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UBIQUITOUS MAGNETIC FIELDS
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PRIMORDIAL: PRODUCED BY BIG BANG PLASMA
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ALLOWED PMF
PARAMETER
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GOAL: TEST THE
PRIMORDIAL
HYPOTHESIS OF
MAGNETIC
FIELDS
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PRIMORDIAL MAGNETIC FIELDS ENHANCE
DENSITY PERTURBATIONS
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PRIMORDIAL MAGNETIC FIELDS ENHANCE
POWER SPECTRUM ON SMALL SCALES

—— LCDM
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EARLY WORKS: BARYON DENSITY
PERTURBATIONS SUPPRESSED BELOW
MAGNETIC DAMPING (JEANS) SCALE

—— LCDM
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FINDING: HIGHLY ENHANCED POWER
SPECTRUM BELOW JEANS SCALE
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PART 1: DARK MATTER MINIHALOS BELOW
JEANS SCALE

—— LCDM
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PART 2: LARGE SCALES RELEVANT FOR JWST

—— LCDM
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PART 1

Probing Primordial magnetic fields through

dark matter minihalos

ARXIV: 2303.11861
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SCALES OF INTEREST: PRE-RECOMBINATION
AND SCALES SMALLER THAN PHOTON MFP
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SCALES OF INTEREST: PRE-RECOMBINATION
AND SCALES SMALLER THAN PHOTON MFP
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IDEAL MHD IN PHOTON DRAG REGIME
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IDEAL MHD IN PHOTON DRAG REGIM
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PRE-RECOMBINATION IDEAL MHD: MAGNETIC
FIELDS INFLUENCE BY BARYON FLOW
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PRE-RECOMBINATION IDEAL MHD: BARYONS

PUSHED BY LORENTZ FORCE
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PRE-RECOMBINATION IDEAL MHD: REMAINING

EQUATIONS SAME!
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PRE-RECOMBINATION IDEAL MHD: LARGE

PHOTON DRAG

0 (B) Vx(B,xBE)
ot a

-

oV $,. VP, (VXB)XB c2Vs, V
b_l_(H_I_a)]—}b_l_(b )Py _ ( )XB Vs, V¢

dt a 4mtapy, a a

95,  V.B, V.(8,Dp)

dat a a

a
Vi = (ppdp + PpmOpm)
2M3,

025 dIn(a’H a4 V2
DM_I_[ n(a )+1] DM ¢

da? dlna ada (a?H)?

Pranjal Ralegankar

24



PRE-RECOMBINATION IDEAL MHD: LARGE
PHOTON DRAG MAKES FLOW LAMINAR
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CAN ANALYTICALLY SOLVE MHD EQS: VISCOUS
DAMPING

k2
Pg(k,t) = Pg(k, t;)e *b
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EVOLUTION OF MAGNETIC DAMPING SCALE
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EVOLUTION OF MAGNETIC DAMPING SCALE
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EVOLUTION OF MAGNETIC DAMPING SCALE
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PERTURBATION EVOL

UTION PLOT
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LORENTZ FORCE ENHANCES BARYON

PERTURBATIONS FOR MODES OUTSIDE kj?
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BARYON PERTURBATIONS DAMPED
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BARYON PERTURBATIONS DAMPED BY
MBINATION?

TURBULENCE AT RECO
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DARK MATTER PERTURBATIONS CONTINUES TO

GROWI
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DARK MATTER PERTURBATIONS ENHANCED BY
E COMPARED TO ACDM

ORDERS OF MAGNITUD
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COMPARING WITH SIMULATIONS: ANALYTICAL

NOT THAT BAD

Numerical: Jedagnzik, Saveliev 2018
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EVOLUTION OF
EARLY
UNIVERSE
PMFS
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RELEVANCE
OF DARK
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MINIHALO
GENERATION
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PARAMETER SPACE WITH ENHANCED POWER ON
SMALL SCALES
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PARAMETER SPACE WITH ENHANCED POWER ON
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PARAMETER SPACE WITH ENHANCED POWER ON
SMALL SCALES: PTA SENSITIVITY
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MINIHALQOS
FROM
CAUSALLY
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UNIVERSE
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SUMMARY AND CONCLUDING REMARKS
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PART 2

Baryon fraction enhanced on Large scales

Arxiv: 2402.14079



PART 2: LARGE SCALES RELEVANT FOR JWST
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POST-RECOMBINATION IDEAL MH

0 (B) Vx(B,xBE)

dt a
aﬁb S (T})b V)T_}b (V X §) X § C%VSb
+ Hvb + — 3 -
dt a 4mta> py a

08,  V.Bp V.(6pPp)

ot a a

2
a
Vi = 2MZ, (ppdp + PoMOpM)

%5 dIn(a’H 7
DM + [ ( )_I_ 1] DM —

da? dlna ada

Pranjal Ralegankar 51



POST RECOMBINATION: BARYON

PERTURBATIONS MORE ENHANCED THAN DARK
MATTER
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POST RECOMBINATION: BARYON

PERTURBATIONS MORE ENHANCED THAN DARK
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MHD SIMULATIONS: MATCHES ANALYTICAL
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ENHANCEMENT MOVES TO SMALLER SCALES
WITH SMALLER PMF STRENGTH
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EARLIER ANALYTICAL STUDIES OVER-
ESTIMATED MAGNETIC JEANS SCALE
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SMALLER SCALES: DM MINIHALOS
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IMPLICATIONS FOR LARGE SCALES: ENHANCED
BARYON FRACTION IN HALOS
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BACKUP SLIDES
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BACKUP: ANALYTIC DERIVATION IN PRE-
RECOMBINATION FLUID
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IDEAL MHD IN PHOTON DRAG REGIME:
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IDEAL MHD IN PHOTON DRAG REGIME:
LAMINAR FLOW IN BARYONS

oV 5y, (VXB)xB iV, V
—b+(H+a)13b+(b )Py _ ( )XB V8, V¢
ot a 4mtapy, a a
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IDEAL MHD IN PHOTON DRAG REGIME:
LAMINAR FLOW IN BARYONS

R - - Abel and Jedamzik 2010
0 VXB)YXB c2V5, V !
9% +(H+a)v, = ( ) _GVop Vo Campanelli 2013,

dt dmapy a a Jedamzik and Saveliev 2018
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IDEAL MHD IN PHOTON DRAG REGIME:

KEY FORCES
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IDEAL MHD IN PHOTON DRAG REGIME:
LARGE LORENTZ FORCE LIMIT
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H+ a)vy, =
( a)vy 4map,
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IDEAL MHD IN PHOTON DRAG REGIME:
LARGE LORENTZ FORCE LIMIT
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IDEAL MHD IN PHOTON DRAG REGIME:
MAGNETIC DAMPING SCALE
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IDEAL MHD IN PHOTON DRAG REGIME:
MAGNETIC DAMPING SCALE
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PROBLEM WITH LORENTZ FORCE IN MY
LATTICE
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INITIALIZING
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LORENTZ FORCE POWER SPECTRUM DOESN'T

AGREE WITH THEORY
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THE SUPPRESSION OF POWER IS ALS0O SEEN
IN AREPO (PRELIMINARY!I)
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BACKUP SLIDES
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SPECTRUM SHAPE DEPENDENCE OF SHIFT
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COMPARING WITH FULL MHD SIMULATIONS
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SENSITIVE TO

81

COMPARING WITH SIMULATIONS
INITIAL POWER SPECTRUM
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SENSITIVE TO

COMPARING WITH SIMULATIONS
INITIAL POWER SPECTRUM
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MORE PERTURBATION PLOTS
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MORE PERTURBATION PLOTS

-1

8nG
= 10* Mpc

ki

6
--- Lorentz force

]

—

=}

(2]

(2]

]

-t ~
o |
— [O©
© i
S

—

]
<

=]

-—-- gravity

By
10t
10°

s} 10—1 p

10—2.

1073

102

ey iy S

N
Fo
—
)
|-
S
0
0
= g
c a
c ©
g E
27 9
- [ T o NS " ———
Q¥ 5 T
ro
__ )
) 7 1 9 ©
o o o o o
— — — — —

(od) @1e2s yibua

6pm ACDM
—— 6, PMF

—— 6pm PMF

100.

10—1.

1072
1073
10—4.
107>

1072

84

Pranjal Ralegankar



	Slide 1: Primordial magnetic fields and the matter power spectrum
	Slide 2: Ubiquitous Magnetic Fields
	Slide 3: Primordial: Produced by Big Bang plasma
	Slide 4: Allowed PMF parameter space
	Slide 5: PMFs generated post inflation lie on the damping line
	Slide 6: Inflation generated PMFs can be anywhere on the right of damping line
	Slide 7: Goal: test the primordial hypothesis of magnetic fields
	Slide 8: Primordial Magnetic Fields enhance density perturbations
	Slide 9: Primordial Magnetic Fields enhance density perturbations
	Slide 10: Primordial Magnetic Fields enhance density perturbations
	Slide 11: Primordial Magnetic Fields enhance power spectrum on small scales
	Slide 12: Early works: baryon density perturbations Suppressed below Magnetic damping (Jeans) scale
	Slide 13: Finding: Highly enhanced power spectrum below Jeans scale
	Slide 14: Part 1: Dark matter minihalos below jeans scale
	Slide 15: Part 2: Large scales relevant for JWST
	Slide 16
	Slide 17: Scales of Interest: pre-recombination and scales smaller than photon MFP
	Slide 18: Scales of Interest: pre-recombination and scales smaller than photon MFP
	Slide 19: Ideal MHD in Photon DraG Regimearyons
	Slide 20: Ideal MHD in Photon DraG Regimearyons
	Slide 21: Pre-recombination Ideal MHD: Magnetic fields influence by Baryon flow
	Slide 22: Pre-recombination Ideal MHD: Baryons pushed by Lorentz force
	Slide 23: Pre-recombination Ideal MHD: Remaining Equations same!
	Slide 24: Pre-recombination Ideal MHD: Large photon drag
	Slide 25: Pre-recombination Ideal MHD: large photon drag makes flow laminar
	Slide 26: Can analytically solve MHD eqs: viscous damping
	Slide 27: Evolution of Magnetic Damping scale
	Slide 28: Evolution of Magnetic Damping scale
	Slide 29: Evolution of Magnetic Damping scale
	Slide 30: Perturbation evolution plot
	Slide 31: Lorentz force enhances baryon perturbations for modes outside k sub cap D to the open paren minus 1 close paren 
	Slide 32: baryon perturbations asymptote once mode enters k sub cap D to the open paren minus 1 close paren 
	Slide 33: baryon perturbations damped by thermal pressure
	Slide 34: baryon perturbations damped by turbulence at recombination?
	Slide 35: Dark matter perturbations continues to grow!
	Slide 36: Dark matter perturbations enhanced by orders of magnitude compared to cap lambdaCDM
	Slide 37: Comparing With Simulations: Analytical not that bad
	Slide 38: Constraints on PMF
	Slide 39: Evolution of Early universe PMFs
	Slide 40: Relevance of Dark matter minihalo generation
	Slide 41: Parameter Space with Enhanced Power on Small scales
	Slide 42: Parameter Space with Enhanced Power on Small scales: THEIA SKA sensitivity
	Slide 43: Parameter Space with Enhanced Power on Small scales: PTA sensitivity
	Slide 44: Minihalos from causally generated PMFs
	Slide 45: Minihalos from causally generated PMFs
	Slide 46: PMFs to explain cosmic void observations
	Slide 47: Universe Maybe filled with dark matter minihalos!!
	Slide 48: Summary and Concluding remarks
	Slide 49: Part 2
	Slide 50: Part 2: Large scales relevant for JWST
	Slide 51: Post-recombination Ideal MHD
	Slide 52: Post recombination: baryon perturbations more enhanced than dark matter
	Slide 53: Post recombination: baryon perturbations more enhanced than dark matter
	Slide 54: Post recombination: baryon perturbations more enhanced than dark matter
	Slide 55: MHD simulations: Matches Analytical
	Slide 56: Enhancement moves to smaller scales with smaller PMF strength
	Slide 57: Earlier analytical studies over-estimated Magnetic Jeans scale
	Slide 58: Smaller scales: DM minihalos
	Slide 59: Implications for large scales: Enhanced Baryon fraction in halos
	Slide 60: Implications for large scales: Enhanced Baryon fraction in halos
	Slide 61: Implications for PMFs
	Slide 62: Power spectrum above magnetic jeans scale is sensitive upto 0.05 nG PMFs
	Slide 63: Summary
	Slide 64: Backup slides
	Slide 65: Backup: analytic derivation in pre-recombination fluid
	Slide 66: Ideal MHD in Photon DraG Regime: Laminar Flow in baryons
	Slide 67: Ideal MHD in Photon DraG Regime: Laminar Flow in baryons
	Slide 68: Ideal MHD in Photon DraG Regime: Laminar Flow in baryons
	Slide 69: Ideal MHD in Photon DraG Regime: key forces
	Slide 70: Ideal MHD in Photon DraG Regime: large Lorentz force limit
	Slide 71: Ideal MHD in Photon DraG Regime: large Lorentz force limit
	Slide 72: Ideal MHD in Photon DraG Regime: Magnetic damping scale
	Slide 73: Ideal MHD in Photon DraG Regime: magnetic damping scale
	Slide 74: Problem With Lorentz force in my lattice
	Slide 75: Initializing stochastic PMFS on Lattice
	Slide 76: Lorentz force power spectrum Doesn’t agree with theory
	Slide 77: The suppression of power is also seen in ArePO (Preliminary!!)
	Slide 78: Backup slides
	Slide 79: Spectrum shape dependence of shift
	Slide 80: Comparing WITH Full MHD simulations
	Slide 81: Comparing With Simulations: sensitive to Initial power spectrum
	Slide 82: Comparing With Simulations: sensitive to Initial power spectrum
	Slide 83: More perturbation plots
	Slide 84: More perturbation plots

