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Outline

e LHC and ATLAS

* Selected SM Results

* Higgs

 SUSY and DM searches
* Non-SUSY searches

* Final notes

Mostly centered in high-p; physics

Impossible to cover ATLAS results in 45 A long list of topics not covered here...

(a total of 273 papers submitted/published) o results on Heavy lons, B-Physics, ...
(a total of 538 conference notes)
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LHC Performance (2010-2012)

Spectacular LHC performance

(rapid increase of data samples)
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.. rapid increase of pile-up conditions

50
45
40
35
30
25
20
15
10
5

T T T T T T TTT

\s=7TeV
ATLAS
Online Luminosity

§

T T T T T TT T T T1TT

\s=7TeV

T T T T T T T T T1TT

0
ot pot
Month in 2010

ot yat pet W

Month in 2011

...Will come back in 2015 with 13-14 TeV collisions

ot yat ot o\ ot

Month in 2012



(90]
i
S~
o
i
~
i
(@l




. ATLAS

60
27/03 30/05 03/08 07110 1112

<
= - ATLAS Vs=7TeV
50 I LHC Delivered
=2 L [_]ATLAS Recorded i
3 C ]
£ r B
E 40 Total Delivered: 5.46 fb™' -
3 [ Total Recorded: 5.08 fb" N AR rrTTTT T rrTTTTT
3 sb 4 & 30 ATLAS Online Luminosity Vs =8 TeV -
© C ] ?‘J E [ LHC Delivered ]
g r 1 2 25 [JATLAS Recorded =
= P iasonne wor : = 1 5 b momeierdzs2 E
g r ] ° C i [ — - Total Recorded: 21.7 f5' 9
5 110 Total Efficiency: 93.5% - I | 0 £ - 3
o I —
= ; C 1 5 15 ]
2 100f " oL— I - = ]
5] - = o ]
ks F ‘r 1/3 1/5 17 1/9 m gz ¢ =
W 9o } Dayin2011 C ]
2 C \ 5 —
£ i = ]
= n | o .
3 80— | oL Sl nnnnnllonononallonnnonollonnnnns
A :1207“ 1103 07/05 02007 27/08 22/10  16/1
700 1 5 - ATLAS Online \s=8TeV . i
C | © N ] Date in 2012
C | @ 110~ Total Efficiency: 93.5% ]
60" S C ]
28/02 30/04 30/06 30/08 31/ e OOE oo -
Dayin2011:g ':'180 ||III||IIIII|II|||IIIIIIIIIIIIIIIIIIIIIIII
i <) ATLAS Online Luminosity
o o 160
£ 8 B3 Vs=8TeV,[Ldt=2081b", <u>=207
% effici S > 140 i} 52 oo
93.5 0 e C|ency é = — \/§_7Tev,det_5.2fb,<u>_ 9.1
_g 120
E 100
a
gol
@
o
S
Q
O
o}
o

80

Day in 2012 60

40

Challenging pile up conditions for the physics analysis 20
00 5 10 15 20 25 30 35 40 45

21/10/13 Mean Number of Interactions per Crossing



SM Physics

Selected results on
jets, photons, W/Z+jets,Top quark,
Dibosons....

Just to illustrate the Glory of the SM
(processes relevant for searches later on...)
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Inclusive photons

(cross section for isolated photons)
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Gtotal [pb]

Summary EWK/Top Physics
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Phys. Rev. D85 (2012) 092002
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Very good description of the different

Jet p; distributions by NLO pQCD and
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(e and u channels combined)
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In searches for SUSY,

Z (= ll)+jets fundamental SM measurement...
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=> Very clean samples with no missing E;

—
]
w

— ]
ATLAS

T
ZIy*(— ')+ > 4 jets (I=e p)

% E =
<) = 1 =
= - Ldt=4.6"fb <@~ Data 2011 ({s = 7 TeV)
.‘Qo_r— B anti-k, jets, R = 0.4 —m— ALPGEN B
— jel jet 1
2 P >30GeV, |y"| <44 —4— SHERPA
S 10*E “¥— BLACKHAT + SHERPA 3
i F -
< i e == i
105 === —
E e = E
i = = i
10_6:_ '/ =
e | .
g 1-‘2‘_ ¥ BLackHaT + SHERPA 7
Q Prriie » e g g
3 7 T, A
= 0.8f- =
20'6_:.::}::::}::::|:::}:::}: } —
o 147 .a ALPGEN 7
S 1.2~ v 77 >
W i v
= - =
i T S Y E EEPE } —
@ 147 4 SHERPA 7
s 1.2 , >
Q7 /. . e he
) e e % A e |
=
L M| ]

© o
w o
Of T

) 50

MR L Lo
60 70 80 90 100
P (4th leading jet) [GeV]

ne»r«<»



ATLAS-CONF-2%13-O46
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Asymmetries in Top

Measurement of the top quark charge asymmetry: Ac =

é)

levatron experiments measure
a larger A.; than predicted
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Higgs Physics

Discovery, Properties

Rather brief and fast review....
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Higgs Production/Decay
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Discovery Channels

H — vy

> ’m L] . L L L] -
8 ATLAS 3
N e o Dala2011+2012 .
~ ———— SM Higs boson m_«126.8 GeV (it)
;g ......... Bleg (441 order polyromial) 3
2 w00 =
w Hosyr ]
4000 ;
jo=7TeV |Ldt-48®’ .
2000 )
s=58TeV |Ldt=207 10
o
4
el
D
2
g
I
2
.
w
m,, [GeV]
o 105 - T T —rr—r T
o
= ¢ ....éMH—;J(expectodpc ATLAS
g — Observ P,
-l —
S—

.......
..........................

.....

------
i

- -

.......
-------
PP et
.......

Dataz20ins =7 Tev

ILdl =481
Data 2012 15 =« 8 TeV

..............

e alal

115 120

L. S

i
9410 125

my, [GeV]

g 9 FRN

16

=~
Q

H—Z7Z

E 40 v D.ﬂa?ﬂn.?ﬂ? ATLAS
) - EM Higgs Boson H—)ZZ'—)4|
£ 3 12430V N0 =7ToV |Ldt=461"
$ | Ellswcigoine2. 2z 2 mBTeV ]L:-i’:?b"
- Bl Beckgrount Zejets, € ot -
- v syatime
a5
_ 107 — ATLAS
S 8’?;2012 H—Z2Z" -4l '
e |
— o158 Conpnaton 18=7 TeV JLot =4.6 D
10} == Exp Combingtion  1s-g Tev [Lat =20.7 tb
o —- = Naod 1o
2o
. o
......... ; N ao
5; s 4o
0.60 | o
-"..'x EE io
10-13,1115|1'.'-..z|| pad oo gl 1 Liaa
110 120 130 140 150 160 170 180
m, [GeV]

H-WW

> (gl T T T T ¥ T 3
8 800::—‘”"5 & Data 201142017 _:
= Etsa7TaV [ldtadbm’ 77 Tudugethg. 3
% 7005 oevev [Lat=20710" I S Higge bose
< E m,«125Gey -
g 900 HaWW/'—iNN + 011 jets @ ww E
% 500 O 3
£ B Oher v 3
‘ + 4
oo: - Single Tep :
3005 B Wiojets -
v 2 ]
2005 e 3
1005 =
g ]?“?': + -9 DRg. mubtracked data ::
f sog_ G WHocsbosmn“- '%Gdl—z
& 40 ** L1 _+ 3
o 2F : " E
-20F + 3
60 80 100 120 1407150 180 206 220 240 260
m; [GeV]
a” 10:r | AR IR B RARAE BALREE L A
= 02; ATLAS 13=7TeV |Lit=450" =
§ 107 HoWW*=iviv $=8TeV JLdt=2070" %
- + Oba. Eiio 1

Exp.m z1255GeV | 420

Nag

8)

40
10—6 | PR W | 'x—i
110 120 130 140 150 160 170 180 190 200
m, [GeV]



E 40; e Data 20114 2012 ATLAS
s F B SM Higgs Boson .
Q E m «124.3 GeV (lit) H—)ZZ _)4I . e
C a5 N ez 27 1s=7TeV JLdt=46 I S a S s
> S chg Wa o, s=8T | - 7w
W Background Z+jets, ff PR 1Y JRorm20.7
30f_ Syst.Unc.

7
E - ATLAS Combined (stat+sys)
oY \s=7TeV det =46-48f" = ceeee- Combined (stat only)
\s=8TeV [Ldt=20.7 o' ——Hown
6 : — H 22" > 4l
100 150 200 250 N
m, [GeV) 5

m,=124.3*06_ (stat)*05_, ,(syst) GeV,f

20
A
o
1 1o
Hw i ! AN ‘ A Y
?21 122 123 124 125 126 127 128 129

my; [GeV]

m, = 125.5 + 0.2(stat)**>_, (syst) GeV

Mass difference about 2.40 (1.5% prob.)

2 GeV

Events /

Events - Fitted bkg

s 7r.~v|lm 48m'

. Data 201142012

SM Hggs beson m «126.8
wens Bg (4th order polyromial)

18 =8 TeV || dNu207R'

GeV (§1) ]

400 B~ -
300
200E- .
100 ? L ) .

o -~ a 2 * .
o

Im . |GeV]

m,=126.8 + 0.2(stat) * 0.7(syst) GeV

Signal strength (u)

—_

IIllllII]IIITITIII{ITIIITITTIIIIIIIIII

o

.5

o

ATLAS Preliminary
Vs =7TeV:|Ldt=4.6-4.8

\s=8 Tev:det =20.7 b

—— Combined

fb —Hoyy

X Best fit

— 68% CL
----- 95% CL

—llllll\lllll\l\|III\|IIII|IIII|IIII

—H->zZ" 54

122 123 124

125 126 127

128 129
my [GeV]



EWK fits vs Higgs

I LI LI LI LI LI B B I LI B |

- Tt ]
) < 4.5 E_ EISM it fitter SM%E
. Tryar T T E ; ]
2 %! E__MsMmwoM,measurement L) =P
] I 2 ‘ 1 r ]. _ ) — = ( ]. + A ’ ! ) ‘ g =@~ ATLAS measurement [arXiv:1207.7214] g 2
7 71‘2 \ QG E 3.5 C -l CMS measurement [arXiv:1207.7235] E
3SE y=
H 2.5 %— - +25 =
»'s"%’%. p-= = -
W /f “::'-Tt. W W . \ W 1.5 — —
N OO 7 . I EM
VUL (g TV VURFURA, VDR VAR N )
g 0 g 111 1 I 111 1 I 11 1 1 I ) I T | I 11 1 1 | 1 1 1 1 | 1 1 1 I 11 1 1 g
60 70 80 90 100 110 120 130 140
M, [GeV]
Ar~m, 2 Ar ~In (m,))
op ;‘ 80.5 T T T T | T T T T | T T T T I T T T | T T T 'J' I T T T T
(0 B I} 68% and 95% CL fit contours i | min Tevatron average = -
Q C w/o M, and m, measurements : 7
E§ 80.45 N 68% and 95% CL fit contours ]
- w/o M,,, m and M, measurements -
Very remarkable agreement 60,4 [ Workd average £ 1o .
(within 1.3 o) between direct
m,, measurement and the indirect 2038 E
determination via EWK fits s03 e
8025 ; el ] fitter]-f
1 1 1 1 1 1 1 1 ’1‘ 1 1 1 F" I 1 : 1 1 I 1 1 1 1 | 1 1 1 1 B
140 150 160 170 180 190 200

m, [GeV]



w=(xBrioxer, Signal Strength
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Higgs Spin/Parity
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ATLAS-TCONF-2013-079 (W/ Z)(H 9 bb)
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ATLAS-CONF-2012-160
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Analysis in mutiple channels with
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ATLAS-CONF-2013-011
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8th Oct. 2013 'ﬁ'é?a The Nobel Prize in Physics 2013
¥ Francois Englert, Peter Higgs

The Nobel Prize in
Physics 2013

Francois Englert Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Francois Englert and
Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic
particles, and which recently was confirmed through the discovery of the
predicted fundamental particle, by the ATLAS and CMS experiments at
CERN's Large Hadron Collider"




l"l (e 1( { (‘i(;’ ! S.A.R. el Principe de Asturias
& Principe de Asturias

Presidente de Honor
de la Fundacion

© INVESTIGACION
CIENTIFICA Y TECNICA

Peter Higgs, Francois
Englert y el CERN

“...acuerda por unanimidad conceder el

de forma conjunta a los fisicos Peter Higgs (Reino Unido) y
Francois Englert (Bélgica) y a la institucion internacional CERN,
el Laboratorio Europeo de Fisica de Particulas, por la prediccion

teorica y deteccion experimental del Boson de Higgs.”

Oviedo, 29 de Mayo de 2013

(Ceremony this Friday...)
e



Quarks

Leptons

Some of the open questions
(i.e., the need for new physics)

| bE

d E8lg

V

e

e

Three Generations of Matter

21/10/13

Iers

Force Carr

* Who ordered 3 generations?
e Matter/Anti-Matter ?

* Hierarchy Problem ...
e Unification at Large Scale?
e Dark Matter in the Cosmos?

New Physics (!)

O(TeV) scale phenomenology

30



Search for SUSY

Inclusive searches, third generation
squarks, charginos/neutralinos...

Centered in RP conserving scenarios
and somehow driven by DM searches...




SuperSymmetry in 30"

Double Spectra of Particles

eFermion/Boson symmetry Standard particles SUSY particles

Q | fermion > =| boson >
Q | boson > =| fermion >

eExact cancellation between
fermion & boson loops for Higgs

Q v~ boson v~ fermion Quarks . Luplons ’ Force particles Squarks W) Steptons 0 mﬁw
< ) ..will mix to form mass eigenstates..
{Z::j , Higgs sector with 2 doublets
 boson v gaugino

; H,.H,—— h,H,A,H’

..SUSY must be broken..... model-dependent phenomenology



Taken from T. Rizzo

SUsYzoo

SUSY is not a single
model but a very large
theoretical framework

SUSY

Dirac
gauginos

mMSUGRA




”Natu.ral SUSY in 1984”
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M (GeV)

SUSY candidate for Dark Matter

800 Picture taken after Tevatron 1.
' and before LHC era

Squarks and Gluinos are heavy

TG e ‘ 2. mixing of third generation leads
) ')'R’ —*—, to light stop and sbottom
o00r 5 T 0 :
i # Y 3. X1 good candidate for Dark Matter
HT " N
- AT X4, X3
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e X2:X1
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21/010/13 J=0 J=1/2

4. One higgs is very light ( < 135 GeV)
35



SUSY Cross Sections @ LHC (8 TeV)

LPCC SUSY c WG

NLO(-NLL) o(pp— SUSY) [pb]
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ATLAS-CONF-2013-061

Gluino-mediated
Stop/Sbottom Production
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“Natural SUSY 2012”
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)‘4 Direct Stop/Sbottom

b, » b %°

51 ¢ ~1‘ ; Y- ¢ In the scenario with TeV gluinos / squarks (1st/2nd generations)
1 U . All'the attention is put now in searches for stop/sbottom

b, = b ,°— b h(Z) ,° Multiple channels according to the decays
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Shottom Direct Production

Large E;™s and 2 b-jets
Discriminating variable MCT

Additional selections to target also

compressed scenarios (assisted with ISR jets)
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Two selections: Di re Ct Sto p

Monojet for compressed scenario
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Large E,;™ and c-jets
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Summary Searches for Stop

(different mass hierarchies, simplified models)
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Chargino/Neutralino

3 leptons + E Miss
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of the scenario considered



Search for Dark Matter

Generic Search for WIMPS..
Mono-X final states...
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AP results

arXiv:1212.5226v2
(January 30th 2013)
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Planck (20 March 2013)

arXiv:1303.5062v1
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Dark Matter Candidates

Neutrinos ? (€2 h?<0.0067 @ 95%CL)
Sterile Neutrinos

Axions
SUSY particles

= UCH R ETIHERO General requirements

— Sneutrinos

— Gravitinos e Electrically Neutral (“dark”)

— Axinos e Stable (lifetime larger than age of the Universe)
KK states (UED) e Massive and Weakly interacting (2.p,,h* ~ 0.1)
Wimpzillas

......... - WIMPS

Note: No reason DM should be made out
21/10/13 of a single component (neutrinos exist)




WIMP Pair Production at Colliders

At colliders (LHC) WIMPs can be produced in pairs q
leading to “nothing to detect” in the final state

Such events are tagged via the presence of
an energetic jet or a photon from initial state radiation

—>Monojets and Monophotons
(complementary....but QCD wins in rate) f

GATLAS Nl L/ CAILAS

’ EXPERIMENT \ ’ EXPERIMENT

Rather spectacular and distinctive signature to search for new physics

( also relevant in searches for large extra spatial dimensions, etc... )
21/10/13
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arXiv:1210.4491
(submitted to JHEP)

I I I I I I I I I | I I I
—e— Data 2011
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—— Sum of backgrounds

Monojet

Data driven estimation of the dominant
Z+jets and W+jets background using control regions
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21/10/13 :

Good agreement with SM
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Effective Theory

(model independent approach)
Effective Lagrangian approach (contact interaction)

with parameters M. and m

M.2~ M?/g.g,
assuming the interaction is mediated
by a heavy particle with mass M and
couplings g, and g,

X

Different operators are considered
with different structures and here %
will be taken as Dirac fermions

Important note:

Not clear whether the effective approach
under- or over-estimates the cross
sections since this depends on the details
of the unknown UV limit of the theory

Strictly speaking theory only applicable
when M is much larger than the energy

1 f
X X
q X f X
Name | Initial state Type Operator
D1 qq scalar %% XXqq
Db qQq vector Hlf XY XqYuq
D8 qq axial-vector 35> XV* Y x@u7°q
D9 qq tensor N}g X0 xqouuq
D11 gg scalar fwixas(Gzy)Z

scale present in the reaction [Q? << (47 M.)?]

21/10/13
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WIMP-WIMP annihilation

1 10 102 108 more than a single process
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Mono-photons

Phys. Rev. Lett 110, 011802 (2013) | )/ SALAS

Nepr«=p

o3 Background dominated by Z/W+y followed
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N/t <2 (p;>30 GeV) | Top 0.07 +0.07  +0.01
A¢ (y, E;™ss) >0.4, A (jet, E;™) >0.4 WW,WZ,ZZ,~v 0.3 +0.1 +0.1
Veto on leptons v+jets and multi-jet 1.0 — + 0.5
Total background 137 + 18 + 9

Goodagreement with SM Events in data (4.6 fb_l) 116
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90% CL Limits on M.

X
A x € in the range between 11% (D1) and 23% (D9) y
(due to different E,™*s spectrum)

Name | Initial state Type Operator
D1 qq scalar TEXXTq
On signal yields: . y e lﬂ;um .
Experimental uncertainties (7%) . | " o
axial-vector XY Y xq V.Y
Theoretical uncertainties H MY XWTA
ISR/FSR (4 % — 10%) o« fensor - 3EXT XA
PDFs (5% - 30%) Dl | 99 scalar  gaXxers(Gi)”
O_Dl oc (l/M*)6
oD3D8DY o (1 /pp%) 1 GeV > > 585 > 585 > 794

Results are translated into 90% CL limits on M. for different
operators and as a function of WIMP mass (RED: EFT compromised)



WIMP-nucleon cross section

2 6
Pl = 1.60x 10~ cm? (1 gXV) (2055‘/)
DM DM © \
2 (300 GeV
DS _ 13 -37 2( Hy )
—  » N o 1.38 X 1077 "cm TGev e
P p ) 4
o) = 3
P = 47 % 107 %em? (5 é ) ( Oaﬁev)
Different operators contribute either
to spin-dependent or spin-independent 10—+
. g = 90% CL, Spin Dependent
WIMP-nucleon cross sections 2 gL - - CDF.D8 &0,
o = --- CMS (51", D8, i~ Y(XT),, .
= 1037l — ATLAS, D8, @~ Y(R),,
o 10-34 T T '1 T T T T T T T T T T T T 17T § - ATLAS, Dg, qa_) ’Y(XX)Dirac
g 90% CL, Spin-Independent O S ATLAS 1o,
IE‘ 10-35 - CDF’ D5’ (ﬁ_) J‘(Xz)Dirac 10 E_ o
9 = --- CMS (51b"), D5, 93— Y(X7),,,,, o s 4
g 10'35 ;_ —— ATLAS, D1, Q§—> ‘Y(X?Dirac 10-39 ? —___""-" ----------------------------------------
o = —— ATLAS, D5, q3- Y(x7),,, T
g 1 0-37 ;_ """"" ATLAS -1 Gtheory _; 1 0-40 E——— lllllllllllllllllllllllllllllll
3] = = -
5 38 e T 1 104 ATLAS \s=7 TeV,j Ldt=4.6 fb'1
I KO I =T —————— e = =
TDJ Eﬂ ; 10-42_1 I Lol I Lol I |
Z 4039 N 2 3
Z 10 1 10 10 m, Gel]
1040 ATLAS \s=7 Tev,j Ldt=4.6fb" <  Within the assumption of the validity
I U E U of the effective theory the LHC results
2 3 . .
1 10 10 m, [GeV] complement direct detection searches

21/10/13 (particularly relevant atm, <10GeV)



A WIMPS
T
L (monojets & monophotons)
A
S
(\'1—'10-32E|90/| CIngl-”ID T Idllltllll T I IIIIII| II9IO/ (I:LISII'”lll(Ij [ dI ItIIIIII [ [T ||||||é
= % CL, Spin Dependen % CL, Spin Independen E A
51 0_335 _____ SIMPLE _ Picassg T XENON100 —CDMS : Not enough sen.smwty yet
- '° [ - CDF,D8 di~i(X),, _8&%9('\5%‘) s -_CDF(’ [_’)51 A0y, 3 to exclude/confirm the
9 10%F —CMS (5 ), D8, (), ) D5, a=v () A
© . 3sf — CMS (51fb™), D8, qg— j(Xg);rac CMS (5 fb ‘),_1D5, GG 100 CoGeNT/DAMA
B107F _ _ ATLAS (510", D8, G- 00, -+ - ATLAS (5 f07), D5, 68— j(xX);y,, / Jexcess at m_~10 GeV
36[ irac _ _ ' .
B107°F : —— ATLAS, D5, 6G—v(xX),,,, " A4 in case the of D1/D5 models
g 107k N ke ATLAS, D1, a6 v (xX) 5, .. &
5107 ;
Q  aof ]
©10 3925 3
> a0F =
<107F E
X, af _ 1 &
10"e — ATLAS, D8, @1 (), R i
10-42% ---- ATLAS, D9, a0~ v (), 3 é 10LE
109k ) R E: EIO‘“— .\ CDVISEDELWEISS -
. ATLAS \s=7 TeV,f Ldt=4.6 10" e ] %S ..
10 Bl L nl L vl Lol II| [ IIIII| I "f"l"l"l"l'l"l'lm L 11 IIIII|§ E 'l"“
1 10 10° 103 1 10 10° 10° E a4 XENON 10
m, [GeV] mGeV] £
+ LEP-CMSSM constraints

Very significant improvement on limits compared to Tevatron T .'.i[)GO y ,;J BT
For m, <100 GeV : WIMPS-nucleon cross sections above

3 3(1}1%/4103 cm? (103° cm?) are excluded for spin —dependent (spin-independent) operato6rzs



Events /10 GeV

Events / 10 GeV

u X M on O-W / Z ATLAS-CONF-2013-073

Based on the W/Z hadronic decay

reconstructed as subjects from CA R=1.2 jets
Jet P,> 250 GeV, |n| <2.1,50< M., . 120 GeV)

jet <

No additional jet (anti-kT 0.4) with p; > 40 GeV

osol- ATLAS 203167 \s=8Tev ~ —o—Dala - Xy“xav,q X0 Xqo g
: SR:E-TISS>350GeV %72\/)7Je/t . t : I L I I ||||||I I I |I||I|l __I I T T 1 I ]I||||I I 1 |I|I|I ]
C =1 Top (elm-et 35| % D5(u=-d):obs 90% CL | —® D9:obs

2000 | mmDboson 1 =107 - D5(u=d):obs A D9: ATLAS 7TeV ji7) ’
E I ///// uncertainty E B D5:ATLAS 7TeV j(x7) an / |

150— — i

I S

T spin-dependent

100

— D5(u=d) x100
///////// | — - D5(u=-d) x1
/ .WWWW//////////#

i

L

50

35 e oo Dsuge0 4 107
. Emiss — u=d) X —

SR: ET*™ > 500 GeV Dl r02 N 1
30 = COUPP 2412 ATLAS 20.3fo" ys=8TeV -
25 _ 3 10 - CoGeNT 20 T — SIMPLE 2011
s = _E — XENON100 201 | — COUPP 2012 IceCube W'W'_|

///// l . 46"1— CDMS low-energy [ l — P|CASSIO 2012 — |ceCube bb
15 //// _: 10' | 1 111111l 1 L1111l 1 | | 1 1 1 1111l
M////// ” : 1 10 10° 10%1 10 10° 10°
10 /% m, [GeV] m, [GeV]
° i Results expressed in terms of limits on ¢-nucleon

% 60 70 8 9 100 0 el interactions for D5 and D9 operators
m. e
jet



ATLAS SUSY Searches*

Summary of SUSY Searches

- 95% CL Lower Limits

95% CL exclusions for (best)

< 1300 GeV
< 1400 GeV

650 GeV
680 GeV
300 GeV

650 GeV
340 GeV

Status: SUSY 2013 fl: d
. -
Model e T,y Jets ET [ratfi] Mass limit massless LSP scenarios:
T T T T — — T
MSUGRA/CMSSM 0 2-6jets Yes 203 |&g 1.7TeV. m(@=m@)
MSUGRA/CMSSM 1enu 3-6 jets Yes 20.3 g 1.2TeV any m(q)
«»  MSUGRA/CMSSM 0 7-10jets  Yes 203 |& 1.1 TeV any m(g) ~
D 53, 5—97) 0 2-6jets  Yes 203 |& 740 GeV m@E?)=0G m ( g)
S} g8, g—)qq/\,/? 0 2-6 jets Yes 20.3 g 1.3 TeV m@)=0G
S B Eoqoli —»qutxl 1eu 36jets Yes 203 |& 1.18 TeV m(¥3)<20¢ -~
0 gz g%qq(gg/gv/w)/yl 2eu 0-3 jets - 203 | & 1.12 TeV m(¥)=0¢ m(q)
Q  GMSB (?NLSP) 2eu 2-4jets  Ves 4.7 tang<15
§ GMSB (7 NLSP) 127 0-2jets  Yes 207 tang >18 -
S GGM (bino NLSP) 2y - Yes 48 M50 m( b) <
S GGM (wino NLSP) Teu+y - Yes 4.8 m(¥3)>50¢
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥?)>22¢ -
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(H)>200 t
Gravitino LSP 0 mono-jet  Yes 105 m(z)>10~ m ( ) <
g3 gﬁbégo? 0 3b Yes 201 |& 1.2 TeV m(E?)<60¢ -~
SL gt 0 7-10jets  Yes 203 |& 1.1 TeV m(i) <5 m( J ) <
® Fotih 0-1e,pu 3b Yes  20.1 g 1.34 TeV m(E?)<40C “L
O hEy Olen  3b  Yes 201 |g& 1.3TeV m(¥2)<30C
BBy, b1—>bX1 0 2b Yes 201 |by 100-620 GeV m(¥3)<90¢ ES 0 )
w e biby, b—thT 2e,u(SS) 03b Yes 20.7 by 275-430 GeV m(¥i)=2 m(x = X light 7 <
<. f%(light), 1—biT 1-2eu 12 b Yes 47 | 11 m(¥?)=55( 1gne
S8 #light), s WhHE 2epu  02jets  Yes 203 |& 130-220 GeV m(P?) =m(
53 B i (medium), fi—tt) 2eu 2jets  Yes 203 |% 225-525 GeV mE3)=0G m( : = 0 )
=5 Hhh(medium), tl—:bxl 0 2b Yes 201 |h 150-580 GeV m(¥1)<20C X X heavy 7
O hh(heavy) h-tl 1epu 1b Yes 207 |h 200-610 GeV m(E)=0G
- @ f tl(heavy) f1oth 0 2b Yes 20.5 f 320-660 GeV m(E)=0G
B hh, hoch 0 mono-jet/ctagYes 203 | & 90-200 GeV m(E)mE, <oo oo R
1 (natural GMSB) 2e,u(Z) 1b Yes 207 |& 500 GeV m(¥?)>150 GeV ATLAS-CONF-2013-025
b, ot + Z 3e,u(2) 1b Yes 207 |G 271-520 GeV m(&)=m(¥3)+180 GeV ATLAS-CONF-2013-025
eL RELR, I XY 2eu 0 Yes 203 |7 85-315 GeV m(¥3)=0 GeV ATLAS-CONF-2013-049
5 X TR () 2eu 0 Yes 203 | 125-450 GeV m(¥3)=0 GeV, m 5(m(E5)+m(E)) ATLAS-CONF-2013-049
= @ )?1)?’ X1 —#v(tv) 27 - Yes  20.7 )ff : 180-330 GeV m(Es)= 0 GeV, m(7, 0.5(m(; )+m()2§’)) ATLAS-CONF-2013-028
W= Xl)(Savat’&_é’(vv) 38 (V) 3eu 0 Yes  20.7 {T;; 600 GeV mT)= m(/Vz?', m(¥’ ) =0, m({, =0 5(m(xi)+m@v?)) ATLAS-CONF-2013-035
XlXS_’WX Z)(E) 3eu 0 Yes 20.7 )ff i 315 GeV mqf) m({(z) mw1)= sleptons decoupled | ATLAS-CONF-2013-035
)(1)(2—>W)(1hX1 1epu 2b Yes 203 | XA 285 GeV m(¥F)=m(¥3), m(¥2)=0, sleptons decoupled | ATLAS-CONF-2013-093
8 @ Direct {7 ¥1 prod., long-lived ¥; Disapp. trk 1 jet Yes 20.3 i 270 GeV m(F5)-m(F?)=160 MeV, 7(¥;)=0.2 ns ATLAS-CONF-2013-069
$ % Stable, stopped g R hadron 0 1-5jets  Yes 22.9 3 832 GeV m(¥3)=100 GeV, 10 us<7(g)<1000 s ATLAS-CONF-2013-057
g)E GMSB, stable 7, Hoi(e, [)+7(e. 1) 1-2p - - 15.9 10<tan£%0<50 ATLAS-CONF-2013-058
S 8 GMSB,¥1—-yG, long-lived X1 2y - Yes 47 0.4<7(f9)<2 ns 1304.6310
=l §g, X1 —qqu (RPV) 1p, displ. vix - - 203 |[a& 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v; + X, Vr—e+pu 2eu - - 4.6 A41,=0.10, 13,=0.05 1212.1272
LFV pp—¥; + X, ¥r—oe(u) + 7 leu+t - - 4.6 A31,=0.10, 23(2)33=0.05 1212.1272
> B|I|near EPV CN(I)SS(;VI Teu 7 jets Yes 4.7 m(g)=m(g), ct sp<1 mm ATLAS-CONF-2012-140
& X )(1 Xy WX Xy —eelyy, eute depu - Yes 20.7 X 760 GeV m()?l)>3oosev A121>0 ATLAS-CONF-2013-036
)(1 X1, X{ - W] X1 =11, e1v; 3eu+t - Yes 20.7 XT 350 GeV m(X1)>80 GeV, 1333>0 ATLAS-CONF-2013-036
8-qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g-tit, i—bs 2e,u(8S) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
2 Scalar gluon pair, sgluon—tt 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
‘O" WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
v_ =8 TeV 1 0_]_ 1
full data Mass scale [TeV]

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



Non-SUSY Searches

Extra dimensions, q*, new bosons,
vector-like quarks, .....



Nl

. Extra spatial dimensions
explain the apparent

< g weakness of Gravity
| (relevant scale ~TeV)
q7 G

S | T T T | ]
£ = === 95%CL Observed limit, LO (+ 1op0, )
= AOEToeeeoeen - - - 95%CL Expected limit, LO (+ 16,,,)
E 4 E__ _______ —— 95%CL Observed limit ATLAS 2010, LO_:
) B ncnoconnonons .
S ATLAS ]
O 35—  |oooeomeeeeees —
< CEEEEEEE \s=7TeV,J.L=4.7fb‘1 ]

2.5

Ukl
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|_|_|_| E

Illll

| | | |

3 4 5 6
Number of extra dimensions

Limits on M, beyond 3 TeV
(a real challenge of the model model validity)

Note: Limits sensitive to the truncation strategy
for srhat> M,? ... LHC probing phase space at large Q?

Large Extra Dimensions
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- 95% CL limits, NLO Theory i
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Significance

| I IIIIIIII | IIIIIII| I IIIIIIII T IIIIIIII I III|I|I| [

Bump hunting...

p-value =0.6
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-o-Data

— Background
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Dijets
Dijet mass spectrum fitted to the functional form
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Excited quarks with mass < 3.84 TeV
excluded at 95% CL



Events

10?

Observed / Expected
—

6 B [pb]

—
Qe

—
Q
N

103
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hadronic-top-eandidate

Using both resolved and boosted t=> Wb reconstruction'”’

Events / TeV

Data/Bkg

leptonic fop

candidate

ha&i‘onic top
/ - candidate

leptonic top candidate

tt Resonances

ATLAS-CONF-2013-052
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T osh k°'b,bb m, = 400 GeV ATLAS
o, 6,
t’ searches ;= | v [uanarw
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Se arC h fo r ATLAS-CONF-2013-018
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b Explores the decay
t’ > Ht (H = bb) )
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ATLAS Preliminary
: m, = 450 GeV Status: Lepton-Photon 2013
0.8 =5

ys=8TeV, I Ldt=14.3fb"
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Summary of Exotic Searches

Large ED (ADD) : monojet + E
Large ED (ADD) : monophoton + E

T.miss

T.miss
‘3 Large ED (ADD) : diphoton & dilepton, m,,
o UED : diphoton + E, ...
2 S'/z, ED : dilepton, m,
g RS1 : dilepton, m,
3 RS1: WW resonance, my .,
© Bulk RS : ZZ resonance, m,,
= RS g, — tf (BR=0.925) : ti— I+jets,m_
W ADD BH {M,,, /M,=3) : SS dimuon, N, .«

ADD BH (M,,, /M =3) : leptons + jets,Xp
Quantum black hole : dijet, F_(m

My (5-2)

M, (5=2)
M, (HLZ 5=3, NLO) AT,LAS
Compact. scale R Presminary
My ~ R
Graviton mass (k/Mp = 0.1)
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mg, = 1.0) j‘-d' =(1-20)fb"

M, (8=6)
M, (5=6)

S qqll Cl : ee &y, rﬁ" b, 7 T 11.11 eV A (constructive int.)
uutt Cl : SS dilepton + jets + £, . [£=18315" 8 TeV JATLAS-CONF-2013-051] 3atev. A (C=1)
..................................................................................... Z(SSM)meew L8 ", 8 e IATL A COMPAMS 2171 .
Z' (SSM) :m.. |L=471b",7 TeV [1210.6604) 14Tev Z' mass
S Z' (leptophobic topcolor) : tt — I+jets, M, |L=14.3 15 8 TeV [ATLAS CONF-2013-052] 18Tev Z' mass
W' (SSM) 1y, [L=47 1" 7 Tev [1209.4445) 255Tev. W' mass
W' (—=tg, g =1) TM, | L=47 b7, 7 TeV [1209.6503) 430 GeV_ W' mass
________________________________________________________________________ Wy (= tb, LREM) :m, . [383 57 tow iaTLAS conF 201550 T8aTev. W mass
Scalar LQ pair (f=1) : kin. vars. in eegjj, evjj |L=1.0m",7 Tev [1112.4528) 660Gev 1 gen.LQ mass
G Scalar LQ pair (5=1) : kin. vars. in ppjj, ivjj |t=1.01" 7 Tev [1203.3172) 685Gev 2™ gen. LQ mass
Scalar LQ pair (B=1) : kin. vars. in ttjj, Tvjj |L=4.7b",7 TeV [1303.0526) 534Gev 3" gen. LQ mass
........ (,,4"‘enerat|ontt—>WbWb et 07 TV 12103088 R © rross
=X 4thgeneration: b'b'— SSdilepton + jets + E [543 157" Tev [ATLAS-CONF-2013.051) 720 GeV_ b' mass
% 3 Vector-like quark : TT— Hi+X |£=14.31b". 8 TeV [ATLAS-CONF-2013.018) 790 GeV_ T mass (isospin doublet)
........ 7 o Vectorlike quark : CC,m,,, [L=881b" 7 TeV IATLAS-CONF-2012-137) 142Tev. VLQ mass (charge -1/3, coupling kg = v/m)
) Excited quarks : y-jet resonance, m 2.1 eV [41 6Tev| q* mass
‘S g Excited quarks : dijet resonance, 75; [ 384TeV. Q" mass
G K] Excited b quark : W-t resonance, m,, b* mass (left-handed coupling)

Excited leptons : |-y resonance, m

Techni-hadrons (LSTC) : dilepton,m

Techni-hadrons (LSTC) : WZ resonance (vil), m..-
. Major. neutr. (LRSM, no mixing) : 2-lep + jets
g Heavy lepton N* (type Ill seesaw) : Z- resonance, my,
S H_" (DY prod., BR(H —ll)=1) : SS ee (), m

Color octet scalar : dijet resonance, m
Multi-charged particles (DY prod.) : highly ionizing tracks

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

227eV_ |* mass (A = m(l*))

p Joo, mass (m(p Jo) - m(x;) = M, )

p_ mass (m(p,) = m(x,) +m,, m(@)=1.1m(p,))
N mass (m(W_) = 2 TeV)

N* mass (|V_| = 0.055, |V | = 0.063, |V| = 0)

H;* mass (limit at 398 GeV for uu)

Scalar resonance mass

mass (|g| = 4e)
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J5 = 1TeV

Followed prescriptions in 1206.2892 [hep-ph] —pp— 43
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The discovery of New Phyiscs requires
more energy and more data .........
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Up to 7x1033 cm-2s-1

Double number of interactions per crossing

Nominal LHC conditions
Up to (1-2)x1034 cm-2s-1
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14 TeV Prospects
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Final Notes

More energy and more data !

El LHC will almost double
the centre-of-mass energy
in 2015

8 TeV - 13 TeV

(about 20 — 30 fb-1 in 2015...my guess)

I
ratios of LHC parton luminosities: 13 TeV /8 TeV / ‘;-I’
[

Cross section for stop (0.9 TeV mass) pair /.
production @ 13 TeV= 12x @ 8 TeV |

— 99

luminosity ratio

MSTW2008NLO

Ready for a new discovery ?

77




Backup Material



History of the Universe g\
WHC

380.000 years |
p.c“\‘“w \‘ﬁ:\":&c
wa

Inflation
‘
! 1044
109>

T 192 s
S 01 '0f%

’0'3

Key: .
q quark Q * star

g guon/10fl @ ® baryon
€ elecrron o lon ’ ploy
| Movon teaw A ot -




ATLAS

(relevant to photon ID)

Inner Detector - Barrel (B)&End-cap (E) in 2T solenoidal
magnetic field:

* Track reconstruction up to |n|<2.47;

* Conversion verticies reconstruction;

* e/y and e/nt* separation;

* Pixel: (B) 3 layers +(E) 2x3 disks 0,,~10 pm, 0,~115 pm;

LR=554mm
(R =514 mm

ser4 R =443 mm * Semi Conductor Tracker: (B) 4 layers +(E) 2x9 disks
R =371 mm ow"'17 pm, 0,~580 pm;
L R =299 mm * Transition Radiation Tracker: (B) 73 layers +(E) 2x160
layers 0,~130 um;

Cells in Layer 3
&9~an = 0.0245%0.05

R =122.5 mm
Pixels { R = 88.5 mm

R=50.5mrn1

e om, £ e @

LAr lead sampling calorimeter with an n=9 & e <IN
‘accordion” geometry. / . P é/;& o
* 3 longitudinal layers with cell of AnxAg: — e NN o

* 1%tlayer (0.003:0.006)x0.1; f‘e’;.,T 1 f\\/fk’ \

«  2n Jayer 0.025x0.025; s SN '

* 3 ayer 0.050x0.025. i Covez o
*  Presampler for |n|<1.8 AnxA¢@~0.025x0.1. R S ~
* Barrel-end-cap crack |n|=1.37+1.52. " l IR ) W
*  o(E)/E=(10-17%)(n)/VE(GeV) @ (1.2:1.8%). I/ ~cun
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4 Extra spatial dimensions
explain the apparent

LAY 0 9 weakness of Gravity
oy, (relevant scale ~TeV)
q” G
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Limits on M, beyond 3 TeV S

(a real challenge of the model model validity)

Note: Limits sensitive to the truncation strategy
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(including non-pQCD corrections) and to
NLO ME + PS (POWHEG) with different
PS + UE/MPI implementations

Stringent test of pQCD predictions
(sensitive to quark compositeness)
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j L dt=37 pb’
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1 anti-k, jets, R=0.4
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statistical error
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uncertainties

NLOJET++
(CT10, p=p™®) x

Non-pert. corr.

POWHEG
A (CT10, u=pP") ®
PYTHIA AUET2B

POWHEG
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Non-pert. corr.

Measured cross section in agreement

with NLO pQCD predictions

Clear sensitivity to the details of the

NLO ME+PS implementation
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Measured cross sections with
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Gluino for production
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GMSB Gravitino mz o = (F)/vV3Mp

Interpreted in terms of GMSB
gravitino+squark/gluino production
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EWK fits vs Higgs
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Unification of Forces...

Strength of Force
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Considers many jet and b-jet
multiplicity bins to constrain

simultaneously signal and background

»  |+jets channel

ttH (H - bb)

ATLAS-CONF-2012-135
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Profiling of systematic uncertainties

Kinematic fit in signal region for ttH
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Higgs Couplings

ATLAS Total uncertainty
my = 125.5 GeV + 1c + 26
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Consistent with SM predictions



