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Outline of Talk ‘

O Introduction O c-production results
<& Data sets <& DO forward J/vy production

<& Overview of heavy quark pro- O t-production results

duction & CDF-D@ cross sections
O b-production results <& CDF pr distribution
& CDF-DO Central production <& DO spin correlations
cross section & CDF-D@ single top produc-
<& CDF-DO Azimuthal correla- tion
tions

O Summary and Run II prospects
& DO forward production cross

section
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Introduction

O Data taken at the Fermilab Tevatron

<& pp Collisions at /s = 1.8 TeV
<& Integrated luminosity

o Run Ia [ Ldt ~ 10 pb™!
o RunIb [ Ldt =~ 90 pb~*

O Heavy flavor production provides a test of QCD calculations
<& NLO calculations available
<& Wide range of mass scales tested

o m.,~ 1.5 GeV, mp ~5 GeV, and m; =~ 175 GeV
o mqg > Aqcp

o /
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/[ Heavy Flavor

Production— QOverview

O Born level diagrams

<& qq annihilation dominates at

threshold
o =~ 90% of tt at Tevatron
o Dominates high pr b and ¢ 20000000 o
<& For s > mg gluons dominate M'_’_
o Dominates low pr b and c
O NLO important 00002000000000999009 29009999909900999000

200QQ

0000

<& Gluon splitting /
LAY m&o§'—

<& Flavor excitation

<& Loop corrections
<& Gluon radiation
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b Cross section analysis .

Overview

O In general, b identified through a O CDF p + b-jet analysis

jet tagged by: & Jet requires secondary vertex

<& Associated lepton (e or ) O ARMIt > 1

<& Secondary vertex in jet < ph from Egijet correlation

D .
Secondary vertex D@ analysis
from B-npeson decay

<& Single g and di-p
o Muons require associated jet

' p-jet
// > AR < 0.8

> Use p4-pl correlation
& b-jet
o Jet requires associated p
> ARFI < 0.7
> Use E%?t corrected by muon

N /
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CDF 4 + b Result ‘

i . . ) i MNR Model
O Kinematic region covered: _ — MRSA. . = 4.75 Gev
O ph > 9 GeV, n#] < 0.6,

Peterson Fragmentation
CLEO Decay Model

EX* > 10 GeV, |n?| < 1.5 g
O QCD calculation compared with: ilof-

& Use  NLO  calculation  of _§
Mangano, Nason, and Ridolfi E
Nucl. Phys. B373, 295, 1992 51

<& Structure functions MSRA 3t gfr-f’eﬁt%‘;rg;s‘igﬁgﬁgrm‘”ty

<> my = 475 GeV Uncertainties Included

<& Renormalization scale equals T T T T
factorization scale o (GeV/c)
O fo = \/ m; + (pi,T +p%)T)/ 2 Uncertainty in theory curve, from muonic

fraction and fragmentation model.

o /

Budapest, Hungary Slide-6 EPS HEP-2001




P. Gutierrez July 12, 2001

-

59 CDF 1 + b Result—cont.

Variation of Renormalization-Factorization Scale
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B® D@ b-quark Results
— e —~
% pp—) bX, vs=1.8 TeV, In"'"'l<1 .01 -8 4
Q 10 * D@ Dato 3 = 10 "_i """ ifi D@ Dota 3
0 ] £ RN (Errors have correlations)]
c E._ ,,,,,,, NS
- 1 F E & 103k RN 3
T AU
- - Bpimuons
% 10 i3 3 S‘/ 102k i 3
o F —— NLO OCD, MRSA/ : b £ aMuons+Jets '
© 1 0—2 i - (This Analysis)
""""" b il b L3 1 - eInclusive Muons E
20 30 40 50 60 70 80 90 100 o NLO QCD. MRSR2 o
E (GeV) 1 e — Theoretical Uncertainty RN
6 10 20 70
pr (GeV/¢)
O EXI° is jet EXS* corrected by muon O Use correlation between p4 and p5,
O mp = 4.75 GeV a p?m corresponds p‘} where > 90% of
O Renormalization and Factorization scales events foung under specific kinematic cuts
set equal to each other including pr,
O p=4/E7 4+ mj varied: pu/2 to 2u

k Theoretical uncertainty due to variation in scales. /
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Comparison of D@ and CDF

Muon Data

o

gb( pr > p%ﬂleﬂ) [h b]

102

(b) |
m DO Dimuons E
o DO Inclusive Muons -\ E
& CDF Inclusive Muons |
— NLO QCD, MRSR2 % :
"""" Theoretical Uncertainty

6 7 8 9 10 20 30

o™ [GeV /c]

/
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B® Azimuthal Correlations

¢ 19.5% Common Uncertainty .
_ e [ ] MNR model
(0] MRSA, m, = 4.75 GeV
q') 1 £ E , bl 2 2\1/2
p ' Pb X ] b e (/2 m)
o o Data % 1 c Peterson Fragmentation, & = 0.006
H 1 0 B Hadron decays with CLEO Model
)] _ y
o HVQJET S 100]
S | HVQIETLO e STy
10 4 o
el =
S % 2
|
3 2
3 i s
o2 | i ©
DR ~
o b
] ©
+ |
I L O R SN I S A A AP I B B BT B
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Budapest, Hungary Slide-10 EPS HEP-2001



P. Gutierrez July 12, 2001

~

Forward Production of b-quark ‘
D@ Result
102 "  2ac< Iy < 5.2 i = 102 N pi > 5 GeV/c
= a inclusive muon | < oo A
> ¢ N O muon + jet ,% TN _— 4
Sk N . ‘\s’ 10 F== NLOQCD, MRSR2,
< i R kS E my=4.75 GeV/c?, =t -
J S ]
1 \ A E al
T 1] = NLOQCD, MRSR2 + e
2100 =475 Gev/c N E =
O (2 2\1/2 >
7 F‘_Mo—(pr +mb) + g
10 e S
3 4 5 6 78910 20 ©
pr* (Gev/c)
CDF Result
O Forward to Central production ratio R = 0.361 4 0.03310:033
O (2.0 < |mpy| < 2.6)/0(|me,| < 0.6) for s, | < 1.5
O QCD calculation R = 0.33810-0%2 uncertainty from variation in scale 11/2 to 2

/
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De

J/¢¥ Production— Theory

o

Col or

O Charmonium production mechanism
<& From B-meson decay
<& Color singlets production
<& Color octet production
o NRQCD terms (11) fit to CDF data central production

Example of Production Diagrams
Cct et Col or Si ngl et
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D@ Forward J/¢) Production ‘

Selection Criteria J/1 Forward Cross Section

O Single or di muon trigger

O pf < 150 GeV and [ Bdl > 1.2
T-m

O > 1.5 GeV energy deposited in
calorimeter

0 2.5 < |pi#] < 3.7

=
o
T

Br(Jy - p'Ww’) do/(dp;An) (nb/GeV/c)

L e This measurement *
- - b-quark production b
4~ Prompt (color singlet) + b ]
- — Prompt (color octet+color singlet) + b ]

S LT R e
p; (GeVic)

=
o

=
o
A

8
T

E
T

Number of events/ 0.3 GeV/c?
B B
T

8
Syst. uncertainty (%)

E8E58o8838

o
N
N
(o))
(o)
B
N}
=
5

o R g B
T T T

J
e frd I
0 1 2 3 4 5 6 7

5 9
K Dimuon invariant mass (GeV/c?) /
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DO

CDF DO J/¢ Production ‘

~

Br(Jy — WW) do/(dn) (nb/GeV/c)

o

[EEN
o
T

[EnN

=
o

10

® This measurement
A D@ (Phys. Lett. B370, 239(1996))
O CDF (Phys. Rev. Lett. 79, 572(1997))

— Prompt (color octet+color singlet) + b

| upper data pﬁ_,bw > 5 GeV

lower data p# > 8 GeV

05 1 15 2 25

3.5

Il Il 4
J/
In™|

/
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t-quark Production Cross Section

o

O Event characteristics
<& Dominant decay t — Wb
o W — ch’ W — Ly,
<& tt event characteristics
o 2 b-jets + 4 jets
o 2 b-jets + 24 + Fr
o 2 b-jets + 2 jets + £ + Er

O Search criteria
& b-tag
o CDF displaced vertex in jet
o DO jet with associated

<& K for lepton modes

All Jets 44%

L epton+Jets 30%

Di-L epton 5%

O Search criteria—-cont.
<& Al jets
o CDF > 5 jets, b jet tag, and
sum of scalar Er
o DO Neural Networks 2

NN, w/ 10 + 3 inputs
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t-quark Production Cross Section ‘

~

o

/

Budapest, Hungary

Top Cross Sections
° CDF| 76350 HAD
. e 5.1718 pb SvX
P 9.2°48 pb SLT
- P 8.4745 pb DIL
_o— 6.577 pb Combined
_ | Theory (4.7 -5.5)
o DO | 6473 pb DIL
[ e 4121pp  L+J(topo)
' ° 8.3°35 pb L+J (M-tag)
B o 7.0732pb HAD
—o— 5.9'17 pb Combined
T R S R N R R
2 4 6 8 10 12 14 16
0 (pp -> tt) (pb)
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CDF t-quark do/dpr

One Standard Deviation Confidence | ntervals

TeSt Of QCD CaICU.latlonS Measurements in different p¢ bins correlated
CDF Prelimnary
Sensitive to new phenomena o [ —— Standard Modl Predictions

Data sample used [

<& Lepton plus jets 61 events
o Background: 24.6+5.8 events

<& Mass constraint: my = 175 GeV

Fraction per 75 GeV/c
o
S
|
|
1

0.2 1
Uncorrected p; Spectrum For Constrained Mass Sample i
B E T T T T T T T T OOARRELIMINARY ] -
i —— Estimated Background ] 0 I | | i T
10 L 0 75 150 225 300

pr (GeV/c)

¥

a1
L B B I

Events per 30 GeV/c

o
S
g

300

K pr (GeVic) /
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O t-quark decays rapidly

<& tt Spin correlation remains

O f Diagonal
Basi s

<& In the Standard Model q
1 d?o 1+ Kcosfycosf
o dcosf,dcosd_ 4

with x =~ 0.9
& Axis of Off-diagonal basis rel-
ative to beamline
(3*2 sin 6* cos 6*

tany =
4 1 — 8*2sin? 6>

B* t velocity in ¢t rest frame

Beam Li
Basi s

t

ggq Center of Mass Frane

| ept on

tt rest frame

ne

O f Di agonal
Basi s

/
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DO

D@ t-quark Spin Correlations

~

o

K=-1.0 k=1.0
o 1 o' 1
0 [70)
8 8
13 + 13
-1/3 -1/3
1 | | 1 | |
1 1/3 1/3 1 1 1/3 1/3 1
cos 6, cos 6,
. Data
. 0.7 &
: g
8 D < 06
Sos +
13 ST F JF
03 -
v 02 - 68%
] 01 -
1 \ \ o b \ \ \ \
1 1/3 1/3 1 -1 0.5 0 0.5 1
cos0, K

k> —0.25 at 68% CL

/
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Single top Production ‘

O Three processes contribute O Topological signatures for domi-

For my = 174.3 £ 5.1 GeV

nant modes

qg — q'tb o =1.47+£0.22 pb <& W oplus 2 or 3 jets
qq — tb o =0.75+0.12 pb <& Two b-quarks per event
bg — tW o =0.15 pb
o For qg — ¢'tb one central
q q high Er one soft
* a * b o For q¢ — tb both central
W ¢ W
r 3 q \
apss998%——
b b W
W
g o
t 9 t
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Single top Production ‘

CDF Analysis D@ Analysis
O Uses likelihood method; scalar O Uses Neural Networks
sum of Ef, E%/?ta and K <& Four channels, e+ jet and u-+
<& Relies on W — £ + vy decays jets with and without jet u tag
<& 1 to 3 jets with AR = 0.4 cone <& 2 signal processes; s and t
O > 1 b-tagged jet channel
& My close to my <& 5 NN, average 14 input vari-

ables each channel and process

Limits 95% CL

CDF preliminary || DO submitted
qg — ¢'tb | o <13 pb o < 22 pb
qq — tb o < 18 pb o < 17 pb
Combined | o < 14 pb

o /
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Summary ‘

O Tevatron has produced large number of results on heavy flavours

<& Both production and decay
O b cross sections continue to be high compared with QCD calculations
O ¢ cross sections agree with QCD calculations

O Run II starting
O Vs =2TeV
¢ Run ITa expect [Ldt =2 fb™!
<& Run ITb expect [ Ldt =15 fb~1

<& Continue study of all aspects of heavy flavors

o /
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