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1. Introduction
1.1. The model and main results

A polymer consists of monomers. Monomers have tendency to repel each other because two monomers cannot occupy
the same site. This phenomenon is called the excluded-volume-effect. There is a probabilistic way to model this physical
phenomenon (cf. Madras and Slade, 1993, Section 2.2). We use the d-dimensional simple random walk {S; }xuo under the
probability measure P to represent the position of monomers and S, to represent the end-point of the polymer chain with
lengthn.So = 0and S, = Z?:l X;, where (X))icy is a sequence of independent and identically distributed (i.i.d.) random
variables. The distribution of X;’s is

—, xez%with x| =1,
PG =x) = | 2d llxIl

0, otherwise.
The random process (Sp)nenuo is called the simple random walk (SRW) on Z%. Suppose that the end-point has scale «y, the
local density of monomers will be a—”d The self-repelling energy is approximately

2 2
n n
exp (E”ergJ/) ~exp|— Z (@) lx is occupied ~ exp —Olg X (@) . (1-1)

xezd n n

E-mail address: chhuang@ncts.ntu.edu.tw.

http://dx.doi.org/10.1016/j.spl.2015.11.024
0167-7152/© 2015 Elsevier B.V. All rights reserved.


http://dx.doi.org/10.1016/j.spl.2015.11.024
http://www.elsevier.com/locate/stapro
http://www.elsevier.com/locate/stapro
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spl.2015.11.024&domain=pdf
mailto:chhuang@ncts.ntu.edu.tw
http://dx.doi.org/10.1016/j.spl.2015.11.024

C.-H. Huang / Statistics and Probability Letters 110 (2016) 8-17 9

On the other hand, by the local limit theorem of the simple random walk,

P(ISn| = an) ~ exp(—Ce2 /n). (1.2)
Let

n2 2

% (13)

o n

we get o, = n@z . It is expected that |S,| ~ n@ ford = 1,2, 3,and |S,| ~ n'/? for d > 4 with a logarithmic correction
when d = 4 under the self-repelling phenomenon.
In this paper, we propose the following Hamiltonian

2

n

Gy = R’ (1.4)
where R, is the number of sites occupied by the walk up to time n — 1, that is,

Ry:=#{x:3i, S;=x,0<i<n-—1}. (1.5)
Fixn € N and a parameter 8 € (0, c0), denote

Zy = E (exp (—BGn)) (16)
and

ZE(A) :=E (15 exp (—BGy)) . (1.7)
The polymer measure is then defined by

c o—BGn(S)
P;(S) == 76 P(S). (1.8)

n
B is called the strength of the self-repellence. This polymer measure favors the event “the polymer has large range”.
Let Ig(x) := limy_.oc = log P{R, > xn} and I(x) == I;(x) = 5(1+x)log(1 +x) + 3(1 — x) log(1 — x). The following are
our main results for the one-dimensional discrete setting.

Theorem 1.1. (i) For 8 > 0,

: 1 G *
lim -logZ; =g"(B), (1.9)
n—oo n
where
bRy o B
g%(B) = — inf — 4+ 1(c) (1.10)
cele),11 | ¢
and ¢(B) = %
(ii) The infimum of (1.10) is obtained at c*(B), where c*(B) is the solution of
2 1
ﬂ:czr(c)zilog< +C>. (1.11)
2 1-c

Note that c* is strictly monotone, 8~/3c*(8) — 1as B — 0and e**(1 —c*(B)) — 2as B — oo.g*(B) can be written as

1+ 1,
g ; log(1—c*(B)?). (1.12)

Furthermore, B~2/*g*(8) — —3 as p — Oand g*(B) + B — —log2as B — oc.

g (B) = —c*(B)log

Theorem 1.2 (LLN and LDP). For 8 > 0, define

Pyt () = PY(Sp/n € +|Sy > 0). (1.13)
Then (P,f*)neN satisfies a large deviation principle (LDP) on [0, 1] with rate n and with rate function 1% (6)
B 5 « (B
—5—1(9)—g (8)s c <§)§9,
-17(0) =
B

—=—12r—-60)—g*(B), 6 <c* <é> ,
r 2

where 7 = T4(6) is the positive solution of f = 2r2I'(2r — 6). Moreover, I#(8) has the unique 0 at c*(B8).
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