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From UV to IR
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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 Miranski, Yamawaki

Braun, Gies

R = 01/02 Kiritsis et al
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
01



Adimensional ratios below and above Nfc

-

Ratios O(1)
above Nfc

Nfc IR fixed points
O(Nf,m) = co(Nf) m*d(Nf)



Plan

Conformal scaling and anomalous dimension
(Nf=12)

Pre-conformal behaviour (Nf=6,8)



NF=12 CONFORMAL SCALING AND
ANOMALOUS DIMENSION



Lattice corrections to conformal scaling

; —1 ]
1: Size .PIIH = L fH(.I‘} T = -L?nl,"yr.‘!

Del Debbio, Zwicky;
Hasenfratz et al;
MplL, da Silva, Miura, Pallante

2: Coupling My = L_lfH (53: gnmw}

LMy = Fy(z) {1+ gom“ Gy (x) + O (ggm™>)}

asymptotically free QED-like
phase phase
chiral symmetry exact broken
S — I—Q»
{0 ng Our 7\ QLw -
simulations

are here



Anomalous dimension from the QED phase?
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Summary of the results: accidental agreement??
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Hadron spectrum
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Ratios in the conformal window at a
glance: the Edinburgh plot
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Adimensional ratios below and above Nfc

—/ For Nf=12

we have
observed
conformal
scaling, good
agreement
with four
loops

Nfc IR fixed points
O(Nf,m) = co(Nf) m*d(Nf)
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THE (PSEUDO)
CRITICAL TEMPERATURE



Lattice setup

All simulations :

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

m = 0.02 : only one mass
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Scaling for essential singularities

Nogada, Hasegawa, Nemoto,PRL 2012

v=lyp=ler () g -] m <-> Chiral Condensate
gt N ) =b"g(e b, ™ N""). h <->bare mass
t <->Nfc—Nc

o~ (U E/0)™ for pet(/0)™ 1
R O L AULIIN

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

can be
approximativelydescribed
as zero mass ones, but

—> Wwith a larger apparent

t critical point.

Finite mass

Chiral limit h=0
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We studied the thermal transition for several Nf and several
Nt

4
'...

Eefek
:
]
ik
AR
%'
E_-EkEr & « B - &
b
H.
*H'
=
+*
0
E
m
- L
2
a%
\S i
|
4 i
[
4

P ]
"
% -] w WK
uuuuuu & P i i
FI
* ¥ 4 T J
. L H b & o PR H] (L= "HJ'
= ! TLO L - il
wis s N = ey
s v . I NS L]
1 =5 «
- Ll il = | |- L 1 f RV E ¥
' . L = X
A oiF & &5 &k &N &4 &8 £ A 1 a3 i s L] & Y
L B g T o
h h
e -
[ -l I LI X
X . ¥ [
- rIr an L s T ilm I8 .
_— s | $edEd &1 A8 &F & &1 & &0 &d 87 &8 &F & &1 &F &b &d
et wis [ +
5 ik
. & T (1] T
= EE 7 £ o P HEH iy
et ¥ e ¥ i = s o Be Lo HE | ; g1 ey
L] s T Lol
Colhd dat|= - . 3 it  J 8
et |8 q i " I E = - E i
At e s r 3 i
H08 G4 L4809 L85 G4 S48 & A3 84 &8 &8 BS0 A6 LS & a -
i - Ii= - L
@ K
LT 5 s T T, h
b [ z
. .
All simulations : ' : =
. i T is s & id il
Ry By

Gauge Action one loop Sym.
Tadpole improved AsqTad



Ns x a

Nt X a From the Lattice..

B 1 ..to the continuum

I = : . . |

a(fr) - V; Via old fashioned asymptotic
scaling
IN..b —by1/(2by) _
ALa(BL):( - 0) : exp[ PL ]
1 (7 .
AR el (AL a(BL)).

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)

K
- ' Rbo) [ Ribu
_ | -
Rm(ﬂLJE)'Ale HU}UE):WX HhRE_(ﬂg) . C.Allton, 2007

21



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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T/ Ay
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Solution: A = A (Nf)

ma = (.02

______.bea________
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T /M

use UV scale

M: Energy scale with uy=0.90
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Fixing an UV scale
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@ 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
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THE STRING TENSION AND WO



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

Re[PLOCO P
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0.003

Lattice setup: 3 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
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.06

Update for Miura-Lombardo Nucl. Phys. B ('13). c.f. Deuzeman et al. Phys. Lett. B ('08).
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:
) el
H
H
| | | | ‘9
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B = 4,275 +0.05

31




Lattice setup: [ for Nf=6
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And analogously
for Nt=8
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Nf=8: Creutz ratios

Measurements’ code by M. Wagner and collaborators

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

0.5 I I I I —
; : i no smearine —+—
with smearing =<4

0.4 [ e S o=
S - - N o ]
22 * 25
0.2 |- P - —
SR
I I e . — % .

Wr,t Iv"‘a‘“}+1,r+1] L 8 -

Xr,t = — log
ot |:Wr,t—|—1 Wr—l,t

33



Nf=6: Creutz ratios

Measurements’ code by M. Wagner and collaborators

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

i)

Heavy Quark Potential
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IIT1 /2

T./

0.6

0.4

0.3

0.2

Tc/V o

0.373(2 5.—6 — = 5. i
1o/vG - (2)(+5, 6). Ny =6, =5.025,
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T./

Lim Nf -> Nfc Tc/V o = Const?
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Wilson flow

/

o

&)=t

2

(E(x,1)) ,

wp .

E(x,t)= —% tr Gy (x,7)Gyy(x.1)

wi & (wg) =0.3.

\

J

v'Computationally easy

v'Naturally smooth

v'"Well behaved at short distance
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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)5’ 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 [l;'Q[fl'ﬁllw 016 a7 'n'f[:.|ll'l:l:|'|]18



Scale from the flow, Nf=6

(.61
1= ‘;_"y“ilsnn Discretization - | = Wilson discretization
05| ® Symanzik Discretization et 0.5F = Symanzik discretization
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04F
=03
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0.1
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W(t)

Scale from the flow, Nf=8
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Results for Tc on the 1/wO0 scale
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DIFFERENT SCALES



o This work
O Prewvious results

Nf -> Nfc:

Tc/M =0
TcwO0 =0(?)

Tc/Vvo ~ 0.3

WO

U

03¢
0 0 Ni=6, Wilson

025

02F
015¢
01t

005

0 N;=8, Wilson
0 Ni=6, Symanzik
A Ny=8, Symanzik

jelici iy

( 2 4 b 8
Ni
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Different scales

Auv




Summary

For Nf=8 we have For Nf=12 we have
observed some measured

evidence of scale conformal scaling, in
separation, even_/ good agreement
with a nonzero with four loops and
mass other lattice

estimates . Perhaps
surprisingly, the
scaling appears to
perists in the QED-

like regionE

Nfc
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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 y = 0.235(46) for Nf=12:
Four loops ‘almost exact’?
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Next

Better developed scaling for essential
singularities maybe using models as a guidance

Running coupling in the QCD phase from the
potential and the flow

Studies of mass dependence in the pre-conformal
region

Explicit check of conformal scaling and
corrections with more masses and sizes in the
conformal window
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