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Ɣ 'XULQJ�2���a��PRQWKV��
ż ���FRQILGHQW�%%+V

$V�ZH�LPSURYH�RXU�GHWHFWRUV�ZH�DUH�
GHWHFWLQJ�PRUH�DQG�PRUH�*:�HYHQWV

Ɣ 'XULQJ�2���a��PRQWKV��
ż ���FRQILGHQW�%%+V
ż ���FRQILGHQW�%16

Ɣ 'XULQJ�2�D��a��PRQWKV��
ż ��FRQVLVWHQW�ZLWK�%16�PDVVHV�

�*:�������
ż ��%+�OLJKWHU�REMHFW�

�*:��������*:������B�������
ż ���FRQVLVWHQW�ZLWK�%%+V

$�3RSXODWLRQ�RI�*:�VRXUFHV�IURP�*:7&���DQG�*:7&��

https://iopscience.iop.org/article/10.3847/2041-8213/ab960f
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$�3RSXODWLRQ�RI�*:�VRXUFHV�IURP�*:7&���DQG�*:7&��

7KH�SDUDPHWHUV��
Ɣ ,QWULQVLF��6SLQV��0DVVHV��WLGDO�GHIRUPDELOLW\��HOOLSWLFLW\�
Ɣ ([WULQVLF��7LPH��UHIHUHQFH�SKDVH��VN\�SRVLWLRQ��OXPLQRVLW\�

GLVWDQFH��RUELWDO�RULHQWDWLRQ

/RZHU�IUHTXHQF\� ����+]
6RXUFH�DW�����0SF

*HQHUDWHG�ZLWK�S\FEF

https://pycbc.org/
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.H\�TXDQWLWLHV�IRU�SRSXODWLRQ�LQIHUHQFH

0DVVHV 0DVV�UDWLR
6SLQ�

SDUDPHWHUV

/XPLQRVLW\�
GLVWDQFH�
�UHGVKLIW�

$�3RSXODWLRQ�RI�*:�VRXUFHV�IURP�*:7&���DQG�*:7&��



�

'DWD�DQDO\VLV�PHWKRG�DQG�HYHQWV�XVHG

Ɣ :H�VHOHFW�DOO�WKH�HYHQWV�IURP�*:7&���DQG�*:7&���ZLWK�D�)DOVH�$ODUP�5DWH�
�)$5������\U����:H�XVH�D�WRWDO�RI�
ż ��%16�HYHQWV
ż %+�OLJKWHU�REMHFW��*:�������
ż ���FRQILGHQW�%%+�HYHQWV��WKH�IRFXV�RI�WKLV�SUHVHQWDWLRQ�

Ɣ :H�XVH�D�KLHUDUFKLFDO�%D\HVLDQ�DQDO\VLV�XVLQJ�YDULRXV�SULRUV�RQ�PDVVHV��
VSLQV��UHGVKLIW�GLVWULEXWLRQV�DQG�UDWH�
ż ��PDVV�SRSXODWLRQ�PRGHOV
ż ��VSLQ�SRSXODWLRQ�PRGHOV
ż ��UHGVKLIW�HYROXWLRQ�PRGHO

Ɣ :H�PRGHO�DQG�WDNH�LQWR�DFFRXQW�VHOHFWLRQ�HIIHFWV�IRU�WKH�GHWHFWLRQ�RI�*:�
HYHQWV�



�

4XHVWLRQV�WKDW�ZH�DQVZHU�LQ�WKLV�SDSHU

Ɣ $UH�WKHUH�%%+�V\VWHPV�ZLWK�FRPSRQHQW�PDVVHV�KLJKHU�WKDQ����0VXQ"�

Ɣ :KDW�LV�WKH�PLQLPXP�PDVV�RI�%+"

Ɣ ,V�WKHUH�D�SUHIHUHQFH�WR�IRUP�QHDUO\�HTXDO�PDVV�ELQDULHV"

Ɣ +RZ�IDVW�DQG�KRZ�PLVDOLJQHG�%%+V�VSLQ"

Ɣ 'RHV�WKH�PHUJHU�UDWH�HYROYH�ZLWK�UHGVKLIW"

,PSRUWDQW�IRU�XQGHUVWDQGLQJ�WKH�IRUPDWLRQ�FKDQQHO�RI�ELQDULHV�DQG�WKH�QDWXUH�RI�
µ¶H[FHSWLRQDO�HYHQWV¶¶



%ODFN�KROH�PDVV�GLVWULEXWLRQ�FDQ�JLYH�XV�KLQWV�RQ�
VWHOODU�HYROXWLRQ�

Ɣ )HDWXUHV�LQ�WKH�PDVV�GLVWULEXWLRQ�FDQ�KHOS�XV�SUREH�KRZ�EODFN�KROHV�IRUPHG��:H�FDQ�
FRPSDUH�UHVXOWV�WR�H[SHFWDWLRQV�IURP�WKHRULHV�IRU�VWHOODU�HYROXWLRQ�

Ɣ 0RGHOV�XVHG�LQ�SRSXODWLRQ�DQDO\VLV�PRWLYDWHG�E\�WKHVH�WKHRULHV�

��

2WKHU�GLVWLQFW�IHDWXUHV"
3HDNV"�'LSV"

&XW�RII"�
$EUXSW�RU�
WDSHUHG"

0LQLPXP�PDVV"
6KDUS�RU�VPRRWK�

FXW�RII"

�

�

�



0DVV�GLVWULEXWLRQ��ORZ�PDVV�IHDWXUHV

��

+ÙŇ͐

MēįƌƐƲƪͯĮÙƖưͯ͐
6PRRWK�
WXUQ�RQ

6KDUS�FXW�RII

Ɣ :KDW�LV�WKH�PLQLPXP�PDVV�EODFN�KROH"

Ɣ 'RHV�WKH�GLVWULEXWLRQ�KDYH�D�VPRRWK�RU�
VKDUS�FXW�RII�DW�ORZ�PDVV�HQG"�,V�WKHUH�
HYLGHQFH�IRU�D�ORZ�PDVV�JDS"



3DLU�LQVWDELOLW\�VXSHUQRYD��XSSHU�PDVV�FXW�RII

��

Ɣ 9HU\�PDVVLYH�VWDUV�OHDYH�EHKLQG�
QR�UHPQDQW�DIWHU�D�VXSHUQRYD�

Ɣ 1R�EODFN�KROHV�IRUPHG�EH\RQG�D�
FHUWDLQ�PDVV��VXJJHVWV�D�FXW�RII�LQ�
WKH�PDVV�GLVWULEXWLRQ

&XW�RII

�=$06� �=HUR�$JH�0DLQ�6HTXHQFH�a�RULJLQDO�PDVV�RI�VWDU�



Ɣ 0DVVLYH�VWDUV�VKHG�PDVV�LQ�µSXOVHV¶�

Ɣ 3URGXFH�VWDUV�RI�VLPLODU�PDVV��ZKLFK�
FROODSVH�WR�IRUP�EODFN�KROHV�DURXQG�
a����WR����0䎭

3XOVDWLRQDO�SDLU�LQVWDELOLW\��EODFN�KROH�SLOH�XS

��

3LOH�XS�
SHDN

�=$06� �=HUR�$JH�0DLQ�6HTXHQFH�a�RULJLQDO�PDVV�RI�VWDU�



0DVV�UHVXOWV�LQ�*:7&����ZKDW�IHDWXUHV�GR�ZH�VHH"

��
$QDO\VLV�ZLWK����FRQILGHQW�%%+��3ULPDU\�PDVV�GLVWULEXWLRQ��6ROLG�FXUYH���PHDQ���6KDGHG�UHJLRQ�������FUHGLEOH�LQWHUYDO�



/RZ�PDVV�GLVWULEXWLRQ�IHDWXUHV

Ɣ :H�UXOH�RXW�WKH�FRPELQDWLRQ�RI�D�VPDOO�
PLQLPXP�EODFN�KROH�PDVV��a���0䎭��DQG�D�
VKDUS�ORZ�PDVV�FXW�RII�

Ɣ :H�DUH�EHJLQQLQJ�WR�UHVROYH�WKH�ORZ�PDVV�
HQG�RI�GLVWULEXWLRQ�

Ɣ $GGLWLRQDO�VWXG\�SHUIRUPHG�LQFOXGLQJ�
*:��������/RZ�PDVV�HQG�RI�GLVWULEXWLRQ�
SXOOHG�IURP�a��WR�a��0䎭��*:�������LV�DQ�
RXWOLHU�LQ�WKH�%%+�GLVWULEXWLRQ����RQO\�
������FKDQFH�RI�*:�������OLNH�HYHQW�LQ�
DQDO\VLV�ZLWK����FRQILGHQW�%%+�SRSXODWLRQ��

��

([FOXGHV�ORZ�PDVV���
VKDUS�FXW�RII*:���������DU;LY�����������

5HVXOWV�VKRZQ�LQ�WKLV�
ILJXUH�XVHV�DQDO\VLV�
ZLWKRXW�*:������



6WUXFWXUH�EH\RQG�D�SRZHU�ODZ

Ɣ 6XSSRUW�IRU�*DXVVLDQ�FRPSRQHQW�LQ�GLVWULEXWLRQ��PRVW�IDYRXUHG�PRGHO�3RZHU�ODZ���SHDN��
Ɣ 3RZHU�ODZV�KDYH�GLIIHUHQW�VORSHV��%URNHQ�SRZHU�ODZ�VOLJKWO\�OHVV�IDYRXUHG��E\�IDFWRU�RI����

��

=RRPHG�LQ��
([FOXGHV�]HUR ([FOXGHV�HTXDO�LQGH[�

IRU�SRZHU�ODZ�VORSHV

3RZHU�ODZ���SHDN�PRGHO %URNHQ�SRZHU�ODZ�PRGHO

a�����RI�ELQDULHV�LQ�
*DXVVLDQ�FRPSRQHQW�RI�

GLVWULEXWLRQ

Ɣ $�VLPSOH�SRZHU�ODZ�ZLWK�VKDUS�FXWRIIV��7UXQFDWHG�PRGHO��LV�GLVIDYRXUHG��E\�IDFWRU�����
FRPSDUHG�WR�3RZHU�ODZ���SHDN���



0DVVHV�EH\RQG����0䎭

Ɣ 1R�FXW�RII�IHDWXUH�DURXQG����0䎭

Ɣ 0DVVHV�H[WHQG�EH\RQG����0䎭�ZLWK�
DQG�ZLWKRXW�*:��������7KLV�HYHQW�
DSSHDUV�WR�EH�FRQVLVWHQW�ZLWK�WKH�
SRSXODWLRQ��

Ɣ 8QDEOH�WR�FRQFOXGH�ZKHWKHU�
*:�������LV�LQ�WKH�WDLO�RI�WKH�
GLVWULEXWLRQ��RU�D�VHSDUDWH�
VXESRSXODWLRQ��H�J��KLHUDUFKLFDO�
PHUJHUV�

��

3ULPDU\�PDVV�GLVWULEXWLRQ��6ROLG�GDVKHG�FXUYHV���PHDQ���
6KDGHG�UHJLRQ�������FUHGLEOH�LQWHUYDO�
�UHVXOWV�IURP�3RZHU�ODZ���SHDN�PRGHO�*:���������DU;LY�������������	��DU;LY������������



%ODFN�KROH�VSLQ�RULHQWDWLRQV�DV�SUREHV�RI�ELQDU\�IRUPDWLRQ

��

,VRODWHG�FRPPRQ�HQYHORSH�HYROXWLRQ

'\QDPLFDO�IRUPDWLRQ�LQ�VWHOODU�FOXVWHUV



*:�VLJQDOV�FDQ�EH�SDUDPHWHUL]HG�E\�WZR�³HIIHFWLYH�VSLQV´

��

(IIHFWLYH�LQVSLUDO�VSLQ�TXDQWLILHV�WRWDO�VSLQ�
SDUDOOHO�WR�D�ELQDU\¶V�RUELWDO�DQJXODU�
PRPHQWXP�

(IIHFWLYH�SUHFHVVLQJ�VSLQ�LV�UHODWHG�WR�
GHJUHH�RI�VSLQ�SHUSHQGLFXODU�WR�RUELW�



%%+�VSLQV�EHIRUH�*:7&���
6PDOO�PDJQLWXGHV��EXW�XQNQRZQ�RULHQWDWLRQV

��

0LOOHU�HW�DO�������������������



��

0LOOHU�HW�DO�������������������

%%+�VSLQV�EHIRUH�*:7&���
6PDOO�PDJQLWXGHV��EXW�XQNQRZQ�RULHQWDWLRQV



��

:H�WDNH�WKUHH�GLIIHUHQW�DSSURDFKHV�LQ�PHDVXULQJ�WKH�GLVWULEXWLRQ
RI�%%+�VSLQV

'HIDXOW�PRGHO��

0HDVXUH�WKH�SK\VLFDO�VSLQ�PDJQLWXGH�DQG�VSLQ�WLOW�GLVWULEXWLRQV�RI�ELQDU\�EODFN�
KROH�V\VWHPV

*DXVVLDQ�PRGHO�

0HDVXUH�WKH�GLVWULEXWLRQ�RI�SKHQRPHQRORJLFDO���������DQG�������SDUDPHWHUV

0XOWL�VSLQ�PRGHO�

'R�KLJK�DQG�ORZ�PDVV�%%+V�H[KLELW�GLIIHUHQW�VSLQ�GLVWULEXWLRQV"



��

,Q�SODQH�VSLQ�FRPSRQHQWV�DUH�SUHVHQW�DPRQJ�WKH�%%+�SRSXODWLRQ

0HDQ 6WG��'HY�

6
WG
��'

HY
�

([FOXGH�D�GHOWD�IXQFWLRQ
DW�



��

$W�OHDVW�VRPH�HYHQWV�KDYH�QHJDWLYH�HIIHFWLYH�VSLQ

Ɣ 1HJDWLYH���������LPSOLHV�VSLQV�WLOWHG�E\�
PRUH�WKDQ��������UHODWLYH�WR�WKHLU�RUELWDO�
DQJXODU�PRPHQWXP

Ɣ %HWZHHQ�����DQG�����RI�%%+V�KDYH�
QHJDWLYH�HIIHFWLYH�VSLQV

Ɣ ,I�ZH�DWWULEXWH�QHJDWLYH��������WR�
G\QDPLFV��WKHQ�EHWZHHQ�����DQG�
����RI�HYHQWV�RULJLQDWH�LQ�
G\QDPLFDO�FKDQQHOV



0HUJHU�5DWHV

%LQDU\�1HXWURQ�6WDUV��:LWK�WZR�FRQILGHQW�REVHUYDWLRQV�RI�ELQDU\�QHXWURQ�VWDUV�LQ�
*:7&����ZH�LQIHU�WKDW�WKH�ORFDO�PHUJHU�UDWH�RI�ELQDU\�QHXWURQ�VWDUV�LV�

%LQDU\�%ODFN�+ROHV��)RU�ELQDU\�EODFN�KROHV��ZH�VLPXOWDQHRXVO\�ILW�IRU�WKH�PDVV��
VSLQ�DQG�PHUJHU�UDWH��$VVXPLQJ�D�PHUJHU�UDWH�GHQVLW\�WKDW�LV�FRQVWDQW�DFURVV�
FRVPLF�WLPH�

��



$OORZLQJ�WKH�PHUJHU�UDWH�WR�HYROYH�
ZLWK�UHGVKLIW��*:7&���IRXQG�

Ɣ 7RGD\��]� �����WKH�PHUJHU�UDWH�
LV�EHWZHHQ�>�����@�*SF���\U��

Ɣ ��ELOOLRQ�\HDUV�DJR��]� �����WKH�
PHUJHU�UDWH�ZDV�SUREDEO\�
KLJKHU��EXW�XQFHUWDLQ�E\�PRUH�
WKDQ���RUGHUV�RI�PDJQLWXGH

��

0HUJHU�5DWH�RI�%LQDU\�%ODFN�+ROHV�$FURVV�
&RVPLF�7LPH



0HUJHU�5DWH�RI�%LQDU\�%ODFN�+ROHV�$FURVV�
&RVPLF�7LPH

:LWK�*:7&����ZH�QRZ�NQRZ�

Ɣ 7RGD\��]� �����WKH�ELQDU\�
EODFN�KROH�PHUJHU�UDWH�LV�
EHWZHHQ�>������@�*SF���

\U��

Ɣ ��ELOOLRQ�\HDUV�DJR��]� �
����WKH�ELQDU\�EODFN�KROH�
PHUJHU�UDWH�ZDV�EHWZHHQ�
����DQG����WLPHV�LWV�
SUHVHQW�UDWH

��



7KH�PHUJHU�UDWH�SUREDEO\�HYROYHV��EXW�
VORZHU�WKDQ�WKH�VWDU�IRUPDWLRQ�UDWH

$VVXPH�WKDW�WKH�UDWH�5�DV�D�
IXQFWLRQ�RI�UHGVKLIW�]�LV�
GHVFULEHG�E\�5�]�� ����]�.

0HDVXUH�WKH�VORSH�.

7KH�PRVW�OLNHO\�YDOXHV�DUH�
EHWZHHQ����QR�HYROXWLRQ��DQG�
�����DSSUR[LPDWLQJ�WKH�
VWDU�IRUPDWLRQ�UDWH�

��
(YROXWLRQ�WKDW�WUDFNV�
WKH�VWDU�IRUPDWLRQ�UDWH

&RQVWDQW�UDWH�DW�DOO�
UHGVKLIWV



��

$VWURSK\VLFDO�/HVVRQV�IURP�*:7&����0DVVHV

Ɣ 7KH�EODFN�KROH�PDVV�VSHFWUXP�GRHV�QRW�WHUPLQDWH�DEUXSWO\�DW����VRODU�
PDVVHV��EXW�GRHV�VKRZ�D�IHDWXUH�DW�a���VRODU�PDVVHV��ZKLFK�FDQ�EH�
UHSUHVHQWHG�E\�D�EUHDN�LQ�WKH�SRZHU�ODZ�RU�D�*DXVVLDQ�SHDN�

Ɣ 7KHUH�LV�D�GHDUWK�RI�ORZ�PDVV�EODFN�KROHV�EHWZHHQ�����VRODU�PDVVHV�DQG�
a��VRODU�PDVVHV�

Ɣ 7KH�GLVWULEXWLRQ�RI�PDVV�UDWLRV�LV�EURDG�LQ�WKH�UDQJH�a�������ZLWK�D�PLOG�
SUHIHUHQFH�IRU�HTXDO�PDVV�SDLULQJV���*:�������LV�DQ�RXWOLHU��



��

$VWURSK\VLFDO�/HVVRQV�IURP�*:7&����6SLQV

Ɣ 6RPH�ELQDU\�EODFN�KROHV�KDYH�PHDVXUDEOH�LQ�SODQH�VSLQ�FRPSRQHQWV��OHDGLQJ�
WR�SUHFHVVLRQ�RI�WKH�RUELWDO�SODQH��

Ɣ 6RPH�ELQDU\�EODFN�KROHV�KDYH�VSLQV�PLVDOLJQHG�E\�PRUH�WKDQ����GHJUHHV��
EXW�WKH�GLVWULEXWLRQ�RI�VSLQ�WLOWV�LV�QRW�SHUIHFWO\�LVRWURSLF�

Ɣ 7KHUH�DUH�KLQWV��EXW�QR�FOHDU�HYLGHQFH�WKDW�WKH�VSLQ�GLVWULEXWLRQ�YDULHV�
ZLWK�PDVV�



��

$VWURSK\VLFDO�/HVVRQV�IURP�*:7&����5DWHV

Ɣ ,Q�WKH�ORFDO�XQLYHUVH��WKH�DYHUDJH�ELQDU\�EODFN�KROH�PHUJHU�UDWH�LV�EHWZHHQ�
���DQG����*SF���\U���

Ɣ 7KH�ELQDU\�EODFN�KROH�PHUJHU�UDWH�SUREDEO\�HYROYHV�ZLWK�UHGVKLIW��EXW�
VORZHU�WKDQ�WKH�VWDU�IRUPDWLRQ�UDWH��LQFUHDVLQJ�E\�D�IDFWRU�RI�a����EHWZHHQ�
]� ���DQG�]� ����



2SHQ�4XHVWLRQV

Ɣ :KDW�LV�WKH�SK\VLFDO�RULJLQ�IRU�WKH�IHDWXUH�DW�a���VRODU�PDVVHV"�
Ɣ :KDW�LV�WKH�RULJLQ�RI�EODFN�KROHV�ZLWK�PDVVHV�DERYH����VRODU�PDVVHV"
Ɣ ,V�WKHUH�D�PDVV�JDS�EHWZHHQ�QHXWURQ�VWDUV�DQG�EODFN�KROHV"�
Ɣ :KDW�LV�WKH�QDWXUH�RI�WKH�����VRODU�PDVV�REMHFW�LQ�*:������"
Ɣ $UH�WKH�V\VWHPV�ZLWK�PLVDOLJQHG�VSLQV�WKH�UHVXOW�RI�G\QDPLFDO�DVVHPEO\"
Ɣ $UH�ZH�REVHUYLQJ�ELQDU\�EODFN�KROHV�IURP�PXOWLSOH�IRUPDWLRQ�FKDQQHOV"

��



7KDQN�\RX�

��


