge measurement programme underway on 8 TeV data - but this will
run through the next two years

Long Shutdown 1, 2013-14
 Remedial work on all LHC dipole magnet interconnects
» Detector consolidation work, after >3 years with little access
* Back in early 2015 at 13+ TeV, and 25ns (= lower pileup)
e Major increase in mass reach for all searches
* Luminosities ~double today

Beyond “Run-2” (2015-2017?), further luminosity increases at 14 TeV
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Closing Words

It has been a quite remarkable year

Performance of the LHC, and of ATLAS, have been beyond
expectations

The computing and analysis systems have delivered results
incredibly fast with such a huge volume of data

The co-discovery of the new boson by ATLAS and CMS has
revealed a new type of boson at 125 GeV

So far, it looks more-and-more “Higgs-like” - spin-2 and
negative parity are disfavoured by the latest results

The new era has just begun
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Table 2: Signal resolution (ocp). FWHM., number of expected signal events (Ns ), number of background
events (Np) and signal to background ratio (Ng/Np) in a mass window around my = 126.5 GeV con-
taining 90% of the expected signal events for each of the 12 categories of the 8 TeV data analysis. The
number of background events are obtained from the background + signal fit to the m,, data distribution.

Vs 8 TeV
Category ocp(GeV) FWHM (GeV) Observed Ny Np  Ng/Np
Unconv. central, low pry 1.47 3.45 569 20 538  0.053
Unconv. central, high pry 1.37 3.22 25 4.2 25 0.168
Unconv. rest, low pr 1.59 3.75 2773 61 2610 0.023
Unconv. rest, high pr 1.52 3.59 148 8.7 138 0.063
Conv. central, low pr .64 3.86 446 18 417  0.044
Conv. central, high p, .49 3.51 18 2.8 17 0.163
Conv. rest, low pry 1.83 4,32 2808 54 2763  0.019
Conv. rest, high py 1.7 4.00 144 74 138  0.053
Conv. transition 2.35 5.57 1872 25 1825 0.014
High Mass two-jet [.55 3.65 47 6.8 33 0.204
Low Mass two-jet 1.46 3.45 62 42 45 0.093
One-lepton .63 3.85 I8 1.7 16 0.108
Inclusive 1.64 3.87 8802 223 8284  0.027
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Mass Consistency

The mass measurements in the yy and

42 channels are consistent at the level

of ~2.70 using fully gaussian systematic
errors, or 2.30 using different error

assumptions

A lot of effort has been made to seek
out unexpected systematic error
sources, but nothing substantial has

been identified

The error on the difference of the two

measurements has a substantial
statistical component
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ATLAS Preliminary
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X  Best fit
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H — yy and H — 4l Mass Scale Systematic Uncertainties

Main Mass Scale systematic uncertainties

(considered in also ICHEP studies) :

Main 4l Mass Scale systematic

uncertainties :

scale

source Relative Mass Scale
Effect

Absolute Energy scale 0.3%

calibration from 7

Upstream material 0.3%

simulation inaccuracies

Pre-Sampler energy 0.1%

Source Relative Mass Scale
Effect

Absolute Energy scale 0.4%

calibration from Z

Low transverse energy 0.2%

electrons

Muon momentum scale 0.2%

Further investigation and extensive checks

lead to find additional sources of
systematic uncertainties :

- LAr Strips relative calibration (0.2%)
- Photon energy resolution (0.15%)
- Calibration of the high gain (0.15%)

- Mis-classification due to fake conversions (0.13%)

- Backgound modeling (0.1%)

- Lateral shower development simulation (0.1%)

- Effect of PV choice (0.03%)

Further investigation and extensive checks

have not lead to additional substantial
sources of systematic uncertainty :

- Measurement with MS and ID alone

- Local detector biases checked event by event

- Local resolution effects checked using event-

by-event error;

- kinematic distributions in agreement with

expectation
- FSR simulation

- Different mass reconstruction using Z-mass
constraint (+400 MeV shift)
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