Lattice QCD
(INTRODUCTION)
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« Starting from Lagrangian
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(1) obtain hadron spectrum,
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(3) explain confinement of color :

PARTICLES

http://www.claymath.org/Millennium_Prize_Problems/ |

Force Carriers







* Imaginany time

Z = [ Dy exp{-S[o]}

« Space-time discretization

* Thus we get from functional integral

Z = [T1de, exp{-Slel}




« The typical multiplicities of integrals are
10°-10°

« We have to invert matrices 10° x 10°
« The cost ofi simulation of one configuration
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Three limits

m, ~100 Mev




Chiral limit

Quark masses Plon mass
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M, =A+B(m r,)>+C(m r,)° +D(a/r,)*



SpPectrum
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QCDSF-UKQCD



FLAa)
100 T

A5CI O H

J.Iall.ﬁ.'tr
VFPSD S REOOA
ASCig P 3-’
AS IFM
ASCI Red o 1+-J

o Cray-1
q LLLAC- 1Y

100 M

o
o
S
:
5
k
&
-
L
a
i
-
o
et
s
i
P
K
=
4§
B

D I4F

10M
1970 1975 1980 1985 2000

Earth Simulator

Based on the NEC SX architecture, 640 nodes, each node with 8
vector processors (8 Gflop/s peak per processor), 2 ns cycle time,
16GB shared memory. — Total of 5104 total processors, 40 TFlop/s
peak, and 10TB memory.

It has a single stage crossbar (1800 miles of cable) 83,000 copper
cables, 16 GB/s cross section bandwidth.

700 TB disk space, 1.6 PB mass store

Area of computer = 4 tennis courts, 3 floors




Lattice QCD at finite
[emperature

and density.
(INTRODUCTION)



Z = [T]de, exp{-Slel}

1T

S[p] = j dt j j j dxdydz L(¢,d,0)




7 =IDAﬂDwa exp{-S[A,.v.v 1}

S[A, v, w]= [dt[d*X{(F,,)* + (i0-gA, +m, )y}

[dy dy exp{yMy}=detM



Types of Fermions
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| dy dy expfyMy}=detM



Approximations to real QCD
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Types of Algorithms

0 1. Hybrid Monte Carlo + Molecular dyn Al
leap-frog .

Q 2. Local Boson Algorithrmn
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FHE-FL

1. Earth (solid
state)
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LEMENT

2. Water (liquid)

3. Air (gas)

4. Fire (plasma)

5..... (quark-gluon plasma)
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Earth simulator
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1T

Polyakovline = < Pexp{li _f A, dx,} >
0

mq:O

Quark condensate = <y >
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Sym+p4 staggered [19]
Sym+Clover [47]
RG+Clover [48]
Plag+Clover [49]
Plag+DWF [50]
RG+DWEF [50]
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3-flavour phase diagram

— pias [~ 200 MeV
< Gauge

=2 ~ 175 MeV
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2nd order arder

¥ 0(8)? ,
mpe ~ 2.5 GeV

__."-..I"II=3

2 phys. crqs'&uver
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2nd order erit ..
o erit ~ 300 MeV

W= ~ 155 MeV
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T =(271+2) Mev
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T. =(271+2) Mev

T. = (171+4) Mev

T.=(173+3); (166+3) Mev
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T. =(271+2) Mev

T. = (171+4) Mev

T.=(173+3); (166+3) Mev

T. =(173£8) Mev

o7



- © Valery Schekoldin

38



T. =(271+2) Mev

T. = (171+4) Mev

T.=(173+3); (166+3) Mev

T. =(173£8) Mev

T, = (154+8) Mev

2Y



| |

A thiswork (clover, L.=8)

¢ thiswork (clover, L .=10)

O @ EH (clover, L,=6)

o Bielefeld (p4 fat improved, L.=4)

T.(M,.a) =T, +C,(*)+C,(m.a)"
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3 flavour
2+1 flavour
2 flavour
pure gauge
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FULL PROBLEM
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1T

Z = [DA,DyDy exp{-S[A, .y, w1+ u [ dt[d*xpyyy}
0







Fodor & Katz
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nuclear matte
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early universe

><°\|-|CE quark-gluon plasma
X RHIC

Crossover

<yy> >0
hadronic fluid

ng=0
vacuum nuclear matter

<yy>~0

guark matter

Crossover
/_

superfluid/superconducting
phases ?

2SC <yy>>0 CEL

neutron star cores

U~ 922 MeV
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