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$EVWUDFW

%HO\DQFKHQNR 6�$�� %UHNKRYVNLNK 9�9�� '\DWFKHQNR 9�$� HW DO� 3KRWRWULRGHV DQG 3KRWRWHWURGHV ZLWK +LJK

*DLQ� ,+(3 3UHSULQW ����±��� ± 3URWYLQR� ����� ± S� �� ILJV� �� WDEOHV �� UHIV�� ��

7KH QHZ UHVXOWV RQ WKH GHVLJQ DQG FKDUDFWHULVWLFV RI SKRWRWULRGHV ZLWK D JDLQ RI ��−�� DQG SKRWRWHWRGHV
ZLWK D JDLQ XS WR ��� DUH GHVFULEHG� 7KHVH SKRWRUHFHLYHUV ZHUH GHVLJQHG DQG SURGXFHG DW ,+(3 DQG 0(/= LQ WKH

ODVW IRXU \HDUV� 0(/= KDV VWDUWHG WR SURGXFH VXFK SKRWRWULRGHV ZLWK UDGLDWLRQ KDUGHQHG &H�GRSHG SKRWRFDWKRGH
ZLQGRZ� 7KH SRVVLELOLWLHV RI XVLQJ WKHVH UHVXOWV IRU SKRWRPXOWLSOLHUV GHVLJQLQJ ZKLFK FDQ RSHUDWH LQ PDJQHWLF

ILHOGV PRUH WKDQ � 7� PXOWLFKDQQHO SKRWRPXOWLSOLHUV DQG SDUWLFOH GHWHFWRUV ZLWK KLJK WLPH UHVROXWLRQ DUH

GLVFXVVHG�

:gghlZpby

;_eygq_gdh K�:�� ;j_oh\kdbo <�<�� >ylq_gdh <�:� b ^j� Nhlhljbh^u b nhlhl_ljh^u k \ukhdbf

mkbe_gb_f� Ij_ijbgl BN<W ����−��� − Ijhl\bgh� ����� ± � k�� � jbk�� � lZ[e�� [b[ebh]j�� ��

HibkZgu gh\u_ j_amevlZlu ih oZjZdl_jbklbdZf nhlhljbh^h\ k mkbe_gb_f ��−�� b nhlhl_ljh^h\
k mkbe_gb_f ^h ���� Wlb nhlhijbzfgbdb [ueb jZajZ[hlZgu b ba]hlh\e_gu \ BN<W b gZ FWEA_

\ l_q_gb_ ihke_^gbo q_lujzo e_l� GZ FWEA_ hk\h_gh ijhba\h^kl\h nhlhljbh^h\ k \ukhdbf mkbe_gb�

_f b jZ^bZpbhggh klhcdbf hdghf nhlhdZlh^Z� H[km`^Zxlky \hafh`ghklb bkihevah\Zgby j_amevlZlh\
jZajZ[hlhd ^ey kha^Zgby nhlhmfgh`bl_e_c� jZ[hlZxsbo \ fZ]gblguo iheyo [he__ � L� fgh]hdZgZevguo

nhlhmfgh`bl_e_c b ^_l_dlhjh\ qZklbp k \ukhdbf \j_f_gguf jZaj_r_gb_f�
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(QHUJ\ UHVROXWLRQ RI WKH &06 )RUZDUG (&$/ DORQJ ZLWK RWKHU IDFWRUV LV GHILQHG E\ WKH SKRWRWUL�

RGHV JDLQ� ZKLFK GHWHUPLQHV WKH HTXLYDOHQW QRLVH YDOXH >�@�

7KH PLQLPXP GHVLUDEOH YDOXH RI UHTXLUHG JDLQ LV DURXQG WKDW RI �� LQ �7 D[LDO PDJQHWLF ILHOG�

$W WKH VDPH WLPH WKH PHDQ JDLQ YDOXH RI WHVWHG SKRWRWULRGHV ZLWK ELDONDOL G\QRGH RI D UHIOHFWLYH W\SH

DQG D ILQH�PHVK DQRGH GRHV QRW H[FHHG WKH YDOXH RI ��±�� >�� �@ DQG GHFUHDVHV E\ D IDFWRU RI � LQ WKH

PDJQHWLF ILHOG RI � 7�

,Q WKH IUDPHV RI WKH &(51�,17$6 SURMHFW �������� ,+(3 LQ FROODERUDWLRQ ZLWK 0(/=� KDV

GHVLJQHG DQG VXFFHVVIXOO\ WHVWHG WKH ILUVW VDPSOHV RI SKRWRWULRGHV ZLWK D JDLQ RI �� RU PRUH� 0(/=

LV DERXW WR UHDFK WKH SURGXFWLRQ VWDJH RI WKH ILQH�PHVK SKRWRWULRGHV ZLWK JDLQV RI ������ DQG UDGLDWLRQ�

UHVLVWDQW &���� JODVV IDFHSODWHV�

$ GHVLJQ RI WKH SKRWRWHWURGHV ZLWK VKRRW WKURXJK DQG UHIOHFWLYH W\SHV G\QRGHV DQG D JDLQ XS WR

��� ZDV D QH[W VWHS LQ WKH PDJQHWLF ILHOG KDUG SKRWRUHFHLYHU GHYHORSPHQW�

7KH RULJLQDO GDWD RQ WKH VHFRQGDU\ HPLVVLRQ JDLQ RI ELDONDOL .�&V6E DQG PXOWLDONDOL 1D�.&V6E

G\QRGHV ZHUH REWDLQHG E\ $�+� 6RPPHU >�@� )RU WKH HOHFWURQ HQHUJ\ RI ��� H9� WKHVH JDLQ YDOXHV

ZHUH DURXQG �� DQG �� UHVSHFWLYHO\� 7KHUHIRUH QRW DOO SRVVLELOLWLHV LQ WKH WHVWHG SKRWRWULRGHV >�� �@

ZLWK ELDONDOL G\QRGHV ZHUH UHDOL]HG� 2XU UHVXOWV IRU WKH JDLQ GLIIHU IURP W\SLFDO PDQXIDFWXUHU GHYLFH

FKDUDFWHULVWLFV �H�J� +DPDPDWVX� 3KLOLSV� 5HVHDUFK ,QVWLWXWH (OHFWURQ� DQG DUH DV WKUHH WLPHV KLJKHU�

�������������������������������������� ������������

�
6NHWFK RI ,+(3 DQG 0(/= SKRWRWULRGHV FRQVWUXFWLRQ� VFKHPH RI FKDUDFWHULVWLFV PHDVXUHPHQWV

DQG GHSHQGHQFLHV RI SKRWRWULRGHV JDLQ YHUVXV GLIIHUHQW SDUDPHWHUV DUH VKRZQ LQ )LJ� �±��

BBBBBBBBBBBBBBBB

'HVLJQ DQG 7HVW 6XLWDEOH 9DFXXP 3KRWRWULRGHV IRU WKH )RUZDUG 5HJLRQ RI WKH &06 (OHFWURPDJQHWLF

&DORULPHWHUV�
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)LJ� �� 6NHWFK RI 937 FRQVWUXFWLRQ�� )LJ� �� 6FKHPH RI FKDUDFWHULVWLFV PHDVXUHPHQWV�

IHEP-127

13/02/03   15.55
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MELZ-66
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)LJ� �� 'HSHQGHQFLHV RI SKRWRWULRGHV JDLQ RQ SKRWRHOHFWURQ HQHUJ\ DQG HOHFWULF ILHOGV

LQ WKH G\QRGH±DQRGH JDS IRU ,+(3�PDGH DQG 0(/=�PDGH SKRWRWULRGHV�
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7KH PDLQ FKDUDFWHULVWLFV RI GHVLJQHG SKRWRWULRGHV ZLWK UDGLDWLRQ�UHVLVWDQW JODVV IDFHSODWHV DUH

SUHVHQWHG LQ 7DEOH � LQ D FRPSDULVRQ ZLWK +DPDPDWVX 5���� YDFXXP SKRWRWULRGH�

LZ[ebpZ �� 0DLQ FKDUDFWHULVWLFV RI 0(/= SKRWRWULRGHV

��

FDQXIDF�

WXUHU

6SK�FDWK

��� QP

P$�:

*DLQ +9QRP

�N9�

+9PD[

�N9�

$QRGH

VLJQDO DPSO�

/('� ��� QP

3KRWR�

FDWKRGH

VLJQDO DPSO�

/('� ��� QP

7\SH

RI PHVK

+DPDPDWVX �� � � � � �

��� 0(/= �� �� ���� ��� ���� ��� &X� �� O�PP

��� 0(/= �� �� ���� ��� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ��� � ���� &X� ��� O�PP

��� 0(/= �� �� ���� ��� ��� ���� &X� ��� O�PP

��� 0(/= �� �� ���� ���� ���� ���� 6L� ��� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� ��� O�PP

��� 0(/= �� �� ���� ���� ��� ���� 6L� ��� O�PP

��� 0(/= �� �� ���� ��� ��� ��� 6L� ��� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ���� ��� ���� &X� �� O�PP

��� 0(/= �� �� ���� ���� ���� ���� &X� �� O�PP

��� 0(/= �� �� ���� ��� ��� ���� &X� �� O�PP

0HDQ� 0(/= ���� �� ���� ��� ��� ����

$V ZH VHH IURP 7DEOH �� WKH JDLQ RI 0(/= SKRWRWULRGHV LV D IHZ WLPHV PRUH WKDQ 5����� EXW

WKHLU PHDQ EOXH SKRWRFDWKRGH VHQVLWLYLW\ LV DW OHDVW WZR WLPHV OHVV� 7KHUHIRUH WKHUH LV DQ RSSRUWXQLW\ WR

LQFUHDVH WKH RXWSXW VLJQDO IURP 0(/= SKRWRWULRGHV�

�

!��������"#������������ ��������������������

������
7KH NQRZQ UHVXOWV RI WKH VHFRQGDU\ HPLVVLRQ FRHIILFLHQW �/� PHDVXUHPHQWV IRU .�&V6E�

1D�.&V6E� &V�6E� *D3 DQG &X�%H2�&V G\QRGHV DUH VKRZQ LQ )LJ� � >�� �@�

�

�

)LJ� �� 'HSHQGHQFLHV RI D VHFRQGDU\ HPLVVLRQ FRHIILFLHQW RI GLIIHUHQW

HIIHFWLYH G\QRGH W\SHV RQ HOHFWURQ HQHUJ\�



�

$V RQH FDQ VHH IURP )LJ� �� WKHUH LV QRW DQ\ VLJQLILFDQW VDWXUDWLRQ RI / YHUVXV WKH DFFHOHUDWLQJ

YROWDJH IRU ELDONDOL DQG PXOWLDOFDOL G\QRGH FDVHV� %HVLGHV WKDW� LW LV QRW NQRZQ XQGHU ZKDW YDOXHV RI

HOHFWULF ILHOG� ³FROOHFWLQJ´ VHFRQGDU\ HOHFWURQV� WKHVH PHDVXUHPHQWV KDYH EHHQ FDUULHG RXW� $W WKH VDPH

WLPH WKH UHVXOWV SUHVHQWHG RQ )LJ� � VKRZ WKDW D GHSHQGHQFH RI D JDLQ �/� IURP D FROOHFWLQJ ILHOG FDQ EH

VXIILFLHQWO\ VWURQJ�

,W VHHPV WKDW WKH H[SODQDWLRQ RI WKH KLJK HPLVVLRQ FRHIILFLHQW YDOXH RI WKHVH G\QRGHV� EHLQJ GXH

RQO\ WR WKH HIIHFWLYH 1HJDWLYH (OHFWURQ $IILQLW\ �1($� >�@ VLPLODU WR WKDW RI *D3�&V�� LV QRW VXIILFLHQW

IRU WKH FDVH RI WKH .�&V6E G\QRGH� 7KH GHSHQGHQFLHV LQ )LJ� � VKRZ WKDW WKH JDLQ RI WKHVH SKRWRWUL�

RGHV LQFUHDVHV ZLWK WKH VWHSSLQJ XS RI HOHFWULF ILHOG LQ WKH G\QRGH±DQRGH JDS� EXW D JDLQ VDWXUDWLRQ DQG

WKHQ D JDLQ GHFUHDVH WDNHV SODFH IRU VPDOO YDOXHV RI WKLV HOHFWULF ILHOG RQO\� 7KLV PD\ LQGLFDWH WKDW HOHF�

WULF ILHOG SHQHWUDWHV LQWR WKH G\QRGH PDWHULDO WR WKH GHSWK RI DW OHDVW WKH SKRWRHOHFWURQ UDQJH LQ WKH

.�&V6E G\QRGH� 7KLV PD\ EH WUXH EHFDXVH .�&V6E LV WKH VHPLFRQGXFWRU ZLWK D YHU\ KLJK UHVLVWLYLW\

RI D IHZ N2KP�FP DQG WKH QXPEHU RI FDUULHUV FDQ EH LQVXIILFLHQW WR FRPSHQVDWH WKH RXWVLGH HOHFWULF

ILHOG�

7KH IROORZLQJ TXDOLWDWLYH PRGHO VHHPV WR EH PRUH UHDO�

�� .�&V6E OD\HU KDV D UHODWLYHO\ VPDOO YDOXH RI WKH VXUIDFH SRWHQWLDO EDUULHU�

�� (OHFWULF ILHOG LQVLGH .�&V6E G\QRGH ³ZDUPV XS´ DQG WUDQVSRUWV VHFRQGDU\ HOHFWURQV WR WKH

VXUIDFH� EXW GRHV QRW ORZHU WKH YDOXH RI D SRWHQWLDO EDUULHU RQ WKH VXUIDFH RI WKH G\QRGH DV

WKHUH LV WKH YHU\ ZHDN GHSHQGHQFH RI D JDLQ IURP DQ HOHFWULF ILHOG LQ WKH UHJLRQ RI WKH VPDOO

YDOXH RI SKRWRHOHFWURQ HQHUJ\ �)LJ� ���

�

$�����������������%�������������������������#&��'������

�
,Q WKH IUDPHV RI WKH VSHFLILHG ,17$6 SURMHFW WKH QHZ W\SH RI D SKRWRUHFHLYHUV ± WKH SKRWRWHW�

URGHV ZLWK VKRRW WKURXJK WKLQ ILOP G\QRGH KDYH DOVR EHHQ GHVLJQHG� 6NHWFKHV RI WKH SKRWRWHWURGH

FRQVWUXFWLRQ DQG VFKHPH RI LWV FKDUDFWHULVWLFV PHDVXUHPHQWV DUH VKRZQ LQ )LJ� � DQG � UHVSHFWLYHO\�

7KH GHSHQGHQFLHV RI JDLQ RI VKRRW WKURXJK G\QRGHV G�� UHIOHFWLYH G\QRGHV G� DQG SKRWRWHWURGHV LQ

ZKROH RQ VHYHUDO SDUDPHWHUV DUH SUHVHQWHG LQ )LJ� �±��

0D[LPXP JDLQ RI WKH VKRRW WKURXJK G\QRGH ZDV DFKLHYHG IRU D PLQLPXP WKLFNQHVV RI WKH DFWLYH

ILOP ZLWK VXIILFLHQW PHFKDQLFDO VWDELOLW\� 7KLV WKLFNQHVV LV DURXQG �� QP DW D VXUIDFH GHQVLW\ RI

���������� PJ�FP
�� +RZHYHU WKHUH LV D UHDO WHFKQLFDO RSSRUWXQLW\ RI WKH IXUWKHU UHGXFWLRQ RI WKLFNQHVV

RI DQ DFWLYH ILOP��
$W WKH VDPH WLPH IRU H[DPSOH D OHQJWK RI � N9 HOHFWURQ UDQJH LV ����±��⋅���� PJ�FP� L�H�

LQ �� WLPHV OHVV� ,Q D FDVH RI ��� NH9 HOHFWURQ HQHUJ\ WKLV UDWLR ���� ZLOO EH PRUH RQ WZR RUGHUV

RI YDOXH� EXW VHFRQGDU\ HPLVVLRQ WDNHV SODFH \HW� 7KLV PHDQV WKDW�

�� $OO VHFRQGDU\ HOHFWURQV DUH WKHUPROL]HG�

�� 'LIIXVLRQ OHQJWK RI VHFRQGDU\ HOHFWURQV LQVLGH WKH DFWLYH ILOP VKRXOG EH FRPSDUDEOH ZLWK

WKH ILOP WKLFNQHVV�

$V LW LV VHHQ IURP )LJ� �� WKH JDLQ RI VKRRW WKURXJK G\QRGHV GHSHQGV UHODWLYHO\ ZHDNO\ RQ WKH HOHF�

WULF ILHOG LQ WKH VKRRW WKURXJK G\QRGH±DQRGH JDS� ,W VHHPV WKDW WKH HOHFWULF ILHOG GRHV QRW SHQHWUDWH LQ

WKH YROXPH RI WKH G\QRGH DQG FDQ QRW ³ZDUP XS´ DQG WUDQVSRUW VHFRQGDU\ HOHFWURQV WR WKH RXWSXW VXU�

IDFH RI WKH G\QRGH�

,W LV SRVVLEOH WR H[SODLQ WKHVH IDFWV ZLWK WKH DVVXPSWLRQ WKDW WKH VXUIDFH RI WKH GHVLJQHG DFWLYH ILOP

RI WKH VKRRW WKURXJK G\QRGH KDV 1HJDWLYH (OHFWURQ $IILQLW\ VLPLODU WR WKDW RI *D3�&V��
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)LJ� �� 6NHWFK RI WKH SKRWRWHWURGH FRQVWUXFWLRQ� )LJ� �� 6FKHPH RI FKDUDFWHULVWLFV PHDVXUHPHQWV�

TMI-28

13/02/03   16.33

800V/mm

200V/mm
50V/mm

10V/mm

Energy of electron, eV

G
ai

n

0

2

4

6

8

10

12

0 250 500 750 1000 1250 1500 1750 2000 2250

TMI-30

13/02/03   16.10

800V/mm

200V/mm

50V/mm

10V/mm

Energy of electron, eV

G
ai

n

0

2

4

6

8

10

12

14

0 200 400 600 800 1000 1200 1400 1600

)LJ� �� 'HSHQGHQFLHV RI D VKRRW WKURXJK G\QRGH JDLQ RQ SKRWRHOHFWURQ HQHUJ\ DQG DQ HOHFWULF ILHOG

EHWZHHQ WKLV G\QRGH DQG DQRGH IRU 70,��� �OHIW� DQG 70,��� �ULJKW��
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TMI-28

13/02/03   16.40
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TMI-30

13/02/03   16.17
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)LJ� �� 'HSHQGHQFLHV RI D UHIOHFWHG G\QRGH JDLQ RQ VHFRQGDU\ HOHFWURQ HQHUJ\ DQG DQ HOHFWULF
ILHOG EHWZHHQ WKLV G\QRGH DQG DQRGH IRU 70,��� �OHIW� DQG 70,��� �ULJKW��

TMI-28

15/02/03   13.54
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TMI-30

13/02/03   16.20
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)LJ� �� 'HSHQGHQFLHV RI D SKRWRWHWURGH¶V JDLQ IRU 70,��� �OHIW� DQG 70,��� �ULJKW�

XQGHU WKH SURSRUWLRQDO LQFUHDVH RI SRZHU VXSSO\ YROWDJHV�
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3KRWRWHWURGHV ZLWK D JDLQ DURXQG ���±��� ZHUH SURGXFHG DQG ZH KRSH WR LQFUHDVH WKH JDLQ HYHQ

PRUH� ,W LV LQWHUHVWLQJ WR ORRN DW ZKDW NLQG RI JDLQ ZH FDQ JHW LQ FDVH RI (QGFXS (&$/ XVLQJ WKH

GHVLJQHG SKRWRWHWURGHV�

,W VHHPV WKDW PDJQHWLF ILHOG UHVLVWDQFH RI WKHVH WHWURGHV VKRXOG EH FRPSDUDEOH WR WKH UHVLVWDQFH RI

ILQH PHVK WULRGHV VLQFH VKRRW WKURXJK G\QRGH UHSUHVHQWV LWVHOI DV D IODW FRQGXFWLYH ILOP DQG WKHUHIRUH D

VHFRQGDU\ HPLVVLRQ RI WKLV VKRRW WKURXJK G\QRGH VKRXOG EH ZHDNO\ VHQVLWLYH �DW D SKRWRFDWKRGH OHYHO�

WR WKH PDJQHWLF ILHOG�

/HW¶V PDNH DQ HYDOXDWLRQ RI WKH GHSHQGHQFH RI &06 (QGFXS (&$/ HQHUJ\ UHVROXWLRQ RQ WKH JDLQ

RI SKRWRUHFHLYHUV�

)RU H[DPSOH� IURP WKH SDSHU >�@ IROORZV� WKDW

�
��

�

�

Q ⊕⊕=
σσ

�

ZKHUH D ± VWRFKDVWLF WHUP� σQ ± QRLVH� & ± FRQVWDQW WHUP�

3KRWRVWDWLVWLF FRQWULEXWLRQ RI D VWRFKDVWLF WHUP XQGHU WKH XVH RI 937 ZLWK W\SLFDO SKRWRFDWKRGH

TXDQWXP HIILFLHQF\ RI ε  ���� UHFHLYHG IURP /(' PRQLWRULQJ ± DSKH  ������������

)RU σQRLVH�*H9 DQG & LW LV SRVVLEOH WR WDNH LQWR DFFRXQW WKH YDOXHV IURP WKLV SDSHU� WKH YDOXH

σQ  ���� DQG & �����

7KH FRQWULEXWLRQ IURP QRLVH a��*� ZKHUH * LV D SKRWRUHFHLYHU JDLQ� WKHUHIRUH WKLV FRQWULEXWLRQ

FDQ EH UHSUHVHQWHG DV

�

+,�$

�

�
�

����	

⋅
= �

ZKHUH *� �� LV D W\SLFDO SKRWRWULRGH JDLQ�

/HW¶V ORRN DW WKH GHSHQGHQFH RI WKH VXP �σWRW�(� RI SKRWRVWDWLVWLFV �WKH EDVLF FRQWULEXWLRQ

WR WKH VWRFKDVWLF WHUP� DQG QRLVH WHUPV FRQWULEXWLRQV IURP HQHUJ\ IRU WKH FDVHV RI * ��� * ���

* ���� * ��� DQG��* ����
LZ[ebpZ ��

( �*H9� � �� �� ��� ��� ����
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:H VHH� WKDW XS WR ��� *H9 WKH YDULDQW RI ε  ����� * � ��� HVVHQWLDOO\ EHWWHU WKDQ ε  �����
* �� YDULDQW IURP 7DEOH �� $W WKH VDPH WLPH LW LV NQRZQ WKDW DW HQHUJLHV PRUH WKDQ ��� *H9 SKRWR�

VWDWLVWLFV DQG QRLVH FRQWULEXWLRQV EHFRPH OHVV WKDQ RWKHU FRQWULEXWLRQV�
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�� 7KH WHFKQRORJ\ GHVLJQHG DW ,+(3 DQG 0(/= SHUPLWV WKH SURGXFWLRQ RI WKH UDGLDWLRQ KDUG

SKRWRWULRGHV ZLWK D JDLQ RI ��±���

�� 'HVLJQHG SKRWRWHWURGHV ZLWK VKRRW WKURXJK G\QRGHV KDYH D JDLQ XS WR ��� DQG WKHUH LV WKH

SRVVLELOLW\ WR LQFUHDVH WKLV YDOXH�

�� 7KHUH LV WKH UHDO SRVVLELOLW\ WR FUHDWH WKH VLQJOH FKDQQHO DQG WKH PXOWLFKDQQHO SKRWRPXOWLSOLHUV

ZLWK VKRRW WKURXJK G\QRGHV ZKLFK FDQ RSHUDWH LQ DQ\ SUDFWLFDO PDJQHWLF ILHOGV �PRUH WKDQ � 7��

�� ,Q VXFK SKRWRPXOWLSOLHUV GLVSHUVLRQ RI IOLJKW WLPH EHWZHHQ SKRWRFDWKRGH DQG ILUVW G\QRGH�

FRQVHFXWLYH VKRRW WKURXJK G\QRGHV� UHIOHFWLYH G\QRGH DQG ILQH PHVK DQRGH ZLOO EH QRW PRUH WKDQ

�� SVHF XQGHU JDSV EHWZHHQ WKHP DURXQG �PP� 7KHUHIRUH� IRU H[DPSOH� LQ WKH FDVH RI ��VWDJH 307

E\ DPSOLILFDWLRQ PRUH ��
�� WRWDO GLVSHUVLRQ RI HOHFWURQ IOLJKW WLPH ZLOO EH OHVV WKDQ �� SVHF� ZKDW DW

WZR RUGHUV RI YDOXH OHVV WKDQ GLVSHUVLRQ RI IOLJKW WLPH RI XVXDO IDVW SKRWRPXOWLSOLHUV �ZKDW GHWHUPLQHV

GXUDWLRQ RI RQH�HOHFWURQ SXOVHV DW DQRGH� DQG DW RQH RUGHU RI YDOXH OHVV WKDQ WLPH GLVSHUVLRQ RI SKRWR�

HOHFWURQV LQ WKHLU FDWKRGH FDPHUDV�

7KH XVH RI 307 ZLWK VKRRW WKURXJK G\QRGHV ZLOO SRVVLEO\ SHUPLW JUHDWO\ UDLVLQJ WKH UHVROXWLRQ RI

IOLJKW�WLPH VSHFWURPHWHUV RQ WKH EDVH RI VFLQWLOODWLQJ DQG &KHUHQNRY FRXQWHUV�

�����������
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>�@ 7KH (OHFWURPDJQHWLF &DORULPHWHU 3URMHFW� 7'5� &(51�/+&& ����� &06 7'5�� S� ���−����

>�@ 1�$�%DMDQRY HW DO� &06 1RWH ��������� S� ��

>�@ $�+�6RPPHU� -�$SSO�3K\V� 9RO� ���� �� �����

>�@ 3KRWRPXOWLSOLHU WXEH� 3ULQFLSOH WR DSSOLFDWLRQ� +DPDPDWVX� �����

>�@ 5&$� 3KRWRPXOWLSOLHU KDQGERRN WKHRU\� 'HVLJQ� $SSOLFDWLRQ� ����� S� ���

>�@ *�-�'DYLV HW DO� (QHUJ\ UHVROXWLRQ RI SURWRW\SH /HDG 7XQJVWHQ &U\VWDO 0DWUL[ ZLWK…�

&06 1RWH� �� 0DUFK �����
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Nhlhljbh^u b nhlhl_ljh^u k \ukhdbf mkbe_gb_f�

Hjb]bgZe�fZd_l ih^]hlh\e_g Z\lhjZfb�

Ih^ibkZgh d i_qZlb ����������� NhjfZl �� × ����� Hnk_lgZy i_qZlv�

I_q�e� �� Mq�− ba^�e� ���� LbjZ` ��� AZdZa ���� Bg^_dk �����

=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc�

������� Ijhl\bgh Fhkdh\kdhc h[e�
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