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The SM and Beyond

The problems of the SM: Excuse me.ore you

particle? ~—_
- Inconsistency at high energies due to Landau poles

» Large number of free parameters

 The origin of the

.. el : : :
» Flavour mixing ancd\aa of generations 1s arbitrary
» Formal unification oRg#POng and electroweak interactions

The way beyond the SM:

« The SAME fields with NEW —>

GUT, SUSY, String, ED
interactions and NEW fields Hne

« NEW fields with NEW —> Compositeness, Technicolour,
interactions preons




Mass is a form Unification Theories

of enerqy! Electricity and magnetism are different
manifestations of a unified "electromagnetic”
force. Electromagnetism, gravity, and the
nuclear forces may be parts of a single
unified force or interaction. Grand
Unification and Superstring theories
attempt to describe this unified
force and make predictions
which can be tested with
the Tevatron

 Unification of strong, weak and electromagnetic
interactions within Grand Unified Theories 1s the new
step 1n unification of all forces of Nature

* Creation of a unified theory of everything based on
string paradigm seems to be possible
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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:
N 1 N 2Ty
L >
o)
""“ y Key parameters:
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Ni = bunch intensity
ny = number of bunches
o = colliding beam size

I “w i 'lf.
Bunch ot .
e . O]
Proton

Nominal LHC parameters (7 TeV): 2808 bunches of 1.1x10" protons, 0.000016 m size.

Units for the luminosity:
Peak luminosity given in event rate per unit of area

Integral luminosity (prop. to number of collisions) fbr1

cr?s’: 2010 goal = 10%¢enmr?s!
: 2011 goal = 1 fb-1




CMS Physics Objectives through 2011
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Inclusive Jet Production __

Measured Jet Production rate in gon agreemen
within experimental and theoretical uncertainties
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Two-Particle Angular
Correlations

Published in
J. High Energy Phys. 09 (2010) 091

First surprising result from the LHC:

Observation of Long-Range Near-Side
Angular Correlations in pp Collisions

MinBias high multiplicity (N>110)

(b) MinBias, 1 .DG&W-:-:pT-: 3.0GeVic {d) N=110, tﬂGeWn::-:pT:E.l]GEWc

R(AN,AQ)

Figure 7

No conclusive explanation yet , sizeable impact on
scientific community!




W & Z Boson Production

electron(s) muon(s) tau(s)
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« Measurement of the W/Z and top cross section
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First (Z9—=p*p)(Z°—-p*p-) Candidate
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SM Fit to Precision EW Data

X’ versus M, for SM Fit
+ +42-30 @68%CL
+M, < 165 GeV @95%CL

| =172.5 GeV

If it is there we may see it soon




Measurement of M, and m, and
Comparlson with SM and MSSM

expenmental errors G8% CL:

Lep2/Tevatron(1998)
Lep2/Tevatron(2006)
Lep2/Tevatron(2007)
LHC

ILC

both models EEE:

Heinemeyer, Hollik, Stockinger, Welber, Weiglein 07 7

.I.li':JII|IIII|IIII|II

170 175
m, [GeV]

180

185

MSSM band:
sCan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of _.-“LIEIM




The SM versus MSSM
Fit for the Higgs Boson Mass

SM MSSM
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Search for Higgs Boson at LHC

Production mechanisms & cross section

o(pp —H+X)
Vs =14 TeV
m, = 175 GeV
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M. Spira et al.
NLO QCD

HO 0 200 400 600 800 1000

WW, ZZ fusion =9




Tevatron Run II Preliminary, <L>=5.9 fb!

% LEP Exclusion Tevatron
=10 & Exclusion
'E ----- Expected
o~ ) = Observed /
N [ +10 Expected
+20 Expected
- p
&)
N
wn
(=)
1F
<———Tevatron Exclusion July 19, 2010

100 110 120 130 140 150 160 170 180 190 200

mH(GeV/cz)

1 I T -ll T i
L o -
Ls * _
¢ ) 7
. % [c] fitter |..|” .
S c — 0
- % .
I/ g _
- 0 -
x
B X i
I & A
- m ]
_ 0 A
- .g -
e oo o —20
- S Theory uncertainty i
- & — Fitincluding theory errors -
C, % ---- Fit excluding theory errors |
b - - - - 2./ - . . . . R E - 10
_ 1 l 1 l A 1 L | l 1 1 I 1 L L L ]
100 150 200 250 300
M, [GeV]

Tevatron seems to exclude the region 158< mH <175 GeV,
However large uncertainties in the calculation of the SM

background does not allow to make definite statements




Modern Higgs Window
(Direct Search)

Search for the Higgs Particle
Status as of March 2009

95% confidence level

SUSY range
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The first (negative) results from LHC at 35 pb”-1




Higgs in 20117
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Improvements possible with further optimised analysis techniques

Emily Nurse ATLAS 26



Search for the Higgs Boson

We don’t know the mass of the Higgs Boson!

Evaluated the CMS discovery potential 2011 with the simulation
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with 10fb! @v/s=8 TeV CMS can discover the Higgs Boson
in the mass range ~115-600 GeV!



Alrernative to the SM Higgs boson:

Two-Higgs Doublet Models

Inert Higgs Model

Little Higgs Models

Twin Higgs Model

Gauge-Higgs Unification Models
Higgsless Models

& Dynamical symmetry breaking without scalar fields







Superspace
(Super) Algebra

x, —>x,,0,,0s

Lorentz Algebra

Grassmannian a,a=1,2

[Pu,PV]:O, [ﬂ,Mpo]:i(gupR, _gucpp)’ parameters 8 =0, 52 —0
[M v M po] = (ngM o &M up guvao U gqu vp ) SUSY Generators
SUSY Algebra
10,,F,1=10;,F,]1=0,
[0,,M,,1=4(0,,)205, [0, M,,1=-104(G,, )i

i A/ if
| {Q(x ’ Q B } = 26 ’ (Gu )(xB P.U Supertranslation

0,0, B,=1,2i,j=12,..,N. %, 00,2 ~i50,0

The only possible graded Lie algebra that mixes 0— 0+,

integer and half-integer spins and changes statistics 6—0+¢




Maxwell ED
Local gauge invariance 9, —~>D,=9d,+A, _, Vector field

Covariant derivative Einstein GR

Local SUSY — Local coordinate transf —» graviton

x, = x, +i60, & —ico 6,

* Gauge coupling unification Change of

the slope at
the scale

Msusy ~ eV M g5y ~ TV




Maxwell ED
Local gauge invariance 9, —~>D,=9d,+A, _, Vector field

Covariant derivative Einstein GR

Local SUSY — Local coordinate transf —» graviton

x, = x, +i60, & —ico 6,

* Hierarchy problem
Mass stabilization

Q / boson v/ fermion
2 + A =0
A

H,(NH,  gaugino
- e it eM .., ~M
zldSUSY TeV . - .




Bosons and Fermions come In pairs

Spin0 Spin1/2 Spin1/2 Spin 1 Spin 3/2 Spin 2




Superfield Bosons Fermions SU.3) SU,(2) U,

Gauge

G“ gluon g°
yk Weak W*W*,Z7)
vV’ Hypercharge B(y)

Matter

Li — (Va e)L
E =e,

( Qi — (ua d)L
. squarks { 188 U, =u,

D, :dlce

' sleptons < . leptons{

Higgs

H, , {
Higgses
2



Messengers

Gravitons, gauge, gauginos, etc

Breaking via F and D terms in a hidden sector

_LSoft ~ 2 Mz;fzj’vz i Em(i‘ | Ai |2 ) ZAy’kAiAjAk i EBiinAj
a Wl i ~ jk A j

gauginos scalar fields

Over 100 of free parameters !




 Three gauge couplings
e Three (four) Yukawa matrices

e The Higgs mixing parameter
 Soft SUSY breaking terms

MSUGRA Universality hypothesis (gravity is colour and flavour blind):
Soft parameters are equal at Planck (GUT) scale

_LSoft = Ay, O, H,U, + beL{{\l% +y, L, HE;}+BuH H,
+m§2| qoi |2 +%M1/2zﬂ‘aﬂ“a

ICINCICICN 1 m, M,,, B« tanf=v,/v, and u
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Typical SUSY signature: Missing Energy and Transverse Momentum




The x-sections are usually much smaller than for creation of SUSY




cross sectionp-ptogg | cross section p-p to ¥ %3




m0 =1400 GeV
mi/2 = 180 GeV
A =0

sign(p) = +1
tan =50

Signature:
4 b-jets + 4 muons + E miss
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Tight sample is picked to have very low background (discovery
optimization), optimal for low-statistics dataset

— B=0.025 1 0.004 (0.074 £ 0.011) events for p+Tr (Tr-only)

Use tracker-only analysis __ CMS \s=7TeV 3.06pb"
scenario (R-hadron emerges _ Theorstical Prediciion o o e
as a neutral object); < giuino (NLOANLL) o guino; sov s
W+ Tr for the other ones

Set limits on the gluino

mass of 357-398 GeV for the

fraction f of gg hadronization
between 0.5 and 0.1 (u+Tr)
— In the charge suppression

scenario, the limit is
311 GeV (for f=0.1)

— These are the most
restrictive limits to date

The analogous stop limit
Is 202 GeV - still a bit below
the Tevatron's 249 GeV limit

5% C.L. Limiis

—&— gluino; 10% §g; ch. suppr._|

—m— slhop

stop (MLO+NLL)

stop; ¢h. SuUppr.

First Public

1 Presentation |
| of These Resulis | |

200 400 600 800 1000
Mass (GeV/c?)

arXiv:1101.1645, submitted to JHEP




Search for high-mass squark and gluino production in events
with large missing transverse energy and two or more jets

L, =35pb’\Ns=7TeV

| r v
nnnen NLO Expacied Limit - CDF &4, 1ﬂl'f;=5, 2fb

e ) Cibgesrued Limit o o p
LD Clbgerved Limi 100 7 tans=3, 2.1 fb

m, . (GeV)

I:II :'. o |'_:' 0 ] [ I

tanfi =3, An =0, sign{y) >0

Expanded the excluded range established during
The last 20 years (!) by factor of two with only 35 pb”-1




MSUGRA/CMSSM: tanf =3, A =0, >0

ATLAS L™ = 35 pb ™!, (5=7 TeV —— Observed limit 95% C
1 lepton, =3 jets - ==+ Median expected limit

Expected limit +1o
—— CMS jets (a;), 35 pb”’
B cr2T
§.(700 GeV) [ LEP2%
[ D0%. %,
| 1 D0§,q u<0,211"

Search for lepton + jets + missing transverse energy with 35 pb”-1




®& Very exotic scenario is realized (doubtful)

& Susy threashold is above few TeV
(no gauge coupling unification, hierarchy problem
needs fine-tuning)

& Susy breaking pattern has to be changed
(most questionable part of the MSSM)

& MSSM is not the right model (what else?)

& Susy is not the right way (tell me what is better)







Evidence for CP violation in B-system in first data ?

LIS 0, = 8.2762 - 0.0010 GeVic* 0 0+ = 0
L, | Daama) | BVBITECOORAN
el = sl | N OFAG: 0.09820.012)
BO>Ka | [ s A DOPETS
s 3 AT 01828 0,18 Acp(B0)=-0.43+0.17
R, .= 0LOGT = D.O22 P .
' (CDF: 0.39+0.15+0.08 in 1 fb')
T SIS - WO | % only raw asymmetries
CP violation = e ) %+ not accounted for production
particle and anti-particle V \I_!‘D & detector asyminetries
behave differently! » this 1s not a physics result yet!
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Probing New Physics in loop decays: B, —»> U 4

B, — p  : the super rare loop decay w90 % CL €2CCLUSION ———
] + b e s
s SM : MSSM :
B0 =
] A .
t +NP &
W= ARSI < 50+
o y
t _3-1: 40 4
— & ' -
S
]
10 -
: E§M prediction e mm o -
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2010 2011
v sensitive to New Physics. can be strongly v analysis of 2010 data well advanced,
enhanced in SUSY with scalar Higgs exchange  “un-blinding” for winter conferences!
v sensitive probe for MSSM with large tanp: » expect competitive result with best world
B(B—'1) ~ tanp 6/ M,* measurements, with this years data set
5 i PETRA

» potential to discover New Physics down to
the SM predictions with next year’s data




First observation of new semileptonic B_.' decay

First observation of B, —» D, X n v with D, — D°K*
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- = my(D_(2573)) = 2569.6 + 1.5 MeV
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£ 100
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~ and more first observations in the pipeline... !







Spectroscopy of mesons (qq)
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Di-Electron
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Heavy Ion (Pb-Pb) Collisions

| CMS Experiment at LHC, CERM

‘i Data recorded: Mon Nov 8 11:30:53 2010 CEST
Y Run/Event; 150437 [ 630470

Lumi section: 173




Asimutal anisotropy in lead-lead collisions

The second Fourier coefficient of assymetry is elliptic flow v/,

Liquid with minimal viscosity

h

g s

. PHOBOS | 471 k B
PHENIX
= NA49

CERES
+ E877

First obtained from
AdS/CFT conjecture

Elliptic flow vV, at 2.76 TeV compared with lower energies




New quark exclusion

Np = 0.32 £ (.21 (tt+jets)

Zero events gbserved

M(b") > 357 GeV @ 95% CL
Exceeds CDF limit of 338 GeV

pp — bb' cross section (pb)

First Public
Presentation

ﬂ‘.e.ﬁe Results
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Parameterize dijet mass spectrum with a smooth,
4-parameter fit function: g5  Py(1 — m/ 5" 10

dm (] S PT)

and look for bumps

Mg > 1.58 TeVY osmsae ||
Ms>25TeV A0,

Phys. Rev. Lett. 105, 211801 (2010) 1000 1600
: Dijet Mass [GeV)

. /
T ST T 5 TaV], l

In their absence, set limits
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 W* and QCD backgrounds estimated via template method
* Mt >400-675 GeV for M(W') = 0.6-2.0 TeV, 2-0 events observed

« M(W') > 1.36 TeV (ev) - significant extension of the Tevatron limit
of 1.12 TeV [CDF, arXiv:1012.5145, 5.3 fb-1]
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CMS, 2.9 pb-! ATLAS, 0.32 pb-! CDF, 1130 pb-!
PRL 105, 211801 (2010) IR R GEEOERPOE 00N PRD 79, 112002 (2009)

M > 158 (1.32) TeV M>126(1.06)Tev  [IENEIALY
M > 2 50 (2.40) TeV ‘ M>14TeV

(our estimate)

Axigluon/ | M=117TeV (M = 1.23 TeV) M=125TeV
OB and not (1.42 <M < 1.53)

6 | Exclude 0.50-0.58 & 0.97-1.08 & M > 0.63 TeV
LLUELSN | 45_1 60 TeV (M > 1.05 TeV)

Quark Compositeness (left-handed quarks)

CMS Centrality 29pb?! |A>4.0(2.9) TeV
PRL 105, 262001 (2010) actual (observed) |l All bounds moved

CMS Angular Distributions 36pb! |A>5.6(5.0)TeV but nothing is seen !
(to be submitted soon)

ATLAS (Angular Distributions) 3.1 pb?' A>3.4(3.5) TeV
(Centrality) PLB 694, 327 (2011) A=>2.0(2.6) TeV

DO (Angular Distriburions) 700 pb? A >2.84-3.06
PRL 103, 191803 (2009) (2.76-2.91) TeV







* Probe models with Large Extra Dimensions (ADD)
where gravity alone is allowed to propagate

— Offers a solution to the hierarchy problem by “lowering” and
apparent Planck scale Mpi~ 10'® TeV to Mp ~ 1 TeV

* Non-resonant enhancement of DY and diphoton cross
section due to virtual graviton exchange

 The sum over the Kaluza-Klein modes is divergent;
introduce a UV cutoff Ms ~ Mp: ¢abp = osv + Afjg 0int + B¢ 0sp,

— Complementary to, e.g., monojet searches, as probes Ms, not
Mp directly
. . F = 1, (GRW [6]); |Nucl. Phys. B544 (1999) 3|

q ,_,-L ..f
G = r I{}g(ﬂiil) n=2
Mg , B\ M2 ) , (HLZ [30]); | Phys. Rev. D59 (1999) 105006

f::iz' n>2
2 2 |
11 . F . — :I:“_:‘ {f]{wi;{:tt |2f;] Pﬁ}"E Hev, Lett. B2 (19949) 4765

« Several conventions exist on how to truncate the sum




Instrumental background from jets determined from data

Main background at high masses is irreducible diphoton
production

— Assign ~20% systematics due
to the K-factor

Optimized cuts: Myy > 500 GeV,
In,| < 1.442 (Barrel)

B = 0.28 + 0.06, 0 events observed 1? o e |
i < 01 18 (01 35 Exp) pb @ 95::”‘;3 Cl— 1“1: EMSPrelnn‘:lnBF}' 1

Produce limits with and w/o Pl ™
perturbativity truncation S o
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m,, (GeVic®)
Limits highlighted in lime are the tightest to date
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Search for Microscopic Black Holes

Submitted to PLB . .
arXiv:1012.3375 [hep-ex] Extra dimensions?!

Decay into highly-energetic multiparticle fial states

The first search for black holes at a particle accelerator
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Set limits of 3.5-4.5 TeV on
the minimum black hole mas



Used the N=2 shape with its
uncertainties, to fit higher

multiplicities, where the signal is
expected to be most prominent

Given no excess, set limits on the
minimum BH mass of 3.5-4.5 TeV
In semi-classical approximation

First direct limits at colliders
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 Makes 23% of matter in the Universe

The Dark Matter 1s made of:
= Macro objects — Not seen
= New particles  — right neutrino

- neutralino

- sneutrino

- ax10n (axino)

- gravitino

- heavy photon

- heavy pseudo-goldstone
- light sterile higgs




* Not observed at accelerators yet
« Should be created at LHC if it is WIMP

Signature: missing energy and momentum




8 First results of the LHC are promising
§ Big hopes for the 2011-2012 run

8 Higgs or no Higgs?

§ SUSY or no SUSY?

§ Extra D or no Extra D?

& Deviation from the SM or not?

& | am sure new physics is on agenda

Used presentations by A.Shopper, E.Nurse, P.Schieferdecker, G.Landsberg




