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HERA and kinematics

Eo= 27.6 GeV Ep= 920 GeV

e——

ot
>
/5 = 320(300) GeV
w2/
Q?: 4-momentum transfer squared
p !
r : Bjorken z >—

. Inelasticity

<

W : Mass of the hadronic system
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heavy flavour production at HERA

ointlike component
P P e Dominant process for HFL production at HERA:
+ +/

e e boson gluon fusion (BGF)
T
e [ wo kKinematic regimes:
Deep Inelastic Scattering (DIS): Q2 > 1 GeV?

. gg Photoproduction (PHP): Q2 ~ 0 GeV?

Y

Y

Important other source in PHP: resolved component
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QCD calculations and MC

e Fixed order NLO calculations MC generators

(massive scheme) e AROMA:

heavy quark produced dynamically direct only

Pt ~ Mg LO matrix elements 4+
e PhP: FMNR e DIS: HVQDIS LL DGLAP evolution

e resummed NLL calculations PYTHIA RAPGAP
(massless scheme) HERWIG:

heavy quark is active flavour of proton direct 4 resolved

or photon LO DGLAP

e PhP: Cacciari et al., Kniel et al. e CASCADE:

CCFM evolution

e Matched scheme FONLL k; dependent gluon density

(fixed order and NLL p; resummation)
e Cacciari et al.

Fragmentation: non-pertubative models
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D* tagging

Charm is tagged at HERA most efficiently with the reconstruction
of a D* meson in the decay channel D** — Dowi — KFntn; *
Mass difference: AM = M(Knr) — M(K)

ZEUS
& \ \
= ooo| * ZEUS 9800 1500 | 1
5 | [ Wrongcharge high signal /background
= background 1007 .,
© 1500l — Fit e ratio due to small
phasespace for the D* decay

(small combinatorical
background)

1000 -

500 -

\ \
0.14 0.15 0.16
AM (GeV)
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photoproduction of D*

e data compared with "'massive’ NLO
and 'massless’ NLO

e shape of do/dW described well by both
e shape of do/dn(D*) less well described

e |large uncertainties in theory

Q2 < 0.01 GeV?, 171 < W < 256 GeV
pi(D*) > 2.5GeV, [n(D*)| < 1.5

o
o [N
N N

do(ep —» D* X)/[dWyp [nb/GeV]
S

da(ep - D* X)/dn [nb]

o

o

(o2}
L

o
o
=

T T

o

o

N
T T

® H1 99-00 (prel.)
NLO QCD:

—— 3-flavour massive
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® H199-00 (prel.)
NLO QCD:

—— 3-flavour massive
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PHP of D~,

INnclusive jet cross sections

e additional scale added E/." e ZEUS I
g 1 I D’ jet 15<nle‘<24 - o Otherjet -1.5<n*<24 3
~ —0— 4 000 Eea--d

e ‘'massive’ NLO calculation £ [

below data at high B¢ %50 E 10" = -
elow data at hig o < 10° L _: ; -
ol . :
+ n
’ ’ H | '2_ § -2_— § -
e 'massless’ NLO calculation 10" ¢ O Z Y S S
in reasonable agreement § o A
. i bbb b bbb Lo b b HHHHHHHHHHHH
with data w10 10 15 20 25 101__' e
IS E® (GeV) . 5<n’“<2.4
e theories have large *  ZEUS(prel) 9800 T — |
uncertainties Jet energy scale uncertainty F iy e
----- NLO QCD (FMNR) LI
= NLOQCDO had. 10k s —
----- NLO QCD (massless) -
Q2 < 1GeV?, 130 < W < 280 GeV — NLOQCD (massless) 0 had. Y R
p(D*) >3GeV, n(D)| <15 77 NLO QCD (massless) resolved 10 15 EJ%‘O(GeV§5
. . T
Ef'>6GeV, —1.5<nict <24
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D* production in DIS

“% 1 gw“ ‘
Q 4f 5
210 4 B 10°
oIl i ° in reasonable agreement
B g ® ZEUS98-00 10 .
"= wemas] || with measurement
Foor meDenoisee | *

S o
515 e I %1.2
% <1 e sensitivity to choice of PDF found
P 3 08

10 10> 10° *
Q% (Gev?)

e Cross sections have potential to be

3 3 - 235 :

0 = used for PDF's

c e 3
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o 2

c0 F 1 15

= 5. ._ 1.5 < Q2 < 1000 GeV?, 0.02 <y < 0.7,
€1 €. £ 1.5 < pe(D*) < 15GeV, |n(D*)| < 1.5
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D* production in DIS at low Q2

0.05 < Q2 < 0.7GeV2, 0.02 <y < 0.85, 1.5 < p;(D*) < 9GeV, |n(D*)| < 1.5

Test of NLO QCD calculation
of BGF charm production
in region of transition
to PHP regime

ZEUS

%\ 45 E_l l ! l l. l ZIIEUSIDIS :3PCID* (:)rel.)l%—(l)o l ! =
~ 40 E_ HVQDIS, M.=1.35 GeV, ZEUS NLO pdf fit_;
% 35 i_ @® 000 eeeeeaaaa HVQDIS, MC:1.30 GeV, CTEQSf _z
8 30 E
25 -t =
20F i 3
15 F .
100 | $ _______ =
5 ;— 3 -

O C | | | I |

ZEUS .

e SRRRM LAY l
g 10p g
3 1 -—J—LFLF
=
. 10" ]
%’ 10_2 ° ZEUS DIS BPC D* (prel.) 98-00 M
_8 103 Y ZEUS DIS D* 98-00 M
HVQDIS, M_,=1.35 GeV, ZEUS NLO pdf fit
10_4 Ll L gl L el Lol Lo
10% 1 10 107 %03
Q° (GeV)

Predictions are consistent
with measured cross sections
at low Q2
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charm tagging

0 . 0 0 % - 0 [ ] § i
secondary vertex identification & [ 940 = HL 1 & 403D
. epe o I~ = -
with H1 central silicon tracker & - S S a
£ 600 ] B 10
£ 400 [Tt ol
background reduced with cut o, [ 5
C e - sb
on decay length significance : 17 1 H
0 1 1 1 1 1 1 1 1 1 1 1 | LA
17 18 19 2 21 20 -10 0 10 20
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= ~ Fit > L - Fit
- K g L a) g 100 -
7 : S S
4 A ™ S 10000 - £
- ;| am— 8 i 8
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! o, 17 18 19 2 17 18 19 2
m(Krat) [ GeV ] m(Ktot) [ GeV ]
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DT mesons

3 D' . KT 2 | e H1
= 7 *HL ¢ | e large scale factor for
= — E 17L T beauty contribution
510 = ° =
8510 2 ? ? 05 I == e VijSible cross section
a ) I described well
10-37 ! ! O:—r—F‘T“‘"f_\"‘"r_\"TT_ by AROMA
25 5 10 -1.5 -0.75 0 0.75 15
DY) [ GeV D"
P LGV y o) shapes described
N% Ry *H1 2 © * H1 reasonably
S 10 g = E B 5 AROMA (LO)
.E. - T_ \g’ B = c+4.3b
N% 10_2----- } 8 : — == 43D
I 5 : i Jf 2 < Q2 < 100 GeV?
A 25 jr 0.05 < y < 0.7
0 -c¢ - d)
- | ;“‘"F'"““#--- | pt(D> > 2.5 GeV
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do,,./dp,/f(c—D) [nb/GeV ]

do,, ./ dQ’/f(c-~D) [ nb/GeV?]

10

10

" H1

- IR

-8

B R
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Lo

) i

2.5 | é — ‘10
p(D) [ GeV ]
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-2

fragmentation of charm quarks

o>

B>
=0

C)

T T
—1Bd-

8
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10
Q[ Gev?]

do,,./dn/f(c-D) [nb]

10
" H
8- o visible cross section /
6 fragmentation factor
4 i % R
i : e Similar shapes for
2 different D mesons
07 | | ‘ | | ‘ | | ‘ | |
-1.5 -0.75 0 0.75 15
n(D)
o D" o D°
D-ls- A D*+

universal fragmentation ansatz reasonable
(independent of the hard scattering process

and of the charm production scale)
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fragmentation ratios

;ZEUS prel. yp i-—Q—I
- H1 DIS ———
- ALEPH —O—
- OPAL ———0
- DELPHI +Ot
S B S S B
0.5 1 1.5
Ru d
;ZEUS orel. yp +—O—+
FH1DIS e |
- ZEUS 96+97 yp +—@—
Fe'e” comb. O
S R R S R R
0 0.1 0.2 0.3 0.4 0.5
- i /)/g
;Zeug prel. yp }Qi
FH1 DIS :
FH1 94 —+—1—H
- ALEPH O
L OPAL —OH
- DELPH O
S T SR B
0.2 0.4 0.6 0.8 1
Py

* Ry = ct/cd
small u,d quark mass — R, /4~ 1

o vs = 2¢5/(ct + cd)
strangeness suppression factor

e P, =V/(V 4+ PS)
from naive spin counting
expected to be 3/4,
— Spin counting does not work!

precision comparable with DELPHI
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D meson tagging with HERA 11

ZEUS.

N
-

Combinations

[EEY
a
(@)

100
| TR o ZEUS (prel)02-04 (9.8 pbY)
_ ol 1 — Fit (Gaussian + pl) -
50— D" - K-t + (c.c.) |
I pemoone]  N(D?) =191+ 33 |
I oo | 5,760 i
i i cleaner event selection possible
| | | | | | | | | | | | | | | | | | |
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beauty tagging: p/¢

Why beauty?

abl—)/ac(—j ~ 0.05 = hard to identify beauty, but
mp > me = PQCD should become more reliable

How to identify b — v X7
2 jet events (BGF) with tagged p in one of the jets

H1 Preliminary

%2 ] ] +
=i 1 e
2225 - e HilData (Prel)
L”zoo? ----- Pythia bb ]
=E T T e Pythia cc
R Pythia uds
150 7 — Sum
s Large b mass causes high py
100 |- |4 . .
z | of u relative to the jet (p°)
75| g
oy ] (H1 and ZEUS)
sf o I |
001 — 1 — *"m;--‘;"" e 3

rel

p, [GeV]
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beauty tagging: lifetime
2 jet events (BGF)

e Long lifetime of b causes
large impact parameter o
of one (u) track
(H1, ZEUS with HERA 1I)

Can be made with any track
in the jet

beam H
position 2

y beam
6 position

)]
X
&)
@®©
—
I_

10*

10°

102

10

I IIIIIII|-._.l.'I II| I IIIIIII| I IIIIIII|

e H1 Data (prel.)

beam
position
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beauty in PHP

Beauty Production
— T ]

S \ \ z\ \
o X . o - .
— do/dr]p(ep - ebbX - ejjuX) g ep - ebbX - ejjuX
ey
% 60 Q%<1 GeV? o H1 Data % 4 o H1 (Prel.) -055<n< 11
0.2 0.8
© > 2 Gov A ZEUS Data J< A ZEUS (Prel) -16<n'<23
PL>76)CV  ——  NLO QCD [Hid —  NLOQCD O Had
I <25
40 Q*<1GeV’ 02<y<08
pietl(2)> 7(6) GeV; | <25
o
4 2 -
N SR 1
B 1 i
1 Z T
[ I L T 0 | | |
-1 0 1 2 4 6 8 10
u
n, pt [GeV]

e General agreement between H1 and ZEUS
e NLO undershoots data at low p}'
e Still agreement within errors with massive NLO QCD (FMNR)
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beauty in PHP: resolved photons

3 | | I tl | | | I | | | I | | | I | bI |
o - jets I == = . .
;_, _dc/dxv (ep—ebbX—ejju X) ( ) | jets 3 d1.da Ecjr 6—77‘7)
B ® ZEUS 96-00 [T Y Ty = 2yFe
B | [===1 NLOQCD x had ——
e 107 NLO QCD 41 resolved photon enriched:
-  ——  Pythia6.2 5 € - 0.75
[ Cascade 1.1 i K
I .' . i 1 o significant fraction from
I e ] resolved process
10 ,_. __________ : _| e good agreement with NLO
DR | . QCD
- I._i | | | - Q2 <1GeV2, 0.2 <y <0.8
0 0.2 0.4 0.6 0.8 1 P >7,pI" > 6GeV, it <25
xjets
Y
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beauty in DIS

ZEUS

K FoororrrT T T T TTTTTR —~ 30 [T T T T T i
> @ ® ZEUS 99-00 1a [0 ]
o [ @ E5 NLOQCD 0O Had.Corr] — - [ E .
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~ E E o S B 2
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B '17 05<y<0. B
'810 8 f)o(.)95<:“<01.73, pi>2GeV ] TC 15 ]
-1.6<n*<-09, p">2Gev
i ET?:">GGeV, -2<r]|;’::<2.5 ] ol = === 1 . . .
1021 3 ETTES 1 e theoretical prediction
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o i T I T ' “““‘E _~ [T T T T T T T T T
%, i © ® ZEUS 99-00 1 %& - @
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(\IO C ; 1 820 — ]
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St e o)
S10 & 4 B 15 L 1
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Detlef Bartsch New results on heavy flavours at HERA 19



overview j(j)u beauty cross sections

Data/Theory as a function of Q2

>
D O ZEUS  yp: o, (iuX) p, -0.9<n,<13;p!>25Gev
=
— o ) . ! rel . .
= 4| ° P PEoslrdR Data in agreement with
.. re
8 ®m H1(Prel.)yp: 0, (juX) ptlpact Parameter (massive) NLO
® H1 (Prel.)DIS: o, (ejuX) p, [Impact Parameter predictions,
3f
? slightly higher in DIS
T + 2
5 for low @
@)
| | 4
_|_

1 ? QCD NLO (massive) E

|
71 10°
Q% [GeV]
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beauty in PHP with inclusive lifetime tag

< — 250
7 B ® H1 Data (prel.) '8_ i ® H1 Data (prel.) I Exoa
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2 800_— ______ Pythia do/dx,™ (ep->ebbX->ejjX)
o >
e MC falls below data by a factor of S ﬁﬁ;cgﬂce[)
B o
about 2 5 %90 ___ NLOQCDO had
jetq . | Q*<1Gev?015<y<08 i e
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. . . . . T -088<n®<13
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200—
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charm contribution to F>

cc
HERA F,
I8LLNO6 7““““\ “2‘!\ T “E‘T“‘” AL B ““é‘ﬁ““““ BRI ““é‘
Q =2GeV 4 GeV 7 GeV
| o H19697 | I |
F»: proton structure function 04 S AIPE. T 1 :
- 0 ZEUS96-97 | 1 :
=2 ZEUSNLO |
O.ZgQCD -+ é €1 |
e extraction of F5¢ ol
- ) _ 0.6
e ratio F5¢/F, rises from 10% to 30% ;
: : : . 04|
with increasing Q2 and decreasing = :
02
e at low QQ errors comparable with O [P
those from PDF fit i
0.4}
02}
07\\\\\\\\
107
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measurement of ng and FS°

e extract fully inclusive
Cross sections
(structure functions)
in z and Q2

e Mmodel extrapolation small
(10%)

e data consistent with NLO
massless QCD
and with ZEUS (from D¥)

Q2 > 150GeV?2, 0.1 <y < 0.7

bb
F2

0.06

0.05

0.04

0.03

0.02

0.01

H1 PRELIMINARY

\‘ T T \\HH‘ T T \\HH‘ T “HHL,“‘H‘ T \\\\H‘ T T T \\\\L
- Q*=200GeV> T Q*=650 GeV> |
o  H1 Preliminary | * H1 Preliminary -
- o ZEUS - o ZEUS A
- % — H1 PDF 2000 r — H1 PDF 2000 ]
E\‘ | \\\HH‘ | Lol Ll \HTE\\\H‘ | | | \\\\HE
107 107 107 1 107 107 1

X X
7\‘ T \\\HH‘ T \\\HH‘ T \\\\HL T TTTT T \\\\H‘ T T \\\\\L
- Q*=200 GeV> = Q*= 650 GeV* -
o  H1 Preliminary + * H1 Preliminary -
- — H1 PDF 2000 + — H1 PDF 2000 -
E\‘ | | \\HH‘ | Lol Ll | \\\HTE | | \\\HE
10° 107 107" 1 1

X X
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summary

charm

e charm cross sections generally well described by pQCD
e Many new measurements: low QQ, jets, ...
in this regime large theoretical uncertainties
e cvidence for separation ansatz between hard process
and fragmentation
e evidence for universal charm fragmentation in eTe~ and ep

beauty
e new differential b cross section measurements in PHP and DIS

e measurements in agreement with massive NLO QCD predictions
e first determination of F5’ at Q2 > 150 GeV?
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J /v production in PHP

J/v — pp in the kinematic range

Q% < 1GeV?, 40GeV < W, < 150 GeV, |t| < 1.2 GeV?
Agreement with previous measurements and MR'T calculations

HL yp — J/wp

HL yp - J/Wp

a 225 = I L
El + - . o + - .
20 H199-00 J/y — 'y (prelim.) /| S 16 - * H199-00 J/Y - pw (prelim.) ~
>T, H196-97 J/Y - e e (BR cr./)/ [ A ZEUS
175 A 14 ,
150
s i
125
w0~ L s T~ % ,,,,,,,,, ]
75 -
; 08 - . -
b . . +q'
! — FMS(CTEQAL, A=4) Pt agrat
o5 [ --- MRT (CTEQSM) | C(O =1.20+0.02
s MRT (MRST99) 0.6 i o' = (0.15+0.06) GeV ™ ]
0080 100 150 200 250 300 0 0z 05 o 1 125 15
W [GeV] t| [Gev?]
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exclusive J/y-production in DIS

ZEUS
= . ‘ e ‘ ‘ —
< r % ZEUSPhotoproduction QZ(GeVZ):
= | ® ZEUSDIS98-00
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5 0
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£ 10 <W >=90GeV
pug
o
= L
;
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o [ GLLMN x 0.9
1 E -
- ®) ¢
\//\\\H‘ | Co il L | L L\
0 10 1 10 52 (Gev?)
Q° (Gev

comparison with QCD models
e Mmodels describe the data
e |large uncertainty in normalization

ZEUS
— i T T T T T T "
2 r - 2 2]
c I % ZEUSPhotoproduction Q° (GeV9)
: | ® ZEUSDIS98-00 i
2 0.
=2 10°
~ e
= F
K
o
>
o) 10 ?
1 -
.17
10 =
. @
10

~
QO
[
N
~
o
=
~~
ﬁ —
1 E 3
«Z | — MRT(ZEUSS) x 149 ]
= [ --- MRT (CTEQ6M) x 2.22 3
e | ... MRT (MRSTO02) x 2.98 o
1 e Noo g
¢
(b) ]
7 e Ll L AT
0 10 1 10 52 (Gev?)

comparison for different PDF’s
o CTEQ6M, ZEUS-S describe data
e MRSTO02 has wrong shape in W
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exclusive J/y-production in DIS

ZEUS
ESO:HH“‘(5):24:””“”(5):8:””“”(&): )
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s ® w = S = M . :
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=Tl E L A e B e e B : . :
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- 3 1. 7% ~
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x - O H1DIS «+++ GLLMN .
2 L ]
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1 - - with Q2 than oy
o L ]
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Diffractive D* production in DIS

© ° H1 Diffractive D’
q (P T pY) ) 790 © @ H199-00 (prel)
CUIP - P "2 600 [ EE NLOQCD (H1fit 2002)
T q ) 5 E - RAPGAP MC (H1 fit 2002)
2 500 [
b= 5 iy I
S 300 [ TCIEN SR
p ZIP = /8 (1 _I' —Q2 200 L i } ______ $ ______
00 b
. . . OV“““““““““““‘
Measurements are in agreement with previous 26 24 222 1816 14

measurements of H1 and ZEUS

H1 Diffractive D

Agreement within error bars with theoretical = f o H199.00 (rel)

prediction (HVQDIS with NLO diffractive parton 2oz § s aeoi

distributions) % 3

2 < (02 <100GeV2, 0.05<y<0.7 f

xp < 0.04, My <1.6GeV, |t|<1 GeV?2 1 (T

pt,p* > 2GeV, |np«| < 1.5 5 4 5 6 7 8910
P o [GEV]
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do/dp; . [pb/GeV]

10

Diffractive D* production in DIS, cont.

H1 Diffractive D', x,,<0.01

= ® H199-00 (prel.)
B NLOQCD (H1 fit 2002)
- — 2gluon (CCFM)
| | | ‘ | | | ‘ | | | ‘ | | |
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5 10
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do/dlog X [PD]
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Noe

Prediction of perturba-
tive 2-gluon approach
with un-integrated gluon
density also in good
agreement with measure-
ment.
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D* production with leading neutron
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pe(D*) > 1.9GeV, |[n(D*)| < 1.5 n(D*)

xr, > 0.2, 0, < 0.8mrad Good agreement with all MC models
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D* production with leading neutron,

rxr-dependence
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Only one pion exchange model (OPE) describes the data.

Detlef Bartsch New results on heavy flavours at HERA 32



