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Effect of activity on target search with resetting in thermal environment

Introduction

Stochastic resetting is a renewal process where the dynamics of a system is interrupted at random  
times and reset to a predetermined configuration.
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Figure 1. Schematic of local time of di↵usion with stochastic resetting. Local time
Tloc is a collection of all time segments in the trajectory (as shown in the plot) spent
by the particle in the domain 2✏ around xR upto the first passage time tf .

The first boundary condition is easy to understand since the particle will be absorbed

momentarily if it starts from the origin. This means that the first-passage time tf ! 0

(hence the integral V =
´ tf
0 d⌧ Z[x(⌧)] ! 0) and from Eq. (5) one derives Eq. (10).

Let us now look at the second boundary condition. Although the particle is initially at

x0 ! 1, the next resetting event can bring it to the finite location xR within a finite

time window. Therefore, the first-passage time tf is typically finite for any non-zero and

finite value of r. Based on this intuition, we expect the functional V to remain finite.

This results in the boundary condition in Eq. (11).

So, given a functional Z(x), the scheme would be to first solve the backward

equation Eq. (9) with the appropriate boundary conditions mentioned above to obtain

Q(p, x0) explicitly and then invert the Laplace transform in Eq. (5) to get the desired

PDF PR(V, x0) of the first-passage functional. In the following sections, we discuss

various choices of Z(x) as mentioned in Sec. 1 and illustrate the consequences of

resetting.

3. Local time

The local time density spent by the particle at position x` upto the first-passage time

tf is given by

Tloc(x`) =

ˆ tf

0

d⌧ �[x(⌧)� x`] . (12)
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x(t+ dt) = xR prob. rdt

= x(t) + ⇠(t)dt prob. (1� rdt)
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viously studied in [18] in the case of site independent
transition rates. There, however, it was assumed that the
protein equilibrates with DNA segments far from the target
site. As we show below, this assumption can fail.

Nondisordered case.—To gain an understanding of the
difference between the two time scales ttypnp and tav=np we

first consider np ¼ 1 in a simplified model where !i
r and !

i
s

are independent of i except at the target site T where
!T
r ¼ 1 and !T

s ¼ 0. The disorder of the DNA sequence
is neglected and the target is designed such that a reaction
takes place at the first visit of the target site. These as-
sumptions will be relaxed later. As stated above, we are
interested in the probability RðtÞ ¼ R

t
0 Pðt0Þdt0 that a re-

action occurs before time t, where PðtÞ is the distribution of
the first-passage time (FPT) [21] to the target (we drop the
subscript when np ¼ 1).

The Laplace transform, ~PðsÞ ¼ R1
0 e$stPðtÞdt, of PðtÞ,

can be obtained exactly. Consider the joint probability
density for a protein to find the target at time t ¼ ts þ tr
starting from a location x0 at t ¼ 0 before unbinding from
DNA. Here ts is the total time spent in the s state and tr is
the total time spent in the r state. If exactly n transitions
occurred from the s state to the r state, this is given by

Pnðts; trjx0Þ ¼ !sP ðn$ 1;!s; trÞP ðn;!r; tsÞjðtsjx0Þe$!uts ;

(1)

where P ðn;"; tÞ ¼ ð"tÞne$"t=n! is the Poisson distribu-
tion [with the convention P ð$1;"; tÞ & #ðtÞ="], and
jðtjx0Þ is the FPT density at the target x ¼ 0 for a usual
random walk starting from x0 [22]. The FPT density before
unbinding starting from x0 then reads:

Jðtjx0Þ¼
X1

n¼0

Z 1

0

Z 1

0
dtsdtr#ðtsþ tr$ tÞPnðts;trjx0Þ: (2)

After Laplace transform and using ~P ðn;"; sÞ ¼ "n=ðsþ
"Þnþ1, we find ~Jðsjx0Þ ¼ ~jðuðsÞjx0Þ with uðsÞ ¼

sðsþ!rþ!sþ!uÞþ!s!u

sþ!s
. Averaging over x0 and following

[6,23], we then obtain

~PðsÞ ¼ ~jðuðsÞÞ
!
1$ !b!u

sþ !b

1$ ~jðuðsÞÞ
uðsÞ

"$1
; (3)

where ~jðsÞ & h~jðsjxÞix ' 1
N

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1þ e$s=!0Þ=ð1$ e$s=!0Þ

q
for

large N [22].
An analysis of the pole structure of Eq. (3) shows that in

the regime !s ( !r ( !u;!b;!0 (with !u, !b, !0 of
comparable order) the reaction probability simplifies to

R ðtÞ ’ 1$ qe$t=$1 $ ð1$ qÞe$t=$2 ; (4)

with q ¼ ½1þ !r=ð!u%=NÞ*$1, % ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cothð!u=2!0Þ

p
, $1 ¼

ð!b þ !uÞ=½!bð!r þ %!u=NÞ* and $2 ¼ ð!r þ
%!u=NÞ=ð!s%!u=NÞ. The short time scale $1 characterizes
searches where the protein never enters the r state and is
therefore independent of the binding energy Er (and hence
of !s). The time scale $2 characterizes searches where the
protein enters the r state, and is therefore much larger than
$1 in the case of strong binding (!s small). In turn, q is the
probability of an event where the target is found without
falling into the trap.
Expression (4) enables an explicit determination of

tave ¼ q$1 þ ð1$ qÞ$2 and ttyp, which can be defined,
for example, through

Z 1

0
e$t=ttypPðtÞdt ¼ ~Pð1=ttypÞ ¼ 1=2: (5)

We stress that experimentally the relevant time, where
almost all search processes end, is ttyp and not tav. In the
regime !r + !u%=N, one has ttyp ’ tav ’ $2. A difference
between ttyp and tav emerges as !r is decreased, and in the
limit !r ( !u%=N we find that ttyp ’ $1=ð2q$ 1Þ (with
q ’ 1) is independent of !s. This shows that for DNA
lengths N , !u%=!r the typical search time is signifi-
cantly smaller than the average even in the presence of
deep traps (!s small). This is a direct result of the two time
scales, $1 and $2.
The results, compared with numerics which were per-

formed using a standard continuous time Gillespie algo-
rithm, are shown in Fig. 2. We use realistic ranges of
parameters (from available experimental data summarized
in [24]) which are specified in the caption. We assume the
barrier height for different DNA sequences to be of the
same order of magnitude as the experimentally measured
binding energies [13]. This conforms well with measure-
ments of transition rates of about 0:1 s$1 for a papilloma-
virus E2 protein-DNA complex, which gives barriers of the
order of 20–30kBT [14]. It is found that RðtÞ reaches a
plateau close to 1 on a typical time scale ttyp which, for
N ¼ 106, is much shorter than tav.
This interesting regime where ttyp ( tav requires a

rather large barrier between the s and r state in the case
of long DNA molecules (namely, !r , !u%=N). Although
this condition may not hold for all proteins, we now argue
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FIG. 1 (color online). An illustration of the model. (a) A time
sequence of a protein sliding in the s mode [light gray (green)
circle], diffusing off the DNA [dark gray (blue) circle], and
entering the target site in the r mode (red oval). (b) A protein
finding the target after entering the r state. (c) An illustration of
the rates and the energy landscape which governs them at each
location, i ¼ 1; . . . ; N, along the DNA. Here !i

r / e$ðEi
b$Ei

sÞ=kBT ,
!i
s / e$ðEi

b$Ei
rÞ=kBT , and !u / e$Ei

s=kBT , while !b depends on
details of the three-dimensional diffusion process.
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<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

<latexit sha1_base64="srT6cDumAthD6jQZvl+18Gg3Qto=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2BpqRTrjEjVRaHgxmUFe4FOKZk004ZmLiRnpKX0Mdz4Km5cKOK2O9/G9IJo9YfAx3/O4eT8biS4Asv6NBIrq2vrG8nN1Nb2zu6euX9QU2EsKavSUISy4RLFBA9YFTgI1ogkI74rWN3t30zr9QcmFQ+DexhGrOWTbsA9Tgloq22eZZxOCHhQchTv+iQHJ9jLOwOuIfVtZUt523FwtnRqt820VbBmwn/BXkAaLVRpmxO9gMY+C4AKolTTtiJojYgETgUbp5xYsYjQPumypsaA+Ey1RrPDxjijnQ72QqlfAHjm/pwYEV+poe/qTp9ATy3XpuZ/tWYM3lVrxIMoBhbQ+SIvFhhCPE0Jd7hkFMRQA6GS679i2iOSUNBZpnQI9vLJf6F2XrCLheLdRbp8vYgjiY7QMcohG12iMrpFFVRFFD2iZ/SK3own48V4Nz7mrQljMXOIfsmYfAEOzJyZ</latexit>

�(t) = +1

= �1

Telegraphic 
Noise

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

<latexit sha1_base64="4boZ8ugYBfGVw/pdQYcYFw87xms="></latexit>

h⇠(t)⇠(t0)i = 2D�(t� t0)

3/9

<latexit sha1_base64="xCPU6GsDdnyjK1vd+60tT2p87vA="></latexit>

�f
<latexit sha1_base64="dT1flEVblrkfiGHapbwT+oZs224="></latexit>

+f



Effect of activity on target search with resetting in thermal environment

Langevin dynamics of 1D Run and Tumble particle:

X

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

Stochastic Resetting of RTP in thermal bath

0

Target / 
Absorbing  
Boundary

Resetting Mechanism: Instantaneous resetting with rate rR

<latexit sha1_base64="rAbc4Nm2DrZtriF9ZLv/F0dIy0U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoicJePEYH3lAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHlTvvleuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOqdVy/uziu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4ANfSNvw==</latexit>

Position reset to <latexit sha1_base64="4rNuemwP63zqhHwAzkELxm35ldY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqXorePFYxX5Iu5Rsmm1Dk+ySZMWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Hrqtx+p0iyS92YSU1/goWQhI9hY6eGpn/aUQHdZv1xxq+4MaJl4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOE0K/USTWNMxnhIu5ZKLKj209nBGTqxygCFkbIlDZqpvydSLLSeiMB2CmxGetGbiv953cSEl37KZJwYKsl8UZhwZCI0/R4NmKLE8IklmChmb0VkhBUmxmZUsiF4iy8vk9ZZ1atVa7fnlfpVHkcRjuAYTsGDC6jDDTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH6+AkFI=</latexit>xR

Direction flip with probability     ⌘

<latexit sha1_base64="5OH5Yik+VWjMdJ4a0VOPKM2jT54=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1m/erisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5Awt6jkA=</latexit>

If                     at any instant of time t, the position update in the next instant

Resetting in one dimensional Run and Tumble particle

We consider a stochastic resetting process for a one

dimensional run and tumble particle (RTP) in a thermal

environment. The particle undergoes free di↵usion (with

di↵usion constant D) starting from an initial position x0

and its dynamics is described by the following Langevin

equation

ẋ = f�(t) + ⇠(t). (1)

�(t) represents its instantaneous direction of motion

governed by the telegraphic or dichotomous noise and

switches between ±1 with rate rF. At a random time

determined by the rate rR, the position of the RTP is

reset instantaneously to xR > 0 and at the same time

the direction of the particle is changed with probability

⌘.

The goal is to study the behaviour of the first passage

time tF to the origin of RTP under instantaneous stochas-

tic resetting process.

Let’s consider that at any instant of time t, the posi-

tion of the RTP is x(t) while the direction is given by

�(t) = +1. Motion of the RTP in microscopic time step

�t can be updated in the following way

x(t + �t) =

8
>><

>>:

xR & f ! �f, with prob. rR⌘�t
xR & f ! f, with prob. rR(1 � ⌘)�t
x(t) + f�t + ⇠(t)�t, with prob. (1 � rR�t)(1 � rF�t)
x(t) � f�t + ⇠(t)�t, with prob. (1 � rR�t)rF�t .

(2)

We now define the moment generating function of the

first passage time t±F conditioned on the fact that the

RTP starts from the initial direction corresponding to

�(t = 0) = ±1:

Q±(p|x0) =

Z 1

0
dt±F e�pt±F P±(t±F |x0) ⌘ he�pt±F i. (3)

We divide the process - that starts from x0 - with dura-

tion t+F into the initial infinitesimal part with duration

�t and the remaining part with duration t+F � �t.

Q+(p|x0) = e�p�the�p(t+F ��t)i

= e�p�t

⌧
Q+(p|xR)rR(1 � ⌘)�t + Q�(p|xR)rR⌘�t

�

+ e�p�t

⌧
Q+(p|x0

0)(1 � rR�t)(1 � rF�t) + Q�(p|x0
0)(1 � rR�t)rF�t

�

' (1 � p�t)

⌧
Q+(p|xR)rR(1 � ⌘)�t + Q�(p|xR)rR⌘�t

�

+ (1 � p�t)

⌧
Q+(p|x0 + f�t + ⇠(t)�t)(1 � rR�t � rF�t) + Q�(p|x0 � f�t + ⇠(t)�t)rF�t

�

' rR[(1 � ⌘)Q+(p|xR) + ⌘Q�(p|xR)]�t + [1 � (p + rR + rF)�t]


Q+(p|x0) + f�t@x0Q+(p|x0) + D@2

x0
Q+(p|x0)�t

�

+ rF�t


Q�(p|x0) � f�t@x0Q�(p|x0) + D@2

x0
Q�(p|x0)�t

�

' rR[(1 � ⌘)Q+(p|xR) + ⌘Q�(p|xR)]�t +


Q+(p|x0) + f�t@x0Q+(p|x0) + D@2

x0
Q+(p|x0)�t

�

� (p + rR + rF)�tQ+(p|x0) + rF�tQ�(p|x0) (4)

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

<latexit sha1_base64="srT6cDumAthD6jQZvl+18Gg3Qto=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2BpqRTrjEjVRaHgxmUFe4FOKZk004ZmLiRnpKX0Mdz4Km5cKOK2O9/G9IJo9YfAx3/O4eT8biS4Asv6NBIrq2vrG8nN1Nb2zu6euX9QU2EsKavSUISy4RLFBA9YFTgI1ogkI74rWN3t30zr9QcmFQ+DexhGrOWTbsA9Tgloq22eZZxOCHhQchTv+iQHJ9jLOwOuIfVtZUt523FwtnRqt820VbBmwn/BXkAaLVRpmxO9gMY+C4AKolTTtiJojYgETgUbp5xYsYjQPumypsaA+Ey1RrPDxjijnQ72QqlfAHjm/pwYEV+poe/qTp9ATy3XpuZ/tWYM3lVrxIMoBhbQ+SIvFhhCPE0Jd7hkFMRQA6GS679i2iOSUNBZpnQI9vLJf6F2XrCLheLdRbp8vYgjiY7QMcohG12iMrpFFVRFFD2iZ/SK3own48V4Nz7mrQljMXOIfsmYfAEOzJyZ</latexit>

�(t) = +1

= �1

<latexit sha1_base64="srT6cDumAthD6jQZvl+18Gg3Qto=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2BpqRTrjEjVRaHgxmUFe4FOKZk004ZmLiRnpKX0Mdz4Km5cKOK2O9/G9IJo9YfAx3/O4eT8biS4Asv6NBIrq2vrG8nN1Nb2zu6euX9QU2EsKavSUISy4RLFBA9YFTgI1ogkI74rWN3t30zr9QcmFQ+DexhGrOWTbsA9Tgloq22eZZxOCHhQchTv+iQHJ9jLOwOuIfVtZUt523FwtnRqt820VbBmwn/BXkAaLVRpmxO9gMY+C4AKolTTtiJojYgETgUbp5xYsYjQPumypsaA+Ey1RrPDxjijnQ72QqlfAHjm/pwYEV+poe/qTp9ATy3XpuZ/tWYM3lVrxIMoBhbQ+SIvFhhCPE0Jd7hkFMRQA6GS679i2iOSUNBZpnQI9vLJf6F2XrCLheLdRbp8vYgjiY7QMcohG12iMrpFFVRFFD2iZ/SK3own48V4Nz7mrQljMXOIfsmYfAEOzJyZ</latexit>

�(t) = +1

= �1

Telegraphic 
Noise

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

<latexit sha1_base64="4boZ8ugYBfGVw/pdQYcYFw87xms="></latexit>

h⇠(t)⇠(t0)i = 2D�(t� t0)

3/9

<latexit sha1_base64="xCPU6GsDdnyjK1vd+60tT2p87vA="></latexit>

�f
<latexit sha1_base64="dT1flEVblrkfiGHapbwT+oZs224="></latexit>

+f



Effect of activity on target search with resetting in thermal environment

Langevin dynamics of 1D Run and Tumble particle:

X

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

Stochastic Resetting of RTP in thermal bath

0

Target / 
Absorbing  
Boundary

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

Aim: Calculation of the mean First Passage Time

<latexit sha1_base64="srT6cDumAthD6jQZvl+18Gg3Qto=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2BpqRTrjEjVRaHgxmUFe4FOKZk004ZmLiRnpKX0Mdz4Km5cKOK2O9/G9IJo9YfAx3/O4eT8biS4Asv6NBIrq2vrG8nN1Nb2zu6euX9QU2EsKavSUISy4RLFBA9YFTgI1ogkI74rWN3t30zr9QcmFQ+DexhGrOWTbsA9Tgloq22eZZxOCHhQchTv+iQHJ9jLOwOuIfVtZUt523FwtnRqt820VbBmwn/BXkAaLVRpmxO9gMY+C4AKolTTtiJojYgETgUbp5xYsYjQPumypsaA+Ey1RrPDxjijnQ72QqlfAHjm/pwYEV+poe/qTp9ATy3XpuZ/tWYM3lVrxIMoBhbQ+SIvFhhCPE0Jd7hkFMRQA6GS679i2iOSUNBZpnQI9vLJf6F2XrCLheLdRbp8vYgjiY7QMcohG12iMrpFFVRFFD2iZ/SK3own48V4Nz7mrQljMXOIfsmYfAEOzJyZ</latexit>

�(t) = +1

= �1

Telegraphic 
Noise

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

<latexit sha1_base64="4boZ8ugYBfGVw/pdQYcYFw87xms="></latexit>

h⇠(t)⇠(t0)i = 2D�(t� t0)

4/9

<latexit sha1_base64="xCPU6GsDdnyjK1vd+60tT2p87vA="></latexit>

�f
<latexit sha1_base64="dT1flEVblrkfiGHapbwT+oZs224="></latexit>

+f



Effect of activity on target search with resetting in thermal environment

Langevin dynamics of 1D Run and Tumble particle:

X

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

Stochastic Resetting of RTP in thermal bath

0

Target / 
Absorbing  
Boundary

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

Aim: Calculation of the mean First Passage Time

Mean First Passage time will depend on the initial direction of the active speed

<latexit sha1_base64="st2oEFjA3RH2dqmW9YlVomVPZmY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVafVW8OKxgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gobm1vbO8Xd0t7+weFR+fikbZJUE9oiCU90N8KGciZpyzLLaVdpikXEaSea3M39zhPVhiXy0U4VDQUeSRYzgq2TOmqQ9ZWYDcoVv+ovgNZJkJMK5GgOyl/9YUJSQaUlHBvTC3xlwwxrywins1I/NVRhMsEj2nNUYkFNmC3OnaELpwxRnGhX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfBNmTKrUUkmWi+KUI5ug+e9oyDQllk8dwUQzdysiY6wxsS6hkgshWH15nbSvqkGtWnu4rjRu8ziKcAbncAkB1KEB99CEFhCYwDO8wpunvBfv3ftYtha8fOYU/sD7/AGjv4/C</latexit>p± Probabilities that 
<latexit sha1_base64="DU4afg/oVk5HKlAHrpb4RPxD9fY=">AAACFnicbZDLSgMxFIYz9VbrrerSTbBUWsQyI1J1USi4cVnBXqBTSibNtKHJzJCckZbSp3Djq7hxoYhbcefbmF4Erf4Q+PjPOUnO70WCa7DtTyuxtLyyupZcT21sbm3vpHf3ajqMFWVVGopQNTyimeABqwIHwRqRYkR6gtW9/tWkXr9jSvMwuIVhxFqSdAPuc0rAWO30SdbthIAHJVfzriQ5yGP/2B1wA6lvq2Tnj0puJLHTTmfsgj0V/gvOHDJorko7/WGup7FkAVBBtG46dgStEVHAqWDjlBtrFhHaJ13WNBgQyXRrNF1rjLPG6WA/VOYEgKfuz4kRkVoPpWc6JYGeXqxNzP9qzRj8i9aIB1EMLKCzh/xYYAjxJCPc4YpREEMDhCpu/oppjyhCwSSZMiE4iyv/hdppwSkWijdnmfLlPI4kOkCHKIccdI7K6BpVUBVRdI8e0TN6sR6sJ+vVepu1Jqz5zD76Jev9C6zWnIc=</latexit>

�(t = 0) = ±1

<latexit sha1_base64="srT6cDumAthD6jQZvl+18Gg3Qto=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2BpqRTrjEjVRaHgxmUFe4FOKZk004ZmLiRnpKX0Mdz4Km5cKOK2O9/G9IJo9YfAx3/O4eT8biS4Asv6NBIrq2vrG8nN1Nb2zu6euX9QU2EsKavSUISy4RLFBA9YFTgI1ogkI74rWN3t30zr9QcmFQ+DexhGrOWTbsA9Tgloq22eZZxOCHhQchTv+iQHJ9jLOwOuIfVtZUt523FwtnRqt820VbBmwn/BXkAaLVRpmxO9gMY+C4AKolTTtiJojYgETgUbp5xYsYjQPumypsaA+Ey1RrPDxjijnQ72QqlfAHjm/pwYEV+poe/qTp9ATy3XpuZ/tWYM3lVrxIMoBhbQ+SIvFhhCPE0Jd7hkFMRQA6GS679i2iOSUNBZpnQI9vLJf6F2XrCLheLdRbp8vYgjiY7QMcohG12iMrpFFVRFFD2iZ/SK3own48V4Nz7mrQljMXOIfsmYfAEOzJyZ</latexit>

�(t) = +1

= �1

Telegraphic 
Noise

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

<latexit sha1_base64="4boZ8ugYBfGVw/pdQYcYFw87xms="></latexit>

h⇠(t)⇠(t0)i = 2D�(t� t0)

4/9

<latexit sha1_base64="xCPU6GsDdnyjK1vd+60tT2p87vA="></latexit>

�f
<latexit sha1_base64="dT1flEVblrkfiGHapbwT+oZs224="></latexit>

+f



Effect of activity on target search with resetting in thermal environment

Langevin dynamics of 1D Run and Tumble particle:

X

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

Stochastic Resetting of RTP in thermal bath

0

Target / 
Absorbing  
Boundary

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

Aim: Calculation of the mean First Passage Time

Mean First Passage time will depend on the initial direction of the active speed

<latexit sha1_base64="st2oEFjA3RH2dqmW9YlVomVPZmY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVafVW8OKxgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gobm1vbO8Xd0t7+weFR+fikbZJUE9oiCU90N8KGciZpyzLLaVdpikXEaSea3M39zhPVhiXy0U4VDQUeSRYzgq2TOmqQ9ZWYDcoVv+ovgNZJkJMK5GgOyl/9YUJSQaUlHBvTC3xlwwxrywins1I/NVRhMsEj2nNUYkFNmC3OnaELpwxRnGhX0qKF+nsiw8KYqYhcp8B2bFa9ufif10ttfBNmTKrUUkmWi+KUI5ug+e9oyDQllk8dwUQzdysiY6wxsS6hkgshWH15nbSvqkGtWnu4rjRu8ziKcAbncAkB1KEB99CEFhCYwDO8wpunvBfv3ftYtha8fOYU/sD7/AGjv4/C</latexit>p± Probabilities that 
<latexit sha1_base64="DU4afg/oVk5HKlAHrpb4RPxD9fY=">AAACFnicbZDLSgMxFIYz9VbrrerSTbBUWsQyI1J1USi4cVnBXqBTSibNtKHJzJCckZbSp3Djq7hxoYhbcefbmF4Erf4Q+PjPOUnO70WCa7DtTyuxtLyyupZcT21sbm3vpHf3ajqMFWVVGopQNTyimeABqwIHwRqRYkR6gtW9/tWkXr9jSvMwuIVhxFqSdAPuc0rAWO30SdbthIAHJVfzriQ5yGP/2B1wA6lvq2Tnj0puJLHTTmfsgj0V/gvOHDJorko7/WGup7FkAVBBtG46dgStEVHAqWDjlBtrFhHaJ13WNBgQyXRrNF1rjLPG6WA/VOYEgKfuz4kRkVoPpWc6JYGeXqxNzP9qzRj8i9aIB1EMLKCzh/xYYAjxJCPc4YpREEMDhCpu/oppjyhCwSSZMiE4iyv/hdppwSkWijdnmfLlPI4kOkCHKIccdI7K6BpVUBVRdI8e0TN6sR6sJ+vVepu1Jqz5zD76Jev9C6zWnIc=</latexit>

�(t = 0) = ±1
<latexit sha1_base64="63GnpzuD144qEz39CcwtBlfr6XQ="></latexit>

ht±F i Conditional Mean First Passage Time

Unconditional Mean First Passage Time:
<latexit sha1_base64="iFjGtz31VREjNvyZ55emYCs2Lfw="></latexit>

htFi = p+ht+F i+ p�ht�F i

<latexit sha1_base64="srT6cDumAthD6jQZvl+18Gg3Qto=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2BpqRTrjEjVRaHgxmUFe4FOKZk004ZmLiRnpKX0Mdz4Km5cKOK2O9/G9IJo9YfAx3/O4eT8biS4Asv6NBIrq2vrG8nN1Nb2zu6euX9QU2EsKavSUISy4RLFBA9YFTgI1ogkI74rWN3t30zr9QcmFQ+DexhGrOWTbsA9Tgloq22eZZxOCHhQchTv+iQHJ9jLOwOuIfVtZUt523FwtnRqt820VbBmwn/BXkAaLVRpmxO9gMY+C4AKolTTtiJojYgETgUbp5xYsYjQPumypsaA+Ey1RrPDxjijnQ72QqlfAHjm/pwYEV+poe/qTp9ATy3XpuZ/tWYM3lVrxIMoBhbQ+SIvFhhCPE0Jd7hkFMRQA6GS679i2iOSUNBZpnQI9vLJf6F2XrCLheLdRbp8vYgjiY7QMcohG12iMrpFFVRFFD2iZ/SK3own48V4Nz7mrQljMXOIfsmYfAEOzJyZ</latexit>

�(t) = +1

= �1

Telegraphic 
Noise

ẋ = �f + ⇠

rF

<latexit sha1_base64="r9mdZknzOOKY/kNPvwvy4qyFuoU=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEsSRS0Y1SEMRlBfuAJoTJdNIOnUzCzEQaQv0VNy4UceuHuPNvnLZZaOuBC4dz7p259wQJo1LZ9rextLyyurZe2jA3t7Z3dq29/ZaMU4FJE8csFp0AScIoJ01FFSOdRBAUBYy0g+HNxG8/EiFpzB9UlhAvQn1OQ4qR0pJvld1erODo6jQ8cUfUdU3h3/pWxa7aU8BF4hSkAgo0fOtLv4LTiHCFGZKy69iJ8nIkFMWMjE03lSRBeIj6pKspRxGRXj5dfgyPtNKDYSx0cQWn6u+JHEVSZlGgOyOkBnLem4j/ed1UhZdeTnmSKsLx7KMwZVDFcJIE7FFBsGKZJggLqneFeIAEwkrnZeoQnPmTF0nrrOrUquf3tUr9uoijBA7AITgGDrgAdXAHGqAJMMjAM3gFb8aT8WK8Gx+z1iWjmCmDPzA+fwAJUJO5</latexit>

<latexit sha1_base64="4boZ8ugYBfGVw/pdQYcYFw87xms="></latexit>

h⇠(t)⇠(t0)i = 2D�(t� t0)

Is active motion beneficial for target search with resetting in a thermal environment?, P. S. Pal, J. M. Park, A. Pal, H.Park and J. S. Lee, arXiv: 2407.03762

<latexit sha1_base64="qZAORiAZ1c1ugqNzjeWyuinX67A="></latexit>

p± = 1/2 Unbiased RTP

4/9

<latexit sha1_base64="xCPU6GsDdnyjK1vd+60tT2p87vA="></latexit>

�f
<latexit sha1_base64="dT1flEVblrkfiGHapbwT+oZs224="></latexit>

+f



Effect of activity on target search with resetting in thermal environment

Results: Unconditional Mean First Passage Time

Is active motion beneficial for target search with resetting in a thermal environment?, 
P. S. Pal, J. M. Park, A. Pal, H.Park and J. S. Lee, arXiv: 2407.03762

Stochastic Resetting with 
Overdamped Brownian particle

PRL 106, 160601 (2011) 

<latexit sha1_base64="o88fKc6JZ4teSm+HQ0/soe+BGLY="></latexit>

ẋ = ⇠(t)

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUa Zax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="Mfr+gCrmGdGDNzhLcTZxHGO6MwQ="></latexit>

f = 0

<latexit sha1_base64="OGDk0ViuytSKqcByZFowj7MaZgw="></latexit>

htFi ! htf=0
F i = 1

rR

⇣
exR

p
rR/D � 1

⌘
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Effect of activity on target search with resetting in thermal environment
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rR

<
t>

D=0.5, xR=1

<tOBP>

rF=0.1,f=1 (Numerics)

● rF=0.1,f=1 (Simulation)

rF=0.1,f=0.7 (Numerics)

■ rF=0.1,f=0.7 (Simulation)

rF=0.1,f=0.5 (Numerics)

◆ rF=0.1,f=0.5 (Simulation)

rF=1,f=0.5 (Numerics)

◆ rF=1,f=0.5 (Simulation)

rF=1,f=0.7 (Numerics)

■ rF=1,f=0.7 (Simulation)

rF=1,f=1 (Numerics)

● rF=1,f=1 (Simulation)

<latexit sha1_base64="j7SDXONabNxmw6Ds0NDIqymiclk=">AAACFXicbZDLSgMxFIYz9VbH26hLN8FScFGGGfG2KRQFcVnBXqBTSibNtKFJZkgyQhn6Em58FTcuFHEruPNtTC+Ctv4Q+PnOOZycP0wYVdrzvqzc0vLK6lp+3d7Y3NrecXb36ipOJSY1HLNYNkOkCKOC1DTVjDQTSRAPGWmEg6txvXFPpKKxuNPDhLQ56gkaUYy0QR2nVAwYEj1GoO5kgeTwehTICbDlDyh7rl+CUdnvOAXP9SaCi8afmQKYqdpxPoNujFNOhMYMKdXyvUS3MyQ1xYyM7CBVJEF4gHqkZaxAnKh2NrlqBIuGdGEUS/OEhhP6eyJDXKkhD00nR7qv5mtj+F+tleroop1RkaSaCDxdFKUM6hiOI4JdKgnWbGgMwpKav0LcRxJhbYK0TQj+/MmLpn7s+mfu6e1JoXI5iyMPDsAhOAI+OAcVcAOqoAYweABP4AW8Wo/Ws/VmvU9bc9ZsZh/8kfXxDYchnSI=</latexit>

rF = 0.1, f = 1

<latexit sha1_base64="h9AiApr9xv8CAPRiWvdHkAqdzNc=">AAACF3icbZBNS8MwGMdTX2d9q3r0EhwDD1JaUedFGAricYJ7gbWUNEu3sDQtSSqMsm/hxa/ixYMiXvXmtzHbKujmAyF/fv/nIXn+YcqoVI7zZSwsLi2vrJbWzPWNza1ta2e3KZNMYNLACUtEO0SSMMpJQ1HFSDsVBMUhI61wcDX2W/dESJrwOzVMiR+jHqcRxUhpFFh2xWOI9xiBKsg9EcPrkScmwBQ/4MKx3SMY6asaWGXHdiYF54VbiDIoqh5Yn143wVlMuMIMSdlxnVT5ORKKYkZGppdJkiI8QD3S0ZKjmEg/n+w1ghVNujBKhD5cwQn9PZGjWMphHOrOGKm+nPXG8D+vk6no3M8pTzNFOJ4+FGUMqgSOQ4JdKghWbKgFwoLqv0LcRwJhpaM0dQju7Mrzonlsu2f26e1JuXZZxFEC++AAHAIXVEEN3IA6aAAMHsATeAGvxqPxbLwZ79PWBaOY2QN/yvj4BocKnZo=</latexit>

rF = 0.1, f = 0.7

<latexit sha1_base64="jc731mTP9PuMtBcVM3304wSvzIE=">AAACF3icbZBNS8MwGMdTX2d9q3r0EhwDD1JacepFGAricYJ7gbWUNEu3sDQtSSqMsm/hxa/ixYMiXvXmtzHbKujmAyF/fv/nIXn+YcqoVI7zZSwsLi2vrJbWzPWNza1ta2e3KZNMYNLACUtEO0SSMMpJQ1HFSDsVBMUhI61wcDX2W/dESJrwOzVMiR+jHqcRxUhpFFh2xWOI9xiBKsg9EcPrkScmwBQ/4MKx3SMY6asaWGXHdiYF54VbiDIoqh5Yn143wVlMuMIMSdlxnVT5ORKKYkZGppdJkiI8QD3S0ZKjmEg/n+w1ghVNujBKhD5cwQn9PZGjWMphHOrOGKm+nPXG8D+vk6no3M8pTzNFOJ4+FGUMqgSOQ4JdKghWbKgFwoLqv0LcRwJhpaM0dQju7Mrzonlsu6d29fakXLss4iiBfXAADoELzkAN3IA6aAAMHsATeAGvxqPxbLwZ79PWBaOY2QN/yvj4BoQCnZg=</latexit>

rF = 0.1, f = 0.5
<latexit sha1_base64="6XQ/VES4jRzoJatLXH8Ij9y85fM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSwFF6UkYtVNoSiIywr2Ak0Ik+mkHTqZhJmJUEJfwo2v4saFIm4Fd76N0zSCtv4w8POdczhzfj9mVCrL+jKWlldW19YLG8XNre2dXXNvvy2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q1rXfuiZA04ndqHBM3RANOA4qR0sgzK2WHIT5gBCovdUQIryeOyEBR/IC6XYFB3arWPLNkVa1McNHYuSmBXE3P/HT6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPW05Col00+yqCSxr0odBJPTjCmb090SKQinHoa87Q6SGcr42hf/VeokKLtyU8jhRhOPZoiBhUEVwGhHsU0GwYmNtEBZU/xXiIRIIKx1kUYdgz5+8aNonVfusWrs9LTUu8zgK4BAcgWNgg3PQADegCVoAgwfwBF7Aq/FoPBtvxvusdcnIZw7AHxkf342bnSY=</latexit>

rF = 1, f = 0.5

<latexit sha1_base64="Ll+jJae1m8i9r3mdwu5OErCetUE=">AAACFXicbZDLSsNAFIYnXmu9RV26GSwFF6UkotZNoSiIywr2Ak0Ik+mkHTqZhJmJUEJfwo2v4saFIm4Fd76N0zSCtv4w8POdczhzfj9mVCrL+jKWlldW19YLG8XNre2dXXNvvy2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q1rXfuiZA04ndqHBM3RANOA4qR0sgzK2WHIT5gBCovdUQIryeOyEBR/IC6XYFB3arWPLNkVa1McNHYuSmBXE3P/HT6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPW05Col00+yqCSxr0odBJPTjCmb090SKQinHoa87Q6SGcr42hf/VeokKLtyU8jhRhOPZoiBhUEVwGhHsU0GwYmNtEBZU/xXiIRIIKx1kUYdgz5+8aNonVfu8enZ7Wmpc5nEUwCE4AsfABjXQADegCVoAgwfwBF7Aq/FoPBtvxvusdcnIZw7AHxkf35CjnSg=</latexit>

rF = 1, f = 0.7

<latexit sha1_base64="ixROf6c3THzKq9eRh9a4xoErSFg=">AAACE3icbZDLSsNAFIYn9VbrLerSzWApiEhJxNumUBTEZQV7gSaEyXTSDp1MwsxEKKHv4MZXceNCEbdu3Pk2TtMI2vrDwM93zuHM+f2YUaks68soLCwuLa8UV0tr6xubW+b2TktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vBqUm/fEyFpxO/UKCZuiPqcBhQjpZFnHlYchnifEai81BEhvB47IgMl8QNq9hEMarZnlq2qlQnOGzs3ZZCr4ZmfTi/CSUi4wgxJ2bWtWLkpEopiRsYlJ5EkRniI+qSrLUchkW6a3TSGFU16MIiEflzBjP6eSFEo5Sj0dWeI1EDO1ibwv1o3UcGFm1IeJ4pwPF0UJAyqCE4Cgj0qCFZspA3Cguq/QjxAAmGlYyzpEOzZk+dN67hqn1VPb0/K9cs8jiLYA/vgANjgHNTBDWiAJsDgATyBF/BqPBrPxpvxPm0tGPnMLvgj4+MbkX6csA==</latexit>

rF = 1, f = 1

<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi

<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR

htf=0
F i

<latexit sha1_base64="h+OsHpenmv5YMDchdv1KzEL4XkU=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquhGKgrisYB/QxDCZTtqhM5MwMxFKyM6Nv+LGhSJu/QV3/o3TtAttPXDhcM693HtPmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo399gORisbiTo8S4nPUFzSiGGkjBfaBx5DoMwJ1kHmSw+v8PosunNyThRzYFafqFIDzxJ2SCpiiEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSxVJEB6iPukaKhAnys+KP3J4ZJQejGJpSmhYqL8nMsSVGvHQdHKkB2rWG4v/ed1UR+d+RkWSaiLwZFGUMqhjOA4F9qgkWLORIQhLam6FeIAkwtpEVzYhuLMvz5PWSdWtVU9va5X65TSOEtgHh+AYuOAM1MENaIAmwOARPINX8GY9WS/Wu/UxaV2wpjN74A+szx+1aZk4</latexit>

Results: Unconditional Mean First Passage Time

Is active motion beneficial for target search with resetting in a thermal environment?, 
P. S. Pal, J. M. Park, A. Pal, H.Park and J. S. Lee, arXiv: 2407.03762

Stochastic Resetting with 
Overdamped Brownian particle

PRL 106, 160601 (2011) 

<latexit sha1_base64="o88fKc6JZ4teSm+HQ0/soe+BGLY="></latexit>

ẋ = ⇠(t)

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUa Zax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="Mfr+gCrmGdGDNzhLcTZxHGO6MwQ="></latexit>

f = 0

<latexit sha1_base64="OGDk0ViuytSKqcByZFowj7MaZgw="></latexit>

htFi ! htf=0
F i = 1

rR

⇣
exR

p
rR/D � 1

⌘
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Effect of activity on target search with resetting in thermal environment
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rR

<
t>

D=0.5, xR=1

<tOBP>

rF=0.1,f=1 (Numerics)

● rF=0.1,f=1 (Simulation)

rF=0.1,f=0.7 (Numerics)

■ rF=0.1,f=0.7 (Simulation)

rF=0.1,f=0.5 (Numerics)

◆ rF=0.1,f=0.5 (Simulation)

rF=1,f=0.5 (Numerics)

◆ rF=1,f=0.5 (Simulation)

rF=1,f=0.7 (Numerics)

■ rF=1,f=0.7 (Simulation)

rF=1,f=1 (Numerics)

● rF=1,f=1 (Simulation)

<latexit sha1_base64="j7SDXONabNxmw6Ds0NDIqymiclk=">AAACFXicbZDLSgMxFIYz9VbH26hLN8FScFGGGfG2KRQFcVnBXqBTSibNtKFJZkgyQhn6Em58FTcuFHEruPNtTC+Ctv4Q+PnOOZycP0wYVdrzvqzc0vLK6lp+3d7Y3NrecXb36ipOJSY1HLNYNkOkCKOC1DTVjDQTSRAPGWmEg6txvXFPpKKxuNPDhLQ56gkaUYy0QR2nVAwYEj1GoO5kgeTwehTICbDlDyh7rl+CUdnvOAXP9SaCi8afmQKYqdpxPoNujFNOhMYMKdXyvUS3MyQ1xYyM7CBVJEF4gHqkZaxAnKh2NrlqBIuGdGEUS/OEhhP6eyJDXKkhD00nR7qv5mtj+F+tleroop1RkaSaCDxdFKUM6hiOI4JdKgnWbGgMwpKav0LcRxJhbYK0TQj+/MmLpn7s+mfu6e1JoXI5iyMPDsAhOAI+OAcVcAOqoAYweABP4AW8Wo/Ws/VmvU9bc9ZsZh/8kfXxDYchnSI=</latexit>

rF = 0.1, f = 1

<latexit sha1_base64="h9AiApr9xv8CAPRiWvdHkAqdzNc=">AAACF3icbZBNS8MwGMdTX2d9q3r0EhwDD1JaUedFGAricYJ7gbWUNEu3sDQtSSqMsm/hxa/ixYMiXvXmtzHbKujmAyF/fv/nIXn+YcqoVI7zZSwsLi2vrJbWzPWNza1ta2e3KZNMYNLACUtEO0SSMMpJQ1HFSDsVBMUhI61wcDX2W/dESJrwOzVMiR+jHqcRxUhpFFh2xWOI9xiBKsg9EcPrkScmwBQ/4MKx3SMY6asaWGXHdiYF54VbiDIoqh5Yn143wVlMuMIMSdlxnVT5ORKKYkZGppdJkiI8QD3S0ZKjmEg/n+w1ghVNujBKhD5cwQn9PZGjWMphHOrOGKm+nPXG8D+vk6no3M8pTzNFOJ4+FGUMqgSOQ4JdKghWbKgFwoLqv0LcRwJhpaM0dQju7Mrzonlsu2f26e1JuXZZxFEC++AAHAIXVEEN3IA6aAAMHsATeAGvxqPxbLwZ79PWBaOY2QN/yvj4BocKnZo=</latexit>

rF = 0.1, f = 0.7

<latexit sha1_base64="jc731mTP9PuMtBcVM3304wSvzIE=">AAACF3icbZBNS8MwGMdTX2d9q3r0EhwDD1JacepFGAricYJ7gbWUNEu3sDQtSSqMsm/hxa/ixYMiXvXmtzHbKujmAyF/fv/nIXn+YcqoVI7zZSwsLi2vrJbWzPWNza1ta2e3KZNMYNLACUtEO0SSMMpJQ1HFSDsVBMUhI61wcDX2W/dESJrwOzVMiR+jHqcRxUhpFFh2xWOI9xiBKsg9EcPrkScmwBQ/4MKx3SMY6asaWGXHdiYF54VbiDIoqh5Yn143wVlMuMIMSdlxnVT5ORKKYkZGppdJkiI8QD3S0ZKjmEg/n+w1ghVNujBKhD5cwQn9PZGjWMphHOrOGKm+nPXG8D+vk6no3M8pTzNFOJ4+FGUMqgSOQ4JdKghWbKgFwoLqv0LcRwJhpaM0dQju7Mrzonlsu6d29fakXLss4iiBfXAADoELzkAN3IA6aAAMHsATeAGvxqPxbLwZ79PWBaOY2QN/yvj4BoQCnZg=</latexit>

rF = 0.1, f = 0.5
<latexit sha1_base64="6XQ/VES4jRzoJatLXH8Ij9y85fM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSwFF6UkYtVNoSiIywr2Ak0Ik+mkHTqZhJmJUEJfwo2v4saFIm4Fd76N0zSCtv4w8POdczhzfj9mVCrL+jKWlldW19YLG8XNre2dXXNvvy2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q1rXfuiZA04ndqHBM3RANOA4qR0sgzK2WHIT5gBCovdUQIryeOyEBR/IC6XYFB3arWPLNkVa1McNHYuSmBXE3P/HT6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPW05Col00+yqCSxr0odBJPTjCmb090SKQinHoa87Q6SGcr42hf/VeokKLtyU8jhRhOPZoiBhUEVwGhHsU0GwYmNtEBZU/xXiIRIIKx1kUYdgz5+8aNonVfusWrs9LTUu8zgK4BAcgWNgg3PQADegCVoAgwfwBF7Aq/FoPBtvxvusdcnIZw7AHxkf342bnSY=</latexit>

rF = 1, f = 0.5

<latexit sha1_base64="Ll+jJae1m8i9r3mdwu5OErCetUE=">AAACFXicbZDLSsNAFIYnXmu9RV26GSwFF6UkotZNoSiIywr2Ak0Ik+mkHTqZhJmJUEJfwo2v4saFIm4Fd76N0zSCtv4w8POdczhzfj9mVCrL+jKWlldW19YLG8XNre2dXXNvvy2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q1rXfuiZA04ndqHBM3RANOA4qR0sgzK2WHIT5gBCovdUQIryeOyEBR/IC6XYFB3arWPLNkVa1McNHYuSmBXE3P/HT6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPW05Col00+yqCSxr0odBJPTjCmb090SKQinHoa87Q6SGcr42hf/VeokKLtyU8jhRhOPZoiBhUEVwGhHsU0GwYmNtEBZU/xXiIRIIKx1kUYdgz5+8aNonVfu8enZ7Wmpc5nEUwCE4AsfABjXQADegCVoAgwfwBF7Aq/FoPBtvxvusdcnIZw7AHxkf35CjnSg=</latexit>

rF = 1, f = 0.7

<latexit sha1_base64="ixROf6c3THzKq9eRh9a4xoErSFg=">AAACE3icbZDLSsNAFIYn9VbrLerSzWApiEhJxNumUBTEZQV7gSaEyXTSDp1MwsxEKKHv4MZXceNCEbdu3Pk2TtMI2vrDwM93zuHM+f2YUaks68soLCwuLa8UV0tr6xubW+b2TktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vBqUm/fEyFpxO/UKCZuiPqcBhQjpZFnHlYchnifEai81BEhvB47IgMl8QNq9hEMarZnlq2qlQnOGzs3ZZCr4ZmfTi/CSUi4wgxJ2bWtWLkpEopiRsYlJ5EkRniI+qSrLUchkW6a3TSGFU16MIiEflzBjP6eSFEo5Sj0dWeI1EDO1ibwv1o3UcGFm1IeJ4pwPF0UJAyqCE4Cgj0qCFZspA3Cguq/QjxAAmGlYyzpEOzZk+dN67hqn1VPb0/K9cs8jiLYA/vgANjgHNTBDWiAJsDgATyBF/BqPBrPxpvxPm0tGPnMLvgj4+MbkX6csA==</latexit>

rF = 1, f = 1

<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi

<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR

htf=0
F i

<latexit sha1_base64="h+OsHpenmv5YMDchdv1KzEL4XkU=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquhGKgrisYB/QxDCZTtqhM5MwMxFKyM6Nv+LGhSJu/QV3/o3TtAttPXDhcM693HtPmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo399gORisbiTo8S4nPUFzSiGGkjBfaBx5DoMwJ1kHmSw+v8PosunNyThRzYFafqFIDzxJ2SCpiiEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSxVJEB6iPukaKhAnys+KP3J4ZJQejGJpSmhYqL8nMsSVGvHQdHKkB2rWG4v/ed1UR+d+RkWSaiLwZFGUMqhjOA4F9qgkWLORIQhLam6FeIAkwtpEVzYhuLMvz5PWSdWtVU9va5X65TSOEtgHh+AYuOAM1MENaIAmwOARPINX8GY9WS/Wu/UxaV2wpjN74A+szx+1aZk4</latexit>

Results: Unconditional Mean First Passage Time

Is active motion beneficial for target search with resetting in a thermal environment?, 
P. S. Pal, J. M. Park, A. Pal, H.Park and J. S. Lee, arXiv: 2407.03762

<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi

<latexit sha1_base64="gbSCAkac6vDl1aQ/jf9NjlDPaB0=">AAACGHicbZDLSgMxFIYzXut4q7p0EywFF1JnxNumUCqIOyvYC3SGIZNm2tAkMyQZoQx9DDe+ihsXirjtzrcxvSy09YfAz3fO4eT8YcKo0o7zbS0tr6yurec27M2t7Z3d/N5+Q8WpxKSOYxbLVogUYVSQuqaakVYiCeIhI82wfzOuN5+IVDQWj3qQEJ+jrqARxUgbFORPix5DossI1EHmSQ7vq7WhJyfILsopux2W3RMYlV07CvIFp+RMBBeNOzMFMFMtyI+8ToxTToTGDCnVdp1E+xmSmmJGhraXKpIg3Edd0jZWIE6Un00OG8KiIR0YxdI8oeGE/p7IEFdqwEPTyZHuqfnaGP5Xa6c6uvYzKpJUE4Gni6KUQR3DcUqwQyXBmg2MQVhS81eIe0girE2WtgnBnT950TTOSu5l6eLhvFCpzuLIgUNwBI6BC65ABdyBGqgDDJ7BK3gHH9aL9WZ9Wl/T1iVrNnMA/sga/QBfJ54S</latexit>

f

<latexit sha1_base64="luo5m/gT5CgcPhD/TSqlQG3O/zk=">AAACEXicbZDLSsNAFIYn9VbjLerSzWApdFUS8bYRSgVxZwV7gSaEyXTSDp1MwsxEKCGv4MZXceNCEbfu3Pk2JmkWWv1h4Oc753Dm/F7EqFSm+aVVlpZXVteq6/rG5tb2jrG715NhLDDp4pCFYuAhSRjlpKuoYmQQCYICj5G+N73M6/17IiQN+Z2aRcQJ0JhTn2KkMuQajbrNEB8zApWb2CKAN+1OaosC6WKOrtILS3eNmtk0C8G/xipNDZTquManPQpxHBCuMENSDi0zUk6ChKKYkVS3Y0kihKdoTIaZ5Sgg0kmKi1JYz8gI+qHIHlewoD8nEhRIOQu8rDNAaiIXazn8rzaMlX/uJJRHsSIczxf5MYMqhHk8cEQFwYrNMoOwoNlfIZ4ggbDKQsxDsBZP/mt6R03rtHlye1xrtcs4quAAHIIGsMAZaIFr0AFdgMEDeAIv4FV71J61N+193lrRypl98Evaxzdue5wh</latexit>

rF = 1

<latexit sha1_base64="rVFINarUeOIymJvNXKDFioCwaJ0=">AAACFHicbZDLSsNAFIYn9VbjrerSzWApCEJIxKoboaiIOyvYCzQhTKbTduhkEmYmQgl9CDe+ihsXirh14c63cZJ2oa0/DPx85xzOnD+IGZXKtr+NwsLi0vJKcdVcW9/Y3Cpt7zRllAhMGjhikWgHSBJGOWkoqhhpx4KgMGCkFQwvs3rrgQhJI36vRjHxQtTntEcxUhr5pcOKyxDvMwKVn7oihLcX9bErcmSKCboen9uWUzX9Utm27Fxw3jhTUwZT1f3Sl9uNcBISrjBDUnYcO1ZeioSimJGx6SaSxAgPUZ90tOUoJNJL86PGsKJJF/YioR9XMKe/J1IUSjkKA90ZIjWQs7UM/lfrJKp35qWUx4kiHE8W9RIGVQSzhGCXCoIVG2mDsKD6rxAPkEBY6RyzEJzZk+dN88hyTqzq3XG5djWNowj2wD44AA44BTVwA+qgATB4BM/gFbwZT8aL8W58TFoLxnRmF/yR8fkD6Hyc1A==</latexit>

rF = 0.15

<latexit sha1_base64="aIbX8sdHCGM4L73kGzZKhVlbLO4=">AAACE3icbZDLSsNAFIYnXmu8RV26GSwFcRES8bYRioq4s4K9QBPCZDpph04mYWYilJB3cOOruHGhiFs37nwbk7QLbf1h4Oc753Dm/H7MqFSW9a3NzS8sLi1XVvTVtfWNTWNruyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3hZ1NsPREga8Xs1iokboj6nAcVI5cgzDmoOQ7zPCFRe6ogQ3l40MkeUSBdjdJ2dW6ate0bVMq1ScNbYE1MFEzU848vpRTgJCVeYISm7thUrN0VCUcxIpjuJJDHCQ9Qn3dxyFBLppuVNGazlpAeDSOSPK1jS3xMpCqUchX7eGSI1kNO1Av5X6yYqOHNTyuNEEY7Hi4KEQRXBIiDYo4JgxUa5QVjQ/K8QD5BAWOUxFiHY0yfPmtahaZ+Yx3dH1frVJI4K2AV7YB/Y4BTUwQ1ogCbA4BE8g1fwpj1pL9q79jFundMmMzvgj7TPH2RunJU=</latexit>

rF = 0.1

rF = 0.25

<latexit sha1_base64="ho9ThAeoDyY4pfFo/eAYQFa1zU0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4WnZLi16EoiAeK9gPaNeSTdM2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZF8acaeN5387K6tr6xmZuK7+9s7u3Xzg4bOgoUYTWScQj1QqxppxJWjfMcNqKFcUi5LQZjq6nfvORKs0ieW/GMQ0EHkjWZwQbKz2obtpRAt1MLj23VOkWip7rzYCWiZ+RImSodQtfnV5EEkGlIRxr3fa92AQpVoYRTif5TqJpjMkID2jbUokF1UE6u3qCTq3SQ/1I2ZIGzdTfEykWWo9FaDsFNkO96E3F/7x2YvoXQcpknBgqyXxRP+HIRGgaAeoxRYnhY0swUczeisgQK0yMDSpvQ/AXX14mjZLrl93KXblYvcriyMExnMAZ+HAOVbiFGtSBgIJneIU358l5cd6dj3nripPNHMEfOJ8/6NmReg==</latexit>
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<
t>

rR=rME
*(1.26982), D=0.5, xR=1

rF=0.1

rF=0.1 (Large f Approximation)

rF=0.15

rF=0.15 (Large f Approximation)

rF=0.25

rF=0.25 (Large f Approximation)

rF=1.

rF=1.(Large f Approximation)

<tOBP(rME
*)>

Stochastic Resetting with 
Overdamped Brownian particle

PRL 106, 160601 (2011) 

<latexit sha1_base64="o88fKc6JZ4teSm+HQ0/soe+BGLY="></latexit>

ẋ = ⇠(t)

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUa Zax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="Mfr+gCrmGdGDNzhLcTZxHGO6MwQ="></latexit>

f = 0

<latexit sha1_base64="OGDk0ViuytSKqcByZFowj7MaZgw="></latexit>

htFi ! htf=0
F i = 1

rR

⇣
exR

p
rR/D � 1

⌘

Limiting Expressions:

<latexit sha1_base64="xSpqtZu3eZw5BG+KThFLB+4520U="></latexit>

htFi = htf=0
F i+O(f2)

htFi =

q
1 + 2rF

rR

2(rF + ⌘rR)
+ xR

✓
1 +

r
1 +

2rF
rR

◆
1

f
+O(f�2)
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Stochastic Resetting with 
RTP

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="iGlxXHXmFSnXyD7Mm8Ryi3J9evo="></latexit>

D = 0

Is active motion beneficial for target search with resetting in a thermal environment?, P. S. Pal, J. M. Park, A. Pal, H.Park and J. S. Lee, arXiv: 2407.03762

J. Phys. A: Math. Theor. 51 (2018) 475003

<latexit sha1_base64="R4eKLaR0UUIi6pj4V3zQaQaT7QE="></latexit>

htFi ! htD=0
F i
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D=0.005
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<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi
<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi

<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR
<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR

<latexit sha1_base64="MSXmyy01LMDdgu/MQDC0Ftf9UX0=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDkz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxxZTcZleO7Zrl6uTyrZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8UIna0=</latexit>

rF = 0.1
<latexit sha1_base64="fjMo11A5OCU+aes2p4eRO049Qwk=">AAACFnicbZDLSgMxFIYzXut4G3XpJlgKbhxmxNumULCKG6GCvUCnlEyaaUOTzJBkhDL0Kdz4Km5cKOJW3Pk2ppeFtv4Q+PnOOZycP0wYVdrzvq2FxaXlldXcmr2+sbm17ezs1lScSkyqOGaxbIRIEUYFqWqqGWkkkiAeMlIP+5ejev2BSEVjca8HCWlx1BU0ohhpg9rOUSFgSHQZgbqdBZLD26thIMfElhNyPSz6dqFc9Fy/7eQ91xsLzht/avJgqkrb+Qo6MU45ERozpFTT9xLdypDUFDMytINUkQThPuqSprECcaJa2fisISwY0oFRLM0TGo7p74kMcaUGPDSdHOmemq2N4H+1Zqqji1ZGRZJqIvBkUZQyqGM4ygh2qCRYs4ExCEtq/gpxD0mEtUnSNiH4syfPm9qx65+5p3cn+VJ5GkcO7IMDcAh8cA5K4AZUQBVg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnD84FnTs=</latexit>

rF = 1(a) (b)
<latexit sha1_base64="bRPIyCvlZeK0pMjyMM//rveOqRA=">AAACGnicbVDLSgMxFM3UVx1fVZdugqXgqsyIVTdCwSpuhAr2AZ0yZNJMG5pkhiQjlKHf4cZfceNCEXfixr8x03ahrQeSezjnXpJ7gphRpR3n28otLa+sruXX7Y3Nre2dwu5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJn5rQciFY3EvR7FpMtRX9CQYqSN5BfckseQ6DMCtZ96ksPbq7EnJ4pdklPpenzhlF27Zm7HqfiFYlYzwEXizkgRzFD3C59eL8IJJ0JjhpTquE6suymSmmJGxraXKBIjPER90jFUIE5UN52sNoYlo/RgGElzhIYT9fdEirhSIx6YTo70QM17mfif10l0eN5NqYgTTQSePhQmDOoIZjnBHpUEazYyBGFJzV8hHiCJsDZp2iYEd37lRdI8Lrun5crdSbFam8WRBwfgEBwBF5yBKrgBddAAGDyCZ/AK3qwn68V6tz6mrTlrNrMP/sD6+gHDm54l</latexit>

D = 0.005

<latexit sha1_base64="3c1DfdMF4FcfC+aUFvdqSGNJT98=">AAACGXicbVDLSsNAFJ3UV42vqEs3g6XgqiTiayMUrOJGqGAf0IQwmU7boZNJmJkIJeQ33Pgrblwo4lJX/o3TNAutHpi5h3PuZeaeIGZUKtv+MkoLi0vLK+VVc219Y3PL2t5pyygRmLRwxCLRDZAkjHLSUlQx0o0FQWHASCcYX0z9zj0Rkkb8Tk1i4oVoyOmAYqS05Ft21WWIDxmByk9dEcKby8wVuWJWxUy6ys7tmmM29G07vlXRJQf8S5yCVECBpm99uP0IJyHhCjMkZc+xY+WlSCiKGclMN5EkRniMhqSnKUchkV6ab5bBqlb6cBAJfbiCufpzIkWhlJMw0J0hUiM5703F/7xeogZnXkp5nCjC8eyhQcKgiuA0JtingmDFJpogLKj+K8QjJBBWOkxTh+DMr/yXtA9rzknt+PaoUm8UcZTBHtgHB8ABp6AOrkETtAAGD+AJvIBX49F4Nt6M91lryShmdsEvGJ/fQBud5w==</latexit>

D = 0.01

<latexit sha1_base64="PuuW2KHruTBU6ff/LieVIWjPQ+k=">AAACGXicbVBNS8MwGE7n16xfVY9egmPgabTi1IswcIoXYYL7gLWMNMu2sDQtSSqM0r/hxb/ixYMiHvXkvzHretDNB5L34Xnel+R9/IhRqWz72ygsLa+srhXXzY3Nre0da3evJcNYYNLEIQtFx0eSMMpJU1HFSCcSBAU+I21/fDn12w9ESBryezWJiBegIacDipHSUs+yyy5DfMgIVL3EFQG8vUpdkSlmWcyk6/TCrjhmXd92tWeVdMkAF4mTkxLI0ehZn24/xHFAuMIMSdl17Eh5CRKKYkZS040liRAeoyHpaspRQKSXZJulsKyVPhyEQh+uYKb+nkhQIOUk8HVngNRIzntT8T+vG6vBuZdQHsWKcDx7aBAzqEI4jQn2qSBYsYkmCAuq/wrxCAmElQ7T1CE48ysvktZxxTmtVO9OSrV6HkcRHIBDcAQccAZq4AY0QBNg8AiewSt4M56MF+Pd+Ji1Fox8Zh/8gfH1A0Yrnes=</latexit>

D = 0.05

<latexit sha1_base64="FzCKDpYc0SM9fY1wZkLZ99zkMsk=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDhz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxy2KKbrMrx3bN6uT2rZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8LOna0=</latexit>

D = 0.1
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htD=0
F i

<latexit sha1_base64="lL0ZYUl3b8gmj/quFDYV/8JZvGg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS0Y1QVMRlBfuAJobJdNIOnUzCzEQoITs3/oobF4q49Rfc+TdO0yy09cCFwzn3cu89fsyoVJb1bZQWFpeWV8qrlbX1jc0tc3unLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/dDnxOw9ESBrxOzWOiRuiAacBxUhpyTP3HYb4gBGovNQRIbzO7tOrcytzRC57ZtWqWTngPLELUgUFmp755fQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcIjNCA9TTkKiXTT/I8MHmqlD4NI6OIK5urviRSFUo5DX3eGSA3lrDcR//N6iQrO3JTyOFGE4+miIGFQRXASCuxTQbBiY00QFlTfCvEQCYSVjq6iQ7BnX54n7eOaXa+d3NarjYsijjLYAwfgCNjgFDTADWiCFsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MHgI2ZFg==</latexit>

Stochastic Resetting with 
RTP

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)
<latexit sha1_base64="iGlxXHXmFSnXyD7Mm8Ryi3J9evo="></latexit>

D = 0

Is active motion beneficial for target search with resetting in a thermal environment?, P. S. Pal, J. M. Park, A. Pal, H.Park and J. S. Lee, arXiv: 2407.03762

J. Phys. A: Math. Theor. 51 (2018) 475003

<latexit sha1_base64="R4eKLaR0UUIi6pj4V3zQaQaT7QE="></latexit>

htFi ! htD=0
F i

Solid Curves: Dashed Curves: 
<latexit sha1_base64="gZlabdVfLFi2ldYpFBiQP/8BOC8="></latexit>

⌘ = 0
<latexit sha1_base64="5er6HNRNm8P8+TbuZN2Mb9sd5c8="></latexit>

⌘ = 1/2
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Effect of activity on target search with resetting in thermal environment

Results: Beneficiality of active motion

Stochastic Resetting with 
Overdamped Brownian particle

<latexit sha1_base64="o88fKc6JZ4teSm+HQ0/soe+BGLY="></latexit>

ẋ = ⇠(t)

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

<latexit sha1_base64="r/9gCb94brXUTo0Dxj6WHBhLVDA="></latexit>

htFi > htf=0
F i Overdamped Brownian particle is useful

<latexit sha1_base64="BRtlWh4pRqwc3o2tcefAIxTG4kE="></latexit>

htFi < htf=0
F i Diffusing RTP is useful
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Effect of activity on target search with resetting in thermal environment

Results: Beneficiality of active motion

Stochastic Resetting with 
Overdamped Brownian particle

<latexit sha1_base64="o88fKc6JZ4teSm+HQ0/soe+BGLY="></latexit>

ẋ = ⇠(t)

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

<latexit sha1_base64="r/9gCb94brXUTo0Dxj6WHBhLVDA="></latexit>

htFi > htf=0
F i Overdamped Brownian particle is useful

<latexit sha1_base64="BRtlWh4pRqwc3o2tcefAIxTG4kE="></latexit>

htFi < htf=0
F i Diffusing RTP is useful

<latexit sha1_base64="u5wyDN8ZJGT8GzzHVDjYC/MSJSc="></latexit>

B > 0

<latexit sha1_base64="Fy1eMQJcGXEAjYu9ee4THUBMdUA="></latexit>

B < 0

Beneficiality
<latexit sha1_base64="LTUNINvloXei53UQekB7fsWNSkQ=">AAAFq3icnVRbb9MwFM62Fka5bfDIi8W0kZB2JBUaIBFpggrxBGOwi6jbyHWdzJpzwXGhVfCP4y/wxr/Buazp1hYQllodn+/Y5zvfOfEgZjQRlvVrZXWtVr92ff1G4+at23fubmzeO06iEcfkCEcs4qcDlBBGQ3IkqGDkNOYEBQNGTgbnrzP85CvhCY3CT2ISk16A/JB6FCOhXO7m2o9tOIwEGDtwTHVhNLZhQv0A6cKxjB0Hxg </latexit>

B = B(D, f, rF)

= log

 htFi|rR=r⇤R

htf=0
F i|rR=r⇤R,f=0

�

No benefit from activity

Active particle is beneficial
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<latexit sha1_base64="MSXmyy01LMDdgu/MQDC0Ftf9UX0=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDkz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxxZTcZleO7Zrl6uTyrZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8UIna0=</latexit>

rF = 0.1
<latexit sha1_base64="dfN4EsiToCcDx03i5IfApaJ1CFM=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeJqtOPUiDJziRZjgXmAtI82yLSxNS5IKo/RjePGrePGgiNfd/DZmXQ86fSDkz+//PCTP348Ylcq2v4zC0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdHwkCaOcNBVVjHQiQVDgM9L2x1czv/1IhKQhf1CTiHgBGnI6oBgpjXrWcdlliA8ZgaqXuCKAd9epKzJiijm5SS/tStUs1/Xl9KySXbGzgn+Fk4sSyKvRs6ZuP8RxQLjCDEnZdexIeQkSimJGUtONJYkQHqMh6WrJUUCkl2SLpbCsSR8OQqEPVzCjPycSFEg5CXzdGSA1koveDP7ndWM1uPASyqNYEY7nDw1iBlUIZynBPhUEKzbRAmFB9V8hHiGBsNJZmjoEZ3Hlv6J1UnHOKtX701KtnsdRBAfgEBwBB5yDGrgFDdAEGDyBF/AG3o1n49X4MD7nrQUjn9kHv8qYfgPLNJ2x</latexit>

rF = 0.5
<latexit sha1_base64="fjMo11A5OCU+aes2p4eRO049Qwk=">AAACFnicbZDLSgMxFIYzXut4G3XpJlgKbhxmxNumULCKG6GCvUCnlEyaaUOTzJBkhDL0Kdz4Km5cKOJW3Pk2ppeFtv4Q+PnOOZycP0wYVdrzvq2FxaXlldXcmr2+sbm17ezs1lScSkyqOGaxbIRIEUYFqWqqGWkkkiAeMlIP+5ejev2BSEVjca8HCWlx1BU0ohhpg9rOUSFgSHQZgbqdBZLD26thIMfElhNyPSz6dqFc9Fy/7eQ91xsLzht/avJgqkrb+Qo6MU45ERozpFTT9xLdypDUFDMytINUkQThPuqSprECcaJa2fisISwY0oFRLM0TGo7p74kMcaUGPDSdHOmemq2N4H+1Zqqji1ZGRZJqIvBkUZQyqGM4ygh2qCRYs4ExCEtq/gpxD0mEtUnSNiH4syfPm9qx65+5p3cn+VJ5GkcO7IMDcAh8cA5K4AZUQBVg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnD84FnTs=</latexit>

rF = 1

<latexit sha1_base64="gbSCAkac6vDl1aQ/jf9NjlDPaB0=">AAACGHicbZDLSgMxFIYzXut4q7p0EywFF1JnxNumUCqIOyvYC3SGIZNm2tAkMyQZoQx9DDe+ihsXirjtzrcxvSy09YfAz3fO4eT8YcKo0o7zbS0tr6yurec27M2t7Z3d/N5+Q8WpxKSOYxbLVogUYVSQuqaakVYiCeIhI82wfzOuN5+IVDQWj3qQEJ+jrqARxUgbFORPix5DossI1EHmSQ7vq7WhJyfILsopux2W3RMYlV07CvIFp+RMBBeNOzMFMFMtyI+8ToxTToTGDCnVdp1E+xmSmmJGhraXKpIg3Edd0jZWIE6Un00OG8KiIR0YxdI8oeGE/p7IEFdqwEPTyZHuqfnaGP5Xa6c6uvYzKpJUE4Gni6KUQR3DcUqwQyXBmg2MQVhS81eIe0girE2WtgnBnT950TTOSu5l6eLhvFCpzuLIgUNwBI6BC65ABdyBGqgDDJ7BK3gHH9aL9WZ9Wl/T1iVrNnMA/sga/QBfJ54S</latexit>

f

<latexit sha1_base64="bRPIyCvlZeK0pMjyMM//rveOqRA=">AAACGnicbVDLSgMxFM3UVx1fVZdugqXgqsyIVTdCwSpuhAr2AZ0yZNJMG5pkhiQjlKHf4cZfceNCEXfixr8x03ahrQeSezjnXpJ7gphRpR3n28otLa+sruXX7Y3Nre2dwu5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJn5rQciFY3EvR7FpMtRX9CQYqSN5BfckseQ6DMCtZ96ksPbq7EnJ4pdklPpenzhlF27Zm7HqfiFYlYzwEXizkgRzFD3C59eL8IJJ0JjhpTquE6suymSmmJGxraXKBIjPER90jFUIE5UN52sNoYlo/RgGElzhIYT9fdEirhSIx6YTo70QM17mfif10l0eN5NqYgTTQSePhQmDOoIZjnBHpUEazYyBGFJzV8hHiCJsDZp2iYEd37lRdI8Lrun5crdSbFam8WRBwfgEBwBF5yBKrgBddAAGDyCZ/AK3qwn68V6tz6mrTlrNrMP/sD6+gHDm54l</latexit> D
=

0.
00
5

(a) (b) (c)

(d) (e) (f)

<latexit sha1_base64="yhW/mG6MvZVmHVsIJY0rEearEEM=">AAACFnicbZDLSsNAFIYn9VbjLerSzWApiGBJxNtGKFjBjVDFXqCpZTKdtkMnkzAzEUrIU7jxVdy4UMStuPNtnKZZaOsPAz/fOYcz5/dCRqWy7W8jNze/sLiUXzZXVtfWN6zNrboMIoFJDQcsEE0PScIoJzVFFSPNUBDke4w0vOHFuN54IELSgN+pUUjaPupz2qMYKY061kHRZYj3GYGqE7vCh9eXiStSYooJuU3u981i5dwuOR2rYJfsVHDWOJkpgEzVjvXldgMc+YQrzJCULccOVTtGQlHMSGK6kSQhwkPUJy1tOfKJbMfpWQksatKFvUDoxxVM6e+JGPlSjnxPd/pIDeR0bQz/q7Ui1Ttrx5SHkSIcTxb1IgZVAMcZwS4VBCs20gZhQfVfIR4ggbDSSZo6BGf65FlTPyw5J6Xjm6NCuZLFkQc7YBfsAQecgjK4AlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9kfP4ACPudYQ==</latexit>

r ⇤R

1

2

3
4

5

1

2

3

4

1

2

3

B

<latexit sha1_base64="AiPgsAQNYpzQKsJ8BFxqlG5mprM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS0WWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92ruteoXz80as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdGuRYA==</latexit>

Results: Beneficiality of active motion

Stochastic Resetting with 
Overdamped Brownian particle

<latexit sha1_base64="o88fKc6JZ4teSm+HQ0/soe+BGLY="></latexit>

ẋ = ⇠(t)

Stochastic Resetting with 
Diffusing RTP

<latexit sha1_base64="TQDnK4WsS0cuvMk3mimbDdZNRm8=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWoSKUGZGqC6HgxmUFe4HOUDJppg3NXEjOSMtQ3Pgqblwo4tancOfbmLaz0NYfAh//OSfJ+b1YcAWW9W3klpZXVtfy64WNza3tHXN3r6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7iZ1JsPTCoehfcwipkbkF7IfU4JaKtjHjjdCPDw2lG8F5ASnGD/1BlyDR2zaJWtqfAi2BkUUaZax/zSd9EkYCFQQZRq21YMbkokcCrYuOAkisWEDkiPtTWGJGDKTacrjPGxdrrYj6Q+IeCp+3siJYFSo8DTnQGBvpqvTcz/au0E/Es35WGcAAvp7CE/ERgiPMkDd7lkFMRIA6GS679i2ieSUNCpFXQI9vzKi9A4K9uVcuXuvFi9yuLIo0N0hErIRheoim5RDdURRY/oGb2iN+PJeDHejY9Za87IZvbRHxmfPzlKlgQ=</latexit>

ẋ = �(t)f + ⇠(t)

<latexit sha1_base64="r/9gCb94brXUTo0Dxj6WHBhLVDA="></latexit>

htFi > htf=0
F i Overdamped Brownian particle is useful

<latexit sha1_base64="BRtlWh4pRqwc3o2tcefAIxTG4kE="></latexit>

htFi < htf=0
F i Diffusing RTP is useful

<latexit sha1_base64="u5wyDN8ZJGT8GzzHVDjYC/MSJSc="></latexit>

B > 0

<latexit sha1_base64="Fy1eMQJcGXEAjYu9ee4THUBMdUA="></latexit>

B < 0

Beneficiality
<latexit sha1_base64="LTUNINvloXei53UQekB7fsWNSkQ=">AAAFq3icnVRbb9MwFM62Fka5bfDIi8W0kZB2JBUaIBFpggrxBGOwi6jbyHWdzJpzwXGhVfCP4y/wxr/Buazp1hYQllodn+/Y5zvfOfEgZjQRlvVrZXWtVr92ff1G4+at23fubmzeO06iEcfkCEcs4qcDlBBGQ3IkqGDkNOYEBQNGTgbnrzP85CvhCY3CT2ISk16A/JB6FCOhXO7m2o9tOIwEGDtwTHVhNLZhQv0A6cKxjB0Hxg </latexit>

B = B(D, f, rF)

= log

 htFi|rR=r⇤R

htf=0
F i|rR=r⇤R,f=0

�

No benefit from activity

Active particle is beneficial
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Effect of activity on target search with resetting in thermal environment

Take-Home Message

Active motion significantly modifies the search dynamics either 
 in reducing or prolonging the mean FPT.
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rR

<
t>

D=0.5, xR=1

<tOBP>

rF=0.1,f=1 (Numerics)

● rF=0.1,f=1 (Simulation)

rF=0.1,f=0.7 (Numerics)

■ rF=0.1,f=0.7 (Simulation)

rF=0.1,f=0.5 (Numerics)

◆ rF=0.1,f=0.5 (Simulation)

rF=1,f=0.5 (Numerics)

◆ rF=1,f=0.5 (Simulation)

rF=1,f=0.7 (Numerics)

■ rF=1,f=0.7 (Simulation)

rF=1,f=1 (Numerics)

● rF=1,f=1 (Simulation)

<latexit sha1_base64="j7SDXONabNxmw6Ds0NDIqymiclk=">AAACFXicbZDLSgMxFIYz9VbH26hLN8FScFGGGfG2KRQFcVnBXqBTSibNtKFJZkgyQhn6Em58FTcuFHEruPNtTC+Ctv4Q+PnOOZycP0wYVdrzvqzc0vLK6lp+3d7Y3NrecXb36ipOJSY1HLNYNkOkCKOC1DTVjDQTSRAPGWmEg6txvXFPpKKxuNPDhLQ56gkaUYy0QR2nVAwYEj1GoO5kgeTwehTICbDlDyh7rl+CUdnvOAXP9SaCi8afmQKYqdpxPoNujFNOhMYMKdXyvUS3MyQ1xYyM7CBVJEF4gHqkZaxAnKh2NrlqBIuGdGEUS/OEhhP6eyJDXKkhD00nR7qv5mtj+F+tleroop1RkaSaCDxdFKUM6hiOI4JdKgnWbGgMwpKav0LcRxJhbYK0TQj+/MmLpn7s+mfu6e1JoXI5iyMPDsAhOAI+OAcVcAOqoAYweABP4AW8Wo/Ws/VmvU9bc9ZsZh/8kfXxDYchnSI=</latexit>

rF = 0.1, f = 1

<latexit sha1_base64="h9AiApr9xv8CAPRiWvdHkAqdzNc=">AAACF3icbZBNS8MwGMdTX2d9q3r0EhwDD1JaUedFGAricYJ7gbWUNEu3sDQtSSqMsm/hxa/ixYMiXvXmtzHbKujmAyF/fv/nIXn+YcqoVI7zZSwsLi2vrJbWzPWNza1ta2e3KZNMYNLACUtEO0SSMMpJQ1HFSDsVBMUhI61wcDX2W/dESJrwOzVMiR+jHqcRxUhpFFh2xWOI9xiBKsg9EcPrkScmwBQ/4MKx3SMY6asaWGXHdiYF54VbiDIoqh5Yn143wVlMuMIMSdlxnVT5ORKKYkZGppdJkiI8QD3S0ZKjmEg/n+w1ghVNujBKhD5cwQn9PZGjWMphHOrOGKm+nPXG8D+vk6no3M8pTzNFOJ4+FGUMqgSOQ4JdKghWbKgFwoLqv0LcRwJhpaM0dQju7Mrzonlsu2f26e1JuXZZxFEC++AAHAIXVEEN3IA6aAAMHsATeAGvxqPxbLwZ79PWBaOY2QN/yvj4BocKnZo=</latexit>

rF = 0.1, f = 0.7

<latexit sha1_base64="jc731mTP9PuMtBcVM3304wSvzIE=">AAACF3icbZBNS8MwGMdTX2d9q3r0EhwDD1JacepFGAricYJ7gbWUNEu3sDQtSSqMsm/hxa/ixYMiXvXmtzHbKujmAyF/fv/nIXn+YcqoVI7zZSwsLi2vrJbWzPWNza1ta2e3KZNMYNLACUtEO0SSMMpJQ1HFSDsVBMUhI61wcDX2W/dESJrwOzVMiR+jHqcRxUhpFFh2xWOI9xiBKsg9EcPrkScmwBQ/4MKx3SMY6asaWGXHdiYF54VbiDIoqh5Yn143wVlMuMIMSdlxnVT5ORKKYkZGppdJkiI8QD3S0ZKjmEg/n+w1ghVNujBKhD5cwQn9PZGjWMphHOrOGKm+nPXG8D+vk6no3M8pTzNFOJ4+FGUMqgSOQ4JdKghWbKgFwoLqv0LcRwJhpaM0dQju7Mrzonlsu6d29fakXLss4iiBfXAADoELzkAN3IA6aAAMHsATeAGvxqPxbLwZ79PWBaOY2QN/yvj4BoQCnZg=</latexit>

rF = 0.1, f = 0.5
<latexit sha1_base64="6XQ/VES4jRzoJatLXH8Ij9y85fM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSwFF6UkYtVNoSiIywr2Ak0Ik+mkHTqZhJmJUEJfwo2v4saFIm4Fd76N0zSCtv4w8POdczhzfj9mVCrL+jKWlldW19YLG8XNre2dXXNvvy2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q1rXfuiZA04ndqHBM3RANOA4qR0sgzK2WHIT5gBCovdUQIryeOyEBR/IC6XYFB3arWPLNkVa1McNHYuSmBXE3P/HT6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPW05Col00+yqCSxr0odBJPTjCmb090SKQinHoa87Q6SGcr42hf/VeokKLtyU8jhRhOPZoiBhUEVwGhHsU0GwYmNtEBZU/xXiIRIIKx1kUYdgz5+8aNonVfusWrs9LTUu8zgK4BAcgWNgg3PQADegCVoAgwfwBF7Aq/FoPBtvxvusdcnIZw7AHxkf342bnSY=</latexit>

rF = 1, f = 0.5

<latexit sha1_base64="Ll+jJae1m8i9r3mdwu5OErCetUE=">AAACFXicbZDLSsNAFIYnXmu9RV26GSwFF6UkotZNoSiIywr2Ak0Ik+mkHTqZhJmJUEJfwo2v4saFIm4Fd76N0zSCtv4w8POdczhzfj9mVCrL+jKWlldW19YLG8XNre2dXXNvvy2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q1rXfuiZA04ndqHBM3RANOA4qR0sgzK2WHIT5gBCovdUQIryeOyEBR/IC6XYFB3arWPLNkVa1McNHYuSmBXE3P/HT6EU5CwhVmSMqebcXKTZFQFDMyKTqJJDHCIzQgPW05Col00+yqCSxr0odBJPTjCmb090SKQinHoa87Q6SGcr42hf/VeokKLtyU8jhRhOPZoiBhUEVwGhHsU0GwYmNtEBZU/xXiIRIIKx1kUYdgz5+8aNonVfu8enZ7Wmpc5nEUwCE4AsfABjXQADegCVoAgwfwBF7Aq/FoPBtvxvusdcnIZw7AHxkf35CjnSg=</latexit>

rF = 1, f = 0.7

<latexit sha1_base64="ixROf6c3THzKq9eRh9a4xoErSFg=">AAACE3icbZDLSsNAFIYn9VbrLerSzWApiEhJxNumUBTEZQV7gSaEyXTSDp1MwsxEKKHv4MZXceNCEbdu3Pk2TtMI2vrDwM93zuHM+f2YUaks68soLCwuLa8UV0tr6xubW+b2TktGicCkiSMWiY6PJGGUk6aiipFOLAgKfUba/vBqUm/fEyFpxO/UKCZuiPqcBhQjpZFnHlYchnifEai81BEhvB47IgMl8QNq9hEMarZnlq2qlQnOGzs3ZZCr4ZmfTi/CSUi4wgxJ2bWtWLkpEopiRsYlJ5EkRniI+qSrLUchkW6a3TSGFU16MIiEflzBjP6eSFEo5Sj0dWeI1EDO1ibwv1o3UcGFm1IeJ4pwPF0UJAyqCE4Cgj0qCFZspA3Cguq/QjxAAmGlYyzpEOzZk+dN67hqn1VPb0/K9cs8jiLYA/vgANjgHNTBDWiAJsDgATyBF/BqPBrPxpvxPm0tGPnMLvgj4+MbkX6csA==</latexit>

rF = 1, f = 1

<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi

<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR

htf=0
F i

<latexit sha1_base64="h+OsHpenmv5YMDchdv1KzEL4XkU=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUQquhGKgrisYB/QxDCZTtqhM5MwMxFKyM6Nv+LGhSJu/QV3/o3TtAttPXDhcM693HtPmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo399gORisbiTo8S4nPUFzSiGGkjBfaBx5DoMwJ1kHmSw+v8PosunNyThRzYFafqFIDzxJ2SCpiiEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSxVJEB6iPukaKhAnys+KP3J4ZJQejGJpSmhYqL8nMsSVGvHQdHKkB2rWG4v/ed1UR+d+RkWSaiLwZFGUMqhjOA4F9qgkWLORIQhLam6FeIAkwtpEVzYhuLMvz5PWSdWtVU9va5X65TSOEtgHh+AYuOAM1MENaIAmwOARPINX8GY9WS/Wu/UxaV2wpjN74A+szx+1aZk4</latexit>

Thermal environment plays a significant role in reducing mean FPT.
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<
t>

f=1,rF=1.,xR=1 <tME(D=0, η=0.5 case)>
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D=0.05

D=0.1

<tME(D=0, η=0 case)>
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D=0.1

<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi
<latexit sha1_base64="OjGyzksvXF2pTOibxS68mr/X2dA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2VREJcV7AOaUCbTSTt0MgkzN0IJdeOvuHGhiFv/wp1/4zTNQlsPXDiccy/33hMkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1xG89MKV5LO9hlDA/In3JQ04JGKlr73uCyL5gGLqZpyJ8M/ZULnTtilN1cuB54hakggrUu/aX14tpGjEJVBCtO66TgJ8RBZwKNi57qWYJoUPSZx1DJYmY9rP8gzE+MkoPh7EyJQHn6u+JjERaj6LAdEYEBnrWm4j/eZ0Uwks/4zJJgUk6XRSmAkOMJ3HgHleMghgZQqji5lZMB0QRCia0sgnBnX15njRPqu559ezutFK7KuIooQN0iI6Riy5QDd2iOmogih7RM3pFb9aT9WK9Wx/T1gWrmNlDf2B9/gBVjpbV</latexit>

htFi

<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR
<latexit sha1_base64="rRC3PNxEO1wGZDblkqecOmWhxW8=">AAACDHicbVDLSgMxFM3UVx1fVZdugqXgqsyIr2VREJdV7AM6Q8mkmTY0yQxJRijDfIAbf8WNC0Xc+gHu/BvT6Sy09UDgcM653NwTxIwq7TjfVmlpeWV1rbxub2xube9UdvfaKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTjq6nfeSBS0Ujc60lMfI6GgoYUI22kfqVa8xgSQ0ag7qee5PA682Qu2HIm3GUm5dSdHHCRuAWpggLNfuXLG0Q44URozJBSPdeJtZ8iqSlmJLO9RJEY4TEakp6hAnGi/DQ/JoM1owxgGEnzhIa5+nsiRVypCQ9MkiM9UvPeVPzP6yU6vPBTKuJEE4Fni8KEQR3BaTNwQCXBmk0MQVhS81eIR0girE1/tinBnT95kbSP6+5Z/fT2pNq4LOoogwNwCI6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP+Uwmug=</latexit>rR

<latexit sha1_base64="MSXmyy01LMDdgu/MQDC0Ftf9UX0=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDkz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxxZTcZleO7Zrl6uTyrZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8UIna0=</latexit>

rF = 0.1
<latexit sha1_base64="fjMo11A5OCU+aes2p4eRO049Qwk=">AAACFnicbZDLSgMxFIYzXut4G3XpJlgKbhxmxNumULCKG6GCvUCnlEyaaUOTzJBkhDL0Kdz4Km5cKOJW3Pk2ppeFtv4Q+PnOOZycP0wYVdrzvq2FxaXlldXcmr2+sbm17ezs1lScSkyqOGaxbIRIEUYFqWqqGWkkkiAeMlIP+5ejev2BSEVjca8HCWlx1BU0ohhpg9rOUSFgSHQZgbqdBZLD26thIMfElhNyPSz6dqFc9Fy/7eQ91xsLzht/avJgqkrb+Qo6MU45ERozpFTT9xLdypDUFDMytINUkQThPuqSprECcaJa2fisISwY0oFRLM0TGo7p74kMcaUGPDSdHOmemq2N4H+1Zqqji1ZGRZJqIvBkUZQyqGM4ygh2qCRYs4ExCEtq/gpxD0mEtUnSNiH4syfPm9qx65+5p3cn+VJ5GkcO7IMDcAh8cA5K4AZUQBVg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnD84FnTs=</latexit>

rF = 1(a) (b)
<latexit sha1_base64="bRPIyCvlZeK0pMjyMM//rveOqRA=">AAACGnicbVDLSgMxFM3UVx1fVZdugqXgqsyIVTdCwSpuhAr2AZ0yZNJMG5pkhiQjlKHf4cZfceNCEXfixr8x03ahrQeSezjnXpJ7gphRpR3n28otLa+sruXX7Y3Nre2dwu5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJn5rQciFY3EvR7FpMtRX9CQYqSN5BfckseQ6DMCtZ96ksPbq7EnJ4pdklPpenzhlF27Zm7HqfiFYlYzwEXizkgRzFD3C59eL8IJJ0JjhpTquE6suymSmmJGxraXKBIjPER90jFUIE5UN52sNoYlo/RgGElzhIYT9fdEirhSIx6YTo70QM17mfif10l0eN5NqYgTTQSePhQmDOoIZjnBHpUEazYyBGFJzV8hHiCJsDZp2iYEd37lRdI8Lrun5crdSbFam8WRBwfgEBwBF5yBKrgBddAAGDyCZ/AK3qwn68V6tz6mrTlrNrMP/sD6+gHDm54l</latexit>

D = 0.005

<latexit sha1_base64="3c1DfdMF4FcfC+aUFvdqSGNJT98=">AAACGXicbVDLSsNAFJ3UV42vqEs3g6XgqiTiayMUrOJGqGAf0IQwmU7boZNJmJkIJeQ33Pgrblwo4lJX/o3TNAutHpi5h3PuZeaeIGZUKtv+MkoLi0vLK+VVc219Y3PL2t5pyygRmLRwxCLRDZAkjHLSUlQx0o0FQWHASCcYX0z9zj0Rkkb8Tk1i4oVoyOmAYqS05Ft21WWIDxmByk9dEcKby8wVuWJWxUy6ys7tmmM29G07vlXRJQf8S5yCVECBpm99uP0IJyHhCjMkZc+xY+WlSCiKGclMN5EkRniMhqSnKUchkV6ab5bBqlb6cBAJfbiCufpzIkWhlJMw0J0hUiM5703F/7xeogZnXkp5nCjC8eyhQcKgiuA0JtingmDFJpogLKj+K8QjJBBWOkxTh+DMr/yXtA9rzknt+PaoUm8UcZTBHtgHB8ABp6AOrkETtAAGD+AJvIBX49F4Nt6M91lryShmdsEvGJ/fQBud5w==</latexit>

D = 0.01

<latexit sha1_base64="PuuW2KHruTBU6ff/LieVIWjPQ+k=">AAACGXicbVBNS8MwGE7n16xfVY9egmPgabTi1IswcIoXYYL7gLWMNMu2sDQtSSqM0r/hxb/ixYMiHvXkvzHretDNB5L34Xnel+R9/IhRqWz72ygsLa+srhXXzY3Nre0da3evJcNYYNLEIQtFx0eSMMpJU1HFSCcSBAU+I21/fDn12w9ESBryezWJiBegIacDipHSUs+yyy5DfMgIVL3EFQG8vUpdkSlmWcyk6/TCrjhmXd92tWeVdMkAF4mTkxLI0ehZn24/xHFAuMIMSdl17Eh5CRKKYkZS040liRAeoyHpaspRQKSXZJulsKyVPhyEQh+uYKb+nkhQIOUk8HVngNRIzntT8T+vG6vBuZdQHsWKcDx7aBAzqEI4jQn2qSBYsYkmCAuq/wrxCAmElQ7T1CE48ysvktZxxTmtVO9OSrV6HkcRHIBDcAQccAZq4AY0QBNg8AiewSt4M56MF+Pd+Ji1Fox8Zh/8gfH1A0Yrnes=</latexit>

D = 0.05

<latexit sha1_base64="FzCKDpYc0SM9fY1wZkLZ99zkMsk=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDhz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxy2KKbrMrx3bN6uT2rZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8LOna0=</latexit>

D = 0.1
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<latexit sha1_base64="lL0ZYUl3b8gmj/quFDYV/8JZvGg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS0Y1QVMRlBfuAJobJdNIOnUzCzEQoITs3/oobF4q49Rfc+TdO0yy09cCFwzn3cu89fsyoVJb1bZQWFpeWV8qrlbX1jc0tc3unLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/dDnxOw9ESBrxOzWOiRuiAacBxUhpyTP3HYb4gBGovNQRIbzO7tOrcytzRC57ZtWqWTngPLELUgUFmp755fQjnISEK8yQlD3bipWbIqEoZiSrOIkkMcIjNCA9TTkKiXTT/I8MHmqlD4NI6OIK5urviRSFUo5DX3eGSA3lrDcR//N6iQrO3JTyOFGE4+miIGFQRXASCuxTQbBiY00QFlTfCvEQCYSVjq6iQ7BnX54n7eOaXa+d3NarjYsijjLYAwfgCNjgFDTADWiCFsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MHgI2ZFg==</latexit>

The function `beneficiality' has been introduced as a measure for  
discerning the degree of benefit of using an active particle for  
searching a target. 
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<latexit sha1_base64="MSXmyy01LMDdgu/MQDC0Ftf9UX0=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDkz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxxZTcZleO7Zrl6uTyrZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8UIna0=</latexit>

rF = 0.1
<latexit sha1_base64="dfN4EsiToCcDx03i5IfApaJ1CFM=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeJqtOPUiDJziRZjgXmAtI82yLSxNS5IKo/RjePGrePGgiNfd/DZmXQ86fSDkz+//PCTP348Ylcq2v4zC0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdHwkCaOcNBVVjHQiQVDgM9L2x1czv/1IhKQhf1CTiHgBGnI6oBgpjXrWcdlliA8ZgaqXuCKAd9epKzJiijm5SS/tStUs1/Xl9KySXbGzgn+Fk4sSyKvRs6ZuP8RxQLjCDEnZdexIeQkSimJGUtONJYkQHqMh6WrJUUCkl2SLpbCsSR8OQqEPVzCjPycSFEg5CXzdGSA1koveDP7ndWM1uPASyqNYEY7nDw1iBlUIZynBPhUEKzbRAmFB9V8hHiGBsNJZmjoEZ3Hlv6J1UnHOKtX701KtnsdRBAfgEBwBB5yDGrgFDdAEGDyBF/AG3o1n49X4MD7nrQUjn9kHv8qYfgPLNJ2x</latexit>

rF = 0.5
<latexit sha1_base64="fjMo11A5OCU+aes2p4eRO049Qwk=">AAACFnicbZDLSgMxFIYzXut4G3XpJlgKbhxmxNumULCKG6GCvUCnlEyaaUOTzJBkhDL0Kdz4Km5cKOJW3Pk2ppeFtv4Q+PnOOZycP0wYVdrzvq2FxaXlldXcmr2+sbm17ezs1lScSkyqOGaxbIRIEUYFqWqqGWkkkiAeMlIP+5ejev2BSEVjca8HCWlx1BU0ohhpg9rOUSFgSHQZgbqdBZLD26thIMfElhNyPSz6dqFc9Fy/7eQ91xsLzht/avJgqkrb+Qo6MU45ERozpFTT9xLdypDUFDMytINUkQThPuqSprECcaJa2fisISwY0oFRLM0TGo7p74kMcaUGPDSdHOmemq2N4H+1Zqqji1ZGRZJqIvBkUZQyqGM4ygh2qCRYs4ExCEtq/gpxD0mEtUnSNiH4syfPm9qx65+5p3cn+VJ5GkcO7IMDcAh8cA5K4AZUQBVg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnD84FnTs=</latexit>

rF = 1

<latexit sha1_base64="gbSCAkac6vDl1aQ/jf9NjlDPaB0=">AAACGHicbZDLSgMxFIYzXut4q7p0EywFF1JnxNumUCqIOyvYC3SGIZNm2tAkMyQZoQx9DDe+ihsXirjtzrcxvSy09YfAz3fO4eT8YcKo0o7zbS0tr6yurec27M2t7Z3d/N5+Q8WpxKSOYxbLVogUYVSQuqaakVYiCeIhI82wfzOuN5+IVDQWj3qQEJ+jrqARxUgbFORPix5DossI1EHmSQ7vq7WhJyfILsopux2W3RMYlV07CvIFp+RMBBeNOzMFMFMtyI+8ToxTToTGDCnVdp1E+xmSmmJGhraXKpIg3Edd0jZWIE6Un00OG8KiIR0YxdI8oeGE/p7IEFdqwEPTyZHuqfnaGP5Xa6c6uvYzKpJUE4Gni6KUQR3DcUqwQyXBmg2MQVhS81eIe0girE2WtgnBnT950TTOSu5l6eLhvFCpzuLIgUNwBI6BC65ABdyBGqgDDJ7BK3gHH9aL9WZ9Wl/T1iVrNnMA/sga/QBfJ54S</latexit>

f

<latexit sha1_base64="bRPIyCvlZeK0pMjyMM//rveOqRA=">AAACGnicbVDLSgMxFM3UVx1fVZdugqXgqsyIVTdCwSpuhAr2AZ0yZNJMG5pkhiQjlKHf4cZfceNCEXfixr8x03ahrQeSezjnXpJ7gphRpR3n28otLa+sruXX7Y3Nre2dwu5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJn5rQciFY3EvR7FpMtRX9CQYqSN5BfckseQ6DMCtZ96ksPbq7EnJ4pdklPpenzhlF27Zm7HqfiFYlYzwEXizkgRzFD3C59eL8IJJ0JjhpTquE6suymSmmJGxraXKBIjPER90jFUIE5UN52sNoYlo/RgGElzhIYT9fdEirhSIx6YTo70QM17mfif10l0eN5NqYgTTQSePhQmDOoIZjnBHpUEazYyBGFJzV8hHiCJsDZp2iYEd37lRdI8Lrun5crdSbFam8WRBwfgEBwBF5yBKrgBddAAGDyCZ/AK3qwn68V6tz6mrTlrNrMP/sD6+gHDm54l</latexit> D
=

0.
00
5

(a) (b) (c)

(d) (e) (f)

<latexit sha1_base64="yhW/mG6MvZVmHVsIJY0rEearEEM=">AAACFnicbZDLSsNAFIYn9VbjLerSzWApiGBJxNtGKFjBjVDFXqCpZTKdtkMnkzAzEUrIU7jxVdy4UMStuPNtnKZZaOsPAz/fOYcz5/dCRqWy7W8jNze/sLiUXzZXVtfWN6zNrboMIoFJDQcsEE0PScIoJzVFFSPNUBDke4w0vOHFuN54IELSgN+pUUjaPupz2qMYKY061kHRZYj3GYGqE7vCh9eXiStSYooJuU3u981i5dwuOR2rYJfsVHDWOJkpgEzVjvXldgMc+YQrzJCULccOVTtGQlHMSGK6kSQhwkPUJy1tOfKJbMfpWQksatKFvUDoxxVM6e+JGPlSjnxPd/pIDeR0bQz/q7Ui1Ttrx5SHkSIcTxb1IgZVAMcZwS4VBCs20gZhQfVfIR4ggbDSSZo6BGf65FlTPyw5J6Xjm6NCuZLFkQc7YBfsAQecgjK4AlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9kfP4ACPudYQ==</latexit>
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<latexit sha1_base64="AiPgsAQNYpzQKsJ8BFxqlG5mprM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS0WWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92ruteoXz80as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdGuRYA==</latexit>
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<latexit sha1_base64="MSXmyy01LMDdgu/MQDC0Ftf9UX0=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDkz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxxZTcZleO7Zrl6uTyrZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8UIna0=</latexit>

rF = 0.1
<latexit sha1_base64="dfN4EsiToCcDx03i5IfApaJ1CFM=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeJqtOPUiDJziRZjgXmAtI82yLSxNS5IKo/RjePGrePGgiNfd/DZmXQ86fSDkz+//PCTP348Ylcq2v4zC0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdHwkCaOcNBVVjHQiQVDgM9L2x1czv/1IhKQhf1CTiHgBGnI6oBgpjXrWcdlliA8ZgaqXuCKAd9epKzJiijm5SS/tStUs1/Xl9KySXbGzgn+Fk4sSyKvRs6ZuP8RxQLjCDEnZdexIeQkSimJGUtONJYkQHqMh6WrJUUCkl2SLpbCsSR8OQqEPVzCjPycSFEg5CXzdGSA1koveDP7ndWM1uPASyqNYEY7nDw1iBlUIZynBPhUEKzbRAmFB9V8hHiGBsNJZmjoEZ3Hlv6J1UnHOKtX701KtnsdRBAfgEBwBB5yDGrgFDdAEGDyBF/AG3o1n49X4MD7nrQUjn9kHv8qYfgPLNJ2x</latexit>

rF = 0.5
<latexit sha1_base64="fjMo11A5OCU+aes2p4eRO049Qwk=">AAACFnicbZDLSgMxFIYzXut4G3XpJlgKbhxmxNumULCKG6GCvUCnlEyaaUOTzJBkhDL0Kdz4Km5cKOJW3Pk2ppeFtv4Q+PnOOZycP0wYVdrzvq2FxaXlldXcmr2+sbm17ezs1lScSkyqOGaxbIRIEUYFqWqqGWkkkiAeMlIP+5ejev2BSEVjca8HCWlx1BU0ohhpg9rOUSFgSHQZgbqdBZLD26thIMfElhNyPSz6dqFc9Fy/7eQ91xsLzht/avJgqkrb+Qo6MU45ERozpFTT9xLdypDUFDMytINUkQThPuqSprECcaJa2fisISwY0oFRLM0TGo7p74kMcaUGPDSdHOmemq2N4H+1Zqqji1ZGRZJqIvBkUZQyqGM4ygh2qCRYs4ExCEtq/gpxD0mEtUnSNiH4syfPm9qx65+5p3cn+VJ5GkcO7IMDcAh8cA5K4AZUQBVg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnD84FnTs=</latexit>

rF = 1

<latexit sha1_base64="gbSCAkac6vDl1aQ/jf9NjlDPaB0=">AAACGHicbZDLSgMxFIYzXut4q7p0EywFF1JnxNumUCqIOyvYC3SGIZNm2tAkMyQZoQx9DDe+ihsXirjtzrcxvSy09YfAz3fO4eT8YcKo0o7zbS0tr6yurec27M2t7Z3d/N5+Q8WpxKSOYxbLVogUYVSQuqaakVYiCeIhI82wfzOuN5+IVDQWj3qQEJ+jrqARxUgbFORPix5DossI1EHmSQ7vq7WhJyfILsopux2W3RMYlV07CvIFp+RMBBeNOzMFMFMtyI+8ToxTToTGDCnVdp1E+xmSmmJGhraXKpIg3Edd0jZWIE6Un00OG8KiIR0YxdI8oeGE/p7IEFdqwEPTyZHuqfnaGP5Xa6c6uvYzKpJUE4Gni6KUQR3DcUqwQyXBmg2MQVhS81eIe0girE2WtgnBnT950TTOSu5l6eLhvFCpzuLIgUNwBI6BC65ABdyBGqgDDJ7BK3gHH9aL9WZ9Wl/T1iVrNnMA/sga/QBfJ54S</latexit>

f

<latexit sha1_base64="bRPIyCvlZeK0pMjyMM//rveOqRA=">AAACGnicbVDLSgMxFM3UVx1fVZdugqXgqsyIVTdCwSpuhAr2AZ0yZNJMG5pkhiQjlKHf4cZfceNCEXfixr8x03ahrQeSezjnXpJ7gphRpR3n28otLa+sruXX7Y3Nre2dwu5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJn5rQciFY3EvR7FpMtRX9CQYqSN5BfckseQ6DMCtZ96ksPbq7EnJ4pdklPpenzhlF27Zm7HqfiFYlYzwEXizkgRzFD3C59eL8IJJ0JjhpTquE6suymSmmJGxraXKBIjPER90jFUIE5UN52sNoYlo/RgGElzhIYT9fdEirhSIx6YTo70QM17mfif10l0eN5NqYgTTQSePhQmDOoIZjnBHpUEazYyBGFJzV8hHiCJsDZp2iYEd37lRdI8Lrun5crdSbFam8WRBwfgEBwBF5yBKrgBddAAGDyCZ/AK3qwn68V6tz6mrTlrNrMP/sD6+gHDm54l</latexit> D
=

0.
00
5

(a) (b) (c)

(d) (e) (f)

<latexit sha1_base64="yhW/mG6MvZVmHVsIJY0rEearEEM=">AAACFnicbZDLSsNAFIYn9VbjLerSzWApiGBJxNtGKFjBjVDFXqCpZTKdtkMnkzAzEUrIU7jxVdy4UMStuPNtnKZZaOsPAz/fOYcz5/dCRqWy7W8jNze/sLiUXzZXVtfWN6zNrboMIoFJDQcsEE0PScIoJzVFFSPNUBDke4w0vOHFuN54IELSgN+pUUjaPupz2qMYKY061kHRZYj3GYGqE7vCh9eXiStSYooJuU3u981i5dwuOR2rYJfsVHDWOJkpgEzVjvXldgMc+YQrzJCULccOVTtGQlHMSGK6kSQhwkPUJy1tOfKJbMfpWQksatKFvUDoxxVM6e+JGPlSjnxPd/pIDeR0bQz/q7Ui1Ttrx5SHkSIcTxb1IgZVAMcZwS4VBCs20gZhQfVfIR4ggbDSSZo6BGf65FlTPyw5J6Xjm6NCuZLFkQc7YBfsAQecgjK4AlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9kfP4ACPudYQ==</latexit>
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<latexit sha1_base64="AiPgsAQNYpzQKsJ8BFxqlG5mprM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS0WWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92ruteoXz80as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdGuRYA==</latexit>
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<latexit sha1_base64="MSXmyy01LMDdgu/MQDC0Ftf9UX0=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeKqt+HYRBk7xIkxwL7COkmbZFpamJUmFUfoxvPhVvHhQxOtufhuzbgfdfCDkz+//PCTPP4gZlcpxvo3C0vLK6lpx3dzY3NresXb3GjJKBCZ1HLFItAIkCaOc1BVVjLRiQVAYMNIMhtcTv/lEhKQRf1SjmHRC1Oe0RzFSGvnWcdljiPcZgcpPPRHC+5vMEzkxxZTcZleO7Zrl6uTyrZJjO3nBReHORAnMquZbY68b4SQkXGGGpGy7Tqw6KRKKYkYy00skiREeoj5pa8lRSGQnzRfLYFmTLuxFQh+uYE5/T6QolHIUBrozRGog570J/M9rJ6p32UkpjxNFOJ4+1EsYVBGcpAS7VBCs2EgLhAXVf4V4gATCSmdp6hDc+ZUXRePEds/ts4fTUqU6i6MIDsAhOAIuuAAVcAdqoA4weAav4B18GC/Gm/FpfE1bC8ZsZh/8KWP8A8UIna0=</latexit>

rF = 0.1
<latexit sha1_base64="dfN4EsiToCcDx03i5IfApaJ1CFM=">AAACGHicbZBNS8MwGMfT+TbrW9Wjl+AYeJqtOPUiDJziRZjgXmAtI82yLSxNS5IKo/RjePGrePGgiNfd/DZmXQ86fSDkz+//PCTP348Ylcq2v4zC0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdHwkCaOcNBVVjHQiQVDgM9L2x1czv/1IhKQhf1CTiHgBGnI6oBgpjXrWcdlliA8ZgaqXuCKAd9epKzJiijm5SS/tStUs1/Xl9KySXbGzgn+Fk4sSyKvRs6ZuP8RxQLjCDEnZdexIeQkSimJGUtONJYkQHqMh6WrJUUCkl2SLpbCsSR8OQqEPVzCjPycSFEg5CXzdGSA1koveDP7ndWM1uPASyqNYEY7nDw1iBlUIZynBPhUEKzbRAmFB9V8hHiGBsNJZmjoEZ3Hlv6J1UnHOKtX701KtnsdRBAfgEBwBB5yDGrgFDdAEGDyBF/AG3o1n49X4MD7nrQUjn9kHv8qYfgPLNJ2x</latexit>

rF = 0.5
<latexit sha1_base64="fjMo11A5OCU+aes2p4eRO049Qwk=">AAACFnicbZDLSgMxFIYzXut4G3XpJlgKbhxmxNumULCKG6GCvUCnlEyaaUOTzJBkhDL0Kdz4Km5cKOJW3Pk2ppeFtv4Q+PnOOZycP0wYVdrzvq2FxaXlldXcmr2+sbm17ezs1lScSkyqOGaxbIRIEUYFqWqqGWkkkiAeMlIP+5ejev2BSEVjca8HCWlx1BU0ohhpg9rOUSFgSHQZgbqdBZLD26thIMfElhNyPSz6dqFc9Fy/7eQ91xsLzht/avJgqkrb+Qo6MU45ERozpFTT9xLdypDUFDMytINUkQThPuqSprECcaJa2fisISwY0oFRLM0TGo7p74kMcaUGPDSdHOmemq2N4H+1Zqqji1ZGRZJqIvBkUZQyqGM4ygh2qCRYs4ExCEtq/gpxD0mEtUnSNiH4syfPm9qx65+5p3cn+VJ5GkcO7IMDcAh8cA5K4AZUQBVg8AiewSt4s56sF+vd+pi0LljTmT3wR9bnD84FnTs=</latexit>

rF = 1

<latexit sha1_base64="gbSCAkac6vDl1aQ/jf9NjlDPaB0=">AAACGHicbZDLSgMxFIYzXut4q7p0EywFF1JnxNumUCqIOyvYC3SGIZNm2tAkMyQZoQx9DDe+ihsXirjtzrcxvSy09YfAz3fO4eT8YcKo0o7zbS0tr6yurec27M2t7Z3d/N5+Q8WpxKSOYxbLVogUYVSQuqaakVYiCeIhI82wfzOuN5+IVDQWj3qQEJ+jrqARxUgbFORPix5DossI1EHmSQ7vq7WhJyfILsopux2W3RMYlV07CvIFp+RMBBeNOzMFMFMtyI+8ToxTToTGDCnVdp1E+xmSmmJGhraXKpIg3Edd0jZWIE6Un00OG8KiIR0YxdI8oeGE/p7IEFdqwEPTyZHuqfnaGP5Xa6c6uvYzKpJUE4Gni6KUQR3DcUqwQyXBmg2MQVhS81eIe0girE2WtgnBnT950TTOSu5l6eLhvFCpzuLIgUNwBI6BC65ABdyBGqgDDJ7BK3gHH9aL9WZ9Wl/T1iVrNnMA/sga/QBfJ54S</latexit>

f

<latexit sha1_base64="bRPIyCvlZeK0pMjyMM//rveOqRA=">AAACGnicbVDLSgMxFM3UVx1fVZdugqXgqsyIVTdCwSpuhAr2AZ0yZNJMG5pkhiQjlKHf4cZfceNCEXfixr8x03ahrQeSezjnXpJ7gphRpR3n28otLa+sruXX7Y3Nre2dwu5eU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geJn5rQciFY3EvR7FpMtRX9CQYqSN5BfckseQ6DMCtZ96ksPbq7EnJ4pdklPpenzhlF27Zm7HqfiFYlYzwEXizkgRzFD3C59eL8IJJ0JjhpTquE6suymSmmJGxraXKBIjPER90jFUIE5UN52sNoYlo/RgGElzhIYT9fdEirhSIx6YTo70QM17mfif10l0eN5NqYgTTQSePhQmDOoIZjnBHpUEazYyBGFJzV8hHiCJsDZp2iYEd37lRdI8Lrun5crdSbFam8WRBwfgEBwBF5yBKrgBddAAGDyCZ/AK3qwn68V6tz6mrTlrNrMP/sD6+gHDm54l</latexit> D
=

0.
00
5

(a) (b) (c)

(d) (e) (f)

<latexit sha1_base64="yhW/mG6MvZVmHVsIJY0rEearEEM=">AAACFnicbZDLSsNAFIYn9VbjLerSzWApiGBJxNtGKFjBjVDFXqCpZTKdtkMnkzAzEUrIU7jxVdy4UMStuPNtnKZZaOsPAz/fOYcz5/dCRqWy7W8jNze/sLiUXzZXVtfWN6zNrboMIoFJDQcsEE0PScIoJzVFFSPNUBDke4w0vOHFuN54IELSgN+pUUjaPupz2qMYKY061kHRZYj3GYGqE7vCh9eXiStSYooJuU3u981i5dwuOR2rYJfsVHDWOJkpgEzVjvXldgMc+YQrzJCULccOVTtGQlHMSGK6kSQhwkPUJy1tOfKJbMfpWQksatKFvUDoxxVM6e+JGPlSjnxPd/pIDeR0bQz/q7Ui1Ttrx5SHkSIcTxb1IgZVAMcZwS4VBCs20gZhQfVfIR4ggbDSSZo6BGf65FlTPyw5J6Xjm6NCuZLFkQc7YBfsAQecgjK4AlVQAxg8gmfwCt6MJ+PFeDc+Jq05I5vZBn9kfP4ACPudYQ==</latexit>

r ⇤R

1

2

3
4

5

1

2

3

4

1

2

3

B

<latexit sha1_base64="AiPgsAQNYpzQKsJ8BFxqlG5mprM=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS0WWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92ruteoXz80as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdGuRYA==</latexit>
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