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From UV to IR

A]RMUV =() (1) Auv
I
AR b Vi1

Nf.



From UV to IR

A]RMUV =() (1) Auv
P g L
% Ar w L =1

Nf.



Physical scales & Lattice scales

v’ Lattice introduces two further technical scales a and L
obscuring the UV and IR behaviour respectively

v’ Ratios of homogeneous quantities
R=01/02

useful: Help controlling a and L systematic effects
Display scale hierarchy with no need to fix the scale
across different theories

v When 02 is an UV quantity — non critical at Nfc --

taking the ratio is de facto a scale fixing procedure for
O1



Plan

Critical temperature : Nf = (0,4,6,8)
String tension: Nf = 6,8
Wilson flow: Nf = 6,8

Spectrum and anomalous dimension: Nf=12



THE (PSEUDO)
CRITICAL TEMPERATURE



Lattice setup

All simulations :

--Gauge Action: one loop Symanzyk improved
--Fermion Action: Tadpole improved AsgTad

m = 0.02 : only one mass



Scaling for essential singularities

Nogada, Hasegawa, Nemoto,PRL 2012

v=lv=Lag —(th) ™ g -] m <-> Chiral Condensate
Q(t:h-ﬁ’ )_b 9(8 b‘hb '-A b)' h <->bare mass
t <-> Nc - Nfc

{ — 14

o~ (U E/0)™ for pet(/0)™ 1
mx ¢ 1

IR VAL RN|

\ Within the scaling window
data at finite mass contain
information on the critical
behaviour. They can

can be
approximativelydescribed
as zero mass ones, but
with a larger apparent
critical point.

Finite mass

Chiral limit
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We studied the thermal transition for several Nf and several
Nt
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Ns x a

Nt X a From the Lattice..

B 1 ..to the continuum
I'= : . . .
a(fr) - V; Via old fashioned asymptotic
scaling
2N by —by1/(2b;) —fr
i - (222 ol |
L=, PlaNcE,
1 (7 .
AR el (AL a(B)) -

Must be approx. constant for several Nt
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The quest for continuum limit

I, Reye) )
— = —— = (g e
g N

-1

— Explore different
2y

prescriptions for Tc/A

-1

N~
Rleue) = a(gue)Aue = (bog ) " e ge = V3(1 —(P)gr)

Lbogy
- ' Rbe) | Rl
_ A -
Rm(ﬂUE) = Al E HU}UE) = m X[14h RE_(ﬂ{]) . C.Allton, 2007

12



30

Nf = 6, asympt. scaling
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Nf = 8, asympt scaling
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Tc/A as a function of Nf

ma = 0.02

Scale separation ?
Nf

Conventional running
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TNy
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T/ Ay
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Rl
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Solution: A = A (Nf)

ma = (.02

______.bea________

________|.><|,_______________

- e

T /M

use UV scale

M: Energy scale with uy=0.90

0.12 f

0.1}

0.08

0.06

0.04

0.02

[

I




Fixing an UV scale

0.95 I — T 1 | — T
Ng=0 X |
I :f = z | = :'
NS o N
0 TN
.
g 085 e
2 ; .
0.75 _ |
0.7 | L
§ 85 9 95 10

@ We have measured the tadpole factosr up = {IZI}“4 at T = 0.

@ We use the couplings obtained by the constant up line to define a UV
reference scale M.



T/M

TC/MUV

M: Energy scale with u,=0.90
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Tc/M extrapolates to zero for Nf* ~ 10.5

=
A




Tc/M extrapolates to zero for Nf* ~ 10.5

M fixed with the help of perturbation theory

0.5 T T T
uy = 0.79 {H
- uy = 0.80 HH
0.4 .._-EE: """"""""""""""" I I S wp = 0.81 i 7|
R Ny o
1] 3 _‘-zEa__._"" - .--.taq:.:_;: ______ - L SO S |
T '.“H [—:]h."'l.
0.2 -t .__._“'_-.-_,.‘_E'j:l-_.,:;___ SN N S PSR S —]
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P N N N I I _i, -‘*% _
4 s i) 7 8 0 10 11 12
Ng

21



THE STRING TENSION



Update for Miura-Lombardo Nucl. Phys. B ('13). cf. Deuzeman et.al. Phys. Lett. B ('08).

Re[PLOCO P

0.02

0.015

0.01

0.003

Lattice setup: [ for Nf=8

L‘olld Start FIS-I

Hot Start HH

B = 42754005

43

4

Finite T
results Nt=8

Choice for the T=0
simulation

2 x PBP

.18

0.16

.14

0.12

0.1

0.08

.06

Update for Miura-Lombardo Nucl. Phys. B ('13). c.f. Deuzeman et al. Phys. Lett. B ('08).

L‘oid Start Féﬁ
Hot Start -
:
) el
H
H
| | | | ‘9
d 41 42 43 44
By

B = 4,275 +0.05
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Lattice setup: BB for Nf=6

0.7 | | | | |
0.6 |

4 )

0.5
0.4

: : : ; P --------- S L
VPSS S T 0 Y -
L

0.1

| Finite
| temperature,
| Nt=6 results

e e
4

" Bc=5.025:
Choice for the T=0
simulations

- J
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Nf=8: Creutz ratios

Preliminary, 8 = 3;° = 4.275, ma = 0.02, 327 x 64,t = 3

0.5 I I I I —
; : i no smearine —+—
with smearing <A

F
—1

0.4 gt e a e T

e - S S S S

Wr,t Iv"‘a‘“}+1,r+1] L 8 -

+ T
Wr,t—l—l Wr—l,t

r :—l{] -
Xr,t g{ P(F+ 1)



Preliminary

Nf = 8 : String tension

0.5 ; I -
I'-I no ﬁlnmrilllf_i_ ——
| T R SUS S UURE SO S with smearing < | |
I
0.3 —1 -------------------------------------------------------
= -
L T A B m s R
= |
L T s B R R
0 i i i | i
0 2 4 6 8 10 12
r
a = 0.506821 + 0.005149 (1.016% error) ,
o = 0.132381 = 0.002283 |(1.724% error) ,

X?/d.o.f. = 0.0203838 .



Nf=6: Creutz ratios

Preliminary, 3 = 3, = 5.025, ma = 0.02, 32° x 64,t =3

-0.75 -{  no smearing —H
with smearing <A
] | ]

0 2 4 6 8 10 12 14




Nf=6 String tension

Preliminary
1 = | |
1 £ SRS USSP USRS ASSNEUUE SUSUS SRS S
0.5 | e L
0.25 - ﬁ%""‘}'é'::;,{::;:{:"jﬂ_ A ———— § I S
o) 0 - R SE— U WU SN SV S
D5 [ e
(0.5 [ e S
i, fit ---- i
-0.75 H  no smearing —— oo g R —— -
: '.'i'illllﬁl‘lll.'zi]"lll]ﬂ I%%: | | |
0 2 4 6 8 10 12 14
r

a = 0.563763 + 0.002853 (0.506% error) ,
& = 0.190117 + 0.0006817 (0.3586% error) ,
X?/d.o.f. = 0.184966 .
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Preliminary

[1] E.Laermann, Nucl.Phys.B, '96, [2] F.Karsch and E.Laermann, Nucl.Phys.B, '01, [3] Engels, Nucl.Phys.B, '97.

T el
I/

0.7

0.6

0.4

0.3

Tc/V o

] ]
| Present Results HH |

CHHD OO SO D M Crm 00D CooE O CCDe OO oo coooo

10
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Lim Nf -> Nfc Tc/V o = Const.

Preliminary

1/2

| JO

0.7 | | : :
1 rational fit ----
Present Results —<
0.6 —+ _
0.5 — S _
0.4 el _
-
0.3 — _
0.2 ' | I |
2 4 (i S
Ng
(Nf) =
Vo 1+ E - Nt
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RESULTS FOR WO



Wilson flow

E(t) =t*(E(x,1)), E(x,t) = —51tr Guy(x,1)Gpuy(x.1)

wo : wa& (wi) =0.3,

\

J

v'Computationally easy
v'Naturally smooth

v'"Well behaved at short distance

32



WO vs rO

R. Sommer@Lat2013
Wilson. Ny =2 tmQCD, Nf =2 F>2
rolfm] from rolfm] from Ns /m rilfm] from
0.503(10) 1K [14] 0.438(14) fk [38] | 2+1 0.466(4) 0.313(2) div. 39]
0.491( 6)° 1k [9] 2+1 0.321(5) T [1]
0.485( 9)¢ I [9] 0.420(20) fr [40] | 2+1 0.470(4) 0.311(2) fx [41. 42]
0.501 (15)'&' my [43] 0.465(16) mp, [44] | 2+1 0.492(10) mo [11]
0.471(17) mao |13] 2+1 0.480(11 0.323(9) mg [10]
2+1+1 0.311(3) fx [45]
@ with rg /r) and ry /a from [46] ¢ preliminary, at this confergnce

Nt ) +/fo [fm] m from

0 10.1638(10) 0.1670(10) \ rp = 0.49fm [35, 30] e b

2 10.1539(13) 0.1760(13) | fk [35.9] o o

3 (0153 (7)|  0.179(6) | m,[47] — ——

3 0.1465(25) 0.1755(18) | mgq [33] i -

4 10.1420(8) 0.1715(9) fr [45] - -

4 0.1712(6Y  fx [34] ’

014 [,;'Q[ffﬁllw 016 a7 wullr?ﬂm



With and without improvement

0 Wilson Discretization
0 S}fmanzﬂ( Discretization

i , bt = 5,025, Wikion va. Symancik Chacratizations
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Results for w0 — improved and unimproved

B = Pc(Nt=8) Control on the

! ' / continuum limit:
i A Improved and
0.15 v unimproved
' @ | |
/ Two different B in the
i more challenging
0.1- B — BC(Nt=6) Nf=8 model
0.05—
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2 6 8 10
0i3 | | | | | | | | | |
| o Ni =6, Wilson I
i ] Nt 8 W]J.SDH B
095 .«\\(\a(\l ¢ N¢= 6, Symanzik ]
e oeV r Ni= 8, Symanzik ]
0.2 —
0.15 —
] 5 i
] 12 -
0.1 Q -
0.05 T | T T T | T T | T
2 6 8 10

0.05



Preliminary

0.7 7 : '
, rational fit ----

y ;é pné-sent Resuélts was 0 N f - > N fC .
|
05 ; - TC/M -0 ’

0.4 B S P

e : TcwO0 =0(?)
025+ 025

0 2 4 6 8 10 : TC/VG~O3

0.3

0.2

024 0.2

T WO

uy =0.79 {=H 0.151 05

|
P

4 5 6 7 8 9 10 11 12 0.05- —— ‘ . — — ——0.05
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T.Nunes da Silva, Talk@Lattice 2013 (update of previous results)

NF=12 SPECTRUM

38



Nf =12 — Pion

Yy
b

Largest volumes

Power law, excluded am = 0.06, 0.07, Ch#*/d.o.f. =7/3, exp = 0.74(2)
Power law, all points, Chi?/d.o.f. =44/5, exp = 0.76(2)

Linear, excluded am = 0.06, 0.07, Chi?/d.o.f. =74/3




Nf=12- Rho

s

T Lageat wal—
—— Poswws b mahacledd (L8S mnd (LT, Chi~ 2 daf. = Y, exp = 075
——— Posams b all poiia, Chi* 2f dod -_H..r_'ll.—r-n:%i

V- Largest volumes
— Power law, excluded 0.06 and 0.07, Chi* 2/ d.o.f. =9/3, exp = 0.75(5)
— Power law, all points, Chi* 2/ d.o.f. = 52/5, exp = 0.79(6)




Nf=12 Mass anomalous dimension

v =0.33 (2)(rho); 0.35(3) (pion)

at 3=3.9
E.ltou Lat2013
AR
W v | 3|10 221 | 0.764 | 0.815 | g cchrock
flg |0 3 |11 1.23 | 0.578 | 0.626 |,
el (e Re 5] | 0.5 3 1121 0.754 | 0.435 | 0.470
,11mg(n R[] e 3 (13| 0.468 | 0.317 | 0.337
et ) e 1] 1353 3 |14 0.278 | 0.215 | 0.224
Ipeat 1 T e 2] 14-13 3 115 0.143 | 0.123 | 0.126
beviog [ DL 1) 0220 3 |16 {0.0416|0.0397 | 0.0398
e sdling vl e 1. [4] | 0573 0.044:8:8_%
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mafm,
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the Edinburgh plot

id

16

mn/ mg
.

1.2

.. A simple test of hyperscaling

* Qur data

Violation of
hyperscaling i

Heavy quark limit

» (CD physical point

PRELIMINARY

T T T T T T T T T T T T T T
o2 0.4 0.6 0a 1
mq/mp
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Summary

Indication of preconformality for Nf=8:
--Scale separation
-- Tc measured on a UV scale approaches 0

Tc and the string tension have a similar
sensitivity to the IRFP . Their ratio is weakly
dependent on Nf

Anomalous dimension vy = 0.35(5) for Nf=12
(Indication of violation of hyperscaling)
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e Backup slides



T
A

Quark gluon plasma

Hadronic phase

Hadronic phase

Strongly coupled phase

Conformal window

Coulomb phase
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Thermal coupling and IRFP

We consider the critical coupling at the temperature
scale 1/Nt

R(gr.g1) = 1/N:

ey M) 5 g
R VW
L EL

';gﬁ:jz (glfef}zbl + by —by /(253)
- ((gf)lh +by (g ) )

X exp

T )
2by (gLref}z (gf)l
Mi(g;™) = 1/N; a(gf).

And we match it with the phenomenological zero
temperature critical coupling
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IRFP from couplings
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