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jß`Cm�g8r�_@�Yd|g�^.k?dH^vg�r I�� 18 w −3 Z�À��Y`nb.� w�d4\8q{m_@�{\,_x_@�YdëÏtdfZ d Ñ �Üb�g�cCcC`Cm@`�gfqërt^@duÅFpYdHq]bHjëd�æYb�d4d4kYmè_@�Ydzg�q]d|g8r>dHcCd4b"_a^@gfq?�(qYdHp?_a^a\�cDbHg�cCc�`nm�gfq]m4â ¼ _�`Cmxg�oheh`Cg�p]m�_@�]\8_x`CqÊm@p]b.�[Ycn\�m@w�\�mS_@�Yd�m@�]\8[�dèg�rM_@�]d�d4c�dub"_@^ag�qÔdHqYd4^@�fj°kY`Cm�_@^a`�o]p?_@`Cg�qÔrtpYq]b"_a`�gfqÕÏ ÃÂÃMª�²êÑ `Cm�w�\8`CqYcCjËk?d�_adH^awx`CqYdukÔohjz_@�YdÚÏ1d�Z d Ñ �`Cqf_adH^.\�b�_@`Cg�q]m4â ¼ qs_@�]d�b4\�m@d>À��Yd4^@dS_@�Yd�d4qYdH^a��j�`CqY[Yp?_�`Cqf_agè_a�Yd�[Ycn\�m@w�\è��ghd4mD[Y^a`�w�\�^@`Cc�j�`CqF_@g�_@�Yd�_@�]dH^aw�\�c�[]\8^@_5g�r;_@�]dÃÂÃMª�² Z]_a�Yd��Y`C���Y�)d4qYdH^a��j�_.\8`Cc;`CmSw�\8`CqYc�js[{gf[YpYcn\,_ad4kzohj|dHq]dH^a��jlpY[Y�(mabH\8_�_@d4^@duk|d4c�dub"_a^@gfq]m�bH\�p]m@d4ksoFjßÏtdfZ d Ñ �Üb�g�cCcC`Cm@`�gfq]m4ZÀ��Y`nb.�Ë\8cCÀ5\�j?m�k?^a`Ce�dv_a�Yd ÃÂÃMª�² _@g,À�\8^.kYm�\ ¬ \,æ?À5dHcCc�`n\8qÚk?`nm
_a^@`CoYp?_a`�gfq;â ª d4eh`C\8_@`Cg�q°rt^ag�wàm�p]b.�Ú`nk?du\8cQo�dH�{\�eF`Cg�p]^S\8^adbH\�p]m@d4kvrtgf^ d�æY\8w�[YcCd�Z,ohjv`CqYdHcn\�m�_@`nbMd4c�dub"_a^@gfq?�)q]dHp?_a^a\�cFbHg�cCc�`nm�`Cg�q{mQÀ��Y`nb.��k?dH[YcCd�_ad5_@�Yd5�Y`C���xdHqYd4^@�fj>_.\8`Cc'Zf\8q]kè`�qxo{gfpYq]k?duk
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[Ycn\�m@w�\�m�À��Ygfm@d�À5\�c�cnm�_@�]d�r1\�m�_@d4m�_êdHcCd4b�_@^ag�q]m bH\�q�dum@b4\8[�d5_@�Y^ag�pY�f�;â ² pY^@_@�Yd4^@w�gf^@dfZ,dHqYd4^@�fd�_@`nb�b�gfq]m�`nk?d4^a\8_@`Cg�q]m$`�q{k?`Cb4\,_ad_@�{\,_�_a�Yd|�Y`C���Y�)d4qYdH^a��jÚ_.\8`Cc5bHg�qF_@^ag�cnm�^ad4\�b�_@`Cg�q]m�c�`C¨�d|\8_@gfwx`nb�d�æYbH`i_.\,_@`Cg�qÓ\�q]kë`Cg�qY`C~4\8_@`Cg�q;Z \8q]kß_agÔm@g�w�dld�æh_adHqF_�_@�]d[Ycn\�m@w�\>b.�Yd4w�`Cm�_@^aj�âê¤Dc�du\8^ac�jfZ�m@`Cq]b�d5_@�]d ÃÂÃDª>² k?d�_adH^awx`CqYdum w�\�qhj�[]^@gf[{d4^�_a`�dum$g�rY_@�]d5[]cC\fm�w�\YZ,`�_ê`Cm�dum@m@dHqF_@`n\8cF_ag>w�g?k?dHcÏtdfZ d Ñ �Üb�gfc�cC`Cm@`Cg�q]m�\�m>^@du\8cC`Cm�_@`nbx\�m>[{gFm@m@`�o]c�dfâ ¼ qË_@�]d�rtgfc�cCg,À�`CqY�]Z�À5d�k?dum@bH^@`Co{d�_@�]d�rtgf^@w�pYcn\,_@`Cg�qË_@�]\8_�\�c�cCg,À�m�_ags`Cq]bHc�p]kYdÏtdfZ d Ñ �Üb�gfc�cC`Cm@`Cg�q]m5`Cqf_agx\ ¶Â¼ ¤árt^a\�w�dHÀ5g�^a¨x`Cq°\èq]\8_@pY^.\8c�À�\�j�â ³ �YdH^ad�rtgf^@dfZh`�q « d4b�_@`Cg�q ¼�¼ _@�Yd���g,efdH^aqY`CqY��d4ÅFp]\8_@`Cg�q]m�\�q]k_@�]d�qhpYw�dH^a`Cb4\8chrt^.\8w�dHÀ5g�^a¨�\8^ad�`�qF_a^@g?k?p]bHd4k�â ��dum�pYc�_amÂg�o?_.\8`CqYd4k�rt^ag�w m@dHefdH^.\8chqhpYw�dH^a`Cb4\8cYdHæ?[{d4^@`Cw�dHqF_amê\�^@d�[Y^ad4m@dHqF_ad4k`Cq « dub"_@`Cg�q ¼�¼@¼ \8q{k�Û]q]\�c�cCj�Z?\xm��]g�^@_5m@pYw�w�\�^@j�\�q]k|\�q|g�pY_@cCgFgf¨�g8rQgfpY^Mrtp]^�_a�YdH^�\�b�_@`Ceh`i_a`�dum5\�^@d>��`Ce�d4ql`�q « d4b�_@`Cg�q ¼ éèâ

8q8]Ç �ìU�V��SNQLOU�V?É@R�UêTèUêPSÈ®JÍWSLON;X{É�R�UêT��ìK�ÈSNQT�T@É�P�� K���<ßKMWST�KML �é8fPDV?N;XYUêR�VYÉ
KMP
¼ q�gf^ak?d4^�_@gÕk?d4mab�^a`Co{dÚ_a�YdßqYg�q?�Üb�gfqF_@`CqFp]pYw []cC\fm�w�\ëÞ]g,Àà`Cq�_@�]dË_@�]^@p]m�_@d4^4Z>\ ��d4qYdH^.\8c�m
_.\8^@_@`CqY�Ó[�g�`Cqf_z`Cm|_@�]d}5g�c�_@~4w�\�qYqëd4ÅFp]\8_@`Cg�q;Z�À��Y`nb.�Ók?d4mab�^a`�o�d4m�_@�Ydsb.�]\8qY�fd�g8r5_@�Ydse�d4c�g?b�`�_
j�kY`Cm�_@^a`�o]p?_@`Cg�q fi rtg�^�_a�Yd|m@[{dub�`Cd�î i ïx`Cq _@`Cw�d\8q{kí[]�]\�m@dËm�[{\�b�dË\fm�\ë^@dum�p]ci_lg�r�dHæh_@dH^aq]\�c�rtg�^.b�d4m�\�q]ká[]\�^�_a`CbHc�dÚb�gfc�cC`nm�`Cg�q]m4â ³ gÓk?d�_adH^aw�`�qYdË_@�Yd°_a^a\�q]m�`CdHqF_uZ5cCg?bH\�ce�d4c�g?bH`i_
ják?`nm
_a^@`CoYp?_a`�gfq�rtpYq]b�_@`Cg�q;Z�_a�Ydëk?`iy�dH^adHqF_sbHg�qF_@^a`CoYp?_@`Cg�q{m�_@gÊ_@�Ydß}5g�c�_@~Hw�\�qYq�d4ÅFp]\8_@`Cg�q�\�^@dÔkYd4b�gfpY[YcCd4k�\�q]k_@^ad4\8_@dukÔm@dH[]\�^a\8_@dHcCjÚ\�b4b�g�^.k?`CqY��_ag|_a�Yd�[Y�hjhm@`nbH\8c m@`i_ap]\,_a`�gfqÔg�q��]\8q{k�â ¼ q�_@�Y`nm�b�g�qF_ad�æh_�À5d�\8^adxbHg�q]bHdH^aqYd4kÚÀ�`�_@��_@�]d^.\,_@d�g�r�b.�]\�qY��d�g8r fi g,e�d4^5_@`Cwxd�kYpYdvg�qYcCj�_ag�bHg�cCc�`nm@`�gfq]mHâ ³ �Yd�}5gfci_a~Hw�\8qYq°b�gfc�cC`nm�`Cg�qs`�qF_@d4��^.\8c"!�^@du\�kYm�\�m

(
δfi
δt

)

Col

=
∑

j

nj

∫
g(~ci,~cj)σij(g,~g · ~g ′)

[
f ′i(~c

′
i) f
′
j(~c
′
j)− fi(~ci) fj(~cj)

]
dΩ d~cj . Ï I Ñ

��d4^@dfZ,_@�]d5`Cq]k?dHæ j m�_a\8q{kYm$rtg�^ê\8cCc�î�mabH\8_�_adH^a`�qY�8ïM[{gf[YpYcn\,_a`�gfq]mHZ nj = nj(~x, t) `Cm$_@�]d�kYdHq]m@`i_
jèg8r�m@[�d4b�`Cd4m�î j ï.Z ~g = ~ci−~cj^adH[Y^ad4m@dHqF_am�_a�YdSk?`�y�dH^adHq]bHd�o{dH_
ÀDd4dHq�_@�]d�e�d4c�g?b�`�_
j ~c g8r�_a�YdSmabH\,_@_@d4^@dukh�)g�yldHcCd4b�_@^ag�q]mÂ\�q]k�_@�YdSe�dHcCg?b�`�_
jèg�r{_a�Yd�dHcCd4b�_@^ag�q]m_@�{\,_�m@dH^ae�d�\�mSmabH\8_�_adH^adH^.mHZ σij(g,~g · ~g ′) `CmS_@�]d�k?`�y�d4^@d4qF_@`n\8c m@b4\,_�_adH^a`�q]�lb�^agfmamSm@d4b"_a`�gfqÚo{dH_
ÀDd4dHqÚ_a�Ydx[]\8^@_@`nb�cCd4mSg8rê_@�]dm@[{dub�`Cd4mDî i ï�\8q]klî j ï.Z�\8q]kz_a�Yd�kY`iy�dH^adHqF_@`n\8c�m�gfc�`nkÚ\8q]��cCd dΩ `nm���`Ce�d4qÚohj dΩ = sin θ dθ dφ â ³ �Yd�[Y^a`CwxdukÚÅFp]\8qF_@`�_@`Cd4m^ad�rtdH^�_agx_@�Ydve,\8cCpYd�\8r0_@dH^�\�bHg�cCc�`nm�`Cg�q°\8q{kl_a�YdvpYqY[Y^a`Cwxdukzg�qYdum�k?dHqYg�_@d�_@�]dv[Y^@d#�hbHg�cCc�`nm�`Cg�q{\8c�e�\�c�p]d4m4â¼ qÊgf^akYdH^�_@gëb�g�q{m�`nk?dH^xd�æYbHc�p]m@`Ce�dHcCjëdHcn\�m�_@`nb|`CqF_@^.\,�Üm�[�d4bH`�dum�cCg�qY�ß^.\8qY�fd|dHcCd4b�_@^ag�q?�(dHcCd4b�_@^ag�qÓ\�q]kÓ`Cg�q?�(`Cg�qÊbHg�cCc�`nm�`Cg�q{m�\fmÀ5dHcCc{\�mMdHcn\�m�_@`nb�`Cqf_adH^@�(m@[�d4b�`Cd4mMdHcCd4b�_@^ag�q?�(`�gfq|¤Dg�pYcCg�w�o�mabH\8_�_adH^a`�qY�è`i_5`CmDm�p?ñlbH`�d4qf_D_@g�p{m�dS_@�Yd ² g�¨h¨�d4^�� ¶ cn\8q]b.¨�d4ÅFp]\8_@`Cg�q_@gz\8[Y[]^@g�æ?`Cw�\8_@dv_a�Yd�b�g�cCcC`Cm@`�gfqÚ`�qF_adH��^.\8c�Ï I Ñ â�¤Dc�du\8^ac�jfZ�`�qÚ_a�Y`nm�b4\�m@d σij(g, θ) `nm���`Ce�dHqÚohj°_a�YdxbHcC\fm@m@`nbH\8c���p?_a�YdH^@rtg�^.kk?`�y�d4^@d4qF_@`n\8c;b�^agfmam�m�dub"_a`�gfqßÏ'm�d4d�Z?rtgf^�`�q]m�_a\�q]b�dv��dHr
â $ Ñ Z]À��YdH^ad θ `nm5_@�]d�m@b4\,_�_adH^a`�q]��\�qY��cCd�â
¥&% µ(' � ´ �{���{�F��) · �'�Y�$¡u� Ä+* �$�?�u¢1���² gf^�m@\�¨�d�g8r b�cn\8^a`i_
jfZFÀ5d�^@dum
_a^@`nb"_5_@�]d�rtg�cCc�g,À�`CqY��\8q]\�c�j?m@`CmD_@gx_a�Yd�bH\fm�d�g8r�`�qF_@^.\,�Üm@[{dub�`Cd4m�b�gfc�cC`Cm@`Cg�q]m5g�q]c�jfZ?`�qz[]\8^@_@`nb�p]cC\�^ÏtdH�)d Ñ Z]m@`Cq]b�d�_@�]dvdHcCd4b"_a^@gfq?�(`�gfq|`Cqf_adH^.\�b�_@`Cg�q]m�bH\�q°o{d�k?d4^@`Ce�duk|m�_@^.\8`C���F_�rtgf^@d4À5\�^ak;â , ³ �]d ² g�¨h¨fdH^@� ¶ cn\8q{b.¨xduÅFp]\,_a`�gfq

(
δfe
δt

)

Col

= −∇c
[
~F fe

]
+

1

2
∇Tc
[
∇Tc

(
D fe

)]T
, Ï Æ Ñ

À�`�_@� ∇c =
(
∂/∂c1, ∂/∂c2, ∂/∂c3

)T k?d4mab�^a`Co{dumÚ_@�]dÊdHefg�cCp?_@`Cg�q±g�r�_@�YdídHcCd4b�_@^ag�qãk?`nm
_a^@`CoYp?_a`�gfq±rtpYq]b�_@`Cg�q fe =

fe(~x,~c, t) \�ml\ë^ad4m@pYc�_lg8rvm�w�\�c�c��(\�qY��cCdÚm@b4\,_@_@dH^a`CqY�ëg8rè¤Dg�pYcCg�w�oÕ[�g�`CqF_l[]\8^@_@`nb�cCd4m4Z�\8q]kÕ^adH[Y^ad4m@dHqF_.mè_a�YdËcCg,ÀDdum
_�gf^��k?d4^�\�[Y[Y^ag�æ?`�w�\,_a`�gfqlg8rQ_@�Ydv}5g�c�_@~4w�\�qYqsbHg�cCc�`nm@`�gfql`�qF_adH��^.\8c)â -.Ø)×/.�Ø)×@× ³ �Yd�bHg�w�[�g�qYd4qf_.m5g8rQ_a�Yd�rt^@`nb"_a`�gfqlrtgf^abHdxÏ1g�^�k?^@`�r0_ Ñ
e�dub"_ag�^ ~F \�q]k|_@�Yd�k?`�y�p]m�`Cg�qz_adHq]m@g�^ D ∈ R3×3 \�^@d���`Ce�d4qsohj

Fα(~x,~c, t) = ΓP ne(~x, t)
∂H
∂cα

, α = 1, 2, 3 Ï � Ñ

\8q{k
Dαβ(~x,~c, t) = ΓP ne(~x, t)

∂2G
∂cα∂cβ

, α, β = 1, 2, 3 , Ï10 Ñ

^ad4m@[{dub"_@`Ce�d4c�jfZ,À��YdH^ad ne(~x, t) `Cm�_a�Yd�c�g?bH\�chdHcCd4b"_a^@gfq�k?d4q]m@`i_
jè\�q]k ΓP = e4

4πε20m
2
e

ln(Λ) kYdHqYg�_@d4m�_a�Yd�[Ycn\�m@w�\>[]\�^a\�wxdH_@d4^
À�`�_@�Ë_a�Ydl¤Dg�pYcCg�w�oËc�gf�f\�^@`�_@�Yw ln(Λ) Ï'm�d4d�Z�dfâ �{â���d�r
â ! Ñ â ³ �Ydx¨�dHjÚÅFp]\�qf_a`i_a`�dum�_agzbHg�w�[Yp?_adè_a�Yd4m@d�b�ghd�ñlb�`CdHqF_.m
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\8^ad�_@�Yd���gfm@dHqhoYcCp?_@�z[{g�_@d4qf_a`C\�cCm $ À��Y`nb.�°\�^@d�k?dHÛ]qYd4k°\fbHb�gf^akY`�qY��_@g
H(~x,~c, t) = 2

∞∫

−∞

d3w |g|−1 fe(~x, ~w, t) \8q]k G(~x,~c, t) =

∞∫

−∞

d3w |g| fe(~x, ~w, t) . Ï32 Ñ

¤DcCd4\8^acCj�ZF_@�Yd�rt^a`nb"_@`Cg�qsrtg�^.b�d ~F \8q]k|_@�Yd�kY`iy�p]m@`�gfq|_adHq]m@g�^ D _a�YdHw�m@dHcCe�d4m�kYdH[�dHq]kzg�qs_@�]d�efdHcCg?b�`�_
j ~c \�q]k�Z?�Yd4q]b�dfZ?_@�Yd²�¶ w�g?k?dHc���d4qYdH^.\8cCcCj�`nmD\�b�gfwx[]c�`nbH\8_@d4k�q]g�q?�(c�`CqYdu\8^M[]^@gfoYc�d4wO_@�]\8_D�]\fmÂ_agèo�d>m@g�cCe�d4k�qhpYw�d4^@`nbH\�c�cCj�`�q|\�q|\8[][Y^@gf[Y^a`C\8_@d
��q]\�w�dHcCj�Zfm@dHc�r0�Üb�g�q{m�`nm
_adHqF_4��w�\8q]qYdH^uâ ³ �]dSk?`C^@dub"_MqhpYw�dH^a`nbH\8c�m�gfc�pY_@`Cg�q�g8r�_@�]d ²�¶ d4ÅFp]\8_@`Cg�qlbH\�q�qYg,ÀÕo{d>[{d4^�rtgf^@w�d4k;Z\8q{ks\8_5_a�Yd�dHq]ksg8r$_@�Y`nm�[]\�^a\���^.\8[Y�lÀ5d�À�`�cCc;w�\8¨fd�bHc�du\8^5_@�Yd�cC`�q]¨lo{dH_
ÀDd4dHq°m�p{b.�z\�[Y^aghbHd4k?p]^@d�\8q]k|_@�]d�kYd4m@`�^ad4k ¶Â¼ ¤w�d�_a�Yg?k�â ×�Ù ¼ _�`nm�ÀDd4c�c�¨hqYg,À�qs_@�{\,_�_@�]d�\�mam�pYw�[?_a`�gfqsg�r \�qs`nm@g8_@^ag�[]`Cb�oYp?_�q]g�q?� ¬ \,æ?À5dHcCc�`n\8qse�d4c�g?b�`�_
jlk?`nm
_a^@`CoYp?_a`�gfq°g8r_@�]dxmabH\8_�_@d4^@d4^�`Cwx[]c�`Cd4m�\8qÚd4qYg�^aw�g�p]mS^@duk?p]b�_@`Cg�qËg�rê_@�Ydx[Y^ag�oYcCdHwàm�`Cq]bHd�_@�]dxk?`�y�p]m�`Cg�q�\8q]k°rt^a`nb"_@`Cg�q�b�ghd�ñlb�`CdHqF_.mSbH\�qo�d�À�^a`i_@_@d4qË`�qË_@dH^aw�mSg�rÂg�qYdH�(kY`�w�dHq{m�`Cg�q]\�c$ÅFp]\fk?^a\8_@pY^ad4m4â $.Ø)×
Ù"Ø)× ä ��g,À5dHefdH^uZ]`CqÔbH\fm�dum�À��Yd4^@d�qYg|w�g?k?d4c�\fm@m@pYw�[?_@`Cg�q{mb�gfq]b�d4^@q]`�qY��_a�Yd�k?`Cm�_@^a`CoYp?_@`Cg�q�rtp]q]b"_a`�gfq�bH\�qvo{dD`�w�[�gfm@d4k�Z,\ � ª Åfp{\�k?^.\,_apY^@d rtgf^@w�pYcn\�ÀDgfpYcnk�o{dDe�dH^aj>_@`Cwxd5b�gfq]m�p]wx`CqY�{â½ k?dHd4[{d4^ g�o]m@dH^ae,\,_@`Cg�qèg8r$Ï32 Ñ ^@d4e�du\8cnm�_@�{\,_ _@�Yd���gFm�d4qhoYc�pY_@�è[�g8_adHqF_@`n\8cnm \8^ad5bHg�qhe�gfc�pY_@`Cg�q]mQg8r]_a�Yd�m@b4\,_�_adH^êk?`nm
_a^@`CoYp?_a`�gfqrtpYq]b�_@`Cg�q]m|\8q]kíg8r�_@�YdË\�o]m@g�cCp?_@d°e,\8cCpYd°g8r�_@�YdÚ^adHcn\,_a`�efdzm@[�dHd4k;â ³ �Y`Cm|m�pY�f��dum
_�_@g \�[Y[YcCj ² gfpY^@`CdH^�_a^a\�q]m�rtg�^aw�\8_@`Cg�q_@dub.�YqY`nÅFpYd4mD_@g�b�gfw�[Yp?_@d>_@�]d>`CqF_@dH�f^a\�cCm4ZFÀ��YdH^ad>q]g�w�g?k?dHc�\fm@m@pYw�[?_@`Cg�q{mDbHg�q]bHdH^aqY`�q]��_@�]d�kY`Cm�_@^a`�o]p?_@`Cg�q|rtpYq]b"_a`�gfq|�]\�efd_@g�o�dv`�w�[�gfm@d4k�â ½ r0_@d4^Sm�gfw�d�m�_a\�q]kY\�^aksw�\8qY`C[YpYcn\,_a`�gfq]mHZ ×
å�À5d�g�o?_.\8`Cq|_a�Ydv^ad4m@pYci_.m

H(~c) = 8πF−1

{
f̂e(~k)

k2

}
Ï15 Ñ

\8q{k
G(~c) = −8πF−1

{
f̂e(~k)

k4

}
, Ï36 Ñ

À��Yd4^@d|_@�Ydz`CkYdHqF_@`�_
j ∇2
cg = 2/g �]\�m�o{d4dHqíp]m�dukë_@gßg�oY_a\8`Cq _a�Ydzm@d4bHg�q]kë^adHcn\,_a`�gfqÊ\8q{k F−1 k?dHq]g8_@dum�_a�Ydz`�qhe�d4^am@d² gfpY^a`�d4^D_a^a\�q]m�rtg�^aw�\8_@`Cg�qsg8r�_@�Ydv\8^a��p]wxd4qF_am5`�qz_a�YdvoY^.\�b�dumHâM¤DcCd4\�^@cCj�ZF_@�]d�\8^a��pYw�dHqF_�g8r�Ï15 Ñ ^adHefd4\�cCmD_@�]d�b�g�qhefg�cCp?_@`Cg�q

b.�]\�^a\fb"_@d4^Âg8rQÛ]^am�_DdHæ?[Y^@dum@m@`Cg�q�`CqÔÏ72 Ñ ZhÀ��Y`nb.�lw�d4\8q{mÂ_a�]\,_�ÀDd>��dH_D`Cq ~k �Üm�[{\�b�d�_@�Yd�[Y^aghkYp]b"_5g8r�_@�]d ² g�pY^a`�d4^Â_a^a\�q]m
rtgf^@w
f̂e(~k) = (2π)−3/2

∞∫
−∞

d3c e−i
~k·~c fe(~c) \8q]k 1/k2 Z�À��Y`Cb.�è`Cm;_@�Yd ² g�p]^@`CdH^�_a^a\�q]m�rtg�^aw�\8_@`Cg�q�g8r?_a�Yd$î.¤Dg�pYcCg�w�ov[{g�_@dHqF_a`C\�c ï

1/g â « `�q{b�dv_a�Ydèk?d4^@`Ce,\,_@`Ce�dum�g8r _@�]dè��gfm@dHqhoYcCp?_a�z[�g8_adHqF_@`n\8cnm�d4qf_adH^�`CqF_@g�_a�Ydèk?dH_@d4^@w�`Cq]\,_a`�gfq]m�Ï � Ñ \�q]këÏ80 Ñ Z]À5d�\8[Y[]c�j_@�]d�k?`iy�dH^adHqF_a`C\8_@`Cg�qz[Y^@gf[{d4^�_
j�g�r$_a�Yd ² gfpY^a`�d4^D_a^a\�q]m�rtg�^aw�\8_@`Cg�qz\8q]ksÛ]q]kz`Cw�wxduk?`n\,_@d4c�j
∂H
∂cα

= 8π iF−1

{
kα
k2

f̂e(~k)

}
\8q]k ∂2G

∂cα∂cβ
= 8πF−1

{
kαkβ
k4

f̂e(~k)

}
. Ï19 Ñ

: g�_@dfZ?_@�]\8_>m@p]b.�z\�kYd�_@d4^@w�`Cq]\,_a`�gfq°g8r�_@�Yd�k?d4^@`Ce,\,_a`�efd4m�w�\�j|b�gfq]m@`Ck?d4^a\�oYcCd�^ad4kYp]b�d<;Hb�g�w�[YpY_a\,_a`�gfq]\8c�qYgf`Cm@d�;>À��Y`nb.�°`Cmg8r0_adHqÚ\�mam@ghbH`C\8_@duklÀ�`�_@�zÛ]qY`�_@d�k?`�y�dH^adHq]bHd�k?`iy�dH^adHqF_a`C\8_@`Cg�qzg�qs_@�YdvefdHcCghbH`i_
j|��^a`Ck�â¼ q�d4mam�d4q]b�dfZ,_@�]d�w�\�`�q�\fk?e,\8qF_a\���d5g8r]_a�Yd ² g�pY^a`�d4^ê\8[Y[Y^agf\fb.�è`nm _@�{\,_ÂÀ5d5gfo?_a\�`�q�\�Û]^.m
_ê[Y^a`Cq]b�`C[YcCd�Z8rtp]c�cCj�m@dHc�r0�(bHg�q]m@`nm
_adHqF_k?dH_@dH^aw�`�q{\,_@`Cg�q°g�rQ_@�]dèk?d�_adH^aw�`�qY`nm�_@`nb�rt^@`nb"_a`�gfq°\�q]kzm
_aghb.�{\�m�_@`nbvk?`iy�p]m@`�gfqÚ\8^a`Cm@`�q]��`Cq Ï Æ Ñ m�`Cq]b�d�qYglm@[�d4b�`�Û{b�w�g?k?dHc$\�m��m@pYw�[?_@`Cg�q]mM\8^ad5q]d4b�dum@ma\8^aj�_@g�bHg�w�[Yp?_ad�_@�Yd>��gfm@dHqhoYcCp?_@��[�g8_adHqF_@`n\8cnmHâê¤Dg�q]m@d4ÅFpYd4qF_@cCj�Z8_a�Yd�ÏtdfZ d Ñ �Üb�gfc�cC`Cm@`Cg�q]\�c?^@d4cC\8æ?\8_@`Cg�q`nm�w�g?k?dHcCd4kë`CqÊ\ËbHg�w�[YcCd�_@dsm�d4cir0�Üb�gfq]m�`nm�_@dHqF_�À�\�j�â ² p]^�_a�YdH^aw�g�^ad�Z�qYg8_ad�_@�]\8_�_@�]ds\8[][{du\8^adHq]bHd�g8r�_@�Yd ²�¶ d4ÅFp]\8_@`Cg�q^adHe�du\8cnm5_@�]\8_�_@�]d|ÏtdfZ d Ñ �Üb�g�cCcC`Cm@`�gfq]m�\8^advw�g?k?dHcCd4kÚ\fm�\�k?`�y�p]m@`Cg�qÚ[Y^ag?b�d4mam5_@�{\,_>k?dum@bH^@`Co�d4m�_a�Ydèm@�Yg�^@_��)_@`Cw�dvo{d4�]\�eh`�gf^�g8r_@�]d�b�g�q{m�`nk?dH^ad4ksm�j?m�_@d4wzâ ×�ð.Ø)×=!¬ \�¨F`CqY��p]m@d�g8r]_a�Yd ¼ _ ô rtg�^awèp]cC\h×
ð"Ø)×=$5g�q]d�b4\8q�m��]g,À _@�]\8_ê_@�Yd ²�¶ d4ÅFp]\8_@`Cg�q°Ï Æ Ñ rtg�^�_@�Yd�d4e�gfc�p?_a`�gfq�g�r fe `nm d4ÅFpY`Ce�\�c�d4qF__@gx_a�Yd�m
_ag?b.�]\�m�_@`nbH\�c;k?`iy�dH^adHqF_a`C\�c�d4ÅFp]\,_a`�gfqßÏ «?ª>ÃDÑ g8rê¸Q\�qY��d4eh`�q?�)_
jh[{d
d~C(t) = ~F (~C, t) dt+ B(~C, t) d ~W (t) , Ï1> Ñ

À��Yd4^@d ~W (t) ∈ R3 ^adH[]^@dum�d4qf_.m�_a�Ydè_a�Y^adHd��Ük?`Cw�dHq]m@`�gfq]\8c���`CdHqYd4^>[Y^ag?b�dum@m�\8q]kÚ_@�Ydxw�\,_@^a`�æ B ∈ R3×3 `nmS^adHcn\,_ad4k°_ag
_@�]dlk?`iy�p]m@`�gfq�w�\8_@^a`iæ�\fbHbHg�^.k?`�q]�|_ag D = B BT â ½ mv`Cq]k?`nbH\8_@duk�Z;o�g8_@� ÅFp]\�qf_a`i_a`�dum ~F \�q]k B qYg,À k?d4[{d4q]këg�q�_@�]dm�_@g?b.�]\�m�_@`nb�e,\8^a`n\8oYcCd ~C = ~C(t) ZÂÀ��Y`nb.�ÓÀ�`Cc�c�o�ds`nk?d4qf_a`iÛ{d4k cn\,_adH^�\�mv_a�Ydze�dHcCg?b�`�_
j�g�r�_@�]d�Ïtw�\fb�^ag Ñ d4c�dub"_a^@gfq]mHâ���d^adHw�\8^a¨x_@�]\8_D_a�Ydv¸Q\8q]��dHeh`Cq?�)_
jF[�dSduÅFp]\,_a`�gfql_a\�¨�dumÂ_a�Yd�^@gfc�d�g8r;_a�Ydvk?d�_adH^aw�`�qY`nm�_@`nb>¸Qg�^adHqF_@~>d4ÅFp]\,_a`�gfq|`Cq|_a�Ydvb�cn\�mam�`nbH\�c¶Â¼ ¤à\�[Y[Y^agf\fb.�;Z�oYp?_|rtgf^sqhpYw�d4^@`nbH\�cS[YpY^a[�gfm@d4m�_a�Y`nm|duÅfp{\,_@`Cg�qÌ�]\�ml_@gÊo�dëk?`Cmab�^ad�_a`�~4d4káÀ�`�_@�Y`Cq�_a�YdËrt^.\8w�d4ÀDgf^@¨íg8rm�_@g?b.�]\�m�_@`nbSb4\8cnb�pYcCp]m4âê��dHq{b�d�ZF_a�Yd�p]m�d>g8r;_a�Yd�¸Q\8q]��dHeh`Cq?�)_
jF[�d «YªSÃ Ï1> Ñ ÛY_.m5`�q°\�^adHw�\8^a¨,\8oYcCd�À�\�j�`�qF_@g�_@�]d�m�_a\�q]kY\8^.k¶Â¼ ¤Ì\8[Y[]^@gF\�b.�;Z ä À��]`Cb.�z`Cm�g�qYd�o]\fm�`nb�b�g�q{b�dH[Y_�g�r$_a�Yd ¶ `nbH¸$\�m�b�g?k?dvk?d4e�d4c�gf[Yw�dHqF_4â

2¸bZ\M�]1_ th ` Q�S÷MRLaQiWAS�cfeAQiWAgihFg°MVkRS�LacfkmKFLNeVoipqgrOacfeIQtsDeIQ�uPMPLNMRQikVMPw�xYg°eILlMPQbklM ` STWIg�y{w| MToiSTMP}�~VMPL��\�^�¹�1_IwY�1_�_q�



? %A@Ú���Ó�F��¢'¡��Y� ´ �,�Y�Ó��Bè�{���DC µ(' � ·v¾ �à¥l£�£������Y¡ '³ �YdzqhpYw�dH^a`Cb4\8c�m�gfc�p?_a`�gfqÊg�r�_@�Yd ²�¶ duÅFp]\,_a`�gfqÓ`Cmx`Cc�cCp]m�_@^.\,_ad4k `CqÊ_a�YdzoYc�g?b.¨ k?`n\8�f^a\�w o�dHcCg,Àvâ ³ �Yd°\8q]\�c�gf��jßÀ�`i_a�b�cn\�mam@`Cb4\8c ¶Â¼ ¤±bHg�q]bHdH[?_v`nm�`�w�w�d4kY`C\8_@dHcCjÔd4eh`Ck?d4qF_�E�F>qYd�[]\8^@_�g8r5_@�Yd�b�j?bHc�d�`nmvm�`�_@p]\8_@dukÔ`Cq \sw�dum��?�)rt^adHdx~Hg�q]d�Z;À��Y`CcCd\8q]g8_@�]dH^�g�q]d�q]dHd4k]m�\xkY`Cmab�^ad�_a`�~u\,_@`Cg�qz��^a`nk�Z?À�`i_a�z_
ÀDg�`Cqf_adH^@r1\�bHd4m5[Y^aghbHd4k?p]^@dum5bHc�gFm�`CqY�x_@�]dvÀ��Yg�cCdvbH\8cnb�p]cC\8_@`Cg�q;â
Mesh−free

Grid−Based

Rosenbluth Solver

Reconstruction

Langevin Solver

p
n f (Vj )

f(Vj )

Interpolation

(F, D)j

(F, D)
j

(F, D)
p

V

Vp∆p(F, D) n

óQô õFöh÷@øHGFúJI5ö?ôK�MLYôK�FõON��M�hüQP�RS�	�
�"ýFøUTDV=W�ÿ	���?÷Q�8ÿ8ü"ýX�Y��÷Z�.ýFøvó��[P�P,ø4÷]\^T�� ÿ[�hü_P�ø�`höFÿ��.ôM���{ú
¼ qs_@�Yd�rtgfc�cCg,À�`�q]�]ZY\�m��]g�^@_�kYd4mab�^a`�[?_a`�gfqsg�rQ_a�Yd�m�`CqY�fc�d�oYpY`Ccnk?`�q]��oYc�g?b.¨?m�g8r$_@�Yd ² g�¨h¨�d4^�� ¶ cn\8q]b.¨lm@g�cCe�d4^D`nm��f`�efdHq;âaDbcb�d e�f�gih	f�j+k�fmlonph�qsr�f�b=j�t3u�q#jQd r�f�v ² ^ag�w _@�Ydl\fb"_@p{\8cÂcCg?bH\,_a`�gfqëg8r5_@�Yd�[Ycn\�m@w�\°[]\8^@_@`nb�cCd4m�`Cqë_@�]d�_@�Y^adHdH�(k?`Cw�dHq]m@`Cg�q]\�cw�d4m@�?�)rt^@d4d�e�dHcCg?b�`�_
jèm@[]\�bHd�Z8_a�YdSk?`nm�_@^a`�oYpY_@`Cg�qxrtpYq]b�_@`Cg�q fe(~c) `CmÂ^@dum�gfc�efd4k�g�qx_@�Yd�¤5\8^@_@d4m@`n\8qxe�dHcCg?b�`�_
jèw�d4m@�;â ² gf^ê_@�]\8_4ZÀ5dz\�[Y[YcCj _@�Yd°efg�cCpYw�d��(ÀDd4`��f�f_a`�q]�Ú_@dub.�YqY`nÅfp]d�×c,.Ø1,l_ag b�g�w�[YpY_@d°^@d4cC\8_@`Ce�dsÀDd4`��f�f_a`�q]�ßbHgFgf^akY`�q]\8_@dum�rtgf^xdu\�b.�í[]\8^@_@`nb�cCdî p ï�rt^@gfwòÀ��Y`nb.�z`Cq]k?`Ceh`CkYp]\8c;[{\8^@_@`nb�cCd�À5dH`C���F_.m g(p) bH\�qso�d�k?d�_adH^aw�`�qYduk�â ³ �Ydum�d�[]\�^�_a`CbHc�dvÀ5dH`C���F_.mM_a�YdHqËbHg�qF_a\�`�qs_@�]dqYdub�d4mama\8^aj�`�q?rtgf^@w�\8_@`Cg�qs_@g�\�mam�`C��qsd4\fb.�s[]\�^�_a`CbHc�d�_ag�_a�Yd�b�gf^@^ad4m@[�g�q]k?`CqY�x��^a`Ckzb�d4c�c�g�r$_a�Ydve�d4c�g?bH`i_
j�w�d4m@�;ânpr[b]h	f�w�xyu�j�z<{
r�x |�h	t/v ½ r0_adH^aÀ5\�^akYm4Z�rtgf^�_@�Yd��f^@`nkh�(o]\�m@d4k�b�g�w�[YpY_a\,_a`�gfq]mv\ ² ²�³ w�d�_a�Yg?kßm@`Cwx`Ccn\8^�_@g°_a�Yds¤Dghg�cCdHjË\�q]k³ pY¨�d4jË\8cC��g�^a`�_@�Yw|×c-.Ø1Ùc.�`Cmv\�[Y[YcC`�dukÚ_agzbHg�w�[Yp?_ad�_a�Yd ² gfpY^@`CdH^>_@^.\8q{m
rtgf^@w f̂e(~k) g8rM_a�Yd�k?`nm
_a^@`CoYp?_a`�gfqËrtpYq]b�_@`Cg�q fe(~c) â« pYo{m�duÅfp]dHqF_xw�pYc�_@`C[Yc�`nbH\8_@`Cg�q]mxg�r f̂e(~k) À�`�_@� 1/k2 Z kα/k2 ZÂd�_.b8âÕ\8q]kí\ËÛ]q{\8c�`�qhefdH^.m�d|_@^.\8q]m�rtg�^aw�\,_@`Cg�qÊjF`CdHcnkYm�_@�]d��^a`nkh�)o{\�m@d4kË��gFm�d4qhoYc�pY_@�ß[{g�_@dHqF_a`C\�cCm�Ï75 Ñ \8q]kÕÏ36 Ñ \8q]k�ZQd4m@[{dub�`n\8cCc�jfZ�_@�Yd4`�^�kYdH^a`�e,\,_a`�efd4m�À�`�_@�ë^@dum�[�d4b�_�_@gz_@�Yd�efdHcCghbH`i_
jÏ19 Ñ ZFrt^ag�w À��Y`nb.��_@�Yd�b�gfwx[�g�q]dHqF_amDg8r�_a�YdSrt^a`nb"_@`Cg�qlrtg�^.b�d�efd4b"_ag�^�Ï � Ñ \8q]k�_@�Yd�k?`�y�p]m@`Cg�qlw�\,_a^@`�æËÏ80 Ñ bH\�ql`Cwxw�duk?`C\8_@d4c�jo�d�k?d�_adH^awx`CqYduk�â}�f�j=h[t7~	r�x k�jQd r�f�v ³ �YdMî@¸Q\�qY��d4eF`Cq�rtg�^.b�d4m
ï"Z,À��Y`Cb.��\�^@d5_@�]d�k?d�_adH^awx`CqY`nm
_a`Cb5rt^a`nb"_@`Cg�q�\�q]k�_@�Yd�m�_@g?b.�]\fm
_a`Cb�k?`�y�p{m�`Cg�q;Zf�]\�e�d5_ago�d>b�gfw�[Yp?_@dukl\,_M_@�Yd�\�b"_ap]\8c{[{gFm�`�_@`Cg�q|g8r�d4\fb.��[]\8^@_@`nb�cCd�`Cql��^a`Ck?�'rt^adHd�efdHcCghbH`i_
j�m@[]\�bHd�â « `�q{b�dS`CqF_@d4^@[�g�cn\,_a`�gfq�`CmMqYg8_a�Y`�q]�dHcnm@d�_a�]\8qß_a�Yd�`�qhefdH^.m�dxg�[�dH^.\,_a`�gfq�g�r�\fm@m@`��fqYw�dHqF_4Z;_@�Yd�[]\�^�_a`CbHc�d�À5dH`C���F_am g(p) \�^@d�gfq]b�d�\8�F\8`Cq�p{m�dukË_agÚ`�qF_@d4^@[�g�cn\,_ad_@�]d�¸Q\8q]��dHeh`Cqlrtgf^abHd4m�\,_�_a�Ydv[{gFm�`�_@`Cg�q°g�r$[]\�^�_a`CbHc�d�î p ï�`�qÚb�gfqF_@`CqFp]g�p]m5e�d4c�g?bH`i_
j|m@[]\fb�d�Ï1m@dHd�ZYrtg�^�`Cq]m
_.\8q]bHdv��d�r
â ×=,"Ø1, Ñ â�	k�f�e[h#|[dMf�{�r�x |�h	t/v Î�q{k?dH^Q_@�Yd5\�b"_a`�gfqvg8rh_@�]dMe�d4c�g?bH`i_
jF�Ük?dH[�dHq]kYdHqF_Q¸Q\�qY��d4eF`Cq�rtg�^.b�dumHZud4\fb.��[]\8^@_@`nb�cCdÂ`nm;w�g,e�duk>`Cq�efdHcCghbH`i_
jm@[]\�bHd�\�b4b�gf^ak?`CqY��_ag|_a�Yd «YªSÃ Ï1> Ñ Z�À��YdH^ad�\�[Y[Y^ag�[Y^a`n\,_@dvqhpYw�d4^@`nbH\�c$w�d�_a�Yg?kYm�\8^adè^ad4ÅFpY`C^@duk�â ² g�^>g�pY^�[YpY^a[{gFm�dumHZ�À5dp]m@d�ÀDdu\8¨l\8[][Y^@g�æ?`Cw�\,_@`Cg�q{m ×c$ g�r$duÅfp{\,_@`Cg�qëÏ1> Ñ â ³ �Yd4^@dHrtg�^ad�ZhÀ5d�[�dH^@rtg�^aw \�q ¼ _ ô � ³ \�jhc�gf^5dHæ?[]\8q]m@`Cg�q|p][s_agx_@�Yd�_@d4^@w�mÀ��YgFm�dvw�pYci_a`i�(`Cq]k?`nb�d4mSo{d4c�gfqY��_agl\lk?d4m@`C^@duks�]`�d4^a\�^ab.�Y`nbH\�c;m�dH_4â ² gf^�`Cq]m
_.\8q]bHd�Z]_@�Ydxm�`Cw�[Yc�dum
_>wèpYc�_@`��(kY`�w�dHq{m�`Cg�q]\�c;À5d4\8¨³ \�jFcCg�^�dHæh[{\8q]m@`�gfq|cCd4\fkYm5_@g�_a�Yd Ã pYcCdH^�mab.�YdHw�duÙ.×

~Cn+1 = ~Cn + ~F (~Cn, tn) ∆t+

3∑

α=1

~bα(~Cn, tn) ∆Wα
n , Ï I�� Ñ

À��Y`nb.�xbHg�qhe�d4^@�fd4m$ÀDdu\8¨hcCj�À�`�_@��gf^ak?d4^ β = 1.0 â���dH^ad�Z ~bα = B ·~eα Z8À�`�_@��pYqY`�_Âe�dub"_ag�^ ~eα Zf\�q]k�_a�Yd���`�d4qYdH^ê`Cq]bH^@d4wxd4qF_
∆Wα

n `nm�k?d�Û{qYd4k�\�bHbHg�^.k?`CqY��_@g ∆Wα
n =

√
∆t ηα Z�À��YdH^ad ∆t `nm�_a�Ydx_@`Cw�dxm�_@d4[�m@`�~4d�\8q{k ηα ∼ N (0, 1) k?dHqYg�_@dum>\§�\8p{m@m@`C\�qÚk?`Cm�_@^a`CoYp?_@duk°^a\�q]k?gfw qhpYwèo�dH^SÀ�`i_a�Úwxdu\8q µ = 0 \8q{kse,\�^@`n\8q]bHd σ2 = 1 â : g8_@dfZY_a�]\,_S`CqÚ_a�Ydèm@`i_ap]\,_a`�gfqzg�rÀ5d4\8¨Ú\�[Y[Y^ag�æh`Cw�\,_a`�gfqs_a�Yd�§�\8p]mam�`n\8qÔ^a\�q]k?g�wàqhpYw�o{d4^ ∆Wα

n bH\�qËo{d�m@pYo]m�_@`�_@p?_ad4k�oFjÚ\sm�`Cw�[Yc�d4^�^a\�q]k?g�w qhpYwèo�dH^
∆Ŵα

n À��Y`nb.�z`nm5_
À5g8�([{gf`�qF_�k?`nm
_a^@`CoYp?_ad4k�â ×=$
5¸bZ\M�]1_ th ` Q�S÷MRLaQiWAS�cfeAQiWAgihFg°MVkRS�LacfkmKFLNeVoipqgrOacfeIQtsDeIQ�uPMPLNMRQikVMPw�xYg°eILlMPQbklM ` STWIg�y{w| MToiSTMP}�~VMPL��\�^�¹�1_IwY�1_�_q�



³ �Yd�b�gfqhe�dH^a��d4q]b�dDg�^.k?dH^ g�r]_@�]d Ã pYc�d4^Mmab.�YdHw�d�bH\8qxd4\fm�`CcCjvo{d�`Cw�[Y^@g,efd4kèoFj�\�kYk?`CqY�>_@�Yd�kYdH^a`�e,\,_a`�efd4m�g8r�e,\8^a`�gfp]m�g�^.k?dH^.mg8r�_@�]d>rt^a`nb"_@`Cg�qÚ\�q]kskY`iy�p]m@`�gfq°bHghd�ñlb�`CdHqF_am�À��]`Cb.�°�]\�efdS_agxo�dv^adH[Ycn\�bHd4ksoFjs\8[Y[Y^ag�[]^@`n\,_ad�\�[Y[Y^ag�æh`Cw�\,_a`�gfq]mHâ ×c$³ �Y`nmMm�_@d4[lb�cCgfm@d4m�_@�]d>m@dHc�r0�(bHg�q]m@`Cm�_@d4qF_êkYd�_@d4^@w�`Cq]\,_a`�gfqlb�j?b�cCd4m4Z�À��]`Cb.���]\�efd�_@g�o�d�^apYqx_@�Y^ag�pY�f��\,_Mdu\�b.�x_@`Cw�dSm
_adH[l\�q]krtg�^�du\�b.�°m�[{\,_@`n\8c��f^@`nkzb�dHcCc)â
8q8q8]Ç �áN��hW>TÜV��

Ã \fb.��m@`�qY�fc�d�oYcCg?b.¨v�]\�m�o�dHd4q�_ad4m�_@dukè`Cq�`�_am � ª e�d4^am@`�gfqèm@dH[]\�^a\8_@dHcCj , []^@g,eh`nk?`�q]�Se�d4^@jv�fghghkè^@d4c�`n\8o]`�cC`i_
jfâQ�ßd�[Y^ad4m@dHqF_�Yd4^@d�_a�Ydle,\8cC`Ck]\,_@`Cg�q g�r�_@�YdlÀ��]g�cCd ² g�¨h¨fdH^@� ¶ cn\8q{b.¨Ëw�ghkYpYc�d|oFj�w�d4\8q{m�g8r�\Ëm@d4ÅFpYd4q]b�d�g�r�qhpYw�d4^@`nbH\�cÂd�æ?[�dH^a`�w�dHqF_.mk?d4wxgfq]m�_@^.\,_@`CqY��_@�Ydv�fghghks\8[Y[]^@g�æ?`Cw�\8_@`Cg�ql[]^@gf[{d4^�_a`�dumDg�r$_a�Yd�`�qF_a^@g?k?p]bHd4kzm@b.�]dHw�d4m4â ¼ qsgf^ak?d4^5_@g�[{d4^�rtgf^@wç\��fdHqYd4^a\�c`CqFefd4m�_@`C�f\8_@`Cg�qË\8o�g�pY_>`Cqf_a^a\8�(m@[�d4b�`Cd4m>b�gfc�cC`Cm@`Cg�q]m4Z�\�c�c$_@�]dxÅFp]\�qf_a`i_a`�dumS�{\�e�d�o�dHd4qË_@^ad4\8_@dukË\�m�k?`Cwxd4q]m@`�gfqYc�dum@m>ÅFp]\8qF_@`�_@dumHâ½ m�^@dHrtdH^adHq]bHd�m�`C~Hdum�ÀDd�bHg�q]m@`nk?dH^ad4k|_@�Ydèw�\fm@m�\�q]kÚb.�]\�^@�fd>g�r d4c�dub"_a^@gfq]m�À�`i_a�Ë\�qhpYwèo�dH^SkYdHq]m@`i_
jsg8r 1018 w −3 â ³ �]d_@�]dH^aw�\�c$efdHcCg?b�`�_
js`nmSk?d4^@`Ce�dukzrt^@gfw®\ ¬ \,æ?À5dHcCc�`n\8qËkY`Cm�_@^a`�o]p?_@`Cg�qÚrtp]q]b"_a`�gfqÔg8rêd4c�dub"_@^ag�q{mS\,_�\�_adHw�[{d4^a\8_@pY^ad�g�r I�� dÜé�â² ^ag�wò_@�Ydum�dv[]\�^a\�w�d�_@d4^amDg�q]dvg�o?_.\8`Cq]m5_@�]\8_�g�qYd�_a`�w�dvpYqY`�_�`nm�d4ÅFpY`Ce�\�c�d4qF_�_@g 1.78 · 10−7 m@d4bHg�q]kYm4â
¥&% Äi� £D�f�,¢'�Ó�h���<�pC Á �h�4�F��¦{��¢t�s�Q¢1�ß�$�'�?�4¢'�{�² gf^Mma\8¨�d�g�r;b�cCd4\8^aqYdum@m4Z8À5d�b�g�q{m�`nk?dH^M`�q�_a�Yd�rtg�cCcCg,À�`�qY��\vm@`CqY��cCdSm@[]\,_a`C\�cY��^a`Ck�bHdHcCc'ZF`�q�À��]`Cb.�l\vm@p?ñlb�`CdHqF_Mcn\8^a��d�qhpYwèo�dH^g8rÂ[{\8^@_@`nb�cCd4mèÏ Np = 3 · 105 Ñ `nmScCg?bH\,_ad4k�Z�\8q{kË\�mam�p]wxd�_@�]\8_S_@�]d�b�gfw�[Yp?_a\8_@`Cg�q]\�c ¤5\�^�_ad4m@`C\�qÚwxdum��Ô`�qËefdHcCg?b�`�_
jzm@[]\�bHd`nm�\�mam�g?bH`C\8_@d4kÔÀ�`i_a�ß_@�Y`nmvcCghb4\8cê�f^@`nkÔ~4g�qYdfâ ³ �Yd�`�q]`i_a`C\�cMm
_.\,_adx`nmv[Y^adH[{\8^ad4kÔ\fm@m@`C��qY`CqY�s_@gÚd4\fb.��efdHcCg?b�`�_
jËb�g�w�[�g�qYd4qF_\s§�\�p]mam�`n\8qËefdHcCg?b�`�_
j°kY`Cm�_@^a`�o]p?_@`Cg�qß\8cCc�À�`�_@��w�d4\8q�~Hd4^@glo]p?_vÀ�`i_a��k?`�y�d4^@d4qF_�e,\8^a`n\8q]bHd4mèÏt_@d4wx[�dH^.\,_apY^ad4m Ñ E σ2

1 = 1.0 Z
σ2

2 = 2.25 \8q]k σ2
3 = 4.0 â ½ r0_@dH^aÀ�\8^.kYmHZQ_@�Ydzm�j?m�_@d4w dHefg�cCe�dum�_@�Y^ag�pY�f�ë`�qF_@^.\,�Üm@[{dub�`Cd4mè¤Dg�p]c�gfwèo m@b4\,_@_@dH^a`CqY�ÚpY[ë_@g_@`Cw�d t = 150 Z;À��YdH^ad ∆t = 5 · 10−2 â ¼ _è`Cm�ÀDd4c�c��)¨hqYg,À�qÔ_@�]\8_�_@�]d ²$¶ gf[{d4^a\8_@gf^�\�b"_a`�q]�zgfq fe Ï Æ Ñ `nm�k?`nmam�`C[]\,_a`�efd`Cq�_a�Ydlm@dHq]m@d�g8r�m@\8_@`nm
rtjh`CqY�Ú}Dgfci_a~Hw�\8q]q;� mv���'_a�YdHgf^@d4w°â ÙaÙ ¼ qßg�_@�Yd4^vÀDgf^ak]m�\Úm@j?m
_adHw g�r�b.�{\8^a��d4kÔ[]\8^@_@`nb�cCd4m�`CqëqYg�qY�d4ÅFpY`CcC`�oY^a`CpYw b�g�q{k?`i_a`�gfqldHefg�cCe�dumê`�q|_@�Yd�b�gfpY^am@d�g�r�_@`Cwxd>_@g�`i_.mMduÅFpY`�cC`CoY^@`CpYw b�gfq]k?`�_@`Cg�q]m5\8q{k�^@d4cC\8æ?d4mê_ag�\ ¬ \,æ?ÀDd4c�cC`n\8qm@�]\8[�d4kxk?`nm
_a^@`CoYp?_a`�gfq�À�`�_@�x[{gFm�`�_@`Ce�d�d4qf_a^@gf[hjv[Y^@g?k?p{b"_@`Cg�qQâ ½ Û]�fpY^@d5g8r�w�dH^a`i_ê`Cqè_a�Y`CmêbHg�qF_@dHæh_ `nm�_@�]d5cCg?bH\�cY���)rtpYq]b"_a`�gfq\8[][Yc�`Cd4kz`Cq|_a�Yd�rtg�^aw

H(~x, t) = −
∫

R3

d3c [ln fe(~c, ~x, t)] fe(~c, ~x, t) , Ï IfI Ñ

À��Y`nb.��bH\8q�o�d�\�mab�^a`�o�d4kè_@g�}5gfci_a~Hw�\8qYqQâDF>oheh`�gfp]m@c�jfZ H(~x, t) b4\8qxo{d�^adH�F\8^.k?d4k�\�mê\�w�d4\fm�p]^@d�g8r�_@�]d�d�æh_@d4qf_ê_agvÀ��Y`nb.�_@�]d�b�gfq]k?`�_@`Cg�q]mSg8rM\sm�j?m�_@dHwàk?d4eF`n\,_ad�rt^ag�wç_@�]\8_�bHg�^a^@dum�[�g�q]kY`�qY��_agld4ÅFpY`CcC`�oY^a`CpYw°â ¼ _�b4\8qÚrtp]^�_a�YdH^>o{d�m��]g,À�q]Ù ä _@�]\8_À��Yd4q�_a�Yd�duÅfp]`�cC`�o]^@`CpYw `nmê^ad4\fb.�Yd4k�Z8bHg�cCc�`nm@`�gfq]mê\8^ad�qYg8_Â^ad4m@[{gfq]m@`�oYcCd�\8qhjhw�g�^adDrtgf^ _@�YdS^a\8_@d�g8r�b.�]\8q]��d�g8r H(~x, t) â ³ �Yd_@d4w�[{gf^a\�cQdHefg�cCp?_@`Cg�q°g�rê_@�Ydè���'rtp]q]b"_a`�gfqËg�o?_.\8`CqYd4kzrt^ag�wàk?`�y�d4^@d4qF_>qhpYw�dH^a`Cb4\8c;dHæ?[{d4^@`Cw�dHqF_am>\8^ad�k?dH[Y`nb"_ad4kÚ`Cq ² `C��pY^ad� âM¤DcCd4\�^@cCj�ZF_@�]d����'rtp]q]b"_a`�gfq|w�d4\fm�pY^ad4k|g�q|_@�Yd�e�d4c�g?bH`i_
j���^a`nklÀ�`�_@�J5	0èq]ghkYd4m�[�dH^�k?`C^@dub"_@`Cg�qßÏ1kY\fm��]d4klcC`CqYd Ñ m@�Yg,À�mD\�q`Cq]b�^ad4\fm�`CqY�xo{d4�]\�eh`�gf^DÀ�`�_@�z_@`Cw�d�â ³ �Y`nm�\8^@_@`�Û{bH`C\�c�À�\8^aw�`�q]�zÏt_@�Ydve,\8^a`n\8q]bHd>`Cq]b�^ad4\fm�dumD\�cCm@g��hqYg�_�m��Yg,À�qz�Yd4^@d Ñ ZY\8cCw�gfm�_cC`�qYdu\8^�`�q�_@`Cw�d�Z8w�\�j�o�d�\8_�_a^@`CoYp?_ad4kv_agS_a�Yd(;"[]\�^�_a`CbHc�d5m��{\8^a`�qY��; g8r]_@�Yd�qYg?k?dum�\�q]kv`CqF_@dH^a[�g�cn\,_@`Cg�q�g8rY_a�YdH;"qYg?k?d5e,\8cCpYd4m�;_@g�_a�Yd�[]\�^�_a`CbHc�dumHâ ×c, ½ mMm�d4dHq�`�q ² `C��pY^ad � Zf`i_M`nmê[�gfmam�`CoYcCd�_@g�bHg�qF_@^ag�ch_a�Y`CmM[Y�Yd4qYg�w�dHq]g�q�_@gèm@g�w�d�d�æh_@d4qF_Mohjè`Cq]b�^ad4\fm�`CqY�_@�]d�qhpYwèo�dH^�g�rê��^a`Cks[{gf`�qF_.mèÏ1k]\�m@�Yd4kh�Ük?g�_�_@dukzc�`CqYd[E IuÆ 9�q]ghkYd4m�[�dH^�k?`�^ad4b�_@`Cg�q Ñ â : g,ÀvZY_@�]d�`�q{b�^ad4\�m@d�g8r H À�`i_a�°_@`Cw�d`nm�c�dum@m�[Y^ag�q]g�pYq]bHd4k�â ³ �Yd�^adHw�\8`CqY`CqY�z`�q]bH^@du\�m@d�g8r H w�\�jËo�d�c�dukÔo]\fb.¨Ú_@gz_a�Yd�Û]^.m
_vg�^.k?d4^�\�[Y[Y^ag�æ?`�w�\,_a`�gfqËg8r5_@�]d\�mam@`��fqYw�dHqF_M\8q]kl`�qF_@d4^@[�g�cn\,_a`�gfq�[Y^@g?bHd4k?pY^ad�â ×c, ¼ qlgf^ak?d4^ê_@gè��d�_5b�g�w�[YcCd�_adHcCj�^a`nk�g8r�_@�]dSqhpYw�dH^a`Cb4\8cYd4^@^ag�^.m À5dS\�kY\�[?_@duk_@�]dv^@d4qYg�^aw�\8cC`�~u\,_@`Cg�q|[Y^@g?bHd4k?pY^ad

~vα → ~Vα = ~µ+
(
~vα − ~µ

′
)√ (σ2)

(σ2) ′
; α = 1, . . . , Np Ï IuÆ Ñ

g�^a`C��`Cq]\8cCc�jz`Cqf_a^@g?k?p{b�d4kÔohjË¸;dHw�gfq]mSdH_�\8c)â Ù@åÕ_@g°b�pY^ad�`Cq]m�_a\�oY`�cC`�_
jÚ[Y^@gfoYcCdHw�m>\�^@`nm@`�qY�s`�qÔÛ]qY`�_@d�ma\8w�[YcCd4m�m�`CwèpYcn\,_a`�gfq]m4â��d4^@dfZ ~µ \�q]k (σ2) \�^@d�_a�Ydsk?dum�`C^ad4kßw�d4\8qÓ\�q]këe,\8^a`C\�q]b�d�À��]`�cCdl[Y^a`�w�d|m@jhwèo�g�cD`�q]kY`Cb4\,_@dl_@�Yd|\fb"_ap]\8cDe�\�c�p]d4m4â ³ �]d^adHqYgf^@w�\8cC`C~4\,_a`�gfqlÏ I�Æ Ñ dHcC`�w�`Cq]\,_ad4m \8qhjv`Cq]m�_a\8o]`�cC`�~4`�q]�SÞ]p{b"_@p{\,_@`Cg�q{m `�q�_@�Yd�w�g�w�d4qf_.m�g8r fe ohj�c�`CqYdu\8^�_@^.\8q]m�rtg�^aw�`�q]��_@�]d[]\�^�_a`CbHc�dumêe�d4c�g?b�`�_@`Cd4mÂÀ�`i_a�Yg�p?_5b.�]\8qY�f`�q]�>_a�Yd>m@�]\�[{d�g�r�_a�YdSk?`nm�_@^a`�oYpY_@`Cg�q]mDm�g�_a�]\,_Â_a�YdH`C^Âw�d4\�q]mM\�q]kxe,\8^a`C\�q]b�dumê^@dub�g,efdH^_@�]d�k?d4m@`�^ad4kse,\8cCpYd4m�À��]`�cCd�_@�Yd�m@j?m
_adHwçdHe�gfc�efd4m�m�_@g?b.�]\�m�_@`nbH\�c�cCj�â ½ mSm��Yg,À�qzohj�_@�]dvo{gfcCkzcC`�qYdv`Cq ² `��fpY^@d � Z?qYg�pYqY^ad4\�c�Ydu\,_@`CqY��_.\8¨�dum�[Ycn\�bHd�\8q]k°gfq]b�d�_a�Yd�d4ÅFpY`CcC`�oY^a`CpYwç`nm�\8_�_a\�`�q]d4kz_@�]d H �)rtpYq]b"_a`�gfqÚm
_.\�jhm��|o{dum�`nk?d4m>m�w�\�c�c;gFm@bH`�cCcn\,_@`Cg�q{mS�
6¸bZ\M�]1_ th ` Q�S÷MRLaQiWAS�cfeAQiWAgihFg°MVkRS�LacfkmKFLNeVoipqgrOacfeIQtsDeIQ�uPMPLNMRQikVMPw�xYg°eILlMPQbklM ` STWIg�y{w| MToiSTMP}�~VMPL��\�^�¹�1_IwY�1_�_q�
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σ2
1� �Cô��Fø���ô��.ý��1ö��K��R]`FöFÿ8÷aø�R]�_�

σ2
2

� �Cô��Fø���ô��.ý��1ö��K�Yü4ôi÷.üs�iø�RQ�êÿ[�
L
σ2

3

� �Cô��FøD��ô��.ý��1ö��K��õ�÷aÿ	LYô ø��m�_R]�"ú �5ýFøS�Cô��Fø�R���ô��.ý��[�]ø��+R=¡?þ�\N�����R�Raý����¢�.ýFø�þ�øHÿ[���4ÿ[�CöFø�R��	�
�.ýFøS�8ø��M�hüHôy�=¡>ü��fþ������Fø��m�_R��ý?ô�ü"ý�ÿ[�K�pR/�@ÿ�¡�ø�`höFÿ[���]����ø4÷Q�?ú

b�gfq]m�_a\8qF_uâ ³ �Y`nmÂbHg�^a^@dub"_@`Cg�q�\�mam@pY^@dumê\8cnm�g�_a�]\,_Dwxdu\8q�dHq]dH^a��jsÏt_@d4wx[�dH^.\,_apY^ad Ñ \�q]kxwxgfw�dHqF_@pYw \8^ad�b�gfq]m@dH^ae�d4kxk?pY^a`CqY�_@�]d�m�`CwèpYcn\,_a`�gfq;â² p]^�_a�YdH^�qhpYw�dH^a`Cb4\8c5^@dum�p]ci_.m�À��]`Cb.�Õ\8^ad|w�d4\fm�pY^ad4kÓrt^@gfwì[]\8^@_@`nb�cCdsÅFp]\�qF_@`�_@`Cd4m�\8^adsm@�Yg,À�qÊ`Cq ² `C��pY^ad£0]ZÂÀ��Yd4^@ds_@�]db�gf^@^ad4b�_@`Cg�qãÏ IuÆ Ñ `CmsqYg,À \�[Y[YcC`�duk�â ½ mzg�o]m@dH^ae�dukí_@�Yd4^@dfZ�_@�]d�w�d4\�q�e,\8cCpYd4msg8rx\8cCc>efdHcCghbH`i_
j�bHg�w�[{gfqYdHqF_.m|^adHw�\8`Cqb�gfq]m�_a\8qF_ÔÏ1q]\8w�dHcCjÊ~4dH^ag Ñ m@`�q{b�d°_@�]dH^adË`CmlqYgÓd�æh_adH^aq]\8c�rtgf^abHd°_@gÊb4\8p]m@dÚ\ m
_a^@du\8wÝw�g�_@`Cg�q�g8r�_@�]dË[]\8^@_@`nb�cCd4m4â ³ �]dk?`�y�p{m�`Cg�ql[]^@g?b�dum@mÂd4m�_a\8o]c�`nm��]d4k�ohj�_@�Yd ²$¶ Ï Æ Ñ Ïtgf^Â_a�Yd>¸$\8qY�fdHeh`�qY�'_
jh[�d�Ï1> Ñ@Ñ [Y^ag,eh`CkYd4m4Z�ohj�wxdu\8q]mMg8r�_a�Yd�rt^a`Cb�_@`Cg�ql\�q]kk?`�y�p{m�`Cg�qsrtg�^.b�dumHZ?w�d4b.�{\8qY`nm�w�mD_@�{\,_S\8cCcCg,À�`�qF_adH^aq]\8c�d4qYdH^a��j�dHæ?b.�{\8qY�fd4m5m�p]b.�s_@�{\,_�_@�]d�m@j?m
_adHwò^ad4\fb.�Yd4mD_a�Yd�_@�Yd4^@w�\8cd4ÅFpY`CcC`�oY^a`CpYw `�qz\8��^adHd4w�dHqF_MÀ�`�_@�l_a�Yd�d4ÅFpY`C[]\8^@_@`�_@`Cg�q�[Y^a`Cq]b�`C[YcCd�â ½ m5cCg�qY�è\fmÂ_a�Yd�m�j?m�_@dHw \�[Y[Y^agf\�b.�]d4m _a�Y`Cm�m�_a\8_@d�ZFe�d4^@jm@w�\�c�c{b.�]\8qY�fd4m$_a\�¨�d�[Ycn\�bHd�`�qx_@�]d�k?`Cm�_@^a`CoYp?_@`Cg�qxrtpYq{b"_@`Cg�q{m rtg�^aw°â Ã efdHq�`�r�_a�YdHjx\8^ad�m
_a`�cCcYeh`Cm@`CoYc�d�`Cq�[]\8^@_@`nb�cCd�ÅFp]\8qF_@`�_@`Cd4mÏ ² `C��pY^ad£0 Ñ _a�YdHjÊb4\8qí�]\8^.k?cCj o{dËb4\,_ab.�]d4kÓohjÓ\�qí`CqF_@dH�f^a\8_@`Cg�qÓgfqí�f^@`nk�ZÂ^ad4m@pYc�_@`CqY�ß`�qá\ßpYq]k?d4^@dum
_a`�w�\,_a`�gfqÊg�rS_@�]d^adHcn\,æY\,_a`�gfql_@`Cw�dlÏ ² `C��pY^ad � Ñ â
? % Ä�� £M�F��¢'�Ó�h���X¤
Cv� ' �?�,�Y¡8�u�F��¢'�H�u¢1¡ µ ¢'�Ó�Ë�;¡f�Y�1�h�
�ßd�\�^@d5g8r0_adHq�`�qF_@d4^@dum
_ad4kè_@g�¨hqYg,À _@�]dD_a`�w�d�`Cq�À��Y`nb.��bHg�cCc�`nm@`�gfq]m bH\8q�[Y^aghkYp]b�d5cC\�^@�fdD\�ci_adH^.\,_@`Cg�qè`�q�_@�Yd�gf^@`C��`Cq]\8cFe�d4c�g?b��`�_
jlk?`Cm�_@^a`CoYp?_@`Cg�q��frtgf^DdHæY\8w�[YcCd>�Yg,À�^.\8[]`Ck?cCj�\8ql`CqY`�_@`n\8c�\8q]`Cm@g8_a^@gf[Y`CbSk?`Cm�_@^a`CoYp?_@`Cg�q|rtpYq]b�_@`Cg�q|^adHcn\,æ?dumê_@g�\ ¬ \,æ?ÀDd4c�cC`n\8qo�d4bH\�p]m@dèg8r5b�g�cCcC`Cm@`�gfq]m4â ³ �Yd�_@`Cw�d�^ad4ÅFpY`C^ad4kzrtg�^�_a�Yd�À��]g�cCdè[Y^ag?b�d4mam�_ag|_.\8¨fdè[Ycn\�bHdè`nm>¨hqYg,À�q�\�mX;"^adHcn\,æY\,_a`�gfqs_a`�w�d
;\8q{kÔ`�_�`Cmèb�cCd4\8^acCjË\sq]g8_èk?dHÛ]qYd4kßgfqYd�â Ù@ð¥F>qYd�À�\�j°_@g°g�oY_a\8`Cqëd4m�_@`Cw�\,_@`Cg�q{m�g8r5m@p]b.�ß[]\8^.\8w�dH_@dH^�`nm�_@gÚbHg�q]m@`CkYdH^�_@�]dmabH\,_@_@d4^@`CqY�vg8r�gfqYd�[]\8^@_@`nb�cCdS\�q]kx_@^aj�_ag���dH_M`�qYrtg�^aw�\8_@`Cg�q�\8o�g�pY_Â_@�Yd�_@`Cwxd�m@b4\8cC`�q]�vg8r;\vk?`nm
_a^@`CoYp?_a`�gfqlg8r�[]\8^@_@`nb�cCd4mMÀ�`i_a�_@�]d�ma\8w�dx`�q]`i_a`C\�cêe�dHcCg?b�`�_
jËb�gfq]k?`�_@`Cg�q]m4â ³ �Y`nmvb�cn\�mam�`nbH\�c$w�dH_@�Yg?k�¨Fq]g,À�q�\�m>_ad4m�_��([]\8^@_@`nb�cCdx\�[Y[Y^agf\fb.�ËÀ5\fm�k?dHefdHcCg�[�d4kohjs¤D�]\8q{k?^a\fm�d4¨h�]\8^.Ù]!�\�q]k « [Y`i_a~Hd4^4Z Ù@ð�\8q{k|\�e,\�^@`n\,_a`�gfq|bH\�qlo{d�rtgfpYq]k�ZFrtg�^5`Cq]m
_.\8q]bHd�Zh`Cq ¬ gfqf_a��gfwxd4^@jX¦ ³ `nk?w�\8q;â ×=.
F>qYdv^adHcn\,æY\,_a`�gfq|_a`�w�d�`Cqhe�dum
_a`��F\,_@duk|ohjs_@�Yd�_ad4m�_��([]\8^@_@`nb�cCdvw�d�_a�Yg?k°`Cm�_@�Ydèm@g8�ÜbH\�c�cCd4kzm@c�g,À�`CqY��k?g,À�qz_@`Cw�d�â ³ �Y`Cm�_@`Cw�dmabH\8cCdM�f`�efd4mQ^a\8_@dM\8_�À��Y`nb.�èbHg�cCc�`nm�`Cg�q{mQk?dub�^ad4\�m@dê_a�YdDw�du\8q�efdHcCghbH`i_
j�g�r?_@�YdD_@dum
_�[]\8^@_@`nb�cCd4m4â ³ �Ydum�dD[]\8^@_@`nb�cCd4m�\8^adÂ`CqY`�_@`n\8cCc�j
;"`Cqm§
dub"_@duk�;�`�qF_ags_a�Yd�[Ycn\�m@w�\z\fm�\sw�gfqYg?b.�Y^@gfw�\,_@`nbJ;"o�d4\8w&;�À��Y`nb.���{\�m�g�q]c�jÔ\°bHg�q]m�_a\�qf_ cz efdHcCg?b�`�_
jËb�g�w�[�g�qYd4qF_\8q{k�\8^adO;._a^a\fb�d4k�;5pY[�_@g�_@�YdS_@`Cwxd>À��YdH^ad�_a�YdHj�\8^adSm�_@gf[Y[{duk�â : g�_@d�_a�]\,_5`i_�bH\8q�o�d>m@�Yg,À�q�×=.�_a�]\,_M_@�Yd�m�cCg,À�`�q]�èk?g,À�q_@`Cw�d�`Cm gfqYc�jè^@d4cC\8_@d4k�_@g�_@�]dDrt^a`nb"_@`Cg�q�rtg�^.b�d�b�ghdHñ�bH`�d4qF_am�g8r{_@�Yd ²�¶ d4ÅFp]\,_a`�gfq;â ½ qYg8_a�YdH^ê^adHcn\,æY\8_@`Cg�qv_a`�w�d�g8r{`�qF_@d4^@dum
_ê`Cq_@�]dS_ad4m�_��([]\8^@_@`nb�cCd�\�[Y[Y^agf\fb.��`CmM_@�Ydvm@g8�ÜbH\�c�cCd4k�k?dHÞ]d4b�_@`Cg�q|_@`CwxdfZ?À��Y`nb.�|w�\�j�o{d�b�gfq]m�`nk?d4^@dukl\�mD_@�]dS_
jh[Y`nbH\�c]_a`�w�dvm@b4\8cCdrtg�^x\8qÓ`CqY`�_@`n\8cCc�j \�qY`Cm@g8_a^@gf[Y`nb�k?`Cm�_@^a`CoYp?_@`Cg�qÊo{dub�g�w�dum�`nm�g�_@^ag�[Y`nb8â ! ¶ dH^�bHg�q]m�_@^ap]b�_@`Cg�që_@�]`Cmè_@`Cw�dzmabH\�c�dl`nmè\fm@m@g?b�`n\,_ad4kÀ�`�_@� _a�Ydl_a^a\�q]m�efdH^.m�d�efdHcCghbH`i_
jßb�gfwx[�g�q]dHqF_amèg8r�_@�]d�_@dum
_x[]\8^@_@`nb�cCd4mèÀ��Y`Cb.�Ó\�^@d�~4dH^agË`CqY`i_a`C\�c�cCjë\8q]kë`nm�\Ëwxdu\�m@pY^ad�g8r
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��^.\�kYp]\8c�k?d�Þ]dub"_a`�gfqÔg8rê_a�Yd�_@d4m�_�[]\8^@_@`nb�cCd4m>ohjJ> � k?d4��^adHdumSbH\�p]m@d4kÚohjz_@�Yd�b�p]wèpYcn\,_a`�efdèd�y�d4b�_am�g8r5b�g�cCcC`Cm@`�gfq]m4â « `Cw�[YcCdb�gfq]m@`Ck?d4^a\8_@`Cg�q]m�^adHefd4\�c�_@�]\8_�_@�]dè^.\,_@dèg8rê`�q{b�^ad4\�m@dvg8r _a�Ydv_@^.\8q{m�efdH^.m@\�c�e�dHcCg?b�`�_@`Cd4mS`CmSg�qYcCjzkYpYdv_@gl_@�Ydxk?`iy�p]m@`�gfq°_@d4^@wg8r�_@�]d ²�¶ d4ÅFp]\,_a`�gfq;â ×/. ² g�^�_a�Ydv[]\�^a\�wxdH_@d4^am�p]m@d4kzo�dHcCg,À�gfqYdvg�oY_a\8`Cq]m�rtgf^�_@�]d�m�cCg,À�`�q]��kYg,À�q°\�q]k°k?d�Þ{d4b"_a`�gfq°_@`Cw�d_@�]dve�\�c�p]d4m τslo ≈ 62.25 \�q]k τdef ≈ 130.3 Zh^@dum�[�d4b�_@`Ce�d4c�jfâ¼ q�_@�]d>b�gfqF_@d�æh_Âg�r�_a�YdS[]^@dum�d4qf_Â[{\8[�dH^MÀ5d�`CqF_@dHq{kx_@gèm�_@p]kYjè_a�Yd>m@dHc�r0�(bHg�q]m@`nm
_adHqF_Mk?jhq]\8w�`nbH\�cYdHefg�cCp?_@`Cg�q�g�r�_a�Yd�efdHcCghbH`i_
jk?`nm
_a^@`CoYp?_a`�gfq;ZFÀ��YdH^adSo�g8_a��rt^@`nb"_a`�gfq�rtg�^.b�dS\�q]klk?`�y�p]m�`Cg�qs\8^adSm�`Cw�`�cn\8^acCj�`Cw�[{gf^�_.\8qF_4âÂ¤Dc�du\8^ac�jfZ�_agèm@À�`i_.b.�lg8y°g�qYdSg8r�_@�]dk?jhq]\�wx`nbH\�c;\�m@[{dub"_.m�m�d4dHw�m5_@g�o�dv`nk?c�dvo]p?_SÀ5g�pYcnksbHg�qF_@^.\�kY`Cb�_�gfpY^�m@dHc�r0�(bHg�q]m@`Cm�_@d4qF_�\�[Y[Y^agf\fb.�;â ¼ qzgf^akYdH^�_@gxÛ]c�_@d4^�g�pY_b.�]\�^a\fb"_@d4^@`nm�_@`nb�_a`�w�d4m�^ad4ÅFpY`C^ad4k�oFj�\°À��]\,_adHe�d4^vk?`Cm�_@^a`CoYp?_@`Cg�qßrtpYq{b"_@`Cg�qß_agz^ad4\fb.�ß\�q�duÅFpY`�cC`CoY^@`CpYw m
_.\,_@d�o�d4b4\8p]m@d�g8rb�gfc�cC`nm�`Cg�q]m>À5d�[Y^ag�[�gfm@d�_a�Ydxrtg�cCc�g,À�`CqY�s[Y^@g?bHdHd4kY`�qY�{â ³ �Ydx[]\8^@_@`nb�cCd4m>`CqÔ_a�Yd�qFp]wxd4^@`nbH\�c$dHæ?[{d4^@`Cw�dHqF_am�\8^ad�m�pYo�k?`Ceh`Ck?duk`Cqë_
ÀDgÚ�f^@gfpY[]m�E ³ �Yd�Û]^.m�_èg�qYdlbHg�q]m@`nm
_.mvg8r�_@�]dlo]\�b.¨h�f^@gfpYq]kÕÏ1\8o]oY^@d4eh`C\8_@d4kßohjë}�§ Ñ []\8^@_@`nb�cCd4mlÏ'b�gfq]m
_.\8qF_�qhpYwèo�dH^
NBG = 3 · 105 Ñ À��Y`nb.�°\�^@d ¬ \8æ?ÀDd4c�cC`C\�qsk?`nm�_@^a`�oYpY_@d4këÏt_@�]\8_S`Cm>§�\8p]mam�`n\8qzk?`nm
_a^@`CoYp?_ad4kz`�qÚdu\�b.�ze�d4c�g?b�`�_
jlb�gfw�[{gfqYdHqF_��
µBG = 0. Z σ2

BG = 1.
Ñ `CqY`�_@`n\8cCc�jfZ�\�q]k°_a�Yd�m@d4bHg�q]k°�f^@gfpY[Ú`CmS_@�]dèo�d4\8wà[]\�^�_a`CbHc�dumèÏ1cC\�o{d4c�cCd4k�\�m�o Ñ â ¼ q�\8cCc$qhpYw�dH^a`nbH\8cd�æ?[�dH^a`�w�d4qf_.mDkY`Cmab�p]mam@d4k�o�dHcCg,ÀvZf_a�YdScn\,_@_@d4^D�f^@gfpY[�^@d4[Y^ad4m@dHqF_D\8q|`Ck?du\8c�w�g�qYg?b.�Y^ag�w�\,_a`Cb�o�d4\�w _@�]\8_D�Y`�_amD`CqY`i_a`C\�c�cCj�_@�]d

o]\fb.¨F�f^@gfpYq]kë[]\�^�_a`CbHc�dumèÀ�`�_@�íe�d4c�g?b�`�_
jëg�qYcCjë`�qí_@�]ds~H�(k?`C^ad4b"_a`�gfq (c(b)z (t = 0) = 5
) â ³ gß��dH_x\�qÊ`Cqf_apY`�_@`Cg�qÊg�r�_@�]d

b�gfw�[Yc�dHæËqYg�qY�)cC`�q]d4\8^�k?jhq]\�wx`nbHm�^ad4m@pYc�_@`CqY�|rt^ag�wà_a�Yd�m�d4cir0�Üb�gfq]m@`Cm�_@d4qf_�b�gfwx[]p?_a\8_@`Cg�q]m4Z�ÀDdxÀ�`Cc�cÂbHg�w�[]\8^ad�_a�Yd�m�`Cwèp]cC\8�_@`Cg�q{mvÀ�`i_a�Ó\z^@dHrtdH^adHq]bHd�d�æ?[{d4^@`Cw�dHqF_4Z$À��YdH^ad�_@�]d ¬ \,æ?À5dHcCc�`n\8qëk?`nm
_a^@`CoYp?_ad4kë}�§>�)[]\�^�_a`CbHc�dumv\8^ad�qYg8_�\8y�dub"_ad4kßohjË_@�]do�d4\8wO[]\�^�_a`CbHc�dumHâ ¼ q�_@�]`CmDm�d4q]m�d�_@�Yd�k?`Cm�_@^a`CoYp?_@`Cg�q�rtp]q]b"_a`�gfq|b.�]\8q]��d4mÂg�qYcCj�o�d4b4\8p]m@d�g8r�_a�Yd�o�d4\�wO[{\8^@_@`nb�cCd4m4Z�À��Y`nb.�l\8^ad\�kYe�\�q]b�dukÔ\fbHb�gf^akY`�qY�l_@gëÏ1> Ñ Z;À��Yd4^@dè_@�Yd�qYgfq?�)cC`CqYd4\�^>efdHcCghbH`i_
jF�Ük?dH[�dHq{k?dHqF_Srt^a`nb"_@`Cg�q�rtg�^.b�dx\8q]k�k?`�y�p]m@`Cg�qëb�ghd�ñlb�`CdHqF_.m\8^ad�g�oY_a\8`CqYduk�dHæY\�b"_ac�jßohjË_a�Ydlo]\fb.¨F�f^@gfpYq]kßb.�]\8^.\�b�_@d4^@`nm
_a`Cb4mHâ ¼ qër1\�b"_uZ�_@�Y`nm�dHæh[�dH^a`Cwxd4qF_�bH\�qßo�d|bHg�q]m@`CkYdH^ad4kë\�m�\�q`Cqf_adH^@r1\�bHd5o�d�_
À5dHd4qè_a�Yd�[YpY^ad5_@d4m�_��([]\�^�_a`CbHc�d�\8[][Y^@gF\�b.�;Z�À��Yd4^@d5_a�Yd�b�ghd�ñlbH`�d4qf_.m \8^ad5�]dHcnk�bHg�q]m�_a\�qf_ rtgf^ \�c�ch_a�Yd�[]\�^�_a`CbHc�dum\8cCc�_@�Ydx_a`�w�d�Z$\8q]k�\|^ad4\�c m@`CwèpYcn\,_a`�gfq;â ½ cnm@gs`CqÔ_a�Yd�m
_
jhcCd�g�rM_@�]d�_ad4m�_��([]\8^@_@`nb�cCd�\�[Y[Y^agf\fb.�;Z�ÀDdxp]m@dè_a�Yd�wxdu\8q�e�\�c�p]d
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�Yøu÷"ô�þ�ø��	�Hú

< cz > \8q{k�_@�]d²;"_@^.\8q]m@e�d4^ama\8c/;De,\8^a`C\�q]b�d σ2
y g�r;_@�Yd�o�d4\8w [{\8^@_@`nb�cCd4m�\�mDw�d4\�m@pY^.\8oYcCdSÅFp]\�qf_a`i_a`�dum5À��Y`Cb.�z\8^adS^ad4bHg�^.k?d4k\�mSrtpYq]b�_@`Cg�q�g8rê_@`Cw�dx\�q]kËm@dHd4qË`�q ² `��fpY^@dum�2|\8q]k&5s\�mSrtpYcCc�cC`CqYd4m4â ¬ g�^adHg,e�d4^4Z{`�qË_@�Ydum�d ² `��fpY^@dum�_a�Yd�^ad4m@pYc�_am>g8rê_
À5gm@dHc�r0�(bHg�q]m@`Cm�_@d4qF_�m@`�w�pYcC\8_@`Cg�q]mxÏ 3 · 103 b�j?b�cCd4m>À�`�_@� ∆t = 5 · 10−2 Ñ \8^adèk?d4[Y`Cb�_@duk�Z�À��YdH^ad�_@�Ydxo{du\8wà_ag|o]\fb.¨F�f^@gfpYq]k[]\�^�_a`CbHc�d�^.\,_a`�gFm�Ït[Y^ Ñ \8^adxÛYæ?d4k�_@gÔ[Y^�· 1/50 ÏtcC`�qYdum�À�`�_@�ëÛ]cCcCd4k b�`C^.b�cCd4m Ñ \�q]kë[Y^#· 1/10 ÏtcC`CqYd4mèÀ�`i_a� g�[�dHq m@ÅFp]\�^@dum Ñ â�ßd�^@d4w�\8^a¨�_@�]\8_S`CqÚo{g�_@�Ëm@dHc�r0�(bHg�q]m@`Cm�_@d4qF_Sm�`CwèpYcn\,_a`�gfq]m�_a�Yd���cCg�o{\8c;efdHcCghbH`i_
jsk?`Cm�_@^a`CoYp?_@`Cg�q°rtp]q]b"_a`�gfq]m�dum
_.\8oYcC`Cm@�Yduksohj_@�]d�o�d4\�w \8q]kÔo]\�b.¨h��^ag�p]q]kz[]\8^@_@`nb�cCd4m�\8^adè�Y`C���]c�j°qYgfq?� ¬ \,æ?ÀDd4c�cC`n\8qÚpY[Ô_@g t ≤∼ 35 â ¼ qË_a�Ydèrtgfc�cCg,À�`CqY�|À5dèw�\8`CqYcCj^ad4m�_@^a`Cb�_5_a�Yd�k?`nm@bHp]mam�`Cg�q|_@g�_@�]dv^@dHrtdH^adHq]bHd>dHæh[�dH^a`Cwxd4qF_S\8q]k|_@�Yd�m@dHc�r0�Üb�g�q{m�`nm
_adHqF_�[Y^ = 1/50 m@`CwèpYcn\,_a`�gfq;â

>¸bZ\M�]1_ th ` Q�S÷MRLaQiWAS�cfeAQiWAgihFg°MVkRS�LacfkmKFLNeVoipqgrOacfeIQtsDeIQ�uPMPLNMRQikVMPw�xYg°eILlMPQbklM ` STWIg�y{w| MToiSTMP}�~VMPL��\�^�¹�1_IwY�1_�_q�



¼ q g�^.k?dH^z_agÕ�fd�_Úo�d�_�_adH^Ë`Cq]m@`��f�F_°g�rx^adHcn\,æY\8_@`Cg�qÌk?jhq]\�w�`Cb4m°ÀDdë`Cqf_a^@g?k?p{b�d \8cnm�gÕ_a�Ydëo{du\8w [{\8^@_@`nb�cCdë\�efdH^.\8�fd4ká~��b�gfw�[{gfqYdHqF_�g8r�_@�Yd�rt^a`nb"_@`Cg�qsrtg�^.b�d
〈Fz(t)〉 =

1

Nb

Nb∑

i=1

Fz(~ci, t) Ï I�� Ñ

\8q{kl_a�Yd<;"efdHcCghbH`i_
jF�(qYg�^aw�\8cC`�~4d4k�;�jFjF�Üb�gfwx[�g�q]dHqF_�g8rQ_a�Yd�k?`�y�p{m�`Cg�qz_@d4q]m@g�^���`Ce�d4qsohj
〈
D22

|~c| (t)

〉
=

1

Nb

Nb∑

i=1

D22(~ci, t)

|~ci(t)|
, Ï I 0 Ñ

À��Yd4^@d Nb `nm�_@�]d5qhpYw�o{d4^êg8r�o{du\8wã[]\�^�_a`CbHc�dumHâ : g�_@d�Z8_@�]\8_�_a�Yd4m@d�ÅFp]\8qF_@`�_@`Cd4mêb4\8qxo{d�^adHcn\,_ad4k�À�`i_a�è_a�Yd5_@`Cwxd�kYdH^a`�e,\,_a`�efdg8rê_a�Ydèw�du\8qÚe,\8cCpYd < cz > \�q]k°_a�Ydèe,\8^a`n\8q]bHd σ2
y Z�^@dum�[�d4b�_@`Ce�d4c�jfâ ³ �Yd�_adHw�[{gf^a\�cQd4e�g�cCp?_a`�gfqzg�rê_@�Ydèrt^@`nb"_a`�gfq 〈Fz(t)〉

\8q{kzkY`iy�p]m@`�gfq 〈D22

|~c| (t)
〉 bHghd�ñlb�`CdHqF_am�g�o?_.\8`CqYd4ksrt^ag�wò_a�Ydv^ad�rtdH^adHq{b�dlÏ0rtp]c�c$c�`CqYd Ñ \8q]ks_@�]dv[Y^ = 1/50 ÏtcC`�qYdèÀ�`i_a�°Û]c�cCd4k

b�`C^.b�cCd4m Ñ m@`�w�pYcn\,_@`Cg�qÕ\8^adsk?d4[Y`nb"_@dukÊ`Cq ² `C��p]^@d¸6Ë\�q]k¶9]âÊ}5jëÛY_�_a`�q]��_a�Yd4m@d°\8q]kÊ_@�Ydz[Y^adHeh`Cg�p]m�b�p]^@efd4m�ÀDds_@^a`�duk _agd�æh_a^a\fb"_�_@�Yd�_a`�w�d�b�gfq]m
_.\8qF_am τ _@�]\8_�b.�]\8^.\�b�_@dH^a`C~Hd�_a�Yd�[Y�Yd4qYg�w�dHq]g�që\8q]k�m�pYw�w�\8^a`C~Hd4kÔ_@�]dHw `CqÔ_a�Yd ³ \8oYcCd4m I _@`Cc�c
0]â ½ _|Û]^.m�_zm@`��f�f_sÀDd�^@dub�g��fqY`C~HdÚ_a�]\,_zwxdu\8q�e,\�c�pYdums\fmlÀ5dHcCcS_a�YdÔe,\�^@`n\8q]bHd4m|g8rv_@�]dË_@�]^@d4dÔd�æ?[�dH^a`�w�d4qf_.msm@�Yg,À
< cz(t) > τ

1/50
c τrefc

t ∈ [0, 15] m@cCg,À mabH\�c�dk?jhq]\8w�`nbHm m@c�g,À mabH\8cCdk?jhq]\�w�`Cb4m
t ∈ [15, 30] r1\fm
_ mabH\8cCdk?jhq]\8w�`nbHm r1\fm
_ m@b4\8cCdk?jhq]\�w�`Cb4m
t ∈ [28, 50] ≈ 12 �
t ∈ [30, 90] � ≈ 16

��ÿ	N��iø�ù�ú��DôCþ�ø�ü����
R/�@ÿ[�	�QR
τc
�Y��÷

< cz >

< Fz(t) > τ
1/50
F τrefF

t ∈ [0, ∼ 25] _@^.\8q{m�`CdHqF_kYjFq{\8w�`Cb4m �

t ∈ [0, ∼ 40] � _a^a\�q]m@`�d4qf_k?jhq]\8w�`nbHm
t ∈ [28, 70] ≈ 12 �
t ∈ [40, 80] � ≈ 16

��ÿ	N��iøHGFú£�5ô�þ�ø>ü#���
R/�aÿ[�m�_R
τF
�Y��÷

< Fz >

σ2
y(t) τ

1/50
σ τrefσ

t ∈ [0, 20] m�_@d4dH[�^a`Cm@dDp][�_ag_@�Ydvw�\8æ �

t ∈ [0, 30] � m
_adHd4[�^a`Cm@d�pY[�_@g_a�Ydvw�\,æ
t ∈ [22, 40] ≈ 58 �
t ∈ [35, 70] � ≈ 58

��ÿ	N�� øH�hú£�DôCþèø�ü����
R=�@ÿ[�	�QR
τσ
�Y��÷

σ2
y(t)

〈
D22

|~c| (t)
〉

τ
1/50
D τrefD

t ∈ [0, ∼ 25] _@^.\8q{m�`CdHqF_kYjFq{\8w�`Cb4m �

t ∈ [0, 40] � _a^a\�q]m@`�d4qf_k?jhq]\8w�`nbHm
t ∈ [22, 80] ≈ 10 �
t ∈ [40, 120] � ≈ 19

��ÿ	N��iø��Yú£�DôCþ�ø>ü����
R/�@ÿ[�	�QR
τD
�Y��÷ DD22

|~c| (t)
E

\8[][Y^@g�æ?`Cw�\,_@d4c�js_@�]dxma\8w�dèo{\�m@`Cbèrtd4\8_@pY^ad4m>À��Y`nb.��\8[][{du\8^�_agso�d�\|�Y`CqF_>_a�]\,_�_@�]d�pYq{k?dH^ac�jh`CqY�|^adHcn\,æY\8_@`Cg�qÔk?jhq]\�w�`Cb4m`nm�d4mam�d4qf_a`C\�c�cCjÚm�`Cw�`�cn\8^uâè�Sg,ÀDd4e�dH^uZ�_@�Yd�^adHcn\,æY\,_a`�gfqÔk?jhq]\�wx`nbHm�g�rM_@�]d�m@dHc�r0�Üb�g�q{m�`nm
_adHqF_>dHæ?[{d4^@`Cw�dHqF_amv\�^@d�wèp]b.��r1\�m�_@d4^_@�{\8q�_@�Ydx^@dHrtdH^adHq]bHdxm@`CwèpYcn\,_a`�gfq;â ³ �Y`nm�g�o]m@dH^ae,\,_@`Cg�q�m�d4dHw�d4kÔ_@gzo{d�\zk?`C^@dub"_vb�g�q{m�duÅfp]dHq]bHd�g�rÂ_@�Yd�qYgfq?� ¬ \,æ?À5dHcCc�`n\8q��cCg�o{\8c�e�d4c�g?b�`�_
jÓk?`nm
_a^@`CoYp?_a`�gfq;â : g�_@d�ZD_@�{\,_�_@�]d¬;��Yd4\8_@`CqY�p;|g8r>_@�YdÚo�d4\�w []\�^�_a`CbHc�dumO� À��]`Cb.�Õw�\�jÓo{dÚbHg�q]m@`CkYdH^ad4k\�mè\°wxdu\�m@pY^ad�g8r5_@�Ydl^.\8[]`Ck?cCjÔ`Cq]bH^@du\�m@`�qY�Ú\fm�jhw�w�d�_@^ajÔg�r�_@�Ydlo�d4\�w []\�^�_a`CbHc�dum�k?`nm
_a^@`CoYp?_a`�gfqërtpYq]b�_@`Cg�q�Ïtq]g8_�m@�Yg,À�q�Yd4^@d Ñ �|`CmSc�dum@mS[Y^ag�qYgfpYq]b�dukz`�q°_a�Ydèm@dHc�r0�(bHg�q]m@`Cm�_@d4qF_�d�æ?[{d4^@`Cw�dHqF_amSÀ��Y`nb.�Ëm�d4dHw�d4kz_ag�o{dx\�b�g�q{m�duÅfp]dHq]bHdvg8r _@�Yd�qYg�qY�¬ \8æhÀ5dHcCcC`C\�qÔ��cCg�o{\8c e�d4c�g?b�`�_
jËk?`nm
_a^@`CoYp?_a`�gfq;â ³ �Yd&;�k?dubH\�j
;vg�rM_@�]d4m@dxw�\8æh`Cw�\sm@dHd4q�`Cq ² `C��p]^@d²5zbH\8qßo�d�\fm@m@g?b�`n\,_ad4kÀ�`�_@�ÚrtpY^@_@�]dH^�b.�]\8^.\�b�_@dH^a`nm
_a`Cb�_a`�w�d�mabH\�c�dumHâ ¼ _>`nmSqYg�_�m@pY^a[Y^@`nm@`�qY�l_@�]\8_S_@�]d�_@`Cw�d�bHg�q]m�_a\�qf_.m�rtgf^S_a�Ydèw�d4\�qËe,\8cCpYdè\�q]k_@�]dle,\8^a`C\�q]b�d�`Cq [{d4^@[�dHq]kY`CbHpYcC\�^èk?`C^@dub"_a`�gfqë\�^@dlkY`iy�dH^adHqF_4â ½ b"_ap]\8cCc�jfZQrt^ag�w _@�Ydsm
_ap]k?jßg8r5_@�Yd£F>^aq]m�_@d4`�q?�ÜÎ��]c�d4qFo�d4b.¨
I��¸bZ\M�]1_ th ` Q�S÷MRLaQiWAS�cfeAQiWAgihFg°MVkRS�LacfkmKFLNeVoipqgrOacfeIQtsDeIQ�uPMPLNMRQikVMPw�xYg°eILlMPQbklM ` STWIg�y{w| MToiSTMP}�~VMPL��\�^�¹�1_IwY�1_�_q�



[Y^ag?b�d4mam��x_a�Yd�m@`�w�[YcCd4m�_�c�`CqYd4\�^�k?`iy�p]m@`�gfqs[]^@g?b�dum@m���`i_�`nm5¨hqYg,À�q|_a�]\,_�_a�Yd�_@`Cwxd�bHg�q]m�_a\�qF_Drtgf^D_a�Ydve,\8^a`C\�q]b�d>`Cm�cn\8^a��d4^_@�{\8q�_@�]dSg�q]d�rtg�^M_@�YdSÛ]^am�_Mw�g�w�d4qf_uâ , ² p]^�_a�YdH^aw�g�^ad�Z8À5d�g�o{m�d4^@efd�_@�]\8_M_@�]d���cCg�o]\�c]efdHcCghbH`i_
jxk?`nm
_a^@`CoYp?_a`�gfq�g8r�_@�]dSm�d4cir0�b�gfq]m@`Cm�_@d4qf_�[Y^ = 1/50 m@`�w�pYcC\8_@`Cg�qË`nm>qYg,Àãb�cCgfm@dv_@gs_@�]d�o]\fb.¨h��^ag�pYq]k ¬ \8æ?ÀDd4c�cC`C\�qÚg8rÂ_a�Ydx^@dHrtdH^adHq]bHd�d�æ?[�dH^a`�w�dHqF_�rtg�^_@`Cw�d4m t ≥∼ 35 âÂ¤Dg�q]m@d4ÅFpYd4qf_ac�jfZ8`�_5m@dHdHw�m _agvo{dS[{gFm@m@`�o]c�d�_a�]\,_M_@�YdèÏtr1\�m�_ Ñ `CqY`�_@`n\8c{qYg�q?� ¬ \8æhÀ5dHcCcC`C\�qxk?^a`Ce�dHq�^adHcn\,æY\,_a`�gfqk?jhq]\�wx`nbHm�_@pY^aqÚ`Cqf_ag�_@�]d ¬ \,æ?À5dHcCc�`n\8qÚk?gfw�`�q]\8_@duk°d4ÅFpY`Cc�`CoY^a`�pYwàk?jhq]\�wx`nbHm4â ¼ _S`nm�gfoFeh`Cg�p]m�rt^@gfw ² `C��pY^adO6hZ]_@�]\8_S_@�]d

óQôiõföh÷aø�¹Fúº��ø�þO����÷aÿ[�8ø��	���Cö��.ôM���U�	���.ýFø«��\(ü��fþ������Fø��	���	��.ýFø�ÿ��8ø4÷aÿ,õ8ø�L²�t÷"ô��hü��.ôM�����Y��÷.ü"øU�[N��@ÿ�ôK�Fø�L��t÷]�Fþ¥�"ýFøv÷@ø��0ø4÷]\ø��hü�ø � �1ö��K�
�Cô��Fø��5ÿ[�
LJ�?÷_­�ù�®	¨	¯ � ��ôK�Fø(��ô��.ý�°����iø�L°üHô�÷.üs� ø�R]�øs±
�Yøu÷"ô�þ�ø��	�Hú
óQô õFöh÷@øU�hú»�DýFø(����÷"þ�ÿ[��ôM��ø�L�ÿ��8øu÷@ÿ,õ�ø�L�LYô�¼�ö
Raô����|ü��Fø#½�\üHô ø��m��ÿ	R�ÿO�1ö��hü_�"ô������	���"ô�þ�øvü��fþ��Yö��@ø�L���ô��.ý��.ýFøè÷aøs�0øu÷]\ø��hü"ø � �1ö��K���Cô��Fø��5ÿ[�
L£�.ýFø�R�ø��M�"\)ü����
RaôMR=�@ø��m���?÷�­�ù�®	¨m¯ � ��ôK�Fø��ô��.ýX°����iø�LsüHôi÷.üs�iø�RQ��Raô�þ�ö�� ÿ��"ô����{ú

qYgfq?� ¬ \,æ?ÀDd4c�cC`n\8qÚ��cCg�o{\8c�e�dHcCg?b�`�_
jËk?`nm
_a^@`CoYp?_a`�gfqÔcCd4\�e�d�`i_.m�w�\�^@¨Údum�[�d4bH`C\�c�cCjÚk?pY^a`�q]�|_a�YdxÛ]^am�_ ∼ 30 _@`Cw�d�p]qY`i_.mHâ���d^ad4b�gf��qY`C~Hdè_@�Yd4^@d�_@�{\,_�_@�Yd�m@�]\8[�dxg8rM_a�Ydxrt^@`nb"_a`�gfq�bHgFdHñlb�`CdHqF_�g�rM_a�Yd�[Y^ = 1/50 dHæh[�dH^a`Cwxd4qF_�`nm�k?`�y�d4^@d4qf_�rt^ag�wà_a�]\,_g�q]dvg8r�_@�Yd�^ad�rt^adHq{b�dvm�`Cwèp]cC\8_@`Cg�qÚ\8q]k;Z?rtpY^@_@�Yd4^@w�g�^ad�ZY_@�]\8_�_@�Ydèm@dHc�r0�Üb�g�q{m�`nm
_adHqF_�^@d4cC\8æY\,_@`Cg�q°k?jhq]\�wx`nbHm�`Cm�w�p]b.�zr1\�m�_@d4^_@�{\8qß`�qÔ_@�Yd�qYgfq�m@dHc�r0�(bHg�q]m@`Cm�_@d4qF_�b4\�m@d�â ¼ _v`Cm�`CqF_@d4^@dum
_a`�qY�|_@�]\8_�_@�Ydum�d�b.�]\8^.\�b�_@d4^@`nm
_a`Cbè`�q]`i_a`C\�c mabH\�c�dum�\8^adèqYg�_vm@dHd4qÔ`Cq_@�]d�_adHw�[�g�^.\8cêdHefg�cCp?_@`Cg�q�g8rÂ_a�Ydlk?`�y�p{m�`Cg�qëb�ghd�ñlbH`�d4qf_.m�[Yc�g�_�_ad4k�`�q ² `��fpY^@d²9]âXF>qëb�cCgfm@dH^�`�q]m@[�d4b"_a`�gfq�g�rM_a�Yd�b�pY^ae�dum[YcCg8_@_@d4ks`Cq ² `��fpY^ad4m�6�\�q]k<9]ZhÀDd�^@dub�gf��qY`C~Hd>[{gf`�qF_am5g�r$`Cq?Þ]d4b�_@`Cg�qsc�g?bH\8_@dukl^ag�pY�f�Yc�j�`Cq|_a�Yd�`�qF_adH^ae�\�cCm ∼ 20 ≤ t ≤∼ 30\8q{k ∼ 30 ≤ t ≤∼ 40 rtg�^�_a�Ydè[Y^ = 1/50 \8q]k°q]g�qËm@dHc�r0�(bHg�q]m@`Cm�_@d4qF_Sm�`CwèpYcn\,_a`�gfq;Z]^ad4m@[�d4b"_a`�efdHcCj�â�F>q°_a�Ydèb�gfqF_@^.\8^ajlÀDd�]\�efd�rtg�pYq]k�\�efdH^ajè�fgFg?k�\8�f^@d4dHw�dHqF_êo�d�_
À5dHdHq�rt^a`nb"_@`Cg�ql\�q]k�w�d4\�qxe,\�c�pYd�_@`Cwxd>b�g�q{m
_.\8qF_am4â ½ _MÛ]^am�_4Zf`i_5`CmM\�m�_@g�q]`Cm@�Y`CqY�_@�{\,_�_a�Yd�rt^a`Cb�_@`Cg�qß_@`Cw�d|b�gfq]m
_.\8qF_�g8r�_a�Yd|m@dHc�r0�(bHg�q]m@`Cm�_@d4qF_�dHæ?[{d4^@`Cw�dHqF_è`nm�\8cnm�gÚeh`nm�`CoYcCd�`�që_a�Yd�_a^a\�q]m�efdH^.m@\�cêk?`iy�p]m@`�gfqb�ghdHñ�bH`�d4qF_4âvÎ�q]kYdH^�_@�YdxÀ5g�^a¨F`CqY�l�hjh[�g8_@�]d4m@`Cm>_@�{\,_�_@�Ydx^@d4cC\8æY\,_@`Cg�qËkYjFq{\8w�`Cb4m�_apY^aq]m�`�qF_@g°\ ¬ \,æ?ÀDd4c�cC`n\8qÔk?jhq]\�w�`Cb4mrtg�^ t ≥∼ 35 Z8À5d�d�æ?[�d4b"_5\>o�dH�{\�eF`Cg�^Âm@`Cwx`Ccn\8^ê_ag�_@�Yd�^ad�rtd4^@d4q]b�d�d�æ?[�dH^a`�w�d4qf_�E ³ �]d�g�q]m@d�_Âg�r{_a�Yd�rt^a`Cb�_@`Cg�q�\8q]k�k?`�y�p]m�`Cg�qm@�Yg�pYcnkÊm�_a\�^�_�\8[][Y^@g�æ?`Cw�\,_@d4c�j \8_�_a�YdÚm@\�wxds_@`Cw�dË\8q]kÓ_@�Yd°^a`Cm@dzg8r�_a�Yd4m@dÚb�ghd�ñlb�`CdHqF_.mxm@�YgfpYcCkÊg?bHb�p]^�\8_�_@�YdÚma\8w�d
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