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e Is Ny = 12 SU(3) Fundamental inside Conformal Window?

® Previously...

« Likely: T. Appelquist et al, A. Deuzeman et al,A Hasenfratz et al, Y.
Aoki et al
« Not Likely: X.-Y. Jin et al, Z. Fodor et al
» Latest findings of our group:
Finite Size Scaling Conformal scenario is Inconsistent and
Suspect
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Action: Tree-level Symanzik-Improved gauge action with
Staggered Ny = 12 Fundamental fermions

HMC algorithm with multiple time scales and Omelyan integrator

Autocorrelations monitored by time histories of Fermion
condensate,plaquette and correlators

B = 6/g? = 2.20, which is in the Weak Coupling regime

—— —e— m 0.02, V12
il -y | m 00 V16

we are here

our simulations here

intermediate

phase intermediate \

phase \
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o Lattices used:( ~ 1000 — 2000 Trajectories each)

S L|T| my
48 | 96 0.0100, 0.0150
40 | 80 0.0100, 0.0150, 0.0200, 0.0250
32 | 64 0.0020, 0.0040, 0.0060, 0.0080,
0.0100, 0.0150, 0.0200, 0.0250
28 | 56 0.0150

24 | 48 | 0.0020, 0.0040, 0.0060, 0.0080, 0.0100, 0.0150,
0.0200, 0.0250, 0.0300, 0.0325, 0.0350

20 | 40 0.0020, 0.0040, 0.0060, 0.0080,
0.0100, 0.0150, 0.0200, 0.0250
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Spectroscopy Analysis

# Double Jackknife to obtain good estimate on Covariance Matrix

Generate Jackknife ensembles of Correlators
Fit individual ensemble to obtain 77/, or /. using Covariance Matrix

With defined as:

(above expressions also apply to /)

=] F = = £ 9Dad
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Spectroscopy Analysis

* Double Jackknife to obtain good estimate on Covariance Matrix

« Generate Jackknife ensembles of Correlators {C(¢)};
« Fit individual ensemble to obtain my, or F7 using Covariance Matrix

Ciy = 2{meﬁm);i—<meﬁ<x4>>l-}{meﬂ<xa>;i—<meﬂ<xa>>l-}
P

With y? defined as:

iy i () — gy () H(C) s ) — (e ()i}

X4=1o x4:to

(above expressions also apply to Fi)
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where x = Lm!/1*" and M = Mz,M,, My or F

Conformal behavior:

X > Xcut

X < Xcut
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Approach 1: Fitting scaling function with physical model

LM = cix+ cexp (cﬂx)fl/zef"”x, X > Xcut

LM = co + cqx®, X < Xeut

where x = Lm!/1*" and M = Mz,M,, My or F
Conformal behavior:
o M ~m/1%7 as L — o at fixed m
e M~L Yasm—0
« Other terms are finite size corrections
® Cexp(Crx) : leading exponential correction from wrap-around
effect of the lightest Goldstone pion state (c; = ¢; for pions and fitted

value becomes ¢, of other channels)
: simplest ansatz, could be polynomials

—1/2 p—cnx

Continuity and first derivative continuity imposed at
fit parameters:
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® Approach 1: Fitting scaling function with physical model

LM = cix+ cexp (cﬂx)fl/zef"”", X > Xcut
LM = co + cqx®, X < Xeut

where x = Lm!/1*Y and M = Mz, My, My or Fr
# Conformal behavior:
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value becomes ¢, of other channels)

cqx® : simplest ansatz, could be polynomials
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® Approach 1: Fitting scaling function with physical model

Conformality
Controvers;

. LM = cix+ cexp (c,rx)fl/ 2emen¥ X > Xcut

LM = co + cqx®, X < Xeut

where x = Lm!/1*Y and M = Mz, My, My or Fr
. # Conformal behavior:

o M~mY/1Y as L — oo at fixed m
e M~L 'asm—0
e Other terms are finite size corrections

. cexp(c,,x)’l/ 2e=¢n* : Jeading exponential correction from wrap-around
effect of the lightest Goldstone pion state (c; = ¢; for pions and fitted
value becomes ¢, of other channels)

® cqx® : simplest ansatz, could be polynomials

« Continuity and first derivative continuity imposed at x¢y
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® Approach 1: Fitting scaling function with physical model

Conformality
Controvers;

. LM = cix+ cexp (c,rx)fl/ 2emen¥ X > Xcut

LM = co + cqx®, X < Xeut

where x = Lm!/1*Y and M = Mz, My, My or Fr
. # Conformal behavior:

o M~mY/1Y as L — oo at fixed m
e M~L 'asm—0
e Other terms are finite size corrections

. cexp(c,,x)’l/ 2e=¢n* : Jeading exponential correction from wrap-around
effect of the lightest Goldstone pion state (c; = ¢; for pions and fitted
value becomes ¢, of other channels)

® cqx® : simplest ansatz, could be polynomials

« Continuity and first derivative continuity imposed at x¢y
« 5 fit parameters: ¥, ¢1 , Cexp » & , Xcut
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Fitting scaling function with physical model

conformal FSS  (Goldstone pion - PCAC channel)

=112
LMﬂ(L):c1 X+ cexp (c1 X) exp(—c1 X) X>X

_ o
LMK(L)_cD +C X X<X

V=141, € Gy o X B fit parameters

exp’

y=0.393 = 0.008

a=3.47 +0.26

x =2.05=+0.11
cut

¢c,=4.326 + 0.068

c =0.189
a

Cy= 6.69
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Fitting scaling function with physical model

oMp

conformal FSS  (cRho2 channel)

-1/2
) exp(—cﬂ x) forx> X

LMp(L):c1 X+ cexp- (c_W X t

LM (L)=c. +c x“* for x < x
P 0 o cu

it

ym=1+~,r, c,, cexp, O 5 fit parameters
vy=0.300 = 0.017

a=3.64+0.31
x =1.62x0.14
cut

o coo BT

=6.259 = 0.24
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Flavors
Chik Him Wong s MN
conformal FSS (cNucleon channel)
Conformali = . -1/2 —
contorm LMnuc(L)_c1 X + cexp (cﬂ X) exp( . X)
Simulation Se _ a
LMnuc(L)_co +C X X<X
ym=1+y, Cy cexp, @ X 5 fit parameters
y=0.288 = 0.027
a=4.43+0.38
x =1.64+0.12
Fitting scaling function cut

¥2/dof=1.45

with physical model

%o o
T 5% - &—

,=9.850.588
c =0.36

o
Gy = 13.2
c_=4.326

n
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Fitting scaling function with physical model

an.

conformal FSS  (Fpi — PCAC channel)

o =0.852 = 0.027
0.196 = 0.03

1192 = 0.056

4 fit parameters
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conformal FSS  (Fpi — PCAC channel)

_ o
LF“(L)—CO +C, X

Conform
Controve ym=1 +, Gy, @, C, 4 fit parameters

y=0.214 £ 0.016

o =0.852 = 0.027
Cy=—0.196 £ 0.03
¢,=1.192+0.056

g function
model

Fitting scal
with physi

» Only 4 parameters are kept because 5 parameter fit is not stable
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conformal FSS  (Fpi — PCAC channel)

_ o
LF“(L)—CO +C, X

Conform
Controve ym=1 +, Gy, @, C, 4 fit parameters

.214 +0.016

o =0.852 = 0.027
-0.196 = 0.03

¢,=1.192+0.056

Fitting scaling function

with physical model

Fittin Tal alin
inction using B-form
ine functions

» Only 4 parameters are kept because 5 parameter fit is not stable

» The unexpectedly curious behavior of the data set against
conformal FSS remains unresolved.
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conformal FSS  (Fpi - PCAC channel)

_ o
LF“(L)—CO +C, X

Conform
Controve ym=1 +, Gy, @, C, 4 fit parameters

.214 +0.016

o =0.852 = 0.027
-0.196 = 0.03

¢,=1.192+0.056

Fitting scaling function
with physical model
Fittin eral alin

inction using B-form
spline functions

» Only 4 parameters are kept because 5 parameter fit is not stable

» The unexpectedly curious behavior of the data set against
conformal FSS remains unresolved.

» Question: What to be expected if conformal, e.g. SU(2) Adjoint?
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Fitting scaling function with physical model

o Summary:

Quantity | Y | x?/dof
M; | 0393(3) | 2.83
0.300(17) | 1.51
0.288(27) | 1.45
0.214(16) | 143

SIS

The composite particle masses in several quantum number channels

can be reasonably fitted with conformal scaling functions
BUT 7’s are incompatible across different channels.

Conformal fit of /; unexpectedly failed
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e Summary:

Quantity ‘ Y ‘ x?/dof
M; | 0393(3) | 2.83
M, 0.300(17) 1.51
My 0.288(27) 1.45
Fr 0.214(16) 14.3

» The composite particle masses in several quantum number channels
can be reasonably fitted with conformal scaling functions
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e Summary:

Quantity ‘ Y ‘ x?/dof
M; | 0393(3) | 2.83
M, | 0300(17) | 151
My | 0.288(27) | 1.45
Fr 0.214(16) 14.3

Fitting scaling function
wi ical model

» The composite particle masses in several quantum number channels
can be reasonably fitted with conformal scaling functions

« BUT y’s are incompatible across different channels.
= Global conformal FSS fit with identical y will fail
Conformal fit of /; unexpectedly failed
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Fitting scaling function with physical model

e Summary:

Quantity ‘ Y ‘ x?/dof
M; | 0393(3) | 2.83
M, | 0300(17) | 151
My | 0.288(27) | 1.45
Fr 0.214(16) 14.3

» The composite particle masses in several quantum number channels
can be reasonably fitted with conformal scaling functions

« BUT y’s are incompatible across different channels.
= Global conformal FSS fit with identical y will fail

» Conformal fit of F; unexpectedly failed
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Sty » Approach 2: Fitting general scaling function using B-form spline
Spectroscopy functions

S Vary 7 and perform Spline Fits at fixed y’s:

ﬂ‘\”“wlk:f:,':-yﬁ:{ with Piecewise Polynomial fitting

FSS

Non-uniform B-form used
knots used

Fitting scaling function
with physical model

Fitting general scaling

funcion using B-form cubic spline functions
spline functions
Conclusion Obtain that minimizes

The range of 7 that reduce/increase by | is regarded as the
error estimate of

=] F = = £ 9Dad
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® Vary v and perform Spline Fits at fixed y’s:

Piecewise Polynomial fitting
Non-uniform B-form used
knots used
cubic spline functions
Obtain that minimizes
The range of 7 that reduce/increase
error estimate of

by

Approach 2: Fitting general scaling function using B-form spline

is regarded as the
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Conclusion
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» Approach 2: Fitting general scaling function using B-form spline
functions

Vary 7 and perform Spline Fits at fixed y’s:
« Piecewise Polynomial fitting
Non-uniform B-form used

knots used

cubic spline functions
Obtain that minimizes
The range of 7 that reduce/increase by | is regarded as the
error estimate of
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» Approach 2: Fitting general scaling function using B-form spline
functions

Vary 7 and perform Spline Fits at fixed y’s:

« Piecewise Polynomial fitting
* Non-uniform B-form used
knots used
cubic spline functions

Obtain that minimizes
The range of 7 that reduce/increase by | is regarded as the
error estimate of
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Fitting general scaling
function using B-form
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Conclusion

Fitting under conformal hypothesis with
Finite Size Scaling study

» Approach 2: Fitting general scaling function using B-form spline
functions
Vary 7 and perform Spline Fits at fixed y’s:

« Piecewise Polynomial fitting

« Non-uniform B-form used

« 3 knots used

cubic spline functions

Obtain that minimizes

The range of 7 that reduce/increase by

is regarded as the
error estimate of
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Controversy .. . . . .
Stmaaton St * Approach 2: Fitting general scaling function using B-form spline

functions

® Vary v and perform Spline Fits at fixed y’s:
« Piecewise Polynomial fitting

Fitting scaling function C Non-uniform B-form used
with physical model ° 3 k_l'lOtS llSCd
Fitting general scaling . i .
fncion g -fom « 6 cubic spline functions

Obtain that minimizes

The range of 7 that reduce/increase by | is regarded as the

error estimate of
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» Approach 2: Fitting general scaling function using B-form spline
functions
® Vary y and perform Spline Fits at fixed y’s:
« Piecewise Polynomial fitting
« Non-uniform B-form used

« 3 knots used
Fitting general scaling . . .
funciion using B-form « 6 cubic spline functions

spline functions

® Obtain ¥y, that minimizes x2(y)/dof
The range of 7 that reduce/increase by | is regarded as the
error estimate of
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Fitting general scaling
function using B-form
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Fitting under conformal hypothesis with
Finite Size Scaling study

Approach 2: Fitting general scaling function using B-form spline
functions
Vary 7y and perform Spline Fits at fixed y’s:

« Piecewise Polynomial fitting
» Non-uniform B-form used

« 3 knots used

« 6 cubic spline functions

Obtain ¥y, that minimizes x2(y)/dof

The range of 7y that reduce/increase 2 /dof by 1 is regarded as the
error estimate of Yin
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Fitting general scaling function using B-form
spline functions

conformal FSS fit with spline based B—form (Goldstone pion)

spline fit with B—form using 3 internal knots

6 cubic B-spline base functions matched in 4 intervals

Y, =1+7 held fixed in fit to B—form before determined from
29 data points

y=0.405 = 0.021

¥2/dot=1.47

fit Q value = 0.067
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spline functions

Fitting general scaling function using B-form
spline functions

oM
p
conformal FSS fit with spline based B-form (cRho2 channel)

spline fit with B—form using 3 internal knots

6 cubic B-spline base functions matched in 4 intervals

Y =1+ held fixed in fit to B-form before determined from Zz(y) minimu
29 data points

Y 15+ 0.075

¥2/dof=1.02

fit Q value = 0.44
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Conformal
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» Summary
Quantity | Y | x*/dof

M; | 0405(21) | 147
0.315(75) | 1.02
My | 033(13) | 0.77
Fr 0.23(2) | 8.05

improved as expected
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Tension of y across channels decreased, but still problematic

Fit to /; remains unacceptable
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Simulation Setup

Spectroscopy Outstanding Problem:
Analysis 0 0 o &0 o . . . .

Scaling violation effect may fake scaling with inconsistent gamma
Fitting under N . N N N .
conformal values, but unlikely to be the only effect =~ Leading scaling violation
hypothesis with o
FSS effects has to be analyzed
g Can the strongly squeezed wave function effects in chirally broken
e scenario explain the good scaling form in separate quantum number
function using B-form L= =

spline functions

channels?
Conclusion

Bottom line:

Conformal scenario remains inconsistent and suspect in our analysis
The issues are not settled yet. More definitive analyses are needed
and ongoing
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