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Velocities of 2370 stars in the Galaxy

Radial velocity (km/s)
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opmq�pwih�u7grh�v#lC�p�pwic5�Hh�e-lCgihkc!{|xyl!u7m5tac!{�vK�k�yu7grmqw©lC{yl5�k�su�h�u=o�l!u�x�m`mq{-�pwrc���c«u�m5t]�JÜ�l5{��ymq�}talC{yt �nlq��grmqwi���
�q���!�È�¥���Gc�u�gimqwrh�c!w	u7hke��p��l5grh�c!{,jHh}l����Y���]h�u�l���c�c%t���lq�
gic��	��

���zÕ�
��Ggropm��yl5w~l5eamqgrm`w~uOhk{zm5Ì��ylCgihkc�{
�r�5�~��ÝJ{,grosh�uOv~oylC�pgimqwq�5Ýy��hk����tHm5uiv�wrh�xym*�©lq�pu9c5�yvql5��v��s��lCgihk{p�^Ü�lq��m5up�Fl!v�gic!w¥u���wic!eÐ�yc�u7grmqwihkc�w�u7hke��p��l5grhkc�{
c!�pgi�p�pg^groyl5g�l5��u7c�lC�k��c5�Ð���Y��� grc�xymª��u�m5ta��c!w�
��	��

�����!�
Ýü{���m5v�gihkc�{z°H��gropmYÜ�lq��m5u�h}lC{flC�s�pwrc«l!v~ozgrc�o%�H�yc�gropm5u7h�uOgrm5u7grh�{p�p�5eac%tHmq�%u7mq�km§v�grh�c!{flC{ytzl�vqv�c��p{Hgihk{p�

��c!wYeac%tHmq�y�p{yvKmqwrg¥lChk{%g7�
h}u*wrm`jHh�mq�=m5t£�­b=osm5u�m,l5wrm#lC���9xyl�u�m5t�c�{-Ü�lq��m5u­�Fl!v�gic!w¥u��	b=opm,Ü�lq��m5u­�Fl�v�grc�w=h�u
gropm,w¥lCgrh�c�c5�	grosmªe lCwr��hk{yl5�O�kh���mq�kh�opc�c%tpu=�p{yt%mqw�gropmfg7�=c�v�c�ea�ymqgrh�{p�
eac%t%mq��uK�phJ� m«��gropm,�pwic!xyl5xphk��hkgrh�m5u
cC�©gropm�tpl5g~la��hkgio0l5�k��giopmzeac%tHm`�­�yl5w~l5eamqgrm`w~unh�{Hgimq�!w¥lCgrm§t(c!�pg`�zb=oH��uÍgiopmze-l5wr�!h�{ylC�¤�khk��m`�khkosc�c%t�h�u
gropm,��mq�|Ì��ylC{%grh�g���{pmqm§tHm5tð��c�wngioph�u�l5�p�pwrc«l!v~oO�	ÝJ{���m5v�gihkc!{�u���l5{yt��p�yÝ*wimqj%hkmq���©l§�su=cC�)m5u�gihke-l5grhk{s�
gropm,e-l5wr��hk{yl5�O�khk��m`�khkosc�c%t c5�Ylzeac%tHmq�y��wrc!e �yc�u7grmqwihkc�w�u7hke��p��l5grhkc�{ac!�sgr�p�pg`��ÝJ{���m5v�gihkc!{>�%��giopm,oylCwi�
eac!{sh�vneam§lC{am5u7grh�e-lCgic!w�l5{yt�c�gropm`wnh�ea�yc!wrg¥lC{yvKm,url5ea�p�kh�{p�zl5{yt�wimq��l5grm5tam5u7grh�e-lCgic!w~u�l5wrm,wrm`jHh�mq�=m5t£�
ÝJ{Ï��m5vKgrhkc�{��p��g7�=c�{pmq� m5u�gihke-l5grc!w¥u��	gropm��OlC�p�}l!v�m`�J�(mqgiwrc���c��kh}u�m5u�gihke-l5grc�wzlC{�t�gropm��YlC{ytHh}tplCgim��ãu
m5u�gihke-l5grc�wq�YlCwrm�h�{Hgiwrc%tH��v�m5t9�Mb=opm5u7m�xyc!groMvKc!{yu7h�u�gihk{p��cC�¡l!tCÛ7��u�grh�{p�0giopm(e-l5�Hh�eahk Km5t���hk��mq��hkopc�c%t£�
c!w¡lC{pc�gropmqwz��hk��mq��hkopc�c%t�j�lC���pm��-ÝJ{���m5vKgrhkc�{0Ò%�	Ý�wrmqgi�pwr{]grc�giopm�e|hk�%gr�pwimz�pwrc�xp�kmqe l5{yt0l5�p�p�k�]grosm
eamqgiopc%tpu�tHm§urv�wihkxym5t(grc-giopmzeac!gihkj�lCgihk{p�|�pwrc�xp�kmqe ��wrc�eÎl!u7grwic!{pc�e����¡Ýü{0�«m5v�grh�c!{��%�­u7mqj�mqw¥lC��c�gropmqw
u�c��k�pgihkc!{�u�giczgropm,�pwic!xp��mqe lCwim,xpwrh�m �y�awimqjHh�mq�=m§t9�%lC{yt-c!�pg¥u�g~l5{ytHh�{p��h}uru7�pm5u�lCwimztHh}urv���uru�m§t9�
! " #%$ X�V'&�(*)*_+)-,.(*)¤V*_5U�/10�2 X(Z�(*354�(637(
\^V*_`XaU 8�U]Z 9 \#\^X []U-V;:

_5U�/ <�X�W=2 X(Z>(*3@? U�\A(,WYVB8�_5U-VC# ? )	_CU�/ DE8�#�(*)-F>8�\�V�X�WG)
b=opm�u�g¥lC{ytslCw~t]Ü�lq��m5u�h}lC{ u�c!���pgrh�c!{�gicagropmzo%�%��c�gropm§u�h�u^grm5u7grhk{s�a�pwrc�xp�km`e h}ungrc|wrmq�pwim5u�m`{Hg^xyc!gro]grosm
{H�s�k�yl5{ytalC��grmqwi{ylCgihkj�mYoH�%�yc!grosm5u�m5uYl!u��yl5w~lCe|mqgrwih�v=�pwic!xyl5xphk��hkg7�
eac%t%mq��uK��lC{ytzgrc¡v�c!e|�p�pgrmYgropm#Ü�lq��m5u
�Fl!v�gic!wz��c!w�c!{pm>l5��lCh�{yu�g|gropm-c!giopmqw`��b=opm Ü�lq��m5uÍ�Fl�v�grc�wq�GH ¼
I ��c!w�l�eac%tHmq�KJ ¼ l5��lCh�{yu�g|lC{sc!grosmqweac%tHmq�LJ I �!hkj�m`{-tplCg¥l�M'h�u=giopm,w~lCgihkczc5�	�yc�u�gimqwrh�c!w^grcz�pwihkc�wnc%tptsu��p{yl5eamq�k�

H ¼
I ¯ �pwq�NM ¿ J ¼ �	Oq�swq�
M ¿ J I �¥± �J°È�
gropm,w¥lCgrh�c�c5��giopm,e-lCwi�!h�{ylC�£�khk��m`�khkosc�c%tpu��	ÝJ{-m5Ì��ylCgihkc!{]�F°È�~�

�pw`�
M ¿ JQP!��¯SR��pwq�NM ¿ À P�±TJQPq�J�pw`� À P ¿ JQPC�üt À PC± �J�È�
��opmqwim À Pnh}u=gropm,j�m5vKgrc!w�c5����lCw~l5eamqgimqw~u	cC�UJQP5�ylC{�t��pw`� À P ¿ JQPC�	h}u=hkg~u=�swrhkc�w^tHmq{yu7hkg7�>�WV�¯M³H±q�5�~�X {sm�hkea�yc!wig~l5{Hg���u�m�cC�£giopm^Ü�lq��m5ud�Fl!vKgrc!w¤h�u�l�u*l,u7�peae-l5wr��c5�Ogrosm�mqjHh}tHmq{yvKm)��c�wUJ ¼ lC��l5hk{yu7gUJ I�pwrc5j%h�tHm§t�x%��giopmztslCg~l%�,ÝJg�vql5{(xymz�yu7m����p�Ggrc-v�c�{yu�h}tHmqw^g7��h�v�m,grosm
�kc���l5wrhkgiopeÉc5�Ygropm¡Ü�l§��m§u*�Fl!v�gic!wq�
��oph�v~oah}u=c!{-gropmfuilCeam,uivqlC��m,l!u=giopm��FlCeah��kh}lCwYtHmqj%h�l5{yv�m,l5{yta�khk��m`�khkosc�c%t�w~l5grhkczgim5u�g^u7g~l5grh�u7grh}vqu��	Ý��yu7m
gropm
��c��k��cC��h�{p�awic!�p{yt%m5t�uivqlC��mª��c�wªh�{Hgimqwr�swrmqgihk{p�YH ¼
I �O��oph}vço>h�unxyl�u�m5t�c!{]gro�lCg�c5�AZ!m�¨£wrm`�pu
�i�q���H�C�¥�
xp�pg�h}u=eac!wim��!w¥lC{%�p��l5w�l5{yt(u7�khk��oHgi�k��eac!wim,v�c�{yu�mqwij�lCgrh�j�m�gro�lC{(osh�u��

�



H ¼
I °­�kc��GH ¼
I � j%h�t%mq{yv�mn��c�w J ¼� � � ³ �nmq�«lCgihkj�mf�Ju��s�p�yc!wrg¥u J I ���gica� ³ðgica° �nc�g��=c!wigro-eac�wrm�gioylC{ lðxyl5wrm,eamq{%grh�c!{
�
gic(�`° °ðgicaÒ �­c«u�hkgihkj�m
�`°ðgic-�qÒ�³ Òðgic(�`³ ��giwrc!{s�
� �qÒ!³ � �q³ Ó	mqwr�|u�giwrc�{p�

b=opm,eac%tHmq��u�mq��m5v�grh�c!{a�swrc!xs�kmqe l5wrh}u�m5u=��opm`{(c!{smªh�{phkgih�l5�k�k��vKc!{yu7h�tHmqw¥u�u�mqj�m`w~lC�£eac%tHmq�}u��%��m`wroyl5�yu
lnj�mqwi�ª�}lCwi�!m�{%�pe�xymqw`�5lC{yt
��h}u�opm§u­grc,u7mq�km§v�g­c�{pm�cC�£giopmqe�� ´ Ü�lq��m5u7h�l5{zu�c��k�pgihkc�{zgrc�gioph�u­�swrc!xs�kmqeÂh�u
grc,v~opc�c«u�m^gropmYeac%tHmq�%��hkgiozgropmYophk��opm5u�g¤��c«u�gimqwrh�c!w	�pwrc�xylCxshk�kh�g7�����nc5�=mqj�mqw`�qgropm��s�pwr�yc�u7mnc5��vçopc�c«u�h�{p�
lªeac%t%mq�p{pmqm§tpu�grc
xym���m`�pg	hk{�eahk{yt£��lC{yt�h �Ogiopm^�pwrh�{yv�hk��lC�ytHm§v�h�u7hkc!{s�¢e-l5�Hh�{p���pwic!xp��mqe h�u�wim5lC���k�zc!{sm
cC�Yv~opc�c«u�hk{s�al
eac%t%mq�J�%gropmq{-�pgihk��hkgrh�m5u	u�opc��p��t-xymªh�{Hgiwrc%tH��v�m5t����,l!tslC{pm¡lC{yt	�nh�v~��mq���y�q��Ñ!³��~�
b=opm
e-l5wr��hk{yl5�O�khk��m`�khkosc�c%tpu=�Hh�mq��t���c«u�gimqwrh�c!w��pwic!xyl5xphk��hkgihkm5u=c5�YlC���Ogropmfeac%tHmq�}u��pl�u���c!���kc5�^u������p�s�

�yc�u�m]gro�lCg	
 eac%tHmq�}u��AJ ¼ ±`ÃqÃqÃq±TJ�����l5wrm�xymqh�{p��v�c�{yu�h}tHmqwrm§t9� b=osmq{O�nx%��Ü�lq��m5u���gropm`c!wrm`e��=grosm�yc�u�gimqwrh�c!w^�pwrc�xylCxshk�kh�g7��c5�UJQPnh}u
�pwq�NJQP ¿ M �Y¯��swq�
M ¿ J P«���pw5�
JQPq�	O �¹


 »s¼
�pw`�
M ¿ J 
 �G�pw`�
J 
 �~Ã � �H�

ÝJ{zgropm^mq�slCea�p��m5u���ÝO��hk�k�sg~lC��m^l5�k�pgiopm^eac%tHmq�}u­grc,oylqj�m�m5Ì��ylC�s�pwrh�c!w	�pwrc�xylCxshk�kh�grh�m5u���vKc!wrwim5u��yc�{ytHhk{s�
grc
�pwrh�c!w�h�{H��c!wie-lCgihkc�{(gro�lCg�h}u��rc�xpÛ7m5v�grh�j�m��zc!w��i{pmq�pgiw~lC���ax�m`g��Ymqmq{ v�c!ea�ymqgihk{p�ze|c%tHmq��u,�¢m«� �p�,Ü=m`wr�!m`wq�
�q��Ñ!ÒÈ�¥�­xp�sg�c!giopmqw,�pwrh�c!w�h�{H��c!wie-lCgihkc�{�lCxyc��pg,gropmzwimq��l5grhkj�mf�p��l5�yu�h�xphk��hkg7�ac5�^v�c�ea�ymqgrh�{p��e|c%tHmq��u^vql5{
m5l!u7hk����xym
g¥lC��mq{-h�{Hgiczl!v`v�c!�p{%gq�
b=opm,�p�kgihke-l5grm���c�lC�GcC�)lC{>hk{%j�m5u�gihk�«lCgrh�c!{ah}u=cC��gimq{(m5u7grh�e-lCgihkc!{��È�swrm5tHh}v�grh�c!{ac�w�t%m5v�h�u7hkc�{p�¢e lC�%hk{p�s�

w~l5gropmqwGgro�lC{zeac%tHm`��u�m`�km5v�gihkc�{�� ���B�+�~��ÝJ{fgroyl5g�vql�u�m��«u�mq��m5v�grh�{p�^l^u�hk{s�!�km	eac%t%mq��hk��{pc!wim5u­eac%tHm`�!�p{yvKmqwr�
g~l5hk{%g��|lC{�t�u7cz��hk�����s{ytHmqwim5u�gihke-l5grm^�p{yv�mqwig~l5hk{%g���l5xyc!�pg#ÌÈ��lC{%grhkgihkm5u	cC�Gh�{Hgimqwrm5u7gq�%gro%�yu�����c!w�mq�slCea�s�km��
xph�l�u�h�{p�
�yc!��h�v���v~opc�h�v�m5u�h�{ð�Flqj�c!wYcC�G�yc!��h�v�h�m5u�groyl5g�l5wrm�wih�u��%hkm`w*h�{ð�Fl�v�g=gioylC{|gropm,l5{ylC���pu7h�uYlC�p�ym5l5w~u=grc
hk{yt%h�vql5grmz���nc%tH�!m§u��G�q�!Ñ�²!�¥�=ÝJg�h�u=xymqgigrmqw�gic�g¥lC��mfl!v`v�c!�p{%g�mq�%�p�kh}v�hkgi�k�fcC�	eac%t%mq�9�p{�v�mqwrg¥lCh�{Hg7���
b=opm
�yc�u7grmqwihkc�wneac%t%mq�O�pwrc�xylCxshk�kh�grh�m5u=�!h�j�mq{-xH�am§ÌÈ�yl5grh�c!{0� �H�Y�km5l�t(tHh�wrm5vKgr�k��grc|u�c��k�pgihkc�{yu�c5�	grosm

�pwrm§tHh�v�gihkc�{O�ptHm§v�h�u7hkc!{s�¢e-l5�Hh�{p�flC{ytah�{H��mqwrm`{yv�m��pwic!xp��mqe-u�gro�lCg^g~lC��mÍl!vqv�c��p{%g�cC�¤eac%tHmq�£�p{yv�mqwig~l5hk{%g��«�
b=opm
�yc«u�grm`wrhkc�w�t%h�u�giwrh�xp�pgrh�c!{>cC�Yl�ÌÈ��lC{%grhkg7��cC�Yhk{%grm`wrm5u7g��-�yu��yv~o�l�unl�u�giwr�yv�gi�pw~l5�­��lCw~l5eamqgimqw�grc�xym
m5u�gihke-l5grm5t£�Hl
���pgi�pwrm,c!x�u�mqwij!l5grh�c!{(giczxym
�pwim5tHh�vKgrm5t9��c�wngiopm,�pgrh��khkg7�zc5�Ylzv�c!�sw~u�mfcC�)l!v�gihkc�{O�ph�u

�pwq��� ¿ M �Y¯ �¹P »�I �pw`��� ¿ M-±TJ P �G�pw`�
J P ¿ Ma�~± �JÒÈ�

��opmqwimn�pw`��� ¿ M-±TJQPq�	¯����swq��� ¿ M-± À P5±TJQPC�F�pwq� À P ¿ M-±TJQP5�7t À P5��b=opm#v�c!e�xph�{pm5tª�yc«u�grm`wrhkc�w=eam§lC{zl5{ytu�g¥lC{ytpl5w~t>tHmqj%h�lCgihkc�{(l5wrm
����� ¿ M! 9¯ �¹P »�I "� P~�pw5�
J P ¿ M �¥± �
�È�

ÓYlCw#��� ¿ M! 9¯ �¹P »�I
$ ÓYl5w���� ¿ M-±TJ P  &% "�('P*) �swq�
J P ¿ Ma��+,���-� ¿ M. �'�± ��²!�

�



��opmqwim "� Pn¯ ����� ¿ M-±TJQP� 	� �^l§��grm`wr���£�q�!���!l��~�
b=opm,{H�pe�xymqw	cC�	e|c%tHmq��u	v�c�{yu�h}tHmqwim5t-vqlC{-xym,j�mqwr����l5wr�!m«�plC{�t�grosmq{>tHhkwim5v�g=m`j!l5�k�yl5grh�c!{-cC�¤m5Ì��ylC�

grh�c!{ �JÒÈ�#��hk����cC��gimq{0xym�h�ea�pw¥l!v�gih�vql5�J�z¬pc!wfmq�slCea�p��m��yhk{]j!l5wrh}lCxp��mau7mq�km5vKgrhkc�{(��c!wfwrmq��wrm5uiu�hkc�{���h�gro �vqlC{�tHh�tpl5grm^hk{yt%mq�ymq{ytHmq{%g	j�lCwrh}lCxp��m5u���giopmn{%�pe�xymqw­c5�G�yc�uru7hkxp��mne|c%tHmq��uGh�u 
 ¯M°����%u�c
gioylCgYh � � ¯ °!³H�
 h�u�lCxyc��pg-c!{pm>eahk���khkc�{O� Ýü{ u7�yvço vql!u7m5u���g7�=c�u�giw~l5grmq��hkm5u
��c!wagiopm(m`j!l5�k�yl5grh�c!{�c5�fm5ÌÈ��lCgrh�c!{ �JÒÈ�
oylqj�maxymqmq{��pwic!�yc�u7m5t9� X {pm-cC�#gropm§u�m�� X vqvqlCe��ãu���hk{yt%cC�,�	vKc!{yu7h�u�g¥uðc5�,u7mq�km§v�grh�{p��l5{yt�l§j�m`w~lC��hk{p�
c5j�mqw^lðe��yv~o-u�e lC�k��mqw�u7mqg^cC�	eac%t%mq��u��F��l!tHh���lC{ lC{yt �^l§��gimqwr�«�O�q�!�+�H�¥��b=opmfc!grosmqwq�£���Y����e|c%tHmq�
v�c!e|��c«u�h�grhkc�{0�F�����q�~�yh�u�la���Y��� l5�k�!c�wrh�grope gro�lCg,eac5j�m5u*giopwrc��p�!o]eac%tHm`��u7�yl!v�m�l5{yt(�!m`{pmqw~l5grm5u
l�uilCea�s�kmn��wic!e'giopm,��c«u�gimqwrh�c!w#tHh�u7grwrh�xp�pgihkc!{-c5�	gropm �igrwr�sm��ðe|c%tHmq�J����oph}vço-h}u=�yu�m5t-grc�l5�p�pwrc5�%hke-l5grm
�JÒ��
�F��l!tHh���l5{�lC{yt	�*c�wr�£���q���!���~�-Ü�lq��m5u��Fl�v�grc�w~u
l5{yt���c«u�gimqwrh�c!w
e|c%tHmq���pwic!xyl5xphk��hkgihkm5u�v`lC��vK�p��l5grm5t
��wrc�e ��c«u�gimqwrh�c!w�u7hke��p��l5grh�c!{
c5�Ogiopmne|c%tHmq�%�ylCw¥lCeamqgimqw~u¤vqlC{axym^�yu�m§t�l�u)��lCwrgYcC��mqhkgiopmqw�giopm X vqv`lCe>� u
��hk{yt%cC�Mc!w#�����#lC�k��c!wihkgrose-u��
¬�c�w�wrmqj%hkm`�^u=cC�)Ü�l§��m§u)�Fl!vKgrc!w¥unl5{yt�giopmqh�w=�yu7mªh�{>l!vqv�c��p{%grhk{s�
��c!w�eac%tHm`�9�p{yvKmqwrg¥lChk{%g7���%u�mqm �,l!uiu

lC{yt �nlq��grmqwi���r�`�!�+�H�©lC{yt	�nw~l5��m`w
�i�q�!�+�H�¥�

 T�� $�X�W=VB8�U]\A( 4 8
� $ 35_5U�/ � )¤V*_�� 8zV¤X�WG) X < V'&>( 2 8zW�/a_CU�8 3

� _���(*35_+&�X-X(Z
b=opm]e-lCwi�!hk{�lC����hk��mq��hkopc�c%t9�^�pwq�NM ¿ J P �¥��h�uagropm]��mq� ÌÈ�yl5{Hgihkg7��{smqm5tHm5t ��c�w�Ü�lq��m5u7h�lC{�o%�%��c�gropm§u�h�u
grm5u7grh�{p�p�%eac%tHmq��u�mq��m5v�grh�c!{-l5{yt-l!vqvKc!�p{%grh�{p�
��c!w�eac%t%mq�9�p{�v�mqwrg¥lCh�{Hg7���GÝJ{-groph}u=u�m§v�grh�c!{>lC{ytagiopm,{pmq�%gq�
Ý�tHm5l5�=c�{p�k�]��hkgio0m5u�gihke-l5grh�{p�agrosmae-lCwi�!h�{ylC����hk��mq��hkopc�c%t(��c!w¡l�u�h�{p�!��m�eac%t%mq�J�GlC{�t u7c�Ý���hk���	tHwic!�
gropmf{pc!g¥lCgihkc!{�lC�	tHm`��m`{ytHmq{yvKmªc�{�JQP5�nÝJ{>groph}unu7m5v�grh�c!{O�£Ý*c��pgr��hk{pm¡u�mqj�m`w~lC�Oh�ea�yc!wig~lC{�v�mflC{yt(wimq��l5grm5t
m5u�gihke-l5grc�w~u�c5�zgrosm�e-lCwi�!hk{�lC����hk��mq��hkopc�c%t�xyl�u�m5t�c!{ l�url5ea�p�km�� À������ ���0¯ �!±`ÃqÃqÃq±����(��wrc�e grosm�yc�u�gimqwrh�c!w,t%h�u�giwrh�xp�pgrh�c!{-cC�)gropmf�ylCw¥lCeamqgimqw À cC�	giopm
eac%t%mq�J�����yv~o>laurl5ea�p�kmÍvqlC{�xym
��mq{pmqw¥lCgim5t�x%�tHhkwim5v�gYlC{�lC�k�%grh}v�u�h�e��s��lCgihkc�{O�����Y���^��gropm#�=mqh��!o%grm5t���hk��mq��hkopc�c%tzxyc�c!g¥u�grw¥lC�����nmq��gic!{-l5{yt �nlq��grmqwi���
�q��� ��l��~�9c�w�c!giopmqw^eamqgrosc%tpu��
�n{p�kh���mac!giopmqwz�yc�u7grmqwihkc�w-u�h�e��p�}lCgihkc!{�eamqgrosc%tpu��Y���Y��� l5�k��c!wrh�grope u
�Hh�mq��t0uilCea�s�km5u
gioylCg|lCwim

{pc!g#hk{ytHm`��m`{ytHmq{%g^lC{yt�l5wrmfc!{p���(l5�p�pwicC�%hke lCgrm`�k�|tHw~lq��{(��wrc�e gropmf��c«u�gimqwrh�c!w,tHh}u�giwrhkxs�pgrh�c!{O���^mqwrmfÝ
��hk���Ol!uiu��pe|m�groyl5g�mq{pc��p�!o>hk{ph�grh�l5� �rxp�pwi{p��hk{ �zj�lC�k�sm5u=oylqj�m�xymqmq{>tHh}urvql5w~tHm5tz��c!w�grosm
l5�p�pwicC�%hke lCgrh�c!{
grc]xym(�!c�c%t! �u�m`m�giopm�v~oyl5�pgrmqw¥u
xH� �nm`�ke-l5{��r�`�!� �%��lC{�t �^l§��grm`wr�#" �9mq��h}ua�r�`�!� �%�
��c!w���lq�suðc5�
mq{yu7�pwrh�{p�-groph}u��zÝn��h��k�¤lC�}u�c-hk��{pc!wim�giopmat%mq�ymq{ytHmq{�v��(xymqg7�=m`mq{�uilCea�p��m5u���c�wªgiopm
��c!���kc5��hk{s��wim5l!u7c!{O�
��hk{�v�m$� À �%�&� �]tHm �y{pm§ual���lCwr��c5j v~oylCh�{O��hkg�h�u�g7�%�ph�vql5�k���('p��eahk�%hk{s�]lCg>l��!m`c!eamqgiwrh}v w¥lCgim��nh�{�grosm
u�mq{�u�m
c5�©Ü=hk�k��hk{p�«u���mq�-�r�`���!Ñ��~�,b=o%�yu�m5u�gihke-l5grc!w¥u�gioylCg#lCwim�u�h�e��p�}lCgihkc!{s�Jv�c�{yu�h}u�gimq{Hg#�Jl�u��*) +��	��c!w
hk{yt%mq�ymq{ytHmq{%g#urlCe|�p�km5u=��wrc�e gropmz�yc�u7grmqwihkc�w���hk���­�yu7�ylC���k� lC��u7caxym�u�ca��c!wÍ���Y���Murl5ea�p�km§u��yxH�-grosm
��lq�^u­c5�9�}lCwi�!m�{%�pe�xymqw¥u���c!w,'s�¢e|hk�%hk{p���pwic%v�m5uiu�m5u�hk{¡Ü=hk���khk{s��u���mq�z�i�q����ÑÈ�¥�	���Y���0l5�k��c!wrh�grope u­vql5{zxym
e-l!t%m�grc,�Hh�mq��tzl5�p�pwicC�%hke lCgrm`�k�,hk{yt%mq�ymq{ytHmq{%g��yc�u7grmqwihkc�w=uilCea�s�km5u­x%��u��sxyurl5ea�p�kh�{p�- «u�mqm^gropm^v~oyl5�pgrmqw
xH� �nlq��grmqwi�." �9mq��h}u��r�`�!� �%�~��9mqg0/�� À ��¯ �pwq�NM ¿ À ��xym�giopm��kh���mq�kh�opc�c%t�lC{yt21�� À �(¯ �pwq� À ��xym�giopm��pwrh�c!w`� �9mqg$3�45376 ¯
�98 ¼;:.<

� »p¼ 40� À �%�&� �~�q��opmqwim�40�rÅ¦�9h}uOl©���s{yv�grh�c!{flC{�t
� À ���&� �=h�uOl^url5ea�p�km¤cC��u�hk `m,����wrc!e gropm	�pwic!xyl5xphk��hkg7�tHmq{yu7hkg7�
=£� À �	O � =£�>'9�üt;'O�?=zxymqhk{p�fl��yc�u7hkgrh�j�m=���p{yv�gihkc�{O��b=opm`{�giopm�e-lCwi�!h�{ylC�p��hk��mq��hkopc�c%t
h}u­�pw`�
Ma�=¯� /�1Ot À �

Ò



Ýüe|��c�wrg¥lC{yv�m|url5ea�p��hk{p�>vql5{0xyma�yu�m§t�grc>mqj�lC�k��lCgrm|�pwq�NM �¥�	l!uª��c!���kc5�^u������p�s��c«u�m-gro�lCg
�Ym-vql5{
url5ea�p�km���wic!e l#tHmq{yu7hkg7�,�pwrc���c�wrgihkc!{�lC�ygrc�giopm=�yc«u�hkgihkj�m	���p{yv�gihkc!{��£� À �~��uil§�fgropm^t%mq{yu�h�g7�����£� À �¥�!��opmqwim� 8 ¼ ¯ � �£� À ��� À �Yb=opmq{

�pw`�
Ma� ¯ R5/�� À � 1�� À ��� À
¯ R5/�� À ��� 1�� À ����£� À �	� �
���£� À �r��� À Ã �JÑÈ�

�^hkj�mq{>lauilCea�p��m � À �%�&� �?�n¯��!±qÃ`ÃqÃq±����Í��wic!e grosmztHmq{�u�hkg7���
�£� À �~�9giopmq{O�£l!u^u��s�!�!m§u�grm§t(xH�-m5Ì��ylCgihkc�{�JÑ��~�yl�u�hke��p�}lCgrh�c!{p�Fv�c�{yu�h}u�grm`{Hg	m5u7grhke lCgrc�w=c5�	�pwq�NM �Yh�u
"�pw`�
Ma� ¯ � 8 ¼ <¹

� »p¼
/ $ À ����� ) 1 $ À ���&� )�
�#� À ���&� �¯ 37/�1 O��
� 3
��Ã

Ý¢����vqlC{p{sc!gzxym���c!�s{yt0lC{�lC�k�%grh}vqlC���k���Oh�gªwimqe-l5hk{yu�c!{s�k��grc>m5u�gihke-l5grmzh�gª��wrc�e giopm|���Y���Âc!�pgi�p�pgq�
´ u�h�e��s��lCgihkc�{p�JvKc!{yu7h�u�gimq{%g�m5u�gihke-l5grc�wªc5���ðh}u "�a¯ 371 O�� 3
���(b=oph}u
�Hh�mq��tsungropm|�!mq{pm`w~lC�Yhkea�yc�wrg~l5{yv�m
url5ea�p�kh�{p�
m§u�grh�e-lCgic!wYcC�	�pw`�
Ma�=��h�gro-hke|��c�wrg¥lC{yv�mÍurlCe|�p�kh�{p�ª���p{�v�grh�c!{��£�rÅ¦�~�p{yl5eamq�k�

"�sw����ð¯ 37/�1 O�� 3
�
371 O	� 3
� ± �J�È�

���nm`��grc!{ lC{yt �nlq��grmqwi���^�q�!�+�!x9�¥���nmqwrm«����h}uzlË�yc«u�hkgihkj�ma���p{yvKgrhkc�{  �h �#hkgzh}uð{pc�wre-l5�kh� qm5t�gic�xym�l
�pwrc�xylCxshk�kh�g7�atHm`{yu�h�g��«�Hgrosmq{-m5ÌÈ��lCgrh�c!{]�J���=xym5vKc!eam5u "�pw����z¯ 37/�1 O	� 3
�¡���nm5l5�J�£�q�!�+�H�¥�
b=opmzu7hkea�p��m5u�g©u��yv~o-m5u�gihke-l5grc�w�wrm5u7�p�kg¥u*��wrc!e g¥lC�%hk{p��gropm,�pwihkc�w�l�unhkea�yc�wrg~l5{yv�m,uilCea�s�khk{s�
���p{yv��

grh�c!{O�yu7c�gioylCg��|¯21��	b=oph�u=h}u
"�pw ¼ �
Ma�=¯ 37/�3��%±l,u�hke|�p�km©l§j�m`w~lC��m�cC��gropm^�kh���mq�kh�opc�c%tpu­c5�Gl,url5ea�p�km=��wic!e�gropm^�pwrh�c!w`��b=oph}u)h}u9Û7�yu�g	grosm�u7hkea�p��mY�(c!{%grmq��YlCwi�kc�m5u�gihke-l5grc!w�c5�	grosm
hk{%grm`�!w~l5�O�pwq�NM �Y¯ � /�1Ot À ����l5eaeamqw¥u��¦mq��l5{yt ��l5{ytpuiv�c!e�xO�9�`���+�H�~�#b=oph�u��l�u�eam`{Hgihkc!{sm5t�x%� �^l§��gimqwr� lC{yt>Ü�lC{��ym`��t��i�q���H�C�¥�OlC{�t���l�unhk{%j�m5u7grhk�«lCgim5t�hk{>�ylCwigrh}v��p��l5w^vql!u7m5unx%�

��v �	�p���kc%v~o0l5{yt ��c�uru7h��i�q�!�%�C�¥� ´ tHh��-v��s�kg7�(��h�gro "�pw ¼ �
Ma��h}uªgro�lCg
e|c�u�gfcC�^giopm À �%�&� oylqj�mau7e-lC����kh���mq�kh�opc�c%t j�lC���pm5u�h¦�,grosm���c«u�gimqwrh�c!w-h�uze���vço�eac�wrm�vKc!{yv�m`{Hgiw~lCgim5t gioylC{�giopm��pwihkc!w`�^u�c�groyl5gagrosm
u�h�e��p�}lCgihkc!{-�pwic%v�m5uiuÍ��h��k�Gxym�ÌÈ�ph�grmfhk{pm	� v�h�mq{Hg`�^b=oH�yu�giopm
m5u7grh�e-lCgimªh}u�tHc�eahk{yl5grm5t-xH� lð��mq�Â��l5wr��m
j�lC�k�sm5uðc5�fgropm>�khk��m`�khkosc�c%t9�=l5{yt�u�c�gropm>j!l5wrh}lC{yv�m>cC� "�sw ¼ �
Ma�zh}uð�}lCwr��m]lC{yt�hkg¥u�v�c�{Hj�m`wr�!m`{yv�m-grc�l�#lC�yuiu�h�l5{�tHh}u�giwrhkxs�pgrh�c!{�h�uzu7�kc5�,��b=opm5u7m(�pwic!xp��mqe-u��=mqwim>lC�p�yl5wrmq{%gzhk{�giopm-mq�pl5ea�p��m5u,u�gr��tHhkm5t0h�{
tHmqg¥lChk�Gx%�(��v+�	�p�k��c%vço lC{yt ��c�uiu�h��i�q�!�%�C�¥�
b=opmzj�l5wrh�l5{yv�mzc5� "�sw ¼ �NM �^h}unwrc��p�!op�����f� ��8 ¼ ®��! ' ¿#" ¿%$& ���opmqwim(®�h�uzgrosm�url5ea�p��m-u�h� qm��'��h�uzgropm-{%�pe�x�m`w
cC�Í�ylCw¥lCeamqgimqw~uK�=l5{yt " h}uðgiopm-�pwrh�c!w�j�lCwrh}lC{yvKme-lCgiwrh��9�GbOczc!xpg¥lChk{-wim5l!u7c!{yl5xp�km,�pwim5v�h�u7hkc�{a��hkgioagroph}u=eamqgiopc%t�gro%�yu	w~lC�sh�tH����xym5v�c�eam5u�mq�%�ymq{yu�h�j�m�l�u
gropmfuilCea�p��m,u�h� qm�h�{yv�wrm§l!u�m§u��yl!u=giopmftHhke|mq{yu�h�c!{ah�{yv�wim5l!u7m5u��%c!w#l!u�gropm,�pwihkc!w�xym5vKc!eam5u	eac!wim,tHh¦¨9��u�m���­c�u7grmqwihkc!wGu7hke��p��l5grh�c!{^�pwrc%tH��v�m5uGl�urlCe|�p�km­��wic!eÐgiopm��yc�u7grmqwihkc�w�tHh}u�giwrhkxs�pgrh�c!{O�5l5{yt
u7c�hkgOh�u9{�lCgr�sw~lC�
grc�g~l5��m(giopm��yc�u�gimqwrh�c!w>tHh}u�grwihkxp�sgrhkc�{Ml!uagrosm�hkea�yc!wig~l5{yv�m�uilCea�s�khk{s�Ë���p{�v�grh�c!{O��b=oph�u��Hh�mq��tpuzgrosm
hkea�yc�wrg~l5{yv�m,uilCea�s�khk{s�
m5u7grhke lCgrc�w=��h�gro-hkea�yc�wrg~l5{yv�m,uilCea�s�khk{s�
���p{yv�gihkc!{��|¯ /�1��p{yl5eamq�k�

"�pw ' �NM �Y¯ 35� O /93 8 ¼(*)�+-, ± �r�q³��
�



��opmqwim��r�yc�u7g*��tHmq{pc�grm5u=giopm��yc�u7grmqwihkc�w�tHh}u�giwrhkxs�pgrh�c!{  �grosh�u=h�u	gropm#oylCwieac!{ph}vneam5l5{�c5��giopm���hk��mq��hkopc�c%t
j�lC�k�sm5u����nm`��grc!{ lC{yt �^l§��grm`wr���£�q�!�+��l��~��ÝJg�vKc!{%j�mqwr��m5u=l5�keac«u�g�u7�pwrm`�k�zgrczgiopmfv�c!wiwrm5vKg=j�lC���pm��H�swq�
Ma�~�
l!u � ) +M�­xs�pg
h�g
t%c�m5uª{pc�gq��h�{���mq{pmqw¥lC�J�¤url5grh�uJ���]lË�#lC��uru�h}lC{ v�mq{%grw¥lC�	�kh�eahkg^grosmqc!wimqe��Ol5{yt�grosm
j�lCwrh}lC{yvKm�cC� "�pw ' �
Ma� 8 ¼ h}u*�yu7�ylC���k��hk{���{phkgim���b=oph}u*e-l5{ph ��m§u�g~uGhkg~u7mq� ��xH�zgiopm�c%vqv`l!u�h�c!{yl5�Oc%vqv��pwiwrmq{�v�mnc5�l
j�lC�k�sm�cC� À������ ��hkgio>u�e-l5�k�y�kh���mq�kh�opc�c%talC{�t osmq{yv�m��}lCwi�!m�m�¨£m5vKgq�pu7c�gioylCg�giopm�m5u7grh�e-lCgic!w "�sw ' �NM �©vql5{xym
u7c!eam`��oylCg��p{�u�g~l5xp�km«�
bdcz��mqg�l5wrc!�s{ytagroph}u*�pwic!xp��mqe�� �nm`��grc!{ lC{yt �^l§��gimqwr�>�r�`�!�+��lÈ�©u��s�!�!m§u�grm§t��yu�h�{p��l!u	hkea�yc�wrg~l5{yv�m

url5ea�p�kh�{p�(���p{yvKgrhkc�{�hk{�m5Ì��ylCgihkc!{ �J���zl�eahk�%gr�swrm�cC�,giopm-�pwrh�c!w|lC{yt���c«u�gimqwrh�c!w|tHmq{yu7hkgrh�m5u��	{yl5eamq�k��£� À �a¯�� 1�� À � %��i� +����J�pwK� À�¿ Ma�~����opm`wrm>³ � � � ���Mb=opm-wrm5u7�p�kgihk{p�]m5u�gihke-l5grc�wq� "�pw � �
Ma�~�=oyl�ugropm�m	� v�hkm`{yv��-cC� "�pw ' �
Ma�,tH�sm�gic�xymqh�{p�(x�l!u�m§t�c!{0e lC{%��j�l5�k�pm5u,cC� À ��hkgio�oshk�!o]�kh���mq�kh�opc�c%t9�Oxp�pglqj�c!h�tsu=hkg~u	hk{yu7g~l5xphk��hkg7�al5{yt-tHc�m5u^url5grh�uJ���-l��#lC�yuiu�h}lC{]v�mq{%grw¥lC�£�khke|hkg�giopmqc!wimqe����nc5�=m`j�mqwq��hkg�o�l!u=grosm
hkwi�pu7c!eam�l�u��ym5v�gzgioylCgfc!{pmae��yu7g
u7hke��p��l5grm,��wrc!e grosma�pwrh�c!w¡l!u
�=m`�k�	l�u
gropma�yc«u�grm`wrhkc�wq�>b=oph�u
e l§�
xym�l§j�c�h�tHm§t x%�>u�h�e��p�}lCgihk{p��l5�k� � j�l5�k�pm5u=��wrc�e gropmz�yc�u7grmqwihkc�w,tHh�u7grwihkxp�pgihkc�{�lC{�t(hke-l5�!hk{shk{p�zgioylCg,l
���pwrgiopmqw�� � O��i��+��È�	j�lC���pm5u=c5� À lCwimztHw¥l§��{a��wic!e gropm,�pwihkc�wq�ylC���9c5�	gropm`e'��hkgio���hk��mq��hkopc�c%tsu /�� À ����� �m5Ì��ylC�Ygrc�grosmqhkw,mq�%�ym5v�grm§tËj�lC���pm����pw`�
Ma�~�]b=opm-wrm§u��p��grhk{s�(m5u7grhke lCgrc�wq� "�pw��5�
Ma�~�	e-lq��x�m|mqj�lC�k��lCgrm§t
�yu�h�{p�|lzu�hke|�p�km^hkgimqw~l5grhkj�mÍurv~opmqeam��«tHm �y{pm§t�l�u�giopmfu�c��k�pgihkc!{���c5��giopm,m5ÌÈ��lCgrh�c!{

��¯ � � O«�r��+��È� % : � /
�
O �	�
�.%��i��+��È� /

�
�  

� � O ���r� +������ � % : �	�
�.% �r��+���� /
�
� 8 ¼ ±

��opmqwim /
�
¯2/�� À ���&� �YlC{yt-gropmfu��seae-lCgihkc�{yu=l5wrm,c5j�mqw,�=¯ �!±`ÃqÃqÃq±��,�´ {pc!giopmqw�eac%t%h �£vql5grh�c!{-cC�¤gropm,oyl5wreac�{ph�v^eam5lC{|m5u�gihke-l5grc!w`� "�pw ¼ �
Ma�~�ph}u

"�pw��q�NM �Y¯ 3 ¾/�1 3 8 ¼(*)!+ , ± �r�!�5�
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2- and 3-component mixture models for stellar velocities
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Components of the 3-component mixture model
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