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Introduction

Charm fragmentation: ratios, fractions & functions
Strange production: K%, A production, ratios...
Search for pentaquarks
Summary
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Charm fragmentation ratios and fractions

1. Are u- & d-quarks produced
equally?

2. What is s-quark production
suppression?

hadrons

Fragmentation process
A outgoing parton

Hard scatter

3. Is the fraction of D mesons produced R,
In a vector state in accordance with
spin counting (=0.75)?

4. What are the fractions of c-quarks

f(c>D,A,)=
hadronising in a charm hadron?

5. Are the charm fragmentation characteristics universal?

Vs =

2CS
(ca - ca)

V
(PS+V)

N(D,A.)

Charm hadrons cross sections needed to
extract the ratios and fractions.
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Charm hadrons reconstruction in DIS

Charm mesons D°, D*, D*, D.* and the A * baryons are
reconstructed In deep inelastic scattering at HERA with
the ZEUS detector from the following decay modes:

Event selection

o+ 50 o+ K- et et ¢ 1.5<Q?< 1000 GeV?
— = T °«0.02<y<0.7

e N+ U1 -t ot
D= Kn'n * p+(D,A,) >3 GeV
DU pnt > K-K*wt* * In(D,A)| < 1.6

e DO 5 K-rtt

A" > K prn* e £=281.7 (65.0) pb, 1998-2000
(1998-1999, for D* and A. due to
(+ C'C') trigger availability) i
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Combinations/10 MeV

Combinations/10 MeV

Charm hadrons reconstruction in DIS

ZEUS
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Charm hadrons reconstruction in DIS
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Charm fragmentation ratios

ZEUS preliminary results :
ZEUS yp 1@+
untag 0 :
o (DY) 40.10 ZEUS (prel.) DIS e
Rurd = T g oy — 140101753, H1 DIS —
o(D7)+o™ (D) G =
e’e” comb. HYA
(Large systematic error from D°(untag) signal extraction procedure, D 0.5 1: 1.5 2
this has consequences in the other measurements.) ] ] de
+ :
v 20(Dy) ZEUS vp o
s + untag /0 tag /0 add /~*+ ZEUS 96497 yp +—o—
oD )+o(D)+o=(D")+207 (D 7) ZEUS (prel) DIS ——@—+
_ +0.039 H1 DIS | u |
=0.265% 0'035—0.048 e*e” comb. (4|
0 02 0.4
Ts
a9 (DY/B.. ., +c(D™) .
d _ D ->D"x :
R/ = + tag ;0 add [y*+ ZEUS vp Al
oD )+ (D" )+c" (D ") ZEUS (prel.) DIS I
0.022 H1 DIS -
=0.590+ 0.037" :
-0.018 e’e’ comb. a4
Measured P9 is smaller than spin-counting prediction . 0.4 0.8 P%'B
d= v
P,4=0.75
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Charm fragmentation fractions

dd r*
fc—>D")= o(®)+o™ (D7)~ BD*+—>D°7z+)
Ogs
(e DY) O @)+ (DY) +o™ (D7) A+ By po,.)
c—>D")= z
Ogs
tag 0 add *+
feoD) =T L) Bo o+ D )
Ggs
+ -
f ¢ D;) =8 fc > Af) = 0
Ogs Ogs

where
Oy =0(D)+0"" (D) +0™ (D% +25" (D) +0(D;) + a(A;)

IS the total charm cross section.

Rates from Z.°* and Q_° are estimated from non-charm = and Q
states to be 14+5% of A, rate.

R. Walsh Low-x meeting, June 28 - July 1, 2006, Lisbon, Portugal



Charm fragmentation fractions

ZEUS preliminary results

f(c » D) =0.584+0.039+%%2
f(c— D*)=0.194+0.020+2923
f(c > D *)=0.190+0.014+39%3

f(c— DY) =0.103+0.013+3912

f(c - A%)=0.104+0.048+3918

R. Walsh

0.6

0.4

0.2

Charm Fragmentation Fractions at HERA

b,

i v t(c—D")

o f(c—D")

+ = f(c—D")

+| I i-l " f(c—D,)

I +: A & O f{ewA)
DIS Dis ¥p e'e

H1 ZEUS(prel.) ZEUS
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Charm fragmentation functions (H1)

gmoi— +ﬂ+
Event selection Zo0f +
500 |" {-,I
® D** —» DOt —» Kot aooF- . '
: [ et
® 2 <(Q2<100GeV2 0.05<y<0.7 00/ | *..,t;ﬂ:ﬁt&*##,’#ﬁﬁmﬁmﬁ+ !
200 1 '_
® p; (D*) >1.5GeV; n(D*)| < 1.5 oof /
||||| ;rllll|llll||lll|II||||I|||I|

| |
0?135 0.14 0.145 0.15 0.155 0.16 0.165 0.17
m(Knz_)-m(Kr) [GeV]

Hemisphere method:

In yp-frame cc pair is balanced in p;

;= (E+p)p-
2hem (E+ p)

thrust’
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Charm fragmentation functions (H1)

R. Walsh

y 3
|
®
.H 2.5 & H1 Prel. Data 2000
g asf
=
2 2F
1.5k
Ly Padergan
0.5 — MC [ =0.018
I & 201 bnid
Y Y
zI'||-rr|
_é 3
.H 2.5 & H1 Prel. Data 2000
g asf
=
2 2F
1.5k
1 Kartveliashvili
05 — MG a2=59
+ a1 bamd
Y Y

zI'||-|11

20

18

16F

14
12
o

S M B &

20

18

16f
14

| Kartvelishvili

12
n

H1 Prel. Dnta 2000
Hemispherns Method

Peterson
€ =0.018 + 0.004
- 0.003

R

0.015 ! 0.025

E

Tr =TT

L

H1 Prel. Dnta 2000
Hemispherns Method

a=59+0.7-0.6

S N B &
-

[ 1 : 1 |: 1 |
5 55 B 65 7

Lt |

Low-x meeting, June 28 - July 1, 2006, Lisbon, Portugal

11



Charm fragmentation functions (ZEUS)

Event selection Jet method: Energy of c-quark is
® D**+ _y DO+ — Kot gpproximated by the energy of the D*
jet
® Q2<1GeV?; 130 < W < 280GeV ,_(E+DP )~
® p; (D*) > 2 GeV; [n(D¥)| < 1.5 2E jer
®E jet>9 GeV; |nel| < 2.4
T U Peterson
011
%500 [ B ¢ ZEUS (prel.) 1996-2000
E + s ZEUS (prel.) 1996-2000 (120 pb™) 'g : PYTHIA (Peterson)
= Fit: Gaussian + A(AM - m )" = 2
E L + Backgr. wrong charge
g | s |
e } |
S 4 |
200 | 1]
H‘ A +0.011 K
100 ++++ + +++,++++ * +++++M+ ++ { | 05 {. Fit: € = 0.064 = 0.006 . \*
:_gt** . |
i ' L 0.2 04 0.6 0.8 I1

00.1!-1. I 0.145 0.15I I 0.155 I Il).llS 0.165
AM = M(Krn) - M(Kn) (GeV)
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Arbitrary units
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Charm fragmentation functions

ZEUS and H1 comparison with other experiments

ZEUS

® ZEUS (prel.) 1996-2000: B > 9 GeV, z= (E + p)) /2B

O OPAL Vs=912 GeV, 2= 2B,

0 ARGUS Vs = 10.6 GeV,z = p J(E},.- mp. )'”

nits
w

- g ¢
o N W >
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yu
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]
1
4

H1 hemisphere method

<A/s>= 10 GeV,
g — (E+PL)p»
leeln(E+p)

OPAL /s = 91.2 GeV,

7z = QED*/\/é
CLEO +/s = 10 GeV,
7z = pD*/pmax

* Different extraction methods and different scales involved,
reasonable agreement between charm fragmentation function

from different processes.

R. Walsh
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Strange production at HERA

Strangeness is largely produced at
HERA providing a rich environment
to study the fragmentation process
by investigating production rates,
relative yields, polarizations...

Measurements performed in the
following phase spaces:

® Photoproduction, at least 2 jets
®* DIS5<Q?< 25 GeV?

®*DIS Q? > 25 GeV?

For the three sets:

® 0.6 < p(K°%,A) < 2.5L1 GeV

® In(K%A)| < 1.2

R. Walsh Low-x meeting, June 28
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K9 production

(5 < Q2<25Gev?) ZEUS (02 > 25 Gev?)

(pb/GeV)
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R. Walsh Low-x meeting, June 28 - Ju

ZEUS

* In general, Ariadne describes reasonably well
the data (A,=0.3).

e But for lower p, A;=0.22 describes better the

* Lepto does not reproduce the data.

 Pythia also fails to reproduce the data in PHP.

® ZEUS (prel.) 121 pb™
Jet energy scale uncertainty

= PYTHIA
Ks
Photoproduction
15



A and A production

DIS
(5<Q?<25GeV)ZEUS
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« Similar situation as in the K% analysis.

 Adjusting a single parameter, A, is not
sufficient enough to describe the data
simultaneously.
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DIS (Q2 > 25 GeV?)
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Photoproduction

A=-0.07+0.6+1.0%
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» Production of both baryons should follow the same mechanism.

R. ¢ Influence from the initial proton should be small.



DIS

DIS

(5 < Q2<25Gev?2) ZEUS (02> 25 Gev?)

=P 0.

I'N

—_ 0.5
' <

(N,+N

0.3
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0.4 finnnrg

» ZEUS (prel.) 121 pb”

== LEPTO (0.3)
— ARIADNE (0.3) R between ~0.3-0.4
ARIADNE {0.22)
10 10 _ _
Q? (GeV?)

* Ariadne predicts R well in DIS, whereas in PHP Pythia underestimates R.

Photoproduction ZEUS
® 'F = S L L =2 06
o 2 b S o
E( |:L7§ f( o.?i— .— %:‘ .
= D‘sg Z o.sg— . . . - _; E.a 0.4
ap—
1 o hLAB
i“- E: ® ZEUS (prel.) 121 pb™
;.: E: Jet energy scale uncertainty
e —PYTHIA
EZ Photoproduction 0.1
wE Rupto~0.7! 0
OBS
Xy
* R ~ 0.4 for both direct PHP and low Q2 DIS
* R increases up to ~0.7 for lower values of x , where resolved PHP is
dominant.
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o(®"— K’ p) (pb)

Search for strange pentaquarks (ZEUS)
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Search for @ — KO.p - clear signal

observed

®Q2>20GeV? 0.04<y<0.95
® py(K%p) > 0.5 GeV, [n(K%p)| < 1.5
® p(p) < 1.5 GeV, p selection with dE/dx

> 221+48 events

> M(®*) = 1521.5+1.528 _ MeV

» width = 6.1+1.6 MeV
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c
o
=
2
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------ Gaussian
o I « Background
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150/ 4 =
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B events=221= 48
50|
45 1.5
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Cross sections (ZEUS preliminary)

c(ep—e®*X—eKo pX)=

125 + 27 *36_, pb

5(0*)/o(A) = 4.2 +0.9 *12 %

16, Lisbon, Portugal

19



Search for strange pentaquarks (H1)

Search for @ — KO p - NO signal observed by H1

®*5<0Q%2<100GeV?0.1<y<0.6
® p:(K%p) > 0.5 GeV, [n(K°p)| < 1.5
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Low-x meeting, June 28 - July 1, 2006, Lisbon, Portugal 20



Search for strange pentaquarks (H1)

Search for @ — KO p > 100 -5) H1
= T
Applying an upper cut in the momentum = | + { ﬂ
of the proton for comparison with ZEUS EZ /N +° _ |
® n(p) < 1.5 GeV -§ eol M W -
®20<Q%2<100 GeV? E i
® notice different y ranges e 4 « il d_ata
—0.1<y<0.6 (H1) ool ZEUSSigna — bgr fit
— 0.04 <y < 0.95 (ZEUS) i VLO < Q%< 100 GeV?
— 0_|-|||...|.......I..l...l..
No ®* signal obeserved! ﬁ-. gof
60 |-
Cross section upper limit @ 95% CL: @S 49F
o(M=1.52 GeV) < 72 pb 22 - 95%C.L. .
(ZEUS preliminary) 145 1.5 1.55 1.6 165 17175 18
s(ep—>e®@*X—eKo pX) = 125 + 27 +36__pb M(K¢p(p)) [GeV]
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Search for strange pentaquarks (ZEUS)

Searchfor=~ > = No =~ signal observed!
Upper limit @ 95% CL.:
ZEUS N(Z-)/N(Z°(1530)) < 0.29
% WA R R LR R LA LA LR R R E GRRLE L LR LR DAL LN LA RLLL LA AR
= 250 | =%1530) ;E'-'s 96-00 (a)4 = ool (b) | .
E - Background Fit | "E [ | EIAQ\ZSI observed by
gznn— 0’1 GeV’ . % 50/ | Q%20 GeV’ _ mass = 1862 MeV
E E b 1 width <18 MeV
Ssof- |1 | 4 & '} )
| e My ; | 1 Searches from other
1. S _ o ! !‘: experiments give
N 85% C.L. upper [ 1 | | | negative results
[ | a4l |]h limit on R 20 . vr- .
m__ ' Il‘l». I-' “I”r”' 'II || || ’ M “|E
0.2 P.' 10
i Hnus.gnulb\ |,;JL"-.:' ! | MA49 signal 4
0 ‘L [ | | ']
Lol W 1M " 0
1.5 1.6 1'.|" 13 1.9 2 21 2.2 23 24 15 16 1.7 1.8 1.9 2 21 22 23 24
M(Z7)(GeV) M(=x)(GeV)
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Search for charm pentaquarks (H1)

Search for ®. — D*p

40
®DIS: 1< Q2< 100 GeV? 0.05<y<0.73 H1
®p:Q2<1GeV2 0.2<y<0.8 E& 30 . D"p+D"p
= D* reconstructed from the decay mode: g —
D** — DOt —» K-nt*m* E 20
= protons selected using dE/dx i + + #
measurements ' ﬁﬁ%{iﬁw&w

-_-_; 1000 0 + + + +

= 4 H1 3 3.2 3.4 3.6

; 800 . K'xim: M(D*p) [ GeV ]

£ oo oo ® Mass = 3099 + 3 + 5 MeV

e i# ® Width = 12 + 3 MeV

200 PR ' ® 50.6+11.2 events
(5.4c: background fluctuation probability of
913 o014 015 016 017 4x10-8 (poissonian) converted to gaussian
AMG: [ GeV] sigmas)
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Search for charm pentaquarks (H1)

—~ 0.08
=} * H1 Prel
@)
Search for ®. — D*p T e
® Acceptance corrected ratio D*p/D* for g '
1 < Q2 < 100 GeV? (preliminary) §°-°4_|_
Ryo(D*P/D*) = 1.59  0.33 03, % AN N R p—
0.02 ...
® Differential cross sections in DIS R

® D*p suppressed close to the central 54 05 0 05 1

L ) : : n (D*)
rapidity regions compared to inclusive ~ 02
D*. =) * H1 Prel
@)
® D*p fragmentation function is hard %0.15 """ RAPGAP
as expected for a charm hadron of =
such mass. Hadronization function of a 01
D* from D*p is softer than inclusive =k
D* °
) 0.05: - cheennnarees -
——
0 | ] a
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Search for charm pentaquarks (ZEUS)

Search for ®. — D*p ZEUS
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® The charm fragmentation ratios and fractions were
measured In deep inelastic scattering at HERA and
results are consistent with universality.

® Charm fragmentation functions are measured.
Reasonable agreement from different processes.

® KO, A, A production at HERA

o Differential cross sections were measured in DIS and PHP.
Data is reasonably well reproduced by Ariadne in DIS, where
as Pythia fails to reproduce PHP.

0 Ato A production consistent with no asymmetry in the given
phase space.

o Baryon to meson production ratio show an enhancement in
resolved PHP. This is not predicted by Pythia.
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® Strange pentaguark searches

o Narrow state K°p observed by ZEUS at 1520 MeV.
o(ep—e®*X—eKO pX) = 125 £ 27 *36 pb
Not seen by H1.

o0 ZEUS does not observe - — Z1, seen by NA49.

® Charm pentaquark searches

o Narrow state D*p observed by H1 at 3099 MeV.
R.,(D*p/D*) = 1.59 + 0.33 *933 / ,.% (in DIS)
Not seen by ZEUS.
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