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Why physics beyond the SM

 The Standard Model describes
fundamental particles and interaction

 The SM is a very well verified theory

 But it does not describe all known
phenomena, so can’'t be considered a
“theory of everything”

 Does not include:
— Gravity
— Dark matter

INFN
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Gravity

No consistent (=renormalizable) quantum
description of Einstein’s General Relativity
equations

— Graviton (spin=2)?
Scale problem: G¢/Gy, ~ 1032, or, in term of
mass scale: Mp,, /Meyk ~ 1076

Why so many orders of magnitude?

Underlying physics reason, or “Anthropic
principle”?

Hides higher space dimensionality?
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Dark matter INFN

* Ordinary matter constitutes
only 5% of the universe
content

— A small fraction of it makes
stars and planets

* A much larger “dark” fraction
manifests its presence only via
its gravitational effects

— Galactic rotation curves

« Dark energy is needed in the
universe to explain the
expansion acceleration

Atoms
Dark
+.6% Energy
72%
Dark
Matter

23%

Rotational curve of galaxy M33
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Theoretical arguments INFN

Theoretical arguments suggest physics beyond the SM to
guarantee the “hierarchy” of Higgs mass corrections

— Am 2=k A :

K is a numerical constant
— Computable from Feynman loops ¢

N is a cutoff scale (where
new physics occurs, could be the Plank scale)

Higgs physics mass very different from the SM mass parameter
via quantum loop corrections
— ‘“Instability” w.r.t. new physics scale

— Requires fine tuning of many orders of magnitude

New particles could run in the loop and provide the proper
cancelation without ad hoc fine tuning

— Supersymmetry?
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Super symmetry INFN

New scalar partners can enter in the loop

Quantum corrections have opposite sign and cancel
perfectly, solving t

the hierarchy problem H H
The particle spectrum would

be duplicated ‘

As we don’t see s-partners 4N
with the same mass as H “‘\ )" .

ordinary particles, SuSy
must be broken

Super symmetry has an elegant mathematical
formulation and also arises from string-inspired
models
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Susy mathematical model INFN

A new symmetry operator transforms fermions to bosons and vice
versa

@ |Boson) = |Fermion), @ |Fermion) = |Boson)

Special commutation relations

{Qa, QL} = —QUZde,
{Qaa Q}S} =0, {QL, Q,TS} =0

Qa» P =0, QL. P* =0
Superspace: extensio of 4D space-time with the addition of

anticommutating coordinates
A 3 = i
L L po ot _ Y (. ept Q = translation
zh L)z, 6%, O Qa Zag (076")aOp in the superspace!
Superfield can be decomposed by series expansion in 8 (no more than
2nd degree) into ordinary fermion and boson fields + an auxiliary field F

(Wess-Zumino)

® = ¢(y) + V209 (y) + 00 F (y)
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* R-parity conservation?
— R =(-1)3B-L*25 R=1 for ordinary particles, R=-1 for Susy
partners

— Violation of R-parity would result in most of the models in
short proton lifetime

— The lightest particle with R=-1 (LSP) can’t decay (DM
candidate!)
« Two (or more...) Higgs doublets (MSSM)
— a single doublet can’t form Susy-invariant terms
Hy, = (H,;" Hg), Hg = (Hg Hd—)
— Ratio of v.e.v:  tan 8 = vy, /vy , also related to m/m,

— Higgs bosons mass pattern predicted at tree level (m,o <
m_!), but loop corrections may change the pattern (up to 135
GeV still allowed)

)
Susy phenomenology sk
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INFN
Susy and GUT N
« Susy could be an intermediate step toward a grand
unification
« Adding more degrees of freedom would allow the
running couplings to meet at a common (GUT) scale
60_ ! | I ! | ! I ! I ! I ! I ! I
E (1)
50F
40?— 3 —/’:y::‘::’\:\
Esu@) - ‘
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0346 & 10 12 14 16 18
Log, ,(Q/GeV)
LHC Physics Luca Lista 9



SuSy zoology

* Higgsinos and gauginos mix states introducing EWK breaking into two

charginos and four neutralinos

« If the LSP is the lightest neutralino, would be a good DM candidate

— Some models also propose the gravitino as LSP

Names spin 0 spin 1/2 | SU(3)¢, SU(2)L, U(1l)y
squarks, quarks | Q | (¥r dp) | (uz dr) (3,2, %)
(x3 families) | u i, ul, (3,1, -2
d dy dh, (3,1, 1
sleptons, leptons | L (U €er) (v er) (1, 2, —%)
(x3 families) | e &, el (1,1, 1)
Higgs, higgsinos | H, | (H; HY) | (H} H® (1,2, +3)
Hy | (H) Hy) | (H) Hy) (1,2, -3)
Names spin1/2 | spinl | SU(3)¢, SU(2)L, U(l)y
gluino, gluon g g (8,1,0)
winos, W bosons | W* W0 | w* w° (1,3,0)
bino, B boson B° B (1,1, 0)
LHC Physics Luca Lista 10



Susy mass spectrum INFN

* Assuming all mass are degenerate at a
given (large) scale, the mass parameter
pattern may become simplified
— mMSUGRA (supergravity-inspired):

* My: scalar mass
* Mm,,: gaugino mass

* A,: trilinear coupling (higgs-sfermion-sfermion),
soft-breaking

— Other schemes have also been proposed

LHC Physics Luca Lista 11



)

' INFN
Possible mass spectra N

« Mass spectra are not predicted by theory, depend on the model

MSUGRA
_ irdriLdr by
9 drur HO A0 g+ €RVe €L F 73 il
. to bo -~
Urdr t2
b1 b1
H=
HOAO Ny Co ;
No C1 &L o
Te oy -
~ g
L éR 'T'l _ 5
hO Nz O’L
hO
2 2 2 2

LHC Physics Luca Lista 12



)
INFN
L/,

* Susy particles produced in pair (R-parity
conservation)

* Decay chains via s-particles + ordinaly
particles

* LSP escape undetected (- MET!)

» Signatures with leptons are easier to
detect

Experimental signatures
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Search for Susy INFN

* So far no evidence for Susy particles

 Limits have been set in the my/m,,, plane
CMS Preliminary L _ =4.98fb",\s=7 TeV
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Easy case: multileptons >> |

« Search for at least three leptons (e, y, 1) plus MET or transverse

hadronic activity H; = sum of transverse jet E;

CMS simulation s=7TeV, L =211fb" CMS simulation s=7TeV, L =211b"

450 T L T T 350 T T ™ T
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Z £ 150 :
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\5=7TeV, L =2.1f0"
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* In case of a two-jet event:

“T=Eﬁﬂ; , Mt = (;ETJ’> —(ép],’c) —(ép’;)

» Otherwise: cluster jets in order to minimize the E; difference of
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Razor variable (multijet) INFN

. CMS Simulation =7 TeV ‘-l-lb =7290b" QCD MS \u':.uux- R—- TeV ri N=TOp  Vipls
« Heavy 2 LSP + jets SERE o :

100 . ba: N 51200
e Cluster entire event in 1000
two “megajets” £ €00
« Exploits kinematics £ 600
. . -

differences with proper o 400
boost (CMS-SUS-11-008) 200

_ M_¥ B 1000 1500 2000 0

— Mg M, [GeV] M, [GeV]

=jets SUSY LM6

MR = \/(p]l + p]2)2 - (p]zl + p]zz)z . ('\ms.mul.m-u frtev fLesasops'

miss pmiss -*]1 =72
MR = Efiss (p + P’T — EF**-(Pr +Pr)
T —_—
2
MET
/ beam axis
71 473
longitudinal boost (R-frame)
MET
) 500 1000 1500 1000 1500 2000
beam axis MR [GeV] MR [GeV]
R-frame ~ CM frame Figure 1: Scatter plot in the (Mg, R?) plane for simulated events: (top left) QCD multijet, (top
G N1 right) W+jets and Z(vi+jets, (bottom left) tf+jets, and (bottom right) the SUSY benchmark
- = model LM6 [12] with M, = 831 GeV. The yields are normalized to an integrated luminosity

of ~ 800 pb !, except in the QCD multijet case where we use the corresponding generated

d\ @ luminosity. The bin size is (20 GeV x 0.005).
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Stop search

)
INFN
L/,,

« Stop could be the lightest squark due to large mixing effect in the 3™
generation

» Stop can be produced in pairs, decaying in a tt pair plus neutralinos
(LSP) with a sizeable cross section

Requirement | ee channel  pp channel ey channel % 10* Ié_ l ! e ' _.I_ l')a‘ta.20‘11l (f§= ;'l"e\;) S _él
Signal Region O - AT."AS ) =
lepton pr >17GeV  >12GeV > 17(12) GeV for e(y) g - [Lot=4710" % Standard Model 3
leading lepton pr < 30 GeV 8 10° E uu éhannel I:ltf iE|
my > 20 GeV and Z veto > 20 GeV % - : .Single top, dibosons, W+jets
jet pr > 1 jet, pr > 25 GeV — .. .
B > 20 GeV TS EJ Dzﬁﬂets
Erissis > 7.5 Qevl/2 | - - m(t)=112 GeV, m(})=55 GeV
Top Control Region | ----m(t)=160 GeV, m(')”('?)=55 GeV
lepton pr > 17 GeV > 12 GeV > 17(12) GeV for e(p) 10 =1 1
leading lepton pr > 30 GeV =
mu > 20 GeV and Z veto > 20 GeV B
jet pr > 2 (b)jets, pr > 25 GeV 1E]
b-jet pr > 1 b jet, pr > 25 GeV =
ERiss > 20 GeV e
E¥1iss,sig > 7.5 GeV'/2 10 =
Z Control Region = 1
lepton pr > 17 GeV > 12 GeV n/a = 2 ) T ) " :
leading lepton pr < 30 GeV n/a % 151: ? %7 P %ﬁ
mu > 81 GeV and < 101 GeV n/a © 0.5k P ‘T"
jet pr > 1 jet, pr > 25 GeV n/a = 00 . , ‘ . :
Emiss S 20 GeV n/a 50 100 150 200 250 >300
Epissie > 4.0 GeV'/2 n/a leading u p_[GeV]
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Direct searches INFN

* Direct limits on stop

T, production: T, —>b+x’ x*—>w +x (BR=1, m <200 GeV); t, —>t+x (BR=1, m_ > 200 GeV)

— _||\‘||||||||||||||\\|\\\\|||\\|||||||||||\_
%‘) 200 —  ATLAS v ObsErVEd limits (- 155’]‘;3;) t,— bﬂ”{ [—) w! +% (m <200 GeV) —
o — —— Observed limits (nominal) = 2 Iepm” (m.= 106 GeV) —
—_ — — -1 _ - . o 2 Ieptons + b-jets (m_, = 106 GeV) _|
- Ldt=4.7fb «s=7 TeV ---- Expected limits (nominal) 7
C’;}é_ 1 80 [ e 1/2-leptons + b-jets {myt =2xmge)
E L Status: September 2012 All limits at 95% CLS e %
— Tt (m; > 200 GeV)
1 60 [ -/ = 0 lepton
— </ — 1-lepton
140 — JUT _ B 2-lepton
[ m_>m. (=106 GeV) <‘>/

(s]

gl

~g

= pa—

é . El 1"
Y AN B B N IS I I TN LI H R NI I

150 200 250 300 350 400 450 500 550
m; [GeV]
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INFN

CMS preliminary | umothen)-m(1sp) =200 Gev :’0%;33_75 m(LSP)=0 cev
T1: §—-4qax” | gluino
Tlbbbb: §—0%" | gluino
Titttt: §g—etx’ gluino
T2: 3—4¥’ | squark
T2bb: b—b%" | spottom
T2tt: 7 —tx° stop
T3lh: g—ge(is 1" 1" X") | gluino
T3w: g—aa(x* =Wx"IX°) | gluino y—'_‘
T5Inu: x* =15v%’ | gluino
T5zz: §—qq(s = 2X") | gluino —
TChiSlepSlep: ,%* —UwX’X" | chargino/neutralino
TChiwz: ¥* %) -Wzx’%’ | chargino/neutralino 7TeV, < 4.98
0 200 400 600 800 1000 1200
Mass scales [GeV]
LHC Physics Luca Lista 22



)

Sparticle mass limits (ATLAS)

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)

. MSUGRA/CMSSM : 01ep ¥ ' ¥ E; e =g mass
% MSUGRA/CMSSM : 1 lep + ]:s +E7 s ;d =g mass det =(1.00 - 5.8) fo!
= Pheno model : 0 lep + J's+ E7 iss gmass (m@) <2TeV, ||ghlx )
e Pheno model : 0 lep +j's + E; q q mass (m(@) <2 Tev, ngmx ) Is=7,8TeV
N Gluino med. % (G—a@x ) : 1lep +j's + E, gmass (m)) <200 GeV, m(z") = ll(m(x )+m@)
g GMSB : 2 lep (OS) +'s +Ey, m:z g mass (tan < 15) ATLAS
[ GMSB:1-2t+0-1lep+j's+E g mass (tanlg > 20) Preliminary
- GGM :yy + El™s

________ Tiss . g mass (m(x ) >50 GeV)

b't')';gs virtual b)
TG—bby (glr’tual b):0lep +3b-j's +E.
g—>b % (realb) Olep +3b-j's +E.
Gt virtual 1) 1lep+1/2b-'s + E
g—>tf: (vmual t) 2 Iep (SS) +j's+E
—>tf~ (virtual?) : 3lep +j's + E
g—tly vmualt) 0 lep + multi-f's + E .
g—>tfi (thual) 0 lep + 3 b-| jS +E.
................ Gty (reald) :

g mass (m(x )< 300 GeV)
g mass (m(x ) <400 GeV)
g mass (m(x ) =60 GeV)
g mass (m(x )< 150 GeV)
g mass (m(x ) <300 GeV)
g mass (any m(x )<m())
g mass (m(x ) <300 GeV)
‘g mass (m(x )< 50 GeV)
g mass (m(x ) =60 GeV)

T,miss
T,miss
T,miss
T,miss
T,miss

T,miss

T,miss

bb,b —>b>1‘ : + 2-b- Jets + ET miss b mass (mG) < 150 Gev)
L§ bb, b —>ti' 3lep +j's + Ep e g mass () = 2m(x )
ERS T (very Ilght) t—>bx 2lep +E; tmass (mG) = 45 Ge)
9{_‘5 T(Ilght) t—’bX 1/2 Iep + b-jet + ET miss L=4.7 fb™, 7 TeV [CONF-2012-070] 120-173 GeV.| Tmass (m(x ) = 45 GeV)
5 Q T (heavy) t—>tX: 0 lep + b-jet + Er miss L=4.7 fb™, 7 TeV [1208.1447] 380-465 t mass (m(x )=0)
§> § T it (heavy), t_)txm 1 lep + b-jet + ET miss | L=47 16", 7 TeV [CONF-2012-073] z_ T mass (m(x ) 0)
T Tt (heavy), t>ty 12lep + bejet + B o |L=47 "7 TeV [CONF-2012-071] 208305 Gev | Tmass (mG) = 0

T (GMSB) Z(—»II) + b-jet + E Tmass (115 <m(x %) <230 GeV)

............................................ Timiss -

ILIL, I—>Ix 2lep +E L=4.7 ", 7 TeV [CONF-2012-076] B3HBOIGEVA | mass (m(x) 0)

k3] ~ T,miss

E % _18< T = (W)—Ivy 702 lep + Ep pigs |£=47 17,7 Tev [CONF-2012:076] | 120830Gev| ¥, mass (mGz) =0, m{iv) = g(m(i )+m(x »
................ XXy =2 é.l(fy.\{)’ryfr?x :31ep + E gy [£=47 17,7 TeV [CONF-201 6 % Mass (@) =mi), ) =0, mi¥) as above)

> AMSB (direct x pair prod.) : long-lived X, %, mass (1<) < 10ns)

é § Stable g g R-hadrons : Full detector g mass

) IS Stable T R-hadrons : Full detector T mass

52 Metastable g R-hadrons : Pixel det. only = gmass @ >10ns)
....................................... GMSB : stableT . TMass (5 <tanf <20)

RPV : high-mass eu v mass  (4,,=0.10, 4;,,=0.05)

2 Bilinear RPV : 1 lep +j's + E s q =g mass (07,55 <15 mm)

(i3 BC1RPV :4lep + E; g mass
.......... RPV %, % . 7>.9qu 1 u + heavy displaced vertex Gmass (3.0x10° <1, < 1.5x10% 1 mm <or <1 m,3 decoupled)

5 Hypercolour scalar gluons : 4 jets, m; =~ m,, |L=4.6b", 7 TeV [ATLAS-CONF-2012-110] . 100-287.GeV/| SgluOn Mass (incl. limit from 1110.2693)

£ Spin dep. WIMP interaction : monojet +ET,miss M* scale (m, <100 GeV, vector D5, Diracy)

S Spin indep. WIMP interaction : monojet "'Emiss M* scale (m, <100 GeV, tensor D9, Diracy)
""""""""""""""""""""""""""""""" . 1 L1111l 1 L1111 1 L1111l ] L1 1

10" 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TGV]

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

* No evidence of Susy particles so far

* No hint of either a second neutral Higgs
or charged Higgs

* |f Susy exists:

— either it hides on some special corner of its
parameters “phase space”

— Or it should be less trivial than the
assumed MSSM/mMSUGRA
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Extra dimensions L’f"

« During '20s Kaluza and Klein proposed a model to unify gravity and
elecromagnetism by adding fifth space dimension

4x4: Einstein’s equations €—— —> 4x1: Maxwell’'s equations

| 11 |
[ g" _A% )
— 2
N e A
« If the fifth dimension is “compactified”, it would no longer be visibiel

« Byproduct of compactification: the electric charge is quantified!

 The model was abandoned because of difficulties with quantum
description, now revisited in more complex contexts

Luca Lista 25



La Fisica a LHC

Luca Lista

Particles excitation by “curling”
around the compactified
dimension give raise to a
spectrum of new particles

Search for heavy resonances
decaying into pairs of leptons or
jets

m.2 = my? + n?/R?

DM candidates could be

excitations of a standard
particle?
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Search for diyet/dilepton res.
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Also searched for in W=>1tb,
Similar to SM single-top production
in the s channel

Search for heavy W’
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Extra dimensions and gravity =~ ™

« Extra dimension could also explain the hierarchy of
plank scale vs EWK scale

« Gravity weaker because it propagates in more
dimensions

« EWK world = a brane in a higher dimensional space
(Arkani-Hamed, Dimopolous, and Dvali (ADD))

— Gauss law: Planck scale of gravity in four dimensions (M)
related to a fundamental Planck scale in 4 + ncy dimensions
(Mp) according to the following relation: M2 = Myz*eox Rneo

« Randall-Sundrum (RS) model (5D) predicts a

detectable graviton KK excitation with several
possible decays (e.g.:. G* 2> ZZ, ff, ...)
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RS graviton* (G*2ZZ—2>qqvv) ™~

« Signal = excess peaking at Z mass (jj) and G*
mass (Il + MET)

103 - ] ] L I L [ - 103 - 1 l 1 LI ] LI ] L B | ] L | ] L l -
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— :('VH“‘ b — :(N)ﬂ“‘ .
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S G* (1250 GeV), kiM_=0.2 > G* (1250 GeV), kiM_=0.2
© 107 o 4 T 10°F ‘D =
0] : CMS Preliminary 3 0] 2 CMS Preliminary 3
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Black holes INFN

« BH/string balls may be produced, according to some models, at LHC

« Evaporation (Hawking’s radiation) results in emission of SM particle
with a “democratic” distribution

« Signature: events with jets and leptons
* No signal found, limits set in the parameter space

% T e Data 2011 (s=7 TeV) % ' ' "7 T e Data20ti Ns=7TeV) o
o f Ldt=1.04fp" — TotalBkg & — Total Bkg ]
o 10t B W+jets & tf o 10° f Ldt=1.04fp" O Wets &t -
3 CJacp S 3 Qcd 3
.g E Z+jets 5 Il Z+jets -
o b J e [, Black Hole t ke 00 Black Hole 7
= 10 String Ball o 102 ; + String Ball —
L Lﬁ P Ll =
102 ATLAS Prelimipary 1 S E
10 eee T =
10 wwwwww E
ATLAS 7
1 1 Preliminary 3
10" 10 l =
s 2 | 3 2 '
3 +, T ‘ 8 el
R | TN e e et ] = 1-—§—+1_+_
O ol 0 N .
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CMS: 5

S+ = scalar sum of p; of

individual selected objects:
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k =
INFN
Leptoquarks M
« GUT models (SU(5), SO(10)) and technicolor-composite models
predict new bosons that couple to both leptons and quarks
« Produced in pairs via gg fusion or qq annihilation

« Search performed in the 3" generation: LQ = 1b (one tau decys
to e or y, the other to hadrons)
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C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., dimuon, destructve LLIM
C.l., dimuon, constructive LLIM

C.l., single lepton (HNCM)

MBH, rotating, MD=3TeV, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED =2

Contact
Interaction

LHC Physics
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Z'SSM I

Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z', ttbar, lep+jet, width=1.2%
Z'SSM Il (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET kM = 0.2
Gyyk/M=0.1

G, Z(IhZ(gq), k/M=0.1

W' v

W’ dijet

W' = td

W’—= WZ(leptonic)

WR' = tb

WR, MNR=MWR/2

WKKp =10 TeV

pTC, nTC > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

g* (qg), dijet
g (@W)
q*(a2)

q*, dijet pair
q*, boosted Z
e, AN=2TeV
P, A=2TeV

o

o

Resonances

3

b’ = tW, (3l, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ = tW, l+jets

B’ = bZ (100%)

T =tZ (100%)

t' = bW (100%), l+jets

t' = bW (100%), I+l

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
fractional charge, q=2/3e
fractional charge, q=1/3e
multiple charge, g=2e
multiple charge, g=3e
neutralino, ctau=25cm, ECAL time

LQ1, B=0.5
6 LQ1, B=1.0
LQ2, B=0.5

LQ2, B=1.0

LQ3, (bbnunu) Br(LQ — bvt) =1
LQ3, (btau) p=1.0

stop (btau)

Compositeness

4

5

6

—

4th
Generation

CMS, S. Rahatlou




Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton + E .

Large ED (ADD) : diphoton, m,,

UED : diphoton + E7 e

RS1 with k/My, = 0.1 : diphoton, m,

RS1 with k/M_, = 0.1 : dilepton, m,

RS1 with k/Mp, = 0.1 : ZZ resonance, my, ,;

RS1 with k/Mg, = 0.1 : WW resonance, my,,,
RS with BR(g —11)=0.925 : tt — I+jets, m

tt.boosted

KK
ADD BH (M, /My=3) : SS dimuon, N,

h. .
ADD BH (M,,, /M,=3) : leptons + jets. 3p

Z' (SSM) T Mg
Z'(SSM) : m,,

W' (SSM) : e,

W' (= tq, g =1) imy
W'y (— to, SBM) :m,

(@] Scalar LQ pairs (5=1) : . in eejj, evjj
T Scalar LQ pairs (=1) : kin. vars. in unjj, wvjj
] " 4"’_ generation : t't'— WbWb
S 4" generation : b'b'(T /QT5,3)—> WitWt
S New quark b' : b3 Zb+X, m,
N Top partner : TT — tt + A A (dilepton, M 3
= 0°"0 T2
() Vector-like quark : CC,m,
< Vector-like quark : NC,m,,
S T Excited quarks :y-jet resonance, m”
25 Excited quarks : dijet resonance, Hveij
QE Excited electron : e-y resonance, m
we Excited muon : u-y resonance, m

Techni-hadrons (LSTC) : dilepton,m,

Techni-hadrons (LSTC) : WZ resonance (vlll), me:t;:
Major. neutr. (LRSM, no mixing) : 2-lep +jéts
W (LRSM, no mixing) : 2-lep + jets
H* (DY prod., BF{(H:‘—>W)=1) : 8S dimuon, m
Color octet scalar : dijet resonance, m;

L=5.9-6.1 b, 8 TeV [ATLAS-CONF-2012-129]

Mp (6=2)
M, (5=2)
Mg (GRW cut-off, NLO)
Compact. scale 1/R
Graviton mass
Graviton mass
Graviton mass
Graviton mass
KK gluon mass
M, (5=6)
M, (5=6)

ATLAS

Preliminary

Ldt=(1.0-6.1) fo
Is=7,8TeV

M, (5=6)
A
A (constructive int.)
A
249 TeV. Z'mass

L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-067]
L=4.7 b, 7 TeV [1209.4446]
L=4.7 fb”, 7 TeV [CONF-2012-096]
L=1.0fb", 7 TeV [1205.1016]

L=4.7 fb™, 7 TeV [1209.4446]

L=1.01b", 7 TeV [1112.4828]

L=1.01b", 7 TeV [1203.3172]

L=47 lb", 7 TeV [Preliminary]

L=4.7 fb", 7 TeV [ATLAS-CONF-2012-130]
L=2.01b™, 7 TeV [1204.1265]

L=4.7 fb™, 7 TeV [1209.4186]

L=4.6 fb™, 7 TeV [ATLAS-CONF-2012-137]
L=4.6 fb™, 7 TeV [ATLAS-CONF-2012-137]

350GeV. W'mass

400GeV b'mass

1.3TeV. Z'mass
255Tev. W' mass

1.13Tev. W' mass
2.42Tev. W* mass
660Gev 1" gen. LQ mass
685Gev. 2" gen. LQ mass
656 GeV t'mass
670Gev D' (TS/S) mass
483Gev| T mass (m(A ) <100 GeV)
1.12Tev. VLQ mass (charge -1/3, coupling K qq =v/my)
1.08Tev. VLQ mass (charge 2/3, coupling k q = v/mg)
* mass
q* mass
e* mass (A =m(e*))
w* mass (A =m(u*))
pT/“’T mass (m(pT/u)T) -m(n;) = MW)
p, mass (m(p.) = mn;) +my, m(@) =1.1m(p,))
N mass (m(WR) =2TeV)
Wy mass (m(N) < 1.4 TeV)

H* mass

Scalar resonance mas,

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

10?
Mass scale [TeV]

1 10
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Conclusions INFN

* No hint of new physics found at LHC

» Simple Susy model excluded in a large
fraction of the parameter space

— ... though “large fraction” depends on a
“metrics” of the parameter space

* The search goes on, improvements are
expected with larger data samples and,

in next future, with the increase In
center-of-mass energy
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