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What are;magneierse

 Magnetically peweredinetitren stars

- Neutron stars Withfmagnetie fields
..__*./Iarger than

=[SVl use boethidefinitions and also
feCUS on effects that become
ImpeltaniasiBiapproaches Byp.
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The SGR/AXP
Conneciion

o INTEGRAL/RXTE
QPSERNATIONS have
foUndinard -X-ray.
emission from
—SGR200+ 14
— SGR1806-20

AUR0142+614
s IRXS J170849-4002
= i G 1E1841-045

| E2259+586

Kuiper et al. 2006




Ihe SGR/AXP @ennecileon

e INTEGRAL/RXTE
observations
havefound
hards*€ray

e ission from
=8SGR 1900+14
— "SGR 1806-20
—/U 0142+614

— 1RXSJ170349-+

-—--4009—=—

— 1E1841-045
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Nen-thermal Emaissien

|
o
T T

e X-rays, gamma-
rays andioptical.

e Ozel peints out
thattno thermal

echanism
poewered by
energy. through
the crust.can
accecountfonthe
SO ptical’emission™

and be consistent
WwiththeX-ray
emission
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Ozel “‘04: Hulleman et al. ‘00




Understandin@iineE @ UISIS

 Standard,model (Thempsents&zBuncan
‘96); magnetic reconnection ofan
evelving supereriticalfieldiimagine the
Stin with'a solid!erust:

—\Vagnetic heliecityflows throtigh'the crust
sporadicallyidriving strong:currents through
the magnetoesphere (Alfivenic cascade)

seEAlteTnatiVerpictlre - reconnection also
generatesfastwaves that shoek.




Understandin@iineE @ UISIS




Understandin@iineE @ UISIS

Infan"Alfven wave, the
perturbation to the
magnetic field is
perpendicularto the
magnetic field of the
star.




Understandin@iineE @ UISIS

Alhefastmode s an
‘eleciromagnetic wave.

[heperturbaiion to the
magnetic field lies at
leastin partin the
direction of the
magnelic field.

The eleciric field s
perpendiculartothe
magneilic field of the
star.




Understandin@iineE @ UISIS

Both'types of
Wwave can be
produced in the
magnhetosphere
Wwithout any
action in the
crust. The sun
does it all of the
time.




Non-Linear Eleciieaynamies

e The Lagrangian of therelectromagnetic
fleld is,a‘complicatediftinction ofthe field

Invasants.

. 1 *d¢ _; | ab a b 1
£__ZI+87rsz/0 ?e ¢ [B,% co h((B—k) cot ((B—k) _C_zl

where =2(astbi)s= HidF=F TR I=F 'F-and
B =44M0L G

L e— A ——
= Non-linearty leads to'shocks that can be
Understeed using characteristies.




FEAST-Mode /SNeEKS

e When an
eleciromagnetic
(oL MEIP) wave

VAl fhrough'a

SIIENG MAgNEIIE
fleld; shocKSican
form.

o AfteineisheEks
ferms; the energy.
ISidisSIpaTed




FEAST-Mode /SNeEKS

e When an
eleciromagnetic
(oL MEIB) wave

sesti@ VE(S Througn @

SIIENG MAgNEIIE
fleld, snocKSican
form.

o Aftc@ineISEOEK
ferms; the energy.
ISidisSIpaTed




East-Mode /Paif@e@scace

« \What happens ifithererare’se: many:
pairsthat the magnetesphere

beGomes optically thick?

=A\\lhat is the eptically thin-emission?
—Simple treatment using - asymptotic
scalings
—Vere acclrate treatment using wave
equation




30

N
%))

log dF/dr [ erg cm™3 s7! |
N
S

15

T T T T T T T T

1 1 111 l 1 — 1

I T T T T T T T T

dE 4

_OC’/-_

dr
dB A

_OC’/-_

dr

1 1 1 1 l 1 — 1

T T T

| — 1

0.5

1 1.5
log (r/R)
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Non-thermal emission:
Initial pairs’ are-at rest in
the frame of the wave.
Earlysgefierations of

Achrotron photons
pair produce until

log,, E [keV]




Non-thermal emission:
Initial pairs’ are-at rest in
the frame of the wave.
Earlysgefierations of

chrotron photons
pair produce until

EEETheinnermost pairs cool

the most quickly.

log,, E [keV]




fasi-Mode/Pall

1/2

# vF!+ocv

s, 1

Non-thermal emission:
Initial pairs’ are-at rest in
the frame of the wave.
Early,gfeff/erations of

nchrotron photons
pair produce until

parameters:
amplitude,B,.,

T Cold pairs'emit at the

cyclotron frequency:

| | | | ‘
5
log,, E [keV]




Fast Mode Paig@ascace (4)

e The streng@gth effthenvave
determlnes atwhich'magnetie
- lield strength itWillFereak:

= mportant parameters:

—\Nave direction and product of
_amplittideand i fregiency.

“WMagnetic dipole moment of the
neutren star.




Angular Depen@dence

e The rate afwhich
shocksgiorm
depends on fhe
T Cgnetic field
Sirength andithe
adngle of

oJfo)oYeleleliolnk




Angular Depen@enece

* Brs=30BqeD:
b=QBQED,7\=1 00m

e Theremission from
e CAScade

depends sireonaly.
on‘angler(cuisiofi
el 97

T R ————
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Angular

DeEPERNEGERNECE

e Thermal.emissioniillfpeakieotitof
phaseiwith nensthermalfemission:

- |0 see bothihotspets: the non-

..M_____d——‘/

thermal emissien’is 90-1802 eut of
phase fromthe main peak.

= |[ffyou onlyssee ene hot spot, the
hensthermmalfemission'is 180° out of

phase.




e [RXS J1/70854009=
Kuipereigal 2006

s Low’én/ergy OEAkS 02

eefore'high energy.

s Similar butilesstdramaiic
rends in4UiO142-t6]

CRCRIER22595586
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Arbitrary Phase




Fleld Dependenee

e The rate at,which
shocks#tonm
depends oniine
| .ognehc field
sirengih andaihe
dngle of
ojfo)olelefolieInk

o | NAWE GIKSTIE|GISTRITAIS magnetars
difficultto ger i
SREEKS:.
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Fleld Dependenee

* Bys=0. 1Boep)
0=0.01BGep A=20u

e Togget shocksiin
sUchiaweakitield;
Tmeinital
wavelengintmusi
peiunrealistically;

R . R ——

Small




Fleld Dependenee

e Here thesshock
forms clese 1o ihe
ST

sEncray.dissipated
OVElA NAITOW.
[Ange ofificlds:

o MOST O INERWGV.E
e SECISSIPETECTT




AtModel for MegRel@rs

BNS [G]
1011 1012 1018 1014 1015 1016

The surface of @
magnetar emitsivarious
MHD waves' infto the Shocks cannot form.
magneiosphere.

__Aiflef waves powerine

et A ditional Thompson &

Duncan burst.

[he currents IES photons
from the surface.

Can generate any.
Specirum anditime
dependence:

S NomeEpEetiEs magnetars
CUTOIT. '

log A,/ (b/By) [cm]

-1 ¢} 1
log BNS/BQED




AtModel for MegRel@rs

Bys [G]
101t 1012 1018 1014 1015 1016

The surface of @
magnetar emitsivarious
MHD waves' infto the Shocks cannot form.
magneiosphere.

= /._Fos’r--\/\‘/’cves form shocks
B T 0 QED!

Sometimes the wave s
large enough to
produce a firepball;
otherwise it generates
non-thermal .emission
from the ‘opiicalioy-ray.

s MagneticHield CUTOfflss magnetarS

—==Speciiicspecirum and
fime dependence.

log A,/ (b/By) [cm]

-1 ¢} 1
log BNS/BQED




ine Future

e The upperlimits from
CGRO seem‘to
indicate that thehard
emission doesn’t

s eYtend past 1Mela

=2Poithe sources\vary.
onlleng timeseales?
— AXP 1E2259+586

® A pa”‘ Cascade —_ AXP 4U 0142+81

— AXP RXS J1708-40

haturallyiendsstMe\s i =g

— PER B0531+21 (Crab)

soone could’expect oo £
a break atithis g
energy.

% o
E? x Flux [MeV / em® -S*M&V]

Kuiper et al. 2006




ine Future

e \What happens to allefitherpairs?
— Do theyzannihilate?
— Doesfthis produce allinelorantexecess?

es\\/hat about polarization?

=\\'hlat happensitethe spectium if the
cascade oceursinthe strengfield
regien?
sSel\/\/Mattypetoffspectitim does a distribution
of initiallwave intensities and angles
yield?




What would [NikeSierknew:e

e From the/nuclear peeple:

— Is therea gap? ldoenitreallyearewhetherit’s
0:5%6r'2 MeV (neutron'stars are cold).

s the proton superconductoriype |l orlype II?
IfitIs Type |l;do currents aleng:the vortices
make it actlikellypel?

—\\Vherelsithelgtiark-hadron‘phase transition?
e stresthelgtiarkiphase has lots of structure but
Itmay. be completely irrelevant.




What would [NikeSierknew:e

e From the/elservers:

— Should’l,really believeithesellines; periods,
perlod derivatives; errerbarsete.? More
\Vonte Carlo includinginstrttmental
uncertainties.

—*Rare systems cantelluslots(e.g. 0737). Get
me more!SHoWw aboettsome eclipsing binaries
N globulageltstersterreally:young cooling

s nettronistars?s

SR IR ol i _no.
— Coordinated timing campaigns as BATSE did
foracereting neutron stars.




