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INTRODUCTION

 Tycho’s SNR was observed in 1572 by Tycho Brahe

 The remnant occurred from Type Ia Supernova.

 Chandra’s Observation revealed the presence of 

thin X-ray filaments in the shock front.

 This filament is considered to be dominated by 

synchrotron energy losses.

 VERITAS reported detection upto 10 TeV photons.
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MOTIVATION

 The particles gets scattered back and forth 

due to the turbulent magnetic field.

 The Energy gained by the particle per back-

and-forth crossing

 SNR is considered one of the main sources of 

cosmic ray acceleration.

 Turbulence near the shock front plays an 

important role in particle acceleration.
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Magnetic energy spectrum ➔ two-point correlation

High energy astrophysics, M. Longair



Magnetic Energy Spectrum of Tycho 

SNR

Two-Point Correlation Function:

I𝛎 – synchrotron radio specific 

intensity

K – Function dependent on density 

of relativistic electrons.

Bn- magnetic field

Shimoda et al. 2018
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Radio specific intensity image of 

Tycho’s SNR

Magnetic energy spectrum of 

Tycho’s SNR

 For R>0.9 RSNR (RSNR=253 arcsec ), the turbulence was developed upto 𝜆/𝑅 ≤ 0.5 and the 

spectrum follows a power-law (𝜆𝑚) of slope m=2/3 (kolmogrov-like turbulence)

 For R<0.9 RSNR , the turbulence was developed upto 𝜆/𝑅 ≤ 0.2

5Shimoda et al. 2018

Previous results from radio observations



Relation between diffusion coefficient and slope (m) of magnetic energy spectrum

Magnetic energy spectrum follows a power-law scale as:

𝜹𝑩𝟐 𝒙 ∝ 𝒙𝒎 (m – slope of magnetic energy spectrum)

Cosmic-rays resonate with magnetic fluctuations at a scale comparable to their gyro-radius 

(rg)

𝒙𝒓𝒆𝒔~ 𝒓𝒈 ∝
𝑬

𝑩
Diffusion coefficient (D(E)):

𝐷 𝐸 ∝
𝑟𝑔

𝜈
, 𝛎 – scattering frequency

𝜈 ∝
𝛿𝐵2

𝐵2

6

𝑫 𝑬 ∝ 𝑬𝟏−𝒎
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ANALYSIS:

 Chandra data was used due to its spatial resolution (0.5 arcsec)

 Exposure corrected flux image was produced.

 Tycho’s X-ray emission consists of thermal 

emission + non-thermal emission (synchrotron 

emission)

 Need  isolated non-thermal X-ray flux image.

 Poisonnian based generalized component analysis 

(pGMCA) to separate thermal and non-thermal 

emission
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Poissonian based generalized morphological component analysis

 3D cube data (E, x, y) of Tycho’s SNR is the input data.

 Separates the thermal and non-thermal image by returning the 3D cube data.

 Non-thermal X-ray count image is obtained by summing along the Energy axis and it is 

divided by chandra exposure map to obtain the non-thermal flux image (Photons cm-2 s-1)

This part was carried out by our 

colloborator (Dr. Adrien 

Picquenot)
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REGION SELECTION

 Regions are binned with 1.968 arcsec

 Regions with median flux > 3σnoise are selected

 Upper limit ➔ Pixel with values < 3σnoise

are replaced with 3σnoise

Lower limit ➔ Pixel with values < 3σnoise

are replaced with 0

Non-thermal X-ray flux (2.5 – 7.0 keV)
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OUR RESULTS: Magnetic Energy spectrum

 For region r > 0.88 R turbulence is developed 

upto 𝜆 ≤ 0.1

 The slope of the spectrum

Region slope (m)

R 1.29 ± 0.08

0.97R 1.05 ± 0.05

0.92R 1.08 ± 0.07

0.9R 1.16 ± 0.06

 For radio image in the region r>0.9 R 

turbulence was developed upto 𝜆 ≤ 0.5 with a 

slope of 0.66
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Magnetic Energy spectrum

For region r < 0.88 R turbulence is 

developed upto 𝜆 ≤ 0.2

The spectrum is chaotic.

For radio image, in region r<0.9R 

turbulence was developed upto 𝜆 ≤
0.2.
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 Synchrotron intensity depends on density  (K) of electrons and magnetic field (B)

𝑖𝜈 = 𝐾𝜈1−𝛾𝐵𝑛 𝑟 𝛾

 Influence of number density of electrons on the magnetic energy spectrum could steepen 

the slope.

Alternate way to calculate magnetic energy spectrum → thickness of 

X-ray rim (∆x)

Reasons for steepended slope:

I𝛎 – synchrotron radio specific intensity

K – Function dependent on density of 

relativistic electrons.

Bn- magnetic field
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X-ray filament

 X-ray rim dominated by synchrotron energy losses

 X-ray Rim thickness not affected by number density 

of electrons

𝚫𝒙 ≈ 𝑬
𝝁−𝟏
𝟐 𝑩−𝟑/𝟐

∆x – X-ray rim thickness

E – Energy of the electron

B – Magnetic field
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Region selection

 The selected regions are 3 arcsec wide.

 62 selected regions.

 Thickness is calculated for (2.5-4.0 keV) 

Non-thermal 

X-ray image of Tycho (2.5 – 4.0 keV)
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Magnetic Energy spectrum using X-ray rim thickness

 Turbulence is developed upto 𝜆 ≤ 0.1

 Turbulence scale is similar to the 

magnetic energy spectrum calculated 

from non-thermal X-ray photon flux.
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Reasons for different turbulence scale traced by Radio and X-ray emitting electrons:

Turbulence scale near shock front : X-ray emitting electrons (𝜆 ≈ 25.3 𝑎𝑟𝑐𝑠𝑒𝑐 ≈ 1018𝑐𝑚 )
Radio emitting electrons (𝜆 ≈ 126.5 𝑎𝑟𝑐𝑠𝑒𝑐 ≈ 8 × 1018𝑐𝑚 )

 X-ray emitting electrons can trace small-scale turbulence if gyro-radius (rg) is larger than the 
turbulence scale (𝒓𝒈 ≥ 𝝀 )

Magnetic field strength and electron energy estimated from the thickness of X-ray rim width 
(Parizot et al 2006)

𝐵 > 100 𝜇𝐺, 𝐸 = 10 𝑇𝑒𝑉 and their respective gyro-radius (𝑟𝑔 ≈ 1014𝑐𝑚)

 Due to shorter lifetimes of X-ray emitting electrons, these might trace the turbulence present near the 
acceleration sites.
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SUMMARY

 The magnetic energy spectrum from non-thermal X-ray image showed a 
turbulence scale upto 𝝀 ≤ 𝟎. 𝟏 for region r>0.88R and 𝝀 ≤ 𝟎. 𝟐 for region 

r<0.88R.

 Magnetic energy spectrum derived from X-ray rim thickness showed a turbulence 
scale upto 𝝀 ≤ 𝟎. 𝟏.


