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Dyson’s Hierarchical M odel

B . a
H=-330" S (X tpnm)’

p:1 PNy---sPm+1 Pmy---,P1

D : Dimension of the system.

¢ : Scalar field in the configuration space.

¢ = p~2-P . Control the decay of the interaction.

bP . Number of sites blocked in each RG iteration.
a : Lattice Spacing.

A : UV cutoff. L
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Dyson’s Hierarchical M odel

- ) -
H=—3 " 3 DT

p=1 DN ye-osPm+1 Pmye-ey

# Block Spin:
Lattice Spacing a — ba
UV cutoff A— 2
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Dyson’s Hierarchical M odel

# Block Spin:
Lattice Spacing

UV cutoff

Y (D men)

PNy---sPm+1 Pmy---,P1

a — ba

A —

A

b

The blocking parameter b can be continuous in the

momentum space.
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Dyson’s Hierarchical M odel

-

Ising Measure: Wy(¢) = 6(¢* — 1)

-

® Choices of Iinitial measure:

Landau-Ginsburg measure: Wy(¢) = exp(—3m?¢? — \¢?).

# Block Spin transformation:

/

Wha1(@) = Cn+1@§(§)n+l¢2 | d¢/Wn(<¢_2¢ ))Wn(((b—;b ))

® Fourier transform of the measure:
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Dyson’s Hierarchical M odel

-

# Recursion formula of the measure: R(k)
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Dyson’s Hierarchical M odel

-

# Recursion formula of the measure: R(k)

15 82 24+ D b
Rys1(k) = Cpyy o 2552 (Rn(b—% k))
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Dyson’s Hierarchical M odel

- N

# Recursion formula of the measure: R(k)

2+D

L - 52 "
Rys1(k) = Cpyy o 2552 (Rn(b_T k))

#® Ponchiski’s equation:

oV D oV oV 0*V
=DV +4(1- — (57 + 535
HM - — Polchinski’s Equation — yyp
b—1
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Dyson’s Hierarchical M odel

HM with Ising measure(b” = 2):
~v = 1.299140730159

WP:
v = 1.299123547761

VWP 7 VpP=2
The difference is in the 5th digit.
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Dyson’s Hierarchical M odel

® Critical exponent ~ for integer v?:

Y
1.34|
1.32¢
1-305 ® ® e o O o O
1.28
126 ********************************* bD
: 2 3 4 5 o6 [ 8 L
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Dyson’s Hierarchical M odel

® Critical exponent ~ for integer v?:

log(y — ywp)

_logly—ywel vs. log[b®- -1

xxxxxxxxxxxxxxxxxxxxxxxxx
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Dyson’s Hierarchical M odel

# Critical temperature for integer v%:
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Dyson’s Hierarchical M odel

# Fixed point Polynomial for integer v%:

Fixed Point Ry*
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Linear Analysis

® Unnormalized recursion:

Ry (k) = e 27

92
ok2
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uzhi Liu

k))bD

THE

L

UNIVERSITY
OF lowa

INT-10-45W workshop. Feburarv 22-26. 2010 — p. 6/12



Linear Analysis

-

® Unnormalized recursion:

32

1 b"
Rus1(k) = e 3550 (Ro(y /5 1))

® Truncation:

Ry (k) =ano+ an,lk’z - an,2k4 + .t ap i 2lmaz

max

or equivalently,

Rn(u) = Qp,0 + an1u + an72u2 T T Qg ulm‘“” L
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Linear Analysis

-

# Small ( expansion:

P =2+ ¢
—2—D 5
F=07P a0 30)
L
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Linear Analysis

- N

# Small ( expansion:

P =2+ ¢

F=0E PR (150
# Fixed point equation:

1 2 2
RGeo|RY] = e~ %5 (R;;( %0 k)) — R}
RG¢[Ry + (R7] = Ry + (R}
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Linear Analysis

- N

# Fixed point equation:

1 2 2
RG_o|R}) = e 2552 (Rg( %0 k)) — R}

RG¢|Ry + (R7| = Ry + (R}

® Linearization:

R§+ 0R' = RG¢—o[Ry + 0R] = Ry + LI R]

RG[R5]—Rg s LG
¢ ¢—0 L

_15 02 %1 i ]

where L ~ e™ 2722 |2R*| IS the transfer matrix. THE
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Linear Analysis

-

® Transfer Matrix:

42

—-109
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Linear Analysis

-

# First order fixed point equation:

LR} +G| =Rj
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Linear Analysis

-

# First order fixed point equation:

LIR + G] = R}

v
Z pUn Z Brn Z G Un

vy, - Right eigenvectors of the stability matrix L.
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Linear Analysis

-

# First order fixed point equation:

LIR + G] = R}

v
Z pUn Z Brn Z G Un

vy, - Right eigenvectors of the stability matrix L.

AnQlp, + )\nﬁn — U

’I’L)\TL
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Window of Stability
- . -

G = _%kQW + %RS In B§ = ) Bnvn

We need (3,, to be stable when we increase the polynomial order. However, it is only stable
for some finite Imax.

B _ <wvr|G>
" <vpl|lvr>
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Window of Stability
- o -

G = _%kQ Rz T %RS In B§ = ) Bnvn

We need (3,, to be stable when we increase the polynomial order. However, it is only stable
for some finite Imax.
B _ <wvr|G>
g = —oLl>

<vp|vp>
05‘8583.; S

_20% .'o. <|_|G>
-40
~60
-80
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| mprovement and Results

® Results for noninteger b”:
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| mprovement and Results

® Results for noninteger b”:
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| mprovement and Results

® Results for noninteger b”:

log(y—ywp)

_Logly—ywel Vs L og[b®- 1]

xxxxxxxxxxxxxxxxxxxxxxxxx
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Further Plan

» Develop technigue to do large »” calculation.
# Try to observe the log-periodic corrections.
# Apply two lattice matching to the O(N) models.
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Thank You!
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