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Motivation

y
q% = ep — eXp(n) — eD*X'p(n)
. X
g § e charm-quark mass provides hard
' scale — applicability of pQCD
Xew P I[P (77) e Boson-gluon fusion mechanism
p’ dominates for charm production
pr (n) — sensitivity to gluon content of
the exchanged particle
Q*=—(k—FK)=-¢ . : . :
e To test diffractive and pion PDF’s
W2 = (P + q)*
_ Mz+@?
L = w2
_ @
T QPME
x(D*F) = %D*i)’ , where P*(D*) is

D* momentum in vP system
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Diffractive Selection

e
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forward ~ packwrd ZEUS ““““““
diffractive event £ | ezeusso0

3 103 L EZ RAPGAP non-diff.
E ---- HERWIG non-diff.

‘O b — diff. + non-diff.
attered 102L  RAPGAPMC
&ection :
- D

nondiffractive event

n=— 1n(tgg), Nmax : the largest n value
in event
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DIffractive DIS: Integrated Cross Sections

Combinations

ZEUS
— * ZEUS98-00
80 X,p < 0.035, B < 0.8 |
— Wrong-charge background |
f Published ZEUS data :
T \ ] Nuclear Physics B 672 (2003) 3-35
: * | (DESY-03-094)
40 - n
— H | Integrated cross section :

o = 521 4 43(stat) 3 (syst) 32 (p.dis.) pb

Integrated ratio :
odif f

Rp = T = 6.440.5(stat) 1o 3(syst) 793 (p.dis.) %

20

. . . | . . | . . .
0.14 0.15 0.16 0.17

M(KTm) - M(KT) (GeV)

1.5 < pi(D**) <10 GeV
—1.5<n(D**) < 1.5
0.02 <y < 0.7
1.5 < Q% < 200 GeV?
rp <0035, (<08
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Models of Diffractive Exchange

Resolved Pomeron model :

e Assume Pomeron exchange

e Treat /P as object with
substructure

e Charm Production in
diffractive DIS —
probe gluon content of P

e e

o o

P

)

e gluon-dominated P

Examples :

— H1 QCD fit (“h1 fit2”)
in LO RAPGAP

— ACTW (NLO QCD) with different
diffractive PDFs. Gluon—dominated
PDFS “B”, “D” and CCSG”
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Models of Diffractive Exchange

Perturbative QCD models:

. . Examples :
y . — BJLW (Bartels et al.) implemented
¢ in RAPGAP MC
’ - unordered kr
’ ; — “saturation” model implemented

in SATRAP MC

- St [ dered kr : v d
e t-channel gluon exchange strongty oraerea Kt : pr << Pr

e 0 x (gluon density)”

e Higher order processes
v* — ccg — cancels suppression for
large masses
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Factorisation in Diffraction

e QCD Hard Scattering Factorisation (Collins et al):

d20'<[lf, Q27 Lp, t)’y*p—ﬂ?/X
dl']pdt

= > [ de6T (2, Q7 E)pP (€, Qw1

AN *. L] L] L] L) o L]
e 07 ' universal partonic cross sections, as in inclusive DIS

e p” diffractive parton distributions, obey NLO DGLAP

If QCD Factorisation works, the diffractive PDFs should predict cross
sections for heavy quarks
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Model Comparison
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with Diffractive DIS D*

e Published ZEUS data :

Lumi = 82 pb~! (DESY-03-094 )
1.5 < Q? < 200GeV?, 0.02 <y < 0.7,
xp < 0.035, <08

pr(D**) > 1.5GeV and |n(D**)| < 1.5

e ACTW NLO Calculations :

Gluon dominated PDF “fit B”

pr = pr = Q> + 4m?
Peterson fragmentation with ¢ = (0.035
flc — D**) =10.235

e Good agreement with ACTW NLO pre-
dictions with diffractive PDF “fit B”

o SATRAP describes well the region
xp < 0.035
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with Diffractive DIS D*

e D* for xp < 0.01 (BJLW is only applicable)

e SATRAP and BJLW Calculations :

using proton PDF GRV94HO,
f(c — D*")=10.235, m. = 1.45 GeV

HR = [F = \/pg,T +4m2 kY = 1.5 GeV

e Good agreement with ACTW NLO pre-
dictions with diffractive PDF “fit B”

e Good agreement with BJLW predictions
and SATRAP
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Ratio of Diffractive to Inclusive D** Production

20.15 (e 0.15
ne r :D: r
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e Diffractive contribution is large at
small p, (D*) and negative n(D")

e Rp has no significant dependance
on z(D*), Q* or W

e Good agreement with NLO QCD
(ACTW) predictions with diffrac-
tive PDF “fit B”
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Open-Charm Contribution to FQD 3)

Open-charm contribution to the diffractive structure function of the pro-

ton:

1 3o, eyt dra? Y D(3) e
P o = it Ly + Y8, QP )

2f(c — D**) dzpdBdQ® — Q4 2

2
e Determine extrapolation factors to full pr(D**) and n(D**) phase space
using the ACTW NLO “fit B” (~ 3.5)

e In each bin F® determined using:

7,/meas
D(3),cc 2 O ep—eD**X'p ~D(3),ce 2
Fo meaS(ﬁia z’aiUJP,Z) — i ACTW FQ ACTW(BZH z’?xlp,i)a
Tep—seD*+Xp

where the cross sections ¢’ in bin ¢ are those for pr(D**) > 1.5 GeV and
n(D*)| < 1.5
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Open-Charm Contribution to FQD 3)
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.......
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log(B)

X, = 0.004
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e For all values of )° and zp,

F217(3),CE

rises as 3 — 0

® The data exclude PDFs D and SG

and consistent with B.

Strong sensitivity to the diffractive
parton densities

Strbske Pleso, 2004

“D* in diffraction and with a leading neutron”

N. Vlasov

12



D** Diffractive Cross Sections in Photoproduction

e Preliminary ZEUS 96-97 data :

ZEUS
= 90
s | ® ZEUS (prel) 96-97 (38pb?) Q? <1 GeV?, 130 < W < 280 GeV,
80 | Q%<1 GeV? 130 < W < 280 GeV
><& i PY'>2GeV,-15<n> <15 rp < 0.018
Ex 20 7 S (Fg?\gaGr;AOIDrr\T/}v;tl?zsg)meron from H1 FIT2 pT(D*:I:) > 2 GeV, ‘n(D*:I:)‘ < 15
o
o 60 F e o = 0.74+0.21(stat) 0% (syst) £0.16(p.dis.) nb
o |
o : +
© 50 | .
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Diffractive DIS Summary

. Total diffractive cross section of DIS D** production in the kinematic
range 1.5 < p| (D*F) < 10 GeV, —1.5 < n(D**) < 1.5, 0.02 < y < 0.7,
1.5 < Q% <200 GeV?, zp < 0.035 and 3 < 0.8 is :

521 4 43(stat) 23 (syst) 32 (p.dis.) pb

. Relative contribution of diffractive mechanism to inclusive D* in DIS
production is : Rp = 6.440.5 (stat)™)3 (syst)™)3 (p.diss.) %

. Diffractive relative contribution is large at small p,(D*) and negative
n(D*). Rp has no significant dependence on z(D*), Q or W.

. The diffractive open charm contribution, F2D (3)’06, to the proton structure

function rises as 3 — 0. for all values of Q? and zp.

. No significant difference in predictions of different models was observed.
Data described by both resolved pomeron and two-gluon exchange mod-
els
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Charm Photoproduction Associated with a Leading Neutron

Standard Fragmentation :

e Significant part of ep scattering at
HERA contains a baryon in final
state 0.2 < x; < 1, JiL:ELB/Ep

e Production mechanism not com-
pletely understood; Exchange mod
els are usually applied to describe
data

Published ZEUS data :
DESY-03-221 (submitted to Physics
Letters B)
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One-pion-exchange model

Electroproduction cross section Examples of flux factor
can be written as pion flux factor parametrizations are:

frp(x1,t), and er cross section: ,
e fi: light-cone form factor,

Ea = Fap(an o (), o) =0
® f2: F(xL>t> - 17
a(t) = pion Regge trajectory

d

where s’ = s(1 — x;) is squared
center-of-mass energy of

the er system e f3: Exponential form factor,

a(t) = pion Regge trajectory
The general form of pion flux factor : © fa: Monopole form factor,

, a(t) =0
fﬂ/p($La t) ~ (1 - xL>1_2a(t) [F(x[n t)]

Strbske Pleso, 2004 “D* in diffraction and with a leading neutron” N. Vlasov
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Results on Neutron Tagged D*
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Strbske Pleso, 2004 “D* in diffraction and with a leading neutron” N. Vlasov 17



Results on Neutron Tagged D*
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do/dx, (nb)
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Results on Neutron Tagged D*

do/dx, (nb) &

S
FT T T T T T T T
5. m =
4 } L'a-;-{g-au e {
3 {
- — GRVsetl .
1 ----- Owensset 1 |rrozse
oo Owens set 2 t ]
Coovo Lo Py 1y L
G2 oo
XL

= ZEUS 1998-2000
X >02,0,<08mrad

e Cross sections for zj

e One Pion Exchange model describe
data

e Standard fragmentation fails

e Data have little sensitivity to choic
of pion structure function

e Light-cone (f;) and exponential (f3
pion form factors are compatible
with data in shape
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Results on Neutron Tagged D*
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e Ratios of neutron tagged D* to in-
clusive D* photoproduction

e Line: inclusive ratio

e Ratios are flat with respect to W,
Pr(D*) and n(D*)
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Neutron Tagged D* Summary

. Integrated cross section of neutron tagged D* in the kinematic range
Q° <1 GeV?, 130 < W < 280 GeV, 0.2 < 21, < 1, p (D**) < 1.9 GeV and
—1.5 < n(D**) < 1.5 is :

2.08 4 0.22(stat) " 12(syst) = 0.05(B.R.) nb

. Ratios of neutron tagged D* to inclusive D* photoproduction is :
8.85 4 0.93(stat) ¥l (syst) %

. Good agreement with particle exchange model;

One pion exchange model describes r; shape well

. Data have little sensitivity to choice of pion structure function
New HERA 1II data are coming !

— Significant improvement in statistics

— Addition of new tracking detectors

— Improved triggering
— will permit to constrain model parameters
— will require further model developments
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