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The anisotropies of the Cosmic microwave background (CMB) as observed by Planck.
The CMB is a snapshot of the oldest light in our Universe, imprinted on the sky when
the Universe was just 380 000 years old. It shows tiny temperature fluctuations that

correspond to regions of slightly different densities, representing the seeds of
all future structure: the stars and galaxies of today.
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In 1967 Andrei Sakharov
formulated three
necessary conditions
for baryogenesis, i.e.,
asymmetry between
matter and anti-matter:

1. Baryon number violation

2. Casymmetry is due to CP violation

3. Departure from thermal equilibrium
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Have to focus on:

1. Non-conservation of baryon and lepton numbers
2. Violation of charge-parity symmetry

3. Properties of electroweak vacuum

Some of these matters could be investigated

at the LHC experiments (but not only there!)




Successfully searched for and found the "missing piece” of this puzzle
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The ATLAS Collaboration at the LHC: (like) 3,000 Happy Little Elves
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( ATLAS (A Toroidal LHC Apparatus) [ E—

Diameter ~ 25m
~100 million channels of electronics
\~3000 km of cables y

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

10 major particle detector technologie

3 superconducting magnet systems Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
S
20 years in the making




(Inner Detector: silicon pixels, silicon microstrips and transition radiation tracker )

/Angular coverage and the measurements: h

Silicon pixels and strips: n=-In tan (©/2) < 2.5
Pixels: up to 3/3 hits in barrel (|n|<1) / endcap
SCT: up to 8/9 hits in the barrel/endcap parts

TRT: n=-In tan (©/2) < 2.0, 73/160 layers in the
\bar'rel / each endcap, >30 hits per track at n=0 )

\ Barrel semiconductor tracker
Pixel detectors

e Barrel fransition radiation fracker ("R =1082 mm
i V End-cap fransition radiation fracker

End-cap semiconductor fracker

[ Resolutions of individual subsystems (in R-/z) )
Pixel detector: 10 / 115 um
Silicon microstrips (SCT): 17 / 580 um
Straw tubes (TRT): 130 um

Tracking, vertexing, e/n separation

Momentum and impact parameter resolutions _— {35;325'5,“",1?1

(almost there using just cosmics and minbias!): - 50.

a(p,)/ p, =3.8x10™ p, ®0.015 (p, in GeV)
o(d,) =10©140/ p, (GeV) um ( The detectors are inside 2T solenoid field )




[ATLAS (sampling) calorime’rers}

Hadronic barrel (+extended). plastic scintillator tiles / iron,
In| <17, 3 layers, (E)/E (jet) = 0.50/VE ©0.03 (E in GeV)

Hadronic endcap: liquid argon / copper, 1.5 <|n| < 3.2
4 layers, o(E)/E (jet)=0.50/~/E ©0.03 (E in GeV)

1 Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

———

CTiIe calorimeter’s iron is solenoid magr

D

LAr electromagnetic
barrel

LAr forward (FCal)

EM barrel and endcap: liquid argon/ lead, |n| < 3.2

o(E)/E (ely) = 0.10/E @0.007 (E in GeV)
presampler (|| < 1.8) + 3 layers (2 for |n| > 2.5)

Hadronic (EM) forward: liquid argon / tungsten (copper),

3.1<|n|<4.9, o(E)/E (jet) =1.0/VE ®0.10 (E in GeV)
1 EM + 2 hadronic layers




n| <27 0(p,)/p, £0.10 (p, inGeV,upto ~TeV

(MUOn SPZCT "o me'l'er') [Muon trigger and momentum resolution and coverage ]
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triggering and 2nd coordinate
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recise coordinate (endcaps), 6~60um
Cathode strip chambers (CSC)

__ Barrel toroid
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' 5057 chambers (RPC) coordinate (barrel

End-cap toroid

Monitored drift tubes (MDT)
precise coordinate (barrel and endcaps), c~80um
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Interaction rate

~1 GHz CALO MUON TRACKING

Bunch crossing
rate 40 MHz
Pipeline

LEVEL 1 memories
TRIGGER

<75 (100) kHz

Derandomizers

Readout drivers

Regions of Interest (RODs)

LEVEL 2 Readout buffers

TRIGGER (ROBs)
r

Event builder

EVENT FILTER FuII-eventd buffers
an

~ 100 Hz processor sub-farms

Data recording




[The Price of the Higgs]

16 SEPTEMBER 2011 VOL 333 SCIENCE www.sciencemag.org

Published by AAAS

Particle Physicists’
New Extreme Teams

Life at the world's biggest atom smasher is an odd combination of selfless
cooperation and intense competition by Adrian Cho

The United States has gone to great lengths to keep its scientists integrated in the far-away
experiments—for example, by establishing a remote center for CMS at Fermi National Accelera-
tor Laboratory in Batavia, Illinois. Nevertheless, many make personal sacrifices to be here. Vivek
Sharma of the University of California, San Diego, is co-leader of the working group within the
CMS team that's searching for the Higgs boson. He spends 8 weeks at CERN for every week at
home with his wife and their 7-year-old daughter.

“It's more of a sacrifice for them,” Sharma says. On weekends, he says, he and his family

rely on Internet video links to “be” together: “When they wake up, we just put on the cameras.
They go about their things and | go about mine, and we have conversations.”

“I don't look at it as a big collaboration, but

as a small world. ... It's perfect being here."”
—MARTI]JN MULDERS, CERN

“If you ask any physics analysis group in ATLAS, they will

tell you they need more people, even with 3000 of us.”
—SARA STRANDBERG, STOCKHOLM UNIVERSITY

“There is the

good-citizen

approach, and -
then there is the G A—
approach ‘l am  §

better than you |

and I'm going to S

kill you.””

—MAURIZIO PIERINI,
CERN




Search for Lepton Number Violation at the LHC
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 One particularly interesting (but not the only onel)
scenario is Left Right Symmetry: sU(2), ® SU(2),® U(1), ,
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The seesaw mechanism in action
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The seesaw mechanism in action

The heaviest guy...
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" Our work is based on many\
important theoretical ideas
developed before some
 of the LHCers were born!

Many other important papers
should likely be added to this
very incomplete list!

My apologies if | missed
to include such papers.
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Search for heavy neutrinos and right-handed W bosons in events
with two leptons and jets in pp collisions at /s =7 TeV

with the ATLAS detector

The ATLAS Collaboration™
CERN, 1211 Geneva 23, Switzerland

2.1fb~!
Eur. Phys. J. C (2012) 72:2056
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Table 2 Summary of the expected background yields and observed
numbers of events for the SS dilepton channels. The top part of the
table shows the numbers obtained for events with two leptons, = 1
jet and myy = 110 GeV. The bottom part of the table shows the num-
bers for the final LRSM selection, where an additional requirement

mygj(jy = 400 GeV is imposed. The quoted uncertainties include statis-
tical and systematic components, excluding the luminosity uncertainty
of £3.7 %. The latter is relevant for all backgrounds except for the
fake lepton(s) background, which is measured using data

Physics processes

eTe™

I“':I:M:l:

:I:H:I:

Total

Z/y* +jets
Diboson

Top

Fake lepton(s)

Total background
Observed events

Total background
Observed events

26.1 £5.6
12.7+£2.3
58+1.3
93.6 £35.7

138.3 £36.5
155

Megi(j) = 400 GeV

1.6
0.0%,
72417
07403
31£1.6

11.0732
14

1.2+0.7
18.8+3.0
6.8+ 1.6
53.8£20.3

80.7 = 20.8
99

2746
39+6
13+3
151 £50

230 =52
268

48.4 £ 16.1
59

+2.1
44773
8

246x+7.6
39
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The higher momentum muon has a PT of 187 GeV and an (eta,phi) of (-0.39,1.55). The subleading muon
has PT of 183 GeV and an (eta,phi) of (0.93,-1.38). The jet has PT of 149 GeV and an (eta,phi) of (0.46,1.59).
The dimuon invariant mass is 383 GeV and m(lljj) = 512 GeV. Only tracks with PT > 3 GeV are displayed.

u*utj Candidate %ATLAS —
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Run 182726 Event 21_651046 ' W, 2 3w
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Search for doubly charged Higgs bosons
in like-sign dilepton final states
at /s =7 TeV with the ATLAS detector

om

Abstract A search for doubly charged Higgs bosons de-
caying to pairs of electrons and/or muons is presented. The
search is performed using a data sample corresponding to an
integrated luminosity of 4.7 fb~! of pp collisions at /s =
7 TeV collected by the ATLAS detector at the LHC. Pairs
of prompt, 1solated, high-pt leptons with the same electric
charge (eTeT, et ™, u* u¥) are selected, and their invari-
ant mass distribution is searched for a narrow resonance.
No significant excess over Standard Model background ex-
pectations 1s observed, and limits are placed on the cross
section times branching ratio for pair production of dou-
bly charged Higgs bosons. The masses of doubly charged
Higgs bosons are constrained depending on the branching
ratio into these leptonic final states. Assuming pair produc-
tion, coupling to left-handed fermions, and a branching ra-
tio of 100 % for each final state, masses below 409 GeV,
375 GeV, and 398 GeV are excluded for ete™, e u*, and

wE ™, respectively.
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ATLAS NOTE
ATLAS-CONF-2012-139

September 25, 2012 N/

Search for Majorana neutrino production in pp collisions at \/s = 7 TeV
in same-sign dimuon final states with the ATLAS detector

A search for a heavy Majorana neutrino decaying into a W boson and a muon has been
performed using the ATLAS detector at the LHC. The search is performed using events with
two same-sign muons, at least two jets and low missing transverse momentum. The data
used in the search were collected in pp collisions at /s = 7 TeV in 2011 and correspond to
an integrated luminosity of 4.7 fb~'. No excess of events above the background prediction is
observed and 95% confidence level upper limits are set on the cross section times branching
ratio for the production of heavy Majorana neutrinos. The observed limits range from 28 to
3.4 tb for heavy neutrino masses between 100 and 300 GeV.

q

Events with like-sign dimuons and (at least) two

jets (with the invariant mass around W) are selected q
Source pEpE
Wz 1.0+ 0.2 £0.3
Z7Z 0.22+0.05 J_“g:gg
W=W* 0.15+0.04 £0.08
+V 0.23+0.04 +0.12
Charge mis-measurement < 0.03
Non—prompt 1.1+ 0.5 )¢
Total background 27+ 0.5 57
Data 3

6 x Br(pp— 1N — p#u* ) [fb]
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A search for Type Il Seesaw model heavy fermions is presented. The search is per-

ATLAS NOTE formed in a data sample corresponding to 5.8 fb~! of integrated luminosity collected in

2012 in pp collisions at /s = 8 TeV by the ATLAS detector at the LHC. Charged heavy

ATLAS-CONF-2013-019 fermions, N*, are reconstructed in the channel Z(£€)+{* together with an additional charged

March 7. 2013 lepton from the decay of a partner heavy fermion, N%* — €X, where £ = e, u. No evidence

of the N* is observed. Upper limits at 95% confidence level are set on the production cross

Search for Type ITI Seesaw Model Heavy Fermions in Events with Four section of N* N times the branching fraction to the examined four lepton final states. When

Charged Leptons using 5.8 fb~' of /5 = 8 TeV data with the ATLAS interpreted in the context of the Type III Seesaw model, the results translate into a lower
Detector limit on the mass of the N states of 245 GeV at 95% confidence level.

— Observed 95% C.L. upper limit
Expected 95% C.L. upper limit

[ Expected limit+ 1o

| Expected limit+ 2
o(pp — N°NH),BF(N*— Z F)x BF(N°— W [)=1
o(pp = N°NH)x BF(N*—= Z F)x BF(N°— W |)

/[ =

V_|=0.055-
|VH|20063 n
V=0 ]

ATLAS Preliminary
JLdt =58fb", \s=8TeV
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Assuming the maximal allowed mixing angles between the SM leptons and the new heavy states, i.e. using
parameters |Ve|=0.055 and |Vmu|=0.063, while the mixing angle for tau leptons (|Vtau|) is taken to be 0. mN [G eV]

o)
=
tl\
(=]
z
LL
m
x
=
N
T
z
LL
(a8
X
&
(=]
=
tl\
o
o
©




ATLAS NOTE
ATLAS-CONF-2013-051 y

May 17, 2013 Nl

Search for anomalous production of events with same-sign dileptons and 5
jetsin 14.3 fb~! of pp collisions at /s = 8 TeV with the ATLAS detector

Pair production of 4th generation (b’)
quarks, pair production of vector-like
quarks, enhanced production of four
top quarks, production of two
positively-charged top quarks.

A search is presented for exotic processes that result in final states containing jets includ-
ing at least one b jet, sizable missing transverse momentum, and a pair of leptons with the
same electric charge. There are several models that predict an enhanced rate of production
of such events beyond the expectations of the Standard Model (SM); the ones considered
in this note are pair production of chiral " quarks, pair production of vector-like quarks,
enhanced four top quark production and production of two positively-charged top quarks.
Using a sample of 14.3 fb~! of pp collisions at /s = 8 TeV recorded by the ATLAS de-
tector at the Large Hadron Collider, with selection criteria optimised for each signal, no
significant excess of events over the background expectation is observed. This observation
is interpreted as constraining the signal hypotheses, and it is found at 95% confidence level
that: the mass of the »’, assuming 100% branching fraction to Wz, must be > 0.72 TeV; the
mass of a vector-like B (T) quark, assuming branching ratios to W, Z, and H decay modes
consistent with the B or T being a singlet, must be > 0.59 (0.54) TeV; the four top production
cross section must be < 85 fb in the SM and < 59 fb for production via a contact interaction;
the mass of an sgluon must be > 0.80 TeV; in the context of models with two universal
extra dimensions the inverse size of the extra dimensions must be > 0.90 TeV; and the cross
section for production of two positively-charged top quarks must be < 210 tb.
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Limits on the left-right symmetry scale and heavy neutrinos from early LHC data

Miha Nemeviek,"? Fabrizio Nesti,” Goran Senjanovié," and Yue Zhang'
YCTP Trieste, lraly
:fufd'f Stefan Instituwte, Ljubljana, Slovenia
*Universita di Ferrara, Ferrara, Traly
(Received 24 March 2011; published 13 June 2011)

We use the early Large Hadron Collider data to set the lower limit on the scale of left-right symmetry,
by searching for the right-handed charged gauge boson W via the final state with two leptons and two
jets, for 33 pb~! integrated luminosity and 7 TeV center-of-mass energy. This signal is kinematically
observable for right-handed neutrino lighter than Wy, In the absence of a signal beyond the standard
maodel background, we set the bound My, = 1.4 TeV at 95% C.L.. This result is obtained for a range of

right-handed neutrino masses of the order of few 100 GeV, assuming no accidental cancellation in
right-handed lepton mixings.

ATLAS NOTE
ATLAS-CONF-2011-115

August 2, 2011

Search for heavy Majorana neutrino and Wy in dilepton plus jets events

with the ATLAS detector in pp collisions at /s = 7 TeV

The ATLAS Collaboration
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Search for anomalous production of prompt
like-sign lepton pairs at sqrt(s) = 7 TeV with the
ATLAS detector arXiv:1210.4538

The ATLAS Collaboration JHEP12(2012)007

A search for anomalous production of like-sign lepton pairs has been presented using
4.7fb=1 of pp collision data at /s = 7TeV recorded by the ATLAS experiment at the
LHC. The data are found to agree with the background expectation in e*e®, e*p*, and
p* pF final states both in overall rate and in the kinematic distributions. The data are used
to constrain new physics contributions to like-sign lepton pairs within a fiducial region of
two isolated leptons with large transverse momentum within the pseudorapidity range of
the tracking system (|n| < 2.5). The 95% confidence level upper limits on the cross section
of new physics processes within this fiducial region range between 1.7 fb and 64 fb for ¢*¢*

pairs depending on the dilepton invariant mass and flavour combination.

This analysis (3rd generation shown today) is all that’s needed
to discover NP in events with two well-isolated like-sign leptons!

If *your* model predicts events with at least two well-isolated
like-sign leptons, these results is all you need to estimate limits!




Electron requirement Muon requirement

Leading lepton pr pr > 25 GeV pr > 20 GeV

Sub-leading lepton pt | pr > 20 GeV pr > 20 GeV

Lepton Nl < 1.37o0r 1.52 < |n| <247 | |n| < 2.5
N

psneVd /pr < 0.06 and

Isolation cone0.3 < 0.1
bt /pr pflf’mo"l <4 GeV +0.02 x pr

For m(¢*¢*) > 15 GeV in the e*e® channel, the fiducial efficiencies range from 43%
for models with low-pr leptons to 65% for models with high-pt leptons. The primary

reason for this dependence is that the electron identification efficiency varies by about 15%
over the relevant pp range [60]. The model dependence introduced by not emulating the

calorimeter isolation in the definition of the fiducial region is < 1%. For the e*p* channel,

a4 ranges from 55% to 70%, and for the u* ™ final state it varies between 59% and 72%.

For the higher dilepton mass thresholds the efficiencies are slightly larger than for the lower
mass thresholds. The efficiencies are also derived for £7¢1 and ¢~ ¢~ pairs separately and
found to be independent of the charge. For the same new physics models, the fraction
of events satisfying the experimental selection originating from outside the fiducial region
ranges from < 1% to about 9%, depending on the final state and the model considered.

To derive the upper limit on the fiducial cross section, the lowest efficiency values are
taken for all mass thresholds, i.e. 43% for the e*e®, 55% for the e*p*, and 59% for the

ptp= analysis [ ~L o (1l the paper when applying to your model!
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Sample

Number of electron pairs with m(eTe™)

> 15 GeV

> 100 GeV

> 200 GeV

> 300 GeV

Prompt
Non-prompt

Charge flips and
conversions

101 =13
7H £ 21

170 £ 33

06.3 7.2
28.8 £8.6

91 + 16

14.8 £2.0
0.8 £2.5

221+44

4.3+ 0.7

+0.8
0.5205

8.0+ 1.7

Sum of backgrounds

346 = 44

176 = 21

42.8 £ 5.7

12.8 £ 2.1

Data

329

171

38

10

Number of muon pairs with m(u®p®)

> 15 GeV

> 100 GeV

> 200 GeV

> 300 GeV

> 400 GeV

Prompt
Non-prompt
Charge flips

205 = 26
42 + 14

+4.9
0.0Z070

90 = 11
121 +£4.6

2.5
0.0%5g

21.8 £ 2.8
1.0+ 0.6

+1.8
0.07%8

2.8 0.9
0.3
0.0%57

1.7
0.0%5g

2.2+ 0.4
+0.3
0.010:3

+1.7
0.07%7

Sum of backgrounds

+30

102 =12

+3.4
22.875-0

+1.9
5.870

+I.7
227,

Data

264

110

29

6

2

Number of lepton pairs with m(e®p™)

> 15 GeV

> 100 GeV

> 200 GeV

> 300 GeV

Prompt
Non-prompt

Charge flips and
conversions

346 + 43
151 £ 47

142 £ 28

157 £+ 20
45 = 13

33 =7

36.6 £ 4.7
9241

10.5 £ 2.8

10.8 £ 1.5
26 £ 1.1

2.9+ 1.2

Sum of backgrounds

639 = 71

235 £ 25

56.4 £ 7.0

16.3 + 2.3

Data

658

259

61

17




Sample Number of lepton pairs with m(£*¢F)
> 15 GeV | > 100 GeV | > 200 GeV | > 300 GeV | > 400 GeV
etel pairs
Sum of backgrounds | 208 4 28 112 £ 14 28.6 £ 4.0 85+1.4 3.3£0.7
Data 183 93 26 6 1
e e pairs
Sum of backgrounds | 138 4+21 | 63.3+85 | 142423 | 44408 1.5410%
Data 146 78 12 4 2
T pairs
Sum of backgrounds | 147 £17 | 63.77%f 14.57F3 41755 1670
Data 144 60 16 4 2
[ 4T pairs
Sum of backgrounds | 100 + 12 38.4fi:g 83ﬂg 1.7J_r8:§ O.Gfg:‘?
Data 120 50 13 2 0
et pairs
Sum of backgrounds | 381 4 42 142 +15 | 338 £53 | 98+ 1.5 4.2 + 0.9
Data 375 149 39 9 4
e |~ pairs
Sum of backgrounds | 259 + 31 93 + 10 22.6 = 3.0 6.5 + 1.3 29 +£ 1.0
Data 283 110 22 8 3
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An example of a 95% CL upper limit on NP cross section in fiducial region



95% C.L. upper limit [fb]

Mass range expected | observed | expected | observed | expected | observed
etet etk it
m > 15GeV || 4673 42 5675 64 24.0759 | 29.8
m > 100GeV | 241755 | 234 || 23.0701 | 31.2 122730 | 15.0
m > 200GeV || 88751 7.5 8.473:7 9.8 43715 6.7
m > 300GeV || 45718 3.9 41108 4.6 24102 2.6
m >400GeV || 29754 2.4 3.075% 3.1 1708 1.7
etet etpt wtpt
m > 15GeV | 2917192 | 228 || 34.9732% | 34.1 15.0153 15.2
m > 100GeV | 16.1753 | 12.0 154757 | 18.0 8.4152 7.9
m >200GeV || 7.0759 6.1 6.672 8.8 3.515% 4.3
m > 300GeV | 3.7t 2.9 3.2758 3.2 2.070% 2.1
m > 400 GeV || 23754 1.7 2.4104 2.5 15708 1.8
e"e” e pop
m > 15GeV | 23258 | 257 || 2627180 | 344 12,1732 18.5
m > 100GeV | 12.0753 | 18.7 11.5732 | 16.9 6.01 5 10.1
m > 200GeV | 49719 4.0 4.6173 4.5 27141 44
m > 300GeV | 2.97¢ 2.7 2.7 6 3.5 1.5%9% 1.7
m > 400GeV | 1.870% | 2.3 23708 T 95 1270 12




The leading electron has an ET of 196 GeV, (n, ) of (1.31,-1.86). _ . ' \ \ =
The subleading electron has an ET of 50 GeV, (n, ) of (-2.25, 2.73).

There is a third electron (shown as a blue track) with an ET of 35 GeV, (n, ¢) of (-0.54,1.73), ~

and charge -1. There are two reconstructed jets.

The leading jet has a pT of 207 GeV and (n, ¢) of (0.59, 1.49), and

the subleading jet has a pT of 30 GeV and (n, ¢) of (1.14, 1.45).

The missing transverse energy (shown as a green arrow) is 9 GeV with ¢ of -1.05.

Run Number: 190236
Event Number: 124996760
Date: 2011-10-02, 06:45:01 CET

Electrons same sign:red
Electron : blue
Cells: Tiles, EMC

5] -i'al'li_‘_-_‘i

Event display of the ee (+) event with the highest invariant mass (589 GeV).




Run Number: 183780,
Event Number: 7827222

Date: 2011-06-20, 23:54:44 CET
Muons: blue
Muons Same Sign: red
MET: green
ells:Tiles, EMC

The leading muon has a pT of 486 GeV, (n, @) of (0.13,-3.04).
The subleading muon has a pT of 79 GeV, (n, ¢) of (-1.73,-1.23).
There is a third muon (shown as a blue track (-)) with a pT of 32 GeV, (n, @) of (-1.41, 2.70).
There are two reconstructed jets. V 4 ’
The leading jet has a pT of 394 GeV and (n, ¢) of (-0.64, 0.17),
and the subleading jet has a pT of 27 GeV and (n, @) of (1.16, 0.15).

The missing transverse energy, shown as a green. I ,is 93 GeV with ¢ of

Event display of the pu (++) event with the highest |nvar|ant mass (522 GeV)




orange

The muon has a pT of 212 GeV, (n, ¢) of (0.68, -1.24). /
The electron has a pT of 161 GeV, (n, @) of (2.11, 2.26).
There is a second electron candidate shown in blue with pT of 86 GeV, (n, ¢) of (1.87, 1.54)
and a charge of -1. No high pT jets are reconstructed.

The missing transverse energy, shown as a green arrow, is 16 GeV with ¢ of -0.26.

I
L

_A

Event display of the eu (++) event with the highest invariant mass (464 GeV).




Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton +E .

Large ED (ADD) : diphoton & dilepton, m,,

UED : diphoton + E;

Sllz2 ED : dilepton, m,

RS1 : dilepton, m,

RS1: WW resonance, my

Bulk RS : ZZ resonance, m;

RS g — tf (BR=0.925) : tt — I+jets, m,

ADD BH (M, /M=3) : SS dimuon, N, pan
ADD BH (M, /M 5=3) : leptons + jets, Xp
Quantum black hole : duet F (m

T,miss

Z' (leptophobic topcolor) : tt — |+jets, m.
W' (SSM) :my,,

W‘(—>tq g -1)'m

(> tb, LREM) : m
Scalar LQ pair (8= 1) k|n vars. in eejj, ev”
Scalar LQ pair (8=1) : kin. vars. in pjj, pvjj
Scalar LQ pair (B=1) : kin. vars. in 11jj, tvjj

eneration : t't'— WbWb

4
4th generation : b'b' — SS dilepton + jets + ET e

Vector-like quark : TT— Ht+X
Vector-like quark : CC,m, .

Excited quarks : y-jet resonance, m et

Excited quarks : dijet resonance, m

Excited b quark : W-t resonance,m,,,

Excited leptons : |-y resonance, m]
Techni-hadrons (LSTC) : dilepton, mee,Ml
Techni-hadrons (LSTC) : WZ resonance (MIl), m Wz
Major. neutr. (LRSM, no mixing) : 2-lep + jets

Heavy lepton N* (type Il seesaw) : Z-| resonance, my,
H (DY prod., BR(HL—ell) 1) :SSee (uu) m

Color octet scalar : dijet resonance, m
Multi- charged particles (DY prod. ) hlghly |on|2|ng tracks

ATLAS Exotics Searches* -

95% CL Lower Limits (Status: May 2013)

L=20fb", 8 TeV [ATLAS-CONF-2013-017]

[ I T T TTT
M, (5=2)
Mp (6=2)

Mg (HLZ 8=3, NLO)

Compact. scale R™
M ~ R™?

Graviton mass (k/Mp, = 0.1)

Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mp, = 1.0)
g,, Mass
Mo (3=6)
Mp (3=6)
M, (3=6)
A

A (C=1)
2.86 TeV. Z' mass

L=4.7 fb™, 7 TeV [1210.6604]

1.4TeV. Z'mass

=14.3fb™, 8 TeV [ATLAS-CONF-2013-052]

18Tev_  Z' mass

L=4.7 tb™, 7 TeV [1209.4446]
L=4.7 fb™, 7 TeV [1209.6593]

255Tev. W' mass
430 Gev. W' mass

L=14.3fb™, 8 TeV [ATLAS-CONF-2013-050]

184Tev_ W' mass

L=1.0fb™, 7 TeV [1112.4828]
L=1.0fb™, 7 TeV [1203.3172]
L=4.7 fb™, 7 TeV [1303.0526]
L=4.7 fb™, 7 TeV [1210.5468]

660Gev 1 gen.LQ mass

685Gev 2" gen. LQ mass
s34Gev 3 gen. LQ mass

656 GeV 1' mass

L=14.3fb™, 8 TeV [ATLAS-CONF-2013-051]

720 GeV. b' mass

L=14.3fb™, 8 TeV [ATLAS-CONF-2013-018]

790 GeV_ T mass (isospin doublet)

L=46fb™, 7 Tev [ATLAS-CONF-2012-137]

112Tev. VLQ mass (charge -1/3, coupling k,q = v/m,)

g* mass
g* mass
b* mass (left-handed coupling)
I* mass (A = m(I*))
pT/coT mass (m(pT/o)T) -m(n;) = MW)

p, mass (m(p,) =m(r;) +my, m(a) = 1.1m(p,))

N mass (m(W ) 2 TeV)
N—mass(lv | = 0.055, |V|—0063 |V|—0)
H™ mass (limit at 308 GeV for uu)
Scalar resonance mass
mass (|q] = 4e)

rrass
L 111 | IIIIII|

ATLAS

Preliminary

J‘Ldt =(1-20)fb*
Is=7,8TeV

A (constructive int.)

10

*Only a selection of the available mass limits on new states or phenomena shown

1 10

10°
Mass scale [TeV]
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We searched for violation of lepTon and Iep’ron flavor
X numbers in exclus:ve and inclusive dllep’ron channels.

/\\‘.’Ij" & P P T & T2 2 W ™. EAMIND 4

S In all reported analyses we observe

AT R SR L . ey IR ) Y d|

From our measuremen‘rs we es’rlma’red upper |ImITS on
== production cross sections of various BSM processes
! and lower limits on masses of hew hypo’rhehcal par’rlcles !

A discovery of heavy Ma joranas would have explamed
_| neutrino masses and baryogenesis via violation of lepton
. number and more CP VIO|(1'|'IOH| Wlshful ’rhmkmg hahaha |
https //tW|k| cern. ch/tW|k|/b|n/V|eW/AtIasPubI|c/PubI|cat|ons
l‘r\ttp .//atlas.web.cern. ch/AtIas/GROU PS/PHYSICS/CONFNOTE“SJ
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