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HEAVY QUARK PRODUCTION
AT HERA

e Vs~ 320 GeV 0 O two kinematical regions
—— < — Q photon amost on mass shell
o photoproduction (yp)
2 €(K) | |
Q a photon highly virtual

e(k) deep inelastic scattering (DIS)

| v(@) O same production mechanism but

Q real photons can behave as hadrons
S XPY _
g Q QO  study pQCD dynamicsin heavy
| §XQP guark production

p(F’) o 0 learn more about structure of proton
X and photon
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QCD CALCULATIONS

O LO + PS programs O resummed (RS) calculations
("massless")
o AROMA
_ _ QO Cacciari et al., Kniehl et al.
Q direct only, DGLAP evolution N
2 HERWIG, PYTHIA Q HQ part of parton densities
(massless quarks)
0 direct and resolved, DGLAP O resums contributions of large
o CASCADE logarithms (Q/mg, p/mg,)
- Q direct only, CCFM-like evolution Q valid for Q, p, > Mg
gl 2 fixed (NLO) order (FO) calculations a0 matched calculations (FONLL)
("massive")

QO Frixione, Nason
0 FMNR, HVQDIS

Q HQ mostly via BGF (quark masses
taken into account)

Q valid for Q, p,~ m,
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O merges FO and RS calculations




CHARM TAGGING

ZEUS
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QO mass difference method, e.g. S — Backgr. wrong charge
» 5000
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k= I ¢
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s
o D !
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¢ ¢
QO excited charm states (D**, 2000
D, *(2536)) *
semileptonic decays 1000 |-
0 ‘ | | ‘ | | ‘ | |
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M(KTT) - M(KT) (GeV)

... an example: D* cross sections in photoproduction
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DIFFERENTIAL CROSS
SECTIONS

O comparison with FONLL

dotted curve: central prediction

solid curve: al uncertainties added
linearly

O dashed curve without factorization
scale uncertainty
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O: ZEUS data -
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O theoretical uncertainties very large S
(mainly renormalization scale) ©

O predictions marginally consistent 1072
with data: fragmentation, NNLO?
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CHARM TAGGING .. REVISITED

%
5=

g,

O vertex tagging (H1 silicon

vertex detector, ZEUS micro A
vertex detector at HERA 1)

0 study production of various
charm hadronsin DIS (D*,

D+1 D01 DS+) N: 7D+ S K ‘\‘: e H1 prel
3 3 |
. . s 15000 — =
O  independent crosssection 2 M S 100 -
measurements 3 3
& 10000 — & :
. . © ©
QO fragmentation fractions % 1 g 50 |
—. 5000 — —
f 1+
0 no CST lifetimetag 0 CST lifetimetag: S >8
7 T T 7 7 T T T
17 18 19 2 17 18 19 2
... an example: D* production in DIS m(KTm) [ Gev/c?] m(Kmm) [ Gev/c”]
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D* PRODUCTION (DIS)
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O similar results for other charm states n(")

y
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FRAGMENTATION RATIOS

QO vector to pseudoscalar ratio (expect about 0.75 from counting spin states)
P, =(0.693:+0.045 (stat )+0.004 (syst )+0.009 (theo) ) H1 preliminary
P, =(0.546+0.045(stat)+0.028 (syst ) Zeus preliminary
“fl 0 utod ratio (expect about 1 from isospin invariance)
Ru,d=(1.2610.061(Stat)i0.0SS(syst)i0.00S(theo)) H1 preliminary

1o strangeness suppression factor (expect about 0.3 from strange quark mass)

y.=(0.36+0.10(stat )+0.01 (syst )+0.08 (theo)) H1 preliminary
ys=<0.2710.05) Zeus published

consistent with measurements in e*e™, ...
[0 consistent with charm fragmentation universality
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PHOTON STRUCTURE

Q charm production used to study
photon structure: D* tagged di—jet
events

§ o fraction of photon momentum
entering in charm production

obs Z (Et e—n)

X =
Y 2yE

e

oy o Lo generators (PYTHIA,

HERWIG) with charm excitation
(perturbative part of parton
densities) describe shape of data
well

.. further insight by investigating di—jet
angular distributions

obs
Y
N

1/o do/dx

ZEUS

® ZEUS (prel.) 1996-2000

— PYTHIA
- HERWIG
CASCADE

PYTHIA: Resolved

ep — D+ dijets+ X

M;, >18GeV ; n| <07 7

é(‘

e ins

@@
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DI - JET ANGULAR

DISTRIE

UTIONS

O angle between jet—jet axis and beam

direction sensitive to propagator type ZEUS
(quark/gluon) w e *§1_5 e ZEUS (prel.) 1996-2000 |
Q "
0— (’7 —n ) S — PYTHIA ep - D*+dijets+ X
cos ©“= tanh( ) E N : gigg‘& M, >18GeV ; n|< 0.7 } |
0 resolved contribution is dominated by £~ I _______
gluon exchange: cross section rises ~ Tos - Xe <075 1 .
steeply at large |cosO*| // 2]
0 L L L
(1~ |cos ©) =2 15
Q direct contribution (LO) is quark
exchange: cross section rises mildy
with |cos@*| ]
(1_|COSGD|)_1 o 1 N S B SN B oY
0 01 02 03 04 05 06 07 08
O signature of gluon exchange lcosO |
Ralf Gerhards, DESY FH1, BEACH 2002, Vancouver, June 22 - 29, 2002




DI - JET ANGULAR
DISTRIBUTIONS

0 identify charm jet by matching jets ZEUS
with aD* *Q 1+ e ZEUS (prel.) 1996-2000 -
. ) S — PYTHIA ep — D *+dijets+ X
0 D* jet mostly found in photon T ] CHERWIGS (P e Gev - <07
direction (%Qos | T [1 PYTHIA: Direct |
0 contribution of resolvedtox,, > 0.75 = b <o 1
explains asymmetric distribution in g 0 I —i_{:.:.?.:.:;.'.:.:.:.:.:. . 8 i ‘_
coso* 2k e 075 ]
1 [ PYTHIA: Resolved
il
O evidencefor charm content of photon 95 ! = +
$ Tttt i I E
... comparison with NLO shortly h
0

-08 -06 -04 -02 0 02 04 06 08
Ccos®

photon direction proton direction
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DOUBLE TAGS

O tag both charm (beauty) quarks to
completely reconstruct the hadronic final
state, e.g.

D** I+, D** D*, I*l-, I=e, u
O measurement of the gluon density

O sensitive to higher orders and non-

H ’ D*t
perturbative effects Beauty production :
0 example: D** u* analysis

Q exploit charge and angular correlations to
separate charm and beauty

O measurements of total cross sections
compatible with previous results

O measure differential distributions ...
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DOUBLE TAGS (DIS AND yP)

g 140 g Preliminary
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CHARM CONCLUSIONS

O charm production a HERA

O pQCD calculationsin NLO about consistent with data, but

O parametersin the calculations have to be stretched within their
uncertainties

O theoretical uncertainties rather large
O experimental uncertainties typically smaller but still large
O some puzzling details need to be understood

0 better agreement using NNL O calculations, ...

O aconsistent picture of the (gluonic) structure of the proton and
the photon emerges

.. what about the next heavier quark ?
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BEAUTY PRODUCTION

0 beauty cross sections expected to be smaller than charm cross sections by a
factor of 200 (larger mass, smaller charge)

1 ~ B0 theoretical predictions expected to be more reliable (due to larger mass)
1o beauty tagging exploits the large mass and the long lifetime of b hadrons
O muons or electrons from semi—leptonic decays associated with jets

0 signal extracted by fitting distributions of sensitive variables

Q transverse momentum of leptons with respect to the jet axis (high b
Mass) P

O track impact parameter of leptons (long b lifetime) o
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TOTAL CROSS SECTIONS

Vis
O new measurement using D*u double tags o _p-bX

) \ T
b _ S | * Hlppye )
o (ep—eDuX)=(380+120+130) pb é 6, HL 1 impact param. (orel)
0 about factor 4 larger than LO + PS = O | © ZEUS e pye :
prediction g 4l .
Q0 measurements above NLO QCD 3| % |
predictions 5| )
a bothinyp, DIS 1 NLO QCD
i +a— i [ G |
0 also observed in pp, e*e™ (yy) scattering 0) 1 10 102
o NNLO,..? Q? (GeV?)

- @ 0 new and more precise measurements soon

... can a more differential study shed more light on this effect ?
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DIFFERENTIAL CROSS

S SECTIONS
L | o ZEUS (prel.) 96-97 ]
v L 4
= | 0.2<y<0.8, Q<1 GeV? ]
3 0 " 2 jets, E/'?>7,6 GeV, n*?<2.5 T
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a
© |
AN —  Pythio i
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L [ ]
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77 N ,
O LO + PSMonte Carlo describes the data : ; f
e PR T
raha‘ Wdl 0 2 3 4 5 6 7 8 9 10

0O indication that b excitation component
maybe needed (as in charm production)

O experimental uncertainties still very large
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CONCLUSIONS - BEAUTY

O measurements above NLO, shape about okay
Q two channels (e, i) and two methods (mass, lifetime)
0o two kinematical regimes (DIS and yp)

Q interesting !

0 new theoretical developments are promising (NLO, FONLL, fragmentation,
CCFM-like evolution, ...)

Q high precision measurements will help to clarify

... more to come soon !
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CONCLUSIONS AND
OUTLOOK

O HERA | has made (and will still make) substantial contributions to

0 understand the production of charm and beauty

O improve our knowledge about the structure of the proton and the
photon

O Uncertainties of theoretical predictions are still very large

O more precise calculations are very desirable (NNLO, ...)

0 HERA Il with its considerable (about factor 10) increasein
luminosity and the improved H1 and ZEUS detectors will allow even
deeper insight into these important topics of QCD

QO alot of interesting heavy flavour phyiscs from HERA in the near
future
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