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Investigating the Qs with cosmological magnetic field

primordial physics ?
O

magnhetogensis?

baryogensis? observations

f b'azar CMB, EBL

g

—17
M B.,.,>10"G
[ChyZy, Buta] [Neronov, Vovk 2010], ...

Figs (modified) from [Planck, ESA] and [D. Schlegel/Berkeley Lab using data from DESI, M. Zamani (NSF's NOIRLab)]
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Investigating the Qs with cosmological magnetic field

primordial physics ?
O

magnhetogensis?
baryogensis?

Key epoch:

l‘,.I
7

electroweak scale ~ 100 GeV M 5. > 107G
[Chyzy, Buta]  [Neronov, Vovk 2010], ...

Figs (modified) from [Planck, ESA] and [D. Schlegel/Berkeley Lab using data from DESI, M. Zamani (NSF's NOIRLab)]
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Magnetic fields at high/low temperatures

I I
Lsm D =g W, W =21, 1 + (D,®)'D'P + V(D)

Vr (®)

low T
T < 100GeV {(|®|*)#0

: | D |
U(l),,, massless field

and massive W=, Z
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Interpolating two phases

[D’Onofrio, Rummukainen 2015] [Kamada, Long 20106]

T > 100 GeV T ~ 100 GeV T < 100 GeV
the hyper-magnetic field the ordinary magnetic field
By=VxY B, =VxA

2.2
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Interpolating two phases

[D’Onofrio, Rummukainen 2015] [Kamada, Long 20106]

T > 100 GeV T ~ 100 GeV T < 100 GeV
the hyper-magnetic field dof that has a massless pole the ordinary magnetic field
_)Y—VX_) NCOSHﬂ‘Y—Sln ffW3 _) _V)(A

Heff(T > 100GeV) =0 Heff(T) 0.(T < 100 GeV) —

effective mixing angle

- perturbatively computable (at 1-loop)!
[Kajantie+ 1997] [Hamada, Mukaida, FU 20254]
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Massive mode decays at every moment

In terms of massless ¢ y and massive ¢, modes at every moment 7,

B, . =cosAfyB; —sinAf.B
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Anomaly equation roughly says...

[Joyce, Shaposhnikov 1997] [Giovannini, Shaposhnikov 1998] [Fujita, Kamada 2016]...
[Kamada, Long 2016]

AQs.s = 2-3 (ANS®: - Aty
[Adler 1969] [Bell, Jackiw 1969]

A(baryon asymmetry) ~ — A(magnetic helicity)

parity-violating magnetic field
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Anomaly equation roughly says...

[Joyce, Shaposhnikov 1997] [Giovannini, Shaposhnikov 1998] [Fujita, Kamada 2016]...
[Kamada, Long 2016]

AQp.; =23 (ANSE(Z)L - AHY)
[Adler 1969] [Bell, Jackiw 1969]

A(baryon asymmetry) ~ — A(magnetic helicity)

parity-violating magnetic field baryon asymmetry o A6«

O-0

massive mode decay
~ ?Y dressed by SU(2);, ANqq# 0
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Anomaly equation actually says...

AQp.; =23 (ANSE@L - AHY)

[Adler 1969] [Bell, Jackiw 1969]

A(baryon asymmetry) ~ — A(magnetic helicity)
+ (nonperturbative contributions)

v electroweak sphaleron
? Higgs dynamics involving AN, # 0

A(Ncs — NH) ~ HY
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Anomaly equation actually says...

AQp.; =23 (ANSE(Z)L - AHY)

[Adler 1969] [Bell, Jackiw 1969]

A(baryon asymmetry) ~ — A(magnetic helicity)
+ (nonperturbative contributions)

v electroweak sphaleron
? Higgs dynamics involving AN, # 0

A(Ncs — NH) ~ HY

AN, may cancel AN(q!

[Hamada, Mukaida, FU 20254]
[Fukuda, Hamada, Kamada, Mukaida, FU 2025]
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Baryon asymmetry constraints

helical U(1), magnetic field non-helical U(1), magnetic field
(815) ~ (A - B) (13) ~ (A~ BY), (A-B)=0
- < 107'°(CMB, BBN) < 0(0.01) 2 ., (BBN) lnomata+ 201g]

Constraint on maximally helical PMF at 130 GeV

Constraint on non-helical PMF at 130 GeV
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[Hamada, Mukaida, FU 2025Db]
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Originally-U(1), magnetic field in void?

blazar

N

the constraints + MHD evolution

It we assume ANy, ~ 0, we need extra amplification:

baryon overproduction (helical) baryon fluctuation (non-helical)
m . . : ~ Constraint on non-helical 'MF
—5- Constraint on helical PMF =5+ TRN D r
L PBII abundance  CMB distortion e, S TSI AC ! o o SN
==’ , {u) _ly) 5, : - anisotropy
¢ G ~MB anisotrop g Sk ion history
O g0 =2 Falls belowthe ¢ =75
g " E &) / Ko :
~— ° = o 2 & - -
w = VO|d u ObS. Iower bound! % MHD at EWSR = \'\,V0|d =
L= 2 . = =} NG g =10-10 2
c - - - e N S
— S 5 —AH, MHD at recombiggmg, N 2
= : | | s v ’ : :, | it &
20 15 Y °s 0 AN el =15 R N 0
log10(Em/ Mpe) ? logao(§m/ Mpc)

coherence length &y, H
[Hamada, Mukaida, FU 2025b]
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Summary

- continuous transition from ?Yto ﬁem during the electroweak crossover

v one-loop formula for effective mixing angle 0.«(T)

- Helicity decay « A6, at every instant

v may generate baryons through the chiral anomaly,
v/ but we have missed possible contribution of the Higgs dynamics.

- Once ANy during the crossover is known , one can estimate AQy.

V If AN, = 0, generated baryon asymmetries suffer from BBN constraints.

Vv Only if AN, # 0st. ANyg ~ 0, ﬁy may be origins of both ﬁmid and 77 .-
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