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Now we want to show that two-photon annihilation is not possible at all
from the spin-one state. You might think that if we took thej = 1, m = Ostate—
which has zero angular momentum about the z-axis—it should be like the spin-zero
state, and could disintegrate into two RHC photons, Certainly, the disintegration
Feyn man’s sketched in Fig. 18-7(a) conserves angular momentum about the z-axis. But now
look what happens if we rotate this system around the y-axis by 180°; we get the
LeCtU re ” I picture shown in Fig. 18-7(b). It is exactly the same as in part (a) of the figure.

All we have done is interchange the two photons. Now photons are Bose particles;
if we interchange them, the amplitude has the same sign, so the amplitude for the
disintegration in part (b) must be the same as in part (a). But we have assumed
that the initial object 1s spin one. And when we rotate a spin-one object in a state
with m = 0 by 180° about the y-axis, its amplitudes change sign (see Table 17-2
for 8 = =w). So the amplitudes for (a) and (b) in Fig. 18-7 should have opposite
signs; the spin-one state cannot disintegrate into two photons.



FIG. 1: Two decay planes of Z1 — £1£1 and Z2 — ¥2f2 define
the azimuthal angle ¢ € [0, 27| which rotates {2 to €1 win the

transverse view. The polar angles 01 and 02 shown are defined
in the rest frame of Z1 and Z2, respectively.
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Amp. Squared sum
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Universal Angular dependence
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Ang. Integrated Oscillation
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SM Z Z backeround 79 tb
For 100 fb~! luminosity at the LHC, if we require the
ratio of the signal S to the statistical error in the background v B to be 5

we need a signal (Z' to ZZ) about 70 fb for a 240 GeV Z'. To resolve
the angular dependence, that requires 900 fb.

In the Littlest Higgs Model with T-parity, the predicted 1300 fb



Z;Q ﬂ a rko ﬂ Z'% w With Kingman Cheung and T.C. Yuan

<’I‘I{ETA PARTICLES >

L.B. OKUN

Institute of Theoretical and Experimental Physics, Moscow, 117259 USSR

Received 4 March 1980

The hypothesis 15 considered, according to which there exist elementary particles of a new

theta particles, their gauge interaction being characterized b
dfl?@: quanta of the corresponding gauge field, thetons, are massless

analogous to gluons. The bound systems of two or three thetons have macroscopic d:mensmus
The existence of such objects is not excluded by expeniment, as the interaction of thetons with
ordinary particles must be very weak. However, the production of heavy theta leptons and theta
quarks at accelerators would open the way to intensive creation of thetons and theta stnngs.




Infracolor QCD of Kang and Luty

New confming strong interaction

with
In particular A <« Mg

AN <« TeV

In infracolor QCD, quarks becomes quirks,
gluons becomes infracolor gluons.

Quirks carries both SM quantum numbers and infracolor

In infracolor QCD, there are no light quirks.



Trendy names suggested

quirk <+ 1quark
infracolor gluon <« igluon
infracolor glueball <« iglueball

etc



1Sy neutral iquarkonium
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FIG. 2: Branching fractions of the quirkonium of (a) 1S,(UUf) and (b) 1Sy(DD) versus the quirko-

nium mass M. We have chosen ng =1 and A’ = 10 MeV in the running o).



Branching Ratios
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FIG. 3: Branching fractions of the quirkonium of (a) ®S;(UU) and (b) 3S;(DD) versus the quirko-

nium mass M. We have chosen ng = 1 and A’ = 10 MeV in the running o.

WW mode has large cancellation among amplitudes for vector iQuarks

Major decay mode: 2-jet
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