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Project QCaD
The Action and Parameters
The Karsch Coefficients

o QCD is a QCD-like theory which doesn’t have a sign problem
for even number of flavours.
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o QCD is a QCD-like theory which doesn’t have a sign problem
for even number of flavours.

@ It has a hadronic phase and deconfinement.
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Project QCaD
The Action and Parameters
The Karsch Coefficients

o QCD is a QCD-like theory which doesn’t have a sign problem
for even number of flavours.

@ It has a hadronic phase and deconfinement.

@ Include a diquark source term to counter effects of IR
fluctuations. Physical limit J to zero must be taken.
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Project QCaD
The Action and Parameters
The Karsch Coefficients

The Action.

@ We use the ordinary Wilson plaquette action for the gauge
sector.

Sc(B,vg) = _/\[Z j;Z’F\’e TrU;j(x)—i-YgZRe Tr Uio (x)
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The Action.

@ We use the ordinary Wilson plaquette action for the gauge
sector.

Sc(B,vg) = _/\[Z j;Z’F\’e TrU;j(x)—i-YgZRe Tr Uio (x)

@ For the fermion sector, we use an unimproved Wilson fermion
action with hopping parameter k.
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The Parameters

@ Vary parameters around a central set, in this case f =1.9,
xk=0.1680 on a 123x24 lattice which gives lattice spacing
a=0.178(6)fm and a pion mass m; = 717(25)MeV.

@ Define:

ﬁs:%v B =Yg, Kt = Yq K, Ks = K

£ =5{&+E&) £ =3{&—&}
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What are they?

Use the Derivative Method to calculate energy density

5 aS(ﬁa’QYga?’q)
Nga?Ntat 85

e(T)=- +Hng

as

B Y 9Ya 9
Need%a—a——g

AN ™
a0
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What are they?

Use the Derivative Method to calculate energy density

(T =& <‘85(ﬁ,ar<éyg,yq) >+qu

9E1 JE 1 IE 1 OE
E -1 = alA’}/g+b1AYq—|—C1AB+d1AK‘
? = azA’}/g—{—bzA’)/q—{—CzAﬁ—FdzAK
M[\*/[i(’)\/’o = a3AYg+b3A')/q+C3Aﬁ+d3AK
€, = a4A’}’g—{—b4A’)/q+C4Aﬁ—|—d4AK
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What are they?

Use the Derivative Method to calculate energy density

(T =& <‘85(ﬁ,ar<éyg,yq) >+qu

9E1 JE 1 IE 1 OE
E -1 = alA’}/g+b1AYq—|—C1AB+d1AK‘
? = azA’}/g—{—bzA’)/q—{—CzAﬁ—FdzAK
M[\*/[i(’)\/’o = a3AYg+b3A')/q+C3Aﬁ+d3AK
€, = a4A’}’g—{—b4A’)/q+C4Aﬁ—|—d4AK

Also get the B functions %i,gji
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Process Static Quark Potential
The Sid ys Potential

Meson ersion

Static Quark Potential.

@ This is used to calculate the lattice spacing as.
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Process

Static Quark Potential.

@ This is used to calculate the lattice spacing as.

@ This is done by measuring the potential between a quark
anti-quark pair. Then fit the static quark potential to the
Cornell potential.

V(r):C+%+Gr
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Process

Static Quark Potential.

@ This is used to calculate the lattice spacing as.

@ This is done by measuring the potential between a quark
anti-quark pair. Then fit the static quark potential to the
Cornell potential.

V(r):C+%+Gr

o Currently looking at Wy approach as an alternative.
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Results.

Static Quark
The Sid
Meson Dis

Potential
Potential
sion

Process

7[3 =2.85 K =Kk=0.168
=l90K—0147K—0192
=1.90 k =K,=0.168
=190K—0180K—0157
=2.00 x =Kx=0.162
37B_152K =k=0.168

aV(R)

Hands,
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Process

Sideways Potential.

@ This is used to calculate the gauge anisotropy &g.
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Process

Sideways Potential.

@ This is used to calculate the gauge anisotropy &g.

@ Compare wilson loop ratios.

Wss(X7}’)
WSS (X+ 17.)/)’

Wst (X, t)

R >N
SS(va) Wst(X+1,t)

Rst (x,t) =
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Process

Sideways Potential.

@ This is used to calculate the gauge anisotropy &g.

@ Compare wilson loop ratios.
Wies (Xa}’) Wet (X7 t)
Rs(x,y)= ——"—, Ry(x,t) = — "
SS( y) Wss(x+17)/) St( ) Wst(x+17t)
@ The gauge anisotropy is then
6 _ th(R2)_ th(Rl)
£ Vi (R2)— Viy (R1)
@ Currently only considers four sided objects

(squares,rectangles).
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Process

Results.

|o—o B,=1.27.B,=2.85 k=%« =0.168

<>_<>B5=ﬁ1:1'9’Ks:0'147’K1:0‘192
B,=B,=19.k =k =0.168

> B, =B, = 1.9,k =0.180, x =0.157

i X—X B5:2,37, ﬁ[=1.52,Kb=K{:0.168

—e—° o—° i

Lo v by v
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Process

Meson Dispersion.

@ This gives the mass term M and the fermion anisotropy &,.
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Meson Dispersion.

@ This gives the mass term M and the fermion anisotropy &,.

@ Measure the mass ratio of the pion and rho mesons.
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Process

Meson Dispersion.

@ This gives the mass term M and the fermion anisotropy &,.
@ Measure the mass ratio of the pion and rho mesons.

@ Give them momenta by using FFT and measure the dispersion
relation.

2.2
22 2 o2 dsP
asE =azm; + 22

q
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Process

Mass Results.

3 ‘ T T ‘ ‘
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Process

Dispersion Results.

O B=1.27B=2.85k=k=0.168
& B=B=1.90 k,=0.147 k=0.192
5 B=B=1.90 k =k =0.168
B,=B=1.90 =0.180 x=0.157
x  B=2.37B=1.52 k =k =0.168
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Four dimensional fit
Trace Anomaly

Results Energy Density

The Fit.

i Yo' @i Yq: bi B;ci Kidi  x?/Ngr
Ey 0761730 —1.667988 2587070 39732 194
a —0503T58 5147913 5094701 _ggtl0 03
M —0.531+§§ 0.15734; —0.59T02¢ —1573% 226
E. 0.006735 —0.847022 —0467035 611, 19
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Four dimensional fit
Trace Anomaly

Results Energy Density

The Fit.

i Yo' @i Yq: bi B;ci Kidi  x?/Ngr
Ey 0761730 —1.667988 2587070 39732 194
a —0503T58 5147913 5094701 _ggtl0 03
M —0.531722  0.15%04, —0.5970° —15%2° 226

& 0096735 —0.847032 —0467058 —67, 1.9
dc; a¢; ag; I
Ci IE. 233 M35 5
Y 0.907%, —051712 01372 14712
Y, 01370 020732 0557231 29757
0.24 2.3 +1.9
B 0597024 _q4t23  37fL0 87"

69 54 yr+35 88
Kk —0.052"%2 0.075%;7 —0.2272° —0.3975%
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Four dimensional fit

Trace Anomaly
Results e > Y

Energy Density

Beta Function

I T R W
B —1.0275 0.7375% B 14752 37733
Kk 0.05773° —0.0477% K 0075+24 022+35

using isotropic data using anisotropic data
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Four dimensional fit
Trace Anomal
Results Y

Energy Density
Trace Anomaly
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Four dimensional fit
Trace Anomaly
Energy Density

Results

Combined Energy Density |.
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Four dimensional fit
Trace Anomaly
Energy Density

Results

Combined Energy Density |I.
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Summary

@ Vary parameters to allow for measurement of observables
central set.
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Summary

@ Vary parameters to allow for measurement of observables
central set.

@ Calculate observables, (combination of meson dispersion,
static potential, sideways potential and wilson flow).
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Summary

@ Vary parameters to allow for measurement of observables
central set.

@ Calculate observables, (combination of meson dispersion,
static potential, sideways potential and wilson flow).

@ Perform four dimensional fit and invert.
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Summary

@ Vary parameters to allow for measurement of observables
central set.

@ Calculate observables, (combination of meson dispersion,
static potential, sideways potential and wilson flow).

@ Perform four dimensional fit and invert.

o What's next?

Incorporate wilson flow code in Karsch Coeffiecent code suite.
Look at writing a more efficient static potential code.

Look at updating the sideways potential code.

Look at improving the meson dispersion code.
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For Further Reading
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