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i Beauty Physics Motivation l

m— E— |

e Heavy quark production:

e+
e test of QCD < /

e probing photon, proton structure Y

e Heavy quark masses:

e hard scale for calculations

e multi-scale problem >
e Studyingnon-perturbativeissues D

such asfragmentation

e Beauty puzzel still present...
What about ep data?
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i pQCD Calculations & Monte Carlos !

e
NLQO Calculationson the market:

Fixed order (massive) scheme
@ massive b quark produced via BGF |—) FMNR(PhP)
HVQDIS(DIS)

e u,d,s,c—activeflavoursin p and g

e applicableforp, ~m,

Resummed (massless) scheme e Parton shower with DGLAP
evolution MC models:

e AROMA, RAPGAP, PYTHIA,

e massles heavy quarks

e u,d,s,c,b activeflavoursin pandg

HERWIG
¢ applicablefor p, ~m, e Parton shower with CCFM
Matched Calculations (FONLL) evolution MC models:
e CASCADE




Beauty Event Topology in ZEUS

ep ® ebb X® entjet X
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i Event Selection l

———

e Datasample: ZEUS99-00 e™p, 72.4 pb™

e Standard DIS Selection in kinematic range:

Q°>2GeV? 0.05<y<0.7
Muon Cuts:

L&

-0.9<h™<1.3and p,">2GeV (Barrel Muon Chambersregion)

-1.6<h™<-0.9and p™>2 GeV (Rear Muon Chambersregion)

e Jet Cuts:
E Breit>6 GeV, -2 < hleb< 2.5
e Jet —Muon Association: after all selection cuts

941 eventsremains

associated jet: E;Bret> 4 GeV
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i Extraction of beauty fraction (1) !

E— |
o after all selection cutsdatasampleisamixture of several processes:
e semi-leptonic decays of beauty hadrons

e semi-leptonic decays of charm hadrons

e in-flight decaysand fake muons %,..
iz
. o - —— Light quarks
from ||ght quar kS §0.25 / .. Charm quark decays
0.2 - :_,:' -~ Beauty quark decays
rel PO T
= p,* method to tag beauty 1
/,4 0.05 ’ e

jet aXiS // ptrd D(; — 0.5 — 1 - I15Ll T ‘.Lu—(-;;h‘ — 3
D\A Pe(GeV)

fron p." fit of different flavour MCto data




Extraction of beauty fraction (2)

— ———‘

extraction dependson proper MC e beauty fraction extracted from p_'
simulation for all processes

cross-checked with data, using fb = (30-2 * 4-1) %0

inclusive DISdata with at least one | _ _

hard jet in Breit frame e p,/“well described by mixed MC

p. calculated for tracks passing
muon selection criteria

compared to light and charm MC ZEU
. N 12 EE T4 ZeUs Yese 2000
shape generally well described - ° ZEUS2000 3 & [] RAPGAP MG -
RAPGAP MG |_|=j F7] b-quark component]

—
=
1

difference between dataand MC
contained in systematic error
obtained by reweightingamount of
charm contribution in thefit

(1/N) dN/dpe!

—
=]
1




i Data—MC Comparison !

— ——_
_ ZEUS
O e ] & T s e g ]
@ d I { I bl = RAPGAP MG | & 17 = ok MG e
mUOn an Je Varla eS _'2_ 1w 1u2 [~ b-quark compone
-

well described by MC
samplesweighted by

extracted beauty fraction ” ‘ p;en (Gevf
2 2 [ T .' i
& L e
L '

/ E
T]I-'
~ 30 % of eventscomes 2 fe W T Tl g Fmo T LT
from b-decays g " [ 18 % = ~
(~285 events) E * 1wk // -

: - 1

| I 20 ’,/ Z:I:I 1-;5// -1 n] %
ETBJ'ZT{GeV) n;"
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p—
' QCD Prediction: NLO Calculations l

R
The calculation of the NLO QCD predictionsproceedsin three steps:
PhP: FMNR, DIS: HVQDIS g*g® bb, grg® bbg, g*q® bbq, etc.
Fragmentation of the b-quark into aB-meson
Semileptonic decay of the B-meson

Lepton

Neutrino

Charmed
hadron




' Total Cross Section
Bi— |

ZEUSresults: 99/00, ~72.4 pb-1

corrected for radiative effects (HERACLEYS)

S (ep ® ebb X® elet mX)

kinematicregion:
Q°>2GeV?40.05<y<0.7
at least one jet in Breit frame with:
EPe>6GeV,-2<h'™<25
at least one muon with:

-0.9<h™< 1.3, p,"> 2 GeV

-1.6<h™<-0.9, p™> 2 GeV
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Measured Cross Section:
S =40.9+£ 5.7 (stat.) +6.0 -4.4 (syst.) pb

NLO QCD (HvQDIS)
S =20.6+3.1-3.1pb
Cascade (CCFM)

S =28pb
RAPGAP (DGLAP)
S=14pb

NLO prediction is about 2.5 standard
deviation lower than measured cross
section
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Differential Cross Sections

differential cross sections
calculated in the same
kinematic region

fb extracted in each bin

NLO agrees well with the
data except for lowest Q? and
lowest xbins

the same behavior for
CASCADE

RAPGAP below the data
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e NLO agrees well with the

"

data except for lowest p._ m/

and highest h "valueswere
It [les about 2 standard
deviations below the data

similar behavior for
CASCADE (better
agreement for high hM

RAPGAP below the data
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ds/dE_. Bret ZEUS

Tjet

E 1 (a) " IZEUS 82:00 1 -g- il(b) I-‘ IZElus‘ggl-ool | : E
_ "E"vﬁ. [ e B9 NLO QCD® Had.Corr. _ sé"'_.q_.,‘ i RO mp TR
e NLO agrees well with the W™ ‘E=$ - noacomvans) W - RAPGAP, m,~5 GeV
data except for highest = T e | B |
— Breit - : 1 = A6 <t <09, p >20ev - 1F o =
E’F,jet Va|UeS Were It ||eS \ EE">GGev 2™ <25 E :
about 2 standard ; ¢ ; ; ¢
deviations below the data L ] - i
e CASCADE reproduces [ LR E R R E
cross section well Tlet Tet

e pb-quark productionin DISmeasured
for thefirsttime

e consistent with NLO QCD

e RAPGAP below the data

e regionsin phase space defined where
NLO liesbelow the data
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NLO QCD Uncertainties

Factorization and
renormalization scales A
b-quark mass: 10-15%

—CTEQ5F4/ZEUSNLOFIT

Gluon uncertainty from
the ZEUSNLO QCD fit:~5%

more sources:
Hadronization (jet): ~ 10%
Fragmentation (muon): 5-10%
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Summary & Conclusions

Beauty production measured in DISfor thefirst time

e Visible cross section and differential cross sections are
compared with NLO calculationsand MC simulations

NLO prediction consistent with the data but lies 2.5 standard
deviations below

RAPGAP M C well below the data

CASCADE (CCFM) describesthe data well except for low Q?, low
x and low p_" values

NLO describes datawell except for low Q?, low x, low p_", high
h™and high E__°®"values

Jet
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