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WMAP 9 Data N_; =3.36+0.34.

S. Weinberg suggests a Goldstone boson (GB) 1n the
electroweak sector. It decouples at the muon mass scale,
and contributes a fraction of 0.39 to N _; .

|arXiv:1305.1971]

Constraint from Collider/Astrophysics.

The radial partner o is rather light (~500 MeV)
gg = H — 00 — (ao)(mm)
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Constraints

e Search for invisibly decaying Higgs boson. 'The o can be produced
in the place of H but with a mixing angle 6 (mg close to 1 GeV):

o0(Zo) ~ oc(ZHgm) X 6°

Using
o(Zh)B(h — x°

x")
<107*  (OPAL)
0(ZHgm)

we can constrain 6 < 0.01.

o [nuisible width of the Higgs boson. The Higgs can decay via

H — aa, H — oo — 4a

1 3 2 1 3 2
My D) g2 (L oy e T (9 g2
32w ($)? (r)? 32w ($)? (r)?
The global fit to the observed Higgs boson restricts the nonstandard decay to
be less than about 22% (~ 1.2 MeV). So we have 5
0(p) m

($) g = 4 ~0.011
0 ) < 0.043 . <7“> <¢>2
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Decays of the o field

e, ptuT,

e Decay into pion pairs. The only hadron that o can decay is pions:

5 3 m3 4m?2 L2 2m?2 ’
I'c —» nmw) =6 1— 14 :

e Decays into e

327 (¢)? m2 m2
e Decay into a«a
m

327 (r)2

3
I'o — aa) = i

e Define the ratio for visibility of the o:

_ I'(oc — nm) 2 <r>2 4m,72T 1/2 277%3r 2
sz(U—)()zoz)_Se (¢)2 <1_ ) (H )
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Branching ratios of the o
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pp —» H - o606 — (nr)(aa) and the associated process pp —
WH — (¢v)(oo) — (€v)(zx + aa) at the LHC-8 and LHC-14
with the selection cuts described in the text. We choose
m, = 500 MeV.

Cross section Cross section
(fb) LHC-8 (fb) LHC-14
Gluon Gluon

(ry (TeV)  B(c —» nm) fusion WH  fusion WH

3 3.72x 1073 0.16 0.013 039  0.024
4 6.58 x 10> 0.27 0.022 0.68  0.043
5 1.02x 1072 042  0.034 1.05  0.067
6
7

1.46 x 1072 0.60  0.049 1.50  0.095
1.97x102 0.80 0.065 200 0.13
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Collider Signatures

e Nonstandard decay of the Higgs is less than about 20%. Take
B(H — 00) =~ 10% and B(oc — nw) ~ 20% we can have

99 > H — 0o — (77) (aq)

e The cross section at the LHC-8 would be

o0(g9 - H) X B(H - 00) X B(oc - nm) X B(oc - aa) = 19pbx0.1x0.2x0.8
300 b

Q

At the LHC-14, it would be 2.8 times as much.

e Difficulties: the angular separation between the two pions is very
small: 1/60 ~ 2m, /pr, =~ 0.015. It appears to be a microjet having

two pions, and experimentally like a 7 jet.
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