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Outline

•Motivation

•Colordynamicsofstrangequarkproductioninepscattering

•K0
s,Λ,Λ̄andφ(1020)productioninDISatHERA

•ObservationofK0
sK0

sresonancesinDIS

•Observationofthestrangeseaintheprotonviaφ(1020)

productioninDIS

1



Motivation
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•DISisviewedasfewdynamicallydis-
tinctphases:
I-partonevolution,hardscattering;
II-partonshower;
III-strings/clustersformation,decays;
IV-resonancesdecay

•Apartoncontentoftheproton:
–DGLAP,PDFmodels,F2(x,Q

2
)

•ss̄productionparametrisedbythe
constantstrangeness-suppressionfactor,
λs=Ps/Pu,d

•λsine
+
e

−
islargerthemine

+
pscatter-

ing.

•Strangehadronproductionisnotknow
tobewelldescribedbyMCmodels

•Howquantumsystemslikestringsorclusters

breakesintodiscretemassspecies?

•Doestheprotonwavefunctioncontaina

largestrangecomponent|UUDs̄sX〉?

•FragmentationbyK
0
s,Λ

Protoncontentbyφ
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φ,Ks,Λ,Λ̄productionmechanismsinep
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•a)Hadronisationofsfromtheproton
seainγ

∗
s→s(QPM)orγ

∗
s→sg

(QCDC)process

•b)Rateoftheboson-gluonfusionpro-
cess(BGF),γ

∗
g→ss̄,isrelatedto

thegluondensityintheproton

•c)-d)Hadronisationprocessalone
contributestothestrangenessproduc-
tion

•e)decayproductofhigher-massstates

•f)diffractiveproduction
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DISatHERA

•HERAcollide

e
±
(27.6GeV)+p(820/920GeV)

e+

P

γ*

⊂

⊂
⊂
*
*
*

⊂h a d r o n s

r e m n a n t
q

kk’

•q=k−k′Q2=−q2

x=
Q2

2p·qy=
p·q
p·k

•Datasamples(integratedluminosity)
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φ,Ks,Λ,Λ̄identification

•φidentifiedthroughthedecay
φ→K

+
K

−

–Pairoftrackswithopposite
chargefromtheprimary
vertex.

•K
0
s,Λ,Λ̄selection
–Eventswithawellseparated

secondaryvertex
–Pairoftrackswithopposite

charge.
–ForΛ/Λ̄selectionthehighest

momentumtrackisp/p̄as-
sumed.
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StrangeparticlesignalsinDIS
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•ClearsignalsforK
0
s,Λ,Λ̄andφ

•K
0
s

Kinematicrange:50<Q
2

<500GeV
2
,

3·10
−4

<x<10
−1

,0.5<pT<5GeV,

|η|<1.5

-Largestatistics
-Lowbackground

•Λ(Λ̄)
-StatisticslowerthanK

0
s,but

lowbackground

•φ(1020)
Kinematicrange:10<Q

2
<100GeV

2
,

2·10
−4

<x<10
−2

,1.7<pT<7GeV,

-1.7<η<1.6

-StatisticslowerthanK
0
s,Λ,high

combinatoricbackground
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K0
sK0

sresonancesinDIS

•K
0
sK

0
sisexpactedtocoupleto0

++

and2
++

glueballs

LatticeQCDpredictsaglueball
scalarstateat1.7±0.15GeV

•StandardDIScuts
•EventswithatleasttwoK

0
scandidates

-pT(K
0
s)≥200MeV

-DecaylengthofK
0
s∈[2,30]cm

-CollinearityangleθXY<0.12
-Armenteros-Podolanskimomentum
p

A
T>110MeV

•K
0
spuritybetterthan97%afterallse-

lectioncuts
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FirstobservationofJCP=(even)++inDIS

2553K
0
spaircandidatesintherange

0.995<M(K
0
sK

0
s)<2.795GeV

ThresholdeffectsatcosθK
0

sK
0

s>0.92:
BE,f0(980)/a0(980)

Fitwiththreemodifiedrelativistic
Breit-Wigner+BG

f(1276)consistentwith:
a2(1320)/f2(1270)interference

f(1537)consistentwith:
f2(1525)1-stobs-ninDIS

f(1726)consistentwith:
f0(1710)1-stobs-ninDIS
(glueballcandidate)
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93%oftheK
0
sK

0
sstatesareinthetarget

regionofBF:gluon-richregion
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TotalKs,Λ,φcrosssectionsinDIS

ZEUS(prel.)CDM:λs=0.3CDM:λs=0.2HERWIG

σ(K
0
s)[pb]2454±18

+32
−102276222571854

σ(Λ)[pb]292±9
+7
−18302240661

σ(Λ̄)[pb]279±9
+12
−18301243668

σ(Λ+Λ̄)/σ(K
0
s)0.231±0.005

+0.005
−0.0060.2180.2140.717

σ(Λ)/σ(Λ̄)1.05±0.05
+0.05
−0.051.000.990.99

λs=0.22

σ(φ)[nb]0.507±0.022
+0.010
−0.0080.7010.5090.36
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K0
sandΛdifferentialcrosssectionsinLabFrame
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•Datacrosssectionsarecomparedto
MCmodelswiththeCTEQ5Dparton
densities.

•TheHERWIGpredictionsarerenor-
malisedtothedatacrosssections.

•HERWIGfailstoreproduceshapeof
K

0
sandΛcrosssectionsinpT;ARI-

ADNEdoesbetterforK
0
swithλs=0.2

Theeffectofλsvariationisnonuni-
form.

•Ratios
pTshapedescribedbybothMC
models;ηisnot.

ΛcrosssectionsdecreaseswithpTless
steepifcomparedtoK

0
scrosssections

Thesameisvalidfortheforwardre-
gion.
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Breitframe

CurrentTarget
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•Breitframeisnaturalwaytoseparete
theradiationofstruckquarkandthe
protonremnant

•Scaledmomentum

xp=2p/Q

•Currentregion(pz<0)

–Quark-partonmodel

xp(s)=2p(s)/Q=1

–FirstandhigherorderQCD

xp(s)6=1

•Targetregion(pz>0)

–Maximumremnantmomentum

PR'Q(1−x)/2x

x
max
p'(1−x)/x>>1
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K0
sandΛcrosssectionsinBreitframe
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•Currentregion:weaksensitivitytoλs

-HERWIGdoesnotfallsteeplyenough

-ARIADNEdescribethedatawithany
λs=0.2÷0.3

•Targetregion:
dσ
dxp

∼e
cλs

(cascade)

λsvalueissensitivetotheparticlemass

λs(mΛ)>λs(mK
0

s)

-ARIADNE:λs≥0.3atxp>0.5and

λs∼0.22−0.25atxp<0.5

-HERWIGfallstoosteeply
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φ,Ks,Λ,Λ̄productionmechanismsinep
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•a)Hadronisationofsfromtheproton
seainγ

∗
s→s(QPM)orγ

∗
s→sg

(QCDC)process

•b)Rateoftheboson-gluonfusionpro-
cess(BGF),γ

∗
g→ss̄,isrelatedto

thegluondensityintheproton

•c)-d)Hadronisationprocessalone
contributestothestrangenessproduc-
tion

•e)decayproductofhigher-massstates

•f)diffractiveproduction
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Strangecontentoftheproton
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•s-quarkdistributions

–CTEQ/MRS:
xs=Ax

−λ
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η
P(x,s)

atQ
2
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2
0∼1GeV

2

–GRV:
xs=xs̄=0atQ

2
=µ

2
∼0.4GeV

2

•GRVmodelfors(x,Q
2
)

–s(x,Q
2
)generatedradiatively

–parameterfree
–lowerboundforthestrangesea

•GRVstrongerriseasxdecreasesthan
CTEQ
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φ(1020)differentialcrosssections
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•crosssectionsfromMC
modelswithλs=0.22val-
uesandtheCTEQ5Dparton
densities.

-ss̄pairsfromQPMand
QCDC(greenshadedband)

-ss̄pairsfromBGF(yellow
shadedband)

•CurrentregionoftheBreit
framecontainsasignificant
fractionofeventsdueto
thehardscatteringonthe
strangesea

•Relativecontributionfrom
hardQCDincreaseswith
pt(φ)
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Leadingφ(1020)mesonsinthecurrentregion

ZEUS
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•Anyadditionalgluonemissionsarenotim-
portantforxp>0.8andthescattering
isgivenbythewell-understoodprocess,
γ

∗
s→s

•Thehatchedbandsrepresentsuncertain-
tiesinthesimulationoftheφ(1020)
mesonsproduction(λs=0.2-0.3)withthe
CTEQ5Dpartondensity

•
High-momentumφmesons(xp>0.8)
inthecurrentregionoftheBreitframe
giveclearevidenceforthestrangeseain
theproton.
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Conclusions

•InclusiveK
0
s,φ,Λ,Λ̄productioninneutralcurrentDISe

+
pscatteringhasbeenstudied

withtheZEUSdetector

•LEPTO/ARIADNEwithCTEQ5Dandλs=0.3overestimatesthecrosssectionsinthe
laboratoryframeandinthecurrenthemisphereoftheBreitframe

However,thehadronproductioninthetargetBreit-frameregion,predominatelydeter-
minedbythefragmentaionprocess,iswelldescribedbyMCmodelswithλs=0.3

HERWIGistotallyinconsistentwiththeZEUSdataonK
0
s,φ,Λ

•Foralltheλsvaluesstudied,MCfailtodescribeη(φ)andthecurrent-regionxp(φ)cross
sections

•Detectionofleadingφ-mesonsinthecurrentregionoftheBreitframeprovidesdirect
evidenceforthestrangeseaintheproton

•Resultsindicatetheneedforanadjustmentofλsands(x,Q
2
)intheproton

•FirstobservationinDISresonatedK
0
sK

0
ssystemsatmasses1537

+9
−8MeVand1726±7MeV
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