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The HERA ep collider and experiments

HERA I:  ~ 130 pb-1

(physics)
HERA II: ~ 370 pb-1

(physics)
total:   

~500 pb-1 till 2007 

DESY, Hamburg
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Open beauty production in ep scattering

multiscale problem

-> terms [αs ln (Q2/mb
2)]n, [αs ln (pT

2/mb
2)]n,   etc.

in perturbative expansion ->  potentially large th. errors

see talks M. Jüngst
and P. Thompson

this talk
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pQCD approximations
assume one dominant hard scale:

NLO                                                 NLL

=FFNS                    FONLL                =ZM-VFNS
(GM)-VFNS

pT
2pT

2

pT pT



22. 7. 10 A. Geiser, ICHEP10, Paris 5

Tagging semileptonic beauty decays

pT
rel 1) jet mass or 

pT
rel : pT of μ/e

with respect to jet axis

2) secondary vertex
or
impact parameter
of μ with respect
to primary vertex

3) D*μ and  μμ
correlations
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Beauty from dijets + μ

use μ from semileptonic decay, separate b and c

Q2<1 GeV2,  2 jets ET>7(6) GeV,  pT
μ > 1.5 (2.5) GeV



22. 7. 10 A. Geiser, ICHEP10, Paris 7

Beauty from dijets + μ

μ and jet
cross 
sections
well
described
by
NLO QCD
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beauty from inclusive dijets + vtx

use significance
of secondary
vertex

simultaneous
fit of mirorred
significance
for three
different 
mass ranges
(see backup)

charm

beauty

inclusive
DIS

almost pure
beauty region

significance

jet ET > 7(6) GeV
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Beauty from inclusive dijets + vtx

default scale = μ0/2

better precision (higher statistics) than dijet+μ,  extended pT range

agreement with NLO QCD within large theory uncertainties
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Double tagging of bb pair

σ(ep -> bb + anything) = 13.9 +- 1.5stat
+4.0

-4.3,sys nb
σNLO =  7.5 +4.5

-2.1 nb (FMNR+HVQDIS)

(same plot also exists 
for same b)

μ
B hadron

two direct flavour tags, e.g. μ+μ, pT
μ > 1.5/0.75 GeV

-> large bg reduction (~50% beauty) , do not need jets or sec. vtx
-> access low pT and forward regions (proton direction)  

-> measure total beauty production cross section at HERA:
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Beauty in photoproduction: summary

Data vs. 
NLO QCD:
reasonable 
agreement

FONLL (VFNS) prediction and threshold resummation not yet available,   
should they help?

for theory-inspired
motivation of
QCD scale choice  
see 
doi:10.3360/dis.2007.163

b quark
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• b photoproduction measured at HERA from variety of detection techniques.

dijet + μ tag exploits semileptonic decay signature with maximal efficieny
inclusive dijet + sec. vertex tag yields high statistics almost pure b signal region
dimuon tag covers full phase space -> allows extraction of total b cross section

• all measurements in agreement with each other

so far covering only part of HERA statistics 
-> more precision to come 

• beauty cross sections at HERA in agreement 
with perturbative QCD predictions.

theoretical uncertainties at NLO quite large 
(mainly b mass +QCD scale dependence)
-> best would be to go to NNLO  (unfortunately not any time soon)
“state of the art” NLL corrections to NLO (threshold resummation, FONLL) 
would be nice to have 
(partially exist for DIS/charm, but not yet for b photoproduction)      

Summary and conclusions
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Backup slides
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control
plots

Beauty from dijets + μ
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Beauty from inclusive dijets + vtx
fit of mirrored vertex significance
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Beauty from inclusive dijets + vtx

control
plots 
for
beauty
enriched
region
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Double tagging of bb pair

~50% beauty

σ(ep -> bb + anything) = 13.9 +- 1.5stat
+4.0

-4.3,sys nb
σNLO =  7.5 +4.5

-2.1 nb (FMNR+HVQDIS)

two direct flavour tags, e.g. μ+μ
-> large bg reduction, do not need jets
-> access low pT and forward regions

(proton direction)  

l.fl. bg. indirectly
from
like sign μμ 

μ+μ−nonisol.

-> measure total beauty production cross section at HERA:
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NLO vs. LO + parton shower

"direct γ"                     "resolved γ"

b -> jet
b -> jet

b
b -> jet

-> jet
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Beauty from dijets + μ
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Detector upgrades for HERA II
upgrades most relevant for
heavy flavour production:

H1 Fast Track Trigger

ZEUS Micro-Vertex Detector (MVD)


