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Event Shape Studies at HERA
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> Data & Analysis Method
> Event Shapes in Current Hemisphere

> Power Corrections to Mean Values

> Jet Rates
> Event Shape Spectra

[> Conclusions
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Data & Analysis Method

e DIS analysis in Breit frame
ete” annihilation ep DIS

() -y

CURRENT TARGET

— clean separation between current and target fragmentation
— particles in current hemisphere < e*e™ hemisphere

> QCD studies over large Q range in single experiment

‘ZEUS #909, preliminary H1 #1006, EPJC 14, 255
L~45pb~! L~ 38 pb~*
Q = 9 — 140 GeV Q =T7-100 GeV
tracks & clusters calorimeter clusters
Ecy > 0.03Q Ecg > 0.10Q
spectra 1/N dn/dF unfolded to hadron level
bin-by-bin corrections Bayes matrix unfolding

> QCD analysis
~ pQCD calculations to O(a?) DISENT

— hadronisation treated by analytical power corrections
a la Dokshitzer & Webber
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Event Shapes in Current Hemisphere

t> Infrared & collinear safe observables, calculable in QCD

> Event shapes defined in Breit current hemisphere
sum over all pp, = {Ey, p),} ¢CH

¢ Thrust

T = 1_E|Ph=| wrt v/Z axi
~ T Tl e
7. = 11— max E"‘. [Py 07 | p wrt thrust axis
"y onlPx

¢ Jet Broadening

B = Ehlphi'l wrt v/Z axis
2 Zh |Ph’ | Pl 'T/

¢ C Parameter

3% ;.;|pillpj| sin® 6

* @Y, i)

Jet Mass

p = (E.& Ph )2
(2 X1 En)?
variant  pp with E) = |py/|, i.e. assume my, = 0
motivated by massles QCD calculations
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H1 Measurements Spectra

broadening
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> Event shape spectra compared to O(a?) pQCD

o Hadronisation corrections important, becoming smaller
with increasing Q
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ZEUS & H1 Measurements Mean Values

Y/targis ZEUS Preliminary 1995-97
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> Event shape means (F) vs Q
event topology gets more collimated with rising Q

¢ Reasonable agreement between ZEUS and H1 data

o Jet mass different treatment of hadrons

ZEUS p, massless hadrons
H1 p massive hadrons

¢ ZEUS x dependent measurements
most apparent in 7., B
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pQCD & Power Corrections

¢ Mean value (F') of event shape variable

(F) = (F)*" +arP

> Perturbative part O (i) DISENT in MS
(F)P™t = (2, Q) 2 (Q) + ca2(2, Q) a3 (Q)
> Power corrections Dokshitzer & Webber
16 ’ Hr P [
ME —_ Gy
P o= oM (F) [l
s (i + 3 +3) 2]
- . R 0 R Wil B
(@) - 5 A + o + ~ o (Q)
*+ ap calculable coeflicients dependent on F
*p predictable power p = 1 (except yx, )

¥ Oig, @y non-perturbative universal parameters

Gp—1(pr) =ppr? 3" dky KT au(ky)

infrared matching scale pu; = 2 GeV
+ M' two-loop corrections (=~ 0.95)

= 2 free parameters @, & a,
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ZEUS QCD Fits @, & a,

ZEUS Preliminary 1995-97
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> QCD analysis Q > 9 GeV, fit 2 parameters &y and a,

e event shape variables 7o, C, py fit well
common ag ~ 0.5 and o,

¢ problems with event shapes B, 7. (def. wrt v/Z axis)
apparent x dependence not well reproduced

e 7, fit requires very small power corrections
but strong correlations between @y and a,

¢ large renormalisation scale uncertainties
(exceeding experimental errors by far!)
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Correlations @y vs a,(Mz)

o ZEUS Preliminary 1995-97
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H1 Fits Qo & Qg

S 0.7 - Power Correction Fits
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¢ v = py large effect on massive/massless hadrons
¢ approximate universal power corrections @y =~ 0.5 + 0.1

¢ spread in o, higher order QCD, x dependence?

(F) ap(ur = 2GeV) as(Mz)
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Differential Jet Rates

> Jet rates defined in whole Breit system of current and
target region

¢ Event shapes employing jet algorithms

¢ Distance measures to combine particles into n jets
and with the proton remnant (41)

~ factorisable JADE algorithm
2E; Ej(1 - cosb;;)

Yij = 0
2F;z Ey(1 - cosé,
Yir = & Pé! Sy

-~ Durham or ky algorithm
2min.(Ef, E?)(l e Eﬂﬂegj)
Yij Qg

2E%(1 — cos6;)

> Event shape variables y;; and y,, defined as the y;;
values at the transition (2 + 1) — (1 4+ 1) jets
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Factorisable JADE Algorithm (yg;)

E
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> Observation of small hadronisation effects

¢ Predicted power corrections
ay,, =1 and Px1/Q

= Conjectured coefficient a,,, not supported by H1 data
unreasonably low @,

¢ Consistent fit obtainable with small negative coefficient
1 a a x*/df
(eg) 1 028 1002 0.105 20008 0.8
-0.2 0371020 0.116 X095 0.6

> Need reevaluation of power correction calculations
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Durham or k; Algorithm (y,)

g ® H1 data
03 -~ ~— pQcCD + p. corr,, a = -50
| o=~ paCDO()
0.2
1
0 b
0

> Observation of small hadronisation effects

¢ Power corrections P o 1/Q? expected
no calculations for a,,, no estimate for &,

= Behaviour 1/Q disfavoured by H1 data
¢ Consistent fit with power 1/Q? and negative coefficient
(F) ay, P  Gp a, X* /df
(e} 1 1 065THe 0001 Toue 7.2
=60 2 034717 0a24F00% 08

[> Need calculation of a,,,
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Event Shape Spectra

> Power corrections to event shape distribution

1 do(F)

1 doP*™*(F — apP)

Tiot dF

-5 shift identical to contribution to event shape mean
- applicable in central region u;/Q < F < Fhus

¢ Use data Q > 14 GeV to avoid huge hadronisation
> Event shapes in current hemisphere

e &g and a,(Mz) from fits to spectra in general
inconsistent with those from fits to means
(larger values @, a, preferred)

fit to spectra
ay = 0.62, a, = 0.131

C parameter

z - .
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1# | i = It
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curves from fit to means
ag = 0.45, a, = 0.130

= Hope: better understanding with resummed calculations

work in progress

H-U Martyn

theory & experiment
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> Jet rates yy; & yp: small hadronisation contributions
a) discard power corrections a,P =

é 10 -5 10°
- S @
1o® 10
1n® 10°
1o 1o
10" 1o°
ol | -
10 | 107 ¥
i Sp— Sl 18 1o 81.3 GeV
0 0.2 e.q_wju.n- 0 [

as = 0.116(3)™ a, = 0.118(3)™
b) apply MC hadronisation corrections (< 20%) to pQCD
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[> Spectra in central part well described by pQCD without
and with hadronisation corrections

(> Encouraging prospects to determine a,(Myz)
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Conclusions

> Zeus and H1 provide precise and consistent data on
event shape variables in DIS over a large range of
momentum transfer Q = 7 — 140 GeV
(> Sizeable hadronisation for », 7., B, C, p, po
Q dependence of mean values well described by
- pQCD & power corrections
~ universal parameter &, =~ 0.5 + 20%
Data require refinement of theory
~ spread in a,(Mz) missing higher orders?
—~ x dependence of B, » reliability of coeff. ap?

(> Small, negative hadronisation for jetrates yy;, Yu
— Jade yy; conjectured coeff. ay,,, = 1 excluded

~ Durham y,; support 1/Q? power, a,,, unknown
= more work to be done for y, variables

[> Event shape spectra — a rich potential

~ fits to spectra (without resummation) inconsisitent
with results from means

~ gpectra of jet rates reasonably well described even
without power corrections

= improvements with resummed calculations?

> Event shape studies at HERA support the basic concept
of approximate universal power corrections
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