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The CDF Collaboration

North America Europe Asia
E 3 Natl. Labs 1 Research Lab . .
28 Universities 6 Universities . ? LRJnlversLtlle_sb
E 1 University esearch La
1 Universities e}

“_‘-a..l L.._ 4 Universities 1 University

Totals :,.* 3 Universities

12 countries

58 Institutions

581 physicists
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Discovery of top, B,

My Mops SIN2PB, ... measurements
Tevatron Collider Luminosity
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Tevatron status

Collider Run llA Peak Luminosity

 Tevatron operations started = Luminosit
in March 2001 o =
Luminosity goals for run 2a: &= —July 61 e

+ 5-8x10° cm-2sec wio Recyclér” | - “ﬁ F T

« 2x10% cm2seclwith Recycler. . V i AT Tow
Achieved: B S S e |

: $§3Ssscs:32§583¢8¢8°¢ 525 ¢
e 3.8x10% cm2seclin : - Dat
OCtOber ’02 |apeakLumln05|tv oPeakLum?OXAverage| 01/06/03
* Now recovered from June A ebobedarrebiMar] Apr IMoyLun Jul AugSep Oct |
shutdown to improve p-bar = | Integr. Luminosity | 179 PY
cooling :

« 170 pbt delivered until
January 03

— 120 pb-! are on tape

— 10— 20 pb! used for analyses
shown here

Delivered
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Central Calor.

Plug Calor.
Time-of-Flight

Drift Chamber

Silicon Microstrip
Tracker

Front End Electronics

Triggers / DAQ (pipeline)
Online & Offline Software




Scale in m: Scale in 10 ®m:

10"m gz 100,000,000

10m 10,000
nucleus 4
JRF#%

10"m proton 1,000

(= B,
=1

BT

<10®m quark
DA—D
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Particle ID at CDF
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Muon Chambers \\

Superconducting Solenoid
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19784 ~ 19864

PETRA( 46.8CGeVEFI&E FEIZEXEER) at DESY (1)
19804 ~ 19904

PEP(30GeVEFIZE FEZEEER) at SLAC (K)
19814 ~ 19904

SppS ( 630GeV & F & f&FE122 3£ 5%) at CERN (EX)
19874 ~ 19954

TRISTAN( 64GeVEFI5E FEEEER) at KEK (H)
19874 ~

TEVATRON ( 1.8TeV[&¥ & [&5FE3EEER)
at Fermilab (£)
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1L0.3 PRODUCTION AND DETECTION OF TOP OQUARKS

We have considered warious techniques for deteckt ing ton
quarxs. In standard OCD models the top gquark production cros
Sec b 1o Aerme ndce o Frermeg Y ow " . . 3 B F .

»ection depends strongly on the Juark mass and the Ot 1 mum
detection technigue 1S consequently mass—-dependent. From the

Hadronic W Decay

Category Topology Branching Rati

B 3 jJets, no leptons 40%
B 1 jet, separated leptons 10%
L 3 jets, leptons imbedded 3 0%

in one jet



o (tt) =20pb
EXETE 1pb?
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This report is intended to provide materials for the CDF physics run
scheduled for winter 1986 to spring 1987. During this period Tevatron is expected
to deliver the total integrated luminosity of 100nb~ ! with c.m. energy of 1800 GeV.
The report includes reviews of CERN results on various physics subjects, their
trigger conditions, experience from the 1985 CDF engineering run, suggestions of
cosmic ray experiments and simulation studies on processés to be, or predicted to
be , observed at CDF in the 1986-1987 run. The booklet is pla_nnéd to be handy and

practical. At present this is very preliminary, and this will be kept updated and

upgraded during the course of CDF experiment.

January 10, 1987

F.Abe*, Y. Funayama¥**, Y _ Hayashide, T.Kamon, S.Kim, K. Kondo, T.Mimashi
S.Ogawa, T.Ozaki, T.Suzaki, S. Takahashi, K. Takikawa

M._Takano, H. Tsuda and F.Ukegawa

University of Tsukuba
* KEX

** ITnstitute for Cosmic Ray Research, University of Tokyo
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Rewvision Historyw

-Original creaton of "Rewviews and Simulabbons''

Minimum Bias evenes, (HOD Jers, W, Top OQuark, Centawros,
and STIS™

-Cormect typological errors in % .00

-Add a chapter "Triggers for CDF "86-"87 mun'™.
-Add  results of a simulation study on the background
{(bbX} for top-quark search in Chapter "Top Quarik™.

-Correct typological errors in WELLOZ2

-Add results of the fall 1985 run in Chapter "MMinimum Bias
Ewvents and ... ™

-Znd Edition.
-Change titles:

“MMinimum Bias Ewenes and Backpground for Minimum Bias
Trigger” —> "“Minimum Bias Ewenits and Backgroumd”
"Trigger im Jers”™ —> 7T faers™
“Transwverse Momentum of Elecuwon and Missing Transwverse Emaergy
im QD Jees™ > "Elecmron and Missing
2 Jers™
-Readit "Minimum Bias Events and Background'.
-Exchange figurcs in Secrion 3 of Chapter " Top Quark™
for resuitant figures obtained from analwvsis with higher
stanisincs.
-Add results on testing trigger algornithms with Monte

Carlo simulation for Chapters QO Jers” and W F
Bosons™.

Transverss Energy 1in



TOP QUARK

I ITNTRODUCTIONM

A roral of 12 candidates of top-guarks wers
reported by the UAL art the S5PS Collider during
runs in 19832-1983 and 1984 [1]. These
candidates, howewer, could be suspected as bb
jers of QCD bac:kﬂ‘r{}unus [Z]. Therefors, the
top-quark search is sull one of the interesting
and important wopics in the CDF expenment.

This report is intended 1o review the top-
quark scearch bv the UAl and to estimate the
number of triggers for the top-quark signature
by the CDF at an integrated 1..::"1"'1{}511"-.? of 100
nb L. Also is smadied the fakeness of bbX

events for the top-guark search with Mlano
Cario sitTnulation.

2z TOP-(UTAREK SEARCH BY T
LW |
The top-gquark secarch was made by
a1l Collaboradon wvia WW—ts=b—lawsb-
decay channel. Table 1 presents a2 SUIMUITIATY
the mwigger condidons and the number

candidates for the top- quark signatue at t
UAl during 1982-1983 and 1984 runs. A to

of 9 candidates of W —it+b—rc+wv+bs+b dec

and 3 candidates of W-—tsb—p+w+b+b dec

were found as tabulated 1 Tablae 1 [3, 4.
The ratio of producton cross-sections

Woboson Ggels= 1.8 TeWViow(fs= 0.63 T

TabD>lcs 1

Fuoun Sumumnary of the T4 1 Expoerzmment

TOPC1

t 19821983 Fuamn

e - .
3] 1984 Rum -

i
Condition

jer tE1T > 15 Ge™W

e ET > 1S SGe™ "{3;
E = 1O Ge™ f

i=

= "
L - muon charmbes (S0
T

al: > Ep = A0 SGa™ |

Imtecgratect
I i micorsiny”

136G nb
ar wWs — S4A6 SGaeW

253 nb
] ar s — 630 Ge™F

Threshold i
the AAnalysis

Erilcleciron) >15 Gae™
Eft{muonl
ErT{eel)

= 23 S
= B Geaw

The mumber of
top camnddidare
(13 Totalk & [ ]
(2 povbhe 3
(30 evbb J = ©
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4 STINVINVIARTY

The stedy of W—r+b—l+vs+b+b decay
bv the Al was reviwed at the CERM S5Ps5
Collider energies. A toral of 9 candidates of the
decay remained afrer the UAL analysis filter.
Such ewvents, howewver, were suspected as bbX
background.

[he similar stody was made for the
CDF wwwith the

following four kinds of dMMonis

Carlo samplies: -

(1) W —ts+b with ISATET at ~fs = 2 TV,

(2) W —t+b with ODORICO at s = 2 TeV,

(3) bbX background with QIORICO at W = 2
Ta™,

(A7) VW —rt+b with ISATET at Vs = 540 GeWV.

[he results of the soady
follows.

(13 The efficiency for signal swvents was higher
with ISAJET than with ODHORICO. This is
to the facro that the jetr multiplicicy associated
W—ste+b decaw is higher rawith ODORETCO
than with ESATET.

P T
L L ]

s

(2% The bb™ ewvents passing sslecdon cuts
apparently faked the mass peak around S0
Se W iic

acdon of ths correct combimation for

g - i - quark jess was 54 9% ar Ws = 2 TeW
and 76 9% ar s = 540 GeW. This 1s dus o an
e af more hard recoil jets at

Tevatron enceroy than the SPS energy.
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Update on PLIR Analvses

({ Dilepton and W ( — evr or g ) + = 4 jets
channels )

Julv 15, 1993 S Kim. K. Kondo and R.Oishi
| DLMW Analvsis in the dilepton channel
2 FKILMW Analyvsis i the WO - epr or g ) 4 .

Jjets channels

e Parton Lewvel full Reconstruction ( PLR )
— Likelihood Method with the use of D y-
namics ( IDILMNL )

— Likelihood Method with Kinematics only
( BILIND )




KLM analysis in the W ( — p or e +w } + = 4 jets

channel
July 15, 1993 S. Kim, K. Kondo and R.0Oishi
1 Event Selection
W (- ) + = 4 jets sample SL_;L{ — EDFL;*'

We used Muon W sample CDEF§W 7 DATA:[ANA W_MUON]
W EVENTS PART X_PAD ( where X = A, B, C, D and E ) made

by Mark Krasberg. His cuts are shown below.
e MUON BANK. TYPE CUT CMUO ONLY
o Pr> 18 GeV
e CHA ENERGY < 6.0 GeV
e CEM_ENERGY < 2.0 GeV
e CMU DX < 2.5 cm
o CMP DX < 10.0 cm
o« CMX_ DX < 8.0 cm

e Corrected Missing Er> 18 GeV

Then, we applied the following cuts in addition.
Muon Pt > 20 GeV
Neutrino Missing Et > 20 GeV
Jets Number of jets = 4 ( Corrected Jet Et > 15 GeV)



100

SVX b-tag

2 events

180

)

BRERBINT-Top mass h

Yo

'y



Swurrrrriary

e DLM mass distribution of three dilepton top candidates has

an average of 155 GeVW in Joint Probability.

e We performed K LM analvsis on the W { — jr or e 4o ) + =
4 jets data in the CDF 92,/93 run ( integrated luminosity of 20
1y, We had an overlapping with two SWX _b tagging events

o
with & mass around 180 GeVW . 10 Cobal-Grassman events with

mass from 120 to 180 GeVWV and 7 Slhiwa events wath a mass

1
from 120 to 190 Ceh

e | LM mass distribution for W -+ = 4 jets data shows some
enhancements around 150 GeVW | about 20 events ) and 180

e { about T events ). We need more VECDBOS W 4+ jets

SVX b-tag 2 events
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® Dilepton F¥> <)L
tt—mWbWb—I1"I"vvbb
FERERDIES: |+, |-, missing ET, 2 jets

b tagging:
© b tagging IFZERKL7LELY, agging

© silicon vertex detector
@® Lepton + Jets Fr R/l (SVX) Tb MARIERZ

tt>W*bW-b—I*vqgagbb i,

BREHDIES: | =, missing ET, 23 jets, b tagging © b FRIRMLESLHIE p; D
soft lepton Z1&H

® Multi-Jets ( All Hadronic )JF+¥ >R JL (SLT),
tt—>W*+*bW- b—>q’qq’qbb
EREFIDIER: =5 jets, T ET, b tagging
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e + 4 jet event fitneytrino  Jjet &3 jet #1

40758_44414
24-September, 1992

TWO jets tagged by SVX

fit topmassis 170 +- 10 GeV
e*, Missing E,, jet #4 from top
jets 1,2,3 from top ( 2&3 from W )

Tewvatron
beam pipe

( note scales )

/’igﬁ

- 3_r_ﬁ'éters I

Tracking View Primary

Vertex Secondary
Vertex
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\ Ellipses

- 5mm - —-—»
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i —— Background i
i - — Background+Top |
10 3| B
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| | i y
10 7| a
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My T4 —5 R D EEHL

Run 1A (1992-93, 19 pb—1 ) M#EER PRL(94); PRD('94)

R ER 3 bkgd EATF{E METHIEEI*
Dilepton 2 events 0.56 +0.25/-0.13 12.0%
SVX 6 tags 2.3 = 0.3 3.2%
SLT ] tags 3.1 =03 4.1%

=DM ELI-METHAEEM P = 0.26% (2.80)

36
i B as
i =
= 34
I o3
o, 2 — —
= i 32 F
8 _I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 II
= 150 160 170 1850 190
= Top Mass (GeV/c)
=
E 1 [ I I
o P I N IS S T i |
100 150 200 250 300

Top Mass (GeV/c>)

M, =174 = 10 (#f&T) +13/-12(F#) GeV/c?

c(tt)=139+6.1/-4.8 pb



|*“J7°77J'—7"_5?.035Enu

Run 1A +1B; 67 pb—1 D#EER PRL(95)
EUHISE R bked HIFFE #METHIEEM

Dilepton 6 events 1.3 =0.3 3x1073 (2.70)
SVX 27 tags 6.7 = 2.1 2x107° (4.00)
SLT 23 tags 154 = 2.0 6x102(1.90)
=DFHMBLI-METIEEM™ P = 1x10%(4.80)
BEH ?‘ﬁ(Lepton + 4 jets ERDBHER)
B L, F 4
=l w
“F %_j;_.l...l..l..
« [ oo Tﬂlpm]!v![ass (Gev:z:g
<
=
€ s[
s
5 2 -
e e e
M, =176 = 8 (#t51) = 10 (Ri#f) GeV/c?

c(tt)=6.8+3.6/-2.4 pb



Run 1: 110 pb'&T7—4 DRTHEER

FALTbo-Foo R
10E&R(en: 7, pu: 2, ee: 1)
INYDT IR DHETE:21 £ 04 FR

LI+ >3 vk Fvvo 2RI
(SVX Z# AU =b—tagging)

34 ER
INYDTSTOUREDHETE 80 + 1.4 =R
NER: Mistags 20 + 04
Wbb, Wcc 2.7 = 0.7
We 0.8 =0.3
(SLT #FiL\f=b—tagging)
40 ER

INYDTSOVRDHETE 243 + 35FR
(SVX, SLT ZHIL\T2o vk MDb-tagging)

9FR

INVDTSIOVRDH#ETFE 04 + 01ER

< J)LF vk ( All Hadronic )-Fv > R JL
192 B&
INVITSHOURDMETE 148 = 10ER

Zbb. Zcc 03 =+ 0.1
Z— 1, WW, WZ 0.3 == 0.1
Non-W( bb Z&d)1.9 = 0.7
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Top Cross Sections

CDEI preliminary
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@
BT —
éll c|-> EI; 1I0 1|2 1I4 '1I6

G (pp — D) (pb)

-+3.5

765 pb

5.127 pb

9.277'5 pb

8.4 pb

6.51') pb
Theory

6-413'; pb

4-1j;2_'11 prb

c(tt) by CDF =6.5+1.7/-14 pb

HAIDD

SVvX

S1.T

IDIL.
Combined

4.7 - 5.5)

DIL.

IL.+J (topo)
L+J (pu-tag)
HAIDD

Combined



MTOF—ODEEDERERE

Lepton + 2 3 jets BRD YU TILMD 4 jets DEREIES,
F42TYRD ET [ 8 GeV LLETHNIE KLY,
DxybMN 5 ELULEHLHESIT E, DEWVEIZ 4 HES,

Lepton + 4 jets FRZ tt EHZIRTEL TCEEZRICHEBERT 5,
pp—t +t,+X
t, — W, +b,
t, — W, + b,
W, —1+v
W=+,

ETOVIVrDEAEDHLEERT,
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CDF Run | VH searches ( 106 pb-1)
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VH Production Cross Section Limit
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