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Overview

● Charm and Bottom Production (γp, ep, ppbar)
● Charmonium and Bottomium Production
● Heavy ion results
● Spectroscopy and (Rare) Decays
● Mixing
● Looking ahead

● 8 Sessions (1 joint session)
● More than 13 hours (but very little overtime => thanx to speakers!)
● 33 talks (27 experimental)

There's no way I can do justice to all the results
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Charm and Beauty Production
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Charm and Beauty Production

● Charm and Beauty produced
from gluons

● Mass provides a scale,
but complicates things when other
scales enter

● Test production models
=> at LHC, top production will
also become a multi-scale problem!

● Learn how to use HF 
production data in pdf fits
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Charm at HERA and the Tevatron

Charm 
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Charm in DIS from ZEUS

Hartmut Stadie (ZEUS)

HERA-II
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D+ Cross Sections in DIS with ZEUS MVD

Decay length significance > 3

HERA-II

Dan Nicholass (ZEUS)
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Charm in DIS from H1

Katerina Lipka (H1)

HERA-II H1 and ZEUS:

● Good agreement with NLO QCD 
calculations (HVQDIS)

● Data more precise than calculations:

– Variations of mc, μR, μF, FragFkt

– How can we get more out of NLO predictions? 
=> Discussion with theorists 
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Charm at Tevatron
Burkhard Reisert (CDF, D0)
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D* plus Jet in Photoproduction

Sebastian Schmidt (H1)
● Jet gives handle on second (charm) quark

● Can test NLO QCD effects, e.g. with Δφ
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Double Charm at Tevatron

Burkhard Reisert (CDF)
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Charm Fragmentation

Katerina Lipka (H1)

ε =0.045 
too hard

Shuangshi Fang (ZEUS)
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Issues between Experiment and Theory

We see this

Unseen x-section varies with mc 

H1, NP B472(1996) 32

How much don't we see?

● Experiments measure more and more
specific and precise cross sections:
– D*+jet(s), 2 charm/bottom jets
– Single, double differential cross sections
– Expt's often better than NLO predictions

● Worry about scales (mc, μR, μF)
and Fragmentation Functions

=> We need:
● QCD calculations for those quantities
● Consistent treatment of mc, mb in pdf 

extraction and application
● Full NLO MC with matched parton showers for optimal  correction of the data

Theory and Experiment need:
● To agree an observables that can be measured with little theory error and can be 

calculated reliably for inclusion in global pdf fits

=> is F2
cc really the best observable?
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Beauty at HERA and the Tevatron

Beauty
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Beauty at Tevatron

Burkhard Reisert (CDF, D0)
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Beauty Cross Section in DIS at ZEUS

Benjamin Kahle (ZEUS)

HERA-II

● First F2
bb from ZEUS

● Only 10% of data sample analysed

● Higher than H1 data (and 
predictions), but still compatible
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HF Production and the Optimal Scale
Achim Geiser

● “Optimal scale:” Where adding the next 
order doesn't change the result

● Observation for many processes:
Best scale is ~1/2 natural scale

● Proposal: Use
¼μ0 < μ < μ0 instead of ½μ0 < μ < 2μ0

● Improves description of data
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Charmonium and Bottomium Production
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Charmonium Production: Overview

Katja Krüger

Transversely polarised

● NRQCD in LO needs large CO contributions
to explain Tevatron J/ψ production

● Photoproduction at HERA: Color Singlet 
model in NLO explains data w/o CO 
contributions

● “Smoking gun” for large CO contributions:
Transverse polarization
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Charmonium at CDF
Burkhard Reisert (CDF)

● J/ψ slightly longitudinally polarized, not transversely
● χc  production ratios different from NRQCD expectations

● NRQCD with large CO contributions not a good explanation for Tevatron J/ψ 
production cross sections?

● Missing: NLO Color Singlet Model calculations for Electroproduction (DIS at 
HERA) and  Hadroproduction (Tevatron)
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J/ψ Production in DIS at HERA

Michael Steder (H1)

HERA-II

● Double differential distributions 
described well in shape by Color 
Singlet MC

● Any Color Octet contribution 
must be small or similar in shape
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Charmonium Results from HERA-B
Martin zur Nedden (HERA-B)

● A dependence of J/ψ production measured at nex xF range

● Better distinction between different models
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Heavy Ion Results

Apologies: I'm out of my depth here...
cf. plenary talk by William Zajc
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In-Medium Energy Loss of Heavy Quarks
Andre Mischke (STAR)
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Heavy Quark Production in AuAu Collisions
Donald Hornback (Phenix)

Electrons must fly through quark gluon soup 
=> supression indicates that charm quarks interact with medium before they leave it
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Supression of Electrons from Charm Decays
Andre Mischke (STAR)
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J/ψ Suppression in AuAu Collisions

Ermias Atomssa (PHENIX)

RAA: Suppression of
production x-section w.r.t.
pp collisions

J/ψ dissolves in quark-gluon soup
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Heavy Quarks Flow!
Donald Hornback (Phenix)
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Spectroscopy and (Rare) Decays

● Filling the Particle Data Book:
The expected

● “Who ordered this?”:
The unexpected

● Rare Decays

A tidal wave of new results,
with lots of peaks!
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The Expected

New Expected 
States 



Benno List  20.4.2007 DIS2007 – Heavy flavour summary (expt) Page 31

New Mesons: Charmonium System

Completion of the set of bound 
(sub-DD-threshold) charmonium states
by CLEO:

● ηc' confirmed 

● hc discovered, mass degenare with 
center-of-gravity of χc0/1/2 states

● Much more data to come

Kamal K. Seth (CLEO)
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New c Baryons: Λc(2940), Ξc(2980), Ξc(3077), Ωc*
Galina Pakhlova (BaBar, Belle)
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B Mesons

Martin Heck (CDF, D0)

Direct B** observation 

Direct Bc observation in J/ψ π 
=> precise mass measurement 

Direct Bs** observation 
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B Baryons

● First observation of charged
Σb states by CDF

Martin Heck (CDF)



Benno List  20.4.2007 DIS2007 – Heavy flavour summary (expt) Page 35

Rare Decays

Rare Decays 
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B+ -> τ+ν : Sensitive to |Vub|
Ivo Eschrich (BaBar, Belle)
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B->dγ and |Vtd/Vts|
Ivo Eschrich (BaBar, Belle)
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The Next Race: Bs/d -> μμ

Limits: 
D0:     BR(Bs->μμ)<9.3 ·10-8     (27x SM)
CDF:  BR(Bs->μμ)<1.0 ·10-7     (29x SM)
Comb:BR(Bs->μμ)<5.8 ·10-8     (17x SM) (unofficial)

CDF:  BR(Bd->μμ)<1.0 ·10-10   (230x SM)

Marj Corcoran (CDF, D0)
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The Unexpected

Isidor Rabi 1947: “Who ordered this?”

New Unexpected 
States

There's more in heaven and in earth than 
is written in your Particle Data Book!
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New Ds States: X(2690), Ds (2700), Ds (2860)
Vincent Poireau (BaBar, Belle)
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Y(4260)

Kamal K. Seth (CLEO)

Vincent Poireau (BaBar, Belle)

Galina Pakhlova (Belle)
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X(3940), Y(3940), Z(3930)
Vincent Poireau (Belle)
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X(3872) Remains a Mystery

Vincent Poireau (Belle)

Kamal K. Seth (CLEO)

D0D* molecule interpretation: Binding energy EB=-0.6±0.6MeV
after new CLEO measurement of D0 mass, BUT:

_
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Mixing

● Bs Mixing: CDF and D0

● D0 Mixing: BaBar and Belle
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Finally: Bs Oscillations. Measuring Δms 

Robert Kehoe (CDF, D0)



Benno List  20.4.2007 DIS2007 – Heavy flavour summary (expt) Page 46

More: Measurements of ΔΓs and φs 
Robert Kehoe (CDF, D0)
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Finally: D0 Mixing
Galina Pakhlova (BaBar, Belle)



Benno List  20.4.2007 DIS2007 – Heavy flavour summary (expt) Page 48

Looking Ahead Into the Future

● The near Future: Atlas, CMS, LHC-b

● The (hopefully not too) far future: ILC
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Bs/d -> μμ at LHC

Emanuele Santovetti (LHC-b)

CMS

Attila Krasznahorkay (ATLAS, CMS)

● CDF, D0: BR(Bs->μμ)<100 ·10-9     (29 x SM)  with ~0.7fb-1 
● LHC-b:     BR(Bs->μμ)<    3 ·10-9     (0.8 x SM)  with 2fb-1 = 1 year
● Atlas:       BR(Bs->μμ)<    7 ·10-9     (2 x SM) with 30fb-1 = 3 years
● CMS:       BR(Bs->μμ)<  14 ·10-9      (4 x SM) with 10fb-1 = 1 year
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Angle γ of the Unitarity Triangle
Emanuele Santovetti (LHC-b)
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Δms Measurement at Atlas
Attila Krasznahorkay (ATLAS)
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Measurement of Bc Mass at CMS
Attila Krasznahorkay (CMS)

PDG06:               6286   ±5           MeV
New CDF value: 6276.5±4.0±2.7 MeV
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Physics with Heavy Flavours at ILC
Tim Greenshaw (ILC)

● Extremely good 
flavour separation 
aimed at and 
achievable at ILC

● Needed to measure 
Higgs couplings
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Conclusions and Outlook

● Heavy flavour production measurements enters the precision era
=> Incentive for more theory and phenomenology work
=> Need better techniques to incorporate measurements into pdf fits

● Interplay between Tevatron and HERA data often important, 
e.g. in charmonium production

● Heavy ions: 
Charm interacts with the quark-gluon-medium and flows with it

● The particle data book becomes more and more complete,
solid evidence for unexpected states

● Mixing established in all neutral systems: K0, D0, B0, Bs
0  

● The race is on for B->μμ!

● Much more to come from HERA, Tevatron, Belle and BaBar
before LHC takes over and ILC is built


