
3DUWLFOH�3K\VLFV�([SHULPHQWV

■ SDUWLFOH�SK\VLFV�LV�KLJK�HQHUJ\�SK\VLFV
■ DFFHOHUDWRUV
■ GHWHFWRUV
■ WULJJHUV��GDWD�UHFRUGLQJ
■ DQDO\VLV
■ LQWHUSUHWDWLRQ

■ �:HESDJHV�RI�LQWHUHVW
✽ KWWS���ZZZ�G��IQDO�JRY�����)HUPLODE�KRPHSDJH�
✽ KWWS���VJ��KHS�IVX�HGX�aZDKO�4XDUNQHW�LQGH[�KWPO

�KDV�OLQNV�WR�PDQ\�SDUWLFOH�SK\VLFV�VLWHV�
✽ KWWS���ZZZ�IQDO�JRY�SXE�WRXU�KWPO���)HUPLODE�SDUWLFOH

SK\VLFV�WRXU�
✽ KWWS���3DUWLFOH$GYHQWXUH�RUJ�����/DZUHQFH�%HUNHOH\�/DE��

✽ KWWS���ZZZ�FHUQ�FK���&(51�����(XURSHDQ�/DERUDWRU\
IRU�3DUWLFOH�3K\VLFV�

2XWOLQH�



([SHULPHQWDO�SDUWLFOH�SK\VLFV

•

■ SDUWLFOH�SK\VLFV�RU�KLJK�HQHUJ\�SK\VLFV
✽ �LV�ORRNLQJ�IRU�WKH�VPDOOHVW�FRQVWLWXHQWV�RI

PDWWHU��WKH�´XOWLPDWH�EXLOGLQJ�EORFNVµ��DQG�IRU
WKH�IXQGDPHQWDO�IRUFHV�EHWZHHQ�WKHP�

✽ DLP�LV�WR�ILQG�GHVFULSWLRQ�LQ�WHUPV�RI�WKH
VPDOOHVW�QXPEHU�RI�SDUWLFOHV�DQG�IRUFHV
�´LQWHUDFWLRQVµ�

✽ DW�JLYHQ�OHQJWK�VFDOH��LW�LV�XVHIXO�WR�GHVFULEH
PDWWHU�LQ�WHUPV�RI�VSHFLILF�VHW�RI
FRQVWLWXHQWV�ZKLFK�FDQ�EH�WUHDWHG�DV
IXQGDPHQWDO��DW�VKRUWHU�OHQJWK�VFDOH��WKHVH
IXQGDPHQWDO�FRQVWLWXHQWV�PD\�WXUQ�RXW�WR
FRQVLVW�RI�VPDOOHU�SDUWV��EH�´FRPSRVLWHµ��
hLQ���WK�FHQWXU\��DWRPV�ZHUH�FRQVLGHUHG�VPDOOHVW
EXLOGLQJ�EORFNV�

hHDUO\���WK�FHQWXU\�UHVHDUFK���HOHFWURQV�
SURWRQV��QHXWURQV�

hQRZ�HYLGHQFH�WKDW�QXFOHRQV�KDYH�VXEVWUXFWXUH��
TXDUNV�

hJRLQJ�GRZQ�WKH�VL]H�ODGGHU��DWRPV����QXFOHL���
QXFOHRQV����TXDUNV����SUHRQV�"""����"""



3DUWLFOH�SK\VLFV�H[SHULPHQWV

■ 3DUWLFOH�SK\VLFV�H[SHULPHQWV�
✽ �FROOLGH�SDUWLFOHV�WR

hSURGXFH�QHZ�SDUWLFOHV
h�UHYHDO�WKHLU�LQWHUQDO�VWUXFWXUH�DQG�ODZV�RI
WKHLU�LQWHUDFWLRQV�E\�REVHUYLQJ�UHJXODULWLHV�
PHDVXULQJ�FURVV�VHFWLRQV����

✽ FROOLGLQJ�SDUWLFOHV�QHHG�WR�KDYH�KLJK�HQHUJ\
hWR�PDNH�REMHFWV�RI�ODUJH�PDVV
hWR�UHVROYH�VWUXFWXUH�DW�VPDOO�GLVWDQFHV

✽ WR�VWXG\�VWUXFWXUH�RI�VPDOO�REMHFWV�
h�QHHG�SUREH�ZLWK�VKRUW�ZDYHOHQJWK��XVH
SDUWLFOHV�ZLWK�KLJK�PRPHQWXP�WR�JHW�VKRUW
ZDYHOHQJWK

hUHPHPEHU�GH�%URJOLH�ZDYHOHQJWK�RI�D�SDUWLFOH
λ� �K�S

✽ LQ�SDUWLFOH�SK\VLFV��PDVV�HQHUJ\�HTXLYDOHQFH
SOD\V�DQ�LPSRUWDQW�UROH���LQ�FROOLVLRQV��NLQHWLF
HQHUJ\�FRQYHUWHG�LQWR�PDVV�HQHUJ\�
hUHODWLRQ�EHWZHHQ�NLQHWLF�HQHUJ\�.��WRWDO�HQHUJ\
(�DQG�PRPHQWXP�S��

(� �.���PF�� �√�SF������PF��F�
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$ERXW�8QLWV

■ (QHUJ\���HOHFWURQ�YROW
✽ ��HOHFWURQ�YROW� �NLQHWLF�HQHUJ\�RI�DQ�HOHFWURQ

ZKHQ�PRYLQJ�WKURXJK�SRWHQWLDO�GLIIHUHQFH�RI
��9ROW�
h��H9� �����õ��������-RXOHV� �����õ�������:�V
h��N:�KU� �����õ�����-RXOHV� ������õ������H9

■ PDVV���H9�F�
h��H9�F�� �������õ�������NJ
hHOHFWURQ�PDVV� �������0H9�F�
hSURWRQ�PDVV��� ��������0H9�F�
hSURIHVVRU·V�PDVV�����NJ���≈������õ������H9�F�

■ PRPHQWXP���H9�F�
h��H9�F� �����õ�������NJ�P�V
hPRPHQWXP�RI�EDVHEDOO�DW����PL�KU

≈������NJP�V�≈�����õ������H9�F



+RZ�WR�GR�D�SDUWLFOH�SK\VLFV�H[SHULPHQW

■ 2XWOLQH�RI�H[SHULPHQW�
✽ JHW�SDUWLFOHV��H�J��SURWRQV��DQWLSURWRQV�«�
✽ DFFHOHUDWH�WKHP
✽ WKURZ�WKHP�DJDLQVW�HDFK�RWKHU
✽ REVHUYH�DQG�UHFRUG�ZKDW�KDSSHQV
✽ DQDO\VH�DQG�LQWHUSUHW�WKH�GDWD

■ LQJUHGLHQWV�QHHGHG�
✽ SDUWLFOH�VRXUFH
✽ DFFHOHUDWRU�DQG�DLPLQJ�GHYLFH
✽ GHWHFWRU
✽ WULJJHU��GHFLGH�ZKDW�WR�UHFRUG�
✽ UHFRUGLQJ�GHYLFH
✽ PDQ\�SHRSOH�WR�

h�GHVLJQ��EXLOG��WHVW��RSHUDWH�DFFHOHUDWRU
h�GHVLJQ��EXLOG��WHVW��FDOLEUDWH��RSHUDWH���DQG
XQGHUVWDQG�GHWHFWRU

hDQDO\VH�GDWD
✽ ORWV�RI�PRQH\�WR�SD\�IRU�DOO�RI�WKLV



+RZ�WR�JHW�KLJK�HQHUJ\�FROOLVLRQV
■ 1HHG�(

FRP
�WR�EH�ODUJH�HQRXJK�WR

hDOORZ�KLJK�PRPHQWXP�WUDQVIHU��SUREH�VPDOO
GLVWDQFHV�

hSURGXFH�KHDY\�REMHFWV��WRS�TXDUNV��+LJJV�ERVRQ�
hH�J��WRS�TXDUN�SURGXFWLRQ�����H�H��→ WW�
TT�→�WW��JJ�→�WW���«

■ 6KRRW�SDUWLFOH�EHDP�RQ�D�WDUJHW��´IL[HG�WDUJHWµ��
h�(FRP� ��√(PF��a����*H9�IRU�(� �����*H9�

��������P� ���*H9�F�

■ &ROOLGH�WZR�SDUWLFOH�EHDPV��´FROOLGHU��
h�(FRP� ��(�a�����*H9�IRU�(� �����*H9
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+RZ�WR�PDNH�TT�FROOLVLRQV��FRQW·G

■ +RZHYHU��TXDUNV�DUH�QRW�IRXQG�IUHH�LQ�QDWXUH�
■ %XW��DQWL�TXDUNV�DUH�HOHPHQWV�RI��DQWL�SURWRQV�
■ 6R��LI�ZH�FROOLGH�SURWRQV�DQG�DQWL�SURWRQV�ZH�VKRXOG

JHW�VRPH��TT�FROOLVLRQV�

■ 3URWRQ�VWUXFWXUH�IXQFWLRQV�JLYH�WKH�SUREDELOLW\�WKDW
D�VLQJOH�TXDUN��RU�JOXRQ���FDUULHV�D�IUDFWLRQ�[�RI�WKH
SURWRQ�PRPHQWXP��ZKLFK�LV�����*H9�F�DW�WKH
7HYDWURQ�

__
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$FFHOHUDWRU
■ DFFHOHUDWRUV�

hXVH�HOHFWULF�ILHOGV�WR�DFFHOHUDWH�SDUWLFOHV�
PDJQHWLF�ILHOGV�WR�VWHHU�DQG�IRFXV�WKH�EHDPV

hV\QFKURWURQ�
SDUWLFOH�EHDPV�NHSW�LQ�FLUFXODU�RUELW�E\
PDJQHWLF�ILHOG��DW�HYHU\�WXUQ��SDUWLFOHV�´NLFNHGµ
E\�HOHFWULF�ILHOG�LQ�DFFHOHUDWLQJ�VWDWLRQ�

hIL[HG�WDUJHW�RSHUDWLRQ���SDUWLFOH�EHDP
H[WUDFWHG�IURP�V\QFKURWURQ��VWHHUHG�RQWR�D
WDUJHW

hFROOLGHU�RSHUDWLRQ�
DFFHOHUDWH�EXQFKHV�RI�SURWRQV�DQG�DQWLSURWRQV
PRYLQJ�LQ�RSSRVLWH�GLUHFWLRQ�LQ�VDPH�ULQJ���PDNH
WKHP�FROOLGH�DW�FHUWDLQ�SODFHV�ZKHUH�GHWHFWRUV
DUH�LQVWDOOHG



)HUPLODE�DFFHOHUDWRU�FRPSOH[

■
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$&&(/(5$7256
■ DUH�GHYLFHV�WR�LQFUHDVH�WKH�HQHUJ\�RI

FKDUJHG�SDUWLFOHV�
✽ XVH�PDJQHWLF�ILHOGV�WR�VKDSH��IRFXV�DQG�EHQG�

WKH�WUDMHFWRU\�RI�WKH�SDUWLFOHV�
✽ XVH�HOHFWULF�ILHOGV�IRU�DFFHOHUDWLRQ�

■ W\SHV�RI�DFFHOHUDWRUV�
✽ � HOHFWURVWDWLF��'&��DFFHOHUDWRUV

h�&RFNFURIW�:DOWRQ�DFFHOHUDWRU��SURWRQV�XS�WR��
0H9�

h�9DQ�GH�*UDDII�DFFHOHUDWRU��SURWRQV�XS�WR���
0H9�

h7DQGHP�9DQ�GH�*UDDII�DFFHOHUDWRU��SURWRQV�XS
WR����0H9�

✽ �UHVRQDQFH�DFFHOHUDWRUV
hF\FORWURQ��SURWRQV�XS�WR����0H9�
hOLQHDU�DFFHOHUDWRUV

² HOHFWURQ�OLQDF������0H9�WR����*H9
² SURWRQ�OLQDF��XS�WR����0H9

✽ V\QFKURQRXV�DFFHOHUDWRUV
hV\QFKURF\FORWURQ��SURWRQV�XS�WR�����0H9�
hSURWRQ�V\QFKURWURQ��SURWRQV�XS�WR�����*H9�
hHOHFWURQ�V\QFKURWURQ��HOHFWURQV�IURP����0H9
WR����*H9�

✽ �VWRUDJH�ULQJ�DFFHOHUDWRUV��FROOLGHUV�



$&&(/(5$7256��FRQW·G

■ �HOHFWURVWDWLF�DFFHOHUDWRUV�
✽ ��JHQHUDWH�KLJK�YROWDJH�EHWZHHQ�WZR

HOHFWURGHV�⇒��FKDUJHG�SDUWLFOHV�PRYH�LQ
HOHFWULF�ILHOG����

HQHUJ\�JDLQ� �FKDUJH�WLPHV�YROWDJH�GURS�
✽ &RFNFURIW�:DOWRQ�DQG�9DQ�GH�*UDDII����

DFFHOHUDWRUV�GLIIHU�LQ�PHWKRG�WR�DFKLHYH
KLJK�YROWDJH�

■ SURWRQ�OLQDF��GULIW�WXEH�DFFHOHUDWRU��
✽ F\OLQGULFDO�PHWDO�WXEHV��GULIW�WXEHV��DORQJ�D[LV

RI�ODUJH�YDFXXP�WDQN
✽ VXFFHVVLYH�GULIW�WXEHV�FRQQHFWHG�WR�RSSRVLWH

WHUPLQDOV�RI�$&�YROWDJH�VRXUFH
✽ QR�HOHFWULF�ILHOG�LQVLGH�GULIW�WXEH�⇒�ZKLOH�LQ

GULIW�WXEH��SURWRQV�PRYH�ZLWK�FRQVWDQW
YHORFLW\

✽ �$&�IUHTXHQF\�VXFK�WKDW�SURWRQV�DOZD\V�ILQG
DFFHOHUDWLQJ�ILHOG�ZKHQ�UHDFKLQJ�JDS�EHWZHHQ
GULIW�WXEHV

✽ OHQJWK�RI�GULIW�WXEHV�LQFUHDVHV�WR�NHHS�GULIW
WLPH�FRQVWDQW

✽ �IRU�YHU\�KLJK�YHORFLWLHV��GULIW�WXEHV�QHDUO\�RI
VDPH�OHQJWK��QHDUO\�QR�YHORFLW\�LQFUHDVH�ZKHQ
DSSURDFKLQJ�VSHHG�RI�OLJKW�



$FFHOHUDWRUV��FRQW·G

■ F\FORWURQ
✽ �FRQVLVWV�RI�WZR�KROORZ�PHWDO�FKDPEHUV�FDOOHG

�´GHHVµ�IRU�WKHLU�VKDSH��ZLWK�RSHQ�VLGHV�ZKLFK�DUH
SDUDOOHO��VOLJKWO\�DSDUW�IURP�HDFK�RWKHU��´JDSµ�

✽ GHHV�FRQQHFWHG�WR�$&�YROWDJH�VRXUFH����DOZD\V�RQH
GHH�SRVLWLYH�ZKHQ�RWKHU�QHJDWLYH�⇒�HOHFWULF�ILHOG�LQ
JDS�EHWZHHQ�GHHV��EXW�QR�HOHFWULF�ILHOG�LQVLGH�WKH
GHHV�

✽ VRXUFH�RI�SURWRQV�LQ�FHQWHU��HYHU\WKLQJ�LQ�YDFXXP
FKDPEHU�

✽ �ZKROH�DSSDUDWXV�LQ�PDJQHWLF�ILHOG�SHUSHQGLFXODU�WR
SODQH�RI�GHHV�

✽ IUHTXHQF\�RI�$&�YROWDJH�VXFK�WKDW�SDUWLFOHV�DOZD\V
DFFHOHUDWHG�ZKHQ�UHDFKLQJ�WKH�JDS�EHWZHHQ�WKH
GHHV�

✽ �LQ�PDJQHWLF�ILHOG��SDUWLFOHV�DUH�GHIOHFWHG�
S� �T⋅%⋅5���S� �PRPHQWXP��T� �FKDUJH�

%� �PDJQHWLF�ILHOG�VWUHQJWK�
5� �UDGLXV�RI�FXUYDWXUH

✽ UDGLXV�RI�SDWK�LQFUHDVHV�DV�PRPHQWXP�RI�SURWRQ
LQFUHDVHV��WLPH�IRU�SDVVDJH�DOZD\V�WKH�VDPH�DV�ORQJ
DV�PRPHQWXP�SURSRUWLRQDO�WR�YHORFLW\
WKLV�LV�QRW�WUXH�ZKHQ�YHORFLW\�EHFRPHV�WRR�ELJ
�CCUHODWLYLVWLF�FKDQJH�RI�PDVV

�



$FFHOHUDWRUV��´UHODWLYLVWLF�HIIHFWVµ

■ ´UHODWLYLVWLF�HIIHFWVµ
✽ VSHFLDO�UHODWLYLW\�WHOOV�XV�WKDW�FHUWDLQ

DSSUR[LPDWLRQV�PDGH�LQ�1HZWRQLDQ�PHFKDQLFV
EUHDN�GRZQ�DW�YHU\�KLJK�VSHHGV�

✽ UHODWLRQ�EHWZHHQ�PRPHQWXP�DQG�YHORFLW\�LQ
´ROGµ��1HZWRQLDQ��PHFKDQLFV��S� �P�Y�EHFRPHV
S� �PR�Y�γ��ZLWK��γ�� ���√�����Y�F��
PR��� �´UHVW�PDVVµ���L�H��PDVV�LV�UHSODFHG�E\

UHVW�PDVV�WLPHV�γ
��´UHODWLYLVWLF�JURZWK�RI�PDVVµ

✽ IDFWRU�γ��RIWHQ�FDOOHG�´/RUHQW]�IDFWRUµ�
XELTXLWRXV�LQ�UHODWLRQV�IURP�VSHFLDO�UHODWLYLW\�
HQHUJ\��(� �PRF�γ

✽ DFFHOHUDWLRQ�LQ�D�F\FORWURQ�LV�SRVVLEOH�DV�ORQJ
DV�UHODWLYLVWLF�HIIHFWV�DUH�QHJOLJLEO\�VPDOO��L�H�
RQO\�IRU�VPDOO�VSHHGV��ZKHUH�PRPHQWXP�LV�VWLOO
SURSRUWLRQDO�WR�VSHHG��DW�KLJKHU�VSHHGV�
SDUWLFOHV�QRW�LQ�UHVRQDQFH�ZLWK�DFFHOHUDWLQJ
IUHTXHQF\��IRU�DFFHOHUDWLRQ��QHHG�WR�FKDQJH
PDJQHWLF�ILHOG�%�RU�DFFHOHUDWLQJ�IUHTXHQF\�I
RU�ERWK�
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$FFHOHUDWRUV��FRQW·G

■ HOHFWURQ�OLQDF
✽ HOHFWURQV�UHDFK�QHDUO\�VSHHG�RI�OLJKW�DW�VPDOO

HQHUJLHV��DW���0H9��HOHFWURQV�KDYH�����RI
VSHHG�RI�OLJKW��
QR�GULIW�WXEHV��XVH�WUDYHOOLQJ�H�P��ZDYH�LQVLGH
UHVRQDQW�FDYLWLHV�IRU�DFFHOHUDWLRQ�

■ V\QFKURF\FORWURQ�
✽ %�NHSW�FRQVWDQW��I�GHFUHDVHV�

■ V\QFKURWURQ��
✽ %�LQFUHDVHV�GXULQJ�DFFHOHUDWLRQ�

I�IL[HG��HOHFWURQ�V\QFKURWURQ�
RU�YDULHG��SURWRQ�V\QFKURWURQ��
UDGLXV�RI�RUELW�IL[HG�



3DUWLFOH�GHWHFWRUV��FRQW·G

■ 6FLQWLOODWRU�
✽ HQHUJ\�OLEHUDWHG�LQ�GH�H[FLWDWLRQ�DQG�FDSWXUH

RI�LRQL]DWLRQ�HOHFWURQV�HPLWWHG�DV�OLJKW��
CCVFLQWLOODWLRQ�OLJKW
·

✽ OLJKW�FKDQQHOHG�WR�SKRWRPXOWLSOLHU�LQ�OLJKW
JXLGH��H�J��RSWLFDO�ILEHUV��

✽ VFLQWLOODWLQJ�PDWHULDOV��FHUWDLQ�FU\VWDOV��H�J�
1D,���WUDQVSDUHQW�SODVWLFV�ZLWK�GRSLQJ��IOXRUV
DQG�ZDYHOHQJWK�VKLIWHUV�

■ �SURSRUWLRQDO�WXEH�
✽ �PHWDOOLF�WXEH�ZLWK�WKLQ�ZLUH�LQ�FHQWHU��ILOOHG

ZLWK�JDV��+9�EHWZHHQ�ZDOO�����´FDWKRGHµ��DQG
FHQWUDO�ZLUH����µDQRGHµ����⇒�VWURQJ�HOHFWULF
ILHOG�QHDU�ZLUH�

✽ FKDUJHG�SDUWLFOH�LQ�JDV�⇒�LRQL]DWLRQ�⇒
HOHFWURQV�OLEHUDWHG�

✽ HOHFWURQV�DFFHOHUDWHG�LQ�HOHFWULF�ILHOG�⇒�FDQ
OLEHUDWH�RWKHU�HOHFWURQV�E\�LRQL]DWLRQ�ZKLFK�LQ
WXUQ�DUH�DFFHOHUDWHG�DQG�LRQL]H�⇒�´DYDODQFKH
RI�HOHFWURQVµ�PRYHV�WR�ZLUH�⇒�FXUUHQW�SXOVH�
FXUUHQW�SXOVH�DPSOLILHG�⇒�HOHFWURQLF�VLJQDO�

✽ �JDV�LV�XVXDOO\�QREOH�JDV��H�J��DUJRQ���ZLWK�VRPH
DGGLWLYHV�H�J��FDUERQ�GLR[LGH��PHWKDQH�
LVREXWDQH�����DV�´TXHQFKHUVµ�



3DUWLFOH�GHWHFWRUV��FRQW·G
■ PXOWL�ZLUH�SURSRUWLRQDO�FKDPEHU�

✽ FRQWDLQV�PDQ\�SDUDOOHO�DQRGH�ZLUHV�EHWZHHQ�WZR
FDWKRGH�SODQHV��DUUD\�RI�SURS�WXEHV�ZLWK
VHSDUDWLQJ�ZDOOV�WDNHQ�RXW�

✽ �RSHUDWLRQ�VLPLODU�WR�SURSRUWLRQDO�WXEH�
✽ �FDWKRGHV�FDQ�EH�PHWDO�VWULSV�RU�ZLUHV�⇒�JHW

DGGLWLRQDO�SRVLWLRQ�LQIRUPDWLRQ�IURP�FDWKRGH
VLJQDOV�

■ �GULIW�FKDPEHU�
✽ ILHOG�VKDSLQJ�ZLUHV�DQG�HOHFWURGHV�RQ�ZDOO�WR

FUHDWH�YHU\�XQLIRUP�HOHFWULF�ILHOG��DQG�GLYLGH
FKDPEHU�YROXPH�LQWR�´GULIW�FHOOVµ��HDFK�FRQWDLQLQJ
RQH�DQRGH�ZLUH�

✽ ZLWKLQ�GULIW�FHOO��HOHFWURQV�OLEHUDWHG�E\�SDVVDJH
RI�SDUWLFOH�PRYH�WR�DQRGH�ZLUH��ZLWK�DYDODQFKH
PXOWLSOLFDWLRQ�QHDU�DQRGH�ZLUH�

✽ �DUULYDO�WLPH�RI�SXOVH�JLYHV�LQIRUPDWLRQ�DERXW
GLVWDQFH�RI�SDUWLFOH�IURP�DQRGH�ZLUH��UDWLR�RI
SXOVHV�DW�WZR�HQGV�RI�DQRGH�ZLUH�JLYHV�SRVLWLRQ
DORQJ�DQRGH�ZLUH�



3DUWLFOH�GHWHFWRUV��FRQW·G

■ &KHUHQNRY�GHWHFWRU�
✽ PHDVXUH�&KHUHQNRY�OLJKW��DPRXQW�DQG�RU

DQJOH��HPLWWHG�E\�SDUWLFOH�JRLQJ�WKURXJK
FRXQWHU�YROXPH�ILOOHG�ZLWK�WUDQVSDUHQW�JDV
OLTXLG��DHURJHO��RU�VROLG�⇒�JHW�LQIRUPDWLRQ
DERXW�VSHHG�RI�SDUWLFOH�

■ FDORULPHWHU�
✽ ´GHVWUXFWLYHµ�PHWKRG�RI�PHDVXULQJ�D�SDUWLFOH
V

HQHUJ\��SXW�HQRXJK�PDWHULDO�LQWR�SDUWLFOH
V�ZD\
WR�IRUFH�IRUPDWLRQ�RI�HOHFWURPDJQHWLF�RU
KDGURQLF�VKRZHU��GHSHQGLQJ�RQ�NLQG�RI
SDUWLFOH�

✽ �HYHQWXDOO\�SDUWLFOH�ORVHV�DOO�RI�LWV�HQHUJ\�LQ
FDORULPHWHU�

✽ �HQHUJ\�GHSRVLW�JLYHV�PHDVXUH�RI�RULJLQDO
SDUWLFOH�HQHUJ\�

■ 1RWH�
PDQ\�RI�WKH�GHWHFWRUV�DQG�WHFKQLTXHV
GHYHORSHG�IRU�SDUWLFOH�DQG�QXFOHDU
SK\VLFV�DUH�QRZ�EHLQJ�XVHG�LQ�PHGLFLQH�
PRVWO\�GLDJQRVLV��EXW�DOVR�IRU�WKHUDS\�



,GHQWLI\LQJ�SDUWLFOHV



3DUWLFOH�,GHQWLILFDWLRQ

%HDP�$[LV
&HQWUDO�7UDFNLQJ

(0�/D\HUV

+DGURQLF
/D\HUV

0XRQ�$�/D\HU
0DJQHW
0XRQ�%	&

&DORULPHWHU

e γ jet µ ν



:KDW�GR�ZH�DFWXDOO\�´VHHµ
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Electron
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Jet-2

Missing energy

jetsett +→ µ



'HWHFWRUV

■ 'HWHFWRUV
✽ XVH�FKDUDFWHULVWLF�HIIHFWV�IURP�LQWHUDFWLRQ�RI

SDUWLFOH�ZLWK�PDWWHU�WR�GHWHFW��LGHQWLI\
DQG�RU�PHDVXUH�SURSHUWLHV�RI�SDUWLFOH��KDV
´WUDQVGXFHUµ�WR�WUDQVODWH�GLUHFW�HIIHFW�LQWR
REVHUYDEOH�UHFRUGDEOH��H�J��HOHFWULFDO��VLJQDO

✽ H[DPSOH��RXU�H\H�LV�D�SKRWRQ�GHWHFWRU�
✽ �´VHHLQJµ�LV�SHUIRUPLQJ�D�SKRWRQ�VFDWWHULQJ

H[SHULPHQW�
hOLJKW�VRXUFH�SURYLGHV�SKRWRQV
hSKRWRQV�KLW�REMHFW�RI�RXU�LQWHUHVW����VRPH
DEVRUEHG��VRPH�VFDWWHUHG��UHIOHFWHG

hVRPH�RI�VFDWWHUHG�UHIOHFWHG�SKRWRQV�PDNH�LW
LQWR�H\H��IRFXVHG�RQWR�UHWLQD�

hSKRWRQV�GHWHFWHG�E\�VHQVRUV�LQ�UHWLQD
�SKRWRUHFHSWRUV����URGV�DQG�FRQHV�

hWUDQVGXFHG�LQWR�HOHFWULFDO�VLJQDO��QHUYH�SXOVH�
hDPSOLILHG�ZKHQ�QHHGHG
hWUDQVPLWWHG�WR�EUDLQ�IRU�SURFHVVLQJ�DQG
LQWHUSUHWDWLRQ



3DUWLFOH�LQWHUDFWLRQV�ZLWK�PDWWHU

✽ HOHFWURPDJQHWLF�LQWHUDFWLRQV�
hH[FLWDWLRQ
hLRQL]DWLRQ
h&KHUHQNRY�UDGLDWLRQ
hWUDQVPLVVLRQ�UDGLDWLRQ
hEUHPVVWUDKOXQJ
hSKRWRHOHFWULF�HIIHFW
h&RPSWRQ�VFDWWHULQJ
hSDLU�SURGXFWLRQ

✽ �VWURQJ�LQWHUDFWLRQV�
hVHFRQGDU\�KDGURQ�SURGXFWLRQ�
hKDGURQLF�VKRZHUV

✽ GHWHFWRUV��XVXDOO\�KDYH�VRPH�DPSOLILFDWLRQ
PHFKDQLVP



,QWHUDFWLRQ�RI�SDUWLFOHV�ZLWK�PDWWHU
■ ZKHQ�SDVVLQJ�WKURXJK�PDWWHU�

✽ �SDUWLFOHV�LQWHUDFW�ZLWK�WKH�HOHFWURQV�DQG�RU
QXFOHL�RI�WKH�PHGLXP�

✽ �WKLV�LQWHUDFWLRQ�FDQ�EH�HOHFWURPDJQHWLF�RU
VWURQJ�LQWHUDFWLRQ��GHSHQGLQJ�RQ�WKH�NLQG�RI
SDUWLFOH��LWV�HIIHFWV�FDQ�EH�XVHG�WR�GHWHFW�WKH
SDUWLFOHV�

■ SRVVLEOH�LQWHUDFWLRQV�DQG�HIIHFWV�LQ
SDVVDJH�RI�SDUWLFOHV�WKURXJK�PDWWHU�
✽ �H[FLWDWLRQ�RI�DWRPV�RU�PROHFXOHV��H�P��LQW���

hFKDUJHG�SDUWLFOHV�FDQ�H[FLWH�DQ�DWRP�RU
PROHFXOH��L�H��OLIW�HOHFWURQ�WR�KLJKHU�HQHUJ\
VWDWH��

h�VXEVHTXHQW�GH�H[FLWDWLRQ�OHDGV�WR�HPLVVLRQ�RI
SKRWRQV�

✽ LRQL]DWLRQ��H�P��LQW��
hHOHFWURQV�OLEHUDWHG�IURP�DWRP�RU�PROHFXOH���FDQ
EH�FROOHFWHG��DQG�FKDUJH�LV�GHWHFWHG

✽ &KHUHQNRY�UDGLDWLRQ��H�P��LQW���
hLI�SDUWLFOH
V�VSHHG�LV�KLJKHU�WKDQ�VSHHG�RI�OLJKW
LQ�WKH�PHGLXP��H�P��UDGLDWLRQ�LV�HPLWWHG���
´&KHUHQNRY�OLJKWµ�RU�&KHUHQNRY�UDGLDWLRQ��ZKLFK
FDQ�EH�GHWHFWHG�

hDPRXQW�RI�OLJKW�DQG�DQJOH�RI�HPLVVLRQ�GHSHQG�RQ
SDUWLFOH�YHORFLW\�



,QWHUDFWLRQ�RI�SDUWLFOHV�ZLWK�PDWWHU��FRQW·G

✽ WUDQVLWLRQ�UDGLDWLRQ��H�P��LQW���
hZKHQ�D�FKDUJHG�SDUWLFOH�FURVVHV�WKH�ERXQGDU\
EHWZHHQ�WZR�PHGLD�ZLWK�GLIIHUHQW�VSHHGV�RI�OLJKW
�GLIIHUHQW�´UHIUDFWLYH�LQGH[µ���H�P��UDGLDWLRQ�LV
HPLWWHG����´WUDQVLWLRQ�UDGLDWLRQµ

h�DPRXQW�RI�UDGLDWLRQ�JURZV�ZLWK��HQHUJ\�PDVV��
✽ EUHPVVWUDKOXQJ�� �EUDNLQJ�UDGLDWLRQ���H�P��LQW���

hZKHQ�FKDUJHG�SDUWLFOH
V�YHORFLW\�FKDQJHV��H�P�
UDGLDWLRQ�LV�HPLWWHG�

hGXH�WR�LQWHUDFWLRQ�ZLWK�QXFOHL��SDUWLFOHV�GHIOHFWHG
DQG�VORZHG�GRZQ�HPLW�EUHPVVWUDKOXQJ�

h�HIIHFW�VWURQJHU��WKH�ELJJHU���HQHUJ\�PDVV���⇒
HOHFWURQV�ZLWK�KLJK�HQHUJ\�PRVW�VWURQJO\
DIIHFWHG�

✽ SDLU�SURGXFWLRQ��H�P��LQW���
h�E\�LQWHUDFWLRQ�ZLWK�H�P��ILHOG�RI�QXFOHXV��SKRWRQV
FDQ�FRQYHUW�LQWR�HOHFWURQ�SRVLWURQ�SDLUV

✽ HOHFWURPDJQHWLF�VKRZHU��H�P��LQW���
hKLJK�HQHUJ\�HOHFWURQV�DQG�SKRWRQV�FDQ�FDXVH
´HOHFWURPDJQHWLF�VKRZHUµ�E\�VXFFHVVLYH
EUHPVVWUDKOXQJ�DQG�SDLU�SURGXFWLRQ

✽ �KDGURQ�SURGXFWLRQ��VWURQJ�LQW���
h�VWURQJO\�LQWHUDFWLQJ�SDUWLFOHV�FDQ�SURGXFH�QHZ
SDUWLFOHV�E\�VWURQJ�LQWHUDFWLRQ��ZKLFK�LQ�WXUQ�FDQ
SURGXFH�SDUWLFOHV������´KDGURQLF�VKRZHUµ



([DPSOHV�RI�SDUWLFOH�GHWHFWRUV

■ SKRWRPXOWLSOLHU�
✽ �SKRWRPXOWLSOLHU�WXEHV�FRQYHUW�VPDOO�OLJKW

VLJQDO��HYHQ�VLQJOH�SKRWRQ��LQWR�GHWHFWDEOH
FKDUJH��FXUUHQW�SXOVH�

✽ �SKRWRQV�OLEHUDWH�HOHFWURQV�IURP
SKRWRFDWKRGH�

✽ HOHFWURQV�´PXOWLSOLHGµ�LQ�VHYHUDO����WR����
VWDJHV�E\�LRQL]DWLRQ�DQG�DFFHOHUDWLRQ�LQ�KLJK
HOHFWULF�ILHOG�EHWZHHQ�´G\QRGHVµ��ZLWK�JDLQ��≈
����WR�����

✽ �SKRWRFDWKRGH�DQG�G\QRGHV�PDGH�IURP
PDWHULDO�ZLWK�ORZ�LRQL]DWLRQ�HQHUJ\�

✽ �SKRWRFDWKRGHV��WKLQ�OD\HU�RI�VHPLFRQGXFWRU
PDGH�H�J��IURP�6E��DQWLPRQ\��SOXV�RQH�RU�PRUH
DONDOL�PHWDOV��GHSRVLWHG�RQ�JODVV�RU�TXDUW]�

✽ G\QRGHV��DONDOL�RU�DONDOLQH�HDUWK�PHWDO�R[LGH
GHSRVLWHG�RQ�PHWDO��H�J��%H2�RQ�&X��JLYHV�KLJK
VHFRQGDU\�HPLVVLRQ��



([DPSOHV�RI�SDUWLFOH�GHWHFWRUV

■ 6SDUN�FKDPEHU
✽ JDV�YROXPH�ZLWK�PHWDO�SODWHV��HOHFWURGHV��

ILOOHG�ZLWK�JDV��QREOH�JDV��H�J��DUJRQ�
✽ FKDUJHG�SDUWLFOH�LQ�JDV�⇒�LRQL]DWLRQ�⇒

HOHFWURQV�OLEHUDWHG�
⇒�VWULQJ�RI�HOHFWURQ���LRQ�SDLUV�DORQJ�SDUWLFOH
SDWK

✽ SDVVDJH�RI�SDUWLFOH�WKURXJK�´WULJJHU�FRXQWHUVµ
�VFLQWLOODWLRQ�FRXQWHUV��WULJJHUV�+9

✽ �+9�EHWZHHQ�HOHFWURGHV��⇒�VWURQJ�HOHFWULF
ILHOG�

✽ HOHFWURQV�DFFHOHUDWHG�LQ�HOHFWULF�ILHOG�⇒�FDQ
OLEHUDWH�RWKHU�HOHFWURQV�E\�LRQL]DWLRQ�ZKLFK�LQ
WXUQ�DUH�DFFHOHUDWHG�DQG�LRQL]H�⇒�´DYDODQFKH
RI�HOHFWURQVµ��HYHQWXDOO\�IRUPDWLRQ�RI�SODVPD
EHWZHHQ�HOHFWURGHV�DORQJ�SDUWLFOH�SDWK�

✽ JDV�FRQGXFWLYH�DORQJ�SDUWLFOH�SDWK
⇒�HOHFWULF�EUHDNGRZQ�⇒�GLVFKDUJH�⇒�VSDUN

✽ +9�WXUQHG�RII�WR�DYRLG�GLVFKDUJH�LQ�ZKROH�JDV
YROXPH



([DPSOHV�RI�SDUWLFOH�GHWHFWRUV��FRQWG
■ 6FLQWLOODWLRQ�FRXQWHU�

✽ HQHUJ\�OLEHUDWHG�LQ�GH�H[FLWDWLRQ�DQG�FDSWXUH
RI�LRQL]DWLRQ�HOHFWURQV�HPLWWHG�DV�OLJKW��
´VFLQWLOODWLRQ�OLJKWµ

✽ OLJKW�FKDQQHOHG�WR�SKRWRPXOWLSOLHU�LQ�OLJKW
JXLGH��H�J��SLHFH�RI�OXFLWH�RU�RSWLFDO�ILEHUV��

✽ VFLQWLOODWLQJ�PDWHULDOV��FHUWDLQ�FU\VWDOV��H�J�
1D,���WUDQVSDUHQW�SODVWLFV�ZLWK�GRSLQJ��IOXRUV
DQG�ZDYHOHQJWK�VKLIWHUV�

■ *HLJHU�0�OOHU�FRXQWHU�
✽ �PHWDOOLF�WXEH�ZLWK�WKLQ�ZLUH�LQ�FHQWHU��ILOOHG

ZLWK�JDV��+9�EHWZHHQ�ZDOO�����´FDWKRGHµ��DQG
FHQWUDO�ZLUH����µDQRGHµ����⇒�VWURQJ�HOHFWULF
ILHOG�QHDU�ZLUH�

✽ FKDUJHG�SDUWLFOH�LQ�JDV�⇒�LRQL]DWLRQ�⇒
HOHFWURQV�OLEHUDWHG�

✽ HOHFWURQV�DFFHOHUDWHG�LQ�HOHFWULF�ILHOG�⇒
OLEHUDWH�RWKHU�HOHFWURQV�E\�LRQL]DWLRQ�ZKLFK�LQ
WXUQ�DUH�DFFHOHUDWHG�DQG�LRQL]H�⇒�´DYDODQFKH
RI�HOHFWURQVµ��DYDODQFKH�EHFRPHV�VR�ELJ�WKDW
DOO�RI�JDV�LRQL]HG�⇒�SODVPD�IRUPDWLRQ�⇒
GLVFKDUJH

✽ �JDV�LV�XVXDOO\�QREOH�JDV��H�J��DUJRQ���ZLWK�VRPH
DGGLWLYHV�H�J��FDUERQ�GLR[LGH��PHWKDQH�
LVREXWDQH�����DV�´TXHQFKHUVµ�



δp
p O

|η| < 4

σ(EM)  =  15% / 
σ(HAD)  =  50% /

∆η        ∆φ  =  0.1       0.1
E

x    xσ(z vertex)=6 mm
σ(rφ) = 60 µm   (VTX)

= 180 µm (CDC)
= 200 µm (FDC)

TRACKING

E

CALORIMETRY

= 0.2     0.01p+

|η| < 3.3

MUON

DO Detector/

7KH�'��GHWHFWRU7KH�'��GHWHFWRU



1m

CENTRAL 
CALORIMETER

END CALORIMETER

Outer Hadronic
(Coarse)

Middle Hadronic
(Fine & Coarse)

Inner Hadronic
(Fine & Coarse)

Electromagnetic

Coarse Hadronic 

Fine Hadronic 

Electromagnetic

'��&DORULPHWHU

■ 8UDQLXP�/LTXLG�$UJRQ�VDPSOLQJ�FDORULPHWHU
✽ /LQHDU��KHUPHWLF��DQG�FRPSHQVDWLQJ

■ 1R�FHQWUDO�PDJQHWLF�ILHOG�
✽ 5HO\�RQ�(0�FDORULPHWHU
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SJUDGH

New Solenoid, Tracking System
Si, SciFi,Preshowers

Shielding

Forward Mini-drift 
chambers

Forward ScintillatorCentral Scintillator

+ New Electronics, Trig, DAQ



'∅�8SJUDGH�7UDFNLQJ

l 6LOLFRQ�7UDFNHU
✽ )RXU�OD\HU�EDUUHOV��GRXEOH�VLQJOH�VLGHG�
✽ ,QWHUVSHUVHG�GRXEOH�VLGHG�GLVNV
✽ ��������FKDQQHOV

l )LEHU�7UDFNHU
✽ (LJKW�OD\HUV�VFL�IL�ULEERQ�GRXEOHWV��]�X�Y��RU�]�
✽ ������������µP�ILEHUV�Z��9/3&�UHDGRXW

l3UHVKRZHUV
&HQWUDO
l6FLQWLOODWRU�VWULSV

²�������FKDQQHOV

���)RUZDUG
²�6FLQWLOODWRU�VWULSV
²��������FKDQQHOV

6ROHQRLG
²�7�VXSHUFRQGXFWLQJ

cryostat
1.1

1.7



6LOLFRQ�7UDFNHU

7 barrels

50 cm

12 Disks  “F” 8 Disks“H”

3

         1/7 of  the detector      (large-z disks not shown)     

387k ch in 4-layer double 
sided Si barrel (stereo)

405k ch in interspersed 
disks (double sided stereo)
and large-z disks

1/2 of detector



6LOLFRQ�7UDFNHU��'HWHFWRUV
l 'LVNV

✽ ´)µ�GLVNV�ZHGJH��VPDOO�GLDPHWHU��
h�����GRXEOH�VLGHG�GHWHFWRUV�����ZHGJHV� ��GLVN
h���µP�SLWFK��������VWHUHR
h���FP�ORQJ��IURP�U ����WR���FP��DW
] �����������������FP

✽ ´+µ�GLVN��ODUJH�GLDPHWHU��
h����VLQJOH�VLGHG�GHWHFWRUV
h���µP�SLWFK
hIURP�U �������FP��] ���������FP

l %DUUHOV
✽ ��PRGXODU����OD\HU�EDUUHO�VHJPHQWV
✽ VLQJOH�VLGHG�

hOD\HUV�������LQ�WZR�RXWHUPRVW�EDUUHOV�
✽ GRXEOH�VLGHG�

hOD\HUV������KDYH���R�VWHUHR��PS[·G�����
�������	����µP�SLWFK������FP�ZLGH
hOD\HUV�����KDYH�VPDOO�DQJOH�VWHUHR���R�
�������	�����µP�SLWFK������FP�ZLGH

12cm

two detectors
wire bonded



7ULJJHU

■ 7ULJJHU� �GHYLFH�PDNLQJ�GHFLVLRQ�RQ�
ZKHWKHU�WR�UHFRUG�DQ�HYHQW

■ ZK\�QRW�UHFRUG�DOO�RI�WKHP"
hZH�ZDQW�WR�REVHUYH�´UDUHµ�HYHQWV�
hIRU�UDUH�HYHQWV�WR�KDSSHQ�VXIILFLHQWO\�RIWHQ��QHHG
KLJK�EHDP�LQWHQVLWLHV�⇒�PDQ\�FROOLVLRQV�WDNH�SODFH

hH�J��LQ�7HYDWURQ�FROOLGHU��SURWRQ�DQG�DQWLSURWRQ
EXQFKHV�ZLOO�HQFRXQWHU�HDFK�RWKHU�HYHU\����QV

hDW�KLJK�EXQFK�LQWHQVLWLHV���HYHU\�EHDP�FURVVLQJ
JLYHV�ULVH�WR�FROOLVLRQ�⇒���������������������
DERXW���PLOOLRQ�FROOLVLRQV�SHU�VHFRQG

hZH�FDQ�UHFRUG�DERXW����WR��PD\EH�����SHU�VHFRQG

■ ZK\�QRW�SLFN����HYHQWV�UDQGRPO\"
h:H�ZRXOG�PLVV�WKRVH�UDUH�HYHQWV�WKDW�ZH�DUH
UHDOO\�DIWHU��������������������������������������������������������

H�J��WRS�SURGXFWLRQ��≈���LQ�������FROOLVLRQV
���+LJJV�SURGXFWLRQ��≈���LQ�������FROOLVLRQV

h⇒�ZRXOG�KDYH�WR�UHFRUG����HYHQWV�VHFRQG�IRU
����\HDUV�WR�JHW�RQH�+LJJV�HYHQW�

h6WRUDJH�QHHGHG�IRU�WKHVH�HYHQWV�
≈���×������*E\WHV

■ 7ULJJHU�KDV�WR�GHFLGH�IDVW�ZKLFK�HYHQWV
QRW�WR�UHFRUG��ZLWKRXW�UHMHFWLQJ�WKH
´JRRGLHVµ



6DPSOH�FURVV�VHFWLRQV

q

p p

q

t

t

Process σ (pb) events

collision 8 x 1010 8 trillion

2 jets 3 x 106 300 million
4 jets 125,000 12,500,000
6 jets 5,000 500,000

W 25,000 x 100 pb-1 2,500,000
Z 11,000 1,100,000

WW 10 1000
tt 5 500

Higgs 0.1 10



/XPLQRVLW\�DQG�FURVV�VHFWLRQ
■ /XPLQRVLW\��LV�D�PHDVXUH�RI�WKH�EHDP

LQWHQVLW\
�SDUWLFOHV�SHU�DUHD�SHU�VHFRQG�

��/a�����FP��V��

■ ´LQWHJUDWHG�OXPLQRVLW\µ
LV�D�PHDVXUH�RI�WKH�DPRXQW�RI�GDWD
FROOHFWHG��H�J��a����SE���

■ �FURVV�VHFWLRQ�σ�LV�PHDVXUH�RI�HIIHFWLYH
LQWHUDFWLRQ�DUHD��SURSRUWLRQDO�WR�WKH
SUREDELOLW\�WKDW�D�JLYHQ�SURFHVV�ZLOO�

RFFXU�
h��EDUQ� �������FP�

h��SE� �������E� ��������FP��� ��������P�

■
�LQWHUDFWLRQ�UDWH�

∫=⇒×= LdtnLdtdn σσ          /



7ULJJHU�&RQILJXUDWLRQ

L2:  Combined
objects  (e, µ, j)

L1: towers, tracks

L1CAL

L2STT

Global
   L2

L2CFT

L2PS

L2Cal

L1PS

L1CFT

L2
Muon

L1
Muon

L1FPD

Detector L1 Trigger L2 Trigger

7 MHz 10 kHz 1 kHz

CAL

FPS
CPS

CFT

SMT

Muon

FPD


