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Context

+ Primaries e Magnetic Field Lines
w, v-Photons e Current Layer
w, Soft-Photons

* Pair plasma o X-Poiats

* Magnetic reconnection

Continuous cycle — o dependent 1
« ¢7,e’ dragged in the current sheet, magnetic energy
distributed among the pairs, y ~o, where o= (7 N R o %
Ug/2nimec A P L R - () (P )
* Pairs emit synchrotron photons up to energies €, ~ bo?
(strong synchrotron cooling) ‘I‘ -
« ¥ — ¥ interactions create more pairs, magnetization o is
regulated .

How does this cycle end? By
» System sustains a balanced state, or

* Pair production continues until the system reaches the
threshold
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Methods

- Primaries e Magnetic Field Lines

w, v-Photons e Current Layer

w, Soft-Photons

Monoenergetic approach of kinetic equations * X-Poins
with three particle populations —

* Primary pairs at €ppiy = k0, kK = 3 — 4!

* Photons with €, = b(ko)* l

* Secondary pairs with €5, = b(ko)?/2 - — -
Linear analysis E =, >‘< >< ; ><><< ":-.)

* |dentify solutions analytically

* Classify their stability i Q"

System parameters
* |nitial magnetization, o, By
e Upstream magnetic field, B
e Current sheet length, L

[1] e.g., Chen et al., 2023
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Primaries: Nprim (T)

Set of ODEs phetons: R

Secondaries: n T
Catastrophic sec ()

l Synchrotron losses? Magnetization: o(7)

dnprim (T) 2]LjreclB
dt — KO'(T) R §lBKO-(T)inim(T)

d 41 ’
nzi/,fr) — 35 p‘rlm(T) — ny(T) -3 (O-thr) n]z/(T)}[(O_(T) — Othr)

t
d sec Y — 7 loss term
ndT(T) B §<0( )) n)Z/ (DH (0 (1) = Othr) = Nsec(T)

Othr

Magnetization regulation

via newly created pairs [2] Stawarz & Kirk, 2007

4 August 25, 2026 | 6th Hel.A.S. Astrophysics Summer School Konstantinos Xanthos Argyropoulos | KU LEUVEN




System solutions

We set the derivatives =0
 Stationary values are denoted with a “—
* Heaviside is set =1, assuming & > oy

1

We find two solutions

Solutions: Critical initial magnetization:

«

AU

) 4

gy 09o,c
o,=—11+ [1 -2 3V 2 4+/2
b2 / O %0c = IpbK? \/1 3 Jrects =2

4 |

)

August 25, 2026 | 6th Hel.A.S. Astrophysics Summer School

{1 y=x
— Threshold

Konstantinos Xanthos Argyropoulos

KU LEUVEN




System solutions

99 . y=Xx
- Threshold
We set the derivatives =0 81 == oy =2(1-y/1-%
 Stationary values are denoted witha “” | — e=2(1+y1-%)
* Heaviside is set = 1, assuming @ > Oy, o hen oy < 0| the
. : ) 6 t to tl
We find two solutions e i
threshold:
5 1 2 D
Solutions: Critical initial magnetization: S Nmmmmee _ 21/4
@ B a D 1 0= Othr = b1z
01,2=@ 1+ 1_% N 32 ) 42 ; ) . \_ l Y,
2 2 %0c = pa\ JL T3 frecls ~ S
\ / \ J log 0o
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Linear analysis — Equilibria classification

Eigenvalue characteristic polynomial:

24 (Rsyn + 3+ ¢1)2% + (2Rgyn + 1 Rsyn + ¢1 + 1A+ (1 + c))Rgyn — ¢z = 0

Too complicated to solve analytically

* Although the synchrotron cooling rate Ry, is considered large, it is still hard
to solve

* c{, C, depend on the system’s parameters
* We rely on a numerical cubic solver
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Linear analysis — Equilibria classification

— Threshold

Solution g; ‘]

« Two negative eigenvalues, one positive
— saddle point
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)

L
10%2cm

log (

Linear analysis — Equilibria classification

Qolution .
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Linear analysis — Equilibria classification

99 . y=Xx
- Threshold
Solution gy o
« Two negative eigenvalues, one positive N
— saddle point 5
O 6
O
Solution o, 51
 All three eigenvalues are negative — .
stable point
3
3 4 5 é 7 8 9
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Linear analysis — Equilibria classification

94| ___ y=Xx
- Threshold
Cnliitinn . sl _ (1 1 )

6
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Numerical solutions (Crab pulsar LC)

B ~ 2 x10°G
L ~2x10%m?*
| 10°;
10°- :
C | C |
IS L
= — o + 107
N 1031 — s N | ———
45 ] == Onhum 46 Tthr
% Othr g']
2 104 £ 10%;
] 0-0 = ZO-O,C O-O = 0.90-0,0
10°; 10°;
10~° 107 10 1073 107! 10! 10° 10~° 1077
ct/L

12
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[4] Uzdensky & Spitkovsky, 2014
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Numerical solutions (Crab pulsar LC)

B ~ 2 x10°G
L ~2x10%m?
| 10°
10°] T “.
s |
. For oy < 0¢ ¢, the solution is in E
N 107 agreement with [1] Chen et al., E
“é 2023 where they found o ~ 5 E
S 104] with a dependence « B~1/2 :
Og = ZO-O,C :
103_- threshold o, o< B~1/2 i
10~° 10~7 1075 1073 10-! 10! 10° 10° 107 10~° 1073 107! 10!
ct/L ct/L
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Pair enrichment

M87* (MAD)
SgrA* (MAD)
y-ray pulsar (LC)

An initial magnetization oy < g ¢
leads to the threshold

Maximal pair multiplicity

__Oo,c 1
Nmax = -
Othr
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Conclusions

Using a monoenergetic approach we found two stationary solutions (+ threshold)
* System prefers the stable root o, ~ g, over g4

A very high (initial) magnetization (gy > 0y () doesn’t increase the pairs

significantly

* Pair enrichment is limited: n ~ ? -1«K1
2

Below critical magnetization, system drops to threshold
* This solution is in agreement with Chen et al., 2023

2
» Defines a maximal pair multiplicity 7,4, & 6 X 10° B™5/2£71(v/1 + 0.03B2L — 1)
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Questions?

Thank you!
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Backup slide

M R p P
B, ~3x10%G | — ( : ) ( ) ¢ L~R
Le <1.4M@> 10km <10—13> 0.1sec ke

. 1/2 —-1/2
Byap = 5006 = My, 1) 5 L~afewRy
f#(as)

[4] e.g., Uzdensky & Spitkovsky, 2014
[5] Stathopoulos et al., 2024

extra August 25, 2026 | 6th Hel.A.S. Astrophysics Summer School Konstantinos Xanthos Argyropoulos | KU LEUVEN




