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* Jntroduction
o Whay studa the properties of nuclear matter?
0 Our tool: collisions of heavy ions

° Cx’oerimeyutaf. set-up & method

° Cx,oeumentml results
0 How data. look Like — exawmple of *Xe+ Pl ab A A GeV/
o Understanding of Lona;mmi velocily spectra (shapes)
o Mean lov\aitwuvmi velocity
0 Ddspersion. of lowd&wunai momentiun
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Ldtq) study the properties of nuclear matter?

O«fferent aspects:
e staltic

. d’bwc

> fundamental interests CC?ua.b.ow of State) Lut also
applications in other domains




Crab Nebula X-ray emission seen by CHANDRA

raddus Lamdt depends on
compressil-iliby of nuclear matter
see for excw«,ole dLSscussion an
Danielewicz et al., Determination of EoS of dense
matter, Science (2002)
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Tests on nuclear matter in lad-s: collisions needed
case of relativistic 87\.8!5&85

Beam energy around 1000 A Me\/
Fermi energy nside the nucled around 30 Me\V/

= Fermd motdon inside colliding nucled £s slow vs. leam
veloc&%, (distrdutions of rap« do not overla.,ol

- wo exclwu(je of nucleons Letween Fr?)'ecula 8 l;zx@et
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Tests on nuclear matter in lad-s: collisions needed
case of relativistic enerduzs

Mucled consdist of nucleons Lound by nuclear force
Potential well around 40 MeV deep

> Muclear force weabéwle com,omreot to the lream energy

Collision letween lraas of free nucleons at rest in their lrc\a
Ths constitutes the basds of the on’zjivwd. JNC model
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\/Mwu.s scenarid dﬂpﬁ\d&"é on U&MM‘% |

spectator

0 partici rﬁ a 0 fmamembxtww
g v

spectator

oy > ¢ M’ix{fmémem&ow

. ; vaporitation




fire ball Cex: FOP)):

° hot and c0m,oresseot madtter
. ,oa.rbicla production

* collective effects (flow)

spectators:

* excated buk not compressed

* phase transibion of nuclear matter CAAADLN)
* reaction mechanisms & kinematics (Ehds work)
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e

nemadics stududes omsf»ecta.éorww«.t )

spectators almost keep the on'éiml leam veloc,ééz,
more detadled descriptions of interaction and reaction
mechanisms are needed: intuitively, friction for example

tu'éh resolution measurement of the kinematics
> not m{uﬂ-uaef»m set-up (too cosLl:t,)
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1.Identification

scintillators : -PosiuommtSl and S4 N Bppos

B
= um&o{ﬂ,«'dld; A £ P pos

= bPrror |z C-mM, o

MMUS)C : energy loss > Z

2.High-precision velocities

&A&LVAL«&S{WAMAECM%USJ ﬂj/ — € . z .
Precise caleulabion of bhe velocily APyl By ~5-10* c-m, A




136Xe + Pb at 1 A GeV
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Yield (arbitrairy units)

Sl«ux’oe,s of lowadud.uml \/eloc,«% Specl:nx o

136Xe + Pb at 1 A GeV
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5MLSW ddstrid-utions for l\em/b & meddum masses

Wore com,olf_x structures for the Lié)td;e,st resi{dues
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Sl«ux’oe,s .of [omaktudumi ' \/ Sp "

complex structures:

wath S,oaﬂa.&ow experiments, more olvious
cowu'.ma from bwo effects:

* central component C,cmamm@

* Coulomlr shell (Linary decas))
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136Xe+p at 1 A GeV
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Napolitani et al.,
arXiv_nucl-ex/0706.0646




Vimean LCM/NS]
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fuchow C#u[.’n.er)
| %russeb sbstemmucs

3 Phys. Rev. C39 (1989)
reacceleration:

| = magle connected to the LS
—_ wammtm-depmdemca W)

ossdrle, response to the
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h a.rl:u:,«fambs Uast

Ricciardi et al., PRL 90 (2003)
Henzl, PhD thesis




<v,> [em/ns]

® Data ®6Xe (1 A GeV) +Pb
** =+ QMD simulation
— — Morrissey

Understand the slowima down

> compare with models

friction pl«ewomewom related to in-
meddluum N-N cross-sections?

(j’eL rid of the modelization of evaporation
velocities as a function of the impact
,oam.mzl:er

connecktion estal-lished letween ol-served
cross-sections and predictions of j’laulrer
U\eor'b for Aem/b residues
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Momentuum ousloersiow
consdderations true fo Ludinal and transversal components
of 'or?}ec&la ~Like and %2 Like spectators

Goldhaber formula for Ap =136

Sp; (MeV/c)

o (j’ololtulrer model

l FM‘:ALLOW of fermions

400 02 _ pF (Ap — A)

300 P” 5 (Ap _ 1)

100 Phys. Lett. 53B (1974)
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Gpy (MeV/c)
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Phys. Rev. C39 (1989)

not Lased on. ao model




Need for a-neww model with more ph},sics

l;a.hma excatation into account

* fragmentation (abrasion)

. e\/afaorcuuow Csequmb.ai EMASSAON)
. mil:q’mg’membxhow (4f reached)

also coulomt- refauf.siow
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Evolution of excitation eneryy

abrasion of one nucleon: +27 MeV
freeze-out temperature : 5 MeV

" abrasion

P A gSchmidt et al., NPA 710 (2002)




7o Ludld an analytical formula, need of other asswmptions
Mean evaporation: 15 Me\/ per evaporated nucleon

Olrserveot{.’mamt MASS!:
*alove A, AL wwle@owe adrasion and evaporation
* Lelow A, 4t 4s a product of m&ﬁ%m&w]z&&om

Mo Intermeddate Mass fmamemt EMASSLON




Jnareouemts of the new model
* Fermud moldon insdide the pro ectile ( j’olaltuxlrer stzjle)
2 for loth adlrasion and br. ~up staaes

* recosl momentum from e\/afaom.éeat pc\r&cles
2> Lt Pamxmel:er or from Coulomd- Larriers

e Coulomd- repulsiom atl brec\la-u,o
- upper estanation Clu'&jest mother nucleus...)
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Cjooot aareemwb{or several 535&m5
most of the mass range covered

small ddscrepancies due to

* overestdmation of charge repulsion

* wo expansion of the system at bresz.-u,o
Csbstem ddluded, lower Fermd momentiun)

gold data: V. Henzl, PhD thesis
krypton data: M. Weber, PhD thesis




/\owéil:wuvmi veloatg, distridubdons of spectator {mameml;s
e A5t moment variations Linked with €0S and N-N x-seckions
* 24 momendt reflects the different production steps

"s,aecbxtors" are wot so Ainnocent:
their kinematics show features of the reaction mechandisms
kinematical studies help Wmvmé simulations (ABRABLA)




