Spin and Parity Determination of the New Boson
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Model-independent description
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Discovery of a new boson

ATLAS — PLB716(2012) 1, arXiv:1207.7214v1 [hep-ex]
CMS — PLB716 (2012) 30, arXiv:1207.7235v1 [hep-ex]
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SM Higgs boson or not?

JF =0+7?

Model independent
Clean and transparent
Complementary

Assumption
SM-like production and decay
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Model-independent analysis

General vertex structure
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Arbitrary integer spin J
Even(+) vs. odd(-) parity

!

Angular correlations
Invariant mass distribution
Polarization




Complementary processes

LHC = Large Hadron Collider (pp)
LC = Linear Collider (e*e’)
PLC = Photon Linear Collider (yy)
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4 j LHC

Various angular correlations

Partial spin (0 and 2) + parity analysis

Hagiwara, Li, Mawatari, 2009



D H.‘%gs—s{VaHumg. (low-E)

il H

Miller, SYC, Eberle, Muhlleitner, Zerwas, 2001

Topological
similarity!

s «p

GMau’ ar
Covvelatiom 5

Not yet?

Full spin + parity

LC

.

Ellis, DS Hwang, Sanz, T You, 2012

@ e'e — VuVe[ete + Hy (H;gk-ET

Higgs-strahlung at LHC

| velew
¢
| \4;”3 Y

3 G V,
ef——e— -

Ve /et
V.V, wwt _zz, 2o, vy
VaVa t gg, 2, Zv, Y, W W



@ ‘e*e‘ — +t H:}'

E\/@“’j lﬂ‘ng 'E’J

LC
A | Parity only
r @ 't/‘l: Pdm«iafiml
RAE0N, .
Bhupal Dev ea, 2008 @ fYY - Hy W pel. T

Y "1“ Hs ‘ M E%ACmm»\“r{':OM

/p__—€< ‘oacks(a&ud

s sz' fFQlaere.d -

PLC ‘ Y : | ; _ v(v’lao{:va mes

Parity only Y

NSO, .

E.g., SYC, BC Chung, P Ko, J.S. Lee, 2002




Most powerful channels for spin/parity determination

g9 — H — & 474

Clean & precise !

Fully reconstructed
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Model-independent description for arbitrary H spin J
[Helicity Formalism]

Traceless and symmetric
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General HV,V, couplings

Massive V1, V2
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General Hyy and Hgg vertices

Bose symmetry & gauge invariance for massless photons and gluons

Landau, 1948; CN Yang, 1950 l J#1:[£F|only = 71 =0
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Helicity Amplitudes
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H— Z*Z — (70005 03)

SYC, Miller, Muhlleitner, Zerwas, 2002




Reconstructible kinematic configuration

Kinematic observables

costly & costlh & © 5 M,




Invariant mass and polar & azimuthal angle distributions
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SM Odd ngy
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Selection rules for SM Higgs boson

[nvariant mass spectrum linear in /4
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Ellis, D.S. Hwang, 2012
SYC, Muehlleitner, Zerwas, 2012
Alves, 2012




P-invariant polar-angle distribution for arbitrary spin
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Selection rules

Landau-Yang Theorem on angular distributions

P \NJ |0 1 2,4, 3,5,
even || 1| forbidden D[{D DE{Z DQJZ
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Isotropic
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{J;02}, {J;20} or {J;22} = even parity

No {J;00} = no odd parity

Odd spin = only even parity
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Numerical analysis
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Summary

Expect the unexpected = model-independent analysis
Measure the mass, spin/parity etc of the new boson

H— 7"7 — 4l & gg — H — ~~: powerful for spin/parity measurements

Various complementary processes and methods = New approaches?!

Detailed /realistic theoretical /experimental analyses required urgently!
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Couplings
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Parity : Odd!

Frequency
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¢ degrees

Plano, Prodell, Samios, Schwartz, Steinberger, 1959
Abouzaid ea, 2008 with much more improvement



