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Motivation for Heavy Flavor Physics

Tests of perturbative QCD in ep interactions
at /s =~ 300 GeV

e Understanding of heavy flavour production mechanism
e Understanding of QCD evolution scheme

e Measurement of parton densities

Y

Testing univesality of PDFs

e Charm production cross section quite large
BUT intrinsic scale (m.) close to pQCD limit

e Beauty production: Intrinsic scale (myp) quite far
from pQCD limit BUT cross section small
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Kinematics of Deep Inelastic Scattering

27.5 GeV et — /5 = 300GeV <— p 820 GeV

P —
remnant

Q°=—q* = —(k—k')? 4-momentum transfer?
r=Q?/2P - q fraction of p momentum

carried by the struck quark
y=(p-q)/(p k) relative energy transfer

In the p rest frame
W?2 = (q+ P)? mass 2 of the hadronic final state

Q* = sxy

n = —ln(tang)
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Heavy Flavor Production

» At low Q?: Boson Gluon Fusion
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Fixed Flavour Number Scheme (FFNS)

» At Q% > m?: Flavor Excitation
(Heavy quark treated as active parton in the proton)

e €
Y
At large Q?
q Deviation from BGF
W

Variable Flavour Number Scheme (VFENS)

DGLAP evolution should break down at small
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Heavy Flavor Production in the CCFM Scheme

(Ciafaloni, Catani, Fiorani and Marchesini)
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An Event in H1

«—~ n>0 n<0 =~

e p—~b b+ remnant

o

- Drg
Am=0.146 GeV L. Kt
M= = 1.855 GeV
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Inclusive D* Cross Section in DIS

D* - (K

Kinematic region

1 < Q% < 100 GeV?
0.05 < y < 0.7

candidates per 500 KeV

pr p+ > 1.5 GeV
[np+| < 1.5

100 -

o(etp = et D*tX) =

8.37 £ 0.41(stat.) i3] (syst.) 1052 (theo.) nb

HVQDIS: (NLO DGLAP) G from GRV98HO, 50 — 6.6nb
m., = 1.3GeV € = 0.035

m., = 1.5GeV € = 0.100

CASCADE: (CCFM) G from fit to H1 F 85 — 10nb
m., = 1.3GeV € = 0.078

m., = 1.5GeV € = 0.078
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Single Differential D* Cross Sectionsin DIS

H1 preliminar
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Double Differential D* Cross Sectionsin DIS

H1 preliminary
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Large n problem of HVQDIS not due to discrepancies at large Q2
—No sign for atransition from BGF to FE at large Q2

CCFM better at small p; NLO DGLAP better at large p;
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Double Differential D* Cross Sectionsin DIS

o, (ep— D' X)/dpdn [nb Gev]

d’,,(ep— D' X)/dp,dz, [nb Gev™]

d’c,;(ep— D X)/dndz, [nb]
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Large np problem of HYQDIS due to discrepancigsat small p;
and small inelasticity zp

PHOTONZ2000

Karin.Daum@desy.de



F{(z, Q?)

Fg in the NLO DGLAP scheme
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F3 measurements of H1 and ZEUS consistent

F7 agrees with NLO DGLAP prediction from F;
some deviation at small = and small Q?
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F§(x, Q%) inthe CCFM Scheme

F,° in the CCFM scheme
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F{(z, Q?)

e H1Preliminary H1NLO QCD fittoF,
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Scaling Violation in Open Charm Production

Fg in the NLO DGLAP scheme

® H1Pre. A ZEUS H1NLO QCD

7 fit to F2
10 || || || || LI L I || || || || LI L I ||
108 x=0.00005 (x 4 1

. ®A . x=0.00013 (x 4
10° i x=0.0002 (x 4°)
A e X=0.0003 (x 4%)

AL ¢ —

10 X o A ®  x=0.0005 (x 4)
o x=0.0008 (x 4°)
10° N . A £
A x=0.0012 (x 4°)

2

10 " . e, ¢
x=0.002 (x 4% A
10* x=0.0032 (x 4% ¢
A ZA
1 x=0.004 (x 4°) .
x=0.008 (x 4%) 7
102 x=0.02 (x 4% A&
-2 (] (] (] (] L1 11 I (] (] (] [ ] L1 11 I [ ]
B 1 10" i

Q® [Gevd

Charm data show large scaling violations
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Beauty Tagging - |

Semi-leptonic B-decays with large p| wrt jet

2-Jet events  Conealgorithm R =1
et < 2.5 BT > 6GeV
+ 1 muon
P e > 2.0GeV 35° < OF < 130°

Thrust axis i
160 — —
I \ H1 ]

® Daa
120 — Fit —

Muons/ 0.2 GeV

80 [~
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Beauty Cross Section vs. NLO QCD
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Phys. Lett. B467 (1999) 156 (W,p) =~ 180 GeV

o(yp — bbX) =111 £ 10(stat.)T33(syst.)nb
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Beauty Tagging - 11

Semi-leptonic B-decays with lifetimetag

— impact parameter 4

vertex region

E' " Run 186751
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| mpact Parameter

2-Jet events  Conealgorithm R =1
nie < 2.5 EIY > 5GeV
+ 1 muon

Pliap > 2.0GeV 35° < ©F < 130°
b production: impact parameter

T [ L R
I e Data (prel.) |
- Hl — Fit 1
2 1997 1 beauty h
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=1 1
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-0.1  -0.05 0 0.05 0.1 0.15

d[cm]
H1 preliminary

ovis(ep = ebbX — puX) =159 & 30(stat.) £ 29(syst.)pb

Confirms P.L. B467(1996)156
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Combining | mpact Parameter ¢ with p"j_el

High b purity regions

b production: impact parameter b production: p,rel
H1 + o Data (prel.) H1 < Data (prel.
60 From o fit: . From o fit:
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g == charm 8 10 ~ == charm |
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Combined likelihood fit in (4, p"**) plane:
H1 preliminary

ovis(ep = ebbX — puX) =160 * 16(stat.) £ 29(syst.)pb

Average with publ. H1 result: o,;s = (170 =4 25) pb
NLO pQCD (FNMR): ovis = (104 £ 17) pb
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Summary

e Charm DIS data seem to favour CCFM based calculations
over predictions in the NLO DGLAP scheme

e Significant scaling violations are observed in F.;

e First measurement of Beauty photoproduction cross section
confirmed by independent data using lifetime tags

e Beauty photoproduction cross section larger than
NLO QCD prediction
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