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1) Detect with weak probe

on red sideband.
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2) Turn up driving strength

to populate trapped state.
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trigger atom lostatom orbits (~1.1 ms)
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�±\�eK;k=@b~=_es=@b~��A�eKv�GIAjAj[fAj;k=abcdNdIAjAj;½?BAjGIA�eK;Bl�bc;-;V\B[fAjGIE�\Bd�l�es=_eÈdIAO=@d±es=�lBb��ìAjGIAj;k=�=@G@eKhBhBbc;Bv
h�eKG@eK[fAO=@AjGIdjU¼eKd�dIAO=�J�E�Gz=@?ubc;�RporqYXZP
¤ËG@eKhBhxAjläes=@E�[fd�bc;�=@?Bbcd�dz��dz=@Aj[ÄeKGIAf=@bcv�?k=@g~�i^jE�;}¥�;BAjlä^jgcE�dIAf=@E�e�dIbc;Bv�gcA2eK;k=@bc;BE�lBAfEKJ

=@?BA]¥�Ajgcl¡UìCNb~=@?½=<��hBbc^�eKg5eY{}b�eKg5eK[fhBgcb~=@\BlBA��ÊTK���ì²&bc;�dIbc[]\Bg�es=@bcE�;BdjP���{}hxAjGIbc[fAj;k=_eKgcg~��UìlBA|�
=@Aj^O=_eK�BgcA�dIbcv�;�es=@\BGIAjd�J�GIE�['eY{}b�eKg�[fEK=@bcE�;�eKGIAy;BEK=�E��BdIAjGz��Ajl½R S�T�UVSKW�UBorqYX��kCNb~=@?�E�\BG�lBAO=@Aj^O=@bcE�;
��eK;Bl}CNbcl}=@?iEKJ�or���wH�°��KU0=@?BA]GIE�gcA]EKJFeY{}b�eKgË[fEK=@bcE�;�es=���ow¯�°��]CFE�\Bgcl��xA]=@EDGIAjlB\B^jA�=@?BA
eK[fhBgcb~=@\BlBAuEKJ±=@?BAu=@G@eK;BdI[fbcdIdIbcE�;`dIbcv�;�eKgcd�CFA�lBE�E��BdIAjGz��AKU�=@?BGIE�\Bv�?meK;»e���AjG@eKv�bc;Bv�A��ìAj^O=�P
�t�ieK;�eKg~���jbc;BvD=@?BAÈl�es=_e2J�E�G±�KeKGIb�es=@bcE�;�e�Cye���J�GIE�[7=@?BAÈG@eKlBb�eKg�hBGIAjlBbc^O=@bcE�;BdjU0CFAÈE��}=_eKbc;�eK;
E�hxAjG@es=@bcE�;�eKgì�xE�\B;Bl�EKJ���µK���ì²7J�E�Gy=@?BA�eK[fhBgcb~=@\BlBA±EKJ�eY{}b�eKg¡[fEK=@bcE�;¡U}bc;uv�E�E�l-eKv�GIAjAj[fAj;k=
CNb~=@?udIbc[]\Bg�es=@bcE�;BdjP�¤�?Bbcd�^jE�GIGIAjdIhxE�;BlBd�=@Efe�=<��hBbc^�eKg¡�KeKGIb�es=@bcE�;wbc;D©����� �tlB\BAM=@EfeY{}b�eKgì[fEK=@bcE�;
EKJ�gcAjdId�=@?�eK;½µ! 2P
¤�?V\Bd-=@G@eK;BdI[fbcdIdIbcE�;»hBGIEr��bclBAjd�e!lBbcGIAj^O=�U±GIA�eKg � =@bc[fA�GIAj^jE�GIl6EKJ]eK;�es=@E�[�� dDG@eKlBb�eKg±lBbcdQ�

=_eK;B^jADJ�GIE�[ =@?BAu^�e���b~=<�!eY{}bcd"�F=@?Bbcd]GIAj^jE�GIl>^�eK;>eKgcdIE��xAD\BdIAjl`eKgcE�;Bv½CNb~=@?!=@?BADHV;BErCN;>AOJ��
J�Aj^O=@b~��A]hxEK=@Aj;k=@b�eKg0=@E2GIAj^jE�;Bdz=@GI\B^O=M=<CFEs�<lBbc[fAj;BdIbcE�;�eKg0=@G@e$#IAj^O=@E�GIbcAjdjP±�a;½A|{}hxAjGIbc[fAj;k=_eKgË=@G@eK^jA
EKJy=@G@eK;BdI[fbcdIdIbcE�;i��djPu=@bc[fA�J�E�G�e�dIbc;Bv�gcA�=@G@eKhBhxAjl�es=@E�[�bcd�dI?BErCN;!bc;�ã�bcv�\BGIA � P � ��ek�|U�CNb~=@?



�k§

0 0.2 0.4 0.6 0.8 1
0

100

200

300

0 0.2 0.4 0.6 0.8 1
0

100

200

300

Experiment

P(ms)

A

Simulation

A

P(ms)

2.6 mK

9.3 mm

Radius r

Pseudo-potential U(r)

from quantum master

equation for

experimental drive

strength, Dca , Dpa

ã�bcv�\BGIA � P Å � �ËAjGIbcE�l �Ç��djPFeK[fhBgcb~=@\BlBA 
�EKJ�=@G@eK;BdI[fbcdIdIbcE�;DE�dI^jbcgcg�es=@bcE�;BdtJ�E�G�=@G@eKhBhxAjl�es=@E�[fd
bc;DA|{}hxAjGIbc[fAj;k=�eK;BludIbc[]\Bg�es=@bcE�;½��h�eKG@eK[fAO=@AjGId�EKJ�ã�bcv�\BGIA � P�S��|P��Mes=_e]eKv�GIAjAjd � \�eK;k=@b~=_es=@b~��Ajg~�CNb~=@?!dIbc[]\Bg�es=@bcE�;Bd�eK;Bl�CNb~=@?�=@?BA2hBGIAjlBbc^O=@bcE�;�J�GIE�[ =@?BA2HV;BErCN;>A��ìAj^O=@b~��ADhxEK=@Aj;k=@b�eKg±��dIE�gcbcl
gcbc;BAr�|P



� q

10 microns

1.2
0.8
0.4
0.0

|<a>|
2

1.51.00.50.0
time (ms)

0.3-photon probe level

trap triggers on

(a) (b)

ã�bcv�\BGIA � P � ����ek� �ye���b~=<�!=@G@eK;BdI[fbcdIdIbcE�;!GIAj^jE�GIl>J�E�Gfe½=@G@eKhBhxAjlmes=@E�[ [fEr��bc;Bv�CNb~=@?Bbc;!=@?BA
^�e���b~=<�-[fE�lBA2��h�eKG@eK[fAO=@AjGId�EKJtã�bcv�\BGIA � P�S��|P����¼���y=@E�[fbc^³=@G@e$#IAj^O=@E�Gz�-bc;-=@?BA�G@eKlBb�eKgt�ª��U �r�NE�G
� � ¨����yhBg�eK;BA³eKd�GIAj^jE�;Bdz=@GI\B^O=@Ajl�J�GIE�[Ê=@?BAM=@G@eK;BdI[fbcdIdIbcE�;ul�es=_e�EKJ���ek�|P
=@?BA2^jE�GIGIAjdIhxE�;BlBbc;Bv�GIAj^jE�;Bdz=@GI\B^O=@Ajl!=@G@e$#IAj^O=@E�Gz��bc;!ã�bcv�\BGIA � P � ���¼�|P½¤�?BA2��eKgcgtbc;BlBbc^�es=@Ajd]eK;
Ajdz=@bc[wes=@ANbc;wAjGIGIE�GtEKJ¡=@?BA�GIAj^jE�;Bdz=@GI\B^O=@AjlDhxE�dIb~=@bcE�;¡U�eKdtlBbcdI^j\BdIdIAjlDbc;È=@?BAa;BA|{�=ydIAj^O=@bcE�;¡P���\B^_?
GIAj^jE�;Bdz=@GI\B^O=@bcE�;BdMeKGIA�=@Ajdz=@Ajli�k�½eKhBhBg~��bc;Bvf=@?BA�[fAO=@?BE�l�=@E2dIbc[]\Bg�es=@Ajl�es=@E�[fbc^³=@G@e$#IAj^O=@E�GIbcAjdjP
å�Aa;BEK=@A�=@?�es=FCN?BbcgcAN=@?BA�=<CFEs�<lBbc[fAj;BdIbcE�;�eKg¼GIAj^jE�;Bdz=@GI\B^O=@bcE�;BdFGIAjdz=�E�;w=@?BA±eK�Bbcgcb~=<��=@E];BAjv�gcAj^O=
eY{}b�eKgt[fEK=@bcE�;¡U�b~=]bcd�bc;�J�eK^O=Èe 	z�B\BGIdz= ��EKJ�eY{}b�eKgt?BA�es=@bc;Bv½=@?�es=�=<��hBbc^�eKgcg~��Aj;BlBdÈeK;äes=@E�[�� d
l}CFAjgcg0=@bc[fA±bc;u=@?BA³^�e���b~=<��PF¤�?BbcdaeY{}b�eKg¡?BA�es=@bc;BvfE�^j^j\BGId�G@eKhBbclBg~��UBdIEÈ=@?�es=NJ�E�G�=@?BAM¥�;�eKg�?�eKg~J��
^O��^jgcA±EKJËes=@E�[fbc^�[fEK=@bcE�;fbc;w=@?BA±^�e���b~=<�wE�\BGt=@G@eK;BdI[fbcdIdIbcE�;2dIbcv�;�eKg����M=<��hBbc^�eKgcg~�È^jE�;BdIbclBAjG@eK�Bg~�
e �ìAj^O=@Ajl-�k�D=@?BA�e���AjG@eKv�A³Er��AjGaeY{}b�eKg¡[fEK=@bcE�;¡U}eK;Blu=@?BAM=<CFEs�<lBbc[fAj;BdIbcE�;�eKgìGIAj^jE�;Bdz=@GI\B^O=@bcE�;-bcd
;BEK=NGIAjgcb�eK�BgcAMes=Nb~=@d�Aj;BlBhxE�bc;k=@djP

Ì½Í�� á7Ü
	NÖfÞ�âËß�Ô�Ð�	�ß�ÝjÖfÞ�&à��ÈÖfÔ�ÝOß���ÑÒâÉÓ]Þ���� Ó]à�Ý��½Ó�ß�ÝjÖfÞ

å8b~=@?³eY{}b�eKgK[fEK=@bcE�;±;BAjv�gcAj^O=@Ajl³lB\BA�=@E�b~=@d¡dI[weKgcgKeK[fhBgcb~=@\BlBA5eK;BlM=@?BA�dIAjh�eKG@es=@bcE�;³EKJV=@bc[fAjdI^�eKgcAjd
�xAO=<CFAjAj;½b~=aeK;Bl-G@eKlBb�eKg¡[fEK=@bcE�;¡U}=@?BA�^�e���b~=<�D=@G@eK;BdI[fbcdIdIbcE�;��]���I�y^jE�GIGIAjdIhxE�;BlBd�lBbcGIAj^O=@g~�2=@Ewe
GIAj^jE�GIluEKJ�G@eKlBb�eKgxhxE�dIb~=@bcE�; � ���I�|P �FAj^�eK\BdIA³EKJ�=@?BA³^�e���b~=<�2[fE�lBA � d�^O��gcbc;BlBGIbc^�eKgxdz��[f[fAO=@Gz��UB;BE
bc;}J�E�GI[wes=@bcE�;½bcd³lBbcGIAj^O=@g~��hBGIEr��bclBAjl�eK�xE�\}=³=@?BAweK;Bv�\Bg�eKGMhxE�dIb~=@bcE�;��B���I�MEKJF=@?BAwes=@E�[�bc;i=@?BA
=@G@eK;Bdz��AjGIdIA2hBg�eK;BAKPD°�ErCFAO��AjGjU�dIbc;B^jAÈCFAwHV;BErC =@?BAfG@eKlBb�eKg�A��ìAj^O=@b~��AwhxEK=@Aj;k=@b�eKg5��b�eudz=@A�eKl}�k�



TK�
dz=_es=@AwdIE�gc\}=@bcE�;�=@E-=@?BA � \�eK;k=@\B[&[weKdz=@AjG�A � \�es=@bcE�;¡U�CFA2^�eK;�\BdIAf=@?BAf=@bc[fAÈGIAj^jE�GIl�EKJ � ���I�
bc;u=@?BbcdN^O��gcbc;BlBGIbc^�eKgcg~�fdz��[f[fAO=@GIbc^³hxEK=@Aj;k=@b�eKg¡=@EflBAjGIb~��A�eK;-Ajdz=@bc[wes=@A³EKJ�=@?BA�es=@E�[�� dNeK;Bv�\Bg�eKG
[fE�[fAj;k=@\B[��meK;Blu=@?V\BdNEKJ���B���I�|P�:<;u=@?BbcdyCye��DCFA�eKGIA�eK�BgcA±=@EÈ\BdIAM=@?BAM=@bc[fA±GIAj^jE�GIl-EKJ�=@?BA
dI^�eKg�eKG � \�eK;k=@b~=<� �]���I�t=@EfE��}=_eKbc;ue]=<CFEs�<lBbc[fAj;BdIbcE�;�eKg0es=@E�[Ê=@G@e$#IAj^O=@E�Gz��P

�FAj^�eK\BdIA�=@?BAN[fEK=@bcE�;]bcd�;BEK=t^jE�[fhBgcAO=@Ajg~�]^jE�;BdIAjGz�Kes=@b~��AKUV�B\}=tbc;B^jgc\BlBAjd�[fE�[fAj;k=@\B[ÇlBb��ì\��
dIbcE�;weK;BlwJ�GIbc^O=@bcE�;�=@AjGI[fdjU�eK;Bv�\Bg�eKG�[fE�[fAj;k=@\B[ bcd�;BEK=F^jE�;BdIAjGz��AjlueK;Blf�KeKGIbcAjdtdIgcErCNg~�ÈlB\BGIbc;Bv
eK;Èes=@E�[�� d�l}CFAjgcg�=@bc[fAtbc;�=@?BAy^�e���b~=<��P5¤�?V\Bd5CFA�hxAjGzJ�E�GI[e±GI\B;B;Bbc;Bv±Ajdz=@bc[wes=@AFEKJ������I�ËG@es=@?BAjG
=@?�eK;½eKhBhBg~��bc;BvweÈdIbc;Bv�gcAM�KeKgc\BA��`=@?BGIE�\Bv�?BE�\}=±efv�b~��Aj;-=@G@e$#IAj^O=@E�Gz��P�¤�?BbcdN�KeKGIb�es=@bcE�;DEKJ������I�
eK;Bl�E�\BGMeK�Bbcgcb~=<�D=@EDAjdz=@bc[wes=@A�b~=³eK^j^j\BG@es=@Ajg~��hBGIEr��bclBA]bc[fhxE�Gz=_eK;k=±gcbc[fb~=@dNE�;½=@?BA��KeKgcbclBb~=<�uEKJ
dI\B^_?-=<CFEs�<lBbc[fAj;BdIbcE�;�eKgìGIAj^jE�;Bdz=@GI\B^O=@bcE�;BdjUxeKdNlBbcdI^j\BdIdIAjl��xAjgcErC³P
¤�?BADGIAj^jE�;Bdz=@GI\B^O=@bcE�;>eKgcv�E�GIb~=@?B[�bcd��KeKgcbcl�es=@Ajl��k�!eKhBhBg~��bc;Bv½b~=�=@E�=@G@eK;BdI[fbcdIdIbcE�;�=@G@eK^jAjd

J�GIE�[ÇdIbc[]\Bg�es=@Ajl]=@G@eKhBhxAjl��Qes=@E�[�=@G@e$#IAj^O=@E�GIbcAjdjUkCNb~=@?�lBAO=@Aj^O=@bcE�;f;BE�bcdIANeKlBlBAjl¡P5:<;ÈdIbc[]\Bg�es=@bcE�;Bd
=@?BA�GIAj^jE�;Bdz=@GI\B^O=@Ajln=<CFEs�<lBbc[fAj;BdIbcE�;�eKga=@G@e$#IAj^O=@E�Gz�8^�eK;��xA�^jE�[fh�eKGIAjl8CNb~=@?8=@?BA 	IeK^O=@\�eKg �
es=@E�[fbc^�hxE�dIb~=@bcE�;iGIAj^jE�GIl�=@Eu��bcAjgcl�eK;�Ajdz=@bc[wes=@A�EKJ�AjGIGIE�GMJ�E�GM=@?BAfGIAj^jE�;Bdz=@GI\B^O=@bcE�;�[fAO=@?BE�l¡P
¤�?BA]dIbc[]\Bg�es=@bcE�;Bdy=@?BAj[fdIAjg~��AjdMeKGIA�hBGIAjdIAj;k=@Ajlibc;�[fE�GIA�lBAO=_eKbcg�bc;�R SKWsX5eK;Bl�bc;
��Aj^O=@bcE�; � P � P~o
�xAjgcErC³PD¤ËE�Aj;BdI\BGIAw^jgcE�dIAf^jE�GIGIAjdIhxE�;BlBAj;B^jAwCNb~=@?�=@?BAflBAO=@Aj^O=@bcE�;�;BE�bcdIAfbc;i=@?BAwA|{}hxAjGIbc[fAj;k=�U
eK^O=@\�eKg 	z;BE�bcdIA ��l�es=_e]=@G@eK^jAjdjUB=_eKHKAj;�es=�=@?BA³eKhBhBGIE�hBGIb�es=@Aa=@G@eK;BdI[fb~=I=@AjlDhxErCFAjGIdjU�CFAjGIA�eKlBlBAjl
=@E�=@?BAw��EK=@?BAjGzCNbcdIA³;BE�bcdIAjgcAjdId_�ydIbc[]\Bg�es=@Ajl2=@G@eK;BdI[fbcdIdIbcE�;DGIAj^jE�GIlBdjP
¤�?BA³=@G@e$#IAj^O=@E�Gz�DGIAj^jE�;Bdz=@GI\B^O=@bcE�;�eKgcv�E�GIb~=@?B[ÊbcdNeKdyJ�E�gcgcErCNd���dIAjA�ã�bcv�\BGIA � P�T����
� ¤ËG@eK;BdI[fbcdIdIbcE�;wl�es=_e�bcdFeK^ � \BbcGIAjlues=aor����H�°��±lBAO=@Aj^O=@bcE�;2��eK;Bl}CNbcl}=@?DeK;Bl2lBbcv�b~=@bc�jAjlwes=
o±[fAjvkeKd@eK[fhBgcA�hxAjGFdIAj^jE�;Bl¡Pt¤�?BAa=@G@eK;BdI[fbcdIdIbcE�;wGIAj^jE�GIlDbcdt=@?BAj;DdI[fE�EK=@?BAjlwCNb~=@?De�SK�
H�°���Tr�<hxE�gcA��F\}=I=@AjGzCFE�Gz=@?-¥�g~=@AjG�R § ojXZP

� å�A�;BAjv�gcAj^O=MeY{}b�eKgË[fEK=@bcE�;�eKdalBbcdI^j\BdIdIAjl�eK�xEr��AKU0eKdIdI\B[fbc;Bv2eK;�es=@E�[#=@Ew�xA]^jE�;}¥�;BAjl
=@EÈdI[weKgcg �QeK[fhBgcb~=@\BlBAN[fEK=@bcE�;D;BA�eKGNeÈdIbc;Bv�gcAMeK;k=@bc;BE�lBAMEKJË=@?BA³dz=_eK;BlBbc;Bv�Cye���AKP

� ã�GIE�[/dz=@A�eKl}�k�<dz=_es=@AFdIE�gc\}=@bcE�;�EKJB=@?BAt[weKdz=@AjGËA � \�es=@bcE�;¡UsCFAFHV;BErCä=@?BAt^�e���b~=<�³=@G@eK;BdI[fbcdQ�
dIbcE�;feKdte±J�\B;B^O=@bcE�;fEKJ¡es=@E�[fbc^yG@eKlBbc\Bd � P5¤�?Bbcd�GIAjg�es=@bcE�;�bcd�bc;k��AjGz=@Ajlf=@?BGIE�\Bv�?fe³gcE�E�HV\Bh
=_eK�BgcAD�ªCNb~=@?�gcbc;BA�eKGabc;k=@AjGIhxE�g�es=@bcE�;¼�y=@E2=@\BGI;�E�\BG±dI[fE�EK=@?BAjl½=@G@eK;BdI[fbcdIdIbcE�;�=@G@eK^jA�bc;k=@E
� ���I�|P



T�o

T(g(r(t),x(t))) T(g(r(t))) g(r(t)) r(t) r(t),q(t)

r

t

rmax

rmin

x

(r,q) plane

neglect x

(single antinode)

lookup

(master equation)
know Ueff,

estimate L

ã�bcv�\BGIA � P�T�����GIbc;B^jbchBgcAMEKJ�Sr� �n=@G@e$#IAj^O=@E�Gz�DGIAj^jE�;Bdz=@GI\B^O=@bcE�;Bd



T�S
� �agcdIEfJ�GIE�[#dz=@A�eKl}�k�<dz=_es=@A�dIE�gc\}=@bcE�;-EKJ5=@?BA�[weKdz=@AjG�A � \�es=@bcE�;¡U¼CFA�HV;BErC�=@?BA�hxEK=@Aj;k=@b�eKg�������V� � �|PÊå�AilBb~��bclBA � ���I�2bc;k=@E>dIAjv�[fAj;k=@d-�xAO=<CFAjAj;/eädI\B^j^jAjdIdIb~��A�[weY{}bc[]\B["eK;Bl
[fbc;Bbc[]\B[G@eKlBbc\BdjU ���� è
	 eK;Bl ���� ��� P ��ErCmJ�E�G�A�eK^_?wdIAjv�[fAj;k=FCFA�^�eKgc^j\Bg�es=@A�eK;weK;Bv�\Bg�eKG[fE�[fAj;k=@\B[Ê��b�e

� � � � �� è
	 � �� ���
 Ss²����������V� � �� è
	 ��ê���������� � �� ��� �I�� � �� è
	 � � ê6� � �� ��� � � � � � P~oY�

� ��ErC�CFA�?�e���AFe�lBbcdI^jGIAO=@AtdIAO=ËEKJ}dz=@AjhkCNbcdIAFeK;Bv�\Bg�eKG¡[fE�[fAj;k=_e}P0å�A�bc;k=@AjGIhxE�g�es=@A5gcbc;BA�eKGIg~�
�xAO=<CFAjAj;�=@?BAj[�J�E�GNe 	zGI\B;B;Bbc;Bv��ÈAjdz=@bc[wes=@A �����I�|P

� �y=�A�eK^_?u=@bc[fA±;BErCnCFA³?�e���A�eK;�eK;Bv�\Bg�eKGF��AjgcE�^jb~=<�

��B���I��� �����I�
²�� � ���I�I� � � � P�S��

� å�A�dz=_eKGz=w=@?BA-=@G@e$#IAj^O=@E�Gz�`es=2dIE�[fA�eK;Bv�gcA ��£DeK;Blm\BdIA � ���I�|U ��B���I��=@E�E��}=_eKbc;me!Sr�<l
=@G@e$#IAj^O=@E�Gz��P
¤�?BGIAjA³��eKdIbc^³eK[]�Bbcv�\Bb~=@bcAjdtCNbcgcgx�xAM^jgcA�eKGyJ�GIE�[´=@?BbcdNeKgcv�E�GIb~=@?B[-U�eKd�bcgcgc\Bdz=@G@es=@Ajl2bc;uã�bcv�\BGIA

� P W �FoY�Ë=@?BA�dIbcv�;ÈEKJx=@?BA�eK;Bv�\Bg�eKG5[fE�[fAj;k=@\B[Çbcd�\B;BHV;BErCN;¡U}dIEM=@?BA�=@G@e$#IAj^O=@E�Gz��?�eKdteKGI�Bb~=@G@eKGz�
?�eK;BlBAjlB;BAjdIdjPmS���=@?BAubc;Bb~=@b�eKgFeK;Bv�gcA���£wbcd�eKGI�Bb~=@G@eKGz��U�dIEi=@?BAuGIAjdI\Bg~=@bc;Bv½=@G@e$#IAj^O=@E�Gz�!^�eK;>�xA
GIEK=_es=@Ajl»J�GIAjAjg~�meKdue!\B;Bb~=�P¤ËG@e$#IAj^O=@E�GIbcAjdueKGIA�hBGIAjdIAj;k=@Ajl6CNb~=@?m=@?BAies=@E�[�Aj;k=@AjGIbc;Bv!J�GIE�[
eK�xEr��AÈbc;�euhB?k��dIbc^�eKgcg~�½hBg�eK\BdIbc�BgcA][weK;B;BAjGjU�dIbc;B^jA�=@?BAfes=@E�[7bcdMbc;Bb~=@b�eKgcg~�DJ�eKgcgcbc;Bvw\B;BlBAjG³=@?BA
bc;���\BAj;B^jAuEKJav�G@e���b~=<��P Å ��¤�?BAu=@G@e$#IAj^O=@E�Gz�!bcd�^jE�;Bdz=@GI\B^O=@Ajl`bc;�=<CFE�lBbc[fAj;BdIbcE�;BdjU�CNb~=@?ä=@?BA
eY{}b�eKgx[fEK=@bcE�;f^jE�;}¥�;BAjlDCNb~=@?Bbc;2e]dIbc;Bv�gcAaeK;k=@bc;BE�lBAKU}�B\}=�;BE]bc;}J�E�GI[wes=@bcE�;Èbcdye��KeKbcg�eK�BgcA�eK�xE�\}=
��� ��� � eK;k=@bc;BE�lBA±=@?BA�es=@E�[�E�^j^j\BhBbcAjdNlB\BGIbc;Bv�=@?BAM=@G@e$#IAj^O=@E�Gz��P
LNAj^jE�;Bdz=@GI\B^O=@bcE�;Bd�EKJ�dIbc[]\Bg�es=@Ajl2=@G@e$#IAj^O=@E�GIbcAjd�eKGIA³^jE�[fh�eKGIAjlDCNb~=@?D=@?BA 	IeK^O=@\�eKg �fes=@E�[fbc^

hxE�dIb~=@bcE�;�GIAj^jE�GIl��k��¥�GIdz=�eKl #I\Bdz=@bc;Bv-=@?BAwEr��AjG@eKgcgtdIbcv�;�EKJy=@?BAwGIAj^jE�;Bdz=@GI\B^O=@Ajl>eK;Bv�\Bg�eKG³[fEs�
[fAj;k=@\B[ÉeK;Blu=@?BA�bc;Bb~=@b�eKg¡eK;Bv�gcA ��£aJ�E�G�=@?BA³�xAjdz=ahxE�dIdIbc�BgcA³[wes=@^_?¡PF�a;�Ajdz=@bc[wes=@AMEKJ5AjGIGIE�GNbcd
^�eKgc^j\Bg�es=@Ajli�k��^jE�[fh�eKGIbc;BvDGIAj^jE�;Bdz=@GI\B^O=@AjläeK;Bl�eK^O=@\�eKg�hxE�dIb~=@bcE�;BdMEr��AjG�eudIAO=�EKJydIbc[]\Bg�es=@Ajl
=@G@e$#IAj^O=@E�GIbcAjdjUKA|{}^jgc\BlBbc;Bv±bc;�A�eK^_?�=@G@e$#IAj^O=@E�Gz��=@?BAt¥�GIdz=�eK;Bl]g�eKdz=�?�eKg~J��<^O��^jgcAjdËEKJ�G@eKlBb�eKgV[fEK=@bcE�;¡P
¤�?BAjdIA�bc;Bb~=@b�eKg}eK;Bl�¥�;�eKg�^O��^jgcAjdteKGIA�;BEK=tA|{}hxAj^O=@Ajlf=@E³GIAj^jE�;Bdz=@GI\B^O=yeK^j^j\BG@es=@Ajg~�]lB\BA�=@E³g�eK^_H�EKJ



T Å

x

(r,q) plane

overall sign

of angular momentum

arbitrary initial angle

(but falling from above)

all axial (x)

antinodes equivalent
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