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Why Jupiter

® |deal way to test Maxwell equation

®argest planet in solar system

@ >trong magnetic field

® Relatively stable

® [nough /7 sify measurements
(Pioneer, balileo, Juno etc.)
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New Physics and Jupiter

Mass Term
Massive Ph 1 my / Mixing Term
assive Fhoton > LD - FRE, +—FARA, /'
1 1 € ma
Dark Photon > LD = PR, — XM Xy o P + KR,

Dynamo Current — B field
ABdark 06 Eze_mxr

e >0

my — 0 ABdark - 0

mX—)OO
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Mission (2011-) "
wuno mission (2011-) . Closest Approach 3000 km

RN

\ i tich Data Base
-rom 40 Orbits
2016-2023
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Reconstruction of the Field
Spherical harmonic expansion B = anax R, Y™ . ctYl(8, @)

n (|B/G ) BB : : _
Multipole with n,,, = 18
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p (rj) Longitude
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Variances Analysis

Total region from 1 to 7

Directional
Uncertainty

I

T EE m em =

(G&ir: 0.12—— Drifting of Internal Field

-

Short Term Fluctuation

- 02.: 4.3x 1072
o] Intrinsic Digital
S Readout Uncertainty

-0.075 mT/yr +0.075 mT/yr
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Statistic Method

Scan of min y“(y) in dark photon case

Scan of my
my (1) Scan of €
10 10 ' 10° 10'
0] my=1.0x 101V
S mx=3.1x10"1eV |
107 T
S 10" -
N
< 10/0;_\
\ SN
A 7
/‘r AN 10—2_\
. ,(..“,.,_13’_\ ‘ , ‘ _ ‘
t-1e 10~ 10" 10
£
Ax? = min y2(1) — min y2 — min y* in SM-like limit
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Constraint Results
Photon mass constraint:

Pioneer 1975:
m, < 6 x 1071%eV

Our Result:
m, <3 x107'7eV

Best Limit Ever: ryutov, D. D. (1997)
m, < 1X 10~ 18¢vy

Shi Yan, Brown University

Dark photon constraint:

4 OmX(’"J )

10
Juno MAG (This Work)
Juno dipole
"+ Pioneer 10 LOBE/FIRAS
COBE/FIRAS |
R T T S T R T
my (eV)
3
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https://doi.org/10.1088/0741-3335/39/5A/008

Thanks for Listening!
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Back Up Slides
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Short-Term Fluctuation

Eddy Current
~15s ,

Kotsiaros, Stavros, et al. (2020)
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https://doi.org/10.1029/2019EA001061

Drifting of Internal Field

-0.075 mT/yr +0.075 mT/yr

Secular variation of the B, at 0.9 r; from the DFR model.

Standard Model B, at 0.9 r at 2016.5.
Bloxham, Jeremy, et al. (2022)
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https://doi.org/10.1029/2021JE007138

Directional Uncertainty

Advanced Stellar
Compass (ASC)

Connerney, J. E. P., et al. (2017,

69]uno

__________________ >
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https://doi.org/10.1007/s11214-017-0334-z

Relative Importance of Each Variance

Innermost region from 1 to 2 r; Outermost region from 6 to 7 r;

02,.: 0.84
fluc 02,.: 0.89

0%, 8.9x1074 0%, 1.7%x1073

0%.0:0.11

03.q: 0.15
0% 3.5x107°
02.:27%x107°

\ I 4

Similar Proportion Structures
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Temporial Analysis

le—7 Normalized Spectrum of RMS

876 5 4 3 2 1
period (h)

Fourier transform of the RMS. The grey dashed line indicate the period of Jupiter spin.
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Statistic Method

Spherical harmonic expansion

NMmax _

Bft(n) = Z Ru(t,7) Z ENACHD

Parametersn = {y, c.}

Nuisance parameters c,

(Describe the Field) / Massive photon i = {m,}
Parameters of interest y > Dark photon ¢ = {my, €}
(Describe New Physics)
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Statistic Method

B°P are independent and residual are Gaussian distributed

|

Bob . Bfit 2
= Y )

min y *(y) - Constraints
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Reconstruction of the Field

Standard Model e =1; my = 107 1*%eV
In (|BI/G ) Ll In (|B/G ) Lels
1.250 1.250
0.625 0.625
- 0.000 - 0.000
- —-0.625 - —0.625
~1.250 ~1.250
~1.875 ~1.875
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-5 0 5
p (1)) p (1))

Longitudes 150° and 330°
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Spectrum of Multiples

10 4

700 eigenvectors

i ¢ 995 eigenvectors
103_§ o o

10! 5

Cr(Gauss?)

10° 4
10714

1072 4

1073 4

0 5 10 15 20 25 30

Lowes’ plot of the magnetic spectrum for a model fit to Juno observations
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