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1. Charm Fragmentation: is it universal?

2

 e-e+

 D*

➔Probe different colour configurations
➔ Study at HERA over wide pT(c) range  

 Observable z: Momentum fraction of c quark transferred to D* meson

 ep at HERA



Phenomenological models:

3

➢ Experimental definition e+e-:
  z~ED*/Ebeam 
  



Experimental definitions at HERA
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➢ Jet method (ZEUS, H1):
    energy of c-quark approximated by 
  energy of reconstructed D* jet
  z=(E+p||)D*/(E+p)jet 

➢ Hemisphere method (H1):
    energy of c-quark approximated 
  by energy of reconstructed 
  D*-hemisphere
  zhem=(E+p||)D*/(E+p)i  



 Results and comparison with LO+PS+Jetset (standard tunes) MC simulations 
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➔ HERA resu l ts  agree  wi th  MC mode ls  wi th f ragmenta t ion tuned to  e+e -  da ta  universa l i ty  

JHEP04 (2009) 082
EPJ.C59:589,2009.ZEUS:

 Q2<1 GeV2

 ET
(jet)>9 GeV

H1:
 2<Q2<100 GeV2

 D* Jet sample: ET(jet)>3  GeV
 No jet sample

zhem



 Results and Fits to NLO QCD
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➢Je t  sampl es  vs  NLO  x  F ragmenta t ion  func t ions :  ⇒ f i t t ed  pa ramete rs  somewhat  d i f f e rent  
compared to  pa rameter s  ob ta ined  f rom cor respond ing  NLO f i t s  to  e +e -  da ta  ( c ou ld  be  due  to NLO 
be ing  d i f f e ren t /mean ing  d i f f e ren t  th ings  f or  ep  and  ee )

➢No D * j e t  samp le  ⇒ r esu l t s  d i f f e r !  ⇒ need  re f ined  theory  t rea tment  a t  charm produc t ion  th resho ld !

JHEP04 (2009) 082
EPJ.C59:589,2009.

zhem zhem

 Especially sensitive to kinematic threshold 

Al ternat ive f i ts  
w i th  Peter son FF

  Compare to typical value obtained from 
  NLO fit to e+e- data:  =0.035   (Nucl.Phys.B565:245-266,2000)

=0.079+0.013
-0.009 =0.068+0.015

-0.013 =0.007+0.001
-0.001



2. Excited charm mesons
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 e-e+

HQET predicts 2 doublets of 
excited D mesons (Qq) with L=1:

Doublet with j=L+sq = 3/2
     D-wave decays ⇒ narrow states

Doublet with j=L+sq = 1/2
     s-wave decays ⇒ wide states

D1(2420)0 and D2
*(2460)0   known since ~1990, 

but parameters are being re-established, 
e.g. (D2

*0) updated significantly in PDG2006

Available results in PDG 2010: 
 Belle and Focus on D0*(2400)0

 Belle and Babar on D1(2430)0

 large parameter uncertainties!

➔ Wha t  can  we  l ea rn  a t  HERA?   ZEUS s tud ies  on  na r row D 1(2420) 0 and  D 2
*(2460) 0 s ta tes



M(D*) and M(D) distributions in HERA I EPJ.C.60 (2009) 25-42
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F i t t ed  D 1(2420 ) 0   mass  and  he l i c i t y  p a r ame te r s
ag r ee  we l l  w i th  o th e r  mea su r emen ts ,  b u t  w id th
 (D 1)  =  53 .2   7 .1 ( s ta t ) + 3 . 3

- 4 . 9  ( sy s t . )  MeV
i s  h ighe r  than  PDG ave r age  o f   20 .4  1 .7  MeV

Simultaneous fit 

using 
D*K s, K s 

using DK

split signals in four helicity bins 

➔ Can we confirm with HERA II ?
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HERA II: Mass peaks   ZEUS PREL.10-016

D*

D

D*a

Da

 Improved D signal in HERA II 
with lifetime tag (Si-tracker) 

➔ Clear signals for D1(2420)0 and D2
*(2460)0

➔ Very well described by fit (described in the following)



HERA II: M(D*) in 4 helicity intervals 
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Helicity angle  – between
s and a in D* rest frame 

 dN/dcos  ~ 1 + h cos2, h=? 

HQET predicts: 
h =  3 for D1(2420)0  
h = -1 for D2

*(2460)0 
h =  0 for D1(2430)0  

(wide state) 

D1(2420)0 contributions increases
with |cos |, dominates bump
for |cos |>0.75

Make simultaneous 2 fit of these
four and M(D) histograms
  fix ((D2

*0) = 43 MeV and h(D2
*0)=-1)

 ZEUS PREL.10-016



D1
0, D2

*0 fit results
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➔ HERA II prel. results confirm HERA I:
➔ Masses M(D1

0), M(D2
*0): agree with PDG2008 values

➔ Helicity parameter h(D1
0): 

➔ inconsistent with pure S-wave decay, h=0
➔ Consistent with HQET prediction for a pure D-wave decay, h=3

➔ Width (D1(2420)0):   significantly above PDG2008 value

 One possible explanation: larger s-wave admixture at ZEUS
with respect to that in measurements with restricted phase space (e.g. Belle)

 ZEUS PREL.10-016EPJ.C.60 (2009) 25-42



Mixing of D- and S-waves for D1(2420)0

12

Relat ive phase   between D and S wave ampl i tudes can be expressed for  g iven rat io 
of part ia l  widths r  =  S  /( S+ D)  as funct ion of  measured he l ic i ty h 

➔ ZEUS measurements favour negative cos 

 r  =  S  /( S+ D) 
 r  =  S  /( S+ D) 

 ZEUS PREL.10-016EPJ.C.60 (2009) 25-42



Conclusion
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➔ For  events  with hard sca le:  resul ts  & parameters ~cons is tent with e -e + data 
   Fragmentat ion   

1. Measurements of charm fragmentat ion funct ion (D * )  at HERA: 

➔ For  events  at k inemat ic  threshold:    resul ts  & parameters  d i f fer ,  
    poor descr ipt ion by NLO QCD + s tandard fragmentat ion funct ions  
      need for  ref ined theory descr ipt ion     

2. Exci ted charm mesons at HERA 

➔ New HERA II resu l ts  on D 1(2420) 0 and D 2
*(2460) 0 cons is tent  with HERA I   

➔ (D 1
0)  is  la rger than in  measurements  at other  co l l iders/env ironments  

    ( la rger  S-wave admixture?)  


