OUTLINE

- Abstract

- Intro duction

- Event Shap e Variables

- Data before 1996

- LEP 2 Data

- Quark and Gluon Fragmen tation

- QCD outlo ok

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997

Abstract

In 1996 the LEP cen ter-of-mass energy has reac hed the up to now highest value of 172 GeV in e_+ e_− collisions. This allo ws to con tin ue to test the theory of strong interactions (QCD) over the range of data available at LEP - starting at √ s= 91 GeV - with the same exp erimen tal facilities consisting of the four detectors L3, Aleph, Opal and Delphi. This allo ws a precise determination of the strong coupling constan t α^s at √ s= 172 GeV and enables a comparison of its relativ e change with energy to the

QCD prediction. The variation with energy of the charge multiplicit y and of the mean value of several global event shap e variables of hadronic final states is compared to QCD mo dels over the energy range from √ s= 10 to 172 GeV.

The comparison of particle pro duction from quark fragmen tation and from gluon fragmen tation is of interest for the hadronization pro cess. The total pro duction rates of K_0^s and Λ on the basis of 3.1 million events collected with the L3 detector allo w the comparison of their pro duction in preferen tially enric hed quark and gluon jets and is well describ ed with QCD using string fragmen tation Mon te Carlo calculations.

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997

3 Jet Event from Z0Deca y

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 6

4 Jet Event from W+W− Deca y

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 7

Intro duction

QCD Mon te Carlo Programs

To compare the observ ables to the QCD predictions following

QCD Mon te Carlo Programs are most commonly used.

• JETSET parton sho wer option or full O(α^s_2) matrix elemen t treatmen t of perturbativ e QCD string fragmen tation

• HER WIG parton sho wer sim ulation sim ulation of QCD interference phenomena cluster fragmen tation

• ARIADNE parton sho wer based program string fragmen tation

• NLLJET parton sho wer based program based on the next-to-leading logarithmic appro ximation

• COJETS multiple gluon radiation sim ulation indep enden t fragmen tation

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 8

Event Shap e Variables

Definitions:

• Thrust

The global event shap e variable thrust, T is defined as:

T = max

∑ |⃗p^i ·⃗n^T|

∑ |⃗p^i| , where ⃗p^i is the momen tum vector of the particle i. The thrust axis ⃗n^T is the unit vector whic h maximises the ab ove expression. The value of the thrust can vary between

0.5 and 1.

• Hea vy jet mass

M^H = max[M^+ (⃗n^T),M^− (⃗n^T)] , where M^± are the invarian t masses in the two hemispheres,

S^± :

M_2^± = ∑ i∈S±

p^i 2

The scaled hea vy jet mass ρ is defined as:

ρ = M_2^H /s . 9

• Jet broadening variables

B^± = ∑ i∈S± |⃗pi × ⃗nT|

2_∑^i |⃗p^i| .

B^T = B^+ + B^− B^W = max(B^+ ,B^− )

‘total jet broadening’ and ‘wide jet broadening’

• jet multiplicit y rates

Jets are reconstructed using the JADE and the Durham algorithms

For Durham algorithm, the expression for y^{ij} is:

y^{ij} =

2min (E_2^i ,E_2^j ) s ·(1 − cosθ^{ij} )

In the JADE case for each pair of particles i and j the expression:

y^{ij} =

2E^iE^j s ·(1 − cosθ^{ij} ) is evaluated. E^i and E^j are their energies and θ^{ij} is the angle between them. The pair for whic h y^{ij} is smallest is replaced by a pseudoparticle l with four-momen tum p^l = p^i + p^j .

This pro cedure is rep eated un til all y^{ij} exceed the jet resolution parameter . The remaining pseudoparticles are called jets.

• Charge multiplicit y

We define charge multiplicit y, n^{ch}, as the num ber of charged particles per event.

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 10

αs Data before 1996

K.McF arland’s table presen ts a critical discussion of the differen t exp erimen tal metho ds.

The following plot (from Langac ker) summarizes the world’s α^s data.

α^s Measuremen ts - Strengths and Weaknesses

Measurement α^s(M_2^Z) Strength Weakness

CCFR 0.108_{+0.007}^{− 0.009} large higher

GLSSum Rule twist contrib

CCFR 0.111± 0.006 no gluon scale xF^3 Evolution dependence uncertainty

R^τCLE O 0.114± 0.003 NNLO non-pertub-ative error

R^τLE P 0.121± 0.0024 smallerror estimate?

Lattice QCD 0.115± 0.002 smallerror Lattice QCD errors

LEP 0.122± 0.004 perfect SM R^b,R^c globalEW Fit

LEP 0.122± 0.006 statistics scale?

Event Shapes

SLDEvent 0.120± 0.008 statistics?

Event Shapes

World Average 0.117± 0.005

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 11 LEP-2 Data What is LEP-1.5 and LEP-2 LEP-2 runs at an energy allo wing the direct pro duction of W+W− pairs, i.e. ab ove 161 GeV c.m. energy .

During fall 1995 LEP op erated at an intermediate energy range of 130 and 136 GeV (LEP 1.5) in order to tune and prepare the storage ring and the exp erimen ts for the 100 % E_{cm}energy increase. L3 collected an integrated luminosit y of ≈ 5 pb^{− 1} at that energy .

Recen t LEP runs: - July 9, 1996 LEP2 reac hes 161 GeV The L3 Detector recorded ≈ 11 pb − 1 - Octob er 19, 1996 LEP goes to 172 GeV The L3 Detector recorded ≈ 11 pb − 1 1.00 pb − 1 at 170.3 GeV 9.25 pb − 1 at 172.3 GeV - the other three LEP exp erimen ts collected similar amoun ts of data

The following results are based on the - LEP-2 data run - all LEP data runs sofar

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 13

LEP Data - Total data sample of 4 exp erimen ts 14.4 M hadronic events; 1.6 M leptonic events. - First Z0events: August 13, 1989 - Energy scans around Z0peak: 1993, 1995.

Total accum ulated L3 hadron final states

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 14

αs Data at 172 GeV αs obtained by average jet multiplicit y 2,3,4,5 jet fractions

- Jet fractions obtained with Durham algorithm - Very good agreemen t with QCD predictions

Mean charge multiplicit y <nch >

26.61± 0.47(stat ) ± 0.30(syst)

Mean Thrust value < T > 0.9493± 0.0031(stat ) ± 0.0019(syst)

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 15

αs Data at 172 GeV αs obtained by event shap e variables QCD fit for L3 data at 172 GeV comprising

- thrust T - scaled hea vy jet mass ρ - total jet broadening B_T - wide jet broadening B_W

results in

αs (172GeV) = 0.104± 0.006(exp) ± 0.005(theo)

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 16

αs Data αs values are obtained from fits to the QCD predictions of event shap e variables

- Fit with αs (E) as predicted by QCD αs (91.2 GeV) = 0.119± 0.002(exp) χ2 / d.o.f = 10.6/9 (prob=0.30) - Fit with constan t αs αs = 0.118± 0.002(exp) χ2 / d.o.f = 35.3/9 (prob=0.00053)

α_s data from the L3 exp erimen t; qq(γ) final states The final state photon energy measuremen t allo ws to extend the energy range to lower values than the LEP energy .

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 17

αs Data αs obtained by charge multiplicit y mean charge multiplicit y <nch > vs Ecm

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 18

αs Data αs obtained by event shap e variables thrust T vs Ecm

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 19

ALEPH Exp erimen t at LEP

QCD data at 172 GeV

Preliminary ALEPH QCD values – 10.3.97

For questions please con tact Glen Cowan, glen.co wan@cern.c h or Yuanning Gao, Y.Gao@rh bnc.ac.uk

* < Nch > from integral of rapidit y distribution, < Nch > (161GeV) = 26.53± 0.41(stat ) ± 0.38(syst) < Nch > (172GeV) = 26.33± 0.44(stat ) ± 0.41(syst) * Thrust < 1− T > (161GeV) = 0.0610± 0.0039(stat ) ± 0.0029(syst) < 1− T > (172GeV) = 0.0532± 0.0043(stat ) ± 0.0039(syst) * α_s from y3 distribution, fit range 1.2 ≤ − lny3 ≤ 7.6

α_s (161GeV) = 0.1085

± 0.0045(stat ) ± 0.0020(syst) ± 0.0004(hadr ) ± 0.0047(theo)

α_s (172GeV) = 0.108

± 0.0050(stat ) ± 0.0024(syst) ± 0.0004(hadr ) ± 0.0045(theo)

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 20

Delphi Exp erimen t

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 23

Hadronization Study the pro cess of how hadronization occurs in particle pro duction - the Z0deca ys into quarks - quark fragmen tation - (radiativ e) gluon fragmen tation

∗ Selection of enric hed quark or gluon jets ∗ Compare K0s and Λ total pro duction rates

Via JETSET program reconstruction

the probabilit y is ≥ 70% that the less energetic jet originates from gluon fragmen tation ≥ 90% that the most energetic jet originates from one of the primary quark fragmen tations ≥ 70% that the two most energetic jets originate from one of the primary quark fragmen tations

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 24

Gluon and Quark Jet Selection

The reconstructed jet energy distributions for the three categories of jets in three jet events.

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 25

K0s and Λ pro duction

The most recen t K^0_s and Λ total pro duction rates as measured by the differen t exp erimen ts at LEP and their comparison with Mon te Carlo exp ectation.

The global rates and shap es are in agreemen t with both JETSET and HER WIG MC predictions.

We define the relativ e K0s and Λ rates as

. R(K 0s) =^{< K} 0 s> perjet <N ch> perjet <K 0s > total <N ch> total

and R( Λ) =^{< Λ> perjet<N ch> perjet}_{< Λ> total<N ch> total}

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 26

Gluon and Quark Jet Results

Comparison of the relativ e pro duction rates, R( K^0_s ) and R( Λ), observ ed in the differen t categories of jets with the Mon te Carlo exp ectation.

Only JETSET repro duces correctly the gluon jet beha vior in K^0_s and Λ data.

- least energetic jet reduced available energy during the fragmen tation pro duction rate for the K^0_s unc hanged pro duction rate for the Λ bary on enhanced - most energetic jet quark pro duction increase with E_{cm}favours bary on pro duction Λ bary on pro duction rate enhanced pro duction rate for the K^0_s unc hanged

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 27

Gluon and Quark Jet Results

- relativ e rate R(K^0_s) of K^0_s meson - relativ e rate R( Λ) of Λ bary on - good agreemen t with JETSET Mon te Carlo - poor agreemen t with HER WIG Mon te Carlo

0) M.Steuer, Quark Gluon Plasma Conference, Jaipur, March 18, 1997 28