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'RXEOH�GLIIHUHQWLDO QHXWURQ HPLVVLRQ FURVV VHFWLRQV �'';V� RI ���8 DQG ���7K ZHUH

PHDVXUHG XVLQJ WKH WLPH�RI�IOLJKW �72)� PHWKRG IRU ��� DQG ��� 0H9 QHXWURQV� 7KH GDWD IRU

a� 0H9 LQFLGHQW QHXWURQV DUH UHTXLUHG EHFDXVH RI D ODUJH FKDQJH RI WKH VSHFWUD IURP

GLVFUHWH WR FRQWLQXXP EHWZHHQ � 0H9 DQG � 0H9� 7KH SUHVHQW GDWD VKRZ WKDW GLVFUHWH

VWUXFWXUHV FRQVLVWLQJ RI ([a��� DQG a��� 0H9 JURXSV RI H[FLWHG VWDWHV DUH GRPLQDQW LQ ���

0H9� ZKLOH D FRQWLQXXP LV PDMRU LQ ��� 0H9�

���,QWURGXFWLRQ

���8 DQG ���7K DUH RQH RI WKH PDLQ FRQVWLWXHQW HOHPHQWV LQ EUHHGHU UHDFWRUV� 7KH

HQHUJ\ VSHFWUD RI VFDWWHUHG QHXWURQV IURP ���8 DQG ���7K� WKHUHIRUH� DUH RI JUHDW LPSRUWDQFH

WR HYDOXDWH WKH VORZLQJ GRZQ RI QHXWURQV LQ WKH UHDFWRUV DQG WR QHXWURQLFV�GHVLJQ RI WKH

UHDFWRUV� +RZHYHU� H[SHULPHQWDO GDWD RI VHFRQGDU\ QHXWURQ VSHFWUD RI ���8 DQG� ���7K DUH

YHU\ VFDUFHO\� +HQFH ODUJH GLIIHUHQFHV H[LVW DPRQJ WKH HYDOXDWHG GDWD�

,Q RXU SUHYLRXV ZRUNV� WKH GRXEOH GLIIHUHQWLDO QHXWURQ HPLVVLRQ FURVV VHFWLRQV

�'';V� RI ���8 DQG ���7K ZHUH PHDVXUHG IRU ���� �� �� �� �� DQG �� 0H9 QHXWURQV ������� ,Q

WKH SUHVHQW ZRUN� WKH '';V ZHUH PHDVXUHG IRU ��� DQG ��� 0H9 QHXWURQV XVLQJ WKH WLPH�

RI�IOLJKW �72)� PHWKRG IROORZLQJ RXU SUHYLRXV ZRUNV� 7KH GDWD DURXQG � 0H9 LQFLGHQW

HQHUJLHV DUH UHTXLUHG EHFDXVH D ODUJH FKDQJH RI WKH VSHFWUD ZDV IRXQG EHWZHHQ � DQG �

0H9�

���([SHULPHQW

)LJ�� ([SHULPHQWDO JHRPHWU\

 Water   Paraffin   Water       Lead

Neutron
Target

Sample

Beam

Shadow-Bar

Pre-Shield

Main Detector
5"-diamx2"-thick NE213

Monitor Detector
2"-diamx2"-thick NE213

Shadow-Bar

Paraffin



'';V RI ���8 DQG ���7K IRU ��� DQG ��� 0H9 QHXWURQV ZHUH PHDVXUHG XVLQJ WKH

72) PHWKRG DW 7RKRNX 8QLYHUVLW\ ��� 09 '\QDPLWURQ IDFLOLW\� 7KH H[SHULPHQWDO

DUUDQJHPHQW LV VKRZQ LQ ILJ��� 3ULPDU\ QHXWURQV RI ��� DQG ��� 0H9 ZHUH SURGXFHG E\ WKH

7�S�Q� DQG '�G�Q� UHDFWLRQ XVLQJ D 7L�7 DQG '� JDV FHOO ��FP�GLDP×���FP�ORQJ� �DWP�

WDUJHW� UHVSHFWLYHO\� ,Q WKH ��� 0H9 VRXUFH QHXWURQ VSHFWUXP� FRQWDPLQDQW QHXWURQV ORZHU

WKDQ ���0H9 ZHUH IRXQG ZLWK DQ LQWHQVLW\ RI a�� � IUDFWLRQ WR WKH SULPDU\ QHXWURQV� 7KH

HIIHFW RI WKH FRQWDPLQDQW QHXWURQV ZDV FRUUHFWHG IRU EDVHG RQ D 0RQWH�&DUOR FDOFXODWLRQ ����

6FDWWHULQJ VDPSOHV ZHUH PHWDOOLF F\OLQGHUV RI HOHPHQWDO XUDQLXP DQG WKRULXP� ��FP�GLDP

×��FP�ORQJ� DQG HQFDVHG LQ ����PP�WKLFN DOXPLQXP FDQV� $Q HPSW\ DOXPLQXP�FDQ ZDV

XVHG IRU WKH EDFNJURXQG PHDVXUHPHQW� 7KH QHXWURQ GHWHFWRU ZDV D PDVVLYHO\ VKLHOGHG

1(��� VFLQWLOODWRU� �����FP�GLDP×����FP�WKLFN� DQG WKH IOLJKW SDWK ZDV a� P� 1HXWURQ

VSHFWUD ZHUH PHDVXUHG DW � DQJOHV EHWZHHQ ��° DQG ���°� $ PRQLWRU GHWHFWRU RI D 1(���

VFLQWLOODWRU� �����FP�GLDP×�����FP�WKLFN� PHDVXUHG WKH VSHFWUXP DQG LQWHQVLW\ RI VRXUFH

QHXWURQV DW a��° UHODWLYH WR WKH LQFLGHQW EHDP� 7KLV GHWHFWRU ZDV VKDGRZHG IURP WKH

VDPSOHV WR DYRLG UDGLDWLRQV IURP WKH XUDQLXP DQG WKRULXP VDPSOHV� 7KUHH�SDUDPHWHU GDWD

IRU 72)� SXOVH�VKDSH �Q�γ� DQG SXOVH�KHLJKW ZHUH FROOHFWHG LQ D OLVW PRGH� $EVROXWH FURVV

VHFWLRQV ZHUH GHWHUPLQHG UHODWLYH WR WKH +�Q�Q� FURVV VHFWLRQ E\ PHDVXULQJ D SRO\HWK\OHQH

VDPSOH� $ FXUYH RI UHODWLYH HIILFLHQF\ ZDV GHWHUPLQHG E\ PHDVXUHPHQW RI WKH ILVVLRQ

QHXWURQ VSHFWUXP IURP ���&I DQG FDOFXODWLRQ RI 6&,1)8/�FRGH ����

���'DWD�5HGXFWLRQ

7KH 72) VSHFWUD IRU ��� DQG ��� 0H9 LQFLGHQW QHXWURQV DUH VKRZQ LQ ILJ�� DQG ILJ���

UHVSHFWLYHO\� )RUHJURXQG VSHFWUD DQG D EDFNJURXQG VSHFWUXP ZHUH QRUPDOL]HG XVLQJ FRXQWV

RI WKH PRQLWRU GHWHFWRU� 7KH 72) VSHFWUD ZHUH FRQYHUWHG LQWR HQHUJ\ VSHFWUD FRQVLGHULQJ

WKH UHODWLYH HIILFLHQF\� 7KH HQHUJ\ VSHFWUD ZHUH FRUUHFWHG IXUWKHU IRU WKH HIIHFWV RI VDPSOH�

GHSHQGHQW EDFNJURXQGV DQG ILQLWH�VDPSOH�VL]H E\ D 0RQWH�&DUOR FDOFXODWLRQ ����

)LJ�� 72) VSHFWUD IRU (Q ��� 0H9 DW ��° )LJ�� 72) VSHFWUD IRU (Q ��� 0H9 DW ��°
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���5HVXOW

)LJXUH � DQG )LJ�� VKRZ WKH SUHVHQW ''; UHVXOWV IRU ��� DQG ��� 0H9 LQFLGHQW

QHXWURQV LQ FRPSDULVRQ ZLWK WKH HYDOXDWHG QXFOHDU GDWD� UHVSHFWLYHO\� ���8 DQG ���7K DUH

HYHQ�HYHQ QXFOHL ZLWK FORVH DWRPLF QXPEHUV� )RU WKLV UHDVRQ� WKH\ VKRZ VLPLODU VWUXFWXUHV

RI H[FLWHG VWDWHV DURXQG ([a��� DQG a� 0H9 GXH WR YLEUDWLRQ OHYHOV� ,Q WKH VSHFWUD IRU ���

0H9� WKH GLVFUHWH VWUXFWXUHV RI ([a��� DQG a� 0H9 JURXSV DUH GLVWLQFW� ZKLOH LQ WKH FDVH RI

��� 0H9� WKH VSHFWUD FKDQJH WR FRQWLQXRXV� )RU ���8� WKH GDWD RI -(1'/���� DUH IDLUO\ FORVH

WR WKH SUHVHQW GDWD� EXW IRU ���7K� WKH GDWD RI ERWK -(1'/���� DQG (1')�%�9,

RYHUHVWLPDWH WKH H[FLWDWLRQ RI ([a��� DQG a��� 0H9 JURXSV LQ ERWK LQFLGHQW HQHUJLHV�

)LJXUH � DQG ILJ�� VKRZ DQJXODU GLVWULEXWLRQV RI WKH HODVWLF JURXS ���� ��� ��� ��� IRU

��� DQG ��� 0H9 LQFLGHQW QHXWURQV� UHVSHFWLYHO\� )RU ���8� ERWK WKH HYDOXDWHG GDWD DUH LQ

DJUHHPHQW ZLWK WKH SUHVHQW GDWD� )RU ���7K� WKH GDWD RI -(1'/���� LV VOLJKWO\ GLIIHUHQW

IURP WKH SUHVHQW GDWD LQ WKH GLVWULEXWLRQ�

>�@ 0� %DED HW DO�� -� 1XFO� 6FL�DQG 7HFKQRO�� �� ������ ��������

>�@ 6� 0DWVX\DPD HW DO�� -$(5,�0 �������

>�@ 0� %DED HW DO�� 1XFO� ,QVWUXP� DQG 0HWKRGV $��� ������ ��������

>�@ 9� 9� 9HUELQVNL HW DO�� 1XFO� ,QVWUXP� DQG 0HWKRGV $�� ������ ��
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