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Abstract. The CMS trigger system must reduce an input data rate from the LHC
bunch-crossing frequency of 40 MHz to a rate which will be written to permanent
storage. A detailed study has recently been made of the performance of this system.
7KLV�SDSHU�SUHVHQWV�NH\�HOHPHQWV�RI�WKH�UHVXOWV�REWDLQHG�DQG�JLYHV�GHWDLOV�RI�D�GUDIW
³WULJJHU�WDEOH´�IRU�WKH�/HYHO���7ULJJHU�DQG�WKH�+LJK�/HYHO�7ULJJHU�VHOHFWLRQ�DW�D�³VWDUW�
XS´� OXPLQRVLW\� RI� �×��
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�� +LJK� HIILFLHQFLHV� IRU� PRVW� SK\VLFV� REMHFWV� DUH
DWWDLQDEOH�ZLWK�D�VHOHFWLRQ�WKDW�UHPDLQV�LQFOXVLYH�DQG�DYRLGV�GHWDLOHG�WRSRORJLFDO�RU
RWKHU�UHTXLUHPHQWV�RQ�WKH�HYHQW�

1 Introduction

7KH�&06�H[SHULPHQW�ZLOO�RSHUDWH�D�JHQHUDO�SXUSRVH�GHWHFWRU� LQ� WKH�/+&�PDFKLQH
ZKHUH� WKH�EXQFK�FURVVLQJ� IUHTXHQF\�ZLOO�EH��� 0+]�DQG�WKH� OXPLQRVLW\�ZLOO� UDQJH
IURP� DURXQG� �033 cm-2s-1 to the design luminosity of 1034 cm-2s-1, at which
luminosity there will be about 20 inelastic interactions per bunch crossing. The CMS
trigger system has the formidable task of reducing this input data rate to a rate of
O(102) Hz which will be written to permanent storage.

A detailed study has recently been made of the performance of this system at both low
luminosity, 2×1033 cm-2s-1, and at high luminosity, 1034 cm-2s-1 [1]. This study
involved the full detector simulation of more than 7 M events using GEANT 3.
Simulated digitization, including both in-time and out-of-time pileup, was performed
at both luminosities for much of this sample. Digitization and reconstruction were
done within the CMS OO environment with C++ code. This paper presents key
elements of the results of this study.

2 CMS trigger and data acquisition system design

7KH� &06� GDWD� DFTXLVLWLRQ� V\VWHP� �'$4�� LV� GHVLJQHG� WR� DFFHSW� DQ� LQSXW� UDWH� RI
��� N+]� HYHQWV� KDYLQJ�D� VL]H� RI� � 0%��7KH� WULJJHU� V\VWHP�XVHV� D� FXVWRP�/HYHO��
SURFHVVRU�WR�VHOHFW�WKLV���� N+]�RI�HYHQWV�IURP�WKH�LQSXW��� 0+]�EXQFK�FURVVLQJ�UDWH�
'XULQJ� WKH��µV� ODWHQF\�RI� WKH�/HYHO��� WULJJHU� WKH� HYHQW� GDWD� LV� VWRUHG� LQ� IURQW�HQG
SLSHOLQHV��7KH�UHPDLQLQJ�VHOHFWLRQ�SURFHVV�LV�PDGH�LQ�D�IDUP�RI�VWDQGDUG�FRPPHUFLDO
SURFHVVRUV��RQ�GDWD�DIWHU�LW�KDV�EHHQ�UHDG�RXW�WKURXJK�WKH�HYHQW�EXLOGHU�VZLWFK�QHWZRUN�
7KH� &06� GHVLJQ� LV� LOOXVWUDWHG� LQ� )LJ� �� DQG� FRPSDUHG� WR� D� PRUH� FRQYHQWLRQDO
DUFKLWHFWXUH�ZLWK�D�GHGLFDWHG�/HYHO���SURFHVVRU�EHIRUH�WKH�VZLWFK�QHWZRUN��%\�XVLQJ�D
SURFHVVRU�IDUP�IRU�DOO�VHOHFWLRQ�EH\RQG�/HYHO���&06�LV�DEOH�WR�EHQHILW�PD[LPDOO\�IURP
WKH�HYROXWLRQ�RI�FRPSXWLQJ� WHFKQRORJ\��)OH[LELOLW\� LV�PD[LPL]HG�VLQFH�WKHUH�DUH�QR
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EXLOW�LQ�GHVLJQ�RU�DUFKLWHFWXUDO�OLPLWDWLRQV��WKHUH�LV�FRPSOHWH�IUHHGRP�LQ�ZKDW�GDWD�WR
DFFHVV� DQG� LQ� WKH� VRSKLVWLFDWLRQ� RI� DOJRULWKPV�� (YROXWLRQ� LV� SRVVLEOH�� DOORZLQJ
UHVSRQVH� WR� XQIRUHVHHQ� EDFNJURXQGV�� 7KH� PLQLPL]DWLRQ� RI� LQ�KRXVH� HOHPHQWV� KDV
EHQHILWV�ERWK�LQ�WHUPV�RI�FRVW�DQG�PDLQWDLQDELOLW\�
$�IXUWKHU�QRWDEOH�IHDWXUH�RI�WKH�&06�'$4�V\VWHP�LV�LWV�PRGXODULW\��LW�LV�EXLOW�XS�RI
HLJKW����� N+]�XQLWV��QRW�DOO�RI�ZKLFK�QHHG�EH�LQVWDOOHG�DW�VWDUW�XS�

Fig. 1: Data flow architecture of the CMS trigger and data
acquisition system (on the left), compared to a more
conventional architecture using a dedicated Level-2 trigger.

3 The Level-1 trigger

7KH� &06� /HYHO��� WULJJHU� XVHV� FRDUVH� ORFDO� GDWD� IURP� WKH� FDORULPHWHU� DQG� PXRQ
V\VWHPV� WR�PDNH� HOHFWURQ�SKRWRQ� WULJJHUV�� MHW� DQG� HQHUJ\� VXP� WULJJHUV�� DQG�PXRQ
WULJJHUV��7KH�/HYHO���WULJJHU�LV�D�V\QFKURQRXV�SLSHOLQHG�V\VWHP��$�GHFLVLRQ�LV�UHWXUQHG
WR�WKH�IURQW�HQG�GHWHFWRU�HOHFWURQLFV�DIWHU�D�ODWHQF\�RI�DERXW�� µV��RI�ZKLFK�QHDUO\�� µV
LV�WDNHQ�E\�WUDQVPLVVLRQ�GHOD\��,W�LV�UHTXLUHG�WKDW�WKH�UHMHFWLRQ�LV�VXIILFLHQWO\�ODUJH�WR
UHGXFH� WKH� /HYHO��� DFFHSW� UDWH� VR� WKDW� WKH� GDWD� IORZ�PDWFKHV� WKH� VZLWFK� QHWZRUN
EDQGZLGWK��7KH�KDUGZDUH�LV�FXVWRP�PDGH��ODUJHO\�XVLQJ�$6,&V��EXW�ZLWK�ZLGHVSUHDG
XVH�RI�)3*$V�ZKHUH�DSSURSULDWH��,W�LV�RUJDQL]HG�LQ�GLVWLQFW�DQG�VHSDUDWH�FDORULPHWHU
DQG�PXRQ�V\VWHPV��DQG�WKH�UHVXOWV�DUH�FRPELQHG�DQG�RUJDQL]HG� LQ�D�JOREDO� WULJJHU�
ZKHUH�WKH�ILQDO�ELQDU\�DFFHSW�UHMHFW�GHFLVLRQ�LV�PDGH�
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3.1 The calorimeter trigger

7KH�FDORULPHWHU�WULJJHU�LV�EDVHG�RQ�WULJJHU�WRZHUV�RI�VL]H������×������LQ�η�ϕ�VSDFH�LQ
WKH� FHQWUDO� UHJLRQ�� DQG� VRPHZKDW� ODUJHU� IRU� _η _ ! ��� 7KLV� VL]H� UHSUHVHQWV� D� VLQJOH
UHDGRXW� WRZHU� LQ� WKH� KDGURQ� FDORULPHWHU� �+&$/��� DQG� �×�� FU\VWDOV� LQ� WKH
HOHFWURPDJQHWLF�FDORULPHWHU��(&$/��EDUUHO��7KH�WRZHU�HQHUJ\�VXPV�DUH�IRUPHG�E\�WKH
(&$/�� +&$/� DQG� IRUZDUG� KDGURQ� FDORULPHWHU� �+)�� WULJJHU� SULPLWLYH� JHQHUDWRU
FLUFXLWV�IURP�WKH�LQGLYLGXDO�FDORULPHWHU�FHOO�HQHUJLHV��)RU�WKH�(&$/�WKHVH�HQHUJLHV�DUH
DFFRPSDQLHG�E\�D�ELW�LQGLFDWLQJ�WKH�WUDQVYHUVH�H[WHQW�RI�WKH�HOHFWURPDJQHWLF�HQHUJ\
GHSRVLW��)RU�WKH�+&$/��WKH�HQHUJLHV�DUH�DFFRPSDQLHG�E\�D�ELW�LQGLFDWLQJ�WKH�SUHVHQFH
RI�PLQLPXP�LRQL]LQJ�HQHUJ\�
7KH� HOHFWURPDJQHWLF� WULJJHU�ZRUNV�ZLWK� IXOO\� RYHUODSSLQJ�ZLQGRZV� RI� �×�� WULJJHU
WRZHUV��DSSO\LQJ�D�WKUHVKROG�WR�WKH�VXP�RI�WZR�DGMDFHQW�(&$/�WRZHUV��&XWV�PD\�EH
SXW�RQ�LVRODWLRQ��RQ�WKH�KDGURQLF�HOHFWURPDJQHWLF�IUDFWLRQ��DQG�RQ�WKH�ILQH�JUDLQ�ODWHUDO
VKDSH� LQ� WKH� (&$/� �ZKLFK� DFWV� DV� D� VRUW� RI� ORFDO� LVRODWLRQ��� )LJXUH �� �OHIW�� VKRZV
HIILFLHQF\�WXUQ�RQ�FXUYHV��IRU�GLIIHUHQW�WKUHVKROG�FXWV��IRU�LVRODWHG�HOHFWURQ�WULJJHU�DV�D
IXQFWLRQ�RI�HOHFWURQ�S���$OVR�VKRZQ��ULJKW��LV�WKH�EDFNJURXQG�UDWH�DV�D�IXQFWLRQ�RI�WKH
WKUHVKROG�RQ�WKH�LVRODWHG�VLQJOH�HOHFWURQ�WULJJHU�DW�ORZ�OXPLQRVLW\�

Fig. 2: (Left) Efficiency turn-on curves different threshold cuts,
for isolated electron trigger as a function of electron pT, and
(right) background rate as a function of the threshold on the
isolated single electron trigger at 2x1033 cm-2s-1

7KH� MHW� WULJJHU� LV� DOVR� EDVHG� RQ� �[�� ZLQGRZV�� EXW� IRU� MHWV� WKH� HOHPHQWV� RI� WKHVH
ZLQGRZV� DUH� �[�� DUUD\V� RI� WULJJHU� WRZHUV�� 7KXV� WKH� MHW� DOJRULWKP� VXPV� WUDQVYHUVH
HQHUJ\� LQ� D� ��[��� DUUD\� RI� WULJJHU� WRZHUV�� DSSUR[LPDWHO\� FRUUHVSRQGLQJ� WR� D� XQLW
VTXDUH�LQ�η�ϕ�VSDFH��6HSDUDWH�OLVWV�DUH�PDGH�RI�FHQWUDO�MHWV�DQG�IRUZDUG�MHWV��7KH�WDX�MHW
WULJJHU�LV�REWDLQHG�E\�GHPDQGLQJ�D�QDUURZ�µWDX�OLNH¶�VKDSH�LQ�WKH�FHQWUDO�UHJLRQ��7KLV
LV� LOOXVWUDWHG� LQ�)LJ� ���6LQJOH��GRXEOH�� WULSOH�DQG�TXDG�MHW� WULJJHUV�DUH�SRVVLEOH��7KH
WKUHH�VHSDUDWH�FODVVHV�RI�MHW�²�FHQWUDO��WDX�MHW��DQG�IRUZDUG�²�SURYLGH�IOH[LELOLW\�IRU
WKH�GHILQLWLRQ�RI�FRPELQHG�WULJJHUV�
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7KH� WRS� IRXU� FDQGLGDWHV� RI� HDFK� FODVV� RI� FDORULPHWHU� WULJJHU� DUH� VHQW� WR� WKH�JOREDO
WULJJHU��)LJXUH ��VKRZV�WKH�/HYHO���MHW�WULJJHU�UDWHV�DV�D�IXQFWLRQ�RI�WKH�WKUHVKROG�

Fig. 3: Illustration of the Level-1 jet trigger algorithm, showing
the ‘tau-like’ shapes demanded in the centre region for the tau-jet
trigger

Fig. 4: Level-1 jet trigger rates for low and high luminosity.

0LVVLQJ�(��LV�FRPSXWHG�IURP�WKH�VXPV�RI�FDORULPHWHU�UHJLRQ�YDOXHV�RI�(��DQG�(���DQG
WKH�VXP�H[WHQGV�WR�WKH�HQG�RI�WKH�IRUZDUG�FDORULPHWHU��L�H��_η _  ��

3.2 The muon trigger

7KH� /HYHO��� PXRQ� WULJJHU� UHFHLYHV� LQIRUPDWLRQ� IURP� IDVW� GHGLFDWHG� PXRQ� WULJJHU
GHWHFWRUV�� UHVLVWLYH� SODWH� FKDPEHUV� �53&V��� FRPSOHPHQWHG� E\� WKH� SUHFLVH� SRVLWLRQ
PHDVXUHPHQWV�RI� WKH�PXRQ�FKDPEHUV�²�GULIW� WXEHV� LQ� WKH�EDUUHO�DQG�FDWKRGH�VWULS
FKDPEHUV�LQ�WKH�HQG�FDS��
(DFK�RI�WKH�/HYHO���PXRQ�WULJJHU�V\VWHPV�KDV�LWV�RZQ�WULJJHU�ORJLF��7KH�53&�VWULSV�DUH
FRQQHFWHG�WR�D�3DWWHUQ�&RPSDUDWRU�7ULJJHU��3$&7���ZKLFK�LV�SURMHFWLYH�LQ�η�DQG�ϕ�
7KH�&DWKRGH�6WULS�&KDPEHUV� IRUP�/RFDO�&KDUJHG�7UDFNV� �/&7�� IURP� WKH� FDWKRGH
VWULSV�� ZKLFK� DUH� FRPELQHG� ZLWK� WKH� DQRGH� ZLUH� LQIRUPDWLRQ� IRU� EXQFK� FURVVLQJ
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LGHQWLILFDWLRQ�RQ�D�7ULJJHU�0RWKHUERDUG��7KH�%DUUHO�0XRQ�'ULIW�7XEHV�DUH�HTXLSSHG
ZLWK� %XQFK� DQG� 7UDFN� ,GHQWLILHU� �%7,�� HOHFWURQLFV� WKDW� ILQG� WUDFN� VHJPHQWV� IURP
FRLQFLGHQFHV�RI�DOLJQHG�KLWV�LQ�IRXU�OD\HUV�RI�RQH�GULIW�WXEH�VXSHUOD\HU�
7KH�EHQGLQJ�LQ�WKH�VXFFHVVLYH�OD\HUV�RI�WKH�LURQ�\RNH��ZKLFK�FRPSOHWHV�WKH�PDJQHWLF
FLUFXLW� RI� WKH� &06� ILHOG�� LV� PHDVXUHG� E\� ILUVW� DVVHPEOLQJ� ORFDO� YHFWRUV� LQ� WKH
PHDVXUHPHQW�VWDWLRQV�DQG�WKHQ�DVVHPEOLQJ�WUDFNV�E\�OLQNLQJ�WKHVH�YHFWRUV�DFURVV�WKH
LURQ��)LQDOO\�WKH�LQIRUPDWLRQ�IURP�WKH�WKUHH�W\SHV�RI�PXRQ�GHWHFWRU�DUH�FRPELQHG�DQG
WKH�IRXU�EHVW�PXRQ�FDQGLGDWHV� LGHQWLILHG�DQG�VHQW� WR� WKH�JOREDO� WULJJHU��7KH�RYHUDOO
VFKHPH�LV�LOOXVWUDWHG�LQ�)LJ� ���)LJXUH ��VKRZV�WKH�UHVXOWLQJ�PXRQ�WULJJHU�HIILFLHQF\��DV
D�IXQFWLRQ�RI η��IRU�PXRQV�FRPLQJ�IURP�:�ERVRQ�GHFD\�

Fig. 5: Block diagram of the Level-1 muon trigger.

Fig. 6: Efficiency of Level-1 muon trigger as a function of η, for
muons from W→µν.
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3.3 Level-1 trigger table

,Q�RUGHU�WR�FRQVWUXFW�D�FRPSOHWH�WDEOH�RI�WKH�/HYHO���VHOHFWLRQ�LW�LV�QHFHVVDU\�WR�DOORFDWH
WKH�DYDLODEOH�'$4�EDQGZLGWK�EHWZHHQ�WKH�YDULRXV�WULJJHUV��7KH�IXOO�GHVLJQ�EDQGZLGWK
FDQ� DFFRPPRGDWH� ��� N+]� RI� � 0%� HYHQWV�� KRZHYHU� WKH�&06� SODQ� LV� WR� XVH� WKH
IOH[LELOLW\�RI�WKH�PRGXODU�'$4�V\VWHP�DQG�DW�VWDUWXS�LQVWDOO�RQO\�D��� N+]�FDSDFLW\�
,Q�WKH�DOORFDWLRQ�RSWLPL]DWLRQ�D�VDIHW\�IDFWRU�RI�WKUHH�LV�WDNHQ�WR�DFFRXQW�IRU�VLPXODWLRQ
XQFHUWDLQWLHV� DQG� XQH[SHFWHG� EDFNJURXQGV�� 7KXV� �� N+]� LV� DOORFDWHG� IRU� ORZ
OXPLQRVLW\�UXQQLQJ�DQG��� N+]� IRU�KLJK� OXPLQRVLW\��7KH�RSWLPL]DWLRQ��ZKLFK� LV�DQ
LWHUDWLYH�SURFHVV�ZKLFK�ZLOO�RQO\�EH�FRPSOHWHG�ZKHQ�UHDO�GDWD�LV�WDNHQ��LV�EHJXQ�E\
DOORFDWLQJ�DQ�HTXDO�VKDULQJ�RI�UDWH�WR�IRXU�FODVVHV�RI�WULJJHU��HOHFWURQ�SKRWRQ�WULJJHUV�
PXRQ�WULJJHUV��WDX�MHW�WULJJHUV��DQG�MHWV�DQG�PLVVLQJ�HQHUJ\�WULJJHUV��7KHQ�WKH�UDWH�PXVW
EH� VKDUHG� EHWZHHQ� WULJJHUV� ZLWKLQ� WKH� FODVVHV�²� IRU� H[DPSOH� EHWZHHQ� VLQJOH� DQG
GRXEOH� WULJJHUV�� 7KH� SULRULW\� LQ� WKLV� DOORFDWLRQ� SURFHGXUH� KDV� EHHQ� WR� JXDUDQWHH
GLVFRYHU\�SK\VLFV�ZKLOH�DW�WKH�VDPH�WLPH�PDLQWDLQLQJ�D�VXIILFLHQWO\�ZLGH�DQG�JHQHUDO
VXLWH�RI�FKDQQHOV�VR�DV�WR�UHPDLQ�LQFOXVLYH�DQG�EH�RSHQ�WR�XQH[SHFWHG�SK\VLFV�
7KH� /HYHO��� WULJJHU� WDEOH�� IRU� ORZ� OXPLQRVLW\�� ZKLFK� KDV� EHHQ� DUULYHG� DW� E\� WKH
SURFHGXUHV�GHVFULEHG�DQG�VDWLVILHV�WKH�FRQVWUDLQWV�RXWOLQHG��LV�VKRZQ�LQ�7DEOH ��

4 The High-Level Trigger

7KH�&06�+LJK�/HYHO�WULJJHU�UXQV�RQ�D�IDUP�RI�PDVV�PDUNHW�SURFHVVRUV�XVLQJ�FRGH
WKDW�LV�DV�FORVH�DV�SRVVLEOH�WR�RIIOLQH�FRGH��7KLV�VWUDWHJ\�HDVHV�PDLQWHQDQFH�DQG�DOORZV
RIIOLQH�FRGH�GHYHORSPHQW�WR�EH�UDSLGO\�H[SORLWHG�LQ�WKH�WULJJHU��7KH�ILQDO�RXWSXW�UDWH
RI�WKH�+/7�PXVW�UHPDLQ�PDQDJHDEOH��DQG�WKH�WDUJHW�UDWH�LV�WDNHQ�DV�2���

�

� +]��

Table 1: Level-1 Trigger table for 2×1033cm-2s-1. Thresholds correspond 
to values with 95% efficiency. The combined rate for the three different jet 
triggers is given on a single line, but the three thresholds are shown (the 

two jet trigger is found to be redundant).

7ULJJHU
7KUHVKROG
�*H9�RU�
*H9�F�

5DWH�
�N+]�

&XPXODWLYH�
5DWH��N+]�

,QFOXVLYH�LVRODWHG�HOHFWURQ�SKRWRQ �� ��� ���
'L�HOHFWURQV�GL�SKRWRQV �� ��� ���
,QFOXVLYH�LVRODWHG�PXRQ �� ��� ���
'L�PXRQV � ��� ���
6LQJOH�WDX�MHW�WULJJHU �� ��� ����
7ZR�WDX�MHWV �� ��� ����
RQH�MHW��WKUHH�MHWV��IRXU�MHWV ����������� ��� ����
-HW�
�(����� ���
��� ��� ����
(OHFWURQ�
�-HW ���
��� ��� ����
0LQLPXP�ELDV��FDOLEUDWLRQ� ��� ����
727$/ ����
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9DULRXV�VWUDWHJLHV�JXLGH�WKH�GHYHORSPHQW�RI�WKH�+/7�FRGH��5HJLRQDO�UHFRQVWUXFWLRQ
DQG�UHFRQVWUXFWLRQ�RQ�GHPDQG�VWUDWHJLHV�DUH�XVHG��UDWKHU�WKDQ�UHFRQVWUXFW�DOO�SRVVLEOH
REMHFWV�LQ�DQ�HYHQW��ZKHQHYHU�SRVVLEOH�RQO\�WKRVH�REMHFWV�DQG�UHJLRQV�RI�WKH�GHWHFWRU
WKDW�DUH�QHHGHG�DUH�UHFRQVWUXFWHG��(YHQWV�DUH�WR�EH�GLVFDUGHG�DV�VRRQ�DV�SRVVLEOH��WKLV
OHDGV� WR� WKH� LGHD� RI� SDUWLDO� UHFRQVWUXFWLRQ�� DQG� DOVR� WR� WKH� GHYHORSPHQW� RI� YLUWXDO
µWULJJHU�OHYHOV¶��DW�/HYHO ��FDORULPHWHU�DQG�PXRQ�WULJJHU�LQIRUPDWLRQ�LV�XVHG��/HYHO ���
LV�WKH�WHUP�XVHG�WR�GHVFULEH�WKH�DGGLWLRQDO�XVH�RI�WUDFNHU�SL[HO�LQIRUPDWLRQ��DQG�/HYHO �
UHIHUV�WR�WKH�XVH�RI�WKH�IXOO�HYHQW�LQIRUPDWLRQ�LQFOXGLQJ�WKH�FRPSOHWH�WUDFNHU�
7KH�+/7�IRU�D�JLYHQ�HYHQW�UXQV�RQ�D�VLQJOH�SURFHVVRU��ZKLFK�GHDOV�ZLWK�D�VLQJOH�HYHQW
DW�D�WLPH��,W�KDV�DFFHVV�WR�WKH�IXOO�HYHQW�LQIRUPDWLRQ��WKH�IXOO�JUDQXODULW\�DQG�UHVROXWLRQ
LV�DYDLODEOH��DQG�WKH�RQO\�OLPLWDWLRQV�DUH�WKH�&38�WLPH�XVDJH��WKH�OLPLWHG�RXWSXW�UDWH
DQG�WKH�LPSUHFLVLRQ�RI�WKH�FDOLEUDWLRQ�FRQVWDQWV�DYDLODEOH�RQOLQH��7R�VDWLVI\�WKH�SK\VLFV
UHTXLUHPHQWV�RI�WKH�H[SHULPHQW��WKH�VHOHFWLRQ�PXVW�EH�HIILFLHQW��LW�PXVW�EH�VXIILFLHQWO\
LQFOXVLYH�WR�EH�VHQVLWLYH�WR�XQH[SHFWHG�SK\VLFV��DQG�LW�PXVW�QRW�UHO\�RQ�D�YHU\�SUHFLVH
NQRZOHGJH�RI�UXQ�FRQGLWLRQV�RU�FDOLEUDWLRQ��0RQLWRULQJ�RI�WKH�+/7�SHUIRUPDQFH��WKH
DOJRULWKPV�DQG�WKH�SURFHVVRUV��LV�DQRWKHU�LPSRUWDQW�LVVXH�WKDW�PHULWV�FDUHIXO�DWWHQWLRQ�

4.1 HLT for electrons and photons

7KH� ILUVW� VWHS� RI� WKH� +/7� VHOHFWLRQ� SURFHVV� IRU� HOHFWURQV� LV� WKH� UHFRQVWUXFWLRQ� RI
FOXVWHUV� LQ� WKH�(&$/�PDWFKHG� WR� WKH�/HYHO���HOHFWURQ�SKRWRQ� WULJJHUV�XVLQJ� LWV� IXOO
JUDQXODULW\�� 7KH� NH\� LVVXH� KHUH� LV� WKH� UHFRYHU\� RI� WKH� HQHUJ\� UDGLDWHG� DV
EUHPVVWUDKOXQJ�LQ�WKH�WUDFNHU��7KH�VSUD\�RI�HQHUJ\�H[WHQGV�LQ�ϕ�EH\RQG�WKH�ERXQGDULHV
RI�D�VLQJOH�VKRZHU�GXH�WR�WKH�EHQGLQJ�RI�WKH�HOHFWURQV�LQ�WKH�� 7�PDJQHWLF�ILHOG��7KH
HQHUJ\�LV�FROOHFWHG�LQ�FOXVWHUV�RI�FOXVWHUV��WHUPHG�VXSHU�FOXVWHUV��$Q�(��WKUHVKROG�LV
DSSOLHG�WR�WKH�UHFRQVWUXFWHG�VXSHU�FOXVWHUV�

Fig. 7: Efficiency to pass electrons versus rejection of jet
background, at 2x1033 cm-2s-1 using the Level-2.5 pixel
matching. The upper curve is the performance with the full pixel
detector system; the lower curve refers to a reduced (staged)
startup installation which was considered and rejected. The
different points on the lines represent refer to different sizes of
window used for the search area.

80

85

90

95

100

5 10 15 20 25
Jet rejection

2x1033/cm2/s

ε(
e±

)(
%

)



8

7KH�/HYHO���HOHFWURQ�DQG�SKRWRQ� WULJJHU�UDWH� LV�HQWLUHO\�GRPLQDWHG�E\� WKH�GHFD\�RI
QHXWUDO�KDGURQV�LQ�MHWV��PDLQO\�π

�

V��WR�SKRWRQV��7KH�PRVW�LPSRUWDQW�VWHS�LQ�WKH�HOHFWURQ
VHOHFWLRQ� FRPHV� DW�/HYHO ����ZKHUH� VXSHU�FOXVWHUV� DUH�SURSDJDWHG�EDFN� LQ� WKH� ILHOG
IURP�WKH�(&$/�WR�WKH�SL[HO�GHWHFWRU�OD\HUV�DQG�PDWFKLQJ�KLWV�DUH�VRXJKW��7KH�SL[HO
OD\HUV�DUH�VLWXDWHG�MXVW�RXWVLGH�WKH�EHDP�SLSH�EHIRUH�PRVW�RI�WKH�WUDFNHU�PDWHULDO�DQG
KHQFH�EHIRUH�PRVW�HOHFWURQV�KDYH�UDGLDWHG�VLJQLILFDQWO\�DQG�EHIRUH�SKRWRQV�KDYH�KDG
D�ODUJH�SUREDELOLW\�WR�FRQYHUW��6HDUFKLQJ�IRU�WZR�PDWFKLQJ�KLWV��RXW�RI�WKUHH�SRVVLEOH�
ZLWKLQ�D�VPDOO�UHJLRQ��SURYLGHV�D�ODUJH�UHMHFWLRQ�IDFWRU�ZLWK�RQO\�D�VPDOO�HIILFLHQF\�ORVV
�VHH�)LJ� ����7KH�XQPDWFKHG�FOXVWHUV�EHFRPH�SKRWRQ�FDQGLGDWHV��WKH�UDWH�RI�ZKLFK�DUH
UHGXFHG�E\�PXFK�KLJKHU�WKUHVKROG�FXWV�WKDQ�DUH�XVHG�LQ�WKH�HOHFWURQ�FKDQQHOV�
7KH�HOHFWURQ�DQG�SKRWRQ�UDWHV�RXWSXW�E\�WKH�+/7�DW�ORZ�OXPLQRVLW\��EURNHQ�GRZQ�E\
FRQWULEXWLRQ��DUH�OLVWHG�LQ�7DEOH ���$�ORRVH�FDORULPHWULF�LVRODWLRQ�KDV�EHHQ�DSSOLHG�WR
WKH�SKRWRQ�VWUHDPV��EXW�QR� LVRODWLRQ��EH\RQG�WKDW�RI� WKH�/HYHO���7ULJJHU��KDV�EHHQ
DSSOLHG�WR�WKH�HOHFWURQ�VWUHDPV��7R�FRQWURO�WKH�WZR�SKRWRQ�UDWH�WKH�WKUHVKROGV�KDYH
EHHQ�UDLVHG�WR�(�

�

! �� *H9��(�
�

! �� *H9��HTXDO�WR�WKH�ILQDO�RIIOLQH�FXWV�HQYLVDJHG
IRU�+→γγ���7KHVH�FXWV�UHGXFH�WKH�UDWH�IURP���+]�WR��+]��DQG�KDV�D�QHJOLJLEOH�HIIHFW
RQ�WKH�HIILFLHQF\��$�IXOO\�RSWLPL]HG�VHOHFWLRQ�ZRXOG�SUREDEO\�LQYROYH�WUDFN�LVRODWLRQ
RQ�WKH�SKRWRQ�VWUHDPV��ZKROO\�RU�SDUWO\�UHSODFLQJ�WKH�FDORULPHWULF�LVRODWLRQ�DQG�WKH
UDLVHG�WKUHVKROG��DQG�WUDFN�LVRODWLRQ�LQ�WKH�VLQJOH�HOHFWURQ�VWUHDP��7KLV�VHOHFWLRQ�ZRXOG
UHGXFH� WKH� WRWDO� UDWH� WR� DERXW� �� +]�� RI� ZKLFK� RQO\� KDOI� LV� EDFNJURXQG�� ZLWK� WKH
LQWURGXFWLRQ�RI�RQO\�D�VPDOO�IXUWKHU�LQHIILFLHQF\�

4.2 HLT for muons

7KH�PXRQ�VHOHFWLRQV�ZRUNV�E\�VXFFHVVLYH�UHILQHPHQW�RI�WKH�PXRQ�S��PHDVXUHPHQW��$W
/HYHO �� WKH�PXRQV�DUH�UHFRQVWUXFWHG�LQ�WKH�PXRQ�V\VWHP�DORQH��ZLWK�WKH�DGGLWLRQDO
UHTXLUHPHQW�WKDW�WKH�WUDFN�VHJPHQWV�KDYH�D�YDOLG�H[WUDSRODWLRQ�WR�WKH�LQWHUDFWLRQ�UHJLRQ
�GHILQHG� E\� WKH� EHDP� VSRW� VL]H�� σ�� �� µP� DQG� σ� ��� FP��� 7KH� PRPHQWXP
HVWLPDWH� IURP� WKH� /HYHO��� PXRQ� WULJJHU� LV� XVHG� LQLWLDOO\� IRU� SURSDJDWLRQ� LQ� WKH
PDJQHWLF�ILHOG��7KH�S��UHVROXWLRQ�REWDLQHG�IRU�PXRQV�IURP�:�GHFD\V�LV�����LQ�WKH
UHJLRQ� _η _ �� ����� DQG� EHWZHHQ� ���� DQG� ���� IRU� WKH� UHPDLQLQJ� ILGXFLDO� UHJLRQ
���� � _η _ �������
$W�/HYHO ��IXOO�WUDFN�UHFRQVWUXFWLRQ��LQFOXGLQJ�WKH�LQQHU�WUDFNHU��LV�XVHG��6WDUWLQJ�IURP
WKH� UHJLRQDO� VHHGV�� D� WUDFN� UHFRQVWUXFWLRQ� DOJRULWKP� EDVHG� RQ� WKH� .DOPDQ� ILOWHU
WHFKQLTXH�LV�XVHG�WR�UHFRQVWUXFW�WUDFNV�ZLWKLQ�WKH�VHOHFWHG�UHJLRQV�RI�LQWHUHVW��7KH�JDLQ

Table 2: Electron and photon stream output from HLT selection at a lumi-
nosity of 2x1033 cm-2s-1

6LJQDO %DFNJURXQG 7RWDO
6LQJOH�HOHFWURQ :→Hν����+] π±�π

�

�RYHUODS���+]
π
�

�FRQYHUVLRQV����+]
E�F→H���+]

��+]

'RXEOH�HOHFWURQ =→HH���+] a� �+]
6LQJOH�SKRWRQ �+] �+] �+]
'RXEOH�SKRWRQ a� �+] �+]
727$/� ��+]
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LQ�PRPHQWXP�UHVROXWLRQ�LV�VXEVWDQWLDO��IRU�PXRQV�IURP�:�GHFD\V�WKH�S��UHVROXWLRQ�LV
�����LQ�WKH�UHJLRQ�_η _ � ����������IRU����� � _η_ � �����DQG������IRU����� � _η _ � �����
7KH�DOJRULWKPLF�HIILFLHQF\�IRU�WKH�/HYHO���PXRQ�WUDFNLQJ�LV�W\SLFDOO\������H[FHSW�LQ
WKH� SVHXGRUDSLGLW\� LQWHUYDO� ��� � _η _ � ���� ZKHUH� WKH� GULIW� WXEH� DQG� FDWKRGH� VWULS
FKDPEHU�V\VWHPV�RYHUODS�DQG�WKH�HIILFLHQF\�LV�DERXW�����
,VRODWLRQ�FXWV�FDQ�EH�XVHG�WR�VXSSUHVV�PXRQV�IURP�E��F��.�DQG�π�GHFD\V��7KUHH�LVRODWLRQ
WHFKQLTXHV�KDYH�EHHQ�VWXGLHG��FDORULPHWHU�LVRODWLRQ��ZKLFK�FDQ�EH�DSSOLHG�DW�/HYHO ��
SL[HO�LVRODWLRQ��XVLQJ�WUDFN�VWXEV�UHFRQVWUXFWHG�LQ�WKH�SL[HO�GHWHFWRU��DQG�LVRODWLRQ�XVLQJ
IXOO\�UHFRQVWUXFWHG�WUDFNV��,Q�DOO�WKUHH�WHFKQLTXHV��MHW�DFWLYLW\�LV�VRXJKW�LQ�D�FLUFXODU
UHJLRQ�DURXQG�WKH�PXRQ�LQ�η�ϕ�VSDFH�²�IRU�DOO�WKUHH�WHFKQLTXHV�WKH�RSWLPXP�VL]H�RI
WKLV�UHJLRQ� LV� IRXQG�WR�KDYH�D�UDGLXV��∆5��EHWZHHQ�����DQG������)LJXUH ��VKRZV�WKH
HIILFLHQF\�IRU�EDFNJURXQG�YHUVXV�WKH�HIILFLHQF\�IRU�VLJQDO��PXRQV�IURP�:�GHFD\V��IRU
WKHVH�LVRODWLRQ�WHFKQLTXHV�DW�ERWK�ORZ�DQG�KLJK�OXPLQRVLW\�

Fig. 8: Efficiency of the three isolation algorithms on the
‘reference background’ muons as a function of efficiency for
signal muons from W decay at (a) low and (b) high luminosity.

4.3 HLT for taus

7KH�+LJK�/HYHO�7ULJJHU�DOJRULWKPV�IRU�τ�LGHQWLILFDWLRQ�DUH�GHVLJQHG�WR�EH�XVHG�LQ�WKH
VHOHFWLRQ�RI�LVRODWHG�τ¶V�VXFK�DV�WKRVH�H[SHFWHG�LQ�WKH�0660�+LJJV�GHFD\V�$�+→τ+τ−

DQG�+�→τν. 7KH�ILQDO�VWDWH�VLJQDWXUHV�LQYROYH�HYHQWV�ZLWK�D�OHSWRQ�SOXV�D�WDX MHW��WZR
WDX MHWV�RU�RQO\�RQH�WDX MHW��7KH�τ¶V�GHFD\V�KDGURQLFDOO\�����RI�WKH�WLPH��SURGXFLQJ�D
QDUURZ�MHW�FRQWDLQLQJ�D�UHODWLYHO\�VPDOO�QXPEHU�RI�FKDUJHG�DQG�QHXWUDO�KDGURQV��)RU
WDX�MHWV�ZLWK�(� ! ���*H9�DERXW�����RI�WKH�HQHUJ\�LV�FRQWDLQHG�LQ�D�YHU\�VPDOO�UHJLRQ
LQ�η��ϕ�VSDFH�RI�UDGLXV������WR�������DQG�DERXW�����LQ�D�UDGLXV�RI�����
$W�/HYHO ��UHMHFWLRQ�RI�EDFNJURXQG�WR�KDGURQLF�WDX�GHFD\V�LV�REWDLQHG�E\�ORRNLQJ�IRU
YHU\� QDUURZ� MHWV� LQ� WKH� FDORULPHWHUV� �∆5 ������ VXUURXQGHG� E\� DQ� LVRODWLRQ� UHJLRQ
�∆5 ������ %RWK� SL[HO� LVRODWLRQ� DQG� IXOO� WUDFN� LVRODWLRQ� FDQ� EH� XVHG� WR� WLJKWHQ� WKH
VHOHFWLRQ�

�����������
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4.4 HLT for jets and missing ET

*OREDO�MHW�ILQGLQJ�LV�GRQH�XVLQJ�D�VLPSOH�LWHUDWLYH�FRQH�DOJRULWKP��,Q�WKLV�DOJRULWKP��D
OLVW�RI�WRZHUV�LV�PDGH��DQG�D�³SURWRMHW´�LV�IRUPHG�XVLQJ�WKH�GLUHFWLRQ�RI�WKH�WRZHU�IURP
WKH�OLVW�ZLWK�WKH�KLJKHVW�(���WKH�³VHHG�WRZHU´��DV�WKH�SURWRMHW�GLUHFWLRQ��7KH�GLUHFWLRQ
RI�WKH�SURWRMHW�LV�FDOFXODWHG�IURP�WKH�WUDQVYHUVH�HQHUJ\�ZHLJKWHG�DQJOHV�RI�WKH�WRZHUV
LQ�D�FRQH�DURXQG�WKH�SURWRMHW�GLUHFWLRQ�LQ�η�φ�VSDFH��DQG�WKH�WUDQVYHUVH�HQHUJ\�RI�WKH
SURWRMHW�LV�FDOFXODWHG�XVLQJ�WKH�GLUHFWLRQ�RI�WKH�SURWRMHW�DQG�WKH�VXP�WKH�HQHUJLHV�RI�WKH
WRZHUV�LQ�WKH�FRQH��7KH�GLUHFWLRQ�RI�WKH�SURWRMHW�LV�XVHG�WR�VHHG�D�QHZ�SURWRMHW��7KH
SURFHGXUH�LV�UHSHDWHG�XQWLO�WKH�HQHUJ\�RI�WKH�SURWRMHW�FKDQJHV�E\�OHVV�WKDQ����EHWZHHQ
LWHUDWLRQV�DQG�WKH�GLUHFWLRQ�RI�WKH�SURWRMHW�FKDQJHV�LQ�η��ϕ�VSDFH�E\�OHVV�WKDQ������RU
XQWLO�����LWHUDWLRQV�LV�UHDFKHG�
7R� LGHQWLI\� QHXWULQRV� LQ� WKH�+/7�� WKH� FDORULPHWHU� LQIRUPDWLRQ� LV� XVHG� WR� ORRN� IRU
PLVVLQJ� WUDQVYHUVH� HQHUJ\� �(��

���
��� 7KH� FXUUHQW� DOJRULWKP� FDOFXODWHV� (��

���
� DV� D

VLPSOH�YHFWRU�VXP�RI�WKH�WRZHUV�RYHU�D�WKUHVKROG�RI�����0H9�

4.5 HLT trigger table and performance summary

7KH�FXWV�DQG�WKUHVKROGV�GHVFULEHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV�PXVW�EH�FKRVHQ�WR�SURYLGH
D� ILQDO� SK\VLFV� VHOHFWLRQ�� ,Q� SULQFLSOH� WKHUH� DUH� GLIILFXOW� FKRLFHV� WR� EH� PDGH� LQ
RSWLPL]LQJ� WKH� XVH� RI� DYDLODEOH� EDQGZLGWK�� FKRLFHV�PXVW� EH�PDGH� EHWZHHQ� XQOLNH
FKDQQHOV�� WKH� SXULW\� RI� FKDQQHOV� LV� LQ� PDQ\� FDVHV� TXLWH� GLVVLPLODU� �H�J�� WKH�PXRQ
VWUHDPV�FRQWDLQ�OLWWOH�EDFNJURXQG�ZKHUHDV�WKH�VLQJOH�HOHFWURQ�VWUHDP�WHQGV�WR�FRQWDLQ
PRUH� EDFNJURXQG�� DQG� WKLV� QHHGV� WR� EH� EDODQFHG� DJDLQVW� WKH� FRPSOHPHQWDULW\� RI
GLIIHUHQW�VWUHDPV��7KH�NQRZQ�GLVFRYHU\�FKDQQHOV�SURYLGH�JXLGDQFH��EXW�WKH�VHOHFWLRQ
VKRXOG�UHPDLQ�VXIILFLHQWO\�LQFOXVLYH�
7DEOH ��VKRZV�WKH�FXUUHQW�VHW�RI�WKUHVKROGV�DQG�WKH�FRUUHVSRQGLQJ�UDWHV�WR�VWRUDJH�DQG
SURYLGH�DQ�LQGLFDWLRQ�RI�WKH�NLQG�RI�HYHQW�PL[WXUH�WKDW�DQ�RXWSXW�UDWH�RI�2���

�

� +]�DW
D� OXPLQRVLW\� RI� �[��

��

FP�

�

V�
�

� ZRXOG� \LHOG�� 7DEOH �� VKRZV� WKH� HIILFLHQF\� RI� WKH
VHOHFWLRQ� IRU�VRPH�UHSUHVHQWDWLYH�FKDQQHOV��7KH�YDOXHV� VKRZQ� LQFOXGH� WKH�HIIHFW�RI
ERWK�WKH�/HYHO���WULJJHU�DQG�WKH�+/7��7KH�QXPEHUV�JLYH�WKH�HIILFLHQF\�IRU�VHOHFWLQJ
ILGXFLDO�REMHFWV�



11

4.6 CPU time usage of HLT selection

$�NH\�LVVXH�IRU�WKH�+LJK�/HYHO�7ULJJHU�VHOHFWLRQ�LV�WKH�&38�SRZHU�UHTXLUHG�IRU�WKH
H[HFXWLRQ� RI� WKH� DOJRULWKPV�� 7KH� WLPH� WDNHQ� E\� WKH� VHOHFWLRQ� DOJRULWKPV� KDV� EHHQ
PHDVXUHG� RQ� D� 3HQWLXP�,,,� �*+]� SURFHVVRU�� DQG� WKH� UHVXOWV� YDU\� IURP� D� YHU\� IDVW
a�� PV�IRU�MHW�UHFRQVWUXFWLRQ�WR�WKH�ORQJHU�a���PV�IRU�PXRQ�UHFRQVWUXFWLRQ��7KH�&38
QHHGV�RI�WKH�DOJRULWKPV�PXVW�EH�ZHLJKWHG�E\�WKH�IUHTXHQF\�RI�WKHLU�DSSOLFDWLRQ��ZKLFK
LV�WKH�/HYHO���UDWH�RI�WKH�FRUUHVSRQGLQJ�FKDQQHO��$�WRWDO�RI������VHFRQGV�LV�QHHGHG�WR
FRYHU�WKH����� N+]�RI�HYHQWV�DOORFDWHG�LQ�WKH�/HYHO���WULJJHU�WDEOH��7DEOH ����DV�VKRZQ
LQ�7DEOH ���DQG�FRUUHVSRQGV�WR�D�PHDQ�RI���� PV�SHU�HYHQW�SDVVLQJ�/HYHO ��

Table 3: Set of thresholds and the corresponding rates to storage at a lumi-
nosity of 2x1033 cm-2s-1.

7ULJJHU
7KUHVKROG�

�*H9�RU�*H9�F�
5DWH�
�+]�

&XPXODWLYH�
5DWH��+]�

,QFOXVLYH�HOHFWURQ �� �� ��
'L�HOHFWURQV �� � ��
,QFOXVLYH�SKRWRQV �� � ��
'L�SKRWRQV ������ � ��
,QFOXVLYH�PXRQ �� �� ��
'L�PXRQV � � ��
,QFOXVLYH�τ�MHWV �� � ��
'L�τ�MHWV �� � ��
��MHW�
�(����� ����
���� � ��
��MHW�25���MHWV�25���MHWV ������������� � ��
(OHFWURQ�
�-HW ���
��� � ��
,QFOXVLYH�E�MHWV ��� � ��
&DOLEUDWLRQ�HWF������� �� ���
727$/ ���
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7DNLQJ� WKH� VWDUW�XS� VFHQDULR� RI� D� '$4� V\VWHP� FDSDEOH� RI� UHDGLQJ� D�PD[LPXP� RI
�� N+]�RI�HYHQWV�DFFHSWHG�E\� WKH�/HYHO��� WULJJHU�� WKH�DYHUDJH�RI���� PV�SHU�HYHQW
WUDQVODWHV�WR��������&38V�VXFK�DV�DUH�FXUUHQWO\�DYDLODEOH�LQ�D�VWDQGDUG�FRPPHUFLDO
3HUVRQDO�&RPSXWHU��3&���,W�LV�QRW�EHOLHYHG�WKDW�D�GHWDLOHG�H[WUDSRODWLRQ�RI�WKHVH�ILJXUHV
WR�WKH�\HDU������ZRXOG�EH�VXIILFLHQWO\�UHOLDEOH�WR�MXVWLI\�WKH�HIIRUW�UHTXLUHG�WR�PDNH�LW�
EXW�DQ�HVWLPDWH�FDQ�EH�PDGH�DVVXPLQJ�0RRUH¶V�/DZ��L�H��WKH�GRXEOLQJ�RI�&38�SRZHU
HYHU\����PRQWKV��$�IDFWRU�RI�HLJKW�LQFUHDVH�LQ�FRPSXWLQJ�SRZHU�\LHOGV�a�� PV�SHU
HYHQW�� DQG� D� QHHG� IRU� a������ &38V�� 7KLV� ILJXUH� FRPIRUWDEO\� PDWFKHV� RXU� WDUJHW
HVWLPDWH�RI�������GXDO�&38�3&V�IRU�WKH�+/7�IDUP�
7KHUH� DUH�� QDWXUDOO\�� ODUJH� XQFHUWDLQWLHV� LQ� WKH� DERYH� HVWLPDWH�� OLVWHG� LQ� RUGHU� RI
LPSRUWDQFH�

Table 4: Efficiency for typical physics channels to pass the complete 
Level-1 and HLT selection (geometric acceptance factors are not included 
here: the selected physics objects are within the detector fiducial regions)

&KDQQHO (IILFLHQF\
+�����*H9�F

�

�→γγ ���
+�����*H9�F

�

�→::
 →µνµν ���
+�����*H9�F��→==
→µµµµ ���
$�+�����*H9�F��→ττ ���
686<��a����7H9�F

�

�VSDUWLFOHV� a���
:LWK�53�YLRODWLRQ a���
:→Hν ���
:→µν ���
7RS→µ�; ���

Table 5: Summary of CPU time required for the selection of each physics 
objects in the HLT. The CPU figures refer to a 1 GHz Intel Pentium-III CPU.

3K\VLFV�2EMHFW

&38�WLPH�
SHU�/HYHO���
HYHQW��PV�

/HYHO���
7ULJJHU�UDWH�

�N+]�

7RWDO�&38�
WLPH�
�V�

(OHFWURQV�SKRWRQV ��� ��� ���
0XRQV ��� ��� ����
7DXV ��� ��� ���
-HWV�DQG�(����� �� ��� ���
(OHFWURQ���-HW ��� ��� ���
%�MHWV ��� ��� ���
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� $�PDMRU�XQFHUWDLQW\�LV�UHODWHG�WR�DOO�WKH�VDPSOHV�WKDW�KDYH�QRW�EHHQ�VLPXODWHG�
,QKHUHQW�LQ�WKH�DERYH�HVWLPDWH�LV�WKH�DVVXPSWLRQ�WKDW�DOO�HYHQWV�LQ�WKH��� N+]
RI�HYHQWV�DFFHSWHG�E\�WKH�/HYHO���7ULJJHU�ZLOO�UHTXLUH�WKH�IXOO���� PV��+RZHY�
HU��RQO\��� N+]�RI�WKH�WRWDO�RI��� N+]�KDV�UHDOO\�EHHQ�VLPXODWHG��ZLWK�WKH�UHVW
RI�WKH�HYHQWV�EHLQJ�LQFOXGHG�LQ�WKH�³VDIHW\�IDFWRU´�LQ�WKH�DOORFDWLRQ�RI�WKH�/HY�
HO���7ULJJHU�EDQGZLGWK��,W�LV�FOHDU�WKDW�PXFK�RI�WKLV�VDIHW\�IDFWRU�ZLOO�EH�XVHG�
VLQFH�EDVLF�SURFHVVHV�IURP�WKH�EHDP�LQ�WKH�PDFKLQH��H�J��EHDP�KDOR��KDYH�QRW
EHHQ�LQFOXGHG��,W�LV�H[SHFWHG��KRZHYHU��WKDW�VXFK�SURFHVVHV�ZLOO�UHTXLUH�IDU�OHVV
&38�WR�LGHQWLI\�DQG�UHMHFW�

� 7KH�ILJXUH�RI�a����PV�SHU�HYHQW�DFFHSWHG�E\�WKH�/HYHO���7ULJJHU�GRHV�QRW�LQ�
FOXGH�DOO�WKH�SURFHVVLQJ�QHHGHG�WR�JR�IURP�WKH�DFWXDO�UDZ�GDWD�WR�WKH�ILQDO�GHFL�
VLRQ�E\�WKH�+/7��7KH�RYHUKHDG�IURP�WKH�VRIWZDUH�IUDPHZRUN�IRU�DFFHVVLQJ�WKH
'$4�SDFNHWV�RI�UDZ�GDWD��DQG�WKH�WLPH�QHHGHG�WR�XQSDFN�WKH�UDZ�GDWD�LQ�WKH
IRUP� QHHGHG� E\� WKH� UHFRQVWUXFWLRQ� DOJRULWKP� DUH� QRW� LQFOXGHG�� 7KHVH� WLPHV
FDQQRW�EH�PHDVXUHG�DW�SUHVHQW�� VLQFH� WKH�UDZ�GDWD� IRUPDWV�DUH�QRW� ILQDOL]HG�
)LUVW�HVWLPDWHV�VXJJHVW�WKDW�WKH�&38�UHTXLUHPHQW�FDQ�EH�VLJQLILFDQW��WDNLQJ�XS
WR�RQH�TXDUWHU�RI�WKH�WRWDO�UHFRQVWUXFWLRQ�WLPH�

� 7KH�VHOHFWLRQ�RI�7DEOH ��LV�RQO\�DQ�H[DPSOH�RI�WKH�W\SH�RI�UHTXLUHPHQWV�DQG
UDWHV�LQYROYHG�LQ�WKH�+/7�VHOHFWLRQ��DQG�WKH�DFWXDO�WULJJHU�WDEOH�ZLOO�YHU\�OLNHO\
LQFOXGH�DGGLWLRQDO�VHOHFWLRQV��,Q�SDUWLFXODU��LW�LV�H[SHFWHG�WKDW�PRUH�VHOHFWLRQV
LQYROYLQJ� FRPELQHG� REMHFWV� ZLOO� EH� LQWURGXFHG�� ZKLFK�ZLOO� LQFUHDVH� WKH� UH�
TXLUHG�&38�WLPH�

� 7KH�WLPH�QHHGHG�WR�SURFHVV�D�VLQJOH�FRPELQDWLRQ�GHSHQGV�RQ�WKH�DFWXDO�LPSOH�
PHQWDWLRQ�RI�WKH�UHFRQVWUXFWLRQ�DOJRULWKP�DQG�WKH�XQGHUO\LQJ�OLEUDULHV��H�J��WKH
PDWKHPDWLFDO�DQG�PHPRU\�DOORFDWLRQ�RQHV�� ,W�DOVR�GHSHQGV�RQ�WKH�TXDOLW\�RI
WKH�FRPSLOHU�� ,Q� WKHVH� UHVSHFWV� WKH�FXUUHQW�&38� WLPH�HVWLPDWHV�DUH�DQ�XSSHU
OLPLW��7KH�FXUUHQW� WLPH�HVWLPDWHV�DUH�GRPLQDWHG�E\� WKH�PXRQ� UHFRQVWUXFWLRQ
VWHS�ZKLFK�LV�LQ�WXUQ�GRPLQDWHG�E\�WKH�*($1(�>�@�H[WUDSRODWLRQ�VWHS��$�VLJ�
QLILFDQW� VSHHG�XS� LV� H[SHFWHG� ZKHQ� WKH� H[WUDSRODWLRQ� SDFNDJH� LV� XSJUDGHG�
0RUHRYHU��WKH�FXUUHQW�SDFNDJH�XVHG�IRU�PDWUL[�DOJHEUD�ZLOO�EH�UHSODFHG�ZLWK�D
EHWWHU�RQH��DQG�VSHFLDOL]HG�PHPRU\�DOORFDWRUV�ZLOO�EH�XVHG�IRU�FDVHV�ZKHUH�WKH
PHPRU\�PDQDJHPHQW�RYHUKHDG�KDV�EHHQ�PHDVXUHG�WR�EH�VLJQLILFDQW�

� 7KHUH�DUH�XQFHUWDLQWLHV�DULVLQJ�IURP�WKH�DFWXDO�RFFXSDQF\�LQ�WKH�&06�VXE�GH�
WHFWRUV��7KH�WLPH�QHHGHG�WR�SHUIRUP�D�JLYHQ�SDWWHUQ�UHFRJQLWLRQ�DQG�RU�UHFRQ�
VWUXFWLRQ�WDVN�GHSHQGV�RQ�WKH�QXPEHU�RI�HOHPHQWV�RU�FRPELQDWLRQV�WKDW�QHHG�WR
EH�FRQVLGHUHG�LQ�RUGHU�WR�UHDFK�D�JLYHQ�UHFRQVWUXFWLRQ�HIILFLHQF\��DV�ZHOO�DV�RQ
WKH�WLPH�QHHGHG�WR�WUHDW�HDFK�HOHPHQW��7KH�PLQLPXP�QXPEHU�RI�FRPELQDWLRQV
QHHGHG�WR�DFKLHYH�D�JLYHQ�HIILFLHQF\�GHSHQGV�RQ�WKH�RFFXSDQF\�RI�WKH�GHWHF�
WRUV��DQG�RQ� WKH�DFFXUDF\�RI�HDFK�PHDVXUHPHQW��7KH�RFFXSDQF\��LQ� WXUQ��KDV
XQFHUWDLQWLHV�DULVLQJ�IURP�WKH�HYHQW�JHQHUDWRUV�GHVFULSWLRQ�RI�WKH�KDUG�LQWHUDF�
WLRQ��WKH�QRLVH�OHYHO�LQ�WKH�GHWHFWRU��LQFOXGLQJ�WKH�IXOO�UHDGRXW�FKDLQ��WKH�QHX�
WURQ� EDFNJURXQG� LQ� WKH� GHWHFWRU�� DQG� ILQDOO\� IURP� EHDP� EDFNJURXQGV�� 7KH
DFFXUDF\�RI�HDFK�PHDVXUHPHQW�KDV�DQ�XQFHUWDLQW\�UHODWHG�WR�WKH�FXUUHQW�XQGHU�
VWDQGLQJ� RI� WKH� GHWHFWRU� DQG� DFFXUDF\� RI� WKH� GHWHFWRU� UHVSRQVH� VLPXODWLRQ
NQRZOHGJH�RI�WKH�FDOLEUDWLRQ�DQG�DOLJQPHQW�DW�+/7�WLPH��$OO�WKHVH�XQFHUWDLQ�
WLHV�KDYH�UHDVRQDEOH�HVWLPDWHV�RU�DUH�H[SHFWHG�WR�EH�VXIILFLHQWO\�VPDOO�WR�EH�QH�
JOHFWHG�LQ�WKH�SUHVHQW�VWXGLHV�

7KH�&06�+/7�UHFRQVWUXFWLRQ�DOJRULWKPV�XQGHUZHQW�UDSLG�GHYHORSPHQW�LQ�WKH�FRQWH[W
RI�WKH�'$4�7'5��DQG�WKLV�GHYHORSPHQW�ZLOO�FRQWLQXH��,W� LV�H[SHFWHG�WKDW�WKH�&06
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UHFRQVWUXFWLRQ�VRIWZDUH�ZLOO�FRQWLQXH� WR�HYROYH�FRQVLGHUDEO\�EHWZHHQ�QRZ�DQG� WKH
ILUVW�SK\VLFV�UXQ��7KH�+/7�ILOWHULQJ�VWHS�VKRXOG�EHQHILW�IURP�DOO�LPSURYHPHQWV��VLQFH
WKH�FRGH�XVHG�LQ�WKH�+/7��ZLWK�WKH�H[FHSWLRQ�RI�WKH�LQSXW�DQG�RXWSXW�PHFKDQLVPV��LV
LGHQWLFDO�WR�WKH�FRGH�WR�EH�XVHG�RIIOLQH�

5 Summary

$�GUDIW�³WULJJHU�WDEOH´�IRU�WKH�/HYHO���7ULJJHU�DQG�WKH�+LJK�/HYHO�7ULJJHU�VHOHFWLRQ�DW
D�³VWDUW�XS´� OXPLQRVLW\�RI��×��

��

� FP�

�

V�
�

�KDV�EHHQ�VKRZQ��7KH�DVVXPSWLRQ�RI� WKLV
WDEOH�LV�D�WRWDO�'$4�EDQGZLGWK�RI����N+]��+LJK�HIILFLHQFLHV�IRU�PRVW�SK\VLFV�REMHFWV
DUH�DWWDLQDEOH�ZLWK�D�VHOHFWLRQ�WKDW�UHPDLQV�LQFOXVLYH�DQG�DYRLGV�GHWDLOHG�WRSRORJLFDO
RU�RWKHU�UHTXLUHPHQWV�RQ�WKH�HYHQW��7KH�RYHUDOO�&38�UHTXLUHPHQW�RI�WKLV�VHOHFWLRQ�LV
DSSUR[LPDWHO\�����PV�RQ�D�DQ�,QWHO���*+]�3HQWLXP�,,,�&38�
0XFK�PRUH�VRSKLVWLFDWHG�WULJJHU�UHTXLUHPHQWV�FDQ��DQG�PRVW�OLNHO\�ZLOO��EH�HPSOR\HG�
$V�DQ�H[DPSOH��DW�D�PLQLPXP��DV�WKH�LQVWDQWDQHRXV�OXPLQRVLW\�GURSV�WKURXJKRXW�D�ILOO
RI� WKH�/+&�� VRPH� EDQGZLGWK�ZLOO� EH� IUHHG� IURP� WKH� WULJJHUV� GLVFXVVHG� KHUH��7KLV
DGGLWLRQDO� EDQGZLGWK� FDQ� EH� UHDOORFDWHG� WR� WKH� VDPH� WULJJHUV� E\� GHFUHDVLQJ� WKH
WKUHVKROGV�
7KH�DGGLWLRQDO�EDQGZLGWK�PD\�DOVR�EH�XVHG�LQ�LQWURGXFLQJ�QHZ�WULJJHUV��H�J��IRU�%�
SK\VLFV�� ,QWURGXFWLRQ� RI� VXFK� WULJJHUV� LV� WKHQ� SXUHO\� DQ� LVVXH� RI�ZKHWKHU� WKHUH� DUH
DGHTXDWH� &38� UHVRXUFHV� IRU� WKH� VHOHFWLRQ� RI� WKH� UHOHYDQW� HYHQWV�� 7KH� V\VWHPDWLF
RSWLPL]DWLRQ�RI�WKH�WUDFN�UHFRQVWUXFWLRQ�FRGH�DQG�WKH�H[WHQVLYH�XVH�RI�³UHJLRQDO´�DQG
³FRQGLWLRQDO´� WUDFN� UHFRQVWUXFWLRQ� DOORZ� IRU� WKH� YHU\� IDVW� VHDUFK� IRU� DQG� WKH� IXOO
UHFRQVWUXFWLRQ�RI�%�PHVRQ�GHFD\V��)XUWKHU��RQJRLQJ�RSWLPL]DWLRQ�RI�WKH�WUDFNLQJ�FRGH
LQGLFDWHV� WKDW� LW� FDQ�EH� DSSOLHG� WR� WKH� IXOO�/HYHO���HYHQW� UDWH�DW�ERWK� ORZ�DQG�KLJK
OXPLQRVLW\��7KLV�ZRXOG�H[WHQG�DQG�FRPSOHPHQW�WKH�FXUUHQW�³/HYHO��´�VHOHFWLRQV�
7KH�VHOHFWLRQ�SUHVHQWHG�LQ�WKLV�SDSHU�LQGLFDWHV�WKDW�LW�LV�SRVVLEOH�WR�SURYLGH�WKH�+/7
VHOHFWLRQ�RI��������LQ�D�VLQJOH�SURFHVVRU�IDUP��)XUWKHUPRUH��WKH�IXOO�HYHQW�UHFRUG�LV
DYDLODEOH�� DQG� WKH� VRIWZDUH� WKDW� LPSOHPHQWV� DOO� DOJRULWKPV� FDQ� EH� FKDQJHG� DQG
H[WHQGHG��7KH�&06�+/7�V\VWHP�KDV�JUHDW�IOH[LELOLW\�DQG�SURYLGHV�PXFK�URRP�ERWK
IRU�LPSURYLQJ�WKH�VHOHFWLRQ�RI�WKH�YDULRXV�SK\VLFV�FKDQQHOV��DV�ZHOO�DV�IRU�DGMXVWLQJ�WR
XQIRUHVHHQ�FLUFXPVWDQFHV�UHVXOWLQJ�IURP�EDG�EHDP�FRQGLWLRQV��KLJK�EDFNJURXQG�OHYHOV
RU�QHZ�SK\VLFV�FKDQQHOV�QRW�SUHYLRXVO\�VWXGLHG�
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