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B�C-, DFE/.0.21�354�G768.:9<;MG74/=?>A@B;ME/.
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x3ksl t b§irbdkml$fdbd\@b§ir] t ]�o�3 � r;qjksbdiu3

! ! � o F g  F � r/! !Ae!q �'o Fu_� F5d=r<# ¬ fp �	�=®�� ¬ fp ���·® °å�m�mµ
��o8\[r-qv]3|rg ¡ bdqje:g/fhbdqj� t gslpq#e[l[]%|v]3o[|v�3qj]�l�i�g/ijbhkml�oBkmfhgsbh|v]�]�i#f¦g x�kme[|v�¥] �³]�|j\^�3]4g/bhl[qvb t ��x3|vbdij]%qj�3o[gs|j]�|rg
fd]�opf¦gsl�]�lO��
�kml[]3q�£¥�;]3fdfh]4x3ksl7ij]3l:g/l7inf � ks|jbd�mbhlp]s¶:x3ks|j|j]�qjoBkml t |jg^�^fhg�
3kmlp] t ]%qvi�g/�[bhfdb§ir�s¶:x � ]�qviO*���* t bh|v]
�7e[]%oBkme[|;ijkmepi ��o[|vbhq t gsl[q�x3]�ijij]
3kml[]/¶[\^]3qve[|j�4o:gs|;qrg t bdqvirgsl[x3]�� f � km|jbd�mbdl[]%qjkmepq�e[l[]%bdl[x3fdbhl[gsbhqvkml
\c¶ t kmlpl[]3|jg
e[l�x3ks\@oBkm|~ir]3\^]�l7i�qvi�g/�[fh] t e¸qvx�Y[�3\@g�o¥kse[|±x�]F\c£¥{�kse[|�e[l ��x�Y[kmbdqjbF�1f � ]�zwir��|jbd]3e[| t ]
x3]�ijij]�
�kml[]/¶Bfd]4qjx�Y[��\@g1qj]�|rg^bhlpqvi�g/�[fh]/£

���?UdU �wÄ
ª�gD�:gsqv] t ]Oij]3\^o[q�EFk@o[|jbdqj]¸x�km|j|v]3qvo¥kml t �De[l x�g/fhx�e[f±]�l _ ��irgso¥]�q�oBkme[|
oBkme ¡ kmbd|�x3km\^o:g4*

|j]�|«irkme[q^fd]3q^qjx�Yp�3\@gsq3£ � ]3qvi t ksl[x�|j� �³��|j]�l[x3��o:gs|«|jgso[oBkm|vi@��x3]�o:g/q t ]�ij]3\^o[q@�7e[b�x3km|v|j]�qjoBkml t
Y:gs�pbdije[]3fdfh]�\^]3l�i�¶Bo¥kse[|��¥ksl�lpkm\ �[|v] t ]�qvx�Y[�3\@gsq±�@�«b§ir��|rg/ijbhksl[q3£
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ª � ]�qvirbd\@g/irbdkml t e �Jgsx�ir]3ep| t=� gs\^o[fhb0.:x3g/irbdkml �!o:gsqvqj] t=� gs�Bkm| t o[gs|�f � ]�qvirbd\@g/irbdkml t ]«fhg �³kml[x�irbdkml

x3ks\@opfh]Uzp]���bdqjqve[] t e$op|jk t e[b§i%EFk
�-£H»*fdfh]4qv]3|rg^�3x�|jb§ir]4qjkse[qyfhg �³km|j\^]A3
� e����:T � � � °å�2!�µ

]�i�qj]�|rg±ks�pir]�lwep];]3l epirbdfhbdqrg/l7i�f¦g t ��x3km\^oBkmqjb§irbdkmlN]�lN\^k t ]�q t ] �:kme[|vbh]�| o�3
f r��yo:g/|virbd| t ];f � ]Uzco[|j]�qjqjbdkml
o�� �
r#kme o�� �[r�£� gsep|rg@gsfhks|jq�oBkme[|�]�zco[|v]3qvqjbdkml¸]3l�epijbhfdbhqjgsl�i�o��tqsrU¶So43 �Ar#]�i^o43 � r<3

� e q T�� T q� � � T q �  T q� , � �
e q� , o�cT ,���� *�,�� �tT�� �� * ������� �h*	� �� ruo�cT ,�����T ,�� �tT
� �� T�������� ��*�� �� r
T � � qq�� � � o���T
���vr5o�cT ,����:T�� �� *�� �� r � °å�m�mµ

� � � � Â�4 °³\1g/bhfdf¦g/�m]%�7e:g t |jgsl[�me[fhgsbd|j]�µ�£

���)e * � � � !+W5Y[Z;\%!0oOqM* W5Y[Z'F g r � T !+Z�a�bc\ !@oOqM* WuY
Z:F � r � &
� � e � � �4WuY
Z]\mZ�a�b F g o8W5Y[Z'F g * � r{T Z�a�bc\mZ�a�b F � o8W5Y[Z'F � * � r�! °å�s��µ

� � � � Â 	 °J\@gsbdfhfhgs�m]%ir|vb¦g/l[�me[fhgsbd|j]�µU£

��� e * �
��� � qsf�o !� !5T !� g !5T !� � ! r

* o1!� !5T"!� g !5T q�� ! � � ! r/W5Y[Z F g * o1!� !5T q�� !� g !5T !� � ! r/W5Y[Z'F �
T �%!� � !+W5Y[Z%� F g T � !� g !+WuY[Z � F �* o+q�� ! � !<T ! � g !5T ! � � ! r/W5Y[Zso F g T F � r{T o1!� g !5T"!� � ! r/W5Y[Zso F g * F � r
T o1!� !5T"!� � ! r/WuY[Z=o�� F g T F � r{T o ! � !5T ! � g ! r/W5Y[Z=o F g T�� F � r
T �%!� !+W5Y[Z%��o F g T F � r !

� �#e �
� � �

T q���� � Z�a�b F g * q���� g Z�a�b F �* ��� � Z-awb � F g T���� g Z�a�b � F �* q����mZ�a�bSo F g TBF � r * o�� g T�� � r/Z�a�b�o F g *5F � r
T � W5Y[Z;\mZ�a�bSo�� F g T F � r{T � Z�a�b�\mZ�a�bSo F g T�� F � r
T ����Z-awb ��o F g T F � rg ¡ ]�x
3 �^e Z-awbc\�T`W5Y[Z]\c�� g e �mZ�a�bM\F* W5Y[Z]\c�� � egZ�a�bM\F* � W5Y[Z;\*' °å�s��µ
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ª � ]�qvirbd\@g/irbdkml t e �Jgsx�ij]3e[| t=� g/\@opfhb0.:x�g¯irbdkml � o:gsqjqv] t=� gs�Bkm| t o[gs|<f � ]3qvijbh\@g/ijbhksl t ]3q �³kml[x�ijbhksl[q
x3ks\@opfh]Uzp]�q �B � g  � � bdqjqjep]�|j]3qvo¥]�x�ijb ¡ ]3\^]3l�i t ]3q
o[|jk t e[b§irq�EFk
�-�EFk
� g ]�i�EFk
� � £#»*fhfd]3q
qj]3|vkml�i�3x�|jb§ir]�qyqvkme[q�f¦g �³km|v\@]A3

� e ���:T � � �
� g e ��� g T � � � g
� � e ��� � T � � � � °Î�;1�µ

]�iy]3fdfd]3q±qv]3|vkml�i�km�pij]3l7e[]�q±]3l$epirbdfdbhqjgsl�i�fhg t ��x3km\^oBkmqjb§irbdkmlO]�l¸\^k t ]3q t ] �:kmep|jbd]3|Po43
f
rn�^o:gs|~irbd| t ]�q
]�zco[|v]3qvqjbdkml[q±|v]3qvo¥]�x�irb ¡ ]�q o , .
r�¶So , �[r#]�i^o , 3[rU£� gsep|rg@gsfhks|jq�oBkme[|�]�zco[|v]3qvqjbdkml¸]3l�epijbhfdbhqjgsl�i�o , , rU¶So43 �Ar#]�i^o�
f r<3

� e q T
� T q, o � � T�� g T�� � r{T q �Xo � g T
� � r{T q
q�� � g � �

e q
q�� � q��cT ,]o ��� g T
��� � r{T���� g ��� � *�� � g � � � T ,]o ����T
� �zruo ���8*	� � r
T �����4o �T
��� g T
��� � r * ��� �+o � � g T�� � � r !

T �
q�� �	��o ����T��[r5o ,�� �tT
� � g T
� � � r{T ��� � o ��� g T
��� � r{T���� g � � � T���� � � � g ! °Î�p�Áµ

g ¡ ]�x
3
��� e f
� � e *:��ozWuY[Z9\mZ-awb F g T Z�a�b�\ Z-awb F � r
��� g e � �� � �/oH* q T WuY[Z � \mWuY[Z'F g T Z�a�b � \mWuY[Z'F � r�T`Z�a�b �
\�oA*^q T WuY[Z'F g T WuY[Z'F � * W5Y[Zso F g *5F � r�r'&
� � g e f
��� � e � �� � �/oH* q T WuY[Z � \mWuY[Z'F g T Z�a�b � \mWuY[Z'F � r�T`Z�a�b �
\�o+qM* WuY[Z?F g * WuY[Z?F � T WuY[Z=o F g TBF � r�r &
� � � e f ' °Î���sµ
»*l$ecirbdfhbdqrgsl�iyfh] �Jgsb§i��7e[] ���3¶ � � g ]�i � � � kml�i t ]�q ¡ gsfd]3e[|vq�lwepfhfd]3q�¶ o /q4r;qv]<qvbh\^o[fdb�.[]<x�km\^\@]4qve[bdiu3

� e � q T oH* � �� T
��� g T
��� � r, T ��� g ��� �q�� � T � � � �tT � �+o ��� g T���� � r � ' °Î�m��µ

N�CON � � � �
ª � ]�qvirbd\@g/irbdkml t e �Jgsx�ij]3e[| t=� g/\@opfhb0.:x�g¯irbdkml � o:gsqjqv] t=� gs�Bkm| t o[gs|<f � ]3qvijbh\@g/ijbhksl t ]3q �³kml[x�ijbhksl[q

x3ks\@opfh]Uzp]�q � g  � � bdqjqve[]«|j]�qjoB]3x�irb ¡ ]3\^]�l7i t ]3q%op|jk t e[b§irq EFk
� g ]�i E�k
� � £=»*fhfd]3q4qv]3|jksl7i4��x3|vbdij]3q%qjkse[qfhg �³ks|j\^]
3
� g e ��� g T � � � g
� � e ��� � T � � � � °Î�s_7µ
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]�iy]3fdfd]3q±qv]3|vkml�i�km�pij]3l7e[]�q±]3l$epirbdfdbhqjgsl�i�fhg t ��x3km\^oBkmqjb§irbdkmlO]�l¸\^k t ]3q t ] �:kmep|jbd]3|Po43
f
rn�^o:gs|~irbd| t ]�q
]�zco[|v]3qvqjbdkml[q±|v]3qvo¥]�x�irb ¡ ]�q o�. �[r#]�i^o�.	, r�£� gsep|rg@gsfhks|jq�oBkme[|�]�zco[|v]3qvqjbdkml¸]3l�epijbhfdbhqjgsl�i�o�. �
rU¶So43 �Ar#]�i^o�	, r<3

� e q T�� � T � � o � g T
� � r, T � g � �� T o � g � � r �� ,
e * q� , ���/q T � �2! ���tq5*�� �2!�T �

� � ���/q � � !
k[h�3 �tq e � � � �MT
��� � � � g �� �^e ��� � ��* � � g � � � T «]�i �^e ��� g T , °Î���mµ

g ¡ ]3xA3
��� g e �F� !+WuY[Z]\%!0o8W5Y[Z'F g * q4r{T"!+Z�a�b�\ !@o8WuY
Z'F � * q4r�!
� � g e *:�I�4WuY
Z]\mZ�a�b F g T Z�a�bc\mZ�a�b F � !
��� � e * � � � !+WuY
Z]\ !0o+qM* WuY[Z'F g r � T !+Z-awbc\%!0oOqB* W5Y[Z'F � r � &
� � � e � � �=WuY[Z9\ Z-awb F g ozWuY[Z'F g * � r{T`Z-awbc\mZ�a�b F � ozWuY[Z'F � * � r�! °Î�;!�µ

N�C�� ��� ��� � � � � >OE
ª � ]�qvirbd\@g/irbdkml t e �Jgsx�ir]3ep| t=� gs\^o[fhb0.:x3g/irbdkml �!o:gsqvqj] t=� gs�Bkm| t o[gs|�f � ]�qvirbd\@g/irbdkml t ]«fhg �³kml[x�irbdkml

x3ks\@opfh]Uzp]���bdqjqve[] t e$op|jk t e[b§i%EFk
�-£H»*fdfh]4qv]3|rg^�3x�|jb§ir]4qjkse[qyfhg �³km|j\^]A3
� e����:T � � � °Î���mµ

°Î�m��µ
]�i�]�fhfd]¨qj]3|jgWks�pir]�lwep]©]�l ecirbdfhbdqrgsl�i$f¦g t ��x3km\^oBkmqjb§irbdkmlL]3lL\^k t ]�q t ] �Hkse[|jbd]3| o�3
f r�� o:gs|~irbd| t ]
f � ]Uzpop|j]3qvqjbdkml o1�/qsrU£� gsep|rg@gsfhks|jq�oBkme[|�]�zco[|v]3qvqjbdkml¸]3l�epijbhfdbhqjgsl�i�o1�[f[rU¶So43 �Ar#]�i^o��3[r<3

� e q T
� T � �,
e � q, o���T
���:T
� �zr5o���T
���8* � �zr � T � � q� � �+o���T����vr � °Î�m��µ

g ¡ ]3xA3

��� e * � �, ozWuY[Z]\mZ-awb F g T � � i�\mZ-awb F � r � * � � o !+W5Y[Z]\ !@oOqB* W5Y[Z'F g r � T"!+Z�a�b�\ !@oOqM* WuY[Z'F � r � r
� � e � �, �to8Z�a�bc\mZ�a�b F � T`W5Y[Z]\mZ�a�b F g ruo1!+WuY[Z�\ !0o+qM* WuY[Z'F g r{T !+Z-awb�\%!0oOqM* W5Y[Z'F � r-r�!

T � � �4WuY[Z]\mZ-awb F g oH*���T WuY[Z'F g r{T`Z-awbM\ Z�a�b F � oA* �cT`W5Y[Z'F � r�! ' °Î�;1�µ
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N�C�� � � �)��� � � � � 	
ª � ]�qvirbd\@g/irbdkml t e �Jgsx�ir]3ep| t=� gs\^o[fhb0.:x3g/irbdkml �!o:gsqvqj] t=� gs�Bkm| t o[gs|�f � ]�qvirbd\@g/irbdkml t ]«fhg �³kml[x�irbdkml

x3ks\@opfh]Uzp]���bdqjqve[] t e$op|jk t e[b§i%EFk
�-£H»*fdfh]4qv]3|rg^�3x�|jb§ir]4qjkse[qyfhg �³km|j\^]A3
� e����:T � � � °Î�p�Áµ

°Î���mµ
]�i�]�fhfd]¨qj]3|jgWks�pir]�lwep]©]�l ecirbdfhbdqrgsl�i$f¦g t ��x3km\^oBkmqjb§irbdkmlL]3lL\^k t ]�q t ] �Hkse[|jbd]3| o�3
f r�� o:gs|~irbd| t ]
f � ]Uzpop|j]3qvqjbdkml o1� [r#]3l��7e:g t |jgsl[�mfd]3qnkme o�� �[r#]3l�ir|vb¦gslp�mfh]�q3£d£� gsep|rg@gsfhks|jq�oBkme[|�]�zco[|v]3qvqjbdkml¸]3l�epijbhfdbhqjgsl�i�o1� 3
rU¶So43 �Ar#]�i^o��3[r<3

� e q T�� T � �� T � � T � ��	,
e � q�T
���:T q� o � �� * � �� r{T ���� o � �� * ��� �� r{T q�	, o � �� * ��� �� � �� T
� �� r �
T � � � �� o1�MT������:T ��� �� *�� �� T
���so � �� *�� �� r-r � °Î�m��µ

g ¡ ]3xA3
� � � �>� � �NÂ�4 °³\@gsbhfdfhgs�m]4�7e:g t |jgsl[�me[fhgsbd|j]�µ

���)e * � ��� � !+WuY
Z]\ !0o+qB* WuY[Z'F g r � T !+Z-awbc\%!0oOqB* W5Y[Z'F � r � &
� � e *.�F�4W5Y[Z]\mZ�a�b F g o+q�T � oOqM* W5Y[Z?F g r-r{T`Z�a�bc\mZ�a�b F � o+q T
� oOqM* WuY
Z'F � r�r�! °Î�s_7µ

� � � �>� � �NÂ 	 °J\@gsbdfhfhgs�m]�ij|jbhgsl[�me[fhgsbd|j]�µ

���)e * � � �
� � ! � W5Y[Z]\F* Z�a�bc\ !@oOqM* WuY
Z'F g r � T"!+WuY[Z]\F* �mZ-awbc\ !@oOqM* WuY
Z'F � r �

T !+W5Y[Z;\�T`Z-awbM\ !@oOqB* W5Y[Z4o F g T F � r�r � !
� � e * �

�
�to8WuY
Z]\MT Z�a�bc\[r/Z�a�bSo F g T F � ruoOq�T
� oOqM* WuY[Z=o F g TBF � r-r�r

T o��mWuY[Z]\F* Z-awbc\
r/Z�a�b F g oOq T
� o+qB* WuY[Z'F g r�r
T o��mZ�a�bc\F* WuY[Z]\
r/Z�a�b F � oOq T
� o+qB* WuY[Z'F � r�r ! ' °Î���mµ

N�C � � 4/. ;MN�� 6�� .
�ykmepqF|j]�o[|j��qj]3l�ijkml[q*]3l �³ksl[x�ijbhkml t ] \n]�i t ]-\@gsl[bdZ3|j];o¥kmfhgsbd|j]/¶/x�kml��³km|v\@��\^]3l�i¼gsecz o[|vkmo¥ksq�ir]�l7e[q

fdkm|jq t ]nf � bhl�ij|jk t e[x�ijbhksl t ]nx3]±o[gs|rgs�s|rgso[Yp]s¶�fhg 
3ksl[] t ]±qvirgs�[bdfhb§ir�noBkme[| x�Y:gs�7e[]±qvx�Y[�3\@gN]�l
|j��qjkmf ¡ gsl�i
l7e[\^�3|vbh�7e[]�\@]�l�i o43 .Ar�g ¡ ]3x�e[l[]4o[|v�3x3bdqjbdkmlOgse qsf[f bdZ3\^] oBkme[|�fh]<�<�Fª¢°4�[µU£
ª�]«o:gsq t ]«ij]3\^o[q>EFk±oB]3|v\@]�i�e[l¨x�gsfdx3e[f*]�l¨_���i�gsoB]3q�£��;]�ivir]^|j� �³�3|v]3l[x�] t ]Nij]3\^o[q4]3q~i�l[�3x�]3qjqjgsbd|j]
oBkme[| x�km\^o:gs|v]3| ijkme[qNfd]3q«qvx�Y[�3\@gsq«\@gsbdq«l[]�|v]51:Z�ir]�o:g/q irkme¯}~kme[|jq f¦g ¡ gsfd]3ep| t ]9�D\^bdqj] t gslpqNfh]�q
x3k t ]�q�l7e[\^��|jbd�wep]3q�°³]3l©o:gs|vijbhx�e[fdbh]�|<oBkme[|%x�]3ecz©�7e[b*kml�i�e[l©x�uwx3fd]@]3lDqv]3e[fd]3\^]�l7i«����i�g/o¥]�q<]�qvirbd\^�
bdx3b�]3lO� �³kmbdq±�N��i�gsoB]3qrµ�£
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REPRESENTATION POLAIRE DU CFL (THETA)

CFL=1
RK2-Q

RK2-T

SIERRA

PATRIC
THESEE

SAPPHO-Q
SAPPHO-T

ª�g ¡ gsfd]3e[|y\@g¯zcbh\@gsfd] � �
	+_ t ],�$o¥kse[|nijkme[qyfh]�q±qjx�Yp�3\@gsq%]�iyoBkme[|yijkme[qnfh]�q%gsl[�sfh]�q�\@]3l ¡ e[] t ] fhg
qvirgs�[bdfhb§ir�4]�qvi=3

� ��� ��	+_ e q °Î�;!�µ
�;]�ivir]�fdbh\^b§i�g/ijbhkml o[|vk ¡ bd]3l�i t e x3k t ]�ac��»¼�n�n²<£ A�bd]3l[l[]�l�i
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