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Introduction to heavy quark theory

schemes

and

diagrams
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HERA detectors and tagging methods
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Search for single top
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still best limit



Charm in photoproduction

total cross sections:

1996                               2014
(data 1993/94)     (data 2006/7)  
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Charm in  photoproduction

D* tagging gives best statistics + signal/background
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Charm in photoproduction

differential 

cross 

sections:

comparison

to various NLO

predictions   
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Charm in photoproduction

double

differential 

cross 

sections:

(with jets)

reasonably

described

in general

9.9.2015 Charm, beauty and top at HERA 8



Charm in photoproduction

double

differential 

cross 

sections:

(with jets)

but failure of NLO in kinematic regions where it 
is expected to fail (not enough final state partons)
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Charm in photoproduction
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sensitive to 

gluon propagator

PYTHIA and 

HERWIG

do a reasonable job

CASCADE 

a bit less



Beauty in photoproduction

suppressed

relative to

charm by mass 

and charge

coverage of

almost full 

phase space
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Beauty in photoproduction

(semi)inclusive final states only, but useful statistics 

(with silicon vertex trackers) not so much smaller than charm
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Charm in DIS

charm is mainly produced via boson-gluon 
fusion:
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Charm fragmentation fractions

HERA 

competitive

with e+e-

(see also talk A. Verbytskyi yesterday)
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Charm in DIS
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lifetime tags competitive with D* 
(inclusive DIS trigger!)



Charm in DIS

at Q2 ≤ m2, DIS behaves like 
photoproduction
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Charm in DIS

zero mass variable flavour number scheme 
fails in many regions of phase space
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Charm in DIS          (D* combination)

fixed flavour number scheme works well 
differentially up to highest pT, Q2

but theory uncertainties (NLO scale, fragmentation) are large  
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Beauty in DIS

theory uncertainties smaller
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Charm in DIS 

most

charm in DIS

data have been 

combined
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Charm in DIS

general mass

variable flavour

schemes work

fine, but only

available for

inclusive quantities

use charm data 

in PDF fits
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Charm and Beauty in DIS

at high Q2 and low x, data show expected asymptotic behavior 
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Charm mass fits

charm in DIS data sensitive to charm 
mass
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Fit of charm data

better charm mass constraint (tailored for each 

heavy flavour scheme) reduces PDF uncertainties
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Fit of charm data

… and reduces uncertainties of cross 
section predictions for LHC
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Charm and beauty mass running

fixed flavour scheme allows measurement 
of MS mass and mass running 
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H1+ZEUS NLO
ABM + friends `NNLO’

ZEUS NLO

ZEUS
LEP

-> PDG



Conclusions

� first review ever dedicated to open charm, beauty 
and top production at HERA has recently been published 

(integrating information from previous unpublished review)

� hopefully useful source of information for students and 
physicists interested in HERA heavy flavour results and their 
use for non-HERA applications (+ a few aspects not published elsewhere)

� the work is not finished: 
- most results do not yet use the final statistics    ( PHP: none! )

- some analyses (e.g. multi-differential production properties) 
have not even been started

- large potential for further improved understanding of 
QCD theory beneficial to particle physics as a whole and 
LHC in particular
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