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General idea of the event shape measurement
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Events shapes in Breit Frame
•In parton model picture (Born level) 
transformation to Breit Frame (BF) alignes
proton, exchanged boson and struck quark

•Particles building proton remnant follow in 
proton direction (remnant hemisphere - RH) 
while struck quark fragments go into opposite, 
current hemisphere (CH) . BF provides best 
separation from proton remnant particles for 
which QCD calculations do not account 

• Event shapes F are calculated by summing 
over all hadronic final state objects in current 
hemisphere

• In presence of QCD radiation  picture is more 
complex : parton fragments can leak into RH, 
CH can be even empty so the definition of 
event shape contains condition of minimal 
energy in CH

Current (struck quark)

boson

remnant

proton
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Event shapes in Breit Frame
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•Event shapes F are defined such that F 0 for  pencil-like hadron
configurations aligned with z-axis. 
•Born level quark in Breit Frame has pT=0 so its fragments produce Fy0

•Multijet configurations produce F > 0 in extreme Fy1
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Jet broadning

τC : thrust a la e+e- ; zDaxis maximizing thrust

ρ: Jet invariant mass

C-parameter, hadron-hadron correlation
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Z-axis parallel to exchanged 
boson

Reference to axis external to HFS 
– sensitive to quark recoil effect 
due to QCD radiation

All event shapes are normalized to total momentum –
less sensitive to uncertainty of hadronic calorimeter 
scale !
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Power correction: analytical description of hadronisation

Standard way (applied in most QCD studies) uses for hadronisation Monte 
Carlo programs : JETSET, PYTHIA, HERWIG, PHOJET etc.

Power corrections: part of ambitious program to describe hadronic final 
states in terms of Feynmann diagrams parametrizing confinement with one 
universal constant

Power corrections provide much cleaner connection between parton and 
hadron levels

„average infrared coupling”

„effective nonperturbative coupling”

• Choose  C&IS observable, get NLO+NLL pQCD prediction

• For scales below µI apply α0

• do it again for other observables

•Check that α0 is universal, i.e. the same for different observables, processes 
(e+e-, DIS, hadron-hadron), perturbative scale Q, DIS kinematics …
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QCD Theory used to fit the event shape distributions

Theory element Package Authors
pQCD prediction in NLO DISENT

DISPATCH
Graudentz, Dasgupta, Salam

Resummation of terms L=αslog2(1/F) 
+ matching to NLO
Valid for not too small F available
only for distributions (not for means)

DISRESUM Dasgupta, Salam (2002)

Power correction for hadronisation

Factor aF calculated from Feynman
diagrams for each observable
P=P(α0,αs) is a universal function

Analytic
form

Dokshitzer, Webber, 
Dasgupta, Salam
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The Data
•Inclusive high Q2 NC DIS selection 1995-2000 (HERA 1): 112 pb-1

•Phase space : 196 < Q2 < 40,000 GeV2 0.1 < y < 0.8

106

Large !

•Background (mainly from γp) negligible in all 322 bins

Corrections using RAPGAP 2.8 in two steps:

•For limited detector resolution: Bayes unfolding (d’Agostini)

•For limited acceptance & QED : bin-to-bin
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•Not all data points are used in 
NLO+NLL+PC fit : theory has 
limited range of applicability

•Fit extrapolation to 
„forbidden” data points seems to work 
in many cases

•Except for highest Q2 bins errors
are really small !

H1 data for  thrust, jet mass, C-parameter and jet broadning (,τ, τC,  ρ, C, B)



Fitted values of α0 and αs

Fitted αs consistent with world average

•Results of  NLO+NLL+PC fit to 
events shapes   in (αs α0) plane

•Two groups of points correspond to 
event shapes with and without 
reference to exchanged boson axis

•Consistency within each group 
excellent (few %)

•Overall consistency also  good α0 = 
~0.5, consistent within ~10%

•consistent with e+e- event
shapes~15%

•strong support for α0 universality !

Note large theory 
uncertainty
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Results of event shape NLO+NLL+PC fits

hep-ex/0512014, accepted by Eur. Phys. J.
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Results of event shape NLO+NLL+PC fits

hep-ex/0512014, accepted by Eur. Phys. J.
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•For each observable  fit αs in Q bins and universal α0

•Apply renormalization group eq. αs(Mz
2)

•Consistency between observables good take average
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Fits to mean values of event shapes

•Fits to mean values of event shapes do 
not include resummation (resummation
valid only for distributions)
• consitency between event shapes
much worse
• consistency with αs world average
much worse than for fits to spectra

We guess: triumph of resummed theory
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Summary and Conclusions

• Accurate measurements of event shape variables in deep-inelastic 
ep scattering based on 106 pb-1 in the kinematic region 14 < Q < 200 
GeV 0.1 < y < 0.8 were presented

• Resummed perturbative QCD predictions together with power 
corrections give good description of spectra of thrust, jet broadning, 
jet mass and C-parameter

• The results of a two-parameter fit of the strong coupling constant 
αs and the effective nonperturbative coupling α0 are consistent with 
each other. The values of αs agree with world average. 

•The parameter α0 which accounts for hadronisation is consistently 
within 10% around theoretically expected value 0.5. Similar results 
are obtained in e+e- event shape analyses. Universality of effective 
nonperturbative coupling finds strong support from event shapes 
measurements

•Caveat: theoretical uncertainty is much larger then experimental
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Comparison of ZEUS and H1 event shapes (unofficial)

Open black circles 
are H1 data 
recalculated in 
ZEUS Q and F  bins
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World measurements of αs
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Universality of the infrared coupling
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Results of event shape NLO+NLL+PC fits

All event shapes combined
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With reference to boson axis:

•Thrust = D momentum component

•Jet Broadening =⊥ momentum
component

Event shapes:

Sensitive to radiation (quark
recoil effect)

Without reference to 
boson axis (like in e+e-)

•Thrust (maximizing D
component)

•Jet mass

•Hadron-hadron
correlation

sin
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