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Northern Cross

Locatelli et al. 2020

T-shaped transit 
radio telescope
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~ 𝟑𝟎𝟎𝟎𝟎 𝐦𝟐 
collecting area

16 out of 64
N-S cylinders

Currently under 
refurbishment
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Detection pipeline

High time-
sampling data 

acquisition
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FRB 20240114A

FWHM = 1.8 ms

Fluence = 127.8 Jy ms

FWHM = 1.9 ms

Fluence = 57.6 Jy ms

DM = 527 pc cm −𝟑Pelliciari, Geminardi et al. ATel 16547
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Magnetars
Super-magnetized neutron stars

Magnetic field strength: 

𝐁 ~ 𝟏𝟎𝟏𝟒 − 𝟏𝟎𝟏𝟓 𝐆

Persistent X-ray sources:
𝐋𝐗~𝟏𝟎𝟑𝟒 − 𝟏𝟎𝟑𝟔 𝐞𝐫𝐠 𝐬−𝟏

Transient activity:
Outbursts - Bursts

- Giant flares
𝐋𝐗~𝟏𝟎𝟑𝟗 − 𝟏𝟎𝟒𝟔 𝐞𝐫𝐠 𝐬−𝟏

ESA/Esposito P.



Magnetars

CHIME/FRB (2020)

Bright radio burst emitting magnetars

SGR J1935+2154
(CHIME/FRB 2020)

1E 1547-5408
(Israel et al. 2020)
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Best-fit relation 
between DM 

and 𝐧𝐇 

Electron density 
distribution in 
the Milky Way

Geminardi et al. 2025 (submitted)

Giant-flare 
magnetar

He et al. 2013Yao et al. 2017Cordes & Lazio 2002

332.7206(9)



Targets and DMs

Magnetar
candidate

FRB-like
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Best-fit relation 
between DM 

and 𝐧𝐇 

Electron density 
distribution in 
the Milky Way

+ 5 ephemeral pulsating magnetars during outburst phases
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Giant-flare 
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Monitoring & Candidates
Daily cadence observations (~ 560 hours observed)

~ 1.3 million candidates found

~ 20000 candidates

selected by FETCH

DM range
20 – 3000 pc cm −𝟑

Width range
0.1 – 70 ms

Geminardi et al. 2025 (submitted)
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Monitoring & Candidates
Daily cadence observations (~ 560 hours observed)

~ 1.3 million candidates found

~ 20000 candidates

selected by FETCH

DM range
20 – 3000 pc cm −𝟑

Width range
0.1 – 70 ms

No radio bursts associated 
to the magnetars
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Campaign sensitivity

𝐅𝛎 = ൗ𝐒
𝐍

𝐒𝐄𝐅𝐃

𝐀 𝐍𝐩𝐍𝐜(𝟏 − 𝛏)𝚫𝛎𝐜𝐡𝐰

𝟏

𝐆(𝐓𝐨𝐀)

𝐄𝐦𝐢𝐧 = (𝟏. 𝟑𝟒 – 𝟐. 𝟕𝟐)  × 𝟏𝟎𝟐𝟎 𝐃

𝐩𝐜
 erg

1 ms burst S/N = 7
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𝐩𝐜
 erg

1 ms burst S/N = 7

Detectable 
events

FRB-like radio bursts 

Giant pulses-like 

Most energetic pulses from
RRATs and pulsars

Adapted from Nimmo et al. 2022
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Upper limits

SGR J1935+2154 bursting activity

1 FRB-like event (CHIME + Bochenek 2020)
 and few fainter events

POISSON DISTRIBUTION
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Upper limits
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Power-law distribution

𝑹 𝝀𝒎𝒂𝒈, 𝜸; 𝑬 > 𝑬𝒎𝒊𝒏,𝒋 =  න
𝑬𝒎𝒊𝒏,𝒋

𝑬𝒎𝒂𝒙

𝑲𝟎

𝑬

𝑬𝟎

−𝜸

𝒅𝑬

Rate of detectable events 𝑬 > 𝑬𝒎𝒊𝒏  

2 free parameters

𝝀𝒎𝒂𝒈 𝜸

Slope of the power-
law energy 

distribution of 
single bursts

Rate of events with 
energy greater 

than the SGR J1935 
FRB-like event  

𝑬 > 𝑬𝟎  

&
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Resulting plots

Steeper slope

Many low-energy 
detectable events

Flatter slope

Few low-energy 
events and 
strong 𝛌𝐦𝐚𝐠 

dependence

𝜸 ≲ 𝟏. 𝟏 𝜸 ≳ 𝟏. 𝟒
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Resulting plots

Steeper slope

Many low-energy 
detectable events

Flatter slope

Few low-energy 
events and 
strong 𝛌𝐦𝐚𝐠 

dependence

Upper limit for 
flat power-law

𝛌𝐦𝐚𝐠  < 𝟕. 𝟒 yr −𝟏

Upper limit for 
steep power-law

𝛌𝐦𝐚𝐠  < 𝟏𝟎−𝟑 yr −𝟏
DISFAVOURED BY THE RADIO BURST 

DETECTIONS FROM MAGNETARS

𝜸 ≲ 𝟏. 𝟏 𝜸 ≳ 𝟏. 𝟒
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Comparison with other FRB works
CHIME/FRB 2020

SGR J1935 + 15 nearby 
galaxies

0.007 < 𝝀𝒎𝒂𝒈 < 0.4 yr −𝟏

NC (Pelliciari et al. 2023)

7 nearby galaxies

𝝀𝒎𝒂𝒈 < 0.42 yr −𝟏
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0.007 < 𝝀𝒎𝒂𝒈 < 0.4 yr −𝟏

NC (Pelliciari et al. 2023)
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NC NEW

7 Galactic magnetars +
7 nearby galaxies

𝝀𝒎𝒂𝒈 < 0.043 yr −𝟏
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• We observed 7 Galactic magnetars          
+ 1 candidate for ~ 560 hours.

• We are sensitive to FRB-like events, giant 
pulses and pulsar-like emission.

• No detections → 𝐑𝐭𝐨𝐭 < 𝟓𝟐 yr −𝟏.

• We constrained the energy distribution 
using our limits and the literature ones.

Summary Conclusions&
• Our Galactic observations are sensitive to 

the low-energy events, constraining the 
energy distribution.

• Power-laws steeper than 𝜸 ≃ 𝟏. 𝟒 are 

disfavoured by the current limits.

• Our results are in tension with the 
models that attempt to use magnetar 
emission to explain the FRB all-sky rate.

Geminardi et al. 2025 (submitted) Geminardi et al. 2025 (submitted)
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FRB observations & Detections

NC long-term monitoring 

Multi-frequency campaign

FRB 20240209A FRB 20240316AFRB 20240114A

Possible 
~ 126 days

periodicity



Power-law emission

𝑹 𝝀𝒎𝒂𝒈, 𝜸; 𝑬 > 𝑬𝒎𝒊𝒏,𝒋 =  න
𝑬𝒎𝒊𝒏,𝒋
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𝑲𝟎

𝑬

𝑬𝟎

−𝜸

𝒅𝑬

Rate of detectable events 𝑬 > 𝑬𝒎𝒊𝒏  

𝝀𝒎𝒂𝒈  =  න
𝑬𝟎

𝑬𝒎𝒂𝒙

𝑲𝟎

𝑬

𝑬𝟎

−𝜸

𝒅𝑬

Rate of events with energy greater than 
the SGR J1935 FRB-like event  𝑬 > 𝑬𝟎  

𝑬𝟎 = 𝟑 × 𝟏𝟎𝟑𝟒 erg 

Energy of the SGR J1935 FRB-like event 

𝑬𝒎𝒊𝒏,𝒋 = 𝟏. 𝟑𝟒 × 𝟏𝟎𝟐𝟎 𝐃

𝐩𝐜

𝟏

𝑮(𝑻𝒐𝑨)𝒋
 erg

Minimum detectable energy

𝑬𝒎𝒂𝒙 ≅ 𝟑 × 𝟏𝟎𝟒𝟒 𝑩

𝟏𝟎𝟏𝟔𝑮

𝟐 𝜼

𝟏𝟎−𝟓  erg

Suggested maximum energy 

𝑹 𝝀𝒎𝒂𝒈, 𝜸; 𝑬 > 𝑬𝒎𝒊𝒏,𝒋 = 𝝀𝒎𝒂𝒈

𝑬𝒎𝒂𝒙
𝟏−𝜸

− 𝑬𝒎𝒊𝒏,𝒋
𝟏−𝜸

𝑬𝒎𝒂𝒙
𝟏−𝜸

− 𝑬𝟎
𝟏−𝜸
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