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● Motivation

● Multiplicity studies in NC DIS:
− multiplicity distributions

− KNO scaling

− energy dependence of  multiplicity with 
different energy scales

● Scaled momentum distributions in dijet 
photoproduction:
− comparison with the MLLA predictions

− 
eff

, LPHD kch



   Particle Spectra at ZEUS ● Lydia Shcheglova ● Moscow State University EPS 2009 ● Krakow ● July 16-22 2009     3/24

Data and motivation
• Luminosity 38.6 pb-1 collection in 1996-7 

with E
proton

= 820 GeV and E
e+

= 27.5 GeV

• NC DIS events with Q2 > 25 GeV2

70 < W< 225 GeV
Comparison with e+e-  in previous studies in 
Breit frame:

• a reasonable agreement at Q>8 GeV

• no agreement at Q<8 GeV 

• explained by the asymmetric nature of γ*p

Alternative energy scales to Q:

• the invariant mass of hadronic system      
and 

• the available energy in the current region of 
Breit frame       or of HCM           ≈ W/2
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Multiplicity Distributions in DISMultiplicity Distributions in DIS
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Multiplicity in

2       bins in the 
Breit frame

W bins in HCM 
frame

Meff bins in the 
Breit frame 

Meff bins in the CR 
of HCM frame

 
ARIADNE is the 
best
 
HERWIG 
−longer tails for 
multiplicities

→ increase of     
the systematic 
uncertainties

 
Ecr

B
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                                  KNO SCALING
Koba, Z.H.B.Nielson, P.Olsen
                          N.P.B40(1972)317W  and 2 Ecr bins

Scaling behaviour observed for HCM 
and Breit except Meff less than 4 GeV

Meff bins 
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KNO scaling  
comparison with e+e-

a) ep in bins
     2 Ecr  
          

           W      

2EB   

data from one
             hemisphere

                LEP (DELPHI, OPAL) at Z0              LEP(DELPHI, OPAL, L3, ALEPH)                       
                            PETRA(TASSO)                          PETRA(TASSO)

  

a) b)

data for 2 
             hemispheres

B

cr
>12GeV

b)  in bins
         Meff

  Meff>8 GeV 
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scales used:

      2 Ecr

   

           W

      Meff

 

Energy dependence of average 
              multiplicity

B

   At low energy scales :
   differences if 2Ecr   or Q
   used      

B
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All three models describe 
the data reasonably well, in 
the last Meff bin in C.R. HCM 
the Herwig prediction is too 
high

<nch> vs Meff  in the C.R. of 
the Breit frame shows the 
same behaviour  as 2<nch> 

vs 2Ecr.

 <nch> vs Meff rises faster in
 HCM than in the Breit frame

B

             Meff energy scale
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                     Summary plot 

The measurements show good
overall agreement with the those 
from other experiments. Exibit
approximately the same depen-
dence of the <nch> on the respec-
tive energy scale.

 −  At low value of energy <nch> vs 

    2 Ecr agrees well with e+e- in 
    contrast the previous measure-  
    ments vs Q.
  −  data in C.R. of HCM (W)  agree
      with the LEP data, but syste-
      matically below them
   − when using these scales, ep DIS
      data can be consistently compa-
       red with data from e+e-, P and 
     P collisions over a wide energy
       region

B
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Scaled momentum distributions of Scaled momentum distributions of 
              charged particles in dijet charged particles in dijet 
                              photoproductionphotoproduction
Data and motivation

Luminosity 359 pb-1 collected in 2005-7
                     with Eproton= 920 GeV and Ee= 27.5 GeV

 Photoproduction events (p) were studied :
− required to have only two reconstructed jets
− energy scales in the range 19 to 38 GeV
−  cones of various opening angles c  around the jet axis
− jets were reconstructed using the kT cluster algorithm

Tests of MLLA predictions
 −   comparison of the scaled momentum distribution 
      in jets with MLLA , LPHD is assumed
 −   extract MLLA scale  eff  and the LPHD parameter ch

− eff  previously measured for ee , eP,    , never for  P

 −  is  eff  independent of interraction type? ee, ep,       , P

 −  is  eff independent of Ejet and c as predicted?

−
PPPP

−
PPPP
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The MLLA+LPHD Theoretical Framework
             The Modified Leading Log Approximation          

            The Local Parton Hadron Duality (LPHD)

●  All orders pQCD resummation                                                                      
●  Analitical description of parton evolution
●  Predicts parton multiplicity and momenta
●  MLLA describes fragmentation with 2 parameters:
    Q0 – self-imposed cut-off energy scale

    eff - QCD scale effective parameter 
●  We study MLLA within jets, where fragmentation is well drfined 
●  eff – predicted to be universal
●   Assuming Local Parton Hadron Duality MLLA predictions are directly
     comparable to the data
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Measurement of eff and ch

             Strategy of the analysis

To check the validity of the MLLA ptedictions fitting of 
the measured  distributions was done by 

● 2 methods:
           Gaussian around mean
            MLLA +LPHD theory
●   peak , eff and ch were extracted from fits
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The measured  distributions
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The Gaussian fit method

● Gives peak position of  distribution,  peak
●

  peak gives eff - Only valid for Leading Order

The MLLA +LPHD fit method

• Gives  eff and  (thenormalization) directly from fit
• ch is calculated from    
• eff has strong dependence on ambiguous fit range
•  ch only weakly dependant on the fitting range

The results presented here use 

• The Gaussian method for  peak and  eff

• The MLLA+LPHD method for ch and to cross check eff 
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The MLLA+ LPHD fit method
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Quarks, gluons and the next-to-MLLA  predictions
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eff as a function of energy scale for different experiments
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                                        ConclusionsConclusions

Hadronic spectra proved to be a powerful tool for 
study of various aspects of the multiparticle dynamics:

Multiplicity studies in NC DIS:
    – detailed comparison multiplicity distributions with
      MC models
    – KNO scaling was studied with different energy
      scales
    – energy dependence of multiplicity was investigated for
       different energy scales and detailed comparison with e+e-
        was done
Scaled momentun distribution:
      – scaled momentum distributions were measured
      –eff and LPHD and ch  were extracted

Still rich program of studies with ZEUS : many results not 
shown, many studies in progress...
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Thank you for your attention!Thank you for your attention!

                              Many thanks to Krakow Many thanks to Krakow 
                                                for for 
                                    hospitality!hospitality!


