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Why study beauty production at HERA?

HERA, Queen of the greek gods,
sister and wife of ZEUS, is known
for her beauty, but also for her
guile ...

Beauty quarks are heavy (m,)

s ¢+ useful scale for perturbative QCD
‘" =5 reliable predictions (in principle ...)

often multi-scale problem (m,,p+,Q?)
=> large uncertainties (in practice ...)
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Processes for Open Heavy Quark Production (Q = ¢,b)

dominant Leading Order (LO) QCD diagram: a)
direct Boson(y)-Gluon-Fusion (BGF) i

=> heavy quark propagator Q
.resolved” photon (or p) contributions ‘ a
(in LO + parton shower (PS) picture) ﬁa@
=> gluon (domman’r) + quark propagators M
b W,c( i o o) J—
) C) T g ) :_f"{%nﬁn : Q
+ +
@ﬁmiﬁnrr ’ @ . & @
5 TS LA
.Q-excitation” in photon hadron-like photon

alternative interpretations of b):
LO excitation of .heavy quark in photon” (+ parton shower evolution)
LO+PS Monte Carlos (DGLAP), ..massless” QCD calculations
NLO pointlike photon diagram (massive fixed order QCD calculations)
LO BGF diagram + gluon cascade (CCFM, CASCADE Monte Carlo)
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Kinematics of Heavy Quark Production at HERA

Kinematic variables:

—;—{ Vs = 300 (318) GeV  ep CM energy before (after) 1998
Y — W = m(yp) Yp CM energy

Q2 = -q2 photon virtuality, squared momentum transfer
2

—aQ X = QL Bjorken scaling variable,  for Q® > (2mg)? (1):

2Pq  momentum fraction of p constituent
P
p — Y = LU Bjorken scaling variable, inelasticity,
(P for Q>->0: vy energy fraction (of e)

Kinematic regimes:
Photoproduction: yquasi-real: Q2 <1 GeV?, e escapes through beam pipe
Deep inelastic scattering (DIS): 1 < Q%< (300 GeV)?, e visible in detector

Beams and luminosity:
electrons + protons: (1998- mid 99) Luminosity ~ 15 pb-!
positrons + protons: (mid 1994-97, mid 99 - 2000)  Luminosity ~ 60-120 pb-!
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Tagging semileptonic beauty decays

F’TmI _ 1) pTrel ;

pr of | with respect to
jet axis

2) at HERA IT:
— Impact parameter

of | with respect to
primary vertex

3) D* | correlations

jet €
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ZEUS data 1996/00, ~98 pb, Q2«1

at least two jets with pr yeti(gerzy > 7 (6) 6eV, [n[<2.5

ZEUS
0 4]
c ® ZEUS (prel.) 96-97 c
@102 210
1 fs=0.223+0.032 | @

— b_E-I-CE-I-“

p ¢ fit, unfold muon acceptance,

_Beauty in photoproduction

GeV?, 0.2<y<0.8,

- b)

® ZEUS (prel.) 99-00

k

muon with
p >2.56GeV, -1.6<n<-0.9

pr>2.5 GeV, -0.9<n<1.3
p >4 GeV, 1.5«<2.3

average:

f,=(27+3)%

no syst. on bb correlations yet

o(ep — bb X — Jet Jet X) = 733 + 61 (stat) = 104 (sys) pb

NLO QCD (FMNR): 381 +117 -78 pb
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ZEUS data 1996/00, ~98 pb, Q2«1

Beauty in photoproduction

GeV?, 0.2<y<0.8, muon with pp»2.5 GeV, -1.6<n<2.3,

at least two jets with pr seri(gerzy > 7 (6) 6eV, [n[<2.5
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caveats for data - theory comparison

structure functions +
QCD matrix elements theoretical error

U

parton level e ~ parton level ‘ bb correlations
cross-section cross-section

j' TT @ self-consistency of QCD

fragmentation & decay + model assumptions?

jet algor'i‘rhm related errors?

visible e ~ visible

cross-section cross-section z
acceptance
TT @ec’rioD

‘ data experimental error
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Comparison with

)
.5:‘ daldn, (ep — ebbX —» efjuX)
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40
zﬂ 4
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good agreement

Data/Theory
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Beauty Production
gp -5 ebbX s gjjuX
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Beauty in DIS

ZEUS data 1999/00, ~60 pb!, Q2> 2 GeV?, 0.05¢<y<0.7, muon with p>2 GeV, 30°¢6<160°
at least one jet with E+8r¢* > 6 GeV in y*p frame, -2 <nt®® <25
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Beauty in DIS

comparison to LO + PS MC
RAPGAP (DGLAP) and CASCADE (CCFM)

ZEUS ZEUS
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Beauty cross-section from D*+ p final state

all
ZEUS data 1996/00, 114 pb-! ZEUS
w 40 T T AL TT 7] 5= N T
ﬁ 38 E_unlik&sign p-D 3) & an [ s FEUS {prel) 95-00 b)_
3 F I beauty ]
E 30 F o 30 - charm {prompt p)
). t M charm (take p)
25 ﬁ 25 take D’ ]
20 Ezu : {  4R<2 .
15 ¢ 15 ¢ unlike-sign
10 B[] 10 u-D
. i |||‘/ --"'l-[/ Ili" ] LI
20 POSSRRESY SN =T PO - Aok sl N
d
15 )
sensitive down 10 + ::“;:"9"
to p. ~ 0 5 ¢
pr o SIS ]
a 2 4 L] 8 10
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Yep(P) <1, Q2 <16eV2, 0.05¢y<0.85

o(ep — bor b X)=15.1+ 3.9 (stat) 38, (sys) pb
NLO QCD (FMNR): 5.7 +1.7 -1.1 pb
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ZEUS data 1996/00, 114 pb-!
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u final state

separate photoproduction and DIS
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Comparison to other experiments: JetWeb

JetWeb = ﬁublic WWW interface and database for MC tuning and
validation: http://jetweb.hep.ucl.ac.uk

interface fo MC generators (currently PYTHIA and HERWIG)
allows parameter selection for MC generation

generates MC events and applies cuts sphase space, etfc.) to describe
implemented results for different colliders and experiments

displays data-MC comparison plots

Search the JetWeb database
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Measurement of Dijet Cross Sections

Application to jets and beauty at HERA + pp

global scale factor:

JetWeb results are scaled to fit high-E; HERA jet cross sections, examples:

dsigma,/dET {max)
Cross section fnkb fiGe

10+ *

in Photoproduction at HERA

0.1

Dijet photoproduction at HERA and

N

T T T
20 40 0 &0 70
ET (Dey)

Generator: PYTHIA
Proton PDF. CTEQSL
Photon PDF: GRV LO

the structure of the photon

J. M. Butterworth, S. Butterworth, O. Gutsche, B. Waugh

©
c
. ) ) @ )
disigma)/d(eta) in pb for high x_gam.. o ¢ d{sigma)/d{et) low x_gamma, eta_1 (.
o
TR
Cross section {nk) I g_ Cross section fnkb fiGe
) 4
50T E E c S 100 Y
9 = -
00T i 3 g o .
1 S5 10—
250 S & .
200+ x S =
- SR 14+ :
150 52
| ol ¥
100+ & = 2 *
[a) 01T !
SO -Tr
] i i i i i i i
-1 0 1 2 20 20 i 50
pseudarapidity ET (Gey)

JetWeb scale = 1.45
applied to all other plots

min. trans. momentum: 3 GeV
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Inclusive single b cross sections

=
inclusive single b gquark cross sectio... Inclusive single b cross section, |y| <.
dsigma,/dpTmin (nkbjf ey o Cross section for pT =pTmin {nk)
100005 [yP|<1.0  zooof lyP|<1.5
< 1 25001
1 i i 2,000
ZEUS see ; oo f L soot {
= x
next page N T i 1,000+
1 500 -
I I I I— 0] I .
10 15 20 25 o 10 1%
DO pTmin (Gey' o) UAl nTmin (e /o)
bb -> ppu bb -> pp

PYTHIA LO+PS MC (inclusive mode), scaled to HERA jet cross
sections, also describes b cross sections at HERA (320 GeV ep),
CERN SppS (630 GeV pp) and Tevatron (1800 GeV pp) |
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PYTHIA

Cross section vs pT{mu)

ZEUS dijet + | in photopro

Cross section vs eta{mu)

Cross section vs X_gamma

duction

dsigmafdpT (phfGek') dsigmafdEta fph) dzigma)dx_damima {pk)
| 254 2,000+
i E 1,800+
207 1,600
4 x 1,400
o i 15T 1,200
1,000
10 ¥ BOOT
= GO0
f 5T i 400 i {
200
1+ : : : : 0 : : 0 : : : : :
4 & ] 10 -1 o DO 02 04 08 08 10
pT ) (et etamL) ¥_garmnma
. . (1) . .
ZEUS ,visible" cross sections well described
more results (H1, CDF, ...) to be implemented
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Summary and Conclusions

Beauty production in e-p collisions is good testing ground for
perturbative QCD

ZEUS beauty cross sections (old and new)

agree well with latest H1 results

reasonably described by NLO QCD,
well described with scale p = p%/2 (exception: m, threshold region?)

PYTHIA LO+PS MC model, tuned to HERA jet cross sections via

the JetWeb interface, simultaneously describes b cross
sections at HERA, Tevatron, and CERN SppS

Has there really ever been a serious problem with beauty QCD
predictions for ep and pp collisions?

higher luminosity, and new detectors (e.g. ZEUS Micro-Vertex-
Detector) will contribute to resolve remaining issues

20/10/03 A. Geiser, Open Beauty Production in ZEUS 18



