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New results with 8 TeV

> Dijet final states

- Multijets
.

(> Monojet + missing Et )

Otlin of the tI -

J

All public results from ATLAS:

Large diversity of theoretical models:

Dark Matter, Extra-Dimensions, Lepto-
Quark, etc,

Alternative solutions to the hierarchy
problem, weakness of gravity, dark
matter, grand unification, etc.

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

Related talks:

Search in gamma + X final states in ATLAS - V. Giangiobbe

Searches for heavy quarks at the ATLAS experiment — A. Succurro



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

ATLAS and LHC
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To date the LHC has delivered a
total luminosity more than 20 fb-1!

The data taking efficiency is about
94%.
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Data/MC

Performance

Multiple methods for setting the Jet

Energy Scale (JES)

ATLAS-CONF-2012-063

» /-jet balance

ATL-CONF-2012-053

» Gamma-jet balance

@ Balance of high-pT jet against

low-pT recoil system
Hight pT central jets performance

* JES <2.5%, Resolution < 10%
» JES uncertainty up to 1.4 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-063/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-053/

Standard Model measurements

*» Deep understanding of the Standard Model (SM) processes is the
basic requirement for any BSM search

» Very good agreement between measured cross sections and
theoretical predictions

SM total production cross section
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-021/

Monojet final states

Large extra dlmensmns Dark Matter production

q
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Graviton propagates into extra dimensions
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Arkani-Hamed, Dimopoulos, Dvali (ADD)

Light Gravitino production
q G

3.5 billvan
YERRS 800

8

A

My = (FY/\V3 Mp Large MET *

*MET = Missing Transverse Momentum


http://arxiv.org/abs/hep-ph/9803315

Monojet final states

Selection criteria

Primary vertex

E$155 > 120 GeV

Jet cleanup requirements

Leading jet with pr > 120 GeV and |n| < 2.0

At most two jets with pr > 30 GeV and || < 4.5
Ag(jet, E%’iss} > 0.5 (second-leading jet)

Lepton vetoes

signal region SR1 SR2 SR3 SR4
minimum leading jet pr (GeV) 120 220 350 500
minimum EE,E““ (GeV) 120 220 350

Events in data (10.5 fb™') 350932 25515 2353

Z/W+jets — Main background (BG)
(~97% of the total)

7 AY%

Estimated in a data driven way using well
defined leptonic Control Regions

QCD and non-collision BG from data, Top

and Dibosons from MC.
Good control over the background

arXiv:1210.4491 (7 TeV)

ATL-CONF-2012-147 (8 TeV)
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http://arxiv.org/abs/1210.4491
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/

Monojet final states ~ srpaner.,
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http://arxiv.org/abs/1210.4491
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/
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http://arxiv.org/abs/1210.4491
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/

WIMP dark matter production 22485 .,

Effective theory based on different interaction Lagrangians Type Operator
WIMP production Iim_its are translated to WIM_F’-nucIeon D1 - " X
scattering cross section and compared with direct :
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http://arxiv.org/abs/1210.4491
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/

WIMP annihilation ATL-CONE 2017147 8 o)

* Theresults are also interpreteted in ATLAS =~ Is= TR 4.7 b, 95%CL

_— _ . 7] -19

;tierrq?s O;:Ikrglts on WIMPs annihilation to% 1{3_21[:I 2 x ( Fermi-LAT dSphs (00~ J
ghtqu 13 1021 1
arXiv:1109.4398 [hep-ph] g 10 ]
bl [ .
t :
Indirect detection WIMPs annihilation % g 1
DM q 5 10% ‘5
A 107 =
% 1028 Thermal rellcvalue
o g7l o~ '

DM > d g \!{J_E‘B
c 10°F > ;
» Comparison with FERMI LAT 8 109 | 3
B 1 10 107 10°
< WIMP mass m, [ GeV ]

» Below 10 GeV for D5 and 70 GeV for D8, the ATLAS limits are below the values
needed for WIMPs to make up the cold dark matter abundance in the early
universe
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http://arxiv.org/pdf/1109.4398v1.pdf
http://arxiv.org/abs/1210.4491
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/

Gravitino ATL.CONE.2012:447 (8 TeV

s  GMSB scenario with very light gravitino (spin 3/2) as LSP

@ Associated production with squark/gluino q
arXiv:hep-ph/0610160

arXiv:1010.4255

o

@ Gravitino mass probes the SUSY-breaking scale 1 \

ma s = (F)/V3Mpi

@ Too light to be the unique DM but in some models it \\W

represent a significant fraction of DM composition Y ~

arXiv:1004.4213

@ Assuming 100% branching ratio of gluino/squark decay to  _ /% _
gluino/quark + gravitino 9 §

12



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/
http://arxiv.org/abs/1004.4213
http://arxiv.org/abs/hep-ph/0610160
http://arxiv.org/abs/1010.4255

magnitude higher than LEP/Tevatron limits:

ATLAS: mg > 1.0x 104 eV
For mg=mg=1TeV

s Limit on \F > 640 GeV (LEP limit 240 GeV)
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Gravitino production

@ ATLAS limits on gravitino mass are one order of

ATL-CONF-2012-147 (8 TeV)

LEP/Tevatron: mg > 1.37 x 10-° eV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-147/

Dijet final states: Resonance

Excited quarks, Contact
iInteraction, etc

Dijet event resulting from
resonance/contact interaction

. i, _
- New Physics

Analysis baseline

QCD

@ Search for “bumps” in the invariant mass spectrum
a QQD background is parametrized using a fit functio |y1-y2| <1.2

trained on data: >

f(x) = p1(1 — x)pzxp3+p4lnx dijet mass m;
where X =mjj/ Vs

@ The selection of dijet events is done by requiring:

» High invariant mass: m;>1 TeV

14

» Central events: |y1-y2|<1.2 * y1 (y2) = rapidity of the leading (2™ leading) jet



Dijet final states: Resonance . o s o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-038/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/
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Dijet final 2 RES0NANCE s con 2012 107y

Results are translated into 95% CL limits on: Excited quark
: . q/q q/q
» (Generic gaussian resonances — excluded 3.5TeV
resonances with o x A > 4fb
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g g9
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-148/

Dijet final states: distribution

Main idea CM frame Lab. frame

» Heavy particle mediator produces events
that have high centrality in the cm frame:
Y = el¥1—y2l

@ New physics at high scattering angles

Event selection

Centrality ratio in cm frame

» Requiring invariant mass mj; > 850 GeV .
£ New Physics
>
A L. F
& QcD X/
= ,
ok New Physics \ Y
Z P
T N / Lt
e
< N L2
e ——— F(m”.):l (1Y -y I<1.2)
1 2 TNy, — y, < 3.4)
QCD - >
dijet mass m,
y4-y2l < 3.4 R} :

x = exp |y;-y,l



Dij

at final st

(‘\5

1

' & -~
o9

o4
4
_ ly1—y2l
x = e 7t Y2

R0_35 [ T I- .I T T T T T B
© " ATLAS Preliminary i
~ - 800 <m. < 1200 GeV -
_8 03 JLdt =48 \s=7TeV A 1200 <th, < 1600 GeV (+0.04)_]
-O[ A 1600 <m <2000 GeV (+0.08) ]
° B O 2000 <m; <2600 GeV (+0.12) -
~ - v mb> 2600 GeV (+0.16) .
Z _— —— QCD Prediction ]
025 - Theoretical uncertainties .
B Total Systematics 7
Elrtal QBH (n= 6)M =4.0TeV 7
0 2EE "t v v o o o —r—
0.5 —S==tm—om—b—e—oo o
E_‘_— A _‘_._‘_—‘—E
0.1 — ]
B e Y e T
0.05 = -
0 B 1 | | 1 | | 1

X

—
o

= 0.6

0.5

0.4

0.3

0.2

0.1

0

S
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. Angular distrioution

Prediction of the background done from NLOjet++ and Pythia6

\
ATLAS Preliminary
det = 4.8 fb",\s=7 TeV

QCD Prediction
Theoretical uncertainties
Total Systematics

data

Contact Interaction: A = 7.5 TeV
QBH (n=6) : M_ = 4.5 TeV
q*: m.= 2.5 TeV

4 i

-----------

Upper boundary to control region
Lower boundary to search region

..........

{

—&—
1000 1500 2000 2500 3000 3500 4000 4500

m, [GeV]

Binned Log-likelihood distribution of data and background show no significant excess
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-038/

Dijet final states: Angular distribution

ATL-CONF-2012-038

@ Angular distribution analysis shows that the data is consistent

with QCD prediction _ _ _
@ Constrains are established on a variety c

new physics models:
@ Quantum Black Holes (QBH in extre

Loy | 1 05 a T T T T T T T T | T T T T | T T T T ‘ T T T T . L .
9 : Limits set using F (m) variable dimensions scenario (see next)
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3 S OBH s QBH n6 2 Coqtact Interactions
6 10° - QBHn=4 -~ QBHn=7 @ Excited quarks
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Contact interaction, A, destructive interference
Mp [GeV] F,(m;;) 8.2 7.6
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Multijet final states

L eptoquarks (LQ)

New gauge bosons symmetry
between quarks and leptons

leptoquark

TeV-scale gravity

Extra-dimensions models ,
with Black Holes states with \\ Vve
masses above Mp decaying

into multiple energetic -~
leptons and quarks. ! /j \ !

: RN

Randall-Sundrum Graviton

5-dimensional warped
geometry, and the
elementary particles
except the graviton
are localized on a
(3+1)-dimensional
brane.

M\,,TYH

V\\E
L \

F‘\] E

Gﬁﬂmw

_pﬂjfﬁ,/ff

Jets and
Leptons with

high SPt

20

*>Pt =5 of Pt of jets and leptons



Search for leptoq  apvrii2.ases hepex
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Search for ZZ--> llgq resonance aussconszso
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Search for microscopic Black Holes
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Surmrmary

Robust understanding of the SM with jets

Jet + X searches in ATLAS showed no significant excess
beyond the Standard Model predictions

New results based on full 2012 luminosity will come soon.
Stay tuned!
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Monojet event from 8 TeV collisions

SUATLAS

h..EXPERIMENT
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Surmnmmary plot of Exotics searches

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)
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*Only a selection of the avaifable mass limits on new states or phenomena shown
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