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Motivation

e To invesigate partonic structure of diffraction ;
charm is sensitive to role of gluons in diffractive exchange

e To test diffractive dynamics ;
variety of models for diffractive interactions
(resolved Pomeron, 2-gluon exchange)

e To test diffractive pdf’s
e the new data w.r.t. the previous analyses:
—large luminosity 82 pb~!
— better detector: Forward Plug Calorimetr (FPC)

— large xp range xp < 0.035

— proton dissociation admixture estimation

New published ZEUS data :
DESY-03-094 (accepted by Nuclear Physics B)
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Kinematic Variables

ep — eXp — eD*X'p
DIS Selection:

e reconstruct a good positron:
Errp > 10 )
remove PhP background:
40 < 2(F — Pz) < 65

e final DIS kinematic range:
0.02 <y < 0.7,
1.5 < Q% < 200 2
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D**(2010) Reconstruction

Mass difference method ZEUS
D — DOW: — (K~n)r7  (+c.c) 80 ’ . i,ii.?)i;oﬁw.s

— Wrong-charge background |

( BR = 0.0257 £ 0.0006 ) (PDG 2002)
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After wrong charge background subtraction

I(D*i) _ 2!15*‘(/[1/7&)! . where P*(D*) is D* |253 £ 21] diffractive D** events were found

momentum in yP system
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FPC as a Diffraction Tagger

w@\ | \\\\111//// /ﬂ' FbA‘L
i

FOET )
T Ty

/;CAL
T =N )/ 120cm
| H 6.3
Soom
?!
=]

AT

-- 98E

-- 99E

-- 99P

-- 2000P

r RAPGAP dif

005 [ —— RAPGAP nondif

OO m e

10

« DATA .
2 Epc<1l5GeV

\\\\\\\%
&

N 77T
o
N

Nmax

Diffractive event selection :

xp < 0.035, 6<0.8
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Proton Dissociation Estimation

Proton dissociation events :

tion.

Systematic error :

e Use ny/4x calculated on calorimeter

w/o 1st FCAL RING and
max(w/o 1st FR) < 1.25 :

e Use reweighting to new pomeron inter-
cept a;p(0) in DIFFVM MC +04 :

+3.7 %
-3.0 %

e Different p.diss. MCs :

ep — e’ XN

Use Eppc distribution in the range :
Nuax < 1.75 and Erpc < 10 GeV
to find proton dissociation relative contribu-

PHOJET — 40.9 %
RAPGAP — -0.9 %
EPSOFT2 — +1.6 %

ZEUS

Events

10 °¢

......

-2.7 %

10 | |

« ZEUS 98-00
Ny < 1.75

RAPGAP, diffractive 9
DIFFVM, proton-dissociative |

— RAPGAP+DIFFVM

Nadmixture

- ‘10
Ecpc (GeV)

Eppo<lbmpax<3 —

16 5 %
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Integrated Cross Sections

For any ¢ cross section :

do(ep — eD**Xp)  Npei(1 — frass)
de - A-L-B-A¢

— L ~ 82 pb~! (luminosity)
— B =0.0257 £ 0.0006 (decay modes)

rec

NT
A= ng)—ef (acceptance);
D*:t

7¢¢ number of reconstructed D**;

71 number of generated D**

(integrated value A =202 % )

— Np+«= number of measured diff. D**
— fpass fraction of events due to
the pr. diss. background.

1.5 < p (D**) < 10 GeV
—1.5 < n(D**) < 1.5
0.02 <y <0.7
1.5 < Q% < 200 GeV?
xp <0.03, [£<08

Integrated cross section :
o = 521 & 43(stat) " 2i(syst) T3 (p.dis.) pb
Integrated ratio :
Rp = % = 6.4 £0.5(stat) )3 (syst) 03 (p.dis.) %
Comparison :
ZEUS 98-2000: (%5, 5 = 197 + 21(stat) pb,

ZEUS 95-97:
ajfgffjo% = 288 4= 44(stat) " 3(syst) = 62(p.dis.) pb

ZEUS 95-97 higher then ZEUS 98-00, but
consistent.

ZEUS 98-2000: 0575, = 316 + 27(stat) pb,

H1 95-97:
§f52(<100 = 246 + 54(stat) + 56(syst) pb

H1 95-97 lower then ZEUS 98-00, but con-
sistent.
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Models of Diffractive Exchange

Resolved Pomeron model :

e Based on Regge theory with e gluon-dominated P
Pomeron exchange
e Treat /P as object with Examples :
substructure — H1 QCD fit (“h1 fit2”)
e Charm Production in in LO RAPGAP
diffractive DIS — — NLO QCD code DHV(@QDIS with fit
probe gluon content of P by Alvero, Collins, Terron and Whit-
more (ACTW) to ZEUS and H1 data.

€ e Gluon—dominated fits “B”, “D” and
“SG”

o O

i

P,

)
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Factorisation in Diffraction

The combination of:

e QCD Hard Scattering Factorisation (Collins et al):

d’o(x, Q% xp, t)V*p_’p/X
dxpdt

= [ deo" (2, Q% OPP (6, QP wp,t) (+highertwist)

A *. L] L] L] L] L]
e 07 ' universal partonic cross sections, as in incl. DIS

e p? diffractive parton distributions (conditional probabilities),
obey NLO DGLAP

and:

e Regge Factorisation: zp, t dependance factorises out
(Donnachie, Landshoff, Ingelman, Schlein)

FP(xp,t,8,Q%) = fpp(re t)FE (B, Q%)

e No proof in QCD; consistent with data at the present level of precision

If QCD Factorisation works, the diffractive pdf’s should predict cross sections for heavy

quarks
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Models of Diffractive Exchange

Perturbative QCD models: Examples :
— two-gluon exchange model imple-
e e mented in RAPGAP generator Bar-
y _ tels et al. (BJLW);
- unordered kr
Cc
g — two-gluon exchange “saturation”
model implemented in SATRAP gen-
5 5 erators;

strongly ordered kr : pr < pt

e t-channel gluon exchange
e 0 x (gluon density)”

e Higher order processes
v* — ccg — cancels suppression for
large masses
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Model Comparison

Z

EUS

with Diffractive DIS D*

e Published ZEUS data :

g el Wieswe (B0 T e Lumi = 82 pb™' (DESY-03-094 )
= — Woon @0 ; 1.5 < Q* < 200GeV?, 0.02 < y < 0.7,
§10°| Ly Iomiito B0} * ep < 0.035, F <08
- ¢ 10
, 15 300 - I -
102 | 1° - 3]
_____ b igg i t -4 pr(D**) > 1.5GeV and |n(D**)| < 1.5
10 | 1 L ¥ .
0 02 04 o8 os8 %3 o e ACTW NLO Calculations :
B log(B)
= :‘iw ARRERAS g S P T T T Gluon dominated pdf “fit B”
& i Q B ]
i S 4 e (O T
3 \; N ] The NLO error band : 1.3 < m. < 1.6 GeV
O 102 RN ¥ ’ Peterson fragmentation with € = 0.035
(@) L . T ]
= ° f e The probability for charm to fragment
3 ! 7 ! into a D** meson was set to :
Wi is s %mowmmeme m  fle— D=0
2 2
log(Q7/GeV?) W (GeV) o SATRAP describes well the region
xp < 0.035
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Model Comparison
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SATRAP -

with Diffractive DIS D*

e D* for zp < 0.01

e Two-gluon exchange models :

SATRAP and BJLW using MC RAPGAP
proton PDF GRV94HO,

f(c — D*") =10.235, m. 1.45 GeV

R = = \pir +4m? kit = 1.5 GeV

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

e Good agreement with BJLW predictions
and saturation model
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Ratio of Diffractive to Inclusive D** Production
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e Diffractive relative contribution at
small p, (D*) and negative n(D*) is
large

e Rp has no significant dependance
on z(D*), Q* or W
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Open-Charm Contribution to FQD 3)

The open-charm contribution to the diffractive structure function of the proton can be
related to the cross section, measured in the full D* kinematic region, by

1 d306 eD*EX! 47T042m y2 D(3),cc
poeD Xl _ (1—y+ )8, Q% ap)

2f(c — D**) dapdfd@? Q'

e The 3d differential cross section was measured & log(3) for different ()* and z, regions

e Extrapolation factors of the measured cross sections to the full py(D*¥) and n(D**)
phase space were estimated using the ACTW NLO “fit B” predictions (~ 3.5)

. D(3).ce ) )
e In each bin F’® was determined using the formula
Ui,meas
D(3),cc 2 o ep—>eD*:|:X/p D(3),cc 2
F2 meas(/gb 79 xP,i) — i, ACTW F2 ACTW(ﬁi) 79 xP,i))
T ep—eD = X'p

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

ZEUS
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D** Diffractive Cross Sections in Photoproduction

e Preliminary ZEUS 96-97 data :

ZEUS
= 90
£ | ® ZEUS (rel) 96-97 (38pb? Q? <1 GeV?, 130 < W < 280 GeV,
q 80 | Q% <1 GeV?, 130 < W < 280 GeV
< : P$*>ZGeV,--1.5<r|D*<1.5 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
é60 - e 0 = 0.7440.21(stat) 4% (syst)£0.16(p.d
3 50 | | nb
T ® T e Good agreement with
40 |- Resolved Pomeron model in shapes
S . T of measured cross sections
30 | ? D* D* |
do/dpy , do/dn” , do/dMx (not show
20 T and do'/daj]p
10
0 [ I R L1 T R
0.005 0.01 0.015
X

IP
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Summary

1. Total diffractive cross section of DIS D** production in the kinematic
range

1.5 < p.(D*F) < 10 GeV
—1.5 < (D) < 1.5
0.02 <y <0.7
1.5 < Q% < 200 GeV?
xp <0.035, [(3<0.8

is : 521 & 43(stat) 23 (syst) 32 (p.dis.) pb

2. Relative contribution of diffractive mechanism to inclusive D* in DIS
production is : Rp = 6.4 4 0.5 (stat)™)3 (syst)Ts (p.diss.) %

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

4. The diffractive open charm contribution, F2D (3)’65, to the proton structure
function rises as 3 — 0. for all values of )2 and zp.

5. No significant difference in predictions of different models was observed.
The both models with resolved pomeron and based on pQCD correctly
describe the main features of diffractive dynamaic.
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Charm Photoproduction Associated with an Energetic Neutror

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 is not com-
pletely understood; Exchange mod
els are usually applied to describe
data

e Boson-gluon fusion mechanism dor.
inates for charm production
— sensitivity to gluon content of
the exchanged particle
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Results on Neutron Tagged D* PHP

ZEUS
3  ZEUS (prel.) 1998-2000
=140 -
0 X >0.2
3120 B — Backgr. wrong charge
n *
S * N(D - Kruy) = 297+34
S
E *
(@]
O 80 - + + +

20 -

T T T T T T (N S S R A Y Y N
0.14 0.145 0.15 0.155 0.16 0.165
M(Ktr) - M(Km)  (GeV)

e Preliminary ZEUS 98-2000 data :

02 <1 GeV2, 1173 < W < 274.3 GeV

Neutron detected in ZEUS
Forward Neutron Calorimeter
0.2<x <1, 0, <08 mrad

®cp — eD*nX
pr(D**) > 1.9GeV, |n(D*F)| < 1.5
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Results on Neutron Tagged D* PHP

~0.03 ZEUS
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120 140 160 180 200 220 240 260
W (GeV)
E 1 — RAPGAP 2.08/06 (OPE)
r- B s o T HERWIG 6.301 (incl.)
10
o) N e Sttt
© [ \ \ \ —— \ .
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o
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; 1 L {--___---+
- + L [T 4
) e g (SRR
-DO.5 - I i
O : Lo | ol ] |
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e Cross sections —

e RAPGAP —
One Pion Exchange model
HERWIG —
Standard fragmentation

e Area normalised distributions; con
parison of shapes

e For W, n(D*) and P,(D*) both mod-
els describe the data
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Results on Neutron Tagged D* PHP

g ZEUS

g - ZEUS (prel.) 1998-2000

z\EA 7 S — S palivayiboses ((%F;F)) e Cross sections for r; —

© 64 e One Pion Exchange model
ot (RAPGAP) describes data
. : e Standard fragmentation

E (HERWIG) does not describes dat:

3N ) S —
21 {
1 S—
0l o

o e e e e (9
02 03 04 05 06 0.7 08 09 Xl
L
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R”(P) R™ (W)

R”'(n)

Results on Neutron Tagged D* PHP

" ZEUS
015 °ZEUS(prel) 1998-2000 x> 0.2
01 _ ¢ I
005—R (W) (x/dof—22) | I
(120 140 160 180 200 220 240 260
0.2 (GeV)
0. 15; { R®" = Ratio o(D ) neutron/inclusive
0.17 : 3
O.ngl o R® (P) (X:Z/C‘i'off'\ - 174)‘ I R
2 4 6 8 10 12 14
P,(D*) (GeV)
02 o ’ld.of. =
0. 15; —— R (n) (x7/d.of.=14)
01 3 ) -
0.05- t $
L \ TR R I N RN N R ! L
95 1 o5 0 05 1

1.5
n(b*)

e Ratios of neutron tagged D* to in-
clusive D* photoproduction —

e Fits R = constant

e Ratios are compatible with flat

e Over whole kinematic range :
RP (zy, > 0.2) = 8.240.9(stat)£0.3(sys)
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Conclusions

1. Ratios of neutron tagged D* to inclusive D* photoproduction in the
kinematic range

Q? <1 GeV?
117.3 < W < 274.3 GGeV
02<x; <1
pL(D*i) <19 GeV
—1.5 < (D<) < 1.5

is : 8.2+ 0.9(stat) £ 0.3(sys) %

2. Good agreement with particle exchange model;
One pion exchange model describes r; shape well

Rehovot, 2003 “Charm production with a leading baryon”  N. Vlasov 25



Research Tasks with ZEUS at HERA 11

1. Accurate measurements of total and differential cross sections of diffrac-
tive D* meson production with higher statistics and smaller systematics
in wider kinematic range

(With new ZEUS components MVD, STT. Without FPC though ...)

2. Measurement of contribution of open charm production to diffractive
o D(S) [ [
structure function F; "’ with higher accuracy

3. Comparisons between data and various diffractive models trying to add
to better understanding of diffractive nature
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