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Overview

Alntroduction

AStandard Model, what it does not explain, extensions
MBrief description of MSSM (where usually B A up matters a lot)

Andirect approach, B, A pu as a probe of NP
A_HCb detector, trigger

ALHCD analysis and results
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Standard Model

<¢0>:L¢0

1. Gaugepart: G_ — s(3). xSU2), xU (D), 25 SUR) xU @)y,

/

Higgs scalar Field (1,2),,

2. Fermion content (fepresentationsof Gg,,):

QL,i (3’ 2)+1/6 U R,i (3’1)+2/3 DR,i (3’1)—1/3
L (@2,  Eri@D,

With i : generation index.= 1, 2, 3

Indeed SM is very successful, with extremely accurate predictions in most cases. But:

A It says neutrinos are massless. They have very small masses, but is not the sarr
Anlthough, this can be accommodate without changing too much SM

A SM has not an explanation for the Dark Matter (see next slide)



* Astronomical measlirements: gravitational effects that cannot be explained by

visible/knowg,matter distribution. Either: - . n
/ Gravity theory is wrong? & . B e L \
Large amount Invisible matter (Dark Matter) with very weak interaction with
. ordinary matter (more Ilkeiyb) It should be ~20 % of the energy of the
| | N . . ) ¥ - -/
) Most_ direct pro lonal lensingin galaxy Clusters colhsmn\f/co (
Gravitational len ect8 sigma )
deviated from expected by the
< distgieution of visible matter . |
But fits very well if most of the
-« Matier of the original clusters is
{ invisible and did not lqteract in the
« collision T e
3

snot-offehan ana on for s«ch matter. ¥ f
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Other motivations

Avluon anomalous dipole moment deviated by >3 sigma from SM prediction
Aine tuning is needed to avoid quadratic divergences in the Higgs mass
AGravity is not included

A_arge number of parameters

ANumber of fermion families is an input

AUnification of gauge interactions into a higher symmetry group is also sometimes
preferred

A SMis likely a effective low energy theory A Need for New Physics (NP)

SM extensions: Supersymmetry, Little Higgs can explain DM, and solve at least some of
those pointse.



MSSM

Higgs scalar Fields Hu, Hd
1. Gauge part = SM: \
Gy = SUB) x SU(2), xU (1)y ——>SU(J) xU (),
2. Supersymmetry: SM particlesé 0 super partnersoéo (pa&rti
superfield):
SM fermion € SUSY boson §fermions: selectron, squark € )
SM boson / higgsese SUSY fermion (-inos: gluino , photino ¢é )

A Broken (superpartners not been seen yetA heavier): All renormalizable
SUSY breaking terms are considered (in principle) C A total of 124 free
parameters

3. R dparity (= (-1)3ED+25 conservation (consequence of BL invariance)
SM particles: R = +1; superpartners : R =1.
C Superpartners produced/annihilated in pairs C Exists one stable SUSY
particle : LSP (Lightest SUSY Particlg, candidate for Dark Matter

MSSM is usually simplified by imposing some conditions, usually related to the
way in which SUSY is broken. mSUGRA, CMSSM, NUHM (Il and 1), AMSB,
GMSB




MSSM: > 100parameters

SU(5) unification: 7 parameters
NUHM2: 6 parameters

CMSSM: 4 parameters

MSUGRA: 3 parameters




B.Y uu

AB, A pu can access NP through new virtual particles entering in the loop A
indirect search of NP

Alndirect approach can access higher energy scales and see NP effects earlier:

ASome examples:
Ard quark family inferred by Kobayashi and Maskawa (1973) to explain
CPV in K mixing (1964). Directly observed in 1977 (b) and 1995 (t)

ANeutral Currents discovered in 1973, Z°directly observed in 1983
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B.Y uu

AB, A pu can access NP through new virtual particles entering in the loop A
indirect search of NP

Alndirect approach can access higher energy scales and see NP effects earlier:

A very early example of how indirect measurements give information about
higher scalesJ :
AdncientiGreece: Earth must be some round object, Eratosthenes
measurement of €& 8HIBE {fusing diffeentes inshadows
at different cities)
ARoundness of Earth not directly observed until middle of ¢. XX

—4? 3K Y e aaElte il | ot

Eratosthenes
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This decay is very suppressed in SM :

BR(B.Y py) =(3.2+0.2)x10°
BR(B; Y pu) = (1.0+0.1)x10%0

\ \

v
But in NP models it can take any value from <<
SM (e.g, some NMSSM) up to current b ppv X )
experimental upper limit (e.g. SUSY at high tana). R
H’,A°
A Whatever the actual/ valleris;, it will Nave e . N T )

an impact o NP’ searches +7




New Physics effects

Scenario

would point to é

BR(B .Y py) >>SM

Big enhancement from NP In scalar

sector, SUSY hightan a

BRB.Y pyw I SM

SUSY(C4Cp), EDGS, LHT,,) BCZ

BR(B .Y pp) ~SM

Anything (A rule out regions of
parameter space that predict sizable
departures from SM. Obviously)

BR(B .Y py) << SM

MSSM
singlet) good

NP in scalar sector, but full
ruled out. NMSSM (Higgs
candidate

BRB.Y pu) /BR(ByY pw) I S M

CMFV ruled out. New FCNC sources
fully independent of CKM matrix

(RPV SUSY, ED6s et cé)
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New Physics effects

Well, we have seen that
It can access WPy ESut e
Is there some NP that it
can access better than any (tana) (9-2)
other current

measurement?

Yes. Most popular direct searches
example is SUSY at high >
tan(]

Msusy

Bucuretti, April 4rd. 2012



LHCb detector
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LHCH detector

_.~ 300 mrad

Forward spectrometer (running in pp collider mode)
Inner acceptance 10 mrad from conical beryllinmam pipe
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LHCH detector

—5m —

Vertex locator around the interaction region
Silicon strip detector with ~ 30m impactparameter resolution
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LHCH detector

Tracking systemand dipole magnet to measure anglesranthentayp/p
~0.5%, massesolution, together with VELG 25 MeV (for B, — p)

Bucuretti, April 4rd. 2012



LHCH detector

Two RICH detectors for charged hadron identification
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