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Introduction

e CALET has measured an O(1) dipole amplitude above 5 TeV
threshold energy in the electron +positron flux

H.M. et al. POS(ICRC2025) 100
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* The dipole direction aligns with the direction towards Vela.

 Fermi-LAT 2017 [S. Abdollahi, et al. PRL 118, 091103] puts
strict limits on dipole anisotropy below ~ 1 TeV, but no limits
(except by CALET) exist in the TeV region.
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Study the predicted dipole amplitude from Vela 103 . -
(and other nearby SNR: Cygnus Loop, Monogem) Y ireshold energy [6eV]

E = 5 TeV , number of events = 14




—

JE3[s™Im~2sr~1GeV?

Example Fit and Anisotropy

103
® CALET all-electron flux Y.Akaike et al. POS(ICRC2025) 005
AMS positron flux M. Aguilar, et al. PRL 122, 041102 (2019)
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Model fit from [Y. Akaike et al. POS(ICRC2025) 005] with propagation conditions and injection power law index from

10°

Best Fit (x2/ndof = 34.7/80.0):
— all-electron flux, x2: 5.8 (CALET data)
background from secondaries

and distant SNRs
= all-electron flux from all pulsars
= positron flux, x?: 28.9 (AMS-02 data)
---- background from secondaries

= positron/electron flux from all pulsars

electron flux from local SNRs:
=== Combined local SNR best fit
== Vela
=== CygnusLoop
=== Monogem
individual pulsars:

- J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]

Vela SNR parameters

Injection spectrum power law index:
Viga = 2.335

Injection spectrum cutoff energy:
Ecutes = 100 TeV

Cosmic-ray injection timing :
duration: 10000 yr

Best fit for total energy

in electron CR with E > 1 GeV:

Qo = 0.65 10%%erg
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Dipole amplitude for 5TeV
threshold energy ~ 1.25

N

Predicted amplitude
for 5 TeV: 0.66
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Predicted Dipole Amplitu:de
caused by nearby SNRs |

—— Measured Dipole AmplitLine

White Noise 1o Region |

White Noise 20 Region |
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Threshold Energy [GeV]

[H.M., POS(ICRC2021)100], model also used also in [O. Adriani et al. PRL 131, 191001 (2023)].
Power law parametrization for distant SNR, individual pulsars from ATNF catalog, secondaries from DRAGON nuclei calculation, nearby
SNR flux calculated with DRAGON on fine spatial grid to extract anisotropy
Fit to CALET all-electron and AMS-02 positron only data, free background parameters and Vela normalization corresponding to total
energy emitted as electron CR — changed from 0.8-10% erg in PRL(2023) to 0.65-10% erg in ICRC(2025) by new CALET electron data.
The predicted anisotropy in this model is large but does not exceed the white noise expectation in the CALET measurement.
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103

Example Fit and Anisotropy
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CALET all-electron flux Y. Akaike et al. POS(ICRC2025) 005
" M. Aguilar, et al. PRL 122, 041102 (2019
AMS positron flux g (2019)
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Best Fit (x2/ndof = 34.7/80.0):
— all-electron flux, x2: 5.8 (CALET data)
background from secondaries

and distant SNRs
= all-electron flux from all pulsars
= positron flux, x?: 28.9 (AMS-02 data)
---- background from secondaries
= positron/electron flux from all pulsars
electron flux from local SNRs:
=== Combined local SNR best fit
== Vela
=== CygnusLoop
=== Monogem
individual pulsars:
J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]

Vela SNR parameters

Injection spectrum power law index:
Viga = 2.335

Injection spectrum cutoff energy:
Ecutes = 100 TeV

Cosmic-ray injection timing :
duration: 10000 yr

Best fit for total energy

in electron CR with E > 1 GeV:

Qo = 0.65 10%%erg
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V 95% CL Fermi-LAT limits 2017
Predicted anisotropy for all local SNR
. best fit in Fermi-LAT bins (excluded) ,
duration 10000 yr, delay 0 yr,
spectrum cut-off 100 GeV.
T L
107 103

Energy [GeV]

Model fit from [Y. Akaike et al. POS(ICRC2025) 005] with propagation conditions and injection power law index from
[H.M., POS(ICRC2021)100], model also used also in [O. Adriani et al. PRL 131, 191001 (2023)].

This model is also excluded by the Fermi-LAT anisotropy limit [S. Abdollahi, et al. PRL 118, 091103] .




Introduction

CALET has measured an O(1) dipole amplitude above 5 TeV
threshold energy in the electron +positron flux

H.M. et al. POS(ICRC2025) 100

100 4
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The dipole direction aligns with the direction towards Vela.

Fermi-LAT 2017 [S. Abdollahi, et al. PRL 118, 091103] puts
strict limits on dipole anisotropy below ~ 1 TeV, but no limits
(except by CALET) exist in the TeV region.

dipole amplitude &

preliminary

—— Measured Dipole Amplitude
Expected Amplitude 1o Region
Expected Amplitude 20 Region

Study the predicted dipole amplitude from Vela 103 . -
(and other nearby SNR: Cygnus Loop, Monogem) Y el eneray (6]

- Investigated question: If choosing propagation ERETeY UG ESs
conditions freely (favorable for anisotropy, independent
of trying to explain nuclei spectra) and choose a hard
injection index of 2.0 (so that the contribution of Vela
raises sharply above ~ 1 TeV to avoid Fermi-LAT limits),
and a spectral cut-off at 100 TeV, can the excess of the
measured dipole amplitude above the white noise band
be explained by emission from Vela?




Propagation / Emission Model and
Parameter Space Scan

Toy model for emission: constant emission for a variable duration
after a variable delay period

Simple propagation model: Kolmogorov turbulence (0=1/3),
variable diffusion coefficient normalization Dy

E 0

4 GeV
Scan delay, duration in steps of 1 kyr, and Do In [1,2,3,4,5] 10%® m?/s

D(E)=D,

Search for parameters with dipole amplitude above 5 TeV being
closest to 1.25 and passing the Fermi-LAT limit.

Vela-only case at first (ignore Cygnus Loop and Monogem)



Scan Results for Dy = 5-10%° cm?/s

Dipole anisotropy amplitude for lower threshold energy 5 TeV

Delay [yr]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Duration [yr]
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9000 R Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded
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Scan Results for Dy = 4-10%° cm?/s

Dipole anisotropy amplitude for lower threshold energy 5 TeV

Delay [yr]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Duration [yr]

0

KNI I e e e 1

1000

2000

3000

4000

9000 (O Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded
10000 i (none for these conditions)

0.0

dipole amplitude



Scan Results for Dy = 3:10%° cm?/s

Dipole anisotropy amplitude for lower threshold energy 5 TeV

Delay [yr]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Duration [yr]

0

0.093 0.113 0.113 0.143 0.143 0.192 0.192 0.291 0.291 0.579 0.579 0.000
0.098 0.120 0.120 0.153 0.153 0.211 0.211 0.336 0.336 0.758 0.758 0.000

1000

2000 0.103 0.128 0.128 0.167 0.167 0.237 0.237 0.405 0.405 0.841 0.841 0.000
3000 0.109 0.138 0.138 0.184 0.184 0.275 0.275 0.503 0.503 0.841 0.841

4000

0.117 0.150 0.150 0.207 0.207 0.331 0.331 0.538 0.538 0.841

9000 Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded
10000 ks (none for these conditions)

dipole amplitude



Scan Results for Dy = 2-10%° cm?/s

Dipole anisotropy amplitude for lower threshold energy 5 TeV

Delay [yr]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Duration [yr]

0
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1000

2000

3000

4000

9000 Y Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded
10000 ey (none for these conditions)

12000 L

0.0

dipole amplitude



Scan Results for Dy = 1-10%° cm?/s

Duration [yr]

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000
11000
12000

Dipole anisotropy amplitude for lower threshold energy 5 TeV
[yr]

Delay

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

o e e e

Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded

0.521

0.531

0.532

dipole amplitude
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Fit for Do = 2-10%2 cm?/s
Okyr delay, 2kyr duration

103
® CALET all-electron flux
AMS positron flux
102_
101_
100 : : . - .
101! 102 103 104
E [GeV]

10°

Best Fit (x2/ndof = 45.5/80.0):
— all-electron flux, x?: 9.6 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars
—— positron flux, x%: 35.9 (AMS-02 data)
---- background from secondaries
+ positron/electron flux from all pulsars
electron flux from local SNRs:

= \/ela-SNR best fit
individual pulsars:

—-= J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-47471]
J1057-5226 [J1057-5226]
J1732-3131[J1732-3131]
J1745-3040 [J1745-3040]

Vela SNR parameters
Injection spectrum power law index:

Yigw = 2.000

Injection spectrum cutoff energy:
Ecutg = 100 TeV

Cosmic-ray injection timing :
delay: 9000 yr duration: 2000 yr
Best fit for total energy

in electron CR with E > 1 GeV:

Qogs = 0.47 10%8erg

100_

10—1_

10—2_

preliminary

Predicted Dipole Amplitude
caused by the Vela SNR

—— Measured Dipole Amplitude
White Noise 10 Region
White Noise 20 Region

1073

194 103
Threshold Energy [GeV]

This model explains the increase of the measured amplitude over the
white noise expectation band for threshold energy above 1 TeV
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Fit for Dy = 2-10% cm?/s
uration

Okyr delay, 2kyr d

103

102 4

CALET all-electron flux
AMS positron flux

10°

103
E [GeV]

104
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Best Fit (x2/ndof = 45.5/80.0):
— all-electron flux, x?: 9.6 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars

—— positron flux, x%: 35.9 (AMS-02 data)

---- background from secondaries
positron/electron flux from all pulsars
electron flux from local SNRs:

= \/ela-SNR best fit
individual pulsars:

—-= J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-47471]
J1057-5226 [J1057-5226]
J1732-3131[J1732-3131]
J1745-3040 [J1745-3040]

Vela SNR parameters

Injection spectrum power law index:
Yigw = 2.000

Injection spectrum cutoff energy:
Ecutg = 100 TeV

Cosmic-ray injection timing :

delay: 9000 yr duration: 2000 yr
Best fit for total energy

in electron CR with E > 1 GeV:

Qogs = 0.47 10%8erg
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V¥V 95% CL Fermi-LAT limits 2017
Predicted anisotropy for Vela SNR
best fit in Fermi-LAT bins (allowed) ,
™ duration 2000 yr, delay 9000 yr,
spectrum cut-off 100 GeV.
—_—
Ry
+ I
1%
w— preliminary
T L
102 103

Contribution from Vela significant only above 1 TeV
— the model is well clear of the Fermi-LAT limit

Energy [GeV]

Threshold Energy [GeV]
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Adding Cygnus Loop and Monogem
(Do = 2-10% cm?/s, 9kyr delay, 2kyr duration)

103
® CALET all-electron flux
AMS positron flux
102_
101_
100

10!

102

103
E [GeV]

10
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Best Fit (x2/ndof = 42.7/80.0):

— all-electron flux, x2: 9.1 (CALET data)

_ background from secondaries
and distant SNRs

= all-electron flux from all pulsars

= positron flux, x?: 33.6 (AMS-02 data)
--- background from secondaries

= positron/electron flux from all pulsars
electron flux from local SNRs:

=== Combined local SNR best fit
== Vela

=== CygnusLoop

=== Monogem

individual pulsars:

—-- J0633+1746 [J0633+1746]

J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]
J1745-3040 [J1745-3040]

Vela SNR parameters

Injection spectrum power law index:
Yigs = 2.000

Injection spectrum cutoff energy:
Ecytens = 100 TeV

Cosmic-ray injection timing :

delay: 9000 yr duration: 2000 yr
Best fit for total energy

in electron CR with E > 1 GeV:

Qo = 0.14 10%erg

100_

10—1_

10—2_
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= Predicted Dipole Amplitude
—— Measured Dipole Amplitude

White Noise 1o Region
White Noise 20 Region

preliminary

102 103
Threshold Energy [GeV]

The influence of Cygnus Loop (opposite direction of Vela) reduces the
dipole amplitude above 5 TeV from 1.116 to 0.433 in this case.



Scan Results for Dy = 2-10%° cm?/s

Dipole anisotropy amplitude for lower threshold energy 5 TeV

Delay [yr]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Duration [yr]

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000
11000
12000

— Vela + Cygnus Loop + Monogem

0.613

Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded
(none for these conditions)

0.248

dipole amplitude



Scan Results for Dy = 1-10%° cm?/s

Dipole anisotropy amplitude for lower threshold energy 5 TeV

Delay [yr]
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Duration [yr]

10000
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o e [ e[ [ [ - | - [
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Green frame: Fermi-LAT allowed
Red frame: Fermi-LAT excluded
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0.15

dipole amplitude
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103

Best Anisotropy for 3-SNR Case
(Do = 2-10%® cm?/s, 9kyr delay, 1kr duration)

102 4

CALET all-electron flux
AMS positron flux

10°

E [GeV]

Best Fit (x2/ndof = 43.0/80.0):
— all-electron flux, x2: 9.2 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars
= positron flux, x?: 33.8 (AMS-02 data)

---- background from secondaries

= positron/electron flux from all pulsars
electron flux from local SNRs:

=== Combined local SNR best fit

== Vela

=== CygnusLoop

=== Monogem
individual pulsars:

—-- ]J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]
J1745-3040 [J1745-3040]

Vela SNR parameters

Injection spectrum power law index:
Yigs = 2.000

Injection spectrum cutoff energy:
Ecute = 100 TeV

Cosmic-ray injection timing :

delay: 9000 yr duration: 1000 yr
Best fit for total energy

in electron CR with E > 1 GeV:

Qo = 0.11 10%erg

100_

10—1_

10—2_

preliminary

Predicted Dipole Amplitude
caused by nearby SNRs

—— Measured Dipole Amplitude

White Noise 1o Region
/ White Noise 20 Region

1073

102

103
Threshold Energy [GeV]

Changing the emission duration 2kyr — 1kyr increases the dipole amplitude from 0.433 to 0.613



B/C-Ratio and Be-Ratios for
Do = 2:-10%8 cm?/s

Diffusion zone half height L = 4 kpc Diffusion zone half height L = 1 kpc

0.30 1.0 0.30 1.0
B/C ratio Be-7 to all Be ratio B/C ratio Be-7 to all Be ratio
= DRAGON = DRAGON = DRAGON = DRAGON
0.25 ® CALET data Pamela Data 0.25 4 ® CALET data Pamela Data
' AMS data 0.8 - Be-10 to Be-9 ratio ' AMS data 0.8 + Be-10 to Be-9 ratio
; — = DRAGON == DRAGON
] ® Pamela Data ® Pamela Data
0.20 A .‘ 0.20
s % 0.6 0.6 1
o & e o e
£ 0.15 & = £ 0.154 -
e & = e c
! 0.4 0.4
0.10 '0. 0.10
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E / nucleon [GeV] E / nucleon [GeV] E / nucleon [GeV] E / nucleon [GeV]

The low diffusion coefficient causes overproduction of secondaries unless the  scraio

CALET PRL 129, 251103 (2022)

diffusion zone is very thin, but that creates tension with the Berillium-7 ratio AMS-02 PRL 120, 021101 (2018)

- Reduced diffusion around SNRs only could solve this (future work) Francesco Nozzoli, Cinzia Cemett,

Universe 7 (2021) 6, 183



ratio

Diffusion zone half height L = 4 kpc

B/C-Ratio and Be-Ratios for

Do =1:-10%8 cm?/s

0.30 1.0
Be-7 to all Be ratio
= DRAGON
0.25 - Pamela Data
0.8 A Be-10 to Be-9 ratio
= = DRAGON
‘ Pamela Data
0.20 A @
$ 0.6 1
‘ .
0.15 “‘ % %
. 0.4 1
[
0.10 ..“¢
B/C ratio ‘¢+ + 0.2 1 : \
0.05 1 — DRAGON \ P Y. S
® CALET data + s G | ‘
AMS data l
0.00 T T T 0.0
10! 102 103 2x1071 3x1074x107! 6x107! 10°

E / nucleon [GeV]

E / nucleon [GeV]

Diffusion zone half height L = 0.45 kpc

0.30 1.0
B/C ratio Be-7 to all Be ratio
= DRAGON = DRAGON
0.25 4 ® CALET data Pamela Data
AMS data 0.8 A Be-10 to Be-9 ratio

= = DRAGON

Pamela Data

0.20 A
0.6 1
0.15 1 % /__
0.4
0.10 4 O it
024 ‘ \ |
0.05 1 ‘ ® O
6] l ‘
l
0.00 T T T 0.0 o = = =
10! 107 103 2x10 3x107'4x 10 6x10 10°

E / nucleon [GeV]

The tension is even larger for Do = 1:10%® cm?/s

E / nucleon [GeV]

B/C ratio:
CALET PRL 129, 251103 (2022)
AMS-02 PRL 120, 021101 (2018)

Be ratios:
Francesco Nozzoli, Cinzia Cernetti,
Universe 7 (2021) 6, 183



Conclusion and Outlook

The observed dipole anisotropy towards Vela with amplitude O(1) could be attributed
to emission from the Vela SNR for a strongly delayed emission with a hard injection
index and very low diffusion coefficient if Vela is dominant in the TeV region.

If assuming the same properties for Cygnus Loop and Monogem, the dipole
amplitude towards Vela depends strongly on the exact release timing and is ~0.6 at
most for the scanned cases.

This study used a very simple toy model for emission and propagation condition
- preliminary results requiring refinement

Study better motivated time dependent CR acceleration and escape models to
achieve this interpretation in a more realistic way.

Calculate nearby SNR contribution with reduced diffusion coefficient around the
source only, to reconcile the model with global propagation models explaining the
nuclei spectra data.

This work is supported by Waseda University Grant
for Special Research Projects No. 2026R-035.
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Fit for Do = 1-10%° cm?/s , 9kyr delay

103

102 4

e CALET all-electron flux
AMS positron flux

100

103
E [GeV]

Best Fit (x2/ndof = 67.9/80.0):
— all-electron flux, x?: 24.9 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars
—— positron flux, x%: 43.1 (AMS-02 data)
---- background from secondaries
+ positron/electron flux from all pulsars
electron flux from local SNRs:

= \/ela-SNR best fit
individual pulsars:

—-= J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]
J1741-2054 [J1741-2054]
J1745-3040 [J1745-3040]

Vela SNR parameters

Injection spectrum power law index:
Yigw = 2.000

Injection spectrum cutoff energy:
Ecutyn = 100 TeV

Cosmic-ray injection timing :

delay: 9000 yr duration: 0 yr

Best fit for total energy
in electron CR with E > 1 GeV:

Qog = 1.07 10%8erg

100_

10—1_

10—2_

preliminary

= Predicted Dipole Amplitude

—— Measured Dipole Amplitude
White Noise 10 Region
White Noise 20 Region

1073

103
Threshold Energy [GeV]

102

This model explains the increase of the measured amplitude over the
white noise expectation band for threshold energy above 1 TeV
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Fit for Do = 1-10%° cm?/s , 9kyr delay

103

102 4

CALET all-electron flux
AMS positron flux

100

102 103
E [GeV]

Best Fit (x2/ndof = 67.9/80.0):
— all-electron flux, x?: 24.9 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars

—— positron flux, x%: 43.1 (AMS-02 data)

---- background from secondaries
positron/electron flux from all pulsars
electron flux from local SNRs:

= \/ela-SNR best fit
individual pulsars:

—-= J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0835-4510 [J0835-4510]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]
J1741-2054 [J1741-2054]
J1745-3040 [J1745-3040]

Vela SNR parameters

Injection spectrum power law index:
Yigw = 2.000

Injection spectrum cutoff energy:
Ecutyn = 100 TeV

Cosmic-ray injection timing :

delay: 9000 yr duration: 0 yr

Best fit for total energy
in electron CR with E > 1 GeV:

Qog = 1.07 10%8erg

100§

10_13

le]

10_2'E

10_33

1074

V¥V 95% CL Fermi-LAT limits 2017
Predicted anisotropy for Vela SNR —
best fit in Fermi-LAT bins (allowed) ,
™ duration 0 yr, delay 9000 yr,
spectrum cut-off 100 GeV.
e
—_—
Ry
-
1%
—_—
preliminary
T LB | T T T
102 103

Energy [GeV]

Contribution from Vela significant only above 1 TeV -
the model is well clear of the Fermi-LAT limit
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Adding Cygnus Loop and Monogem
(Do = 1-10%® cm?/s, 9kyr delay)

Best Fit (x2/ndof = 58.1/80.0):
* CALET all-electron flux — all-electron flux, x2: 21.8 (CALET data)

AMS positron flux _ background from secondaries
and distant SNRs 100_
= all-electron flux from all pulsars
= positron flux, x?: 36.3 (AMS-02 data)
---- background from secondaries
= positron/electron flux from all pulsars
electron flux from local SNRs:
=== Combined local SNR best fit
== Vela
—— CygnusLoop 10—1 1
=== Monogem
individual pulsars: 0
—-- ]J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]
J1741-2054 [J1741-2054]
J1745-3040 [J1745-3040] 10—2 i

103

102 4

preliminary

R e = Predicted Dipole Amplitude

Injection spectrum power law index: —— Measured Dipole Amplitude

Yigw = 2.000 . i .
Injection spectrum cutoff energy: White Noise 10 Region

. Ecuter = 100 TeV . A .
Cossmic-ray injection timing : White Noise 2o Region
100 : delay: 9000 yr duration: 0 yr 10—3

1 N2 N3 N4 5 Best fit for total energy ) 2 : 3
10 10 10 10 10 in electron CR with E > 1 GeV: 10 10

E [GeV] Qogis = 0.32 10%%erg Threshold Energy [GeV]

The influence of Cygnus Loop (opposite direction of Vela) reduces the dipole
amplitude above 5 TeV from 1.475 to 0.274 in this case.
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Fit and Anisotropy for Conditions
Explaining most Nuclel Spectra

102 4

® CALET all-electron flux v, akaike et al. POS(ICRC2025) 005
AMS positron flux M. Aguilar, et al. PRL 122, 041102 (2019)

......
-----
.

10°

101 105
E [GeV]

Best Fit (x2/ndof = 35.0/80.0):
— all-electron flux, x?: 4.5 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars
—— positron flux, x2: 30.5 (AMS-02 data)
---- background from secondaries
+ positron/electron flux from all pulsars
electron flux from local SNRs:
= \/ela-SNR best fit
individual pulsars:
—-= ]0633+1746 [Geminga]
J0835-4510 [Vela]
J0940-5428
J1057-5226

Vela SNR parameters

Injection spectrum power law index:
Yigw = 2.344

Injection spectrum cutoff energy:
Ecutg = 100 TeV

Cosmic-ray injection timing :
duration: 10000 yr

Best fit for total energy

in electron CR with E > 1 GeV:

Qogn = 0.26 10%8erg

1073

100_

Dipole amplitude for 5TeV
threshold energy ~ 1.25

\> i

10—1_

10—2_

Predicted amplitude
for 5 TeV: 0.44

preliminary

—— Predicted Dipole Amplitude

—— Measured Dipole Amplitude
White Noise 10 Region
White Noise 20 Region i

103
Threshold Energy [GeV]

102

* Fit an anisotropy with propagation conditions and injection power law index from
[H.M. POS(ICRC2023)068 “A Cosmic-Ray Propagation Model based on Measured Nuclei Spectra’]
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102 4

10°

® CALET all-electron flux
AMS positron flux

10! 10? 103 104

10°

Best Fit (x2/ndof = 35.0/80.0):
all-electron flux, x2: 4.5 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars

positron flux, x2: 30.5 (AMS-02 data)
background from secondaries

+ positron/electron flux from all pulsars

electron flux from local SNRs:
Vela-SNR best fit

individual pulsars:
J0633+1746 [Geminga]
J0835-4510 [Vela]
J0940-5428

J1057-5226

Vela SNR parameters

Injection spectrum power law index:
Yigw = 2.344

Injection spectrum cutoff energy:
Ecutg = 100 TeV

Cosmic-ray injection timing :
duration: 10000 yr

Best fit for total energy

in electron CR with E > 1 GeV:

Qogn = 0.26 10%8erg

le]

Spectra

100 E
|=———1
1071 -
=
—_—
1075 a
] ¥ -
=== ) .
= preliminary
10734 ¥ 95% CL Fermi-LAT limits 2017
] Predicted anisotropy for Vela SNR
. best fit in Fermi-LAT bins (excluded) ,
| duration 10000 yr, delay 0 yr,
spectrum cut-off 100 GeV.
1074+ —
10 103

Energy [GeV]

The fit with this propagation model and these
Injection conditions is also excluded by Fermi-LAT




Fit and Anisotropy with PRL(2023)
Conditions (Vela only)

103

Best Fit (x2/ndof = 36.0/80.0):
— all-electron flux, x?: 7.2 (CALET data)

background from secondaries
and distant SNRs

= all-electron flux from all pulsars
—— positron flux, x%: 28.8 (AMS-02 data)
---- background from secondaries
+ positron/electron flux from all pulsars
electron flux from local SNRs:
= \/ela-SNR best fit
individual pulsars:
J0633+1746 [J0633+1746]
J0659+1414 [J0659+1414]
J0940-5428 [J0940-5428]
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]
J1732-3131 [J1732-3131]

® CALET all-electron flux
AMS positron flux

Vela SNR parameters

Injection spectrum power law index:
Yigws = 2.335

Injection spectrum cutoff energy:
Ecuteur = 100 TeV

Cosmic-ray injection timing :
duration: 10000 yr

0l N2 3 N4 5  Best fit for total energy
L 10 10 10 10 in electron CR with E > 1 GeV:

E [GeV] Qoeye = 0.81 10%8erg

Model parameters from POS(ICRC2021)100
Dipole amplitude for E>5TeV: 0.92

10°

100_

10—1_

10-—2_

1073

preliminary

Predicted Dipole Amplitude
caused by the Vela SNR

—— Measured Dipole Amplitude
White Noise 1o Region
White Noise 2o Region

194 103
Threshold Energy [GeV]

PRL(2023): O. Adriani et al. (CALET collaboration)
Phys. Rev. Lett. 131, 191001 (2023)
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Conditions (Vela only)

103 L
Best Fit (x*/ndof = 36.0/80.0):

® CALET all-electron flux
AMS positron flux

— all-electron flux, x?: 7.2 (CALET data)

_ background from secondaries
and distant SNRs 10°

all-electron flux from all pulsars
—— positron flux, x%: 28.8 (AMS-02 data)
---- background from secondaries
positron/electron flux from all pulsars
electron flux from local SNRs: 10_1
= \/ela-SNR best fit
individual pulsars:
J0633+1746 [J0633+1746] —_—
J0659+1414 [J0659+1414] w 1
10940-5428 [J0940-5428] 102 ¥
J1003-4747 [J1003-4747]
J1057-5226 [J1057-5226]

J1732-3131 [J1732-3131] — preliminary
10~

— 1021

1

JE3[s™Im~2sr~1GeV?

==V 95% CL Fermi-LAT limits 2017
Predicted anisotropy for Vela SNR
Vign = 2.335 — best fit in Fermi-LAT bins (excluded) ,

Injection spectrum cutoff energy: duration 10000 yr, delay 0 yr,
Ecutgys = 100 TeV spectrum cut-off 100 GeV.

Cosmic-ray injection timing : 10—4

Vela SNR parameters
Injection spectrum power law index:

duration: 10000 yr i L A T ———
161 162 103 10 105  Best fit for total energy

=
=11

10°

103
in electron CR with E > 1 GeV:
E [GeV] Qog = 0.81 10%erg Energy [GeV]

Model excluded by Fermi-LAT



Propagation Models from ICRC2021

0=0.5 (Kraichnan Turbulence)

Model A
Parameter

B

C

X

Dy [10280m2/s] 0.66
rs [kpc] 4.5
L [kpc] 3
zs [kpc] 1.8
Ry, [TV] 0.5
oy, 0.2
s 0.05
va [km/s] 0

1.32
4.5
6
3.5
0.5
0.2
0.05

1.78
4.5
9
5.3
0.5
0.2
0.05

0.16
3.0
6
0.6
1.0
0.01
0.3
18

i 2.34
Reut[TV] 100

2.34
100

2.34
100

2.335
30

Dy(sor) [10?8cm? /s]
O [GV]
® [GV]
O(10 GVH[GV]

2.68
0.32
2.0
0.43

5.35
0.34
2.0
0.45

7.22
0.36
2.0
0.47

1.31
0.89
0.37
091

D(r, z, R) = Dy max {e(rfrn)/rs7 1} e {e(Z*Zn)/Z.\"

14
CALET preliminary
12 l } l
= | 1
2 i
] BN
T 7 !
o |
% 1.0 /
£ T w,
S
ot
'/. Proton Flux (fitted to AMS-02), fit range: 5 - 2000 GeV
081f DRAGON Model X, x?/ndof = 42.16 / 53
i = DRAGON Model A, x?/ndof = 34.47 / 53
= = DRAGON Model B, x?/ndof = 30.03 / 53
DRAGON Model C, x?/ndof = 27.22 /53
0.6 AMS-02 data
® CALET data
DAMPE data
10! 102 10° 10 10°
E [GeV]
0.30
Helium Flux (fitted to AMS-02)
DRAGON Model X x2/ndof = 39.19/ 49
= DRAGON Model A
== = DRAGON Model B
0.28 DRAGON Model C
AMS-02 data
3 0.26 T
E .
&
i
£
5
0
2024
=z
0.22
0.20
10! 10? 10° 10*
RIGV]

\‘ B/C ratio (fitted to AMS-02)
N DRAGON Model X y?/ndof = 40.47 / 48
\ == DRAGON Model A y?/ndof = 36.49 / 48
x\ = = DRAGON Model B x?/ndof = 35.41/ 48
0.204 DRAGON Model C x?/ndof = 30.91 / 48
AMS-02 data
\ ® CALET data
+0
0.15 4 ¢
s
I o
o d CALET preliminary
@
0.10 4
0.05
0.00
10! 10? 10° 10°
E / nucleon [GeV]
18
Helium Flux (CALET & DAMPE)
DRAGON Model X
16| = DRAGON Model A
. == = DRAGON Model B
DRAGON Model C
« CALET data
1.4 DAMPE data
>
]
2 124
B
' . .
g CALET preliminary
T 1.0
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B |
0.84 J’|'|_‘I_|I||1UH|]
/ il I
1
0.6 /
/
/.
4
/
0.4 +4
10! 102 10° 10° 10°

E/particle [GeV]



Anisotropy with DRAGON

. : : Non-equidistant spatial grid
Directional flux calculated from > Dense grid around Sun:

differences in cosmic ray density F: Anisotropy in 642 directions

(I)dir:q)avg 1+3D (Fxl_FXZ)/|X1_X2|

C

Sun

o X2



Flux x E* [GeV? m2 s sr]

Residuals (A y)

HESS electron flux measurement
and observation region
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Energy [TeV]
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Phys. Rev. Lett. 133, 221001 (2024)
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The HESS electron flux/upper limit is from observations
mostly pointed away from the Vela direction — models
with strong anisotropy can circumvent this limit
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