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Abstract

We consider time correlation for KPZ growth in 1+1 dimensions in a neighbor-
hood of a characteristics. We prove convergence of the covariance with droplet,
flat and stationary initial profile. In particular, this provides a rigorous proof
of the exact formula of the covariance for the stationary case obtained in [29].
Furthermore, we prove the universality of the first order correction when the two
observation times are close and provide a rigorous bound of the error term. This
result holds also for random initial profiles which are not necessarily stationary.

1 Introduction

Stochastic growth models in the Kardar-Parisi-Zhang (KPZ) universality class [34] on
a one-dimensional substrate are described by a height function h(z,t) with = denoting
space and t time. The height function evolves microscopically according to a random
and local dynamics, while on a macroscopic scale the evolution is a deterministic PDE
and the limit shape is non-random. In particular, if the speed of growth as a function of
the gradient of the interface is a strictly convex or concave function, then the model is
in the KPZ universality class. One expects large time universality under an appropriate
scaling limit.

By studying special models in the KPZ class, the law of the one-point fluctuations
and of the spatial statistics are well-known. In particular, the fluctuations scales as t!/3
and the correlation length as t*/3 (see surveys and lecture notes [13|17,23|28,4446,51] )El
Furthermore, it is known that non-trivial correlations survive on the macroscopic time
scale if one considers space-time points along characteristic lines of the PDE for the
macroscopic evolution [19,22]. This phenomenon is called slow-decorrelation and it
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indicates that non-trivial processes in a spatial t*/3-neighborhood of a characteristic and
for macroscopic temporal scale is to be expected. The limit process depends on the
initial condition, since this is already the case for the processes at a fixed time.

The study of the time-time process started much more recently. On the experimental
and numerical simulation side observables like the persistence probability or the covari-
ance of an appropriately rescaled height function have been studied [4950,53,54]. On
the analytic and rigorous side, the two-time joint distribution of the height function is
known for special initial conditions: Johansson analyzed a model on full space [32]33],
while Baik and Liu considered a model on a torus [4,[5]. There are also non-rigorous
works on the time-time covariance and on the upper tail of distributions using replica
approach [36H38]. For general (random) initial conditions exact formulas on the joint
distributions are not yet available. Also, the analysis of the covariance starting from the
available formulas [4.[33] seems to be a difficult task.

In [29] Ferrari and Spohn made some predictions for the behavior of the two-time
covariance for three typical initial conditions based on a last passage percolation (LPP)
picture. In particular, for the stationary case, an exact formula for the covariance of
two points along a characteristic has been derived. Furthermore, the behavior when the
macroscopic times were either close or far from each others were provided. However,
the work is not mathematically rigorous since the exchange of the large time limit and
maximum over sums of Airy processes as well as justification for convergence of the
covariances are not provided. The work by Corwin, Liu and Wang [20] showed the
way to obtain a rigorous convergence of distribution in terms of the variational process
used in [29], by lifting the finite-dimensional slow-decorrelation result of [19,22] to a
functional slow-decorrelation statement.

In this paper we consider a last passage percolation model, which can be also seen
as a (version of the) polynuclear growth model. As initial condition we consider the
three standard cases (called droplet, flat and stationary) as in [29], but we extend the
study to random but not stationary initial profiles (see [16] for a related model). In
the first three cases by the method of [20] (simplified in some aspects in [I6L27]) one
knows that the limiting distributions of (rescaled) LPP times can be expressed as a
variational problem in terms of some Airy processes. The first result proven in this
paper is the convergence of the covariance of the LPP time to the covariance of the
limiting processes, see Theorem 2.2 As a corollary, this provides a proof for the exact
formula of the covariance for the stationary case of [29]. We actually extend the result
by taking points not exactly on the characteristics, but in a t**-neighborhood of it.

Our second result concerns the behavior of the covariance when the two times are
close to each other on a macroscopic scale. Physically we expect to see the signature of
the stationary state as first approximation. This was noticed also in numerical experi-
ments [50]. This is proven in Theorem for all the initial conditions considered. We
also provide a rigorous error term, which is compatible with the experimentsﬁ. To obtain

2The next order correction is sensitive to the scaling used to define the process. For the scaling used
in this paper the error term seems to be optimal. However, if one scales the random variables to have the
same one-point distribution function, then experimentally the error term is smaller: instead of an error
term with exponent 17, one gets an exponent min{5/3,2/3 + a}, where « is the exponent controlling
the convergence of the variance of the height difference to that of the Baik-Rains distribution [52].



the result, we need to control the spatial process at fixed time on small scales. This is
achieved by comparing with stationary cases on sets of high probability. The idea goes
back to Cator and Pimentel [15] for the droplet case (extended to general case in [41]).
The control on the high probability sets requires bounds on exit point probabilities,
which has to be obtained for each initial profile. In particular, to achieve a good control
in the error term, one can not use soft bounds as in [7,41]. Finally, for droplet initial
condition we derive a result also when times are far apart, see Theorem 2.6

A few weeks after we finished our paper, for the droplet geometry, Basu and Ganguly
obtained the same exponents for the behaviour at close or far away points [§]. Unlike
in our paper, they did not identify the prefactor, but on the other hand, their result
are non-asymptotic as well. One input often used in their paper are the bounds on
transversal fluctuations of [9].

QOutline: In Section ] we introduce the model, state some known limiting results
necessary for the rest of the paper and provide the main results. In Section [ we recall
the stationary LPP and the comparison lemmas. In Section [ we prove Theorem
on the convergence of the covariance. In Section il we prove Theorem on the close
time behaviour, while in Section [6] we sketch the proof of Theorem 2.6 The appendix
contains several bounds on the one-point distribution or on increments, which are used
in the proofs.

Acknowledgments: This work is supported by the German Research Foundation in
the Collaborative Research Center 1060 ” The Mathematics of Emergent Effects”, project
B04.

2 Model and results

2.1 LPP and polynuclear growth

Consider a collection of i.i.d. random variables w; j, ¢, 7 € Z with exponential distribution
of parameter one. An up-right path 7 = (7(0),7(1),...,m(n)) on Z* from a point A
to a point E is a sequence of points in Z? with 7(k+ 1) — w(k) € {(0,1), (1,0)}, with
7(0) = A and 7(n) = E, and n is called the length ¢(7) of w. Given a set of points S,
with some random variables (not necessarily independent) h° on Sy, but independent
of the w’s, and given a point E, one defines the last passage time Lg, ,r as

Ls,»p = max (hO(W(O))—l— > wﬂ(k)). (2.1)

mA—E

A€Sa 1<k<n
Also, for two points P, () which are not on the initial set Sy, we define Lp_,q as above
but without the term h%(7(0)). 7§*  indicates the maximizer of the last passage time.
For continuous random variables, the maximizer is a.s. uniqueﬁ.

3The only exception will be if hY is not random, since then the maximizer is unique up to the initial
point, which has weight 0 and thus it is irrelevant.



LPP can be though as a stochastic growth model, a version of the polynuclear growth
model, as follows. Let Sa = £ :={(i,j) € Z*|i+ j = 0} and let h° represents a height
function at time t = 0. Then one defines the height function at time ¢ by the relation

h(z,t) = Lr—((@+t)/2,(t—2)/2) (2.2)

for all  —t being even numbers (and set h(x,t) = Lz (@tt—1)/2,(t—a—1)/2) for x —t odd).
The dynamics of the height function is

h(z,t) = max{h(z —1,t = 1), h(z,t — 1), h(x 4+ 1,t — 1)} 4+ Wiatt)/2,(t—a)/2 (2.3)

with initial conditions h(xz,0) = h°(2/2, —x/2) (here w(yis2 (-2 = 0 if © — ¢ is odd).
We are interested in the scaling limit of the height function

h(w2/3t%3 1t) — 1t

(w,7) — tlgglo 27313 (2.4)
or, equivalently, setting E = (TN, 7N) +w(2N)*3(1, 1),
L — 41N

(w,7) s lim —Sa2E "7 (2.5)

Noso  24/3N1/3 7
for different initial conditionsﬂ

1. Droplet case. In this case one sets h’ = 0 and further set w(i,j) = 0 whenever
(i,7) € Z%. In terms of LPP this is equivalent to take S4 = (0,0) and h° = 0.

2. Flat with zero-slope. This means that we take h® = 0.

3. Stationary with zero-slope. Let { Xk, Yi}rez be ii.d. random variable Exp(1/2)-
distributed. Then define

> pet (X — Vi), for x > 1,
ho(.T, —.T) =40, for x = 0, (26)
- Zg:x+1(Xk -Y), forx<—1.

4. A family of random initial conditions. We consider the case where for a given
o >0, h° is given by (Z8) multiplied by o. Clearly, the cases 0 = 0 and o = 1
correspond to the flat and to the stationary cases.

Remark 2.1. In the setting of TASEP, a random initial condition maps to a LPP
starting from a random line. Due to functional slow-decorrelation, the weight h° should
be taken to reflect the first order LPP from a point on the line to its projection onto the
antidiagonal. Thus a-priori one could try to start with the random line used in [16,[27],
but since in the scaling limit the result is identical to the one of our choice, we did not
attempt to use this precise mapping.

4The choice of zero-slope is just for convenience as it avoids to introduce a further parameter in the
scaling. However, the inputs used in the proofs are available for non-zero slopes as well.
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Limiting variational formulas

For 0 <7< 1, we selfl E, = (TN,7N) + (2N)*3w,(1,—1) and define the LPP and its
limit as
Ly, .y —ATN

L;V(T) - 24/3]\]'1/3 Y X*(T)

= lim Ly(7), (2.7)

where the superscript x denotes the different configurations, point-to-point (e), point-
to-line (\), stationary (B) and random (o).

The convergence in distribution of the random variables L (7) are well-known. Re-
call that for LPP we have the identity

EA—>E1 = Ilrl‘lgﬂi({LgA—)I(u) + LI(U)_>E1} (28)

with
I(u) = (TN, 7N) +u(2N)?3(1, -1). (2.9)
Provided that the limit N — oo and max,cg can be exchanged (which is the case in all

the cases considered here, see [16,20,27] for related works), the limiting processes can
be written in terms of Airy processes as follows.

1. Droplet case. Let Ay and AQ be two independent Airys processes. Then
[ ] 1 W ’11)72.
X (1) = T/ [-’42(72 5) — m} )
2

/
° _ 1/3 1 4 u N o u? 1/3 u—wi _ (u—wy)?
V(1) = max {7 [ Ao( ) — 25| + (L= [ (5t) — G5 |

(2.10)
The Airys process has been discovered in a related polynuclear growth model
setting [43] (see [31] for the case of geometric random variables, or [I4] for a two-
parameter generalization). Tightness in this setting was shown in [27], building
on the approach of [I5] (while for the geometric case tightness was shown already

in [31]).

2. Flat case. Let A; be an Airy; process and Ay an Airyy process, independent of
each other. Then

WONT) = 20) P A (%), -
XMF%@%WM G) + (1= 1) | e (pits) — G| )

The Airy; process has been discovered in the framework of the totally asymmet-
ric simple exclusion process [I1L48], equivalent through slow-decorrelation to the

LPP [18,19,22].

3. Stationary case. Let Ay be an Airyy process and Agie an Airyg,: process, inde-
pendent of each other. Then

XB(T) = Tl/gAstat(%)a
) = i {

} } (2.12)

u—w 2
)+ (L= 1) A () — s

5Throughout the paper we do not write explicitly integer parts.



The limit process Airygy,, (which, in spite of the name, is not stationary) was

obtained in [2].

4. Random initial conditions. For this case, the one-point distribution is given by
the following expressio

P(x°(1) <s)=P (glgﬂg{{Ag(u) —u*+V20B(u)} < 3) : (2.13)

where the Airy, process and the two-sided standard Brownian motion B are inde-
pendent of each other. Furthermore, we could write formulas similar to the one of
the first three cases in terms of an Airy sheet [35]. However uniqueness in law of
Airy sheet is so-far not proven [35,[40]. Therefore we state the convergence of the
covariance to the covariance of its limit process only for the other cases. However,
the proof could be adapted to the general o as well, once uniqueness of the limit
is established.

2.2 Main results
Convergence of the covariance
As our first result we give a rigorous proof of the convergence of the covariances.

Theorem 2.2. We have

lim Cov (Ly(7), Ly (1)) = Cov (x*(7), x*(1)), (2.14)

N—oo

for x € {o,\, B}.

Remark 2.3. The motivation of this paper is the study of the covariance. However, by
inspecting the proof, one sees that one can generalize the proof to get convergence of
any joint moments of L, (7) and L} (1) without the need to new ideas and bounds.

For the stationary process Agat(w) @ max,cr{v2B(v) + As(v) — (v — w)?} where
the Airy, process, As, and the two-sided standard Brownian motion, B(v), are indepen-
dent [45]. We denote

Fo(s) = P(ma]é({\/iB(v) 4 As(v) — (v —w)?} < s) (2.15)
ve

and use the notation &gat . for a random variable distributed according to F,,. Due to
stationarity one has the property [6,42] E(Agat(w)) = 0, which implies

Var(Gusew) = E( max{v3B(0) + As(v) — (v~ w)’} < s)z. (2.16)

6This was actually proven for the LPP model where instead of the random function on the antidi-
agonal one has a random line in [I6], see also [27] for general slope. These works were based on the
approach in the geometric random variables case of [20]. Adapting the proof of [27] to this setting to
get the variational formula is straightforward (it is actually even slightly simpler).



For the stationary case, an exact expression for the covariance has been obtained
in [29] for 7 in the entire interval [0,1], in the special case w, = w; = 0. For general
values of w, and w;, we obtain

Corollary 2.4. For the stationary LPP, the covariance of the limiting height function
for all 7 € (0,1) can be expressed as

2/3 1
Cov (XB(T)a XB(l)) = TT Var (gstat,T_Q/f’wT)) + 5 Var (gstat,un)
i (2.17)

9 Var (fStat,(177)72/3(W17w7—)) :

Universal behavior for 7 — 1

In [29] there is a conjecture on the behaviour of the covariance of the limit process for
7 — 1 for the other initial profiles as well. Our second goal is to provide a proof of such
statements together with a rigorous error bound. We also extend the result to all initial
conditions 1-4. Recall that for any random variables X7, X5 it holds

Cov (X1, Xo) = 5 Var (X;) + 3 Var (X,) — 1 Var(X, — Xi). (2.18)

Theorem 2.5. Let us scale w; = w,(1 — 7)*? and w, = 0. (1 — 7)%3. Then as T — 1
we havd]

Var (x*(1) = x*(1)) = (1 = 1) Var (§gaim,—a,) + O(1 = 1), (2.19)
for any 6 > 0. In particular, by (218), for x = {e,\, B}, we can rewrite

1 ~2/3
Cov (x* (1), x"(1)) = 5 Var (§*(wq)) + — Var (f*(wTTJ/B’))
(2.20)

L= T>2/3 1-6

= Var (ata-a,) + O(L = 7).

Here §°(w)+w2 (resp. 22/35'\(@0)) is distributed according to a GUE (resp. GOE) Tracy-

Widom law and 5(w) = &t

Small 7 behavior for droplet initial conditions

Theorem 2.6. For point-to-point LPP, let w, = w,72/3. Then the covariance of the
limiting height function for T — 0 can be expressed as

Cov (x*(7), x*(1)) = 7*°E(Ax(ib-) max{As(u) — u? + V2B(u)}) + O(r'™).  (2.21)

"One could also reformulate the result by saying that the error term is O((1 — 7)/In(1 — 7)).



3 The stationary LPP and its comparison lemmas

As shown in [7] the stationary situation can be realized in different ways. For the purpose
of this paper, we will consider the following situations

e On Z2: consider the LPP from S, = {(0,0)} with

0 fori=0,5=0,
L Exp(l —p) fori>1,57=0, (3.1)
"] Exp(p) fori =0,j > 1, '
Exp(1) fori >1,7>1.

This is called stationary LPP with density p since the increments of the LPP along
horizontal lines are still sums of iid. Exp(1 — p) random variables, as a special case
of Lemma 4.2 of [7]. More generically, the increments along a down-right path
are sums of independent random variables, Exp(1 — p) for horizontal steps, and
—Exp(p) for vertical steps.

e Consider Sy = £ ={(i,j) € Z*|i+ j = 0} and with boundary terms

> et (X = Ya), for z > 1,
hO(LU, —l’) =<0, for z = 0, (3.2>
B Zzzx—i-l(Xk? —Y), forzx < —1,

where {Xy}trez and {Yi}rez are independent random variables with
X ~Exp(l—p) and Y ~ Exp(p). Then by Lemma 4.2 of [7] the incre-
ments of the LPP in this model are as in the first case.

We will call a stationary LPP model either of this two settings, depending on the cases.
When we consider the point-to-point problem, we will refer to the stationary case as the
first setting, while, when considering the other initial conditions, the stationary LPP
will be the second setting.

To prove Theorem we are going to use a comparison with the stationary model
of density slightly higher or lower than 1/2. The comparison idea was first used in [15]
and then generalized in [41], with applications in [24,27,[39,40]. For that purpose, we
need to introduce the notion of exit point, which is the location where the maximizer of
the LPP exits its boundary terms. Let us define it for both stationary settings.

Definition 3.1. e The exit point for the stationary LPP to (m,n) with boundary
B0) is the last point on the x-axis or the y-azis of the mazximizer ending at (m,n).
We introduce the random wvariable ZP(m,n) € Z such that, if ZP(m,n) > 0,
then the exit point is (Z°(m,n),0), and if ZP(m,n) < 0, then the exit point is
(0,—Z*(m,n)).

e The exit point for the stationary LPP to (m,n) with boundary B.2) is the starting
point of the mazimizer ending at (m,n). We use the notation Z°(m,n) € Z such
that the exit point is (ZP(m,n), —Z°(m,n)).
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o The exit point for the LPP from L with initial condition h° is the starting point
of the mazimizer ending at (m,n). We use the notation Zyo(m,n) € Z such that
the exit point is (Zyo(m,n), —Zyo(m,n)). For the random initial condition with
parameter o, we denote Zno = Z,, and for flat initial condition Zno = Z .

Now we state the two comparison lemmas which we are going to use in the proof of
Theorem

Lemma 3.2. Denote by L the LPP (31l and L* the LPP in the droplet case. Let
0<my <my andny >ny > 0. Then if ZP(mqy,ny) > 0, it holds

L.(mz, TLQ) — L'(ml,nl) S Lp(mg,ng) - Lp(ml,nl), (33)
while, if ZP(msg,ns) < 0, then we have
L.(mz, TLQ) — L'(ml,nl) Z Lp(mg,ng) - Lp(ml,nl). (34)

Lemma 3.3. Denote by L* the LPP ([B8.2) and L* be the LPP from L with boundary
term h°. Let 0 < my < my and ny > ny > 0. Then if ZP(my,n1) > Zpo(ma,ny), it holds

L*(mg, n2) — L*<m1,n1) S Lp<m2,n2) — Lp<m1,n1), (35)
while, if Z°(mg,ny) < Zpo(ma,ny), then we have
L*(mg, n2) — L*<m1,n1) Z Lp<m2,7’l,2) — Lp(ml,nl). (36)

For n; = ny, LemmaB.2is in Lemma 1 of [I5], while Lemma[B.3lis Lemma 2.1 of [41].
The generalization to points on a down-right path is straightforward. It was made for
instance in the LPP setting (B.2)) in Lemma 3.5 of [24].

4 Convergence of the covariance

4.1 Preliminaries and notations
A law of large number for point-to-point LPP was proven in [47], namely, for large
(m,n), L0,0)=(mn) = (v/m~+ /n)? From this we can estimate

L?O’O)_)ET ~ 47N — w37_124/3N1/3,

Lio0)y—sru) = ATN — w123 (N3, (4.1)

2
u—w
L[(u)%El ~ 4(1 — T)N — %24/3]\71/3.

Denote the rescaled LPP by

Ly, i@ — 40 —1N

Ly(u,7) = 94/3 \[1/3 ’




with I(u) = (7N, 7N) +u(2N)?*3(1, —1) and

L[(u)ﬁEl — 4(]_ — T)N

(4.3)

where we recall that £, = (N, N) 4+ w;(2N)?3(1, —1). Then, (Z7) and () become

Ly(r) = Ly(wr, 7), »
L3(1) = Lig(wr, 1) = max{ Ly (u,7) + L (u,7)}. (44)
ue
Furthermore,
lim ZRP(u,7) = (1~ )3 [Az((;*_;g‘gl/g) - ((Yj;i}a} : (4.5)
and
A}im Ly(u,7) = 7'1/3./4*(#), *x € {o,\, B}, (4.6)
where
A*(u) = Ay(u) — u?,  AN(u) =234, (u273),  AB(u) = Agar(u). (4.7)

4.2 Localization of the maximizer at time 7N

The maximizer of the process Ly (u, )+ LY (u, 7) is confined in the region with |u| < M
if the following event holds

0, = {lrglgﬁ{Ljv(u,T) + LB (u, 1)} > ‘gﬁgﬁ{m(w) + szf(uvT)}}- (4.8)

Thus we need to estimate P(Q§;). For any choice of s € R we can write

P(QS) > P (max{L?V(u,T) + L (u, 1)} > s > anﬁ{Ljv(u,T) + LY (u, T)})

lu| <M Jul (4.9)
>1—-P(Gy) —P(By),
where we defined
Gar = {max { Ly (u, 7) + Ly (u,7)} < s},
= (4.10)

By = {Irr‘la;\(/[{Ljv(u,T) + LY (u, 1)} > s}.
u|>
The right side of (9] is estimated using the following lemma.

Lemma 4.1. Let s = —M?¢ with ¢ = 1/(16(1—7)). Then, there exists a finite My such
that for any M > M,
P (Gy) < Ce M

P (By) < Ce M’

for some constants C,c > 0 uniform in N.

(4.11)
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As a direct consequence we have the following localization result.

Corollary 4.2. For any M > M,,

P (the mazimizer of L (u, ) + L (u, 7) passes by I(u) with |u] > M) < 20e M’

(4.12)
uniformly in N.
Denote by
U—wi 2
(1) = |£I\1§z\)2 {71/3A*(T*2/3u) +(1— 7)1/3 [AQ((&—T%S) _ ((1—7)4)/3]} (4.13)
and recall
X (1) = T4 (7 Bwy,). (4.14)

Lemma 4.3. We have the convergence of joint distributions

lim P { max {Ly(u,7) + LY (u,7)} < s1; Ly (wr, 7) < 89

i (i )

=P (x5, (1) < 51517 (1) < s2).

Proof. 1t is enough to have weak convergence of the two rescaled process to the terms in
the rhs. As mentioned above, the point-wise convergence have been already proven. So
we need tightness in the space of continuous functions of [—M, M]. Tightness LY (u, 7)
and L% (u,7) can be found in Corollary 4.2 of [27], for L5 (u,7) it is a direct a direct
consequence of Lemma 4.2 of [7] and the standard Donsker’s theorem. Finally, tightness
for Ly (u,7) has been established in [41]. O

4.2.1 Localization of the process
Let us prove Lemma 4.l and Corollary

Proof of Lemma 4.1 Recall that to prove this lemma, we take s = sy, with the choice
sg = —M?*¢=—M?/(16(1 — 7)).

(1) Bound on P(Gyy).
We have
P(G ) :]P’( max { Ly (u, 7) + LY (u, 1)} < 30>

lul <M
(LN (0,7) + LY(0,7) < s0) (4.16)

P
P(LN(0,7) < 50/2) + P (LY (0,7) < 50/2).

IAINA

Now we can use standard estimates on the lower tail of the point-to-point LPP (see
Prop. A1 in Appendix [A]) to obtain that {@I6) is bounded by Ce=M” uniformly in N,

for some constants C c.

(2) Bound on P(Byy). Since similar estimates will be used to derive another result, we
add an extra variable s > 0 in the following computations. The case § = 0 is the one

11



relevant for the present proof.

We have
P(By) = B( max {Liy(u.7) + L (7)) > 50+ 3)
u|>
u? So+ S
<P(max {Lxlwn) - g} > =)
<Pl max (Ivwn) =551 > 2 (4.17)

PP u2 So + S
+P<|Zn3§§{LN(“’T) bTq —T)} ~ T )
We study separately the two terms of (EI7) and rename them P (B},) and P (B3,)
respectively. Remark that the maximum over u is actually a maximum over M < |u| <
O(N'/3), since I(u) need to stay in the backward light cone of the end-point E;. We
will not write this explicitly all the time.
(a) Estimate of P (B%,):

2

P(B%) =P <|31% {Lf;vp(u,r) + 2(1“_ 7)} > 50; 5) (4.18)

The bound can be obtained through the decay of the kernel for half-flat initial condition.
The bound on the Fredholm determinant and the kernel are given as in Theorem 2.6
and Lemma 2.7 of [16] to get

—4/3 _=za

P (B3)) < Cem M= mes, (4.19)
Alternatively, one could adapt the proof of Lemma 4.3 of [27] to get the same result.
(b) Estimate of P (B},):

2

P(BL) = ]P( max {L;V(u,r) -5 “ } > 20 +§>. (4.20)

|ul>M 1—7) 2

e Droplet initial condition: for this case, one can estimate it like we made for ([AIS])
(with minor changes in the terms depending on 7). However, since L (u,7) <
L}(u, 7), the droplet upper tail is simply bounded by the upper tail of the flat
initial condition case.

e Flat initial condition: the bound is obtained in Lemma 4] below.

e Stationary initial condition: the bounds for the maximum over v > M and for
u < —M are similar and thus we present the details only for the first one.

2

P(max{L}‘V(u,T)— “ } > SO+§)

u>M 2(1 — 7') 2
<IP’<maX {L* (u,7) — LN (M, T) — L} > 50 + é) (4.21)
= Nz U7V N 2(1—17) 4

+P<L;V(o,7) > —SZO + g) +P(L;V(M, 7) — Ly (0,7) > —Sf + %)
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We study separately the three terms of the last line of (£.21]). The first term is
bounded using (D.3), the second with (D.I]) and the third one with (D.4)), with
the final result

P(B);) < Ce™ M= (4.22)

for some ¢, ¢ depending on 7, but uniform for all N large enough.

Proof of Corollary[{.3. By (£14)), (@22), (£.19) we can conclude that

P (gllgﬁ {Ly(u,7) + LR (u,7)} > max {Ly(u,7)+ LR}O(U,T)}) >1—2Ce M

u|>M
(4.23)
which implies that the probability that the maximizer of L% (u,7) + LY (u, ) passes
through I(u) with |u| > M goes to zero as 2Ce “M*, for some constants C,¢ > 0. [

Here for simplicity of notation we rename § as s.

Lemma 4.4. For flat initial condition, there exist Ny, My large enough such that for all
N > Ny and M > M, it holds

u? So+ S
b >

2(1 — 7) 2

]P’( max {L}(u,r) -

) < CemesemtM, (4.24)
M<|u|<O(N1/3)

for some constants C, ¢, ¢ independent of N and M.

Proof. By symmetry we can consider only the case u > M, since the bounds for u < —M
are similar. Fix an € € (0,1/6). Then,

2

IP’( max {LE(U,T) I } > 20 s S)

M<u<(’)(N1/3) 2(1—1) 2
u? So+ s
<> {tiwn - 55—} )
Z wepirax e ) 21-1J) " 2 (4.25)
u? So+ S
IP(L\ ) — > )
> O 201 — 7) 2

u€[Ne,0(N2/3)]

Notice that v — Ly(u+v,7) and v — Ly (v, 7) have the same law for any u. Thus,
we can simply bound (using also (B.3))

u? so+ s s M2 N2
]P’<L\ — ) < ]P(L\ °_ )
N 21— 7) > < ~(0,7) > > " B +2(1—7’)
< (Clp—cs/2+eM?/(32(1-7))—eN* /(2(1-7) (4.26)

< Ce—és—éMQG—cNQE/M(l—T))’
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for some constants C, ¢, ¢, ¢, where the last inequality holds for all N > Ny(M). From
this it immediately follows that

2
3 P(L}(u,f) B S +3> < CemimeM?, (4.27)
21 —7) 2

u€[Ne,0(N?/3)]

Now we evaluate the first term in ([£25). Using translation-invariance in u we get

u? So+ s
P( {Bvwn - 551>~
welEM L) M] N () 2(1—17) 2

s M? 2 M?
< IP( Ly (u,7) > > - ) 4.98
S Pmax In(wm) > 5 =0 —h Taa =0 (4.28)
s 2 M?
< IP’( Ly s 7)
=FLES e = 5t gy

(a) The first case is s > N?*. We can still just use the union bound and the
exponential decay to get

2 M? s 2 M? s  N*
< N2/3 e 2 ) < N2/3 —e—— 2
628 < P ( A0 -7 02) = CPATU0 = T 1) @)

< exp(—c P M? — ¢y5),

for some constants ¢y, c; > 0 and all N large enough.

(b) The second case is s € (0,N%). Since also { < N° we have that

2 2
ri=35+ % = O(N%*) < N'3. The idea is to bound the process in terms of the
increments of a stationary case. For that reason we first need to get a formula including

the increments of the rescaled LPP, namely we get

€2M2
(m < P(LE(O,T) > Z"‘ m)

—

4.30)
s 2 M2 (
g e300} >3
For the first term, we just use (B.3]) and obtain
S EQMQ 27 12

IP’(L\ s ) < (p—cs/A—c®M?/(8(1-7)) 131
N(O,T)>4+78(1_7_) < Ce ( )

The sum of this bound over £ > 1 leads to a bound Ce¢/4=¢M?*/8(1-7)) For the second
term in (L30), define p; = + kN~/3 and the event

Qn.e = {274 (1(0)) > Z (I(u)), for all u € [0, M]}. (4.32)
On this event, by Lemma [3.3, we have
Ly(u,7) — Ly(0,7) < LA (u, ) — LA (0, 7), (4.33)

14



which in turns gives

P(ug[l(%{d] {Lk(u, ) — Ly(0, 7‘)} > g + %) o
< IP’(UIEI%&X/” {Lf\?(u,T) — L’])V*(O,T)} > g + %) + P(Qﬁvﬁ).
By stationarity of the increments we have
[uN>/3]
L0 (u,7) — L2F(0,7) = 24/37;]1/3 3z, (4.35)
i=1

where Z; = X;—Y; with X;’s i.i.d. Exp(1 — py) and Y;’s i.i.d. Exp(p, ) random variables.

Since M, = EZLZ]YQ/SJ Z; is a submartingale, so it is exp(tM,) for t > 0 (at least for ¢
small enough) and we can use Doob’s inequality for submartingales,

E [etzl] LMNQ/SJ

[ [etMar]
P ( max M, > :L’) < inf = inf (4.36)

u€[0,M] T >0 et t>0 et
For and p, = % + kN3 An explicit computation gives, for x € (0,2/(2°/3M)),

21/3 —AM 2
(m S exp (_( $4M K,) + O(IAN_Q/g; /{,4N_2/3)) ) (437)

Thus, with the choice x = x/(2%3M), we find

2 2
P+ _ TP+ f giM
P(ﬁ% {tren-trent>3+ 8(1 — T)) (4.38)

2
< exp (— 1§M) < exp (—0132 — 02£4M3) ’

for some constants c¢q,co > 0 and all N large enough. Summing this bound over ¢ > 1
we get Ce=%"~2M* for some constants C, completing the proof of 2. O

Lemma 4.5. Let py = % + kN~Y3. Define the event

Qe = { Z7(1(0)) = 2 (I(w)), Y € [0, M]} 1 { Z7-(1(0)) < 2> (1(w), Yu € [-M,0]}
(4.39)

where the exit points are as in Definition [31. Then, for all N large enough and all

k> 0 with k = o(N'/3),
P(Q%,) < Ce™r". (4.40)

Proof. We need to estimate the complement of the probabilities of the two terms in

[#39), for instance
P(Z (I (u)) > ZP+(1(0))), for some u € [0, M]). (4.41)
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The estimates are completely analogous, thus we provide the details only for the first
one.

Since ZN(I(u)) < ZNI(M)) for all u € [0, M], we have

@I < P(ZI0D) > 27 (10) )
<P(ZMI(M)) > a(2N)¥3) + P(ZP+(1(0))) < a(2N)??). '
By Lemma 4.3 of [27], we have that P(ZN(I(M)) > a(2N)2/3) < Ce=*", for some
constants C, ¢ € (0, 00). Using stationarity of the increments along the antidiagonal, we

have B B
7P (n—k,n+ k) < 27 (n,n) — k. (4.43)

Thus,

P(Z°+(1(0)) < a(2N)*3) = P(Z°+(1(0)) — a(2N)*? < 0)

. (4.44)
= P(Z+(I(~a)) < 0) = P(Z7+(I(—a)) < 0).

The last equality follows from the fact that we can construct the two models on the same
randomness (define the random variables in the model ([B1]) as image of the ones of (B.2))
by [7]), for which Z¢+(m,n) < 0 iff Z*+(m,n) < 0 by simple geometric considerations.

Setting (7?n,n) = I(—a), and writing p, = 1/(1 4+ ) + &n~"/3, we deduce that
f= 1k —27ar713 + O(kN~3). Lemma 2.5 of [27] statesd that if # > 0, then
P(ZP+(y*n,n) < 0) < Ce=* for some constants C, ¢ > 0. We choose o = 2'/37x, which
gives & = 1k7?/3(1 + O(k/N'/3)). Then, for all N large enough, we obtain

@A) < Ce ™ (4.45)

for some constants C, ¢ > 0. 0

4.2.2 Convergence of the covariance

To prove Theorem 2.2] first we show that the N — oo limit of the covariance of L} (7)
and maxy<ar { Ly (u, 7) + LY (u, 7)} is the covariance of x*(7) and x3,(1), for fixed
M > 0. Now that we have proved the localization of the process, we need to show that
the covariance of x*(7) and x*(1) is the M — oo limit of the covariance of the LPP
restricted to the region |u| < M.

Proposition 4.6. For any fized M > 0,

lim Cov (L?V(wﬂ T), ‘gllgﬁ{ljv(u, 7) + L (u, 7')}) = Cov (x\*(7), x3,(1)) . (4.46)

N—oo

Proof. Let us denote

Livar(1) = mas {Liy () + L, )}, (4.47)

8By inspecting the proof of Lemma 2.5 of [27], one sees that it actually holds true not only for any
given , but also for all x € [0,0(n'/?)].
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By Lemma we already have the convergence of joint distributions of LY.,,(1) and
Ly (1) = Ly (ws, 7) to x3,(1) and £*(7). By Cauchy-Schwarz it is enough to show the
convergence of the second moments of L., (1) and L (7).

For a random variable X with distribution function Fy(s) = P(Xy < s), we can
write

s(1 — Fn(s))ds — 2/ sFy(s)ds. (4.48)

R_

E(Xy) =2 /

Ry
If we know that X — X in distribution, to show convergence of the second moment
we need only to find g(s) independent of N such that 1 — Fy(s) < g(s) for s > 0,
Fy(s) < g(s) for s < 0 and that g € L'(R). Then dominated convergence allows to take
the limit in the integrals and obtain E(X%) — E(X?). Thus our task is to find such
bounds. Since Fy(s) € [0, 1], it is enough to get bounds for the tails, i.e., a bound for
1 — Fy(s) for s > s¢ and for Fiy(s) for s < —sg for some sq.

(1) limy oo B[(LY(7))°] = E[(x*(7))?].

e bound on lower tails: due to L} (7) > L%(7), we can use for all cases the lower
bound for the droplet initial condition, which is in Proposition[A] (by appropriate
change of variables).

e bound on upper tails: (a) for the droplet initial condition, this is in Proposi-
tion [AT] (b) for the flat initial condition, this is given in Proposition Bl (c) for
the stationary initial conditionﬁ7 we have

P(LR (1) < s) < P(LR(0) < s/2) + P(LR (1) — L5 (0) < 5/2). (4.49)

The first term is bounded using Proposition [D.1], while the second using Proposi-
tion [D.2

In all cases we have at least exponential decay of the both the upper and lower tails.
This implies the convergence of the second moment as well.

(2) limy oo B[(Livar(1))%] = E[(x3,(1))7]-

e bound on lower tails: we have

by Proposition [A Tl

e bound on upper tails: we have Ly.,,(1) < L3(1) and thus by the estimates used
already in part (1) we have

P(L% (1) > 5) < Ce™. (4.51)

These bounds implies convergence of the second moment as well. O

9For stationary initial condition, the convergence of all moments was already proven in [3].
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What remains to prove Theorem 2.2]is a control on the contribution to the covariance
from the events when the maximizer passed by I(u) for some |u| > M. We have the
decomposition

Cov (L (7), Ly (1)) )
— Cov (L (7). Lias(1)) + Cov (Liy (7). Liy(1) — Ly (1) - |

Given the convergence of the second moments for fixed M by Proposition .6, there is
one term left to study:

| Cov (L (1), Ly (1) = Ligar(1)) |
= |E [Ly(7) (Ly(1) = Ly (D)] = ELE(ME [L(1) = Lyor(D] | (4.53)
<2 (E[(Ly(1)?] E [(Lx(1) = L ()] 2,

where we used Cauchy-Schwarz to control the second term.

Lemma 4.7. For any M > 0,

lim B [(Liy(1) — Liya(1))?] < CeM* (4.54)

N—oo

as well as
El(¢(1) = x3,(1)7] < Ce (4.55)

where C, ¢ > 0 are positive constants, uniformly in N.

Proof. Let us denote

Lyae(l) = |n‘1a]>\<4{L7V(u, 7) + L (u, )} (4.56)
' u|>

Since Ly (1) = max{Ly.,/(1), Ly.p(1)}, we can write
Lie(1) = Dong(1) = maxc{0, Ligre(1) — Lis (L} (157)

Integrating by parts, we obtain

E [(L;Va) . L;V;Mu)ﬂ - 2/ SP (L pge(1) = Liyar(1) > 5. (4.58)

R4

The probability in the r.h.s. of (£58) can be bounded as

P (Lypge(1) = Ly (1) > s) <P (LN;MC(” > J; a) o (L};M(l) - ; 821.59)

for any choice of a.
(a) We use the first inequality in (£28) and obtain

a— S — S o — S

P (L}V;M(l) < ) <P (L;V(O,T) <2 ) +P (Lpp(O,T) < ) . (4.60)
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For any a < 0 and s > 0, by Proposition [A1l we get

P (L};M(l) <2 5 5) < Qs (4.61)
for some constants C,c. Thus it is enough to choose a@ = —yM? for some v > 0.
b) Next we bound P (L%.,.(1) > #t2). Choosing o = — Mj and using the
N;M 2 16(1—7)
bounds for P(B)y) in the proof of Lemma [Tl we obtain
P (L}V;Mc(l) > 2 J; O‘) < Qe oMl (4.62)

Plugging the bounds (L61]) and (A.62) into (L58]) leads (4.54).

Finally, (4.55) is proven as follows. By dominated convergence we have that

E[(¢*(1) — x4 (1))2] = 2 / P (b (1) = xi(1) > 9)

(4.63)
= lim 2/ SP (Lyyage(1) = Ly (1) > s) < Ce M
N—o0 R4 ’ ’
where the last inequality follows from (£.54]). O
Proof of Theorem[2.2. We have
lim Cov (Ly(7), Ly (1))
N—ro00
= Jim_Tim Cov (Li(r), Liyas (1) + lim_lim Cov (Li (7). Li(1) — L4y (1)
(4.64)

By Proposition [4.6] the first term equals Cov(x*(7), x3,(1)). By Lemma [L.7] the second
term is 0. Thus what remains is to show that

Cov(x*(7), x"(1)) = lim Cov(x"(7), X (1)) (4.65)

M—o0

This is obtained once we prove that

Jim B[(*(1) = x3 (1) =0, (4.66)
—00
which is also part of Lemma [£7 O

4.3 Formula for the stationary case

Now we prove the claimed formula for the stationary case. It follows by a simple
computation using the result of Theorem for the stationary case and the identity

I8,
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Proof of Corollary[27 Setting X; = x?(7) and X, = x5(1) in ZI) we get
Cov (x®(1),x?(1)) = § Var(x®()) + 3 Var(x"(1)) — 5 Var(x*(1) = x*(7)). ~ (4.67)

The first two terms in (2.I7) are an immediate consequence of the convergence of mo-
ments, see proof of Proposition For the last term, we have

u—w 2
Y2 (1) = xB(7) = max {(1 —7)l3 |:A2((1u,:_z)u21/3) - ((177)23}

ek (4.68)
+71/3 [Astat(T_Q/gu) - Astat(T_Q/ng)]} .
Changing the variable u = w, + z(1 — 7)?/3, and calling & = (i"i;)l;’}?,, it gives
XP(1) = xB(r) =(1 = 7)'? max { Ay (2 =€) = (=€)’
+L [Astat(r’2/3(wT +2(1—7)¥3)) - Astat(772/3wT)} :
(1—7)1/3
(4.69)

Next we use the facts: (a) Az(z — &) @ As(2), (b) Agat(a + ) — Agar(a) @ V2B(z)

with B a standard Brownian motion, and (c) the scaling of Brownian motion, to get

V) =) 2 (1= )P max {VIB(2) + Ao(z) — (2 = O} D Agu(8). (4.70)

]
5 Behavior around 7 =1
What we have to prove is
Var [x*(1) — x*(7)] = (1 — 7')2/3 Var (&stat,o) + O(1 — 7')1’5, (5.1)

as 7 — 1 for all the initial conditions. Clearly the flat and stationary are special case of
the more generic random initial conditions. Define

* : * PP
Xir = I, \u|3(11rii)><2/3M(LN<u’ ™)+ Ly, 7))

= lim max (Ly((1 — 7)2/311, T) + L ((1 — 7)2/31),7')).

N—o0 |v|<M

(5.2)

In particular, for droplet, flat, stationary initial conditions, we have

Xir = (1— 7)Y max ((J—TY“ A (0 (59)7) + Aa(o — ) — (v — w>) (5.3)

lv|<M

with A* being the Airy,, Airy; or Airyg.: process for x = e,\, B respectively. Also,
recall the notation

W (7) = Bim Ly (1= 7)o, 7) = (1= 1) (2) 0 40 (5) (59)77) . (5.9)

N—o0 -7 T
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On short scales, A* is expected to behave similar to the stationary state, which is
a two-sided Brownian motion with diffusion coefficient 2. Since the Airy, process is
stationary, for 7 — 1, x4, — x*(7) should be close to the following expression

Enton.iy = (1 — 7)Y max {\/§B(v — ;) + As(v) — (v — zbl)Q} : (5.5)

lv|<M
In this proof we set
W = W, — Wy (5.6)

For M = oo, replacing v — w, — v and using the stationarity of A5 we obtain
d N - R
gOOﬂD-r,ﬁ)l (:) (1 o T)1/3 r?ea[éi{\/ﬁB(U) + AQ(U> - (U - w)Q} = gstat,ﬁ;- (57>
Note that in distribution

(1 —7)"(¢que — %) < €y < (1 — 7)Y a0 (5.8)

and therefore we know that the mth moment of £y 4, 4, is finite and of order (1 —7)™/3.

To control the error term, the idea is to take M depending on 7 such that M — oo
as 7 goes to 1. Then the task is to prove that the difference between the second moment
of x#,(1) — x*(7) and the second moment of &y; 5, o, goes to zero as 7 — 1.

Lemma 5.1. Let M = 573 with 0 > 0. Then

B [0, (1) = ()] ~ B [Era,00] | = O = 7). (5.9)

We need to control how close the increments of the process over distances of order
(1 —7)%3 at time 7 are with respect to the increments of Brownian motion.

We present a short technical lemma that will be used in the proof of Lemma G511
Recall Definition B] of the exit point for a LPP with boundary conditions (3] (for the
droplet case) or ([2) (for the random case) and define p* = 1 + kN~'/3. Denote by

LP" its associated LPP.

Lemma 5.2. There is an event Q,, with P(Q,) > 1 — Cexp (—ck?), with

o P —r)2/
(a) for droplet initial condition, & = k — M(;TQH,
(b) for random initial condition, & = k — 2%,

and constants C,c, My € (0,00), such that on Q. the inequalities
EMyiymn — €0 < Xa(1) = X (7) < Emar,in + €0, (5.10)

hold in distribution, for all M > My with &g = O(kM(1 — 7)%/®), under the condition
k> 0.
Proof. Let us define

. Lo,0)=1(u) — L0,0)=E, ” L7 i — Lok,
AN(U) = 24/3N1/3 , AN(U) — 24/3N1/3 s (511)
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and recall the definitions

_ Loo)y»1u) — 47N L7y — 47N

Ly(u, ) =

L% (u,m) =

24/3 N1/3 ) 24/3 N1/3 ’ (5.12>
PP _Liwm — A1 -7)N
N (u7 T) - 24/3N1/3
Then we have
Ly (u,m) = Ly(0,7) + Ay (u). (5.13)
Also, recall that we will use the notation v = v(1 — 7)%/3 and M = M(1 — 7)%3.
Define the event
0. {Zr+(I(—=M)) > 0, Z°~(I(M)) < 0}, for droplet IC,
MR AZe (I(=M)) > Z,(I(M)), ZP~(I(M)) < Z,(I(—M))}, for random IC.
(5.14)

Then, on the event Qp, we can bound A% (u) with the increments of the stationary
LPP with density p., defined as

_ LrE(I(u)) — LP=(1(0)) — mpiu(ZN)2/3

-

B*(u) SN : (5.15)
where m,+ = 1_1pt — p% = 8xN~Y3 + O(N7'). Indeed a minimal modification of
Lemma B2 implies, for —M < w < u < M,

(B ()~ B~(w)] = 4w~ w)n < Ly 7) ~ Ly (w7 -

< [BY(u) — B (w)] +4(u — w)k

for N large enough. Furthermore, Var(B*(u)) = u2'/2(1 + O(N~2/3)) and B*(0) = 0.
Thus by Donsker’s theorem, limy_,o B*(u) = v2B(u), with B(u) a standard two-sided
Brownian motion in the space of continuous functions on bounded sets.

Recall that

XD (7) = Jim_mae {3 (0(1=r)?%, 7) —Lig (i (1=)?%, 7)+ LR (0 (1), 7) |
) (5.17)

and also that v — LR (v(1 — 7)¥3,7) converges weakly to (1 —7)1?[As(v) — (v —1)?].
Thus, taking the N — oo limit and using the inequalities (B.I6]) we obtain

P (x3,(1) = x*(7) < (1= 7))
<P <|£JI|1§A}§I {\/é(B(v) — B(w,) + Ay (v) — (v —101)? — 4k(v — ;) (1 — 7')1/3} < s) :
(5.18)

1/3 we obtain

Denoting ¢ = max < [46(v — w)(1 — 7)3] = 65M (1 — 1)
P (x3,(1) = x*(7) < (1 = 7))
SIP’(maX {ﬁB(v—wT)JrAQ(v) — (v—wl)Z} < s+5) (5.19)

lv|<M
=P (fM,ﬁ)‘rﬂDl S (1 — 7')1/38 -+ 80)
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with g9 = (1 — 7)1%¢.
Similarly for the lower bound we get

P (de(l) —x* (1) > (1—- 7)1/35) <P (SM@T@I > (1— 7')1/35 + 50) ) (5.20)

To conclude the proof, we need to estimate P(Qy ).
(a) Droplet initial condition: For this case, we apply Lemma 2.5 of [27]. To estimate
P(Zr=(I(FM)) > 0), we need to set [(FM) = (v*n,n). This gives

1 M K

P =5t uE s T BN (5.21)
Then, Lemma 2.5 of [27] gives
P(Z7%(I(FM)) > 0) > 1 — Ce™ = 1 — Qe e P27 PMr 1), (5.22)

The estimates are uniform for all N large enough. Renaming c¢7%/3

and 2C' by C', we get

P(Qny) >1—Cexp (—c(m - M>2) . (5.23)

as a new constant c,

24/31

(b) Random initial condition: We derive a bound only for P(Z°+(1(—M)) < Z,(1(M))),
since bounding P(Z*~(I(M)) < Z,(I(—=M))) is completely analogue.
The probability we want to bound is smaller than

P(Z°+(I(—M)) < a(2N)*3) + P(Z,(I(M)) > a(2N)*/3), (5.24)
and we choose a = 2'/37k. Exactly as in (£44]), we have
P(Z°+(I(—=M)) < a(2N)*?) = P(Z°+(I(—M — )) < 0) < Ce % (5.25)
21/31

Now we bound P(Z,(I(M)) > a(2N)?3). Let J(v) = v(2N)*3(1,—1), define the
scaled variables

with 7 — 272/3 <m _ M) provided & > 0.

Lyonoron — 41 —71)N O(J(v
Ly(v) =~ <24j3 Nl/(g ) . Wh(v) = % (5.26)
Then,
P(Z,(I(M)) > a(2N)¥?) <P <m<aX(LN(v) + Wy (v)) < —s)
vsa (5.27)
+P (glgg(LN(v) + Wy (v) > —s) .
Since Ly (v) ~ —(v — M)?/(7), we choose s = (v — M)? /4.
The first term in (.27) is bounded by
P(Ly(a) + Wy(a) < —s) <P (Ly(a) < =3s) + P (Wn(a) < is). (5.28)
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The first term bounded by Cye=@" by [A). Since Wy is a (rescaled) sum of iid.
random variables, we can use the the exponential Chebyshev’s inequality (see e.g. the

proof of (D)) and obtain a bound Che=e2(@=M)"/a.
The second term in (5.27) is bounded by

i (xgg (LN(U) +iw- M)?) > —%s) +P (xyg (WN(U) ~lw- M)z) > —%s) .
(5.29)

The first term is estimated similarly to ZI8) and leads to a bound Cie=@=M)? The

second term is bounded using Doob’s maximal inequality (see e.g. the proof of (D.5)
leading to a bound Cye—ct(e—AD?/a),

Combining these bounds we get P(Z,(I(M)) > a(2N)*3) < Ce=**" provided & > 0,
for some constants C, ¢ € (0, 00) uniformly for all 7 in a compact subset of (0,1]. Up to

renaming c¢r*3 to ¢ and the constant 2C to C we get the claimed result. O

Now we can prove Lemma [5.1]

Proof of Lemma G By Lemma 5.2 we have, on a event ,, with P(Q¢) < Ce ", with

. M(1 —7)%3
the inequality
(X (1) = X" () Lo, = Emirin Lo, + (Lo, (5.31)

for some random variables ¢ with |¢| < &p. Thus

E[(x (1) = x*(7)°] = Bl (1) = x* (1)) Lo, ] + B[, (1) = x*(7)*1ag]. (5.32)
Using (5.31]) we get
E[( (1) =X (1) 1o,] = BE(&3r.a,.0,) — B(Ehra,m Log) + 2E(CEra,.0. 1a,) + E(C Lo, ).

(5.33)
Using Cauchy-Schwarz and the fact that || < €y, we get the bounds

B(€31.0,.,105) < /€y 5,5 PQ) < C1(1 = )22,
IE(CEr e La,)| < 0/ E(&Ry5..5,) < Ca(l = ) e, (5.34)
E(¢*1g,) < &,

for some constants C, Cy (since, as already mentioned, the mth moment of &yr ., o, 1S
of order (1 —7)™/3).

It remains to bound the last term of (B.32). Let A = {|x3,(1) — x*(7)| < A} and
decompose (x3;(1) = x*(7))Lac as (X3,(1) = x*(7))Lae (Lo + Lae). Then,

E[(x3(1) = x*(7)*Lag] < E[(x3,(1) = X*(7))*Lac] + N*P(Q5). (5.35)
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Integration by parts gives
E [(xar(1) = x*(7))*1ac] = NP(Ix3, (1) = x*(7)] > A)
A

o0 . e s 75 X ) < s (5.36)
2 [P =30 > s =2 [ sP(1) = () < s)ds
Now, for s > 0,
P(xa (1) —=x*(7) > s) < P(x, (1) = s/2) + P(x"(7) < —s/2), (5.37)
and for s < 0,
P(x3 (1) = x*(7) <s) <P(xy(1) < 5/2) + P(X*(7) = —s/2). (5.38)
Recall that
By (1) > 9) SEOC() > ). e
P(x3(1)) < 's) <P((1 = 1) A3(0) < 5) = Fus(s/(1 = 1))

Since both tails of x*(1) and of the GUE Tracy-Widom distributions have (at least)
exponential decay (see Appendix [C] and [DI), it then follows that

1/3

E [(x3(1) = X*(7))*Lac] < CA2em V07 (5.40)

for some constants C' c.
Summing up we have obtained

E[(x (1) = x*(7)°] = B(3r.a,.0,)
— O((1 = 7Y ®2 (1 = 1) ieg; e A2~ N2 MO 1 (5.41)
with ¢g = O(kM(1 — 7)?/3). Now we choose M, x,\. Let § € (0,1/3) be any fixed

number and choose

1 1

Then, the error term in (&4 is just of order O((1 — 7)'79). O
Now we are ready to prove Theorem 2.5

Proof of Theorem [22. We have
E [(x*(1) = x*(7)*] = E [(x*(1) = x3(1))*] + E [(x3,(1) = x*(7))?]

F2B (1)~ (D) (33 (1)~ () o4

With the choice M = (1 — 7)~%2 by Lemma 5.1 we have
E [(x3(1) = x*(7)°] = El&r5,.0,) + O = 7). (5.44)
By Lemma (.7, the Cauchy-Schwarz inequality, and {4 = (1 — 7')1/ 3§stat,w, we obtain
E[(x*(1) = x"(7)*] = (1 = 7)*°El&garal” + O((1 = 7)'7). (5.45)
Since E[&stat,s] = 0 the claimed result is proven. O
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6 Behavior around 7 = 0 for droplet initial condi-
tions

Let us finally explain the asymptotic for 7 — 0. The details are simple modifications of
what we made for the case 7 — 1. By Theorem 1 of [41], we have local weak convergence
of the Airysy process to a Brownian motion for 7 — 0,

lim (%) (Ao ()" 0) = A(0)) = V2B(v). (6.1)

7—0

Lemmal5.Iland Lemmal5.2 can be easily readjusted for this case. Let us call w, = 7%/310,.
Then, by Theorem 2.2, renaming u = 27%/3,

Cov (x*(7), x*(1))
= Cov <7'1/3[flg(m) — w?], 7'/% max {.[lg(z) — 22+ (1%)1/3 Ag(zﬁ) - %L})

ueR

_2/3 Coy ( Ay, max { Ao(z) — 22 + \/QB(Z)} + (=)' AQ(O)) +0(r'7)

—2/3 Cov (AQ(Z@T)’ max {AQ(Z’) 2y \/QB(z)}) + O(T179),
(6.2)

for any § > 0, where the covariance of Ay (i,) and A,(0) is zero, since they are indepen-
dent processes. The second term in the covariance has the same distribution as &sat,0,
which is has expected value 0. This leads to the claimed result of Theorem 2.6l

A Bounds on point-to-point LPP

In the proofs, we use known results for the point-to-point LPP with exponential random
variables, which we recall here.

Proposition A.1. Forn € (0,00) define = (vl +V0)*, o = = /5(1 + /n)*?, and
the rescaled random variable

resc L(070)%(n57€) M
(a) Limit law
elim P(L;™ <'s) = Faur(s), (A.2)
—00

with Foug the GUE Tracy-Widom distribution function.
(b) Bound on upper tail: there exist constants sg, ly, C, c such that

P(LI > 5) < Ce™ (A.3)

for all > ly and s > sg.
(¢) Bound on lower tail: there exist constants sg, ly, C,c such that

P(L < 5) < Ce el (A.4)

forall > ly and s < —sq.
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(a) was proven in Theorem 1.6 of [30]. Using the relation with the Laguerre en-
semble of random matrices (Proposition 6.1 of [I]), or to TASEP described above, the
distribution is given by a Fredholm determinant. An exponential decay of its kernel
leads directly to (b). See e.g. Proposition 4.2 of [25] or Lemma 1 of [3] for an explicit
statement. (c¢) was proven in [3] (Proposition 3 together with (56)). In the present
language it is reported in Proposition 4.3 of [25] as well.

B Bounds for point-to-line LPP

Proposition B.1. Let L = {(k,—k),k € Z}. Consider the rescaled LPP from L to
(¢,0) given by
Ly — 4

Lyresc
Ly C 94/3y1/3 (B.1)
(a) Limit law
Jim P(L;™ < 5) = Fgor(2¥3s). (B.2)
—00
(b) Bound on upper tail: there exists constants s, Ly, C, ¢ such that
P(Lg"™ > 5) < Ce™® (B.3)
for all > ly and s > sq.
(¢) Bound on lower tail: there exists constants sg, o, C, c such that
P(LE™ < 5) < Ce s (B.4)

foralll > ly and s < —sq.

(a) was obtained in [T1L[48] in terms of TASEP, which can be directly rewritten in
term of LPP (the complete proof is present in [I0]). For general slopes of L it was shown
in [27]. (b) this tails follows from the asymptotic analysis on the correlation kernel made
in [I0]. (c) It follows from ([A.4]) since P(Lz_yep < @) < P(Lo0)=0) < ).

C Bounds on LPP with random initial condition

Proposition C.1. Define L, , 5y = maxi{ Lk, —r)—e,0)+h0(k, —k)} with h° as in (2.0),
and consider the rescaled LPP time

Le. — 40
oresc L= (L)
Then, there exists constants sqg, ly, C, ¢ such that:
(a) Bound on upper tail:
P(Ly™ > s5) < Ce (C.2)

forall £ >ty and s > sg.
(b) Tail on lower tail:
P(LI™ < ) < Cecls*”? (C.3)

forall > ly and s < —sq.
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Proof. (a) Define J(u) = u(20)%3(1, —1) and Wy(u) = h°(J(u))/(2*/2¢*/?). By Donsker’s
theorem, u — Wj(u) converges weakly to a two-sided Brownian motion with diffusion
coefficient 202. Further, define

_ Liwysen =4

Ly (u) : 94/301/3

(C4)
Then, we can write

L7 = max{ Ly (u) + Wi(u)} < max{L{®(u) +u?/2} + max{We(u) — u*/2}. (C.5)
Thus,

P(L7™ > s) < P(mgx{L?p(u) +u?/2} > 5/2) +P(m51X{Wg(u) —u?/2} > 5/2). (C.6)

By computations based on Doob maximal inequality (used for instance in (£.30])), one
obtains P(max,{Wy(u) —u?/2} > s/2) < Ce " for some constants C, ¢ > 0. To bound
the first term without new estimates, remark that for any M we can bound

P(mgx{L?p(u) +u?/2} > 5/2) < IP’(mELXLEP(u) > s/4 — M?/2)
+ P(max { L} (u) + u®/2} > s/4)

|u|>M

(C.7)

The exponential decay in s for the second term is just a special case of (L.19) (set 7 = 0)
and it holds for all M > My, for some finite My. We fix M = M, and then, using the
fact that max, LPP(u) = L™, by (B3) we have exponential decay in s for the first
term as well.

(b) Tt follows from ([A.4]) since P(LZ—MJ) <) <P(Loo)-ee < ). O

D Bounds on stationary LPP

We now state and give a short proof of the tails of the one-point distribution in the
stationary case with p = 1/2 of the LPP to (¢, ).

Proposition D.1. Let p = 1/2. Then there exists constants so, Ly, C, c such that:
(a) Bound on upper tail:

P(LG0)epy > A0+ 2Y3s01%) < Ce (D.1)

forall > ly and s > sg.
(b) Bound on lower tail:

P(LE o) (00 < 40+ 23501/3) < Cemebl™”? (D.2)

for all £ >ty and s < —sq.
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Proof. (a) One can write Lﬁ)70)—>(€,€) = max{ L (¢,0), L=°(¢,0)}, where L*(¢,¢) (resp.
L=r(¢,0)) are the LPP with one-sided perturbation only on i = 0 (resp. j = 0). Then,

P(LG0yseny > @) < P(LIP(0,0) > @) + P(L™7(0,0) > ). (D.3)

By choosing = = 4 + s2*/?(Y/?  Lemma 3.3 of [27] (based on the estimates on the
correlation kernel in [I]) gives exponential decay in s for all s > sg.
(b) Tt follows from (A.4]), since IP’(L(O 0 <) S P(Leo-ee < ). O

Lemma D.2. Let p = 1/2 and define I(u) = (£ — 2ul®3 ¢ + 2ul®3). Then, for any
a >0, we have

—a?
P(| Lo,y 1) — Llpoysrioy| = al!/?) < deme /100 (D.4)

for all U large enough. Furthermore,
(a+BK?)?

P(max L0100 = Libo)10) = Bul'? > al!?) < Cem rer (D.5)

for a constant C and for all B >0 and o > —BK? and { large enough.

Proof. The process K — Y := Lﬁ),o)—ﬂ(K) — L%O)_ﬂ(o) is a martingale [7] given by a
sum of i.i.d. zero mean random variables Z; —2, with Z; ~ Exp(1/2). By the exponential
Chebyshev inequality,

P(|Yi| > al3) < P(Yi > al'?) + P(=Yx > al'/?)

<inf e—taﬁl/?’E(et(Zl—Q))2K€2/3 + inf e—t/aﬁl/S]E(e—t’(Zl—Q))2K€2/3 (D.6)
= 0 >0 )

Using E(e!%72)) = £
minimization we obtain

P(|Yi| > al'/?) < 2e70"/ASKII+OE@KTMTN < yoma® /(16K) (D.7)

_for t € (0,1/2) and E(e ¥ (71-2) = for all ¢ > 0, after the

1+2t’

for all ¢ large enough.
For the second estimate, from the inequality

P(max Lyo)s1a) — Loy — BuC > > al'l?)
B 2,2\ 1/3
< Z I( Kfr??(xmﬂ)] Lio.0)=r(w) — L(o 0-1(x) = (0 + BEK™m”)077) (D.8)
m>1 :
< t(at+BK2m?)e1/3 t(Z1—2)\ 2K me?/3
< Z glg e E(e ) :
m>1
Maximising over t and taking the sum we finally ge@
B 2)1/3 1/3 _lotpK2)?
P(lgl;l}){( L(O 0)—I(u) — L(O,O)HI(*K) — /B'LL 14 Z ol ) S Ce 16K (Dg)
for a constant C' and for all 8 > 0 and o > —3K? and ¢ large enough. O
19To be precise, for ¢ > 0 small, one can bound P(L5 (0.0 I(w) — (BO,O)—>I(K) > (a+ BK?u?)0M/3) for
all u > eK¢'/3 using (.8) and for m € {1,...,e¢"/3} we can minimize over ¢ and compute the series

expansion in the exponent for large /.
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E Bounds for point-to-half line LPP
Proposition E.1. Let I(u) = (TN, 7N) + u(2N)?3(1,—1). Then,

]P’( max Lyt > 41— 7)N + 24/3(5 _ fyMQ)Nl/?’) < Clp—eM2(1-7)=4/3 ~as(1-7)=1/2

|u|>M
(E.1)
for some constants C,c,¢ > 0, which can be taken uniform in N and uniform for v in
a compact subset of (0,1/(1 —1)).

Proof. By symmetry, it is enough to get the bound on the distribution of
maXy<—n Li)—(n,n)- By first shifting 7(—M) to the origin, and then using the mapping
between LPP and TASEP, the distribution function is the same as the distribution of
TASEP particle number n = t/4 + 7(t/2)%? at time t = 4(1 — )N + 243 N/3(s —yM?),
starting at x(0) = —2k, k > 0.

From Proposition 3 of [I2] we have an explicit expression in terms of Fredholm
determinant. The upper tail estimate is standard. Using Hadamard’s bound it is enough
to have a bound on the correlation kernel. In Section 4 of [I2] exponential decay of the
rescaled correlation kernel has been proven. Then, simple algebraic computations give
the claimed result. O
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