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From A. Heister, “Observation of an excess at 30 GeV in the opposite sign di-muon 
spectra of              events by the ALEPH detector at LEP”, arXiv:1610.06536
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NO MC reproduces this excess!

From A. Heister, “Observation of an excess at 30 GeV in the opposite sign di-muon 
spectra of              events by the ALEPH detector at LEP”, arXiv:1610.06536
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32 ± 11 events, significance ' 3� (from statistical tools)
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32 ± 11 events, significance ' 3�

Natural width is (1.78 ± 1.14)GeV, IOW,
consistent with zero (again, see 1610.06536)
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Signal + background model used to extract

signal parameters (from arXiv:1610.06536)
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There is a weak (~1-sigma) e+e- near 30 GeV.

I’m going to Fuhgeddaboutit.



Finally, inverting the b-tag shows no evidence
of a dimuon excess near 30 GeV: 
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==> Hypothesis: The dimuon excess near 30 GeV is     
associated with Z-decays and    production.b̄b
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CP-odd:
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The 2HDM interactions
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N.B.: These interactions induce no

detectable charged-lepton flavor violation!
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The two options
To be close to SM and consistent with LHC H-data require:

• small ↵ for weak �10 � �20 mixing

• small � for weak ⇡A � ⌘A mixing

So…
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Option 2:                   

Z ! h⌘A ! µ+µ� b̄b plus “Higgsstrahlung” :

Z ! Z⇤h with Z⇤ ! b̄b, h ! µ+µ�

or Z ! b̄b with b(b̄) ! b(b̄) + h/⌘A ! b(b̄)µ+µ�

Higgsstrahlung only, with O(10�10)
contribution to Z ! b̄b + dimuon.

Option 1:
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So, only option 1 is available:

Wait for it!



But…H ! hh, ⌘A⌘A, h+h� ??
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But…H ! hh, ⌘A⌘A, h+h� ??

• Require �4 < 0 so that

Mh± > 1
2
MH

⇠
=

63GeV or

Mh± > (Mµ̃±)limit
⇠
=

95GeV

• Require |�3 + �4| < 5.44 ⇥ 10

�3

so that �(H ! hh), �(H ! ⌘A⌘A) < 1
2
MeV

(Yes, it’s fine tuning, but who cares?)



Tables’ inputs:

• Mh,⌘A = 30GeV, MH = 125GeV, Mh± = 65GeV

• �4 = (M2
⌘A

� M2
h±)/v2

= �5.49 ⇥ 10

�2

• �3 + �4 = �3.00 ⇥ 10

�3
;

results insensitive to |�3 + �4| < 5 ⇥ 10

�3.

The predictions



v2 (GeV) � ↵ µ2
3 (GeV2) �1 �2

�0.348 ⇥ 10�2 0.833 ⇥ 10�2

�0.435 ⇥ 10�2 0.833 ⇥ 10�2

�0.522 ⇥ 10�2 0.833 ⇥ 10�2

�0.695 ⇥ 10�2 0.832 ⇥ 10�2

10 0.04066 36.6 0.1293

12.5 0.05084 45.7 0.1294

15 0.06101 54.8 0.1295

20 0.08139 72.9 0.1299



v2 (GeV)B(h ! µ+µ�)B(h ! b̄b)B(⌘A ! µ+µ�)B(⌘A ! b̄b)B(Z ! b̄bµµ)

0.444 ⇥ 10�4 0.667 ⇥ 10�20.950 ⇥ 10�4

1.085 ⇥ 10�4 1.613 ⇥ 10�22.297 ⇥ 10�4

2.249 ⇥ 10�4 3.286 ⇥ 10�24.673 ⇥ 10�4

7.105 ⇥ 10�4 9.652 ⇥ 10�213.67 ⇥ 10�4

10 0.9999 0.9923

12.5 0.9998 0.9814

15 0.9997 0.9622

20 0.9991 0.8889

"""



1.) The dimuon signal at LEP and LHC will be observed
only in Z-decay and in association with b̄b.

The predictions
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2.) Signal dimuons will have a common production vertex.

Background dimuons are sl decays, b ! cµ⌫µ
and do not have a common vertex.



1.) The dimuon signal at LEP and LHC will be observed
only in Z-decay and in association with b̄b.

2.) Signal dimuons will have a common production vertex.

Background dimuons are sl decays, b ! cµ⌫µ
and do not have a common vertex.

3.) Signal dimuons have an isotropic cos ✓⇤ distribution.

Its flat shape is modified to an inverted ⇠parabola

in ✓T < ✓⇤ < ⇡ � ✓T when there is a pT >⇠ 7GeV

cut on the muons. (✓T increases with the pT cut.)

All the signal lies in | cos ✓⇤| < cos ✓T . (See figures.)
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But, at the LHC, the Z-boost makes muons ⌧ isolated.
Use pT (Z) > 30GeV for more muon isolation.

5.) Mb̄b in the dimuon signal region will show
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(VERY di�cult to change M⌘A in the model!)

6.) Charged h± ! µ±⌫µ and Mh± >⇠ MH/2.
Most readily sought in �⇤, Z⇤ ! h+h�

and W ⇤ ! hh±
.

7.) There will be no observable

30 GeV excess in Z ! b̄b e+e�.

8.) And no H(125) ! µ+µ� if (↵/�)2 ⌧ 1.
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⇠
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B(Z ! h⌘A) = 0.014 cos
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=

0.014

3300 times measured B(Z ! 4µ) = 4.2 ⇥ 10�6!!
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without ruining H-signal strengths

and/or greatly increasing B(H ! hh, ⌘A⌘A).

2.) Use the Branco-Grimus-Lavoura (BGL)

mechanism to dilute B(h, ⌘A ! µ+µ�
).

Some things we tried:

Here’s what we tried for BGL…



BGL: Allow FCNC in 3rd generation

     of up or down-Yukawa’s; 4 possibilities:
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FCNC:

no FCNC:
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bj to KL (SLAC, 1977):

There are no no-go theorems!

A challenge to theorists to

repeal and replace this model…

Especially if the dimuon is also 

 seen in ATLAS, CMS, LHCb, L3…


