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2 cm

rxj�bKy
l*^[z{c�b"c�k�i/|�c3g�j*h:^[i!n�l*b"^<r}iFm3~��Pv&cAi�^<tXc=a&k&^<i/^
m

µs
~

q�mP^<i/v�q�m6p�c3c�k�i�v&j�a&`�v�i,�<���M��~
�Pv&c2�Ca�q�g<^<i�qUi�^�|�c/q�k�l���a�q�k�i�^[iFqUi�^<|�c/q�`�b"c�c3tXc3kCi�p{c:iVw�c�c3k�^�j�k&^
h8q�k�lXc3g�c�hMi�b"j�k&^
hPj�p�m"c3b�|UqUi"^�j�kXl*c�t(j�k�m!i�bFqUi"cPi�v�qUi
i"v&cX��a&^
lH|�c3g�j*h:^[iGn��_h3q�g
h:a&g
qUi�c�lIrsb"j�t�i�v&cX��bFm!i,tXj�tXc�k�i,j�r�i�v&cR�J�!]�l*^
m!i�b"^�p&a*i�^<j�k>rxa&k�hMi�^<j�k��\^
m=k&j�i$mGi"b�j�k&`�g<n
qUz{c�hMi�c�l�p?nRj�o*i"^
h�q�g�o&a&tXo&^�k&`�~��Pv&c�mGc,q�b"cKi"v�c=��bFm!i2�J�!]�j�p�mGc�b"|�qUi�^�j�kRj�r�mGj�g�^[i�j�k4o&b�j�o�q�`CqUi"^�j�k4q�k�lL^[iFm/l*^�b�c�hMi
h:j�t(o�q�b�^�m"j�k4i�jLq��Jq�k�`�t$a�^<bKo&b�j�p�c�~,�Pv&cX���!]�l�qUi�qR^<k�l*^�h�qUi"c�m2i�v�qUiKi�j�j�p*i�q�^<kHq�o&b�j�o�q�`�qUi�^�j�kEj�r6q�i�b�q�^<k@j�r
mGj�g<^<i"j�k�m6^<kLc3^<i"v�c3b8h:j�k*��`�a�b�qUi�^�j�k��Ci"v�cOiFq�b�`�c:iPo&g
q�mGt�q$t$a�m!iOl*b"^<r}i

Vd > 200 m/s
^<k�i"v&c=p�q�h��?w6q�b�lRl*^<b�c�hMi�^�j�k�~

� �{�(�$�P�\�J���:�,���L�R�

� ^�k�h:c=i�v&c(q�`�b�c3c�t(c3k�i/p{cMi!w6c3c�k@���!]�q�k�lE�Jq�k&`�t$a&^�b/o&b�j�p�c,^
m/`�jCj*l���w7c,w8^�g�g o&b�c�mGc3k�i2k&jUw¡c:¢*o�c3b�^�t(c�k�iKl*j�k*c
j�k&g�n£w8^[i�v¤� q�k&`�t$a&^�b$o&b�j�p�c���^�k�i�v&c4l*j�a&p�g<cLo&g
q�m"t�q@h:j�k*��`�a&bFqUi�^<j�k¦¥s^�k¤m"^
t(o*g
c�o&g
q�mGt�q>h:j�k*��`�a&bFqUi�^<j�k£i"v&c
b"c�mGa�g[iFm\q�b"c�c��Ca&^�|Uq�g�c3kCiM§M��i�v&cPo&g
q�m"t�qOl*b�^[r}i\p{c3^�k&`KtXc�q�mGa&b�c�l=p?n,�J�!]�~�] ^�`�a&b�c6d2o&b�c�m"c3kCiFmJi�v&cPo&g
q�mGt�q2c3g�c�hMi�b"j�k&^
h
p�c�v�q�|?^<j�bArsb"j�t

2 cm
i"j

9 cm
rsb�j�t¨i�v&c�`�b"^
l>rsj�b(l*^[z{c3b�c3k�i$o&g
q�mGt�q@l*b�^[r}iB|�c3g�j*h:^<i!n

|Vd|
~I©Ok&cRh�q�kDmGc�c�i"v&c

o&b�j�o�q�`�q�i�^<j�kRj�r\q,i�bFq�^<kLj�r\mGj�g<^<i"j�k�m�rsj�b/q(p�q�h"�?wPq�bFlRl?b�^<r
i/|�c3g�j*h:^[iGn�j�r
Vd = 257 m/s

�?rsj�b
Vd = 114 m/s

i"v&c
i"bFq�^�kRj�r_mGj�g<^<i"j�k�m�^�m6k&j(g<j�k&`�c�b�j�p�m"c3b�|Uq�p&g�c�~_ª>cK�&k�lRi"v�qUi/q�m

|Vd|
^<k�h:b"c�q�m"c�m�mGj�g<^<i"j�k�m"c3o�q�b�qUi�^�j�k�p�c3`�^<k�m6hMg
jCmGc:b

i"j�i�v&c$`�b"^
l�~8«/jUw�c3|�c3b8rsj�b
|Vd|

p�c�g<jUw¬qX|�q�g�a&cBl*c3o�c3k�l*^�k&`�j�r�i"v&cBl*c3k�mG^[iGn���k&j�i"bFq�^�kEj�r�m"j�g�^[i�j�k�m8o&b"j�o�q�`CqUi�c�m�~
�Vk�i�v&cBh3q�m"c=j�r\k&j�m"j�g�^[i�j�kEmGc�o�q�bFqUi�^<j�k��*^�j�k�m8^�kLi"v&c$k&c3^�`�v?p�j�a&b�v&j?j&l�j�r

cs

p�a*i2p�c3g�g<jUw­^[iKq�b�cKo�b"c�mGc�k�i���]_^<`�a&b�c
® m"v&jUw/m8i�v&cBo�c3b"i"a�b"p�qUi"c�lE^<j�k@o&v�q�mGcBmGo�q�h:cB^<kEi�v&^
mAh3q�m"c�~O¯8c:��c�hMi"c�l@j�bOl*c:��c�hMi�c�lE^<j�k�mKq�b"cBq�p&g�c,i�jR^�k�i�c3bFq�hMi
w8^[i�vBi�v&c/o�j�i�c3kCi"^
q�g�m!i�b"a�hMi"a&b�c/q�k�lXl*c:i"c�b"tX^�k&cPi"v�c/cM¢&^
m!i�c3k�hMc8j�r�q=mGj�g�^[i�j�kJ~_°2c3|�c�bGi�v&c3g�c�m"m_i"v�qUi�i�v&c3m"c/^<j�k�m\v�q�|�c
|�c3g�j&h:^<i"^�c�m6p�c3g�jUw

cs

^
mPk&j�i/a�k�l*c3bFm!i�j?j*l�rsj�b6i�v&c=tXj�tXc�k�i�~

± ² �,��³6´:�L�J�:�$�

�Pv&c���b�mGiBh:j�tXo�q�b�^
mGj�k£p{c:iVw6c3c�kDi"v&c�c3g�c�hMi�b�j�k&^
h�o{c3b"i"a&b�p�qUi�^�j�k��_tXc�q�mGa&b�c�l£p?nDq@� q�k&`�tBa&^�b$o&b�j�p�c���q�k�l£i"v&c
^<j�k&^
h,o�c3bGi�a&b�p�qUi�^<j�k���`�^�|�c:k@p?nE���G]¤tXc�q�mGa�b"c�t(c�k�i���w8v&c3k>mGj�g�^[i�j�k�m/o&b�j�o�q�`�qUi�c=i�v&b"j�a&`�vIq�o&g
q�m"t�q�mGv&jUw2m8i"v&c

29th EPS 2002; N.Claire et al. : Ion soliton observation with laser induced fluorescence 3 of 4



70 75 80 85

−3

−2

−1

0

1

2

3

4

5

position [mm]

io
n 

ve
lo

ci
ty

 [k
m

/s
] solitary structure 

steady state 

reflected or pushed ions

precursor wave 

µ_¶<·�¸&¹"ºA»�¼�½_º�¹G¾�¸&¹�¿�º�À�¶�Á�Â4Ã&Ä�Å�Æ"º,ÆGÃ�Å�ÇMº�ÈPÉOÂ&º=Ç3Å�ÂEÆ"º3ºA¾�Ä&º,ÆGÁ�Ê<¶<¾FÅ�¹"ËRÆ!¾F¹"¸&ÇM¾�¸&¹�º�ÌsÂ&Á�¾2Å�ÆGÁ�Ê<¶<¾"Á�Â4Æ!¾"¹�¸�ÇM¾�¸&¹�º�ÍMÎ*¾"Ä&º
Ã&¹�º�Ç:¸�¹�Æ"Á�¹6ÏPÅ�Ð�º=Å�Â�À�¾"Ä&ºA¿�Å�ÇFÑ?·�¹�Á�¸&Â�À�¶<Á�Â�Æ�È

¶<ÒXÃ�Á�¹"¾�Å�Â�Ç:º(Á�Ó7¾�Ä&º�Ã&¸�Ò(Ã�¶<Â&·4º:Ô{º�ÇM¾�Î_À*º3Ã�º3Â�À*¶<Â�·LÁ�ÂI¾�Ä&ºX¶<ÂC¾�º3Â�Æ"¶[¾!ËIÁ�Ó7¾�Ä&º�Ê
Å�Æ"º3¹Aº:Õ&Ç:¶<¾FÅU¾"¶�Á�ÂHÅ�Â�À>Á�ÓPÇ:Á�Ê�Ê�¶�Æ"¶<Á�Â
Ós¹"º�ÖC¸&º3Â�Ç:¶<º�Æ3Î_Á�Â£¾�Ä&ºLÀ&ÅU¾FÅL¹�º�Ç:Á�¹FÀ*º�À>¿?ËHÊ�Å�ÆGº�¹,¶<Â�À*¸�Ç:º�À£×�¸&Á�¹"º�Æ�Ç:º:Â�Ç3º�¶�ÂØÅ@ÆG¶<¾"¸�ÅU¾"¶�Á�ÂDÏ�º3¹�º�ÓxÅ�ÆG¾$¶�Á�ÂDÐ�º�Ê<Á*Ç3¶[¾!Ë
ÆGÄ�¶[Ó}¾=Á*Ç3Ç3¸&¹FÆ3È,Ù6º�Ç�Å�¸�Æ"º$¾�Ä&ºXÒXº�Å�ÆG¸&¹�º3ÒXº3Â�¾AÁ�Ó7¾�Ä&º$×�¸&¶
ÀIÐ�º3Ê�Á*Ç:¶[¾!ËE¶
Æ�Î�¶<Â£Å�Ú�¹�ÆG¾=Å�Ã&Ã&¹�Á�Õ*¶<Ò�ÅU¾�¶<Á�Â�Î{Â&Á�¾=ÅUÔ{º�ÇM¾"º�À
¿�ËR¾"Ä&º=Á�Ã*¾"¶
Ç�Å�Ê�Ã&¸&ÒXÃ&¶�Â&·�Î*¾�Ä&º,À�ÅU¾�ÅXÇ�Å�Â�¿�º,Ç:Á�¹"¹�º�ÇM¾"º�À�¿?ËR¸�ÆG¶�Â&·�ÅXÇ:Ê
Å�Æ�ÆG¶
Ç3Å�Ê�×�¸�¶�ÀLÒXÁ*À*º3Ê�È
ÛPÄ&º=Ü�Ý!µ¤À*¶
Å�·�Â&ÁCÆ!¾�¶
Ç2Ê�º:¾FÆ8¸�Æ8ÆGÄ�ÁUÏ¦¾"Ä�ÅU¾/Å(Â&º�Ç3º�Æ�Æ"Å�¹"Ë�Ã&Ê
Å�ÆGÒ�ÅXÇ:Á�Â�À*¶[¾�¶<Á�Â�Æ6ÓsÁ�¹2ÆGÁ�Ê�¶[¾�Á�Â�Ã&¹�Á�Ã�Å�·�ÅU¾�¶<Á�ÂR¶
Æ6¾"ÁXÄ�Å�Ð�º
Å@·�Ê<Á�¿�Å�Ê�Ð�º3Ê�Á*Ç:¶<¾!Ë£À*¹"¶<Ó}¾(Á�Ó/¾"Ä�º�¾FÅ�¹"·�º:¾(Ã&Ê
Å�ÆGÒ�ÅEÁ�ÓOÅ�¿�Á�¸*¾

Vd ≈ 200m/s
¶�Â�¾�Ä&ºLÀ*¶<¹�º�ÇM¾�¶�Á�Â�Á�Ã&Ã{Á�Æ"¶[¾�º�¾"Á>¾"Ä&º

ÆGÁ�Ê<¶<¾"Á�ÂXÃ&¹"Á�Ã�Å�·CÅU¾�¶<Á�Â�È Ù6º3Ê�ÁUÏØ¾�Ä&¶
Æ�Ð�º3Ê�Á&ÇM¶<¾VË�Î�Â�Á$ÆGÁ�Ê<¶<¾"Á�Â�Ç3Å�Â�¿�º2Á�¿�Æ"º:¹"Ð�º�ÀXÅ�Â�À�Å�Æ
| Vd |

¶�Â�Ç:¹�º�Å�ÆGº�Æ\¾"Ä&ºKÀ*¶
Æ!¾FÅ�Â�Ç3º
¿�º3¾!Ï7º�º3ÂX¾"Ä�º8·�¹�¶�À(Å�Â�ÀBÆ"Á�Ê�¶[¾�Á�Â�ÆGº�Ã�Å�¹FÅU¾�¶<Á�ÂBÀ*º�Ç:¹�º�Å�ÆGº�Æ3È�Ý�¾�Ò�Å�Ë,¿{ºP¾�Ä�ÅU¾�¾�Ä&¶
Æ_×�¸*ÕXÅ�Ê<Ê�ÁUÏ/Æ ¾"Ä&º2ÆGÁ�Ê
¶<¾�Å�¹"Ë,ÆG¾"¹�¸�ÇM¾�¸&¹�º
¾"Á�¹�º:×�º�ÇM¾/Á�¹2À*º:×�º�ÇM¾/¶�Á�Â�Æ8Â�º�Å�¹P¾�Ä&º=¹�º�Æ"Á�Â�Å�Â�¾PÐ�º�Ê<Á*Ç3¶[¾!Ë

cs

È7ÛPÄ&º=Ã&¹�º�Ç:¸&¹FÆGÁ�¹"Æ�ÎCÏ8Ä�¶�ÇFÄEÇ�Å�Â4¿�º=Â&ÁUÏÞÁ�¿�ÆGº3¹�Ð�º�À�¿?Ë
Ü�Ý!µ6Î�Å�¹"ºAÀ*º:Ú�Â&¶[¾�¶<Ð�º3Ê�Ë�Å�ÂLß2¹"·�Á�ÂR¶
Á�Â�Ã&¹�º�Ç:¸&¹FÆGÁ�¹�ÏPÅ�Ð�º=Å�Â�À�Â&Á�¾8¶<ÒXÃ&¸&¹�¶[¾GË�Å�Æ�Ä�Å�ÆP¿{º3º3ÂLÃ&¹�º3Ð?¶�Á�¸�Æ"Ê<Ë�ÆG¸&·�·�º�Æ!¾�º�À�È

àuá8âUáPã_á8äLå6á8æ

ç�è:é,ê È ÝVÑ�º�ë3¶�Î&½�ÄCË*Æ3È�µ_Ê�¸&¶
À&Æ3Î è�ì Î è�ì�ì�í Î è�î?ïUð
çòñ�é,ó Å�¹�Ê�ô/È�ÜJÁ�Â&Â&·�¹"º�Â�Î?½�Ê
Å�Æ"Ò�ÅB½�Ä?Ë*Æ�È<Î ñ�õ Î î » ð Î è�î�í�ð
ç ðUéAö È�÷2Å�Ñ�Å�Ò$¸*¹FÅ&Î*ÝVô�ô�ô�ÛJ¹FÅ�Â�Æ�È?½�Ê
Å�ÆGÒ�Å(½�Ä?Ë*Æ3È�Î&½6ø�ù è�ú Î è�í�ú Î è�î�íCñ
ç » é ÛAÈ ê Á�Â&ë�Å�Ï6Å&Î*½�Ä?Ë*Æ�È*½�Ê
Å�ÆGÒ�Å�Î õ Î*» è »�»�Î è�î�î�í
çòõ�é,û È ü�È ó Á�¹G¾�º3Ï6º3·(Å�Â�ÀEý(È û º=þ�¹"¶�º�Æ6½7Ä&¶<Ê�È�ÿIÅ�·�È�øCº�¹�È ð�î Î*» ñ�ñ Î è�í�îCõ
ç ìUé,ê È��£Å�ÆGÄ&¶�ÒX¶JÅ�Â�À�ÛAÈ�Û_Å�Â&¶�¸*¾�¶�Î&½7ÄCË*Æ�È��8º:Ð�È�Ü�º:¾G¾�È�Î èUï Î î�î�ì Î è�î�ì�ì
ç ï�é,ó È ½�È û Å�Æ3Î�ø�È �=È�ÿ@Å��V¸&Ò�À&Å�¹2Å�Â�ÀEø{È ÷,È&½\Å�¸&Ê�Î&½�Ä?Ë*Æ"¶�Ç�Å�Ê��8º�ÐC¶�º3Ï­ô/Î õ*è Î*» ïUî�ì Î è�î�îCõ
ç íUé ÷,È��7Ê
Å�¶�¹�º�Î&ÿDÈ û ¶�Â�À*º3Ê�º3·CÅ�Â�Î�ýBÈ�ÙPÅ�ÇFÄ&º:¾/Å�Â�ÀLµ�È�ø?ÑC¶<Ô\Î��8º3Ð{È�ø*Ç:¶�È&ÝVÂ�Æ!¾�¹�¸&Ò4È<Î ï�ñ Î*» ðCï�ñ Î ñ�ú�ú�è
ç îUé ý(È�ÙPÅ�ÇFÄ&º3¾�Î&µ6È�øCÑ?¶<Ô_Î�µ�È û ÁUÐ�º�¶<Ê Å�Â�À	�=È�ø�¾�º3¹�Â4½�Ä�Ë*Æ�È&½�Ê
Å�Æ"Ò�Å í Î ðCõ�ðCõ Î ñ�ú�ú&è
ç<è�úUé µ6È�ø?Ñ?¶[Ô\Î�ýBÈ�Ù6Å�ÇFÄ&º:¾/Å�Â�À4µ�È û ÁUÐ�º�¶<Ê�Î*½�Ä?Ë*Æ3È&½7Ê�Å�ÆGÒ�Å&Î í Î ð&è�ð�î Î ñ�ú�ú&è
ç<è�è:é ÛAÈ&½�¶�º3¹�¹"º�Î�ý(È&Ù6Á�Â&Ä&Á�ÒXÒ(º�Î�ý(È�Ü�º�Ç:Ê�º3¹"¾/Å�Â�ÀLü�È �=È
�7¸�Æ"Æ"º3Â&Á�¾�Î*½�Ê
Å�Æ"Ò�ÅB½7ÄCË*Æ�È���Á�ÂC¾"¹�È&µ&¸�Æ3È�Î ñCï Î õ�ñ�ð Î è�î�í�õ
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