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|. Zero temperature:

String tension, Critical temperature, Wilson flow
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Standard
picture of scale
separation

Aw/Apy =0(1) Auv
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(Essential)
singularity in the
chiral limit and mass ratios: )
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/AIR not unique:
Power-law corrections to essential singularity

Gies et al. 2013
Alho, Evans, Tuominen 2013
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Mass deformed theory: EoS approach tor IR quantities

y=flz) _

y=m/ < ip >° 0 =5=7

Second order transition: B

r= (N = Np)/ < up >F < >= (Ny© — Ny)P

Essential Singularity: Nogawa, Hasegawa, Nemoto, 2012

T = e\/(Nfc_Nf)/ < Pp > < ) >= eV (Nje=Ny)

Continuity of f(x) plus asymptotic forms for m — 0 and Ny — N;° imply

< YPp >ox eV N1 =Nr) for m smallish and (Nt — Ny) largish
< Yp >oc m*/° for m largish and (N — N;) smallish

Anomalous dimension appears naturally below Nfc
Scaling limited by Goldstone singularities in the chiral limit  (wallace Zia:



hese features are seen

In model calculations: Alho, Evans, Tuominen 2013

Mass deformed theory
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Mass deformed theory |I: KMI discussion

Mutatis mutandis,
Eos approach reproduces KMI scenario:

caling with anomalous dimension
o)
'\
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KMI 2013



Approaching conformality from below and above

Essential sing.

(X power-law)

Analogies
In the broken phase

EoS

2nd order transition
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Differences
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Observables:

Critical temperature

WO, W1, ... iInduced by Wilson flow Preliminary
String tension  Preliminary

Technical lattice scale defined at one lattice spacing

Apar

Strategy: consider dimensionless ratios
R=01/02
When O2 is UV this is the facto a conventional scale

setting
Observation: R relatively stable wrt mass variations
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From an [R to a UV gcale: Te decreages

M: Energy scale with uy=0.90
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Towards a quantitive comparison with holography
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Nf = 6, Wilson Flow
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Scale from Wilson flow
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Te on the I/wO geale
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Moving the scale with Wilson flow

Qualitatively as expected,

045 - limited by lattice artifacts

Nf=6 —x— 0.21 T T T T T T T T T
Nf=8 —+—
-
0.2 | T H’ N :6 —T H’ N :8
C 7’( f cVr
035 F
] T.W,(N¢=6)
S 019 —_
03} = crrr f
2
(&)
; . n
z
S
g
02 =047 +
©
.ﬂ
015 Zz *
S o016t
(&)
= .
- .
0.15 | ﬁ
0.05
b3
. ¥ 0.14 1 1 1 1 1 | | | |
0 = ' ! L : : : 0.2 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.3
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 Reference value
w0Tc

UV



Tc/G]_/Z

Tc and the gtring tengion
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Strongly interacting dynamics and the search for new physics at the LHC

T. Appelquist,! R. C. Brower,%3 G. T. Fleming,>® A. Hasenfratz,*3 X. Y. Jin,® J. Kiskis,® E. T. Neil,*» "3
J. C. Osborn,*3 C. Rebbi,? E. Rinaldi,®3 D. Schaich,%3:10 P. Vranas,® E. Weinberg,!! and O. Witzel'?:3

(Lattice Strong Dynamics (LSD) Collaboration)
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Scale geparation

Auv

Puzzle?
Role of
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ll. High temperature:

Topological susceptibility
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Axion freezout : SH(T) = ma4(T)

ma(Tl) — ﬂ

fa Berkowitz Buchoff Rinaldi 2015

Yang Mills R
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Axion density at freezout controls axion density today



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

| 26
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Tc

~200MeV

340 -380 MeV
RHIC AuAu

420-480 MeV R0 =100 )\Y ()Y 1 GeV

LHC LHC hot spots LHC

200 GeV 2.76 TeV 2.76 TeV 7TeV

[Expected]

Quark Gluon Plasma @

Colliders
How many flavors?

Analytic studies suggest that a
dynamical charm becomes
. resonance gas relevant above 400 MeV, well

—— analytic recipe

__ interpolation within the reach of LHC
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T/ MeV Laine Schroeder 2006
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In the region of interest T > 500 MeV

1) We need 2+1+1
2) 2+1+1 = 4 (approximatively)

T4 We can place the region of
interest in the Nf, T diagram

YM QCD-like  Preconformal Nfc (
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Shape of distributions of topological charge: ditferent flow time
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Continuum limit
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A preliminary continuum extrapolation
shows an even milder decrease wrt to Nf = 2+1

strong sensitivity to Nf
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Summary

We have studied the evolution of different dimensionless
observables with Nf, for a fixed quark mass.

An external mass enables communication between different
phases, which are no longer qualitatively different.

The dynamics retain features of the precritical behavior,

in accordance with an EoS analysis:we

have observed scale separation which indirectly supports
walking of the coupling.

The theory with eight flavors is qualitatively different from
QCD.

Topological susceptibility at high T, which is relevant for
axion physics, seems to be particularly sensitive to the number
of fermions.



