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* Introduction and motivations

« Change in the standard paradigm of Alfvénic CR diffusion
- The role of the non-linear extensions of the QLT

- Diffusion coefficients resulting from the compressible modes

* Connecting the micro-physics of ISM turbulence with local CR observables
- The role of B/C to constrain the confining power of the theory

- Alook at the hadronic species.




CR scattering on MHD
modes

[O. Fornieri et al. - MNRAS 502, 5821-5838 (2021)]



Motivation to dig into the micro-physics

e Conventional diffusion models based on QLT from slab turbulence

- Resonant scattering only (0-function resonance)

- Scattering against Alfvénic isotropic turbulence only
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e MHD turbulence cascades in 3D and is decomposed into three propagating modes

(fast and slow-magnetosonic, Alfvén) [e.g. Kulsrud05 ]

. Alfvén modes are anisotropic ((k” ~ fll_l) # (k, ~ 7" wrt Btot)

[Goldreich&Sridhar95, Cho&Lazarian03, Yan&Lazarian02,04,08]

[Cho,Lazarian,Vishniac - ApJ 595:812-823 (2003)]

= highly inefficient in confining CRs [Chandran00].
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CR scattering on MHD
modes

[O. Fornieri et al. - MNRAS 502, 5821-5838 (2021)]

- Scattering rates of MHD modes



Contribution to Dﬂ p from fast modes @

Kulsrud69, Volk75, Yan&LazarianO08
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Contribution to Dﬂ y from fast modes

Kulsrud69, Volk75, Yan&LazarianO08
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Contribution to DM p from fast modes

Kulsrud69, Volk75, Yan&LazarianO08
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Contribution to D/m from fast modes

Kulsrud69, Volk75, Yan&LazarianO08
vi / | B | ~ constant
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Contribution to D/m from fast modes @

Kulsrud69, Volk75, Yan&LazarianO08
vf / | B | ~ constant

! ! | B| changes

v, changes =y —rangeenhanced = guidingcenter perturbed
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Contribution to DW from fast modes @

Kulsrud69, Volk75, Yan&LazarianO08
vi / | B | ~ constant

! ! | B| changes

v, changes =y —rangeenhanced = guidingcenter perturbed
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Contribution to DW from fast modes @

Kulsrud69, Volk75, Yan&LazarianO08
vi / | B | ~ constant

! ! | B| changes

v, changes =y —rangeenhanced = guidingcenter perturbed
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Contribution to D/m from fast modes @

Kulsrud69, Volk75, Yan&LazarianO08
vi / | B | ~ constant

! ! | B| changes

v, changes = ; —rangeenhanced « =  guiding center perturbed
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Broadened resonance function
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Turbulence spectra

Yan&Lazarian02
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Turbulence spectra

Yan&Lazarian02
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Inefficiency of Alfvéen modes

1D calculation
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Inefficiency of Alfvéen modes

1D calculation

u‘ Jdkn E(k)) = Jdkl Ek,)|
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Inefficiency of Alfvéen modes

1D calculation
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Damping of the waves

Thermal damping of the fast modes [Petrosian et al. - ApJ 644 603 (2006)]
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Damping of the waves

Thermal damping of the fast modes [Petrosian et al. - ApJ 644 603 (2006)]
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Damping of the waves

Thermal damping of the fast modes [Petrosian et al. - ApJ 644 603 (2006)]
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Thermal damping of the fast modes [Petrosian et al. - ApJ 644 603 (2006)]
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Damping of the waves

Thermal damping of the fast modes [Petrosian et al. - ApJ 644 603 (2006)]

Turbulence
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Our result for D(E)
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Our result for D(E)
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Parametric study in the two-zone model

D(E) changing with the properties of the turbulence
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Parametric study in the two-zone model

D(E) changing with the properties of the turbulence
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Parametric study in the two-zone model

D(E) changing with the properties of the turbulence
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Contribution from Alfvén fluctuations

—.—  Phenomenology — M4 =0.8; x.=10° [Extended disk}
....... M4 =0.3; x.=10° My =1, x.=10°

| Mp=03;x=10°  — My=13;x=10°
,,,,,,,,,,,,, M, = 0.3; x,=10 My =16; x.=10° o
— Mu=05; x=10° —— My =20 x=10° -

l’-
l/

1027

26 : :
1(:1()()/M 10




CR scattering on MHD
modes

[O. Fornieri et al. - MNRAS 502, 5821-5838 (2021)]

- Results on the observables



Non-linear extension implemented in DRAGON2

Boron-over-carbon ratio
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Non-linear extension implemented in DRAGON2

Boron-over-carbon ratio

B/C Flux ratio
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Non-linear extension implemented in DRAGON2

Hadronic species
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Non-linear extension implemented in DRAGON2

Hadronic species
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Conclusions

« Alfvén modes are inefficient plus they show the opposite trend for D(E) F} .
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« NLT developed in YLO8 explains CR confinement above ~ 200 GeV
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Conclusions

- Alfvén modes are inefficient plus they show the opposite trend for D(E)

* NLT developed in YL0O8 explains CR confincs

[

- Below this energy, strea B¥Ominate [Farmer&Goldreich04, Yan&Lazaria

- B/C IK-like scaling might be a coincidence

« Characteristic features of such paradigm have to be investigated by the future CR and y-ray telescopes.
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3D correlation tensors from 1D scalings
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An enlightening issue?

G S|
I Ottavio Fornieri

Relatwe flux

1.5

-
S

=
Oy

0.0

IIIIIIIIIIIIIIIIII | T I I ! ! I T T

E = 37146 MeV
z = 0.0 kpc

L z,=1 kpc
1 |

Sun

0 10 20
Galactocentric radius, kpc

[(866T) 8zz-ZIz ‘606 rdy - ojusTeysSON3buoIlS]

22



Connections with the propagation models

23

[Evolietal. - JCAP 02 (2017) 015]
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Connections with the propagation models

[Cerrietal. - JCAP 10 (2017) 019]
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Connections with the propagation models ——————-—
ﬁ residence time around GC
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