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The LHC Era

® Finally have access to TeV-
scale physics

® Solution to the Hierarchy
Problem?

® Dark Matter?
i New Particles

e SUSY, Extra-Dimensions,
Little Higgs? Something
totally different?




Spin Measurements

® Most techniques for next-generation colliders
concentrate on distinguishing models:

® Comparison of total cross section
® | ook for higher KK modes in UED

® At a linear collider can use threshold scans
® Reconstruct production/polar decay angle

® With long decay chains, can be used at
hadron collider.



Spin and Quantum Interference

® Want a spin measurement with as few
assumptions as possible.

® Back to Quantum Mechanics!

® Decay of particle with
helicity h
® Rotations about the z-

axis (particle momentum)
implies that

M decay X e!/z? — gthd




Spin and Quantum Interference

® |f particle is produced in multiple helicity states
and then decays, then decay amplitudes interfere
coherently:

o X Z Mprod.Mdecay
Mdecay(ha ¢) — 6ih¢Mdecay(h7 ¢ — O)

® Sum runs over all helicities produced, generically
h = —s,---,5 inwhich case

oc=Ayg+ Ajcosop+---+ A, cosng, n=2s
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New Physics

ete” = FTF~ = () (w x) = p u F
® ie. ete -t — (X)) X)) or

eTe” — pipy — (W) ()

4+4 ynknown momenta
-4 measured
-4 mass relations
® 2-Fold ambiguity in reconstructing
momenta & azimuthal angles ¢, (measured

from production plane)
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False Solutions

Scalar decay:

® Plotting both true and false
distribution gives spurious
high-frequency noise in
distributions ¢;

® (@1,®2 are not observable,
but ¢ = A¢ is.




@ Reconstruction

Opening angles &~
defined by

mzi — m% = /sE;+ (1 — Ba+ cosa™)

Straightforwardly,
¢ = ¢r = ¢F

Since interference argument
only needs some reference plane,
we expect same expansion

in cos ng; and cos ng
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@ Reconstruction

A

Ny - N_ + CoOSai COSa_

COS @ = , ,
Sin cvy Sin o

2 2 dm3Z
(m3 —mg) = VsEpx |1 —1/1— COS Ol




Spinor-Scalar Measurement

eTe” — fipfip — (X)L X1)
eTe” — ppitig — (W) (B )

® Choose mass spectrum

My = Mpx =M & = 200 GeV

Mo = Mygo = My, = 50 GeV

® Assume 500 fb~ " of luminosity and /s <1 TeV

® Model detector acceptance cuts with
‘77#‘7 ‘UE‘ < 2.5

® Simulated using HELAS/BASES




Spinor-Scalar Measurement
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Vector-Spinor Measurement

e = 3% — (o))
eTe” — W1+W1_ — (€+V61)(€_ﬂgl)
® Choose
My = Mgt = Myy+ = 300 GeV

mgo = my, = Mmy,, = 200 GeV

Production amplitudes suppressed
by ~ m?/vi/s leads to A5 < 0.5%

700 800 900
E_ [GeV]




Conclusions

® Measurement of azimuthal angular dependence
offers model-independent measurement of spin.

® Reconstruction of azimuthal angles ¢;
impossible for most interesting new physics.

® Ve have demonstrated that A¢ = ¢ is both
measurable and contains spin information

® This technique successful in discerning spin 0
and spin-1/2 particles

® S5pin-1/2 vs. spin-1 more difficult.



