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1 Overview

B0
d (1.1)

B̄0
d (1.2)

In B-Mesogenesis [1] the baryon asymmetry was generated by leveraging the CPV in

charged B0
q particle/anti-particle oscillations. This required the addition of at least one

dark state charged under Standard Model (SM) baryon number. In [2] the CPV of SM

charged D± meson decays was leveraged to first generate a lepton asymmetry which was

then transferred to a baryon asymmetry through dark sector scatterings. We now explore

the possibility of B+ Mesogenesis leveraging the CPV in charged B± = ub̄ decays which is

much larger than charged D± decays. Namely, we will consider decays of the form

B+
! M

+ + M
0 , CPV in SM decays (1.3)
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CP Violation 
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Baryogenesis and DM from B Mesons KCL 24-10-18Miguel Escudero (KCL)
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2) Out of equilibrium
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•Low reheat temperature: 
The Inflaton decays into b and anti-b quarks 
in the early Universe

•b-quarks Hadronize

•Coherence in the early Universe is maintained for:

�e±B0�e±B0
� 10�11 GeV

�
T

20 MeV

�5 �
�r2

B0
�

0.187

�2

T � 20 MeV

TRH = O(10 MeV)

q̄

q

s
b̄ c̄

c̄

��

Out of Thermal 
Equilibrium 

3

• Perhaps Olcyr can add something about measure-
ments prospects of B+

c decays and ACP?

• Also for Olcyr - current constraints and SM predic-
tions for ACP and Br of B+

c decays in the SM

• Adding an appendix deriving the Boltzmann equa-
tions. This will be very similar to the lepton asym-
metry of the D meso appendix [27] but note the
dark matter treatment is di↵erent.

• Plot beautification and final decisions: Gilly has
code to make ugly plots, Robert can make make
them pretty!

• general editing and organizational thoughts

]
We first discuss the scenario in which Mesogenesis in

which B+ mesons decay into a dark sector state carrying
SM baryon number. [GE: In general in this section when
we write  B in the branching fraction we really mean
missing energy as  B decays down into dark sector states.
Need to converge on notation here or explain in words.]

A. The Mechanism

B�
c (3)

B� (4)

Y�B = �YB (5)

In B+
c Mesogenesis a baryon asymmetry is generated

as follows:

B+
c !B+ + M

0
SM , (6a)

B+
! B

+
SM +  B , (6b)

and, of course, the conjugate processes. Here SM
B+

c = |cb̄� (6.274 GeV) meson decays into a B+ =
|ub̄� (5.279 GeV) meson and various di↵erent SM neu-
tral mesons M

0
SM (see [] for a summary of decay modes).

This decay should contain CP violation (both from the
SM and possible new physics contributions []), which is
parameterized in terms of the CP asymmetry observable
defined as

ACP =
�(B+

c ! f) � �(B�
c ! f̄)

�(B+
c ! f) + �(B�

c ! f̄)
, (7)

where f is some final state i.e. in this case f = B+
M

0
SM.

Next, for low enough temperatures T � 20 MeV [GE:
justify somewhere] the produced B+ will quickly decay
(rather than scatter) into a SM charged baryon B

±
SM and

a new dark sector anti-baryon  B. Note that as such this
decay conserves baryon number. The net result is the

generation of an equal and opposite baryon number be-
tween the dark and visible sector which will be directly
related to experimental observables in B+

c and B+ de-
cays, schematically, and in terms of yield variables

YB �
nB � nB̄

s
�

�

f

ACP BrB+
c

� BrB+ (8)

where we have used the shorthand notation BrB+
c

�

Br
�
B+

c ! B+
M

0
SM

�
and BrB+ � Br

�
B+

! B
+
SM  B

�
.

[GE: I think we save the discussion of measuring these
things for later. Maybe just say something here about
why we don’t expect them to be super small?]

B. The Model

We introduce a dark sector fermion  B which is
charged under anti-baryon number B = �1. The decay
of the meson into the dark sector state M

+
SM ! B

+
SM+ B

proceeds through a dimension six four fermion operator.
Following the UV model of [26], we add a colored triplet
scalar � with hyper-charge assignment3 Y = �1/3, the
following Lagrangian is then allowed by all the symme-
tries:

L� = �

�

i, j

yuidj�
�ūiRdc

jR �

�

k

y�Bdk�dc
kR ̄B + h.c. .(9)

The flavor indices i, j, k account for all flavorful variations
of this model. Note that such model has a simple real-
ization in the context of supersymmerty [36], where the
mediator � can be idetified with a right handed squark.
As such, � can be produced and searched for at LHC ex-
periments as is generally expected to be constrained by
SUSY collider searches to be heavier than about 1 TeV
(see [32] for detailed bounds from colliders and flavor ob-
servables).

As Mesogenesis operates at MeV scales, we integrate
out the mediator �, arriving at the following portal op-
erator for mediating meson decays

O =
y2

M2
�

 Buidjdk . (10)

Here y2
� yud y�d (where we have suppressed flavor in-

dices), and M� is the mediator mass. Note that this
conserves baryon number. This operator then mediates
the parton level decay q̄ !  ̄Bqq within the meson decay
Eq. (6b). There are four possible flavorful variations of
Eq. (10) leading to di↵erent final state SM baryons from
the B+ decay. Table. I summarizes these four possible

3 Note that it is also possible to construct such a model with the
choice Y = 2/3. While the two di�erent choices correspond
to models with slightly di�erent flavor constraints [32], for the
purposes of the present work we do not need to go into these
details. [GE: phrase better].
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Figure 1. Depiction of the mechanism of B-Mesogenesis for generating the baryon asymmetry and
dark matter of the Universe.

Flavorful Initial Final

Operator State State

Bd  + n (udd)

Oud =  b u d Bs  + ⇤ (uds)

B+  + p (duu)

Bd  + ⇤ (usd)

Ous =  b u s Bs  + ⌅0 (uss)

B+  + ⌃+ (uus)

Bd  + ⇤c + ⇡� (cdd)

Ocd =  b c d Bs  + ⌅0
c (cds)

B+  + ⇤+
c (dcu)

Bd  + ⌅0
c (csd)

Ocs =  b c s Bs  + ⌦c (css)

B+  + ⌅+
c (csu)

Table 1. We summarize the possible final states corresponding to each of the operators mediating
the new decay mode of the b̄ quark within the B meson which generates the baryon asymmetry
in B-Mesogenesis. Note that this model would also give rise to the decay of a baryon into light
mesons and missing energy e.g. ⇤b !  ̄ + ⇡0 through the Oud. Such decays serve as an indirect
probe of Mesogenesis. Note that one can compute the form factors and corresponding branching
fractions of such new b-flavored baryon decay modes using three point correlators in the framework
of the LC QCD sum rules. For simplicity we focus in the present work on B meson decays, as their
branching fraction directly feeds into the baryon asymmetry, deferring a more detailed study of
indirect signals to future work. [GE: Note LHCb can search for such channels.] [GE: Add figure
showing example decay(s)] [GE: can merge this table with results table as well, especially if we
include the figure with example channel]

flavor constraints. So we can choose them appropriately to maximize the allowed branching

fraction (when the time comes)]

[GE: comment here on implications for [11]]
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Equal and opposite dark and visible baryon asymmetries generated.
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Operator/Decay Initial State Final state �M (MeV) m� Bench (GeV) Current constraint on Br Irre-Background for Br

Bd  + n (udd) 4340.07

3.3 < 8.7%

⇠ 10�5

O =  b u d Bs  + ⇤ (uds) 4251.21 ⇠ 10�5

b̄ !  u d B+  + p (duu) 4341.05 0

⇤b  ̄ + ⇡0 5484.5 ⇠ 10�5

Bd  + ⇤ (usd) 4163.95

3.3 < 4.8%

⇠ 10�5

O =  b u s Bs  + ⌅0 (uss) 4025.03 ⇠ 10�5

b̄ !  u s B+  + ⌃+ (uus) 4089.95 0

⇤b  ̄ + K0 5121.9 ⇠ 10�5

Bd  + ⇤c + ⇡� (cdd) 2853.60

2.5 < 4.2%

⇠ (2�5)⇥10�4

O =  b c d Bs  + ⌅0
c (cds) 2895.02 ⇠ (2�5)⇥10�4

b̄ !  c d B+  + ⇤c (dcu) 2992.86 0

⇤b  ̄ + D
0

3754.7 ⇠ (2�5)⇥10�4

Bd  + ⌅0
c (csd) 2807.76

2.5 < 1.7%

⇠ (5�10)⇥10�3

O =  b c s Bs  + ⌦c (css) 2671.69 ⇠ (5�10)⇥10�3

b̄ !  c s B+  + ⌅+
c (csu) 2810.36 0

⇤b  ̄ + D� + K+ 3256.2 ⇠ (5�10)⇥10�3

TABLE I. [ME: Still need to improve the table a lot]. Maybe add another column with info about Y constraints? Because
some may be easier to constrain indirectly. Likely the first two.

3. Summary

We have examined the reach of B-factories for B me-
son decays into a visible baryon, missing energy and any
number of mesons in the final state. Given the current
luminosity accumulated at B-factories and that the ini-
tial momentum of the decay is known, B-factories have
in principle a sensitivity of ⇠ 10�6 � 10�5 to Br(B !
 + Baryon + X). We find, a priori, a limiting factor
to these searches which arises from slow neutrons and
anti-neutrons that may be missed in the electromagnetic
calorimeter and may fake a missing energy signal. Given
our analysis, and assuming all the neutrons and anti-
neutrons are missed, an actual sensitivity of:

Br(B+ !  p + X) �
�b̄! ud

�b
⇠ 10�5 , (15a)

Br(B+ !  ⇤ + X) �
�b̄! us

�b
⇠ 10�5 , (15b)

Br(B+ !  ⌅+

c + X) �
�b̄! cd

�b
⇠(2�5)⇥10�4 , (15c)

Br(B+ !  ⇤c + X) �
�b̄! cs

�b
⇠(5�10)⇥10�3 ,

(15d)

[ME: I need to think more about the last two]
[ME: Add table with: The di↵erent decay

modes, current constraints, a benchmark for m ,
and possible irreducible backgrounds. ]

C. Possibilities for the LHC

[GE: Check in on the status of the new CMS trigger]
[GA: Perhaps discuss what Zoltan mentioned in

his email:
Oh, and I do not know if I told you (I think I

may have told Ann) that late 2018 I talked to a
friend on LHCb about these decays. He pointed
out to me that on LHCb such a 2-body B de-
cay, with only one of the particles visible, would
be almost impossible to identify. However, if you
put the same partonic process in Lambda b de-
cay, then you can get a three-body decay (meson
+ meson + MET), and so having a displaced ver-
tex from the 2 reconstructed mesons may help
enough to beat down backgrounds. I thought
they were working on it a year ago, but I can-
not recall any limits becoming public since then.
Of course, the hadronic matrix element is only a
harder calculation in this case, but if a signal is
seen, then that would motivate major e↵orts in
that direction. I’ll let you know if I hear anything
back about the experimental status.]

D. Exclusive vs. inclusive decays

While the baryogenesis mechanism ultimately only
cares about the inclusive B !  + Baryon + X branch-
ing ratio, the experimental searches discussed above are
best suited to test exclusive final states. In fact, the
presence of additional hadronic states accompanying the
final-state baryon can significantly modify the expected
sensitivities estimated in (??). It is therefore crucial to
estimate the relative size of the exclusive modes that con-

u

d
b
u

Λ0
b

d
s̄

K0

ψ̄ℬ

Directly related to the 
baryon asymmetry

Indirect Signals 
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Outlook

20S.Gori

Many different leptonic signatures arise in 
dark sector models


Several searches have been already 
performed at Belle II probing new interesting 
regions of parameter space


Several new signatures to look for

 1photon + 2 charged tracks (prompt or 
displaced)

 3 charged leptons from B meson 
decays

 broader coverage of 1 photon+missing 
+ 2 (or more) displaced charged tracks

dark photon

axions

IDM + SIMP
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KEK, Aug 16, 2024J. Zupan  Challenging BSM searches with taus

coherent oscillations
• local DM density 

• bosonic DM of mass 

• highly degenerate: many DM particles per de Broglie volume, 

• well approximated by oscillating wave 

ρϕ = 0.4 GeV/cm3 ≈ 3 × 10−42 GeV4

mϕ ≲ 30 eV

nDM(mϕv)3 ≫ 1
ϕcl(t)

6

Amplitude:

Oscillation period:
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KEK, Aug 16, 2024J. Zupan  Challenging BSM searches with taus

time dependent τ → μϕ
• interaction: 

• induces 

• three body decay, large 
background from 

• very poor bound on 

• DM background induces  
time dependent 

• two body decay: mono-energetic  in tau rest- frame
• tau decays additional complication

• , at least one neutrino on tag side

• not possible to reconstruct tau rest frame  use pseudo rest-frame

• time dependence of the signal helps
• same for 

ϕ∂αϕτ̄γαμ
τ → μϕϕ

τ → μνν̄
f

τ → μϕ
μ

e+e− → τ+τ−

⇒

τ → eϕ
14


