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Introduction

o All results are preliminary.

o The DO B physics program using 1992-93 collider
data focuses on QCD motivated studies of b-quark
production and fragmentation.

e Because the b-quark can be identified experimentally
and has a non-zero mass, theoretical calculations for
b-quark production are perhaps more reliable than
for other processes.

e Calculations to order o2 (NLO) exist for the b-quark
inclusive cross section as well as the fully exclusive
bb cross section.

e Predictions also exist for the inclusive heavy quark
jet cross section as a function of jet Ep.

o Measurement of the b-quark cross section in com-
parison with NLO QCD predictions is a benchmark
test which allows the procedures and pieces of per-
turbative QCD calculations at Tevatron energies to
be probed.
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D@ Detector



The DG Detector
e T
_\

e Tracking |
» Resolution of VertexinZ = 6 mm
» Resolution in ro
= 60 um for Vertex Detector :
= 180 um for Centrai Drift Chamber
| = 200 pm for Forward Drift Chambe
‘@ Calorimetry |
» Coverage Ini <4 (8> 2°)
» Granularity An x A¢ = 0.1 x 0.1
» Longitudinal Segmentation 8 - 10 Layers
» Electron Energy Resolution

15%/JE
» Hadron Energy Resolution

50% /VE

e Muon System

» Coverage Inl <3.3 (9> 59)
» Good Muon ID, punchthrough < 104
» Modest Momentum Resolution: |

6(1/p)/(1/p) = [(0-18(p — 2)/p)* + (0.008p)?]*/2
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Inciusive Singie Muon Cross Section

Data Selection

o Data Collection
Dedicated special runs during FNAL 1992-93 collider run
Total integrated luminosity = 100 nb~!

Total events after cuts ~ 17500

¢ Trigger Requirements
1 muon with |7,| < 1.0 in Level 1 (hardware)
1 muon with |7,| < 1.0 and P4 > 3 GeV in Level 2 (software)

¢ Kinematic Cuts
3.5 GeV < Ph < 60 GeV
mul < 0.8
¢ < 80° or ¢ > 110° (fiducial cut)

e Track Quality Cuts
3 layer tracks
Good impact parameter in bend and non-bend views
JB-dt> 0.6 GeV (good momentum measurement)
E.y (in AR = 0.15 cone) > 1 GeV |
Matching CD track (A¢,A8 < 0.35 rad)
Muon X-ing time relative to BC time (Tj) < 100 ns (removes cosmics)
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DETERMINATION OF B FRACTION FROM PTREL
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Extracting the Inclusive
b Quark Cross-Section

e The b — uX (or b — p+jetX, b — ppuX...) con-
tribution to the measured inclusive muon cross section is
obtained by using ISAJET to model the various processes
contributing to the inclusive muon cross section.

o ISAJET is also used to obtain that portion of the integrated
inclusive b quark cross section which resuits in muons which
pass a given set of kinematic cuts (Pf, n#, etc.).

e This part of the integrated inclusive b quark cross section is
used to define K7™ of the b quark = 90% of the integrated
inclusive b quark cross section giving muons passing some
set of kinematic cuts is above &F*™ of the b quark.

o ISAJET then used to determine the ratio of the integrated
inclusive b quark cross section to the integrated inclusive
b quark cross section which results in muons passing kine-
matic cuts. The integrated inclusive b quark cross section is
taken above k"™ of the b quark. The integrated inclusive
b quark cross section implied by the data is then given by

b b o 1b (i N\ — bopX  ohy(Re> Ka(min))
Gdatﬂ(kT > kT(mzn)) = a-da.tfz‘ Ug?c’.‘x A{nc"man kinematic cuts)
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DQ Preiiminary

E pp—>oX, vs=1.8 TeV, lyl<1.0
- NLO QCD (NDE), DFLM
. e Theoretical Uncertainty
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Measurement| Source Value
Inclusive g Cosmic ray sabtraction 4%
cToss section | p detection eficiency 11 %
Integrated luminosity 12 %
Total error on u cross section 17 %
Inclusive & Momentum resoiution 5-20 %
cross section b-quark fractiom 5-10 %
b-quark pr shape 10-13 %
Parametrization of fragmentation 10-15 %
B — uX branching ratio 5%
B — uX deeay spectrum 510 %
Total error on b cross section 24-36 %

ey



u-Jet Data Selection

¢ Data Sample
Collected during Tevatron 92-93 collider run
[ Ldt = 197nb7 ! in dedicated physics runs

o Trigger Requirements
Level 1: 1y, |n,] < 1.7 * 1 jet trigger tower > 3 GeV
Level 2: 1u, ¢ > 3 GeV , 7, < 1.7 * 1 jet, EF* > 10 GeV
Events to tape = 1.5M

¢ Kinematic Cuts
oy > 6 GeV
| < 0.8
¢, < 80° or ¢, > 120° (fiducial cut)
Er > 12 GeV, AR =07

e Muon Track Quality Cuts
3 layer track
impact parameter consistent with vertex origin of muon
S Bdl > 1.9 Tm (good momentum measurement)
Ee (in Anp- Ad =0.3-0.3) > 1 GeV
Matching CD track

require muon within 100ns of beam crossing
e Standard Jet Quality Cuts
o Events Sample after Cuts: 4300

e Estimate of residual cosmic contamination: (11£4)%

— from study of coincidence of 1 with beam-crossing
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b — wuX Cross—Section from p+Jets Data
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Inclusive Dimuon Cross Section

Data Selection

e Data Collection
Collected during FNAL 1992-93 collider run
Total integrated luminosity = 6.4 pb™*
‘Total events after cuts = 552

e Trigger Requirements
2 Muons with |n,] < 1.7 in Level 1 (Hardware)

2 Muons with |n,| < 1.7 and p}’ > 3 GeV in Level 2
(Software)

¢ Single Muon Kinematic Cuts
4 GeV < pif < 25 GeV
lﬂul < 0.8
@ < 80°,¢ > 110° (fiducial cut)

e Track Quality Cuts
2 or 3 layer track
Good fits in bend and non-bend directions
S Bdl > 0.6 GeV (good momentum measurement)
E.u (in AR = .15 cone) > 1 GeV
Matching CD ’ti"ack (removes cosmic rays)

e Dimuon Kinematic Cuts
6 GeV < M, < 35 GeV
A¢sp < 165°

¢ Fits to muor. crossing time give cosmic ray fraction
0.118 = 0.014

e Event scanning to verify this fraction (0.130 =+
0.031) . °

. LT el LT T va bl
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Systematic Errors

Muon-Level Cross-Section

e Luminosity ............ciiiiiiiiiin. ... 12%
e Efficiency from MC ....................... 10%
e Central Detector Track Match ............... 3%
e Cosmic Subtraction ...............ouu..... 5%
e Total(p) .....coovviiiiii L, 17%

b-Quark Cross-Section

e b-quark Fraction .......................... 28%
e b-quark Pr Spectrum ...................... 14%
e Parameterization of Fragmentation ......... 21%
eBRforb—pu+XDecay ...ccoovvvnnn..... %
e Spectrum for b — u+ X Decay ............ 14%
e Total(b) .....ccvviiiiiiiiiiina... 40%
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Summary of D@ Results

b—Quark Cross Section in Iyt < 1
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Kinematic Cuts
(Di-Muon Data)

o 4 GeV/c < Ph <25 GeV/c
o [n, <08
o 6 GeV/* < Massy, <35 GeV/c

| Production Process | % of oo(MC) | % of op(Data) |

Gluon Splitting | 27xi% | 6.3£4.5% |
Tlavor Excitation | 11%1% | 31.4%6.7% |
Flavor Creation | 62x£2% | 62.3+6.0% |
| Non-Leading Order T ss2% | 3T.7x8.1% |

| Leading Order [ 62x2% | 62.3=6.0% i
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Inclusive J/¥ — pp Cross Section

Data Selection

¢ Data Collection
Collected during FNAL 1992-93 collider run
Total luminosity = 7.3 pb™*
Total events after cuts and fit = 450

o Trigger Requirements
9 Muons with |n,] < 1.7 in Level 1 (Hardware)

2 Muons with |7,] < 1.7 and P4 > 3 GeV in Level 2
(Software)

e Single Muon Kinematic Cuts
Ph > 3 GeV
Inal < 1.0

¢ Track Quality Cuts
2 or 3 layer track (A layer required)
Good fits in bend and non-bend directions
[ B-df> 0.5 GeV (good momentum measurement)
E.u (in AR = 0.25 cone) > 1 GeV
Matching CD track (removes cosmics)
¢ < 80° or ¢ > 100°

¢ Dimuon Kinematic Cuts
Opposite sign muons
Dimuon opening angle < 150°
2.0 GeV < M, < 4.5 GeV
|17/%| < 0.6

T Vet ST e e e e RN



N
N
w

200

Events / 0.400 Gev/c*
N
(6.}

150

125

100

T e s e

75

\

v
-

\
\

50

Tt O

L_bl_llllllllllllllllIllllllllllllllllllll

@i‘-

‘6 .‘~-
T BTN BTN R ln,,ﬁo?;%wm;
2 4 6 8 10 12 14 16 18 20

M(u"u") Gev/c?

T

23

@]
O v L v



‘_\‘;IO.‘#:—
2035 F
Q o
S 03 &
&x £
20.25 = ‘
S F
2 02 & ——
H0.15 F
01 E ‘
0.05 E
PRI BN PETE Ereih Ay AU NNV NN SNSRI DAY OIS N AU TN N SI TN M
Olll

]
0 2 4 6 8 10 12 14 16 18 20
J/% P, (GeV/c)

[ N

20.12 | {

S C

Q. L

¥ 0.1 ‘

u ol

< -

50.08 —

< »

@ o

30.06 — }

o "

30.04 - ___é__

2 C

50.02 |- ;

o L

2 L-lllllllIllll:m‘lllllllll'l'lllllll[lll

° 0 0 2 4 6 8 10 12 14 16 18 20

J/¥ P (Gev/c)

--------- e STe———_ L ettty S —

Y A T i LT L

e a2 » T e s RO ) LT



Br(J/¢ —> ') do/dp, (nb/Gev/c)
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- T pp—> J/¥ + X
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_ o fldt = 7.3 pb™"
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Inclusive . Cross Section

Data Selection

e Data Collection .
Collected duriag FNAL 1992-93 collider run
Total luminosity = 15.0 pb™*

Total J /4 events after cuts ~ 670 £ 80
Total isolated J /v events after cuts =~ 81 £ 23
Total x. after cuts = 19.2 = 5.5

e Trigger Requirements
2 Muons with |7, < 1.7 in Level 1 (Hardware)

2 Muons with |7,| < 1.7 and Pf > 3 GeV in Level 2
(Software)

e Single Muon Cuts
Ph> 3 GeVand |n,] < 0.8
Good fits in bend and non-bend directions
Good vertex projection
E.a (in AR < .2 cone) > 1 GeV

e Di-Muon Cuts
Opposite sign muons
Pi% > 8 GeV and |ny/4| < 0.8

e Isolation Cuts

No jet in AR < 1.0 cone about either muon

e Photon Cuts
Quality photon cluster
.S 06 GeV
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T Production in pp Collisions

Lowest order QCD diagrams for quarkonium

hadroproduction:

p¢
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Data Selection

e Data Collection
Collected during FNAL 92-93 collider run
Total luminosity = 6.1pb™* |

e Trigger Requirements
2 muons with |7,| < 1.7 in Level 1 (hardware)
2 muons with |n,| < 1.7 and p}’ > 3 GeV
in Level 2 (software)

e Single Muon Kinematic and Quality Cuts
ph > 3 GeV
Im.| < 0.8
2 or 3 layer track
Good fits in bend and non-bend directions
[ Bdl > 0.5 GeV (good momentum
measurement )
Minimum ionizing deposition: E¥N > 1 GeV
CD track match
Global Fit x? < 100

e Event Selection Cuts
6 < M,, <40 GeV
opposite signed muons
“di-muon opening angle < 165° (vertex not
used in fit)

Isolation of ome muon: I?LN N <30



Trigger, Muon Selection, and Event
Selection Efficiencies |

\gcha.mbe'r Rep QEL = 8.8 £ 10%1

L Good Muon Efficiency(%) J

P 1 Bdl 96 + 3
CD Match 82+ 4
Global Fit 83 -4

Calorimeter MIP Confirmation | 90 4+ 3

L Muon Reconstruction 95+ 3

H Total SGE 5

T Acceptance (%)

1 n# and piy Cuts 6.5+ 1.2

opposite track cut (no vertex in fit)| 88+4
opposite signed muons 03 +4

Muon Selection Cuts (two muons) | 314

| Isolated Muon Cut (one muon) 96+4 |
— Tw _ [i5=0d




Determination of Signal and
Background Contributions

¢ Maximum likelihood fit of data to:
Floating time of each muon

Halo (EAF=® — EAR=02) of highest Py isolated

muon

Di-muon mass .

e Results of fit:

\_—!Subprocess [ Number of events_ﬂ

T 81713
Cosmic 2+8
QCD 101 & 14

Drell-Yan 89713




Number of muons / GeV

Results of Fits of Distributions to
Data

P 20
o o
\ -
> 45 [ O ©O Data
(&) o
S o b T + Dreli=Yan + QCD + cosmic
2 -
< "
0 o SO,
> 385 -
L £
e o S S Dreti—Yan
5 °F
¥ S | S Qco
£ 25
= r ,
= - — — — - cosmic
20
15 b
10 £
5 P
-
| [ pe—
o B A A eemed L
10 19 20 -] 30 35
Mass™ (GeV/c?)
c = T
r <200
L Q r
> »
o -
— - O DO Data
00 Dot o175
a Q. r .
i c o [ | — T + D-Y + QCD + cosmic
] T + Dreil=Yan + QCD + cosmic 2.5., -
~ E —— T + Oreil=Yon + QCD
T + Oreli=Yon + cosmic ‘3 -
2’29 - --- cosmic
........ o r
- L
100
(2] L
< L
g L
75
E
- L
o L
W~ 50
[ -] .
_D -
g C
z3r
J -
’ S P TR Bcrv | S i O-"‘ X [ 1 L al
5 10 1% 20 23 30 ~400 -200 4}

200 400 - 800
halo of isolated muon (GeV) floating time (nsec)

DEIRPERPIRVROYG oA A PN AP S5 g SOIRTS AN S AV e




Results and Cross Section
Calculation

Ny
Etrig' Ax-lum)

o Br(T — pp) =

e Ny = 8171} is the number of T from fit
o Ay = (1.6 £ 0.4)% is the overall acceptance for T
® £irig = (8.8 £1.0)% is the trigger efficiency

o lum = (6.1 +£0.7) pb~! is the luminosity

e 25% systematic error for T Monte Carlo
e 25% systematic error for input distributions to fit

o Results:

ot - Br(T(15,25) — pp) = (9.5 = 1.1(stat)*}3(sys)) x 1

or = (4.5 = 0.5(stat) &= 2.1(sys)) x 10° pb

e Consistency check:
remove EXNN cut to let in cosmics
refit data and recalculate acceptance
all distributions still properly fit

resulting cross section agrees with above result



e The T signal of 817} events was extracted using a

maximum likelihood fit to the

data

e The T production cross section at /s = 18 TeV

was found to be

oy = (4.5 £ 0.5(stat) = 2.1(sys)) x 10° pb

e This cross section is above theoretical predictions:

T e S TRRSEIECTIS IS e T L TR T L OGS TISI R I TR T | e

(from V.Barger, A.Martin, Phys. Rev. D, 31,5,(1985).)
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Muons at Small Angles

e Comnsider gg — bb O™, Y
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Inclusive End Angle Singie Muon Cross Section

Data Selection

e Data Collection

Dedicated special runs during FNAL 1992-93 collider
run

Total integrated luminosity = 10.0 nb~!
Total events after cuts ~ 190

o Trigger Requirements
1 Muon with 1.0 < |n,} < 1.6 in Level 1 (Hardware)

1 Muon with 1.0 < |7,] < 1.6 and p}’ > 3 GeV in Level
2 (Software)

e Kinematic Cuts
pi > 4 GeV
1.0 < |7l < 1.6

¢ Track Quality Cuts
3 layer tracks
Number of hits on track ’_>_ 7
Good track fit in bend and non-bend views
Eeqi (in AR = 0.15 cone) > 2.0 GeV
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Inciusive Small Angile Singie Muon Cross Section

Data Selection

e Data Collection

Dedicated special runs during FNAL 1992-93 collider
run

Total integrated luminosity = 4.7 nb™!
Total events after cuts =~ 1080

o Trigger Requirements
1 Muon with 2.2 < |7,] < 3.3 in Level 1 (Hardware)

1 Muon with 2.2 < |n,| < 3.3and Pf > 1 GeV in Level
2 (Software)

¢ Kinematic Cuts
Py > 2 GeV
2.2 <|nu| < 3.3

¢ Track Quality Cuts
3 layer tracks
Number of hits on track > 18
Good track fit in bend and non-bend views
E. (in AR < .2 cone) > 1 GeV
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Muons at Small Angles

e The goal is to measure do/d7n.

Y Y% A
A6~ (ox,) (\-x,) _}_ ; —-1) (3 AM Ay&cose
MY M
3 VOWn R\;%\«{f-ﬁocx -rge.fwnov\ ?\n\st
c.;u.\'«uu]c. SPece

A\S‘\fc\ovsﬂow

e The falloff of the rapidity plateau is sensitive to the
gluon distribution functions.

e The sensitivity using 7, is washed out some. 'By
using the muon-jet or muon-jet-jet system one can

reconstruct the b or bb system which directly mea-
sures the gluon distribution function.
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Heavy Flavor Content of Jets

o Try to answer the question "What fraction of jets
contain b quarks (or ¢ quarks, J/¥’s,...) as a function
of jet Ep?”.

e Again, well defined QCD predictions exist which can
be tested.

e The basic process (besides direct bb production) is
G —bbor G — G G G G bb cascade.

e This can be considered another test of QCD calcu-
lation machinery since the region of phase space ex-
plered is different than in b quark production cross
section measurements.

e The method is to collect muon in jet events. One can
measure the ratio of the heavy quark jet cross section
to the jet cross section. One can also measure D(z)
(jet fragmentation function for the muon) which is
sensitive to higher order effects (gluon cascade).
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B° — B Mixing

e Mixing between B° and its anti-particle can occur in
the Standard Model via second order weak interac-

tions

e The time averaged mixing probability x is given in
terms of the mixing parameter z as

P(B° — B°)

2

X=PB = B)+P(B° — B°) 2+ 2%

where z is the mass difference of the mass eigenstates
divided by their average decay width.

b t.,c,u d, s
B \w- Wt B
d,3 t,c, @ b
b W- d, s
B® (tcu i,eH B°
is wt b

Box diagrams for B° - B® mixing
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¢ The mixing parameters x4 and z, are of interest be-
cause they can be written in terms of parameters of

the Standard Model
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e For the semileptonic decay of B mesous into muons,
the combined mixing probability X is redefined as

BR(b — B® — BY — pt)
BR(b — p%) ’

X

which is an average over both B3 and B; mesons which
can mix as well as charged B mesons which can not.

e To extract y one first measures R where

N(ptp*) + N(p"p7)

f N(p+p~)

e Next the contributions of all processes contributing
to dimuon production are modeled using ISAJET
Monte Carlo.

e Once the relative fractions are known a value of X
can be extracted from the measured value R as the
solution to a quadratic equation



Experimental Parameter R

N(p p™) + N(p"p")

R = , 4
N(pp~) ’ S
Sources of Dimuon Events
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P3 boc—oputb—oe—pu | Zx(l—-x) [1-xP*+x
P4 | b—cu ,c—pu’ | 0% 100%
P5 | €c— uT,T— u” 0% 100%
P6 | D-Y.,J/%,X.Z 0% 100%
P7 | =w,K — u background 50% _50% |

e The relative contributions of the above processes to
the dimuon data sample are obtained using Monte
Carlo simulations

e Once the relative fractions are known a value of x
can be extracted from the measured value R as the
- solution to a quadratic equation




e Combining the experimental parameter R with the
relative fractions of the dimuon production processes
determined from the Monte Carlo one finds

x = 0.13 % 0.05(stat) =0.04{sys)

¢ The preliminary D@ result is in good agreement with
other measurements of the mixing parameter as shown
below

e Prospects for reducing both the statistical and sys-
tematic error in y are good as the backgrounds are
better understood |
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D® Upgrades for B Physics
for the 1994-95 Collider Run . o

e New scintillator installed for better cosmic
ray muon rejection

o Level 1.5 muon trigger (hardware) used over the full
n range of DO (|| < 3.3)

e Additional tools for muon identification in
Level 2 trigger (software)

e 50% Improvement in DAQ bandwidth

e Problems with muon chamber efficiency in
1.0 < |n| < 2.2 region are being addressed




DO B Physics Goals
for the 1994-95 Collider Run

e Single muon inclusive cross section over
full n coverage (|n| < 3.3)

e J/¥ and dimuon cross sections over
full 5 regions (|n| < 3.3)

‘e do/dn for above processes and
determination of G(x)

e Continued bb correlation studies

e More emphasis on heavy quark content of jets
(using muons, dimuons and J/¥’s with associated
jets)



Conclusions

e DY has a vigorous B physics program focused on
testing QCD predictions of b-quark production and
bb correlations.

e We have measured the b-quark cross section using
single muons, single muons plus jets, and dimuons.
The data are in agreement with NLO QCD predic-
tions.

e We have measured the J/9 and T production cross
sections. The J/v cross section is larger than the
sum of contributions from b-quark decay and direct
charmonium production.

e Work is in progress to extract the b-quark cross sec-
tion and constrain the gluon distribution function
using b-quark jets (both the muon and jet are mea-
sured).

e Work is also progress to study the heavy flavor con-
tent of jets and make comparisons to NLO QCD pre-
dictions.







