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Harbin Institute of Techology
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One of the top nine univerisites of China

Farnous for robot and space craft
erefore, the physicis department represents more the applied side of physics.
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Outline

1. Effective Action Method
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Effective Action Met

Effective action theory is based on Lanaau'
field theory.

sition theory and

1. Add spatially constant source terms:

Hgu(J,J") :—tZa —|—Uj22m

——

<l
—ﬂzi’lz—l-Z(J*ﬂa—l—J ) ‘6’3' ph

2. Expand free gnergy ﬁjaqu}er series ?f the source:

gy, =

(J;J7,t) = N, (Fn(t) & i c2p(t) :szp)

L
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L(w, 4", t) =

- L
5. Perturbative calculat’iJr) of second orq.er coefficients

Effective Action Met

\

3. Perform Legendre transformation to get effe

L(y, 9", t) =

4. Expand effective potential in power

TEEETT W

C4 (t) | ,-!|¢1

ca(t) "

o2

(0)
2
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Effective Action Met

and frustrated lattice system

el d=3

0.04

0.02} 1

0.01H

0.03r :

Effective action theory achieved great succe uadratic

%
2.

’ Quadratic Lattice TriangularNcice
F. E. A. dos Santos and A. Pelster, Phys. Rev. A 79, 013614 (2009)

Z.Lin, J. Zhang and Y. Jiang, Phys. Rev. A 85, 023619 (2012)
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Outline

1. Effective Action Method
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Multi-Components Effective Action T

Muti-Components Effective Action Théory
generalized form of effective action theory.

Purpose: to solve the second-order ph: ' ion problem for

a system that can be divid subsystem
-
-
1. Add independent source ter :_.- - A
: - . - At e n
H = — Z Z ti,j ({11”: Qg1 —|—{11“‘__}{1J{”)
i,7=1 {k,l)
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Multi-Components Effective Action T

2. Expand free energy in power series of gour
Define: J = {J,....Jm}

F(J,t) =N, (Fo(t) +ICIT +--)

3. Perform Legendre transformatio potential:

-
Define: 1 OF : ! - @
= Noam = hia)enaEm)) 'b4
[(T,#) = F/N, — 0] — 0 o
AT .

4, E{pﬂ@ﬁé@tive potential "in power series of order parameter :

. (W, t) =Ty(t) + ‘I’Azllﬁ + ...
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Multi-Components Effective Action Th

5. Resulting relation between coefficients C

U 1 0%F
“d] ~ “'N,orfey - Y

Co2411  --- C241m

CoAm1 - C2Amm

% %}Pt?t’urbatively calculated second-order coefficien
-
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Outline

1. Effective Action Method

4. Future Plan 054 This ubject >k -
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5..Conclusion
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Superlattice Model l

Z 5.
- . 1

Hamlltbrjlén 013" the system \

HBH——tZaTajﬂ—U/QZm —gZﬁi—&#ZﬁAlm
<ij> i Al
G. B. Jo, et al., Phys. Rev. Lett. 108, 045305 (2012)
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Quadratic Superlattice

For quadratic superlattice system, we dec stem into two

subsystems.

Follow the process introduced in last cha .

! —0. Q;’D

Ca411 ©C2412 -
< 1

Phase boundary condition:

. E

2421 2422 e -
49 L
» "
. oo
()
Exgafhd)m“ﬁopplng series Lzm;(t) Z( f} g A4
n—I(
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Make a truncation at second hopping order:

2 0 0 1
| 1 - ’fl’éiu&éjmz - ﬂgiillﬂ’gjzz T Q(Gféim)ztg 0
0 0 0 0
\/f‘-’éiu&éjgg '—’*—’giuﬂfégm
Considering the smallest root: [ ‘ ‘6’3
-

2
(0) (o) (1) 0) _(0) (2) (2) (1)
— 411X 4920 412 T \/2 (ﬂ’zﬂuﬂmm 5411 T Qg 400 — ﬂfzam)

t, =
2
0 0 2 0 0 2 1
(\/ﬂéjllﬁéim) ( éiuﬁgim + ﬂ.{qillﬂgizz + 2 (&éﬂ?l?) )

http //ww zzone. cn hE . AEREREFEREME I



Quadratic Superlattic ’

zeroth order first order second order
9411 # U z
+2(2 — 1 ) —p——p—im———p—
X9 499 # U z
$2(2 — | ) it e
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Quadratic Superlattic :
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Frustrated Superlattict
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Advantage comparing to decoupled me an f
theory .

1. Our method has much higher accuracy:

method DMF MCEA (2nd order)
accuracy About 30% Less than 3%

2. Using DMF method the free er
point in the Mott lobe, our met

is at the loc
oes not have th

imal ; Q:)QD
lem. *
| e

i . #
i

3. Our methed_g_été vefy good result in Kagome superlattice
system, while DMF gets totally wrong result comparing
| to QMC. '
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Outline

1. Effective Action Method
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Purpose: -
1. get more accurate phase bour

Developing the method tc ' Ic;.hte the phase tr:
DSW-SS for hard-core bosons system

Ea

Because there is so farno pratical method for this
system when hopplng term becomes negative. ~
)
' A. Eckardt, C. Weiss, and M. Holthaus,
Phys. Rev. Lett. 95, 260404 (2005)
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Outline

1. Effective Action Method
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Conclusion

on effective action theory.

2. our method achieved a great suc
systems both for the quadratic an

3. we found that decoupled m
used a lot, has local-minimu oblem.

P

4.our next step.is to develop process-chain method for
mu[tiﬁdgrﬁ:pbn’ents system in order to calculate higher
rl}'l - -

pping orders
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