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Magnetic fields (MFs) in the Universe
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Magnetic fields (MFs) in the Universe

Logio[B/Gauss]
PR
é )
Old problem: seed for galaxy/galaxy cluster MFs.
MFs with B > 107°°G, X\ ~ 10kpc @galaxy formation+ Dynamo mech.
might explain them. (99 A. C. Davis+...
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Magnetic fields (MFs) in the Universe
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Evidence (?) of large scale magnetic fields
. v -ray from Blazars (theory)
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Evidence (?) of large scale magnetic fields
. v -ray from Blazars (theory)

(from nasa.gov)
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Evidence (?) of large scale magnetic fields
. v -ray from Blazars (theory)
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Evidence (?) of large scale magnetic fields
. Y -ray from Blazars (observation)
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Evidence (?) of large scale magnetic fields
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Evidence (?) of intergalactic magnetic fields
. Y -ray from Blazars (observation)

(fromnas{ Eyrthermore, recent paper by
Fermi collaboration gives--:

| | |
AGN/Blazar 1071 5 T I T I v 3 (from esa.int)

a ] tL,__/ :;,‘jl“m'_m-:'::t:: e
N 1 T M Sy
T 107124 = B ST ;
. 3 S ) L IR =
B0 Ii : & w [Ny E
3 ] \ N R R
— . \\\\\ T
% 7 \\ Yo ‘\\‘ B
S 10-13 4 1ES1101-232; 2= 10" Mpc, foyax = 107 yrs, O =6° 1
I ' —— B=10"1°G B=10"13G N\
- —— B=10"160G ¢  Fermi-LAT PS AT

. \

—— B=10"1°G %  IACTPS W

\
10714 5 B=10"14G Halo UL for B=10"120G % '
] e S — — \|\||||\|| — ||“‘\}|‘\||:
1073 1072 107! 10° 10!

Energy [TeV]

Q'@ s2.g6v) / 1804.08035 (Fermi-LAT collaboration) ><\ \\
GeV spectrum is consistent with 1
E
) i ) >
GeV INtrinsic one. TeV

. -%p— —

Courtesy H.Qide



— @ —

Evidence (?) of large scale magnetic fields
Most convincing explanation: Extragalactic MFs
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Evidence (?) of large scale magnetic fields
Most convincing explanation: Extragalactic MFs
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| atest constraints from Fermi 1s04.08035 (Fermi-LAT collaboration)
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| atest constraints from Fermi 1s04.08035 (Fermi-LAT collaboration)
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Absence of the GeV cascade photons
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Intergalactic MFs Other mechanisms
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Absence of the GeV cascade photons

Intergalactic MFs

Cosmology/
—arly Universe

Especially focus on the generation before the EWSB

- Relation to other mysteries (inflation, DM).
- Compatible with the Standard Cosmology.
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The message of this talk

1. If helical hyper MFs existed Iin the early Universe
before the Electroweak symmetry breaking,
Baryon asymmetry is generated automatically.

2. Pseudo scalar dynamics as well as the CME is a good
mechanism to produce helical hyper MFs.
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~Chiral anomaly in the SM breaks B+L
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Hypermagnetic helicity decay in the early Universe
(BG hyperMFs with large coherence length)

1. MHD diffusion (98 Givannini&Shaposhnikov, '16 Fujita&KK)
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Worry about washout by sphaleron?
Source term washout term
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Resultant final baryon asymmetry
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Corresponds to the intergalactic magnetic field properties:
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In the Bs-4o plane--:
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Magnetogenesis models

i3 pseudoscalar inflation (06 Anber+, and many others including ’17 Jimenez, KK, Schmitz, Xu )
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One polarization mode feels instability => maximally helical MFs
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Magnetogenesis models

i pseudoscalar inflation (06 Anber+, and many others including ’17 Jimenez, KK, Schmitz, Xu )
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One polarization mode feels instability => maximally helical MFs

Baryon asymmetry ng maximal EyBy

10" y o
ax !
Min \
1013' ‘\‘
< \
= 1013 ' A .
O] l. i—cp| >10° GeV—
o, OF > 1 102} b B
T 10" \
= \
% E 11 f\‘
10 E ax "\
= 10" = Rn™ <1\
Q < LI
o) T
S
T 100 1010}
109_ 109 I)B<\10-1(;~ ------
1078 1072 ;6“
108l VL VT e\ N\ T
10 108_ | | | 16_’12~\
Instability parameter & 3 4 5 10 20
(17 Jiménez+) ¢ 1905.13318

(Today’s paper by Domcke, Harling, Morgante, &Mukaida)
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Magnetogenesis models

1. pseudoscalar inflation (06 Anber+, and many others including '17 Jimenez, KK, Schmitz, Xu )
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One polarization mode feels instability => maximally helical MFs
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Phase of the Affleck Dine field can also have such an anomalous coupling
(19 KK & Shin)
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2. Chiral plasma instability (97 Joyce&Schaposhnikov, ’17 Schober+, '18 KK)

Chiral Magnetic Effect (80 Vilenkin, ‘08 Fukushima, Kharzéev&Warringa, and more:---)
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One polarization mode feels instability => maximally helical MFs
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Summary

- Baryon asymmetry is generated from decaying hypermagnetic

helicity through the chiral anomaly. No BSM ingredient!

- B-violation: chiral anomaly/ C&CP-violation: hypermagnetic helicity
Out of equilibrium: Decay of hypermagnetic helicity/EWSB

- Present B-asymmetry is explained for B, ~ 1071~17G )y ~ 10~ *"?pc
with positive maximally helical MFs.

- Anomalous coupling of the pseudo scalar including inflaton and
AD field as well as the chiral magnetic effect can generate helical
magnetic fields.

- It will be Interesting to explore other magnetogenesis mechanisms.
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