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QGP in the LHC working region: T < 600 MeV

T

?5.12 TeV analysis in progress
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Dynamical charm plays a role
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opology from low to high Temperature

In the hadronic phase topology solves the
puzzle by explicit breaking (1) 4

What happens to topology in the Quark Gluon Plasma?
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Return of the prodigal Goldstone boson
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We propose that the mass of the 7’ meson is a particularly sensitive probe of the properties of finite energy
density hadronic matter and quark-gluon plasma. We argue that the mass of the %’ excitation in hot and dense
matter should be small, and, therefore, that the ' production cross section should be much increased relative
to that for pp collisions. This may have observable consequences in dilepton and diphoton experiments.




Topology

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

The Hot Twisted Mass project

Topology (and axion’s properties) from lattice QCD with a dynamical charm
A. Trunin, F. Burger, E. M. llgenfritz, M. P. Lombardo and M. Miiller-Preussker.
Nucl.Phys. A967 (2017) 880-883

Finite temperature aluon spectral functions from Nr = 2 + 1 + 1 lattice QCD

Topological susceptibility from Ny =2+ 1+ 1 lattice QCD at nonzero temperature
A. Trunin, F. Burger, E. M. ligenfritz, M. P. Lombardo and M. Miiller-Preussker.
J. Phys. Conf. Ser. 668, no. 1, 012123 (2016)

Towards the quark—gluon plasma Equation of State with dynamical strange and charm quarks
F. Burger, E. M. ligenfritz, M. P. Lombardo, M. Miiller-Preussker and A. Trunin.
J. Phys. Conf. Ser. 668, no. 1, 012092 (2016)

Equation of state of quark-gluon matter from lattice QCD with two flavors of twisted mass Wilson fermions
F. Burger et al. [tmfT Collaboration].
Phys. Rev. D 91, no. 7, 074504 (2015)

Towards thermodynamics with Ny =2+ 1+ 1 twisted mass quarks .“(\an\(
F. Burger, G. Hotzel, M. Miiller-Preussker, E. M. llgenfritz and M. P. Lombardo. \\“(’\
PoS Lattice 2013, 153 (2013) \N

Thermal QCD transition with two flavors of twisted mass fermions ‘\_\(\e
F. Burger et al. [tmfT Collaboration].
Phys. Rev. D 87, no. 7, 074508 (2013) QO

Phase structure of thermal lattice QCD with N; = 2 twisted mass Wilson fermions
E.-M. ligenfritz, K. Jansen, M. P. Lombardo, M. Miiller-Preussker, M. Petschlies, O. Philipsen and L. Zeidlewicz.
Phys. Rev. D 80, 094502 (2009)



Topological susceptibility
from disconnected chiral susceptibility
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Parametrizing Xtop temperature dependence

XO.25 (T) _ aT_d(T)

d(T) = =T In x"25(T)
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opology beyond topological susceptibility

Consistent with Bonati et al.




Topology: Outstanding remaining issue

Results for physical pion mass
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Room temperature op
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Bottomonium as a probe of QGP

Eur.Phys.J. C76 (2016) no.3, 107
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no sensitivity to chiral physics here!



Bottomonium work Is with

the FASTSUM collaboration

Gert Aarts, Chris Allton, Jonas Glesaaen, Simon Hands,
Swansea University, U.K.

Benjamin Jager
University of Southern Denmark, Odense, Denmark

Seyong Kim
Sejong University, Seoul, South Korea

Maria Paola Lombardo
INFN, Frascati, Italy

Mike Peardon, Sinéad Ryan
Trinity College, Dublin, Ireland

Jon-Ivar Skullerud
National University of Ireland, Maynooth, Ireland




p(w)/mj
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Bottormonium NRQCD results:
spectral functions from MEM

FASTSUM Collaboration
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Melting of excited states



ata g

NRQCD
appropriate
for bottomonium

easier inversion

easier to compute

NRQCD bottomonium spectral functions
ance

Relativistic

Inverse Laplace:
makes life easier..

Interesting application:
bottomonium

propagators Non-relativistic
M, Anisotropy  ag a; 0

Anisotropic lattices: [MeV]  =as/a;  [am] [am] D(r) = /_ e S (w)dw
*Many points in time S ; §

L2 450 167 28

irection.
directio 390 35 123 35 @ Completed
*Disentangle
space from time In progress:

. o 230 3.5 113 33 @ .
discretization effect. 390 a 123 18 going t(? a very

fine lattice

*Approach to
continuum time easier.

04Tc< T <?2Ic

Temperature is varied by changing Nt

1/T



p(w)/mj
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sequential melting

Bottomonium spectral functions:
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p(w)/my

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!




[l. Beyond the standard model

AXIONS
Composite Higgs



The QCD axion: ideal Dark Matter candidate

Axions ‘must’ be there: solution to the strong CP problem

_929
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Axion potential
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weakly coupled

02F (6, T)

ma(m)f2 =
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The QCD axion: ideal Dark Matter candidate

Temperature
Time from Big Bang

\ H(T)~T?/Mp
Axions’s freezout

3H(T) = m(T) M«(T) =/x(T)/ fa




Axion freezout from lattice results

Axion freezout : SH(T) = ma«(T) \/ X / Ja
Berkowitz Buchoff Rmaldl 2015
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Axion density at freezout controls axion density today



Needed assumption on
fraction of DM made of axions
Assume: Axions make all of Dark Matte

Instanton
e | T o 1 /70
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PhD Thesis, G. Grilli di Cortona, Sissa 2016
(advisor G. Villadoro)



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

Borsanyi et
CULTASK al

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

[ II‘ [ II| [ Ill
1 10! 102 103 104 10° 106

Axion mass (peV)

Updated from MpL Nature N&V 2017



Composite Higgs

Beyond the Standard Model: —
: Maybe

Can we find a theory which produces a narrow L in the :

Higgs-like status?  preconformal |
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Look for theories

It should be a composite i i
__ with scale separation

scalar particle, lighter then
so-far unobserved composite
vector states

o-\'. 0 '

“ ‘possible BSM candidates



Phases of QCD as a function of Nf

Ordinary QCD Preconformal Conformal window
>
Y Y Y «
0 ~ O 16.5
Yang-Mills | Asymptotic
Chiral transition freedom is

Essential singularity (?)  |ost



Phases of QCD as a function of Nf

Ap/Apy=01(1). Auv
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Separation 1
of scales In the conformal
phase IR scales vanish
but UV ones
survive
Ordinary QCD Preconformal Conformal window
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Work on phases of QCD
at large Nf

IS with

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



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

Hierarchy of scales in the near-conformal phase

Dimensionless
guantities behave
differently
approaching Nfc
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Comparison with holographic studies

T, 1
e

R 12732
o PN, (“ =R

3 6

Bigazzi and Cotrone, JHEP 2015

H (1 + ) ~ —1.987

T increases with Nf on the scales
used in these two studies
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Mild decrease, possibly
constantas Ny — Ny

Again similar to the prediction
of the WSS model:
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Phases of QC

D inthe T, Nf plane

strongly coupled QGP

sQGP and strongly coupled conformal QCD
are continuously connected
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Miura, MpL 2013
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Next steps



QCD and dense matter

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

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

*Virial expansion, ® ¢
*Taylor expansion , comvergence 10801 Z o
*Canonical expansion ugaciy pane o

using _—
*Cluster Model as a baseline st o Y-S

oxact (nosmalkzation adusted)

) 1 1 1 J
o : ® . $ o 0 : 2 3 4 5
o

limited convergence convergence of the canonical
of the viral expansion expansion



Topology

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

“Preliminary results with overlap operator obtained on Marconi:

220 -

- Wilson flow, £y, y*/dof= 0.09746
- 7y« RN AR
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*For this project we would like to rely mostly on CINECA-INFN 2018 allocation

*Also very important 15Tbyte $DRES

*Under debate whether to join effort with Anderson localization study (more demand or
storage and CPU in that case)



Bottomonium
with FASTSUM coll.

Work in progress:

*Preliminary results on fine lattices

| | | | \ 3rdGen. [
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“OpenQCD for FASTSUM

Strong scaling, relative performance

t
=
o

o
©

is better)

o
[

(higher

e« KNL HMC, 324
KNL measuremen ts, 324

o
N

e, relative to smallest process coun

e KNL HMC, 323 x 256

ormanc

+ KNL measuremen ts, 327 x 256
2 06 e BGQHMC, 323x256
]
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B P S TR TR PR T
Number of cores

(

Already secured resources:

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

*10M core-hours on Marconi KNL under
PRACE (all FASTSUM)

*Developed new analysis based on
weighted spectral functions

Weighted Spectral Functions

e “tS(w)

using the Upsilon
spectral function

When t > 20

only the fundamental

peak is discernable e S v —rre———e——r———re—- f//m
w



Weighted spectral functions

G(t) = fe_th(w)g—;’ K(w,t) = e_wt\

dG(t) — fwe WtS( >_ Kder(wat) = we~ !

[}
£
]
X

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 tor
-Generation of configurations on finer lattice for bottomonium
-New computation of topological charge with overlap operator

$DRES storage has also been extremely useful




Threads in the QCD phase diagram

Strongly coupled, yet symmetric
Conforrfnality ubiquitous -

Varieties of critical behaviors ™

o . -
3 e ————————

v

A

T strongly coupled QGP

QCD light scalar,

2nd/1st order.,
transitions

Preconformal:

scale hierarchy

Essenf'ra’l
singularity

R
strongly coupled CFT
conformal window

Nf

Approach to the free field

Bulk viscosity set to zero
AdS/CFT methods

Speed of sound close to 0.3
Coupling slowly running :

Hints of conformality also at
Strong coupling



