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Baryogenesis via Leptogenesis
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@® Asymmetry should develop dynamically after inflation m) Baryogenesis

Necessary requirements(Sakharov’s Conditions) A.D. Sakharov, JETP Lett. 5(1967)24

O Baryon Number Violation

O C and CP violation
O Departure from thermal equilibrium

@ Need physics beyond the Standard Model

Leptogenesis: Minimal ext. of SM with RHN facilitating ¥-mass and lepton

asymmetry(spans a wide range My € [10'> — 1073]GeV). Later on lepton asymmetry
gets converted to baryon asymmetry by (B+L) violating Sphalerons

M. Fukugita & T. Yanagida PLB 174(1986)45



Low-Scale-Leptogenesis & Scalar era

Upcoming LHC can probe up to
Mi’”O(TBV)

[ EW naturalness prefers M; < 107 Gev]
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F. Vissani, PRD 57(1997) 7027
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Life time of scalar, T~ m» Very large

Scalar Era \
After Phase transition scalar field coherently
oscillates and produces matter domination




(B-L) phase transition

Temperature dependent effective potential,

A
V(®,T) = Z®4 + D(T? - T3)®? — ET®?

Where,
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Smooth rolling of field from ® = 0 to ® = vy
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Necessary condition to realize a scalar era



Scalar era controlled by LSL

® Wweassume A~(g')® and g’ < 1072 for which CDC/TC = 0.08

» Mep~V2Avp_; K 2My—» & — Z'Z’ is not allowed from kinematic consideration

B (- ffV)~ 10781(g")*me
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Scalar dynamics & Entropy production

Energy densities evolves according to these BEs

dpr _ I e I A
dz z' r=0, dz sz(I) NZH 2 =0,

Amount of entropy production can be calculated from

d
da _ (Hp% Pdg) a
dz 4prH ) 2

i : . 8
An analytical expression for entropy dumpi.e. ~**"/

Sbefore
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Set A: ve = 10"GeV, me = 4.47 x 10°GeV
Parameters q Iy /GeV T./GeV M;/GeV H(T.)/GeV
BP1 10-3 1.3 x 10~ 14 6.3 x 10! 300 5.9 x 10°
BP2 10-3 1.3 x 10716 6.3 x 101! 30 5.9 x 10°
BP3 |10~ 1.3 x 1018 6.3 x 10! 3 5.9 x 10°
Set B: ve = 10'3GeV, M; = 300GeV

Parameters q Iy /GeV T./GeV mg [ GeV H(T,.)/GeV
BP1 102 4.05 x 10~13 2 x 102 1.4 x 100 5.9 x 108
BP2 10-3 1.3x10"1 6.3 x 10! 4.47 x 108 5.9 x 10°
BP3 10 4.05 x 10-16 2 x 101! 1.4 x 107 5.9 x 10*




Scalar dynamics & Entropy production

Evolution of normalised

ene’zrgy densities
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Evolution of
entropy densities
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Max entropy production with
smaller My and a high g’
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Stochastic GW alike process at PTAs

@ Pulser timing arrays which typically work with
high amplitude GWs recently coming into
news claiming Stochastic common spectrum
process at NANOGrav 12.5

Z. Arzoumanian et al.

@ Till date the data set does not show any evidence
for quadrupolar spatial correlation described by
the Hellings-Downs curve(characteristic for GW)

R.W.Hellings & G.S. Downs, AJL 265(1983)L39

@® Recent data release by PPTA, EPTA, IPTA is in agreement with NANOGrav result

arXiv:2107.12112 [astro-ph.HE]

@ | the detection is genuine opens up a luring possibility to test and constrain particle
physics and cosmological models



GW from inflation

Gravitational waves are described with the perturbed FLRW line element:
ds* = a(r) [—d7* + (0ij + hij)dz'dx?)]
Transverse and traceless part of the of the 3X3 symmetric matrix h;; represents GW

GW propagation equation in the Fourier space

hk =1 QEilk + k’zhk = (),
(1
GW amplitude,

1 [ k\°,.
Qow (k) = 1202 (a—n) T3 (70, k) Pr(k),

Where, : . .
T7 (10, k) = F(k)T{ (Ceq) T3 (Co) T3 (Cor) T3 (CR),
n Connection to
B e
Primordial Power spectrum Pr(k) = rAg(k,) (L—) o inflation model

Where, 7 < 0.06, k, = 0.01Mpc~! , As~2 X 107°



GW from inflationary Blue-Tilt

With slow-roll approximation Mild Red-tilt
nr=-r/8§ —— ny <0
We treat the 717 ‘as a constant and blue-tilted, i.e. ny = 0 5. Vagnozzi, MNRAS 502(2021)L11
- Many inflationary
. models predict BGWs
107° +
10-0| Detectable GW

\4

BGWs are possible sources

3 1012 pRgte of GW finding at PTA
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GW from cosmic strings

The GW energy density/ amplitude

k
Qaw (to, f) = fps dpaw |df = 2 a Qg*n)x (to, f)

Where,
2kG T a(f)

Qe (f) = T IOO [a(to)] n(t, 1) dt.

For a general e.o.s, the loop number density

I Ag +TGp)*#
AT e LN R 57 B = 2/3(1 + w)
[lk(t)+FG t]

10—10 -

Qcwh’

10712}

-1/3
R Due to modified loop number
density and redshifting of GW
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Cosmic archaeology with LSL & BGW

Low - f peak explaining

Red tilt due to entropy production NANOGrav data with ny ~ 0.8
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Complementary high- f signal
to be detected



Cosmic archaeology with LSL & BGW
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Future interferometers constrain
LSL for M; < 30 £ 6 M; GeV

If NANOGrav result
is due to BGWs




Cosmic strings Complementarity

How to discriminate LSL from any
other intermediate matter domination
scenarios??

U (1)B—L yorté 0
breaking
o T [ ¥

Own source of
Cosmic string GWs
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Complementary
particle physics expt
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Conclusion

® e studied signatures of LSL favoured by EW naturalness and upcoming LHC

® A long lived scalar field generates small RHN masses and dominates the energy
density before BBN resulting a scalar era

@® RHN masses thus LSL controls the scalar era leading to GW-spectral distortions via
entropy production

@ Asa result models with a sizeable tensor-blue-tilt become viable even if the reheating
temperature is large

@ Unravels an opportunity to test LSL via a low frequency and complimentary high
frequency doubly peaked GW waves

@ Taking recent PTA data seriously future detectors at the interferometer scales have
the potential to test and constrain LSL mechanisms with My < 10%GeV

@ Finally a cosmic string complementarity makes the scenario unique than any other
matter domination scenarios
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Logl0[M;/GeV]

GW-tomography of LSL for different gauge coupling
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