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ATLAS highlights

The LHC program

Re-establish the Standard Model, validate it at high
energy: soft and hard QCD, electroweak (di)boson
production, top quark production and properties.

Find or exclude a Higgs Boson (see L. Fayard)
« “Are we there yet?”

Heavy Flavour physics - matter-antimatter
asymmetry (see C. Tsarouchas)

Direct and indirect searches for physics beyond the
Standard Model
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ATLAS

Silicon and straw tracker with
transition radiation detection.
Liquid Argon and tile calorimeters. &8
Central 2T solenoid & air-core O

toroids for muon spectrometer.

44m

25m

Tile calorimeters

' LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electromagnetic calorimeters

R 2008 JINST 3 S08003 ATLAS Experiment
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Proton-proton data taking

« 5 /fb delivered in 2011 at 7 TeV. Now
over 14 /fb at 8 TeV in 2012.

» Peak luminosity gradually increases
« Data taking efficiency ~94%

» 24/7 operation, with large teams of
on-call experts to support the shift
Crews

« Data quality: >90% of recorded data is
used for physics analysis

» Large fraction (~99%) of detector
channels are operational

» Thousands of jobs running on the grid to
calibrate the detectors and then
process the data

» This huge effort occupying hundreds of
physicists, engineers, technicians is
behind every analysis result

Total Integrated Luminosity [fb |

Peak Luminosity per Fill [10% cm2 s
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Pile-up
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Production cross-sections at LHC

e Minimum bias cross
section is orders of
magnitude larger than
that of more interesting
events.

» Use a multi-level trigger
system to decide in real
time which events to
record (40 million -
400 events per s)

« Trigger menus at LHC
are complex, and set
minimum thresholds for
objects used in analysis

Corfu 2012
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QCD

Parton density functions F(x,Q?) describe initial proton constituents
Hard scatter calculated at NLO, NNLO...

Proton remnants create “underlying event”

Hadrons share momentum of final parton in jets.

Fragmentation function D(z) describes individual hadrons.

Final state is
simulated by parton
shower and
hadronisation model

Compare with theory at
detector level (Monte Carlo)
or after unfolding to
NLO+pert. corrections.

Many studies of soft QCD
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First measurements at LHC

* First collisions at 900 GeV in 2009, and at 7 TeV in 2010

* Measurements of charged particle production in minimum bias
events already required solid understanding of the detector
performance

« Example - detailed modelling of geometry of ATLAS silicon strip
detector. Number of endcap discs seen by a track varies with n
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Hadron production

ATLAS arXiv:1012.5104 [hep-ex]

* Many detailed measurements of the properties of minimum bias

events. Made with low integrated

luminosity and low pileup.

» eg. charged particle density and p;

(py = p sin 0)
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ATLAS arXiv:1103.1816v2 [hep-ex]

Underlying Event

* Look in the region away from the
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Jet finding

« Use the anti_k, algorithm. Distance parameter R in the (¢,y) plane

; | ( 1 1 ) Ap? + Ay? ; 1
ij = min >’ > > v Ji,beam = ——~
ki K R Kii

* Merge the pair of particles with minimum d.;; or if d, is the

ij? i,beam
smallest, ith object becomes a jet.
» Detector level jets from 3-d topological calo. clusters at EM scale

» Correct for contributions from pile-up events, instrumental noise,
dead channels, beam-related background.

» Correct to hadronic scale using n and E dependent factors from
simulation, and cross-checked with data

» EM scale improved with Z->ee events
» Study single particle response in collision data and test-beam

» Verify energy scale with track-jet match, and with momentum
balance in y-jet, dijet and multijet events

« Jet energy scale (JES) uncertainty 2.5 to 4.6% for central n (2010)

Corfu 2012 Pippa Wells, CERN 13



ATLAS arXiv:1112.6297 [hep-ex]
Inclusive jet production

* Individual jets with p; greater than 1 TeV, |y| to 4.4
« Experimental systematic uncertainty ~ 10-20%

« Compare to NLO x non-pert. corrections - agree within errors
» Central pdfs: CTEQ.6
» Ratio plot shows data/theory ratio
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ATLAS arXiv:1107.2092 [hep-ex]
Di-jets, multijets

Dijet mass spectrum extends to ~4 TeV
Rate and p; distributions of multijets also studied.
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pr jetl=2.1 TeV, p; jet2=1.9 TeV

High mass di-jet m;=4.1 TeV

1A EXPERIMENT

Run Number: 205113, Event Number: 34879440 [ — —
Date: 2012-06-18 12:25:45 CEST =

T T T T T T T T T
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8-jet event 8 jets with p>60 GeV

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

%
]
\
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Events

Significance

Searches with dijets

ATLAS-CONF-2012-088
ATLAS-CONF-2012-038

Examine dijet mass spectrum. No significant bumps. Excited quark
with m < 3.66 TeV excluded at 95% CL

From angular variables, exclude contact interactions up to 7.8 TeV
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Electron identification
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Muons, taus...

Iy f L~15pb’
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«  Muons o/ ¢

* Matched track segments in
inner detector and muon
spectrometer (MS)

* MS improves resolution for
high pr muons

* May also match a track with
minimal energy loss in the
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momentum muons, or in 1 10 102
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chambers eg. muon pair mass spectrum with
« Taus known resonances
* Narrow jet:1-prong and 3- Verify momentum calibration and
prong hadronic decays look for new states, eg. Z’

« Decaystoeorpy+v’s
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Invisible partiCleS Resolution 5GeV for ZE; 100GeV
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Events /2.5 GeV

W and Z production

« W - charged lepton and E;™ss

* (Calculate transverse mass of
lepton-neutrino system

« Z - same flavour charged leptons.
 WandZtoe, y, tall measured

» Hadronic decays swamped by QCD

» Some uncertainties cancel in W*/W-

and W/Z ratios
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ATLAS Phys. Rev. D85 (2012) 072004
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Data / RESBOS

W.,Z p. spectrum & associated jets

ATLAS arXiv:1108.6308 [hep-ex]
ATLAS-CONF-2011-060
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Diboson production

*  Measure Wy, Zy, WW, WZ and ZZ final states
o WW=>lvlv, WZ->lllv, ZZ-> 1Ll all observed.

* More difficult to distinguish WW/WZ - lvjj (V+jets background)
» Check for anomalous triple gauge couplings
« charged TGCs: WWy, WWZ non-zero in the Standard Model
« neutral TGCs: ZZy, Zyy, are zero

* No deviations from SM observed

arXiv:1208.1390 [hep-ex]

T T T ‘ T T T ‘ T T ‘ T T T ‘ T T T ‘ T T
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Top quark pair production

« Top decays to Wb (-100%). Events characterised by W decays.
Leptons, jets and E;™ss; plus b-jets.

Jet

Displaced tracks

”

Decay lifetime =

¥ Lxy //%econdary vertex
~

Primary vertex _ ~  /

4
9
do” v

Prompt tracks

B-tagging:
Tracks have significant impact parameter, d,.

May reconstruct secondary vertex with
characteristic mass.

Soft muons: from weak decays
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Early example (2010): single lepton channel

1 e or u with p>20 GeV, E;Ms5>20 GeV, E{™ss+m(W)>60 GeV
Niets With pr>25 GeV, with no b-tag requirement or at least one b-tag
Signal defined to have 4 or more jets, and at least 1 b-tag

| | | 12} | | | T
6 . — = . s
10°  ArLAS pretag e/ u+jets 3 ATLAS tagged e/ tjets .
- Preliminary ® data 1 w1200 preliminary ® data i
10° JL=29 b” et E : jL=29 b’ Lt 1
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104:_ 0 Z+ jets | s U Z + jets
2 W + jets W + jets -
; [z Il Qco . Il ocD
10°E e i uncertainty = uncertainty
107 g

1 2 3 >4
No b-tag (log scale) Number of jets At least one b-tag Number of jets

>4

Corfu 2012 Pippa Wells, CERN 26



Latest top pair cross section results

6% relative precision

<t

NI

Corfu 2012

ATLAS Preliminary

Data 2011
Channel & Lumi.

Single lepton  0.70 fb™

15 May 2012
Theory (approx. NNLO)
form, =172.5 GeV

— stat. uncertainty
— total uncertainty

Og +(stat) =(syst) £(lumi)

179+ 4+ 9+ 7pb
Dilepton 0.70fb" et 173= 6 *1* *2pb
All hadronic 16718+ 78 = 6 pb
1.02 fb™
Combination .-...-. 177+ 3 "5+ 7pb
New measurements :
Tpag + jEtS 1.67 fo’ . 200+ 19+42+ 7 pb
Tog +lEpton 2,050 e 186+ 1320+ 7 pb
All hadronic 168+ 12 *¥ + 6 pb
il | ] | |

50 100 150 200 250 300 350
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Events / 200 GeV

Data/MC

arXiv:1207.5644 [hep-ex]

Differential cross sections

Example: Production cross section as a function of ttbar mass

L L e
ATLAS

10°

7
e +jets
@ Data

5 4 "
_ _ Ot

10 f Ldt=2.05fb" Vs =7 TeV ot

4 B0 Z+ets
1 O Diboson

3 B Single top
1 O Bl Fake leptons

Uncertainty

10°
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1
10"
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iy
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m,. [GeV]
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Events / 200 GeV

Data/MC
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10° ATLAS U+ jets
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5 _ - - Ot
10 f Ldt=2.05f0"\s =7 TeV ot
4 B0 Z+jets
1 O Diboson
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1 03 Il Fake leptons
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2
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Top quark mass

600

500

 Top mass from reconstructed
events: uncertainty +3 GeV.

 Dominant uncertainty is jet
energy scale, in particular the b-

jet energy scale

400

Events / 10 GeV

300

200

100

.........
.......
........
-----
Teaa
-
-------------

ATLAS
e + jets

fL dt=1.04 fb"

- F>sig + Pbkg
""" bkg

® Data

JSF =0.985 + 0.008

Mygp = 174.3 % 1.0 GeV

stat+JSF

&

I I'"‘ rrrrrrr c

ATLAS m,,, summary - July 2012, L =35 pb™ - 4.7 fb™ (*Preliminary)

ATLAS 2010, I+jets*

CONF-2011-033, L =35 pb’

ATLAS 2011, I+jets
Eur. Phys. J. C72(2012) 2046, L _ =1.04 fb”!

ATLAS 2011, all jets*
CONF-2012-030, L, =2.05fb"

ATLAS 2011, dilepton*

CONF-2012-082, L, =47 1b"

Tevatron Average July 2011
173.2+ 0.6+ 0.8

® — 169.3+ 4.0+ 4.9

1745+ 0.6 + 2.3

o—— 1749+21+ 3.8

175.2+1.6 + 3.0

= (stat.) = (syst.)

ATLAS Preliminary

150 160

Corfu 2012

170 180 190
My, [GEV]

Pippa Wells, CERN

350 400
e [GeV]

Most precise: lepton+jets
arXiv:1203.5755 [hep-ex]
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arXiv:1203.4211 [hep-ex]
Top charge asymmetry

Top charge asymmetry from (pseudo-)rapidity difference
between t and tbar - quark tends to have larger |n| or |y| at LHC

Tevatronh top top
anti-top anti-top

=&

>22000_—""I""I""I""I""I""—_
n oS C ATLAS u+=4jets (= 1 b tag) ]
,gwooz—fl_ dt=1.04 b’ Efiata E
N(Alyl >0) - N(Alyl < 0) 1316001 W+ets
Ac = 14005 W Z+jets
N(Aly| > 0) + N(Aly| < 0) ook -
where Aly| = y(t)] - |y (?)] I 7% Uncertainty -
A_ (theory) = 0.006 + 0.002 800
600
After unfolding, measure: a00f
Ac=- 0.019 + 0.028 (stat) + 0.024 (syst) ~ 2°%F
03 -2 1 0 1 2 3
Alyl
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Single top production

« Small cross sections - multivariate techniques to pick out signal

ATLAS Preliminary 's=7 TeV
t-channel 1.04 fb™ —e—83"20pb

arXiv:1205.3130

t-channel top 4.7 fb” —o— 53" pb
ATLAS-CONF-2012-056

t-channel antitop 4.7 fb™! —e— 30%. pb
ATLAS-CONF-2012-056

Wt-channel 2.05 fo™! 8- 17*2 pb
arXiv:1205.5764

s-channel 0.70 fo'! =4 <26 pb
ATLAS-CONF-2011-118

Theory (approx. NNLO)

O 20 40 60 80 100 120

single top cross section [pb]

q' q q

W w
b
b t g
b w b
b t
g t
g
q t
W+
q b
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Standard Model

https://twiki.cern.ch/twiki/bin/view/AtlasPublic

QCD studies, W, Z, diboson and top production all agree with

SM expectation...

ﬁ._ 10° ATLAS Prelilé’ninary
= E 35 [l)b-1 E E E
IS — S— LHC pp \s =7 TeV
© . B 35pb’ Theory
10" ' m Data 2010 (L=35pb’)
- o Data2011 (L=1.0-4.7 fo')
103__ LHC pp Vs =8 TeV
= mm Theory
- e Data2012 (L=5.81fb")
— o ] H H H
10° = 1of! L3
= 5 ? z :
— 1.0fb" L g
B L 470t :
: e ; . 581"
10 AL PP S S8
= : L 4.7 o
T—w z g ot Tww Twz Towe oz

Corfu 2012
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http://www.guardian.co.uk/sport/2012/aug/29/paralympics-2012-pictures

Standard Model

QCD studies, W, Z, diboson and top production all agree with
SM expectation. Which requires at least one Higgs boson...

Corfu 2012 Pippa Wells, CERN 33



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

Higgs production

Gluon Fusion dominates

. ) Ns=7TeV ¢
(note fermion loop) =10 =l
> 3%
g f 13
0130 S S H ! |
Q1 -
o -
g kot .

Vector Boson Fusion
(extra jets) 107

102 =
q - | | | | | | | |
100 200 300 400 500 1000
M, [GeV]
Associated production: WH, ZH... and ttH
H/ﬁ g% __H q t g TETToY——— t
-H
t 4+ 1 ¥ OOt H
u/d g \999/ oz q t g TTETTe———
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Higgs branching ratios

Useful channels for
Higgs search depend
on signal/background:

—

Branching ratios
Q
I T [ I| I
A
N
N
=
| 1 1| II| |
LHC HIGGS XS WG 2010

S
=
=

WW* and ZZ* give best
sensitivity at high mass

H->yy clean channel
for low mass region 10” 3
despite small BR -
H->tt also useful

H->bb can be used when
associated with W, Z, tt 107 100 200 300

=

500 1000
M Vv
Different channels have different mass resolution n[GeV]
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H- ATLAS segmented calorimeter
A=zyy helps reject background and

ives pointing information
« Require rejection factors of S P °

« 104 against y-jet N\ .77]0 A\ )/

« 107 against j-j NER
« Main background from leading ="

« Fake rates can be fitted from data

« Di-photon mass resolution:
m? = 2p,p,(1-cosV)

« Resolution checked with Z peak
« Photon conversions help to give angular information

« Typical mass resolution 1.5 GeV to 2.0 GeV, depending on
* region of the detector
« whether the photon has converted

« Also divide up data according to
« pT of diphoton system relative to its thrust

« Presence of additional jets
Corfu 2012 Pippa Wells, CERN 36




ATLAS arXiv:1207.7214 [hep-ex]
Observed diphoton mass

« In practice, analysis is performed for 10 different channels - fit signal and
background in each. This is the inclusive distribution:

ATLAS ¢+ Dana

—— Sig+Bkg Fit (m =126.5 GeV)

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

Events / 2 GeV

e
e
“a
-

(s=7 TeV, f Ldt=4.8fb™
s=8 TeV, f Ldt=5.9fb™ H—yy

= N
o O
o O

—

o

()

o
|||||||||||||||”|”IIII|IIII|IIII|IIII|IIII|IIII|IIII

Events - Bkg
(@)

3
o
1
",
@
@
dubululth

N —
o O
o O

100 110 120 130 140 150 160
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H->ZZ 21l

* Gold-standard channel. Very clean, but low rate.
« Two isolated, same-flavour, opposite-charge lepton pairs
« Good mass resolution from the four-lepton system.

« Four-fermion decays of
the Z visible at 90 GeV

« 77 production peaks
at 200 GeV

« Excess above other SM
processes at ~125 GeV

Corfu 2012

L T | T T T T | T T T T | T T

~ e Data ATLAS

[ Background zZ"’ *

~ Il Backg ~ HozZ"-al
i . Background Z+jets, tt
- |:| Signal (mH=125 GeV)
" 7%/ Syst.Unc.

(s =7 TeV:[Ldt = 4.8 fb

Events/5 GeV
N
(@) ]

N
o

—_
)]

[(s=8TeV:[Ldt=5.8 fb"

10

100 150 200 250
my, [GeV]
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H-> WW =2lvly

« Two opposite sign, isolated leptons and E, ™,

* No mass peak, so design counting experiments optimised
for each candidate mass.

* Only use ep channel to reduce Z background
« Require small Ap between the leptons
« Construct a transverse = 140

T | T T T T | T T T T
-6 Data %% SM (sys @ stat)

— _
() __ ]
mass variable: S [ ATLAS oy Wy
— 120~ Vs=8TeV,[Ldt=581f" [J&  [dSingeTop  —
~ N ) Bl Z+ets [] W+ets 7
2 100F H=WW —evuv/uvey + 0/1 jets CJH[125GeV]
(O] - _
i N + .
60— g -
a0 =
20 & —
: — . e ]
%0 100 150 200 250 300
my [GeV]
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ATLAS arXiv:1207.7214 [hep-ex]
Summary of channels in combination

Integrated lumi 8 TeV

and mass range: [fb-1]

H- vy 4.8 5.9 110-150

W,Z+H > bb 4.7 110-130

H-> Tt 4.7 100-150

H-> WW 2lvlv 4.7 5.8 (ep only) 110-600 (110-200)
H-> WW - lvqq 4.7 300-600

H->ZZ > U 4.8 5.8 110-600

H->ZZ - llqq 4.7 200-600

H-> ZZ > llvw 4.7 200-600

» The channels have different signal/background & mass resolution
» Each channel is further divided into numerous sub-channels

Corfu 2012 Pippa Wells, CERN 40



ATLAS arXiv:1207.7214 [hep-ex]

SM Higgs exclusion

« Excluded in the ranges 111-122 GeV (extends the LEP
constraint at low mass) and 131-559 GeV

= 10 L . T g
S £ ATLAS 2011-2012 =10 -
= [ \s=7TeV: [Ldt= 46481 + 20 1
5 | Vs=8Tev:[Ldt=58-59f" — Observed g
| N e Bkg. Expected
o AN o TmmEmmm
_____ \O 1
o o)
LO
S o
=
O
X
o
5 107 CL, Limits —
110 150 200 300 400 500
m,, [GeV]
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ATLAS arXiv:1207.7214 [hep-ex]

Strength of exclusion of SM cross section

« Expexcted limit is shown for background only (no Higgs) hypothesis

/)

CL

Corfu 2012

| T
10* _E ATLAS 2011 + 2012 Data

10°
10°
10
)
107
107

= ——Obs. \s=7TeV: [Ldt=4.6-4.8 " =
=
==

\s=8TeV: [Ldt=5.8-5.9 fb”

JJJ|| IIIIIlII| IIIIIlII| IIIIllII| IIIIllII| IIIIlllI| [

400 500 600
m, [GeV]
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ATLAS arXiv:1207.7214 [hep-ex]
Consistency with background

« Compare the local p-value at each mass to estimate consistency with
the background-only hypothesis: minimum corresponds to 5.9 ¢ excess

« “Expected” dashed line shows the median expected significance in the
hypothesis of SM Higgs boson production at each m,

ATLAS 2011 -2012

---------------------------------------------------------------------

-----------------------------------------------------------------

---- Sig. Expected
U + — Observed

L L “. L L L T | L L L L L P S T [ T WO S S N S T
110 150 200 300 400 500
my, [GeV]

Corfu 2012 Pippa Wells, CERN 43



ATLAS arXiv:1207.7214 [hep-ex]
Mass of the new boson

 Combine masses from yy and ZZ—>4l channels without constraining
signal strength: Mass = 126.0 + 0.4 + 0.4 GeV

) | I I I I | I I I I I I I I | I I I I | I I I I
=.

= ATLAS 2011 - 2012

D O Vs=7TeV: [Ldt=47-481" + Best fit

c ~ _ ~ p — 68% CL

o s =8 TeV: [Ldt=5.8-59fb

2 --95% CL

© 4 —H=yy

gﬁ \". - —HeZZ()*e4I

n 3 —H—->wWwW" = v

| 1 1 1 1 1 | d-=q--g--p--pocfanm-n |==q==q==
0120 125 130 135 140 145

_|_

m, [GeV]
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ATLAS arXiv:1207.7214 [hep-ex]

Sighal strength in each channel

New boson is consistent with SM Higgs (u=0/0),)
Measurements have been interpreted in terms of couplings

Corfu 2012

|ATLlAS| 2014 - 2o|12

W,ZH — bb

| |
m,, = 126.0 GeV

\s=7TeV: [Ldt=4.7 b
H— 1t

\s=7TeV: [Ldt= 4647fb

H—wWW" = v

Vs=7TeV: [Ldt=4.7fb"
Vs=8TeV: [Ldt=5.8fb"
H—vy

\s=7TeV: [Ldt= 48fb1
\s = 8Tevf|_dt 5.9 o

H—zZz" - a

Vs=7TeV: [Ldt=4.8fb"
\s=8TeV: [Ldt=5.81fb"

Combined

Vs =7TeV: [Ldt=4.6-481f"

u=14+03
Vs =8TeV: [Ldt=5.8-591b"
| | | | |

e
| |

-1

Pippa Wells, CERN
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Non-standard Higgs

« A single Standard Model Higgs is the minimal solution

« Two Higgs doublet models (eg. type-ll 2ZHDM as needed for
supersymmetry) have:
3 neutral: light h, heavy H (CP even) and A (CP odd)
2 charged: H*, H-
« Continue to look for other Higgs-like charged and neutral
bosons, as well as measuring the properties of the new boson
as carefully as possible

Corfu 2012 Pippa Wells, CERN 46



Beyond the Standard Model

« The Standard must be extended by a more complete theory at
high energies to explain:

« Gravity

« Dark Matter

« Dark Energy

* Matter / Anti-matter asymmetry
* Hierarchy, naturalness, fine tuning...

dark matter

eg. galactic ' ~ - rotational velocity G . |
: . measured

curves et s

need extra 4y A N i b Lot

50000 | 100000
distance from center (light years)
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SUSY
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« Standard model particles have supersymmetric partners with %2 unit
different spin
* No SUSY particles have been observed - broken symmetry
» Conserved quantum number R-parity: +1 for SM, -1 for SUSY
particles. (Preserves baryon and lepton number conservation).
» SUSY particles are produced in pairs

« Lightest SUSY partner (LSP) stable - dark matter candidate.
(Charge and colour neutral to be viable candidate.)
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MSSM, CMSSM and simplified models

« Minimal supersymmetric standard model, MSSM, requires two
Higgs doublets and all the superpartners.

« - 124 independent free parameters
« Constrained minimal extension of the Standard Model has only
five parameters (at high, GUT scale)
« Universal scalar mass m,
 Universal gaugino mass m, ,
 Universal trilinear soft SUSY breaking A,
« Ratio of vacuum expectation values of two Higgs doublets, tan B
 Sign of the Higgs mixing parameter, sign(J)

« CMSSM is convenient for interpreting the results of searches for
SUSY particles

« Simplified models - give cross-section limits or excluded mass
regions as a function of eg. squark and gluino mass.

» Phenomenology depends on mass splittings between squark/
gluino, LSP and standard model particles

Corfu 2012 Pippa Wells, CERN 49



SUSY production cross-sections at LHC

» Cross sections [pb] as a function of mass
» Logarithmic dependence - gain with increasing luminosity

« At energy frontier, can gain factor 2~5 in parton luminosity from
increase in centre-of-mass from 7 to 8 TeV

CTEQ6L1 parton lumingsities ratio

10 Prospino2.1

; T T ‘ T T ‘ T T TN T 17 T 1T ‘ T 1T ‘ I ; 1 D
i 0, [pbl: pp — SUSY VS =7TeV ] E
1 = - 6
- ] = 5
B 1 [1k]
- s | FH o4
3 qg P~
10 = A4 = 5
- = =
i S 42
B oo
2 5 2. 2
10 ¢ [ * E
- 758 - /
B | an
0 I ‘ L L1 1 ‘ I | ‘ I | ‘ L1 ‘ %j\zq\L(\) ‘ L1 11 ‘ L1 11 1 1 |
100 200 300 400 500 600 700 800 G 300 102 1 l_"_il'1 1 .[I}D 107
m e
average [ ] ﬁ [TE"U']
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Search strategies

Very rich phenomenology:
« Short/long decay chains
« Maybe with leptons p

* Maybe with different q
lepton & jet flavours

« Often large E;™ss (MET)

e R-parity conserving

.. : searches:
» Divide analyses according to
observable topologies * O-lepton
* 1-lepton
« Then interpret the results in * 2-leptons
specific SUSY models * b-jets
« photons
« Highlight here new results * long-lived hadrons
using 8 TeV data sample « Also RPV models

Corfu 2012 Pippa Wells, CERN 51



ATLAS-CONF-2012-109

ATLAS jets and MET search

~0
X1

« Optimised for discovery in simplified model with
* low mass LSP

« observable squarks (15t and 2"
generations) and gluinos

» all other SUSY particles high mass p
» short decay chains.
« Trigger on jets and MET.
« Veto events with leptons.
* Signal regions according to number .y . — Z
of jets and value of m :
* 4 control regions for each signal region to control Z->vv + jets,
W + jets, top, multijets

» Transfer functions (MC or jet smearing for multijets) to infer
background in signal region

« Combined likelihood fit to CRs and SR to normalise background

~jet, i
P

miss
+ ET
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ATLAS-CONF-2012-109
N-jet sighal regions (tight/med/loose)

Requirement 2-jets 3-jets 4-jets 5-jets 6-jets
EMISS [GeV] > 160

pT jet 1 [GeV] > 130

pT jet 2 [GeV] > 60

pT jet 3 [GeV] > - 60 60 60 60

pT1 jet 4 [GeV] > - - 60 60 60

pT jet 5 [GeV] > - - - 60 60

pT jet 6 [GeV] > - - - - 60
A£G, E?'SS) [rad] 0.4 (j <3) 0.4 (j <3),0.2 (b7 > 40GeV jets)
E?‘Ss/mgifet > 0.3/0.4/0.4 0.25/0.3/- 0.25/0.3/0.3 0.15 0.15/0.25/0.3
mie”fg'- [GeV] > 1900/1300/1000 1900/1300/~ | 1900/1300/1000 1700/-/- 1400/1300/1000
Background (tight) 14+5 8.7+3.4 2.8+1.2 6.3+2.1 10+ 4
Data (tight) 10 7 1 5 9

» Cuts optimised for 8 TeV centre-of-mass

« Ad cut against jets aligned with MET direction and MET/m_¢ cut
are to reject QCD multijet background

» Tight cuts give max reach for high mass squark/gluino, low mass LSP
* Medium/loose cuts add sensitivity for compressed spectra
* No significant excess observed in any channel

Corfu 2012 Pippa Wells, CERN 53



events / 100 GeV

DATA/MC

ATLAS-CONF-2012-109
Control and signal regions for 3-jet “tight”

Z>VV + jets from y+jets  W+jets from I+MET+ jets (no b) Top from [+MET+jets (btag)
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m, , [GeV]

ATLAS-CONF-2012-109

0800 Squark-gluino-neutralino model, m()”(?) =0 GeV
Y I 2 e N A B R
Jets+MET results 3 _ F 7~ ATLAS paimnany | 3
s f [ 8TeV ;
£ 2400 \ fL dt=581b", (=8 TeV E
« Exclusions in the squark- $®*f S sl
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ATLAS multijet analysis

Optimised for long decay chains

* Require 6 to 9 jets
Examine E{™s//H;; Hr

Interpretation in simplified

» Exclude gluino mass > 1
for LSP mass <300 GeV

~jet,(
2. 1P
i
model

TeV

Corfu 2012
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ATLAS arXiv:1109.6606 [hep-ex]
1 lepton search

« High p; lepton from chargino or slepton decay
» Trigger on lepton
* Reduced QCD background - relax cuts

« Competitive with 0-lepton for high m,
in CMSSM

MSUGRA/CMSSM: tanp = 10, A =0, >0

; 700 [ T T T - 1__ TN I ___I . I | T T T T | T T T T T T T T | T T T T
) AT LAS """ o e Observed limit (x10poo ) ]
(.2, | Pre“mnary fl_ $\5 8 fb r—8 Tev = —-—
~ - Py - — - Expected limit (z10,,,) _
s 600 — '~—-\ S 1 Iepto}i + 4jets + MET ]
S \0% """" \~—— — ..\ == Observed limit (2011) -
Sh \\ \j LEP2 X 7]
500 — _L___Q_QEQO_)__~_ B NoEwss —
:\‘\ k - Non-convergent RGE o _f
b . —
400 |— \%% TN NG 8000
L 2 -
O lepton == -----1 F- - =%
L — AL
300 — Ny VT
: \
At@ _____ \
— 7N U _\‘_ _____________________________
200 — % \
I ‘
e e L ,
= 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
500 1000 1500 2000 2500 3000 3500

m, [GeV]
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2 lepton final states

» Dilepton production can be from cascade decay
or directly from weak pair-production

« Exploit different configurations
» Opposite sign: OS or same sign: SS

« “Opposite” flavour (e, p): OF
or same flavour: SF

. MSUGRA/CMSSM: tang = 10, A = 0, 1>0
* eg. Z decay gives OSSF S 700 [ T T
----------- o L155UsYy T
S - ATLAS Prellmlnqry 4‘-\ ------- = Observed limit (=10p.01) ]
et ‘-\ = --- Expected limit (x10, ) -
Eg 600 fﬂu &afb__[ =8 TeV N \ Al IimitsatQS%CLs —
N\ AN [ LEP2% =
— SS dilept 4jets +E T T 1 -
epton +?\ jets + ' \'\ I \on-convergent RGE -
e . \ \‘ —
500 — ._5\____"_____— M \ BB No EW SB T
= \G T frmmem — SSdilepton, 2" Vs=7 TeV
-~ I AY \ \ \ Ty T T T__:

400 =R NG - -G00Gey) |
Olepton - --=--------£---%
300 ..............................
200 —_ v. D e L S
I
= \
100 B 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
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Generalised search

ATLAS-CONF-2012-107

. . 3 E._ ' ' JetTauEtmiss Stream = 1
« Define event topologies & oL [uat-a7 .
according to the number of  § F = ATLAS Preliminary E
: , . I —
e, Y, M, jets, b-jets, E;Mss > 10 ) -
. E — —— Data 2011 (/s = 7 TeV) =
655 exclusive channels ; — ZoBekue
T ——— —SisiEn ey
« Test compatibility of m E e —— E
distribution with SM - | 7
processes (7 TeV data) N
- Less sensitive for a specific oo e e
. - ogm(p-value)
model, but comprehensive
42109IIIIIIIIII_I._IDIataIZLA(&gI:;TLVI)IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2 908 = hoiee e EGamma Stream - A JL dt~ 4.7
L 107 =mje;sts ATLAS Preliminary
W Z+jets )
10° E;’gf‘f{ﬁj:vmzﬂets Event Classes (5 labelled)
10° :
10* = =
10° =
102 " " =
10 =
i ik
S | N
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3rd generation stop/sbottom

* Mixing in the third generation can lead to light Z’l, 51, T1

« Similar stop and top masses
favoured by naturalness arguments

» Direct pair production or via gluino decay, eg:

« Expect b-jets in the final state (maybe via top decay)

« Interpretation depends on mass hierarchy and stop/sbottom
decay mode
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Stop pair production

« left: m(f) <200GeV:t— bx*, xt - Wx°
m(x*) = 106GeV or m(x*) = 2m(x%)GeV
« right: m(t) > 200GeV : t — tx°

tf, production: T, b+y;, 7:—> W +%, (BR=1, m <200 GeV); T, t+7

[1] ATLAS-CONF-2012-059
[2] ATLAS-CONF-2012-070
[3] ATLAS-CONF-2012-071
[4] ATLAS-CONF-2012-073
[5] ATLAS-CONF-2012-074

(BR=1, m_> 200 GeV)

%) 200F ATLAS Preliminary Observed limits (10350
@) — —— Observed limits (nominal)
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SUSY summary (beware the fine print!)

Gluino med. %" (G—q@x) : 1lep +j's +E

g—>bbx virtual b) Olep +1/2b-j's + E

MSUGRA/CMSSM : 0 lep +J's + E; e
MSUGRA/CMSSM : 1 lep +j's + E; e
Pheno model : O lep +j's + E
Pheno model : O lep +j's + E.

T,miss
T,miss
T,miss

GMSB 2 Iep (0S) +jS+E

T,miss

T,miss
g—>bb>&_ (Xlrtualg) 10lep +3Db-j's + Ep s
g—>bbx (realb) : O lep + 3 b-j's + Ef
-t (wrtualt) 1lep + 1/2 b-j's + E o
g—>tf'iJ vntualt) 21ep (SS) +j's + Er s
—>tf'1 (virtual) : 3lep +j's + £

'g§—>tf~ virtual t) 0 lep + multi-i's + E
g—>t X, vmual) Olep+3 b-j s+E

T,miss
T,miss

T,miss

........................................ T, miss -

bb, b —>be 0 lep + 2- b-jets +E; e
bb, b—>tx :3lep+js+E

i (very Ilght) t—>bx :2lep+E

T (light), t—>bz‘ 172 lep + b-jet + E
1t (heavy), T t—>tx 0 lep + b-jet + E
1t (heavy), t- t—>tx 1 lep + b-jet + E.
tt (heavy), t—»tx 2lep + b-jet+ E
T (GMSB) Z(—>II) +b-jet+ E

T,miss
T,miss
T,miss
T,miss
T,miss

T,miss

............................................ T miss -

ILIL, I—>Ixm 2lep+E

K —=N(W)—=vy, :2lep + E

"“"18( é (WV)+V+2XJ. H 3 Iep. .+ ET miss -
AMSé (2d|rect %, pair prod.) : long- Ilvedx
Stable g g R-hadrons : Full detector
Stablgt R-hadrons : Full detector
Metastable g R-hadrons : Pixel det. only
GMSB : stable®

T,miss

T,miss

RPV : high-mass eu
Bilinear RPV : 1lep +j's + E
BC1 RPV 4lep+E

T,miss
T miss

Spin dep. WIMP interaction : monOJet+E

Hypercolour scalar gluons : 4 jets, m; = m,,

T,miss

..... Spin indep. WIMP interaction : monojet +Ex s

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)

q= § mass
G=gmass det-(100 5.8) b
gmass (m@) <2TeV, Ilghtx )
G mass (m@ <2Tev, Ilghtx) s=7,8TeV
g mass m(‘ ) <200 GeV,m(x") = -(m(‘ °)+m(@)
g mass (tanB < 15) ATLAS
g mass (@anp > 20) Preliminary

gmass (m(z))>50 Gev)
gmass (m & )<300 GeV)
g mass (m& ) <400 GeV)
g mass (m(x ) 60 GeV)
9 mass (m(; ‘)<150 GeV)
g mass (m(, )<3oo GeV)
g mass (any m x ) <m(g))
g mass (m(x ) <300 GeV)
gmass (m (x ) <50 GeV)
g mass (m(x ) = 60 GeV)
b mass (m@ °)<150 Gev)
Gmass (mG)-2m6)
T mass (m (x1) 45 GeV)
L=4.71b", 7 TeV [CONF-2012-070] 120173168V 1 mass (m() = - 45 GeV)

L=4.7 fb™, 7 TeV [1208.1447] 380-465 G t mass (m& )=0)
L=4.7 fb™", 7 TeV [CONF-2012-073] 2_ Tmass (m(x ) 0)
L=4.7 fb™, 7 TeV [CONF-2012-071] 298-305 GeV | t mass m& )= 0)

t mass (115 <m(x ) <230 GeV)
L=4.71b", 7 TeV [CONF-2012-076] 93-i80/GeVd | mass (m(x) 0)
L=4.7 fb™, 7 TeV [CONF-2012-076] | 120-330GeV ¥ mass m& ) =0, m(iv) —-(m(x +m(;2 )

L=4.7 fb”, 7 TeV [CONF-201 X mass (m(x) mix, (x) 0, m(iv) as above)
¥ mass (1<tF)<10ns)
GeV! §mass
t mass

gmass (> 10ns)
Tmass (5<tanp <20)

v, mass (i,,=0.10, i,,,=0.05)

311
g=gmass (ct s <15mm)
gmass

amass (30x10 <x <15x10 1mm<cr<1mgdecoupled)

21

L=4.6fb", 7 TeV [ATLAS-CONF-2012-110]  100-287.GeV.. SQlUON Mass (incl. limit from 1110.2693)

M* scale ( (m, <100 GeV, vector D5, Diracy)

M* scale (m, <100 GeV, tensor D9 Dlracx
1 1 L1 1 111 1 1 L1 1 111 1

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

Corfu 2012

Pippa Wells, CERN

10
Mass scale [TeV]

62



Exotica

Generic term used for non-SUSY, non-Higgs searches

Searches characterised by:

« “bump hunting” (new resonances) with jets, leptons,
photons, ttbar...

« anomalous angular distributions (deviations from SM)
« spectacular signatures

Topologies of Higgs and SUSY searches can also be relevant for
other models

A few examples follow

« Comprehensive results here:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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ATLAS-CONF-2012-087

Di-photon invariant mass spectrum

 Search for extra dimensions:

« Arkani-Hamed, Dimopoulos and Dvali model - closely
spaced resonances look like continuum with effective cut-

off scale M

 Limits on M¢ in the range of 2.62-3.92 TeV
« Randall-Sundrum gravitons: resonances ~TeV apart.

e Limits on mass of
lightest graviton of
1.00 (2.06) TeV, for
coupling parameter
k/Mp 0.01 (0.1)

Corfu 2012

k= T T T T -
ﬁ 10° 5 ATLAS Preliminary Ldt=491f5" j=
& _ LF e \s=7TeV =
m 10F E
10 =
~ -+ 2011 data 3
1E" []Total Background 5
10" _E + +Reducible Background E_
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Q
5 2
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events /10 GeV

arXiv:1207.2409 [hep-ex]
Searches with top quarks

« Example: high mass ttbar resonances
« lepton+jets final state
« boosted top quarks reconstructed as fat jets
« Kaluza-Klein gluons excluded with mass below 1.5 TeV

> : T | L | LI | LI | LI | LI | LI |:
& - ATLAS = pata
~ - . tt -
” f Ldt=2.05" Vs=7Tev O Wajets
= 1 [  SingleTop _|
) = = Multijets 3
cof T T T T T T > C =] Z+jets ]
- ATLAS Background subtracted 1 o B al Diboson ]
- f Ldt=2.05 b \s =7 TeV = Dattaf ] = @ gun(ﬁe_’g?rg‘\% A
S0 p [AUncertainty 10_1 —4— KK
o —
E 1025 1
= u L ]
RPN AR EPRPATIN PRPRFIN EPRPRPIN PRI BRI WA i ne e = 10—3 P I B
'POO 120 140 160 180 200 220 240 260 280 300 0 500 1000 1500 2000 2500 3000 3500

fat jet mass [GeV]

tt mass [GeV]
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
CombinedSummaryPlots

No new discoveries vet

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: ICHEP 2012)

__________________________________________________ i [T T T LI T T T TITT] T T T T 177171
Large ED (ADD) : monojet + E; ¢ M, (8=2)
Large ED (ADD) : monophoton + E; .o M, (8=2)
Large ED (ADD) : diphoton, m,, Mg (GRW cut-off, NLO) AT.L.AS
v UED : diphoton + E; .. Compact. scale 1/R Preliminary
S RS1 with k/Mp, = 0.1 : diphoton, m,, Graviton mass
IS RS1 with k/M,, = 0.1 : dilepton, m, Graviton mass _ R -1
g RS1 with k/Mp, = 0.1 : 77 resonance, my, ,”;Ii Graviton mass Lat=(1.0-5.8)fb
N RS1 with k/M, = 0.1 : WW resonance, my,,, Graviton mass (s=7,8TeV
= RSwithg /g =-0.20 :tt — I+jets, m KK gluon mass
w RS with BR(g, 0925 : tt— I+jets, Mo KK gluon mass
ADD BH'{(M,,, /M,,=3) : SS dimuon, Ay mer M, (6=6)
ADD BH (M., /M,=3) : leptons + jets,Zp M, (5=6)
Quantum black hole : dijet, Fx(mﬂs M (6=6)
"""""""""""""" gqqq contact interacfion 7y (m ) A
3 qqll Cl : ee, uu combined, H’ru A (constructive int.)
uutt Cl : SS dilepton + jets + E; .o A
"""""""""""""""""""""" Z'(S5M) iy, |L=4s5016" 77ev (ATLAS-CONF-2012:007] 221Tev| Z' mass
Z' (SSM) : m,, |L=4.71b",7 TeV [ATLAS-CONF-2012-067] 1.3Tev. Z' mass
S W' (SSM) 1My, |L=47 b7, 7 TeV [ATLAS-CONF-2012-086] 255Tev. W' mass
W' (—=tq,g =1): My, |L=471b",7 TeV [CONF-2012-096] 350Gev. W' mass
_______________________________________ W' (= tb, S%M)mm L=1.01b", 7 TeV [1205.1016] 113Tev. W' mass
e] Scalar LQ pairs (B=1) : kin. vars. in eejj, evjj |L=1.01b",7 TeV [1112.4828] 660Gev 1" gen. LQ mass
I Scalar LQ pairs ($=1) : kin. vars. in uwjj, wjj [c=1.0f",77ev (1203.3172] 685Gev 2" gen. LQ mass
4" generation : Q 0,~ WqWq [£=101" 7 eV 1202565} 350GeV. Q, mass
@ 4' generation : u4t| — WbWhb [L=1.01b™,7 TeV [1202.3076] 404GeV U, mass
§ 4" generation : d4g4—> WiWt | L=1.0b", 7 TeV [1202.6540] 480Gev. d, mass
S New quark b' : bb'— Zb+X, m,,  |L=201b"7Tev [1204.1265] 400GevV. b' mass
8 TTppame ~ H+AA  2lep +jets +E, o (M} [iiiof" 7 Tev ATLAS CoNF20720711 " 483 GeV T mass (m(A ) < 100 GeV)
< Vector-like quark : CC,m,, q |L=101",7 Tev [1112.5755] 900 GeV! Q mass (coupling k,q =v/m)
Vector-like quark : NC,mIIq L=1.01b", 7 TeV [1112.5755] 760 Gev. Q mass (coupling k,q =v/mg)
g Excitéd quarks :y-jéet resonance,m’ - q* mass
5 . . vjet
Q@ Excited quarks : dijet resonance, m g* mass
5 Excited electron : e-y resonance, m e* mass (A = m(e*))
) Excited muon : u-y resonance, m® w* mass (A = m(u*))
S Techni-hadrons T dilepton,m,,, p,Jo; mass (m(p Jo,) - m(x,) = 100 GeV)
N Techni-hadrons : WZ resonance (vlll), mT’WZ p, mass (m(p,) = m(n;) + my, m(a) =1.1mp))
2 Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)
3 W, (LRSM, no mixing) : 2-lep + jets W, mass (m(N) < 1.4 GeV)
H* (DY prod., BR(I—fi’—>uu)=1) : 8S dimuon, m H:* mass
... GColoroctetscalar : diet resonance, m; Scalar resonance mas
1 L1 1a1 1 L11a1
10" 1 10 10°

Mass scale [TeV]

1 10 TeV
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Conclusions and outlook

« LHC machine and ATLAS experiment have performed
fantastically well at 7 and 8 TeV centre-of-mass

« The Standard Model stands firm - good agreement with almost
all measurements

* Improvements in description with increased sophistication
of calculations, new pdfs etc.

* A new boson has been observed, with mass 126 GeV and
properties so far consistent with SM Higgs

 No discoveries so far from direct searches for SUSY or other
beyond the SM physics

« Long future for the LHC

 We are enjoying the chance to live in interesting times!
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