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HERA ep Collider
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• LLLL ~ 16 pb-1 e–p 

• LLLL    ~ 100 pb–1 e+p
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Electron-Quark Scattering and DIS Kinematics
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Electron-Quark Scattering and DIS Kinematics

s channel dominant: 
σNWA λeq1
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s and u channel contribute:
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Electron-Quark Scattering and DIS Kinematics
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Contact Interaction Phenomenology

 

•

 

Effective Lagrange Density (vector terms only) modifies scattering amplitude 

  with  and effective mass scale 

 

Λ  

 

•

 

Depending on chiral structure of model which is probed, only some of the couplings 
contribute. Formalism applicable for many different models (Compositeness, LQs, 
Quark Structure, Large Extra Dimensions, ...)

 

•

 

Cross section in presence of CI gets modified at high Q

 

2

 

 : 

 

•

 

⇒

 

 sensitivity to scales 

 

Λ  

 

beyond centre-of-mass energies
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→ see separate talk by Eric Kajfasz
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Neutral Current Cross Section dσσσσ/dQ2 
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• data are well described by SM over more than 6 orders of magnitude

• possible deviations from SM would show up at large Q2 



ICHEP04, Beijing: CI and LFV at HERA 8 carsten.niebuhr@desy.de                 

Example for Compositeness

Compositeness: VV
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e +p NC data √s=319 GeV√s=319 GeVe–p NC data  √s=319 GeV e+p NC data  √s=319 GeV

VV corresponds to chiral structure:  εLL = εLR = εRL = εRR = 1 abstract 12–0158

• e–p and e+p exhibit 
complementary 
sensitivity

• despite much 
lower luminosity 
e–p data help to 
improve limits 
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CI Limits on 1/ΛΛΛΛ2 in Compositeness Models
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abstract 12–0158
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abstract 12–0228

• no evidence for CI signal

• resulting limits are in the range 
1.7–6.2 TeV depending on chiral 
structure of model
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Comparison with other Experiments

ZEUS H1 D0 CDF ALEPH L3 OPAL

limits comparable 
to those obtained 
at LEP & TeVatron
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Search for Leptoquarks in CI: MLQ >> √√√√s
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Limits on Heavy Leptoquarks
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• Leptoquarks appear in many extentions 
of Standard Model
- color triplet bosons (scalars or vectors)
- carry both L and B numbers
- fractional charge

• Classification in Buchmüller-Rückl-Wyler 
model
- dimensionless chiral couplings invariant 
under SU(3)xSU(2)xU(1)
- 14 LQ-types (7 scalar, 7 vector)
- conserved fermion number F = L+3B = 0, ±2

• at HERA (coupling to valence quarks):
- e+p → LQ (F=0) 

- e–p → LQ (F=2) 
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Comparison of Limits on MLQ/λλλλLQ

ZEUS

MLQ/λλλλLQ [TeV]

H1 L3 OPAL

• depending on LQ type 
HERA limits are in the 
range 0.3-1.4 TeV

• for 50% of all LQs 
best limits come from 
H1 or ZEUS
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Lepton Flavour Violation

• Neutrino oscillation → Lepton Flavour is not conserved

• Charged leptons: very stringent limits from rare decays, especially for  

• At HERA LFV can be mediated by LQs if they couple to different generations

e µ⇔

Low mass MLQ < √s

Narrow Width Approximation: 
   σNWA

λeqi

2
βlq j

∝

s-channel

High mass MLQ >> √s

σ
HMA
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MLQ
2
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s-channel
u-channel



ICHEP04, Beijing: CI and LFV at HERA 14 carsten.niebuhr@desy.de                 

H1 Search for e+p→→→→µµµµX and e+p→→→→ττττX
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• hadronic τ decays 
→ pencil-like jet

• 2nd jet, no e/µ in event

• pT
miss > 20 GeV || τ−jet

abstract 12–0766

LLLL = 66.5 pb–1 
LQ  →→→→    µµµµ+q LQ  →→→→    ττττ+q

Data 0 1

Total SM 0.74 ± 0.25 0.56 ± 0.16
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H1 Limits on Coupling Constants
• sensitivity drops towards 

high masses due to steeply 
falling quark distributions

• some sensitivity extending 
beyond kinematic limit due 
to finite width of LQ

• at high masses limits  
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Example for Vector LQs

• LQ coupling to all 3 
generations studied

• best sensitivity for µq 
channel because 
- low background
- high selection efficiency
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ZEUS Limits on Coupling for ττττ-Channel
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• ZEUS τ-limits more 
stringent than those 
from rare B, K, τ decays 
for LQ masses below  
250-270 GeV

• for coupling of elmag. 
strenght [λ=0.03]
MLQ > 250-280 GeV

Similar analysis from ZEUS

LLLL = 112/16.7 pb–1 
LQ  →→→→    µµµµ+q LQ  →→→→    ττττ+q

Data 0 0

Total SM 0.86 ± 0.15 1.7 ± 0.4

abstract 12–0255abstract 12–0255
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High Mass Leptoquark Limits MLQ >> √√√√S

At high masses   

• table shows 95% CL limits on 
 for  eqa → τqβ  in the 

case  F=0

• limits from rare decays included for 
comparison

• ZEUS limit shown in third line

•        indicates best limit coming
from ZEUS
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Summary and Outlook

New results from H1 and ZEUS based on ~130 
pb-1 of HERA I data:

• no evidence for Contact Interaction signals
⇒ limits from HERA for
- compositeness scales         Λ  >  1.7–6.2 TeV
- LQ masses                         MLQ/λ  >  0.3–1.4 TeV

• limits set on LFV LQs
- searches for LQ coupling to e, µ, τ
- LQ mass limits for λ=0.03 MLQ  >  250–280 GeV

HERA II

• expect ~700pb-1 per experiment until 2007
• approximately equal sharing between 
- e+p and e–p
- left- and righthanded polarised leptons

Further in the future:
• LFV channels studied for initial low 

luminosity phase of LHC (10-100 fb–1):
- 

- 

- 

- 

τ µµµ→

τ µγ→

χ2
o χ1

oτµ→

H
o

A
o

⁄ τµ→

mΑ

mΗ

λµτ

abstract 12–0258
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Backup Slides
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Limit on Quark Radius

• Introduce tform factors for non point-like electron and quark: 
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Quark Radius Limits
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ZEUS  Search for e+p→→→→µµµµX and e+p→→→→ττττX: MLQ < √√√√s

• one isolated µ
• pt > 20 GeV

• no event found after final selection
• SM expectation: 0.86±0.15

µ-channel τ-channel
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• leptonic  τ decays
• multivariate τ id. for hadronic decays

• pt
miss > 15 GeV  || to τ in φ 

• no event found after final selection
• SM expectation: 1.7±0.4


