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Motivation
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Test of perturbative QCD:
LEP II energies:
VMD : direct : resolved ~0:1: 1

e direct process depends on
quark mass (me, my) and as

e resolved process depends on
gluon content of photon

e heavy quark production primarily charm
o(yy = cCX) >> o(yy = bbX)
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Identification of Heavy Flavour

Charm ldentlﬁiatlojp

ALEPH

DELPHI D"‘* D*, DO, Ac
L3 D*+ ei' Pﬂi

OPAL D**

Bottom identification:
L3 e*, u*

Data analysed:

ALEPH u* 183 GeV 53 pb~1
D** 183 - 189 GeV 236 pb~1
DELPHI D**,....Ac 161 - 204 GeV 458 pb~—1
L3 D** 189 GeV 176 pb~—1
et 189 - 202 GeV 410 pb~1
et u* 189 - 202 GeV 410 pb~1
OPAL D** 183 - 189 GeV 220 pb~1

In total 8 contributions 1!
(# 109, 110, 268, 270, 582, 584, 586, 756)



Measurements / Observables

Charm:

e o(eTe” - etectX)
ALEPH, DELPHI, L3, OPAL
» da/dp-?"‘, do /dnP*
ALEPH, L3, OPAL
e fraction of direct and resolved contribution
ALEPH, OPAL
o o(yy — cCTX) vs. Wy,
L3

Bottom:

e o(ete” - ete bbX)
L3
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D*+: plated Method

Identify charm events with decay:
D** - Dﬂﬂj‘

Am = m(D**) — m(DY) = 145 MeV
= 6 MeV kinetic energy only
= Clear signature

All 4 LEP experiments use it:
DO 5 K-t ADLO
DO 5 K-ntx—2t ADO
DO & K=ntx0 AL
DO & Kentr— D

3 experiments give differential distributions
2 experiments quantify fraction of
direct /resolved contributions



D*£, signals

Combitatioos f 13 MeV

L3: 144 events
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D**, pseudorapidity

® DATA

Massless NLO QCD
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1 NLO QCD (Frixione et al.)
: S = 120NV e o) myiren)
= W= 1.8 G0V gEmy .

m, = 1.0 GaV; il i) m. Jree)

LS

1GeV < pi(D**) < 5 GeV

Inl < 1.4

reasonable agreement

with NLO QCD (mas-
sless)

OPAL.:

2GeV < p(D**) < 12 GeV

In| < 1.5

good agreement with

NLO QCD (massless)

ALEPH

2GeV < pi(D**) < 12 GeV

In] < 1.5

good agreement with

NLO QCD (massive)



D*%, do/dpP*

Differential distribution do/dpP* by
ALEPH, OPAL, L3:

dwdp:“[pwcev;
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s ALEPH,Vs=183-189 GeV (prel.)

e OPAL,Vs=183-189 GeV

v L3, Jgum GeV

IN” | < 1.5 e'e—e'e DX

NLO (massless, Binnewies et al.)

GRV,m_= 1.5 GeV
Mg = Hg/2 =& my
— GRYV
o AFG
------- GS

flc—D") = 0.267

e =0.116

[ INLO (massive, Frixione et al.
GRS, iy = 2my, fle—D") = 0.270, ¢, = 0,03
upper: m_ = 1.2 GeV, i, = 2m(dir),m/2(res)
lower: m_ = 1.8 GeV, i, =mJ/2(dir),2m (res)
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(D**), D*, DY, Ac: DELPHI

DO: 498 + 74 events
Dt: 277 + 66 events
Ne: 62 4+ 26 events

ke d e
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i ++{$f+
= rr*wr'-—ar-—;z ;ﬁ—m _;ﬂfn'?

o A=K m, Ao w”, piE, oKIn"n",
il Within errors:

Udirect direct
DO D+

UD*_'_/G.direct = 2. 1+2 4
(2J41) relation:

Ops+ = 30pg = 30p4

R T
WA (Bov/e)

Cross sections agree with theory (large errors);
D** sample (155 events) used for o(ete~ — ctX)
direct and single resolved contributions needed
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Direct and Resolved Contribution: OPAL

Ejets(E + pz)

e =min(zX); o= =

SR Epartlcles(E iPz)
33%* = (2)pP * /Whis

ogir(€Te™ — eTe ctX) = 401+46+87+75(extr.) pb
ores(ete™ — eTe cTX) = 562+64+121+149(extr.) pt



Direct and Resolved Contribution:

ALEPH

2 () direct :(61.0£15.3) %
»f 888 singl. res.: (39.0£15.3) %

2

number of events / 0.1

||-|rl'|lllll|||l1|l|1rr

1 direct :(62.7+8.5) %
&5 singl. res.: (37.3:8.5) %

number of events / 0.05
¥ 5 o2 =2 2 &

0 0.1 02 03 as 08

[T a7
W,

ogir(ete™ - eTe cEX)=345+28+72pb
ores(ete~ — etectX) =307 + 25+ 150pb

Extrapolation R to full p, n range is large:
Rapr =119+ 15
Rres = 1754 7.2
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o(yy = €CX) vs. Wyy: Wys

Semileptonic events: 2455 events with e*

L3

® Data 189-202 GeV

— ee—eeqq (PYTHIA) + bkgd
- bkgd(ee—qa,tr, WW,eerr)

111:-

Number of events

Monte Carlo are lower than data
at intermediate and high visible mass
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o(yy = cCX) vs. Wyy: Pomeron

Otot = As® + Bs™"
(Pomeron <+ Reggeon;
by Donnachie and Landshoff)

¢ Data 189-202 GeV L3

ofyy—ce X ), nb
e & 8 &8 3 8 8 3 8 8 &

Fit = 0.400+0.062+0.096 (n= 0.34) fix
PDG ¢ = 0.095 4+ 0.02 (n = 0.34 + 0.02)

= hard pomeron contribution
PYTHIA is only 66% of charm cross section
= NLO corrections needed
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Charm Structure Function Fgc

Measurement of FJ . in single-tag events:

1) identify charm events OPAL: 29.84+5.9 D*events

2) single tag = one electron (or positron) detected
3Bmrad <9 <55mrad p’* > 1GeV
60mrad <9 < 120mrad p/* >3G

HT-‘:;;

O e e e — - — -

di.ﬂ'eef..;gx — 2‘#(.‘(2

ded0r = oz |1+ 1 -9)) F(@,Q") - v*Fi(2,Q")]
with

Q2 = 2EFEag(1 — cOSbtag)
Q!
Q2 4 W2
Etag

y ~ 1- -—E-—COSE (Brag)

y small = contribution from F] small

T =~

studied in two z-ranges:
0.0014 < 2 < 0.1
0.1 < x < 0.87

(Q?) ~ 20 GeV?



Charm Structure Function
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Herwig and Vermaseren models describe data well
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x> 0.1

z < 0.1
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Charm Structure Function

agreement = pointlike part

(free parameters me, ag)

calculable in perturbative QCD:

NLO Laenen = agreement

data above MC, but not (yet) conclusive
suggests hadron like contribution



Need/Evidence for Bottom Production: L3

lepton(bottom) = large p; 2 analysis methods:

et events u* events
cuts 10320 125+23
fit 320 325

107

bb MC set to o(ete~ - ete~bbX) =5pb
MC too low = o(ete~ — ete~bbX) > 5pb
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Bottom: pp of e* and u® to jet

lepton(bottom) = large ppr to jet direction
(JADE, Yot = 0.1, lepton excluded)

105,

& L3 Dwin (180-302 GoV)
on conau (o a0 b « gl
Db wauy, o0 WW e071)

electrons
p® > 2 GeV
pf’ > 1 GeV

b-effi. = 1.0%
b-purity 51%

e s muons

pt > 2.5 GeV
p} > 1.5 GeV

b-effi. = 1.2%
b-purity 51%

e

o;(e*) ~ o;(ut) consistent
Feyt = 13.04 + 1.79 4+ 3.59 pb
ofit = 14.20 &+ 2.02 + 1.56 pb

Omeasured -~ Tpredicted
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Conclusion

¢ Measurements of charm quark production:
-~ agreement with QCD prediction
= vy — CCX needed
- clear evidence for gluon content in photon
= vg — CCX needed
—~ NLO contribution seems important

- fair agreement among 4 LEP experiments
ALEPH, DELPHI, L3, OPAL , but...

— fair agreement for various techniques
(lepton, D*)

— D*, D9, Ac clear signals

= from evidence to precision = detailed studies
e.g., direct/resolved, o(Wyy), FJ .

e Measurements of bottom quark production:

— bb production needed,

predicted cross section too low
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