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Supplementary Information

In this Supplementary Information, we detail the analysis, calculations and
results presented in the main text.

Extracting the strength of a potential well for a
Rouse polymer

A Rouse polymer which has one monomer interacting with a infinite potential
well, can be described by the energy potential
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where R = (R, Ra, ..., Ry) is the collection of the monomers, connected by a
spring constant k = dkgT/b?, b is the standard-deviation of the distance be-
tween adjacent monomers [21], kg the Boltzmann coefficient, T the temperature
and d the dimensionality (dim 2 or 3), k is the strength of the external harmonic
well acting on monomer n, located at the origin.
To extract the strength of the potential well applied on monomer n from the
measured velocity of locus ¢ (n < ¢), we will compute

lim E{ R.(t + At) — R.(t)
At—0 At

|.l%C = .’13} = _D/Qde/QdRN(VRCq))P(R|Rc = CC) (2)



The force acting on monomer ¢, when its position is x is given by
F%C:m =-VRr ®(R.1,Re, Rey1)Ro=a = —K (T — Re—1) — k(T — Rey1) . (3)

The equilibrium probability distribution function is the Boltzmann distribution,
conditioned to R, = x:

P(R|R. = z) = Ne ®(BiReor@Repr, . Ry) 1)

with the normalization factor
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The matrix A is a matrix that can be decomposed into d blocks A%, each of size
(N —1) x (N —1). A is also a block matrix of
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with
k —k 0 0 0
—Kk 2k —K 0 0
Al = 0 -k 2k4+k —k : (7)
0 0 —K 2k —K
0 0 0 —K 2K



which is of size (N — ¢) x (N — ¢). The vector B is composed of d blocks, each
given by

Since A’ is a tridiagonal matrix, we compute the determinant and its inverse
using an algorithm proposed in [34]: first, the determinant of the matrix A’ is
found by solving the recurrence relation

O =001 —ajci—101—2 1 > 1,
0—1 = Oa
6o = 1, (10)

where b; are the elements on the diagonal (j = 1..N), a; are the elements
bellow the diagonal (j = 2..N) and c¢; are the elements above the diagonal
(j =1..N —1). For [ < n the recurrence relation is

0, = 2k0,_1 — K20;_o forn >1>2,
O =1,
01 = K. (11)

The characteristic polynomial of the relation is
P(t) = t* — 2kt + K7, (12)
which has one double root
=K. (13)
Thus, the solution of the recurrence relation (11) is
0 = k1K' + kolr!. (14)
Substituting the initial conditions (eq.11), we find
6, = k! forl < n. (15)
We next find the series solution at position n:
Op = (26 + E)0p_1 — K20p_o = K" + kr" 1, (16)
while

Opir = 260, — K20, 1 = K" 4+ 2kK". (17)



We solve again the recurrence relation

0, = 260,_1 — K20, forl >n+1,
0, = k" + kx" L,
Ops1 = K" 4+ 2kK™. (18)

Eq.(18) has the same characteristic polynomial (eq.12), thus
0, = kiK' + kolk! (19)
and with the new initial conditions (eq.18), we find
0, = k"1 (/{l_"H +(l-n+ l)lml_”) , forn<i<ce-1. (20)
Thus, since detA} = 0.1 [34]:
detA] = "1 (K" 4 (c— 1 —n+ 1)ke ") = (k71 + (e — n)ks“"?) (21)
and using eq.(15) we find
detAb = N7, (22)
The term in the exponential in eq.(5) is given by
(B)TIA] B = (k') (A oy + (ADTD). (23)

Since A{ is a tridiagonal matrix [34]

i e KN (RTNH(c—n— Dk k4 (c—n—1)k
(Al)c_ll’c_l o 96_? o (k=1 + (¢ — n)kre2)  k(k+(c—n)k)’ (24)
while [34]
(At = (25)
Substituting (24) and (25) into (23) we find
(BYHATT B = (') (z?ﬁ(izcn_n)lliéc + i) = (ma')? (i Ck(k+ (]Z - n)k)) - (26)

Substituting (26) into (5) we find
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We can now we calculate the conditional expectation of the measured velocity
of monomer ¢ (eq.2).
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Finally
. Rc(t + At) — RC(t) _ _
Aliltglo E{ At ‘Rc = 513} = —xDk.p, (29)
where
kk
ken = ——F—-
K+ (c—n)k (30)

For a Rouse polymer the force depends only on the distance along the chain
|c — n|. Interestingly, the restoring force decays inversely proportional to the
distance along the chain.

0.1 The variance of monomer ¢ position

2

We now compute the variance of a monomer position (R

average position (mean zero)

) with respect to its

N N
(R2) = /../RﬁP(R)HdRZ- zN/Rze_‘I’(R)HdR,»
i=1 i=1
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where the potential ® is given by (1) and G is a matrix composed of d blocks
(G%), each of size N x N:

k —k 0 0 0
—Kk 2k —K 0 0
G = 0 —k 264k —Kk _ (32)
0 0 —K 2k —K
0 0 0 —K K

Thus, rewriting eq.(31)

N N
1
(R = N / R? exp = > GpoRpRy| [[dR:
p,q=1;p,q#c i=1
1/2
(QW)d(N_l) iN—1 iN—1
= ~7 G" = G* 33
v|oe| e -sen
where [34]
i — Oc—1Pc+1
GH = 34
(Gt = "o (34
and
o1 = b1 —app160142 forn <l <N,
¢N+1 = ]-7
On+2 = 0. (35)
Since ¢ > n, solving the recurrence relation 35, we find
¢ = kN7 for forn << N,
(36)
Thus, using the value 6._1 (eq.20)
Ger1 = KN e
Occ1 = K"N(ETT (e —n)ksTTY), (37)
while
HNfl _ Hn—l (HN—n =+ (N _ n)k%N—n—l) (38)



Finally, the determinant is given by
detG = kOy_1 — K2ON_o = krV 1 (39)

and the inverse element

Oc—10cr1 K+ (c—n)k

\N—1
(e = detG kk

(40)

Finally, substituting (40) into eq.(33), we find the variance for the position to
be

R e (41)

i

where we use the definition 30 for k..

0.2 Extracting the strength of a potential well for a -
polymer

We now derive an expression for the measured velocity of a monomer ¢ when
monomer n further away along the chain interacts with an harmonic potential
well for the S-polymer model [24]. We recall that for the S-model, the polymer
potential is given

N—1

- 1 k

O(Ry,...., RN) = 3 ZRanAn)m =3 Z ) g UpUg, (42)
I,m

pq=0

where

N-1
2 1 1
A = 4/<;N pE_O sin® (%) cos (<l - 2) 2;:;) cos <(m — 2) ]X;) . (43)
When a localized interaction acts on monomer n, the polymer energy becomes

. 1 1,
¢(R17 sy RN) = 5 ZRlRmAl,m + §kRn7 (44)

lm

which can be represented as

7 1
S0 ) = 3 Sl »
where ., )
_ nn T K,
Cl’m a { Al,m; else. (46)

The probability distribution function is the Boltzmann distribution

P(R) = Ne %R, (47)



while the conditional probability distribution function is

P(R|R. = z) = Ne ¢Fn-Ber @ Reir) (48)

The normalization factor N is given by

/P(R|RC =z) [[ dRx = /e—&<...,RC,1,w,RC+1,...> 1R«

k#c k#c

N—l

1
/efécww? exp | =5 | Y CimBiBm+2Y CioRiw
l,ms#c l#c

_ —3C cx? 71 ~
= /e2r exp ZZZOI,MRZR,ﬁZI:FZRZ

N-173/2 .
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_ , 49
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The matrix C is the reduced matrix C' (eq.46) when the row and column c¢ is
removed. It is a block matrix with d blocks each of size (N — 1) x (N —1), where
each block ¢ given by

A

Ac—l,c—l Ac—l,c+1 Ac—l,c+2

Achl,cfl Ac+1,c+1 Ac+1,c+2

and the vector F' is compose of d blocks, each of size (N — 1):

7A17C.’£i

_Ac—l,cajl_

F' =
*Ac+1,cxl

(51)
—AN7CJ,‘i

The force acting on monomer c is given by

~VR,G(Ry,...Ry) = —AccR.— > AR (52)
l#c



The conditional expectation of the velocity of monomer ¢ at small time steps is

ot + At) Rc(t) _ _ ~
AlgolE{ - IR, =2} = D/ [—VRC¢(R17...,RN) s
R.=x)[]dR;, (53)
i#c

where the conditional force is given by (52) and the conditional probability by
(48) and (49). Thus

t+ At) — R.(t ~
g B TR, ~ 0} = [ [Vr bR R R,
P(Re_1,Re,Re1|R. = o) [ [ dR; =
iF#c
_./\[DC_%CC'Cw2 /( c,c + ZAZ ch eXp [—5 Z Cl le m T ZFZRl HdR
l#c l m i#c
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i,l#c
~AeeDT—DY Ao Y CrhFp=-AcDx—DY A > Crl(—Apx) =
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—xD [ Ace— > MmO |- (54)
l,m#c
We conclude that
R.(t + At) — R.(t) o
AI%IBO]E{ Al |R. =x} = —xDken(B,N), (55)
where
kcn(ﬁa N) = Ac,c - Z Al,cAm,cClT;g~ (56)

l,ms#c

While for a Rouse polymer the force depends only on the distance along the
chain |¢ — n|, for a S-polymer, the effective spring coefficient depends on all
monomers.



1 Extracting the strength of two potential wells
for a Rouse polymer

For a Rouse polymer subjected to two gradient forces, the energy Uyt (R) can
now described by
e 1 1
®(R) = 5 (Rj— R;1)* + ikn(Rn — )+ ik‘m(Rm —u)? (57)
j=2
The external potentials represent the interaction of two monomers. We com-
pute here the average position (R.) of monomer ¢, which is situated between
monomers n and m. For that goal, we rewrite the potential ®(R) in a quadratic
form

= 1 1 1
O(R) =5 > ApgRyRy+ ) ByRy+ Skt + Shmpsiy, (58)
p.q p

where the matrix A is made of d blocks, each of size N x N, where each block
1 is given by

kK —k 0 0
—Kk 2Kk —K 0
) 0 -+ —k 2k+k, —K 0
At = . . ) . (59)
0 —K 26+ k,, —k O
0 0 0 e 0 -k K
and the vector B is compose of d blocks, each given by
0
knpin
) 0
B = (60)
kmitm
0

Since A’ is a tridiagonal matrix, we use the algorithm proposed in [34] to cal-
culate its determinant and inverse of matrix. For a,b < m, Afhb has the same
structure as the matrix 7. Thus

l

0, =r" for I <mn, (61)
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O, = K" + kpk" 1, (62)

0=k (k4 (1 —n+1k,), forn<l<m. (63)
We next find the series solution at position m:
Om = (26 + k)01 — K200 = K™ 2 [K2 + knk(m — n + 1) + k(5 + (m — n)k,)] (64)
and
Omi1 = 260, — £20m—1 = K™ [K2 + kpk(m — 1+ 2) + 2k (k4 (m — n)ky)] . (65)
Again, we solve the recurrence relation

0; = 2k0,_1 — K%0;_o, form+1<1<N,
O = (26 4 km)Om—1 — K20, 0 = k™2 [/12 +Ekps(m—n—+1)+ kp(k+ (m— n)k‘n)] ,
Oms1 = 260, — 6201 = K™ [K2 + knk(m — n+ 2) + 2k (k + (m — n)ky,)] . (66)

Eq.(66) has the characteristic polynomial (eq.12), thus using the initial condi-
tions (eq.66), we find

0= k"2 (K* + k(kn(l —n+1) + k(I —m + 1)) + kpkp (m —n)(I+ 1 —m)) for m <1< N.(67)
Using that
On = KOn_1 — K2ON_o, (68)
we obtain that the determinant is given by
detA’ = Oy = ™72 ((kp + kn)k + (m — n)kpkpm) . (69)

The inverse of the matrix A® is given by [34]

(—I)H_jCZ'CiJrl...Cj,179i7;£j+1, 7 S]
(AN = (D)™ ajaji1.a; 1 50 i > (70)
Bt =,

where

¢ = b1 — ap10i42 for I <N,
ON+1 =1,
¢N+2 = O (71)
Solving the recurrence relation 71 we find
¢ = kN for m<I<N,
gr = k™" [ERNTTIZ (L D NPT for n< 1 <m,

Gp = kN1 (6% + ki(m — n+ 1) + ky (6 4+ (m — n)km)] - (72)
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The normalization factor is

N N
1
/Q../Qil:[ldRiP(R):/Q../Qil:[ldRiexp<—2;Ap,quRq

(27T)N 3/2 1 1T
+ ZB R + ]f(/l:n + [sz)> [W] e k(”"+”m B A (7%)

Substituting eq.(60) in the exponential term of the last equation, we get

BTAT'B = (ki) * (A" + (ki) (AN, + K2 gty i, (AD) o0+ K2 gl g, (AT) 0, (T4)

We now estimate these elements of (A?)~1

(AZ) _ '9n—1¢n+1 _ K+ km(m - TL)
e On  kpkm(m —n) + (ky + kp)K
(Ai)fl _ 0m71¢m+1 _ K+kn(m_n)
mm On knkm(m —mn) + (kn + km)rs’
— 9n—1¢m+1 K
Al — -1 n+m@_  \m—n — (

Finally, we compute the average position of monomer c

N N
1
(R,) = L..AngiRCP(R):NA..AEdRiRCeXp<—2ZAp,quRq

p,q

1 1 S i i
+ ZBI)RP + 5]@”1% + ikmugn) = Z knp“zw(Al)cnl + km:um(A )cnlw (76)
p %

where
L nOn—1Pci1 K+ (m = )km
AZ 1 — 71 c+n _ c—n p—
( )cn ( ) ( H) On knkm(m - n) + (kn + km)"ﬁ’
L —eOc—1Pmi1 K+ (¢ = n)kn
A7’ 1 _ _1 c+m _ m—c — /
(A") e (=D (=k) On kpkp(m —n) + (k, + k:m)ff\??)
Thus

<Rc> = knkm(m — n)1+ (kn n km)fi Z M;kn(’% + (’ITL - C)km) + Minkmoi + (C - n)kn) (78)

We now estimate the conditional expectation of the velocity for the observed
monomer ¢, in the small time step regime

A -Gt A0

At S0 At [Re =2} (79)
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The conditional expectation of the velocity of monomer c is

g BT R, —0) =D [ [-Vn b(R)

- D/ (k(z—Re1) — K (Rey1 —x)) P(R|R. = x) HdRi — N Der@ —skann—shmns,

/(/@ ( — Ro_1) — k (Rey1 — @) e % Zima ApaBrRat i, BLR, H dR;
i#£c

P(R|R, =z)[[ dR;

R.=x

= -Dr)y_ <2xi -> B ((/1");_11,1 + (A")C‘J}IJ)) : (80)
i l

where N is the normalization as computed in 73 when the ¢ column is removed.
A’ is a block matrix of size N —1x N —1

(A0
A=("1 2 81
(3 a) (81)
with
k -k 0 0 0
—K 2K —K 0 0
12111 — . 0 -k 26+ k, —k : (82)
0 0 —K 2k —K
0 0 0 —K 2K

which is of size (¢ — 1) X (¢— 1) and

2k —k O 0 0
—Kk 2k —K 0 0
Ag _ 0 -k 2k+k, -k (83)
0 0 —K 2k —K
0 0 0 -k K
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which is of size (N — ¢) x (N — ¢). The vector B is compose of d blocks, each
given by

0
kntin

Bi=| ra' |. (84)
Kt

K pom,

To find the determinant detA?, we use eq.(63):

det A} = k" 2(k + (c — n)k,) (85)
and using eq.(72)
det Al = KN~ (k + (m — k). (86)
The elements of the inverse matrix are given by
Aft oo Ktle—n—Dk 1 ut
1 Je—1,e—1 — K2 + (C—’I’L)k'n/i - K KZ(H“F (C—’I’L)k'n)’
(") pam—c—Dkn _ 1 kn
2 Jet1,e41 K2+ (m—kmk Kk K+ (m—c)kn)’
y O !
A —1 _ -1 ctn—1/_  \¢c—n—1"7 1 —
(A1) 1 (1) (=r) 0.1 K+ (c—n)k,’
~ 1
A1 - - - 87
( 2 )c+1,m K+ (m _ C)km ( )

Now, we estimate the term in the parenthesis in eq.(80) by substituting eqs.(87)
Ko Q”i"ji:l§;((XP)ZflJ‘%(}F)ZﬁlJ)
1

; P i i < <
= 2z - (KZ‘ (Al )c—ll,c—l + KT (Al )c-l}l,c—i-l + k’ﬂ:un(Al )c—ll,n + km:um(A2 )c-ﬁl,n)

_ iy (K +(c—n—-1k, KkK+(m—c— l)km> 3 knpl, 3 Empld,
K2+ (¢ —n)knk K2 4+ (m — ¢)kmk k+(c—n)kn, K+ (m—c)kny
_ 2xi_$i<n+(c—n—1)kn+/€—|—(m—c—1)km>_ knpl, B Eppd,
k+ (c—n)ky K+ (m—c)kn k+(c—n)k, K+ (m—c)knm
— gt i <2 o kn, _ ko, > _ ks, _ Kty
k+(c—n)k, K+ (m—0c)km k+(c—n)k, £+ (m—c)kn
i Fu i kntts Fon
- <n+(cn)kn + n+(mc)km> k4 (c—nkn K+ (m—C)km

14



We introduce into expression eq.(88) the position of monomer ¢ with respect to
its mean position (& = x — (R.)) (eq.78)

1
Enkm(m —n) 4+ (ky + km )k

K = |2+

Z fi k(5 4 (M = k) + pry e (K + (¢ = n)ky)

kn N Fom ke K,
k+(c—n)k, K&+ (m—c)kn k+(c—n)k, K+ (m—0c)kny

= <m+ (cki [ (nljni c)km> ' (89)

Finally, substituting eq.(89) into expression (80), we find

. R.(t+ At) — R.(t) . _ -
AI}EIBO E{ At ‘513} - _D(kc,n + kc,m)ma (90)
where
knk
= — 1
Fe.n K+ (¢ —n)k, (01)
and
kmk
kc m = 7 N7 2
’ K+ (m— o)k, (92)

1.1 Variance of monomer ¢ position

We now find the variance of a monomer position (R?) with respect to its average
position

<(Rc - <Rc>)2> = <Rg> - <Rc>27 (93)

We begin by calculating

5 ) (27T)d(N71) 1/2 52 ] .
(RY) = /Q../Qdeng...dRNRCP(R) =N [dem Z STEE P (2;%:/1 pq>
= ST(AY + (A kst + (A ) (94)
where
o1 Oem10cr1 (ki (e —n)kn) (K + (m — c)ky)
(A = On  (km +En)B2+ (m—n)knkmk (95)

Substituting (94), (95) and (78) into eq.(93) we find

1

(Rc—(Rc))*) = o

15



1.2 Two potential wells located on the left side of the
observed locus (n < m < ¢)

Finally, we solve for the case n < m < ¢. We being with the average position of
monomer ¢

(Re) = knpihy (A) ) + Eempaley (AD) 0, (97)

where A’ is given in eq.(59). Thus

i : i On—1Pci1 K
Al 1 _ -1 ctn(_ . \c—n —
(A)en (=D (=w) On FenFomn (m — 1) + (ko + Kom)
i\ — — 07n—1¢c+1 K+ (m - n)kn
Al 1 _ -1 ct+m(__  \m—c — (

The average position of ¢ is

1
knkm(m —n) + &(ky, + km

(R.) = ] Z kppil b+ kppl, (5 4+ (m —n)k,). (99)

The conditional expectation of the velocity of monomer ¢ for a small time step
is defined as

. R.(t + At) — R,
Aim B A

= —Dr}, (W =S (w2 + (Ui);il,z)) , (100)
7 l

where U’ is also a block matrix of size N — 1 x N — 1

(1) 14y = D/ [—VRCé(R)} P(R|R. = x) ][ dR;

R.=x

i _ (UL 0
Ul = (0 U;') (101)
with
k —k 0 . 0 0 0
—K 2k —K . 0 0 0
0 —k 2k+k, —K 0
vi=| - : : : : : (102)
: 0 0 —K 26+ kyy, —K :
0 0 0 —K 2k —K
0 0 0 0 —K 2K
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which is of size (¢ — 1) x (¢ — 1) and

26—k 0 .- 0 0
—K 26 —K - 0 0

vi=| - : PR : (103)
: 0 0 —k 2k —k
0 0 0 —k kK

which is of size (N — ¢) x (N — ¢). The vector V' is composed of d blocks, each
given by

0
knfin
Vi= | kmpim | - (104)

KT
RT

To find the determinant detﬁf, we use eq.(67):
detU{ = 0.1 = 7% (k% + ((c — n)ky, + (¢ — M)kp)k + (m — n)(c — m)ky Ky, )(105)
and using eq.(61), we get
detUl = sV ¢, (106)

The (c-1,c-1) term of the inverse matrix is given by

9072¢c+1
det(U%)det(U?)
K24+ ((c=n—Dkp+ (c—=m — Dkp)k + (m —n)(c—m — 1)k, Ky,

k(K2 + ((c —n)ky + (c —m)kp)k + (m —n)(c — m)knkm)

_ 1 K(kn + km) + (m — n)k,km, (07)
Tk k(K2 + (e —n)kn+ (c—mkm)k + (m —n)(c — m)knkm)

(Ui)c_fll,cfl =

where we used eqs.(72),(67). For simplicity we name the indices of the matrix
U(=12.c—1c+1,.N)

o 90—1¢c+2 1
o Oeides 1 108
Uetren = GorUndet @) ~ »° "
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(Ui)—l _ (71)c+n71(7}€)c7n710n_1

e=ln det(U?)
= il (1
2T (= WV + (o= )} F (= ) = i)l )
and
(Ui)—l _ (_1)c+m71(_ﬁ)cfm719m71
c=1m det(U?)

K+ (m—n)ky, (110)
K2 + ((C - n)kn + (C - m)km)”f + (m - ’I’L)(C - m)knkn>

We estimate the term in the parenthesis in eq.(100) by substituting eqs.(107)-
(110)

Ji = 27t — Z Vli ((Ui>c:11,l + (Ui)c;lu)
1
= 2z’ — (“xi(Ui);ll,cfl + ’mi(Ui)cjl,cH + knﬂn(Ui);an + km/‘m(Ui)(;an)
I ™ k(K2 + ((c = n)ky + (c = m)km)k + (m —n)(c — m)knkm)

Kkl 4+ (5 + (m = n)ky ) kmput,
K2+ ((c—n)k, + (¢ = M)k )k + (m — n)(c — m)knkn,
i ( (kn + km)k + (m — n)kpky, )
K2+ ((e = n)kn + (¢ = M)km)k + (m — n)(c — m)kpkm
Kkl 4 (5 + (m — n)ky ) kmput,
k2 + ((c = n)kn + (c = M)kn)k + (m —n)(c — m)knkpm

(111)

We introduce into expression eq.(111) the position of monomer ¢ with respect
to its mean position (& = x — (R.)) (eq.99)

1
k(m —n) + 2k
( (kn 4 Em)k + (m —n)kp ko, )
K2+ ((e = n)kn + (¢ = M)km)k + (m — n)(c — m)kpkm
Kkl 4+ (K + (m — n)ky)kmput,
K2+ ((c = n)kn + (¢ = m)kp)k + (m —n)(c — m)kpkp,
~ (kn + km)k + (m — n)kpkp,

Ji i+

Z [ A iy (5 4 (m = n)k)]

X

= z . (112
K2+ ((c = n)ky + (¢ = m)km)k + (m — n)(c — m)kpkm (112)
Finally, substituting eq.(112) into expression (100) we find
. R.(t+ At) — R.(t) ., -
Alir_r:()]E{ Az |2} = —Dke nm, (113)
where
e k(kn + km) + (m — n)k,kp, (114)

e ((c =n)ky + (¢ = m)km)k + (m —n)(c — m)knkm
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2 Computing the auto-correlation function of
the tagged locus when a force is applied

We now study the effect of the potential well on the second moment of the locus
dynamics by calculating its auto-correlation function. The external potential
can be written in term of the modes u,,

1 2 1 N-1 n ?
Uos(Re) = gt = R = g (=3 oy ) (a1s)

where we used the orthogonal transformation which diagonalize the Rouse po-

tential [21]
/1
X N b= 0
al = (116)
! \/ % cos ((c—1/2)EF),  otherwise.

In the presence of the potential, the Langevin equations for the modes are

dw
dt

duy

N-1
i D (ko — ((07)?k + Fp)up) — Dk} Z agug + V2D

q=0,9#p

L(117)

with &, = 4k sin (%)B (8 > 1) [24]. Thus, the potential on monomer n couples
the dynamical equations for the modes. When the strength of the coupling term
is relatively weak (Oz;)% < kyp, we can neglect the coupling term. This will be
the case for the higher modes given that k < x and N large. In this case, the
Langevin equations 117 can be approximated by

d dw

% — D (kalp— ((a2)%k + Fp)uy) + \/QD%,

duo n n diﬂo

E = DcmOZO (I.L — O UO) + 2Dcmﬁ (118)

We denote b, = (af)k + &,. The solutions of the egs.(118) is

kan t
u(t) = u,(0)e~Pbrt + % (1—e=P%t) + /2D, / Pt (5=0 di (s), (119)
0

p

while the expectation values are

kol
(up(t)) = uy(0)e Pbrt 4 bipu (1- e—Dbpt) 7 (120)
0] = 0P B (it
)

The time auto-correlation function of mode p in the spatial direction 7 is [26]

([u;(tl) — (u;(tl)ﬂ [u;(tg) — <u§,(t2)>]> = 2D</ ! eDbIJ(Sl—tl)dwli)(s:l)/(; 2 eDbp(S2—t2)dw1i)(82)>

0
1

1
B (am)?k + Ry

(e—Dbp(tg—tl) _ e—Dbp(t1+t2)) ~
bp

e~ D) k+Ry)(t2—t)
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for to > t;, where we approximated for long times and introduced back the
expression for b,. Similarly, for the center of mass we have

([ué(tl) — <u6(t1))] [ué(tg) — (ug(tg)ﬂ) ~ (Oégl)2ke_Dcm(Oég)zk(tz—tl)_ (122)

Thus, the auto-correlation function of monomer c is

([Reltr) — (Rel(ta))] [Relta) — (Re(t2))]) = e Plei ket

k
N-1 c)2
d(as) m2p s
P G DR (A R S ICE (123)
pZ::l (043)% + Kp

where (af)? = +.
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