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 measurements of neutral cross section reactions at HERA over a 
wide range of Q2  – well described by the Standard Model (SM)

 is there more? ☞ look for deviations from SM description and 
compare/ parametrize as additional terms to Neutral Current 
Standard Model Langrangian

 general ansatz: effective four-fermion contact interactions

 more specific models 

– heavy leptoquarks

– large extra dimensions
• “offer a rich alternative to the phenomenology of supersymmetry” (J Ellis) 

– and connect to cosmology

– quark form factor using form-factor approximation 

๏ e+p and e-p data are sensitive to different coupling combinations

A Look beyond the Standard Model 
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Neutral Current Data
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 ZEUS ep data
– HERA I   √s = 300 GeV    1994-2000    128 pb-1

• unpolarized e+ (112 pb-1) and e–  data sets
– HERA II  √s = 318 GeV    2003-2005    146 pb-1 

• polarization e– –0.27, +0.33, e+ –0.41, +0.32

 Use high Q2 NC data 

– reconstructed with the double-angle method
– MC data generated with HERACLES/ DJANGOH and ARIADNE
– detector response simulated with GEANT 3.13
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The High Q2 Neutral Current Data in ZEUS
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 general ansatz for contact interactions (CI) 
with a large “new” scale Λ – effective 
Lagrangian for vector eeqq CI

 heavy leptoquarks

 large extra dimensions

 quark form factor using approximation 

๏ e-p constraints mostly LL and RR,                                                    e+p 
mostly RL and LR couplings 

Look beyond the Standard Model 
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Extraction of Limits from Event Ratios 
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 use neutral current data Q2>1000 GeV2 in bins of Q2 and 
compare with model predictions from Monte Carlo data 

 use Poisson statistics

 likelihood for the complete data set by multiplying the 
likelihoods of each data sample

 search for best agreement between data and prediction
 set limits based on large number of equivalent MC 

experiments
– effects on BSM scenarios by reweighting the SM MC data
– excluded at the 95% CL are models which, in more than 

95% of the MC experiments, result in the most likely 
coupling strength greater than determined for the data
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Systematic Uncertainties
 vary PDF CTEQ – ZEUS-S
 αs uncertainty 0.002
 energy scale electrons 3%
 energy scale hadrons 3%
 polarization uncertainty per period 3...5% 
 luminosity uncertainty per year 1.6...3.5%

๏ take (un)correlation between data sets into account
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example of PDF
uncertainty 
for one data-set
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Derive Contact Interaction Limits
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Contact Interaction Limits
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Contact Interaction Limits
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Limits on Leptoquarks
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Limits on Leptoquarks
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Limits on Extra Dimensions
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Limit on Quark radius
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Summary
 Search for deviations from the SM of e+p and e–p data recorded with 

the ZEUS detector between 1994 and 2005 in 274 pb-1 , 
aproximately same data set for e+ and e– 

 Published analyses extended to HERA II data, polarization effects 
taken into account

 Major improvements of the limits, in particular if sensitive to LL and 
RR couplings:

– contact interaction limits from Λ = 2.0 to 7.5 TeV

– heavy leptoquark limits from M/λ = 0.32 to 1.9 TeV

– limits on large extra dimensions MS = 0.86/ 0.88 TeV

– quark radius limit 0.67 10-16 cm
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