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Part 1: MC generators for 1h    
SIDIS at HERMES 
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Inclusive/Semi-Inclusive
• disNG
• Pythia
• gmc_trans
• Lepto with Cahn
• gmc_decay

Exclusive
• gmcDVCS
• gmc_Dual
• gmc_exclpion
• gmc_autpion
• rhoMC

MC generators at HERMES
GMC (Generator Monte Carlo) is a general framework for MC generators that simulate 
different physics processes. The most important MC generators for Hermes are:

Radiative corrections are calculate using the RADGEN program 
• takes as input the observed kinematics of an event and (potentially) generates a 
radiative photon according to the probabilities for these kinematics 
• returns the true kinematics at the interaction vertex (which are different from 
the observed kinematics in case a photon has been generated) 

Fragmentation of partons into final state hadrons is performed by JETSET
• is an implementation of the Lund string fragmentation model
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HMC and HSG
The HERMES MC (HMC) takes generated events and runs them through a 
simulation of the HERMES detector, based on GEANT3

• The HMC code has options to run with particular detector elements "off“. 

• beam/spectrometer misalignment (specified in the geometry file) can be taken into 
account by using misaligned MC
• PYTHIA uses HMC

The HERMES smearing generator HSG is used to simulate detectors smearing on
generated MC events without actually running a full detector simulation via HMC. 

• Track momenta and angles are modified on a statistical basis using MC 
generated lookup tables which takes into account the track momentum and the 
particle type (lepton or hadron)

• Advantage: is fast!   (~10% of the time needed for fully tracked MC) 

• But: it's a simplified statistical model, there are no specific detector responses, no 
PID values, ... 

• GMC_trans uses HSG
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The structure of HERMES MC chain
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disNG
• Based on LEPTO (unpolarized) or PEPSI (polarized) generator: 

- LEPTO is a Monte Carlo generator which simulates unpolarized lepton-nucleon
DIS scattering. 

- PEPSI (Polarized Electron Proton Scattering Interactions) is an extension of 
LEPTO for polarized beams and targets

• Accurate description of inclusive cross section (but not ideal for SIDIS)

• Processes: DIS +1st order QCD processes: QCD Compton, Photon Gluon Fusion

• Uses event weights to simulate kinematic dependence of the cross section 

• Working range:                           and   

• Fragmentation process is performed by JETSET

• QED Radiative processes are provided by RADGEN

22 5.0 GeVQ  22 4 GeVW 
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• General purpose MC generator for particle physics

• The PYTHIA version used at HERMES is based on PYTHIA6 tuned to 
HERMES multiplicities

• provides a much more complete description of semi-inclusive cross
section (compared to disNG) 

• Main processes: DIS, QCD Compton, Photon-Gluon Fusion,...

• Working range: and 
 suitable also for photo-production 

• Targets: proton, neutron 

• Fragmentation process is performed by JETSET

• QED Radiative processes are evalueted by RADGEN

PYTHIA

22 0 GeVQ  22 4 GeVW 
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GMC_trans (1-h)
• simulates semi-inclusive production on transversely polarized protons

• azimuthal ampl. implemented: Sivers, Collins, Boer-Mulders, Cahn, sinφS

• throws hadron kinematics according to 6D SIDIS cross section
(Mulders & Tangerman, Nucl. Phys. B461 1996)

• uses standard PDFs and FFs from fits/parametrizations (e.g. Kretzer, DSS,etc)

• uses Gaussian ansatz for transverse-momentum distributions

• presently available are pions, charged kaons and protons

• allows comparison between input model and extracted amplitudes

• is fast (no full track reconstruction  HSG)

• more details in the next slides (from Gunar)

The official gmc_trans version is being replaced with a new C++ GMC_Trans. 
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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More on GMC_trans (Gunar)
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Part 2: applications of MC    
in 1h SIDIS analyses 
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QED radiative effects and “True” kinematics

I.S.R F.S.R

• PYTHIA (RADGEN) provides “True” kinematics for the standard DIS 
variables, but:

• need to correct virtual photon 4-momentum and azimuthal angles!
• need to distinguish between I.S.R. and F.S.R. (not provided bt Pythia!)

Influence reaction kinematics:
• virtual photon 4-momentum

• azimuthal angles  and S  (defined w.r.t. the virtual photon direction)

• scattering plane differs between I.S.R and F.S.R. 

radqkkq  '*



ఊೝೌ೏ߴ

ఊೝೌ೏ି௟௘௣ߴ

PYTHIA stores the polar angle ߴ௥௔ௗ (and 4-momentum ݍ୰ୟୢ) of the real photon

one can distinguish between I.S.R. and F.S.R. by combining the information 

on the polar angle of the real photon (ߴఊೝೌ೏) and the relative polar angle between 

real photon and scattered lepton .(ఊೝೌ೏ି௟௘௣ߴ)

QED radiative effects and “True” kinematics

ఊೝೌ೏ି௟௘௣
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PYTHIA stores the polar angle ߴ௥௔ௗ (and 4-momentum ݍ୰ୟୢ) of the real photon

one can distinguish between I.S.R. and F.S.R. by combining the information 

on the polar angle of the real photon (ߴఊೝೌ೏) and the relative polar angle between 

real photon and scattered lepton .(ఊೝೌ೏ି௟௘௣ߴ)

QED radiative effects and “True” kinematics

0leprad
real photon almost 

collinear with 
scattered lepton

(F.S.R)
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0leprad
real photon almost 

collinear with 
scattered lepton

(F.S.R)

0
rad

real photon almost 
collinear with incident 

(beam) lepton
(I.S.R)

PYTHIA stores the polar angle ߴ௥௔ௗ (and 4-momentum ݍ୰ୟୢ) of the real photon

one can distinguish between I.S.R. and F.S.R. by combining the information 

on the polar angle of the real photon (ߴఊೝೌ೏) and the relative polar angle between 

real photon and scattered lepton .(ఊೝೌ೏ି௟௘௣ߴ)

QED radiative effects and “True” kinematics
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leprealreal   

FSRleprealreal
  

ISRleprealreal
  

FSR

ISR

QED radiative effects and “True” kinematics

ఊೝೌ೏ି௟௘௣ߴ

ఊೝೌ೏ି௟௘௣ߴ
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I.S.R F.S.R

Calculate the  “True” values of  and S :

)( lepradrad   

)( lepradrad   

• use incident lepton momentum (k)  for FSR

• use scattered lepton momentum (k’)  for ISR

radqkkq  '• Correct virtual photon 4-momentum: 

QED radiative effects and “True” kinematics
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Need a MC generator with:
• Polarized cross section (including Collins, Sivers, etc)
• Full description of the apparatus 
• Radiative effects (RADGEN)

Acceptance, smearing and radiative effects
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Need a MC generator with:
• Polarized cross section (including Collins, Sivers, etc)
• Full description of the apparatus 
• Radiative effects (RADGEN)

GMC_trans:
• Polarized cross section (including Collins, Sivers, etc) and transverse 

momentum dependence implemented
• Has not full description of the apparatus (HSG)   
• Radiative effects (RADGEN) not yet implemented (fortran version)

Acceptance, smearing and radiative effects
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Need a MC generator with:
• Polarized cross section (including Collins, Sivers, etc)
• Full description of the apparatus 
• Radiative effects (RADGEN)

PYTHIA:
• Full description of the apparatus (HMC)  
• Radiative effects (RADGEN)
• generates events according to the spin-independent (Born) cross-section

polarized cross section (including Collins, Sivers, etc) not implem.

Acceptance, smearing and radiative effects

GMC_trans:
• Polarized cross section (including Collins, Sivers, etc) and transverse 

momentum dependence implemented
• Has not full description of the apparatus (HSG)   
• Radiative effects (RADGEN) not yet implemented (fortran version)



1. Extract the full kinematic dependence (e.g. Taylor expansion in ݔ, ܳଶ, ,ݖ ௛ܲୄ) of the 
various azimuthal moments (e.g. Collins and Sivers) through a fully-differential ML fit 
of real data (using full set of SIDIS events):

29

The spin-dependent part of the cross section (e.g. Collins and Sivers effects) can be
implemented in PYTHIA a-posteriori using a suitable parametrization (or model)

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22
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54
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3210 ...),(e.g.:

”Polarizing” PYTHIA



1. Extract the full kinematic dependence (e.g. Taylor expansion in ݔ, ܳଶ, ,ݖ ௛ܲୄ) of the 
various azimuthal moments (e.g. Collins and Sivers) through a fully-differential ML fit 
of real data (using full set of SIDIS events):

30

The spin-dependent part of the cross section (e.g. Collins and Sivers effects) can be
implemented in PYTHIA a-posteriori using a suitable parametrization (or model)

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22

2
54

2
3210 ...),(e.g.:

”Polarizing” PYTHIA

acceptance effects vanishmodel assumptions minimized



31

The spin-dependent part of the cross section (e.g. Collins and Sivers effects) can be
implemented in PYTHIA a-posteriori using a suitable parametrization (or model)

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22

2
54

2
3210 ...),(e.g.:

”Polarizing” PYTHIA

  ...)sin(12/0  SCollA 

  ...)sin(12/0  SCollA 

1. Extract the full kinematic dependence (e.g. Taylor expansion in ݔ, ܳଶ, ,ݖ ௛ܲୄ) of the 
various azimuthal moments (e.g. Collins and Sivers) through a fully-differential ML fit 
of real data (using full set of SIDIS events):

2. evaluate this parametrization (model) at the True kinematics ( virtually free from 
accept., smearing and radiative effects!!) and construct the probability functions:
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The spin-dependent part of the cross section (e.g. Collins and Sivers effects) can be
implemented in PYTHIA a-posteriori using a suitable parametrization (or model)

1// 00   

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22

2
54

2
3210 ...),(e.g.:

”Polarizing” PYTHIA

4.  obtain a (transverse) spin-dependent PYTHIA  data sample!

  ...)sin(12/0  SCollA 

  ...)sin(12/0  SCollA 

3. randomly assign the sign of the target 
polarization (+1 or -1) event-by-event 
according to these probabilities:

1. Extract the full kinematic dependence (e.g. Taylor expansion in ݔ, ܳଶ, ,ݖ ௛ܲୄ) of the 
various azimuthal moments (e.g. Collins and Sivers) through a fully-differential ML fit 
of real data (using full set of SIDIS events):

2. evaluate this parametrization (model) at the True kinematics ( virtually free from 
accept., smearing and radiative effects!!) and construct the probability functions:

ܲ ൌ ൅1

ܲ ൌ െ10

1
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Evaluation of acceptance effects (“old” approach)

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22

2
54

2
3210 ...),(

1. Extract a parametrization from a fully-differential ML fit of real data
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2.  Fold the extracted parametriz. (models) with the spin-independent cross section
(e.g. from PYTHIA or GMC_trans) in 4 and within the acceptance            :  )( 4UU )( .acc

UU

“MODEL_ACC” = model folded with Born Xsection in acceptance
“MODEL_4” = model folded models with Born Xsection in 4

Evaluation of acceptance effects (“old” approach)

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22

2
54

2
3210 ...),(

1. Extract a parametrization from a fully-differential ML fit of real data
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

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2.  Fold the extracted parametriz. (models) with the spin-independent cross section
(e.g. from PYTHIA or GMC_trans) in 4 and within the acceptance            :  )( 4UU )( .acc

UU

“MODEL_ACC” = model folded with Born Xsection in acceptance
“MODEL_4” = model folded models with Born Xsection in 4

Evaluation of acceptance effects (“old” approach)

...])sin();()sin();([1);,(  SiSiversSiCollinstt cxAcxAPcPxf 

  hhCollins PzxcxcPcQczcxcccxA 2
22

2
54

2
3210 ...),(

1. Extract a parametrization from a fully-differential ML fit of real data

3. Acceptance effects = “MODEL_4”  “MODEL_ACC”
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applying the method on MC (GMC_trans) data
Standard extraction method

Evaluation of acceptance effects (“old” approach)

Simulate real data (in acc.)
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applying the method on MC (GMC_trans) data
Standard extraction method

• Large acceptance effects in MC data

Evaluation of acceptance effects (“old” approach)

Simulate real data (in acc.)
Simulate ideal data (in 4 detector)
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Standard extraction method

folding

applying the method on MC (GMC_trans) data

• Large acceptance effects in MC data

Evaluation of acceptance effects (“old” approach)

Simulate real data (in acc.)
Simulate ideal data (in 4 detector)
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• Large acceptance effects in MC data
• The method is tested successfully using MC data!

applying the method on MC (GMC_trans) data
Standard extraction method

Evaluation of acceptance effects (“old” approach)

Simulate real data (in acc.)
Simulate ideal data (in 4 detector)

folding
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The choice of MC for the          (folding)UU

Evaluation of acceptance effects (“old” approach)

“2nd order” systematic uncertainties:
• arising from choice of the model for the unpolarized cross-section
• arising from the choice of the truncation of the Taylor expansion 
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• acceptance effects smaller in data than in MC

applying the method on real data

folding

Evaluation of acceptance effects (“old” approach)
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1. Run over a “fully reconstructed” PYTHIA production to generate an output list 
containing, for each event:

2.  Evaluate the model at the True kinematics and use to “polarize” PYTHIA

3. Extract the azimuthal moments (Collins, Sivers,…) by fitting “polarized”PYTHIA
events 3 times:

- Reconstructed kinematics   (“PYTHIA REC’’) 

- Generated kinematics  (“PYTHIA  GEN’’) 

- True kinematics  (“PYTHIA TRUE’’) 

Procedure:

• Reconstructed variables (includes radiative + smearing + acceptance) 

• Generated variables (includes radiative + acceptance) 

• True variables (including  and S)  (includes acceptance effects only)

Smearing and radiative effects (“old” approach)
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“PYTHIA REC”  “PYTHIA GEN” smearing

“PYTHIA GEN”  “PYTHIA TRUE” radiative

“PYTHIA REC”  “PYTHIA TRUE” radiative + smearing

1.  Azimuthal moments at Reconstructed kinematics  (“PYTHIA REC’’)
2.  Azimuthal moments at Generated kinematics  (“PYTHIA  GEN’’) 
3. Azimuthal moments at True kinematics  (“PYTHIA TRUE’’) 

Combining all the information above one can evaluate detector smearing 
and radiative effects:

Smearing and radiative effects (“old” approach)
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“PYTHIA REC”  “PYTHIA GEN” smearing

“PYTHIA GEN”  “PYTHIA TRUE” radiative

“PYTHIA REC”  “PYTHIA TRUE” radiative + smearing

1.  Azimuthal moments at Reconstructed kinematics  (“PYTHIA REC’’)
2.  Azimuthal moments at Generated kinematics  (“PYTHIA  GEN’’) 
3. Azimuthal moments at True kinematics  (“PYTHIA TRUE’’) 

…and combining with

4.  Model folded with Born Xsection in acceptance (“MODEL_ACC”)
5.  Model folded with Born Xsection in 4 (“MODEL_4”)

Combining all the information above one can evaluate detector smearing 
and radiative effects:

“MODEL_4 ”  MODEL_ACC acceptance

“MODEL_4”  “PYTHIA REC” rad. + smear. + acc.

Acceptance, smearing and radiative effects 
(“old” approach)



1. truncation of Taylor expansion is reasonable but arbitrary  can test different 
truncations and estimate a systematic error

2. Folding: need anyway a model for the spin-independent cross section, e.g. PYTHIA 
model  can use different models to test stability and estimate a systematic error

3. Folding: kinematic dependence of azimuthal moments outside the acceptance is 
assumed to be the same as inside

4. differences between amplitudes in 4 and in acceptance are biased by the different 
mean kinematics, resulting in an overestimate of the real acceptance effects

45

Main advantages
1. The kinematic dependence of e.g. Collins and Sivers is extracted from the data 

no need to rely on a model (e.g. gmc_trans model) for Collins, Sivers,…

2. The model is extracted in a fully differential fit of data   free from accept. effects

3. Acceptance, smearing and radiative effects can be evaluated  individually or at once

Main limits

Acceptance, smearing and radiative effects 
(“old” approach)
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Main advantages
1. The kinematic dependence of e.g. Collins and Sivers is extracted from the data 

no need to rely on a model (e.g. gmc_trans model) for Collins, Sivers,…

2. The model is extracted in a fully differential fit of data   free from accept. effects

3. Acceptance, smearing and radiative effects can be evaluated  individually or at once

Main limits

can be avoided  “new” approach (all-in-one)

1. truncation of Taylor expansion is reasonable but arbitrary  can test different 
truncations and estimate a systematic error

2. Folding: need anyway a model for the spin-independent cross section, e.g. PYTHIA 
model  can use different models to test stability and estimate a systematic error

3. Folding: kinematic dependence of azimuthal moments outside the acceptance is 
assumed to be the same as inside

4. differences between amplitudes in 4 and in acceptance are biased by the different 
mean kinematics, resulting in an overestimate of the real acceptance effects

Acceptance, smearing and radiative effects 
(“old” approach)
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Acceptance
Smearing
Radiative effects estimated simultaneously (“all-in-one” approach) in a
Hadron (mis)identification MC simulation using a model constrained from data
Detector misalignement

All-in-one systematics: the “new” approach
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1. Generate a MC data set using a PYTHIA simulation including:
- full track reconstruction (HMC)
- radiative effects (RADGEN)
- simulation of the RICH PID
- estimate of beam and spectrometer misalignment

2.   Extract a model from a fully-differential ML fit of real data (full SIDIS events sample)
(the model is virtually free from acceptance effects)

3. ‘’polarize’’ PYTHIA events: assigning target spin states to reconstructed PYTHIA (unpol.) 
events according to the model (calculated at the True kinematics)  

4. Extract the azimuthal amplitudes from the (polarized) PYTHIA reconstructed events using the 
“standard” ML  fit (same extraction method used for real data)  “PYTHIA REC”

5. calculate the model at the mean kinematics of the reconstr. PYTHIA events  “MODEL REC”

6. all-in-one syst. uncertainty = “PYTHIA REC ”  “MODEL_REC”

7.   Reduce statistical effects by smoothing the resulting systematic “bands” with a slope

Acceptance
Smearing
Radiative effects estimated simultaneously (“all-in-one” approach) in a
Hadron (mis)identification MC simulation using a model constrained from data
Detector misalignement

All-in-one systematics: the “new” approach
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Model vs. data Model vs. “modeled” PYTHIA

All-in-one systematics: the “new”approach

Syst. errors before smoothing
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Conclusions
• Several MC generators for SIDIS analysis are available at HERMES

• GMC_trans is the only one with polarized SIDIS X-section (including models for 
several TMDs) …but radiative effects non yet implemented

• events modulated by polarized SIDIS X-section can also be extracted from PYTHIA
using a fully-differential parametrization constrained by data   

• Both GMC_trans and PYTHIA have been heavily used at HERMES in 1h SIDIS 
analyses for the evaluation of the main systematic uncertainties

• Another important application of MC at HERMES is the multi-dimensional unfolding 
used to correct for acceptance, smearing and radiative effects. 
(see application to cos	ሺ݊߶ሻ௎௎ analysis in back-up slides)
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Back-up 
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Definition of 
azimuthal 
moments
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Multi-dimensional unfolding
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from tracked Pythia
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from tracked Pythia
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from tracked Pythia

from tracked Pythia
from 4 Pythia

Smearing matrix: describes migration of events from True to reconstr. kinematics due to: 
mis-reconstructed track kinematics, radiative effects,multiple scattering in detector 
material, etc
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65Need to invert a 6000X6000 matrix! 
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PYTHIA
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DATA


