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OPERA @ CERN

PR19.11

OPERA experiment reports anomaly in ., 05011
flight time of neutrinos from CERN to
Gran Sasso

UPDATE 23 February 2012

The OPERA collaboration has informed its funding agencies and host
laboratories that it has identified two possible effects that could have an
influence on its neutrino timing measurement. These both require further
tests with a short pulsed beam. If confirmed, one would increase the size of
the measured effect, the other would diminish it. The first possible effect
concerns an oscillator used to provide the time stamps for GPS
synchronizations. It could have led to an overestimate of the neutrino's time
of flight. The second concerns the optical fibre connector that brings the
external GPS signal to the OPERA master clock, which may not have been
functioning correctly when the measurements were taken. If this is the case,
it could have led to an underestimate of the time of flight of the neutrinos.
The potential extent of these two effects is being studied by the OPERA
collaboration. New measurements with short pulsed beams are scheduled for
May.



Outline

 Heavy lon Collisions

 Models for Heavy lon Collisions

Thermal Models

Hydrodynamic Models
Transport Models

* A specific transport model - UrQMD
 Observables

e Which ones should we measure at FAIR?






Po+Pb 160 GeV/A =-00.22 fm/c

UrOMD Frankfurt/M



Temperature T [MeV]

Phasediagram of QCD
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Thermal Models

Models

Hydrodynamic
Models

Transport Models
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Thermal source




Thermal source
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Simplifying assumptions:

iIsothermal source, isotropic source, instant freeze-out

no real dynamics!!



dynamic fluid cells, moving according to the laws of hydrodynamics

0,T" =0
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Hydrodynamics

Bjorn Schenke
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Hydrodynamics

Caveats on hydrodynamical models:

unknown initial conditions
unknown freeze-out conditions
thermalization has to be assumed

applicability at lower energies?



Transport Models

Viasov equation
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Boltzmann equation

Mathematicians Solve 140-Year-Old
Boltzmann Equation

May 12, 2010 PRINT EMAIL  EJ SHARE

PHILADELPHIA — Two University of
Pennsylvania mathematicians have found
solutions to a 140-year-old, 7-dimensional
equation that were not known to exist for
more than a century despite its widespread
use in modeling the behavior of gases.

The study, part historical journey but mostly
mathematical proof, was conducted by
Philip T. Gressman and Robert M. Strain of
Penn's Department of Mathematics. The
solution of the Boltzmann equation problem
was published in the Proceedings of the
National Academy of Sciences. Solutions
of this equation, beyond current
computational capabilities, describe the
location of gas molecules probabilistically
and predict the likelihood that a molecule will
reside at any particular location and have a
particular momentum at any given time in
the future.

During the late 1860s and 1870s, physicists
James Clerk Maxwell and Ludwig Boltzmann  philip T. Gressman (top) and Robert M. Strain
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Boltzmann equation

Fields Medal — Cédric Villani

Cédric Villani is being awarded the 2010 Fields Medal for his proofs of nonlinear Landau damping and
convergence to equilibrium for the Boltzmann equation.

One of the fundamental and initially very controversial theories of
classical physics is Boltzmann’s kinetic theory of gases. Instead of
tracking the individual motion of billions of individual atoms it studies the
evolution of the probability that a particle occupies a certain position and
has a certain velocity. The equilibrium probability distributions are well
known for more than a hundred years, but to understand whether and
how fast convergence to equilibrium occurs has been very difficult. Villani
(in collaboration with Desvillettes) obtained the first result on the
convergence rate for initial data not close to equilibrium. Later in joint
work with his collaborator Mouhot he rigorously established the so-called
non-linear Landau damping for the kinetic equations of plasma physics,
settling a long-standing debate. He has been one of the pioneers in the
applications of optimal transport theory to geometric and functional
inequalities. He wrote a very timely and accurate book on mass
transport.




Quantum Molecular Dynamics ™

Nucleon = Gaussian Wave-Packet
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QMD

Lagrangian Density
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QMD
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Complicated N-Body
Schrodinger Problem
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One model - UrQMD

e Ultra Relativistic Quantum = il 7] | P
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Particles in UrQMD

nucleon A A ) = ()
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Particles in UrQMD
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Initialization

Steps in UrQMD

4 p
Propagation of nuclei
and produced
particles

Binary scatterings




Initialization

V(r)/Vo
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Collision criterium

When do particles collide?

1) Know cross section

2) Check collision criterium



Collision criterium

When do particles collide?

1) Know cross section

2) Check collision criterium

WdQ < Otot




UrQMD hands-on

Demo



svogel@enton-2:~/UrQMD/urqmd-3.3p1_LHC>




Let’s assume...

we want to study CBM!

This is a FAIR Winterschool so everyone should!
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How to get the info we want? ™

However...

How do we get information from this stage of the collision?



Observables

e Collective Phenomena

Elliptic Flow Patterns
Viscosity

 Rare probes

Dileptons, resonances
Charm

e Spectra

transverse momentum distributions
rapidity distributions

PRELIMINARY
Pb-Pb \[S, = 276 TeV




Measuring resonances

e Since resonances decay on timescales of several fm they
cannot be measured directly

* Resonances are measured via their decay products, cross
section follows a Breit-Wigner law

~ 102}

section (mb
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Correlate all protons and
kaons in the event,
plot invariant mass.

Lots of uncorrelated pairs
— background subtraction
needed

Still a visible peak,
but not as clear as before.
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Different methods to subtract the background lead to slightly

different results.
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Dileptonic and hadronic decays™

hadronic decay leptonic decay

T

late stage integrated
collision



Dileptonic and hadronic deca

Dileptons

Hadrons

do not interact strongly with the
surrounding medium

suffer from final state interactions

originate from various sources in
various mass regions (note: Dalitz
decays)

originate from various sources in
various mass regions

Typical branching ratios on the
order of 104-10-°

Typical branching ratios on the
order of 0.1 -1

when measured reflect the
integrated collision history

when measured reflect the late
stage (after freezeout) of the
collision




Density calculation

* Local baryon density is the zeroth component of the
baryon four-current j* = (pp, j) when the baryon is at
rest

* UrQMD calculates in the Computational Frame (CF), which
is usually the CMS (due to symmetry)

° jéj}p — (/OBCF ; j(JF) can be calculated as a sum over
Gaussians

(m—2)?+(w—v)+(2—20)* V7

3
— N 20'2
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— 23:1 Pj




Density distribution

Resonance decays do not reach out

very high in density, most resonances

are being absorbed at high density
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Dileptons

Even in the most optimistic approach dileptons

only reach out to 2-3 po

Shining approach only reaches out to 1-2 po
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Summary

e Transport models are THE tool for heavy ion collisions at FAIR!

* A variety of observables is needed to pin down the matter
created.

* High density physics needs an energy scan!

* Challenge to CBM: Will we see something from the high us
phase at all?



Summary

e Transport models are THE tool for heavy ion collisions at FAIR!

* A variety of observables is needed to pin down the matter
created.

* High density physics needs an energy scan!

* Challenge to CBM: Will we see something from the high us
phase at all?

Thanks!



