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1. Experimental methods

e*e" accelerator (selection)
Accelerator Lab Js L, / Exper.
SPEAR SLAC 2-8GeV
PEP SLAC —29 GeV 220 - 300 pb?t
PETRA DESY 12 - 47 GeV ~20 pbt
TRISTAN KEK 50 - 60 GeV ~20 pbt

Cross section (experimental definition)
* Ng number of detected e*e"— ff events

N; (1-b)

€ Lin,

ole'e” »ff)= * b background fraction

* ¢ acceptance / efficiency
. I_

int iNtegrated luminosity of collider

Determination of integrated luminosity

Small angle Bhabha scattering
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Typical detector:

Electromagnetic
cabrimeters

Hadron calorimeters
and return yoke

Vertex
chamber

Micravertex
detector

Z chambers

Solenoid and
pressure vesse|

Presampler
Forward Time of flight
detector detector
Silicon tungsten
luminometer
Fermion pair production:
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g=u,d,s,c,b,(t)




2. e'e >e‘e(y)
Possible deviation from QED:

¢ Finite size of electrons

« Modified photon propagator

Parametrized by a form factor:
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F(@*) =1+

= 2 (usual choice of form factor parametrization)

T e F(q?) describes an additional massive photon
which modifies the propagator:
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Differential cross section:
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« Effect of t channel
* Perfect agreement with prediction A, corresponds to the new photon’s mass

Form factor modifies differential cross section:
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Fit to combined PETRA e*e-data: .
A+ >435 GeV @ 95% CL Tasso: A, >370 GeV
A->590 GeV A_>190 GeV

In the “space picture” form factor

corresponds to modified Coulomb :

potential: b 100edemmmmme= T
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= extended charge
A>~500 GeV < r,< 0.197/500 fm
<0.5x1018m




3. ee > upu(y)

Total cross section Differential cross section
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Clear deviation from QED:
Possible deviations from QED: = Effect of electro-weak interference
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A, > 250 GeV < muon substructure <10™*m

4. Discovery of the Tau-Lepton
MARK | (SLAC), 1975, M.Perl et al.
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Cross checks: e and © momentum spectrum

« Two body decay

<« t hypothesis:
r—> /0D,

' ’-‘ « PLUTO (DESY), 1976
IF FJ [J | confirms t hypothesis.

Tau lepton: a sequential heavy lepton
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5. ee” > hadrons

q
L2
e*e-annihilation to a pair of quarks «—eQ Q = 3
with subsequent hadronization. i 1
3
q
1 Additional color factor N
Js Quarks
d 2 =
_O- :a_NC ZQ|2(1+C0529) < ~3 GeV uds
dQ ee — hadrons 4s quarks i <~10 GeV udsc
——
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Quark jets and angular distribution X
e e T R T i 18 ;,r " - x'.’ jetaxis
TASSO/PETRA = b oY
Pl .
276 -E
V5 l t 4 4 i
_ o 4
WOk “‘I i
. Jet axis approximate B L 1
quark direction ; Al ~ (1+cos?6)

shadron e at '27.4 Ge¥ re-

t — Quarks w/ Spin ¥ -




109 101 102

Definition:
|R I LU Itl 1 I L
esonances al
Ryng = o(ee — hadrons) 6l beginning of step  gpm+aco+z’ -
o(ee - uu) } NG T
- Eff‘ / thgl—
Js  Quarks Ru=3-YQ° i H ! Pock ]
_ B R Y it thaa ]
<~3GeV  uds 36/9=2.00 ‘ %4}6 o
<~10 GeV  udsc 3-10/9=3.33 F o b
< ~350 GeV udsch 3.11/9=3.67 2 o~ e Resonances @ CESR  _|
>-350 GeV udscht  3-15/9=5.00 PN P IRSANLTORS
L o PEP o ADONE -
Data lies systematically higher that 0 vl v v ol 3
the prediction from Quark Parton 100 10° 10 10° 10*
Model (QPM) — gluon bremsstrhl. A Q2 (GeVz) U

M — U(S)ZO'QED(S){l—kaS(S)—FlAll-aS(?)Z+..}
T T
~ 5%

6. Hadronic resonances: Discovery of ¢ and b quarks

Until 1974 « hadronic states explained as bound states of 3 quarks (u, d, s)

* Prediction of a forth quarks (e.g. GIM) by theoreticians

| 1974: “November Revolution” — Discovery of the J/y, bound state of new quark

SLAC e'e —hadrons,e’e 'y BNL p(28GeV)+Be —»ete'X
ik FR- Resonance w/ large mass ..,

narrow width ['=87+5 kev =~ “* =<8
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Wstovirs of o Nanow Resomanee ine ¢ Angihiltion*

w.-l::;w oheerved 8 very sharp pask in the oross section for ¢ " — hadrons, ¢, and
posnlbiy 1% at 8 center—of-mass eoargy of 3,105.40,003 GeV, The apper {imd ,
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Experinentsl Observation of o Heavy Patticle J¢

J. J. Aubert, U. Becker, P. J. Biggs, J. Burger, M. Chen, G. Everhart, P. Goldhagen,
J. Leong, T. McCorriston, T. G. Rhoades, M. Rohde, Samuel C. C, Ting, and Sau Lan Wu
Laboratory for Nuclear Science and Depe of Physics, & i Institute of Tecknolog
Cambridge, Massachuselis 02138

S.C.C. Ting et al. and B
T. ¥. Lee
Brookhkaven Natiomal Laboratory, Uplom, New York 11973
[Received 12 November 1874}

We report the observation of n heavy particle J, with mass m =3,1 GeV and width ap-
proximataly zero, The observation was made from the reactionp+Ba=—e*s ¢~ 4 x by
measuring the ¢ "e™ mass spectrum with a precise pair spectrometer at the Brockhaven
National Lak " 30-GeV al gradiant .

MARK-I Detector

SPARK CHAMBERS

PIPE COUNTER

~COMPENSATING SOLENOD
ABCUUM CHAMBSER

LUMINOSITY MONITOR
Figure 9.1: An example of the de-

cay ¥ — ymta— cbeerved by the
SLAC-LBL Mark [ Callaboration.
_ The crosses indicate spark chamber
- prOtOtype Of a CompaCt 4TE deteCtor hits. The outer dark rectangles show N
hits in the time-of-flight counters. Ref.
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BNL Detector

Breit-Wigner Resonance

2J +1 T LT

in~ out

o= 7 7 7
(251 + 1)(252 + 1) pcm (E - Eo) + Ftot 14

Spin of resonance and
incoming particles

Measurement of the total decay width:

* Width of resonance much smaller than the

detector resolution BR
» Use integrated cross section to determine
the width: 672 (T \
ee
Area = | o(E)dE Area = 2[ jl‘
J =) MZLT
« lIdea: total area is independent of detector
resolution 1

'=87+5 keV




Width of resonances
p =149 MeV

Jhy T'=8745 keV compared to know resonances: o I'=8.4MeV
¢ TI'=4.3MeV

0OZI (Okubo, Zweig, lizuka) rule:

€.3.: ¢ decays OZI suppressed

___»_/(I K~ v g ot
CP , °
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mn

¢ s
S .

OZI allowed but < c
little phase space
Br(¢ — K'K™) = 49% Br(¢ - 7'z z°)=15.5%

Decays with disconnected quark lines are suppressed
relative to decays where the quark lines are connected.

Width of Jhy

Narrow J/y peak cannot be explained in the 3 quark picture:
very large hadronic width if particle consists of u,d,s quarks

q1
M
b ¢ (a?
[ q2
.F-’D | M
c ( s g3
M;

7y - @
t (2] () ,

e
OZ| allowed but OZI| suppressed
kinematically not possible:
Charmed D mesons too
heavy (>1865 MeV)

» J/y was interpreted as a quark-antiquark bound state of a new heavy quark
c-quark.
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Quantum numbers

It can be shown that there are ";::.<
two interfering amplitudes &

contributing to the resonance

production:
* Direct channel e \\ :
g < i w
« Intermediate virtual photon />”‘"""m

ICQIy)=3" () =1"

QZI rule in QCD

/ 1 gluon exchange: not possible (color)

/r 2 gluon exchange: not possible (C=1)
d

3 gluon exchange: possible (similar to
positronium)

" { mm) Suppression ~ a®
Colorless gluon ¥ 7
exchange

Spectroscopy

c ¢ can be treated similar to prositronium:
Effective strong coupling

a 4
Ve=—— = Vo= —o—+kr
oy T 3y —)
a’mc?
E, ~ >
4n
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1977 Discovery of the Y(b b) resonance

ENAL:

Herb et al.

p(400 GeV)+Cu — pru + X

LR}

Detector resolution not sufficient
to resolve the excited Y states.

8

Confirmed by e*e- machines:
DESY/DORIS and Cornell/CESR

(resolved excited bb states)

. 1

Y(9460) is a bound b b state: JPc=1-

Observation of a Dimuon Resonance at 9.5 GeV in 400-GeV Proton-Nucleus Collisions

. Lederman, J. C. Sens,'™ H. D. Snyder, and J. K. Yok

miveraity, New Fork, New York |

and

and T. Yamanou
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The produced muons are analyzed in @ do
arm magnetic-spectrometer system wit
resolution am/m (Fms)= 2.

The experimental conliguration |
modification of an earlier dilepton expe
the Fermilab Proton Center Laboratory
row targets (~ 0.7 mm) with lengths corresp
Ing to 30% of an interaction length are empl

Wae have abserved a strong enbancement at 9.3
GeV in the mass spectrum of dimuons produced

h & reconstructed mass m,. -
! corresponding to 1,8x 10"
u and Pt targets

<" + anything.

p+(Cu, Pt)=p

12



Y Results from the ete- machines

I'(25) I'({35)

8 10 10.02 10.30 0.34  10.38

E e GeV

Fig. 4.7, The narrow T(18), T(25) and T(38) resonances observed with the CLEQ
detector at the CESR storage ring. The data have not been corrected for radiative effects,
which would bring up the masses to the values in Table 4.3 (from Andrews er al. 1980)

Remark: Only Y(4s) (10.58 GeV) resonance decays into
pairs of B mesons — B factories
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