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Experimental Method 

•  Semi-Inclusive DIS (SIDIS) on the Nucleon 

  Access parton fragmentation functions 
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•  Experimentally well studied on 
the nucleon 

•  Probabilistic interpretation 



Measurements on the Nucleus 

•  Initial reaction identical to nucleon DIS 

•  Final state influenced by nuclear matter  

•  Compare several nuclei  

•  Information on FSI 
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electron

nucleus

hadrons



parton
pre-hadron

hadron
lc lf0

Hadronisation in Matter 

•  Evolution in space and time 

•  Parton propagation 
  Gluon radiation 

  Partonic rescattering 
  length < lc 

•  Pre-hadron propagation 

  Quantum numbers of h 
  Colourless but off shell 

•  Hadron formation 
  Formation length lf up to 10fm (outside N) 
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Nuclear effects in SIDIS 

5

• use targets of different nucleon number A for different length 
scales to investigate space-time development of hadronization

! HERMES: D, He, Ne, Kr, Xe

• nuclear effects:

! hadron attenuation

! pt broadening

Experimental Observable 

•  Hadron multiplicity ratio 

  comparing nucleus A with deuterium D 

  Exp. systematics cancel largely 
  Partonic and hadronic effects contribute 
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Fig. 1. Kinematic planes for hadron production in semi-inclusive deep-inelastic scat-
tering and definitions of the relevant lepton and hadron variables. The quantities
k = (E,!k) and k′ = (E′,!k′) are the four-momenta of the incident and scattered lep-
ton, (Eh, !ph) is the four-momentum of the produced hadron, and !pt is the transverse
momentum of the hadron.

ton and hadron kinematic variables. The ratio Rh
A depends on the leptonic

variables ν, the energy of the virtual photon, and Q2, the negative of the
four-momentum of the virtual photon squared, and on the hadronic variables
z = Eh/ν, the fraction of the virtual-photon energy carried by the hadron, and
p2

t , the square of the hadron momentum component transverse to the direction
of the virtual photon. Thus Rh

A can be written as:

Rh
A(ν, Q2, z, p2

t ) =

(

Nh(ν,Q2,z,p2
t
)

Ne(ν,Q2)

)

A
(

Nh(ν,Q2,z,p2
t
)

Ne(ν,Q2)

)

D

, (1)

with Nh(ν, Q2, z, p2
t ) the number of semi-inclusive hadrons at given (ν, Q2, z, p2

t ),
and N e(ν, Q2) the number of inclusive DIS leptons at (ν, Q2). Implicit in this
definition is the integration over the angle φ between the lepton scattering
plane and the hadron production plane (see Fig. 1).

Experiments at large values of ν [2,3] give values Rh
A ≈ 1.0 within the exper-

imental uncertainty. This is interpreted as an indication that nuclear effects
are negligible in that region. At lower values of ν the value of Rh

A has been
found to be well below unity [1,4,5].

Even though hadronization is not yet quantitatively understood, it is generally
assumed that the following processes play a role in leptoproduction of hadrons.
After a quark in a nucleon has absorbed the virtual photon, it can lose energy
by scattering from other quarks and by radiating gluons. As a result the value
of Rh

A may be influenced. A change in Rh
A can also result from the quark

in a nucleus having a different distribution function as a result of partonic
rescaling. These two effects will be called partonic mechanisms.

After a certain time a colourless object, called a prehadron, is formed, which
has the quantum numbers of the final hadron, but not yet its full wave func-
tion. The concept of colour transparency [11] is closely related to this. The
prehadron then evolves over some time into the physical hadron. In the Lund
model [12] the process of (pre)hadron formation is described as the building of

6



HERMES at HERA, DESY 
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•  Long. polarized 
electron/positron 
beams 27.6 GeV 
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27.6 GeV

7
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• Forward acceptance spectrometer: 40 mrad ! " ! 220 mrad

• Kinematic coverage: 0.02 ! xBj ! 0.8 for Q2 > 1 GeV2 and W > 2 GeV

• Tracking: #P/P = 0.7% - 2.5%, #" ! 1 mrad

• PID: TRD, Preshower, Calorimeter, RICH (Cherenkov before 1998)

HERMES Spectrometer

e+/e-

D, He, 
Ne, Kr, Xe

HERMES Spectrometer 
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Magnetic spectrometer with transv. and long. polarized targets 



First Publication 

•  Multiplicity ratio 

  1D dependence 

•  A dependence  
  compatible with A2/3 
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k = (E,!k) and k′ = (E′,!k′) are the four-momenta of the incident and scattered lep-
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ton and hadron kinematic variables. The ratio Rh
A depends on the leptonic

variables ν, the energy of the virtual photon, and Q2, the negative of the
four-momentum of the virtual photon squared, and on the hadronic variables
z = Eh/ν, the fraction of the virtual-photon energy carried by the hadron, and
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plane and the hadron production plane (see Fig. 1).

Experiments at large values of ν [2,3] give values Rh
A ≈ 1.0 within the exper-

imental uncertainty. This is interpreted as an indication that nuclear effects
are negligible in that region. At lower values of ν the value of Rh

A has been
found to be well below unity [1,4,5].

Even though hadronization is not yet quantitatively understood, it is generally
assumed that the following processes play a role in leptoproduction of hadrons.
After a quark in a nucleon has absorbed the virtual photon, it can lose energy
by scattering from other quarks and by radiating gluons. As a result the value
of Rh

A may be influenced. A change in Rh
A can also result from the quark

in a nucleus having a different distribution function as a result of partonic
rescaling. These two effects will be called partonic mechanisms.

After a certain time a colourless object, called a prehadron, is formed, which
has the quantum numbers of the final hadron, but not yet its full wave func-
tion. The concept of colour transparency [11] is closely related to this. The
prehadron then evolves over some time into the physical hadron. In the Lund
model [12] the process of (pre)hadron formation is described as the building of
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New Results - 2D Analysis 

•  P 
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•  2D dependences extracted 
   variables: 

  over 100 distributions 
  avoids integration 

  disentangles dependence 

•  ν dependence in z slices 

  substructures observed 

  π+ and K+ similar 
  protons pronounced 
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New Results - 2D Analysis 

•  P 
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π+ and π- similar while K- differ 



New Results - 2D Analysis 

•  pt
2 dep. in z slices 

  Nuclear 
broadening – 
Cronin effect 

•  Less than 
predicted in  
Nucl.Phys.A740
(2004)211 

•  Disappears for 
high z   

  Compatible for 
negative 
hadrons 
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New Results - 2D Analysis 

•  z dep. in pt
2 slices 

  z-dependence 
increases with 
pt 

  pt dependence 
disappears at 
high z 
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Summary 

•  Semi-Inclusive Deep Inelastic Scattering (SIDIS) 

  Nucleon: well studied 
  Nucleus: parton propagation + hadronisation 

•  HERMES Results 
  Strong nuclear effects on multiplicity ratio 

  2D correlations (unexpected) 
•  Only few highlighted here   
•  Positive and negative kaons differ 

•  Particular features for protons 

•  Nuclear broadening z dependent 

  Paper in preparation 
•  All dependencies will be published 
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Backup 

•  pt in z slices 
(neg. hadrons) 
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Backup 

•  z in pt slices 
(neg. hadrons) 
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Backup 

•  Q in pt slices 
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