~ Physics with first fb

at Large Hadron Collider

Today:

0 Searches for New
Physics
= SUSY
" Heavy resonances
= Exotica
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\Long list of models and signhatures

E. Kicnter-vvas

Many extensions of the SM have been

developed over the ]
P

Supersymmetry <=
\:‘i"\_

Extra-Dimensions —-..,\
Technicolor(s)
Little _nggs -
No Higgs < >3

N
GUT _
Hidden Valley > __Qé,i‘

Leptoquarks ‘\)&@{‘ \

/

Compositeness *‘*\* _
4™ generation (t', b')
LRSM, heavy neutrino
etc...

(for illustration only)
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1jet+ MET

jets + MET

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

Lepton-jet rescnance
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

etc...
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1 jet+ 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

etc...

A complex 2D
problem

Experimentally,
a signhature
standpoint
makes a lot of
sense:

- Practical

- Less model-
dependent

= |Important to
cover every
possible
signature



Supersymmetry

Cascade ending with LSP 4 q\l
— large MET > q
p weeeen \ g2 LULELEL p
1 Jets+MET: Gluino and Squark q
prod. dominate { @ -
' | escapes
2 Leptons(+jets)+MET: lower detection
branching ratio/cross-section but
complementary i

3 3" generation (b or t)+MET:

- |n cascade

~ direct production requires > 1 fb” 0_;
— coming soon

4 Photon(s)+MET. GMSB models : _
5 “Exotic” SUSY: long-lived, no MET " w0 0 w0 a0 70 w0 s

L S [GeV] ;
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General search strategy

o Definition of Signal Regions (SRs) that maximise | 3
sensitivity to different models ~ ,/g:?“f/
— based on discriminating variables &/( > ot ‘

@ 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 Tgsm X € X A
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SUSY search results

Searching for SUSY:

- Sum all energy in the 3 F ks b
detector gﬂ Lot roum %y":tw;

0 Compute the energy Ea: Muon Chanel g fnge iop
balance in the plane o i B
transverse to the beam 10°h
axis (E.™=s) 10

. . . . 1 L R T e -
E.mss distribution well 1o ESNNN I Wl 1 s
described within 5 orders : j§ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁ_ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_ﬁﬁﬁﬁ_ﬁﬁ_ﬁﬁTﬁﬁﬁﬁﬁﬁ_ﬁﬁ_ﬁﬁ_ﬁﬁ_ﬁﬂﬁﬁﬁﬁ}lﬁﬁ_ﬁﬁ'ﬁ#ﬁ_ﬁﬁﬁﬁ_ﬁﬁ'ﬁ'ﬁ_ﬁfﬁﬁ_ﬁﬁ%ﬁfﬁ_ﬁfﬁj_jj_jj_jﬁ_jj'__j:EE
V d 0 100 200 300 400 500 E'"'SSGEJEE v
9 Very goo T
understanding of the
detector!
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‘O-Iepton + Jets + E ™
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g¢ production dominates 0
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Region A /B

M’q"'- Mg
qg production dominates
= 3 jets expected, high m

—

M a< Mg“‘

> qq production dominates

> 4 jets expected , 1 can 0

be soft, selection in m
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gEme  Cornell University

\O-Iepton signhature

arXiv.org 1109.6572

1.04 fb-1
Epes r A \ f A . | :
jet _S"ignal Region |2 2_-jet 2 31_cl 2 4-jet :High mass
= Trigger || E™ 5130 [ >130 | >130 | >130
requirements| | Leadingjetpr | >130 |>130| >130 | >130
I Second jet pr >40 | >40 540 | >80
tir;;?t?:t: < | Third jet pr - > 40 540 | >80
_ | Fourthjet pr - - >40 = >80
QcD AdGiet, PP | >04 | >04 | >04 | >04
rejection { ET™ [men >03 [>025| >025 | >02
conservation | Enhance [ mer > 1000 | > 1000 | > 500/1000 > 1100
assumed e " ( | : -
cut up to , _ .
s leading ot ™= P+ Yo mi = EP=4 Y pr
SR jets jets pr>40
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\O-Iepton signhature

Backgrounds: ttbar, Z+jets, WHjets £, {;:;E:m E““ 3
multijet E v S
\ i ATLAS E

iots CR:
control =
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Highest m_4 event

Mg = 1.81 TeV
E miss = 460 GeV

No excess observed: limits set (CL, method, profile likelihood technique))



Signal Region
Process
= 4-jet, = 4-jet,
> 2-jet = 3-jet ol = High mass
Moy > 500 GeV Moy > 1000 GeV
Z{y+jets 323+ 26+ 69| 255+ 26+ 49 200+ 9+ 38 162+ 22+ 1.7 33+ 10z 13
W+ijets 264+ 40+ 6.7 ] 226+ 35+ 56 349 £+ 30 £ 122 130+ 22+ 4.7 21+ 08+ 1.1
ti+ single top 34+ 16+ 1.6 59+ 20+ 22 425+ 39+ 84 40+ 13+ 20 57+ 18+ 19
o i g} > 2 g 2 »
Total 624+ 44+ 93 549+ 39+ 7.1 | 101541 +£144 | 339+ 29+ 62| 131+ 19+ 25
Data 58 59 1118 40 18
€oA limit (fb): 22 25 429 27 17
MSUGRA/CMSSM: tanp = 10, AG= 0, u=0 Squark-gluine-neutraline model, m{}??] =0 GeV
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Cornell University

\Long decay chain e —

1.34 fb
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1 lepton+)ets+E ™s*

1.04 fb-

Signal Regions Control Regions Example 1-lepton signature
Sclection 3L | 31T | 4L | 4T a | oa
Number of Leptons =1 ! /
Lepton pr (GeV) = 25(20) for electrons (muens) - -
Veto lepton pr (GeWV) = 20(10) for clectrons (muons) Xi
Number of jets >3 >4 =3 =4
Leading jet pr (GeV) Gl B0 60 60 60 60
Subsequent jets pr (GeV) 25 ‘ 25 25 ‘ 40 25 25
Ad(jet;, EMI) [> 0.2 (mod.7r)] for all 3 (4) jets
mip (GeV) = 100 40 < my = 80 .
£ (GeV) 125 [ 5210 | > 140 [ 5200 | 30 < BB <80 Backgrounds: W+jets, ttbar
E™ g >025 [>015[>030 [ >015 | - - (multijet negligible)
e (GeV) =500 | =600 | >300 | =300 | =500 | =300

>
Ti0c - amas ' . Dam20n Ne-7Tew) ] ATLAS ' - Data 2011 Ns-7 ToV) )
o — Standard Model : G = Standard Model a
BG estimation using ~ 2°F 17" i S N Y [EE = I
n W Z+jets i nigt I Zjets &
. g E 10t Muon Channel ~ OIE_ i g Elestron Channel &€ g
trol reaions G B Diocors & B Diocons
contro g «++ MSUGHA m,=500 m, =330 ==+ MSUGHA m,-500 m, ,~330 5

2J Wejsss Contred Regien 4. Top Central Region

4J top CR

M-
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E = 0: il 1 L l'+.\ 'l V_%__{_Iu 1 : = L 1 L l_+_ 'l 'l :
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SUSY : simplified models

MSSM-inspired models of well-defined production and decay modes
Explore dependence of free parameters
Introduce complexity progressively

| Squark-gluine-neuiralino model |
LI T T

5 F T T ATLAS Frelminary = Simplified models for
§7F I 0-lepton channels
£ 15002— _gsgj":%:é::{
¥ 1250 SR el red: massless LSP
ocof-2 green: LSP 195 GeV
obf blue: LSP 395 GeV
o ATLAS-CONF-2011-155

Ll 1 by i e e e e A e e ek

Q
0 2530 300 750 1000 1250 1500 1750 2000

gluino mass [GeV]
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Direct decay,§d = qaaqx’:”

-
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1 lepton

simplified model

brary

Cornell University

arXiv.org 1109.6606

1-step via
intermediate
chargino

1-step cascade decay (r=114) | | 1-step cascade decay (r=112) | | 1-step cascade decay (=3/4)
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Null searches so ... (after 2 years of
LHC with 1fb? analysed data)

Null searches also for any other BSM signal

What next...
2 Generalize away from (over) constrained scenarios
9 Gaugino sector and sleptons: multi-leptons, photons

a9 Stop (and sbottom and stau) sectors (major motivation for
SUSY at low energies)

2 Non- “canonical” scenarios:
semi-stable SUSY particles, R-parity violation
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D i I e p to n S Lclmtll University

arXiv.org 1110.6189
Common cutg 1 04 fb-1

» Preselection (Data Quality, Trigger, Primary Vertex)
» 2 leptons: electron pr > 25/20 GeV, muon pr > 20/10 GeV, my > 12 GeV

Exampie 2 lepton signature {05)

orposesen  Jsameson Backgroumnd [ Obs, [ 5% CL
OS-SR1 15.5 + 4.0 13 9.9 fb
SR1 £7 > 250 GV SR1 F; > 100 GeV (weak gaugino :
SR2 3jets pr > 80, 40,40 GeV. production) OS-SR2 | 13.0 £ 4.0 17 14.4 fb
E7 > 220 GeV (gluino 2-bady decays)  gpo o jets pr > 50,50 GeV. £y > 80 GeV OS-SR3 | 5736 2 6.4 fb
SR3 4 jets pr > 100,70,70,70 GeV, (MSUGRA/CMSSM) SS-SR1 | 32.6 £ 7.9 25 14.8 fb
E7 > 100 GeV (gluino 3-body decays) SS-SR2 | 249+ 59 28 17.7 fb
8 [Lat~1008"  chioion 081+ iets s BB T & 10 ffiot- 10487 cieponiss e Owart o7 -
:O: . E Z:kealslaulons ,,8‘ WS 5M Background
g ATLAS = g 10 i
l.% 2 = g.‘n&?ﬁ: L% [ oreli-van
10 16t Bl Dsesan
3 . ?pposite sign, SR 2 N same sign, SR1
]
8 107
g : \\g g B res S S R R R SR R [F
E INNRE 3 1§W\W%\m \\
00 50 100 150 200 250 300 350 400 450 =490 00 50 100 150 250 =260
EI'I'II5$ E‘“‘s [GEV]
T [GeV]
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—————— 'I 1.04 fb-"

5
4
3

Dileptons

Same sign dilepton interpretation E 300

in simplified model of weak el gfg:g:; SR%EL 12
gaugino production: X, * X,° w Expected+ 16 .-
200
1

IIIlIIIIIiIIIJEIII-“IIT

ATLAS ..~

Steal® Cornell University 150
t&if Library

100

arXiv.org 1110.6189
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50

Cross Section Excluded at 95% CL [pb]

150 200 250 300 350 B
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grav

Theory excl, ) LEP 95% CL(%,)

LerssxcL(é) 4 (opposite sign SR2)

_ 0 OPAL 95% CL
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“meamepecssvct | | Interpretation in GMSB
40 - - - Expected limil + 1o =~ —|

30

20
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'| )l ATLAS-CONF-2011-156




‘W + ETmiSS 1.07 fb-

vy signal reglon

LA AL AR ARl RS
—— Daa1(s=TTY)
[ Jee) E
_ Wosev+jets, Woev4y, tioev+X

i 2y, Whvayy E
= u GGMmIm. 800/400 GeV ]

PS8 =140TeV E
----------- UED 1/R = 1200 GeV ]

ATLAS Preliminary ILdt:u}? '

Gauge mediation with
bino-like NLSP:

X“%yé

Events / 5 GeV

Selection: 2 tight y
E; > 25 GeV, isolated,

In|<1.37 or 1.52<|n|<1.81

100 150 200 250 300 350 400 450 5(
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.2 1 ]
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E™= range | Data Predicted background events
(GeV] | events | Total QCD  W/ti(—ev)+ X Irreducible

Expected signal events
GGM SPS8 UED

75-100 11]147+£12 67409 74+08 0.52+0.10
100 - 125 6| 49+07 1.6+04 3.0+05 0.23+£0.05
> 125 5| 41£06 08+03 31+05 0.15+0.01

08+01 21+01 0.15+0.01
12401 25+01 029+0.02
172+£05 13.0+£03 9.67+0.11
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‘W + ETmiSS 1.07 fb-

spsg Mygss=24, N.1 tar-.g.15 mNLSF‘:n 1mm GGM: bino-like neutralino, tanf = 2, cty gp < 0.1 mm
= 10 E | U= ;‘ 12':“:]: e L A B S B | 7
- B o gggggﬁ%ﬁ'm 8 1100F. ** ATLAS Expected CLs Limi 3
103 . | IEBU i Eu:n - = ATLAS Observed CL g Limit .
: —— SPS8 NLO cross-section: 10001~ B <10 . =
i ] C —— ATLAS Observed CL s Limit (36 pb™) 3
J‘Ldt=1_ﬂ?fb,\5=?Te"u" 1 — _:
10° E - ]
10:— . Ldt=1.07 6" 3
= ATLAS Preliminary B \s=7TeV 1
P ] Enn;—/-—/_’—/i .
1; 15ﬂI2mIIE5D 'J[GE”] ; Eﬂﬂ:_ ""NLSP _E
EEU‘ 300 350 400 450 500 [éﬁla] E - ATLAS Prel|m|nar}; g ]
1 4{:":'_ I I I I I i | I i 1 | I 1 P

1080100 120 140 160 180 200 220 200 400 600 800 1000 1200
m. [GeV]
A [TeV] b
Interpretation in
Interpretation in general gauge mediation:
minimal gauge mediation: gluino and ¥° mass free,
SPS 8 benchmark slope bino-like x°

E. Richter-Was 18 January 2012 22



Sbottom production

in gluino decays

0.83 fb1

Evenis' 100 GeV

23 jets, pr > 130, 50, 50 GeV, =21 jet b-tagged

3 jets AD(jet, E{™5) > 0.4

Veto events with isolated e or
E.mss > 130 GeV, E{™S/m_, > 0.25 !

g-g production, g— 2b+f1]l

™ A I R B S B R | ™
ATLAS  Preliminary {-leplon.3 jels
_ 2= 2 bjats
1o IL ot =083 na=7TeV ®  Oata 20N

= SM Tistal
[:.3 [ top produstion
1 2 b H t = ¥ productan
2 2 b-jets - oo
[ QT geodustion
107 sraes  TiN GeV.b 380 Gav

B0 B0

ET ™ [GeV]
Sig. Reg, Data (0.83fb~!) | Top | W/Z QCD | Total
3JA (1 btag mes >500 GeV) 361 22175 [ 12161 | 15+£7 | 35675,
3]B (1 btag meg >700 GeV) 63 375 | 31419 | 19409 | 70'53
3]C (2 btag mezr >500 GeV) 76 5575 | 20412 |36+18| 7913
3]D (2 btag megr >700 GeV) 12 78733 | 544 [ 05+03] 13.0129
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Sbottom production
in gluino decays

ATLAS-CONF-2011-098

Interpretation: gluino 2 2b + LSP . . -
Interpretation: gluino - sbottom + bottom

4 production, G- 2047, m(3) »» m() |Ldt=u.aa 6 5 5=7 TeV ol . T )
; Frprrrrrrrr[rrrrrrr [T rr T [ 1TT1T11 ..-\-.m gg + b1-b1 prﬂduﬂﬁm’l, b1—i tH-x JLdt = 033 fb I\ S=? Tﬂl'u|I
UJBOD_- UbﬁeredQS%CL,l'mlt d F'I _||||||||||||||||1||||||||||||||||||||.| T T T
F — v i - .. e L abserved limit -
2 C . 102 = g - ATLAS Preliminary ..ol CL expected limit .
G 700 — : - a = 900 e 68% and 99% C.L. =
I Expected CL_ limit T - a2 - - , CL, expected limits .
E - . = ! 0 lepton, 3 jets i
- s | . c £ F o ATLAS (35 pt') ]
600 = ATLAS Preliminary 1 = g 8o [ et anases . -
- e 15109 C M) = 60 GeV, mf J>>m(3) "’ .
500 [~ 0lepton, 3 jets i —: ] um, 700 :_ —:
C bietanalyses 1 - : - D COF bb, 2.65 b ]
400 [~ = R 600 — - - -
C 1 3 £ » D0bb 5210 : Ry .
300 i - 5 = ~ . ) e, .
- 11 E 500 = D COF &, - Bp 251t {Q,@GQQ : =
C J 10" % o . ‘\:f}- 7
200 - = g C L oo .
- o = 400 - S | e
100 - 3 - Reigrence gint 3
E j 102 300 :— ! —:
O d L
200 300 400 a500 600 700 800 200||||||||||||||||||||||||||||||||||||||||||||
22 m; [GeV] 100 200 300 400 500 600 700 800 900 1000

m, [GeV]
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Stop production in
gluino decays

g-§ production, § — 2t+i?__ (VD {“1 +, "t“1 _ b+§f

1.03 fb- 3 E T amias rinay | vieson ascive socton
=T JIdI:i.nﬁih'_\se?TeU . ::l"wﬂ
P all cuts except m_ = e
o 107 0 ' preducton
i e —
Analysis: b-jets plus isolated lepton signature ~ wk e S
One e or p with p; > 20 GeV = -
At least four jets with p; > 50 GeV b 3
o E -
= o -
T oop E
-
200 400 GO0 OO 7000 ~ 1200 ~ 1400 1800 ~ 71800 2000
m,; [GeV]
Cuts | =d4jets [ >1bjet [ E™S >80GeV | my > 100 GeV | meg > 600 GeV
SM (MC) | 6574 £+ 1870 | 3096 = 1042 881 + 356 109 + 55 52 £ 28
SM (d-d) 549+£136
data 6639 3361 gg9 141 74

E. Richter-Was 18 January 2012 25



Stop production In
gluino decays

ATLAS-CONF-2011-098

L
= . = ] . H Lo
Interpretation: gluino < 2t + LSP Interpretation: gluino - stop (= b x*) + top
?"g-ﬁ pmducnon d— 2'“1[ mig) == m(g] JL,;n 1.03 fb \9_7 Tay 500 gg+ ??pmdumion §— ;+l, T—a h+i”t j Ldt = 1.03 o' 8 5=7 TeV
-—-450 e e e I e e e 4 — — L O TTTT T T T 7T TT T T[T T 1T T T 17T TTTT TTTT TT T 1]
s SARRRRAREE o Jh%wed A ARARY N <) % = AT]I_ASF: ] ! ! AN CL, observed limit 3
E e c ted limil e == relimina weeesn CL, expested limit =
. 400 . Ebpn:émccg jmi 10 35§ g_ S50 v + Expected CL limit 10
E:M C g é_ 500 E 1-leplon, 4 jels — Observed ATLAE (35 pt::l =
350 ATLAS Preliminary 3 g ~ 5= 1bag,m__> 600 GeV * Expscted ATLAS (38 5t
= : 2 450 — o ,--_ _
300 = 1-lepton, 4 jeis , . e =
= - 1pb-tag Jrn ~600GeV . 25 ¢ E mii) = 80 GeV , m({}) =2 m(3) E
ull T et & ! 400 — . . - H =
250 & E Emig, ) > m : =
200 2 350 £ =
150 - 300 - "‘ =
100 - 250 £ , E
50 200 ;— " Reference p;;:’m[ ’ —;
o 0 150 £ =
350 400 450 500 550 600 650 700 750 800 850 = INIPS IU WE WRE T N P B
23 m. [GeV] 300 350 400 450 500 550 600 650 700 750 800
g m- [GeV]
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\Special final states

Long-living supersymmetric particles: very well possible in SUSY!

disappearing (kink) stable massive
track particle
displaced R
vertex -
fimarv @~ penetrate
P ver}t(e(i a detector
O(10) mm O(100) mm >0(1000) mm decay length

R-hadrons, R-parity violation, compressed spectra (AMSB)
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Ginal results
Eriss 4 X
- 0/1/2 lep+jets
- multijets

=YY
sg — 4 jets

4 N

Preliminary

Eris=4X: b/t
long-lived: )Efc
/

SUSY

\
-

New interpret.

E]’,‘."'iss—{—X: 0/2 lep+jet

\—

E. Richter-Was

ATLAS SUSY Searches” - 95% CL Lower Limits (Status: Dec. 2011)

MSUGRAICMSSM - 0-ep + 5 4 Ey o
MSUGRAICMSSM - 1-lep + | + Ey i,
MSUGRAICMSSM : multjts + £y
Simpl. mod.
Simpl. mod.

Simpl. mod.

Simpl. mod.

Simpl. mod.

Simpl mod. (§— o) - 1ep+j's + Er,ma]
Simpl. mod. - O-lep + bjets + 5 + Et niss

OHep+]'s+ Ey s
Oep +5+ Ep s

0Hep + 5+ Ey pd
(0-lep + S + Er s |

\

:0Hep +j's + Ey e

Simpl. mod. fﬁ—»tf&""} “l-lep+bjets + s + Ep e

Simpl. mod. (b~ b7} - 2 bets + Ey s

| Simpl mod. 77 —» 317 : 2-lep S5 + Er e
[ CNES~2%p 05, + E1 |
[ GGM + Simpl. model -y +Erlm]
GM38 :stable T

( ANSE - Tong-ived ;.f]

Stable massive particles : B-hadrons

Stable massive parbcles : B-hadrons

Stable massive particles : B-hadrons

[ Hypercolour scalar gluons : 4 jsts, my e m“]
APV : high-mass eu

Bilinear RPV - 1-lep + s + Ep

ﬁm(ﬂ.ﬁcttﬂcﬂm}

Tmass

ATLAS

G=0mass Preliminary

dmass (for m({@) = 2mig)) |
G-gmass ["ghti.:} fldf ={0.03-20)fb

5=7TeV

Gmass (m(@ <2TeV, ight )
Gmass (mfd) <2TeV, lighty,)

Gmass (m(d) <2 TeV,miy) < 200 GeV)
Gmass (mfd) <2 TV, mf) <200 GeV)
Gmass (m(7, ) <200 GeV, amiz", 7} amig ) > 112
f mass (m(B) < 600 GeV, light;)

Gmass (7] <B0 GeV)

b mass (mfy,) < 60 GeV/

7; mass (ight 7, ml) =gfm(’) + miz)})

fimass (comesp. fo 4 < 35 TeV, fanf < 35)

dmass (mibing) =50 GeV)

gmass
bmass
Tmass
spluon mass (exch myy < 100 GeV, my = 140+ 3 GeV)
v, mass (i, =010, 4, =0.05)

=0 mass (cr gp < 13 mm)
pnld L vl L1

18 January 2012
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‘Search for contact interactions

Motivations: 4-fermion contact interaction (Cl) can be a low-
energy description of: | arge Extra Dimension ADD model

» Quark-lepton compositeness

Analysis strategy:

Look for excess over Drell- | = Cont

Interaction:

Yan production selecting
high-quality leptons

do  dopy Fr(mye) 1 Fe(mee) ‘Nl

| = NLL : :
dmee  dme A? it *F.: pure contact interaction

*A: Energy scale below which fermion constituents are bound
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‘Search for contact interactions

Results: Electron channel Muon channel
0 5 : k e " Ts Daazoit 0 s " "1 3 UL |
& ° ATLAS Preliminary — B W ATLAS Preliminary g’
> 5 - = 5 ) 1
w10 ee:J-Ldt=1.08ﬂ:)" s w10 up.det:1.21fb
10* oSl 10* :
\Ns=7TeV A - 5TaV [ \Ns =7 TeV
10° i A o
== A= TTRY
10° P — %o 10%
10
1
10" 107
107 102
10-3 | i i | i Y AN I | 10'3 I | i i -
80 100 200 300 400 1000 200C 80 100 200 300 400 1000 2000
m,, [GeV] m,, [GeV]

Lower limits on Channel  Prior Expected limit (TeéV) Observed limit (TeV)

scale A at 95% Constr. Destr. Constr. Destr.
T ete™ 1/A2 9.6 9.3 10.1 9.4
of Credibility 1/A* 8.9 8.6 9.2 8.6
Level: wtp 1/A2 8.9 8.6 8.0 7.0 Most stringent
1/A* 8.3 7.9 7.6 6.7 limits to date

Combined 1// 10.4 10.1

9.6 9.4
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\Leptoquarks

Motivations: Leptoquarks (LQ) are color-triplet bosons that carry
both lepton and baryon numbers, and fractional electric charge
»Introduced by various extension of the SM (technicolor, GUTs, etc)

» Could explain similarities between the 3 generations of leptons and
quarks in the SM, and lead to some symmetry at high energy scale

Analysis strate

couple only to quarks and leptons of the same SM generation
— Focus here on 15t generation for 2 scenarii: B=BR(LQ—~>eq)

B=1

-
f,
- u
T,

—

Select:
*2 electrons
*2 jets

B=0.5

e
I<
I
-

: Search for pair-produced LQs assumed to

Select:

1 electron
*2 jets
*Missing
energy

E. Richter-Was
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Search for first generation of
scalar leptoguarks

o)
£10* ATLASPreInmmary o4 Apalysis strategy cont’d:
= +Jets E
L = [a] I - - -
ok Jra=r0aw” = oD 4 Use of Likelihood ratio method to
== | Diboson 7 - - - -
102 !LQ(WGOUGW,E_ discriminate signal from SM backgrounds
10 LQLQ—eejj ]
E - -
=1 |1 ... then put 95% CLs upper limits on oxBR:
1 =
] = - L LA L B BN NLNL AL NLNLEL R BRI LN
10 = 2 ATLAS Prelimi "4 o(pp — LQLQ) ]
L - 3 om 5;5:{ refiminary — - Expected Limit 7
10 5 0 5 10 15 20 X £ LaQLQ—evii/eeii Expected = 1o i
R
_ LLR ;%/ Expected = 26
— - /’//( p(LQ—eq) = 0.5 —— Observed limit
"21 05 ATLASPrellmmary ~- Data (N5=7 TeV) 107 /}/%/ E
> o Vdets - s, det: 103" 7
|-|J.104 ILdt =1.03f"" Egﬂgn N % ]
) - /’;/ _
3 [ Diboson >,
10 ’J% — LQ (M=600GeV) N .,,_h_/";f;.’/ 7
1028 | *—;jz'*; LOLQ—evjj —— —
+_+_ 10-2 = /
10 : B=0.5 - - ¢ EXCLUDED /‘/’;’/ )
‘l B 1 | 1 1 /:(It 11 L1 N
350 400 450 500 550 600 650 700 750 800
-1
10 M, q [GeV]
5 0 5 10 15 20
LLR mLQ > 607 GeV
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Search for first generation of
scalar leptoguarks

Results: 95% CL exclusion regions

= 1 BRI B L LR B
T 09 ATLAS Preliminary
9 0.8 ),
c:|:|. 0.7 LQLQ — eejj+evijj
= 0.6 f Ldt=1.03 fo'
0.5

Ns=7 TeV
0.4

0.3
0.2
0.1

= - eejj+evijj (Exp.)
— cejj+ev jj (Obs.)

DO (5.4 fb™)
| | | | Loy

MR BT R T T P T RN BT TS N I S
00 300 400 500 600 700 800

I II|I|§II|III||IIII|IIII|IIII|IIII|IIII||III|II'~I|

300 1000 1100
M, [GeV
Observed (expected) limits: La [GeV]
= B=1: m,, > 660(650) GeV
= B=0.5: m, > 607(587) GeV
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Search for exotic top partners
with large E "

Motivations: Top quark is the main contributor to quadratic

divergence in the Higgs mass =2 light top partners T (m;<1TeV)
could allow to cancel part of this divergence, and provide

solutions to the hierarchy problem

AnaIVSIS strategv Search for 7> ttA A, with A, a stable, neutral

3 9%F amas W oweerry ) weakly interacting particle
8 % _['— dt=1.0416" [T weies = Introduced by many models, e.q.:
= 70_ ] . . .
g _f I SuSy, little Higgs, 3" generation of
L = - Other Backgrounds . .
50 D) swsaoons nray leptoquarks, extra dimension, etc
40 [ =950 Gov, mia)-100 Gov » Many provide mechanism for EWSB,
30 foimmmwevma-cv 3 gnd dark matter candidates
20 ......

10

0 100 150

------------ ->Signature identical to tt, with

— miss
O e 0 larger amount of E;™** (focus here on
ETS [GeV) single-lepton channel)

E. Richter-Was
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Search for exotic top partners
with large E ™Ms*

Results: 95% CL exclusion regions assuming B.R.(T??“ tt A, A, )=100%

;I T T

8 20 —

= ATLAS

%!

4]

= -1

< 15 J.L dt=1.04 fbo©

\'s=7 TeV
100 —
- == Expected Limit (+10)

o ..
% Obs. Limit (Theory Unc.)

N CDF Exclusion

——— Excl.o x BR(TT-HA A, )
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\Interesting Interpretation

S : g 0 T T anas ]
Interesting interpretation: = F ]
> f JL dt=1.04 fb" |
. = - \s=7 TeV 7
4th generation i
(14,v4,ud,dq) is a A
natural and simple 5 F T,
extension of the SM F Ao Mass =10 GeV e,
| === Expected Limit (+15)
Observed Limit
Would have major implications: 107 m[‘g%f;:,#;;{,ge;:gﬂﬁ T
‘;. Can allow a heavv Higgs 300 320 340 360 380 400 420 440

»If there is no Higgs and u4 is heavy (e.g. “600 GeV), 4G fermion T Mass[Gevl

condensates could play the role of the Higgs via some strong interactions !
» In 5D AdS space, K-K excitations of gauge bosons interacting with 4G
fermions give rise to Yukawa couplings and to the mass hierarchy

» Could provide 10*3 to 101> more CP Violation to solve the Baryon
Asymmetry of the Universe problem

2 m,, >420 GeV @ 95% CL ; oxBR < 1.1 pb (with m, =10 GeV)

N.B.: limits in blue also ~valid for scalar models, e.g. stop quark pair production
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Black holes

Simulated black hole event in the ATLAS detector



Search for heavy resonances

® Predicted by numerous extensions of the Standard Model:
- GUT-Inspired theories, Little Higgs — heavy gauge boson(s) Z' (W')
- Technicolor — narrow technihadrons
- Randall-Sundrum ED — Kaluza-Klein graviton

®m Experimental challenge: understand detector performance
(resolution, efficiency) for a signal with (almost) no control
sample at very high momentum — confldence in ahgnment
simulation, etc... |

10
10°
10°k
10*
10?

ATLAS
W' — uwv
Ns=7TeV w2000
[Ldt=10410"

Events

m Electrons and muons:

Rapidly approaching 1 TeV!

1o




Search for heavy particles-resonances

Search for peaks in different spectra
1 Reached very high masses: ~4TeV (m;) and 1 TeV (m_,)

2 electrons invariant mass 2 jets invariant mass
m I | T 1 L) I L) Ll 1 | E T | T T T T T T T T T 'I T T
5 1 ATLAS «Daazon § § ATLAS -
= 5 DZ}'r“f* - LE u e Dat 7
W 10 J' 1 ODiboson = 107k au :
- T Ed E : L :
o' L dt=1.08 b Bhose 4 ol Fit
_ QcD : 3
10° \s=7TeV C12/(1000 GeV) 2 o Ne=TTeV
3 [1Z'(1250 GeV) > 3 e |Ldi=10M
107 [JZ/(1500 GeV) -
10k E
E :h!lh _
107k | 5
o i
10°F = =
EOET, : 500 1 : @ 500 H000 3000 4000
80 100 200 500 1000 2000 ot o]
M, [GeV]

This allows to put more stringent lower mass limits to heavy new particles




= No excess Iin the m_ spectrum
2.12 fb!

arxiv:1112.2194v1

Diphoton resonances search

10‘%

ATLAS Preliminary j Ldtz242%"

\e=7 Tev

-+ Data
I iReducible background
[]Total background

syst @ stat (reducible)
[ syst @ stat (total)
CIRS, WM,=0.1,m_=1.25 TeV
LIRS, kWM,=0.1, m =1.5TeV
T IRS, WM,=0.1, m =1.75 TeV

015 0.2
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03 04 0506 08
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Bayesian approach using templates

RS G* limits (yy+Il):
= m.>1.95TeV (k/M,,=0.1)
m.>0.8 TeV (L/MPL 0.01)

I
: HS'BE% DLE:-u::Iuswn I||I
- ATLAS yy+ee+uu PI
MG = Ohserved |
- --Expected f
© WExpected+ 5 /
| Expecled+ 2o _."

i 2z
: ILHI e 1080

w121 Y
WE =T Tev r/
a

A

= DO rr+ee
ATLAS Prahmmar'_.r 1
12 14 1618 2 24

m; [TeV]

—ATLAS 1y
_ATLAS sedpy |
CDF yy+es

I_ __I 1 1 1 |
05 06 0708 1



New exotic physics search

result summary

ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: Dec. 2011)

e I 1 LI | 1 1 I L | I I I LI | I 1 1 L
Large ED (ADD) : monojet | c=1.0m (2011) [ATLAS-CONF-2011-006] 327V My (8=2)
Large ED (ADD) : diphoton | c=2.1m* 2o11) (Pretiminary] 30Ty Mg (GRW cut-off) ATLAS
UED Jyy + E_ | cstam* or) peoavrsmane: 123Tev Compact scale 1/R (SPS8) Prefiminary
g RS with k/Mpg, = 0.1 Zyy, e, pp combined, M v [£=1:2:11" @0 (Preminary, soav:1108.1582) 185Te¥ Graviton mass ,
B RS with k/Mp, = 0.1 - ZZ 1€50Nance, My, |=1.0m? @o1) (ATLAS-CONF-2011-144] s75Gev  Graviton mass j‘-df: (0.03-2.1) "
E RS with gm“,‘gs:-(]_aﬂ ‘Hr+ Ep e |eer.0m? gonn amLas-cons-2om1123 swGev KK gluon mass S=7TeV
= Quantum black hole (QBH) - M. F(x) |cess pb* o1e ewrisassen aerTev My (5=6)
i QBH : High-mass g, , |cssapb” 2010) [ATLAS-CONF-2011-070) 235TeV Mp : = s
ADD BH (M, /My=3) : multijet, EpT, N}Eﬁ L35 pb? (2010) [ATLAS-CONF-2011-068] 137 Te¥ My (5=6) Exfra—dlmensmns.
ADD BH (My,, /M=3) : SS dimuon, Ny, ... |ee13m* 2ot sowtsrs.soeon 1257V M, (5=6) mass limits on ~1-3 TeV range
~ ADDBH (Mp, /M=3) leptons +I§'ﬁ‘3_-__1‘{7_,_._ Lo1.0 15" (2011) [ATLAS-CONF-2011-147] 15TV My (5=6)
5 "qqqq contact interaction - Fy(Mygiee) | s pb* 2010) ae3iv:1103.3864 (Bayesian i) BT TV A
_~ qgli contact interaction - ee, pp combined, m, - (ru.1.1.21" 2011 (Pretiminany) 1027w A (constructive int)
< SSM im0 |ee1a-12m7 20m panavirion. sz 183Te¥ Z' mass
o ~ SSMIm. |eetom @ aeaviinos.saie 213%v W' mass
oy Scalar LQ palrs (ﬁ 1:1 - kin. vars. in e€jj, evjj |L=1.0m” 2011) [Prefiminary] se0Gay 1 gen. LQ mass
= Scalar LQ pairs (8=1) : Kin. vars. in pujj, pvjj [£=ss pb* ze10 seviiossssn a226ev 2™ gen. LQ mass
s 4 geh’éié'ﬁdn ‘coll. mass in Q t: — WaqWwg Q, mass
< ™ generation - d,3,— Wit (2 lep SS) d, mass
._‘:I':_.__. I ._IT!ImEerJ‘:}. .tr_'.".'.ﬁ_ﬂAQ.. 1_!'.3_’3 _".'_I.e.ts + EI.russ T mass (”T['P‘n} <140 GeV)
Techni-hadrons : dlleplcn Mg p_fe, mass (m(pT;mT) -min;) = 100 GeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m{(W ) =1 TeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets W g mass (230 <m(N) < 700 GeV)
H* (DY prod., BR(H*—, 1) :m
B : Exgmed qual{ks ¥- :l;)les)onanuemm} e g* mass
=
S Excited quarks : dijet resonance, mgy,, g~ mass
Axigluons : M et Axigluon mass
Color octet scalar - Mgy Scalar resonance mass
Vector-like quark : CC, my,q Q mass (coupling Kgn = v/mg)
- Veclorlike quark > NC, ay, Q mass (CGUPHHQKqu =V |
I | | I I | | L I |

10" 1 10

*Only a selection of the available results lsading fo mass limits shown

102
Mass scale [TeV]




\(NULL) searches in CMS

I'SSM I

'yl

GKK Il k/M = 0.1
GKK yy k/iM = 0.1
GKK Il k/M = 0.05
GKK yy k/M =0.05
W' kv

W' dijet

WR, MNR < 1.0 TeV
W'—= W7

pIC

Mb’, b’ = tW, l+ets

M, ' = 1Z (100%)

MI", ' = bW (100%), l+jets
Mt', ' = bW (100%), I+

Heawvy
Resonances

Ms, vy, GRW, nED = 2
Ms, pp, GRW, nED =2
Ms, vy, GRW, nED = 6
Ms, pp, GRW, nED = 6
MD, monojet, nED =2
MD, monojet, nED = &
MD, mono-y, nED =2

MD, mono-y, nED = 6

MBH, rotafing, MD=3.5 TeV. nED =2
MEH, non-rot, MD=1.5TeV, nED = &
String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances

Eé diquarks

Axigluon/Coloron

q*. dijet

q* . boosted Z

Extra
Dimension

gluino, HSCF
e* A=2TeV
gluino, Stopped Gluino L A=2TeV
stop, HSCF S C.L A, dijet mass (3 pb-1)
Heavy C.. A, X analysis
stop, Stopped Gluino Long-Lived
stau, HSCP &k F = & & a6
: : : ] o TeV
0 1 2 3 4 5 4§ Te¥ 25% C.L. Exclusion Limits on Masses
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‘Summary on BSM searches

@ ATLAS has performed many different BSM searches

@ So far, no indication of BSM physics in any

— most stringent limits set on popular
models

Outlook
@ analyse rest of 2011 data ~ 4 fb—1

[leal Tl Tatainiale el et Tl el Telplelealaieal
- ATLAS Online Luminosity ~z=7Tev

F [ LHC Deliversd
E [_]ATLAS Recorded

+ upcoming data in 2012!

<
6

SE  Total Delivered: 5.61 f6'
F' Total Recorded: 5.25 f'
a
3
2
1
0

o
@ Searches for other signatures coming
o

Present searches will keep going B
: C data awaiting=—2
e more and refined SRs g

e refined background estimates

Total Integrated Luminosity [fb™

o

- — |
28/02 30/04 30/06

E. Richter-Was 18 January 2012 43



Integrated Lumi 50 (pb
T YRR esssasaesesaas TIE R — e
60000 +--mmmmm s o b HESEEURESIIEY T S——— -
# Integrated Lumi 50 (pb-1)
14000.0 - E= 4-|-ev : ................
120000 + Beta®* =0.7m
10000.0 | - - - === i O i Bt Fom oo S
~10/rb with 25n5
1 ey e L= S —— R — bomemee
6000.0 E ;
P T RS SR . (S Mote on scaling
Energy: Peak, Integrated and p scale linearly
20000 4--oooonaco ot ] B*: Peak, Integrated and pu to first order scale inversely but R depends on p*
i . W : linearly with L, inversely with n,.
u_n - i i i i I i L ' L i i i i i i i
o~ o~ o~ o~ o o~ o~ o~
= = = = = = = =
< <f ) r=) r~ o9 =2) =)
o o o o o =1 o —
~ = = = = = = ~
= Q) ™~ <r o (o)) [t} <t
o o (] (o] (o] —~ —~ -
[:' acember | 3} 2':-‘ | | r::‘ [I"v"']}f ers for [:'{:‘I c:" F'.'(:‘ 2—
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LHC running in 2012: 8 TeV [?]

" Enhances physics reach in two ways:
9 Higher cross-sections for new physics in full mass range

Hit_;|g~5:pp—)H; H—}WWIZZ&W 100 ——r—r—ry . — — JWJ?J,?”
1 . [ ratios of LHC parton luminosities: /o J ]
mainly gg: Factor ~1.2 [ 8TeV/7TeV, 10 TeV /7 TeV VAV RN
[ and 14 TeV /7 TeV Yo ;-’ "
VA 4
SUSY: 3" Gen Mass ~ 0.5 TeV . 99 /' fsusv ]
d gg: Factor ~1.5 E zod e
qq and gg: Factor ~1. 5 | RN O
- ag R - Y
2 qof vy
) o C 7 susy or
SUSY: Squarks/Gluino M~1.5TeV = £ | i L
qq,99,q99: Factor ~4.0 = | T e 30
'_____._._.-. -.._-__l'gg}l-___ _-— - -_-_:—-:'F':-:-._-,-_-.-:-f’-:..-‘-."'- -—I ’ //‘/;/!I
Z' - Mass ~ 3.0 TeV e
: Factor ~3.5 100 1000
qq M, (GeV)

" More integrated luminosity
0O @ 8 TeV: 10 - 16fb! expected (25/50 ns bunch crossing)
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T}We predictable future:l_FK:.T}nwe‘Hne

2009 Start of LHC

Run ‘] TTE:V centre of mass energy;, luminosity
2. .9

ramping up to few ‘1033 cm ~ s, few fI:-_-l delivered

20‘] 3;}‘14 LHC shut-down to prepare machine for design

energy and luminosity

Run 2 Ramp up luminesity to design (‘] 034 r:'.r'r"l_2 5_1), "”50 to “IOO 1"'b_dI

201? Dr18 |njectorancl LHC Phase—l upgrades to go to ultimate luminosity I

Run 3 Ramp up luminosity to 22 x design, reaching ~‘|OO Fb_dlxyear

b
accumulate few hundred fb

~2021/22 Phase-H:High-luminosity LHC New focussing magnets and l

CRAB cavwvities for very high lumineosity with luminosity lewvelling L
- -
ngfor HL

et
Run ‘4 Collect data until = 3000 fb_-] wlck-oﬁ me

G: Nov 201

2030 l




\Summary and Outlook

" LHC and experiments' run at 7 TeV truly
impressive
9 By now detectors are fully functioning scientific instruments;

" With ~40pb* the LHC observed all particles
of the Standard Model

0 Solid base for understanding the “background” to searches at
higher mass and transverse energy scales

" With 5 fb! we entered a true discovery era
2 (null) searches so far

= With 10-15 fb™

Q. SUSY explorable over very large area; possible new resonances;
very large reach for other new physics;

" The journey has just started.
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The ATLAS detector

L
L& |
& 44 m
= Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
pseudorapidity: P N 0 |
n = -In(tan(6/2)) F N M=
; \ L% M A | :| I
angular distance: = - o
AR = [Ar? +A¢?
24 m
rl=infini‘re...-llh'-llllill""'.. J_r;"f
‘Q--""'" - a \ /
7000 ftons J 1/ ~
88 Million channels / | \ \ e
3000 km Of Cﬂbles Toroid Magnets Solencid Magnet 5CT Tracker Pixel Detector TRT Tracker

2T solenoid
Toroid (B ~ 0.5T in barrel;~1T end-cap)




\Black holes

Motivations: Models introducing extra dimensions can provide
a solution to the hierarchy problem (M, ~10'¢GeV >> M., )
->The Planck scale in (n+4)-dimensions, M, would be much

smaller than in 4D, because gravity propagates in all dimensions

If M is in the TeV range, microscopic

black-holes could appear @LHC!...
... and evaporate by Hawking radiation

Large uncertainties on models due to
_ __ our ignorance of quantum gravity, but
ATLAS semi-classical approximation assumed

Simulati .
e valid for: m(B.H.) > My, .. ..a >> M,
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ATLAS Detector

@ Length : ~ 46 m
@ Radius: ~ 12 m
@ Weight : ~ 7000 tons
@ ~ 108 electronic

=, channels

A\ | , L @ 3000 km of cables

| (Jura)
P

Transverse momentum

(in the plane perpendicular to the beam) Rapidity: ~ 77=-log (tg %

pT:pSil]e O = 9(° %T'I:U
0=100 — n=24
0=170° - n=-24
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ATLAS Inner Detector

The mner detector

7| < 2.5 consists of

G2am i .
gt P < o Pixel detectors, semi-conductor
- tracker (SCT), transition radiation
tracker

o ~ 87 mullion readout channels
o Immersed in 27T solenoidal
magnetic field

\ o o Resolution of
|I "'T.l%dupﬁmlcondmrmckat (]'/]}T — 5 X 10_4 EB 0'015
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\ATLAS Calorimeters

Tike bamel Tile extended barmrel

barrel

Electromagnetic and hadronic calorimeters
@ Subsystem technology and granularity <

shower characteristics

@ Transverse and longitudinal sampling ~
200000 readout cells up to |n| < 4.9

Electromagnetic
Calorimeters:

e Fine granularity
An X Ag =
0.025 x 0.025 in
central region

e Energy resolution
10%/vVE
Hadronic Calorimeters:
e Granularity
An x A¢g=0.1 x0.1
in central region. less

segmented in forward
region

e Energy resolution
50% /v E & 0.03
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