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.QPI�NKHGVKOG�CV�NQY�VGORGTCVWTGU

1PG�FKOGPUKQPCN�RJ[UKEU�KU�WPKSWG�FWG�VQ�WPC-

XQKFCDNG� EQNNKUKQPU� COQPI� EQWPVGT�RTQRCICVKPI�

RCTVKENGU�� TGICTFNGUU� QH� VJGKT� OWVWCN� KPVGTCEVKQP�

UVTGPIVJ��+P�ICRRGF�SWCPVWO�URKP�NKSWKFU��UWEJ�

CU�*CNFCPG�URKP�EJCKPU��VJG�SWCUKRCTVKENGU�
OC-

IPQPU��RGTUKUV�KP�VJG�NKOKV�6�o��|-��UKPEG�OWVWCN�

EQNNKUKQPU� CTG� TCTG� FWG� VQ� VJGKT� GZRQPGPVKCNN[�

UOCNN�FGPUKV[��+PVGTCEVKQPU�DGEQOG�KORQTVCPV�CV�

GNGXCVGF�VGORGTCVWTGU�CU�C�EQPUGSWGPEG�QH�VJG�

KPETGCUGF�FGPUKV[�QH�VJG�VJGTOCNN[�GZEKVGF�OCI-

PQPU��6JKU�TGUWNVU�KP�C�TGFWEVKQP�QH�OCIPQP�NKHG-

VKOGU�CPF�C�VJGTOCNN[�KPFWEGF�DNWG�UJKHV�QH�VJGKT�
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#P�QVJGT� TGOCTMCDNG� HGCVWTG�QH�QPG�FKOGPUKQP-

CN�ICRGF�URKP�EJCKPU� KU� VJCV��YJGP�VJG�6|�|�|-��

GPGTI[�ICR�KU�WUGF�CU�VJG�VGORGTCVWTG�UECNG��CNN�

GZRGTKOGPVCN�EWTXGU�CTG� KFGPVKECN� VQ�YKVJKP�U[U-

tem-dependent, but temperature-independent, 

UECNKPI�HCEVQTU�QH�VJG�QTFGT�QH�WPKV[��6JKU�SWCUK�

WPKXGTUCN� UECNKPI� DGJCXKQT� KU� VJG� EQPUGSWGPEG�

QH� VJG� UJCTGF� QPG�FKOGPUKQPCN� VQRQNQI[� QH� VJG�

URKP�EJCKPU��+P�VJG�HTCOGYQTM�QH�VJG�PQP�NKPGCT�ð 

OQFGN�
0.ð/��=�?��VJKU�SWCUK�WPKXGTUCNKV[�ECP�DG�

WPFGTUVQQF�D[�EQODKPKPI�CNN�GZEJCPIG� KPVGTCE-

VKQPU� TGNGXCPV� HQT� C� RCTVKEWNCT�OCVGTKCN� KPVQ� QPG�

GHHGEVKXG� CPVKHGTTQOCIPGVKE� EQWRNKPI� EQPUVCPV�

,
eff
�� YJKEJ� YKNN� FGVGTOKPG� VJG� NQY� VGORGTCVWTG�

DGJCXKQT� QH� VJG� U[UVGOU�� #EEQTFKPI� VQ� 0.ðM, 

VJG�\GTQ�VGORGTCVWTG�ICR�Â0� ������,eff
�and the 

VGORGTCVWTG� FGRGPFGPEG� QH� VJG� OCIPQP� NKPG�

YKFVJ�KU�FGUETKDGF�D[�VJG�GSWCVKQP���
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YJGTG� X� KU� VJG� OCIPQP� XGNQEKV[�� #EEQTFKPI� VQ�

VJKU� HQTOWNC�� CP� GZRQPGPVKCNN[� UOCNN� OCIPQP�

NKPGYKFVJ�QT�� GSWKXCNGPVN[�� CP�GZRQPGPVKCNN[� NQPI�

OCIPQP� NKHGVKOG� KU� GZRGEVGF� CV� NQY� VGORGTC-

VWTGU��6JKU�RTGFKEVKQP�YCU�RCTVKCNN[�EQP�TOGF�D[�

GCTNKGT� KPGNCUVKE� PGWVTQP� UECVVGTKPI� GZRGTKOGPVU�

=�?�� UKPEG� VJG� OCIPQP� NKPG� YKFVJ� QH� +2#�%W%N
3
 

CV�VGORGTCVWTGU�NQYGT�VJCP�6|�|��|-�YCU�DGNQY�

GZRGTKOGPVCN�TGUQNWVKQP�NKOKVU��&WG�VQ�VJG�PCTTQY�

OCIPQP� NKPG� YKFVJ� QH� +2#�%W%N
3
�� KV� KU� CP� KFGCN�

U[UVGO� VQ� VGUV� VJG� NQY�VGORGTCVWTG�RTGFKEVKQPU�

QH� 0.ðM by TRISP, the neutron resonant spin 

GEJQ�URGEVTQOGVGT�CV�VJG�(4/|++�

1UEKNNCVKPI�FGEC[

+2#�%W%N
3
� ET[UVCNNK\GU� KP�C� VTKENKPKE�URCEG�ITQWR�

2���6JG�MG[�HGCVWTGU�QH�VJG�UVTWEVWTG�CTG�UJQYP�

KP��IWTG��C�� +2#� HQTOU� NC[GTU� KP� C�E�RNCPG�RTG-

XGPVKPI�OCIPGVKE�KPVGTCEVKQPU�CNQPI�VJG�D�FKTGE-

VKQP��6JG�OCIPGVKE�RTQRGTVKGU�QH� +2#�%W%N
3
 de-

UETKDGF�D[�C�UKPING�OCIPGVKE�%W%N
3
� NC[GT� KP�VJG�

C�E�RNCPG�CTG�UJQYP�KP��IWTG��D��%W� ions that 

ECTT[�5|�|�|URKPU�� HQTO� NCFFGTU� VJCV� TWP�CNQPI�

VJG�ET[UVCNNQITCRJKE�C�CZKU��CU�FGUETKDGF�KP�FGVCKN�

KP� =�?�� 'ZEJCPIG� KPVGTCEVKQPU� CNQPI� VJG� NCFFGT�

NGIU� 
,
1
�CPF�,

�
� KP��I�|�D��CTG�CPVKHGTTQOCIPGVKE��

2CKTU� QH� URKPU� QP� GCEJ� NCFFGT� TWPI� CTG� EQTTG-

NCVGF� HGTTQOCIPGVKECNN[� FWG� VQ� VJG� FQOKPCVKPI�

,
1
� EQWRNKPI�� 5Q�� +2#�%W%N

3
� KU� CP� CTEJGV[RKECN�

EQORQUKVG�*CNFCPG�URKP�EJCKP�YKVJ�C�ICR�GPGT-

I[�Â0� ������PH9� �CV� VJG�CPKHGTTQOCPGVKE�\QPG�

EGPVGT� 
���������CV�6|�|���|-��$[�OGCUWTKPI� VJG�

PGWVTQP�RQNCTK\CVKQP�CU�C� HWPEVKQP�QH� URKP�GEJQ�

time ñSE, we determined the Fourier transform of 

VJG�UECVVGTKPI�HWPEVKQP�QH�QWT�UCORNG��9G�HQWPF�

CP�QUEKNNCVKPI�FGEC[�
�I�|���YJKEJ�KU�EJCTCEVGTKU-

VKE�QH�C�UOCNN�UGRCTCVKQP�QH�VYQ�OCIPQP�OQFGU��

(KVVKPI� VJG�FCVC�YKVJ� C� HQWTKGT� VTCPUHQTO�QH� VYQ�

.QTGPV\KCP� HWPEVKQPU� 
ITGGP� NKPG� KP� �I�| ���� GCEJ�

FGUETKDKPI�C�UKPING�OCIPQP�GZEKVCVKQP��YG�JCXG�

FGVGTOKPGF�VJG�URNKVVKPI�Âö|�|��|�G8�CPF�VJG�NKPG�

widths Á
�
|�|�|�G8�CPF�Á2� ����wH9��6JG�TGNCVKXG�

YGKIJV� QH� VJG� VYQ�OCIPQP�OQFGU� KU� ����� HTQO�

which we infer that the broader mode corre-

sponds to  S\�|�|�|��VTKRNGVU��YJKNG�VJG�PCTTQYGT�

band is a S\|�|��VTKRNGV�OQFG�CPF�VJG�QTKIKP�QH�VJG�

URNKVVKPI�KU�C�UKPING�KQP�CPKUQVTQR[�

9G� VJCPM�-CVJTKP�$WEJPGT� HQT� VGEJPKECN� CUUKUV-

CPEG��$�0�� CEMPQYNGFIGU� VJG��PCPEKCN� UWRRQTV�

QH�VJG�5YKUU�0CVKQPCN�5EKGPEG�(QWPFCVKQP�

A 
MPQYNGFIG�QH�SWCUK�RCTVKENG� NKHGVKOGU�

CPF� FKURGTUKQP� TGNCVKQPU� KU� ETWEKCN�

VQ� CP� WPFGTUVCPFKPI� QH� VJG� ITQWPF�

UVCVG�RTQRGTVKGU�QH�UQNKFU�UKPEG�VJGUG�GZEKVC-

VKQPU�IQXGTP�VJG�NQY�VGORGTCVWTG�DGJCXKQT�QH�

UVTQPIN[�EQTTGNCVGF�U[UVGOU��*GTG��YG� TGRQTV�

QP� VJG�FGVGTOKPCVKQP�QH� VJG� NQY�VGORGTCVWTG�

NKHGVKOG� QH� URKP� YCXG� GZEKVCVKQPU� 
OCIPQPU��

KP� C� SWCUK�QPG� FKOGPUKQPCN� *CNFCPG�ICRGF�

SWCPVWO� URKP� NCFFGT� +2#�%W%N3 by means 

QH� JKIJ� GPGTI[� TGUQNWVKQP� PGWVTQP� TGUQPCPV�

URKP�GEJQ�URGEVTQUEQR[��7UKPI�VJKU�PQXGN� KP�

GNCUVKE�PGWVTQP�VGEJPKSWG��YG�JCXG�HQWPF�VYQ�

OCIPQP�OQFGU�CV�VJG�CPVKHGTTQOCIPGVKE�\QPG�

centre separated by  Âö� ����wH9�\GTQ��GNF�

URNKVVKPI��GZJKDKVKPI�C�NKPG�YKFVJ�QH�Á
�
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and Á2�  � ��� wH9� TGURGEVKXGN[�� 6JGUG� PCTTQY�

OCIPQP� NKPG�YKFVJU�ECPPQV�DG�OGCUWTGF�D[�

QVJGT�EQOOQPN[�WUGF�KPGNCUVKE�PGWVTQP�UECV-

VGTKPI�VGEJPKSWGU�UWEJ�CU�VTKRNG�CZGU�URGEVTQ�

OGVGTU�
6#5��UKPEG�VJGKT�TGUQNWVKQP�KU�NKOKVGF�VQ�

VJG�OG8�TCPIG�D[�DGCO�KPVGPUKV[�

(KIWTG����C��%T[UVCN�UVTWEVWTG�QH�+2#�%W%N
3
��/CIPGVKE�%W%N

3
�CPF�PQPOCIPGVKE�RQN[OGTKE�+2#�NC[GTU�CNVGTPCVG�CNQPI�VJG�D�

ET[UVCNNQITCRJKE�FKTGEVKQP��D��5KPING�OCIPGVKE�%W%N
3
�RNCPG�XKGYGF�HTQO�VJG�VQR��%JCTCEVGTKUVKE�URKP�NCFFGT�TWPPKPI�CNQPI�C�KU�

UJQYGF�KP�ITC[�

(KIWTG����0GWVTQP�RQNCTK\CVKQP�
2��CU�C�HWPEVKQP�QH�URKP�

GEJQ�VKOG�
ñ
5'
��OGCUWTGF�CV�6|�|���|-�CV�VJG�CPVKHGTTQOC-

IPGVKE�\QPG�EGPVTG�
����������6JG�DNWG�NKPG�KU�C��V�CUUW-

OKPI�VYQ�OCIPQP�OQFGU�UGRCTCVGF�D[�C�UOCNN�\GTQ��GNF�

URNKVVKPI��6JG�KPUGV�UJQYU�VJG�TGUWNVKPI�PGWVTQP�URGEVTCN�

HWPEVKQP�FGVGTOKPGF�HTQO�VJG��V�
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