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JADE: 1978-1986 at PETRA, DESY
c.m. energy Q=12-44GeV
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OPAL: 1989-2000 at LEP
Q=91-209 GeV
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Event shape variables y

Two-hemisphere One-hemisphere

variables: variables:
e Thrust 1-T . Wide Jet Broadening B |
» C-parameter « Durham 2 jet flip parameter
» Total Jet Boadening y23D
B
T « Heavy Jet Mass MH
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qq: 2 Jets, y=0 qqg: 3 Jets, e.g. 1-T = 5 Many gluons, e.g. 1-T = %2
%ﬁ‘ 1 E I T | ol | | g
BT at ’ ;: '+'+++ :;;_ I _; BT at
14 GeV: b 4 + I ~ B 91 GeV:
o, large , . i - : o small




Hadronisation: Monte Carlo models Predictions: Next to Next to Leading
Order O(0.¢3)

(finished 2008 after 25 years)

parton level hadron level
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Hadronic event in e* e~ annihilation




At 14, 35, 91, 207 GeV; hadron level with stat. errors

Event shape thrust
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More complete than NLO analyses:

Data described well over virtually all phase space, in particular including NLLA
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« More complete than
NLO+NLLA analyses:

0 (m,°) results, OPAL:

NLO NNLO
015 NO - aNiea  NNLO LA - renormalisation scale
= I I I ' uncertainty reduced
© 014 [ 1 1 1 ] - scatter from different
S - - ] variables reduced
030 1] 1+ 1 1 ] - in particular (OPAL) not
' including NLLA

o,(m,°) results:

-

D e o000 os20-000%

NNLO+NLLA 0.1172+0.0051 0.1189+0.0041

0.1L

N EZa2Rl N EZa2f8 N EZa28 N EZazA

n SRS SRS LSmdg > LaSmag S 2.6-5.0% preCiSiOn, among the best

measurements
Errors: stat. / exp.+had.+scale



Running ag(Q) result
from event shape combination, OPAL
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 Analyses of data taken at the JADE and OPAL
experiment are still ongoing

« Measurements not limited by statistical and
experimental precision: New models and calculations
allow improved determination of ag

« Running of ag(Q) confirmed strongly in the JADE energy
range

« 0s(m,°) measured precisely by OPAL

* QCD precisely studied in ete important for LHC




Statistical

¢« L=2103%/cm2s ~ 103<LEP1
o Ohad -~ 10-3.LEP1

« Selection efficiency slightly
worse than LEP2 nep-ex/9912051

 Precision of 0.0001 in few
years




« JADE, additionally:

Statistical
- data version
e L=2¢1034/cm?2s ~ 103<LEP1 e
. 0,4 ~ 103¢LEP1 e Adet/ag from NNLO+NLLA |
i e OPAL -
O JADE

« Selection efficiency slightly
worse than LEP2 nep-ex/9912051

D
1-T, M, B, By, C, y,,

 Precision of 0.0001 in few ' B .
years _ .

Detector uncertainties

10 ° d

+ OPAL e
. 510 10

- acceptance cut

- tracks+cluster
- MC model



« JADE, additionally:

Statistical
- data version
e L=2¢1034/cm?2s ~ 103<LEP1 e
. 0,4 ~ 103¢LEP1 e Adet/ag from NNLO+NLLA |
i e OPAL -
O JADE

« Selection efficiency slightly
worse than LEP2 nep-ex/9912051

D
1-T, M, B, By, C, y,,

 Precision of 0.0001 in few ' B .
years _ .

Detector uncertainties

-2 ° -
« OPAL S S S Oi---g,
510 10 510 10
- acceptance cut ey
P IL.C detector very hermetic, good tracking &

- tracks+cluster calorimetry: Detector uncertainty
~ MC model Adet/a~0.01 expected

http://tesla.desy.de/new_pages/TDR_CD/PartIIl/partIIl.pdf



Residual Background | Abkg/a,from NNLO+NLLA

10
SExp(ag)

 Selection cuts varied [ e OPAL
« JADE, additionally:

O JADE

D
1'Ts MHa BT9 Bwa C’ y23

- bb cross section + 5%
« OPAL, additionally:

- 4f cross section +5% 10 .

- ISR algorithm varied [ o .
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Residual Background

10

SExp(ag) |

Selection cuts varied
JADE, additionally:

- bb cross section + 5%
OPAL, additionally:

- 4f cross section +5% 10

- ISR algorithm varied

ILC: Larger background, but
- Polarization
- Good b-tagging
- Bkg measured well

Abkg/a ., from NNLO+NLLA

e OPAL

O JADE

D
I'Ts MHa BT9 Bwa C’ y23

1 1 P 1
5.10"

102 5102 10°
ISR Vs [GeV]
WW,Z7Z,tt,beamstrahlung

500 GeV: uncertainty of
Abkg/a, ~ 0.01 expected

http://tesla.desy.de/new_pages/TDR_CD/PartIIl/partIIl.pdf



Hadronisation uncertainties

Ahad from NNLO+NLLA

 JADE & OPAL: R A e OPAL ;
Estimated by o © JADE
larger difference O 1-T,My, By, By, C, yoy
between PYTHIA
and HERWIG, o . |
ARIADNE : ° % ]
10-4 T3 .2 3
510 10 510 10
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Hadronisation uncertainties

Ahad from NNLO+NLLA

AHad (o)
107
: e OPAL

 JADE & OPAL:
Estimated by
larger difference
between PYTHIA |
and HERWIG, B A

© JADE

D
1-T, My, By, By, G, yg

ARIADNE 10 3 Inverse power .
of s
« Agreeement
with MC studies O(0-00t01) .
at 500 GeV. . even at m-,
N T sl I1I02 T 5102 103
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Uncertainty due to uncalculated higher orders

« Estimated conventionally by varying the renormalisation
scale ug=0.5 Vs ... 2.0 Vs

, Ascale from NNLO
10 ————— ———
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Uncertainty due to uncalculated higher orders

« Estimated conventionally by varying the renormalisation
scale ug=0.5 Vs ... 2.0 Vs

, Ascale from NNLO
10 —————— ————r

ATheo(oLy)["

e OPAL
O JADE

D
1'T9 MHa BTa BW’ Ca y23

0(0.001) =

10

1 2
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Uncertainty due to uncalculated higher orders

« Estimated conventionally by varying the renormalisation
scale ug=0.5 Vs ... 2.0 Vs

Compare scale uncertainties 500 GeV vs.
, Ascale from NNLO 91 GeV:
10 ————— —————

ATheo(oLy)["

e OPAL
O JADE

D
1'T9 MHa BTa BW’ C’ y23

NNLO - , 0.1205 0.0967 0.1205
missing- As*+0.0027  +£0.0011  +0.0017

10

Scale uncertainty reduced to
0(0.001) —» _ NLO: 80%
T a0 102 5100 10° NNLO: 60%.

Vs [GeV]




« Uncertainties of ag(my,°)
measurement at 500 GeV:

0.17 |
- Detector ~ 0.001 ok } OPALNNLO+NLLA
- Background ~ 0.001 s by i:;’E:N‘:“:“;A
[ =1, My By By L5 ¥a3 ]
- Hadronisation ~ 0.0001 0.145 ‘-. = g(m,9)=0.1189+0.0041 ]
0.13 | & -
partons are almost seen! 0 2; -
A2 e
— Scale ~ 0.001 0,115_
NNLO very important o1 |
* ILC+NNLO = precision 000 f
0200 200 600 800 1000
Vs [GeV]

Test of the running of a,(Vs): Extended
lever arm
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