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The concept for the above figure originated in a 1986 paper by Michael Turner.



heavy ion collisions

November 2018

CMS Experiment at the LHC, CERN
Data recorded: 2018-Nov-08 20:48:06.756040 GMT
Run / Event / LS: 326382 / 308207 / 7 s ‘L1 —
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I CMS experiment

Run: 208307 Event: 997510994
{ Date: 30 Nov 2012 Time: 07:19:44 GMT

PbPb = lead-lead collision
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orobing a hot soup of quarks and gluons
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hadrons melt ! (sequentially)

flagship LHC observation!

N.LEONARDO ET AL’201 2
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in PbPb compared to pp
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a thermometer of the medium
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CMS observes melting
New temperature probe of QGP
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http://hep.itp.tuwien.ac.at/~ipp/qgp.html
https://cms.cern/news/cms-observes-melting-upsilon-particles-heavy-ion-collisions
https://physics.aps.org/articles/v5/132

hadrons loose energy! (sequentially)
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partons loose energy as they traverse the QGP medium ... but heavier quarks loose less!
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Events / (20 MeV/c?)

beauty in QGP

3 new observations !

w/d.SILvA, LIP2°’2017
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* B mesons (b-quark) observed for
* novel probes of the QGP

Events /(8 MeV)

Pull hist

w/G.CRUPPI, LIP2’2019
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u =5.280 +0.002 GeV
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Ngg = 222+ 30
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I

in nuclear collisions

» investigate flavor dependence of energy loss mechanisms

» probe strangeness enhancement (also predicted as QGP signature)

9
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top detected in PbPb collisions

top in QGP

observation in pPb

» significance: 40 obs., 60 exp.

» used signature: e* or UF plus >=4 jets

previously observed in p+Pb collisions by CMS

yet another novel probe of the QGP

evidence in PbPb !

may be used to resolve time dependence of jet quenching effects

PbPb, 1.7 nb™, ({s,,=5.02 TeV)

CMS Preliminary
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and something more exotic
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exotic particles

Well understood New species Newer species
| |

I I I l
. A 42 )\

meson baryon ! tetraquark

Mesons are made Baryons are made Tetraquarks are
of two quarks of three quarks made of four quarks

A N N\l J
Shown here is a pion, made of an up and a Shown here is a proton, made of two ups and a  This is X(6568), which is made of an up, down,

down quark. down. strange and bottom quark.

since the discovery of the X(3872) almost 2 decades ago,
a zoo of exotic hadron states has been revealed,
understanding of their nature is still lacking
but improving with each new measurement,

NOT UNDERSTOOD = EXCITING !



the latest exotic particles from the LHC

new tetraquark LHCb’2020 state formed of four charm quarks m
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extra: ‘collectivity’ in ‘small systems’ ?

quite unexpected:
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