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Motivation

10-2 10-1 100 101
10-6

10-5

10-4

10-3

10-2

10-1

100

101

mA [GeV]

g Y

K+→π++X

B→K+inv

B→K μ+μ-

BaBar

Yukawa-like

CHARM

B
S
→
μ+

μ-

K
L→

π
0 l

+ l
-

Figure 3. Excluded parameter regions for a pseudoscalar A with Yukawa-like couplings to all
fermions (left) and Yukawa-like couplings only to quarks (right); the coupling gY was defined in
Eq. (2.3).

In particular, there are strong constraints from BaBar on new states A produced in the

radiative decay ⌥ ! A�, which apply for a wide range of di↵erent final states. For Yukawa-

like couplings the strongest bound comes from A ! µ+µ� for mA < 2m⌧ [95] and from

A ! ⌧+⌧� above the kinematic threshold [96]. For universal quark couplings, strong

bounds can still be obtained from hadronic decays of A by searching for a bump in the

momentum spectrum of the photon [97].

4 Excluded parameter regions

The parameter regions excluded by the various experimental results discussed above are

presented in Fig. 3 for the case of Yukawa-like couplings and Yukawa-like quark couplings,

and in Fig. 4 for the case of universal quark couplings and third generation quark couplings.

Let us briefly discuss the di↵erent cases in more detail.

4.1 Yukawa-like couplings

A straight-forward bound on gY can be obtained from Kµ2, which gives BR(K+ ! ⇡+A) <

10�6 for mA . 100 MeV independent of the decay modes of A. Substituting the value for

hSds from Eq. (2.11) into Eq. (A.2), we obtain the prediction BR(KL ! ⇡0A) ⇠ 0.06 g2Y in

this mass region. Consequently, the bound fromKµ2 implies gY . 0.005 formA ⇠ 100MeV.

As many other searches, this bound is significantly weakened for mA ⇠ m⇡.6

Most of the experimental constraints that we consider depend on the pseudoscalar

branching ratios and its decay length. For example, the bound BR(B ! K+inv) . 5 ·10�5

6Indeed, there appears to be an allowed region for mA ⇡ m⇡ and gY ⇠ 0.3. However, for mA so close

to the pion mass, the pseudoscalar mediator would significantly enhance the pion decay rate, disfavouring

such a set-up.
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✦  Many theoretical models predict the existence of new particles that 
couple to the SM by mixing with the Higgs. 

✦  Inflaton, axion-like, dark matter mediator also predict the new 
boson to be light [1].

If kinematically allowed,  
main production via B meson:

   mixing angle 
with the Higgs

  Current    
experimental limits: [2]

Main current constraints come 
from B factories and CHARM 
experiment (at low mass).

Branching fraction into muons  
                       : 

✓ dominant till the hadronic 
threshold (                       ) 

✓ always significant             in 
the full mass range. 
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gY = sin ✓, ✓

✦  A di-muon displaced vertex is allowed, but not required.

✦  Multivariate selection: uBDT - uniform Boosted Decision Tree [3] 
✓ performance independent of mass and lifetime of 

✦  Optimized maximizing Punzi figure-of-merit 

✦  Factorize lifetime into two components: 
✓ prompt,                (irreducible SM                            )  

✓ displaced,                (only combinatorial background) 
- lifetime resolution:               ps 
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Result

✦  Look Elsewhere Effect taken into account. 
✦  Largest deviation at m = 253 MeV, local p-value = 0.02. 
✦  No deviation from the background-only hypothesis is observed [5].

Grey regions are vetoed in the analysis.

Inflaton [6] 
✓                       MeV 
✓                           s

Axion-portal [7] 
✓ larger allowed mass range 
✓ short lifetime

Short lifetime 
Pros: 
✓ high reconstruction efficiency 

Cons: 
✤ prompt decay 

- large SM background 
contamination

�⌧ ⇠ 0.2

Long lifetime 
Pros: 
✓ displaced vertex 
       very clear signature 
Cons: 
✤ signal events start to decay 
after the vertex detector 

- lower efficiency

✦  Looking for a di-muon 
excess: 
✓                    MeV. 

✓ B0 mass is constrained to its 
known value to improve to 
mass resolution. 

✓ scan the di-muon mass in 
step of        [4].

�m = 2÷ 8

Cosmological and CHARM experiment 
excluded regions are also shown.

Excluded region by the analysis for two extreme 
branching fractions of the axion-like particle.

✦  Depending on the coupling SM/hidden sector we can identify 
two lifetime regimes:

✦  Two model-dependent exclusion limits:

0.1 < m� < 1
⌧� ⇠ 10�5 ÷ 10�12

✓ di-muon sidebands used to extract the expected number of 
background events assuming local linearity. 
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Exclusion limit

✦  95% CL upper limit on the branching fraction                                        [5]  
✓ function of mass and lifetime 
✓ assumed spin 0 
✓ long lifetimes have weaker limit due to the loss of reconstruction efficiency 

B(B0 ! K⇤0�(! µ+µ�))

✦  Model-independent limit: can be interpreted in your favorite BSM theory.
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Complementary searches
✦  A second very similar search is ongoing at the LHCb experiment:

B+ ! K+�(! µ+µ�)

✓ More sensitive to (pseudo)scalar particle 
- angular momentum conservation: 

‣

- effect significant only at high mass. 
JP (K⇤0) = 1�, JP (K+) = 0�

Differences: 
✓ Only 3 tracks in the final state 

- less precise B decay vertex 
reconstruction.
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