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The Large Hadron Collider project is a global scientific adventure,
combining the accelerator, a worldwide computing grid and the
experiments, initiated more than 25 years ago

There is a fourth, essential element: the constant .
| driving motivation from our theory colleagues, and
Julius Wess and Bruno Zumino with SUSY have
created such an essential one!

It is a great prlwlege and pleasure
to present now first pysics results |
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A most basic question is why particles (and
matter) have masses (and so different masses)

The mass mystery could be solved with the ‘EW symmetry
breaking mechanism’ which predicts the existence of a new
elementary particle, the ‘Higgs’ particle

(theory 1964: R. Brout and F. Englert; P.W. Higgs;

G.S. Guralnik, C.R. Hagen and T.W.B. Kibble)
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Supersymmetry (SUSY)

(Julius Wess and Bruno Zumino, 1974)

Establishes a symmetry between fermions (matter)
and bosons (forces):

- Each particle p with spin s has a SUSY partner p
with spin s -1/2

- Examples q(s=1/2) > q(s=0) squark
g(s=1) 2> §(s=1/2) gluino

Our known world... Maybe a new world? Motivati
Spin1/2 |, 4 Spin 0 i i ofivation:
quarks < squarks < - Unification
g 4 (fermions-bosons,
leptons < - sleptons < matter-fOrceS)
YR g - Solves some deep

problems of the

Spin 1 R ~ Standard Model
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How the LHC came to be ...

(see a nice article by Chris Llewellyn Smith in Nature 448, p281)

Some early key dates

1977 The community talked about the LEP project, and it was already mentioned that
a new tunnel could also house a hadron collider in the far future

1981 LEP was approved with a large and long (27 km) tunnel

1983 The early 1980s were crucial: TRANSVERSE ENERGY DEPOSITION

2852, 24877 VIEW 58 HARD TRIC=Z W  EMTO HATQ  3F SOFT —GIOF ZCE
The real belief that a ‘dirty’ hadron collider 0 GEV b
can actually do great discovery physics came_ (REDUCED)

st T,B,N,L,JD8,R,P,Hielp) CP Tt

from UA1 and UA2 with their W and Z boson
discoveries at CERN

This also triggered a famous quote from a
1983 New York Times editorial:

‘Europe: 3 - US Not Even Z-Zero’

A very early Z - ee online display WEIGHTS. €M 1-00, K1 100, HZ 1.00, FB 100 WM CELL TRANSY ENERGY 360 BV
from one of the detectors (UA2)
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b4 : - Spokesperson Fabiola Gianotti,
ATLAS and CMS were born with Letters of Intent celebrating 20 years of ATLAS

H st
(Lol), submitted on 15t October 1992, 20 years ago on 15t October 2012
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Ne1

1991 December CERN Council: July 1991
‘LHC is the right machine for (supplement __
advance of the subject and the July/ August 1991)
future of CERN’ (thanks to the

great push by DG C Rubbia)

1993 December proposal of LHC
with commissioning in 2002

1994 June Council:

Construction was formally proposed
by DG Chris Llewellyn Smith, but few
countries could not yet agree, so the
Council session vote was suspended
until

16 December 1994 Council:

(Two-stage) construction of LHC
was approved

KIT Karlsruhe
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The two-stage approval of LHC was understood to be modified in case sufficient
CERN non-member state contributions would become available

A lot of LHC campaigns and negotiations took place in the years 1995 - 1997,
including also the experiments

Japan, Russia, India, Canada and the USA were agreeing in that phase to
contribute to the LHC

(Israel contributed all along
to the full CERN programme
and LHC)

1996

December Council approved
finally the single-stage 14 TeV
LHC for completion in 2005

Delivery of the last dipole for the LHC injection lines from
Russia (15% June 2001), with DG L Maiani and A Skrinsky
in the centre

KIT Karlsruhe
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For the experiments it was a
long way convincing the LHCC,
but finally, on 16'" November
1995, our referees were happy,
and Hugh Montgomery, ATLAS
main referee at that time, gave
us the following ‘official leak’
from the committee...

The LHCC recommendations
meant in particular that
ATLAS and CMS could now

proceed in developing their
series of Technical Design
Reports
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ATLAS
Collaboration

38 Countries

176 Institutions
3000 Scientific participants total
(1000 Students)

MPI Munich from Germany Co[[a borat|on

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku,
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, UAN Bogota, Bologna, Bonn, Boston,
Brandeis, Brasil Cluster, Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, CERN,
Chinese Cluster, Chicago, Chile, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow,
SMU Dallas, UT Dallas, DESY, Dortmund, TU Dresden, JINR Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen,
Glasgow, Gaéttingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, lowa SU,
lowa, UC Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Kyushu, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool,
Ljubljana, QMW London, RHBNC London, UC London, Lund, UA Madrid, Mainz, Manchester, CPPM Marseille, Massachusetts, MIT,
Melbourne, Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, RUPHE Morocco,

FIAN Moscow, ITEP Moscow, MEPhI Moscow, MSU Moscow, LMU Munich, MPI Munich, Nagasaki IAS, Nagoya, Naples,

New Mexico, New York, Nijmegen, Northern lllinois, BINP Novosibirsk, Ohio SU, Okayama, Oklahoma, Oklahoma SU, Olomouc,
Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania, NPI Petersburg, Pisa, Pittsburgh, CAS Prague,
CU Prague, TU Prague, IHEP Protvino, Rome |, Rome Il, Rome Ill, Rutherford Appleton Laboratory, DAPNIA Saclay,

Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, SLAC, South Africa, Stockholm, KTH Stockholm, Stony Brook,
Sydney, Sussex, AS Taipei, Tbilisi, Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokyo MU, Tokyo Tech, Toronto, TRIUMF, Tsukuba, Tufts,
Udine/ICTP, Uppsala, Ul Urbana, Valencia, UBC Vancouver, Victoria, Warwick, Waseda, Washington, Weizmann Rehovot,

FH Wiener Neustadt, Wisconsin, Wuppertal, Wurzburg, Yale, Yerevan



Age distribution of the ATLAS population

All 2690

Male 81.8%
Female 18.2%
(Status 1.1.2010)
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(<35y 47.2%)
(<35y 44.0%)
(<35y 61.3%)

® Male

® Female




The Underground
Cavern at Point-1 for
the ATLAS Detector

Length =55m
Width =32 m
Height =35m

KIT Karlsruhe
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Hector Berlioz, “Les Troyens”, opera in five acts
Valencia, Palau de les Arts Reina Sofia, 31 October -12 November 2009
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‘The joy in the ATLAS Control
Room when the first LHC beam
9....

e
s T

& collided on November 23, 200

e
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First collisions at the LHC end of November 2009
with beams at the injection energy of 450 GeV

7TE (GeV)

Candidate
Collision Event

2009-11-23, 14:22 CET
Run 140541, Event 171897

(/ " EXPERIMENT

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




Total integrated luminosity Nevents = 0./ L dt

~ 2’000’ 000’ 000’ 000’ 000 collisions

The experiment records typically 94% of the stably delivered luminosity,
and uses up to 90% of the LHC luminosity in the final analyses!

KIT Karlsruhe _
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The Worldwide LHC Computing Grid (wWLCG)

Tier-2 Centres

ﬁﬁ (> 100)

Tier-1 Centres

--~--10 Gbit/s lin
N_[_)GF i
- 5
a :’ ’:‘
BNL L

Tier-0 (CERN):
«Data recording
*|nitial data

reconstruction
*Data distribution

-
Crockhams N7 L ‘-’
o’

s

‘ Tier-1 (12 centres):
*Permanent storage
*Re-processing
*Analysis
*Simulation

TRIUMF
INFN - CNAF Verwiunver, Convile
Sodogee llaky

Tier-2 (68 federations
of >100 centres):

» Simulation

* End-user analysis

KIT Karlsruhe
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Physics Highlights:

General event properties

Heavy flavour physics

Standard Model physics
including QCD jets
Higgs searches
Searches for SUSY

Examples of searches
for ‘exotic’ new physics

KIT Karlsruhe
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Standard Model
Physics

Candidate Z 2> u*w

W - ev candidate

CUATLAS

A EXPERIMENT

Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

P () =27 GeV n(u)= 0.7
p,(u*) =45 GeV n(u*) = 2.2
Mpu =87 GeV

Z>pup candidate
in 7 TeV collisions

W-ev candidate in
7 TeV collisions
p,(e+) =34 GeV

nle+)= -0.42

E, ™= = 26 GeV

M. =57 GeV

Today ATLAS has in the data
more than:

100M W= puv,ev events
1I0M Z - pyu,ee events

after all selection cuts




Z and W production

>
o i i
01600__ —-e—Data 2010 (\s=7TeV) JLdt=36 pb' ]

~1400F [Jz-ee ATLAS Preliminary

Events / 1 GeV

lllIIllllllIIllllllllllllllllll

0 -hﬂ-ﬂ-‘uﬂm

70 75 80 85 90 95 100105110115
Mee [GeV]

Z peak (di-lepton pair mass distributions,
can be extracted essentially background-free)
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Phys Rev D85 (2012) 072004
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—4— Data 2010 \s = 7 TeV) _ -1
i JLd’[-33 pb

] acp
Bl 7o« ATLAS
B

] Wonv
Bl W, Wz, 77

10°

10*

10°

10°

1 IIIIIIII 1 IIIIIII| | IIIIIII| 1 IIIIIII|

10

T Illlllll T IllIIII T llllllll T IIIIIlll T Illllll]

70 80 90 100 110
m,, [GeV]

m = \/(E1 + E2)? — (p1 + pa)?

ATLAS physics road map 25



What a contrast to the Intermediate Vector Boson discovery
distributions in 1982 and 1983 by UA1 and UAZ2 ...

al

Events/S GeV/c?
o
155

b

7.
s

ferst everts

KIT Karlsruhe
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1982 /=3

(here are shown the UA2 distributions)

[ Central calecimeter
Faeward detectors |

7] Conlrah cxtanmeter
B Forward detecters

.. N o~
Y

years ago!
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W cross section measurement with e and u

Phys Rev D85 (2012) 072004

7o) [ @/O ATLAS/CMSW-—olV  seeese W (pp)
= | W/O ATLAS/CMS W= I'v — W (pp)
L A/A ATLAS/CMSW —Iv "
. [ e T SR W (pp)
= ®/O CDFW-(lle)v L Y ™
= 10w DowsEwy 0 T T e
’]‘ - @ UATW-SIv P
; = v UA2W-oev =
e | ®/O Phenix W' (e'/e)v .22 e S
1 7 gl ‘.“"‘ ‘
X = N Data 2010 (\s =7 TeV)
b; E g
L | o : - _
0 ‘ = 1.05} W W W
-1 ‘o‘. Z [
10 — .~' ..(3 1-_
= MSTW2008 NNLO 8 -
5 C# 68%CL PDF uncertainty ~ 0-2°f
t ' 1 1 1 L AR T S
1 10
KIT Karlsruhe NS [TeV]
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Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST

m; =4.7 TeV
p{ =2.3TeV
E Miss = 47 GeV

325 ET (GeV)




Note also that the event displays have become more sophisticated since the
first spectacular events, hand-drawn, at a hadron collider ...

Volume 118B, number 1, 2, 3 PHYSICS LETTERS 2 December 1982

Highest mass event
(a) (b) in the 1981 UA2 data,
m; = 140 GeV

KIT Karlsruhe
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® CDF
O DO

A UA2
2 UA2
0 UA2
¢ UAT

IIIIIIl | |

2008 \s = 1960 GeV |y| <0.1
2008 \s = 1960 GeV |y| <04
1991\s = 630 GeV |y| <0.85
1985\s = 630 GeV |y| <0.85
1985\s = 546 GeV |y| <0.85

’}985\@1—‘ pReGeV Iyl <140 | | 0]

| T 11 II
OCMS 2011 \/s=7000 GeV |y| <0.5

® ATLAS 2011 \s = 7000 GeV |y| < 0.3
B ATLAS 2012 \[s = 2760 GeV |y| < 0.3

®
b—é-lﬁ
_I.LI.IHJI lllllllll lllllllll IllllIIIl |||||||| ||||||||| IllllI]lI lllllllll lllllll]] lllllllLLLLI.I].I] lllllllll lllllllll L1
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Very detailed jet measurements are now available from
LHC that can be compared with QCD calculations ...

Example:

The inclusive di-jet
cross sections as a
function of the di-jet
mass for various
rapidity separations

The data are spanning jets
over a large phase space:

-20 GeV<py<2TeV
-Inl<4.4

(v* = 0.5 In; Thny)

KIT Karlsruhe
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O f ﬁgﬁﬁgi{fgs O 15<y* <20 (x10% 7
E 10 F A 10<y* <15 (><10‘2‘) =
— O 05<y"<1.0 (><1OO) —
NLOJET++ .
10" 5 (CT10, pep_ exp(03 y) x @ y" <0.5 (x107)
% T

> = Non-pert. corr. =
© 10" = B
ﬂ - 6'!@!@ -
& 9 -4 e —
2 1 - =D ***-- Zee, Wi .
e 107 L T --,F!E Cs Wi _:
© L= *a Ebua ]
== e L — -
5[ =0 _qu = - _
107 F o= e, ™ m
10°E ...*-o-‘ s -
- o . -
— ATLAS Preliminary "'...I.l E% B —
10 anti-k, jets, R =0.4 '!O!. — B
. ) —
oL s =TTeV [Lat-4sm e -
— 2011 Data == —

10-3 1 1 1 Lo | 1 1 L 1 L
3x10" 1 2 3 4 567

ATLAS-CONF-2012-021
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Top measurements

« Complete set of ingredients to investigate production of ttbar, which is
the next step in verifying the SM at the LHC:

* e, u, E;mss, jets, b-tag

e,n

« Assume all tops decay to Wh: event topology

| \
then depends on the W decays: ¢ Joo
e one lepton (e or p),
E,™miss, jjbb (37.9%)
b

e di-lepton (ee, uu or ep),
E.™ss, bb (6.5%)

e Data-driven methods to control QCD and W+jets backgrounds

KIT Karlsruhe
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tt candidate event e + u + 2 jets (b-tagged) +ETmiss

\ Run Number: 160958, Event Number: 9038972

Date: 2010-08-08 12:01:12 CEST

CATLAS

A EXPERIMENT

. I ¥ L]
Klﬂarlsruhe/-
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A summary of

Standard Model measurements

S 107 e i ATLAS Prellmlnary
I — 35pbT
2 = — LHC pp V& = 7 TeV
° i 35pb7 | Theory
10* 3 ’ m Data 2010 (L =35pb’)
- o Data2011(L=1.0-4.61")
10° _ LHC pp Vs = 8 TeV
= | Th
- 5_._[‘8 il N D Torzymz (L=5.8fb"
— ' o ata =5
i : = é i ' !
10° 1ot L
- ' L e
i | = 1; I . 58®
10E 46fb 2 g X
- 4.6 b
T 7z T T ¢ Tww T w I w | z

The excellent performance in measuring Standard Model physics gives
confidence for the readiness of the two experiments to search for New Physics

KIT Karlsruhe
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GATLAS
EXPERIMENT
http://atlas.ch

The Higgs(-lik€e)
boson

| RRRRER R R R e o B By
) CATLAS

A EXPERIMENT

ATLAS and CMS have
announced the discovery
of a new boson together
on 4% July 2012, published
in a special issue of
Physics Letter B

Phys. Lett. B 716 (2012) 1

Phys. Lett. B 716 (2012) 30
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o000

Events / 2 GeV

Events-Fit

ATLAS-CONF-2012-168

—

7000 — R
— Selected diphoton sample 3
6000 - e  Data2011+2012 —
= Sig+Bkg Fit (mH=126.5 GeV) 3
S000— g @ mmeeeees Bkg (4th order polynomial) =
40005_ ATLAS Preliminary _f
3000 — —
2000 \s =7 TeV, ILdt =4810" —
1000— s = 8 TeV, ILdt =13.01b" Raw data —
300 ;_: } — :_;
200 - 6.10 =
100 —
RIS RERA: :

0F | T ' ! + ? + + =
-100 ?y * + + + + —
[GeV]

10 120 130 140 150
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> [
§35:_ * Data ATLAS Preliminary
a r - Background zZ"” H%ZZ(*)%4|
[
530:_ B Background Z+jets, ti
- |:| Signal (mH=125 GeV)
25
- 7/ Syst.Unc.
20— )
s =7 TeV: |Ldt = 4.6 fb |
sMis =8 TeV: [Ldt = 13.0 b ¢
10—
8 jl -
0
ATLAS-CONF-2012-169 100 150 =00 m, [GeT
|
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U EfarERRNE vRFRRRRRERVEEDD fix sOp4H 2R FE* mawam t
U EREEREEEEEYEDBERE BniEEEREnd B FRCERRRRED ERR Ri BRERERREEER
U fifReEEEEE R EsnERIFRE RS 2@ yZ v R FE aF 0 iR o2 S, i
U @ FE@EERRES ERind B SHERISH/ S /FdiE
O CPRERFEREREE dERERndd ez PRI B BERREEE BRI
(Just as an example of several subsamples) (All subsamples, background subtracted)
% : I T T T T I T T T T I T T T T I T T T lShﬂl T T T T : % K | T T T T | T T T T I T T T T l T T T T | T T T T ]
— . . % @ ] | . ' —
g 455_ ATLAS Prel|m|nary ; alavt; ﬁ WZI(ssZZy/swystat) _E (5 120: ATLAS Pre“mmary —+— Bkg. subtracted data -
=  40F \s=8TeV,[Ldt=130f" [ [ SndeTop 3 2 F \s=8TeV, [ Lat=13.0f6" [ ] HizsGev g
- = (,) _ B Z+jets [ Weets ] ~ 100~ . ‘ -
42 35— H->WW' —evuv (1 jet) BB H[125GeV] % - H->WW' ‘—evuv/uvev (0/1 jets) .
g = = ¢ 80 7
= s 7 Y r :
3 E 60t + .
Wt
= E 201~ —
= E N + 3
= = U d
i Lt : C | 1 1 1 1 | 1 1 1 1 I :"7| 1 1 I 1 1 1 1 | 1 1 1 a
250 300 50 100 150 200 250 300
mr [GeV] my [GeV]
mp = \/(E'[I! + E‘!II_liSS)Q _ (P'[I'[ + P‘!Il_liss)'z
ATLAS-CONF-2012-158
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Summary and combination m = 125.2 + 0.3 (stat) * 0.6 (syst) GeV

Observed data compared to the

f 2 g:nctlgrounhd ona’l hy_pothe3|s probability that the background
= 'ggs nhypothesis fluctuates to fake the observed
o ! | | excess of events, and what is
' m, =125 GeV .
ATLAS Preliminary o ) expected from a SM Higgs
W,ZH — bb :
\s = 7Tevf|__d)t 47 el (Ijbcal pOD
Vs =8 TeV: JLdt = 13 b :
H i T =L L I L L L
(o7 rot Lt . & 10°E ATLAS Preliminary
Vs = STevadt 13fb‘ 5 10° \s = 7TeVJLdt 4.6-48 1"
H— WW = v | ~+-Combined observed BTeV. Lt = 13 b
Vs =8 TeV: JLdt= 13 b -'—0— 10 -- Combined expected s = -
H-— -
\s = 7Tex¥Ldt 48fb1 ; e— 101
\s =8 TeV: ILdt 13" 3
Hozz" 5 4 | 10
\s=7TeV: [Ldt= 461" —— 5
Vs =8 TeV: | Ldt= 13 fb” ] 10
Combined n=1.35% OE) 107
Ys=7TeV: [Ldt=46-48% e
\s =8 TeV: JLdt = 13 11" : 1 0'9
| | | | | |
40 +1 10"
1 BEL o o b b by
Signal strength (u) 10 15 120 125 130 1%

ATLAS-CONF-2012-170 my [GeV]

(First analyses and fits for the Higgs couplings and spin have been made as well which
are still very much limited by statistics, albeit well compatible with the Standard Model)
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Searches Beyond the Standard Mfdg
r (only very'few exarﬂples out oﬁ mhny )
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Astronomers found that
most of the matter in
the Universe must be
invisible Dark Matter




In practice SUSY searches at LHC are rather complicated

« Complex (and model-dependent) squark/gluino cascades

Missing
e Transverse
%1 Energy

—_
o
o

T T TTTTIT

T Illlllll

Events/50 GeV/10 fb
o

—
(@)
w

T lllllll

 Focus on signatures covering large
classes of models while strongly

rejecting SM background 6
— large missing E;
— High transverse momentum jets

Standard Model

T T lllllll

. 10 L | 1 | 1 | 1 | 1
Leptons 0 500 1000 1500 2000 2500
« Perform separate analyses with and M_ (GeV)

without lepton veto (0-lepton / 1-lepton / 2-leptons )
— B-jets: to enhance sensitivity to third-generation squarks

— Photons: typically for models with the gravitino as LSP
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1-2-2013, P Jenni (CERN)

eff (
Meff = Etmiss + = pT(jets)

ATLAS physics road map 42



Entries / 100 GeV

DATA/ SM

Analyses re-optimized and updated with full 2011 Luminosity

— 0-lepton + 2-6 jets + high MET (based on Et-miss+jet triggers)
- 0O-lepton + 6—9 (multi-)jets + MET (based on multi-jet triggers)
- 1-lepton + 3,4 jets + high MET (based on lepton triggers)

Example: O-leptons + 2-6 Jets analysis

: T T 1] T I 1 T T T l T T T T I T T J T ‘ T T T T I T T T T I :
- I[L dt=4.71fb" ]
10*E e Data2011 \s=7TeV) —=
E — SM Total 3
- 1t and single top o
i Bl Z+jets 7
10° [ W+jets
= [l Diboson
- [ multijet
L o s SM+SU(500,570,0,10)
10 @ 2 "B SM+SU(2500,270,0,10)
u ATLAS Preliminary
10
3
25 ; ....................................................
o eeetesge, . dty + .............................
0.5 ;_ ......................................................... ->e + + ........
00 500 1000 1500 2000 3 2500 3000
o m(incl.) [GeV]
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A signal region
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Entries / 100 GeV

DATA/ SM

10*

10°

102

10

ATLAS-CONF-2012-033, 037, and 041

.
-
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T T IIIIIII

T T TIIIITI

TTIT[T]IIT'IIITTII'IITTIII']I

‘[L dt=4.7fb'

® Data 2011 \s=7TeV)
—— SM Total

[t and single top

= W+jets

Wl Z+jets

Il Diboson

[ multijet
SM+SU(500,570,0,10)
SM+SU(2500,270,0,10)
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CR2 SRA

——

L IIIlII[

|| Illllll

myerT IIIIIII
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A control region where no signal is expected
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Interpretation of the results
Consider phenomenological MSSM models containing only squarks
of 1st and 2"d generation, gluino and light neutralinos

Squark-gluino-neutralino model, m(i?) =0GeV

;2800 | I | I I | I iIJ I I; | I | I ] ] I ] I ] I I ] ] | ] ] ] I | ] | _]
3 - A ATLAS Preliminary .
-;-2600 — 5 —
a : ]
g 2400 — L (3 I Ldt=581f5" ys=8 TeV —
X [ -]
§ 2200 — et 0-lepton combined —]
o — S e o SUSY .
(7 2000 = A\ ., — Observed limit (+1 crthew) =
C "'-..' \ - -~ Expected limit (+10,,,) 7
1800 — ' 3 o i} —
B ey Observed limit (4.7 b, 7 TeV) ]
1600 |— e e —e g=
1400 [— e s ]
1200 —
1000 :_ ATLAS-CONF-2012-0109
80 [ | 1 l | 1 | l 1 | 1 | 1 | | l | 1 | 1 1 | 1 | 1 1 | I 1 1 1 ]

0
800 1000 1200 1400 1600 1800 2000 2200 2400

KIT Karlsruhe gluino mass [GeV]
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SUSY I|m|tS ATLAS SUSY Searches* - 95% CL Lower Limits (Status: HCP 2012)

O ——— — IR ERN — T T TTTT] T T
L=581b", 8 TeV [ATLAS-CONF-2012-109] T‘v — g mass

L=5.81b", 8 TeV [ATLAS-CONF-2012-104] 1.24TeV q g mass

L=581b", 8 TeV [ATLAS-CONF-2012-108] 1.18 TeV g maSS {m(g) < 2 TeV, light % ) ATLAS

........................... MSUGRA/CMSSM © 0'lép + ] SVE; L
MSUGRA/ICMSSM : 1 lep +j's + E,_ms
Pheno model : O lep +j's + E

7} T.miss . e
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..................................... i —>* X Z_T X, :3lep + E; ... [L=1301b" 8 TeV [ATLAS-CONF-2012-15¢]  140-295 GeV. X mass (miz )= mi, )”’(1.) 0, sleptons decoupled)
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*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



Events

Searches for heavy W and Z like particles

These searches are quite straight-forward, following basically the same
analyses as for the familiar W and Z bosons

Z[ Di-lepton pairs

108 ATLAS Preliminary ~ + Data 2012
Z' — ee Search Oz
10° J. -1 |:| Diboson
Ldt=59fb
10* | Wi
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o

S
__|'|'ITI'I'I'I'| \|||||||| IIIH|T|'| TTT

—

Events
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Search for direct Dark Matter (DM) particles

in pair-production

q DM A single photon
(150 GeV) or jet
plus ETmiss

DM

Ut

ATLAS-CONF-2012-085
arXiv:1210.4491v1[hep-ex]
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DATLAS BSM searches

Large ED (ADD) : monojet +E, ..

Large ED (ADD) : monophoton +E, ..

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

UED : diphoton + E, ..

§'/z, ED : dilepton, m,

RS1 : diphoton & dilepton, m,,

RS1 : ZZ resonance, my, .,

RS1: WW resonance, my,,,

RS g, —tt (BR=0.925): tt— I+jets.m
ADD BH (M, /M,=3) : SS dimuon,
ADD BH (M,,, /M ,=3) : leptons + jets, Xp

Quantum black hole : dijet, F (m‘s

Extra dimensions

' 7qqqq contact interaction ':";’("('m TN

qqll Cl : ee & pp,

Cl

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

W' (SSM) :my
W' (=1tq,g =1) .m,,
W (— tb, SM) :m_
............................................................. W' .:.mt.e\'p...
Scalar LQ pair (#=1) : kin. vars. in eejj, evjj
Scalar LQ pair (f=1) : kin. vars. in ppjj, wvjj
.. Scalar LQ pair (8=1) : kin. vars. in 73}, vjj
é 4" generation : t't'— WbWb
4" generation : b'b'(T_ T, ,)— WitWt
New quark b’ : bB'— Zb+X, m,
Top partner : TT — tt + A A, (dilepton, Mrzs
Vector-like quark : CC,m,,

Vector-like quark : NC, My

Excited quarks  y-jet resonance, m

Excited quarks : dijet resonance, 717;
Excited lepton : |-y resonance, m

vl

 Excit.. New quarks: LQ

: ferm.

Techni-hadrons (LSTC) : dilepton,m,_,
Techni-hadrons (LSTC) : WZ resonance (vlll),mr Wi
Major. neutr. (LRSM, no mixing) : 2-lep + jets

W, (LRSM, no mixing) : 2-lep + jets

H (DY prod., BR(H =ll)=1) : SS ee (uu), m

H™* (DY prod., BR{H*—eu)=1): SS ey, m '

Color octet scalar : dijet resonance, ne1:

9 5% CL Iimits ______________________________

Other

o

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

boosted |
ch.part. |

......................................................................... Iy B

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)
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squark mass [GeV]

Phys. Lett. B235 (1990) 363

On a personal note:

The search for SUSY has been a motivation for
me for 30 years, and in spite of exclusion
limits only so far | have not given up yet!

I am therefore particularly happy and grateful
to be honoured with the Julius Wess Award

KIT Karlsruhe
1-2-2013, P Jenni (CERN)
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MSUGRA/CMSSM: tanp = 10, A = 0, u>0
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‘s\ The journey w:th LHC lnto new physics territory |
L has only just begun, and for sure, further
exc:tmg tlmes are ahead of us’
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Further reading:

The Higgs Boson

ARTICLE

=0 L~

Joumey in the Search for the Higgs /~f' angmcgggcﬂ .
Boson: The ATLAS and CMS Experiments [ - g - HIGGS 3‘ _c

".’ ". . _l

at the Large Hadron Collider @S@N ,/,\

M. Della Negra, P. Jenni,’ T. S. Virdee'*

T

The search for the standard model Higgs boson at the Large Hadron Collider (LHC)
started more than two decades ago. Much innovation was required and diverse
challenges had to be overcome during the conception and construction of the LHC
and its experiments. The ATLAS and CMS Collaboration experiments at the LHC
have discovered a heavy boson that could complete the standard model of

particle physics. per i — #RYAAAS

Journey in the Search for the Higgs Boson: The ATLAS and CMS
Experiments at the Large Hadron Collider

M. Della Negra et al.

Science 338, 1560 (2012);

AVAAAS DOI: 10.1126/science.1230827

http://www.sciencemag.org/content/338/6114/1560.full.html

KIT Karlsruhe
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