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Calibra~ion 

Physics 

0) Minimum Bias 


1 ) Jet 

,j::>.. ..... 
0) 

I 02) Electroweak 
5,"000 '-AJ ~ e. v 

cr· B(W->- ev),fcr . B(Z-> e+e-) 
bOO ~ -') e+e-

MWI Mz• sin29wI P, Il.r 
w z

PT I PT , - Ch4.~e At;Ytftw.-t.ry 

., 3) Top Quark Search 


e + jets . I . e + J.I. 


.4) Super Symmetry Search 


• Large missing ET + jets 

2 photons + jets + large missing ET 


5) Others 


Future Prospects 

The CDF Collaboration 
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Week 
Dale = beglnnin{l Monday ) 

Calorimeter Calibration 

All calorimeters were calibrated in a test beam. 

Calibrations were tracked by sources. 

17,000 high quality electrons from data were used to 

map central towers using E/P where P was measured 

from central tracking chamber. 

Overall scile of EIP was adjusted using =1000 W decay 

electrons. 

(~)2 = ( 13.5%)2 + (1.7%)2 
. E VE sine 
for central EM calorimeter. 

--j 
~ 

0 
• 	 C\2 W -	 Decay150 	I ­0 . Electrons 

o· i~l 	
~ 

H RadiativeQ.) 
100 ~ x 

)( 
Ie 	 "Simulation0... 

CIl 

Q 
 t \w 
0 IH 50 ... 	 - .f x.-+-l 
0" 

Q) 
 xf . liftt-'" 
~ ..... 'I **,'\X I'ili yo .x.X'.o••)I[ ••,X.)(.....................11:••• _...J:.x.oX.lC_x~X.x.x.x.l(.x.,.. 

, I 

0.5 	 1 1.5 2. 

E/P (After C~librations) 

Flgun s: E/P em:=parbOll oC pden W eI.ct."'C:I.S to radIati,.. ai=!.a.t..!.cn. 
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CTC Calibration MASS Cy:'}r-) 
CTC is calibrated each run with minimum bias events 

to get t{) and drift velocity constants. 

Measure beam position using "Electroweakll DST 

production stream events. 

Use W-decay electrons and beam position constraint to 

adjust wire layer individual rotations to make positive 

and negative tracks have the same IEIPI. 

Use cosmic ray muons that pass through the center of 

the CTC to check that positive and negative tracks 

match. 

~ Momentum resolution: 
00 

I ~ = 0.11% (GeV/cr l 
I-' 

pi 
Ma2nitude of Magnetic Field 

Studied KsO ->1t+jt-, J/o/ ->J.l.+J,J;, Y(IS) .:.> J.l.+W decays. 

Reconstructed mass of : 

11 J(~:: 0.498 ± 0.002 GeV/c2 

11-:/:;. 3.097 ± 0.001 GeV/c2 

M;: ~ 9.469 ± 0.010 GeV/c2 

These numbers agree well with the world 

averages. 

Mass scale error < 0.2% due to systematic 

momentum-scale uncertainties. 

"'"- ....-U tot 1.4c.NI_l 

$01 
1DL1,., I ­ "J"/Cf I~ 

IQ 

cu::n.:-ot 
~-'.7_'

3.oClrr ± 0.001 ~ f'ItI.o.-_-~c.vI_l 

.,1- . G.tfY'lc1. 
s::.-- 4.0.17 
1Ir.__..1Il 

""'__ -10_ 
IO~ rq u.. ......... __ 


..-........ .., I-
J " 

20 
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zO 	 Mass and Width f = 4.'7 plo' 

Triggers: 

1 ) 	 "Electron" trigger: 

EM transverse energy > 12 GeV within a "trigger 

tower" (~T\ = 0.2, ~$ = 15°) associated with a on­

line track of PT > 6 Ge VIc. 

2) 	 "Di-photon" trigger: 

Two ~r more EM clusters each with ET > lOGeV 

and with no track requirements. 

3) 	 "Muon" trigger: 

A muon track segment in the central muon 

chambers matching an on-line track with PT > 9 

GeV/c.
,.j::>.. 
I--' 
c:.o 

I e+e- event selection: 

Select events with 2 central electrons. 

• Fiducial cuts on electrons, which are several cm away 

from calorimeter edges ($-cracks, 90~ crack) so as to .j 
I 

have -its shower fully contained. 

• Cut on energy in hadronic component, 

HADIEM < 0.10 . ~ 

• Require IEIPI < 1.4 . 

:,::-11", 

Pt PHI COT 
-38.3 230 0.1 

34.0 S2 -e.4 
11.6 104 e.3 
-6.4 IS3 2.1 
-5.9 298 3.0 
-4.e ge 13.4 
-3.3 le7 -1.7 
-3.0 176 -13.3 
-2.4 291 -e.3 
-1.8 113 -3.6 

1.3 	 256 -1.5 
1.0 	 314 a.a 

-1.0 13 1.4 
'3. '7 2a7 -e.s 
0,', 68 e.7 

-"'.:3 114 -2.16 
-~3. :3 lS6 -€t.4 

~Zt .. S 46 e.. 3 
13.8 2 
~3. 7 23·? 'j.7

-'3.7 17 
-e.7 260 -1. 3 
-13.7 247 ~.5 

'3.6 233 -€f."
-'3.0 272 -3.0 
-0.6 206 -e.3 
0.6 	 158 -3.7 
0.6 	 234 -e.9 
0.'; 	 33 1).'31 

-0.5 200 o .,. 
0.5 	 136 
e.5 	 101 
0.5 67 -1.4 
'3.5 152 1.2 
0.5 	 18 3.6 

-0.5 2139 1.9 
20 lIIore tracks. 

~ 
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pCAND.PRO_5_1 

DAIS E transvers. Et~-Phi LEGO Plot 
1'1;ox of;'::""'-=t'::= 4\), 'j Min t.:;.'",oe-r'" E= 1),5(1 .: 11...;.::":'. .:-, ... ·.: 

METS: 	 E~ot.l = 477.7 G~V. Et(sc31~~)= 125.9 
E~(mi$5)= 3.8 at Phi= 193.7 D~~ •• e.... 

..:? 
• A transverse shower profile in the strip chambers 	 ..oS-.... 

'-&.00.... & 
--9-9,.0 .,.. 

Et Threshold 0.0 GeV -< O--?' .... 
must be consistent with an electron shower: Z and R-q, 

Clustl'rs: 	 / .:,.......
profile 1.1 < 10.0 . EM HA Nr Et Phi Eta _Tow EMfrac. 

• A 	 strip-chamber shower position must match an 

extrapolated track position: 

~z < 3.0 cm, ~(R$) < 1.5 cm 



1 t-'f-\ (, r\ 1 N l:'f 
~ass and Width (Cont'd) 	 40 

A.)S5t 
J.1+Jr event selection: N 

Q 

'SOSelect events with 2 central muons. >
Q.) 

First muon: c.!) 25 
• PT > 20 GeV/c 	 li.l 

C\2 20• Electromagnetic energy < 2.0 GeV 
", Cy\.' tt1 ",.,... 	 J-t 

• Hadronic energy f 6.0 GeV ) i (> ", 3 ' '" a-	 OJ 
~ 15 

• Muon stub must match 	an extrapolated eTe track en 

~ 10
position: A(Rq,) < 10 cm 	 Q.) 


> 

~ 5 


Second muon: 
 O! .. ! IIIl 

• Muon stub and "Minimum ionizing" in the 	 60 80 

z· -> ~+J.I.-
132 Evenls 

100 120 140 

.B.) Z· ->.••• ­
64 Evenls 

40 

~ 35 

30 

25 

20 

15 

10 

5 

GO 80 100 120 140 
2 

0 

Mass (GeV/c ) 

zo -> J.1+W was fitted in the 

N IAq, - 180°1 < 1.5°, IAlll < 0.10 . 	 range 75 to 105 GeV/c2 using a maximum-likelihood o 
I and remove QeD jet backgrounds: fit with a signal modeled by- a relativistic Breit-\Vigner 

No jets with ET > 15 GeV within 10° of these form convoluted with a Gaussian resolution in lIPT. 

tracks. 
C-ALO R \ /"-'\ E: TRY 

calorimeter with PT > 20 GeV/C( Mass (GeV /c2
) 

The mass distribution forThen remove cosmic rays: 
~ 

121 I: 	 I . , N 
0 

10 I> 	 JI zo -> e+e-
Q.) 

0 
0 

S'r II 73 Events 
....... 


6 
J-t 
OJ 
~ .4 
en 

...,.J 

J:: 2OJ 
> 
~ 

0 
60 SO 100 120 . 140 

Mass (GeV/c 2 ) 



Corrections and uncertainties in the ZO mass 

ZO_>Jl+IJ: 

(Tracking) 

ZO->e+e· 

(Tracking) 

ZO->e+e­

(Calorimeter) 

Events 

Fit Mass 

Rad. Corr. 

Strct. Functs. 

E/P Calibration 

Mass Scale 

123 

90.41±0.40 

+0.22 ±0.03 

+0.08 ±0.03 

... ... 

... '±0.20 

58 

89.27±0.80 

+2.19 ±0.30 

+0.08 ±0.03 

... ... 

... ±0.20 

65 

90.93±0.34 

+0.11 ±0.03 

+0.08 ±0.03 

... ±0.38 

... ±O. 

Corrected Mas~ 90.7±0.4±0.2 9 1 .5 ±O . 8 ±O . 4 9 1 . 1 ±O . 3 ±O . 4 

Width 4.0±1.2±1.0 _. 3.6±1.1±1.0
t+:>­
N ...... 

(All units are in Ge V Ic2 ) 

The best value for the ZO mass is a weighted mean of the tracking 

measurement of the Jl+ IJ: sample and the calorimeter 

measurement of the e+e- sample. 

Mzo = 90.9 ± 0.3 (stat+syst)± 0.2 (scale) GeV/c2 

W mass .c =4.t"f pb-l 

Even_t Selection 

Select events with: 

• 	 Missing transverse energy ~ > 25 Ge V 

• 	 Missing transverse energy significance > 2.4 

• Er of electron cluster > 25 Ge V 

• Electromagnetic fraction EMITOTAL > 85% 

• Seed tower of electron cluster must be located in the 

central detector (1,,1 < 1.0). 

• E1P < 2.0 

• Electron fiducial cuts: 

- More than 1.5 0 away from the central $ crack. 

- 12 cm or further from' the 90° crack. 

• One and only one track pointing at the electron seed 

tower. 

• 
• Removed y conversions. 	 . ..l 

1'" '+' 
• Required 	no cluster of > 5 Ge V oppo$ite "electron with· 

> 15 GeV. KQ MOV~ di-j~t 

• Restricted to events with no clusters (other than the 

electron) with ET greater than 7 GeV. 



Electron Et spectrum 

Transverse Mass 


Since neutrino pz is not measured, we used transverse 


mass 80 

MT= 12ETl~T(1-COS(4>e-$v)) 


which is less sensitive to PT distribution of W. 

60 

ET : Transverse energy of electrons measured by 


calorimetry after E/P calibration. 40 


fr : Miss~ng transverse energy --> Transverse energy of 
20 


neutrino. 


Neutrino energy corrections 


Sum of ET over all calorimetry towers with a 

25 

1111<3.8. 

~ 
N Remove electron from event and remake 1r 
N 

from under1y~ng event.I 

Correct for calorime.try low energy non-_ 

linearities by multiplying 1:r from underlying 

event by 1.4. 100 

>a 
C 
C 75 /
oj 
10 
G 
~ 

10 
CI 50­-i 
::s:z: 

25 

a 
50 60 70 80 90 

Tr:u::.:r.e~e !l:!..S3 (:';!'¥le2 
) 

100 i I ••• i I •••• 

, , I 
30 35 40 45 

Electron Et (GeV) 

Flp.... 13: W cLoc:tr= E, 'Jle'C=:-..:::t. + .I_l·d=­

iff electrons 

CDF Prell.:rninary 

.t:l1l' = SO.O.:!:: 0.2 :: 0,6 

rT = 5.5 ::!: 1.3 :: ?? 

i 14-8 events 

4.7 pb-1 

I I I . 



W mass(Cont'd) 

Uncertainties in fitting the W mass 

Uncertainty Size (MeV) 

Wfl.Pxlt, "¥~;~ 
Statistical 200 (380) 

1. Energy Scale 320 

2. Radiative Corrections 

3. Proton Structure Function 

4. Resolution, PTw, etc. 

Electron Resolution 

fr Resolution • ~,J1: ~1' "I 

( 4"li". buu e~ 
Residual width/o~erflow v 

. NO ·~S(lP 

5. B~ckground. . 

6. B inned Fitting 

100 

230 

< 100 

150 

400 

< 50 

250 

Systematics 2-6 540 

Overall 650 (730) 

,~4RS"'E. 
r--lR.S-B 
E\-\lQ.+:>­

N 
CJ,;) 1)0-1.
I :t)o-'L. 

Prel~M\y\G.'r"'~ 


Mw = 80.0 ± 0.2 (stat) ± 0.3 (scale) ± 0.5 (sys) 

Charge Asvmmetrv in pp-7Y,Z-7e+e-

Lowest order cross section is: 
2~= I,fdX\dX2dQ2 f{XbQ ) f{Xz,Q2) 

dcose q ..... ..... ..... 

[G(1+cos2e) + IG.z«1+cos2e) + ~ . coj)) 

+ z«ivq+iA.t)(g~.+iAc)(1+coS2e) + 8gVqgAqgVegAc cose)] 

..... ..... 


= A(1 +cos2e) + B cose 


A and B are functions of sin2ew. of 

?1'e. 

~_7d~ 
Use Collins snd Soper [Phys. Rev.D16, 2219(1977)] 

formalism that chooses the mean of the p and p directions in 
•

the rest frame of the ZO as the orientation against which to 

defin.e cose. 

If acceptance is charge indepc:ndent, acceptance is 

independent of the sign of cosS. 

Assume g comes from proton, sea-sea interactions 

introduce symmetric dilution. 

Use events with electron pairs which have invariant mass> 

50 GeV. 



Electron. Selection 

• ET> 15 GeV 

• EIP < 2.0 if central 

• Track-Strip match if central 

• 	 Shower profile consistent with electron 

• All events were hand scanned 

Apply "Negative Log Likelihood Fit" to ~de...... 
cos 

If acceptance is symmetric in cose, In L is independent of 

acceptance. • 

Preliminary result is: 

sin2Gw = 0.216 ± 0.015 (stat) ± 0.010 (sys) 

,j::o. 
N 
,j::o. 

I 

~O 

200 

150 

COR~E:.<:.-r:;:D 8"( AC(EPTANCli. 

1= IT To ..Jd_<l_;:. -= A(Sltlew) ( I 
-to. B(S,~1.(9".,) C 

50 f f 	 f f 
f +f t t f t t ttl f f 

o1, , 
-1 -0.5 0 O.! 

COS 8: 
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t 

C.o"s~e ) 
<;9 

wtZ Cross Section Ratio 

R =	aw(W-+ev) aw r(w-+ev) 1i 
az(Z-+e+e-) az nZ-+e+eo) rw 

Advantage over the direct measurement is that the 

integrated luminosity and efficiencies are cancelled out in 

the 	 first order. 

Select central electron in the same way for both Wand Z. 

Experimentaly t we measured: 

R = N(W) A(Z) E 


N(Z) A(W) 


fcc· Mcc' Ct(2c2-Ct) + fcp' Mcp' clP +fcf' Mc£" clf 
E=~--------~~----~~~~--------~ 

CIEn 

fce, fcp, fcf = fraction of central, plug, or forward 

Zts 

Mce, Mep, Mef = Z mass cut efficiency in central, plug, 

or forward 

CI, C2, p, f = efficiency for [lIst central, second 

central, plug, or forward electron 



1 W/Z Cross Section Ratio(Cont'd) £, : 4.tr rb-
Summary of O'B(W--+ev)/O'B(Z--+e+e-) Analysis 

~ Quantity II Value: (W) I Value: (Z) II 
Event Selection 

Primary event selection 

• Vertex cut (I z vertex 1< 60 em ) 

Central electron (I 11 1< 1.0 ) 

• ET > 20 GeV 

• erc track and strip chamber match 

a.(Rcp) < 2.5 cm, a.Z < 3.0 cm 

N ... --c II 1942 ± 44.0 I 208 ± 14.4 I 

Ba.cJ:~t1Und. 

77.7 ..:... 1.9W - T~~e, -
Z-e:e: 13.4 ± 5.1 -
Z -TT 4.1 ± 0.9 0.0 
W + EMje:t 0.0 
QeD bb 

-
19.4 ± 9.1 1.0 ± 5.0­

Total ba.ckground II 115 ± 11.2 I 1.0 ± 5.0 I• HADIEM.< 0.05 

• Isolation (R=0.4) < 0.1 

• Tower energy sharing consistent 

• 0.5 < EIP < 2.0 

• Fiducial cuts 

~ 
N 
CJl 

I W'S 

• central electron 

•.J.t > 20 GeV 

• No jets with ET > 10 GeV 

Z's 

• central electron 

• second electron with 

ET> 10 GeV ~c.LI MI )JAR 

HADIEM < 0.1 

~ 


R = crw(W~ev) = 10.3 ± 0.8 (stat.) ± 0.5 (sys.) Isolation (R=0.4) < 0.2 
crz(Z~e+e-) 

0.5 < EIP < 2.0 if in central 


Fiducial cuts 


• 65 GeV < Mz < 115 GeV 

• No jets with ET > 10 GeV 

N(\V) or N(Z) 

Acct:~ta.nu 

A(W) or A(Z) 

Efficienq 

fcc 
fcp 
feF 
fCl 
fC: 
tp 
tF 
to' 

two or tz 

i1821 ± 41 ± 10 I 201 ± 14 ± 51 

0.3508 ± 0.0011 0.3190 ± 0.0011 I 

• 
- 0.388 

Q.4'T.1 
- 0.135 

0.81 == 0.03 0.81 ± 0.03 
- 0.91 ± 0.02 
- 0.91 ± 0.03 
- 0.91 ± 0.03 

0.965 ± 0.005 -

0.83 ± 0.031 0.88 ± 0.031 

(LSHR < 0.2 ) 

http:Acct:~ta.nu


R :::::. () B (vJ -) e lJ)/O"8( ~ -) e+ej 


12 r- 12 :: (0. ~ :t 0.1 %. 0.5' IVu":;' :> J --I 
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Top mass 


Theor~t\(~( p~di(tton: 
R=fO·t:to·l Q.t Js 1:: f.iTt.V 


( Nv -=?J , Mtop '> Mw ) 

Ma.rtin e.t Dol, nTP/l~118 (/9f9) 


other E.~peYi",e\'ds ~ + 1.S' 

uA'2. R ::. r0·3 _ 1.0 :t 0,3 
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Prediction with MRSB 
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Conclusion in Electroweak 	 Search for Supersvmmetrv Particles 

Final zo Mass 	 Supersymmetry (SUSY) predicts the existance of a set of 

90.9 	± 0.3 ± 0.2 GeV/c2 super symmetric partners to the elementary fermions and 

bosons: 

gluino, photino, selectron, squark, etc.Preliminary W± Mass 	 tv ...., ,... ,.., 

80.0 	± 0.2 ± 0.3 ± 0.5 GeV/c2 ~ 1" e g. 
Assume that supersymmetry quantum number is 

Preliminary 	W /Z Cross Section Ratio conserved, SUSY particles are always pair produced with 

. 10.3 ± 0.8 ± 0.5 strong interaption cross sections. 

(Excluding a light top quark, or limiting the 

number of light v generation to 5) Considered two SUSY models: 


,.j::Io. .(A) Minimal SUSY model (stable photino) 
I:,,;:) 
~ 	 (B) Extended SUSY model (unstable photino) Preliminary sin2 9w 	 ­ "" 0.216 	± 0.015 ± 0.010 ,~-r+ h 

( 2 "'j+ j~ts + ttr)(from asymmetry) 
0.229 ± 0.012' z... 


(from W/Z Mass ratio) . C;1~~e... = {-(C~) 


Preliminary p from w.a.sin2 9w »1~ 

1.002 ± 0.01'/ f :: 21"'\ 

(OS \:::''-f wti! 

1. 
. A2. 

0Preliminary !::J mw=' ---- ­
0.056 	 ± 0.018 ( I - LlY) S Jtte,­

( A::. 'itO< )

Jiqr:. 



CA) SUSY Search with Stable Photino 

Assume that the photino is the lightest SUSY particle (LSP). 

Primary decay modes of squarks and gluinos are: 

~>Mi 1vfg>Mq 

q~qg~qq<fi q~q:y 

, g~q<fi g~gq~gq=r 

Signature 	 in detector: 

• Large missing Ex carried off by photino. 
;j::>. • One or 	more energetic jets 
I:'..:> 
00 

Searched for such events in the 1987 data requiring: 

• .Missing ~T >·40 Ge~ 

• Jet Cluster with ET > 15 GeV 

Then found no events and set the mass limits at 90%CL: 

1vfg> 73 GeV/c2 

~ > 74 GeV/c2 

( Published to Phys. Rev. Lett. Ql. (1989),1825) 

1988-1989 Data Analvsis 

• Used 4.6 pb-1 of the sample. 

• Focusing on the missing ET + ~ 2 jets signature, which 

has lower background rates from standard model 


sources. 


Event Selection: 


• Required large missing ET: 


;a. > 40 GeV 


tT I ~LET > 2.8 


• Required at least 	2 jets with 


ET> 15 GeV 


0.1 < EM fraction < 0.9 

< 3.5 

• Required 	at least 1 central jet with 


ET> 15 GeV 

• 

0.1 < EM fraction < 0.9 

< 1.0 

Charge fraction > 0.2 

• Reject di-jet events 

Cluster with ET > 5 Ge V ±30° opposite 

leading cluster 

• Reject cosmic ray 	events 

Require HAD energy< 6 GeV out-of-time 

• Reject e and 	"( events 

Cluster with ET > 15 GeV and 

EM fraction > 0.9 

• Reject 	J.1 events 

Any central J.1 with PT > 15 GeV/c 

• Hand scanned 



• Backgrounds were estimated from the data of 2 pb- 1 ~\ ~ V5 1'1 }­

..r::.. 
~ 
<.0 

I 

Backgrounds 
W + jets, Z + jets, He~vy quarks 

W->ev 

W->w 

W-> JlV. 
Z->w 

Heavy. Quarks
(C., \)) 

(ISA1ET) 

Total 

CDFData 

it > 40 GeV 

23 ± 14 

37 ± 18 

19 ± 9 

37 ± 18 

42 ± 18 

158 ± 35 

l.1.1 

it > 60 GeV 

5±5 

0 

0 


19 ± 14 


14 ± 5 


38 + 17 

II 

i " 

COF Excluded 
Range 

UAI Upper Lirni I 

'V 

/4t_ 

Mt >IS-~..,.I, 

M~ >'13 c..~v1r:-
200, J ~.q o~ C.L) 

160 

\. • 4ty{,:Ire (tp.( 'hAj 
120 

> 
Q) 

t9 

lO" 

.~ 80 Mr >'1«.&(17 
( qoioC.L) 

40 

40 80 120 160· 200 

Mg (GeV)
Observed rate of events is consistent with Standard 


Model source. FIG. 2. The 90%-C. L. excluded region the (/17i' 111q) 

nne. 

Using the result from fl:t > 60 GeV, we improve the mass 

limits lin the case Nfg> Mq-: I 
?re\i~\~o.9 

:M:i > 150 GeV/c2 

l\1q> Mg-case in progress. 



Search for Top Quark 
Standard Model (SM) requires the existence of a 6th quark, Top Quark pecavs in SM 

Top quark. 

Several searches have been perfonned and set the top Fullv Hadronic Inclusive Leptonic Multi-Leptonic 

mass limits: (44%) (15% for each) (1-2% for each) 

U U U 

Exp. Group Production Mode Mass Lim!-t (GeV) 

i 

AMY, VENUS e+e- -> hadrons > 30.4 

MARK)I e+e- -> hadrons > 38 

UAl VI ->tb > 69 

UA2 W -> tb, p Ii -> tt > 67 

a:F W -> tb, p P -> tt ~nlikely unless > 60 

6 j.:ts _ lepton + 13- + 4jets di-lepton + tr ~2jets A y.­

~p 

b (./'" b c: ." b! L'" I _ .."'7_ 

"!70.. -- ~,*rv"... \~4/~" ~ (.,," N" S. - ~.~ 

t 
e+l> ~~? P ~/~p 
~ 'NJ,· it e'" 't-Ib.I-/:
~~4:7 ~J. , 

## , 

&;. .: v. vb .\
TQP QU3:rk .f'rQduction • Ve 
• Standard Model predicts that tt pair production is the ·Ie + jets Ijets 

w dominant source of top quarks in pp collisions at fS = 1.8 
o 
~ 

• Large fraction • Large rate • No Drell-Yan BG 

I TeV. • Relatively • Good e ID • High BG rejection 
Altv..ref(i etc.\.,NP B3c8(f1S1l'lZ1

10
5 

complicated • Missing ET • Highest di-lep frac. 

Top quark produclion in p~ ~o))liSi~n~' 6(0.1): 
Ofo'LM J.L' m/2. As = 250 MeV (upper curves) Studied e + jets channel and e + J.L channeL 
DFLM p. 2 m. As = 90 MeV (lower curves) --= 

';j' ••••••.•. cr(W+ -> lb). .JS= 1.8 TeV 
Co 

.......... --- cr(W+ -> lb) . .JS=O.63 TeV 

10:1 

j:;:i'...., ~ ISAJET ~.I 

1\ 
I 

I 2


10
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mlop [GeV] 



l=T IN l:)oRDE.R lO\AiERS 


IElectron + Jets I 
Electron Selection: .10' 

• Central EM cluster with ET > 12 GeV '0 0 

• HADfEM < 0.05 

• Tower energy sharing consistent with electrQD a.o 

e EIP < 1.5 

6.0e CTC track and strip chamber match: 

A(Rcj» < 1.5 cm, /),Z < 3.0 cm 

e A transverse shower profile in the strip chamber "'.0 

is· consistent with an electron shower: X2 < 10 

e Remove y conversions and Dalitz decays: 
2.0 

( 30% of inclusive electrons) 
0.0 I'" , , '.f'"'rO " 

00 20 .0 6C !:IC '00- Required VTPC track 
H::o­
W - No 2'nd track with Me+e- < 0.5 GeV/c2 
~ 

e Remove ZO Decays: 


- No 2'nd EM cluster with Me+e- > 70 GeV/c2 


e. Remove Se~leptonic Heavy Quark(c,b) Decays: 
.10' 
::ZOO 

- Isolation of electron 


- Small energy in towers adjacent to CEM 


cluster ("border towers") (:J ff'. + 
 I ':'.02: ET < 2 GeV "''15' l~ ce \ (I ~Y\ .• forWS 
border <5'"0 ~ 1/ .fer b/s
towers .~ 

-6;) 0 ~ 
10.0 

or- 0 1-cr t's 
==> 12,000 events (3 nb) remaining 

:'0 

Cl ..... Bo'e.' To_c-...'t., ••'cct,.Oft 

2:'7::; v..;o•• "'••'" - 0 66 
Q \';"'CS"""o_w s·~-. - '.07 
2~ C..,.I'Uo_. "o_::.z.. '.'2.10· 

..., W II SAt-1 FLE:­

ET )20 <"tt 

~l>to ~e1i 

Bo .. c.· te_«' c~ 

(t ~ e.'.... To-.-••'t., ••.•ct... "" 

'79:'8 V..:OI. 
o Uftcr",'so_a 

0.')0 0".'"0_* 

........ 760 
S.<I..... - ·2 J. 

"'.. a .. :.. :2 0 I. '0· 

\\ .. r II 

\"lON - \,'J SAM PL'E. 

ET <2,0 4eV I) 

oR 

"T <20 cq,V 

00 I . . I ' 'i'" ) ... ) 'f 
00 20 ·"'.C 60 80 .e 0 

Bo"cC'· 10-. ­ [t 



Ibh 
I' 	 Jet Selection: 

In the Inclusive Electron Samole: 
b ---7 e-vec 

4n<x (39%) 
L~ K-1t+ (3.8%) 

1.5% of b->eX 
Take all combinations of -+ tracks in ,j.1112+.1q,2 < 1 and assign 

K,n: mass. 
Signal sample: right sign pairs e- 0:.- 7f~ ) 

I 

?ftcLI M UJAR'(150 
J./ .. t2.:t/-:;I~" q...T 

t 
"0 

;::. 
u 	 100 
::z 
0 

N 


....... 

III 

:! 
C 

"j::o. .. 50w c 
t-:> A e 

0 
u 

o I I I I 	 " • 

1=it ~ GQ.u.!sto..rI. ( (J" '" t" MeV) 

-t Exponen.ti",1 

I 
1.5 	 1.8 2 2.2 2.4 

Kif Mau (CeV/c~) 

Signal sample: wrong sign pairs e- (t+ 7[-) 

• Required 2 or more jets: ET > 10 GeV and 1111 < 2 5'12 eve} 

• Reject backgrounds (b's, c's, 	QeD, etc.) 

Tight cuts: *> 20 Ge V, ET > 20 GeV 

- Efficient for with Mtop > 50-60 GeV 

Loose cuts: 	 JS: > 15 GeV, ET > 15 Ge V 

Jt + ET > 40 Ge V 

- Efficient even for Mtop < 50 GeV 
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30 [04 ~vehts 

60 

• Transverse mass (~v) distribution for top and W + jets isTransverse Mass Distribution 
quite different for Mtop < Mw + Mh.EL..E.crR.otJ + L 2 J'S"TS 

TI ~HT Cv,s 

,---, 
C\J 

0 
....... 

1;; 
(!) 

CD .......... 


'"(f) 
I ­
Z 
W:> 

~ w 
w 
w 

4°E 
I I? 

.20 

Tight Cuts 

Unseen Conversion 1% 

Non-isolated e± 12 % 

- Use it to estimate the amount of top allowed by data 

- Fit observed 1viTv 
distribution to both the 

(A) W + jets 11fv distribution W(1viTv) 
and 

v
(B) Top 1viT distribution T(NijY ) 

as 
~=aT{MiY) + I3W(Mfv) 
dMev 

• T 	 • 

- a and 13 are normalized to 1.0 if the amount of top or W + 2 

jets required in fit . 

- Use events with : tight cuts for Mtop > 60 GeV/c2 

loose cuts for Mtop < 60 Ge V Ic2 

- Results of likelihood fit over 24 < Mtop < 120 GeV/c2 : 

• Ta.ble 1. The number of predicted t t events, n,i' the fitted t I contribution 

~ 	 ~ to the e + ~ 2 jet ra.te and the 95% CL upper limits on the a.cceptance 
corrected t I cross sections • 

Loose Cuts 

(3 :: I. '28' t o. \ ~ 

3% 

15-20 % 

Mlo? 

(GeV/c2) I 
n,l 

Ipredicted 

a:: (,dat) 

I:!::("y"t) 
0',,' 
(pb) 

40 130 =44 O-:Q7:; Q.,05 ± 0.02 < 2410 I 

50 123 ± 31 O.~;: Q~9,S ± 0.03 < 648 

60 101 = 22 0.11 = 0.08 ±0.04 < 408 

70 43±8 O.OO~~:~~ ±0.11 < 266 

80 32±5 O.OO~~:~~ ± 0.17 < 281 

I 

el> 2 
MT (GeV/c ) 

Backgrounds 

The electron + ~ 2 jet events appear consistent with W + 


multijet production in SM. 


The electron + 1 jet events are also in good agreement with 


the Nlonte Carlo 

120 



LElectron + Muon 

Electron Selection: 

CT tt 1.8 TeV E.l.\'::.<.TRt:itJ + r~\S 

10000 


5000 


I 	

== AltO"."'•• ~. cli. 
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Exclude a top quark with 

40 GeV/c2 < Mtop < 77 GeV/c2 

at 95 % CL 

• Central EM cluster with ET > 15 GeV in Inl < 1.1 

• HADIEM < 0.05 

• 	 Tower energy sharing consistent with electron 

• EIP < 1.5 

• CTC track and strip chamber match: 

t1.(Rcp) < 1.5 cm , ilZ < 2.0 cm 

• 	 A transverse shower profile in the strip chamber 

is' consistent with an electron shower: ;(2 < 10 

• Fiducial cuts 

• Remove 	"'( conversions and Dalitz decays: 

( 30% of inclusive electrons) 

- Required VTPC track 

- No 2'nd track with Me+e- < 0.5 GeV/c2 

Muon Selection: 

In 1111 < 0.65, ':lse CTC, CMU, and calorimeter: 

• Minimum ionizing in central 	calorimeter 

-EM<2GeV 

-HAD<6GeV 

-EM+HAD>OGeV 

• CTC track with PT~ > 5 GeV/c 

• CTC-CMU track match 


- t1.(R<l» < 10 cm 


- t1.(slope) < 0.1 


• Fiducial cuts 


In 0.65 < 1111 < 1.2, use CTC and calorimeter: 


• CTC track with PT~ > 10 GeV/c 



• Minimum ionizing in central calorimeter DATA 1~A!E\ t 7: rtlfop-::.70 
60-EM<2GeV 


- HAD < 6 GeV 50 


- 0 <EM + HAD <5 GeV 
 ,.... 
• Isolation of muon 	 >

(I) 

40 

....."- Energy in R = ~~T\2+6.~2 < 0.4 around muon 	
(j 

30 

"(I)
< 5 Ge V (excluding the energy in the tower .....,,~ 

20W
traversed by the muon) 

• Fiducial cuts 	 10 

o 

~.~. 
- • !: I 
~!•• I-

o 	 10 20 30 40 SO 60 0 10 20 30 40 SO 6e 
P T(J-L) (GeV/c) PT(J-L) (GeV/c) 

Figure 1: Plots of electron transverse energy vs. muon transverse momentum for the 

data (11.) and z,.·{onte Carlo tl events for me,,!, = 70 GeV Ie? The sensith;ties are 

4.4 pO-l for the data plot and 80 p1,- 1 for the Monte Carlo plot. 
~ 
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• Events clustered at low ETc and PT~ are expected to be 	 : Run 19250 EVE'nt 

events from bottom production. 

- electron isolation is consistent with b's 

- electron and muon are typically back-to-back 

• Require> 15 GeV and > 15 GeV/c to reject the 

backgrounds 


- 1 event passes all these cuts 


• 	 Expected background rate is estimated: 


Z -> TI 0.5 events 

,.j::oo. 
w 
0') ( WW production 0.15 events 
I 
 \ WZ production 0.05 events 

\ b, c production « I event 

• Place an upper bound on the rate of e-m coming from 

tt production by convoluting a Poisson distribution 
I 


with mean of 3.9 events together with the following 

systematic u.ncertainties: 
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