≪ Ŋuf[ ≫ Sae Mulli(The Korean Physical Society) Volume 39, Number 6, 1999[ 12Ú. pp. 1∼5

Xć& �ù ø¡ \Œõ �ŞL \Ò ȷÌăŹ şı-şı ?Í

ĞŒé � ĞÍŚ ‚ăÂąp ]ýąY, ‚‹ 402-751

(1999[ 12Ú 11‹ Ńü)

‹ òÙ Uû \Ćt \Ò ȷÌăŹ şı-şı(IMM)?Íú ‹ŁÜăŁ Xć& ˘ù ø¡\Œõ ‚Ź ?Í˚ Ã‘ ÙêĆ [ľ Ŋuřř. p˚ Ýí£ Aşı` xØüL (1 − p)˚ Ýí£ Bşı` xØýř. „˚£ xØý þ ıý˚ / ‚? ıý` ˚ ř üq–Ź EÍ, AşıŹ şæ Ýí£ øóüL, BşıŹ rB˚ Ýí£ øó¸ ťÌüŞ MŹř. „˚ £ xØý þ ıý˚ / ‚? ıý | ć ıý` řô [ê˚ şı£ ò–Ź EÍ, ¸ þ ıýĆ øóú èêć şıő ŁßăŁ UûĆt C$ýř(A + B → ∅). „˚£ xØý þ ıý˚ / ‚? ıý | ć ıý` ›ù [ê˚ şı£ ò –Ź EÍ ő / ‚? ıý` ?~ şı£ ò–Ź EÍ, qŮ şıê øóăŞ Gćř. ÍýŹ ô: Bìe£ èŰ4§ õ `ľ ¸ ?Í˚ Ã‘ Ùê` directed Ising(DI) Ã‘ ÙêĆ Žěú Ý‚ăŢř. ÍýŹ ÂaĄ C$ ˝¿ú ê«ă Ł ø¡ \Œffi P¸˚ ÂaĄú C$ěœ£˚, Ã‘ Ùê` DI Ã‘ ÙêĆt directed percolation(DP) Ã‘ Ùê£ žÜßú Bìe£ èŰ4§õ `ľ Ý‚ăŢř.

-1-

-2- ćv]ýąçŞ “^]ý” Volume 39, Number 6, 1999[ 12Ú

şı-şı(MM)?Í [1]˚ ŚYù „˚£ xØý þ ı ýĆ şı` øóüL, Ť ıý˚ / ‚? ıý | ć ı ý` řô [ê˚ şı£ ò–Ź EÍ, ¸ şıŹ øóú èêć şıő ŁßăŁ UûĆt C$ýř. MM?Íù Aşı£ jÜý \Œő Bşı£ jÜý \Œ P¸Ćt 1ò \;¸õ Ã‚ř.

\Ò ȷÌăŹ şı-şı ?Í(IMM) [2,3]ù MM?Í ú ‹ŁÜèĹ „˚£ xØý þ ıý˚ / ‚? ıý | ć ıý` ›ù [ê˚ şı£ ò–Ź EÍ q˚ Ýí£ ø óú ťÌć ?Í¸ř. q = 1‚ EÍ` \Ò ȷÌ¸ {Ź MM?Í¸ř. q` ȷù EÍ A æœ ø¡\Œ ZŹ B æ œ ø¡ \ŒĆt þ ıý˚ }ê` îćć SSĄ \Œ£ ˚ 2ò \;¸` –ř. ÍýŹ IMM?Íú Ãř ‹ŁÜ èĹ „˚£ xØý þ ıý˚ / ‚? ıý` ?~ şı £ ò –Ź EÍő ~ / ‚? ıý | ć ıý` ›ù [ ê˚ şı£ ò–Ź EÍ øóú ťÌăŞ MUř. þ ı ý˚ / ‚? ıý` ?~ üq–Ź EÍ AşıŹ p˚ Ý í£ þ ıýĆ øóăL BşıŹ (1 − p)(1 − rB )Ýí£ þ ıýĆ øóćř. / ‚? ıý | ć ıý` řô [ ê˚ şı£ ò–Ź EÍĆŹ, AşıŹ p˚ Ýí£ øó ú èêăL BşıŹ (1 − p)˚ Ýí£ øóú èêć ó ¸y øóüq –Ź řô şıő ŁßăŁ UûĆt C$ ýř(A + B → ∅). ¸ ?Í˚ ø¡ \ŒŹ şıő þ ı ý` pÂ£ –Ź \Œ¸6, 0Ęt Xć& ˘ù ø¡ \ Œõ uŹř. Ť ¡Ź G˚ ¿§(L)` Š`ěĆ 0Ę Ş¡ :œ£ Š`ćř. Xć& ˘ù ø¡ \Œ(infinitely many

absorbing states)õ ‚Ź IMM(IMA-IMM)?Í˚ ø¡

\ŒŹ þ ıý` Uû˚ Õ¡ ěńĆ –Ź Ùêő ą¡ ěńĆ –Ź Ùê£ #ĂqŢř. ø¡ \ŒĆt SSĄ \ Œ£ ø¡ \;¸(absorbing phase transition)õ Ã¸Ź ?Í˚ Ã‘ Ùêõ @AăŹ |Åć ÅŹŹ ø¡ \Œ P¸˚ ÂaĄ¸ĘŹ Pì¸ NšK–ř [4,5]. ø¡ \Œ ` ă#‚ ?Í˚ EÍŹ DP Ã‘ ÙêĆ Žă6, ø¡ \Œ` Âa:‚ ~„˚ \Œ£ 9˝üq –Ź ?Í˚ E ÍŹ DI Ã‘ ÙêĆ ŽăŹ ,œ£ NšK –ř. Xć& ˘ù ø¡ \Œõ ‚Ź ?Íffi˚ Ã‘ Ùêê ø¡ \Œ ffi˚ ÂaĄĆ 0Ę DP Ď DI Ã‘ Ùê£ uÛýř [6].

IMA-IMM?Í˚ EÍ ~ Ùê^Ć ÂaĄ¸ –œt£

DI Ã‘ ÙêĆ Žěú Bìe£ èŰ4§õ `ľ Ý‚ ăŢř. ~ Ùê^Ć ÂaĄ¸ C$ý EÍ DP Ã‘ Ùê £ Ę˛ú Bìe£ èŰ4§õ `ľ Ý‚ăŢř. rB = 0‚ EÍ, Aşıő Bşı ?~ ø¡ ŰŃú ˇȷŹ Ńč ú CX ˛ă3 ă§ :[Ć \;¸` ‹q#Ş MŹř.

r_B ≠ 0‚ EÍ, Bşı` ŤÂ£ øóüŹ EÍĆ üľ,

Aşıő ˇ# Łß¸ ‹q( :Ź rB Ć ˚ć Ccú Ń Ş Mœt£ SSĄ ŰŃú ˇȷŹ Ńč¸ Ãř vŞ3 ý ř. Ýí p` ȷù EÍ, Bşı` ˘¸ øó¸ üqt ø

¡ \Œõ ˇffiL, Ýí p` À EÍ Aşı` ˘¸ øó ăŁ ø¡ \Œõ ˇffi3 üt£ ¸ ?Íù ~ ě ø¡ \ ;¸` ‹q&ř.

Xć& ˘ù ø¡ \Œõ `ŞŹ ?ÍĆtŹ, #§ S &¸ G` ˇffiq4Ź ıŊSSć ø¡ \Œ Ű˛‚ EÍĆ ˇ, ô:Ş¡(dynamic exponent)` NšŢ Ã‘ Ùê¯ Y ›ù ¯ú sŹ ,œ£ NšK –ř [7]. „G>Ćt îćć UûG` ø¡ \ŒĆ ffiq¸ú : A şı˚ } êõ QAăŁ ıŊSSć }ê(natural density)ρAõ @A ćř. Ť }êõ `ŞŹ #§ S&ú PÌăŁ ô:Ş¡ õ QAćř. Uû æX` ą¡‚ ÙUûY Õ¡‚ ÙU ûœ£ #Ćó Uû æX` Õ¡‚ ÙUûù 2ρA˚ Ýí £ A şıõ øóèÅL, (1 − 2ρA)˚ Ýí£ B şıõ

øóèÇř. Uû æX` ą¡‚ ÙUûù ?~ þ ıý

£ ýÏ ó, 5„˚ þ ıýõ Uû |VĆ ˇfiř. vÆ ˚ ¡Ź L = 32‚ EÍ 10^5Ćt L = 1024‚ EÍ 10^3ń Ş PÌăŢř. „ ěń „G> pc = 0.100(2)Ćt ıŊ SSć }ê ρA = 0.100(1)õ u}œ6, ~ ěń „G> pc

= 0.5058(6)Ćt ρ_A = 0.459(15)õ u}ř. ¸õ ¸Ì

ć ô: Bìe£ èŰ4§õ `ľt „G>Y ô: „ GŞ¡ffiú QAăŢř. ôŃą: jœ£t G` è^ t Ćt IŤ ø¡ \ŒĆ êţăŞ Mú Ýí P (t), eŠ * «ı¡ N(t) Ď «ıffi¸ NK#^ $ý˚ eŠ C U R^2(t) Ź „G>Ćt P (t) ∼ t^{−δ}, N(t) ∼ t^η ŤýL

R^2(t) ∼ t^z £ sqŢř [9]. P (t), N(t), R^2(t)˚ è^Ć

Âć ¸| £Ť Ť´ú „G>Ćt Ťý8 Ťxú Ã¸6 „G>Ćt ńq#8 Míú `Ş8t æ ZŹ IŠ Åœ £ �qŞ3 ýř. ¸ Mxffi˚ vŹ §Ð§õ SPěœ £˚ ô:Ş¡õ XÌ AÝ& @Ač ¡ –ř. δ˚ îîŞ ¡(effective exponent)õ δ(t) = ln[P (t)/P (t/b)]/ ln bő ›¸ A˚ăL, η(t)ő z(t)˚ îîŞ¡ê ›ù Şéœ£ A˚ćř. Ť´ 1ù r = 0.9‚ EÍ, ~ ěń „G> pc =

0.5058Ű˛Ćt 1/tĆ Âľ îî Ş¡õ Ťß ,¸ř(b =

5). „ ěń \;¸Ź „G> pc = 0.100(2)Ćt ‹q& ř. 2 × 10^5„˚ vÆú ¸ÌăŁ 5000 Bìe£ şæń Ş ô:Ş¡ffiú QAăŢœ6, ´ Ş¡ffi˚ ¯œ£ δ =

0.292(4), η = −0.005(7), z = 1.130(5)õu}ř. ~ěń

\;¸Ź „G> pc = 0.5058(6)Ćt ‹q&ř. 3 × 10^5„ ˚ vÆú ¸ÌăŁ 5000 Bìe£ şæńŞ ô:Ş¡ffi ú QAăŢœ6, ´ Ş¡ffi˚ ¯œ£ δ = 0.293(3), η =

−0.005(5), z = 1.149(5)õ u}ř[Ť´ 1]. æ˚ Ş¡¯

ffiù DI Ã‘ Ùê˚ ô:Ş¡ ¯ffi δ = 0.285(2), η =

0.000(1), z = 1.141(2) [8]Y ffi ‹XăL –ř. ¸ @Y

Ź Xć& ˘ù ø¡ \ú ‚Ź ?ÍĆtê ø¡ \Œ^ Ć ÂaĄ¸ –ŹEÍ DI Ã‘ ÙêĆ ŽćřŹ ,ú « Ń^ ľuř.

îć ¿§ ĆŽ!§ ¸Á(finite-size scaling theory)

≪ Ŋuf[ ≫ Xć& ˘ù ø¡ \Œõ `ŞL \Ò ȷÌăŹ şı-şı ?Í – ĞŒé · ĞÍŚ -3-

[10]Ć 0ò8 G˚ ¿§(L)` îćč : A\ \Œ˚

«ı }ê(ρ∞) Ď G` A\ \ŒĆ êţăŹ "Ąè ^(τ)ù „G>Ćt ρ∞ ∼ L^{−β/ν⊥} ő τ ∼ L^{ν‖/ν⊥} £ sqŞ6, L → ∞ ‚ ŢćĆt ρ(t) Ź t^{−β/ν||} £ ˇŹ ćř. ô: Bìe£ èŰ4§Ćt QAć „G>Ćt v Æ eŠú Dć kink }ê(ρ(t))õ G˚ ¿§ L = 32Ć t L = 1024£ Š`èÅ8t è^˚ ě¡£ QAăŁ A\ \Œ˚ kink }ê(ρ_s) ő "Ą è^(τ)ú QAăŢ ř. vÆ˚ ¡Ź L = 32 ‚ EÍ 10^5 Ćt L = 1024 ‚ EÍ 2 × 10^3 ńŞ PÌăŢř. Ť´ 2Ź „ ěń „ G> pc = 0.100 Ćt ρ(t), ρ∞ő τõ L Y t Ć Â ľ ¸| £Ť£ Ťß ,¸ř. ´ jffi˚ §Ð§£ Ùâ

β/ν_‖ = 0.282(1), β/ν_⊥ = 0.491(12), ν_‖/ν_⊥ = 1.75(5)õ

u}ř[Ť´ 2]. ~ ěń „G> pc = 0.5058ĆtŹ

β/ν_‖ = 0.288(1), β/ν_⊥ = 0.505(3), ν_‖/ν_⊥ = 1.75(3)õ

u}ř. æ˚ Ş¡ ¯ffiù DI Ã‘ Ùê˚ A: Ş¡ü¯ ffi β/ν‖ = 0.285(2), β/ν⊥ = 0.500(5), ν‖/ν⊥ = 1.750(5) [8]Y ffi ‹XăL–ř.

IMA-IMM?Í˚ø¡\ŒŹþıý`Õ¡‚Ùêő

ą¡‚Ùê£#ŇqŢř. ¸ăć ~ø¡ \ŒP¸˚Â aĄù şı˚ øóú þ ıý` ą¡‚ EÍ Ýí h£ Ž ŞèÉœ£˚ C$č ¡ –ř. h = 0.5Ć Âľt ô: B ìe£ èŰ4§õ ăŢř. Ť´ 3ĆŹ r = 0.9‚ EÍ,~ ěń „G> p = 0.3254 Ű˛Ćt 1/tĆ Âľ îîŞ¡õ Ťß ,¸ř(b = 5). „ ěń \;¸Ź pc = 0.1986(3)Ć t ‹q&ř. 2 × 10^5„˚ vÆú ¸ÌăŁ 5000 Bìe £ şæńŞ ô:Ş¡ffiú QAăŢœ6, ´ Ş¡ffi˚¯ œ£ δ = 0.160(4), η = 0.308(4), z = 1.250(5)ú u }ř. ~ ěń \;¸Ź „G> pc = 0.3254(4)Ćt ‹ q&ř. 2 × 10^5„˚ vÆú ¸ÌăŁ 3500 Bìe£ ş æńŞ ô:Ş¡ffiú QAăŢœ6, ´ Ş¡ffi˚ ¯œ£

δ = 0.163(2), η = 0.308(4), z = 1.253(7)ú u}ř[Ť

´ 3]. æ˚ Ş¡ ¯ffiù DP Ã‘ Ùê˚ ô:Ş¡ ¯ffi

δ = 0.1596(18), η = 0.3137(10), z = 1.2660(14) [8]Y ffi

‹XăL –ř.

ÍýŹ Xć& ˘ù ø¡ \ú ‚Ź ?ÍĆtê ~„˚

ø¡ \Œ Ùê^Ć ÂaĄ¸ –Ź EÍ DI Ã‘ ÙêĆ

ŽćřŹ ,ú Ý‚ăŢř. ÂaĄ C$ ˝¿ú ê«ăŁ ~ ø¡ \Œ Ùê^˚ ÂaĄú C$ěœ£˚, Ã‘ Ù ê` DI Ã‘ ÙêĆt DP Ã‘ Ùê£ žÜßú Bìe £ èŰ4§õ `ľ Ý‚ăŢř. 0Ęt Xć& ˘ù ø ¡ \Œõ ‚Ź ?ÍĆtê Ã‘ Ùêõ @AŻŹ |Åć ‚ı` ?Í¸ `ŞŹ ø¡ \Œ P¸˚ ÂaĄ¸ĘŹ , ú ÃŢř.

ˇP˚ Ÿ

Æ ŊuŹ 1999[ê ‚ăÂąp Ŋuü ŞÙĆ ˚ăŁ ¡śü}ř.

œ L [ ű

[1] D. ben-Avraham, D. Considine, P. Meakin and S.

Redner, J. Phys. A: Math. Gen 23, 4297 (1990).

[2] J. Zhuo, S. Redner and H. Park, J. Phys. A: Math.

Gen 26, 4197 (1993).

[3] H. Park, J. Köhler, I-M Kim, D. ben-Avraham and

S. Redner, J. Phys. A: Math. Gen 26, 2071 (1993).

[4] H. Park and H. Park, Physica A221, 97 (1995);

M. H. Kim and H. Park, Phys. Rev. Lett. 73, 2579

(1994).

[5] W. Hwang, S. Kwon, H. Park and H. Park, Phys.

Rev. E57, 6438 (1998).

[6] W. Hwang and H. Park, Phys. Rev. E59, 4683

(1999).

[7] I. Jensen and R. Dickman, Phys. Rev. A48, 1710

(1993).

[8] I. Jensen, Phys. Rev. E50, 3623 (1994).

[9] P. Grassberger and A. de la Torre, Ann. Phys. (NY)

122, 373 (1979).

[10] T. Aukrust, D. A. Browne and I. Webman, Phys.

Rev. A41, 5294 (1990).

Ť´ 1. îîŞ¡ δ(t), η(t) Ď z(t)˚ Mx. ´ Ť´ \ ıĆt ´ Mxù æĆt IŠ£ p = 0.5046, 0.5058,

0.5070Ć ľ¿ćř.

Ť´ 2. p = 0.1Ćt ρ(t), ρ∞ Ď τ˚ LY tĆ Âć¸ | £Ť Ť´. ´ jffi˚ §Ð§£Ùâ β/ν‖ = 0.282(1),

β/ν_⊥ = 0.491(12) Ď ν_⊥/ν_‖ = 1.75(5)ú u}ř.

Ť´ 3. îîŞ¡ δ(t), η(t) Ď z(t)˚ Mx. ´ Ť´ \ ıĆt ´ Mxù æĆt IŠ£ p = 0.3246, 0.3254,

0.3262Ć ľ¿ćř. h = 0.5‚ EÍ¸ř.

-4- ćv]ýąçŞ “^]ý” Volume 39, Number 6, 1999[ 12Ú

Interacting Monomer-Monomer Model with Infinitely Many Absorbing States

Heungsik Park and Hyunggyu Park Department of Physics, Inha University, Inchon 402-751

(Receive 11 December 1999)

We study the interacting monomer-monomer (IMM) model with infinitely many absorbing (IMA) states. The IMM-IMA model is a monomer-monomer model with two different species of monomers, A and B. An A monomer is selected with probability p, and a B monomer with probability 1 − p. These monomers can adsorb at a randomly selected vacant site with no adjacent monomer-occupied sites with unit probability for A and 1 − rB for B respectively. A nearest neighbor AB pair reacts and desorbs immediately from the lattice. An adsorption attempt of a monomer is rejected when both adjacent sites to a selected vacant site are occupied or at least one adjacent site is occupied with a monomer of the same species. The absorbing states can be divided into two equivalent groups. We perform Monte Carlo simulations and show that this model belongs to the directed Ising (DI) universality class. When the symmetry between the two absorbing groups is broken, we confirm that its critical behavior belongs to the directed percolation (DP) class.

Copyright © ćv]ýąç