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N

1.1 JADE at PETRA (1979-1986)
,Wo [GeV] JADE history 1979-1986 L. [nb]
” _ L ” ] H I I I 1 M I 1 1 J _ } L i — i I i I I I 1 ]
- P e U 105 | Integrated Luminosity _ ]
sk vas P E JADE 1979-1986 : 0 O E
______ ol . g m _” ;
5 it 3.8 ¥ | 250 1 - : -
RE TR IERE hetes i 104 B —
30 Bkt o FEPRNA § IR S .E:E;m ......................................... O m m w
” ' ] i : §
R 22,0 ] 103 O NN SR
20 bbb .................................................. e E
; 14,0 H :
ulo L4 m w w . HON W| ||||||||||||| w.ulz.‘ --»».nnm ||||||||||||||||
1979 1980 X 1981 1982 ] 1983 me# 1985 1986 0 10 20
\ﬁ Date
dead cells LG blocks vertex chamber FADC
replaced replaced z chambers installed
installed
V/s-range data taking L < +/s >| MH
[GeV] period [pb~']| [GeV] | data | e High multihadronic
14.0 Jul.-Aug. 1981 1.46 14.0 1734 selection @Cﬂ;%
22.0 Jun.-Jul. 1981 2.41 22.0 1390 .
33.8 — 36.0 | Feb. 1981 - Aug. 1982| 61.7 | 346 |14372| ©® Residual background ~ 1%:
35.0 Feb.-Nov. 1986 92.3 | 35.0 |20925 ete” — 717~
38.3 Oct.-Nov. 1981 8.28 | 383 | 1587 ete~ — ete hadrons
43.4 — 46.6 | Jun. 1984 - Oct. 1985 | 28.8 43.8 3940

/
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[ 2 eTe” Event Shapes at 14 — 44 GeV o)

Observables commonly used for ag studies:

e Thrust (1 —7), Heavy Jet Mass (My), Jet Broadening (B, By ),
C" Parameter, Differential 2-jet rate yo3 (Durham scheme)

e infrared and collinear safe quantities

e resummable in all orders as -In1/F (F =1-T, Br...)

QCD models for describing ete™ event shapes:
e PYTHIA/JETSET: LLA parton shower + string fragmentation
e ARIADNE: colour dipole + string fragmentation
e HERWIG: MLLA parton shower + cluster fragmentation
e COJETS: independent fragmentation
Use LEP tuned versions and try also former JADE optimisation of JETSET 6.3

. S
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Y
o

e e"e” — bb distort event shape and
fake hard gluon radiation due to elec-
troweak decays
= subtract at detector level

e Bin-by-bin unfolding with correction
factors K; = MC!d/MCY* based on

udsc samples

N

Measurement

H\QQQ\QQ T) Emamosn _ﬁac

10 F ¢ JADE (14 GeV) |

[ sa — Pythia ]
(] Pythiabb |
..... Jetset(J) 1
,,,,,,,,,, Ariadne

H NM
~= g PR T S U S _\_l__ e

QQ&QEO Eonmﬁen _36:

- ¢ JADE ﬁa §GeV) |

1L Herwig =

10
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a 2.2 Performance of Hadronisation Models N\

1/6do/dB,

T - T T T T Jis

Comparison with hadron level data
(excl. ete™ — bb):

e PYTHIA

good overall consistency

e HERWIG/ARIADNE
moderate at 14+22 GeV, better at

higher /s
e JETSET 6.3(JADE)

_ _..
e R -
10 4 JADE (35 GeVy{ |

1 : good at 14422 GeV, slightly worse
m . at higher /s
w0} =N
5 ; gt _,.Tubwm"i&mo«u . ™ Oon,—mﬁﬁm
| ] | disfavoured at 14+22 GeV, remains
‘| ke Come worse at higher /s

- /
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3 Determinations of ag

e PT QCD predictions for event shape observable F:

O(aZ): describes hard gluon contribution (3-jet region) (&s = ag/27)
dR 1 do QLAHVQJ N dB(F) dA(F) .2
dF ~ godF _ dF ° dF ~TdF )™

NLLA: resums soft gluon contribution (2-jet region) (L = In(1/F))

R(F) = (14+C14s+C248) exp{Lg1(asL) + ga(asL)}

O(a§)+NLLA: improved description of 2+3 jet region, e.g. In(R) matching:

InR(F) = Lgi(asl)+ g2(asL)—(Gi1L + G12L?)és — (G2aL? + GasL?)63

+A(F)Gs + |BF) - 3 AP’

e Estimate NP effects with PyTHIA, JETSET 6.3(JADE), ARIADNE, HERWIG

e it P'I' prediction with renormalisation scale factor =, = 1
+ bin-by-bin hadronisation correction of R(F) = %oﬂ dF'(1/ogdo/dF")
(Standard = PYTHIA)

.

\
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g 3.1 QCD Fits N\

1/ do/dB,,
0 | } JADE (14 GeV) K
# e Typically x?/d.o.f. = 0.5...2.0
; on o — ; oo x¥d.of. m& WL mﬁ
, |t | | e Stable 1ts
.:a;.__II:___ ++ } i1
; ; | 0aa} ®o00®®ie To g i " aroce hadranicatinm cnrrocts
Y = + el e Large hadronisation corrections
0t } JADE (22 Gev, it at 14 GeV!
1t ] ema + : t — W4 oo Nu..._.m.?ﬂ.
0.18 | ; :
0.16 | m P . .
. _,.:.HHHHHMHHEHH R e Problems with B!
10 012 | -t “ i K, 1/o &Q\a:wﬁ
10 ——
ol ¢ JADE (35 GeV)
[ — _-imﬂv ]
1t PR R pooqeexdet. L TR T
i ooowoo iy o _m_ a ]
; [ - oonwn.o”ull+ ] i!
-1 : : : " ]
10 .u. bttt ,“ . e.u.Nu_...r__.m'. 4 w
$ JADE (44 GeV) 2 K
10 | — In(R) 7 :
...... 1
0.5
om o r _ m { oo yid.of.
1 1 o8} SR 03
; 0.16 | o oo%ouooo e Lo By
A et S £ e TANE POPU | K ]
/ 10 . X 4 012 L i i i .
0 01 02 03 0 o1 02 03 \
B, B,
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3.2 ag Results 1-T | JADE oo e  jADE B fot— JADE.
, M, (14 GeV) B beey (22GeV) oy (34.6 GeV *82)
2 . . B P TL;IT ......... PR R W I £ R S LT...i
e Consistency within 1—2¢ i |
By @] e o]
of experimental errors C e " .-’
Ve y o e f..I
e Significantly reduced - 2 -
M AR I | .» ,T4|+ ..... _ﬁ. | | ! u_!*
dependence w.r.t. QAQmV LT Lel,  JADE B JADE| B, JADE
i . (35GeV 86 : 38.3 GeV . 43.8 GeV
e Dominant errors: M ,.T_A v e : : s A :
: : w.u. o ..*..T.!I.« e P B T
renormalisation scale By| ot .
D+ r QQHOHHM m @;ﬂ m.o“—u. C - !-.M&r!...z._ b e Jois .—lm‘I—;IL
s y T et b
uncertainties Bl - BRI — H e
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
Qm Qm Qm
(V/3) [GeV] | ag(4/s) | fit error exp. hadr. | higher ord. total
T0.0141 | +0.0143 | +0.0206
14.0 0.1704 +0.0051* Too0136 | Toooor | to.0171
- 10.0101 | +0.0144
g decreases | 220 0.1513 +0.0043 40.0101 Mm.mwmm Mw.mmw
by ~ 25% 34.6 (’82) | 0.1409 | £0.0012 | £0.0017 | £0.0071 | o007 | L0 0093
y =~ u 1+0.0096 | +0.0125
35.0 (*86) | 0.1457 | £0.0011 | £0.0020 | £0.0076 | T§'g064 | ~0.0101
10.0084 | 40.0108
38.3 0.1397 | £0.0031 | £0.0026 | £0.0054 | To'50=s | Lo 0087
+0.0068 | +0.0096
. 43.8 0.1306 | £0.0019 | £0.0032 | +0.0056 | F2-309% | To0080. J
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3.3 Test of the Running of ag
3-loop formula:
1 B1Inl
as(v/s) = -
wﬁz\lv QON E%mw : : . _ _ S .
1 [pi Ba E } JADE ]
+ In?l —Inl -1 !
Bal® | B3 g2 )+ Bo : : m_m other experiments
(e'e” jet rates & event mrmummg
In(v/s/Ays)? L
.. 015
e QCD fit, exp.+stat. uncertainties i
(inner error bars):
ASL = 246+ 7MeV ,
QmAENOV = 0.1210 £ 0.0006 Q.H oo QCD: QmAsz =0.1184 + 0.0031
P(x*) = 7% - S. Bethke, J.Phys.G (2000) |
S 10 50 100 200
e ags=const., total uncertainties Am:wmdq

" ICHEPO02, Amsterdam, 24-31 July 2002

(outer error bars):

P() Good agreement with world average
X

based on NNLO QCD!
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4 N

4.1 Global (ag,ay) Fits to Distributions
1/c do/dC

10 S_W\..o. a O.\Ew_i

Ty
e

L3172 GeV
OPAL 161 GeV
DELPHI 161 GeV
L3161 GeV
OPAL 133 GeV
DELFPHI 133 Ge¥,

: T T T T T T T TP —— T3
10 2L ] b L :
L 1 ® OPAL 189 Gev 10 F 1
10 u !4- + L3189 GeV 10 3 \ : OPAL 189 GeV
& + opaLisscey 10 F° 1 4 L3189GeV
10 mcmﬂ,..., %4 O DELPHIIS3GeV of i 1 v OPAL 183 Gev
M . 4] 0 13183 Gev 10 "¢  © DELPHI183 Gey
10°Fs A OPAL 172 Gev of * ] o 3s3Gey
3 ¥ ] o peemmGey 10 7F ¢ 1 & OPALIT2Gev
10 | & L3172Gev i 1 o DELPHII72Gey

|

O <« » B @ % $ o > OO0 « » @ @ % ¢ <= > 0O 4 F =B

7
OPAL 161 GeV 10

L

T

DELPHI 161 GeV
10 ©
L3161 GeV
OPAL 133 GeV
5
pELPHI133Gev 10
L3133 GeV

S

107

URRALL |
e oriid

106

il I&:Jl §—‘I 1 b‘llm

T
Sl

10°

A I n..g—. a

““:.hl_':ﬁ.- K -

b B ® * o o D> OO 4 > W @ % & o D> OO 4 » B

- 1 O OPAL91Gev 10 4 3 < O L3133GeV
10 aw."_ ALEPH 91 GeV 1 o oraLo1 ey
2 1 o pELPHIGIGeY 10 3 . | A DELPHIOI Gev
103 ! 4 @ L391GeV ; 1 o sLpo1Gev
2 | * SLD91GeV 102 3 o & JADE44Gev
10 “ 4 ® JADE 44 GeV E -] * JADE38Gev
i " ™ JADE 38 GeV 10 ¢ 4 ® JADE35Gev
10 ¢ 74 4 JADE3SGeV 1 ™ JADE22Gev
i .1 ¥ JADE22Gev 1L 4 A JADE 14 Gev
1 ¢ 4 © JADE 14GeV At k
aF ., .8 T e . 10 |
10 E 4 : :
0 0 0.3
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4.2 Systematics
0,(2 GeV) 0,y(2 GeV)
A S . | T T 0.9 T T T
0.7 F .
0.65 | - ]
0.6 ] e Fit correlation
. ] 1 (as—a0)
0.55 F ; | Psit ~ —80%
est ] e Good description of
045 B ] 1-T,C, (Br)
o1 i 9.12 . m,% ) 059 ot m_mg ) Excess in 3-jet region for
s\Viz s\iViz
0y(2 GeV) 0,2 GeV) . , Bw, M
_ _ _ 1 oesfo x=05.20 _ | ) i
[ A In(R), mod. R e Systematic deviations from
0.55 | - [0 M£20% ]
064 Voo, g. fits to separate data sets
05} 1 V8 < Myo : missing higher
H ] order contributions?
0.45 | 1 [ :
0.5 ” (Bt, Bw)
041 C 1 045} average ]
0.105 0.11 0.115 0.12 0105 011 0115
og(M,) og(M,)
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0.14}
0.12f

0.1f
0.08/
0.06/

0.04

0.02]

0.08

0.04

0.02

4.3 Global (as,ap) Fits to Mean Values

20 40 60 80 100 120 140 160 180 200

Vs [GeV]

0.06}

o

@O

| —— ._i.rrr.e

20 40 60 80 100 120 140 160 180 200
Vs [GeV]

\.......,

zHc.E
p= ]

S

0.12}

0.1

T

0.04"

0.02

T

0.08+

006 ™

Y

5

20 40 60 80 100 120 140 160 180200

Vs [GeV]

©

T

0.5

0.2}

Otogy+Power Corr. |
Ofog) only -

20 40 60 80 100 120 140 160 180200

Vs [GeV]

\;,ON:.«

/

Eur. ww.%m J. C22 Gooc 1 maomm not include cwawdm Q@ 14+22 mm5

o8-
0.16-
0.14-
0.12-

0.1"
0.08"
0.06-
0.4
002

0

L T

0 Mc Ao oo mc _oc uma Ko _am:mowoo

Vs [GeV]

0.015-
0.01°~

c.ccm 1

%

alhrr

020 40 60 80 100 120 140 160 180 200

Vs [GeV] \
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4.4 (as,ap) Results
“conventional”
ey Mean Values
_ analysis : [ g ——p———— .
0.9 | “\ *21b) |
sl | 0.7 | :
0.7} 0.6 :
oy | O |
0.6 | 0.5 [ * average .
@ <1-T> ]
-Fm : ckﬂm. ” MMWWV m
‘ , i ]
04 -V <By> ]
' elu ” .hv —AO.V [ L ] " ] M 1 M ...l..
0.1 0.11 0.12 0.13
og(M,)
Distributions fit exp. theo. Mean Values fit exp. theo.
as(Mgo)= 0.1126 +0.0005 £0.0037 T39034| | ag(M,0)= 0.1187 +£0.0014 +0.0001 +0-0028
ao(2 GeV)= 0542 +0.005 +0.032 10080 | |ao(2 GeV)= 0.485 +0.013 +0.001 +9:965

/ o asPO < qgMC

e Consistency within 1 — 20 of total errors

) from distributions due to minor

e «( universal within 20% uncertainty level of Milan factor M

/missing squeeze of PT mﬁmoﬂzab&
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4.5 Higher Order Contributions?
s1/0 do/dB, 1/c do/dy
00— _ Nu_ LR AL
m...n,. ,,,,,,,,,,,, pQCD+DMW 1 108, pQCD
L TRy pQCD+DMW+In(QYQ| e Ml e pQCD+1/Q™
0% 3 E
: o." 1 o opAL 91 Gev 1
103k " | A DELPHI 91 GeV | = oraLscey
] . 4 A OPAL183Gev
i 1 6 SLD91Gev 1 v OPAL172Gev
4 | O OPAL161 Gev
10 3 © JADE 44 GeV O OPAL 133 GeV
: * JADE 38 GeV TTH h ORALR Cov
b ¢ DELPHI 91 GeV
10 ® JADE 35GeV N # JADE 44 GeV
; * * JADE 38 GeV
H ® JADE 22 GeV ® JADE 35GeV
1 F A JADE 14 GeV : ® JADE 22 GeV
- i ; A JADE 14 GeV
1|
10 PP PP ST B
0 10~ 10~ 10"
Y23
Log. enhancement o (InQ)/Q 1/ Q? corrections for 123 seen in JADE data
yields better description of data Fit pQCD+A10/Q + A20/Q*:
as(Myo) = 0.1128 £ 0.0007 (fit) T009%9 (syst.)
(Disentangle PC from re-definition of z,,) Ao = 0.018 +0.014 (fit) 77924 (syst.) GeV
« Azo = 1.94+0.31(fit) T237 (syst.) GeV? \

ICHEPO02, Amsterdam, 24-31 July 2002 16

P.A. Movilla Ferndndez, MPI fiir Physik, w\wmﬁnrms




@ _ 0

4.6 Colour Structure from Event Shapes
Colour structure known for: oo okar.Thys. . 022 (2001) 199
25 .
e PT predictions ! ° QCD fit platadti
AxCp, B=B(Ca,Cp,ny) , L * SU(3) QCD prediction )
i B SuU@4) i
NLLA=NLLA(C4, CF, 34&
e Running ag ot ]
Aum,
Bo = Bo(Ca,ny), B1 = B1(Ca,Cp,ny)
1 _
e Power corrections S e
ﬂ”ﬂﬁQ\ﬁgQHﬂua.ﬂvu EHKAQ\#uﬂH%Uu Q.mfﬂdﬁvu DmeaO.H: rH
Dy =Dr(Ca,Cpr,ny) i [ ] 9s% c.L.
_ Su) w ]
—> Reduced model dependence N O LN PO ER T
O.P
Fit g and g and Fix ag and nf and Q\w = 2.84 +£0.24
(Caqa or Cp orng) | fit ag and Cy and Cp :
1—-7T C 1—T C QCD Omw_ — HN@UWOH%
Ca|27+02 3.0+£06)27+£02 3005 J Uncertainties competitive
Cr|14+03 15+04|13+02 13+05 | 4/3 with other analyses
/ ny |64+1.2 49x3.0 S - 5 (e.g. 4-jet angular correlations) \
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\ DIS [pol. stret. fetn] R /
DIS [Bj-SR] led
m m :EEQH-%. DIS HQW\m-mE TJ...II
T-decays e
. DIS [v; xF,] —o—i
. DIS [e/u; F,] o
e O(a3)+NLLA work well at PETRA energies DIS [e-p; et -
QQ states G-
. . . 1 Y decays TI
e Hadr. uncertainties at 14 GeV = O(Aa{ ™)) e [0, ,. -
e’e [jets & shapes 14.0 GeV] —0—t
40.0083 e’e [jets & shapes 22.0 GeV]’ —hy
. B . ee [jets & shapes 34.8 GeV] o
as AQNQ v =0.1 H@&io.ooqo QUHWH,W&PV a+m [jets & ma_ﬂw 383 owﬁ* 40—
e'e [o,,,] ; @
as AENOV — D. H_,NH_. H_H 0.0D@ AHLTJLHU J_l mHuOv e'e :n_manw shapes 43.8 GeV]’ —Ob—
e'e [jets & shapes 58 GeV] FCrrf
_— pp — bbX —0—
QmQE.ch =0.120 4+ 0.007 AHLMHUNV B o ¥
olpp EM%&& —t0—
. . e'e T(Z'— had.) :
e Consistency with other measurements and methods  |is i | bl
e’e [jets & shapes 91.2 GeV] Ho—
e’e [jets & shapes 133 GeV] —0—
e’e [jets & shapes 161 GeV] bCri
“e [jets & shapes 172 GeV]
Q%MQ@/O MM liets & Mwwmm 183 oms _Fo_mMI
Jtnlla St H H e . 03 - .
# Mean Values DELPHI ﬁwm_“m. ) ] og5(M,)
09 | ALEPH dist. (prelim.) ]
§ H1 (prelim.) ] o . .
08 | 1 o PC competitive with MC method for some variables
07 f .
i . | @ SU(3) structure of QCD confirmed
06 €¢ s .. €p N
. @ 1-T H _ A 1-T T . ) . . . . p
05| m M2 g o 11.1 ® Universality of o established within +20%
N 5 H UH— W C .
R A Skt 4 ‘ "
A B S *p ] AL N . a 117=+0.0031 IRt +0.066
04 v w“_..__ B | QUA,%\NNGV - O._.“_..NOEC.GOMH Q”OAM mﬂm\ﬁx v - O.@GWFO.O%W
03foc " * C (distributions+means)
- O EEC ] p .
02 2608 6:05 0.1 0.1 0.2 043 o4 ois 016 ® More and improved PC calculations needed!
/ 0 g(M,) \
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