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Motivation

0.5 * ] { .
i g e*e- data at low CME provide
o NP | large leverage for QCD tests
0.3 ¢
| ——f
- PT epertubative effects ~ 1/In Q
AT B b *non pertubative effects ~ 1/Q
{}'[ 20 40 60 S0 100 120 140 160 lgﬂ 200
Q [GeV]

eprevious measurements at low energy
have large (theoretical) errors

esince LEP/SLC era new theoretical input & Elf}it:,
(NLLA+O(a ?) predictions) e ““{?/ |
>reduced theoretical uncertainties \ L

(smaller dependence on X))
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The JADE Detector

MAGNETDETEKTOR —y 5 y3=

MAGNET DETECTOR.
1 Strahlrohrzahler HeAM #IPE COUNTERS
@ Endseitige Bleiglaszahler £ PLUGLEAD GLASS CIUNTERS .
i Drucktank PRESSURE A L w MC event

Myon-Kammern Mo CHAMAERS

Jet-Kammern i CHAMBERS
Flugzeit-Z3hler TME 0F £1 507 COBTERS
- el e b ko rap s Rt R0 e 1 i
Tam. Coam a1 11 1 rpm

Spule ci

Zentrale Bleiglaszahler CCRALLEAD GLASS COUNTERS
Magnetg'uch MAGHCT YOKE

Myon-Fitter MK FLIERS : =
Hewe?lichar Endstopfen REMOVABLE END PLUG |

Strahlrohr BEaM pipe |

@ Vorwirts-Detektor LG CHNIER L=
% Mini-Beta Quadrupol HINY BETA QUADRUPOLE}G
15 Fahrwerk MOviKG DEVICES . ;

Gesamtgewicht oL weiGhT:~ 1200
Magnetfeld maowen FeLn: 05T
Beteiligte Institute FaRTICIRANTS
DESY, Hamburg, Heidelberg,
Lancaster, Manchester,
Rutherford Lab, Tokio

NEW: original JADE simulation software reactivated
(before only CME = 35 and 44 GeV available)

MC: Pythia/Jetset (LEP & JADE tuned versions), Ariadne, Herwig, Cojets
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a. from e‘e- Event Shapes at 14-44 GeV

Event Shapes

Thrust (1-T) einfrared and
. collinear safe
Heavy Jet I\/I_ass (My) ) quantities
eJet Broadening (B+,B,) eresummable in
 C Parameter” all orders
Differential 2-jet rate y,;" 2sin FZHCM

(Durham scheme)

*) Event Shape variables only used after
shutdown of PETRA

11.September 2002 Jochen R. Schieck 4



bb-Corrections

1/odo/d(1-T) (detector level)

10 L * JADE (14 Ge¥)
—  Pythia
Pythia bb
B JmENJF
—  Ariadne
=+ Herwig

10

=I—

*bb events fakes events with gluon radiation (electro weak decay)
»subtraction at detector level
eCorrection for detector effects
»bin-by-bin unfolding Ki=MC;"a/MC,%t using udsc sample
11.September 2002 Jochen R. Schieck 5




1/6da/d(1-T)

4 JADE (14 GeV)| |

Detector
Correction

+ JADE (22 GeV)| |

Comparison with
different hadronisation
models

+ JADE (35 GeV)| |

detector corrections

10
10 + JADE (44 Ge{'; i m..aa.ﬂm....,c.;.,.;-l-s . . .
it /w K, normalized deviations from

Herwig
Cajets

model predictions

0 0.1 0.2 0.3 l.l(l.dll_rl 0.1 0.2 0. Th rUSt (1_T)

1-T .
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Determination of a.

(used for previous analysis)

-O(aSZ) calculations, (3 jet region).

dR _ 1 ds _dAR)a() , dBR@MWY , Bawo
dF s,dF  dF 2p dF §Pp 5 LD g

*no good description for F =0 (divergent)

*NLLA calculations (resums soft gluon contribution, 2 jets):

L BF) - @, )ece + D, L)

F
R(F) = & dF
Qe S, dF L =In(/ F)

R(F) j— (1+ Cla' S + Cza Sz)eLgl(asL)+gz(asL)
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Determination of a.

O(a.?) + NLLA matching:

INRF)=Lg @) +9,@.L)- (GiL+G,L)a. /2 - (G,L” +Gl) @,/ D)°

Asy2

a 1
F)== +(B(F)- = AF)?
+AF) > +(B(F) ZA())(Zp

Fit perturbative predictions with scale factor x. =1 and a,
as free parameter

ecorrect parton distribution to hadron distribution
»bin-by-bin hadronisation correction for R(F) with Pythia

11.September 2002 Jochen R. Schieck 8




large hadron correction for CME = 14 GeV (50-100%)

/s do/dB,,
} JADE (14 GeV i S, K, IVI e aS u re m e n t
1 l."l 10 ey
0= i
i il L — oo xidat FItS
{ . 016 :+'+ti+++“+i : +1
B e e g correction from
i I /‘ .  *— Dparton - hadron
0.5
, S |k a. and c2 dependency of fit
‘ff ) i % ::: H*ii”*’ﬂ“ i :1 *—- S
i ! POy M B . range
t JADE (35 GeV i K,
e 1/6 do/dB
| L o o| TR Humese
:;'I 016 “ ?Gnu o™ ':' . Jf' n{R)
_;’|| L, X | edgferestenaitrae 0 jr
|
b JADE (44 GeV tu: = K, _T_
“‘E = "!‘.;-_-l'hi; el 1 ::’;I
e ooy d.e.k ;l
18 ; |
016 | o “én%un P g 1 .:=||
ma-_”i”“*ii'i.: ., 0_14;-'
012 b . i 1 i
ooer e By o o1 | problems with B,,
(also at LEP visible!)
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a. Results

BEEEN . JADE i JADE
req  (22GeV) o (34,6 GeV 82)
Py g I a.(34.6) = 0.12£0.01+0.01
Phys.Rep.148(1987)67
n H..'.. M .....
i v iy ~B0% smaller error with
neéw theoretical calculations
...'_H ..... ._.l.
N . . JADE| BER, . JADE
et (383GeV) #38GeV)l Dominant errors:
O B e . .
N erenormalisation
- ) e scale
- » . ehadronisation
B | B uncertainties
0.12 0.14 0.16 0.18 0.2 0.12 0.14 0.16 0.18 0.2 0.12 0.14 0.16 0.18 0.2
{IS (IS aS

x,dependency significantly reduced w.r.t O(a.?) calculations
11.September 2002 Jochen R. Schieck 10




a. Evolution

b,
b,
=In(Q/

1 byInL 1 éb’
a = - + InNL-InL-1)+
(Q) b,L b2 bl &b, ( )

,— S o

{§ JADE
% other experiments
(e'e” jet rates & event shapes

Fit to 14-44 GeV:
| O %gs | | c2=3.1/4
L [ — QCD: og(M;)=0.1184 + 0.0031 P(CZ’d.O_f_):54%

S. Bethke, J.Phys .G (2000)

1 L i L L L L | L
10 50 100 200
Vs[GeV]
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Power Corrections

°no correction for hadronisation effects with MC generator necessary

eDokshitzer-Marchesini-Webber (DMW) structure of power corrections:
PT
(F)=(F)" +D.P D. =a >In(l/F) +F. F=B,B,
ds (F) _ds " (F - D.P) D- =const. F=1-T,M,2,C
dF dF T 1Ta

_4c m alge m, K 8
P=—"M a.(my)-b n(—) +— +13 | \
P i i 2p g m bO ﬁ) c, (p )] !

1 m
° — cfina_(m
universal parameter (M) m 91 (M

;gl'[;-r—;.v]

11.September 2002 Jochen R. Schieck 12



Fit to Distribution

eglobal fit of
PQCD + Power Corrections (DMW model)

to overall event shape and mean values data from:

PETRA (CME = 14-189 GeV)

PEP

TRISTAN 2 free fit parameters:
o SLC 1. a. strong coupling

LEP 2. aguniversal parameter

for all event shapes
| 11.September 2002 Jochen R. Schieck 13



a.,a, FIts to Distribution

1/6 do/dC

® OPAL 189 GeV

4 L3189GeV Ver OOd fit
e + ¥ OPAL 183 GeV y g
g 4] © DELPHI183Gev
&1 o tascey to d atal
‘||| & opaL172Gev .
e |d] ¢ DELPHI1T2Z Gev
L8l e L3172Gev
4.1 « oravistcey c2=181/216 d.o.f
|~4] e DELPHI161GeV
W B R KIS
et [+ 4 OPAL133GeV .
" T | ¥ DELPHI133GeV 2 param ete r fl t

U o L31sacev

STy fT. with ag,a, describes
vodme, - distribution at 13
~oo e different energies

] + soencer simultaneously

4 © JADE14GeV

11.September 2002 Jochen R. Schieck 14



a.,a, Fits to Mean Values

;EL 0.2
~ 0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

Ve IGeV1

0Cl 20 40 o0 fU 100 120 140 160 180 200

perturbative predictions

11.September 2002

perturbative predictions plus

power corrections

|

(©

0.5

0.4

0.3

0.2

0.1

*
]
"
0
]
o

D[C(,;)—I—PDWCL‘ Com.
D[Cl:;) only

0

0 20 40 60 80 100120 140 160 180 200

Jochen R. Schieck

e IGeV1
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(ag,ay) FIt Results

0.13

Distributions ‘conventional Mean Values
[T ’ d b T g ' SR LR / . F ' T ¥ T ' T ! 1 !
- - analysis o
0.9 F a) : y 0.8 " b)
0.8 0.7 ¢
071 0.6
oL [ {II}
06} 0.5 * average
5 rﬁt(as-ao) o <1-T>
0.5t 0.4 C n {Mﬁ:"
[ [ A <B.>
0.4} "'-80% . «:B:.,.}
E - - “'3 :' Tj I{C? 4 i [l L
0. Sl g 0.1 0.11 0.12
aS(MZ)
aS(MZQ) 0.1126 +0.0005 +0.0037 +0.0044 aS(MZO) 0.1187 +0.0014 +0.0001 +0.0028
-0.0030 -0.0015
a0(2 GeV) 0.542 +0.005 +0.032 +0.084 a0(2 GeV) 0.485 +0.013 +0.001 +0.065
-0.060 -0.043

11.September 2002
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Color Structure from Event Shapes

"""""""""""""""""""
25 |- =1
W SU(5) -+

ePerturbative Prediction ' * QoD
AZA(CF) . * SU(3) QCD predictio: »
B=B(C,,Cg.,n¢) _
NLLA=NLLA(C,,Cr,ny) . | @

Power Corrections ; [
P=P (C,,Cr.Ns) | - suc)
M=M(Con) S
De=D¢ (Ca,Cring) oﬂj 5[1107 TR

CA

Co=2.84 +0.24 (QCD:3)
C,=1.29 +0.18 (QCD:4/3)

(competitive with 4 jet angular analysis)
11.September 2002 Jochen R. Schieck 17




s, and s+ with JADE

ch
N =§(1+c052q)ST +§(sin2q)
s d(g>xcosq) 8 S ot

ch
SL

tot

- no asymmetric term

s,~0 at quark production
vertex
S, <0
— contribution from
gluon radiation

11.September 2002

(no quark-antiquark separation

Jochen R. Schieck

= 50
M 1 [ T
0-5 J_ll_lI.D+DJ.¢J.4+.+.LC-T.TID.¢I._LIll_..ll-lll_lll_l'___._______
%
E_ 0.40 ® JADE -Data 366 GeV
= t ]
‘E.b 0.35 “h +1__f__;
& N W
3 H ]
o 030 I o G
- H’+ +i‘.+"|} ar
e i __+.i+' E
0.25 $++-+--++-+-.-'_+"+_ =
0.20 --.318[0.‘1.":'6101)(l+c0518)
0.15
0.10
0.05 3/4 (0" [, ) sin’®
°I 08 06 04 02 0 02 04 06 08 1

q-cosd
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Measurement of s, and s

. 2
S,/ S~ 0.067+0.013 51985 g as0
Swtg P epP g
a,(36.6 GeV)=0.150:0.02 | . | -
a.(M,.)=0.127+0.018 .
Power Correction: ooef
8M 006
dec =55 g(o(m) as) "
aS(MZo):0126i0025 95 30 40 s060 s0 100 . :;?Jﬂv
a,(m)=0.3+0.3 “
11.September 2002 Jochen R. Schieck 19




Measurement of In(1/x)
Distribution

x=2p/s/2 |
Fit to distribution (skewed gaussian):
2 3 4
Fq(X,Y)=w>exp(E- Sd_ (2+k)d +Sd +kd )

sv2p 8 2 4 6 24
Y=In(sY?/2L ) saialt
N(Y): normalization related 6 | it
to charged multiplicity s
<z>=function of Y + O(1) :
d=(z-<z>)/s ) o ] _
s:width = : A }i
s: skewness > Y dependent! b Vi 'y
k: kurtosis = | 8 L
z0: peak position L ',.;' "
20-<2>=(11+2N)/(32*9C,) TR

11.September 2002 Jochen R. Schieck 20



Measurement of In(1/x)
Distribution

F i t N L LA (FO n g ’We b be r) : Fitparameter mit statistischen und gesamien Fehlern

0 | statistischer Eehler
Leff,N and <Z>,Z Or O(l) + gesanter Feliler
JADE preliminary .
; o £ I |
s < T
z 1 s .
10 el
% 25 o -
.78 :
s 5 . |
S sy o -
S 2 JEEEER. e
<z>,z%and N depend on s* | ™ _ +
L .sand O(1) constant T sGey

11.September 2002 Jochen R. Schieck
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Conclusion (1)

ay(My.)=0.1194+00083 | ' (PETRA)
a,(M,.)=0.121+0.006 (LEP+SLC)
a,(M,.)=0.120+0.007(LEP2)

econsistent with other
measurement and methods

*O(a4?) + NLLA calculation first
time applied to PETRA data
N

11.September 2002 Jochen R. Schieck

1S [pol. stret. fom,] 00—
D1s [Bj-SR] .
s [GLS-5 K] .
T-decays L
DIS [v; xF,] b
DIS [e/p; F.] 1
D15 [e-p; jets] l—g—i
[“.i_:f'xl:n-m __:_;__g_
‘P decays ——
ee 5 ] H -
e'e [jets & shapes 14.0 GeV]’ o
e"e [jets & shapes 22.0 Ge V]’ F
ee [jets & shapes 34.8 GeV]’ k.
e'e [jets & shapes 383 GeV] o
ee [o ] | .
e'e [jeis & shapes 43 8 Gev] ol
e [jets & shapes 58 GeV] e
e — bbX i Ot
pbpp — ¥X "
olpp — jets) —Ho—
e'e [1Z — had.) .
e e scaling viol. |—-ﬁ_1—
e e [jets & shapes 91.2 GeV] 7,
e'e [jets & shapes 133 GeV] i
e e [jets & shapes 161 GeV) -
e e [jets & shapes 172 GeV| —+
e e [jets & shapes |83 GeV) B
e IL]'I:'I l.I."n':' =.|1i':|n'~' IIi‘w."'.l‘ Ll"n"-f' |I . O |
0.0%8 0. 10 0.12 0.14
ctg(M,)
22



Conclusion (11)

o(ZGeV) o euniversality of a,
+ Distributions this analysis (prelim.) . L
) T S m———— L3 (prelim) | confirmed within 20%
' DELPHI (prelim.)
0.9 ALEPH dist. (prelim.) *SU(3) structure of QCD
HIL (prelim.) .
038 . confirmed
0.7 T
e — +0.0031
06| €¢ 2 as(Mz.)=0.1175 -0.0021
® |-T e N L-T
N . Ifl s o a0(2GeV)=0.50309 ; ;g
0.4 T e
¥ By + B
Bigi) & = % X emeasurement of a_ with
I:ll EECl L L ] | | I | S /S
02008 0.00 0.1 0.1l 0.12 0.3 0.14 0.15 0.16 L% ~tot

a(M,)  *energy dependency of
B In(1/x) spectra
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JADE at Petra (1979-1986)

10

Li||1[]-|b-l]

JADE 1975-1986 ;

[nb=grated Lumiinosity i

(GeV) period (pb-1 (GeV)

14.0 07-08/1981 1.46 14.0 1734
22.0 06-07/1981 2.41 220 | 1390
33.8-36.0 | 02/1981-08/1982 | 617 346 | 14372
35.0 02-06/1986 92.3 350 | 20925
383 10-11/1981 8.28 383 | 1587
434-466 | 06/1984-10/1985 | 2858 438 | 3940

11.September 2002
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LEP @ 91 GeV:
34 pb-!

1.5 M events
(OPAL)

24




a. Results

order
0.1704 +0.0051 +0.0141 | +0.0143 | +0.0206
-0.0136 | -0.0091 | -0.0171
22.0 0.1513 +0.0043 +0.0101 | +0.0101 | +0.0144
-0.0065 | -0.0121
34.6('82) | 0.1409 +0.0012 | +0.0017 | +0.0071 | +0.0086 | +0.0114
-0.0057 | -0.0121
35.0('86) | 0.1457 +0.0011 | +0.0020 | +0.0076 | +0.0096 | +0.0125
-0.0064 | -0.0101
38.3 0.1397 +0.0031 | +0.0026 | +0.0054 | +0.0084 | +0.0108
-0.0056 | -0.0087
43.8 0.1306 +0.0019 | +0.0032 | +0.0056 | +0.0068 | +0.0096
-0.0044 | -0.0080

a, (34.6) = 0.12+0.01+0.01
Phys.Rep.148(1987)67
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~30% smaller error with new

theoretical calculations
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a.,a, FIts to Distribution

adodly

11.September 2002

B OPAL 189 GeV

A L3189 GeV

¥ OPAL 183 GeV

O DELPHI 183 GeV

"ol ] o L3183 Gev
"2 A OPAL172GeV

¢ DELPHI17I GeV

] e Lameey

* OPAL 161 GeV

~.." | o DELPHI161GeV
w0 ] w L6 Gev

4 OPAL 133 GeV

1 v pELPHI B3 Gev
1121 o L333Gev
[#4%+.] o opaLs1Gev
8g. .2 "] a DELPHI91GeV
1 ¢ stpotcev

{ ¢ JADE#4Gev

* JADE 38 GeV

3| ® JADE3SGeV
F.+| » JaDERGev
(=51 A JADE14Gev

Jochen R. Schieck

problems with
BW also visible
at 3 jet region
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PC - Higher Order
Contributions

Log. Enhancement ~ InQ/Q

1/Q? corrections for y,,
yields better description of data Fit: pQCD+A,,/Q+A,,/Q?

11.September 2002 Jochen R. Schieck

1051,.6 d("i/d]?w T Uﬁdlo-/dyﬂ 12
0, e pQCD+DMW 10 8.
b - pQCD+DMW-In(Q)Q
i 7
10
O OPAL91GeV 10 6.,
e ® OPAL 189 GeV
A DELPHI 91 GeV 5
10 "k 4 OPAL 183 GeV
¢ SLD91GcV ¥ OPAL 172 GeV
10 4 O OPAL 161 GeV
* JADEAMSN 0 OPAL 133 GeV
* JADE38 GeV 10 e A OPAL 91 GeV
¢ DELPHI91GcV
® JADE3S GeV 10 2 @ JADE 44 GeV
* JADE 38 GcV
® JADE22GcV I
10 " ® JADE 35 GcV
4 JADE14GeV i ® JADE 22 GeV
1 : 4 JADE 14 GeV
-1 ;
10 :
10 10 10
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Comparison: MC Correction - PC

correction factor (35 GeV)

power correction
-==-== MC correction

i =
i == Sla=-
' -
] [Epopr——— | —§
' -
- e
I T T T P T T T e T T T Ty
W - i
" -
N =a
- )

PR ST SR R [ R R g peifeeighity .a
0 0.05 0.1 0.15

0.2

PR
0.25

By,
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correction factor (35 GeV)

power correction
»===== MU correction

{]..

0.2
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