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Di-muon pairs: a robust signature
in pp & in PbPb collisions!

pp = proton-proton collision 

PbPb = lead-lead collision 

mailto:nuno@cern.ch


LIP Internship Program 2020 —    nuno@cern.ch   —   

the quark-gluon plasma (QGP)

probe the properties 
of matter at the 

highest temperatures
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probing a hot soup of quarks and gluons

�5

‣
P

LB
17

8,
 4

16
 (

19
86

)

Q
Q

r0,ΔE

Melting 
(color screening) Energy loss  

(as partons traverse medium)

Unperturbed 
(do not couple to color)

mailto:nuno@cern.ch


LIP Internship Program 2020 —    nuno@cern.ch   —   

hadrons melt ! (sequentially)
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heavy-ions

proton-proton

• 3 Y(nS) states reconstructed for 
the first time in ion collisions

• Excited states (2S,3S) suppressed 
in PbPb compared to pp

w/J.Lourenço, LIP2’2018N.Leonardo et al’2012

flagship LHC observation!
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a thermometer of the medium 

• all onia states are suppressed in the medium, sequentially!
the least tightly bound states are suppressed the most

Reference numbers (a) 
Tomato soup (hottest) ~ 60°C ~ 102 K  
Sun (core) ~ 107 K  
QGP phase transition ~ 160 MeV ~ 1012 K  
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
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hadrons loose energy! (sequentially)
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π  <   D   <   B

light mesons: u,d,s

charm mesons

beau
ty m
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partons loose energy as they traverse the QGP medium … but heavier quarks loose less!
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beauty in QGP

• B mesons (b-quark) observed for first time in nuclear collisions
• novel probes of the QGP

‣ investigate flavor dependence of energy loss mechanisms 
‣ probe strangeness enhancement (also predicted as QGP signature) 
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B+     

ub
db
B0     

w/G.Cruppi, LIP2’2019

sb
Bs     

w/J.Silva, LIP2’2017 
w/A.Pardal, J.Gonçalves, LIP2’2019

3 new observations !
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top in QGP
• top detected in PbPb collisions

‣ significance:  4σ obs., 6σ exp.

‣ used signature: e± or μ∓  plus >=4 jets

• previously observed in p+Pb collisions by CMS
• yet another novel probe of the QGP
• may be used to resolve time dependence of jet quenching effects
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PRL 119 

observation in pPb 
evidence in PbPb !
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and something more exotic !
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X(3872): observed by BELLE (2003)
but its nature not yet understood 

Glueballs / 
Hybrid hadrons

PbPb

pp

• the latest novel probe of the QGP !
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Newer species

pentaquark

exotic particles

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 ! 
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the latest exotic particles from the LHC
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in pp

from LHCb

new pentaquark(s) LHCb’2019

new tetraquark LHCb’2020  
(just released this month!)

state formed of four charm quarks
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extra: ’collectivity’ in ‘small systems’ ?
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pp PbPb

quite unexpected:

- QGP in PbPb ok, … but 

hints in small systems:  
pp and pPb (!?)


- … or partonic flow

- traditional use of pp as 

‘vacuum’ reference 
needing revision ?

in pp. pPb, PbPb from ALICE

➡ unexpected / not understood = exciting ! 
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