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Introduction

Predictions:

Jaffe-Wilczek(hep-ph/0307341):M(Θ
0
c)=2710MeV

Wu-Ma(hep-ph/0402244):m̄(Θ
0
c)=(4M(Θ

0∗
c)+2M(Θ

0
c))/6=2704MeV

SuchΘ
0
cwouldbetoolighttodecaytoDmesons

candecayweaklytoΘ
+
π
−

Karliner-Lipkin(hep-ph/0307343):M(Θ
0
c)=2985±50MeV

Γ(Θ
0
c)∼21MeV

Cheung(hep-ph/0308176):M(Θ
0
c)=2938−2997MeV

SuchΘ
0
cwoulddecaytoD

−
p(+c.c.)

IfM(Θ
0
c)>M(D

∗+
)+M(p)=2948MeV,Θ

0
ccandecaytoD

∗−
p(+c.c.)

Thisdecaymodecanbedominant(Karliner-Lipkin,hep-ph/0401072)

WereportasearchforΘ
0
csignalinM(D

∗−
p)(+c.c.)spectra
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Procedure:D∗+→D0π+
s→(K−π+)π+

sreconstruction
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(126.5 pb

-1
)

backgr. wrong charge

N(D*
±
) = 42730 ± 350

DATA1995-2000(126.5pb
−1

)

PT(D
∗±

)>1.35GeV,|η(D
∗±

)|<1.6

Candidateswith144<∆M<147MeV

(yellowband)wereused.Inthisrange

afterbackgroundsubtraction:

N(D
∗±

)=42730±350

Summaryofcuts:

PT(K)>0.45GeV,PT(π)>0.45GeV

PT(πs)>0.10GeV

PT(D
∗±

)/E
out10◦

T>0.12

1.83<M(Kπ)<1.90GeV(widerforhighPT(D
∗±

))

∆M=M(Kππs)−M(Kπ)
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Procedure:selectionofpcandidates

p
K

π
e

ZEUS 96+97

0.313
p (GeV)

PT(p)>0.15GeV

dE/dxcanbetried

itiseffectivemostly

forlow-Pprotons

protonsfrom5qdecays

can/shouldbefaster

thanabulkofπ,K

twostrategies:

1)selectprotonswithP<1.35GeVandrequiredE/dx>1.3

2)selectprotonswithP>2GeV

Inaddition,requirelower/upperlimitfromtheprotondE/dxband

tunedintheZEUSnon-charmpentaquarkanalysis
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Procedure:protondE/dxband
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MeasuredM(D∗p)spectra

ZEUS

0

10

20

30

40

50

60

70

2.9533.053.13.153.23.253.3

M(D
∗
p) = ∆M

ext
 + M(D

∗+
)PDG (GeV)

C
om

binations / 10 M
eV

ZEUS (prel.) 1995-2000 (126.5 pb
-1

)
P(p) < 1.35 GeV,
dEdx(p) > max(1.3,0.3/P(p)

2
+0.8)

like-sign combinations
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like-sign combinations

M(D
∗
p)=∆M

ext
+M(D

∗+
)PDG=M(Kππsp)−M(Kππs)+M(D

∗+
)PDG

pitifully,nosignalobserved...
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Procedure:D∗±inDISwithQ2>1GeV2

Charmfragmentationuniversalityrequiresf(c→Θ
0
c)

tobethesameinep,γp,ppandotherinteractions

StillitisusefultocheckDISalonebecauseitpermits

cleanerselection(smallerWγp=⇒smallermultiplicities)
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Q
2
 > 1 GeV

2

backgr. wrong charge

N(D*
±
) = 9697 ± 145

DATA1995-2000(126.5pb
−1

)

PT(D
∗±

)>1.35GeV,|η(D
∗±

)|<1.6

Ee′>8GeV,Q
2
>1GeV

2

N(D
∗±

)=9697±145

signaliscleaner

but∼4.5timessmaller

thanininclusivecase
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MeasuredM(D∗p)spectrainDISwithQ2>1GeV2

ZEUS

0

2.5

5

7.5

10

12.5

15

17.5

20

2.9533.053.13.153.23.253.3

M(D
∗
p) = ∆M

ext
 + M(D

∗+
)PDG (GeV)

C
om

binations / 10 M
eV

ZEUS (prel.) 1995-2000 (126.5 pb
-1

)
Q

2
 > 1 GeV

2

P(p) < 1.35 GeV,
dEdx(p) > max(1.3,0.3/P(p)

2
+0.8)

like-sign combinations
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like-sign combinations

M(D
∗
p)=∆M

ext
+M(D

∗+
)PDG=M(Kππsp)−M(Kππs)+M(D

∗+
)PDG

again,nothingtofit...
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Systematicstudies

selectingofDISwithQ
2
>1GeV

2
(wasshown)orQ

2
>15GeV

2

varyingdE/dxrequirementsforlow-Pselection

nodE/dxrequirementsforhigh-Pselection

requireinadditioncosΘ
∗
(p)>−0.7,whereΘ

∗
(p)istheangle

betweenpdirectionin5qr.f.and5qdirectioninthelab

studying/removingreflectionsfromD
∗∗
→D

∗±
π
∓

removingthecutonPT(D
∗±

)/E
out10◦

T;usingz(D
∗±

)>0.2instead

makingallcuts“ascloseaspossibletoH1selection”

Signaldidnotshowup
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Näıveestimationofexpectedsignals

wearenotyetreadywiththeupperlimiton

f(c→Θ
0
c)×B(Θ

0
c→D

∗−
p)

Näıveestimationofexpectedsignals(inspiredbyH1observations):

Nrec(Θ0
c→D∗−p+c.c.)
Nrec(D∗±)∼1%

Nrec(P(p)<1.35GeV,dE/dx(p)>1.3)
Nrec(allp)∼30%

Nrec(P(p)>2GeV)
Nrec(allp)∼40%

low-Pselection:0.3%fromN(D∗±)

high-Pselection:0.4%fromN(D∗±)

“Charm5qsearch”L.Gladilin10



Näıvesignalexpectations
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solargesignalsareexcluded
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NäıvesignalexpectationsinDISwithQ2>1GeV2
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fake signal of 0.4% from N(D
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sensitivityissmaller

solargesignalsarecertainlynothere
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Summary

UsingallHERA-Idata(126.5pb
−1

),
theZEUScollaborationdoesnotsee

anyresonancestructure
inM(D

∗
p)spectra

TheZEUSdataconstrain
theuncorrectedfractionofD

∗±
mesons

originatingfromΘ
0
cdecays

tobebelow1%
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Backup:D±→K∓π±π±andΛ±
c→K∓p±π±

Lint=65.5pb
−1
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2
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2

PT(Λc) > 3.8 GeV,  |η(Λc)| < 1.6 PT(Λ
±

PT(Λc) > 3.8 GeV,  |η(Λ
±

N(Λc) = 1390 ± 380 N(Λ
±

nolifetimetagging(pre-MVDdata)nodE/dxselection(high-PTrange)

N(D
±
)=9600±620N(Λ

±
c)=1390±380
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Backup:fragmentationfractions

ZEUSprel.(γp)CombinedH1prel.(DIS)
PT(D,Λc)>3.8GeV,|η(D,Λc)|<1.6e

+
e
−

data

f(c→D
+
)=0.249±0.014

+0.004
−0.0080.232±0.0100.202±0.020

+0.045
−0.033

+0.029
−0.021

f(c→D
0
)=0.557±0.019

+0.005
−0.0130.549±0.0230.658±0.054

+0.117
−0.142

+0.086
−0.048

f(c→D
+
s)=0.107±0.009±0.0050.101±0.0090.156±0.043

+0.036
−0.035

+0.050
−0.046

f(c→Λ
+
c)=0.076±0.020

+0.017
−0.0010.076±0.007

f(c→D
∗+

)=0.223±0.009
+0.003
−0.0050.235±0.0070.263±0.019

+0.056
−0.042

+0.031
−0.022

charmfragmentationfractionsareuniversal

weusecorrectnormalisationforpQCDpredictions

HERAmeasurementsconfirmsuniversality

ofcharmfragmentation
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Backup:searchforradiallyexcitedD∗′±meson
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D
∗′±

→D
∗±

π
+
π
−

ObservedbyDELPHI(∼5σ):M=2637MeV

Γ<15MeV

CLEOandOPALdidnotconfirm

⇐=ZEUSsearch

∆M
ext

=M(KππSπ4π5)−M(Kππs)

Searchwindow:2.59<∆M
ext

+M(D
∗+

)<2.67GeV

coversbothpredictionsandDELPHI’sobservation

afterbackgr.subtraction:“N(D
∗′±

)”=91±75

Usingworldaverageforf(c→D
∗+

):

f(c→D
∗′+

)·BD∗′+→D∗+π+π−<0.7%(95%C.L.)

(ZEUSprel.)

somewhatstrongerthanthe0.9%limit

obtainedbyOPAL
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Backup:orbitallyexcitedP-waveDmesons
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D
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2→D

∗±
π
∓

∆M
ext

=M(KππSπ4)−M(Kππs)

2-dimensionalfitwithfixedM,Γ,

resolutionandhelicitydistr.:
dN

dcosα∝1+3cos
2
α(1

+
,L+s=3/2)

dN
dcosα∝1−cos

2
α(2

+
,L+s=3/2)

helicityangleα:betweenπ4andπs

inD
∗±

restframe

N(D
0
1)=526±65

N(D
∗0
2)=203±60

Additionalnarrowbump?

N=211±49

M=2398.1±2.1(stat.)
+1.6
−0.8(syst.)MeV

NewDmeson?Interference?
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Backup:charm-strangeD±
s1(2536)meson

D
±
s1(2536)→D

∗±
K

0
s,K

0
s→π

+
π
−
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∆M
ext

=M(KππSπ3π4)−M(Kππs)−M(π3π4)

N(D
+
s1)=62.3±9.3

M(D
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s1)=2534.2±0.6±0.5MeV(∼MPDG)
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)

Fit : Gauss + A (∆M
ext

)
B

N(Ds1 → D
∗±

Ks
0 ) = 62 ± 9 N(D

±

Helicityangleα:betweenK
0
sandπsinD

∗±
r.f.

Fittoaform:1+Rcos
2
α

R=−0.53±0.32(stat.)
+0.05
−0.14(syst.)(ZEUSprel.)

CLEO(D
+
s1→D

∗0
K

+
):R=−0.23

+0.40
−0.32

ZEUS:consistentwithR=0,i.e.J
P

=1
+

doesnotcontradicttoR=−1

expectedforJ
P

=1
−
,2

+
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Backup:fragmentationfractionsforexcitedDmesons

Usingworldaverageforf(c→D
∗+

):

f(c→D
0
1)[%]f(c→D

∗0
2)[%]f(c→D

+
s1)[%]

ZEUS(prel.)1.46±0.18
+0.33
−0.27±0.062.00±0.58

+1.40
−0.48±0.411.24±0.18

+0.08
−0.06±0.14

CLEO1.8±0.31.9±0.3

OPAL2.1±0.85.2±2.61.6±0.4±0.3

ALEPH1.6±0.54.7±1.00.94±0.22±0.07

DELPHI1.9±0.44.7±1.3

1)thesameamountsofexcitedDmesonsine
+
e
−

andepdata

2)situationwithf(c→D
∗0
2)isnotclear

3)f(c→D
+
s1)istwiceaslargeastheexpectation:

γs×f(c→D
0
1)≈0.3×2%=0.6%Why?
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Backup:triggerselection

Firstleveltrigger:

CAL-FLT:regionalenergysums

CTD-FLT:“tracks”lookingtothenominalinteractionpoint

DIS:scatteredelectron(andCTD-FLT)

UntaggedPhP:CTD-CALandCTD-FLT

TaggedPhP:44mand35mtaggers,CTD-CALandCTD-FLT

Secondleveltrigger:

DIS:scatteredelectronandCALenergies

UntaggedPhP:CALenergiesandSLTtracks(high-W)

TaggedPhP:44/35mtaggers,CALenergiesandSLTtracks

Thirdleveltrigger:

InclusiveDIS:almostofflineselection

D
∗±

inDIS:reconstructedD
∗±

inDISevents(lowQ
2
)

InclusivePhP:dijetevents

D
∗±

inPhP:reconstructedD
∗±

intagged/untaggedPhPevents
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