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7KH DSSOLFDELOLW\ RI D QHZO\ LPSURYHG VHPLFODVVLFDO GLVWRUWHG ZDYH PRGHO ZLWK :LJQHU

WUDQVIRUP RI D RQH�ERG\ GHQVLW\ PDWUL[ KDV EHHQ LQYHVWLJDWHG WR D ZLGHU UDQJH RI WDUJHW PDVV QXPEHU�

7KH �S�S¶[� UHDFWLRQV RQ ��&� ��$O� ��1L� ��=U� DQG ���$X� DQG �S� Q[� UHDFWLRQ RQ ��=U DUH FKRVHQ WR EH

DQDO\]HG� &RPSDULVRQV ZLWK WKH FDOFXODWLRQV RI RWKHU PRGHOV� $0'� 40'� DQG )..� DUH DOVR

FDUULHG RXW� 7KH UHVXOWV VKRZV WKDW RXU PRGHO FDQ UHSURGXFH WKH H[SHULPHQWDO GRXEOH GLIIHUHQWLDO GDWD

ZHOO RYHU D ZLGHU UDQJH RI WDUJHW PDVV QXPEHU� DQG KDYH SUHGLFWLYH SRZHUV VLPLODU WR WKH RWKHU PRGHOV�

7KH SRVVLEOH UHDVRQ IRU RYHUHVWLPDWLRQ LQ �S�Q[� UHDFWLRQ LV GLVFXVVHG IURP WKH YLHZSRLQW RI WZR�ERG\

QXFOHRQ�QXFOHRQ VFDWWHULQJ� 7KH VHQVLWLYLW\ RI 6&': FDOFXODWLRQV WR VLQJOH SDUWLFOH SRWHQWLDO

SDUDPHWHUV LV DOVR LQYHVWLJDWHG�

�� ,QWURGXFWLRQ

5HFHQWO\ ZH KDYH SURSRVHG D QHZ VHPLFODVVLFDO GLVWRUWHG ZDYH �6&':� PRGHO ZLWK :LJQHU

WUDQVIRUP RI D RQH�ERG\ GHQVLW\ PDWUL[>�@� LQ ZKLFK WKH MM�FRXSOLQJ VKHOO PRGHO LV XVHG WR GHVFULEH WKH

VLQJOH SDUWLFOH ZDYH IXQFWLRQV LQ D ILQLWH UDQJH RI VLQJOH SDUWLFOH SRWHQWLDO� LQVWHDG RI WKH ORFDO GHQVLW\

)HUPL JDV �/)*� PRGHO XVHG LQ WKH SUHYLRXV 6&': PRGHO >�@� :H DOVR SHUIRUPHG SUDFWLFDO DQDO\VHV

RI H[SHULPHQWDO GDWD IRU WKH
��
=U�S� S
[� UHDFWLRQV DW �� DQG ��� 0H9 LQFLGHQW HQHUJLHV� 7KH UHVXOWV

VKRZHG WKDW WKH QHZ 6&': PRGHO LPSURYHG UHPDUNDEO\ WKH SUHYLRXV FDOFXODWLRQV RI WKH 6&':

PRGHO� ,Q SDUWLFXODU� WKH RQH�VWHS FURVV VHFWLRQV LQFUHDVHG JUHDWO\ DW EDFNZDUG DQJOHV� 7KH UHDVRQ ZDV

H[SODLQHG IURP WKH YLHZSRLQW RI QXFOHRQV PRPHQWXP GLVWULEXWLRQV� ,Q WKH /)* PRGHO� WKH WDUJHW

QXFOHRQV KDYH RQO\ PRPHQWD OHVV WKDQ WKH ORFDO )HUPL PRPHQWXP� 7KH UDQJH RI VFDWWHULQJ DQJOHV�

WKHUHIRUH� LV VXEMHFW WR D VWULQJHQW NLQHPDWLF UHVWULFWLRQ� ,Q WKH QHZ 6&': PRGHO� WKH KLJKHU

PRPHQWXP FRPSRQHQWV DUH LQFRUSRUDWHG LQWR WKH FDOFXODWLRQV EHFDXVH RI WKH XVH RI UHDOLVWLF VLQJOH

SDUWLFOH ZDYH IXQFWLRQV� $FFRUGLQJO\ WKH VWULQJHQW NLQHPDWLF UHVWULFWLRQV RI WKH )HUPL PRGHOV WKDW WHQG

WR UHGXFH WKH FURVV VHFWLRQV DW ODUJH DQG YHU\ VPDOO DQJOHV DUH UHOD[HG�

,Q WKLV SDSHU� ZH SUHVHQW PRUH FRPSDULVRQV RI QHZ 6&': FDOFXODWLRQV LQ RUGHU WR LQYHVWLJDWH WKH

DSSOLFDELOLW\ RI WKLV PRGHO IRU RWKHU UHDFWLRQV RYHU D ZLGHU UDQJH RI WDUJHW PDVV DQG LQFLGHQW HQHUJ\�

6LQFH WKHUH H[LVWV VHYHUDO 06' FDOFXODWLRQV E\ )..� $0'� DQG 40'� IRU
��
1L�S�S
[� DQG

��
=U�S�S
[�

UHDFWLRQV� LW LV DOVR LQWHUHVWLQJ WR VHH WKH VLPLODULWLHV DQG GLIIHUHQFHV DPRQJ WKH FDOFXODWLRQV E\ WKHVH

PRGHOV DQG WKH 6&': PRGHO�

�� $SSOLFDWLRQV WR D ZLGHU UDQJH RI WDUJHW PDVV QXPEHU DQG LQFLGHQW HQHUJ\

7KH �S�S¶[� UHDFWLRQV RQ ��&� ��$O� ��1L� ��=U� DQG ���$X DQG �S� Q[� UHDFWLRQ RQ ��=U DUH FKRVHQ IRU

RXU DQDO\VHV� 7KHLU H[SHULPHQWDO GDWD VKRZ WKH HYLGHQFH WKDW 06' SURFHVVHV SURYLGH WKH VLJQLILFDQW



IUDFWLRQ RI WKH FURVV VHFWLRQV� L�H�� WKH SUHVHQFH RI VPRRWKO\ IRUZDUG�SHDNHG DQJXODU GLVWULEXWLRQV

�RYHU D ZLGH UDQJH RI RXWJRLQJ HQHUJ\�� ZKLFK LV RI LQWHUHVW IRU WKH SUHVHQW VWXG\� 2Q WKH RWKHU KDQG�

WKHVH UHDFWLRQV FRYHU DQ LQWHUHVWLQJ UDQJH RI PDVV DQG LQFLGHQW HQHUJ\� ,Q WKH DOO 6&': FDOFXODWLRQV�

WKH :RRGV�6D[RQ SRWHQWLDO ZLWK JOREDO SDUDPHWHUV>�@ LV XVHG DV WKH ILQLWH UDQJH RI VLQJOH SDUWLFOH

SRWHQWLDO�
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Wu et al. (1979)

90 MeV 27Al(p,p'x)
 Ep'=70 MeV

SCDW-WS

d
2 σ  

/d
E

d
Ω

 (
m

b
/M

eV
 s

r)

Angle (deg.)

(b)

� �

� � � � � � � � �

10-4

10-3

10-2

10-1

100

101

0 30 60 90 120 150 180

1+2+3STEP
1STEP
2STEP
3STEP
Fortsch

120 MeV 58Ni(p,p'x)
 Ep'=100 MeV
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Richter et al.

200 MeV 90Zr(p,p'x)
 Ep'=140 MeV
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150 MeV 197Au(p,p'x)
 Ep'=120 MeV
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Scobel et al.

160 MeV 90Zr(p,nx)
 Ep'=120 MeV
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)LJ� �� &RPSDULVRQ RI 6&': FDOFXODWLRQV ZLWK PHDVXUHG GRXEOH GLIIHUHQWLDO FURVV

VHFWLRQV IRU WKH �S�S¶[� UHDFWLRQV RQ
��
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$O�

��
1L�

��
=U� DQG

���
$X� DV ZHOO DV WKH �S�Q[�

UHDFWLRQ RQ
��
=U� ,Q HDFK SDQHO� WKH FURVV VHFWLRQV RI RQH�� WZR�� DQG WKUHH�VWHS SURFHVVHV

DUH UHSUHVHQWHG E\ WKH VKRUW�GDVKHG� WKH GDVKHG�GRWWHG� DQG WKH ORQJ�GDVKHG OLQHV� 7KH

VROLG OLQHV FRUUHVSRQGV WR WKHLU VXP�



)LJXUHV ��D� WKURXJK ��H� VKRZ WKH DSSOLFDELOLW\ RI WKH 6&': PRGHO WR D ZLGHU UDQJH RI PDVV

QXPEHU� ,W LV VHHQ WKDW WKH QHZ 6&': PRGHO UHSURGXFHV ZHOO WKH H[SHULPHQWDO GDWD IRU �S�S
[�

UHDFWLRQV� $JUHHPHQW RI WKH FDOFXODWLRQV ZLWK PHDVXUHG GDWD LV VDWLVIDFWRU\ H[FHSW DW VPDOO DQJOHV IRU

WKH KLJKHU HPLVVLRQ HQHUJLHV� 7KH RQH�VWHS FURVV VHFWLRQV GR QRW GURS RII DW WKH YHU\ IRUZDUG DQG ODUJH

DQJOHV DV WKH SUHYLRXV RQHV >�@� $SSDUHQWO\ WKH RQH�VWHS FURVV VHFWLRQ SURYLGHV WKH PDMRU SDUW RI WKH

WRWDO FURVV VHFWLRQ� ,Q SDUWLFXODU� WKH RQH�VWHS LV SUHGRPLQDQW DW WKH KLJKHVW HPLVVLRQ HQHUJ\� DQG LV

DOPRVW VXIILFLHQW WR H[SODLQ WKH GDWD� 7KLV UHVXOW LV UHDVRQDEOH EHFDXVH WKH RQH�VWHS SURFHVV GRPLQDWHV

WKH SUH�HTXLOLEULXP UHDFWLRQ IRU KLJK HPLVVLRQ HQHUJ\� )RU WKH KLJKHVW HPLVVLRQ HQHUJ\� KRZHYHU� WKH

RQH�VWHS FURVV VHFWLRQ VWLOO GURSV DW WKH YHU\ IRUZDUG DQJOH� $OVR WKH QHZ FDOFXODWLRQV VWLOO

RYHUHVWLPDWH WKH H[SHULPHQWDO GDWD QHDU WKH TXDVLHODVWLF VFDWWHULQJ �4(6� DQJOH E\ D IDFWRU RI DERXW ��

� VLPLODU WR WKH SUHYLRXV FDOFXODWLRQV� DOWKRXJK WKH SHDN LV VOLJKWO\ GHGXFHG DQG VKLIWHG WR IRUZDUG

DQJOHV�

)LJXUHV���D� DQG ��E� VKRZ WKDW WKH 6&': FDOFXODWLRQV UHSURGXFH H[FHOOHQWO\ WKH H[SHULPHQWDO

GDWD IRU OLJKW WDUJHW QXFOHL
��
& DQG

��
$O� )LJ ��G� VKRZV WKDW WKH 6&': FDOFXODWLRQ LV DOVR DSSOLFDEOH

WR WKH KLJKHU LQFLGHQW HQHUJ\ XS WR ��� 0H9� DQG KDV VLPLODU IHDWXUHV DV WKRVH UHDFWLRQV VKRZQ DW

RWKHU LQFLGHQW HQHUJLHV� )LJV� ��I� VKRZV WKH DSSOLFDELOLW\ WR �S�Q[� UHDFWLRQ� +RZHYHU� WKH FDOFXODWLRQ

RYHUHVWLPDWHV WKH GDWD LQ WKH ZKROH DQJXODU UHJLRQ�

�� &RPSDULVRQ ZLWK RWKHU PRGHOV

:H FRPSDUH WKH 6&': FDOFXODWLRQV ZLWK WKH UHVXOWV RI WKH RWKHU PRGHOV� $0'� 40'� DQG )..

LQ RUGHU WR LQYHVWLJDWH ZKHWKHU RXU 6&': PRGHO LV FRPSDUDEOH LQ TXDOLW\ ZLWK WKH RWKHU PRGHOV DQG

WR GLVFXVV WKH VLPLODULWLHV DQG GLIIHUHQFHV�

)LUVWO\� D FRPSDULVRQ ZLWK $0'>�@ LV PDGH IRU
��
1L�S�S
[� DW ��� 0H9 LQ )LJ �� $JUHHPHQW LV

JHQHUDOO\ JRRG� DOWKRXJK WKH 6&': WKUHH�VWHS FURVV VHFWLRQV DUH VRPHZKDW VPDOOHU WKDQ WKH $0'

RQHV� ,W LV QRWLFHDEOH WKDW WKH $0' RQH�VWHS FURVV VHFWLRQV DOVR VKRZ SHDNV QHDU WKH 4(6 DQJOHV�

WKRXJK VOLJKWO\ VKLIWHG IRUZDUG� 6XFK SHDNV GR QRW DSSHDU LQ WKH FURVV VHFWLRQV LQ 40' FDOFXODWLRQV�

6HFRQGO\� 6&': DQG 40'>�@ DUH FRPSDUHG LQ )LJV� � DQG �� 2QH VHHV VRPH GLIIHUHQFHV LQ RQH�

VWHS DQJXODU GLVWULEXWLRQV� LQ SDUWLFXODU DW YHU\ IRUZDUG DQJOHV� 7KH 40' RQH�VWHS FURVV VHFWLRQV

VKRZ IRUZDUG SHDNV ZLWKRXW WKH VWHHS IDOO LQ WKH YLFLQLW\ RI ]HUR GHJUHH WKDW LV VHHQ LQ WKH 6&': RQHV�

7KH 40' XVHG WKH *DXVVLDQ�OLNH VKDSH RI PRPHQWXP GLVWULEXWLRQ ZKLFK DOVR LQFOXGH WKH KLJKHU

PRPHQWXP FRPSRQHQWV RI WDUJHW QXFOHRQV� 7KH DXWKRUV>�@ RQFH LQYHVWLJDWHG WKH HIIHFW RI WKH

PRPHQWXP GLVWULEXWLRQ WR WKH DQJXODU GLVWULEXWLRQ E\ XVLQJ WKH GLIIHUHQW PRPHQWXP GLVWULEXWLRQV� D�

8QLILHG )HUPL JDV GLVWULEXWLRQ ZKLFK LV VLPLODU WR RXU /)* GLVWULEXWLRQ� DQG E� *DXVVLDQ�OLNH VKDSH RI

PRPHQWXP GLVWULEXWLRQ ZKLFK LV VLPLODU WR RXU GLVWULEXWLRQ IRU :RRGV�6D[RQ SRWHQWLDO� ,W ZDV IRXQG

WKDW WKH KLJKHU PRPHQWXP FRPSRQHQWV FDQ QRW OHDG WR WKH GUDPDWLF LQFUHDVH LQ RQH�VWHS FURVV VHFWLRQ

LQ WKH YLFLQLW\ RI ]HUR GHJUHH� EXW OHDGV WR WKH VKLIW RI WKH 4(6 SHDN WR WKH IRUZDUG DQJOHV� ,Q WKLV

DVSHFW� RXU QHZ 6&': PRGHO VKRZV VLPLODU IHDWXUH WR WKH 40' PRGHO� ,W VHHPV WKDW WKH UHDVRQ ZK\

RQH�VWHS FURVV VHFWLRQ GURSV RII LQ WKH YLFLQLW\ RI ]HUR GHJUHH FDQ QRW EH H[SODLQHG E\ WKH )HUPL�

PRWLRQ RI WKH WDUJHW QXFOHRQV�

,W ZDV DOVR PHQWLRQHG LQ 5HI�>�@ WKDW WKH EHKDYLRU RI WKH 40' RQH�VWHS FURVV VHFWLRQV QHDU ]HUR

GHJUHH ZDV VWURQJO\ DIIHFWHG E\ WKH UHIUDFWLRQ RI WKH LQFLGHQW DQG RXWJRLQJ SDUWLFOHV E\ WKH PHDQ ILHOG�

DQG WKH VWHHS GURS DW WKH YHU\ IRUZDUG DQJOHV FDQ EH WRWDOO\ ZDVKHG RXW E\ WKH UHIUDFWLRQ HIIHFW� 7KH

6&': FDOFXODWLRQV DOVR DXWRPDWLFDOO\ WDNHV DFFRXQW RI WKH UHIUDFWLRQ E\ WKH GLVWRUWLQJ SRWHQWLDOV�

+RZHYHU� WKH HIIHFW ZDV IRXQG WR EH VPDOO� $V IRU WKH WZR� DQG WKUHH�VWHS FURVV VHFWLRQV� WKH 6&':

DQG 40' FURVV VHFWLRQV DUH VLPLODU LQ VKDSH� DOWKRXJK 6&': \LHOGV VPDOOHU FURVV VHFWLRQV DW WKH

KLJKHVW HPLVVLRQ HQHUJ\ WKDQ WKH 40'�

7KLUGO\� D FRPSDULVRQ RI 6&': ZLWK )..>�@ LV PDGH LQ )LJ� �� &RQVLGHUDEOH GLIIHUHQFH LQ RQH�

VWHS FURVV VHFWLRQV LV VHHQ EHWZHHQ WKH SUHGLFWLRQV RI WKH WZR PRGHOV� DOWKRXJK WKH KLJKHU�VWHS FURVV

VHFWLRQV GR QRW GLIIHU DV PXFK� ).. JLYHV VWHHSHU IDOO RI RQH�VWHS FURVV VHFWLRQV WRZDUGV ODUJH DQJOHV

WKDQ 6&':� 7KH UHODWLYH FRQWULEXWLRQV RI WKH WZR� DQG WKH WKUHH�VWHS SURFHVVHV DW EDFNZDUG DQJOHV



DUH ODUJHU LQ ).. WKDQ LQ 6&':�

)URP WKH DERYH FRPSDULVRQV� ZH FDQ XQGHUVWDQG WKDW WKH FDOFXODWHG DQJXODU GLVWULEXWLRQ RI WKH

RQH�VWHS SURFHVV LV VWURQJO\ PRGHO�GHSHQGHQW DQG WKRVH RI WKH PXOWLVWHS SURFHVVHV DUH QRW� ,Q DGGLWLRQ�

WKH UHODWLYH PDJQLWXGH RI WKH FRQWULEXWLRQV RI LQGLYLGXDO PXOWLVWHSV LV UDWKHU VLPLODU LQ DOO WKH PRGHOV

FRPSDUHG� ,W LV FRQFOXGHG WKDW WKH 6&': PRGHO FDQ UHSURGXFH WKH H[SHULPHQWDO GDWD WR WKH VDPH

H[WHQW DV WKH RWKHU PRGHOV �)..� 40'� DQG $0'��

�� 'LVFXVVLRQV

D� 7ZR�ERG\ QXFOHRQ�QXFOHRQ VFDWWHULQJ

$OWKRXJK WKH 6&': PRGHO LV LPSURYHG E\ LQWURGXFLQJ WKH UHDOLVWLF VLQJOH SDUWLFOH ZDYH IXQFWLRQV�

WKHUH VWLOO H[LVWV WKUHH SUREOHPV WR EH IXUWKHU LQYHVWLJDWHG� �� WKH RYHUHVWLPDWLRQ IRU �S�Q[� UHDFWLRQ� DV

VKRZQ LQ )LJ� ��I�� �� WKH GURS RI RQH�VWHS FURVV VHFWLRQ QHDU ]HUR GHJUHH� DQG �� WKH RYHUHVWLPDWLRQ

QHDU WKH 4(6 DQJOH IRU WKH KLJKHVW HPLVVLRQ HQHUJ\� $V IRU WKH ILUVW SUREOHP� ZH DWWHPSW WR H[SODLQ

WKH SRVVLEOH UHDVRQ IURP WKH YLHZSRLQW RI WZR�ERG\ QXFOHRQ�QXFOHRQ �11� VFDWWHULQJ�

,Q WKH 6&': FDOFXODWLRQV� WKH WZR�ERG\ 11 VFDWWHULQJ FURVV VHFWLRQV LQ IUHH VSDFH� GHQRWHG E\

σ
SS

DQG σ
SQ
� DUH XVHG� 7KH YDOXHV RI IUHH VSDFH DV ZHOO DV WKH LQ�PHGLXP 11 FURVV VHFWLRQV RI

&XJQRQ >�@ DUH VKRZQ LQ )LJ� ��D�� ,W LV VHHQ WKDW WKH IUHH σ
SQ

LV ODUJHU WKDQ WKH IUHH σ
SS
� %\

FRQVLGHULQJ WZR FDVHV� ZH PDGH WHVW FDOFXODWLRQV RI WKH FURVV VHFWLRQV LQ WKH ��=U�S�Q[� DQG ��=U�S�S
[�

UHDFWLRQV DW ��� 0H9 LQFLGHQW DQG ��� 0H9 HPLVVLRQ HQHUJLHV� 2QH FDVH LV WKDW WKH IUHH σ
SS

DQG

σ
SQ

LV WDNHQ DV GLIIHUHQW� DV ZH GLG LQ DOO FDOFXODWLRQV� $QRWKHU FDVH LV WKDW WKH YDOXH RI σ
SQ

LV

DVVXPHG WR EH VDPH DV WKDW RI σ
SS
� 7KH UHVXOWV DUH VKRZQ LQ )LJV� ��E� DQG ��F�� ,W LV VHHQ WKDW WKH

FURVV VHFWLRQ LQ ��=U�S�Q[� UHDFWLRQ IRU WKH VHFRQG FDVH LV UHGXFHG DQG FORVHU WR WKH H[SHULPHQWDO GDWD

LQ WKH PDJQLWXGH� $QG� WKH FURVV VHFWLRQ LQ ��=U�S�S¶[� UHDFWLRQ LV DOVR UHGXFHG�

,W LV QRWHG WKDW� LQ WKH 40' FDOFXODWLRQV� WKH LQ�PHGLXP 11 FURVV VHFWLRQV RI &XJQRQ DUH XVHG IRU

WKH �S�S
[� DQG �S�Q[� UHDFWLRQV� ZKLFK KDYH DOPRVW VDPH PDJQLWXGH ZLWK D GLIIHUHQFH OHVV WKDQ ��

SHUFHQW LQ WKH HQHUJ\ UDQJH RI ������ 0H9� DQG DUH FORVHU WR WKH IUHH VSDFH σ
SS

DV VKRZQ LQ )LJ�

��D�� 2Q WKH RWKHU KDQG� WKH ).. FDOFXODWLRQV XVH WKH VDPH YDOXHV RI WKH VWUHQJWK �
�
RI HIIHFWLYH

QXFOHRQ�QXFOHRQ LQWHUDFWLRQV IRU ERWK W\SHV RI UHDFWLRQV� ZKLFK FRUUHVSRQGV WR RXU VHFRQG FDVH� 7KH

40' DQG ).. FDOFXODWLRQV VKRZHG WKH DJUHHPHQW ZLWK WKH H[SHULPHQWDO GDWD IRU ERWK W\SHV RI

UHDFWLRQV� 7KLV PLJKW LQGLFDWH WKDW D ZHDN LVRVSLQ GHSHQGHQFH LV UHTXLUHG IRU VLPXOWDQHRXV ILWV WR WKH

06' FURVV VHFWLRQV RI �S�S¶[� DQG �S�Q[� UHDFWLRQV� 7KHUHIRUH� LW LV VXJJHVWHG WR LQYHVWLJDWH IXUWKHU WKH

HIIHFW RI LVRVSLQ GHSHQGHQFH RI LQ�PHGLXP 11 VFDWWHULQJ FURVV VHFWLRQV RQ WKH FDOFXODWLRQV RI WKH

06' FURVV VHFWLRQV� EHFDXVH WKH WZR�ERG\ 11 FURVV VHFWLRQV DUH LPSRUWDQW LQSXW SDUDPHWHUV IRU

YDULRXV PRGHO FDOFXODWLRQV�

$V IRU WKH RWKHU WZR SUREOHPV� QDPHO\ WKH GURS RI RQH�VWHS FURVV VHFWLRQ QHDU ]HUR GHJUHH� DQG WKH

RYHUHVWLPDWLRQ QHDU WKH 4(6 DQJOH IRU WKH KLJKHVW HPLVVLRQ HQHUJ\� WKH UHDVRQV DUH QRW FOHDU DW SUHVHQW�

)XUWKHU VWXG\ ZLOO EH QHFHVVDU\�

E� 6HQVLWLYLW\ RI 6&': FDOFXODWLRQV WR VLQJOH SDUWLFOH SRWHQWLDO SDUDPHWHUV

,Q WKH FDOFXODWLRQV RI :LJQHU WUDQVIRUP� WKH :RRGV�6D[RQ SRWHQWLDO ZLWK JOREDO SDUDPHWHUV LV

XVHG IRU DOO WDUJHW QXFOHL FKRVHQ IRU WKLV VWXG\� ,W PLJKW EH DUJXHG WKDW WKH 6&': FDOFXODWLRQV FDQ EH

IXUWKHU LPSURYHG LI WKH EHVW�DGMXVWHG SRWHQWLDO SDUDPHWHUV DUH XVHG� 7R LQYHVWLJDWH WKH HIIHFW RI WKH

SRWHQWLDO SDUDPHWHUV RQ WKH 6&': FDOFXODWLRQV� ZH FDOFXODWHG ''; E\ XVLQJ WZR W\SH RI SRWHQWLDO

SDUDPHWHUV IRU WKH ��&�S�S
[� DW ��� 0H9 LQFLGHQW DQG ��� 0H9 RXWJRLQJ HQHUJ\� 2QH VHW RI SRWHQWLDO

SDUDPHWHUV LV WKH JOREDO RQH� DQG DQRWKHU LV WKH EHVW�DGMXVWHG SRWHQWLDO SDUDPHWHUV JLYHQ E\ %HDU DQG

+RGJVRQ >�@�

)LJXUH � VKRZV WKH 6&': FDOFXODWLRQV FRUUHVSRQGLQJ WR WZR FDVHV RI SRWHQWLDO SDUDPHWHUV� ,W LV

VHHQ WKDW WKH UHVXOWV GR QRW FKDQJH VR PXFK� ZKLFK LQGLFDWHV WKDW WKH FURVV VHFWLRQV GR QRW GHSHQG

VWURQJO\ RQ WKH SDUWLFXODU FKRLFH RI SRWHQWLDO SDUDPHWHUV� 7KH :RRGV�6D[RQ SRWHQWLDO ZLWK JOREDO

SDUDPHWHUV LV JRRG HQRXJK WR UHSURGXFH RYHUDOO WKH H[SHULPHQWDO GDWD� 7KLV FDQ EH UHJDUG DV RQH RI



WKH DGYDQWDJHV RI WKH 6&': PRGHO IURP WKH YLHZSRLQW RI DSSOLFDWLRQ�
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)LJ� �� 'HSHQGHQFH RI 6&': FDOFXODWLRQV RQ WZR�ERG\ QXFOHRQ�QXFOHRQ VFDWWHULQJ� �D� 7KH

IUHH QXFOHRQ�QXFOHRQ VFDWWHULQJ FURVV VHFWLRQV DQG LQ�PHGLXP RQHV E\ &XJQRQ� �E�

&RPSDULVRQV RI WKH GRXEOH GLIIHUHQWLDO FURVV VHFWLRQV �VXPPHG RYHU WKH LQGLYLGXDO VWHS FURVV

VHFWLRQV� IRU WZR FDVHV� �� IUHH σ
SS
�VROLG OLQH� DQG σ

SQ
�GRWWHG OLQH�� �� σ

SQ
LV DVVXPHG WR

EH VDPH DV σ
SS
� 7KH UHDFWLRQ LV

��
=U�S�Q[� DW ��� 0H9 LQFLGHQW DQG ��� 0H9 RXWJRLQJ

HQHUJLHV� �F� 6DPH DV �E�� EXW IRU
��
=U�S�S¶[� DW ��� 0H9 LQFLGHQW DQG ��� 0H9 RXWJRLQJ

HQHUJLHV�



�� 6XPPDU\

,Q WKLV SDSHU� WKH 6&': DQDO\VHV DUH FDUULHG IRU WKH �S�S
[� DQG �S�Q[� UHDFWLRQV RQ WKH WDUJHW

QXFOHL ��&� ��$O� ��1L� ��=U� DQG ���$X LQ RUGHU WR H[DPLQH WKH DSSOLFDELOLW\ RI WKH 6&': PRGHO RYHU D

ZLGHU UDQJH RI PDVV QXPEHU DQG LQFLGHQW HQHUJ\� 7KH 6&': FDOFXODWLRQV DUH DOVR FRPSDUHG ZLWK

WKRVH RI RWKHU PRGHOV�)..� $0'� 40'��

7KH UHVXOWV VKRZ WKDW WKH 6&': PRGHO FDQ LQGHHG UHSURGXFH ZHOO WKH H[SHULPHQWDO GDWD IRU ERWK

�S�S
[� DQG �S�Q[� UHDFWLRQV RYHU D ZLGHU UDQJH RI PDVV QXPEHU DQG LQFLGHQW HQHUJ\� $JUHHPHQW LV

VDWLVIDFWRU\ H[FHSW DW IRUZDUG DQJOHV IRU WKH KLJKHU HPLVVLRQ HQHUJLHV� ,Q SDUWLFXODU� WKH FDOFXODWLRQ IRU
��&�S�S
[� DJUHHV H[FHOOHQWO\ ZHOO ZLWK WKH H[SHULPHQWDO GDWD� 7KH UHVXOWV DOVR VKRZ WKDW WKLV PRGHO LV

DSSOLFDEOH WR KLJKHU LQFLGHQW HQHUJ\ XS WR ��� 0H9� 7KH FRPSDULVRQV ZLWK WKH RWKHU PRGHOV VKRZ

WKDW WKH 6&': PRGHO FDQ UHSURGXFH WKH H[SHULPHQWDO GDWD WR WKH VDPH H[WHQW DV WKHVH PRGHOV�

DOWKRXJK WKHUH DUH VRPH GLIIHUHQFH LQ LQGLYLGXDO VWHS FURVV VHFWLRQV� ,W LV QRWLFHG WKDW WKHUH DUH VRPH

SUREOHPV WR EH IXUWKHU LQYHVWLJDWHG� 2QH RI WKHP LV WKH RYHUHVWLPDWLRQ IRU �S�Q[�� 7KH SRVVLEOH UHDVRQ

IRU WKLV RYHUHVWLPDWLRQ LV GLVFXVVHG IURP WKH YLHZSRLQW RI WZR�ERG\ QXFOHRQ�QXFOHRQ VFDWWHULQJ� ,W LV

VXJJHVWHG WKDW WKH HIIHFW RI LVRVSLQ GHSHQGHQFH RI LQ�PHGLXP 11 VFDWWHULQJ FURVV VHFWLRQV RQ WKH

FDOFXODWLRQV RI WKH FURVV VHFWLRQV VKRXOG IXUWKHU EH LQYHVWLJDWHG� )LQDOO\� WKH VHQVLWLYLW\ RI 6&':

FDOFXODWLRQV WR VLQJOH SDUWLFOH SRWHQWLDO ZDV LQYHVWLJDWHG� ,W LV VHHQ WKDW WKH GHSHQGHQFH RI WKH 6&':

PRGHO RQ WKH SRWHQWLDO SDUDPHWHUV LV QRW VWURQJ� ZKLFK FDQ EH UHJDUG DV RQH RI WKH DGYDQWDJHV RI WKH

6&': PRGHO IURP WKH YLHZSRLQW RI DSSOLFDWLRQ�

5HIHUHQFHV�
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)LJ� � &RPSDULVRQ RI WKH 6&': FDOFXODWLRQV ZLWK GLIIHUHQW :RRGV�6D[RQ SRWHQWDLOV

SDUDPHWHUV IRU WKH
��
&�S�S¶[� UHDFWLRQ DW ��� 0H9 LQFLGHQW DQG ��� 0H9 RXWJRLQJ

HQHUJLHV� �D� JOREDO RQHV >�@� DQG �E� %HDU�+RGJVRQ¶V RQHV >�@��


