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I. QGP in the LHC working region

Topology

Bottomonium spectral functions



QGP in the LHC working region: T < 600 MeV

420-480 MeV 2.76 TeV (2012 - breaking RHIC record)

600-700  MeV 2.76 TeV (-hottest spots 2015 - current)

T

400 MeV charm threshold: 

Laine Schroeder 2006

Dynamical charm plays a role

? 5.12 TeV analysis in progress 



What happens to topology in the Quark Gluon Plasma?

In the hadronic phase topology solves the       
puzzle by explicit breaking  

Topology from low to high Temperature



Topology  

with Anton Trunin, E.-Michael Ilgenfritz and Florian Burger 

with thanks to 

the ETMC 

collaboration
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Topology: Outstanding remaining issue

discrepancies probably due to 
lattice artifacts — should be checked



Bottomonium as a probe of QGP 
Eur.Phys.J. C76 (2016) no.3, 107 

CMS

T approx. 500 MeVRoom temperature

NB: probing complementary aspects wrt to topology:   
no sensitivity to chiral physics here!



Bottomonium work is with  
the FASTSUM collaboration



Bottomonium NRQCD results: 
spectral functions from MEM
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FASTSUM Collaboration



NRQCD bottomonium  spectral functions  
at a  glance

Anisotropic lattices: 

*Many points in time 
direction. 

*Disentangle  
space from time 
discretization effect. 

*Approach to  
continuum time  easier. 

0.4 Tc < T < 2Tc

Completed

1/T

Temperature is varied by changing Nt

In progress:
going to a very
fine lattice

NRQCD 
appropriate 
for bottomonium 

easier inversion

easier to compute 
propagators 
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Bottomonium spectral functions:  
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Bottomonium: Outstanding remaining issue: 
the (unknown) systematics 
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Qualitative differences for the Chi_b:
with the BR approach the excited state 
survives and appears even stronger!

FASTSUM +
Y. Burnier and
A. Rothkopf 
AIP Conf.Proc. 1701 
(2016) 060018

BR MEM



II. Beyond the standard model

Axions 
Composite Higgs



The QCD axion: ideal Dark Matter candidate



The QCD axion: ideal Dark Matter candidate



p
�(T )/fa=

Axion freezout from lattice results 



PhD Thesis, G. Grilli di Cortona, Sissa 2016
(advisor G. Villadoro)

Petreczky et al. 

This work, fermionic

�(T ) / 1/T↵

Assume:

T > 1 GeV

                             Axions make all of Dark Matter

Needed assumption on 
fraction of DM made of axions 



Borsanyi et 
al

B

T

D

Updated from MpL Nature N&V 2017

P
Bon

Lower limits on the  axion mass  
assuming that axions make 100% of DM:

Bon: Bonati et al.; D: DIGA, B: Borsanyi et al., 
P: Petreczky et al., T: this work, fermionic

Assuming that axions
contribute from 50% to 1%  to DM



Composite Higgs 



Phases of QCD as a function of Nf

Conformal window

Nf
16.5 
Asymptotic 
freedom is 
lost

Chiral transition 
Essential singularity (?)

⇡ 90 
Yang-Mills

Ordinary QCD Preconformal



Phases of QCD as a function of Nf

Conformal window

Nf
16.5 
Asymptotic 
freedom is 
lost

Chiral transition 
Essential singularity (?)

⇡ 90 
Yang-Mills

Ordinary QCD Preconformal

⇤QCD Separation 
of scales 



Work on phases of QCD  
at large Nf 

is with 

Elisabetta Pallante (Groningen),  
Kohtaroh Miura(Marseille),  
Tiago Nunes da Silva (Sao Paulo)



[0] DPL, 2009 
[1] LSD coll. 2011 
[2] De Grand et al.2011 
[3] KMI coll. 2012 
[4] Cheng et al. 2014 
[5] Itou 2013

 MpL, Miura, Nunes da Silva, Pallante 2014

Compilation of results for the anomalous dimension 
in the conformal phase for Nf=12

Blue: raw 
Red: corrected 
(scaling violations 
taken into account)



Preliminary

Hierarchy of scales  in the near-conformal phase 

Dimensionless 
quantities behave 
differently 
approaching Nfc



Comparison with holographic studies



T

Nf

strongly coupled QGP

strongly coupled CFT

Phases of QCD in the T, Nf plane 



Next steps



QCD and dense matter

A strategy for the search of the QCD critical point based on joint analysis of  

*Virial expansion,   
*Taylor expansion ,  
*Canonical expansion 
using 
*Cluster Model as a baseline 

with V. Bornyakov (Protvino), A.Goy(Vladivostok), A.Nakamura(Vladivostok&RIKEN)

limited convergence  
of the viral expansion

convergence of the canonical 
expansion 



Topology 

*Preliminary results with overlap operator obtained on Marconi: 

*Also very important  15Tbyte $DRES 
           
*Under debate whether to join effort with Anderson localization study (more demand on 
storage and CPU in that case)  

*For this project we would like to rely mostly on CINECA-INFN 2018 allocation

with F. Burger, E.-Michael Ilgenfritz, Anton Trunin - and  L. Hollik , L. von Smekal 



Bottomonium 

Work in progress: 
*Preliminary results on fine lattices  
   

*Developed new analysis  based on 
weighted spectral functions  
               

                 
*OpenQCD for FASTSUM

*135.6M core-hours on Edinburgh BG/Q 
under DIRAC (all FASTSUM) 
*10M core-hours on Marconi KNL under 
PRACE (all FASTSUM) 

Already secured resources: 
with FASTSUM coll. 



Weighted spectral functions

Ke
rn

el

Omega

NR Kernel  Exp(-Omega *t)
NR Kernel for derivative: Omega*Exp(-Omega *t)

G(t) =
R
e�!tS(!)d!2⇡ K(!, t) = e�!t

dG(t)
dt =

R
!e�!tS(!)d!2⇡ Kder(!, t) = !e�!t

cfr. Sumudu
method 
by Orlandini, Pederiva, Roggero  

The smoothness of the correlators allows the determination
of the numerical derivative



Summary

QFT_HEP lattice activities explore  
aspects of  phases of gauge theories in the  
Temperature, Flavors, (Chemical potential) space 

These projects involve several collaborations.  
Computing resources are provided either via European grants 
and/or national agencies.  

In particular CINECA-INFN allocation   will be most important for 
-Generation of configurations on finer lattice for bottomonium 
-New computation of topological charge with overlap operator 

$DRES storage  has also been extremely useful 



Strongly coupled, yet symmetric 

Conformality ubiquitous 

conformal window

Preconformal: 
light scalar, 
scale hierarchy

Essential 
singularity

QCD

2nd/1st order 
transitions

Threads in the QCD phase diagram 

Varieties of critical behaviors


