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Introduction

Baryon Number Violation

e Baryon number conservation is assumed to explain the apparent
stability of matter

e Baryon number violation (BNV) motivated in some theoretical
frameworks: Baryogenesis, GUT

@ Best limits coming from neutrino experiments:

7(n — vy) >5.5x 1032 yr (SuperK ~ 103* nucleons)
7(n — inv) > 5.8 x 102 yr (KamLAND)

7 (nn — inv) > 1.4 x 103 yr (KamLAND)

7 (A — M*IT) > 1071 yr (CLAS @ Jefferson Lab)

e Can neutron stars yield limits on BNV too?
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Introduction Neutron Stars

Neutron Stars

e Masses of about 1 — 2 M,

e Radius: R ~ 12 km

@ Density
e Core densities many times larger than ng,; ~ 0.16 fm 3

e Contain 10°7 baryons (may include hyperons)
e Sensitive environment for new sources of BNV

e For a given equation of state (EoS), there is a unique family of
stars (static & spherically symmetric) parameterized by the
central energy density (e.) also known as the single parameter
sequence of stars.
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Neutron Stars One Parameter Sequence

R/10 km

g (10M"g/em?)
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RN
BNV Analysis Outline

BNV Microphysics

Details of the reaction such as I'gnv.

Star’s Macroscopic Parameters

Direct Observables

Spin-down rate, pulsar-binary orbital decay rate, ...
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TGV SIS Model Independent Analysis

Model Independent Analysis

Under what condition(s) does the BNV microphysics
decouple from the direct observables?
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Model Independent Analysis

BNV Microphysics

)

Rate of change in baryon number B

)

Change in other macroscopic parameters: M, R, 1, ...

)

Direct Observables: Spin-down rate, pulsar-binary
orbital decay rate, ...
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Model Independent Analysis [EESECEeYeSs I IRl =INAYS

Model Independent Analysis

Need to check the model dependent effects of BNV!
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Responses to BNV
BNV Effects in Neutron Stars

@ The system is no longer subject to the B-conservation constraint
and may reach lower energies (subject to electric charge
conservation only).

— Baryon number conserving FEoS is not valid anymore.
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Model Independent Analysis [EESECEeYeSs I IRl =INAYS

BNV Effects in Neutron Stars

@ The system is no longer subject to the B-conservation constraint
and may reach lower energies (subject to electric charge
conservation only).

— Baryon number conserving FoS is not valid anymore.

Assumption I: If the BNV processes are much slower than other
BNC processes, then on short time-scales the star would be in a
quasi-chemical equilibrium enforced by BNC.

@ Local density (and pressure) changes, and fluid elements would go
out of hydrostatic equilibrium (7,yq ~ ms).

@ Since baryon number is being violated, the f—equilibrium is
disturbed pip, # pre + pp
(TUrca ~ 1075 — 105 5, TimodUrea ~ 1074 — 1010 5).
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Y EGYC IV BoTG ISy sYSHITC ISATANLNSENA'SICI Neutron Star Responses

Another effect of BNV on neutron stars:

o There might be new species of particles produced which would
modify EoS by contributing new terms to the pressure and energy.

— Highly model dependent!
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Y EGYC IV BoTG ISy sYSHITC ISATANLNSENA'SICI Neutron Star Responses

Another effect of BNV on neutron stars:

@ There might be new species of particles produced which would
modify EoS by contributing new terms to the pressure and energy.

— Highly model dependent!
Assumption II: If the final states are already part of the matter, or
disappear on a time-scale shorter than Tgny, FEoS remains unchanged.

In the case of new particles in the final states:

e The new final state particles participate in annihilation or decays
into particles already present plus neutrinos and photons.

@ Their production rate (I'gny) is much less than their elimination
rate (Dann or Tgec)

Examples: n — 3v, nn — eTe™, n — x7.
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Model Independent Analysis [ENISIDAYeIItTaTe}s]

Neutron Star Evolution

Assumptions I & II : Slow BNV and negligible production of new
particles

o The instantaneous state of a neutron star is given by the same
BNC EoS (i.e., in the absence of BNV).

@ The effect of slow BNV is considered as a perturbation to the
BNC structure.

o The total baryon number would be slowly decreasing.
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Model Independent Analysis [ENISIDAYeIItTaTe}s]
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Model Independent Analysis [ENISIDAYeIItTaTe}s]
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Model Independent Analysis [EEGIeIEIag:NEsstst-gu=INAYS

Observational Signatures
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Model Independent Analysis [EEGIeIEIag:NEsstst-gu=INAYS

Pulsar Spin-Down Rate

e Pulsar’s spin period (Ps) and its derivative (Ps) are accurately
measured

P, I dinl/de.\ [ B P,
(5) (), - Co) (3)<(2),. o
BNV BNV Obs

M. Zakeri (Zaki) (UKY) BNV in NS (arXiv:2201.02637) June 7, 2022 15 /21



Model Independent Analysis [EEGIeIEIag:NEsstst-gu=INAYS

Pulsar Spin-Down Rate

e Pulsar—white dwarf binary PSR J0348+0432
o M, =2.014+0.04 Mg
o Py =39ms, P, =24x 1071
o I =193.4km?
e Assuming BNV is from a decay:
I, <1.7x107? yr!

Iy <28x1077 yr!
I'y- <6.5x107° yrt
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SO TN
Pulsar Binary Period Decay Rate

NS

NS /WD
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Model Independent Analysis [EEGIeIEIag:NEsstst-gu=INAYS

e Pulsar binary orbital period is sensitive to changes in masses of its
components

[Jeans, 1924]:

.\ E o . off
P, Mi + Ms ’

M o: the masses for each of the components in the binary system.

o We consider three binary systems:
o Double pulsar (PSR J0737-3039A/B)

o Hulse-Taylor (PSR B1913+16)

o White Dwarf - Neutron Star (PSR J17134+0747)
— BNV active in NS only!
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Model Independent Analysis

Constraining BNV

Name J0737-3039A/B | B1913+16 | J1713+0747
(%)QB‘TW (yr) | 73x1078 | 14x107 | 1.8 x 10712
I (yr1) 4% 10713 7x10712 | 1x 10712

No hyperons in these systems.
— BNV would involve nucleons: neutron decay, dinucleon decay etc.
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Conclusion

e Neutron star observations are complementary to terrestrial studies
of BNV:

e Huge reservoir of baryons
e Heavy NS may contain hyperons

e BNV will relocate the neutron stars along their one-parameter
sequence away from the maximum mass configuration.

e Observation of neutron star masses below M < 1 Mg would point
to a mass-loss mechanism which could be caused by BNV, or else
a modification of neutron star genesis theories would be required.

@ Orbital periods of pulsar binaries can lead to stringent constraints
on this generic class of BNV: I'pyy < 10712 yr—1,

e Heat will be produced as a result of BNV which would modify the
standard cooling of neutron stars.
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Thank You!
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