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hi� `Z� bdcklUhi�Q`Zcsp�oQ`Zckl rk�UoUj�ckj×|ihitquUhil � hi�Ur¹fej`Zl bZ  �  6bdc E�`Zfkj�c���Cµfwhir*bd�U|¡pÐh��ÔfeoUj
oUh�Jdo rkuU��j�cs��ckh¡fehi��`d|�fej��L�Jjzce`gfeuUckj×ckjIJdhi�#j�feoQ`gf*feoUjzp `dckj#t8uQ`Z�qfeh¡f·`gfeh��dj�|¡pÓ�zb�csckj���f �
a�j���`duUrkj�feoUj rsfeckbd�KJ{fej�fece`ZoUj�lUce`Z|Q�Q`Z�·¤8hi�KJ{hir�rk�#j�`dckjzl#a�p�fkoUj�ck�#`d|E` Jdh�f·`gfehibd�Ú�8CÅfÇhir
hi�L��b�csf·`Z��f�feb#�UbZfejÉfeoQ`gfxfeoUh�r � �Ujzh�Jdo8a�bduUckr rsfeckuU�zfkuUckj*hir lUuUj{a�bZfeo-feb�feoUjÉlUhickjz�zf
L�aJbd�UlUhi� J�h��qfejzce`Z�zfeh�b��Ur�`Zfx�zb���f·`Z�zf � `dr�E�j�|�|Ú`Zr�feoUj���bdckckjz|}`gfehibd�UrIh��UlUuU��jzl-aqp×fkoUhir
hi��fej�ck`d��fehibd�Ú�VC¢�Ul�j�j�l � h� @E�`Zfkj�c oQ`Zrm`Z�-j"�2fejz�UlUj�l fejzfeck`doUjzlUce`Z|Ú�Uj�f�E�bdck¤�rsfecsuU�zfeuUckj �
h�f�hir�lUuUjÊfeb���bdckckjz|}`gfehibd�&j��Jj���fer����Ip�uUrkh��KJ-`×rkh��#�U|ijw�Lb2lUjz|@E h�feo�f�E�b-ckjz�UuU|irsh��dj
��bdckjzr � E�jwrkoUb#E�oUj�csj*feoQ`Zf feoUjw�Lhi�zckb NÅrsfecsuU�zfeuUckjÉbd :E�`gfejzc�h�rxfeoUj*ckj�rsuU|�fmbd �`��	��
�
��� 
�������������������� � �"!$#�% 
��&�� �(')! � '*� � � lUuUjmfeb�fkoUj��zb��L�Jj�feh�feh�bd�×a�jzf�EIj�jz��feoUj�rkj�f�EIb
��bdckjzr�� vxoUj£uUrkj#bd �ckj��UuU|�rkh��dj×h��qfejzce`d��fehibd�Ur*h��Ôb�cslUj�c*feb&�#h��#h��Êfeo�j×ckj`Z|Ibd�Ujzrwhi�
ckj�`d| E�`Zfkj�c��Uj�jzl �UbZf�a�j£�2h�jIE�jzl `ZrÊ��bd�qfkce`dlUh��zfebdcspd� CÅ�UlUj�jzl � `ZrAE�`Zr�rkuKJ�Jdjzrsfej�l
aqp��d` J�|i`OF½¥ �2� ¥ � H � feoUj*rsfeckbd�KJd|�p-`gfkfece`Z��feh��dj*lUhicsj��zfkhibd�Q`d| Lma�bd�Ul�h��qfejzce`Z�zfeh�b��Ur �zb�� N
feckh�aUu�fej�r�feb�lUj��U|�jzfejÊfeoUj�hi�L�#jzlUh}`gfej*�Ujzh�Jdo8a�b�uUc�bZ ÇfeoUjSE�`gfejzcÉ�#bd|�j���uU|�j � |�j`ZlUhi�KJ
feb � �Ujzh�Jdo8a�b�uUcsrIhi�Ur¹fej`Zl×bZ D¥ � �:CÅf�hirDfkoUhirIlUjz�U|ij�fehibd�#h��qfejzce`Z�zfeh�b���feoQ`gf�hirD�#b8lUj�|�j�l
aqpÐ`£rkjz��bd�UlÔckjz�UuU|irkh¡��j��zb�ckj � E o�hi�·o�feoUjz�Ôckjz�Uckj�rkjz�qfer*`Z�Ój+�Jj���feh��dj6Lma�b���lÓhi��fej�c�N
`Z�zfeh�b��Ú� ~�`Z�qpGrsfeuUlUh�j�rGF � ¥ �Ç�Z� H oQ`�dj&j"���U|�b�csj�lGrkjz�djzce`d|m`Zrk��j��zfLbZ �rsuU�"o f¢p8�Jj bZ 
��j��zuU|ih}`Zcmhi��fej�ce`Z�zfkhibd�Ur � aUu�fÉ�Ubd�Uj�rkb£ 4`Zc�oQ`�dj��Ubdfkhi��jzl�feoQ`gf�feoUj�`d�Q`Z|ib�JZp hirm��jzcsp
lUjzj�� rkhi�U�zj#j��dj�� feoUj£� � � ��`d� a�j×rkh��#h�|}`Zc�feb-feoQ`gfwbZ xckj`Z|VE�`gfej�c��-vxoUhir*h�r{feoUj
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�Uckh��U��hi�U`d|	rkuUa��kjz�zfmbZ �feoUhirxckjz�Jbdcsf�

� �����@=	� 5
�

�2hi����j E�jm`Zckjxbd�U|�pwhi��fejzckj�rsfejzl#h���feoUj lUjz�Urkj |ih�t8uUh�l � E�j)E hi|�|��Uj�Jd|�j��zf�feoUj `gfkfece`Z�zfkh��dj
�Q`ZcsfIbZ �feoUj lUhirk��j�csrkh��dj hi��fej�ce`Z�zfkhibd�UrÇ`Z�UlL Îb2��uUrDoUj�csj�bd��feoUj��UuUckj�|¡pÊckj��UuU|�rkh��dj �Q`Zhic
hi��fej�ck`d��fehibd��Jdh��dj��-a�p

v(r) = 4ε(
σ

r
)12 + εG exp(−αG(r − rG)2) �¹¥ �

E oUjzckj�feoUj�rkjz��bd�UlÓfejzck� `d|�|ib#E rmfeb�rkbd }fej��ÐfkoUj�rkoU`dck� r12 ckjz�UuU|irkh�bd�Ú� B j��·oUb2bdrkj
oUjzckj εG/ε = 30

�
αG = 3.7/σ2 `Z�Ul rG = 0.85σ � vxo�j csj�lUuU�zj�lGfej��L�Jjzce`ZfkuUckj

hir�feoUjz� lUjIWQ�Ujzl `Zr T ∗ = kBT/ε
� E oUj�ckj kB

hir�feoUj ��bd|�f �z�×`Z�U�G��bd�Ursf·`Z�qf� C¢�
bdcklUj�c�fkb�r¹f·`p×h��#feoUj�|�hitquUhilLrkhilUj�bd ÚfeoUj��UoQ`Zrkj�lUh}` Jdce`d� EIjÉ�·oUb2bdrkj T ∗ = 1.0 `Z�Ul
feoUj�ckjzlUuU��jzlOlUjz�Urkh�fÅp ρ∗ = (N/V )σ3 = 0.8 � �2h��U��jXE�j-hi��fej���fÊfebÐ��`d��feuUcsj£feoUj
�×`Zh��Ô 6j`gfeuUckjzr�bZ )E�`ZfejzcÊrsfeckuU�zfkuUckj � `Z�Ul �UbdfAWUfÊfeoUj£� � � h¡ferkjz|� "F½¥ � H � feoUj×j"�U`Z�zf
rsf·`gfej{�Q`Zce`Z�#j�fej�ckrxbZ /|ih�t8uUh�l E�`gfejzcm`Zckj��Ubdf�ckjzt8uUh�ckj�lÚ��vxoUh�r rsp2rsfejz� hirxrsfkuUlUhijzl a�p
��bd�Ursf·`Z��f£� � 	 � v ~&bd�qfkj���`Zck|�bO� ~�� � rkh���uU|i`Zfkhibd�Ur � E h�feoO��� �q�d�d� �Q`Zcsfeh���|ijzr�hi�
bdcklUj�c�feb*oQ`�djm` Jdb2b2l�lUj�rk�zckhi��fkhibd�LbZ 	fkoUj�|�bd�KJ{ce`Z�KJ�jx�zbdckckj�|i`Zfeh�b���rDh���feoUj rsp8rsfej�� �
�m�U�Uckbd�Uckh}`gfejÊrsf·`gfehirsfeh���rmj��UrkuUcsj�feoQ`gf EIj�b�a�f·`Zh���rk�Lb2bZfeoÐ`Z�UlÐ�Ubdh�rkj�|�j�rkr�� � ��� `Zr
rkoUb#E ��hi�-feoUj WOJduUckj�r�� B j*j�tquQ`d|�|�p-uUrkjwh��qfejIJ�ck`d|�jzt8uQ`gfeh�b�� feoUjzb�ckh�j�r � �U`d�Lj�|¡p�feoUj
n�j�ck�zuUr�N�Ij��2h��·¤G�4n� � `Z�Ul L p2��jzck�Ujzfkfejzl N¹��oQ`dh��O�MLm��� � �z|ibdrkuUckj*ckjz|}`gfehibd�UrGF½¥ ��H � hi�
bdcklUj�c�feb WQ�Ul E oQ`Zf×`Z�U�Uckb��h��×`gfej£feoUjzb�ckh�j�r��`Z�Ofejz|i|�uUr#`ZaJbdu�fLrkuU�·o `Órsp8rsfej�� �
vxoUjzrkjmf E�b{feoUjzbdckhij�rDlUh��JjzcDa�p�fkoUj E�`p�feoUjzp�ckjz|}`gfej�feoUj �Q`dh�c�hi�qfkj�ce`Z�zfeh�bd� v(r)

� feoUj
ce`ZlUh}`Z|ÚlUh�rsfeckh�aUu�fehibd�× 6uU�U��fehibd� g(r) `Z�Ul�feoUj{lUh�ckj���f ��bdckckjz|}`gfehibd�£ 6uU�U��fehibd� c(r) �

�
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g(r) = exp(−v(r)/kBT + h(r) − c(r)) Lm��� � �d�

g(r) = exp(−v(r)/kBT )(1 + h(r) − c(r)) n� � � �

E oUjzckj h(r) = g(r) − 1 � CÅf�hirwrkjzj�� feoQ`gfwfeoUj�n� ��|�b�rsuUckj£hir*feoUjXWQckrsfÊfej�ck� hi�
feoUjmj��2�Q`d�Urshibd�£bZ ÚfeoUjm��bdckckjz|}`gfehibd�Lfejzck� hi�#fkoUj�j"����b��Ujz�qfehi`Z|JbZ ÚfeoUj Lm��� �z|ibdrkuUckjZ�
P��Uj&feoUj�csjz 6bdckj�j�����jz�zfer£feoQ`gf×feo�jÐn��feoUjzbdcsp E h�|i| aJj&�Lhirkrkh��KJ hi� WQ�Uh¡fej rkjzfer�bZ 
lUh}` Jdce`Z�#r�feoQ`gf���bduU|il a�j*hi�L�Jbdcsf·`Z��fxhi�-feoUj*rsfeuUl�p-bZ �lUjz�Urkjw|ihitquUhilUr�����u�f � h�f �`Z�
`Z|irkbwa�j�`Zc�JduUj�lLfeoQ`gf � h¡ 	feoUjm|ib�J*bZ Wa�bZfeo×ckjz|}`gfehibd�UrDhirÇf·`Z¤Zj�� � E oUhi�·o£�Lj`Z�UrÇfeoU`ZfIh�f
hir c(r) feoQ`gf�hirDj��2�Uckj�rsrkj�l-hi��fejzck�#r�bZ  h(r)

� feoUjz�£h�fÇhir�feoUj L���� ��|�b�rsuUckj�fkoQ`ZfIhirÇ`
|ih��Uj`Zckh ��j�l*�djzckrkhibd��bd UfkoUjxn  �z|ibdrkuUckjZ�/vxoUhir/h��#�U|�hij�rÚfeoQ`Zf/feo�j�|}`Z�·¤{bZ �lUhi` J�ce`Z�Lr�hi�
feoUjÉn  ��|ibdrkuUckj���bduU|il�a�jÉbd�U|�p×`Z�U�Q`dcsj��qf � `Z�Ul�feoQ`Zf���bd�#��j��Ure`gfeh�b���j+�Jj��zfkr��zbduU|il
�Q`Z|i|�h}`gfejÉfeoUh�rmlUj�WQ��h�j��U��p��{�2hi�U�zj �  6bdc�oQ`dcsl�rk�UoUjzckj�r � feoUj�n� ��|�b�rkuUcsjSJdh¡��jzr�a�jzfsfej�c
ckjzrkuU|�fer�feoQ`d��feoUj6L������z|ibdrkuUckj � feoUh�r�oQ`ZrÉ|�j�l�feb£feoUhi�U¤-feoQ`gf �  6bdc�oQ`ZcklÐ�zbdckjL`Z�Ul
rkoUbdcsf�ce`Z�KJ�jÉhi�qfkj�ce`Z�zfeh�b���r � n� hirxrkuU��jzckhibdc�feb�fkoUj L���� ��|�b�rkuUcsj�F½¥ �Hµ�

� h�JU��¥ rkoUb#E r g(r)  6ckbd� feoUjmf E�b�`Z�U�Uckb��h��×`gfehibd�Ur �  6bdcÇfeoUj 1/r12 h��qfejzce`d��fehibd�<N
E h�fkoUb�u�fDfeoUj���bdckj�rkbZ Îfej��Uh��KJ �{`ZuUrkrkh}`Z�#�Q`Zcsf � �zb��L�Q`dcsj�l<E h¡feoLfkoUj�~��Orkh���u�|}`gfehibd�
ckjzrkuU|�fer�� CÅf/h�r�rkj�jz�ÊfkoQ`Zf/a�bZfeoÊ`d�U�Ucsb��h��×`gfehibd�UrWaUce`Z�·¤Zjzf/feoUj�j"�U`Z��f/ckj�rkuU|¡fer � aUu�f�h�f�hir
`Z�U�Q`dcsj���f�feoQ`ZfÇfeoUj L���� `Z�U�Uckb��h��×`gfehibd��hir�a�jzfkfkj�c���vxoUh�r�hir�`d|�rkb*ckj � jz�zfejzl-hi�LfeoUj
rsfeckuU��feuUckj* 4`Z�zfebdc S(k) = 1 + ρ � d~r exp(i~k.~r)h(r)

� rkoUbGE ��hi��feo�j*uU�U�Jjzc�hi�Urkj�f�
vxoUjÐ|�b#E�jzc£hi�Ursjzf�rkoUb#E r�feo�j�hi��fej�Jdce`Z�Ul r2h(r)

� �#`�Jd�Uh¡ Îp2hi� JÓfeoUjÐlUjz�`p bd ÉfeoUj
��bdckckjz|}`gfehibd�UrÉ`ZfÉ|}`Zc�J�j r �XP��Uj�rkjzj�r{feoQ`gfÉfeo�j#n� `Z�U�Uckb�2hi�#`Zfeh�b���bB�dj�ckjzrsfehi�#`gfej�r
feoUjÇ|ihitquUhil NÅ|ih�¤Zj/�Q`d�·¤qhi�KJ�rsfeckuU��feuUckj � �U`dcsfeh���uU|i`dcs|�pmhi�ÉfeoUjÇ|ibd�KJ ce`Z�KJ�jD�Q`Zcsf � E oUh�|ij�feoUj
Lm��� `d�U��ckb��h��×`gfehibd�-uU�UlUj�csj�rsfeh��×`gfej�r�h�f��xvxoUhir�hir�h��&rkoU`dck����bd�qfkce`drsf E h¡feo E oQ`gf

�
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oQ`Z�U�Jjz�UrI�Uj�`ZcDfeoUj �zb���f·`d��f�`gf r/σ ≈ 1 �DLmjzckj � h�fDhirULm��� fkoQ`ZfDbB�dj�ckjzrsfeh��×`gfej�rDfeoUj
��bdckckjz|}`gfehibd�Ur�`gf �zb���f·`Z�zfxa�p�lUhirk�U|i`d�zhi�KJ*feoUjz� h�� E�`Zckl � E oUhi|�j�n� �U|i`d�zj�r�feoUh�r WQckrsf
��j`Z¤{rk|�h�Jdoqfe|¡p�bdu�f�E�`ZcklUr��/vxoUhir��Lj`Z�Ur�feoQ`gfDLm��� `Z�U�Uckb�2hi�×`gfeh�b��É`d|�|ib#E r��Q`Zcsfeh���|�j�r
feb<J�j�f rk|ih�J�o�fe|�p#��|�b�rkjzc�`Zf �zbd�qf·`Z�zf feoQ`Z�-feoUj*n� `Z�U�Uckb��h��×`gfehibd��lUb8j�r��DvxoUhir h�rxhi�
|ih��Uj�E h�feo fkoUj�¤q�Ub#E �  4`Z�zf#feoQ`Zf �  6bdc#oQ`Zckl rk�UoUjzckj�r � feoUj	Lm��� `d�U�Ucsb��hi�#`gfehibd�
j���` J�Jdj�ck`Zfejzr feoUj{��bdckckjz|}`gfehibd�Urx`gf ��bd��f·`d��f#F¡¥��Hµ�

� h�JU� � rkoUbGE�rwfeoUj#��bdckckjz|}`gfehibd�Ur/E oUjz� feoUj#��bdckj N¢rkbZ Îfejz�Uhi�KJ&�Q`Zcsfwhir*feuUcs�Uj�l bd�Ú�
vxoUjÉ�zbdckckj�rk��bd�UlUhi�KJ��Q`Zhic�h��qfejzce`Z�zfeh�b��#hir�rkoUb#E �-h��×feoUjÉ|�b#E�jzc�hi�Urkj�f�feb�J�j�feoUj�c�E h�feo
feoUj r12 hi��fej�ce`Z��fehibd� � `d�Ul ��|�j`Zck|�pÔrkoUb#E r#feoQ`gf�feoUj-��bdckj N¢rkbZ Îfejz�Uhi�KJÐ�Uckb2lUuU�zj�r×`Z�
`ZlUlUh�feh�b��Q`Z| �{`duUrsrkh}`Z� � � � ' � & % ��
#`gfD�zbd�qf·`Z�zf�/vxoUj � � �  6ckbd� Lm���Gh�r�h��Êj����zj�|�|ijz�qf
` J�csj�j��Lj���f E h¡feo�feoQ`gf� Îckb�� feo�j�rkh��ÊuU|}`gfehibd�Ur��É��bd�#�Q`Zckhi�KJ g(r)  6ckbd� � h�JU��¥Ê`Z�Ul
� h�JU� � ckjz�dj`Z|�r�`Z�#bdu�fersf·`Z�UlUhi�KJÉckj�rkuU|¡f���feoUj�hi� � u�j��U��j�bZ �feoUj �É`duUrkrsh}`Z�Lh��qfejzce`d��fehibd�
hirLf�EIbG 6bd|il � WQckrsfe|¡p h¡f£rkoUh¡ Îfer#feoUj���bdckckjz|}`gfehibd�Ur % 
)� ��� � `d�Ul �z|ibdrkjzc#feb ��bd�qf·`Z��f �
`Z�Ul rsj���bd�UlU|¡p feoUj�bdrk��h�|i|}`gfebdcspÓrsfkckuU�zfeuUckj-h�rÊrkjz�dj�csj�|�p lQ`Z�L�JjzlGa�j�p�bd�UlGfeoUj�WQckrsf
feoUckjzjÐ��j`Z¤8rz� C¢� b�cklUjzc£feb rkj�j�feoUhir×�#bdckj��z|ij�`dcs|�p � E�j�rkoUb#E `�J�`Zhi� h�� lQ`ZrkoUj�l
|ih��Uj�r�feoUj{� � �  6ckb�� � h�JU��¥ E h�fkoUb�u�fxfeoUj �{`duUrsrkh}`Z�-ckj��UuU|�rkhibd�Ú��vxoUj WQckr¹fm��bdhi��f hir
rkuUck�Uckh�rkhi�KJ � rkhi�U�zjÉbd�Uj�j"����j���ferxfeoUj�h�� � uUj��U�zjÉbZ /`Z�-`dl�lUh�fehibd�Q`Z|Eckj��UuU|�rkhibd�×feb�oQ`�dj
feoUj£bd�U��b�rsh�fej×j+�Jj��zf�� CÅ�  4`d��f � feoUh�rwhirwj���`Z�zfe|¡p E oQ`Zf�oQ`Z�U��j��Ur � j"���zj���f�feoQ`gfwfeoUj
ckjz�UuU|irkh�b�� rkjz|ij���fer�f�EIbÓ��bd� WOJduUce`gfehibd�Ur � bd�Uj E h�feoG��bdckckjz|}`gfehibd�Urw��|�bdrkj×febÓ�zb���f·`Z�zf
`Z�Ul�feoUjÊbZfeoUj�cm�Lj�lUh}`gfejzl�a�p feoUj �É`duUrkrsh}`Z��ckjz�UuU|irkh�b��Ú� �mr�`×ckj�rkuU|¡f�bZ �feoUhir�f�EIb N
 6bd|il&��bd�L�Jj�feh�feh¡��jÉckj��UuU|�rkhibd� � feoUj*�Q`Zcsfeh���|�j�r���|�b�rkjzcm`Zfm�zb���f·`Z�zf��4`Zf r = σ

� `d�U��j`Zc
� � � � ! � �+� ��� � � ���-rkh��U��j*feoUj�p `dcsj��¢feck`d�U��j�l��Éaqp-feoUjwrsj���bd�Ul�ckj��UuU|�rkh��dj*�Q`Zcsf��vxoUhir
j��2�U|}`Zhi��rAE o�pÔfeoUj#b�rk�zhi|�|}`gfehibd�UrÉh��ÔfeoUj×�Uj�E g(r) `Zckj×hi�Ô�UoQ`drkj×b��U��bdrkh�feh�b�� E h�feo
feoUbdrkj bd �feoUj-�Q`gfeuUce`Z|��Q`Z�·¤8h��KJ �6lQ`ZrkoUj�l ��uUcs�dj � E h�fko ��j�ckh�b2l σ � L�b#E�j��dj�c � feoUj
�#bdrsf�h��#��bdcsf·`Z�qfXWQ��lUhi�KJ oUj�ckj�hirLfeoQ`Zf×feoUj�rkjÐ�UjIE��zb�ckckjz|}`gfeh�b��UrLckj�rkjz�ÊaU|ij���jzcsp

�
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�ÊuU�·oÔfeoUbdrkj×bZ �|ih�t8uUh�l E�`gfejzc � `Zr*�`Z� a�j#rkjzj��  6ckbd��feoUjLfebd�Ôh��Urkjzf � E oUj�ckjLaJbZfeo
feoUj�� � �  6ckb�� feoUjm��nI����� E�`gfej�cD�#b8lUj�|U`Z�Ul� 6ckb����QNÅce`p�rk��`Zfkfkj�ckh��KJ*`dcsjxrkoUb#E �Ú�
vxoUj*lQ`Z�#�Uh��KJLbZ �feoUj*bdrk�zhi|i|i`gfeb�cspLrsfeckuU��feuUckj*h�r fkoUj{ckj�rsuU|�f�bZ �fkoUj{�UoQ`Zrkj*b��U��bdrkhi�KJ
bdrk��h�|i|}`gfeh�b��Ur�`Zf�|�b��KJmce`Z�KJ�j � E oUhi�·o�hi�UlUh��`gfejzr�feoQ`Zf/feoUjIf�E�b� 6j`gfeuUckjzr���bd�#��jzfej�jz�dj��
`gf�|ibd�KJ�ck`d�KJdjd�

vxoUh�r�csj�rkjz��aU|i`Z�U��jÉfeoUcsb#E r�`��UjIE |ih�Jdoqfehi�KJ�bd��feoUj*�zb�ckckjz|}`gfeh�b��Ur�h��-|ihitquUhil�E�`N
fejzc �&feoUj& Îb�uUc�Nµ 6bd|ilG�zb���f·`d��f£`gf×��j�h�JdoqaJbduUc#h�r#�UbZfLb��U|¡pO`Ôcsj�rkuU|¡f×bZ �feoUj L�aJbd�Ul
hi��fej�ck`d��fehibd�Ur � aUu�f�`Z|irkbÔbZ �fkoUj��Q`Z�·¤8h��KJ ��bdckckjz|}`gfehibd�UrLh��UlUuU��jzl a�p feoUj f E�b  6bd|il
��bd��f·`d��f�l�hirsf·`Z�U��j � feoQ`gf�bd /feoUj{b�2p Jdjz� N¢b�8p Jdjz�Ð��bd��f·`d��f��

≈ 3 � � `Z�Ul fkoQ`ZfmbZ /feoUj
bdckhijz�qf·`gfehibd� NÅckj�r¹feckhi��fej�l Lma�bd�UlÔ��bd�qfe`d��f/E oUhi�·oÓh�rÉrkoUbdcsfejzc×�

≈ 2 � � �	vxoUhir{�zb��U�z|iu N
rkh�b����`Z��aJjI 6uUcsfeoUj�c��zb�� WQck�Lj�l�a�p�|�b2bd¤8h��KJ�`gf/feoUjxrsfeckuU��feuUckj� 4`Z�zfkb�c/h�� � h�JU� � �WvxoUj
rsfeckuU��feuUckjm 4`d��febdcÇh�rIhi�L�Jbdcsf·`Z��fÇa�j���`du�rkj�h¡fIckj � j���fer�rsfeckuU��feuUckj�rIfeoQ`Zf�`dcsjmoUh�lUlUj��#hi�
feoUjm|ibd�KJ*ce`Z�KJdj��Q`ZcsfIbd 	feoUjm� � � �2��rkuQ`Z|i|¡p � rkuU�·o× 6j�`Zfeu�ckj�r�`Z�U��j`ZcI�Uj�`Zc k = 0

� `Zr
 6bdc���ckh¡fehi��`d|W��oUj��Ubd�#jz�Q` � bdc�a�jzf E�j�jz� k = 0 `Z�Ul km = 2π/σ

� feoUj*|i`Zfsfej�c E oUhi�·o
��bdckckjzrk��b��UlUrIfeb*feoUj��#`Zhi�#��j`Z¤�bdaUrkj�cs�djzl-hi�Lfeo�j�rsfecku��zfeuUckjm 4`Z�zfebdc��DCÅ�£`Zrkrkb2�zh}`gfej�l
|ih�t8uUh�lUrÇrkuU�·o-`Zr�|�hit8u�hilL`d|���bdoUbd|ir �  6bdcIj���`Z�#�U|ij � feoUj�rsfeckuU�zfeu�ckj� 4`Z�zfebdcÇrkoUb#E rx`*�Uckj�N
��j`Z¤&`Zf k = 2π/ξ

� hi�UlUh��`gfehi�KJ�feoUjÊj��2hirsfejz�U��jÊ�z|iuUrsfejzckr�bZ Ç`�dj�ce` Jdj�rsh���j ξ F½¥ ��H �QC¢�
feoUj ��`drkj bZ 4E�`gfej�c � feoUj j"����j�ckh��#jz�qf·`Z|Ub�2p�J�jz� NÅb�2p�J�jz�£rsfeckuU��feuUckjx 4`Z�zfebdc � rkoUb#E �#hi�
feoUj*uU�U��jzcmh��Urkjzf � feb�Jdj�feoUj�c)E h�fko feoU`Zf  6ckbd� feo�jw��nI����� �#b8lUj�| � h�r �djzcsp �Jjz��uU|�h}`Zc
a�j���`duUrkj�feoUj �¢�Uckj N¢��j�`d¤ �mhirI�djzcsp£��|�b�rsj�febÊfeoUj��×`Zhi�×��j`Z¤ � rkuKJ�Jdj�rsfeh��KJÊfeoQ`Zf E�`gfej�c
��|�uUrsfejzckr � h� J`d��p � `Zckj �×`ZlUjxbZ 	�Uj�`dc��Ujzh�Jdo8a�bduUc �  6ckbd� l�hi�#jzckr/feb*��j��qfe`d�Lj�ckr � `ZrDbd  N
fejz�£rkuKJ�J�jzrsfej�l£hi�#feoUj�|�h�fejzce`ZfeuUcsj�F½¥IH ��vxoUhirIhirI��bdfIhi�#|�hi�Uj)E h¡feo#feoUj� 4`Z�zfIfeoU`Zf E�`gfej�c
�#h�Jdoqf a�jw`#��j�ck�zb�|i`gfej�l |ih�t8uUh�l�feoUckb�u J�o h�fkrQL�a�b��Ul&�Uj�f�E�bdck¤4F � Hµ��vxoUhir���bd��fece`dl�hi��N
feh�b��-oQ`Zr �Ujz�djzcma�j�jz� re`gfehirs 4`Z�zfkb�ckh�|�p#ckj�rkbd|��djzl&h���feoUj{�Q`Zrsf�|ih¡fej�ce`gfeuUckj�b���E�`ZfejzcGF � H �
� ckbd� E oQ`gf�E�`dr�re`Zh�l `da�bB�dj � EIjÓ�Ub#E rkjzjÐfeoQ`gf×feo�jÐrk�U|ih¡f"NÅ�Jj�`Z¤ bZ  S(k) hir×hi�
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 4`Z�zf�` �¢lUb�uUaU|�jÉ�#`dh��£��j`Z¤ � � �zbdckckj�rk��bd�UlUhi�KJ�feb�fkoUjÉf�EIb#�Q`Z�·¤8h��KJLrsfecsuU�zfeuUckjzr � bd�Uj
`gf r ≈ 0.8σ `d�Ul feoUj#bdfkoUj�cÊ`gf r ≈ 1.2σ

� `Z�Ul feoUhirwlUbduUaU|ijL�Q`Z�"¤qhi�KJ�rsfeckuU��feuUckj
hir{�Uckj�rkjz�qf ��� � � ' ��� � ' � ��� � ��� ����� � %�� '*% �Z�×vxoUhir*hi��fej�cs�Uckjzf·`gfeh�b��ÔbZ �feoUjLrsfeckuU��feuUckj
 4`Z�zfebdc WQ�Q`Z|i|¡pÐckjzrkbd|��dj�rwfeoUj#�Uu�� �z|ihi�KJ�`ZaUrkj��U�zj£bZ xrk��j��zh�WQ�XE�`Zfkj�cÊ��|�uUrsfej�csr � E oUj��
��bd�L�Q`dckjzl-febL|�hitquUhil�`Z|i�zbdoUb�|�r � `Zr E�`Zr�b�aUrsj�cs�dj�l&hi� � j� "F¡¥��Hµ�

vxoUjÓ�Ucsj�rkjz�qf rsfeuUl�p jzt8uQ`Z|i|¡p ckj��dj`Z|ir�feoQ`gf�feoUjÐn �feoUj�bdcsp h�r�hi�U��`Z�Q`daU|�j�bZ 
ckj�`d�·oUh��KJ fkoUj��Uckjzrkjz�qfwrsfeckuU��feuUce`Z|Dr¹f·`ZfejZ��vxoUj��8uU�Lj�ckh��`Z|�rsb�|�u�fehibd�Ðh�rÉ|ibdrsf�aJj� 6bdckj
feoUjÔ 6uU|�| �{`ZuUrkrkhi`d� �zb�ckjÓhir�feuUck�Ujzl bd�Ú� vxoUj ckj`Zrkbd� bd ÊfeoUh�r� 4`Zhi|iuUcsjÐhir� 6bduU�Ul
aqpG`�oUh�Jdo fej��L�Jjzce`gfeuUckj�rsfeuUl�p `gf T ∗ = 10

� E h�feoG`Z�Ul E h�feoUbdu�fÊfeoUj �{`ZuUrkrkh}`Z�
��bdckj � rkuU�L�×`Zckh��zj�l-h�� � h�JQ� � ��vxoUj*��bdckckjzrk��b��UlUh��KJLh��qfejzce`Z�zfeh�b��Ur `ZckjÉrko�b#E ��h���feoUj
|ibGE�j�c#hi�Urkj�f�:vxoUj�uU�U�Jjzc×h��Urkjzf#rkoUb#E r£feoUj�� � � E h�fkoUb�u�f#feoUj �É`duUrkrsh}`Z� ��bdckj �
`Z�UlOfeoUj�Jdb2b8lO` Jdckj�jz�#jz�qfLaJj�f�EIj�j�� aJbZfeoGfeoUj�bdckh�j�rL`d�UlGfeoUj�~�� ckj�rkuU|¡fer�� vxoUj
�Q`Z�·¤8hi�KJ�rsfeckuU��feuUckj�h�r@E�j`Z¤ � rkhi�U�zj�h�f/h�r�rk�#j�`dckjzlÊaqp*feoUjIoUh�JdoUj�c�feoUjzck�×`Z|2` Jdh�f·`gfeh�b��Ú�
L�b#E�j���jzc � `ZrÇfkoUj �{`ZuUrkrkhi`d�L��bdckj�hirDfeuUck�Uj�l#b�� � E oUjzckj`Zr Lm��� ��bd�qfeh��8uUjzrIfeb*rkoUb#E
E�j�`Z¤ rsfecsuU�zfeuUckh��KJ � hi�Gj��2��jz|i|�j��qf×` J�ckjzj��Lj���fXE h¡feo ~�� rkhi�ÊuU|i`Zfeh�bd�Ur � n  rkoUb#E r
�dj�csp&rsfecsb��KJ#�Q`d�·¤qhi�KJ×bdcklUjzckhi�KJ � E oUh��"o&hi�Ul�hi�`gfejzr�fkoQ`Zf feoUh�r�fkoUj�bdcsp rkj�jzr�bd�U|¡p�feoUj
hi�U�zckj`Zrkj#bd �ckj��UuU|�rkhibd� `gf*��bd�qf·`Z��f��vxoUj#ckj�rkuU|¡fehi�KJ hi�U�zckj`Zrkjzl �Q`d�·¤qhi�KJ&rsfeckuU��feuUckj
j��2�U|}`Zhi�UrQE oqp&feoUj���bdckckjz|}`gfehibd�Ur�bZ ÇfeoUh�r�feoUjzb�csp&�LbB�dj�rÉh���feo�j �$�"� � & % � ��� % � � ! � % ��

feoQ`Z�ÐfeoUj�ckj�`d|/bd�Uj�r��*vxoUhir�hir�`��Uckbd Îb�uU�Ul � `GE bZ ÇfeoUh�r�feoUjzbdcsp � `Z�UlÐckj���j�`Z|ir�feoQ`gf
feoUh�rÇfeoUjzb�cspL|}`Z�·¤8rDfeoUj�lUh}` J�ck`d�LrDfeoQ`gfI`dckj�hi�U�zbdck�Jbdce`gfej�l#hi��feoUjQL����OfeoUj�bdcsp � `Z�Ul
�UbZf feoUj{bZfeoUj�c E�`p `Zckb�uU�UlÚ�

Cµfwhir*h��qfejzckj�rsfeh��KJ&fkb��zb��L�Q`ZckjLfeoUj#�#j�feoUb2lUbd|ib�JZp�bZ xbduUc*�`Z|i�zuU|}`gfeh�b��Ðfkb&feoQ`gf
bZ  L�j`Zl N��Éb�cslUb��Ð`d�UlÔ�8fehi|�|ihi� J�jzcGF¡¥ � H � B oUjz�Ôhi����jzcsfehi�KJ�fkoUj�j"����j�ckh��#jz�qf·`Z|�� � ���
E oUhi�·o£h�r ��� �! � � a�p#uUrkh��KJ{feoUjQL���� bdcIn� ��|�b�rkuUcsj�r � E oQ`gf�hirÇb�a�fe`dh��Uj�lLhirÇ��bdfÇfeoUj
feoUj£rk��oUj�ckh��`Z|�hi��fej�ce`Z�zfkhibd� h�ferkjz|�  � aUu�f�ce`ZfeoUjzcwfeoUj£j+�	jz�zfeh¡��j£hi�qfejzce`Z�zfeh�b�� `��Jj���fej�l
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aqp feoUjw�Lhirkrkh��KJLr¹feckuU�zfeuUck`d|/lUhi`�Jdce`Z�#r�� C¢�&feoUjw�`ZrkjwbZ UL���� �  6bdcmj"�U`Z�#�U|�j � E oQ`gf
hir�bda�f·`Zhi�Ujzl h�r veff (r) = v(r) − B(r)

� E oUj�csj B(r) hirÊfeoUj-rkj�f#bZ maUckhilKJdj�lUhi`N
Jdce`Z�#r��ÉvxoUj�ckj� 6bdckj � rkbd�#jÊ��bdckckjz|}`gfehibd�UrQJ�j�fÉ�Lh¡�2j�l�hi��feoUjAWQ�Q`Z|�ckj�rsuU|�f�{�mjzj�lU|�j�rkr
feb×rk`p � rkuU�·o�hi�qfejzce`Z�zfeh�b���E h�|i|Ú�Z`ZcspTE h¡feo&feo�j*lUj��Urkh¡f¢p h���`L�Ub�� Nµfeckh¡�2hi`d| E�`pd� vxoUj
`Z�U�Uckb�`d�·o�E�jÉuUrkjw`d|�|ib#E r�h��Ursfej�`dl�feb�rsf·`Zcsf  6ckbd� `�rsfeckhi��f Lm`d�Lhi|�fkb��Uhi`d�LlUjIWQ�Uh¡fehibd�
bZ {feoUj�hi�qfkj�ce`Z�zfeh�bd�Ú��vxoUjÐ`Zl��Z`d��f·` J�j�hir×fkoQ`Zf�l�h}` J�ce`Z�#`Zfeh����Uckbd�Jjzcsfehijzr£bZ *hi��fej�N
Jdce`Z|�jzt8uQ`gfehibd�Ur � `d��lÓhi���Q`dcsfkhi��uU|i`ZcmfeoUjzhicÉ`daUh�|ih�fÅp-feb-bda�f·`dh���feoUj��Q`Zcsfeh���uU|}`Zcm|ib2��`Z|
rsfeckuU��feuUckj*bZ  E�`gfejzc � �`Z� a�j{uU�Q`Z��aUh�JduUb�uUrk|¡p×��`d��fkuUckj�lÚ�

� � 9A3�> ��= �8?�9A3

vxoUhir�rsfeuUl�p�ckjz�dj�`d|�r�feoQ`gf E�`ZfejzcÉoQ`Zr{`Z�Ó`Zrkrkb8��hi`Zfeh��KJ£rsfeckuU��feuUckj�ckhi�·oUjzc�feoQ`Z��feoQ`gf
bZ wrkhi�L�U|ij�`d|���bdoUbd|ir � rshi�U��jÐh�f-lUb8j�r��UbZf-�Uckb2lUuU�zjÔ` |ib8�`Z|��z|iuUrsfejzckhi�KJ � ce`gfeoUjzc�h�f
rk�Uckj�`dlUr�`Z��ckbdrkr�feoUj E o�b�|�jÓ|ih�t8uUh�lÚ� Lmjz�U��j E�`gfej�c-a�j�oQ`�djzr�|�hi¤ZjÓ` J�hi`Z�qf���bd|�p N
�#jzc � `dr E�`drxrkuKJ�Jdj�rsfkj�l-aqp ����mb�J�`wb��£feoUj�aQ`Zrkhir�bZ ��UuUckjz|�p#fkoUj�ck�Lb2�`Z|�b�ckh��#j�feckhi�
�#j�`ZrkuUckj��Lj���ferGF¡¥�� Hµ� Cµf�h�r�h��qfejzckj�rsfeh��KJ×feb×�UbZfejwfeoQ`gfmfeoUjÊlUuQ`d|�rsfkckuU�zfeuUckj�bZ UE�`gfej�c
E�`Zr{oUh��qfejzlÐh���feoUjÊ�dj�csp WQckrsf{�Lb2lUjz|irmbd UE�`gfej�c�F � �Ú� H � aUu2fÉoQ`Zr{`Z|�E�`p2rÉcsj��×`Zh��Uj�l
j�|�uUrkh��dj�rkhi����jÊ�Uj�h¡feoUj�c�j��2�Jjzckhi�Lj���fer��Ubdc��zbd�#�Uu�fejzcÉrkhi�ÊuU|i`Zfkhibd�Ur ��bduU|il��UckbB�2h�lUj�`
��bd���2hi�U�zhi�KJLjz�8hilUjz�U��j*bZ �rkuU�·o  6j`gfeuUckjZ��CÅ�& 6`d��f � feoUh�rxrsfeckuU��feuUckjwhirxlUh �#�zuU|�fxfebLb�a N
rkjzcs�djLuU�Q`Z�ÊaUh�JduUbduUrk|�p-h���rk�Q`Z�UrkoUbZfer � jz�djz�Óhi�&feoUjÊrkuU��j�ck�zb2bd|ij�l�ckjIJ�h��#j�F �Z� Hµ� ��u�f
feoUjL� � � hir�feoUjLa�j�r¹f{feb2bd|/feb-�#j�`drkuUcsjLh�f�� C¢�ÓfeoUh�r E�`p � feoUj#� � � h�r�feoUj�b�cslUj�c
�Q`Zce`Z�#jzfkj�c# Îb�cLfeoUj��Lhi�zckb NÅrsfecsuU�zfeuUckj bZ {�#`Zfkfkj�c � �suUrsf£|ih�¤Zj&feoUj&bd�Uj�NÅa�b2l�pG 6uU�U��N
feh�b�� h�rwfkoUj£bdcklUj�cÊ�Q`Zce`Z�#jzfkj�cwbZ �fkoUj�Jd|ibdaQ`d|DbdcklUj�cÊhi� _�`Z�UlQ`Zu feoUj�bdcsp bZ  �UoQ`Zrkj
fece`Z�Urkh�fkhibd�Ur���vxoUj{uU�Uj"����j���fej�l lUh �	jzckj��U�zjÉa�jzf E�jzj�� feoUj�f E�b��#bdrsf `Z���zuUce`gfej�feoUjzb N
ckh�j�rÇfeoU`ZfÇlUj�rk�zckhia�j�|ih�t8uUhilUr � �U`d�Lj�|¡p�feo�j�n�?`d�Ul L���� `Z�U�Uckb�2hi�×`gfeh�b��Ur � h��UlUhi��`gfej
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feoQ`gfÉ`LaJj�fkfejzc��Uckb�Jdckj�rkr��`Z��aJjÊ`Z�·oUhij��dj�lÐbd�U|¡p-aqp feoUjwj��2�U|ih���h¡fmh��U��bdck��b�ck`Zfeh�b�� bZ 
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Reply to the Referee's comments on manuscript TMPH-2009-0058

We thank the Referee for his nice and constructive comments on our report. The manuscript have been 
revised, and in particular, equations are now numbered and we apologize for Ref.[13] which is now 
correctly displayed. The remaining points are addressed below.

  1 ) Following his suggestion, we have added a new text (in blue in the pdf) in the introduction where 
we explain the connection between the Gaussian repulsion and the Hbond induced depletion which 
gives a number of neighbours lower than 12.

 2  )  We  do  not  calculate  three-body  correlation  functions  in  our  MC  simulations,  only  the  pair 
correlations. There is no reasons to consider higher order correlation functions, and in particular the 
three-body ones, since there is no hint to what to expect at that level. The Referee seems to suggests 
that this function will “emphasize the competing packing structures more clearly”, but it is not obvious 
to us how this goal will be reached by showing a function that will depend now on 3 variables (the two 
distances and the angle between them), and why this one in particular. We expect that all many body 
correlations will have contributions to the particular geometry, but it is not obvious how to analyze this 
in clear fashion. We are not aware that other authors have particularly illuminated the structure of water 
by showing such high order correlation functions. So, in absence of any specific information from the 
Referee, we are not sure how such calculation will enhance the present report. We will therefore stick 
to the pair correlations, which has the advantage over the higher order ones to be a true observable 
(through various scattering experiments).

 3  )  The interaction  in  Eq.(1)  was already displayed in  the  lower insert  in  Fig.2,  where  both the 
reference soft-core and the full interaction were shown. This was mentioned in the text where Fig.2 is 
quoted as well as in the Figure caption. We have added now the Gaussian repulsion in blue dashed line.

 A part  from the  point  2),  that  we have  not  fully  understood,  we have  answered to  the  Referees 
suggestions in the revised manuscript.
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