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Charm and beauty 
  production at HERA   



  Sensitive to gluon density
  Significant contributions to 

    total ep cross sections 

Charm and beauty production at HERA  
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Charm and beauty production at HERA  

   Identified “New trend in 
HERA physics”:

The HERA inclusive charm data 
in DIS allow to determine m

c
  -> 

very important for PDF fits and 
LHC predictions! See yesterday 

talk by K. Lipka

  Sensitive to gluon density
  Significant contributions to 

    total ep cross sections 
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Theoretical challenges
Heavy quark masses introduce another 

hard scale → complicates pQCD 

c,b Extra tasks/problems:
1. Threshold resummation
2. Collinear gluon radiations 
from heavy quarks create 
terms 

3. Two loop diagram with heavy 
quarks not yet calculated
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Mixed schemes GMVFNS: make the best of both worlds

FFNS ZMVFNS

How well do the schemes work? Focus in this talk on massive scheme
5
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1.
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Charm in Photoproduction with D*

8 Data at the upper one-sigma level of the theory curves Upper one-sigma level of the theory curves matches data

NLO QCD =  FMNR 
(massive scheme)

Zeus-prel-02-00



Charm in Photoproduction with D*
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 Large theory 
uncertainties!

Like reading tea leaves

H1prelim-08-073 
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 MC@NLO fails too, 
indications for charm component in resolved photon,

also from further observables 11

H1prelim-10-072 

mailto:MC@NLO


 D* production at HERA and at LHC

 Intriguing similarities! Similar quality of description by NLO 12

ATLAS-CONF-2011-017
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Large theory uncertainties
Evidence for charm in 

resolved photon



Beauty photoproduction at HERA vs pT(b)  

  Reasonable 
description by 
massive NLO
over whole pT 
range

New New
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Beauty in PHP with di-electrons

 Good description by massive NLO down to threshold
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H1prelim-11-071 
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Beauty in PHP with dijets and inclusive secondary vertex

Use 
significance S 

of decay length 
 

 Reasonable description 

Clean B-
sample

DESY-11-067



 ~for both reasonable description by massive NLO,  
MC@NLO Overshoots CMS data at high pT 

Beauty in HERA PHP and at LHC
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CMS-PAS-BPH-10-009

mailto:MC@NLO


3.
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Large theory uncertainties
Evidence for charm in 

resolved photon

Reasonable agreement with 
massive NLO using scale

μr
2 =(pt

2+mb
2)/4 



Charm in DIS with D* 

 Massive NLO generally 
~ok, but fails to describe z(D*)
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z(D*) = energy fraction 
of photon taken by D*

DESY-11-066



Charm in DIS with D* 

20 Massive NLO calculation better than massless

With additional cut 
on pt*(D*)>2 GeV

DESY-11-066



similar for b: F2bb

Charm contribution to DIS: F2
cc 
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Extrapolation factors
vary from ~1.5-10



Combination of  F2
cc  measurements 
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H1prelim-09-171

ZEUS-prel-09-015 



From K.Lipkas talk

F2
cc data can be used to

determine mc  and to test 
HF schemes (for more see K.L.talk)  
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  F2
cc  further brand new results (not yet used in combination) 

ZEUS-prel-11-012

ZEUS-prel-10-005



4.
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Large theory uncertainties
Evidence for charm in 

resolved photon

Reasonable agreement with 
massive NLO using scale

μr
2 =(pt

2+mb
2)/4 

Massive NLO ok with 
exceptions (low z) , F2

cc data 
separate HF schemes/mc



Beauty in DIS with inclusive secondary vertex 
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 Most precise b in DIS
results so far  

ZEUS-prel-10-004



Beauty of the proton: F2
bb

b(x) from HERA “goes to” LHC

LHC H,Z

• New precise results
• Various HF schemes 
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F2
bb from the secondary vertex analyses alone  

29 Data combination will further improve precision  

ZEUS-prel-10-004DESY-09-096
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Large theory uncertainties
Evidence for charm in 

resolved photon

Reasonable agreement with 
massive NLO using scale

μr
2 =(pt

2+mb
2)/4 

Massive NLO ok with 
exceptions (low z), F2

cc data 
separate HF schemes/mc

F2
bb described well 

by different schemes
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Large theory uncertainties
Evidence for charm in 

resolved photon

Reasonable agreement with 
massive NLO using scale

μr
2 =(pt

2+mb
2)/4 

Massive NLO ok with 
exceptions (low z), F2

cc data 
separate HF schemes/mc

F2
bb described well 

by different schemes



HERA ended in 2007,
what about the 

future of ep colliders? 

32

Before final conclusion:



LHeC = 
highest 

energy and
high  lumi

Lepton proton scattering experiments

33



LHeC Accelerator options 

€ 
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F
2

cc at 
LHeC
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 Nice extensions! 



F
2

bb at 
LHeC
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 Nice extensions! 
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  HERA charm and beauty production data:  
 in general reasonably well described by            

Massive NLO calculations, up to highest p
T
 and Q2

 Deviations from massive NLO in certain phase space 
corners: evidence for charm component in resolved 
photons in Photoproduction (the only massless scheme triumph?),  
excess at low z for charm in DIS

  Charm and beauty related structure functions F2
cc and     

     F2
bb : extremely important for understanding of the        

     whole proton structure and sensitive to the c and b        
    masses
 This is not the end: Further HERA II measurements of c   

   and b production to come, and also the first H1ZEUS F2
bb  

   combination  

Conclusions  
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Appendix, don't worry, it will be short 
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Charm in Photoproduction with D*

40

 Large theory 
uncertainties!



D0 cross sections at LHCb   

  Good/reasonable description by the various calculations 

Covering 
forward 
rapidities 
2<y<5
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J/psi photoproduction cross sections at HERA   

Awaiting comparisons with 
Theory (NRQCD, kT) 

A. Bertolin

42



Massive HQ Massless
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QCD perturbation series 
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+ more + many more

LO NLO NNL
O
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