Surface-dependent sparking for
coherent pulsar radio emission?

Renxin Xu (#4=#r7) 1
1School of Physics, Peking University

(A 3 % -7 W 17 3 ef))
?Kavli Institute for Astronomy and Astrophysics

“The Era when PSRs meet FRBS”
May 15, 2025; FAST-Light Years Away, Guizhou, CHINA

Surface-depen. radio?  http://www.phy.pku.edu.cn/~xurenxin/ R. X. Xu



What is a pulsar made of>

‘Neutron Star? Strangeon Star? ... FRBs join in!

Pulse sequences from a radio pulsar
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(Lorimer+ 2007)
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Surface-dependent sparking for
coherent pulsar radio emission?

Pulsar 2 Neutron Star

(Could a pulsar be a proton star? What is a neutron?...)
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Pulsar 2 Neutron Star?

*What’s a neutron/proton in the standard model?

. : (Escale > _Amuds)
S d u—d A perturbative calculation of quantum chromodynamics

(QCD) may predict a nucleon sea with light-flavor symmetry,
d US a but the observed flavor asymmetry in the light-quark sea
J_S_ d§ d would be the result of the non-perturbative nature.
U

Strangeness and Hadron Structure
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S d u d The nucleon wave function may contain a significant component of ss pairs, according

to several measurements including the m-nucleon o term. charm production and polariza-

S 'U tion effects in deep-inelastic scattering. In addition, there are excesses of ¢ production

d d u in LEAR and other experiments, above predictions based the naive Okubo-Zweig-lizuka
C d rule, that may be explained if the nucleon wave function contains a polarized ss compo-

nent. This model also reproduces qualitatively data on A polarization in deep-inelastic
ncutrino scattering. The strange component of the proton is potentially important for
other physics, such as the search for astrophysical dark matter.
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Pulsar 2 Neutron Star?

.Neutron star? Strange quark star’? Strangeon star7

Symmetry dictates interaction ,
-- C. N. Yang (1980) |

proton neutron

{uud} ! {udd}
]

strange, 1/3 \ |
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»Strangeon by multi-messeng
L_ennard-Jones interaction:

EoS:

3-parameter set {Ng, & Ny, } .

Pulsar 2 Neutron Star?
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2-parameter set {¢, n}
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(Yuan et al. 2025)
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R (km)
Three-parameter model (Ng = 18) Prior Case 1 Case 2 Case 3 Case 4
€ (MeV) S~—"u(10.170) 12.631733 11.027) % 1176137 11.621] 88
[e/Ng (MeV) 0.701 14 0.611007 0.65 00 0.6510:30]

Ay (fm ™) “(0.17.036) 0233557 02245 0.22%55 0.9,
Ry4 (km) 1132107 11.33+00%¢ 11.47080 12041037
Arg 160.957322  161.4953001 17044758407 205.6073747
Ry (km) 12.594071 12564072 1262708 13.284932
Mrov(Mo) 3517000 348707 3.51%558 3581519
76(10) vy 4717937 4714937 471103 4191001
Two-parameter model Prior Case 1 Case 2 Case 3 Case 4

é 14(0.3,3) 0.621012 0481004 0.540:19 0.6150%
Ry (fm=3) U(0.17,036)  0.22:00 0.20%007 0.202003 0.18%001
R, 4 (km) 1143707} 1165108 11691038 12.16103¢
Ay 164.3370047 193.9553800  193.35050]  212.3605 )
Rag (km) 12517042 12,6675 12.955027 13.38%07]
Mooy (M) 3.521 00 349101 3517047 3.65101%
1 (10) Mo 4417018 473153 446130 3941030




Surface-dependent sparking for
coherent pulsar radio emission?

Surface-depen. Radio?

(Mountain building on the Earth, so does the strangeon star...)
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Lightning arrester
Preferential dischar

Modes/nulling?
Swooshes? . STELLAR SURFACESCOSS
Jitters? = RS S e

Stable zits could not exist on NS surface:
#em,c? ~ Y2 GeV >> heB/(mc) ~ B, MeV
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Symmetry respect to

the meridian-plane!
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*Now Is the era with the FAST! running since 2019. ..

NI
| 8

Fig. 1 Panoramic view of FAST (obtained in June of 2017).
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Surface-depen. Radio?

_-Strong particle-binding and “zits” on PSR surface
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Surface-depen. Radio?

+Strong particle-binding and “zits” on PSR surface
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Surface-dependent sparking for
coherent pulsar radio emission?

Summary
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Summary

We proposed that radical idea that pulsars are
strangeon stars, a kind of nucleon-like multi-
quark bound state with almost equal numbers of
up, down and strange valance quarks (likely 6x3
= 18).

-Small hills (zits) could exist on the surface of a
pulsar If pulsars are strangeon star. Preferential
discharges may occur around zits for produce
pair plasma, as an analogy of lightning arrester.

-...really strange?
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https://physics.aps.org/articles/v18/24
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grasp the significance of their own discoveries. |t Was Just an ad hOC “trlck”

__________________________________________

The exception was Albert Einstein, who in 1905 proposed that Plénck s formula for the energy of a vibrational mode
E = hvbe applied to light [4]. There had been no suggestion of that in Planck’s work on blackbody radiation, and

Einstein’s reasoning now looks remarkably casual for so radical a proposal.

. But while Kuhn paints a picture of scientists clinging
conservatively to old ideas for as long as they can, history
suggests that radical new ideas are often not so much
resisted as simply ignored or overlooked — sometimes
even by those who conceive of them. THANKSI



