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L. Introduction

Why Charm 7

e to test pQCD Agcp << M
—> charm mass gives a hard scale

p=M, = M2+pi
— pQCD expansion is valid

e in the pQCD
oc(v'pP) X fp+ fy Ohard —
probe Parton Distributions
inside p and v ( fpand fybeing struc-
ture functions of p and photon)

We measure production cross sections of
D* and J /vy, using

L =2.99 + .05 pb— 1,

collected by the ZEUS detector during
1994 |

-
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ep c.m.energy s = (P + e)
~* virtuality Q% = —q? = —(FEe — Ee’)2
= Q%< 4GeV2 Q2 4iun ~ 5-1074 GeV’

v*p c.m.energy W?2 = (P + q)?

fraction of the E, lost in the p.r. syst.



2. D™ Inclusive Photoproduction

In LO pQCD aPhP(D*) is a superposi-
tion of 2 types of v*p contributions:

e direct ~v* - ~*g — c¢ (BGF)
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/6* /vvvﬁ ’J:-e,,.m nt
- C
[

S AN

In NLO pQCD only sum of direct and

resolved photon contributions is unam-
biguously defined




D* was searched for by its decay modes:

D* — D° mg Both charged
DY -5 K=n states D*=
DY - Knnr were detected

AM = M(D*) — M(D") method
was used to identify D** |

PDG :
M (D*) = 2.010 £ .0005 GeV

M (DY) = 1.8645 + .0005 GeV

— phase space suppressed threshold re-
gion

Signature : signals in

AM and M(DY)



Kinematic region of the measurement:

-1.5 < n(D*) < 1. n= —ln(tg(g—)
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ep — D* X Cross Sections

In the restricted kinematic region :
pi(D”) >3 or 4 GeV

~1.5 < n(D*) < 1.

115 < W < 280 GeV and Q% < 4 GeV?

Channel p_lL) "(GeV) Oepyp*x (nb)

K~ >3 10.6 + 1.74}$
K~ > 4 4.5+ 07106 )

Krrr| >4 4.8 £ 0.8%,7

——> C(ross section measurements
by 2 decay modes of D* gave consistent
‘results in the same range of

pi(D*) > 4 GeV

— systematic uncertainties both in data
and theory are strongly reduced

——> more precise comparisons between
data and theorv are possible



N pQCD Calculations:

”massive charm” approach:

S.Frixione et al. Nucl. Phys. B 454(1995)3

ng=3: (u,d, s) are

the active flavours in p and ~

»massless charm” approach:

B.A.Kniehl et. al. DESY 96-210
M.Cacciary et. al. DESY 96-14€

ng=4: (u,d, s) and (c) are
the active flavours in p and ~

Both approaches:

FF — Peterson function with € = .06

e 4

f» = MRS(G) fy = GRV G HO
Me = 1.5Gev M = m.l



do(ep— D*X)
dp, (D*)

> ...
> . e ZEUS94 D - (Knrmrx
5 - e ZEUS9% D > (Kmm,
g s Hl D' > (Kmm,
. 10
= - =, 06
8 €
2 A
< g
Q -
T
O
o)
-
1 -
10 -1 — — maSSleSS CTE G.Z{M
- ————— massive MRS(GI)
I He=m , m_ =135 GeV
. ———  massive
- He=05m,, m =12 GeV
10 -z" 5 Lo 1 |
0 2 4 6

. . P, (GeV)
—> agreement with data in shape and

magnitude for "massless charm™ ap-
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do(ep—D*X) do(ep—D*X)
dn(D*) and dW
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—= agreement with data in shape and
magnitude for ”massless charm” approach



New pQCD Calculations in
”massless charm” approach:

B.A.Kniel et. al. DESY 97-012
M.Cacciari et. al. DESY 97-029

To improve knowledge of ¢ — D* frag-
mentation 2 forms of FF(c — D¥*)

‘were fitted to the LEP1 data (by ALEPH
and OPAL):

(S) - FF(c — D*)=N-z%.(1— z)P
(M) - FF(c — D*) = N, @(1-2)"

[(1—x)*+e-x]?
(S) and (M) -
FF(b— D*)=N-z*-(1 —z)P

New € = .0674 <— Old € = .06

”S” and "M” FF were evolved in LO
and NLO algorithms giving close results
If FF ¢ — D* is reliably measured, then
the charm content of the resolved = is
the main uncertainty left in calculations
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do(ep—D*X)
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- €=.061Y4 A
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[ —= direct ] |
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== in "massless charm"” approach strong
sensitivity of the do(ep — D*X)
the charm content of ~ is predicted

to



do(ep— D* X))

lo_i!lll!llllrlll‘lITTlIIIT—‘

ep > D™ + X NLO S -

i GS HO € =.06FY T

8 ——— ACFGP (massless c) _|

[~ ACFGP (massive c) i
— GRV HO

do/dy,,, [nb]

/' ZEUS untagged
- 3GeV < pp < 12GeV .

OIIIIIlILLIlllJllIlIllllJ_

—-1.5 —-1.0 —-0.5 0.0 0.5 1.0
Yiab

—> At present accuracy HERA data
on charm photoproduction are not sen-
sitive to the charm content of ~. —
With improvement of measurement ac-
curacy we may distinguish between dif-
ferent parametrization of PD of ~

N
'>



2. J/¢ Inelastic Photoproduction

Measuring inelastic photoproduction cross
section of J/1¢ we measure the diagram
of vg fusion

direct (DIR) photon
with emission of g9

Y ann ,
. | Uit — colour singlet J/y
2 (color singlet model)
P X
BACKGROUNDS :

= X

resolved (RES) photon

o

Y_ 9—- JY proton
p diffractive (DIF)
P = X




J /1 was searched for by its leptonic de-
cays:

J/p — eTe”
/Y — utu~

1l pairs were identified:

et,e~ by 9%Ein CTD and
Mee > 2GeV

put, =~ by at least 1 signal in
muon detector and p | (p) > 1GeV



To separate signal from BG define
- J/v¢ inelasticity:
2(J /) _ B-P (J/¥)__E Ch)

PPTPY * .Er
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Cross sections were measured in the kine-
matic region:

60 < W < 150 GeV and Q? < 4GeV?

4<z<.8 forete”
3<z<.8forputp”

to guppress backgmunds
p1(J/Y) > 1 GeV

to compare with NLO pQCD

“ ZEUS 1994 Prehmmary

wbo TP "3pr X
0 [

25 i_ Noﬁsz G 5 + 9

Number of events / 50 MeV
8
|

24 26 2.8 3 3.2 34 3.6 38

Invariant Mass (GeV)

N"bs(J/d)) = 25+ 6 in eTe™ mode
0bs(J /) = 65+ 9 in ut u~ mode
_Nob?(.]/.b) =90 £ 11 in total




Data were compared to:

NLO pQCD
M.Kramer et al. Phys. Lett. B 348(1995)6.
Nucl. Phys. B 459(1996)3

me = 1.4GeV A = 300MeVu = V/2-me
fp: GRVorMRS A’ "

Semihard Approach (SHA) in QCD:
V.A.Saleev, N.P.Zotov.
Mod. Phys. Lett A9(1994)151
Mod. Phys. Lett A11(1996)25

g is off-mass shell, f, /punintegrated and
’saturated’m. = 1,5GeV

Both: CSModel for cc — J/1



do(yp—J /¥ X)
dW
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Within large errors both approaches agree
with data in magnitude and shape. Growth

of J/1v cross sections in W

growth of & r with ¢ —

0).

indicates



do(yp — . v X)dz (nb)

do(yp—J /[y X)

dz(J /)
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4. Summnary

Lhelastie

D* ep cross sections and J /1 ‘photo-
productlorﬂwere measured in the limited
kinematic regions and comparisons with
theory were made.

e D* inclusive ep cross sections
were reproduced in shape and mag-
nitude by NLO PQCD calculations in
the "massless charm™ approach. "Mas-
sive approach’ results are below the
data.

¢ J/y inelastic photoproduction cross sec-
tions within large errors agree with
CSModel calculations in the NLO of
pQCD and semi-hard approach (SHA)
calculations.



