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Experimental Review: open charm and beauty production
Mostly HERA, with LEP and TeVatron

Progressin technique

« Charm finding: decay length tag, CDF 2-track trigger

e Beauty finding: p;'®, impact parameter, D* correlations
 Progress in theory; understanding corrections, CCFM

Results

e Charm content of photon _

» DIS: double differential, ", diffraction
 Beauty production c.f. NLO and yy reactions
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Charm Fragmentation
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Fragmentation: H1 world ave
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HERA charm frag looks like LEP charm frag



Photoproduction: yp — D* +...
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W — cCX

Fraction of photon energy in two
highest-E; jets:

2
X = (D _E.e™)/2yE,
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Direct x> 0.75 g-exchange
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Includes g-exchange
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Dijet angular distributions

Match jet to D*
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Photo- N Deep.Inel.Scat .

production A |

mostly resolved . mostly direct i—+—
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Charm production in DIS

Photon-gluon fusion
dominates

2 hard scales: m,, Q?: use to measure xG(X)

Parton shower at high Q?

DGLAP - order in ky(HVQDIS)

? Problems at low-x
BFKL - orderinx

low x OK, Q? evolution?
CCFM - order inn (CASCADE)

unify ?

CCFM evolution gives XG(X)
different from DGLAP:

e XG(X) higher for 0.01<x<0.1

* more b-production



D* differential cross-sections
HVQDIS (NLO-DGLAP) describes OK
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Double differential D*
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HVQDIS significantly below forward D* data
CASCADE : n(D*) better but above data at large p;



FCC Determine from D* rate.
Large extrapolation to full acceptance

F; in the NLO DGLAP scheme
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FY Determine from D* rate.

- Sestey | EQCDFit (H1) e D' (DIS)
i ® D" (yp)

Consistent results
e DIS

e D* In DIS

*D* Inyp

H1 Collaboration
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F, in the NLO DGLAP scheme F, in the CCFM scheme
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Models of diffraction

Resolved Pomeron models Perturbative QCD models

Charm production probes gluon gluon ladder or higher order

content of Pomeron processes

- RAPGAP - RIDI

- ACTW: options quark dominated - RAPGAP (BJLW) options
or gluon dominated CC or ccg

- SATRAP ‘saturation model’



Sample model comparisons
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Charm finding at TeVatron: CDF two-track trigger.

A step increase in quality

CP eigenstates: KK, tut
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b-production
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4500

4000

3500

3000

2500

2000{

1500

1000

500

- OPAL f; :
_ Bowler ‘ |

—e— data FF
L[ Mc, signal i
| |MC, charm / I

— . MC, uds+gluons

G_l‘ | F—L—JE “"MILLK

0 01 02 03 04 05 06 07 08 0.9 1

Fragmentation

R.bl- HADRONS

precise measurements: lifetime tag,
high pt lepton, jet shape
Beautifully understood production and fragmentation
Astounding agreement with theory

L ® Data
—— Pythia 6.131
Herwig 6.1

» 102 /8 Durham 94-2000

R4(b)/Ry(all) depends on m,

0.005 0.01 0.015 0.02 0.025 0.03 0.035 D.04 D.045 0.05

Ye

A

n, (Ge

3.5 [ * OPAL

o DELPHI 98
¢ DELPHI Cambridge Prel.
© DELPHI Durham Prel.

AN » Brandenburg et al. (SLD)

4o ALEPH

m, (M,/2)=4.130.07 GeV/c’ {* % ? ‘{@

m, (m,)=4.23+0.07 GeV/c®

@, (M,)=0.118:0.003 — o (M,/2)=0.216+0.011

my, (1)

10 20 30 40 50 60 70 80 S 100

my(K)




3 %

do/dp7 (nb/GeV)

[y
o
—

b-production in pbar-p collisions

CDF runl: B* = Jy K*

T I T T T T I T T T T I

CTEQ5M1

F TN
- dotted: Peterson, = > 7~ -l
e = 0.006

"\.._\_\‘
“'-1 x‘i\x
O: CDF data
Theory: FONLL with N=2 fit

“*-x:;“nh i

i J. b e b i J. i A i A I. A i i i l i

.

mh .- 475 GE\T
f(h-B) 0.375

PP = B*+X, va=1.8 TeV, lyl<1
‘* dashed: ,u.._=p,-=#u=\"r(mf+P$)
e solid: po/2 < gty < 244

-

™

5 10 15 20
p7 (GeV)

Updated theory:
Peterson frag tuned for LL
theory update FONL L

o(data)/o(theory) = 1.7 (was 2.9)

No contradiction.

10

pp—> bX, vs=1.8TeV, WI<1 |
D@ Dota

-Dimu-:-ns\\\\

aMuons+Jets
(This Analysis)
s|ncluswve Muons

- NLO QCD, MR3RZ
Theoreticol Uncertainty

{un)

olpp —*bb X)

|gj..

6 78910 T
(GeV/c)
B COF Data. L = 17.4ph™
NLO QCD: WRSDO
=4, 75 GeW,/c”, A, = 140 Mey
gy [P+ Po)/ 24 mT) T C D F

|
12 13 "

| L] r ] F] L] 1

B ={b)

CASCADE fits DO & CDF data

{Gev/c)



High b-tagging efficiency allows correlation
studies of production mechanism

lowest order flavour excitation
gluon splitting
. CDF:
- Study angular differences

g % In events with two b-tags



b-production in pN collisions

(= . .

S 12 B HERA-B N. Kidonakiset al. _ :
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The result shows good agreement with recent calculations beyond NLO

R. Bonciani et al. (2002), N. Kidonakis et al. (2001),
NLO+NLL with latest MRST PDF NLO+NNLL
Nucl.Phys.B529 (1998) Phys.Rev D64 (2001) 114001-1

Kreuzer-lICHEP 2002



Open beauty production at HERA

1) Lepton/jet p,'© 2) add 1 impact param. 0
F, =(27+3% F, = (26+5)%
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H1: Max-likelihood combining p,® and o
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Result 160 + 16 + 29 pb
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AROMA(DGLAP) 38 pb



Beauty In photoproduction
ZEUS: p, '@ 98 pbl
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NLOQCD(FMNR) 381117 . pb



Beauty in Deep Inelastic Scattering (1)
H1. Max-likelihood combining p"® and & 10.5 pbt

b production in DIS
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Beauty in Deep Inelastic Scattering (2)
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Beauty In Deep Inelastic Scattering (3)

First differential distributionsfor b in DIS
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Open beauty production at HERA

3) D* [ correlations

Charm production Beauty production

opposite hemisphere & same hemisphere, unlike-sign
unlike-sign charge opposite hemisphere, like-sign
(cut on Ar =\JAn? +Ag) opposite hemisphere, unlike-sign
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Data / Theory

b-production at HERA. Compare to
NLO QCD

b cross section at HERA

* Hlu Plr-

® H1 u impact param. (prel.)
C ZEUS e pye

® ZEUS  prel (prel.)
A ZEUS D p (prel.)

New Results
New method - D*L

PHP - data above NLOQCD
DIS - ?

M easurements in different
Kinematic regions. Model

| assumptions needed to compare

HERAII:
H1 - new fwd S tracker + trigger
ZEUS - new SV X



v collisions (e — e'eccX, e'e bbX)
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Summary

The quality of the datais improving fast -
new techniques at HERA and TeVatron.

Charm: fragmentation at HERA islike at LEP

PHP: evidence for charm in photon

DIS: goodish agreement with NLO DGLAP
exploring DGLAP v. CCFM

Beauty: LEP - precision! Theory & data agree astoundingly

TeVatron 70% discrepancies to theory regarded as progress

HERA: new technigues and better acceptance but position
vis-a-vis theory unclear. Much work needed

HERA: upgrade promises better cand b ID.
TeVatron: will greatly improve c and b production dynamics



