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Goals 

 Estimate the contribution of non-diffractive contamination to data 

signal by fitting the Rapgap and contribution from Pythia or  Herwig 

to data. 

 Study the differences between Pythia and Herwig MC in prediction 

of non-diffractive contribution. 
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Objectives and procedures 

Our physics objective is to select diffractively produced prompt photons in 

photoproduction. These events can be explained if the scattered proton escapes through the 

beam pipe while emitting a colorless object (pomeron), which scatters with the electron. 

Therefore such events are characterized by low momentum transfer from proton to the 

pomeron and a large rapidity gap between the hadrons systems Mx and the proton.  In other 

words we are trying to identify a subset of prompt photon events with low XIP and ηmax. 

 

 

 

 

 

 

 

 

Our general method to distinguish the signal from hadronic background is based on MC 

fit of the dZ distribution (dZ - energy weighted mean width of the electromagnetic cluster in 

Z direction). This fit allows us statistically separate prompt photon left peak (signal) from π0 

decay right peak (background).  
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Data samples and event selection 

True level selection 

Event selection 

0.2 < y < 0.7 

Q2 < 1 GeV2 

Prompt photon selection 

Fmck_prt[]=29 

-0.7 < η < 0.9 

5 < Et < 15 GeV 

Eparticle / Ejet > 0.9 

Hadronic jet selection  

4 <  Et jet < 35 GeV                 

- 1.5 < η jet < 1.8 

Diffractive event selection  

ηmax < 2.5   for Eparticle > 0.4 GeV 

XIP < 0.03 

Detector level selection 

Event selection 

Trigger HPP16 on 

|Zvtx| < 40 cm 

|BCAL time| < 10 ns 

Cal_pt < 10 

0.2 < Yjb < 0.7 

No SINISTRA electron with    

prob  > 0.9 and Yel < 0.7 

Hadronic jet selection  

4 <  Et jet < 35 GeV                 

-1.5 < η jet < 1.8 

 

Prompt photon selection 

Tufo[][0]=31 

-0.7 < η < 0.9 

5 < Et < 15 GeV 

Ezufo / Ejet > 0.9 

Zufoeemc / Zufoecal > 0.9 

track isolation in cone 0.2 

Diffractive event selection 

  

ηmax < 2.5 for Ezufo>0.4 GeV 

XIP < 0.03 

EFPC < 1 GeV (in HERA1 case) 
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Data: 0405e, 06e, 0607p (Mini Ntuples v08b), 374 pb-1  

MC signal:  (Rapgap 3.202 v08b, diffractive php) direct + resolved 

MC non-diff. background: (Pythia, Herwig, v08b, prompt photon in php) direct + resolved 

MC background: (Pythia, v08b giant dijet) direct + resolved 
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HERA2, mean pT vs. pz distributions of stable particles (profile histograms)  

γ+jet selection,          hadron level,         no diff. cuts 
 

 red     – Pythia non-diff. signal;  

 green – Herwig non-diff. signal; 

resolved                                                                    direct 

Pythia predicts higher pT for particles than Herwig. 

We assume this is the main reason of differences between Pythia and Herwig in estimation  

of non-diff. background   
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HERA2, fits of MCs to the ηmax distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 

no diff cuts                                             XIP                                           ηmax+XIP 

H
e
rw

ig
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

P
y

th
ia

 

sg=10±1%: 835±85 

sg=5±1%: 446±88 

sg=74±4%: 605±32 

sg=52±4%: 426±35 

sg=100±6%: 363±23 

sg=86±17%: 312±61 

The fits are poor and one requires the reweighting of Rapgap. The result of fit after applying the diff. 
cuts is compatible within error with corresponding result on next slide (reweighted case) 
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HERA2, fits of MCs to the ηmax distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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sg=7±1%: 579±72 

sg=69±5%: 560±42 sg=11±1%: 879±70 

sg=55±7%: 449±54 

sg=100±7%: 363±25 

sg=100±10%: 363±38 

After applying the diffractive cuts the fit does not require any non-diffractive background, 
the best description of the ηmax distribution is by Rapgap only 

no diff cuts                                             XIP                                           ηmax+XIP 



8 

H
e
rw

ig
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

P
y

th
ia

 
HERA2, fits of MCs to the XIP distribution 

γ+jet selection 

sg=10±1%: 745±63 

sg=8±1%: 610±64 

sg=48±6%: 182±23 

sg=54±10%: 197±38 

sg=65±6%: 245±22 

sg=71±8%: 261±30 

1st column: neither Pythia nor Herwig fits the high XIP region. 
That is why we don't base on the non-diff background estimation using results in 3rd column 

black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 

no diff cuts                                             ηmax                                           ηmax+XP 
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HERA2, fits of MCs to the XIP distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 

sg=11±1%: 811±73 

sg=9±1%: 676±74 

sg=80±7%: 304±25 

sg=66±8%: 248±30 

sg=88±10%: 323±36 

sg=77±15%: 282±54 

In the case of not-reweighted Rapgap the non-diff. contamination is negligible within one and a half error, 
so this is more or less consistent with non-diff. background absence 

no diff cuts                                             ηmax                                           ηmax+XP 
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HERA2, fits of MCs to the ηγ
 distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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sg=100±2%: 8109±130 

sg=100±2%: 8109±142 sg=76±21%: 305±85 

sg=74±20%: 296±79 

sg=100±80%: 374±300 

sg=84±23%: 313±86 

After applying the diff. cuts for Herwig case the non-diff. contamination is negligible within error 

no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, fits of MCs to the ηγ
 distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=100±2%: 8109±144 

sg=100±2%: 8109±129 

sg=89±25%: 357±102 

sg=84±23%: 337±93 

sg=100±7%: 374±58 

sg=97±28%: 363±103 

No non-diff. background is required 
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HERA2, fits of MCs to the Xγ  distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=43±2%: 2894±185 

sg=65±2%: 4434±146 

sg=98±11%: 339±37 

sg=100±11%: 344±37 

sg=100±9%: 325±28 

sg=100±7%: 325±24 

Xγ fits give zero non-diff. background both for reweighted and non-reweighted Rapgap MC 



13 

HERA2, fits of MCs to the Xγ  distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=44±3%: 2998±187 

sg=66±2%: 4502±147 

sg=100±12%: 344±42 

sg=100±11%: 344±37 

sg=100±8%: 325±25 

sg=100±7%: 325±23 

No non-diff. background is required 
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HERA2, fits of MCs to the ZIP  distribution 

γ+jet selection,    fit range 0-0.9 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=8±1%: 655±77 

sg=5±1%: 373±79 

sg=62±12%: 224±42 

sg=42±20%: 151±73 

sg=63±13%: 214±42 

sg=49±23%: 166±78 

All ZIP range is plotted, but fit is done only in the range 0-0.9 
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HERA2, fits of MCs to the ZIP  distribution 

γ+jet selection,    fit range 0-0.9 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=9±1%: 721±88 

sg=5±1%: 417±91 

sg=70±14%: 254±48 

sg=47±24%: 171±86 

sg=73±16%: 246±50 

sg=54±28%: 182±94 

All ZIP range is plotted, but fit is done only in the range 0-0.9 
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HERA2, fits of MCs to the ZIP  distribution 

γ+jet selection,     last bin 0.9-1 is excluded from fit  
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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sg=8±1%: 612±72 

sg=4±1%: 348±74 

sg=75±14%: 178±33 

sg=50±25%: 118±59 

sg=79±16%: 170±34 

sg=61±29%: 132±62 

no diff cuts                                             ηmax                                           ηmax+XIP 

The non-diff. contamination is negligible within one and a half error after applying the diff. cuts 
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HERA2, fits of MCs to the ZIP  distribution 

γ+jet selection,     last bin 0.9-1 is excluded from fit  
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=9±1%: 696±85 

sg=5±1%: 403±88 

sg=91±17%: 217±41 

sg=61±31%: 144±74 

sg=98±20%: 210±43 

sg=72±38%: 155±81 

The non-diff. contamination is negligible within error after applying the diff. cuts 
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HERA2, fits of MCs to the MX  distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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sg=8±1%: 613±63 

sg=9±1%: 704±62 

sg=77±6%: 299±23 

sg=60±7%: 233±26 

sg=88±7%: 320±25 

sg=73±7%: 266±29 

Mx fits imply the presence of non-diff. background after applying the diff. cuts 

no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, fits of MCs to the MX  distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=10±1%: 792±75 

sg=9±1%: 713±76 

sg=88±6%: 341±25 

sg=78±8%: 300±32 

sg=100±7%: 365±26 

sg=100±16%: 365±57 

The case of not-reweighted Rapgap gives no contamination after applying the diff. cuts 
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Thanks for help and support to Peter Bussey, Ian Skillicorn, David Saxon 

 The fits to only two variables XIP and Mx imply the non-diffractive 

background presence after applying the diffractive cuts. However we don’t 

base on these results due to the bad Pythia/Herwig description of 

corresponding variables. 

 The fits to other four variables (ηmax, η
γ, Xγ, ZIP ) yield absence or 

background less than 1-1.5 statistical error. 

 So the most of variables are fitted satisfactory by RAPGAP after applying 

the diffractive cuts and therefore are consistent with no Pythia and Herwig 

background. It means: our diffractive cuts ηmax < 2.5 and XIP < 0.03 reject 

almost all the non-diffractive events.  

Conclusions 

 Recalculate cross sections. 

Future plans 
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Backup slides  
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HERA1, fits of MCs to the XP distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

There are no fits in 2 and 3 column, the scale factor evaluated from column 1 is used instead. 

no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA1, fits of MCs to the XP distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, fits of MCs to the ηmax distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                             XP                                           ηmax+XIP 
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HERA2, fits of MCs to the η distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                            ηmax                                          ηmax+XIP 



26 

H
e
rw

ig
  
w

it
h

  
S

U
E

 
HERA2, fits of MCs to the Xγ distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                            ηmax                                          ηmax+XIP 
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HERA2, fits of MCs to the ZP distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                            ηmax                                          ηmax+XIP 
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HERA2, fits of MCs to the ZP distribution 

γ+jet selection,     last bin 0.9-1 is excluded  
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                            ηmax                                          ηmax+XIP 



29 

H
e
rw

ig
  
w

it
h

  
S

U
E

 
HERA2, fits of MCs to the MX distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red – Herwig non-diff. signal with soft underlying events, 50/50 sum; 

no diff cuts                                            ηmax                                          ηmax+XIP 
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HERA2, mean pT vs. pz distributions of stable particles  

γ+jet selection,   hadron level 
 

red     – Pythia non-diff. signal; 

green – Herwig non-diff. signal with soft underlying events; 
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no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, mean pT vs. η distributions of stable particles  

γ+jet selection,   hadron level 
 

red     – Pythia non-diff. signal; 

green – Herwig non-diff. signal with soft underlying events; 
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no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, mean pT vs. η distributions of stable particles  

γ+jet selection,   hadron level 
 

red     – Pythia non-diff. signal; 

green – Herwig non-diff. signal; 
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no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, mean pT vs. pz distributions of stable particles  

γ+jet selection,   hadron level 
 

red     – Pythia non-diff. signal; 

green – Herwig non-diff. signal; 
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no diff cuts                                             ηmax                                           ηmax+XIP 
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HERA2, mean pT vs. pz distributions of stable particles  

γ+jet selection,          detector level,         no diff. cuts 
 

 red     – Pythia non-diff. signal;  

 green – Herwig non-diff. signal; 

resolved                                                                    direct 
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HERA2, fit of MCs to the XP distribution 

γ+jet selection 

black dots – data, fitted photons, with ηmax >2.5 cut; 

blue – Rapgap diff. signal, 80/20 sum, reweighted, no diff. cuts; 

red –   Pythia (top), Herwig (bottom) non-diff. signal, 50/50 sum, with ηmax >2.5 cut; 
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HERA2, fit of MCs to the XIP distribution (1st column) 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 

There are no fits in 2 and 3 column, the scale factor evaluated from column 1 is used instead 

no diff cuts                                             ηmax                                           ηmax+XP 
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HERA2, fits of MCs to the XIP distribution (1st column) 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 

There are no fits in 2 and 3 column, the scale factor evaluated from column 1 is used instead 

no diff cuts                                             ηmax                                           ηmax+XP 
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HERA2, fits of MCs to the ZIP  distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=10±1%: 805±73 

sg=6±1%: 480±75 

sg=92±12%: 335±42 

sg=17±18%: 63±64 

sg=100±7%: 338±23 

sg=11±19%: 38±65 

Herwig describes the right peak better than Pythia 
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HERA2, fits of MCs to the ZIP  distribution 

γ+jet selection 
black dots – data, fitted photons; 

blue – Rapgap diff. signal, 80/20 sum, not-reweighted; 

red –   Pythia (top row), Herwig (bottom row) non-diff. signal, 50/50 sum; 
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no diff cuts                                             ηmax                                           ηmax+XIP 

sg=11±1%: 858±87 

sg=6±1%: 502±90 

sg=100±11%: 362±41 

sg=3±16%: 10±55 

sg=100±8%: 338±26 

sg=0±22%: 0±73 
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RAPGAP does not fit the ηmax distribution very well, 

apply reweighting when evaluating the acceptances: 

w =  
1 − 0.5 ηmax − 1 ,  w ≥ 0.45
0.45,                     w < 0.45

 


