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Lore: matter-matter asymmetry

nNr — N
= B ~constant after BBN

Ui
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Measured value: 7= (6.12+0.04) x 10~

Naive estimate: Consider 7= 0 and compute ratio at freeze out (Tro ~ 20 MeV).

- 3/2
M8 1B (M) /2 —ma T o 10-18
N~y Ny T

Tony Menzo (U. Cincinnati) A flavorful and dark cascade for low-scale leptogenesis



Lore: matter-matter asymmetry

What about electroweak baryogenesis with SM ingredients?
Requires strong 15 order phase transition bubbles i.e. my < 72 GeV.

BSM required!
Many models... for example high scale (> 100 GeV) leptogenesis + sphalerons
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

1. Production of lepton asymmetry
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

1. Production of lepton asymmetry Toy model
Consider n sterile Dirac neutrinos:

LD —yijﬁiPLNjgb + h.c.

N, * Lepton number is conserved
s > ‘\ > * CPT tells us:
\\ Liotal (Vi) = Tiotal (IV;)
\‘gb —>» n = 3 for non-trival CPV
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

1. Production of lepton asymmetry Toy model
Consider n sterile Dirac neutrinos:

LD —yijﬁiPLNjgb + h.c.

Ny * Lepton number is conserved
N3 > - >
‘. * CPT tells us:
~~s Ftotal(Ni) — Ftotal(Ni)
s‘qb AF(Ng — NQ¢) — —AF(Ng — qub)
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

1. Production of lepton asymmetry

N1 No
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N3

N_T

Toy model

Consider n sterile Dirac neutrinos:
LD _yijNiPLNjgb + h.c.
* Lepton number is conserved

* CPT tells us:
Ftotal(Ni) — Ftotal(Ni)

AT (N3 — Nop) = —AT (N3 — N1o)
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

1. Production of lepton asymmetry 2. Transfer to baryon asymmetry
X2

Ko, X1
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

1.| Introduce dark sector: 2. Transfer to baryon asymmetry
LD —)\N1\I!BX — )\/)_(1X2X + h.c. X2
Need to preferentially scatter on
N - either kinematically forbid Ny
> > Vg

le —|_ le < mN2 —|_ mX2

or introduce generation-philic flavor
structure. X1
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

Introduce dark sector:

£ D) —Aﬁl\PBX — )\/)_(1X2X + h.c.

* Note we can arrange for baryon and
lepton humber conserved

X | ¥Yp | x1 | Xxo
L 1 0 2 1
B -1 1 1 2
spin | 0 | 1/2 ] 1/2 | 1/2
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2. Transfer to baryon asymmetry

X1

X2
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

2. Transfer to baryon asymmetry 3. Heavy dark baryon decay
X2

p,n

N, : e

b > \PB

Vi

", Y
X1

Tony Menzo (U. Cincinnati) A flavorful and dark cascade for low-scale leptogenesis



The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

4 Neutron portal: 3. Heavy dark baryon decay
1 — —C
‘CD_F\IJBPRdu Prd + h.c. P,
v Match r)_{
B
. 0
o,
CAL oy - ’
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The mechanism

Our mechanism: low-scale (< 100 GeV) leptogenesis + DM scattering

L J
Ng > - p,m « Baryon and lepton
\ Ny /O/ number are
A Tl conserved, visible
Vg T baryon number is
violated
X1 X2
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Constraints

- Out of equilibrium after EWPT, but before % —s——»
BBN
a T?

Hppn < I'n, < HEwpT
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Constraints

* Out of equilibrium after EWPT, but before M

BBN
2
~ 1.66+/94 T—

H—
Mpy

SENESE

107%° GeV < Ty, <1071 GeV
T ~ 1 MeV l T ~ 100 GeV

’%3’2

F(NB _>Nb¢) = {7 My,
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* Out of equilibrium
BBN

10772 £ o
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Constraints

after EWPT, but before N;—> .

ma, )1/2<2 10°7
10GeV/) ~°7
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Constraints

- Out of equilibrium after EWPT, but before % —s——»
BBN
192 MN, 1/2 - *s‘
7R ’ybi”‘(m(}ev) S 210 K

« CP asymmetry need to be large enough: Y; > Y5 ~ 10710

/‘¢

N. —>—</ AT
3 N 6
b,R I‘ N
N ,z-

- Z 1 Im(Yed¥sYseY23)
e _ ‘/1 1672 |y23]? + |y13/?
</5
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Constraints

- Out of equilibrium after EWPT, but before % —s——»
BBN
1072 5 s (75 o )1/2 $2x107 e
~ 110 Gev )
« CP aS)| N; Ny Ns enough: Y; > Yz ~ 1071
AT
€= —
T,

- Z 1 Im(Yeay)isyscy23)
1672 |ya23|? + |y13]?

N3—>

Ny r
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Constraints

* N2 need to live long enough to scatter v /
b
> >
FNLQ < Fscatter /
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Constraints X

* N2 need to live long enough to scatter v /
b > > \IJB
FNLQ < Fscatter /
* No inverse scattering

X1

mpn, + my g > My, + My .
e Correctrelic abundance

* No new decay channels M~ +m 5m
X1 x2 ™ p

mx + mg, > mpy,

 Evolution of DM abundance
mx +mpy, > My,

e Stable DM Slate (Ql,early 4 Q2,ear1y) . Q1,late 4 Q2,1ate

My, +Mx > My, Searly ~ My, e mx mx

2 1 2
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Constraints

p,n
* Induced nucleondecay p— 7t + K Q/
Ny e X \IJB ...
""""" 7=, 0
U Vp
P d * Dinucleondecay pp — ntnt
U u Uu Uu
d d
: Audd 2 u
* LHC constraints 3 < 0.07 TeV™ \
d Vi, d
* Neutronstars my,. = 1.2 GeV Z ”
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Majorana neutrinos?

Connect lepton asymmetry to smallness of neutrino masses

LD _:uabNaNb
N(J, Nb

A
Ne

N3 N,

* Need psuedo-Dirac states: Ny ——— —p

N N

Ny
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Majorana neutrinos?

Connect lepton asymmetry to smallness of neutrino masses
LD _:uabNaNb

N, Ny
vaS

* Oscillation period needs to be slower than the relevant time-scales
in the problem

Amy, < ['(N; = Nyo)

Ale < FSc:aJ‘ctel“(]\th — \IJBXQ)
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Inverse seesaw

Neutrino sector (extended inverse seesaw): A < mp < m,

L 0 mjy 0 VL
£M = —5 (yg ATR '/\TI/Q) mp Yo mT Ng -+ h.c.
0 m No ,/\/'];C

Spontaneous symmetry breaking of U(1), at the scale /

%(f‘l‘go —|—iJ)

o —

Neutrinos acquire hierarchical masses:

2
m,, ~ 2D mNNNm$H
v m2 b2 2
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Conclusion

Phenomenologically promising model of low-
scale leptogenesis.

-
-
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-
-
-
-—
-
-
-
P

X1 X2

Tony Menzo (U. Cincinnati) A flavorful and dark cascade for low-scale leptogenesis

25



Conclusion

Phenomenologically promising model of low-
scale leptogenesis.

-
-
-
-
-
-
-—
-
-
-
-

Thank you :)

X1 X2
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BACK-UPS
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Primordial abundances

as predicted by the standard z
model of BBN (1912.01132) 2 0-s]

Tony Menzo (U. Cincinnati)

baryon density parameter {)ph?®
1072

T

o o o
(] [\v] [ ]
(1 (=2] |
T L L
...\...I.;

4He mass fraction
e
o
=
s
|

10—10 |
10-1 ' ' - 10
baryon-to-photon ratio i = ny/n.
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The mechanism - details

1. Lepton asymmetry

Ni | Nj | o
Introduce SM singlets: L 1 -1 2
spin | 1/2 | 1/2 | 0

Neutrino sector (extended inverse seesaw):

1 /— 0 mg 0 vy,
EM = —5 (yg _/\TR ./\T]/%) mp Ao * mT Ng —+ h.c.
0 m  No ) \WN;©

Tony Menzo (U. Cincinnati) A flavorful and dark cascade for low-scale leptogenesis

29



Evolution

mns = 20 GeV 1
1071
my:1 = 0.5 GeV
1074
my. = 0.3 GeV
10—7_
MyB = 1.2 GeV P~ L0-10]
X1 X2 10-13.
Ny Ny 10—16_
N’a—< Yp
—19
W
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mnz = 20 GeV
my1= 0.5 GeV
my. = 0.3 GeV
mys = 1.2 GeV
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Evolution

10714

10~

X2

16 Y:\“":; YX2
10~ Y, — Yan
Yo YYI — Yag
10~ —
101 10 10
r=mp,/T
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