
Karin Daum  DIS2012 Bonn March, 26 th  2012 1 

Precision QCD Measurements at HERA  

Karin Daum - Wuppertal/DESY  
on behalf of the H1 and ZEUS collaborations  

XX th  International Workshop on Deep - Inelastic Scattering  

and Related Subjects   

New Physics  
Diffraction  
Jets  
Heavy Flavour  
Hadronic Final States  



Karin Daum  DIS2012 Bonn March, 26 th  2012 2 

E  = 27.6  GeV e E  = 920 - 460 GeV  p 

ep- scattering at HERA  

2 kinematic regimes :  
Q²  @ 0 GeV²  : Photoproduction ( gp) 
Q²  > 1 GeV²   : DIS  

  Q2=-q2  photon virtuality  

  x=xBJ   Bjorken scaling variable  

  y Inelasticity in proton rest frame  

~ 500 pb -1 
per  

experiment  
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Interaction matrix @ HERA  

LO 

LO 

LO 

NLO DIS  

jets  

charm 
beauty  

NLOé 

NLOé 

NNLOé 

quarks gluon quarks 

aS 
aS 

aS 
aS 

aS 



Karin Daum  DIS2012 Bonn March, 26 th  2012 4 

Reduced DIS NC cross section  

( )211 yY -°=°

Neutral current  

valence + sea quarks  
dominant  

valence quarks  
high Q 2 

gluons 
high y  
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Reduced DIS NC cross section  

Data well described by NLO QCD  
over 4 orders of magnitude in x,Q 2 
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Search for new physics  

Data well described by NLO QCD  
at high Q 2 Ýlimits on new physics  

DESY- 11- 114  

Data/Standard Model 

unpolarised 

polarised 

polarised 
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Contact interactions  
DESY- 11- 114  

e e 

q q 

New physics with scale L>>Q2 

1/L2 

-Compositeness 
-Leptoquarks  
-Extra dimension  
-Quark radius  

 

  

Limits on compositeness scale  
up to 7.2 TeV  

H. Pirumov  



Karin Daum  DIS2012 Bonn March, 26 th  2012 8 

1st  generation leptoquarks  
DESY- 11- 123  ZEUS- prel - 11- 000  

LQ- limits in the BRW model :  
 

[GeV]  H1 ZEUS 
Vector        800    629   
Scalar        530        466  
 

scalar LQ limit from ATLAS 607 GeV 
No vector LQ limits from  LHC so far  

H. Pirumov, S. Antonelli  

l=0.3 

l=0.3 

(l=0.3) 

(l=0.3) 



LFV leptoquarks  

Interaction of lepton flavour violating  
leptoquarks:  
 
 
 
 

  eqLQm(t)q 
 q 

m,t 
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t 

q 

eqLQtq 

2nd gen. LQ 

3rd  gen. LQ 

e 

q 

Mass limits ( l=0.3) ranges up to  
712 GeV (2 nd generation LQ)  
479 GeV (3 rd  generation LQ)  

DESY- 11- 044  

H. Pirumov  

Limit from Atlas  



SM (CC) : ep  ntX  
                     n(m)nb 
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Single top production  

FCNC: ep  etX  
                 e(m)nb 

DESY- 11- 114  

COMPHEP 

CC 

Exclusion region extended  
for small tuZ - couplings 

S. Antonelli  



Diffraction  
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Standard  
ep- scattering  

Diffractive  
ep- scattering  

A surprise @ HERA start:  
º10% with no fwd - activity  
Ý diffraction  

-x IP  p- momentum fraction carried  
     by the colourless exchange (IP)  
-b  IP - momentum fraction  
    carried by the struck quark  
- t  momentum transfer at the  
    proton vertex  

Techniques:       leading proton          or        large rapidity gap  
Contributions:        protons                   protons + low mass D,N*  



Diffraction  
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Dipol Approach  

y 

+qqg dipol diagrams  

y(z,r,Q 2): gqq wave function  
Tqq:   qq(qqg)- proton  
  elastic scattering amplitude  
Tqq parameterized in the saturation model  

DGLAP pQCD Approach  

Collinear factorisation:  
- Q2 evolution à la DGLAP  
- diffractive PDFs  
 

Proton vertex factorisation:  
b, Q 2 dependence decoupled from  
x IP , t dependence  
Pomeron PDF Ã Pomeron flux  
Pomeron flux from Regge theory  


