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Motivation
ALPs and non-universal models

ALPs

.Dark Matter candidate
.Naturally decoupled from SM

. Scales beyond colliders reacn
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Motivation
ALPs and non-universal models

Non-universality

.Connection to SM flavour puzzle

. Relax bounds

.DFSZ-like 2ZHDM
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Motivation
Focal Points

ALP production in
weak mesonic decays

. Model Independent couplings

. [ree levels and penguins
. Pseudoscalars and vectors

.ALP masses in MeV-GeV range
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ALPs searches
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Overview

ALP production in weak mesonic decays

.Axions and ALPs

. Hadronization of different channels
.Phenomenology of different searches
.Summary

LCSR for Mesogenesis

.Introduction on LCSR
.Form Factors & symmetries
. Results
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Axions and ALPs

Theory Recap
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Axions and ALPS
pseudo-Goldstone Bosons

Only need an extra U(1) spontaneously broken at f,

AXions ALPs
. Solve the Strong CP . Do not solve Strong
problem CP
.Mass and SSB scale .Arbitrary mass and
are tiec SSB scale

Peccei Quinn, //] [Wilczek, 77] [Weinberg, /7]
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Axions and ALPS
pseudo-Goldstone Bosons

Weakly coupled

. Always enters as a/ f,
. Derivative couplings

.Neutral pseudoscalar boson
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Axions and ALPs
Non-Universality

Low Energy Effective Couplings

'%Zf:udﬁf/yu (CV—I_ CA/Y5) f

770

.Cy and C' 4 matrices In flavour space

.Off-diagonal elements give FCNC

Georgi Kaplan Randall, 86] [Bauer et al, 21
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Axions and ALPS
Phenomenological Model

ALP physics at GeV scale:

Theory Experiment

ALP EFT Missing energy
Bound states 2/3-body final states
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Hadronization of different channel

Local and bi-local operators
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Hadronization of different channels
Phenomenological Model

Hadronic matrix elements

Lattice and Light Cone Sum Rules

L attice QCD results for
local operators

'Carrasco et al, 16] [Ball Zwicky, 04]
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Hadronization of different channels
Penguins Hadronization

Local Operators
Grm, y | ta
—— Y V,Vier—log | =%
2\/%2%: P o\ m2

lzaguirre Lin Shuve, 16] |[Bauer Neubert Thamm, 17/
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Hadronization of different channels
Phenomenological Model

Q

Hadronic matrix elements

Brodsky-Lepage Hadronization

UJsed for bi-local operators

Lepage Brodsky, 80] |Szczepaniak Henley Brodsky, 90
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Hadronization of different channels
Brodsky-Lepage

Based on Distribution Amplitudes

Assumptions

Quark-Hadron duality
High energy transfer

Allows one to compute meson-to-vacuum
and meson-to-meson matrix elements
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Phenomenology of different searches

Features and bounds
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Phenomenology of different searches
Meson-to-meson decay

Mesonic decays amplitudes

AWMG Rigolin, 2211.08343]

Tree level s—channel Penguins
g  GrV (s,¢)
AE ) GrVexkm/ifr MJQ (¢, — co) M:; N f] fr VCKM
N M, T RS

q
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Phenomenology of different searches
Meson-to-meson decay

B-sector

AWMG Rigolin, 2211.08343]

Channel Tree—Level Penguin

B — DFa | (6 —160) x 10711 | 2 x 1075
=5 D% | (1-30)x107" | 3x10°7
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B - n*a | (3—85)x 107" n.a.
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Phenomenology of different searches
Meson-to-meson decay

[)-sector

AWMG Rigolin, 2211.08343]

DF - K*~a | (1-60)x10"" |6 x 10 '
 (3—170) x 107 [  n.a.

| (6 —300) x 10712 | 7 x 10713

D - m*a | (2—-120) x 1071 | n.a.

a | )

( )

| 2 —100) x 10~ n.a.

D 7—290) x 10712 | 3 x 10712
D* — K*a | (1—-50)x 10" n.a.

D+ — 7n=a | (5—200) x 107 | 6 x 10~1°
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Phenomenology of different searches
Meson-to-meson decay

K -sector

AWMG Rigolin, 2211.08343]

K* — K*a | (5—-25)x107" | 4x107°
¥ a | (3—20)x 107" | 3x 107
"= K¥a | (8—25)x107" | 2x 1077
~a (3—9)x 107" | 4x 1071
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Phenomenology of different searches
Meson-to-meson decay

KK -sector
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Picture from [AWMG Rigolin, 2211.08343]
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Phenomenology of different searches
Meson-to-meson decay

K -sector
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Phenomenology of different searches

Meson-to-meson decay

KK -Sector

1072

Picture from [AWMG Rigolin, 21
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Phenomenology of different searches
Meson-to-meson decay
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Phenomenology of different searches
Leptonic decays

Three body Leptonic decay amplitude

Massless ALP Limit

G Ve My, /5 N (e
s V2fulk - Py) (E%PL g) 0
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Phenomenology of different searches
Leptonic decays

culfa [TeVT]

M — fvpa three body decay
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Phenomenology of different searches
Leptonic decays

M — fvpa three body decay
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Phenomenology of different searches
Leptonic decays

M — fvpa three body decay
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Phenomenology of different searches
Leptonic decays
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Summary

Flavour Conserving Parameters
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Summary on Flavor Conserving parameters
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Branching Fractions of B Meson Decays In

Mesogenesis
Alfredo Walter Mario Guerrera and Gilly Elor, 2211.10553

LCSR & Mesogenesis
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LCSR & Mesogenesis
Introduction

Mesogenesis

.CPV from Mesons systems
. otal baryon number Is conservead
. l[estable at colliders
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LCSR & Mesogenesis
Introduction

Collider Tests

Belle-1l Search B — AV,

Excluded by ALEPH
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LCSR & Mesogenesis
Introduction

Collider Tests
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LCSR & Mesogenesis
Introduction

B Meson Decays to SM Baryons and Dark Baryon

"l, —I— "l, "l,
B d }/',.l B Y;'l B S Y'"
e_,_'_ A e_,__ Y+ e_,__ =0

Br(B — Bsvi+1g) challenging calculation

One can employ Light-Cone Sum Rules
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LCSR & Mesogenesis
Introduction

/d4az el ta)w 0] T1B(2)Odud; } | Bsm)

Hadronic Dispersion Relation Light-cone OPE
) 1 Im{HOPE(S C]Q)}
H P 29 D/d /0[(87q) HOPE P 29 :—/d i 9
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L CSR & Mesogenesis
Form Factors and Symmetries
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LCSR & Mesogenesis
Form Factors and Symmetries

2 I 1 >0 Ve
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LCSR & Mesogenesis

Results

Flavorful Decay FO, FO  F9 F° Br(B— Bsy+1g) Br(B— Bay+ig)
Operator Channel O = Ob,uidj O = Odk,uib = Ob,uidj O = Odk,uib
b — w[g + N Ry, O Ry, O 3.7:0,410_7 8.3:().9'10_6

vpbud | By — Y+ A n.a. n.a. N.a n.a.

Bt > ug+p Ry L R, O 0.6406-1078 8.9,409-1070
B;— v+ A Ry, 0 R;, O 1.240.06-107° 3.24106-107°
bpbus By —Up+Z" Ry Ly  Rs L 2.6401-1070 4.8405-1075
Bt 5 g+ Xt Ry, L R, O 2.5403-1070 2 1409-1077
Bi— v+ Ry Li Ry L 1.3406-1070 2.7 115107
wpbed By —Yg+Z=" Ry Li Ry Ly 1.2406-107 2.311.3-107
BT — wlg + Z;L R, Zl R, Zl 1.4 7-10_6 2-9::1.6'10_4
Bi—vg+=" Ry Li Ry L 841571070 3.2.17-107
bgbcs | Bs—p+Q. Ry L Ry L 0.0440-1070 A4y 107
Bt > ¢g+Zt Ry L, Ry L 1.8406-1075 3.5.10-107%
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Conclusions
Summary

Calculation for new s and t-channels contributions
Tree-level and loop amplitudes correlations

L CSR for mesogenesis predictions

Future projects

Visible ALP scenarios
More on non-universal axion
Different UV completions for mesogenesis operators

Different mesons in M — By + ¥5
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Heavy/Light Axions

Models

How can one have heavier/lighter Axions?

Heavy Axion Light Axion
Larger Confinig Group Flatten The Axion Potential
QCD ¢ QCD/ N degenerate copies of SM result
S = g = mi 22
2001.05610] 2102.00012]

Blurred lines between ALPs and Axions.
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Axion Paradigm

Dynamical solution to the strong CP problem

[fQCD D GZVGMW + 2 waéum
)
Locp + Ly D GZVGWQ + (6’ I ;,

The coupling to SU(3).. gives the Axion a potential

) e, G

=
T
= 0.3
> a = (1.9
(mu T md) -

Vsar(a/ fa)

o

Peccei+Quinn /7] [Weinberg, 78] [Wilczek, /8]

[j J
a/fa

o

2T
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Axion Paradigm

UV Complete Models

The simplest way to implement the PQ mechanism was given by the Weinberg-Wilczek (WW) model.

W.W. Charges
U, —vy. Yukawa term imposes
1y, d —Xu,d Xut Xd = 2Xq, = Xup — Xdg

The two higgs doublets are necessary for the charges to produce an axial anomaly.

The scale f, ~ v excludes WW.
'Goldman Hoffman, 78]

“Invisible Axion” models are born

10 <m,<107° and 107 < f, < 10 GeV
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Axion Paradigm

UV Complete Models
K.SV.Z Charges
Heavy BSM fermions Q SU(3).SU(2)LU(1)y
Complex Scalar ¢ QO 3 1 O
¥ o 1 1 0
V(®) ;;)r > PQ charges are determined by

Anomalous coupling

after rotating out the Axion. 0L = —=YuQrPQr + h.c.

000000000909, G g
Kim, 79| [Shifman Vainshtein Zakharov, 80]
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Axion Paradigm

UV Complete Models
D.F.S.Z. Charges

2 Higgs doublets (H, 4) SU3).SUR2)LU(1)y

Complex Scalar @ H, 1 2 -1/2

Breaking Pattern is: H; 1 ? 1/2
U(I)Hux U(l)HdX U(l)qp ) 1 1 1

l
U(l)y X U(l)pQ v = Ui + U?Z

This model escapes esclusion thanks to

UpQ = Ug.
The ALP-fermion couplings depend on
the single parameter
tan 0 = v, /vy.

The anomalous couplings depend on which
Niggs doublet couples to leptons.

Zhitnitsky, 80] [Dine Fischler Srednicki, 81
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Axion Paradigm

UV Complete Models
D.F.S.Z. Charges
2 Higgs doublets (H, 4) SU3).SUR2)LU(1)y
Complex Scalar @ H, 1 2 -1/2
Breaking Pattern is: H; 1 ? 1/2
U(I)Hux U(l)HdX U(l)qp ) 1 1 1
!
U(l)y X U(l)pQ v = Ui + U?Z
Up Down Leptons E/N

Model-lI —1/3 cos” 8 —1/3cos* 3 —1/3 cos” 8 8/3
Model-Il —=1/3cos” 8 —1/3cos* B 1/3cos* 3 2/3

where =F /N is the ALP-photon coupling.

Zhitnitsky, 80] [Dine Fischler Srednicki, 81]
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Benchmark Models

AXxion

More on UV complete Axions

wWW KSVZ
QCD anomaly from SM quarks Heavy colored fermion
-xtra Higgs doublet Complex scalar
Ja = ¢sin2p Anomaly from Heavy sector
Axion couples too strongly U(1)pg is SB at a scale vy, > v

Fffective Field Theory

Basis

Higgs coupling redundant
-leld dependent rotation changes
iInteractions

Chiral conserv. < Chiral chang.

DFSZ

-xtended scalar sector
U(1)3 — U(l)y X U(l)p@
U(1)po charges from Yukawas

Direct coupling to SM J)'s.
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Fffective Lagrangian

Model Independent Description

La

L:/

a

1

2

1

5 MCL@’MCL — imaa | GZVG'MVQ |

The most general dimension 5 Lagrangian [Georgi Kaplan Randall, 86]

1 ay d - 0,a
aOla — —m’a’ + C X, X" 4+ L
S EX: e f f

At low energies, E << v,

l

1l 55 asa ~ Qv

< _
cyH'iD'"H + ) Wpy'Cplp
F

ﬁF,uuﬁwy I a’ua Z ]F/V'u (CV T CA/VS) f

877% ” 21,

57/

Effective Couplings Flavor Violation

Cy and O}y Off-diagonal elements
are matrices In generation space MiX same charge fermions
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Fffective Lagrangian

Model Independent Description

Disregard anomalous gauge couplings and off-diagonal fermionic couplings:

1 1 0,a _
L, = 0ua0"a —smya’ + 5= > " ((Cv)ii + (Ca)iy’) f
2 2 21, Py
partial integration and conservation of U(1)..,. vector current implies:
1 1 a _
[,/ — —0,,a0"a — —m2a2 | C; ;17 ) .
a 2 H 2 a fa fz;ig f /y f

The parameters ¢;(= (Cy);;) are all independent and non universal.

Diagonal Couplings

Flavor Violation is loop induced
Can reproduce off-diagonal terms

Izaguirre Lin Shuve, 2017/]| [Gavela et al. , 2019]
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Hadronization Technigues

Brodsky-Lepage

s—channel factorization:
AG Rigolin, 2021] |Gallo AG Penaranda Rigolin, 2021] [GA Rigolin, TBA]

Hadronization

M — fﬂga

M — ~va
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Hadronization Technigues

Brodsky-Lepage

s—channel factorization:
M[ — MFCL and M — Zﬂga
AG Rigolin, 2021] [Gallo AG Penaranda Rigolin, 2021] |GA Rigolin, TBA]

Hadronization , |
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Hadronization Techniques

Brodsky-Lepage

t—channel factorization:

Only for M; — Mpra

AG Rigolin, 2021] |GA Rigolin, TBA)

Hadronization

(Mp| (QT,Q)(qr"q) | M)

_fMFfM[

V2

1r

dx dy X

W, (2) TPy ()T,
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Experimental Signatures

Stellar

o,

T
>
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S
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Figure is taken from |lrastorza Redondo, 2018].

He
HB: Ratio of Horizontal Branch to red

eutr

10SeIS

i

Plot Legend

Helloscopes: primakoff conversion

from Axion sun fluxes
Sun: N '

o Flux and

mology

giants, ratio decreses with Primakoft
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Experimental Signatures

Cosmological

10
S 1075
L

S 1078

& 10-7 Laboratory Plot Legend

Monochromatic lines of photons from
ALP 2 body decay
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1010
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§
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-xtragalactic Background Light (EBL),
BBN, CMB, X-Rays

P
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&
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Figure is taken from |lrastorza Redondo, 2018].
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Phenomenology of different searches
Meson-to-meson decay

: : Channel | Tree—Level " Penguin
Charged Mesonic d@CayS amp“tUdeS B* - D*a (6 —160) x 1011 | 2 x 10
Bi — Di (1—-30)x107* | 3x10°°

AWMG Rigolin, 2211.08343] B 5 K**q | (2 _ 70) % 10~11 | A

Bi —pra | (4—100) x 107" | n.a.

B > K*a | (8—230) x 102 | na

Bf — Ta (3 —85) x 10~ n.a.

B* - D*a | (5—30) x 107** n.a.

Tree level s—channel B 5Dt T -7 x10% | na

Bf > K*a | (1-7)x107"2 | 4x 10~

o GrV, L. P B* w5 pra | (3—20)x 10712 | 4x 1077
AW _GrVexmifetk - Pr) o B* 5 K'a | 8-50)x10 ™ | 2x10°
\/ifa . - B* = n*a | (3 —20) x 10712 :3:{10""
d 11 Q0 DF S K*a| (1—60)x 1011 | 6x 10 12
/ xg[(a:‘) lmg — 2k - P](l — x) mg — 2k - P[$‘| ¢[($> D;‘ — P a ( — 170) x 107 1.a.
o GrV, L.eclP Df =+ K*a | (6 —300) x 107** | 7 x 1074
BI( ) F CKM%;( 6( F>)M]MF Dy —7*a | (2—120) x 10~ H . n.a.
a D 5 K*a [ (2-100) x 1002 | na.
Cq'llq CRQMQ D* — p*a | (7—290) x 1072 | 3 x 10~*2
/d$ 91(37) lm% — 2k - P[(l — QS) mg — 2k - P]Qf‘| ¢[(CE‘) D* - K*a | (1-50)x 1072 | na.

D 5> 7ta | (5—200) x 1072 | 6 x 10712

K**—>K¥%a | (b—25)x 107" | 4 x 107°

K** - n*a | (3—20) x 1072 | 3 x 10~°

pm = K+ a | (8—25)x107* | 2x 107"

- — Tra (3—9)x 107 | 4x 1071

O KE st T (210w 10712 | 5§« 1010 |
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Phenomenology of different searches

Meson-to-meson deC: Ghamd | Two Lovdl | Penguin

B 5 D¥a [ (6—160) x 10-T | 2 x 10°6

. . B - D*a | (1-30)x107" | 3x 107"
Charged Mesonic decays amplitudes B > Ka| 2-70)x 10" | na
BFf — p*a | (4 —100) x 10~ n.a.
. Bf 5 K*a | (8—230)x10°2| na.
AWMG Rigolin, 2211.08343] BE S afa | 3-85) x 101 —
B* — DZFa | (5—30) x 10713 n.a.
B - D%a | (1-7)x10"* n.a.

B* - K*a| (1-7)x107" | 4x107°

B* —p*a | (3—20)x107" | 4x 107"

Tree level s—channel B¥ 5 K*a | (8- 50)x 107 | 2x10°°

B - 7%a | (3—20)x107"* | 3x 101

AW A GrVokm/fifr
I N\
2\/§fa

Z.GFVCKMfoJF’MF(k’ - €(Pr))
Qﬂfa(k ' PI)

MIQ(CQ — cQ)

BI(S) ~ M]2<Cq — cQ)
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Phenomenology of different searches
Meson-to-meson decay

: : Channel Tree-Level Penguins
Neutral Mesonic decays amplitudes B0 Dla — o
o B} — D% | (T—70)x107** | n.a.
AWMG Rigolin, 2211.08343] BY = K9 | Hoa | 4 % 10-5
B} — p’a | (4—50)x 107" n.a.
B? — Kja n.a. 3x 107
BY —» K*0q | n.a. 4% 10°°
0 0, ! —11 |
Tree level t—channel B — Dla | (3—30) x 10
BY — pYa (2 —20) X 107 | 6 x10°°
B’ — Kja n.a. 4 x 1076
BY — 70q | (1 —10) X 10712 | 5x 1077
(t) GeVermITfF 3 3
A 7 e"(Pr) P/ (k" Pg — k° Pp) D’ — K9 | (1—300) x 10 2| na.
¢ D — pa | (5—200) x 1072 | 4 x 1072
1 M M - pa |
daj CQmQ 9(33 — 6@ ) Cqmq 9<1 — XU — 5@ ) ¢]<$> DU — KE{I (T_ 270) e 10—13 n a.
o Lmg=2k-Prr omg =2k Pr(l —w). D’ =% | (2-100)x 10 2 [3x 10 "
K% -5 K | (2—6)x10712 | 3x107?
v _ GrVorm/Ifr . ) B K** — 1% El — 2; x 1071 | 3 x 1079
DI —1 2fa € (P])E (PF)P] MF pﬂ%Kﬂa (1_3)}{ 1011 2 % 1079
1 - M p’ — ma (2—-7)x107* | 3x 107
como@(x — o | | : :
do |42 ( ) Cassok’ — kP g™ + ik%g"%) + K9 > 7% | (4—20)x107"® [1x 10710
m? — 2k - Prx oop / J -
0 - a '

cgmy0(1 — z — 01 o 86 . 1B by
a5kl — ik k
m2 — 2k - Pr(1 — :13)(6 pop g TR ) P1(x)
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Phenomenology of different searches
Meson-to-meson decay

: : Channel | Tree—Level " Penguin
Charged Mesonic d@CayS amp“tUd@S B* - D*a (6 —160) x 1011 | 2 x 10
Bi — Di (1—-30)x107* | 3x10°°

AWMG Rigolin, 2211.08343] B 5 K**q | (2 _ 70) % 10~11 | A

Bi —pra | (4—100) x 107" | n.a.

Bf 5 K*a | (8—230)x 102 | na

BF — m*a (3 —85) x 10~ n.a.

B* - D*a | (5—30) x 107** n.a.

PenQUinS B:I: — D:I: (1 L T) % 1[}—12 na.

Bf > K*a | (1-7)x107"2 | 4x 10~

(st . B* = p*a | (3—20)x10~" 4x 1077
MT’ - oS |V B —- K*a | (8—50)x 107" | 2x 107"
RT/L — M, 2T m2 | 1/.CKM B* > 7n*a | (3—20)x107* | 3 x 1077
1 17H D 5 K%a | (1—60)x10 1 | 6x 10 12
D;‘ — pra —170) x 107" n.a.
Df - K*a | (6 —300) x 107+ | 7 x 10**

2 —100) x 107*4 1.Aa.

(3 )
| ( ) |
=y T g | (2 _ 12{]) x 10~ 11 | Il.4a.
( )
( )

7—290) x 1071% [ 3 x 107*2

- > K*a | (1-50)x1072 | na.

D 5> 7ta | (5—200) x 1072 | 6 x 10712

K**—>K¥%a | (b—25)x 107" | 4 x 107°

K** - n*a | (3—20) x 1072 | 3 x 10~°

pm = K+ a | (8—25)x107* | 2x 107"

- — Tra (3—9)x 107 | 4x 1071

Kt _ s, | _10)«w 10712 | 5 w 10—10 |
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Phenomenology of different searches
Meson-to-meson decay

Neutral Mesonic decays amplitudes

AWMG Rigolin, 2211.08343]

Tree level (—channel

D] ~

GrV
41,
GrVexnf1frM; M+
i) (CQ—Cq>2—|—4M[2 Cé—FCCQ]

Channel Tree-Level | Penguins
B! — D'a n.a. 4 x 10~1
B} — D% | (7—170) x 10~** n.a.
BY — K*0q | n.a. 4 x 1078
B% - p%a | (4—50)x107® | n.a.
B? — Kja n.a. 3x 107
B - K*0q | n.a. 4 x 1076
B —» D% | (3—30)x107'' | n.a.
B = p’%a | (2—20)x107* | 6 x 1077
B’ — Kja n.a. 4 x 1076
B> 7% | (1-10)x107'2 | 5x 1077
D" - K*a | (7 —300) x 10~ n.a.
D° — pla | (5—200) x 10712 | 4 x 10~
D’ - K% | (7—270) x 1073 | n.a.
D’ — 7% | (2—-100) x 107 | 3 x 10™**
K*— K% | (2—6)x107'? | 3x 10"
K* 5 70q | (1—-2)x 10~ 3 x 10~
0’ = K (1-3)x107*" | 2x 107

p! — 1'a (2—-7)x 107+ 3 x 1079
K? — na  (4—20) x 107" | 1x 10710
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Phenomenology of different searches
Leptonic decay of mesons

Nree body Leptonic decay amplitude

f. [GeV] up-quark

f. |GeV] down-quark

f. |GeV] lepton

ChELIlIlEl mﬂ:U mﬂ:MM/Z mﬂ:(} mﬂ:Mm/g mﬂ:(} mﬂ:Mm/z
B* — e*p, 2.8 0.079 4 1.3 0.0000 0.00013
B > i, 6 0.16 3.3 2.7 0.2 0.06
B* — 7F1, 0.38 0.006 0.0 0.060 0.2 0.05
D* — e*p, 6 2.1 9.7 0.836 0.02 0.00003
D* = i, 4 1.3 3.7 0.56 0.27 0.070
D* — 7*p_. || 0.007 0.007 0.006
DE = efr, ] 3 3.2 1.9 0.002 0.00066
DF S uF o, | 5.5 2 5.7 1.3 0.3 0.09
DfF = 5, || 0.02 0.01 0.02
K* — e*p, 249. 87 170 10 0.243 0.06
K* 5 pfo, |17 0.5 1.2 0.05 0.32 0.06

Table from [Gallo AWMG Penaranda Rigolin, 2021]

Massless ALP Limit

g ~

G Ve My,

\/ifa(k ' PM)

(5 k Pr W) (Cq — €Q)
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Phenomenology of different searches

Semileptonic decay

M — fvpa three body decay

10°;
Tl — (e
10° T — = e
o T Tl == e
— n :
L 10° >
O - =
=,
“'3 _______________ -
3 =
S S
> 10% 2
:, NS 103:
103: — - B—>,L[V = DS%TV — Ko -
-~ Bty —— Doey --- Kogyv — mmmm—mm—m——m——===—T
- —— Ds—ev — — D-uv
_| ! | | [ N O I | | [ T | | S I B 2‘ | | L | | | N NN IR
1073 1072 10~ 1 10 101 0-3 1072 10~ 10
m, |GeV] m, |GeV]

Limits on ALP-leptons couplings
Ds — pv,awith BR and M3, distribution
Gallo AWMG Penaranda Rigolin, 2021
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LCSR & Mesogenesis
Introduction

B Meson Decays to SM Baryons and Dark Baryon

"'l _|_ ",' "'l
Bd }/::' B Kl' BS )/;:'
e_,_'_ A e_,__ Y+ e_,__ =0

Br(B — Bsyvi+15) challenging calculation

Correlation function [ d*ze" "9 (0| T{jp(z), Oguya; } |Bsmi)

Dispersion Relation OPE
2 1 Im{HOPE(S C]2>}
(P QZD/d p1(s, q°) TOPE(( p 22:—/d I ;
[(( _I_Q)7Q) SS—(P—|—Q>2 / (< _I_Q>7Q> - 5 S—(P C])
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LCSR & Mesogenesis
Introduction

How to generate a matter/antimatter asymmetry

The Sakharov conditions (1967).

* QOut of thermal equilibrium: Late
decays of “inflaton” field to SM

Mesons.

beabig |
\difference &

] » CP Violation: In SM Meson systems.
= S5 “Baryon number violation”: SM Meson
— _ Y/ decays to dark leptons or baryons.

Image: Stolen from the Internet
G. Elor
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LCSR & Mesogenesis
Introduction

B’ Mesogenesis
()
e- B @
o o
] >0 @
Out of Thermal
Equilibrium CP Violation Yo, = —Yn

GE, M. Escudero, A. E. Nelson, PRD, [1810.00880]

G. Alonso-Alvarez, GE, A. E. Nelson, H. Xiao, JHEP, [1907.10612]
GE, R. McGehee, PRD [2011.06115]

G. Alonso-Alvarez, GE. M. Escudero, PRD, [2101.02706]

F. Elahi, GE, R. McGehee, [2109.09751]

G. Alonso-Alvarez, GE, M. Escudero, B. Fornal, B. Grinstein, J.M. Camalich [arX1v:2111.12712]
G. Elor
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LCSR & Mesogenesis
Introduction

B meson/anti-meson mixing has sizable CP violation

G. Elor
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The Semi-Leptonic Asymmetry
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