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DD 2XWOLQH

z :KDW�LV�LQ�DQG�:KDW�LV�QRW�LQ�WKLV�7DON
z 5XQ�,,�'DWD�6KHHW
z .H\�)HDWXUHV�RI�WKH�'��'HWHFWRU�LQ�5XQ�,,
z 'HVSHUDWHO\�6RXJKW�686<���
z 5XQ�,,�+XQW�6WUDWHJ\
z *06%�0RGHOV
z %H\RQG�WKH�0660�DQG�([RWLFV
z /DUJH�([WUD�'LPHQVLRQV
z &RQFOXVLRQV



SUSY ’99, 6/17/99 Greg Landsberg, Hunt for SUSY in Run II at D0 3

DD
:KDW·V�LQ�DQG�ZKDW�LVQ·W

LQ�WKLV�WDON

z %RWK�&')�DQG�'��ZLOO�EH�TXLWH�FRPSHWLWLYH�LQ�QHZ�SK\VLFV�VHDUFK�LQ�5XQ
,,��VR�JLYHQ�D�VLPLODU�WDON�E\�5HJLQD�'HPLQD��&')���,¶G�OLNH�FRQFHQWUDWH�RQ
IHDWXUHV�WKDW�PDNH�'��XQLTXH

z (�J���68*5$�VLJQDWXUHV�ZLOO�EH�FRYHUHG�LQ�GHWDLO�LQ�5HJLQD¶V�WDON��,�MXVW
ZDQW�WR�DGG�WKDW�'��ZLOO�GR�MXVW�DV�JRRG�

z 0DQ\�UHVXOWV�VKRZQ�LQ�WKLV�WDON�ZHUH�REWDLQHG�DV�D�SDUW�RI�WKH�5XQ�,,
686<�+LJJV�ZRUNVKRS�DW�)HUPLODE�WKDW�UHDOO\�EURXJKW�WKHRULVWV�DQG
H[SHULPHQWDOLVWV�FORVHU�WRJHWKHU��\RX�WDXJKW�XV�ZRUGV�³PHVVHQJHU´�DQG
³LQIUDUHG�IL[HG�SRLQW�VROXWLRQ´��DQG�ZH�WDXJKW�\RX�WKH�ZRUGV�³WULJJHU´�DQG
³SDUWLFOH�,'´����PDQ\�WKDQNV�WR�0DUFHOD�&DUHQD�	�-RH�/\NNHQ�

z ,�WULHG�WR�DYRLG�VKRZLQJ�SDJHV�DQG�SDJHV�RI�OLPLW�SORWV��DQG�ZLOO�DWWHPSW
WR�VKRZ�\RX�RXU�VHDUFK�SKLORVRSK\�DQG�RXU�FDSDELOLWLHV�LQVWHDG

z 6RPH�WRSLFV�,�DP�JRLQJ�WR�GLVFXVV�DUH�VXEMHFW�RI�TXHVWLRQV�IURP�P\
WKHRUHWLFDO�FROOHDJXHV��VR�,�WULHG�WR�LQFOXGH�WKH�DQVZHUV�WR�WKHVH�³'��LQ
5XQ�,,�)$4´�LQ�WKLV�WDON
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DD 5XQ�,,�'DWD�6KHHW

Stats: Start at √s = 2 TeV, L ≈ 1032 cm-2s-1, 396 ns crossing time
L = 108 b-1Hz = 10-4 pb-1Hz
Run II (operational definition): I = ∫Ldt = 2 fb-1 (about 1.5 years) 
Sometimes during the run switch to 132 ns bunch crossing
Average no. of interactions/crossing: 3-6 (396 ns) or 1-2 (132 ns)
Trigger rates: 10 KHz, 1 KHz, 20 Hz or 100 µb, 10 µb, 200 nb
Total pp interaction cross section: ∼100 mb
Accept rate: ∼10-6

Total number of events to tape: 400 million (official: 6×108)
Cost: 10c/event, but with the cost of MI, etc. more like $1/event
Four events per every US taxpayer (eight together with CDF!)
Discovery accept rate: ∼10-8 

It’s like winning a lottery, except it is not gambling!



SUSY ’99, 6/17/99 Greg Landsberg, Hunt for SUSY in Run II at D0 5

DD
7RS�,QYHVWPHQW�3LFN�IRU

WKH�1HZ�0LOOHQQLXP

2T Superconducting Solenoid
Silicon Microstrip Tracker
Central Fiber Tracker
Central & Forward Preshowers
Upgraded Central Muon System
New Forward Muon System
New Pipelined Readout Electronics
New Three-Level Trigger System
Windows NT based Level 3/DAQ

BEST BUY

$45,000,000

DØ in the Next Millennium
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DD
.H\�)HDWXUHV�RI�WKH�'�

'HWHFWRU�LQ�5XQ�,,

z 1HDUO\�KHUPHWLF�8�/$U�&DORULPHWHU�ZLWK�SUHVKRZHU�GHWHFWRUV�
σ(�(� �����√(�>*H9@��H�γ��RU�����√(�>*H9@��MHWV��
σ;<�∼���PP��H�γ��DQG�σ;<�∼���FP��MHWV�

z (LJKW�OD\HU�&HQWUDO�)LEHU�7UDFNHU��&)7��ZLWK���.�FKDQQHOV�DQG
σ;<�∼����µP��σ]�∼�����PP��YLD��

R�VWHUHR�OD\HUV�
z )RXU�OD\HU��WZR�GRXEOH�VLGHG��6LOLFRQ�0LFURVWULS�7UDFNHU��607�
ZLWK����.�FKDQQHOV��σ;<�∼����µP��σ=�∼�����µP��δS7�S7� 
�����S7�>*H9�F@�⊕�������σLS� �������⊕����S7�>*H9�F@��µP

z 0XRQ�6SHFWURPHWHU�ZLWK�IDVW�VFLQWLOODWRU�WLOHV�DQG�GULIW�WXEHV�
PRPHQWXP�UHVROXWLRQ�LV�GHWHUPLQHG�E\�WUDFNLQJ

z 5DSLGLW\�FRYHUDJH��_η_�����RU�����_η_������H�γ���_η_����MHWV��
_η_������µ); _η_����&)7�WUDFNV���_η_����607�WUDFNV�
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DD
5XQ�,�6HDUFKHV�IRU

686<

z :H�GHVSHUDWHO\�VRXJKW
6XV\���

z %XW�ZH�UHDOO\�ZHUH�ORRNLQJ
XQGHU�WKH�ODPS�SRVW�

z 2XU�GHWHFWRUV�ZHUH�QRW
YHUVDWLOH�HQRXJK�WR�VWXG\
PDQ\�LQWHUHVWLQJ�FKDQQHOV

z 2XU�GDWD�VHWV�ZHUH�QRW
ODUJH�HQRXJK�WR�SUREH�WKH
PRVW�LQWHUHVWLQJ�UHJLRQV
RI�WKH�686<�SDUDPHWHU
VSDFH

z $QG�WKXV�IDU�ZH�IRXQG
QRQH���

/267�
(OHFWURZHDN�
6\PPHWU\
%UHDNLQJ

&DOO�6XV\�#�
������������

5(:$5'�
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DD +XQWLQJ�*URXQG

l�MHWV�(7 ll�MHWV�(7

lll�MHWV�(7

GHOD\HG�SKRWRQV

EE�(7
+,7

γ�MHWV�(7

γγ�(7

.LQNV

MHWV�(7

PRQRMHWV

ll�MHWV
XQGHWHFWDEOH

WDXV�(7

llll�(7 γ�ll�(7

,W¶V�D�0(66�

ll�EE�(7

QRQ�SRLQWLQJ�=
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DD
+RZ�WR�+XQW�IRU
1HZ�3K\VLFV"

z 'R�QRW�H[SHFW�XV�WR�WHVW�(9(5<�PRGHO���ZH�ZLOO�WHVW
&+$11(/6��QRW�02'(/6�

³5XQQLQJ�WKHRU\�H[SHULPHQW�FRXSOLQJ´
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3UHGLFWLRQ�
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DD
'HWDFKHG�9HUWLFHV

DQG�τ�,'

z (YHQ�WKRXJK�ZH�GR�QRW�NQRZ�H[DFWO\�ZKDW�QHZ�SK\VLFV�ZLOO
WXUQ�RXW�WR�EH��ZH�KDYH�DOO�UHDVRQV�WR�EHOLHYH�WKDW�LW�ZLOO�EH
VWURQJO\�FRXSOHG�WR�WKH�WKLUG�JHQHUDWLRQ�RI�PDWWHU

z 607�ZLOO�DOORZ�IRU�E���DQG�F���WDJJLQJ�ERWK�RIIOLQH�DQG��ZH
KRSH��DV�HDUO\�DV�WKH�VHFRQG�WULJJHU�OHYHO

z τ�,'�ZLOO�EH�HVVHQWLDO�IRU�VHDUFKHV�IRU�QHZ�SK\VLFV��LW�ZLOO�EH
GRQH�LQ�WKH�607�DQG�EDVHG�RQ�WKH�ORZ�WUDFN�PXOWLSOLFLW\�MHWV
DQG�ZLOO�DOORZ�WR�JR�DV�ORZ�DV�S7τ� ����*H9�F

z 'HVSLWH�WKH�IDFW�WKDW�WKH�&')�VLOLFRQ�YHUWH[�GHWHFWRU�LV�ODUJHU
DQG�IDVWHU�WKDQ�WKDW�IRU�'���ERWK�H[SHULPHQWV�DUH�H[SHFWHG
WR�KDYH�VLPLODU�FDSDELOLWLHV�LQ�KLJK�S7�τ�E�LGHQWLILFDWLRQ�ERWK
DW�WKH�WULJJHU�OHYHO�DQG�RIIOLQH
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DD
´,W·V�DOO�$ERXW�7ULJJHUV�

6WXSLG�µ
z ,I�ZH�FDQ�WULJJHU�RQ�LW��ZH�ZLOO�ILQG�LW�RIIOLQH�QR�PDWWHU�KRZ�FRPSOLFDWHG�LW
ORRNV��H�J���NLQNV�LQ�WUDFNHU��QRQ�SRLQWLQJ�WUDFNV�RU�SKRWRQV�

z /HYHO����DYDLODEOH�EXGJHW����.+]�
y 6LQJOH�LVRODWHG�&)7�WUDFN�����������������.+]�������������*H9�F�
y 7ZR�LVRODWHG�&)7�WUDFNV����������������.+]�������������*H9�F�
y 7ZR�MHWV����������.+]�������*H9�
y &HQWUDO��_η_��������PXRQ�������������������.+]�����������*H9�F�
y &HQWUDO�GLPXRQV���������+]�������*H9�F�
y &HQWUDO�SKRWRQV����������+]�������*H9�

z /HYHO����$YDLODEOH�EXGJHW���.+]�
y &)7�WUDFNV���QR�DGGLWLRQDO�UHMHFWLRQ
y 69;�WUDFNV���LQFUHDVHG�PRPHQWXP�UDQJH�IRU�WUDFN�FDQGLGDWHV
y GHWDFKHG�YHUWLFHV��E�MHWV��τ¶V��"�
y ([WHQVLYH�XVH�RI�WKH�SUHVKRZHU�GHWHFWRUV

z /HYHO����$YDLODEOH�EXGJHW����+]��H[SDQGDEOH�WR����+]�
y +LJK�OHYHO�VRIWZDUH�DOJRULWKPV��SUHOLPLQDU\�HYHQW�UHFRQVWUXFWLRQ
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DD
/RQJ�/LYHG�3DUWLFOHV�

6XEMHFW�'H�-RXU
/RQJ�OLYHG�QHXWUDOLQR�1/63�
&KHQ��*XQLRQ��35'�����������������
���
1HDUO\�GHJHQHUDWH�:LQR�=LQR�
5DQGDOO��6XQGUXP��KHS�WK��������
)HQJ��0RURL��5DQGDOO��6WUDVVOHU��6X��KHS�SK��������
*KHUJKHWWD��*LXGLFH��:HOOV��KHS�SK��������
*XQLRQ��0UHQQD��KHS�SK��������
���
/RQJ�OLYHG�VOHSWRQV�
)HQJ��0RURL��35'�����������������
0DUWLQ��:HOOV��35'�����������������
���
+HDY\�*OXLQR�/63�1/63�
%DHU��&KHXQJ��*XQLRQ� 35'�����������������
5DE\��7RE\��13�%������������
���

6HFRQG�PRVW�SRSXODU�VXEMHFW�
DIWHU�ODUJH�H[WUD�GLPHQVLRQV�

/RQJ�OLYHG�SDUWLFOHV�DSSHDU�LQ�PDQ\
WKHRULHV�ZLWK�VXSSUHVVHG�1/63�GHFD\
RU�KLJK�PDVV�GHJHQHUDF\��WKH\�UHVXOW
LQ�YHU\�FKDUDFWHULVWLF�VLJQDWXUHV��VXFK
DV�KLJKO\�LRQL]LQJ�WUDFNV��+,7���NLQNV�
GLVSODFHG�YHUWLFHV��HWF�
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DD

Charged Long-Lived Particles:

�FP ��FP �P ��P�PP���PP

dE/dx;
kinks

dE/dx;
TOF

Impact
parameter

γFτ

Neutral Long-Lived Particles:

�FP ��FP �P ��P�PP���PP

Photon
Pointing

Photon
Conversions

Hot
cells

γFτ

6HDUFK�IRU�/RQJ�/LYHG
3DUWLFOHV�DW�'�

z 7KH�NH\�TXHVWLRQ�LV�WKH�OLIHWLPH��RU�γFτ
z 7KH�NH\�LVVXH�LV�WKH�WULJJHULQJ

End view 
of the DØ
detector

γ *∼
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DD
��SRLQW�ILW��(0��(0���

σXY ∼  ���FP
σRZ ∼  ���FP

3KRWRQ�3RLQWLQJ�LQ�WKH
/DVW�0LOOHQQLXP

3KRWRQ�3RLQWLQJ�LQ�WKH
/DVW�0LOOHQQLXP

(0�
(0�

(0�

(0�

=
(097;

=
97;

(0�6KRZHU

(YHQ�WKRXJK�WKH
UHVROXWLRQV�DUH�QRW
YHU\�KLJK��WKLV�WRRO
ZDV�XVHG�LQ�VHYHUDO
DQDO\VHV�WR�FRQILUP
WKH�SULPDU\�YHUWH[
DQG�VXSSUHVV�YDULRXV
EDFNJURXQGV
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DD
&HQWUDO�DQG�)RUZDUG

3UHVKRZHUV

σRZ = 2.5 mm
σXY = 1.5 mm
RCPS = 73 cm
3 layers, ���χ0

σRZ = 1.5 mm
σXY = 2.5 mm
ZFPS = 142 cm
4 layers, 2χ0
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DD

Zvtx resolution, Run II
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a)

Impact parameter, Run II
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DD +,7��/HYHO���7ULJJHULQJ

z ,I�WKH�ORQJ�OLYHG�SDUWLFOHV�DUH�SDLU�SURGXFHG��DQG�LI�WKH�GHFD\
FKDLQ�GRHV�QRW�FRQWDLQ�DQ\�KLJK�S7�GHWHFWDEOH�SDUWLFOHV��H�J��
χ1

± → χ1
0 + π±���WKHUH�DUH�MXVW�WZR�ZD\V�WR�WULJJHU�

y 5HTXLUH�DQ�DVVRFLDWHG�MHW��DQG�WULJJHU�RQ�MHW���(7���ε ∼ ����
y 7ULJJHU�RQ�D�VLQJOH�LVRODWHG�WUDFN�RU�D�SDLU�RI�WUDFNV��KLJK�UDWHV�

One track above  10 GeV

no isolation
isolated

$GGLWLRQDO�SUHVKRZHU
VLJQDO�!��0,3V

One track above  10 GeV

no isolation
isolated
ISAJET
ISAJET isolated

)DNHV

1LQW�EDVHG
SUHVFDOH

Two tracks above 10 GeV

no isolation
one of tracks isolated
both isolated

~ ~

><�*HUVKWHLQ��'��WULJJHU�VWXGLHV@
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DD $GGLWLRQDO�+DQGOHV

z )RU�D�UHDOO\�ORQJ�OLYHG�SDUWLFOH��DGGLWLRQDO�UHMHFWLRQ�IURP�PXRQ
FKDPEHUV��ERWK�IURP�FRQILUPDWLRQ�DQG��SRVVLEO\��IURP�WLPLQJ

0

1
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0 0.5 1 1.5
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η
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ε
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0

1

0 0.5 1 1.5

z &DYHDW��LW�LV�QRW�FOHDU�WKDW�ZH�FDQ
NHHS�WKH�WLPLQJ�JDWH�ORQJ�GXH�WR
UDQGRP�FRLQFLGHQFH�EDFNJURXQG
WKDW�ZRXOG�RWKHUZLVH�EORZ�XS�RXU
VWDQGDUG�PXRQ�WULJJHU�UDWH
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DD +,7��G(�G[�LQ�607

z G(�G[�LQ�607

z G(�G[�LQ�&)7������0,3�OD\HU
z G(�G[�LQ�SUHVKRZHU�GHWHFWRUV
z G(�G[�LQ�WKH�FDORULPHWHU
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DD +,7��/HYHO���7ULJJHULQJ
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b)

����0,3�UHMHFWLRQ ����0,3�UHMHFWLRQ

����0,3�UHMHFWLRQ

%\�DGMXVWLQJ�WKH�GHILQLWLRQ
RI�VORZQHVV�DQG�WKH�YDOXH
RI�WKH�FXW�RQH�FRXOG�EH
HIILFLHQW�XS�WR�β ����ZLWK
��������0,3�UHMHFWLRQ
IDFWRU�DW�WKH�WULJJHU�OHYHO��

>'�&XWWV��*/��KHS�SK��������@
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DD 3URELQJ�*06%�0RGHOV

z *06%�PRGHO�PDVV�VSHFWUXP�GHSHQGV�RQ�WKH�IROORZLQJ
SDUDPHWHUV�
y Λ = )�6��UDWLR�RI�686<�'6%�VFDOH�DQG�WKH�VFDODU�ILHOG�YHY
y 0�1��0HVVHQJHU�VFDOH��QXPEHU�RI�PHVVHQJHUV

y WDQβ�DQG�VLJQ(µ)��UDWLR�RI�YHY¶V�RI�WKH�WZR�+LJJV�GRXEOHWV�DQG�VLJQ�RI
WKH�+LJJV�PDVV�SDUDPHWHU�

z /RZ�HQHUJ\�SKHQRPHQRORJ\�PDLQO\�GHSHQGV�RQ�Λ DQG�RQ�WKH
QDWXUH�RI�WKH�1/63��*ROGVWLQR�LV�WKH�/63�

z )RU�QHXWUDO�1/63�SKHQRPHQRORJ\�LV�JLYHQ�E\�WKH�UDGLDWLYH
GHFD\��1/63�→�γ���*��SKRWRQV���(7�ILQDO�VWDWH�

z )RU�FKDUJHG�1/63�SKHQRPHQRORJ\�LV�JLYHQ�E\�1/63�→�l���*
�OHSWRQV���(7�ILQDO�VWDWH�

z 7KH�OLIHWLPH�RI�WKH�1/63�LV�WKH�NH\�LVVXH

~
~
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DD 1/63�DQG�LWV�OLIHWLPH

z 1HXWUDOLQR�1/63�
y χ

�
��→�γ���*�GHFD\��γγ���(7��;�ILQDO�VWDWH

y γFτ ∼�100��√)�����7H9��������*H9�0�χ
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SUSY introduces an extra discrete symmetry: R-parity, Rp:
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RPV couplings describe lepton or baryon number non-
conservation (assuming that angular momentum is still

conserved!)

Originated in a footnote±7 of classical Farrar-Fayet paper [PL 76B (1978) 575]
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