SM Higgs boson or not?

Reasonably precise mass : ~125 GeV

JPC = 0%+ 7

Model independent
Clean and transparent
Complementary

[Assumption]
A single(?) resonance
SM-like production and decay
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Most powerful channels for spin and parity determination

Clean & precise
Fully reconstructed

Only D H— 77 — (7 07)(0503) L=e

P+D gg — H —

Unambiguous confirmation of SM H




General analysis

General vertex structure
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Any integer spin J
Even(+) vs. odd(-) parity
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Angular correlations
Invariant mass distribution
Polarization




General description for arbitrary H spin J
[Helicity Formalism]

Traceless and symmetric
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General HZ*Z couplings

Massive Z*, Z

Jr H’ Z*Z Coupling Helicity Amplitudes Threshold
Even Normality ng = +
" Too=[2a1 (M2 —M2—-MZ)tasM} B2/ (AM..Mz) 1
o a1 gh” 4az p*p”
Ti1=—a1 1
Too=Bb1 (MZ —M2) Mg /(2 M. Mz) I&;
) ) To1=8b1 M3 /(2M.) B
1— bl (g,u.dpungudp,u)
Tio=—B8b1 M% /(2Mz) B
T11:/3 bl ﬂfH &
o o 7-00:{_01 (Mg —(MZ-M2)2) /M +MZ 3% [co (MF—MZ —1N12)
c1 (gMP1gv B2 g2 griBiy Y
+2c3 M+ ey M B2}/ (VEMy ML) 1
+eg gt P KEP2 2 2 2 4 g2
" ) | Tor=—lea (MF—MZ+MZ)—cz Mz 371/ (V2My Mgr) 1
2 +cg [(gyﬁl pz/_gu,jl p'“)k"dQ
Tio=—[c1 (M7 —M2Z2+MZ)—ca M B31/(V2Mz Mgg) 1
+(B1++82)]
’ Ti1=—+/2/3 (c1+ecaM%52) 1
+ecyq pHp” kf)’l k"d2
Ti,-1=—2¢c1 1
Odd Normality ng = —
B Too=0
0 ay er"PTpLks o 5 )
Ti1=:8 Mg aq 3
Too=0
1+ v, Tor=iby (M —MZ—3M2)/(2M,) 1
)1 € g .
r Tio=—iby (MZ —M2_3M2)/(2Mz) 1
Ti1=iby (MZ—M2) /Mg 1
Too0=0
cyp etV BLPp kP2 Tor=iB ey (Mz+M2—MZ)Mrr/(V/2M.,) 3
27 || 4e2 e P p ks KPL P2 Tio=iB et (Mzi+MZ—M2)Mpg /(VZMz) Je]
+(B1482) Ti1=i82~/2/3 (c1+eca MEB2)ME B

T1,—1=0




General Hyy and Hgg vertices

Bose symmetry & gauge invariance for massless photons and gluons

Landau, 1948; CN Yang, 1950 l J#1: [£f]only = 7oy =0
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events/ 3 GeV

CMS preliminary

[CERN Courier, 2013-05]

L=5.1 and 19.6fb~1 at Vs=7Tev and 8 Tev
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Fully reconstructible kinematic configuration

Kinematic variables
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Invariant mass and polar & azimuthal angle distributions
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Unambiguous selection rules for SM Higgs boson
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Pseudoexperiments

Pseudoexperiments
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Summary of spin/parity hypothesis tests

[CERN Courier, 2013-05]

Observed CL, |0(gg) |2%,(99) |2n(qq) |1°(qq) |1*(qq)
compared with | pseudo- | minimal | minimal | exotic | exotic
=0+ scalar | couplings | couplings | vector | pseudo-vector
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Powerful and complementary processes
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Various angular correlations

Partial spin (0 and 2) + parity analysis

Hagiwara, Li, Mawatari, 2009



Summary

To veto any non-SM scenarios =- general analysis mandatory

Measure the mass, spin/parity, couplings and so on of the new boson

4

Powertul and complementary for spin/parity measurements

JY = 0% already strongly favored!]

New approaches for spin /parity measurements?!

More detailed /realistic theoretical /experimental analyses highly recommended!

LHC Higgs CXN WG, YR3



