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All calculations for pp collisions, computed with MCFM
 Large enhancements for larger masses
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Ratios to 5.5 TeV
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All calculations for pp collisions, computed with MCFM
 Large enhancements for larger masses
 80x for ttbar; 40x for Z+1jet (pt>50 GeV); 20x for bbar or Z
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Needs to be recomputed for nFHC

Z+jets
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Charm...
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The QCD equation of state and the effects of the charm Stefan Krieg
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Figure 6: Nf = 2+ 1+ 1 EOS. The data point are tree-level corrected and compared to the Nf = 2+ 1
continuum estimate. The Nf = 2+ 1+ 1 and Nf = 2+ 1 EOS agree well up to a temperature of about
300 MeV.

results is caused by a shift in the line of constant physics. Finally, we have shown first fully
dynamical results for the charmed equation of state.
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The QCD equation of state and the effects of the charm Stefan Krieg
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Figure 5: In terms of physical units, the effects of the dynamical charm quark are small. Left panel:
Subtracted strange condensate. Right panel: Quark number susceptibilities.

In terms of physical units, no sizable effects from the charm quark in the sea are visible, as is the
case for other quantities as well (see Figure 5).

The large deviation between the results shown in Figure 3 is, therefore, likely due to a shift in
the LCP, which enters into eq. 3.1 through the measure. It is conceivable to try to correct for this
shift using an Nf = 2+1+1 LCP, but in the full result some effects will remain. Hence, we prefer
to perform a fully dynamical simulation of the charmed EOS.

4. Charmed equation of state for QCD

Using a new Nf = 2+ 1+ 1 LCP, we computed the EOS for QCD for Nt = 6,8, and 10, as
shown in Figure 6. As already mentioned earlier, the fully dynamical charmed EOS agrees with
the Nf = 2+ 1 EOS up to higher temperatures than the partially quenched one. Similarly to the
perturbative estimate, the temperature where charm effects become sizeable is close to 300 MeV.

Furthermore, there do not seem to be sizeable discretization artifacts due to the heavy charm.
At low temperatures, where the lattice spacing is coarse, the data points for the different Nt agree
with each other, as well as with the Nf = 2+1 EOS. As the temperature increases, and the lattice
spacing becomes increasingly finer, potential discretization effects should become smaller. At our
present level of precision, we do not see sizable deviations between the different Nt from low to
high temperatures; therefore, we presently believe that discretization effects due to the heavy charm
quark will not be significant, or at least minor.

5. Conclusion

We have presented a first attempt to provide a continuum extrapolated equation of state for
QCD with Nf = 2+ 1 flavors of quarks, and have shown that it is free of finite size effects. We
intend to supplement this calculation with additional Nt = 12 and very few Nt = 16 data points.
In addition, we have addressed the issue of partially quenching for the (charmed) Nf = 2+ 1+ 1
equation of state, and have argued that the difference of partially quenched and fully dynamical

5

[Borsanyi et al 1204.0995 - Thanks to C. Ratti]

Flavor hierarchy? [Bellwied, Borsanyi, Fodor, Katz, Ratti 2013]

 Charm deconfinement transition ~ 1.5 Tc [all this preliminary and speculative]

Charm production [See also Jan Uphoff this morning]
 In the CGC approach, charm produced as massless when Qsat >> Mcharm

 With large uncertainties on the actual value - a complete calculation would be needed

Qsat,LHC ∼ 1.7÷ 2 GeV =⇒ Qsat,nFHC ∼ 2.5÷ 3 GeV



Jet quenching
Two main questions - in my opinion

 Space-time picture of the jet evolution / medium evolution

 Color structure of the jet evolution / medium evolution

For both, large improvements at higher energies 
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Coherence and decoherence in the antenna

∆med = 1− exp
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Coherent emission

Antenna in the vacuum

Antenna in the medium
 Decoherence parameter

 The medium color-rotates the antenna which eventually looses color coherence
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Coherence for a singlet

∆med = 1− exp
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r⊥ ∼ Θt
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 For a given time t :::

 So, the quark-antiquark pair remains in a color singlet during the time



[From discussion with Gavin Salam and 
Guilherme Milhano]



Pt=1 TeV Pt=500 GeV

ttbat produced 0 fm/c 0 fm/c

top → W+b 1 fm/c 0.5 fm/c

W decay 1.6 fm/c 0.8 fm/c

qqbar in singlet 2.3 fm/c 1.3 fm/c

Space-time picture of the first instants of the collision accessible
 Rates...

Different boosts
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Rates
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 Total cross section at 39 TeV (PbPb) ~ 6.5 nb ~ 1.5 107 ttbar produced
 Reduction factor ~103.5 (Andrea, this morning based on M. Mangano) ~ 4500 with pT>1TeV

Christof Roland Ions at FCC, Jan 29 2014 14 

Pb Pb 

top quark 
ttbar events 

Decay before thermalization  probe very early stages of medium 
Alternative channel for b-quark energy loss 

Decay channels 
ll+bb+MET 10%:  
l+bb+2jet+MET 44% 
bb+4jet 46% 

Estimated production rate 
81pb at 5.5 TeV pp (http://www.lpthe.jussieu.fr/~cacciari/ttbar/) 
10 nb-1 5.5 TeV PbPb collisions                       -> 35k ttbar events 
Branching ratio into e+e-, u+u- and e+-u+- ~6.5% -> ~2300 ttbar 

->  ~500 pairs 
In PbPb 

Lepton reco efficiency ~100% (now) 
Somewhat lower b-tagging efficiency (close to pp with upgrade) 
Larger background -> Lower MET resolution (depends on mult) 
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[From Christof this morning]

 Taking a similar reduction factor but for the second decay channel ~ 250 t’s with pT>1TeV
 ~ 4000 with pT>500 GeV [taking cross section 33 pb - Pythia/Gavin]

More realistic analyses needed, but that numbers seem reasonable to me



Summary
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The threshold for charm mass could be passed by 

either (fluctuations) of temperature and/or Qsat

 Mechanism of thermalization not known !

Going to higher energies new tools available

 First look to the case of tops/W’s... seem reasonable to me

 Access to the initial stages of the collision

 Space-time picture (different observables)


