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Our Theory of Strong Interactions - QCD

L = —FLF™ 4 qiy,D* — m)g
Fo = 08,40 — 8,45 + g,fuAbAC
D = 60, — %gs ;)\%A;

where:

gs 1s the strong coupling
A} are the Yang-Mills gluon fields

fabe are the structure constants of SU(3).



Measurement Precision on Fundamental Couplings

(1996 PDG values)

Constant | Value Error (PPM)
agy = e’ /dweghc 1/137.035 989 5 (61) 0.045
Gr/(hc)? 1.166 39 (2) x1075 GeV—2 20

G 6.672 59 (85) x10 ' m3kg—1g~2 128

oy (M2) 0.118 (3) 25,000

= o,(M ;;:) is relatively poorly measured!



Dependence of a, on Q?

2N _ 4x 28, In(In(Q*/AZ_))
“(@) = RIS~ In(Q7/AZ )

Convention: Q = My

ag(M%) is the sin26y of strong interactions
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The o, Crisis (Glasgow 1994)

Experiment

CCFRv: Iy, Iy
BCDMS u, SLAC e: Fy
LGT T spectra

¥, T decay widths
CLEO jets

LEP I'(Z° - hadrons)

1993
1992
1994
1992
1994

1994

QS(ME?:)

0.111 4- 0.006
0.113 £ 0.005
0.115 4 0.002
0.113+3-60

0.113 + 0.007

0.125 + 0.005
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Reconciling the as(MZ) Measurements

1. Raise low-Q? measurements:

Eg. light gluinos: mg ~ few GeV

= slower running of a,

2. Lower high-Q? measurements:

T%? = TE" (1 + docp)

Raise TZ" by 7 MeV  (0.4%, 20)
= Aag(MZ) ~ —0.015  (12%)



Ry =

I(Z° — bb) too large by ~ 2.5%

as(M%) =>

Nz — hadrons) too large by ~ 0.4%

L

ARy (+1%) =  Aay(—0.006)




SLD a, Subgroup
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Hadronic Event Shapes
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Trigger: Energy Hadron

Beam Crossing 1964415082
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ag(M%) from Hadronic Event Shapes

SLD, LEP, TRISTAN, CLEO:

as{M%) = 0.122 + 0.007

PDG 1996 (Hinchliffe)
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Fun 12615, EVENT 35E0
T-JUL-1%282 0%:46
Source: Bun Data Pol: L




iy i
%

) %. RN TS TIN N

mveare, e

Ave;

Ave:

11-84 ‘ aﬁ/aﬂ

7ad3A2

99% daka i PROVGL  277F\



Hnuirm.a.h..m_ﬂﬁ Om. W/F.U& WM ISSION ﬂqﬂfon_..ru/..wo”mwu mo.n nw.,mmm.qm\ﬁﬁ. ‘m/n_k.nu&.m

Y . & % [

R Ak E

fa %
. o el Tt R P R et ? & 3
LAY « SRR L 3n e i 3% 0T

stat. error only N - stat. error only

| | PO —— — PO P

Average t—i— |

| s P -
Ruds 0 | PO re

bﬁmm.wm@_m ..l..

f.1 1.2

0.8 o9 K q T 1.2 0.8 .8 1
| 1 uds 1



=
L)
g

i et
PR SR

)

PRRTIPRL S
e LAy
i

i 42

O A B B a5t

T

AaEINoS
T-KYH-G

i L

&
PLESET

21

T4

BABO UDH

&S




R -1Y: RN aﬂmﬁ\-ﬂ &R MR WA R Lt g . Y

\_e.,&r'\c- — C'tcs\h"(.z 'gacu.)mcé. —~ \;.ic,\g_mxa ﬂvsﬁ““ﬁ&fs

51D Prefiminaty

DA4 EI I i 1 11 |-’_".' T l 111 ‘ T 1 11 l 1 T 'L T 11 . T i 1 11 ! |
0.3 E CP+ V— a)
0.2 - _

C.1

0

—0.1

—-0.2

—0.3

__Illll'llllilllllllll ‘Iltlllll.

—0.4

LRFB
A

0.3

G.7

0.1

rlllfllllllilllllllll

tll%.lllll'llllll%
»-
]

1

%

!

0

—0.1

—0.2

|I‘II_|I|I'1|Ili'i

—-0.3

-

—_0.4 llllii\|l|||\||l_.1,‘1\llliwl_lwIll&llllll‘l\lllllllllil
O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

111

—_

lcos!

Figure 5




RESTLTS 3: FINAL-STATE INTERACTIONS

POLAR ANGLE OF | TO bbg PLANE w:

x (1-P AN1+7 cos® w) + 2Ar (Py— A.) cosw
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RESULTS 2: h-QLA Tk ORIEN TATION ANGLES

a) POLAR ANGLE 6

do x {(1—-P.-A)l+ cos” §) + 2Ap (Fe— A)cost

Ap —= Ay s Ay
AR E = SR T AT, LR et

A’{L({J it =
e £ o D10 b pldt Bh

b) AZIMUTHAL ANGLE x

dﬂ' 3‘?‘1’
(1—P.-Ae v A {P.—
dcosx o | e Ae)(1 47 cos 2x) 22 Ap (Pﬁ Ag)cosy

47 AT L
L P f_i);“'[‘) . .3‘1.{‘.

At _— - - C Sy -
,ﬂ;{j{..“ w A S sl ) = SREYRB IR

L g B *E'M,-{_f} {30

= Anomalous axial-vector coupling (1 + ey )74

e < 034 (06% el
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Analysis using SLD Data

(A. Brandenburg, P. Burrows,

N. Oishi, P. Uwer)

Parametrised m;-dependence based on calculations by Bern-

reuther et al: 8 jet algorithms (E, EO, P, PO, D, G)

b-gquark ma

ss at Mz
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