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

N [ê� ´ßõ flŹ BAW ?Í� Ã‘ Ùê

ĎĄffl � ¸Ş¡^� � ĞÍŚ ‚ăÂąp ]ýąY, ‚‹ 402-751 ∗LšÂąp êE“ôŃąŊuş, tÐ 136-701

(1999[ 12Ú 11‹ Ńü)

‹ òÙ Uû \Ćt «ı˚ [ê` N‚ Branching annihilating random walks(BAW)?Í˚ Ã‘ ÙêĆ [ľ Ŋ uăŢř. ¸ ?ÍĆt „˚£ xØý «ıŹ p˚ Ýí£ / ‚? Uû æX£ ¸ôćř. xØý / ‚? Uû æXĆ › ù [ê˚ «ı` –Ź EÍ ~ «ıŹ UûĆt C$ü6 řô [ê˚ «ı` –Ź EÍĆŹ ¸ôăŞ Gćř. xØý «ıŹ r(1 − p) ˚ Ýí£ ıêY řô [ê˚ «ıõ ~ „˚ / ‚? Uû æXĆ ´´ fĄèÅ6 (1 − r)(1 − p)˚ Ý í£ ıêY ›ù [ê˚ ~ «ıõ fĄèÇř. ¸ ?Íù t£ řô [ê˚ «ıffi P¸Ć 11ł \Ò ȷÌ(hardcore

interaction)ú jěćř. N > 1‚ EÍ, îćć ¸ô Ýí(p < 1)Ćt ø¡ \;¸Ź {œ6 p = 1‚ {] LA

>(annihilation fixed point)ˇ¸ U&ćř. N = 2, 3‚ EÍ, A: Bìe£ èŰ4§õ `ľ p = 1 Ű˛Ćt W^ \ [ č¸ Ď "Ą è^Y Ůt flü ž¡˚ „GŞ¡ ¯œ£ ´´ ν? = 1.8(2), νjj = 3.6(4), β = 1.8(2)ú u}ř. ¸õ `ľ 11ł \Ò ȷÌ¸ ^£Ï Ã‘ Ùêõ ˇffiq8ú Ý‚ăŢř.

-1-

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

‹ òÙ UûĆt m„˚ ş‹ [ê˚ «ıˇú fĄă Ź branching annihilating random walks(BAW(m)) ? Í˚ Ã‘ Ùê(universality class)Ź fĄüŹ «ı˚ ¡ mĆ 0Ęt 1òÙ Küě ø¡ \;¸(nonequilibrium

absorbing phase transitions) Ç\Ćt NšK –Ź di-

rected percolation(DP) Ùêő directed Ising(DI) Ùê

£ Ûêýř [1–3]. ¸ ?Íù fĄüŹ «ı˚ ¡` ą¡ ‚ EÍ DI Ã‘ ÙêĆ Žă6 Õ¡‚ EÍŹ DP Ã‘ Ù êĆ Žćř. BAW(m)?Íù „˚£ xØý «ı` p˚ Ýí£ / ‚? Uû æX£ ¸ôă6 1−p˚ Ýí£ m„ ˚ «ıõ m „˚ / ‚? Uû æXĆ ´´ fĄèÅŹ ?Í¸ř. xØý «ı` xØý / ‚? Uû æX£¸ ô č : Ť æXĆ řô «ı` –Ź EÍ ~ «ıŹ Uû Ćt C$ýř. ¸ ?Íù ¸ô Ýí põ Š`èÉĆ 0Ę „G Ýí pc Ćt A\ \Œ(steady state)˚ «ı˚ } ê(ρ∞)` îćć SSĄ \Œ(active state)Ćt ?fi «ı ` PĘŢ ø¡ \Œ(absorbing state)£˚ ŊŽ:‚ ø¡ \;¸õ Ã‚ř. pc ŰŞ˚ „G ŰŃ(critical region)Ć t «ı }ê(ρ∞), W^ \[ č¸(ξ⊥) Ď "Ą è^(τ)ù „G>Y˚ $ý (pc − p) ˚ 7œ£ ρ∞ ∼ (pc − p)^β ,

ξ_⊥ ∼ |p_c − p|^{−ν}? Ď τ ∼ |p_c − p|^{−ν}jj £ sqŢř [4]. æ

˚ „GŞ¡ffiù ø¡ \;¸˚ „GĄ(criticality)ú " A ŻŹř. Æ f[ĆtŹ ‹Ł:œ£ N [ê˚ «ıõ fĄăŹ BAW(m)?Í |Ćt N = 2 ő 3 Ď m = 2 ‚ ?Í(BAWH(2))˚ Ã‘ ÙêĆ [ľ ŊuăŢř.¸ ?ÍĆt „˚£ xØý «ıŹ p˚ Ýí£ / ‚? U û æX£ ¸ôćř. / ‚? Uû æXĆ ›ù [ê˚ « ı` –Ź EÍ ~ «ıŹ UûĆt C$ü6 řô [ê ˚ «ı` –Ź EÍĆŹ ¸ôăŞ Gćř. xØý «ı Ź (1 − r)(1 − p)˚ Ýí£ ıêY ô‹ć [ê˚ ~ „ ˚ «ıõ xØý Şş˚ ~ / ‚? Uû æXĆ ´´ f ĄèÇř(dynamic branching [2]). r(1 − p)˚ Ýí£ ı êY řô N − 1„˚ [ê |Ćt „˚£ xØý ć [ê ˚ ~ «ıõ xØý Şş˚ / ‚? Uû æXĆ fĄè Çř. ¸ ?Íù t£ řô [ê˚ «ıffi P¸Ć 11ł \Ò ȷÌ(hardcore interaction)ú jěćř. řô [ê˚ «ıffi P¸Ć 11ł \Ò ȷÌú Xèć EÍ, ¸ ?Í(BAWB(2))ù Ýí r ¸ îćč : ø¡ \ ;¸õ Ã¸Ş Mœ6 p < 1 ‚ ŰŃĆt GŹ ĺ\ SSĄ \ŒĆ –řL NšK –ř [3]. p = 1Ćt «ıffi˚ Ź 9 YAˇ U&ăt£ A\ \ŒŹ ø¡ \Œ <¸6 0 Ęt p = 1¸ „G>¸ ýř. „G> Ű˛Ćt Ůt flü ž¡, W^ Ď "Ą è^˚ „GŞ¡ffiú uú ¡ –œ6

r > 1‚ ?fi EÍĆ β = 1, ν_⊥ = 1Y ν_{||} = 2£t DP Ď

DI Ã‘ ÙêőŹ řô Ã‘ ÙêĆ ŽăŹ ,œ£ Nš K –ř._{N = 2}

¸L, řô [ê˚ «ıffi P¸Ć 11ł \Ò ȷÌ¸ –Ź BAWH(2) ?ÍĆ Âľ ô: Ď A: Bìe £ èŰ4§õ `ľt „G>Y ô: Ď A: „GŞ¡ ffiú QAăŢř. ôŃą: jœ£t G` è^ tĆt I Ť ø¡ \ŒĆ êţăŞ Mú Ýí P (t), eŠ * «ı¡

N(t) Ď «ıffi¸ NK#^ $ý˚ eŠ CU R^2(t)Ź „

G>Ćt P (t) ∼ t^{−δ}, N(t) ∼ t^η ŤýL R^2(t) ∼ t^z£ sqŢř [5]. t → ∞ ŢćĆt æ˚ jffi˚ ô: Ş ¡(dynamic exponent)õ QAă§ æľ, δ˚ îîŞ¡õ

δ(t) = ln[P (t)/P (t/b)]/ ln bY ›¸ A˚ăL ηő z˚ î

îŞ¡ê ›ù Şéœ£ A˚ćř. ¸ffi îîŞ¡Ź SSĄ \Œ Ď ø¡ \ŒĆtŹ ´´ j˚ Mí Ď ü˚ Míú Ã‚ř. #§ S&œ£ ŢW \ŒĆ ›ù [ê˚ ~ «ı ˇ¸ –Ź Ţæõ xØăŢL bŹ 5£ ăŢř. p = 0.992,

0.995 Ď 0.999Ćt 10^6„˚ vÆú ‚L 10^4 Bìe£ è

^ şæńŞ „GŞ¡ffiú QAăŢř. Ť´ 1Ćt ¸ î îŞ¡ffi¸ ?~ j˚ Míú Ã¸6, 0Ęt p < 1‚ Ű ŃĆt ¸ ?Íù ø¡ \;¸õ Ã¸Ş MŹř.

p = 1˚ „GĄú @Aă§ æľ A: Bìe£ èŰ4

§õ ăŢř. îć ¿§ ĆŽ!§ ¸Á(finite-size scaling

theory) [4]Ć 0ò8 G˚ ¿§(L)` îćč : A\ \

Œ˚ «ı˚ }ê(ρ∞) Ď G` A\ \ŒĆ êţăŹ " Ą è^(τ)ù „G>Ćt ρ∞ ∼ L^{−β/ν?}ő τ ∼ L^{νjj/ν?}£ sqŞ6, L → ∞‚ ŐŃą: ŢćĆt ρ(t)Ź t^{−β/νjj}£ ˇŹćř. p = 1Ćt G˚ ¿§ Lú 32Ćt 1024ńŞ Š `èÅ6 ρ∞ú QAăŢř. ë^:‚ vÆù L = 32‚ EÍ 10^4„, L = 1024‚ EÍ 10^3„õ PÌăŢř. Ť´ 2Ź p = 1Ćt ρ∞, τő ρ(t)ú LY tĆ Âľ ¸| £Ť£ Ťß ,¸ř. ´ jffi˚ §Ð§£Ùâ β/ν⊥ = 0.995(5),

ν_{||}/ν_⊥ = 2.00(1)Y β/ν_{||} = 0.497(5)õ u}ř. ¸ ¯ffiù

BAW_B(2) ?Í˚ Ş¡ ¯ffiY ffi ‹XăL –œ6, ¸Ź

p = 1¸ {] LA>¸§ :[¸ř. ρ_∞Ź LY p_c − pˇ˚ ě¡¸6, ρ∞(L, pc − p) = L^{−β/νjj}F ((pc − p)L^{1/ν?})ő › ù 9‚ú 0ôřL `Aăı. ρ∞Ź „G> Ď „G>œ £ `Ź ŢćĆt ´´ ρ∞ ∼ L^{−β/ν?}ő ρ∞ ∼ (pc −p)^β£ sqŢř. 0Ęt ĆŽ!§ ě¡ F (x)Ź x` XćÂ£ `Ź ŢćĆt x^β ¸6, x` 0œ£ `Ź ŢćĆtŹ \ ¡` üqb ćř. F (x)˚ ĄŮ£Ùâ ρ∞õ x = (pc −

p)L^{1/ν}?Ć Âľ scaling plotú ěœ£˚ ν_⊥ő βõ uú

¡ –ř. Ť´ 3˚ scaling plotú `ľ ν⊥ = 1.8(2)õ u }œ6 βŹ F (x)` x^β £ Ůý3 ¡űăŁ QAč ¡ { }ř. A: Ş¡ ü β/ν⊥ = 1Y β/ν|| = 1/2ú ¸Ìă Ł β = 1.8(2)Y ν|| = 3.6(4)õ u}ř. N = 3‚ EÍ Ć Âľtê ô: Ď A: Bìe£ èŰ4§õ ăŢř.

p < 1Ćt ø¡ \;¸Ź {}œ6, A: „GŞ¡ffi˚

üő ´ Ş¡ffi˚ ¯ù N = 2‚ EÍő üæć ¯ú u }ř. „G ŰŃĆt «ı˚ }ê` »Í 0œt£ «ıffi P

≪ Ŋuf[ ≫ N [ê˚ «ıõ ‚Ź BAW ?Í˚ Ã‘ Ùê – ĎĄ› # -3-

¸˚ \[ [GŹ Xèč ¡ –œ6, Zć fĄ Ýí¸ »Í 0§ :[Ć ć ě˚ fĄ YAú `ľ ÍĄý Č «ı˚ Ţæ` G˚ „GĄú @Ač ,¸ř. N > 1‚ EÍ, Ai → 3Ai YAĆ ˚ľ ÍĄý 3„˚ ›ù «ı ffiú ?Û& ą è^¸ Ş& óĆ Ň>č Ýí P3ső

A_i → A_i + 2A_j (i ≠ j) YAĆ ˚ľ ÍĄý 3«ıffi

ú Ň>č Ýí P2s˚ ü, Ň P3s/P2sŹ 0œ£ ¡űć ř. ¸,ù p = 1 Ű˛ĆtŹ s£ ¸ô YAĆ ˚ć Ź9 YA¸ ‹q#§ :[¸ř. 0Ęt G˚ „GĄù

A_i + 2A_j → A_i(i ≠ j) Ź9 YAĆ ˚ľ @Aýř.

r ≠ 0‚ ?fi EÍĆ, æ˚ Ź9 YAù ĺ\ U&ă6, 0

Ęt N > 1‚ ?Íffi˚ „GĄ¸ ?~ ›Ib ěú ˚y ćř. 11ł \ÒȷÌ¸ {Ź EÍ æ˚ Ź9YAù˚ ’§(random walk)˚ first passage problem¸ř. Ň « ı Ai Ć ˚ľ fĄý ~ «ı(2Aj )˚ fU Ýí P2s(t)Ź ˚’§˚ ĄŮĆ 0Ę P2s(t) ∼ t^{−1/2}£ sqŢř. * « ı¡˚ Langevin é [3]œ£ Ùâ ‹Ł:œ£ fU Ýí

P_{2s}(t)` P_{2s}(t) ∼ t^{−θ}„ú `AăŁ θő ν_⊥ P¸˚ [G

` ν⊥ = 1/[2(1 − θ)]„ú îêč ¡ –ř. θ = 1/2‚ E Í ν⊥ = 1£ sqŢř. Ťă# t£ řô [ê˚ «ıffi P¸Ć 11ł \Ò ȷÌ¸ –Ź EÍŹ, «ı Ai` ŁP EG8˚ Ńčú ă3 üq «ı Aj ` ÝSč ¡ –Ź W ^ú Cććř. ¸ îYŹ ~ Aj «ı˚ fU Ýíú Ì Î ȷ3 ˇffi6, S. Rednerő P. L. Krapivsky ` ¸Ìć Şł [6]ú PÌăŁ P2s(t) Ź t^{−3/4}œ£ ˇŹ ăŹ ,ú Ã‹ ¡ –ř. 0Ęt ν⊥ù 2` ü6, řô «ıP¸˚ 1 1ł \Ò ȷÌ¸ BAWH(2) ?Íú BAWB(2) ?ÍYŹ řô Ã‘ÙêĆ Žă3 ćř.

ˇP˚ Ÿ

Æ ŊuŹ 21Č§ ćvŊu&ş˚ ąÁŊuü ŞÙĆ ˚ăŁ ¡śü}ř.

œ L [ ű

[1] I. Jensen, Phys. Rev. E47, R1 (1993); Phys.

Rev. E50, 3623 (1994); H. Takayasu and A. Yu.

Tretyakov, Phys. Rev. Lett. 68, 3060 (1992).

[2] S. Kwon and H. Park, Phys. Rev. E52, 5955 (1995).

[3] J. Cardy and Uwe C. Täuber, Phys. Rev. Lett. 77,

4780 (1996); J. Stat. Phys. 90, 1 (1998).

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

Rev. A41, 5294 (1990).

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

122, 373 (1979).

[6] S. Redner and P. L. Krapivsky, cond-mat/9905299.

Ť´ 1. îîŞ¡ δ(t), η(t) Ď z(t)˚ Mx. ´ Ť´ \ı Ćt ´ Mxù æĆt IŠ£ p = 0.992, 0.995, 0.999Ć ľ¿ćř.

Ť´ 2. p = 1Ćt ρ∞, τ Ď ρ(t)˚ L Y t Ć Âć¸ | £Ť Ť´. ´ jffi˚ §Ð§£Ùâ β/ν⊥ = 0.995(5),

ν_⊥/ν_{||} = 2.00(1) Ď β/ν_{||} = 0.497(5)ú u}ř.

Ť´ 3. p = 1 Ű˛ „G ŰŃĆt˚ ρ(L, Δ)L^{β/νjj}˚ x =

ΔL^{1/ν}?Ć Âć scaling plot.

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

Universality Classes of BAW Model with N Species Particles

Sungchul Kwon, Jysoo Lee^∗ and Hyunggyu Park Department of Physics, Inha University, Inchon 402-751 ∗Center for Neurodynamics, Korea University, Seoul 136-701

(Received 11 December 1999)

We study the universality class of branching annihilating random walks with N species particles (BAWN) in one dimension. In this model, a selected particle hops to the nearest neighbor site with probabilty p. If this site is already occupied by another particle of the same species, the two particles annihilate immediately; otherwise, the hopping attempt is rejected. A selected particle can create two identical particles of the same species with probability (1 − r)(1 − p) and of a different species with probability r(1 − p) on two nearest neighbor sites. This model involves the hardcore interaction between different species particles. For N > 1, the system is always in an active state for any p < 1, and p = 1 is an annihilation fixed point. For N = 2 and 3, we find static exponents

ν? = 1.8(2), νjj = 3.6(4), and β = 1.8(2) through static Monte Carlo simulations. Thus, we conclude that the

hardcore interaction between different species particles plays a crucial role in determining the universality classes of the BAWN model.

Copyright © ćv]ýąç