Astrophysics shedding Light
o exotic Light states.

Arun M ‘T‘hal&pitiit

Based on works in collaboration wikh
PV S Pavan Chandra & Mrunal Korwar

[arxiv: 1709079 %%, 1¥0%.01298, 1909,12%55 ]




.,av\ciarci Mod'

I"‘ _‘—‘} F/w P

L ¥
v o)
+ (D¢ +he —:‘\i‘,\?k:‘ i
G T Yy ki S

W RV |




Black hole information parddq

er-anfimatter asymmetry

[Quanta (2018Y]




Collider searches Direck debeckion

¥ 3 calf®
2 s e <> 3




Cosmatcng

As&ropkvsac:s




hf: fractionally charged particles & their
Fvossnbte. mc:»w-pe.rmrba&we pradu{:‘&mm A
—_compact asErthvsucai objects...

R e

T=0 ~-
- - - - Beam o
* ! radiation
E > E. .~ Rotation | - 7

Schwinger pair Produ.r:&tom ﬂ py

T>T,
>

E > E,

*Magnetic
field
Beam of lines
radiation B




Kinebic Mixing
;' 2
\Milli ei.et&ri«cati.v charged Particles

LVisible sector | d—eecmermrmemenenlly | Dark sector

Kinetic mixing portal

§

D D af3
aBA _5

af
A°,B

il

AL — A — €B,,

[Holdom (19%6&); L. 3. Hall & Goldberg
(19%6),.]




~—

Cownskrainks

Red giant
White dwarf
BBN

CMB

Biref.
Cavities.
Ortho.
Lamb shift.
Accelerator

-15 -10
logi1n[m/eV]

[Vogel, Redondo (2013); Fundamental Physics at the Intensity
Fronkier (2012)]




[Masso, Redondo (2006); Melchiorri, Polosa &
Strumia (2007); Abel, Jaeckel, Khoze & Ringwald
(Roos)... ]




~ Naw-perﬁurba&ve ‘Produc&@

[Schwinger (1951),..]




@u&rom S&@

Rotation Axis I\

Pair Formatio |
Front

Polar Gap

Neutron Star

Light Cylinder,

: Closed Magnetic!

X | Field Lines
Open Magnetic | |
Field Lines |

[Goldreich & Julian (1969),..]




“Schwinger Pair Production

In
Electric & Magnetic Fields




@&rcn Skar Vacuum Gaps % Eleckric r;:‘ie@

Front

‘— Polar Gap

Light Cylinder,

. E I Closed 'Magnetic E
X | Field Lines !

I !

! !

Open Magnetic |
Field Lines '

[Goldreich & Julian (1969);
Handbook of Pulsar Astronomy
(2008)]

Logqo[€]

B R
Logio[m/eV]

[Korwar & AT (2017)]




9 _
/dV [d Err + d2gSXPXP
dt dV dtdy | ™~

g0
(J

d2EXS .
ece|F) EB ) P
at AV Burello + %% cel B, ot~ o) [l { [ vi e
aav /. = 4.3 x 10%* ergss™!

__ TEB
FX)Z

[McGill Maghetar Catalog (2016)]

[Korwar & AT (2017)]




mCP-SPP
Suppressed -

e
Logqo[m/eV]

[Korwar & AT (R017)]




@m&am% charged ?’ar&é@

O, F* = —eJ” , 0,F" = —gK"

nent 1

L= — [nﬁ"(F&ngﬁl + FchF/ﬁ/) - 56“’/’75 (F&aVF,;% — F&LIVF»;%)]

v

2n2

—eJ, Al — im

€

K, A" .

A A A
s _(”ﬂF av — M loy = gﬂwﬂn 'F yﬁ)

[Zwanziger (1971)]




KL&\@.&L& mixing & Milli magne&aailv :
charged particles

’
(87

4

€

nEntr s, nA pa iy 1 si A A A A
N2 [775 (FisFf, + FisFo) — —e.” " (F4,Fis _Faqua)] — eJ A" —

2
o 4 _ _ 1 -
_nn [nﬂv (FglaﬂFA + F]fa,BFA ) . §€MV76 (FA

2 Duv Duv Dav

F];}ycs - FlfauFl?'yé)]

2
m 4 ~ n*n# i i
= A A Al — en Jou Al — — Koy Al + X517 (FopFl, — FoapFiL) -

2 n2

4
e

4 g _
Lone. D eJ AP + exJ, AP + en Jo, AP + — K, AM + e—WKDuA’,; XK, A
D

€p

[Zwanziger (1971), Teriing et. al. (2019)]




Kme&w mixing & Milli magne&aailv |
charged particles

’
(87

4

€

n%nt v A 1A A 1A 1 U~ A HA A A
N2 [775 (FisFf, + FisFo,) — —e.”° (F4,Fils — Faqua)] — eJ A" —

2
nentr o, i i 1, i
_ [nﬂ (FoasFi + FlasFip) — 567 (F3.

2 Duv Duv Dav

»CMMM o — Kuizi”

'Fg%6__PBaV}¥gﬂ)]

2
m 4 ~ n*n# i i
= A A Al — en Jou Al — — Koy Al + X517 (FopFl, — FoapFiL) -

2 n2

4
e

- 4 ~ 4 _
Lo D eJ AP + exJ, AL + ep Jo, AP + — K, AW + e—WKDuAg XK AR
D

€p

ek, al. (2019)]




Limits from Emerﬂe&g@

O, vs m plane allowed

Excluded by Magnetars

3
=2 -10
o0
3

[Anson & Huang (2017)]




TR

@Me&ia%i&ia&%ﬂduaedn quadrupole ma@

Rotation Axis Magnetic field Axis

Open Magnetic

Field Lines Closed Magnetic
Field Lines

[Chandrasekhar & Fermi (1953),
Ferraro (1953),...]




B, = Bycosf By = —Bysinf (r<R) |,

B, = Bo(§)30089 By = 1BO(R

3
5 ) sinf (r > R)

T-

r(cos@) = R+ {P/(costd) (<K R)

[Chandrasekhar & Fermi (1953),
Ferraro (1953),...]




@drupate ettip&id&@

_ 36m°(12 —7°) B?
~ 5(n2—6)3 B2

[Haskell (2007),...]

é"gbs. GRB < 1072 — 1071

[Ushomirsky et. al. (2000), Owen et. al.
(2005), Lasky et. al. (2015), LIGO/
VIRGO (2019)...]




= »ﬁ*@i

| ST TR

pole
equator

Neutrown skar
\thermal history

~
>
o
Rd
o
| -
-)
-—
O
| -
o
Q
&
o
-—
o
O
O
N—
—
-
n

[Shapiro & Teukolsky (19%3), Vigano et. al. (2013),...]




Finite &empera&u;? *
Schwinger pair F’?Odt&t&£0

SR (¢9B)’
HOT=T0) 2, D AV (s ump) 7252

p=0 n=1

nT, nm
2 1) — 2 arcsi —] nmL -
. [7r(p+ ) — 2arcsin ( T )|+ 5T

[Korwar & AT (Ro1%)]

[Gies (1999), Browh (2015), Medina & Ogilvie (2017),
Gould & Rajantie (2017), Korwar & AT (201%),...]




[Chandra, Korwar & AT (2019)]




i R
| Possibility of
&brup% changes
as the neuktron
- star cools tn H
the early |

stages !

. J

N
()

RN
o

&)

BT |
o

|
?L
—

-4 _3
Logo[m/eV]

|
N

|
—

[Chandra, Korwar & AT (2019)]




(Continuous gravitational waves

1 1+ cos?6
h+ = hpsina [— cos a sin @ cos 6 cos (2xst, — sin a%

5 CoS 2QNStr] ,

1
hy = hgsino [5 cos o sin 0 sin (st — Sin « cos 6 sin 2QNStT] .

[Ipser (1971), Thorne (19%0),
Bonazzola & Gourgoulhon (1996)...]




(Continuous gravitational waves

. 1 . , . 14 cos?6
hy = hg sma[— cos o sin 0 cos 0 cos £ st — smaT

5 CoS 2QNSt,,.] ,

1
hy = hgsino [5 cos o sin 0 sin Qyst, — Sin « cos 6 sin 2QNStT] .

[Ipser (1971), Thorne (19%0),
Bonazzola & Gourgoulhon (1996)...]




=107 (j0)" () (3) (55x)

[Chandra, Korwar & AT (2019)]

SGR1806—20
SGR1900+14

o
S
)
-
|
@D
I\
N
[*<]
=
=
=
z
)

1E1547.0—5408
XTEJ1810-197

B0540-69shh84
B0531+21sr68
SGR0526—-66
SGR0501+4516
CXO0UJ171405.7-381031
SGR0418+5729

[ee] [
=
L B
< >
~ on
= 00
] w0
a I
(\l [
)

N}
= <5
2 0
x® —
= =

J1714-3810hg10a
J1550-5418crhr07
J1640-4631gth+14
J0437-4715j1h+93

[ATNF pulsar Catalog (2005)] [McGill Maghetar Catalog (2016)]

hy 2 10720 — 10727, [10 Hz, 100 Hz] [LIGO/VIRGO]

hy > 107%* —1072° , [10 Hz, 100 Hz] [ET]




=107 (j0)" () (3) (55x)

[Chandra, Korwar & AT (2019)]

B0540-69shh84
B0531+21sr68
SGR0526—-66
1E1547.0—-5408
SGR0501+4516
SGR0418+5729
XTEJ1810-197
Swift]1822.3—-1606
SGR1806—20
SGR1900+14

—
o
=)
-

0 o

o) =) P

3 s '
N RS =~
e g W
2
i =}
N N
Q o =
1 Ne) =

0 3 =)

S

0 ®© e

— = <

—_ @]

J1714-3810hg10a
J1550-5418crhr07
J1640-4631gth+14
J0437-4715j1h+93

K[:\TNF PMLSN‘ Catalog (.2095 B *::7; [McGill Magnetar Catalog (o16)]

@é&.rﬁ Lam

hy > 107%* —1072° , [10 Hz, 100 Hz] [ET]




@Liseﬁond Magv\eg@

| ﬁ \ié:rtg sma;u Fine F?ez:.riocis |
% |

extremely large Magnetic fileld:

P, ~ O(1) ms B, ~ 10'°G

[Dai et. al. (199%), Metzger ek al. (2011) Rowlinson et. al. (2013),...]




e U

eutron star magnetic field and
s[om-“down evolution

5 R4 64 .
= _E NSS Bis(t)gis(t) _ %GMNsRissé(t)Qis(t)
N

FT (m, f, BNS(t)7 T(t))

[Chandra, Korwar & AT (2019)]




e Millisecond Magnetar earij
“~_continuous GWs with MMMs_—~

[Chandra, Korwar & AT (2019)]




~Millisecond Magnetar early stage
~—_continuous Ghs with MMMs

&gB

2m




CSammar>

o The extreme environments in compact stellar objects, such as
neutron stars, provide avenues for testing novel effects inaccessible
to terrestrial experiments, as well as putting Limits on new physics.

o Energetic, magnetic & spin-down evolution in Magnetars, for
instance, may place novel, non-trivial constrainks on milli
electrically charged particles via their ManmperEurba&Lve production.

o Energetic arquments place stringent Limits on milli magnetic
momtopates, as well,

o Now perturbative production of milli magnetic monopoles in neutron
stars could alter the evolution of the magnetic-field-induced
quadrupole moments.

o Early stage continuous gravitational waves from millisecond
Magnetars therefore may contain characteristic imprints, distinct
from conventional astrophysical ones, that will be signatures for
these exotic states,
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