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O yem?

« UT0 Takoe LHC?
. 3a4yemMm Ham (oa v Bam, Toxe) LHC?

« [etektop ATJIAC
« HekoTtopbie pesynbTaTthl ATJIAC 2011 roaa

« Bknag OUNAN B akcnepumeHT ATJIAC
« UTO panbwe?

O doyHgameHTanbHom Hayke, OUAN u T.0.
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LHC — Large Hadron Collider
(BAK — bonbLion AQpPOHHbIN
Konnangep)



CERN B PA3PE3E

WBEALAPUSA

NMepecTponka yCKOpeHusa
Kak 6yper pa6otaTts bonswopi afapoHHsI xkonnangep (BAK)

Revexrop LHCD mpoppamaven Revexrop ATLAS —apm
RS MOGTIGHD BAHNE 4A0TIJ, ‘ K3 FByX Mo M X
N2ILBaBNLD “XBapK Bv, 100 M ‘ : ReTexTS pos (218 ).
Ljo/s 308 OPNMONTS—BSINCH NT oy . - 3peck Gy AYT OOyLYBCTRASTLEN
Pa2NE MOXRY MaTopuei 1 ' : HOCAGOBI NN B PAAR

W SHTHMA TOPROR. > = > sbnacTell haanmy,
e § 420THOSTM HOMOX 6030HA
1 XwuITO2 M HOCROJ0BI MO
- ) N20THL, K2 KBTOPS K MEOXET

SOOTONATE TONHAN NaTO pMA.

8 464,5m o ALICE
m STHE 2XOHBPMMOHTIR
BAK BoccoagacT yonosus,
KOTOPM® CYL§OCTROGARN
opasy noche Bensmero
Reroxrep CMS—re x8 3agavn, B3P6122; BONYMBHNAN JaHEL R
10 u y ATLAS. Pazmemo B paje HEIRORAT MIY'WTh JBONI04H0

MITBPNM 0T 23POXRONNE
TRXHMMOGKNX XAPAKT BPNOTHE. Bnu.l‘mﬁ.

Mepeg rem xax monacrs 8 BAK, nporons) 6ygyT PasroNATLCR CHANANE KNXOKTOPNbIM CHNxpoTponom (PS), 3arem cymepcunx potponom (SPS). Monas 8 BAK, nporows: 6ygyr
YMPKYINPOBATH B NoM NOPRAKA 20 MKYT, NTOGH! BoIRTH N3 MAKCHMAN bHbIR CKOPOCTHOR M SNEPTETHYECKNR yPOBEK b. To, NTO NPON30HGET C MK JANLIWE, GygeT 38MePATLHCR

Ha NeThipex CymepRerexTopax (no cyT, Cynepnatoparopusx)




CTONKHOBEHUSA NPOTOHOB
(MOHOB CBMHLA)
Ha LHC
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7x10% eV Beam Energy
10 cm?s!  Luminosity

2835 Bunches/Beam
Protons/Bunch

7 TeVProtonProton
colliding beams

Bunch Crossing 4 10 Hz

Proton Collisions 10°Hz

Parton Collisions

New Particle Production 10° Hz
(Higgs, SUSY, ....)

Sl9ebY T selection of 1 event in 10,000,000,000,000




Collisions at the LHC: counter-rotating, high- The rate of new particle’s production
intensity bunches of protons or heavy ions. is proportional to the luminosity:

N1 N
£ o 1 227’Lb
3]

Key parameters:
N; = bunch intensity
no = number of bunches
o = colliding beam size

Proton

Nominal LHC parameters (7 TeV): 2808 bunches of 1.1x107" protons, 0.000016 m size.

Units for the luminosity:
Peak luminosity given in event rate per unit ofarea cm2s': 2010 goal = 1032cm-2s-1

Integral luminosity (prop. to number of collisions) fort . 2011 goal =1 b1

30.01.2012 3umHsd mkoaa JITD HOCTM rHyTo 5 fb'l | | |
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1 3a4em Bce 3TO Haao?
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KaptnHa Mupa = CtaHgapTtHaa Mogenb

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

Model is a g theory that st our current dge of the physics of (i particles and fur f by forces and by decay rates of unstable particles).
matter consmuents force carriers

FERMlONS spin = 1/2, 3/2, 5/2, BOSONS spin=o0, 1, 2,

Leptons spin =1/2 Quarks spin =1/2 Structure within Unified Electroweak spin = 1 Strong (color) spin =1

Mass |Electric Approx. | Electric the Atom Name Mass | Electric Mass | Electric
GeV/c? | charge

Flavor GeV/ic2 | charge Name

Flavor Mass
| charge
GeV/c? | Quark

Vet (0-0.13)x10-2 W w i Size < 10-"%m

GeVic? | charge

€ secron  0.000511 ) o

Electron Color Charge
y nmeggt?\o‘ (0.009-0.13)x10-? \g charm NUCIGHAS Size < 10-8m Only quarks and gluons carry “strong charge®
Size = 107" m (also called "color charge”) and can have strong
v interactions. Each quark carries three types of
Jmen 0.106 @ Sy . - color charge. These charges have nothing to do
heaviest ) ) with the colors of visible light. Just as electrically-
neutrino® | (0.04-0.14)x1 0-¢ : charged particies interact by exchanging photons,
in strong interactions, color-charged particles
tau 1777 1 interact by exchanging gluons.

Quarks Confined in Mesons and Baryons
*See the neutrino paragraph below. . Quarks and gluons cannot be isolated — they are confined in color-neutral particles called

i -10 . This confi results from multiple exchanges of gluons among the
Spin is the intrinsic angular mo«whn(u: ol_pamdes Szp:'m s gwtin in unnlg ;l h, which is the quantum Size = 107""m color-charged constituents. As color-charged particles (quarks and gluons) move apart, the
Lot sopusconSRE WIS ZESC RO CRUR R i (o 8 energy in the color-force field between them increases. This energy eventually is converted into
Electric charges are given in units of the proton's charge. In SI units the electric charge of the proton If the proton and neutrons in this picture were additional quark-antiquark pairs. The quarks and antiquarks then combine into hadrons; these
is 1.60x10™"? coulombs. 10 cm across, then the quarks and electrons are the particles seen to emerge

would be less than 0.1 mm in size and the

The energy unit of particle physics is the electronvolt (eV), the energy gained by one entire atom would be about 10 km across. Two types of hadrons have been observed in nature mesons qg and baryons qqg. Among the
electron in crossing a potential difference of one volt. Masses are given in GeVic? many types of baryons observed are the proton (uud), antiproton (G0d), neutron (udd), lambda A
(remember E = mc?) where 1 GeV = 10° eV =1.60x10"'° joule. The mass of (uds), and omega €2~ (sss). Quark charges add in such a way as to
the proton is 0.938 GeV/c? = 1.67x107%7 kg make the proton have charge 1 and the neutron charge 0. Among

} Properﬁes Of the |ntel'acti0n5 the many types of mesons are the pion x* (ud), kaon K~ (sti),
Neutrinos

0 (aF = <
Neutrinos are d in the sun, . reactors, The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances, B (db), and nc (cC). Their charges are +1, -1, 0, 0 respectively.
collisions, and many other processes. Any produced neutrino can be t the awa A " rature s Adveniure
described as one of three neutrino flavor states Ve, ¥y, o V, labelled by the ational Weak Electromagnetic Strong Visit the award-winning web feature The Particle Adventure at
type of charged lepton associated with its production. Each is a defined ' tic Interaction €l K Interaction Interaction Pa rt| Cc I eAdVe ntu re.o rg
quantum mixture of the three definite mass neutrinos ¥, V. and v for ‘ NEAS (Electroweak)

which currently allowed mass ranges are shown in the table, Further
exploration of the properties of neutrinos may yield powerful clues to puzzles

7 ¢ s chart has been made possible by the generous support of.
Acts on: Flavor Electric Charge Color Charge This chart has been made possible by the generous support ¢

. U.S. Department of Ener:
about matter and antimatter and the evolution of stars and galaxy structures Particles experiencing Quarks, Leptons Electrically Charged Quarks, Gluons US. Nalioan)aI Saanas Foungaytlon
Matter and Antimatter i : Graviton T ==
For every particle type there is a cormesponding antiparticle type, denoted by Particles mediating: (not yot obsorved) Wt w- Z Gluons LanenCe Berkeley Nallonéﬂ Laboratory
a bar over the particle symbol (unless + or — charge is shown). Particle and 10" m 0-41 0.8 25 3200
antiparticle have identical mass and spin but opposite charges. Some Strength at { . pachors.
electrically neutral bosons (e.g., 2°, ¥, and 1 = € but not K” = d5) are their 310~ m 10-41 10-4 60 CPEPweb.org

own antiparticies. .
Unsolved Mysteries

Part'CIe Processes Driven by new puzzles in our understanding of the physical world, particie physicists are following paths to new wonders and
These diagrams are an artist’s conception. Blue-green shaded areas represent the cloud of gluons startling discoveries. Experiments may even find extra dimensions of space, mini-black holes, and/or evidence of string theory.

i Universe Accelerating? ' Why No Antimatter? ' Dark Matter? ' Origin of Mass?

n->pe-y, e*e” — BOB? a2 i : R

~ ié ~s .' ] ‘ . )
(\‘» ! d (. | < - e

Afree neutron (udd) d to a proton An electron and positron The expansion of the universe appears to be Matter and antimatter were created in the Big Invisible forms of matter make up much of the In the Standard Model, for fundamental particles

;C ! :,\u |o ”(un de(a:?\yasnlon :(:n(:) (am“ Locuon) colig r: at high accelerating. Is this due to Einstein's Cosmo- Bang. Why do we now see only matter except mass observed in galaxies and clusters of 10 have masses, there must exist a particle

a 2 l el
b )ajn clcl:v‘ Od al]: ) W b i Thi en (0 n anni il ‘(ng rgq " logical Constant? If not, will experiments for the tiny amounts of antimatter that we make galaxies. Does this dark matter consist of new called the Higgs boson. Will it be discovered
iaa\ W i
via a vil u§ ediating oson. This ﬂe gy can annihilate to produce reveal a new force of nature or even extra in the lab and observe in cosmic rays? types of particles that interact very weakly soon? Is supersymmetry theory correct in
is neutron f (beta) decay. B9 and 8% mesons via a virtual Z
(hidden) dimensions of space?

J atter? edi han f Higgs?
boson or a virtual photon I with ordinary matter predicting more than one type of Higgs’




CtaHpgapTtHaa Mogenb

JlenToHbI Bo30oHBbI

e OnucbliBaeT (00beanHAET)
'ﬁ g, B3anMOOENCTBUS YacTuL,

* CUJIbHOE

q: 'ﬁ) . * craboe (pacnaabl)
W+ 5reKTPOMarHUTHoe

OYapOBaHHBIA  cTpaHHBIA HeWTpUHO
&

6030H Xurrca

3AEKTPOH HEeUTPUHO €

Bbinn npeackasaHbl TeopeTnyecku!

— CummeTpma u coctaB noneu = CM
L=
| B
-

49t 4(1 ur? B 4(/3, L=
Hactuubl maTepum +Q,;iPQ; + u;iDu; + d;ilpd; + L;iDL; + &;iDe;
NepeHOCUYUKM B3aMMoaencTBuUs +(Y. 9 Quu; H +Y "() okl 1< 75 ML Byl 108,

v /

MEH T H
MpekpacHO noaTBepXxpaeTcsd MHOrMMU 3KcnepumeHtTamu!



CrtaHpgapTtHaa Mogenb — OHAKO!?

« KakoBbl rpaHunubl npumeHnmoctn CM?

« KakoBo npoucxoxageHue csobogHbix napameTpos CM, novyemy
NX Tak MHOro?

« Kak cdbyHOameHTanbHble YacTuubl npuobpeTatoT Macchl U
NOYEMY OHU TaK pasfnyHbl (TOM-KBAPK N HENTPUHO)?

« [loyemy macca 6o30oHa Xurrca “He yberaeT’” Ha maccy [naHka?
« Kyga nogeanocb aHTu-BellecTBo n3 PaHHen BceneHHon?

 Yto genatb ¢ [ paBuTaumen B CM mnnm kakosa reomeTpus
BceneHHoW, CyLLEeCTBYIOT N1 AONONHUTESNbHbIE N3MEPEHNAT?

« HeT 06beanHeHns KOHCTAHT B3aUMOOENCTBUA — CYLLECTBYIOT I
HOBbIE€ YacTuLbl U B3aUMOAENCTBUNA?

« Y10 npoucxoaunt ¢ agpoHamu (KXL-maTepunen) npm 6onbLLnX
NJIOTHOCTAX QHEPruun, CyLLLEeCcTBYeT NN KBapK-rroHHaa nnasma?

« AcTpodm3aunka — Kakosa npupoga TeMHOU MaTtepumn 1 SHeprum?
12



To e, HO NO-aHrfMMMNCKA ...

Problems with the SM:

@ hierarchy problem

@ dark matter

s SUSY
" Exotics

@ matter-antimatter
asymmetry

@ gauge unification ‘|«

@ SM structure,
free parameters



Maccbl n MacLwtaosbl

1asses of elementary

particles

1013GeV
1015GeV

1TeV
1GeV
1MeV
1keV
leV

ImeV

103K
108K

109K
10K
10K
10K
104K
10 K

bosons

Last particle

( with mass > 1 eV)
discovered at
Fermilab in 1994
or 1995

fermions

1'Tey



Why particles have (so different) masses ?

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

Mass (theory 1964, P. Higgs, R. Brout and F. Englert)
(GeVv/c2)

-
o

200

175

150

100 The Higgs (H) particle has been
searched for decades at

accelerators, but not yet found...

50

5.0

The LHC will have sufficient
o5 001 o8 2 |y energy to produce it for sure if it
up down strange charm bottom top does eXiSt

Quarks 15




D Fermions ‘ BSauge Symmetrie:] (__—> [ Bosons, Interactions
(@ PR ) ) (@ .
families, )) . :
with leptons Uk 3y (x)—exp i%Yu,w(X) wix) | [EEES] - ¢S QED
: : 3 L Z, W=: Weak
,VR)eR Su(z)L:wL(x)ﬁexp iiff.ﬁ(}x)qu(x, / g'
£ |2 tand, =—
and quarks g
u SU(3).: [ 9. gluons : QCD
Bt % Wo(x)—exp i%?\ae (X)‘wq(X) >
B L J | [ @ : P @ J
@ /S A mass term couples L & R and

would violate SU(2),

Solution: The Higgs mechanism

IThanks: P. Janot
- . | [YA7 Mnrrawr QTEC/M AT | 7 53




[evcTeylowada (Ha nnsxe) moaenb
MexaHun3ama Xurrca — UNncTpupyeT
BO3HMKHOBEHME CUINT NHEPLIUN
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MNone Xurrca, noka OnemMeHTapHas yacTtumua
y nornana B 30HY OeNCTBUA g
nes3aliMonencTByllee ya Tenepb en TpyaHO ABUraTbCS

B3anmoaencrtsaue!

nonsa Xurrca
(ycKopsiTbCHA) — OHa cTana

MaccuBHou!



ObbeauHeHue cun lNpupoabl —
NPEBHAS MeYTa YernoBe4yecTBa

New forces, New interactions, Magnetism
New particles, New

QED
(unexpected) phenomena !

Long range

maghnetism
Maxwell

Electroweak Electricit

~ Model

Grand ;) Standard
Unification = model

Quantum QCD Nuclear Force

L) Grawty Short range

Super
Unification

Fermi

Weak Theory Weak Force

Short range

Kepler Celestial
Gravity

Universal

G At Long range
ravitation :
Einstein, Newton Terrestrial

30.01.2012 Bednyakov Galilei G ra\f[gty




Ho, yBbl, He B CTaHOapTHOU Moaenu

Jsonouma “oerywmx” KOHCTaHT B3anmoaeuncteum B CM
U MMHUMAanNbLHOU cynepcuMmmeTpnyHon mogensax (MSSM)

S 60| £ 60 Eoatiog _—
| MSSM
50 | sof N M
40 40 NG
30 30 Nl
20 2 T .
10 | wl = S
g - Vo
; E i L L i L ‘
’ 0 0 5 10 15

JononHutenbHbLIN NeTNeBOoN BKNaa cyneprnapTHepoB U3MEHSAeT
Xapaktep 3Bonunmn “oerywinx”’ KOHCTaHT U UX O0beanHeHne yxe

npoucxoaut (npm atoM Mgy~ 1 T3B) ! 19



SUSY — xopollee pelleHne Bcex
npobrnem CM!

- Spinl/2 Spin 0 0w
) ' '
D quarks < squarks <
V)
Y— £ >
O
E leptons § sleptons <
U \ \
=
=
5
p—
| T —
QL
—
2 5pin 0

Higgs

bosons 20



SUSY — xopoluee pelieHne Bcex(?)
npobrnem CM!

(+) Kakosbl rpaHuubl npumeHunmoctn CM?
(+) KakoBo npoucxoxaeHne cBoboaHbIX napameTpos CM, noyemy nx tak MHOro?

(+) Kak cbyHOoameHTanbHble YacTuLbl NpMobpeTatoT Macchbl U NOYEMY OHU Tak
pasnn4yHbl (TON-KBAPK N HEUTPUHO)?

(+) lNo4vemy macca 6o30Ha Xurrca “He yberaeT” Ha maccy [NnaHka?
() Kyoa nogeBanocb aHTu-BellecTBo n3 PaHHen BeceneHHon?

Y10 penatb c [paButaumen B8 CM unm kakoBa 'eomeTpust BceneHHou,
CYLLECTBYIOT N1 OONOSHUTENbHbIE U3MEPEHUNAT

(+) HeT 0bbeanHeHns KOHCTaHT B3aMMOLENCTBUSA — CYLLLECTBYIOT JI1 HOBbIE
4YacTuLbl N B3auMMOLENCTBUNAT

* YT0 nponcxoant ¢ agpoHamu (KXI-maTepumen) npm 60nbLMX NIOTHOCTAX
9HEPrnun, CyLLLECTBYET NN KBAPK-TIHOOHHASA nnasma?

() AcTtpodmnaunka — KakoBa npupoga TEMHON MaTeEPUN U IHEPTUNT?

30.01.2012 Sumasg mkona JITO 21



Ho He Bce Tak yX npocTto ¢ SUSY!

28.08.2011 - 01.09.2011 BW2011 Workshop, Serbia 9

Searches for SUSY at the LHC

Characteristic SUSY production and decay, In R-parity is conserved, SUSY

Pt particles are produced in pairs and
the lightest SUSY particle (LSP)
becomes stable

& R=(-1 )3(B-L)+25

* No direct observation of SUSY
particles, but only SM particles are
reconstructed directly

 No mass peaks

.. LSP escapes the detector undetected
producing a missing transverse
energy (E;™)

« Evidence of SUSY is done by
establishing an excess of events in
some region of phase space

« Crucial to understand the
contribution from SM processes




Dark Matter in the
Universe

Astronomers say that most of the matter in the
Universe is Invisible Dark Matter - WIMPs

RN » e
e
N

" - ¥

- e

.

ok d . -~
. v,
-

»

.

Atoms Dark

Energy
72%

0 If SYSY particles

=% (neutralinos) are WIMPs,

-+ we shall look for them
‘ with the LHC !

Neutralino mass can be measured to 10% - SUSY
discovery and neutralino mass measurement at LHC can
solve problem of universe cold dark matter




» Astrophysical (gravitational) observations

baa
cdld ctic rotation curves

velocity dispersions of galaxies
- I o
vitational lensing
structure tformation

+ The case for Cold DM

large structure formation disfavour: CMBPOWerSPe‘-'mm sensitive
; » : . b : Rl to DM
. ulla relativistic (hot DM): neutrinos ... o ‘/ \
i, e ; " " & / \
- relativistic (u.-'arnz DM): sterile neutrinos ¥ .| o\
: : / '
=2 CDM: non-relativistic matte h

Precise DM measurements

1000 | =

)G/ Zrh
N @
4
"'-f--'
\\'t
."
.,
”)
-~
N\
//

- ) 3 . e ol <
Cosmic Microwave Backeround (CMB) 2.
. N Ahiana o bhbabana . . . - . Sumrbeamdrovbuniored
LAl LS & T 00 =00 1000
WMAI Multipcle moment |

MoxxHO nn “yBuaeTb” TeMHyto mateputo HE-rpaButaymMoHHO?



asiith Its March 20

WIMP/SUSY dark matter overviéw

Direct WIMP detection Collider experiments

(through nuclear recoil) (EHG TG )

X+ADIPX+A
. coherent x-section, my

USY production @ EW scale
"WIMP disappearance exps”

(T

100 LHC \ l L
WMAP . -~
rastp SUPERSYMMETRY  CP violation in i
AS “©=| Higgs sector i
-2 | | DARK MATTER | — baryogenesis |
rkedal et al, N R TTTETTTETTRTTTTT

. g'r)(lv hep-pah/0507214 / T i

= " M, '.?0 ) ‘% X annihilation i rX relic density .
propertles

Cosmological/astrophysical
evidence (galaxy clusters, CMB, ...




[lpamMoe geTtekTnpoBaHue TEMHOU MaTepum

The lightest SUSY particle (LSP) neutralino-y is stable (R-parity!)
~ 0 r 3 2y 1353 . ar £y 27 7y0

X
Of‘ilm Detector The LSP can be detected in the dark matter
i Crystal detector by elastic scattering.
The recoil can be detected by ionization or

: ! scintillation, etc.
. - The evidence for existence of SUSY can be

L proved in these experiments.
X The DAMA/LIBRA claims observation
of DM due to ANNUAL MODULATION.
I 0-1 1 > < TI—>e 1? —><2——:\M—:<— V > <« VI VII >
LA H R AL
Detector ‘;;E—o.osé— \l}ﬁ }+ +\ﬁﬁ \L{” ‘F‘Fy
Underground T L
. Earth NMonoxurtenbHasa curHatypa SN e

| > <<= Il -V ¢ V > <« VNV]-9- V]I >

s
—
h

“YctaHoBKa” onsa neTteKTUpoBaHUA
TeMHOM MaTepuu Ha 3emMne nyTem

perucTpauum ronoBou Bapmauum

curana (annual modulation) o0 ese T se0 T Hoe ki

:

Residuals (cpd/kg/keV)
]

s



CynepcnmmeTtpua (SUSY) —
OTIINYHOE pelleHne nNpobremsl
TeMHOU matepun!

Neutrinos: 0.1% - 5% LlaCTV"-'.b' CM

Barvons: 4 +1%
o __ CMB: 0.01% L ™

E ')\ o
J. ~:) Q. 2\. : .
L

29

Dark Energy: 67 + 6% CynepnapTHepbl

Cold Dark Matter:
29 + 4%

PeweHue npobnembl HeXBaTKM Macchbl BO
BceneHHon (xonogHou TeMHOU MaTepun) —
neryavwimm cynepnaptHep!



pp physics at the LHC
corresponds to

conditions around here

Inflation

0Q

y
3
a|q|550d

0
N
3 ,-01 Ha)
43)3p1 )l4ep 9|q!

3 8
ot
gt

Key: W, Z bosons
q quark Al meson

g sgluon )8 ® baryon
€ electron

3 HI physics at the LHC corresponds
r:“w” it St to conditions around here
neutrino

& ion

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



YTO elue HOBOro XotTmum HanTm?

m ViccnenoBaTb HOBOE COCTOSIHME BELLL,eCTBA — KBaPK-
[MIOOHHYIO NNa3my, BO3HMKAKOLLYHO NPU CTONIKHOBEHUU
CUNBHO pa3orHaHHbIX 94ep CBUHLA.

m CornacHo mogenu bonblioro B3pbiBa B TAKOM COCTOSIHUN
6b1n10 BellecTBo Yepes 102° cekyHabl nocne bonbLuoro
B3pbiBa.

v

[a3 aApoOHOB a3 KkBapkoB

OaHako He Hapgo ynyckatb U3 Buaa (no4tu) 0eCKOHeYHYH pa3HuLly
B rpaBUTaLMOHHOM 3apsaae paHHen BceneHHon n aByx npotoHoB BAK!



HOetektop ATJIAC

Pa3smep yctaHoBku ATJIIAC He
ycTynaeT no BbICOTE 6-U 3TaXKHOMY
aomy B LLEPH

ATLAS n CMS — MHoroueneBble 3KCNepMMeHTarnbHbIe
YCTaHOBKU, HauUerleHHble Ha pelleHue BCero crnekrpa
domnsunveckmnx sapad LHC

30.01.2012 3umHss mkosa JITD 30



Buo ceepxy Ha Mecmo pacrnoJsioxeHus
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The Underground Cavern at Pit-1 for
the ATLAS Detector
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CtpykTypa YcTtaHoBKU ATJIAC

MIOOHHbIN OeTeKTop ONEeKTPOMAarHUTHLIN KanopumeTp g Detector characteristics
Muon Detectors Electromagnetic Calorimeters - V\{idth: 44m
- Diameter: 22m
ConeHonp, <« Weight: 7000t

Solenoid I'Iepep,HM N KaJTOPUMETP CERN AC - ATLAS V1997
Forward Calorimeters ~ KoHueBoW Topoua
End Cap Toroid

. ——0=- -—:_-

[

==

——T\

Barrel Toroid Inner Detector : ; Shielding
. Hadronic Calorimeters
Bappenb Topona  BHyTpeHHWU geTekTop WwnnanHr

ALPOHHbLIV KanopumeTp

33



The ATLAS detector _

Muon spectrometer (|n|<2.7) : anr-oeres tcro:ds with
Inner Detector (|n|<2.5) : gas-based chambers. Trigger and measurement.

lomentum resolution <10% up to Ey~1 TeV

Si pixel, SCT, TRT L
Tracking and vertexing. e/nr separation e e 0
c/p;~0.038% p; (GeV)®1.5% - .‘9 =a/2 1 = —In(tan(6/2))

D,J'IFI n3aMepeHne NnmnyrnbcoB
BCEX 3apAXeHHbIX 4YacTuy

ZDC (|n|>8.3) : WAL
Zero Degree Calorimeter Sl
for Heavy lons studies

FCAL LAs Hadrome Tile LAr FCAL
HAD HAD cor HAD  HAD
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B=2T, 100 MnH KaHanoB

Pixel: 1744 «moaynsy; akT. BewecTBO - Si 250 MKM
TonwmHou4; ~47 000 nukcenen Ha moaynb 1 50x400
MKM Kaxgbin. Mpu R=4cm -- “B-cnon” (B-c¢unauka)

SCT: 4 nBOMHbIX CrlOos1 KPeMHUEBbIX “Nonocok”,
pacnonoXeHHbIX BAOSb NJIOCKOCTU, NeprneHa-un
ocu nyyka. B nBOMHOM crnoe 2-1 crio NoOBepHYT Ha
40 mpap no oTHoweHuio K 1-my. Kaxxgas “nonocka”
umeeT WupuHy 80 MKM U AnuHy 12 cm.

TRT: cocTout n3 ~36 cnoeB Tpy6ok AnameTpom
4 mm u annHon 144 cm, pacnornoXxeHHbIX BAOSb
OCH nyudka
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Cuctema KanopumeTpoB

Tile barrel Tile extended barrel
\ / ANEKTPOMarHUTHbIN KanopumeTp
~ obnagaetr BbLICOKOM TOYHOCTbLIO
onpegeneHunA JHepruum n

LAr hadronic

nosfioxkeHns 3tonm 3Heprum (0,025
end-cap (HEC)

paguaH). lNornowarwme aHepruro

MaTepualbl — CBUHeLU n
LAr eleciromagnetic 7
end-cap (EMEC) ———— . HepXXaBewlLllasa cTanb, a akKTUBHOe
BelWeCcTBO — XWAKUWA aproH,

No3ToOMy OH  HaxoAuTca B
KpuocTare.

LAr electromagnetic
barrel

ALOPOHHLIN KanopumeTtp
obnagaeT MeHbllen TOYHOCTLIO B
onpeneneHnu 3Heprum n

nonoxeHua 3tom 3Heprum (0,1
pagunaH). Mornowatowme aHepruro
MaTtepuanbl — HepXxaBerowas
cTanb, a aKTUBHOe BellecTBO —
CUMHTUNNSALMUOHHDbIE MNJTAaCTUHKMU.



O
S |
1O
N
0
. O
O
®
®)
L







il Tile barrel Tile extended barrel
‘ Scintillator/Fe

1.5<Inl<3.2 Ry )

LAr hadronic

LAr electromagnetic
end-cap (EMEC)

| LArCu (EMm),
| LArW (Had)
3.1<Inl<49

LAr electromagnetic

barrel
LAr forward (FCal)

ATLAS Calorimeters

[ NaBHOE NpenmMyLLecTBO
YctanoBku ATJIIAC




CMS and ATLAS detectors

CMS:

» silicon det. (pixel, strips)

» 4T solenoid magnet

» crystal EM calorimeter
o(E)/E~3%/E+0.003, brass and
scintillator had. calorimeter
o(E)/E~100%/VE+0.05

» muon chambers a(p)/p<10% at 1TeV

ATLAS:
silicon det. (pixel, strips) +TRT

2T solenoid + toroid magnets

LAr EM calorimeter N
o(E)/E~10%/\E+0.007, tile+
scintillator had. calorimeter
o(E)/E~50%/E+0.03 )

muon chambers o(p)/p<10% at 1TeV



MoooHHasa cucrema

ToHKO3a30pHbIe ra3oBble kKamepb!

KatogHo-cTpunoBble kamepbl

~1200 MDT npeun3noHHbIX kKamep AN
BOCCTaHoOBIeHna TpekoB vactul (+ CSC)

Mnockue pe3ucTuBHbIe
Kamepbl

~600 RPC and ~3600 TGC
TPUrrepHbIX Kamep
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ATLAS trigger system

i T e P
5 et data-taking run at £ ' I‘O cm?s
[Level I] @ S0 B &

L 2 i |ATLAS Trigger Operations
(design 75-100KhZ) £ N B e
il B A S -
/‘ 00 G| vl ot e
EF @ il 3 OOHZ : él_endmu:n = 4.0x10% cm2s! e LEVEl 2 OUtpUL
| = Recording Physics
.. . 7 B TR~ R S T I
ligh-level trigger (HLT) Time since start of run [h]

® |evel-l trigger: hardware based

® |evel-2 trigger: Region of Interest based, offline-like
reconstruction in the region defined by the LI trigger

e Event Filter (EF): offline-like reconstruction of the full event’



Main ATLAS triggers

Trigger objects Offline Selection Trigger Selection L1 Rate | EF Rate
(pr thresholds) (kH2) (Hz)
33 33
L1 EF at 310 at 310
Single leptons | Single muon > 20 GeV 11 GeV 18 GeV 8 100
Single electron > 25 GeV 16 GeV 22 GeV 9 55
2 muons >4 GeV 11 GeV 15,10 GeV 6 S
Two leptons
2 electrons, > 15 GeV 2x10 GeV | 2x12 GeV 2 1.3
2t > h>45, 30 GeV 15,11 GeV | 29,20 GeV 7.5 15
Two photons 2 photons, > 25 GeV 2x12 GeV | 2x20 GeV 3.5 5
E;es E;Mss > 170 GeV 50 GeV 70 GeV 0.6 5
Muliti-jets S jets, > 55 GeV 9x10 GeV | 5x30 GeV 0.2 9
Single jet plus Jet pr > 130 GeV & S50GeV & | 75 GeV & 0.8 18
E, miss E.Mss > 140 GeV 35 GeV 55 GeV
Total rate (peak) 55 kHz | 550 Hz

30.01.2012
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ATLAS Collaboration

137 Institutes
3000 Scientists
1000 Students
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YTO namepserca?

He TaK y>X U MHOTrO:
MIOOHBbI, 3NTeKTPOHbI
(dOTOHLI)

N CTPYU (TPEeKun)

30.01.2012 Sumasg mkona JITO
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@ Design requirements
High granularity
* ~4m coverage in solid angle
» Fast response and readout
Radiation hardness

@ Performance specifications
» Large acceptance
» \Very good particle ID
Precise vertex reconstruction
Excellent Jet & Etmiss resolution

* Inner tracker
o/p; ~ 0.038%p;H1.5%
* EM calorimeter
o/E ~ 10%/NE®0.7%
» Hadronic calorimeter
o/E ~ 50%/NE®3%
» Muon spectrometer
Ap;/p:<10% up to 1 TeV

Hadronic
Calorimeter

Electromagnetic
Calorimeter

4 8
Solenoid magnel heisiss Snniraai it adians
2 E Ny THIRELS 149F=0s /sasTrorseag
ransiion 2882304 iapad s edel 14544
Radaation HEEAS + 1 " s
Tracking { Tracker ______* ACS—Hfs
Pixel/SCT ” S
.

detector

The dashed tracks
are invisible to
the detector

CATLAS
AL EXPERIMENT
http://atlas.ch
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MIOOH, CcTpyq, CTpy4 ...
+ HeJOCTaTOK SHEepPruu

beam
pipe

“ n.“'\ .'.'.
A5 underlying
' event

underlying ..
event )
beam
pipe
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Miss
ET

CATLAS

A EXPERIMENT

Run: 155112 Event: 98844660
Date: 2010-05-16 05:47:06 CEST




Habnogaemble

Many extensions of the SM have been o =
developed over the s
Supersymmetry e =————— - -

P y ry \\\\ s
Extra-Dimensions Q“‘ =
Technicolor(s) » >
Little Higgss— SN\ :

N

No Higgs <o :
GUT z

Hidden Valley ~ > % MR
Leptoquarks ‘\j¢ ' .
Compositeness "\Q
4™ generation (t', b')
LRSM, heavy neutrino
etc...

e

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

~t~
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o —a 1+ ATLAS publications

—— e
s 1l TRIT B G =——————f—
e
— | .

—1, over 100 journal papers
. about 300 conference notes

i several EPJ highlights
1 i=2 T 70 M T
B e, “ s Mimimum bias, Jers, W, Z,
g . ., s uii Promprt photons, Di-bosons,
[ 2 - i 'l'.|._|I . -
B‘f‘ﬂq o e, e . TOp quark, B physics, Higgs,
; e, —-____f'-+_: Super-symmetnry, Exotics,
W ™ . Heavy lons
1 — Com - - i
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16" el
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e o eI
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50 International Winter Meeting on Nuclear Physics

Bormio, Italy
January 23 - 27,2012

Recent ATLAS Results

Martin Wessels
on behalf of the ATLAS Collaboration

SUSY Searches at ATLAS

Kirchhoff Institute for Physics
University of Heidelberg, Germany

30.01.2012
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Standard Model Measurements

Jet Physics

W and Z Production

W/Z with heavy flavour

Di-Bosons
Top Physics

B Physics

Martin Wessels I'WNP 2012, Bormio, Italy, January 23-27, 2012 Page 6



Inclusive Jets

Inclusive and di-jet measurement which covers
never before explored phase space regions:

— Jet prupto 1.5 TeV
— Di-jet mass up to 3 TeV

Dominant LHC process at high p,, probes pQCD at
highest energies, also sensitive to new physics
creating di-jet resonance

Uses both anti-k; R=0.4 and R=0.6 jets with p.>20
GeV and |y|<4.4

Exploits combination of central and forward jet
triggers such that the efficiency is >99% for all
rapidities

Largest systematic uncertainty arises from jet

energy scale, relative error on cross section is
~10-30% for central jets

Data compared to NLO QCD calculations corrected
for non-perturbative effects

; 1.:| : . . . . . . .
5 | ATLAS Prefminary
g 1 [ 7 T P L 1 L B 1
L Z
% B wys 7 Tad, .-I. o =M pi
E wh g 19
0.6
ahull e _'.-_' = 1] Uy
lorwwrd irigger, L1EY = 00 Oal 7
I::I 4 e R ]
— AHDO kwwani
0.2

=
s
-
-
L]
¥
L3
L3

%]
(=]
(]
[ ]
St
%]
(]
i
o]
[+

.

=0 - Taol BYE UG ST
S e ey
| o e Ly

I ) TS T

=

Hedalive Uncartanty
= o -0 D
T - - - -

0
0.2
-0.4
0.8 ILcI-H.‘p-:-' e Tidd
), g s jet. .08 ATLAS
20 30 107 2107 i
i, [GeV]

Martin Wessels
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Inclusive Jets

| I B B i o |

® <3 109

" 05w« 08 (4 807

W O0As [ 02 WY
1.2 5 |l 2.1 [ 80

a RS2 A W)

e —— T PATC PRI R b
i - ¥ b |w| = dd(x 807
— -.-—Il—_._‘.-
- e .
o +‘ -|-l'_.-._ __
a——— - -
_._l__u_ _..__._ -lll-."
—a— —— —ill=
— = ==
—— [ ]
—_— —— - s
— " +—-— _“
i -
= o] _— E
Lhoomainies o =
, A LA$
L il i 'l i [ I T .
10° 2x1 mé y
p. [GeV]

* Good agreement between data and NLO
predictions (using CTEQ. 10)

*« Additional results: comparison of data
to POWHEG and different PDF sets

gir

ard-k, jals, A =048
30 Zae' < g < 46 3o

2Rz|yl=LB

w Dwia (L d1 =37 pb

10" e —PrTria &AT

=

Cimin

u} (R | 0.2 i.d (EE 0.4 .E
I

Study of energy flow around the jet
core provides information on parton-
to-jet fragmentation

p(r) = ratio of energy in a ring of
thickness Ar=0.1 and jet energy, as a
function of distance r from jet centre

The maximum disagreement between
data and MC is less than 20%

Also see: arXiv:1101.0070

Martin Wessels

IWNP 2012, Bormio, Italy, January 23-27, 2012
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BR{W' = v}
=

Precision measurement of = _
Drell-Yan W/Z production cross e
sections important test for QCD ==

Measured in leptonic decay = il y” Eo o e
channels: W=lv, Z-> |l (I=e, p) 2 “-/\/“< 801 i: ::M o -
— & E{l: ;.w.:lllll:.ql. Emy L
Basic selection includes: leptons with ﬂf ENRERIS i e, st —4—
4 ]
p;>20 GeV, for W neutrinos with p;>25 GeV i L
b JAE

Theory/Data
=

and transverse mass M >40 GeV,
for Z: 66 < M < 116 GeV
ATLAS

0 05 1 15 2 25 1§ a5
¥l

Lol e 3500 nt !
/ | | ¢ Measure integrated fiducial and total as well
# as differential cross sections (rapidity of Z

boson and W charged lepton).

oo
[t
=

_.‘ B0 UL ey area . )

= B Can 2010 15 = 7 Te) * Comparison of W vs. Z cross section shows

SRR TR p— ] reasonable agreement with NNLO predictions
< Il 7; PG wond average 1

s o St Modsl 1 * Universality of PDFs and pQCD work up to

o T I - R kinematic range of W and Z at LHC

Ry =a,-BR{Z— a"g) /g, - BRIZ—u"y|

Martin Wessels IWNP 2012, Bormio, Italy, January 23-27, 2012 Page 9



W/Z + Jets

* Recent years have been a “NLO revolution™: theoretical predictions have gone from 2
to 4 (5) processes

* W/Z selection similar to previous slide, additional jet selection: anti-k; jets with R=0.4,
py>30 GeV and |y|<4.4

* Very extensive measurement including differential cross sections as a function of jet
P, Hy, di-jet mass, rapidities and angular separations

¢« QCD backgrounds determined fully data driven while background including leptons is
derived from MC

- 1000 : — . .
i} { [ l
G aop ATLAS JLansss st § | amas M
2 BOD. @ Das201043-7 Tev | DO et
B I S ——
% 700 —l.':_'-"'-r E Ay ey =
- 2 - s
W go0 BRI _ L II:I": w0 G -
T & I ¥ | m =
5[}[] -.'.' T ™ I o ey
4[![] -Ium_ll-l o i - 10 -‘-:q:l:.\.
300 ol |
200! * * i
I »® " 5 1
100 - {
; i L T "
[Ij.' 30 4D 0 an 100 120 50 &0 70 &0 S0 100 110 120 130

My W) [GaV] m,., [GeV]
Martin Wessels IWNP 2012, Bormio, Italy, January 23-27, 2012 Page 10




L=36pb! W/Z + Jets

—+ Good agreement between data and NLO calculations

T T | T T T —_— 1 '
% 1 DE f | Wy + jeis f ﬁ 10 g ATLAS Zrp" = I'T)sjels J=2p combired) S
I:'r:l Ldt=36 I'JI':I — Data 2010 -.'_;;'Ir Tawy -_h L o = 36 po ! £l Davla 2040 |15 = 7TeW)
E 1I:|l: ¥ ALPGERN - = 10° - antii Eis, =04, —i— ALPGEN + HERWIG -
E = ; , cHERPA, . "'_i_l = P_' =30 Qal, hlr o 4 —— Shempa -
1 W o 22 jets L 2 i A S¥= HLO BackHal -
= %‘*‘L’. BLACKHAT-SHERPA = ' CTEQE.E, u = Hr/2 "
L=, . ATLAS T E .
- 1 FR g —_
g 107 = . = 1ot |
L —— i
= o2l W Ediets %10 = e - B F :
. - - -
1ﬂ 3 ¥ —T-I-GI-I—H_*=: - s e el n
= i
11]"_} Woe =4 jets, 2107 . mm———
E * | | | | | E 16— -?.t:-s!nnm 2010 BackHat ! —]
.-H]-E : T - 0 1.4~ B theamical uncedainies =
— — =3
AT Ty T - -
1% =¥ | anti-k; jets, R=0.4 = 8
= p™>30 GeV, |y™|<4.4 - . i
.‘”]-I Et| | 1 1 1 - LE[— ks Dala 2000 ¢ ALPGEN =
o) - 1 31 { 41— =1 HHLD unoorizinties -
[ 2 W e 22 et = :
= ] q
o = ; !
= 1.55 15 =
i3 =l 3 } a
| ¥ | [ &~ sm+ Daia 2010/ B _
2 TR * e s
= oost : St e
it A0 &0 g ot e f
) 21 27 =3 24
mijets) [GeV] M,
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£ =35 pb? W/Z with Heavy Flavour £=36pb

= 20 = [T
N—— ATLAS - : e
% = Eiem ontthn Ghen. Dt 2010,y 2=7 TeV - Em- i B0 fre=rTeV)
] ¥ Mucn Chan IL::iI 35 ot : ; L. . Zec
— N = I +
il L A:-EL':E;:':III? JIMMY 1 P =4 I:Lx::lnluunm
Al k-l Treen ME a0d P I I ;
+ -+ ALPGEM + JIMMY ] : [ J'—'ﬂ'-'ﬂﬁ'l-'t'
£ ik i @nky fram ME} ! | _
T 10 FYTHIA ] i
: RRE |
f + + - - ) ATLAS
5 , :
1 jet 2 jet 142 jet 5 B 7T B B 10
VD mass [GEay]
¢ Cross section measurement of W * Cross section measurement of Z
production with one or two jets of production with at least one b-jet
which at least one jet is a b-jet * Uses invariant mass of the charged
* Measurement sensitive to HV quarks in particle tracks from secondary vertex
the initial state as well as a background (SV0 mass) in order to extract the b-jet
to Higgs and BSM searches fraction on statistical bases
¢« NLO predicts a smaller cross section, * pQCD NLO calculation agrees well,
though consistent with the measured LO generators reproduce the average
value (within 1.50) number of b-jets per event

Martin Wessels IWNP 2012, Bormio, Italy, January 23-27, 2012 Page 12



L£L=102fp1 Di—BGSDnS L=102fbp1

i G- 7
*  Measure Wy, Zy, WW, WZ and ZZ final & L arLas — pata
™ Fi : -
states = aoH Ldt=102" s=TTeV g Top .
= L ] Z+pels |
o WW=aIvlv, WZ=3lv, ZZ=1 all observed § | B Z+Y
w300 0 Fsianamyst
« Check for anomalous triple gauge _- -
couplings (TGC): 20} bt _
— Charged TGCs: WWy, WWZ non-zero oF <|— .
in the Standard Model | [ "h _
— MNeutral TGCs: EE\-’, EW dire Zero T"-I:I 7% A0 BS @90 =5 100 105 :
M, [GeV]
7 - ;|l: .............................
q P J ——s q ™ _'I'E ATLAD
h Ny 3 - b=
f 5 L o - ﬂ ]I.'I--.'l'.?ln .
.H-I-E;' }ﬁ _ﬁ- 5 LE= T TR Data 1
q—+— g £ L Fi q 7 E . Espmecin Barchgrasrnd. |
(1T [ R N Rl 1 1
Seandard Model Procuction M Farbidden . '
5] "

—+ Data in agreement with SM prediction,
limits on neutral TGCs derived

Martin Wessels IWNP 2012, Bormio, laly, January 23-27, 2012 Page 13



Top Production

L=35pb™ — 070 fB~*

Measurement of top quark production cross-

section allows a precision test of pQCD NLLLELELY
1
¢ LHCis “top factory”, important background in e t
many B5M searches, may also be sensitive to
new physics q 1
i
* Dominantly produced in pairs via the strong s — =
interaction (87% gluon fusion) q b '

* Decay via EW interaction before
hadronisation, BR{t=Wb)™1,
two (taggable) b-jets in final states

—+ Reconstruct top in lepton+jets, di-lepton
and all-jet events, with and w/o b-tag

. Do +22
Latest Hjets result: o,; = 187" °°_,, pb
—+ Agrees well with SM prediction

—+ Most precise published top cross section
measurement at the LHC

o, [pbl
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PoxxaeHne napbl TON-KBAPKOB.
[Tpouecc KX:

g vt

Figure 1: Lowest level diagrams of the
tt production. Gluon scattering processes, a)
and b), are the dominant processes at LHC
energies, while quark scattering. process c).
1s the dominant one at TeVatron energies.
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OagnHo4yHoe obpa3oBaHME TOM-KBapKa.

Cnabbin npoLuecc:
;q,
q
> =

b{ -
yb

Figure 2: Diagrams of single top production
at the lowest level: a) t-channel, b) Wt as-
soclated production, c) s-channel.
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Top SIgNAtures i ipton trdecays

e High Pt jets
9 . fv ~32.4% (e,H,T) (e,u)+jets

e b-jets

qq ~67.6% p 1
*1to 2 high Prleptons W ﬂf’" had T 4
 Missing energy § +jets@ERY

single top

7 // | or 2 jets

Wt t,s

bkgs tit: W/Z(+jets), single

top, QCD, Di-bosons bkgs_single_t: tt +some bkgs_tt
francesco.spano@cern.ch Top Quark production @ LHC PIC2011
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£=35pb~t — 0.70 fb~2

MATLAS Fralmimary

010 deln =+ @i pewl =

Do : Megumm 15 3311)
172867t 4.8

D010 R s BT A . - — 1667+ 50+ 540

l-ll i dei ol ] | .'-.l:l. :l q 0+ -I_I
iIv3aa+1.2+ 31
ITB8t 10t 27

iI7Th8+09% 27

—_—
A1 als Es fmin pre —_——
2111 dElE g +es Dra —_—
———
—f——————

1801+ 25+ 29

Furil bast | LD lspndni

Furdl besd HC0F lejtn) s Ivddtd.f+ 1.1
Teeaabron Jukp 201 1 - 1732+ 06+ 03
170 1h0 200
My, [GeV]

Top mass measurement using l+jets
channel in agreement with SM prediction

Measurement dominated by systematic
uncertainty

Main sources are relative jet energy scale
uncertainty between light jets ad b-jets,
ISR and FSR modelling and choice of MC
generator

More Top Results

Eveniz.30 Ga'

sz B 85 %2 3 B &

L£=104fb "

| 1
= ATLAS
:‘jL dt=1.04 i

? = Backsrmirad LincerEwndy

|:| rel T =360 D, p[A, o=t 00 G/

E o 1 et GV, A, o B OED Gl

200 250 300 350 400
ET™ [Gev]

100 130

Search for new phenomena in tthar
events with leptons, jets and large E ™

Signal region defined as m_ >150GeV
and E,™=>100GeV

Mo evidence of an excess of events
found, establish limits on new pair-
produced quark like objects

Martin Wessels
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Light quarks

Top production as a window >

PTTop
on new physics M
KK Gluon — A
Z’ guark
MANA I+jets \
di-lep —
s t fully had

4t

fFor AR=0.8, M ~1.7 TeV, Pr ~600 GeV

M =1 TeV & anti-kr (R=0.4): 86% resolved

sec'tlon \
Resonant
produclon :>

Production Mu =2 TeV & antikt (R=0.8): 60% boosted
kinematics
Spin A0

polarization q / g ‘ i

T el g ‘

5 tt+E7m"S
TN LBE et
N exotic 4th gen, stop top

top partner + stable scalar (dark matter) _~ neutralino, UED, little higgs

leptoquarks
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dunanka Ton-kBapka Ha LHC. 2011

CeyeHne obpasoBaHuA Napbl TOM-aHTU-TOM KBApPKOB M3MEPEHO BO
BCeX BO3MOXHbIX kKaHanax CM (180 pb), ¢ TOYHOCTbIO Ha ypOBHE
NNLO CM pacueTos.

OOnHOYHOE poXAEeHMe ToM-KBapKa B t-KaHamne TOYHO YCTaHOBMEHO
(90 pb), HeobxoanMbl AOMNONHUTENbBbHbLIE AaHHblE ANA HabnaeHus
Wt-kaHana u s-kaHana (crnaboro) obpasoBaHUs TOM-KBapkKa.

N3MepeHbl xapaKTepuCcTUKN TOM-KBApPKOB: Macca, pasHuLa macc Ton
W aHTM-TON KBapKoB, cnupanbHocTb W-0030Ha B pacnage Ton-
KBApKOB, TOM-aHTU-TOM KBapKoBas acuMMeTpusd, 3apsd (3Hak) Ton
KBapKa, Koppensauum CrMHOB B Nape TOM-aHTU-TOMN KBapKoB U TI.

Hoeasi obnactb aHeprum LHC n Bce Bo3pacTarowast MHTEHCUMBHOCTb
NYYKOB MNO3BONUIIN 3aMETHO YNyuYllUTb npegenbl Ha npodaBrieHune
HoBou cpusmkm (FCNC, Z’,...) B npouecca ¢ y4aCTUEM TOM-KBAPKOB.
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SM Cross Section Summary

=}
5_ 10° — » ATLAS Preliminary
= =
e [ . JLdl=l].-D35-'I.ﬂ4ﬂ:|'1
_1[.4 __ ﬁzTTEV
- Theory
» Data 2010 (~35ph’)
'H:IE _ Data 2011
E . 0.7 !
| . l:l.-l'ftl'l
sl ! . T 110
10 - 1 - | 1
- ] 1!
10 = I
w oz T owy | 7y | i Tt T oww T owz T oz

inner error: statistical, outer error: total

» Good agreement between data and Standard Model expectation

 Experimental precision starts to challenge theory calculation
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* The x,(nP) quarkonium is a bb system bound ina P-
orbital of energy level n E
*  Measurements of its prﬂpertiei provide a unigue :l
insight into QCD close to the bb threshold E
4
* Reconstruction via radiative decays E
¥p(nP) = Y(15)y and yp(nP)—=7Y(25)y E
inwhich Y(15,25) = utp~ E
* Select events with oppositely charged muons with
inv. masses near T(15) and Y(25), avoiding T(35)
* ¥, candidates are formed by associatinga ¥ — ptpu~
candidate with a reconstr. photon (conv. or unconv.)
¢ Calculate m{(uTu~y) — m(ut ™) to minimise mass

resolution effects, plot summed with mass of T(kS)
- ¥(3P) with M=10.53940.004(stat.)+0.008(syst.) GeV
—+ First observation, predicted with M™10.52GeV

puy Candidates  [28 Mel)

* Hyperfine splitting between triplet states 1=0,1,2 of
similar size as mass resolution

F ATLAS

aaf 3
_{lf F . I.'l.llllJLuI dam’ =
it
E-'.'I i - F - 7{15) salection
I [ B - 7% minction
E-".'I J =
+:|- . A I.-i"'l- ’
3:]5 I“' I‘+
20 . .
1.15‘.["'...“. A E .+. Wy
.:|: [-]
2.5 9.0 5.5 fa.o 15 11.0
i ] [Sev]
Efd.-l:_l L S e e S S S e e s S e ey -
"I:l:I:— ATLAS « Dam TS0 P i T 3
IH='.I£ [Ll:l ciafp' | o Du: TS Ft e T8 3
_:' -re=  Hagigrousd ic M5, :
| B0 | =
F Haciromnd o TSy -
1'1|:|E | | i
120f | ! Larmearied Phahans
E | | |
1|:':|; T w0 &
By 1 bio) R
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Standard Model Higgs Searches

H—>Z7Z

H—>vVy

Combinations
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SM Higgs Production and Decay

* Dominant production gg — H,
subdominant VBF gq — qqH
and W/Z bremsstrahlung gqg = VH,
small gg — ttH associated production

LT WNOON EE N X1

Branching ratios

*» Total cross section ™20 times higher than
at Tevatron for M,;=120 GeV

Tl i Bl
l%t"‘-u,_ M -Ej;- b L,_.-IIJ W'#"'-:r. 0
7 e ;“’f Y agsshe. 10°
" - " 100 200 300 500 10040
S My [GeV]
wo= T T f
i * Higgs decay depends on its mass, searches

performed in My range of 110 - 600 GeV

* M,<135 GeV: bb dominant, WW* and Tt
subdominant, yy best despite low BR

* M, >135 GeV: WW?* dominant, ZZ*
cleanest (4] decay golden channel), rates
must be scaled by leptonic BR

100 00 @00 400 500 T
M.,[:_:eu'T
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Mopabl pacnaga xurrc-603oHa

D(H — ff) ~ MyM; e LUMPUHBI PEPMMOHHBIX
| pacnagosB Nponop-
LIMOHaIbHbI KBagpaTy MacChbl

[(H — WW) ~ Mjy/2 (bepMoHa
e «  Xurrc-6030H pacnagaeTtcs
N(H— ZZ) ~ Mp/4 Ha napy caMbiX TSKEMbIX
doepmMmunoHoB (b-kBapku)
2
I'(H — gg) ~ M3 2s « Pacnagbl Ha 6030HbI WW U
Hor ZZ CTaHOBATCH
4002, OOMUHUPYHOLLMMHU, Kak

C(H — ) ~ M3 TONbKO My, > 2Myy(z

)27‘
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Overview on ATLAS analyses

Channel Mass range | L, (fb) Main backgrounds
(GeV)
Low mass:
H 2y 110 - 150 49 1 4l i
H = £ 4l 110 - 180 4.8 2t it Zbb
H = WWO = b v 110 - 180 21 WW, tt, F+jets
Ha>w—211+ . 10— 140 11 L 2o it
2> 2 Iy + - 100 - 150 11 L 2o it
W(Z) H = li{k-) bb 110 —-130 11 WI(Z) + jets, it ..
High mass:
H=>WW =2 v 180 — 300 21 WW tt, F+jets
= h QqQ 240 - 600 1.1 W+jet, it, jets (QCD)
H=>Z7Z =>4l 180 — 600 48 Fira
=l v 200 - 600 21 FZ it Z+jets
2 lqq 200 - 600 2.1 Z+jets, t

Searches in y and 4l final states are based on the full data set
Updates of the other channels expected by end of January / Monond 2012

(reguires a solid understanding of more complex signatures at high luminosity, e.g E,MsE)

1



- -
*  5Small rate but simplest and clean final state: & =00 T —
- , - L] Clva B0
two high-p; isolated photons PR Backprousd model
E - M Mg boaon m = A G’ |WKT]
* Main background: yy continuum, irreducible g o
5010 '-.,5:'."1n'-."_>|‘I-:IT:-:I-‘-ZIII:-'I
or fake g™
401 t

+« ‘Benchmark channel’ which drove the design
of the experiments: mass resolution and fake
rejection

200

100 ATLAS Preliminary

* 1 fake reduction from jets of yj and jj events

utilising the fine lateral segmentation of first %
layer of EM calorimeter Y
; 'm'FIJI:l 110 124 120 14 1EO 1éﬂ
= m, [Gav]
g T:E_ . iR ST oA E
- %ﬂ_{_ — E:’c o After all cuts 22489 data events
2 e with 100 < M, < 160 GeV
- ”}jr“':m *  Sample dominated by genuine
4000 YY events
" Em—
LL] H Li DY
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= E ! L
s : — Qbserved CL, limit
5 7 — Expected CL_lmit  H— yy
5 S 3 ATLAS Prefiminary
E o + O Data 2011, %% = 7 TeW
o 9 ij =491’
& 4
@ .

145 150

10— Obsened P,
- SM H — yy expectad p_ _
. Il.l:h - 401"
e 1"'-.,_’..""'__

Data 2011, ve =7 TeV

ATLAS Preliminary

Pl IR |
145 150

110 118 120 125 130 135 140 R I T R TS F- VN F- B T T = N 1
m, [Gay] m, [Ge]
* Excluded at 95% CL: 114 < M, < 115 GeV and 135 < M, < 136 GeV
* Maximum deviation from background-only expectation at M, ™ 126 GeV
— Local py value: 0.27% or 2.8a, expected from 5M Higgs: 1.4 o
— Global p, value: ~7% or 1.50 (includes ,look-elsewhere-effect”)
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* The ‘golden channel’: low rate but clean final state,

low background, narrow mass peak

* Two isolated same-flavour lepton pairs (e or p)
with opposite charge, one pair close to Z mass

* Backgrounds: irreducible ZZ") and reducible Z+jets,
Zbbar, ttbar

¢ Full mass range:
— Observed in data: 71 (24 4 + 30 2e2p + 17 4e)
— Expected background: 62 £ 9
* For M, < 180 GeV:
— Observedindata: 8 (3 4+ 3 2e2u + 2 4de)
— Expected background: 9.3 £ 1.5
* For M, < 141 GeV (not yet excluded):

— Observed in data: 3 = 2e2u (123.6 GeV) +
2e2p (124.3 GeV) + 4 (124.6 GeV)

E|

Evintad Ga'y

0
100

Evarls/ 1] Ga'yv

=)

el
ha

e
_ B

& [ATA,
i -llti:lull_:u'l,l
b D Sinel Im =125 Gavy
| _.|."|||-|I |||| ="t .\_.ul.l
-Eli'nl-l ||| £ LR
H—ZZ '—l
[Lah =48 1"

ez T ey

20

L
-El-:l:l-;r:-.rhj
:|'%|:|n.1l-'
B Sgral i
Bl Sanal | -_ 20 G\

ATLAS Prgliminary |

250
m,, [eV]

ATLAS Prediminary |

CATA

<150 Gav] 1
=190 GaV]

HZZ 'l

JI-:It:d-.EI‘I;-'

W e T TEY

E00
my, [GeV]
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H — ZZ(*) = 4-l | L=48fb1
@ATLAS

EXPERIMENT
hitp://atlas.ch

4p candidate with My,= 124.6 GeV
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= 0rE T EI':F T
S [ ATLAS Preiimnary — Observed CL, € [ ATLASPreliminary — Observed CL, |
T H—+ ZZ° " & Expected CL_ g H—+ ZZ "+ 4 Expecied OL_ |
b JLat = 48w B+ia - [Lat= 4 8m Bl+io
= \g=T TV + 90 E w57 Tl tog
o 10- o 10
& g
1
'I...
V16 130 130 140 150 160 170 180 350 250 300 350 400 450 500 550 600
my, [Gav] m, [Gev]
Excluded at 95% CL e ,
T.ﬂ [ __ N -.:
* Observed: 135 < M, < 156 GeV, 181 < M, < 415 GeV 1 g 2 ;-‘: e
(except 234 - 255 GeV) B S T
E ki - |
* Expected: 137 < M < 158 GeV, 185 < M, < 400 GeV o? : |
|
Largest deviations S oFF ATLAS Preliminary |
B . Ehsulr:g Het ZZ ' 1 '
M,, = 125 GeV: p,=1.8%, M, = 244 GeV: p,=1.1%, e - Lo = 4.5 " |
34 \8=T TaV :
M, = 500 GeV: p;=1.4% 050 2op B00 400 500 600
my [GeV]

Once the “look-elsewhere-effect” is considered, none of these excesses is significant by itself
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H->WW® 5 Iyly

* Most sensitive channel in intermediate = B0E A AS s ?ij Lt = 205 fs' 3
mass range ™ 125-180 GeV Z gg_ HoWWolvly + 0 jets
# Higgs mass reconstruction impossible c 50= - E
due to two neutrinos in final state i 4"3'
¢ Select events with two high p; opposite gg_ ! _

sign leptons (e or p) 10

* Largest background is irreducible WW -
- - 3
SM production, W/Z+jets and top when E
looking at events with jets (N,.= 0 or 1) =
o
q e W
B as | s om mmmesn]
§ 2200F . 5 RS S
L 2000ty 4 . 7 T-|-|'I.I'_JI-:I|..‘I'.:'|F|I!'|' IET h:r;wu-w = " }
1 BIOE ) e ets it s : ! .
1600 Hs Wi st ER i o 05 1 15 2 25 3
14040 _ .
1200f 4 W A, [rad]
10HE]
W ¢ Make use of spin correlation to
o E LW K supress WW background: leptons
I : ” L from Higgs (spin 0) are collinear
0 2 4 B g 10 ' "

T T Two analysis categories M
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E 4HE : w  [wmia
¢ 40 .
= ah I:l H 133 GaY]
:E, ﬁ —— B [5pa = i)
?.'- -7'-":' - WNT TN
i 15} : _
|I::| il / Singls Top
5_ _ - Ty e
- I .
E 12: H—=WW—bebr + 1 jEt E Woemin ik m criwen)
= 10 P
sz &
g ©
) 45 |

B0 80 100 120 140 160 180 200 220 240
m, [GaV]

After all cuts, e.g. H+0-jets (signal My=150 GeV)

¢« (bserved in data: 81 events

* Expected background: 6319 events
¢ Expected signal: 4019 events

—+ Excluded (95% CL): 145<M <206 GeV

—+ Max observed deviation from background-only

expectation is 1.9c for M, ~“130GeV

1|:|||

10"
10°
10
107
10
10°

107
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Higgs Combination £=10-49 b1

ATLAS+CMS [

—
=

E'II" a I-IITL.Aﬁ F'I-'Eiir;ﬂlrl.é]rj' I é.l]-n Dﬁt:ﬂ. . :-:-"':- F'réliminary " Coimibimation

B r — i -

5 i EESS;T:S del=1.n-.¢_9rl:." | < 10 rved

E ] Efé‘; is= 7 TeV | E

3 _ .

& 1k - 3

A A i E:

) II:LsLirnils . | . J‘“S.... b
W o0 200 300 400 500 600 110 115 120 125 130 135 140 145 150

M, [GeV] M,, [GeV]

» Experimental and theoretical systematic uncertainties taken into account with proper
correlation

* Expected exclusion at 95% CL if no signal: 124.6 < M, < 520 GeV
* M, ranges excluded at 95% CL: 112.7 —115.5 GeV, 131 — 453 GeV except 237-251 GeV

¢ M, ranges excluded at 99% CL: 133 — 230 GeV, 260 — 437 GeV
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Higgs Combination £=10-49fb

R - ATLAS Preliminary 2011 Data - % T _-ﬁ;
® 1F 1 =
= F . a 107
[V i -
E = = ’_&-ﬁ E .....................
5 -Iﬂ.E-.__ .................................................. - P 5 'II:]E
3 v 0 b3
107 " observed 47" 107
104k - Expacted d
: - 3 4o 10°%F |
0% G ]'thm_dlgm-- - ek AWttt JAO, WO i
Jook Y - 1t ot bR !
8 ¥ - | F —Chbs. Comb, — O, H—py F |
S . i AL A CEwpHodl B Honk 2011 Data 5
L | P EPEPEPEE EPEPEPIT BT B Lo L _ . . Hes b et ]
19" 00 200 300 400 500 600 10‘“'....”“.“...‘" TR T
M, [GeV] 110115 120 125 130 135 140 145 150

M, [GeV]
Consistency of the data with background-only expectation
*  Maximum deviation observed for My™~126 GeV with local pg value 1.9-10°
¢ Local significance of excess: 3.60 ™ 2.80 H=vy, 2.10 H=>4l, 1.40 H=vlv

* Global py value: 2.20 including “look-elsewhere-effect” over 110-600 GeV
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Bo3oH Xurrca 2011 (4.9 fb1):

05% CL mncknrwo4yeHbl maccbl:

C 112.7no 115.5
C 131 no 237
C 251 no 468

9B/c?
9B/c?

9B/c?

HabntogaeTtcs (KorepeHTHOE) NpeBbILLEHNE
cobbITnM Hag doHomMm npu macce 126 [aB/c?

B 2.8 o ang pacnaga
B 2.1 o anga pacnaga
B 1.4 o ana pacnaga

=Yy

H — Z Z* — It

H— WW* — Itl-vv

CoBMeCTHO TpU KaHasna garT npeBblilleHne B 3.6 0 (noka?)
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Beyond the Standard Model

Particles
N 9
2 g -

Q 39 m
@Y

V

J

Supersymmetric “shadow"” particles

Super Symmetry

Beyond SUSY
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General Search Strategy

o Definition of Signal Regions (SRs) that maximise | g "\
sensitivity to different models ® /

— based on discriminating variables \] ——

@ ldentification and estimation of SM backgrounds
— different techniques (preferably data-driven)

@ Search for non-SM excess

— cut & count
—% resonances

@ If no excess, model independent limits set

— different stat. methods
— different interpretations Opsm X € X A



[Tonck SUSY

SUSY search strategies

2-letons 1-letons ’ vy

O-letons _

R-Parity violating searches (RPV) R-Parity conserving searches (RPC)

- LSP: no need to be neutral nor v O-lepton

stable.

- LSP decay: possibility to explore v" 1-lepton - Neutral Stable LSP
new signals, exploit LSP invariant .

mass and decay properties ¥ 2-leptons opEcies

- Singgle Sparticles production is v b-jet searches produced in pairs
possible ? ki

- Not so large E ™ v Photon searches torge B




CoxpaHeHne R-4eTHOCTH

O-lepton searches |

0-letons l

v Strong production of massive particles:
Jet+E_ ™= signature (taus treated as jets)

v Leptons are vetoed

Different techniques/strategies developed:

me# search
Excess at large E,™* and/or large Hr

mr = 2Pl RS - (1= cos(AG(LL EF))),

Long cascades

Excess at large jet multiplicities B = of. o 23{4} jj{*!;‘
b-jets r=>prr i=1 Pr >
jets + missing E_plus 1 or 2 b-tags
3(4)

Meff = H;r + Elpm = P{; + pr!f + Elpiss
i=1




CoxpaHeHne R-4eTHOCTHU

| m .. search 1.04 fb-!

eff

Backgrounds: v Transfer Function (MC): move from CR to SR

Multijets v Likelihood fit: combine all the information and

Z(—s w) + jets correlation among uncertainties

W+jets v Jet energy scale (~15%) and theoretical

ttbar+single top Uncertainties (~25%) dominate

. e | = ke = 4-jol Higrhs s Sopuark-gluind- neidraling modal
‘ Slgnal Begon e " T E % 2HH) T T ATIAS Freliminary
E =13 | =10 = 1M = 130 i) - rmﬁ: LMETﬂ
Leeling &t pr 13 | =130 = 130 » 130 w . 1, - 0 s
Socomd jai py = M = i} = 4} = i E ve B -0 G
Third jei - = MF = MF = #) <= 150 :E: ;"":,I.:ES,T
Fourih jei pr - - o i} o B z T 7, = S Y
e P = (k4 =04 =014 =114 Ems{. o= B -5 G
B gy Uewading 2, 5. 4 jersh| 3 w 125 > 135 w2 ST
Mot Cleadbing Z 54 pisi el L LU I L = S 140D - h
o (jein with gy = 40 GeV) - - - = | i
Backy o cvcniy AE4= 10|30+ &0 M5+ 153331 % 268130230
CHeserved evimls s 19 111540 I8
Lima i A = e df T 1 15 422477 7
Tahilo §; Top rows erilena for admisgon in cach of g free ovedapping sgeal mgions ing, P.;‘!"“ ans

prin G b, Botiom reas expectod ek proomd amd obse reed cvml ook, and evirscied croas sction
upgsEr limin For new phypsis 8 9%% C L 04 = aosepiane:, & = Cllcasoy]

1000 12E0 1530 17ED 2000
plulma mass | Gel]

96



CoxpaHeHne R-4eTHOCTHU

E.qrge multiplicities 1.34 fb-!

Signal reglon T155 | 8355 | Gy=0 | 7380 i
Jet pr = 55 GeV = B0 GeV
Key observation:
ARy, = 0.6 for any pair of jets
q - — —— N
g X Number of jets|| =7 | =8 | =6 | =7
MSUGRACMSSM tanf = 10, A = 0, us L™= 1.34f0" ET= {/Hr - 35 Gev!/?
EEEU - ATLAS = —ominemsclime
- . - T pap. L 05% C.L. limi 4
= Multiiets plus E™ Gambined v . : : . :
o F usiets plus ;- Lomal - o mE 10 E Main background is multijet production
E - . venees POTIZEA jors plua BT
[ o CL, #6M T L. §mil .
450 ) % B e 2 = | Slgnal region [ 755 | miss [ a0 [ T |
snE |D"-:'L-i;:uﬂb-uu=': I Multi-jors [ =52 | 23z07] 1924 [13z04
3 ’E’]ﬁ_ . mtinen - ,Lm,“ |un|:-.5_||<;:|_:' . ] i — gf, i1 [ 1nEsa7 [ o3 alhxdn | OrRD
BE0 - Bl Theoricaly epudea |t [055=045 [ 070 | ns4x0 | oor
; A ] 7 + jets |ERE el o i
300 = by A [ Total Standard Model | w29 | 2377 | sze | 137 |
- "‘% 1 | Dam [ 45 4 2 i
El:ll:l :_: | | - . _
150 = "y
EI‘_I‘_\I_;_I\_I‘I_I 11 1 I L1 1 1 I 11 1 1 I L1

ann 1000 1500 2000 2000 SO0 Sa00
m, [GeV]
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N
b-jets 0.83 fb-!
| -jets O.
%] MM PP sreanam ans mmmpe e " rfrgzean — .
| % "‘".i [~ = e l":"';'.' E -ilr [ oy ol -:
Gluino decays to sbottom | 4 Signal regions ' f E=s 31 gl 3
in 2 or 3-bodies: b = : J - = |
. 3JA: 21 bjet, mer>500 GeV & ¢, == 1
g—bb . >4 b ] r it o
l—..g,xf; 3JC: =2 b-jet, men>500 GeV ; + | | | af '
L. bhy! 3JD: 22 bjet, me>700 GeV - st | . _=

" =

i - bl el b, I'J B Y
. . E |-u: ......................... rumn ..... ."'__ P J‘-_:I:h.“__lh )
Event selection: L mp asrmey ERZSE 1 e eweman A.:
- LEptﬂ" veto M: - ‘“'?-"I - L . ) l"i"' am:w;q . ,.-mm £ .bg
I [+ 9:. L am s iy w .:I
w 23 jets with p_(130,50,50) GeV ) -| n e B E
: | o
» Em=>130 GeV = " S
o = : .--...---::-.I 17
: . L I T ?:':t_;h‘llf-:-
Background: NG e T R T
S H , il
# ttbar production E \ e [ s
E * E ] - "":-:\::h__'\-'"' S - Sy
= WiZ+jets production N
1-:«.—'\.:"""-.\_: - -"H A e
» QCD me— T S .
ATLAS Prlminary H""-\-\. ATLAR Prafieinary
T R Y TR TR TR T T
. ] m (o]
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1-lepton searches (1.04 fb-')

» cascades including charginos or neutralinos can lead to final states with one,
two, three or more isolated leptons

» advantage: suppress QCD background, help in trigger

» analysis requires exactly 1 lepton (e: pr = 25 GeV or muon: pt= 20 GeV) and
= 3/4 jets — four signal regions

Background:

v tthar pair production
v WivNp

v ZIINp

v WW WZ, Z7

v Wit

v QCD
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~ observed number of events in data
consistent with SM

~ uncertainties dominated by jet energy
scale and resolution, theory and MC
modeling and statistics

MEUGRACUMESM: tan < 10, A = 0 u=0
I T A T T T ST T T S S

=
A - ATLAS L™ = 104 1157, WE=T ToV e Cibmrvad L, 85% GL
o 450 1 lepilon, carmbinalion —ev. Expeched |f_~;|_$
E
400 QEME e Expdichod |3L= +1a

B FD0 e}

J LEP2 3

450
300 N
250

200

o e, B 1D G | 00 g g tan=3, u<d, 2.1 f' E

1
(=]
m
L!-_\‘.I
I
el
=
il
=]
na
=

1-lepton searches (1.04 fb-!)

4 Signal Regions defined:

5 POy T
& 1800 | £ ST
[ h
f1ﬁmcm AT ﬁ’f"# o
1400/ & ~ e 'E,,,in
120068 K o "
1000 .
800 :
600 .
400 z : i
- 21:’; - H'L_-..:{h ;I:"-"I}Gﬁl:"?am}nﬂnk
- 0 100 200 400 Roo 00 700 800
- B [GeV]
] u."l ATLAS Prod sinary E;:Eﬁr;lnn:u;' Telfi
__ E ur ]-Lm- 04 Il E"rl'lil.].:llﬂ-l axir)
-] ~ | FeH
= E Wurn Chanrel SRR
= B
- a
1400
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Searchipg fqr:
1) g—tt with:
a) f—)b‘j("
b) t—ty,'
2) g'-;tf-;("'

Event selection:

» elp p;> 25/20 GeV

» 24 jets with p, > 50 GeV

» E.m™=> 80 GeV

Background:

» ttbar production

» W/Z+jets production
» WW, ZZ, WZ

b-jets 1.03

_Physics process | @ BR [nb]

fb-!

l

i

|

W — [V [+jets) 3Ld£16 [20-23]
2/7 — U {+)ets) 3200016 [20-22]
Z — VYV (+jets) 582020  [20-22]
t 0.16570 01 [23-25)
_ Single top | 00850003 [26,27]

Data: 74

SM exp: 54.9+13.6

§0 a0 420 0

Cuts >4 pts Slofe | AP RGN | my s OGN | meg - 000 CaN
- - II tal
S'gnal reg|0n o B2 120 =90 | sW=337 | 158 | TP
eyl 1SN = 750 210 &= 150 M=% iT=Al 3122
> 100 Gev Zopets A1 1 Wed 2431 04 =04 UA <03
m1 diboson K43 Wié =25 04 =04 02402
m > 600 Gev QCDd-d} | 804 200 M7 LN T4 168 11<25 09+12
off SMOMO) [V =180 [ % £ 12| RS =3 | e es ] R e
SM(dd) 5494136
Jdata A S [ | 141 | A
T4 wwoumen § L Tet T Im e ’ 3 F AR y P Py e
.'p‘ sz i 1
a:o"' " A - i AT A ¥ l'! - ATLAS  Prolrirany 14epen IR -
._._';J._xnarncw c - | s 100 W o ar W L |
§_ w Afus ’mbulnny mveee O, wpeced e : o - — -
o s g LB 10 i - [ G0 =
ral. +opan | as — CAryeryed 6TLAS (3% ) = = D wranme = |
r ——— ] - ~ —_an- -
ro ) bdog - 090 ok Ecwsied ATLAS 04 o4 é ™ r =‘ |
a0 o - ‘
T F n) el ey 0¥ 5 - ——en o:\..1 e
: b i P " e e
&wo! . 3 P—
E L f -. :
o ‘~l .’ '
00 3 -
t e
=0 3
: 5 E
X0 an‘\"! " ’
10 E o -
- ot L}
e 3 40 4 M m !W t-‘O 't‘( ™o o «
m‘:.G-b'a L

0
23 0 &0 T TR U4
m:f&uvl
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2-leptons searches (1.04 fb')

Opposite sign: l
* three signal region ¥E;™=/ jets
* main background =>top pairs, Z+jets

Same sign:

= two signal region =PE;™= jets

» main background =*fake leptons
from jels, opposite sign lkeptons with
charge mismeasurement

» 2 leptons from chargino/neutralino ce: pT > 25/20 GeV
ep: pT = 25M0 GeV
decays pe: pT > 20/20 GeV

pu: pT = 20010 GeV

F T T T T T T T
= |' . W e 2041w T
T ol el Si- gl oy [FE] — G D g

» 3 analyses, searching for dilepton

10 Gay

=|:l_|.r|-w:
E lia = :\lh
E"'H"EﬁtS. i ATLAR Predmanasy —

1)} opposite sign (05)
2) same sign (55)
3) with flavour subtraction (Fs)

.

_ B Lr ]
lexploit the natural cancellation of flavour-symmetric background everts! E E,M#t‘i_jrlu AT LN Lo
N T T T
~ selection: exactly 2 isolated leptons E

NN == A ——
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-1 '
2-leptons searches (1.04 fb-') |
Signal Region | OS-5R1 | OS-SR2 | OS-SR3 | S5-SR1 | S5-SR2 | FS-5R1 | FS-SR2 | FS-SR3
E-'F':'“ GE"I.'r] 250 220 Lac 10 &) B &0 250 I
Leading jet pr [GeV] - B 100 - A0 - - -
Second jet pr [GeV] - 10 70 . 50 - ; -
Third jet pp [GeV] - 40 70 - - - - -
Fourth jet pr [GeV] - - 70 - - -
Number of jets - =3 =4 - =12 - =2 -
myy veto [GeV] - - - - - | 80-100 - -
F5-5R2
| Background | Ohs. | 95% CL 240 : : : : : :
ATLAS —— Dt JI10 = T TV &F

O5-5H1 | 1556 £ 4.0 13 0.9 £h
(05-5R2 | 130+ 4.0 17 14.4 fb
05-5R3 | 5.7+ 316 2 6.4 fh

—i— Curia N W& = T TeV| OF
= =W Backgroand 5F
+ wavann SM Blackground OF

[ Fabs lapiass (3F)

Events | 20 Gel/
]
=

SSSRL | 32670 | 25 | M8 - — g
S5-5R2 | 249+50 2B 17.7 fh 220 I vl ¥ae (5F)
[ daisF
104 B CecsoniiF|

E BF)
5 - excess of the same-flavour events zg I g v |
over different-flavour events ot
20ty
[ Sw. | S | RMS
FS-8RT | 13100 5uys) | LISTEET.0 | 18.0 5 e
Fe-5R2 | 14221 0(sve] | 67 1280 [T} % i mﬂ¥+_+_h ?—F—‘*‘T =
FS-SR3 | -3.064£0.04({=ys) | 0.7+£1.0 4.5 i T S
g [ 50 1] 150 200 11 A0

The sgreament is betber than 2 in all cases
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Photons (1.07 fb-?)

) > Gauge Mediated SUSY Breaking (GMSB)
« the very light gravitino is the LSP

* event topology defined by next to lightest sparticle (NLSP)

* large parameter space has neutralino NLSP: neutralino decays to photon and
gravitino

> final state: diphoton (+ jets) + MET

> LR REAEA BASAD REE-SH RS RARES RASR] Riods RARE] ZEAE
o — T
\ = 2 photons (E; > 25 GeV) g Wy e
sy - 3 P W-ev+ets, W—av=y, tisev-X
* missing E; > 125 GeV g B Z-vvery, Wosheyr E
¢ 3 - GGMn'%Jml=800!4OOGOV
* QCD and EW background estimated — 32%3 A= 140 Tec\;e " E
J 2 = ' 1/H = 1200
from control regions, irreducible 10 o ‘A' ; .[L W
LAS Prelimina Ol-t. E
background from MC R :
1 3
> result: ;

» observed events: 5

* expected events: 4.1 £0.6 1.6 e (GeV]
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4 Signal regions ’ i i
» It P Ly
Selection AL | 3T | 4L | 4T RS TR
Mumber of jets =3 = 4 S - - _,:::_"" ¥ p .I.‘h—':h,!':_"‘ir\“ i
Leading jet pr (GeV) &0 1] &0 &0 ! ! a T T
Subsequent jet pr(GeV) 25 25 25 40
Adijet, Emis) [20.2{mod. Tr)]for all 3 (4) jets More than 30% of the
mr (GeV) = 100 decays produce a muon
E™=y (GeY) > 125 | =240 | =140 | =200
Emerr £ Man =025 | =015 | =030 | =015 Only 1-muon channel is
M (GeV) >500 | =600 | =300 | =500 considered

10 E i ||_'|'~\.|I'|||‘I :‘i, 14

= R L B UL B ARARIE LN LARES AR RALRY RRARE LULLYRE: prjets channel
& e R . S AP i 100 G, 1, o200 G ] ¥ Sl = igq
E (TR % _‘ [__,, .

w 1TAAT Sk B, E 1 e pekacEm i

2 4 = 10

: 5

Fjeis (R, 25, 24) 3

Cig il iiliiiili H il
0 5{0 1000 1300 2000 2500 3000 0" ~10d 200 300 400 500 600 700
Mg [GEV]

ET™ [Gey]
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m, (GaV]

LAPY MEUGRA: largl -« 1004 < 0 usd

Bilinear RPV (1.04 fb-!)

L1 o o o e e e e e
ATLAS L 1041, Vo7 TV — Otraerved (1, 5% CL
260 C Y awon, 2 3 ety oces SR — . Expecied CL. .
» - Expaciea CL,:‘h 1
280 |
270
260 »\ 47098 Ty -
250 BN
» :_ \ ‘ @ von e e tiww -
24p el ‘.'L:.ng,;__LJA-.. P BT B =s ST BTN SRS N
100 120 18 160 180 200 220 240 2650 280 3N
m, eV
Muon dhoree! -
——— For the 4JL selection
Choerved bethgroeed .
Eree Bves no exclusion was
K B TRt Obtalned
apr n | ura for the considered
43R w0 $It 14 region.
TR 7 42127

IGQVI

m,, [G=V|

3

APV MSUGAA twtl « 10 A e pxt

500 T T T T T T T T T T T T m
- ATLAS TSR TR TR i ) e DO380v0A CL 95% CL 1

- 4

1 mmon, = Q@ jets, tghl SH Epecied GL 4

450 — o =¥ -1
FowimCL t 1

* 1

200 !
4

{

|

100 Car —

#1400 Gt} 1

1

\ 4

A0 eV |

§ 080 GetY 2|

-

o e Y 1

’ {

o= o 1

zSJ‘,ll-'f Fd 7 -0
LTl v g TESAF R AT TTEE FE TR SRS ST S

e 150 200 25 300 2%

LRPV MSUGHA gl & 10 &r. 0 pu=d

g

An‘s e 1M 5T ToV

| mwon, 2 4 e, gt SH

|

T I T I T T I I T T I T T T

400 450 500 850 eco
m, [GeV]

R A RARRAR.
— U erved CL, 307% CL

e E3pecing \"Zl’

I o EXPOCRICL 20
k- " .
[
L a1000 G,
400 F
| gL LT
‘L—~ T § 980 13eh -
b NG -
[ . -
- .
350 — S, -
| S,
{4090 - - N
300 |- 3 0% Gu¥ ‘ _ —
F -}_ S e
L ——ZT " craTrm _
2m‘v . "- cietfew
i b o a0 Tl Lt esed byt iy

100 10 200 250 300 23S0

W0 450 500 580 600
m, [GaV]
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Displaced RPV (33 pb*)

o

Efficiency

oy

L
1

e ATLAS simulation

P SR S .\r:**

05 .- _ L “\ \ m"

o h ¢ #

1‘“‘% L]
A

® Event selaction
B Verex selection |

700 GeV §, 108GV, & Muon selection

A heavy particle decaying into several charged
particles at a distance of order millimeters to
tens of centimeters from the pp interaction
point, in events containing a muon with high
transverse momentum (p; >45 GeV).

It may also be the result of other models with
heavy, longlived particles that decay into or are
produced in association with a high-p; muon.

a0 E0 B0 100 120 140 180 180
Moy [mm]
Reconstruction of the displaced vertex (DV):

* Take every pair of tracks (p; > 1 GeV; impact
parameter > 2mm; Vertex fit x*<5) with no hit
between the PV and the DV;

* Combine vertices which share tracks and are
close to each other [D<30), otherwise the
smallest x* vertex is chosen;

* DV within |z, | < 300 mm and |r,,| < 180 mm
(barrel pixel region);

¥ Extra requirements to remove tracks from the
PV.

¥ At least 4 tracks in every DV. 107
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Background:

Background due to particle interactions
with material is further suppressed by
requiring m_, > 10 GeV;

g

ATLAS

High-m_, background may arise from
random spatial coincidence of such a
vertex with a high-p, track; High-m,
vertices reconstructed within [z, | < 300
mm, 40 <r_ < 180 mm bins are rejected.

fugn 1RSETL
Evant 1605517

high-p; track

Puor modules

10’

= E cEre ] crrrrprr e T e cprrrp e

@ - data 2010 E 1L « data 2010

2 [ Dijet MC : N E [ Dijet MC ATLAS

S B W.2 MC ATLAS _ s f I W2 MC :

g [ stthar MC J- _5 1% 10t [ ttbar MC Imlnﬂpb
Ldt=33pb" E

§ S

F :

10

o

e
-

120 140 180 180
Vertex rp,, [mm]

6 7 8 @3 10
YVeriex mass [GE‘I.-"]
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Varbax mass [Ga']

Displaced RPV (33 pb-*)

Number of events passing the
selected requirements except for
the m,, and N, .. No data

events observed in the SRE.

- Sl
1.6
1.4
10
1.2
- i
- BSignal region
10E = 0.8
A =_ ATLAS
z 1 0.6
= Jlm=3: ph' -
: - Data 2010 | %4

P signaimc § —o.2

1 1 1 1 11 I 1 1 1 e
2 i 4 BETEMOD 20 30 40
Wumber of fracks in vertex

Upper limits at 95% CL on the
production cross-section times
branching fraction vs. the neutralino
lifetime times the speed of light for
di

erent combinations of squark and
neutralino masses.

E‘ T TTT] TT T
210%E
L

e T Gl & 404 Gt T
—t— TO0 el g '{I.:',.{-;e-‘-'{l
—w— 15T g 4 .j-'.e'.'_.-‘l_
—s— 150 G R et
FRCEFNCT nim, = 1 50 Gl ~
e, FHLTSFINIE -'-|r|1_:: VLY G _.

2

Cross-section x B.

[ Lat=33pb” ]

-IU'E I i ..I.II.I i ..II..II i i -
1 10 10° 10°

¢t [mm]

==~
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- —

ey resonance RPV (1 07 pb 1

Search for short-lived particles that decay
into two oppositely signed leptons of
different flavors, e*p*.

The ep candidate events are
required to have exactly one
electron and one muon with
opposite charge and p>25 GeV.

Process Number of events
t 1580 £+ 170
Jet fake 1180 + 120
Ziy* =TT 750 £ 60
Ww 380 + 31
Single top 154 = 16
W/Z +~ 82 + 13
Wz 224 £ 23
VA4 248 £ 0,26
Total background 4150 £+ 250
Data 4053
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- - . .

!
RTO
l eu resonance | ’
{ = = ‘
3 m" ATLAS . ;;;2: -:*:.gzau S Mgy Data SM prediction
i = =9 Taw E— : W
& W mp s rgemoen 3 > 200 GeV 280 258 + 22
- 1o° J =107 1 — L (T00 oe’ol_E ~ 250) GeV 152 136 = 11
E « = > 300 GeV 70 67 £ 6 | |
= = 350 GeVl 35 34.0 = 3.0
f ! = > 400 GeV 22 17.7 £ 1.7
w0k _; > 450 GeV 10 105 £ 1.2
2 5 = 5N GeV 7 68+ 09
W . ~ 550 GeV 3 43+ 06
% 3 = B0 GeV 3 24+ 04
5 : e > 650 GeV 1 1.49 + 0.31
R {2y (R ' R v s = T00 GeV 0 1.07 £ 0.26
"\_..[L'ﬂ.‘tl
| é‘ 26 ChELEY TR 'A*L'Aé | PR T R T BRI ] RN A |
— + e Ctmanes Lowt - Py
-~ [ (5=7TeV e - The observed 95% C.L. upper limits
M b |EgsCeS Ll b | [
P [lacriore  EeiIT on(pp—Z) X BREZ  ep)
N of ' 1
> 16 3
x T u|
G-, .
l—’f; 10 _;
T |
Q S 1
= 3
e T
N e il 1 ‘
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e{ resonance RPV (1.07 pb-1)

- ATLAS "
= ol W =TTy =-:f§:* :,,,::_ﬂi The observed 95% C.L. upper limits
E E J‘Ldt_ p g7 gyt O i 5 on (pp — sneutrino ) x BR{sneutrino
T o Enpected Lims - — ep) as a function of sneutrino
7 1,5:5 [ saesauimasie . mass
0 S I =specied Limi <20 ] .
by ) — AT] A% AN IR
g . - 1 IV IR Y : :
S F .
'jﬁ 1DE’ ..................... I'I \
000 600 o0 1000 1200 1800 1800 1800 3000 3
m, [Gev] A -+
= LANLIN L R BN LA | T T T
o - (bl P
[ ATLAS P -
0 i E d
2 Iw:-m1m" E
» -E' v w
- 1 The 95% C.L. upper limits on the A,
sl - | coupling as a function of sneufrino
"E : mass for three values of A, The
C » — k= 00T [ATLAS 2011 dats) .
g e Ryg QS {ATLAS 201 dala) ] regions above the three curves
e Gy, = 00 [ATLAS F011 daiz)
P - g = WY [ATLAZ 2010 sl - represent ranges of A, , values that are
4 — — gy ™ I DG T e ]
mi'!"'!"'!"'!"'!i"!E"'i': excluded.

1 1

m, [GeV] 112




MSUGRAICMSSM : ep + s +E,
MSUGRA/CMSSM : 1dep + s+ E;
MSUGRA/CMSSM : multijets + E,

Simpl. mod. : OHep + s + By s

Simpl. mod. - (Hep + s+ E7

Sirmpl. mod. : O-ep + s + By e

Simpl. mod. - OHep + s+ E7

Sirmpl. mod. : Odep + s "‘Er._

Simpl. mod. (§— o) : THep +]s+E; o,
Simpl. mod. : 0Hep + bHets + s + E7 e
Simpl. mod. (§—1T) : 14ep + biets + s + E;
Simpl. mod. (B, b7} : 2 bets + Ev e
Simpl. mod. (7, — AT,): 2Hep S5+ E,
GMSB - 2Hep OS5 + By s

GGEM + Simpd. moded :T“Er.r—

GMSE : stable T

AMSE - long-lived :E‘,

otable massive particles ; H-hadnons
Stable massive particles ; F-hadnons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, m, =m_
RPV : high-mass ep

Bilinear RPV : 1-ep + s + By

éa

ATLAS
Preliminary

gmass (for m(g) = 2m{g))

=g mass (iight 1)
gmass (mig) <2 TeV, lighti})
gmass (mig) <2 TeV, Iigmi,':]n
Gmass (miF) <2 TeV.m(i]) < 200 GeV)

fimass (m(3 < 2 TeVumi}}) < 200 GeV)

fimass (mit]) <200 GeV.am(y". ")/ ami@.1") = 172)
gmass (miB) < 600 GV, lighti,)

§ mass (mi¥|) < B GeV)

b mass (m(f)) <80 GeV)

i, mass (ight §;. mil) =sim{i;) + mlE;))

g mass (comesp. bo A < 35 TeV, tarft < 35)

mass {mibino) > 50 GV

j]'_dl' ={0.03- 2.0) i
=7 TeV

1 mass
¥, mass (0.5 <1(i) < 2ns )

g mass

b mass

t mass

sghuon mass (excl: my, < 100 GeV, m, = 120+ 3 GaV)

¥, Mass (1,,,=0.10, 1,,,=0.05)

9 =fmass (c7, .. < 15 mm)
WEEE L1l I BRI EEE I B

fir = sedocfin of i svaliahie resulls ieading i maees Bl shown

107 1 10
Mass scale [TeV]




ATLAS Exotics Searches

Additional heavy gauge bosons

Extra-dimensions

Leptoguarks

Excited quarks and leptons

B Ey[} N d S U SY 4th generation particles
Black holes

Contact interactions

Majorana neutrinos

Technicolour particles

Large spectrum of Exotics searches at ATLAS

Martin Wessels IWNP 2012, Bormio, Italy, lanuary 23-27, 2012 FPage 34



c=20s+ EXCIted Leptons and Leptoquarks c=107m

E - ATLAS - - - |:u:-:'-:||:|. . I E=D-5- J,-"" 7 T
: L _[Lut-z.u:ﬁt-' E::Lb : ﬁ ' é e 3
£ jep =TTV B . oy 1 "L Lol e
E IIZJF e . _1 :}\-_ = JI:I-II:-.‘I!:' -
— - w i T Tl _'
I LI g . B:l e < B e Eap :
10" ; ;:.:.::Lu;h :
| § - . =11+ CHAF (3 pby ! :
W00 400 BOO B0 1000 1200 1400 _ .-':,:..-!.'.‘I ; - < Jo 300 a0 ®o0 B0 700 800 GO0 3000
M, [GV] Ir ‘ } my g [Gav]
. - A
* Unambiguous signature for | « Symmetry of quark and lepton
new matter substructure: A~ comoosiuness scal generations rises question of direct
=» observation of exited states interactions = Leptogquarks LQ
* Predicted by compositeness models, * Look for 1% generation scalar LQ pair
dominantly singly produced gq — [*] production in LQLQ — eejj and evjj
* Search performed in clean elm. radiative ¢ Results from the two finals states are
decay channel: I* = Iy withl = e, u combined and limits derived in the
—+ Mo evidence for excited leptons found, m,q vs. P frame with B=BR([LQ->eq)
limits set on A as function of m;, « Observed (expected) limits:
—+ For A=m,, masses below 1.87 (1.75) TeV p=1: M, > 660 (650) GeV
excluded for excited electrons (muons) p=0.5: M, > 607 (587) GeV
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[1ByX-NenToHHble pacnaabl TAXebIX
DEe30HaHCOB

Events

Events

10° ATLAS
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1Dd
e = LT
10 s =7 Tel
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11 I 1
80 100 200 500 1000 2000
My, [GeV]

pp — Z/Z* —

AL

Es Z' Models
Model | Zy Zy Zy  Z;
Mass limit [TeV] | 1.49 1.52 1.54 1.56
Es Z' Models
Mass limit [TeV] | 1.60  1.64 1.83

G* Coupling k/Mp; | 0.01

0.03 0.05 0.10

Mass limit [TeV] | 0.71

1.03 1.33 1.63

Table 1: 95% confidence level lower mass exclusion lim-
its for various Z' models and RS graviton kM, cou-
plings, decaying to two leptons (dielectron or dimuon).

Fig. 1: Invariant mass spectrum for the electron (top) and
muon (bottom) channel dilepton resonance search. Vari-
ous possible Z,  signals are overlayed to show how an
expected signal would mamfest itself.
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[1pyrme pe3oHaHchl

« Pacnapatowimeca Ha NnenTtoH U HEUTPUHO
— Hanpumep, 3apsikeHHble W- n W*-6030HbI

« Pacnagarowpmecsa Ha MKOOHbI OOHOIro 3HaKa
— Hanpumep, H™ — uu*

« Pacnapatouwineca Ha oBe agpoHHble CTpyu
— Hanpumep, W — q + g’ — Jet + jel’

« Pacnapatowineca Ha OTOH U CTPYHO

« Pacnapatowineca Ha gea dotoHa (£ MET)
— Hanpumep, G — yy ...
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ATLAS Exotics Searches® - 95% CL Lower Limits (Status: Dec.

2011)
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KpaTkne utoru:

CtangaptHada Mogenb — OK (noka?)

HanpgeHo HoBOe CcBSA3aHHOE COCTOAHUE D-KBApKOB
Macca CM 6o3oHa Xurrca (noxoxe?) = 126 9B
HeT npusHakoB “HoBon ®dunsnkn” (noka?)

[Tony4yeHO MHOro HOBbIX, DOee XXeCcTKux,
orpaHnyeHnn Ha “Hosyto Pusnky”

2012 NoOMoOH OrpoOMHLIX OXXngaHumn (ysennyeHue
CBETUMOCTU U SHEPTUN)

Ewe dunsmka — BO BTOPOU HYacTu
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KoHel nepBou 4yactu ...
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