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Intr oduction and motiv ation

To under stand and probe QCD in as much detail as possib le

Parton densities of proton and photon need to be precise . cf future collider s,
pp, eTe™ and v, .

QCD-production rate should be accuratel y under stood whic h can be a significant
background to “new” physics

e gluon density in the proton

e charm and gluon density in the
photon

e schemes and hard scatter

DIS/PHP PHP



Intr oduction and motiv ation

Three aspects of predicting heavy-quark production:
e parton densities
e hard scatter matrix elements

e fragmentation

Charm mass large enough for reliab le perturbative expansion in m.. Calculations
need to treat the mass consistentl y

Will compare measurements to next-to-leading order predictions:

Fixed order (“Massive”) scheme - p7 < m2, no heavy quarks in hadron

(99 = QQ)

Next-to-leading log (“Massless”) scheme - ﬁnw > m2, active heavy quarks in
hadron (also g@Q — gQ)

A combination of the two, FONLL



Analysis

Look for D* — DOr, — K

channel with ; | ZEUS
X = |+ ZEUS98-00 1500 | 1
1.5 < ppr(D*) > 15GeV, m 2000 - \rong-charge
z - background 100F et
% © — Fit T
_d:u v_ <15 1500 -
And a high energy scattered ‘
1000 -
electr on
1.5 < Q% < 1000GeV?, 500 |
0.02 <y < 0.7 0 014 015 0.16
AM (GeV)
Analysis of 98-00 data, ~ 82 pb—1, Measured 5545 D* mesons

in addition to ~ 37 pb—1 from 96-97.



Measured cross section

For the production rate,r = N/L

reP/retP = 1.1240.06 for 1.5< Q2 <1000 GeV?
and
P P/r€ P = 1,67 4 0.21 for 40 < Q2 < 1000 GeV?

Difference between o(e p) and o(etp) data

do/dQ? (nb/GeVv?)

o(e"p— e D*X) = 9.37+0.44(stat. ) T 02 (syst. ) nb~ »°

o(eTp —» eTD*X) = 8.20+0.22(stat. ) 1332 (syst. ) nb

o(e~p) > o(eTp) increasing with Q2

o(ep) / o(e"p)

No obvious reason why, assume statistical
fluctuation.

Can be solved with more e p data...

e ZEUS98-00

. AROMA
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Event cross sections
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D* Cross sections
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Again generally good description of cross sections

Some diff erences in shape; can the PDF be fitted to describe these?



Extraction of

Extraction of m@m performed in full y consistent way

g, meas(ep — U*N.V
o; theo(lep — D*X) Fotneo

(z;, Qs )

w BmmmA&f Qs v —

The ZEUS NLO QCD fit was used with:
e three active quark flavours

e m = 1.35GeV
o p=1/4m? + Q2

in calculation of F$¢and in HVQDIS for calculation of o(z, Q2)
Peterson function used in HVQDIS calculation

Component expected from b production subtracted from data



Uncer tainties In extrapolation

Factor s for extrapolating to full phase space in pp(D*) and n(D*) are 4.7 at low
Q2 and 1.5 at high Q2

Uncer tainties in the extrapolation are:

e using AROMA fragmentation instead of Peterson fragmentation - typicall y
less than 10%, but less than 20%. Most significant at high z for given Q2

e changing the charm mass by + 0.15 GeV - diff erences of 5% at lower x and
negligib le elsewhere

e upper and lower predictions from the uncer tainty on the ZEUS NLO PDF -
typicall y less than 1%

e varying the b component by factor of 2 - typicall y less than 1—-2% and 8% at
high Q2

Using CTEQ5F3 gave uncer tainties of less than 10% for low Q2 and less than 5%
for Q2 > 11 GeV?



Recently added extra 31 points,
extending up to Q2 = 500 GeV?2

Have good(ish) precision up to 30 GeV?2
At lowest Q2, data and theory uncer tainty
comparab le = data can be used as

additional constraint

Steeper rise of data to low x with
increasing Q< indicative of large density

Reasonab le description by NLO QCD fit
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HERA measurements of Fs¢
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HERA measurements of Fs¢
HERAF,"
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Charm production represents up to 30% of
the inclusive cross section

The data are well described by the
prediction

Probably best measurements of F$¢ made

Cross sections (o(z, Q2)) can be used in
future NLO QCD fits

Can they be impr oved?

HERA measurements of Fs¢
HERA F, IF,

| Q%=2Gev?| 4GeV?| 7 Gev?|
04l BH19697 | 1 )
| e ZEUS98-00| i |
| o ZEUS96-97| 1 1
== ZEUSNLO
i D il il ]
02| wo | m | .
O A :%‘:;:; — -
i 11 GeV™| 18 GeV~|
0.4} | .
0.2 -
O [HHHH A H
i 60 GeV?| 130 GeV?| 1
0.4} | | .
0.2} | | .
O\,:::; ,:::; ,:::; ,,:::\,:::; ,:::; ,:::; ,:::\,:::; ,:::; ,:::; ,:::\
-5 -3 -5 -3 -5 -3
10 10 10 10 10 10

X



More charm In DIS?

Can use other channels from HERA | data; e.g. ¢ — e or other D mesons - all
tog ether they can be as significant as the D* measurement

Both diff erential cross sections and F§°
Increased statistics and use of MVD at HERA Il can significantl y impr ove things
In particular DT can become more effective

With impr oved tagging, can use a vertex tag and forwar d tracking to goto lower
pr and more forward n = greatly reduce extrapolation to ﬁw&

A calculation performed in the variable flavour number scheme?



Charm In photopr oduction

Look for D* — D9r, — K
channel with

1.9 < pp(D*) > 20GeV,

n(D*)| < 1.6

And the absence of a scattered
electr on

Q2 < 1GeV2
130 < W, < 280GeV

Analysis of 98-00 data, ~ 79 pb—1,
in addition to ~ 37 pb—1 from 96-97.

Measure detailed diff erential cross
sections —

ZEUS
L I 7 I I I I 7
. ZEUS (prel.) 1998-2000

2500 — ~ Backgr. wrong charge B

- 130 <W <285 GeV, Q<1 GeV? -

2000 ! -

Combinations / 0.25 MeV

1500 — -

1000 —

500 —

o 7 | | 7 | | 7 |
0.14 0.15 0.16

M(Kmot) - M(Km) (GeV)

Measured 10350 4+ 190 D* mesons



Single diff erential cross sections
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Relook at old results

Same message seen in old data (data
consistent)

FONLL
pr(D*)
pr(D*)

IS NLO (Frixione et al.) at low
and NLL (Cacciari et al.) at high

This is why at high pp(D*), FONLL is
worse than NLO

Why are Kniehl et al. and Cacciari et al.
so different? A rigor ous comparison
would be useful

How would NLO (Frixione et al.) at low
pp(D*) and NLL (Kniehl et al.) at high
pp(D*) as FONLL work?
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do/dn (nb)

do/dn (nb)

More detalled diff erential cross sections

14

12

10

0.8

0.2+

o N b~ OO

ZEUS

I I T [y

B 4
« ZEUS (prel)98-00 &) | £ 35
- 19<p,(D)<325GeV | £ g3

13
" 1B 25
i T
............. 0.5
7 1 L 7 L ,IIII,III\ o

1 0 1
n(D)

T I ,Ov, 15 0.3

- 5<p(D)<8GeV 1 &
Pr(D)<8Ge 1 =025

5 1T
it 2 02
1 015
H \ 0.1
2= == Noqep TR 005
L, L , s ] 0

1 0 1
n(D)

L F

3.25<p,(D) <5 GeV

b)

el
_—.u.w ........ FONLL p

e
n(D)

do/dn (nb)

do/dn (nb)

ZEUS

30 , T T~
~ e ZEUS(prely9s-00 @) | E 4O
25F 19<p(D)<3.25GeV - < 4
i NLLQCD 1 § 35
20 == AFGfory 1| © 3
) - GRVfory ] 25
IS only direct y - 2
10 f ] 15
5 E .
.............. 0.5
0 N O Bk Tk L0 0

-1 0 1
nD)

T T s 0.3

1- s5<p()<8Gev ©) 7 E
P o) £ 025

0.8+ o=l 18
i W M : W 1 .m 0.2
060 AN W . 015
0.4 - "\Hf oo ." ; 0.1
0.2 \w\ e, =y 005
0 ‘ , , , e 0

Largest diff erences at medium pp(D*) and forwar d n(D*)

Theory does not describe the details of the measurements

T TTT

3.25<p,(D) <5 GeV

b)

NLO QCD




More detalled diff erential cross sections
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Data-theor y comparison

Is QCD really predictive?

Data uncer tainties will be reduced...

Are the QCD calculations correct?
Cacciari et al. and Kniehl et al.

What is the charm mass? Description of DIS with
mass 1.3 GeV. This would give a better description

of photopr oduction data.

Unlikel y to be proton PDF

Relative uncer tainty on
prediction is much larger than for data

cf diff erence
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An effect of the photon PDF? Could use new parametrisation CJK when NLO

complete (with uncer tainties)

How is the fragmentation? (See L. Gladilin for some details)



Other data
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Similar conclusions from other measurements;

larly at medium pp(D*) and forward n(D*)

for 80 < W < 120 GeV

theory on the low side particu-



Summary

Now have very precise measurements of charm both in DIS and particularl y
photopr oduction

Measurements in DIS reasonab ly well described with m, ~ 1.3 GeV

Doub le diff erential cross sections can be used to further constrain the gluon in
the proton

Precise photopr oduction data not described in detail by predictions

More measurements and impr ovements to come



Outlook

ZEUS Preliminary 1996-97
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