|. e*e~annihilation experiments

Experimental methods

1
2. e'e—ee(y), ee-puly)

3. Discovery of the Tau-Lepton

_l_ —_
4. e e — hadrons

5. Hadronic resonances

Lit.: H.U Martyn, “Test of QED ..."” in “Quantum Electrodynamics”, T.Kinoshita (ed.)

1. Experimental methods

e*e  accelerators (selection)

Accelerator Lab Vs, Gev L., pb*/ Exper.
SPEAR SLAC 2-8
DORIS DESY 9
CESR Cornell 3-12
PEP SLAC ~29 220 - 300
PETRA DESY 12 — 47 ~250
TRISTAN KEK 50 - 60 ~20
SLC SLAC 100
LEP CERN 91209 ~200
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Experimental Signatures:
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Cross section - Experimental determination
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* N, - number of detected e*e - ff events
* b - background fraction
[0 e - acceptance / efficiency

L, - integrated luminosity of collider

* J- radiative corrections




stermination of integrated luminosity

Lint = J-Lee (t)dt

mall angle Bhabha scattering
(low momentum transfer, QED works !l):
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Possible deviation from QED:
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* Finite size of electrons

* Modified photon propagator

Parametrized by a form factor:
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F(q%)

(usual choice of form factor parametrization)

F(g?) describes an additional massive photon
which modifies the propagator:
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A\, corresponds to the new photon’s mass




Form factor modifies differential cross section:

do _a® [p? +s? 2u? u® +t?
2k v FOF+ L FOFE) RO E

Fit to combined PETRA e*e-data:
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Good agreement with QED.
Also here, quantitative limit for new physics is set
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Possible deviation from QED:

+ additonal heavy photon
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A corresponds to the
mass of new photon

To also account for possible lower
Cross sections:
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Effect of Z boson exchange
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Clear deviation from QED:

»heavy photon w/ different couplings*
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[ Effect of electro-weak y/Z interference

14




3. Discovery of the Tau-Lepton
MARK | (SLAC), 1975, M.Perl et al.

Evidence for Anomalous Lepton Production in e*-¢~ Annihilation®

M. L. Perl, G. S. Abrams, A. M. Boyarski, M. Breidenbach, D. D. Briggs, F. Bulos, W. Chinowsky, Nobel Pnze 1995 for Mperl
J. 'T. Dakin,T G. J. Feldman, C. E. Friedberg, D. Fryberger, G. Goldhaber, G. Hanson,
F. B. Heile, B, Jean-Marie, J. A. Kadyk, R. R. Larsen, A. M. Litke, D. Liike,¥
B. A. Lulu, V. Liith, D. Lyon, C. C. Morehouse, J. M. Paterson, TABLE 1. Distribution of 513 tw .

g V- o i ABLE I, -prong events, ob-

F. M. Pierre,§ T. P. Pun, P. A, Rapidis, B. Richter, . A : e

B. Sadoulet, R. F. Schwitters, W. Tanenbaum, ‘ned f’t ECJF-GeY‘ ‘Wh}Ch meet the criteria lpll
~0.65 GeV/c, pT>0.65 GeV/e, and{foy > 207 Events

G. H. Trilling, F. Vannucci,l J. S. Whitaker, s !
F. C. Winkelmann, and J. E. Wiss are classified according to the number Ny of photons

Lawrence Berkeley Labovatory and Depavimenl of Physics, University of California, Berkeley, California 94720, detected, the total charge, and the nature of the parti-
and Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305 cles. All particles not identified as e or u are called
(Received 18 August 1975) P for hadren.
We have found events of the form e*+¢ —~e¢* +u” + missing energy, in which no other
charged particles or photons are detected. Most of these events are detected at or above N 0 1 51 0 1 3
a center-of-mass energy of 4 GeV. The missing-energy and missing-momentum spectra X
require that at least two additional particles be produced in each event. We have no con- Particles Total charge =0 Total charge =
ventional explanation for these events.
e-e 40 111 55 1 0
We have found 64 events of the form of the detector, or particles very difficult to de- e~y 24 8 8 0 0 |
" tect such as neutrons, K;° mesons, or neutrinos. - 5 N
et+e”—e'+ ¥+ 2 2 undetected particles 1) N L e 16 15 6 0 0 0
Most of these events are observed at center-of- s 20 21 32 9 3 3
for which we have no conventional explanation. mass energies at, or above, 4 GeV. These events -k 17 I” a1 & 0 5
e undetected particles are Charged PAarticles were found using the Stanford Linear Accelerator ; 2 1d 18 230 l(; P p
or photons which escape the 2.67 sr solid angle Center-Lawrence Berkeley Laboratory (SLAC- - *
1489
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Cross checks: e and 4 momentum spectrum
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Fig. 14.2. Momentum spectra of e or y from 7 decay: (a) expected spectra
of two-body and three-body decays, (b) and (c) SLAC-LBL and PLUTO data,
respectively, compared with three-body spectrum. (From Perl, 1978.)




Tau lepton: a sequential heavy lepton
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4. " e — hadrons
q
L2
*e-annihilation to a pair of quarks —eQ. 1 3
with subsequent hadronization. ! Q=
3
q
l Additional color factor N
Vs Quarks
do o’ ) ) <~3GeV  uds
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From Quarks to Jets

EW Pert. QCD Hadron-
isatian

Detector

~ 20 particles :
at 90 GeV

Juark jets and angular distribution
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ig.2 A typical multihadron event at 27.4 GeY re-
corded in the central detector. The inner 4
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time-of-flight counters.
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. AAdronic resonances: viscovery or ine C quarks

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

« Prediction of a forth quark by theoreticians (e.g. GIM)

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

SLAC ¢"¢ — hadrons, e e,y i BNL p(28 GeV)+Be —e*e’X

SLAC

e*e” — hadrons

Resonance w/ large mass
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Both articles appeared
in the same issue of

J.-E. Augustin,{ A, M, Boyarski, M, Breidenbach, F. Bulos, J, T, Daki G. J. Feldman,
G. E, Fischer, D, Fryberger, G. Hanson, B, Jean»Mari;.T R. R, mr:sen, V. Liith, ' Phys' Rev' Let'
H. L. Lynch, D. Lyon, C. C. Morehouse, J. M. Paterson, M. L. Perl,
B. Richter, P, Rapidis, R. F. Schwitters, W. M. Tanenbaum,
and F, Vannuccif
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305 B Rlchter et al

and

Discovery of a Narrow Resonance ine* e~ Annihilation*

i. 8. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Goldhaber, R. J, Hollebeek,
J. A, Kadyk, B. Lulu, F, Pierre,§ G, H. Trilling, J. §. Whitaker,
J. Wiss, and J, E, Zipse
ice Berkeley Laboratory and Department of Physics, Unive sity of California, Berkeley, California 94720
(Received 13 November 1974)

We have observed a very sharp peak in the cross section for e*e” —hadrons, e*e”, and
possibly u*u” at a center-of-mass energy of 8.105+0.003 GeV. The upper limit to the
full width at half-maximum is 1.3 MeV,

VOLUME 33, NUMBER 23 PHYSICAL REVIEW LETTERS 2 DECEMBER 1974

Experimental Observation of a Heavy Particle Jt

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
Labamt:n-y for Nuclear Science and Depavtment of Physics, Massachusetts Iustitute of Technology,
Cambridge, Massachusetts 02139

.C.C. Ting et al. and B

Y. Y. Lee
Brookhaven National Labovatory, Upton, New York 11973
(Received 12 November 1974)

We report the observation of a heavy particle J, with mass m =3,1 GeV a:.nd v_v‘ldth ap-
proximately zero, The observation was made from the reactionp +Be—~e*+¢e” +x by
measuring the e ¢~ mass spectrum with a precise pair spectrometer at the Brookhaven
National Laboratory’s 30-GeV alternating-gradient synchrotron,
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New particle J/@ (bound cc state):  J™(Jly)=J"(y)=1

Width of resonance: p =149 MeV
J/p r=87+5 keV compared to known resonances: « = 8.4 MeV

- Extremely narrow ! ¢ =43 MeV

OZI (Okubo, Zweiqg, lizuka) rule:

e.9.: ¢ decoys OZI suppregsed

“‘__K' s i'rr"‘
¢ ¢ ) E

Z| allowed but s
ittle phase space
Br(p— K"K )=49 Br(p—z"n n°)=15.5

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

Width of J/y

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

* J/Y was interpreted as a quark-antiquark bound state of a new
heavy quark c-quark.

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




OZlI rule in QCD

1 gluon exchange: not possible (color)
i 2 gluon exchange: not possible (C=1)
4& since couplesto y,ithas C=-1
3 gluon exchange: possible
d (similar to positronium)

Colorless gluon “ )
exchange Suppression ~ a2




