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Summary of our work

. Study SU(3) gauge theory coupled to 12 massless
fundamental fermions

. Measured the running coupling constant in Twisted
Polyakov loop scheme and found an IR fixed point

. Derived the universal quantities around the fixed point
. critical exponent of the beta tn.

« Mass anomalous dimension
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Introduction

nformal fix Nt is the m Importan ' N QF

Scalar field theory
2d Gaussian fixed point

unitary discrete series
minimal model (IR fixed point of Landau-Ginzburg model)
3d Gaussian fixed point
Wilson-Fisher fixed point /\
non-linear sigma model
4d Gaussian only...

(" scaling dim. for the primary field )
central charge

"¢ function”

H.Kawai and Y.Kikukawa: Phys.Rev.D83:074502,2011

S.Kamata and H.Suzuki: Nucl.Phys.B854:552-574,2012

G th
auge theory S 2,

4d Gaussian fixed point
nontrivial fixed point?

2013F9R27HEEH



Introduction

Higgs sector in the Standard Model Lagrangian
Ly ~ 5DupDFGT + 3(p¢T — v?)3

Problem with a fundamental Higgs boson
Hierarchy problem (need fine-tuning to cancel a quadratic divergence)
Triviality problem

XX sy =25>0

No interaction at low energy
Running coupling constant diverges at a finite energy
Cuttoff theory?

Candidates for the origin of Higgs sector
Supersymmetry

Extra dimension — | _
Walking techni-color Introduce an additional gauge interaction

and fermions
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Walkina Technicol

i To suppress FCNC process
near-conformal :

To enhance quark mass

A, = 100-1000 A,

Walking: Ym large !?

QCD-like "
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Is there a theory whose coupling constant
show the behavior?

(1 ncar-conformal

A= 100-1000 A,

This part may be realized by
many flavor gauge theory.
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Perturbative (MS bar scheme)

=U(3)Ni gauge theor

2 3 T.A Ryttov and R.Shrock,
I . Phys.Rev.D83,056011 (2011)
TWO IOO p ana IySIS 6 (a ) — b& T Ca 20th order in Wilson loop scheme is also done

by Horsley et.al.
Phys.Rev. D86 (2012) 054502

B oy OL( L)
. 5 ' S-D eq. with large Nc

/ o / Ny=9 | ni Ny =119

Exact RG
cr +1.6
N§" =10.05%
\ T H.Gies and J.Jaeckel,
L — EurPhys.J. G46:433-438,2006
X log H ,\ Exact RG (+ 4 fermi interaction)

N§" = 11.58

Phase structure based on two loop Pve Rew. D84 (2011) 195006

11
38 LR
O 38 88 N, ~ 16.5

13 Asymptotically free ’ Asymptotic non-free
N i < 3
B | N
chiral sym.broken Conformal Window f
confinement (chiral symmetric)
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Is there an IR fixed point in SU(3) Nf=12 theory?

Ishikawa, lwasaki, Nakayama, Yoshie (phase structure, correlation fn.)

Appelquist, Fleming, Neil, M.Lin, Schaich (running coupling, mass spectrum)

Deuzeman, Lombardo, Pallante, Miura, da Silva (finite temperature)

Cheng, A. Hasenfratz, Petropoulos, Schaich (MCRG, phase structure, Dirac eigenmodes)
DeGrand (mass spectrum)

LatKMI (mass spectrum)

D.Lin, Ogawa, Ohki, Shintani (running coupling)

Fodor, Holland, Kuti, Nogradi, Schroeder, (running coupling, phase structure, spectrum)

Jin and Mawhinney (phase structure)
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Why are these studies
contradictory?
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(1) Step scaling &l

V

g SIRNEITESDE DT A

C & %renormalized coupling®;HIx

Luescher, Weisz and Wolff, NPB 359 (1991) 221

(2) low beta™Tdchiral symmetry

(3)

(9)

- — /}J\

BE

mass spectrum

Miransky, PRD59(1999) 105003
Luty, JHEP 0904(2009)050
Del Debbio and Zwicky, PRD82(2010)014502

(4) Diracl&

XY VRS

| BB A7)

Y,

f-18

anji

gD hyperscaling

=— K Dhyperscaling (Volume-scaling)

Patella,PRD86(2012)025006
Cheng, Hasenfratz, Petropulos and Schaich, JHEP1307(2013)061

S A

IR

T DHEBRE D2

Ishikawa, lwasaki, Nakayama and Yoshie, PRD87(2013)071503

w}
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(1) Step scaling method

- measuring the running coupling constant -
Luescher, Weisz and Wolff, NPB 359 (1991) 221

- tune beta to reproduce the input renormalized coupling
- measure the g"2 at the larger lattice with the tuned beta
- take the continuum Ilimit

giB, L/a)
A

L/a =16
L/a = 12
L/a =8
L/a =6

input ----

L 0 aner ameyr s aer (a/L)?

We can apply this method to any
renormalization schemes on the lattice.
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Running of the renormalized coupling constant

in Quenched QCD

TPL scheme
6 _. T T T T
% 27 5(1) S

%@

ro

0.0001 0.001 0.01 0.1

m

O Interpolation s=1.5

~
'-:::‘Q
-

o

B

B

10

Wloop scheme

/ .
4 T T T T Y T T T
o !

[ Wilson scheme
- 1-loop
2-loop
ir 3-loop(MS bar
| i scheme)

l Lo/ Lo J
)

H A @ G @@ 3
\ arXiv : 0902.3768 (hep-lat

ﬂ(#) [ 3 ) \
0.3 } SF scheme
0.2 .
0.1 g
10! 102 107
ja/ A

Capitani et.al:NPB B544 : 669-69
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Step scaling method

‘Running coupling constant(Nf=12)

s Appelquist et al. (SF scheme) A
Phys.Rev.D79:076010,2009
Taking constant extrapolation in (a/L)
e—_———————————1—
: -—-— 2-loop univ. L~ T
al — — 3-loop SF /
| /
AL 6: ,/
| Y
q| pif
| ##}g;{
- #
2-_6“.““?["‘."‘'1'0..‘‘210““310....410.
Log|L/ Lo|
\_ /

" Fodor et al. (potential scheme) A
PoS LAT2009:055,2009, talk at Latticez2010

32°x48 $=3.0 m=0.001 V(R)-V(R =4)

V(R)-V(R,=4)

_ Plot: Slide of K.Holland’s talk at Lattice2010 D

The continuum extrapolation was not considered.
(O(a) effects depends on the renormalization scheme)
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lon schemes and universality

scheme transformation

g1 — g2 = f(91)
f(g1) is an analytic fn. of g1
4 a )
beta fn.  B(ga) = ‘g(gl) B(g1)
. gl J

The existence of the fixed point is

scheme Independent.

Note that the renormalized coupling constant at the FP depends on the scheme.

92 = f(91)(# 97)

The critical exponents ( ’Y;, ”Y;Kn) around the fixed point are scheme independent.
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(2),(3) Chiral symmetry &
Mass deformed theory

Z.Fodor et al.: Phys.Lett.B703:348-358,2011.

measured mass spectrum and chiral condensate at beta=2.2
In several lattice sizes and fermion bare masses.

Comparison between two hypotheses

g _ ) \( Appelquist et. al:
Gx10°  (P¥)—cum = com” plotted PRD84(2011)054501
(W) = cg+ c1-m + cg - m2(fitted) _ MX N m;+7;kn m

4 ©,= 0.00282 x0.00021 3 1
C—13251+0023 é 0.15_llll|llll|llllIlluu_
= —4.21 = 0.56 N - ]
3 %2 % 0.14 I (a) =
% - ® $ —F—&—F C } I .
% % | 0.13 —

2| . 3 4
" > 0.12 |~ . —
1f x’/dof=0.81 DeGrand: 0.11 o I
m fit range: 0.01 — 0.035 PRD84 (2011) 116901 X » :
0.10 X
0 ‘ ‘ ‘ 1 ; m ]
0 0.01 0.02 0.03 0.04 _ 14~ i ®
m MXL T F(qu ) 009 C 01 I L1 1 I L1 11 I P T I

: : . : 1.0 15 20 25 3.0
. Also Jin and Mawhinney’s work) Also LatKMI's work ml 7=
\_

Both chiral broken hypothesis and conformal hypothesis work well.
It might be hard to show the existence of IRFP from the fit quality.
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Mass deformed conformal theory in the continuum limit

If only the mass op. is the relevant op. around the nontrivial fixed point,
a scaling of the mass of the composite op. Iis described by the mass anomalous

Remarks '

dim.
n - 1 1 sk
Miransky scaling Mx ~mg™
m 1 ,
4 (1) Around fixed point

2loop prediction:

(Tuning the values of g and ma is needed.
We need two independent observables)

§ (2) Continuum extrapolation
 Fit fn on the lattice

*i (If gamma is small, then the fit becomes difficult.

i (3)
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Phase structure on the lattice

002s

an| EExu—8 | .. . |Cheng, Hasenfratz and Schaich:
’ PRD85 (2012) 094509

0ols -

HYP smearing

%///»’ j | In the intermediate region the shift symmetry is broken.
000s | e A '

i ) R T > 1 Deuzeman, Lombardo, da Silva and Pallante:

. [ ] PLB720(2013)358
: o - Naik improvement

am,=0,T=0, SUG) Conjectured phase diagram

next-to-nearest neighbor terms are no longer irrelevant
and indeed modify the pattern observed without improvement.

de Forcrand, Kim and Unger:
JHEP 1302(2013)051

In the strong coupling limit, the chiral symmetry is broken Nf<52.

N,=11N_/2

In the studies on the phase structure,
f a careful parameter search is important for
each lattice setup.

0 p=2N /g
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(4) Volume scaling for the Dirac eigenmodes

In the massless theory, 1/L gives IR cutoff. Instead of the mass, there is a scaling
of (1/L). In the chiral limit, a single observable suffice to find the IR conformality.

Del Debbio and Zwicky, PRD82(2010)014502
Patella,PRD86(2012)025006
de Forcrand, Kim and Unger, JHEP 1302(2013)051

DiraC eigenvalues _D(CE7 y)¢>\ — Z>\¢>\ A't tree Ieve|: )\2 _ 4ZSin2 é - (%)2

A
v(A) = V/ p(w)dw o VAT+

—A
eigenvalue density in IR Cheng, Hasenfratz, Petropulos and Schaich, JHEP1307(2013)061
conformal theor
p(A) y o R fimi
(d) Ny = 12 16 x 32 Imit
1} 18% % 36 m——
24" % 48 A—0 »LHOO
32% % 64
0.8 Br = 6.0 ——
J Dy S0 >[<
Br =40 —— —
\,m"'(" : 3.0 ' ’ym (>\) ’ym
0.4) Nf=8 still questionable.
e = walking?
e IRFP with the other
IR Y, %01 02 03 o4 5 05 06 07 o8 09 i relevant op.?

Studying the volume dependence is important.
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(5) Correlation fn. of nearly conformal theory

[~ 4

Ishikawa, lwasaki, Nakayama and Yoshie: arXiv:1301.4785

two point fn. of a meson state Gu(t) = Z{&q,,yﬂ~(;zr, t)yr v (0))
. v = l
conformal theory (massless, continuum) ~ Gulf) =c—
- H=3-2
N 4 )

\_

" confined theory

Gy (f) = cy exp(—mpyt) Gu(t)=cu

(nearly) conformal theory

exp(—myt)

[H
J \_ J

To extract the mass spectrum, we have to use the Yukawa-type fit tn.
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Our result

PTEP (2013) 083BO1
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Simulation detall

Hybrid Monte Carlo algorithm
Wilson gauge action+ naive staggered fermion
beta=4.0--100 on (L/a)™4 lattice

L /a=6,8,10,12,16,20

Twisted boundary condition for x,y directions
Link variable U, (x +7VL/a) = QVUM(;E)QZ 5

Fermion Yeé(r+vL/a) = e”/?’ﬂﬁbwg(ﬂy)}a

Q,, Is twist matrices (3x3 complex matrix)

Q0] =1,(2,)° =1, Tr[Q,] = 0,20, = ?7°Q,Q,

2013F9R27HEEH



Phase diagram
IN the lattice setup




0.7

O
o

In our simulation set up,
there Is a bulk phase transition in small mass region.

o—=o beta=3.0

beta=3.2
+—= beta=3.4
&— beta=3.6
«— beta=3.8
v—v beta=4.0
— beta=4.2

beta=4.4

+—= beta=4.6
beta=4.8
o—a beta=5.0
¢—= beta=5.25
beta=5.5
<+— beta=5.75
v—~¥ beta=06.0
>— beta=06.5

<Plaquette>
g gy
r+ HHOIE
ﬂ

_ B
+—3 3
03P &
O.2 | | | | I | | | |
0 0.05 0.1 0.15 0.2
ma
(L/a)* =47
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In our simulation set up,
there Is a bulk phase transition in small mass region.

07 | | l | l | | | |
_ I -
A 06 _m ml = - ;\F f f 3—3
L [EFF &—35 5
B OST * N —
- i _
=3 .
= 0.4 30X
v - <3 : . , —¥— —H—-
~ —3+—3— 3 3
0.3 —m:{; :%:_ﬂi E =
- —% 3 3 3 5 3 5
0.2 | | I | I | | | |
0 0.05 0.1 0.15 0.2
ma
(L/a)* = 4"

+—= beta=4.6
beta=4.8
o—a beta=5.0
o—= beta=5.25
beta=5.5
+— beta=5.75
v—¥ beta=06.0
>— beta=0.5

o—=o beta=3.0

beta=3.2
+—= beta=34
&—a beta=3.6
«— beta=3.8
v—v beta=4.0
»— beta=4.2

beta=4.4

In the above phase,

(P%]) # 0

In the

pottom phase,

() =0
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Phase diagram for SU(3) Nf=12 naive staggered fermion
with the twisted boundary condition.

0 ma quenched
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Phase diagram for SU(3) Nf=12 naive staggered fermion
with the twisted boundary condition.

4

Our simulation
to search for the IRFP

0 ma quenched

We also see that the chiral symmetry is preserved in this region.
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Running coupling




Measuring the growth ratio

Observe the growth ratio of renormalized coupling constant
to see the precise running behavior.

running coupling constant growth ratio
9% o(u)/u= g&(1/sL)/gh(1/L)

In(Lo/L) g4 (i = 1/L)

systematic error is accumulated systematic error is not accumulated

2013F9R27HEEH



Twisted Polyakov loop (TPL) scheme

Examples of renormalization scheme

Schroedinger functional scheme
Wilson loop scheme
Twisted Polyakov Loop scheme

} no O(a/L) error scheme
Wilson flow scheme....

Definition of Twisted Polyakov loop (TPL) scheme de Divitiis, Frezotti, Gaugnelli and Petronzio,
NPB422(1994)382

on the lattice
iy L D P02 L0000
grpr, = lim Frase (>, ,, P (2,9, L/2a)P.(0,0 0) >

9]

klatt is determined by the tree level value to satisfy

'-J\/\
2 2
gTPL‘tree = Y0
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Raw data in TPL scheme

I I 2-3 % statistical error.
® [/a=6 .
s ]/a—8 # of Trj is 64,400- 1,892,800.
9 A L/a=10
A —
s 5 L/a_lz Fitting fn. for beta interpolation
¢ . L/a=16
=7 (L/a
s 2 e S 9% p1 (B, L/a) = - + Z W/l
v‘ ]
.= s;: s=1.5 step scaling
o g " | L/a=6 - L/a=9
Jd',. | /a=8 ->L/a=12
g 7 | /a=10 > L/a=1b5
0 . | /a=12 > L/a=18
0 005 04 015 92 025

ForL/a =9, 15 and 18,
1 /B we estimate values of g2 for a given beta
by the linear interpolation in (a/L)2.
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Growth ratio of TPL coupling
(global fit analysis)

1.06 . , , :

— 2-loop

104 —

102~

o(u)/u

1 H e Hllif

098 —

: ! | ! |
0.96 5
u

TPL coupling shows the fixed point
around

This Is the first zero point of the
beta function from the
asymptotically free region,

It must be IR fixed point.

Unfortunately, the growth ratio with errorbar does not cross over the unity line.
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Local fit analysis

Focus on the low beta region (u>2.0)

Add the data (more than 30 data points)
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108

Growth ratio of TPL coupling
(local fit analysis)

1.06

1.04

— 2-loop

c(u)/u

-

—
o
2
T [ T ll§l T [ T [ T
|
|
| -
F
[
[
|

098

0.96

094

[gi}zm — 2.69 + 0.14(stat.)” 0.16 (syst. )J

Around the fixed point, the beta fn.
can be approximated by the linear

i =0.13+0.03

v, = 0.36

fn.
Y 2 * [ 2% 2
- B(g7) ~ 7,97 —g°)
B statistical error A
total error Our result

B i 0.35

:I.s 3 [’yg = 0. 57—|_O 31 (Stat ) 0.16 SySt]

u

SF scheme 2 loop atg** =9.4 4 loop (MS bar)

v, = 0.28
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Continuum extrapolation

s=1.5 step scaling
| /a=6 ->L/a=9

| /a=8 > L/a=12
| /a=10 > L/a=1b5
| /a=12 > L/a=18

2 loop prediction
In this region is
o(u = 2.69) ~ 2.78

— 1mput u

n o o liear extrapolation with 4 points
=—=a linear extrapolation with 3 points
+— quadratic extrapolation with 4 points

0 0.01 0.02 0.03

(a/L):

The systematic error is small in the strong coupling region in this scheme.
(Fit range dependence and “s” (step scaling parameter) dependence are also small.)
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Is there an IR fixed point in SU(3) Nf=12 theory?

Ishikawa, lwasaki, Nakayama, Yoshie (phase structure, correlation fn.)

Appelquist, Fleming, Neil, M.Lin, Schaich (running coupling, mass spectrum)

Deuzeman, Lombardo, Pallante, Miura, da Silva (finite temperature)

Cheng, A. Hasenfratz, Petropoulos, Schaich (MCRG, phase structure, Dirac eigenmodes)
DeGrand (mass spectrum)

LatKMI (mass spectrum)

D.Lin, Ogawa, Ohki, Shintani (running coupling)

Fodor, Holland, Kuti, Nogradi, Schroeder, (running coupling, phase structure, spectrum)

Jin and Mawhinney (phase structure)
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Is there an IR fixed point in SU(3) Nf=12 theory?

Ishikawa, lwasaki, Nakayama, Yoshie (phase structure, correlation fn.)
Appelquist, Fleming, Neil, M.Lin, Schaich (running coupling, mass spectrum)

Deuzeman, Lombardo, Pallante, Miura, da Silva (fjpila=ieaa

Cheng, A. Hasenfratz, Petropoulos, Scl eigenmodes)
DeGrand (mass spectrum)
LatKMI (mass spectrum)

D.Lin, Ogawa, Ohki, Shintani (running coupling)

Fodor, Holland, Kuti, Nogradi, Schroeder, (running coupling, phase structure, spectrum)

Jin and Mawhinney (phase structure)

2013F9R27HEEH



1ERZ 9 AN EESDEDITA
(1) Step scaling /&IC &K Brenormalized coupling® HI X

w}

(2) low betaTdDchiral symmetry

bulk phasen’H 25D TINEITTIEEERNH DD E S HH SR

(3) BEEZF L EsmDhyperscaling

mass spectrum

fitd o Y74 Tl&E

SEBNH DN E SHhhH SR

(4) DiraclE®& t— k Dhyperscaling (Volume-scaling)

BENDrelevantBEFNH D5 E L ?

(5) XYV VHEEFDIEERBEHM DI

fitd o Y74 Tl&E

=)

ERDNBDDENE DDDODEIRNT?

2013F9R27HEEH




Anomalous dimension

arXiv:1307.6645[hep-lat]




(1) ATV TRAT—=I > T% _
Luescher, Weisz and Wolff, NPB 359 (1991) 221
Ym — —YP ALPHA collaboration, NPB 544 (1999) 669

(2) BEEZ U CERICXT Y dhyperscaling’:
BEEIREEDmass spectrum

Miransky, PRD59(1999) 105003
Luty, JHEP 0904 (2009)050
Del Debbio and Zwicky, PRD82(2010)014502

1
A[)\" ~ CXTn 14+7m

(3) EOBEICK T BDiracEE E— K Dhyperscaling/E(Volume-scaling)

1+4 Patella,PRD86(2012)025006
( ) )\ Ym Cheng, Hasenfratz, Petropulos and Schaich, JHEP1307(2013)06
(4) XV VREEFOHEERKDOEN S KO BT7E

Ishikawa, lwasaki, Nakayama and Yoshie, PRD87(2013)071503

C

(6)0)) ~ i
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g%(p, L/a) ;

input ----

Step scaling method

- measuring the wave function renormalization constant -

L/a =16
L/a =12
L/a =8
L/a =6

Z(B, Lia) |

L/a =6

L/a =8

L/a = 12

L/a = 16

ALPHA collaboration NPB 544 (1999) 669

PCAC relation in QCD

6’“(AR)M — 2mPR
— Q(Zm . m())(Zp . P())

Mass scaling function

. Zp(go,a/sL)

) P\9Yo,

:]_

O'P(g 78) ali% Zp(go,a,/[/) g2=const

We measure Z factor of pseudo-scalar op.
at the IRFP.

A new definition of Z factor

cpee(t
Zr(90) = \/ Op(t)) at fixed t
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G(ﬁu)/’u

108

1.06

104

102

Pt

098

0.96

094

X

t\\! I: 7 \\!Z

Tt

T
T
=3
=

|

F

[
[

it

statistical error
. total error

1 1 1 1 | 1

BEF T A X TDbetaD(BE

L/ | =2 4F5 | u=2.686 | uU=2.823

Z 5378 4.913 4.600

4 5796 5. 414 5181
10 | 5.99% 5.653 5.450
12 6121 5. FK6 5588
16 | 6.241 5.909 5.709
20 | e.296 5.944 5733
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Nf=12"ANEER TCOEFENX

TCICE T D3RR

E.IL., arXiv:1307.6645[hep-lat]

2-loop
3-loop(MSbar)
4-loop(MSbar)

mass deformation

DeGrand (Ref.[16])

Cheng et.al.
(Ref.[14])

Our result —e—

Diralc eigenmodej

e .
—— step scalmg)

| ! ]

0

02

Fodor’s data: PLB703 (2011) 348-358
Fit(I): PRD84(2011) 054501
Fit(II): PRD84 (2011) 116901

LatKMI : PRD86 (2012) 054506
Cheng et.al : JHEP1307 (2013) 061
Ours : PTEP (2013)083B01

arXiv: 1307.6645

1 ||
04 0.6 08

&

Ym = 0.04475750
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Nf=127"NEERTDERBRITICET SRR

E.IL., arXiv:1307.6645[hep-lat]

2-loop
3-loop(MSbar)
4-loop(MSbar) ¢

DeGrand (Ref.[16])

’ Dira'C eigenmodej

Cheng et. a}Ref 14D @ « f :
Our result | < T - *\Stlep SCallﬂg )
0 l 02 04 | Y 1 03
Tm
|
WTERZARICIED T, ERFEBEHREZ &5,

T —FZFBH LT, BRAEBYRE EbetaDERIEHONMEZ ANTS
HADEICIED Wz, @Lattice2013
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phenomenological prediction!

To suppress FCNC process

' .
al o l ncar-conlormal

To enhance quark mass

A, = 100-1000 A,

\

: \ Walking: Ym large !?
| QCD-like' ..
: y small . .

A

Assume that ATC ~ 1TeV, AETC’ ~ 1000TeV

[Z-quark and 2-techni-fermion]
* p— mnY
—52—(WW) () T = 1 My 1GeV

A

ETC

W,;kn = 0.0 Mq ~  30MeV

ﬂ/,;kn = (.25 Mq ~ 5MeV

-~ %

Mg ~

L (Aurc

) @) v =0.15 M, ~  2Mev

5
Ayovye
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Y% > 13278 step scaling’x
pseudo-scalar ® ZKF D&zt R D ik T

[T 1T T T 77T s=1.5 step scaling
;f’ — i 4 L /a=6 -> L/a=9(BfEULIRERET T = D)
) | ————= -— _i- /a=8 ->L/a=12
‘I_l‘ I T ? ~  /a=10 > L/a=15
N 'T // | /a=12 -> L/a=18
< ,‘// —
= — 1(y=0)
- u=2.686 | |-~ linear extrapolation with 3 points
N I'I | | | | |—— linear extrapolation with 2 points

— — constant extrapolation with 3 points

0 0005 001 0015 002

(a/L)’

3DODF—YEERAWNL2/IXTGA—5 T4 v M EIBNETIEIRRBREDRED D HAAR+5
HES—DODREWRFTAXTFT—IHNnE
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S

% > 12288 'mass deformedix

m 4 RT - critical beta\®tuning
- massless IT{EADtuning

Y
Y

O]
06F | o
A
o

05 L
—— hyperscaling fit

-
-
-
-
-
-
-
-
() 4 —— -
- -
R
-
— .
-
- -
.
-
A — .
“
— -
. - 0
e
-
- -
-
-
-
-
.,'
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mass deformed theorylc & £Shyperscaling

SU(2) Nf=2 adjoint fermions
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Mass anomalous dim.
SU(2) Nf=2 adjoint fermion
(minimal walking technicolor)
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running coupling constant
SU(2) Nf=2 adjoint fermions

Del Debbio et. al., PRD81 (2010) 014505
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Conclusion and Discussion

The IRFP exists in SU(3) Nf=12 massless theory.
Continuum extrapolation and parameter search are important.

(1) The phenomenological model construction by using the mass
anomalous dimension from the lattice simulation.

Nf=12 model must be Killed by lattice results. (Also minimal walking technicolor: Del Debbio et.al.)

(2) Spectrum for several modes, who is the lightest state?
pseudoscalar? dilaton?

(3) Study on universal quantities
(anomalous dimension, “central charge” in 4-dim)

(4) We have to understand the property of conformal field theory on the
finite lattice volume. (functional form of correlation fn.)

¥ Lattice precise data can give phenomenological and theoretical information  }
around nontrivial fixed point. t
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