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B-Mesogenesis: Baryogenesis 
and Dark Matter from B Mesons

arXiv:1810.00880 Elor, Escudero & Nelson

1) Baryogenesis and Dark Matter are linked 

2) Baryon asymmetry directly related to B-Meson observables

4) Fully testable at current collider experiments

3) Leads to unique collider signatures

arXiv:2101.02706 Alonso-Álvarez, Elor & Escudero

http://arxiv.org/abs/arXiv:1810.00880
https://arxiv.org/abs/2101.02706
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Outline
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1) B-Mesogenesis  

2) Collider Implications:
a) CP violation in the B meson system
b) Missing Energy decays of B mesons
c) High pT jets + Missing Energy

3) Conclusions
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Why Baryogenesis with B-Mesons?
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1) B-Mesons are heavy
B-Mesons can decay into baryons mB > 2mp

and we want to explain a Universe with  nb − nb̄

nγ
≃ 6 × 10−10

3) Some of its decays are fairly unconstrained!

2) Large CP violation in the neutral B mesons:

|ACP | ≃ 10−5 − 10−3
Already in the SM, the mixing induced CP asymmetry is:  

BR(B → Baryon + missing energy) ≲ 10 %Back in 2018:

BR(B → Baryon + missing energy) ≲ 0.5 %As of today:
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B-Mesogenesis
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Baryogenesis

⌦DMh2 = 0.12YB = 8.7⇥ 10�11
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late time decay CP violating oscillations
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B-mesons decay into 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Distinctive Collider Signatures
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2) New B Meson decay into ME and a Baryon

1) Extra CP violation in B Meson decays
a) Semileptonic asymmetries

b) CP violation in tree level  and  decaysb → cc̄s b → ττ̄s

 

B+

⇤c
d) Indirect constraints from ATLAS & CMS

a) Constraints from B-factories

b) Constraints from ALEPH

c) Sensitivity from LHCb
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Indirect CP violation
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Key Quantity: The Semileptonic Asymmetry

Baryogenesis
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Parameter Space
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Measured ASL imply: Br (B !  + Baryon +M) & 10�4

<latexit sha1_base64="hRmlemyh0YKAwGfJpClQ7lcZbsE="></latexit>

The Bs 
Meson 
dominates 
the Baryon 
asymmetry 
because 
ΔMs /ΔMd ∼ 35



B-Mesogenesis     Flavourful Universe 22-09-2021Miguel Escudero (TUM)

Parameter Space
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Baryogenesis with 
only SM CP violation?

ALEPH bound implies:
<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>
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CP violation in mixing
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Baryogenesis requires:
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Figure 2.1: Unitarity Triangle: Constraints in the (⇢, ⌘) plane [22].
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Figure 2.2: Dominant Feynman diagrams responsible for neutral B meson mixing in the SM.

Bq ! Bq transitions involve the exchange of two W bosons. They are the so called box
diagrams, shown in Fig. 2.2.

Due to GIM suppression [26], in these diagrams the leading contribution is given by
the top quark. The amplitude of the sum of the diagrams including all the up-type quark
contributions to the b̄ ! q transition, is proportional to:

m2

uVuqV
⇤

ub +m2

cVcqV
⇤

cb +m2

tVtqV
⇤

tb (2.13)
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2.2 Flavor in the Standard Model

The spontaneous symmetry breaking of the SM allows the quarks to acquire mass via
Yukawa interactions with the Higgs field, without breaking gauge invariance:

LY ukawa = Y ij
d Q

i
L�D

j
R + Y ij

u Q
i
L�U

j
R + (h.c.) (2.4)

With the Higgs field denoted with �, and Y i,j
d,u representing the coupling constants. The

mass of the quarks mq are related to their coupling to the Higgs field: mq = Yq
v
p
2
. To write

proper mass terms for quarks, the Y i,j
d,u matrices need to be diagonalized, that is possible

using four independent matrices. Only three of them can be freely chosen (redefining the
quark fields with a di↵erent phase), therefore if the up-type quarks are diagonalized, the
down-type quarks are left non-diagonal. By convention, the interaction eigenstates and
the mass eigenstates are chosen to be equal for the up-type quarks, whereas the down-type
quarks are chosen to be rotated, going from the flavor (o interaction) basis to the mass
basis:

Yu = I ·

0

@
u
c
t

1

A ; Yd = I ·

0

@
d0

s0

b0

1

A = VCKM ·

0

@
d
s
b

1

A

with I the identity matrix and VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix,
that relates the flavor eigenstates (d0, s0, b0) to the mass eigenstates (d, s, b).

VCKM =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

The CKM matrix is unitary. The o↵-diagonal element show a strong hierarchical order:
|Vus| and |Vcd| are about 0.22, |Vcb| and |Vts| of order 4 · 10�2 and |Vub| and |Vtd| of order
5 ·10�3. As the matrix is unitary and global phases are not observable, four free parameters
remain. Three are the quark mixing angles and one is a complex phase. This complex
phase gives rise to CP violation in the Standard Model, i.e. the di↵erent behavior of
particles and anti-particles in the weak interaction. The CKM-matrix can be expressed in
terms of � = |Vus|, up to O(�4) terms 4

VCKM =

0

@
1� �2/2 � A�3(⇢ � i⌘)

�� 1� �2/2 A�2

A�3(1� ⇢ � i⌘) �A�2 1

1

A+O(�4)

4 For the CP violating measurement in the B0 sector presented in this thesis it is su�cient to write
the CKM-matrix including terms up to O(�3). For measurements in the B0

s
sector, it is helpful to include

terms up to O(�5), given that the phase of the matrix element Vts is playing a role in that case:

VCKM =

0

@
1� �2/2� �4/8 � A�3(⇢ � i⌘)

�� + A2�5[1� 2(⇢ + i⌘)]/2 1� �2/2� �4(1 + 4A2)/8 A�2

A�3[1� (1� �2/2)(⇢ + i⌘)] �A�2 + A�4[1� 2(⇢ + i⌘)]/2 1� A2�4/2

1

A+O(�6)

.
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4.6 � evolution

At some high temperature above m�, we assume that � was in thermal equilibrium with the plasma,
fixing its number density for T . m� to be

n� =
⇣(3)

⇡2
T

3
. (4.22)

In practice we will use Tdec = 100GeV. although we note that the result if fairly independent on this
number provided it is Tdec > 15GeV so that all the SM particles but the top, the Higgs and the EW
bosons are still in thermal equilibrium.

4.7 Meson Mixing

Mixing is described by the Hamiltonian H.

i
d

dt


|Bq(t)i
|B̄q(t)i

�
=

✓
Mq + i

�q

2

◆
|Bq(t)i
|B̄q(t)i

�
(4.23)

whereMq is the mass matrix and �q is the decay matrix. The diagonal elementsM11 = mB , M22 = mB̄

are the meson and anti-meson masses. The diagonal elements of the decay matrix, are the decay
widths; inverse of the meson and anti-meson lifetimes. CPT invariance requires M11 = M22 and
�11 = �22. Meson mixing results from non-zero o↵ diagonal elements. The o↵-diagonal elements
of the mass matrix account for the dominant, dispersive contributions of the box diagrams (internal
top-quark). The o↵-diagonal elements of the decay matrix account for absorptive contributions, i.
e. real intermediate decays to a state Bq ! f ! Bq. Thus Bq and B̄q are not eigenstates for the
weak interaction. The box diagrams include elements from the CKM matrix, and so M and � may
be complex.

|hB̄q|Bq(t)i|2 / |q/p|2 and |hBq|B̄q(t)i|2 / |p/q|2, so a = 1� |q/p|2 is a measure of CPV in Bq�B̄q

mixing.

a =
���
�q

12

M
q

12

��� sin�q

12 , (4.24)

where the theoretical quantities M12/�12 and their relative phase �12, can be related to observables
�Mq, ��q. Here the mass eigenstates BH/L are related to the flavor/CP eigenstates by: |BL/Hi =
p|Bqi± q|B̄qi.
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4.3 Elastic scattering of e±B0 ! e
±
B0.

As the B0 is neutral pseudoscalar particle the only possible interaction that an electron can have with
it is through the e↵ective charge distributed within the B0. This charge distribution is parametrized
in terms of a an elastic electromagnetic form factor FB0(q

2). The actual form of FB0(q
2) requires

either data (which is not possible to get in the laboratory for this reaction) or some modelling of the
quarks distributed within the B0 meson. Actually the form factors are usually parametrized in terms
of the charge radius which is defined as

⌦
r
2
↵
= 6


dF (q2)

dq2

�

q=0

. (4.1)

Which for a neutral particle leads to

F (q2) = �1

6

⌦
r
2
↵
q
2 + ... (4.2)

Since
⌦
r
2
B0

↵
is not measured, we use an estimate provided by [24], who quotes

⌦
r
2
B0

↵
⇠ �0.187 fm2.

It is worth comparing this result, with those of other pseudoscalars that do have been measured⌦
r
2
⇡+

↵
= 0.439 fm2,

⌦
r
2
K+

↵
= 0.34 fm2,

⌦
r
2
K0

↵
= �0.054 fm2. We can safely use the quadratic expansion

for the form factor 4.2 since it will be valid for |q| < 1/
q⌦

r
2
B0

↵
⇠ 100MeV and we are interested in

T ⇠ 10MeV. Thus, we are left to calculate the scattering cross section for the process e±B0 ! e
±
B0.

Which in the lab frame and ignoring the B0 recoil reads 1

d�

d⌦
=

↵
2

4E2 sin4 ✓

2

cos2
✓

2
|FB0(q

2)|2 (4.3)

q
2 = � 2mB0E

2(1� cos ✓)

mB0 + E(1� cos ✓)
' �4E2 sin2

✓

2
(4.4)

d�

dq2
= �2⇡

↵
2
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⌦
r
2
B0

↵2
✓
1 +

q
2

4E2

◆
(4.5)

� =

Z 0

�4E2

d�

dq2
dq

2 = ↵
2 2⇡

9

⌦
r
2
B0

↵2
E

2 = ↵
2 2⇡

9

⌦
r
2
B0

↵2
E

2 (4.6)

� ⌘ h�vine ' �(E = 3T )ne(T ) ⇠ 3⇥ 10�13 GeV

✓
T

10MeV

◆5
 ⌦

r
2
B0

↵

0.187

!2

(4.7)

and therefore we notice that the e
±
B0 ! e

±
B0 scattering rate will be way higher than the Hubble

rate H ⇠ 4⇥ 10�17
�

T

10MeV

�2
GeV.

4.4 Parameters for the B0 decays

We need to fill

H = M � i

2
� =


M11 � i

2�11 M12 � i

2�12

M
⇤
12 � i

2�
⇤
12 M22 � i

2�22

�
(4.8)

�mB ⌘ MH �ML = 2|M12| (4.9)

��B ⌘ �H � �L = �2Ref(M?

12�12

|M12|
(4.10)

1This equation is the non-relativistic formula given for an electron interacting with target with a charge density ⇢
where F (q2) ⌘

R
⇢(r) ei~q~r d3~r.
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B Meson Mixing
Standard Model example diagrams:

4.6 � evolution

At some high temperature above m�, we assume that � was in thermal equilibrium with the plasma,
fixing its number density for T . m� to be

n� =
⇣(3)

⇡2
T

3
. (4.22)

In practice we will use Tdec = 100GeV. although we note that the result if fairly independent on this
number provided it is Tdec > 15GeV so that all the SM particles but the top, the Higgs and the EW
bosons are still in thermal equilibrium.

4.7 Meson Mixing

Mixing is described by the Hamiltonian H.

i
d

dt


|Bq(t)i
|B̄q(t)i

�
=

✓
Mq + i

�q

2

◆
|Bq(t)i
|B̄q(t)i

�
(4.23)

whereMq is the mass matrix and �q is the decay matrix. The diagonal elementsM11 = mB , M22 = mB̄

are the meson and anti-meson masses. The diagonal elements of the decay matrix, are the decay
widths; inverse of the meson and anti-meson lifetimes. CPT invariance requires M11 = M22 and
�11 = �22. Meson mixing results from non-zero o↵ diagonal elements. The o↵-diagonal elements
of the mass matrix account for the dominant, dispersive contributions of the box diagrams (internal
top-quark). The o↵-diagonal elements of the decay matrix account for absorptive contributions, i.
e. real intermediate decays to a state Bq ! f ! Bq. Thus Bq and B̄q are not eigenstates for the
weak interaction. The box diagrams include elements from the CKM matrix, and so M and � may
be complex.

|hB̄q|Bq(t)i|2 / |q/p|2 and |hBq|B̄q(t)i|2 / |p/q|2, so a = 1� |q/p|2 is a measure of CPV in Bq�B̄q

mixing.

a =
���
�q

12

M
q

12

��� sin�q

12 , (4.24)

where the theoretical quantities M12/�12 and their relative phase �12, can be related to observables
�Mq, ��q. Here the mass eigenstates BH/L are related to the flavor/CP eigenstates by: |BL/Hi =
p|Bqi± q|B̄qi.
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whereMq is the mass matrix and �q is the decay matrix. The diagonal elementsM11 = mB , M22 = mB̄

are the meson and anti-meson masses. The diagonal elements of the decay matrix, are the decay
widths; inverse of the meson and anti-meson lifetimes. CPT invariance requires M11 = M22 and
�11 = �22. Meson mixing results from non-zero o↵ diagonal elements. The o↵-diagonal elements
of the mass matrix account for the dominant, dispersive contributions of the box diagrams (internal
top-quark). The o↵-diagonal elements of the decay matrix account for absorptive contributions, i.
e. real intermediate decays to a state Bq ! f ! Bq. Thus Bq and B̄q are not eigenstates for the
weak interaction. The box diagrams include elements from the CKM matrix, and so M and � may
be complex.

|hB̄q|Bq(t)i|2 / |q/p|2 and |hBq|B̄q(t)i|2 / |p/q|2, so a = 1� |q/p|2 is a measure of CPV in Bq�B̄q

mixing.

a =
���
�q

12

M
q

12

��� sin�q

12 , (4.24)

where the theoretical quantities M12/�12 and their relative phase �12, can be related to observables
�Mq, ��q. Here the mass eigenstates BH/L are related to the flavor/CP eigenstates by: |BL/Hi =
p|Bqi± q|B̄qi.

References

[1] K. Aitken, D. McKeen, T. Neder and A. E. Nelson, Baryogenesis from Oscillations of Charmed or

Beautiful Baryons, Phys. Rev. D96 (2017) 075009 [1708.01259].

[2] J. Bramante, K. Fukushima and J. Kumar, Constraints on bosonic dark matter from observation of old

neutron stars, Phys. Rev. D87 (2013) 055012 [1301.0036].

[3] T. Venumadhav, F.-Y. Cyr-Racine, K. N. Abazajian and C. M. Hirata, Sterile neutrino dark matter:

Weak interactions in the strong coupling epoch, Phys. Rev. D94 (2016) 043515 [1507.06655].

[4] L. Kawano, Let’s go: Early universe. 2. Primordial nucleosynthesis: The Computer way, .

[5] R. J. Scherrer and M. S. Turner, Primordial Nucleosynthesis with Decaying Particles. 1. Entropy

Producing Decays. 2. Inert Decays, Astrophys. J. 331 (1988) 19.

– 10 –

Contents

1 The Model 1

1 The Model

Aq

SL
=

�
�
B̄0

q
! l+X

�
� �

�
B0

q
! l�X

�

�
�
B̄0

q
! l+X

�
+ �

�
B0

q
! l�X

� = Im

✓
�q

12

Mq

12

◆
(1.1)

ASL = Im

✓
�12

M12

◆
(1.2)

nB � nB̄

s
⇠ 10�10 (1.3)

mass eigenstates: |BL/Hi = p|Bqi± |B̄qi
time evolve: |BL/H(t)i = e�iHL/H |BL/H(0)i
measure of CPV: 1�

�� q
p

��2 =
�� �2

12

M
2
12

�� sin�q

12

nB � nB̄

s
⇠ 10�10 (1.4)

⌦DMh2 ⇠ 0.1 (1.5)

B0
q
= |b̄qi and B̄0

q
= |bq̄i

– 1 –

Contents

1 The Model 1

1 The Model

Aq

SL
=

�
�
B̄0

q
! l+X

�
� �

�
B0

q
! l�X

�

�
�
B̄0

q
! l+X

�
+ �

�
B0

q
! l�X

� = Im

✓
�q

12

Mq

12

◆
(1.1)

ASL = Im

✓
�12

M12

◆
(1.2)

nB � nB̄

s
⇠ 10�10 (1.3)

mass eigenstates: |BL/Hi = p|Bqi± |B̄qi
time evolve: |BL/H(t)i = e�iHL/H |BL/H(0)i
measure of CPV: 1�

�� q
p

��2 =
�� �2

12

M
2
12

�� sin�q

12

nB � nB̄

s
⇠ 10�10 (1.4)

⌦DMh2 ⇠ 0.1 (1.5)

B0
q
= |b̄qi and B̄0

q
= |bq̄i

– 1 –

Contents

1 The Model 1

1 The Model

Aq

SL
=

�
�
B̄0

q
! l+X

�
� �

�
B0

q
! l�X

�

�
�
B̄0

q
! l+X

�
+ �

�
B0

q
! l�X

� = Im

✓
�q

12

Mq

12

◆
(1.1)

ASL = Im

✓
�12

M12

◆
(1.2)

nB � nB̄

s
⇠ 10�10 (1.3)

mass eigenstates: |BL/Hi = p|Bqi± |B̄qi
time evolve: |BL/H(t)i = e�iHL/H |BL/H(0)i
measure of CPV: 1�

�� q
p

��2 =
�� �2

12

M
2
12

�� sin�q

12

nB � nB̄

s
⇠ 10�10 (1.4)

⌦DMh2 ⇠ 0.1 (1.5)

B0
q
= |b̄qi and B̄0

q
= |bq̄i

– 1 –

M12 / �12 /

γ

γ

α

α

d
m∆

K
ε

K
ε

sm∆ & 
d

m∆

ubV

βsin 2

(excl. at CL > 0.95)

 < 0βsol. w/ cos 2

e
xclu

d
e
d
 a

t C
L
 >

 0
.9

5

α

βγ

ρ
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

η

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

Summer 14

CKM
f i t t e r

Figure 2.1: Unitarity Triangle: Constraints in the (⇢, ⌘) plane [22].
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Figure 2.2: Dominant Feynman diagrams responsible for neutral B meson mixing in the SM.

Bq ! Bq transitions involve the exchange of two W bosons. They are the so called box
diagrams, shown in Fig. 2.2.

Due to GIM suppression [26], in these diagrams the leading contribution is given by
the top quark. The amplitude of the sum of the diagrams including all the up-type quark
contributions to the b̄ ! q transition, is proportional to:

m2

uVuqV
⇤

ub +m2

cVcqV
⇤

cb +m2

tVtqV
⇤

tb (2.13)

14

2.2 Flavor in the Standard Model

The spontaneous symmetry breaking of the SM allows the quarks to acquire mass via
Yukawa interactions with the Higgs field, without breaking gauge invariance:

LY ukawa = Y ij
d Q

i
L�D

j
R + Y ij

u Q
i
L�U

j
R + (h.c.) (2.4)

With the Higgs field denoted with �, and Y i,j
d,u representing the coupling constants. The

mass of the quarks mq are related to their coupling to the Higgs field: mq = Yq
v
p
2
. To write

proper mass terms for quarks, the Y i,j
d,u matrices need to be diagonalized, that is possible

using four independent matrices. Only three of them can be freely chosen (redefining the
quark fields with a di↵erent phase), therefore if the up-type quarks are diagonalized, the
down-type quarks are left non-diagonal. By convention, the interaction eigenstates and
the mass eigenstates are chosen to be equal for the up-type quarks, whereas the down-type
quarks are chosen to be rotated, going from the flavor (o interaction) basis to the mass
basis:

Yu = I ·

0

@
u
c
t

1

A ; Yd = I ·

0

@
d0

s0

b0

1

A = VCKM ·

0

@
d
s
b

1

A

with I the identity matrix and VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix,
that relates the flavor eigenstates (d0, s0, b0) to the mass eigenstates (d, s, b).

VCKM =

0

@
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

1

A

The CKM matrix is unitary. The o↵-diagonal element show a strong hierarchical order:
|Vus| and |Vcd| are about 0.22, |Vcb| and |Vts| of order 4 · 10�2 and |Vub| and |Vtd| of order
5 ·10�3. As the matrix is unitary and global phases are not observable, four free parameters
remain. Three are the quark mixing angles and one is a complex phase. This complex
phase gives rise to CP violation in the Standard Model, i.e. the di↵erent behavior of
particles and anti-particles in the weak interaction. The CKM-matrix can be expressed in
terms of � = |Vus|, up to O(�4) terms 4

VCKM =

0

@
1 �2/2 � A�3(⇢ i⌘)

� 1 �2/2 A�2

A�3(1 ⇢ i⌘) A�2 1

1

A+O(�4)

4 For the CP violating measurement in the B0 sector presented in this thesis it is su cient to write
the CKM-matrix including terms up to O(�3). For measurements in the B0

s
sector, it is helpful to include

terms up to O(�5), given that the phase of the matrix element Vts is playing a role in that case:

VCKM =

0

@
1 �2/2 �4/8 � A�3(⇢ i⌘)

� + A2�5[1 2(⇢ + i⌘)]/2 1 �2/2 �4(1 + 4A2)/8 A�2

A�3[1 (1 �2/2)(⇢ + i⌘)] A�2 + A�4[1 2(⇢ + i⌘)]/2 1 A2�4/2

1

A+O(�6)

.
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4.6 � evolution

At some high temperature above m , we assume that � was in thermal equilibrium with the plasma,
fixing its number density for T . m to be

n =
⇣(3)

⇡2
T

3
. (4.22)

In practice we will use Tdec = 100GeV. although we note that the result if fairly independent on this
number provided it is Tdec > 15GeV so that all the SM particles but the top, the Higgs and the EW
bosons are still in thermal equilibrium.

4.7 Meson Mixing

Mixing is described by the Hamiltonian H.

i
d

dt


|Bq(t)i
|B̄q(t)i

�
=

✓
Mq + i

�q

2

◆
|Bq(t)i
|B̄q(t)i

�
(4.23)

whereMq is the mass matrix and �q is the decay matrix. The diagonal elementsM11 = mB , M22 = mB̄

are the meson and anti-meson masses. The diagonal elements of the decay matrix, are the decay
widths; inverse of the meson and anti-meson lifetimes. CPT invariance requires M11 = M22 and
�11 = �22. Meson mixing results from non-zero o↵ diagonal elements. The o↵-diagonal elements
of the mass matrix account for the dominant, dispersive contributions of the box diagrams (internal
top-quark). The o↵-diagonal elements of the decay matrix account for absorptive contributions, i.
e. real intermediate decays to a state Bq ! f ! Bq. Thus Bq and B̄q are not eigenstates for the
weak interaction. The box diagrams include elements from the CKM matrix, and so M and � may
be complex.

|hB̄q|Bq(t)i|2 / |q/p|2 and |hBq|B̄q(t)i|2 / |p/q|2, so a = 1� |q/p|2 is a measure of CPV in Bq�B̄q

mixing.

a =
���
�q

12

M
q

12

��� sin�q

12 , (4.24)

where the theoretical quantities M12/�12 and their relative phase �12, can be related to observables
�Mq, ��q. Here the mass eigenstates BH/L are related to the flavor/CP eigenstates by: |BL/Hi =
p|Bqi± q|B̄qi.
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4.3 Elastic scattering of e±B0 ! e
±
B0.

As the B0 is neutral pseudoscalar particle the only possible interaction that an electron can have with
it is through the e↵ective charge distributed within the B0. This charge distribution is parametrized
in terms of a an elastic electromagnetic form factor FB0(q

2). The actual form of FB0(q
2) requires

either data (which is not possible to get in the laboratory for this reaction) or some modelling of the
quarks distributed within the B0 meson. Actually the form factors are usually parametrized in terms
of the charge radius which is defined as

⌦
r
2
↵
= 6


dF (q2)

dq2

�

q=0

. (4.1)

Which for a neutral particle leads to

F (q2) = �1

6

⌦
r
2
↵
q
2 + ... (4.2)

Since
⌦
r
2
B0

↵
is not measured, we use an estimate provided by [24], who quotes

⌦
r
2
B0

↵
⇠ �0.187 fm2.

It is worth comparing this result, with those of other pseudoscalars that do have been measured⌦
r
2
⇡+

↵
= 0.439 fm2,

⌦
r
2
K+

↵
= 0.34 fm2,

⌦
r
2
K0

↵
= �0.054 fm2. We can safely use the quadratic expansion

for the form factor 4.2 since it will be valid for |q| < 1/
q⌦

r
2
B0

↵
⇠ 100MeV and we are interested in

T ⇠ 10MeV. Thus, we are left to calculate the scattering cross section for the process e±B0 ! e
±
B0.

Which in the lab frame and ignoring the B0 recoil reads 1

d�

d⌦
=

↵
2

4E2 sin4 ✓

2

cos2
✓

2
|FB0(q

2)|2 (4.3)

q
2 = � 2mB0E

2(1� cos ✓)

mB0 + E(1� cos ✓)
' �4E2 sin2

✓

2
(4.4)

d�

dq2
= �2⇡

↵
2
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q
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4E2
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Z 0
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dq2
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� ⌘ h�vine ' �(E = 3T )ne(T ) ⇠ 3⇥ 10�13 GeV
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10MeV
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r
2
B0

↵

0.187

!2

(4.7)

and therefore we notice that the e
±
B0 ! e

±
B0 scattering rate will be way higher than the Hubble

rate H ⇠ 4⇥ 10�17
�

T

10MeV

�2
GeV.

4.4 Parameters for the B0 decays

We need to fill

H = M � i
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�
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�mB ⌘ MH �ML = 2|M12| (4.9)

��B ⌘ �H � �L = �2Ref(M?

12�12

|M12|
(4.10)

1This equation is the non-relativistic formula given for an electron interacting with target with a charge density ⇢
where F (q2) ⌘

R
⇢(r) ei~q~r d3~r.
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B Meson Mixing
Standard Model example diagrams:

4.6 � evolution

At some high temperature above m , we assume that � was in thermal equilibrium with the plasma,
fixing its number density for T . m to be

n =
⇣(3)

⇡2
T

3
. (4.22)

In practice we will use Tdec = 100GeV. although we note that the result if fairly independent on this
number provided it is Tdec > 15GeV so that all the SM particles but the top, the Higgs and the EW
bosons are still in thermal equilibrium.

4.7 Meson Mixing

Mixing is described by the Hamiltonian H.
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whereMq is the mass matrix and �q is the decay matrix. The diagonal elementsM11 = mB , M22 = mB̄

are the meson and anti-meson masses. The diagonal elements of the decay matrix, are the decay
widths; inverse of the meson and anti-meson lifetimes. CPT invariance requires M11 = M22 and
�11 = �22. Meson mixing results from non-zero o↵ diagonal elements. The o↵-diagonal elements
of the mass matrix account for the dominant, dispersive contributions of the box diagrams (internal
top-quark). The o↵-diagonal elements of the decay matrix account for absorptive contributions, i.
e. real intermediate decays to a state Bq ! f ! Bq. Thus Bq and B̄q are not eigenstates for the
weak interaction. The box diagrams include elements from the CKM matrix, and so M and � may
be complex.

|hB̄q|Bq(t)i|2 / |q/p|2 and |hBq|B̄q(t)i|2 / |p/q|2, so a = 1� |q/p|2 is a measure of CPV in Bq�B̄q

mixing.
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where the theoretical quantities M12/�12 and their relative phase �12, can be related to observables
�Mq, ��q. Here the mass eigenstates BH/L are related to the flavor/CP eigenstates by: |BL/Hi =
p|Bqi± q|B̄qi.
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At some high temperature above m , we assume that � was in thermal equilibrium with the plasma,
fixing its number density for T . m to be
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In practice we will use Tdec = 100GeV. although we note that the result if fairly independent on this
number provided it is Tdec > 15GeV so that all the SM particles but the top, the Higgs and the EW
bosons are still in thermal equilibrium.
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whereMq is the mass matrix and �q is the decay matrix. The diagonal elementsM11 = mB , M22 = mB̄

are the meson and anti-meson masses. The diagonal elements of the decay matrix, are the decay
widths; inverse of the meson and anti-meson lifetimes. CPT invariance requires M11 = M22 and
�11 = �22. Meson mixing results from non-zero o↵ diagonal elements. The o↵-diagonal elements
of the mass matrix account for the dominant, dispersive contributions of the box diagrams (internal
top-quark). The o↵-diagonal elements of the decay matrix account for absorptive contributions, i.
e. real intermediate decays to a state Bq ! f ! Bq. Thus Bq and B̄q are not eigenstates for the
weak interaction. The box diagrams include elements from the CKM matrix, and so M and � may
be complex.

|hB̄q|Bq(t)i|2 / |q/p|2 and |hBq|B̄q(t)i|2 / |p/q|2, so a = 1� |q/p|2 is a measure of CPV in Bq�B̄q

mixing.

a =
���
�q

12

M
q

12

��� sin�q

12 , (4.24)

where the theoretical quantities M12/�12 and their relative phase �12, can be related to observables
�Mq, ��q. Here the mass eigenstates BH/L are related to the flavor/CP eigenstates by: |BL/Hi =
p|Bqi± q|B̄qi.
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SM:

BSM: Many models can modify these quantities: Z’s (even at tree level), Leptoquarks etc ...

CP violation in mixing requires a relative phase between  and Γq
12 Mq

12 Aq
SL = −

ΔΓq

ΔMq
tan ϕq

12

CP violation in mixing:          ℋ = ℳ − iΓ/2

The phase in  is largely unconstrained. In the presence 
of modified  decays can be as large as:

Γs
12b → cc̄s

Lenz et al. 
1912.07621
1910.12924

|Aq
SL | ≲ 1.5 × 10−3

The phase in  is constrained by interference between decay and mixing, in e.g. Mq
12 Bs → J/ψ ϕ

see Vladimir’s talk this morning

Similar results expected for  decays:b → ττ̄s Bobeth & Haisch
1109.1826|As

SL | ≲ 10−3
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Baryogenesis requires:
<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>

Aq
SL > 10�4

Large CP asymmetries can arise beyond the Standard Model

They require modifications to  decays or  decaysb → cc̄s b → ττ̄s
Conclusions:

Model Building:  decays can be altered by the same particle that 
triggers the  decay Y ~ (3,1,-1/3):
b → cc̄s

B → Baryon + ψ

ℒ−1/3 = − ∑
i, j

yuidj
Y⋆ūiRdc

jR − ∑
k

yψdk
Ydc

kRψ̄ + h . c .

<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>

Aq
SL > 10�4

Connection with 
B-Anomalies?

Scenarios with two Wilson coef�cients
I New ���� data:

smaller uncertainty, better agreement
between RK & RK⇤ and Bs ! µµ,
smaller best-�t value of Cuniv.

�

WET at �.8 GeV

I Perform two-parameter �t in space of Cuniv.
�

and �Cbsµµ
� = �Cbsµµ

�� :

Cbsee
� = Cbs⌧⌧

� = Cuniv.
�

Cbsµµ
� = Cuniv.

� +�Cbsµµ
�

Cbsee
�� = Cbs⌧⌧

�� = �

Cbsµµ
�� = ��Cbsµµ

�
scenario �rst considered in

Algueró et al., arXiv:�8��.�8���

I Slight preference for non-zero Cuniv.
�

I could be mimicked by hadronic effects
I can arise from RG effects:

b

s

`

`

⌧, ui, di
�

Bobeth, Haisch, arXiv:����.�8�6
Crivellin, Greub, Müller, Saturnino, arXiv:�8��.���68

Peter Stangl (University of Bern) Portorož ����: Physics of the Flavourful Universe, �� Sept. ���� �8/��

Taken from Peter’s talk this morning:RGE running can generate 
!Cuniv

9

??
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New B-Meson decay
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Baryon

Dark Sector 
anti-Baryon 

B+

⇤c

Parameter space is: <latexit sha1_base64="hHTYMBUJ/fFbXAeNd3HQ1vkdZJQ=">AAACE3icbZC7SgNBFIZnvcZ4W7W0GQyCiIRdiWhhEbTQMoK5QDaE2clJMmT2wsxZMSx5BxtfxcZCEVsbO9/GyaUwiQcGPv7/HM6c34+l0Og4P9bC4tLyympmLbu+sbm1be/sVnSUKA5lHslI1XymQYoQyihQQi1WwAJfQtXvXQ/96gMoLaLwHvsxNALWCUVbcIZGatrHbt7xTjyER0xvoDKglzRoerEWBgrTVtPOOXlnVHQe3AnkyKRKTfvba0U8CSBELpnWddeJsZEyhYJLGGS9REPMeI91oG4wZAHoRjq6aUAPjdKi7UiZFyIdqX8nUhZo3Q980xkw7OpZbyj+59UTbF80UhHGCULIx4vaiaQY0WFAtCUUcJR9A4wrYf5KeZcpxtHEmDUhuLMnz0PlNO+e5Z27Qq54NYkjQ/bJATkiLjknRXJLSqRMOHkiL+SNvFvP1qv1YX2OWxesycwemSrr6xeigZwm</latexit>

1.0GeV < m < 4.0GeV

4 Flavourful variations exist*:

Bd !  + ⇤ (usd)
Bs !  + ⌅0 (uss)
B+ !  + ⌃+ (uus)
⇤b !  ̄ +K0

Bd !  + n (udd)
Bs !  + ⇤ (uds)
B+ !  + p (duu)
⇤b !  ̄ + ⇡0

Bd !  + ⌅0
c (csd)

Bs !  + ⌦c (css)
B+ !  + ⌅+

c (csu)
⇤b !  ̄ +D� +K+

Bd !  + ⇤c + ⇡� (cdd)
Bs !  + ⌅0

c (cds)
B+ !  + ⇤c (dcu)
⇤b !  ̄ +D

0

 b u s  b u d  b c s  b c d

(All work equally well for Baryogenesis)

Baryogenesis requires:
<latexit sha1_base64="iZ77X3QSUGA0q8GRd5eIXuct+nw="></latexit>

Br (B !  + Baryon +M) & 10�4

(Inclusive)

*Quarks are right handed
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Constraints on the new Decays
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1) Direct searches at B-factories

2) Searches for b-decays with large missing energy at ALEPH

3) Searches at LHCb for resonant B mesons and b-flavored Baryons

4) Indirect constraints from ATLAS & CMS on TeV-scale triplet scalars

Sensitivity should be at the  level given that  Br ∼ 10−5 Br(B → Kν̄ν) ∼ 10−6 − 10−5

Indeed, first search using Belle data was released two weeks ago at PANIC and found:

Br(B → ψ + Λ) ≲ 3 × 10−5Belle 2021

Further searches under study for the rest of the operators at BaBar/Belle and Belle-II

We recasted and old ALEPH search (hep-ex/0010022) for b-decays with large missing energy
Found relevant constraints in the range: Br(B → ψ + Baryon + ℳ) ≲ 10−4 − 0.5 %

Br(B → ψ + Baryon⋆) ∼ 10−7
LHCb has recently been shown to be able to target our decays, Cid-Vidal et al. 2106.12870 

Projected sensitivities at the level Br(Λ0
b → ψ + Mesons) ∼ 10−5

ATLAS and CMS can constraint the mediator needed to trigger our decays

b̄

Y

u

s

 

Our recast of various dijet [CMS-1806.00843] and 
jet+MET[1711.03301 (ATLAS)]
renders complementary constraints at the level:

Br(B → ψ + Baryon + ℳ) ≲ 10−4 − 10 %
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Parameter Space
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LHC constraints are key to constrain the high mass region

.ud .us

Form factor uncertainty 

(we do not know how to calculated it)

Excluded at 95% CL

Successful B-Mesogenesis
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The B-Mesogenesis Parameter Space
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CP violation

Signatures

New b decays

High pT jets 
and missing 
energyBaBar/Belle 

Belle-II & LHCb

ATLAS & CMS

Belle-II

Arrows indicate 
projections for 2025

LHCb

LHCb

Conclusion: B-Mesogenesis will be tested within 4 years!
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Summary
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Baryogenesis and Dark Matter from B Mesons:

• Baryon number is conserved and hence Dark Matter is anti-Baryonic
• Which actually relates the CP violation in the B0 system to Baryogenesis

Distinctive experimental signatures:

• Positive leptonic asymmetry in B meson decays

• Neutral and charged B mesons decay into baryons and missing energy

Br (B !  + Baryon +M) & 10�4

<latexit sha1_base64="hRmlemyh0YKAwGfJpClQ7lcZbsE="></latexit>

<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>

Aq
SL > 10�4

As of today we know:
From ALEPH + ATLAS & CMSBr(B → ψ + Baryon + ℳ) ≲ 6 × 10−3

From LHCb, ATLAS, CMS, BaBar & BelleAq
SL ≲ (2 − 3) × 10−3

From Belle 2021Br(B → ψ + Λ) < 3 × 10−5

B-Mesogenesis will be tested at current collider experiments!
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Are the flavor anomalies in B-decays related to our required positive 
semileptonic asymmetry?

Theory/Model Building

Experiment
How well will BaBar/Belle/Belle-II/LHCb constrain or measure?

Br (B !  + Baryon)

<latexit sha1_base64="pgRJTQlBXDbANeq/cBzCAbw2ri8=">AAACF3icbVDLSgMxFM34tr6qLt2EFqEilBkR1F2pG5cVrAqdUjLpnTaYyQzJHXEY+hdu/BU3LhRxq7v+jeljodUDgcM593JzTpBIYdB1h87c/MLi0vLKamFtfWNzq7i9c23iVHNo8ljG+jZgBqRQ0ESBEm4TDSwKJNwEd+cj/+YetBGxusIsgXbEekqEgjO0UqdY9REeMK/rgS8hxErdx5j6iRH0cOowncVq4GvR6+NBp1h2q+4Y9C/xpqRcK/mHj8Na1ugUv/xuzNMIFHLJjGl5boLtnGkUXMKg4KcGEsbvWA9alioWgWnn41wDum+VLg1jbZ9COlZ/buQsMiaLAjsZMeybWW8k/ue1UgxP27lQSYqg+ORQmEpqs49Kol2hgaPMLGFcC/tXyvtMM462yoItwZuN/JdcH1W94+rZpW2jTiZYIXukRCrEIyekRi5IgzQJJ4/kmbySN+fJeXHenY/J6Jwz3dklv+B8fgO45aNF</latexit>

Flavor/QCD Pheno
It is very important to relate                        to  b̄ !  ud

<latexit sha1_base64="AqWePwPsDZumbKY/VYBPEwYZrgc=">AAAB/nicdVDLSgMxFM3UV62vUXGlSLAIrkpSxLa7ohuXLdhW6Awlk0nb0MyDJCOUoeDGD3HjQhG3/Q53foM/YaZVUNEDFw7n3Mu993ix4Eoj9GblFhaXllfyq4W19Y3NLXt7p62iRFLWopGI5LVHFBM8ZC3NtWDXsWQk8ATreKOLzO/cMKl4FF7pcczcgAxC3ueUaCP17D3HIzL1Jo6OoBMrDhPoQ9izi6iEEMIYw4zgyhkypFarlnEV4swyKNYPps33u8Npo2e/On5Ek4CFmgqiVBejWLspkZpTwSYFJ1EsJnREBqxraEgCptx0dv4EHhvFh/1Imgo1nKnfJ1ISKDUOPNMZED1Uv71M/MvrJrpfdVMexolmIZ0v6icCml+zLKDPJaNajA0hVHJzK6RDIgnVJrGCCeHrU/g/aZdL+LRUa5o0zsEcebAPjsAJwKAC6uASNEALUJCCe/AInqxb68F6tl7mrTnrc2YX/IA1/QApyJix</latexit>

B !  + Baryon

<latexit sha1_base64="cIKQda3lhu063AyuEVFsnzyJvbI="></latexit>

We performed a rather rough phase space calculation
A QCD sum rule or Lattice calculation would be very valuable
This is critical in order to asses the power of searches at B-factories

Given the relevance of  and/or  decays to our scenariob → cc̄s b → ττ̄s
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The rest of the B-Mesogenesis Team

21

Thank You!

B

⇤

 

Ann Nelson
1958-2019

Gonzalo Alonso
(McGill)
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Back Up
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Constraints on the new Decays
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1) Direct searches at B-factories
B-factories should have sensitivities at the  level given that  Br ∼ 10−5 Br(B → Kν̄ν) ∼ 10−6 − 10−5

The other channels remain to be searched for. 
Analyses at BaBar, Belle and Belle-II on their way.

Br(B → ψ + Λ) ≲ 3 × 10−5

Belle collaboration:

Recent search performed using Belle data:

1.0 1.5 2.0 2.5 3.0 3.5 4.0
m√DS (GeV/c2)

10°5

10°4

90
%

C
L

up
p
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B(

B
0
!

§
√

D
S
) Excluded by ALEPH

Expected

Observed

Expected ± 1æ

Expected ± 2æ

1.0 1.5 2.0 2.5 3.0 3.5 4.0
m√DS (GeV/c2)

10°6

10°5

10°4

L
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it
s

on
B(

B
0
!

§
√

D
S
)

Observed 90%
CL upper limit

O1
us = (√DSb)(us)

O2
us = (√DSs)(ub)

O3
us = (√DSu)(sb)

!! → '(&': Preliminary results
• No significant excess of signal is observed → upper limits are obtained.
• We calculate upper limits using a counting method (based on a Poisson
“on/off” model): Q(10$A).

September 8, 2021PANIC 2021

90% CL upper limits on ℬ "" → Λ>+,
Lower bounds on ℬ "" → Λ>+,

for "-Mesogenesis. PRD 104 035028.

14

Belle Collaboration 
Hadjivasiliou et al. PANIC-LINK

Implications for the mechanism depend upon the rather uncertain and 
large ratio between exclusive (no mesons) and inclusive (any mesons)!

Br(B0 → pp̄K+π−)
Br(B0 → pp̄) ≃ 500

1) Direct searches at B-factories
2) Searches for b-decays with large missing energy at ALEPH
3) Searches at LHCb for resonant B mesons and b-flavored Baryons
4) Indirect constraints from ATLAS & CMS on TeV-scale triplet scalars

4 Ways:

https://indico.lip.pt/event/592/contributions/3423/attachments/2916/4465/chadjiva_PANIC2021_v1.pdf
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2) Searches for b-decays with large missing energy at ALEPH
We have recasted the results from and old ALEPH search hep-ex/0010022 with   NZ = 4 × 106

1) Direct searches at B-factories
2) Searches for b-decays with large missing energy at ALEPH
3) Searches at LHCb for resonant B mesons and b-flavored Baryons
4) Indirect constraints from ATLAS & CMS on TeV-scale triplet scalars

4 Ways:
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3) Searches at LHCb for resonant B mesons and b-flavored Baryons

1) Direct searches at B-factories
2) Searches for b-decays with large missing energy at ALEPH
3) Searches at LHCb for resonant B mesons and b-flavored Baryons
4) Indirect constraints from ATLAS & CMS on TeV-scale triplet scalars

4 Ways:

1000 1500 2000 2500 3000 3500 4000 4500
m(yDS) [MeV/c2]

10°8

10°7

10°6

10°5

10°4

10°3

10°2

10°1

Br
an

ch
in

g
fr

ac
tio

n

L0
b ! yDSp+p°

L0
b ! yDSK+p°

B0 ! yDSL(1520)

B+ ! yDSLc(2595)+

LHCb has sensitivities at the  levelBr ∼ 10−7 − 10−4
Cid Vidal, Georgieva Chobanova, Martinez Santos et al. 2106.12870

LHCb projections from 2106.12870
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4) Indirect constraints from ATLAS & CMS on TeV-scale triplet scalars
We need a colored triplet scalar Y to trigger the new decay mode of the b-quark

Y: Colored Triplet Scalar

Y ⇠ (3, 1,�1/3)
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1908.04722 (CMS)
2010.14293 (ATLAS)

1711.03301 (ATLAS)
1806.00843 (CMS)

Searches we considered:

Our recast shows relevant 
constraints on the parameter space:
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MY < 10TeVPerturbativity requires: 

1) Direct searches at B-factories
2) Searches for b-decays with large missing energy at ALEPH
3) Searches at LHCb for resonant B mesons and b-flavored Baryons
4) Indirect constraints from ATLAS & CMS on TeV-scale triplet scalars

4 Ways:



B-Mesogenesis Flavourful Universe 22-09-2021Miguel Escudero (TUM)

New Force Carrier

27

Y: Colored Triplet Scalar

Y ⇠ (3, 1,�1/3)
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as a SUSY squark!
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Production Decay ConstraintSignature
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2 jets+ME MY > 1.2 TeV
1908.04722 (CMS)
2010.14293 (ATLAS)

Y

q

q0

2 jets

Monojet
1711.03301 (ATLAS)
MY > 1-7 TeV

Y

q0,

q̄,

 

q
MY > 1-7 TeV
1806.00843 (CMS)

Bounds depend upon combinations of   yqq′ × yqψ

We have recasted results from dijet and jet+MET searches
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Br (B !  + Baryon +M) . 0.1

ATLAS & CMS have a great potential to detect the Y particle
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2) Sum rules?
3) Vacuum insertion approximation?
4) Phase space considerations
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We point out that B mesons might possess significant baryonic decay modes like B ~ AcN. Invoking a simple-minded 
spectator ansatz for B decays we estimate BR(B ~ AcN+ X) ~ 2-13% while exclusive two-body channels might reach 
values of a few percent. Observation of such transitions could yield valuable information on the dynamics of weak decays 
and maybe even on charm baryons. The search for bottom baryons would, however, be made more difficult by a sizeable 
baryonic branching ratio of bottom mesons. 

In discussing B meson decays one usually considers 
such modes which contain only mesons, e.g. B -~ D + n's, 
ffK + 7r's, DDK + n's etc. In this note we want to point 
out that also modes containing baryons and antibaryons 
should be included in a description of  B meson decays. 
We will argue that such decays might have a sizeable 
inclusive branching ratio - namely of  the order of  
~ 5 - 1 0 %  - and that this would lead to some interest- 
ing effects. In order to avoid a possible misunderstand- 
ing we want to stress that we are not invoking exotic 
couplings of  b quarks as they have been proposed in 
the literature in the context of  topless models; there 
they can lead even to a dominance of  baryonic modes 
over purely mesonic ones. On the contrary we will work 
with the usual doublet  assignment of  b quarks which 
leads to the two possible transitions: 

c W -  
b - ~  (1) 

""~ u W -  

In decays which are generated by the spectator 
mechanism (fig. 1) a diquark system is produced in 
the final state by the weak interactions. Such a di- 
quark system ql  q2 is expected to show a relatively 
large propensity to turn into a baryon by picking up 
a quark from a q~ vacuum fluctuation; analogously 
the antidiquark q3q can transform into an antibaryon. 
As discussed later the grouping (ql~13)(q2~l) leading 
to mesonic final states will still occur more often than 

q3 

Fig. 1. Spectator mechanism for B meson decay. 

the clustering (ql  q2)(c13cl) • We expect,  however, that 
this configuration is more favourable towards baryon 
production than a situation where one starts with a 
single quark or antiquark. There one has to rely on 
two q~ vacuum fluctuations to provide the extra 
quarks or antiquarks. Since such a fluctuation is typi- 
cally a soft process occurring on a long time scale the 
two quarks from the two fluctuations will rarely have 
sufficient overlap with the original quark to combine 
into a baryon. 

The picture sketched above cannot be realized in 
charm meson decays due to phase space limitations: 
D mesons are below the lightest ba ryon -a n t i ba ryon  
threshold; F mesons on the other hand could decay 
into a p ro ton -an t ineu t ron  pair. This could, however, 
happen only due to weak s channel annihilation where 
we do not expect much ba ryon -a n t i ba ryon  produc- 
tion :~ 1 : the hard, weak interaction does not lead to 

* 1 See, however, ref. [1]. 

510 0 031-9163/81/0000-0000/$  02.75 © 1981 North-Holland 
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BR(B -*"A/kc")/BR(B -+ u s ~ )  = - (3~  2 + 1 + p2) 

X [(1 - p2)2 _ 2(1 + p2)~2 + ~413/2 

+ (1 - 04)(1 - p 2 )  2 - -  602(1 - -  p 4 )  

+ 602(1 + p2 _ ~2) 

X [(1 - p2)2 _ 2(1 + p2)~2 + ~411/2 

+ 24041og({1 + p2 _ ~2 

-- [(1 -- p2)2 _ 2(1 + p2)~2 + ~4]1/2}/2p2 ) . 

For p ~ 0.25 and ~ ~ 0 .2-0 .3  expression (11) 
yields: 

BR(B -+"A/kc")/BR(B -+ usE~) ~ 1 - 7 % .  (12) 

Comparing eqs. (4), (6), (9) and (12) we see that 
the transition b ~ cW- is the more promising case in 
the context discussed here. For simplicity we will as- 
sume b -~ cW- >> b -+ uW-.  Taking into account that 
semileptonic B meson decays will very likely lead to 
a tiny baryonic yield only and assuming BR(B -+ e, p, 
7- + X) ~ 25% we estimate 

BR(B -~"AcN", "AeAc" + X) ~ 2 - 1 3 % .  (13) 

Finally we arrive at 

BR(e+e - ~ B B ~  baryons + X) ~ 4 - 2 6 % .  (14) 

Of course there will be other sources of  baryon 
production similar to what is going on in the ordinary 
continuum region - via gluon emission for example. 
Yet we consider it very unlikely that they contribute 
appreciably in B meson decays. The estimate given 
above is quite consistent with preliminary CLEO 
measurements from CESR [2]. 

The inclusive branching ratio (13) is not huge, but 
it is sizeable. Furthermore it should be basically satu- 
rated by a few exclusive channels since a large part of  
the available phase space is eaten up by the baryon 
masses. Accordingly exclusive two-body modes like 
B ~ AcN, ~c ~,  Ac~  or p wave channels like B ~ A c ~  

might possess branching fractions of  up to a few per- 
cent ! 

It is certainly true that non-observation of  such 
baryonic modes would not  violate any well establish- 
ed principle. If, however, B mesons do exhibit appre- 
ciable baryonic decays then these can provide us with 
important information. Identifying B mesons via 
B -+ p +"Ac"  or B -+ A +"Ac"  might not be more effi- 
cient than looking for purely mesonic final states (this 
is true as long as BR(B ~ n~) or BR(B ~ p~) does not 
exceed, say, 1% o). I f  one has, however, information 
on the B mass, then one can employ two-body kine- 
matics and search for 

B ~ ~/A + recoiling mass,  

on the T (4s) resonance. Such a study can teach us 
interesting lessons not only about bot tom mesons 
and their decay dynamics, but also about charm bary- 
ons and their resonances as they appear in the recoil- 
ing system. 

It is appropriate to express a caveat concerning 
bot tom baryon searches. One can hope to enrich a 
sample of  events in bot tom baryons by demanding 
energetic protons or lamdas. If  B mesons possess a 
baryonic branching ratio of  roughly ~ 5 - 1 0 % ,  as it 
was argued above, then such a procedure might well 
lead to a comparable or even larger enrichment in B 
mesons, since B meson production presumably domi- 
nates bot tom baryon production by a large factor. 

I gratefully acknowledge helpful discussions with 
Dr. A. All, Dr. J. KSrner, Dr. A. Sanda and Dr. M. 
Teper. I am also indebted to Professor H. Joos for the 
kind hospitality extended to me during my stay at 
DESY, where this work was started. 
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In general, it seems that we get at least ~1% of exclusive decays
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SM example:

Br(B0 → pp̄) = (1.3 ± 0.3) × 10−8

Br(B0 → pp̄π+π−) = (2.9 ± 0.2) × 10−6

Br(B0 → pp̄K+π−) = (6.3 ± 0.5) × 10−6

Br(B0 → pp̄K0) = (2.7 ± 0.3) × 10−6
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Example of viable Flavor structure
that gives the BR required for Baryogenesis
and satisfies all Flavor Mixing + Collider constraints
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d s b

Flavor Mixing constraints do not directly probe the mechanism but 
shape the Y-quark and Y-Dark Matter coupling structure:
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