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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* mcorrelations
 Progress in theory; understanding corrections, CCFM

Results

e Charm content of photon _

» DIS: double differential, ", diffraction
 Beauty production c.f. NLO and ggreactions



Charmed meson finding
D'® K p'p" H1: add decay length tag
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D* production in DIS: H1
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Charm Fragmentation

PHP:z=(E+ ppar)IZEjet

(Ej« >9GeV)
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Fragmentation: H1 world ave
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V/(P+V) .693 + .045+ .006 0.601 + .032
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HERA charm frag looks like LEP charm frag



Photoproduction: gg® D* +...
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Pp® ccX

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

2
xX*=( E.e”")/2yE,

g
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Direct x> 0.75 g-exchange
ds/dcosg* ~ (1 - |cosg*[)*

Resolved xgObs <0.75 cinremnant
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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D* resolved/direct ratio
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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 inh (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
ZEUS 1996-97
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d’s

Double differentid D* 357

1.5<p; <25 GeV 2.5<p;<4.0GeV  4.0<p; <10.0GeV
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HVQDIS significantly below forward D* data
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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*INgo

H1 Collaboration
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F, in the NLO DGLAP scheme F, in the CCFM scheme
0-40 ] | . L T - | L T | E 0-4(] I L = 1 1 . L 1 | L .
1 Q= 1.5 GeV* 3.5 GeV® I Q'=15GeV' | 3.5 GeV’
! ® HI { H1 NLO QCD | EJ i A HI | CCFM
0.20 + ftwF, 4 < 020 + m_ 1.3 - 1.5GeV
a - * g & F ; E
~—& | 4 = [ 4.3 [ i
0.00 —— e R
l 6.5 GeV- 12 GeV = 65GeV' + 12 GeV’
o = i
0.25 e f = T 0.25¢ l : 3 § i B
| . 1 2
il E [ L 1 1 | 1 1 1 1
0.00 } : } - : - - - v 0.00 1 g 1 ' ; 1 1 1
[ { 25 GeV? | 50 GeV’ “U:J 25 Gev® ] 60 GeV’
0.40 o= H 0.40 : -'- } -
. ; | : } i
1 [ 1 1 1 L 1 1 L 1
Dm 1 ] 1 1 | 1 L | Gm
S 4 3.4 a4 3 4 5339 > 4 3 2 4 94 _136 Xz 1 0
log x g

F° DGLAPv. CCFM

Smaller extrapolation factors using CCFM and smaller extracted F,

F/F, approaches4/11 at low x and high Q? (large errors)
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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

D L

PS5 1 15 2
log, (") (GeV®)

ZEUS (prel) 1998-2000
RAPGAP, ACTW, fit B
RAPGAP, H1 fit2

ZEUS ZEUS
g g . 3 o
%'_ i y D15
g w0 % 0.1 |
| B Ve aes |
109 . |
| 4 6 B 10
10 | PAD) (GeV)
0
£ 015 |
. = B 1 01 | F 0.1 |
" n 45 | = .
3 a4y nos [+ ¢ * 0.05
& Basf | ] o | E =%
“ %22 | T 1 O 02 D4 D6 DB 1
o a2 .
2 8 2 by - x(D)
1.5 -
B 05 015 |
] . Ll B E . l 01 | -
0Ds ‘I 15 2 S0 100 150 200 250 0y i
. 2 : 3 E -7 ™3 -
log, o{ Q) (GeV?) W (GeV) 005 | & *
]
50 100 150 200 250

NLO QCD, ACTW g-dominated OK

W (GeV)

Diffr. Fraction R(D*) = (6.3 £ 0.6*3 £ .3)%

R-n - I:lhll:.lﬂ:d{n“:l

SATRAP OK
BJLW between

cc andoog



Charm finding at TeVatron: CDF two-track trigger.
A step increase in quality

CP eigenstates. KK, pp
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b-production
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precise measurements: lifetime tag,
high pt lepton, jet shape
Beautifully understood production and fragmentation
Astounding agreement with theory
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b-production in pbar-p collisions
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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

g 102; m HERA-B  N. Kidonakiset al. Hera-B @ 920 GeV:
g : i
% 10 Stor(bb) =
® . 32 +1L21 (stat) Tg(syst) nb/nucl
: R. Boncianket al.
10 L (92% b®J/y in our X range)

ce e e ey
400 500 600 700 800 900 1000
Proton energy (GeV)

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 mimpact param. d
F, =(27+3% F, = (26+5)%
b production: p,rel b production: impact parameter
$ « Data (prel.) ¢ Data (prel.)
- I H1 i F|: a (pre H1 i F|: a (pre
== beauly 2 beauty
wm charm 10 wm charm
375 mm fake muons g mm fake muons
E Ew
é 50 é
25 |
1 .
’ ] I
0 1 2 3 a 5 -0.1  -0.05 0 005 01 0.15
p,° [GeV] d [em]

H1: Max-likelihood combining p,'® and d
Q? <1, 0.1<y<0.8, p,/>2, 35°<q<130°, Kk -jet with E;>5

Result 160 + 16 + 29 pb
Photo- NLOQCD(FMNR) 54 + 9 pb
production CASCADE(CCFM) 67 pb

AROMA(DGLAP) 38 pb



Beauty In photoproduction
ZEUS: p, '@ 98 pbl

ZEUS ZEUS
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-1.5 1 05 0 0.5 1 15 2 " 3 4 5 6 pt?(GeV)
Q*< 1, 0.2<y<0.8, p™2.5, -1.6<h <2.3 Result: Total dijet cross-section
2 or more jets with p ;) >7(6) |h;|<2.5 S(ep® bb® jet jet X) =

733+ 61 + 104 pb
NLOQCD(FMNR) 381117 . pb



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

b production in DIS

103
t HY L '[:Iattn (prel.) ! H1 ; [F)I:“ (prel.)
au beau
::arr:ly-p fake 20 - charr:1y+ fake
E o
oy (U]
.8-10 | [ S
E Ew -
~ =
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1 . & | E
01 005 0 005 01 0.5 DD 4 a2 3 a4 s
impact parameter 5 [ cm | p,* [ GeV ]
Result 39+ 8+ 10pb
2< Q2< 100, 0.05<y< 0.7, NLOQCD(HVQDIS)  11+2pb
p™> 2, 35°< q < 130°, CASCADE(CCFM) 15pb

Jet requirement AROMA(DGLAP) 9 pb



Beauty in Deep Inelastic Scattering (2)

ZEUS: p;® 60 pb?
ZEUS

® ZEUS (prel.) 99-00
—  MC Sum
e - Fake Muons + Charm MC
......... i ¢ - Beauty MC

...............

Q?>2, 0.05<y<0.7, p™2, 30°<q,<160° Shape well described by RAPGAP MC
jet with E [Brét>6 -2<h ,,<2.5 (LO, LL higher orders, JETSET hadr.)



Beauty In Deep Inelastic Scattering (3)

First differential distributionsfor b in DIS

S(ep® ebbX ® ejet nX) =

Q?>2,0.05<y<0.7, p™ 2, 30°< g < 160° 38.7+7.7%1 . pb
jet with E [Bret>6 -2< h, ,,<2.5 NLOQCD(HVQDIS) 28.1+53 ;. pb



Open beauty production at HERA

3) D*mcorrelations

Charm production Beauty production
opposite hemisphere & same hemisphere, unlike-sign
unlike-sign charge opposite hemisphere, like-sign

(cut on Dr =./DA?+DF?) opposite hemisphere, unlike-sign



D* mproduction

ZEUS: p(D*)>1.9, |h|<1.5, p{(m>14,-1.3<h <1.75
s =214+ 52% _, pb

for PHP: y(b)<1, Q%<1, 0.05<y<0.85

s(ep® eb(b)X)= 151+3.9%38, pb

NLOQCD (FMNR)=5.1+17 , pb

sS(ep® eQOX ® eD* nX)

H1.

pr(D*)>15, |h|<1.5

pr(M>1, |n J<1.74

0.05<y<0.75

s(charm)=720 £ 115 + 245 pb
S (beauty)=380 + 120 + 120 pb
charm: data/LO(AROMA) =1.8
beauty: data/LO(AROMA) =3.6



b-production at HERA. Compare to
NLO QCD

New Results
New method - D*m

PHP - data above NLOQCD
DIS - ?

Measurements in different
Kinematic regions. Model
assumptions needed to compare

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



g collisions (e'e ® e'e ccX, e'e bbX)

p"e(e)

p"e(m)



@ ® ccX,bbX results

s(e'e ® e'eccX) agreeswith NLO incl. resolved g contribution
s(e'e ® e'ebbX) lieswell above NLO



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



