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SGR1806-20             http://www.physics.mcgill/pulsar/magnetar/main.html

- magentar with B
surface

 ~ 1014-15 G

- Period P ~ 7.6 s;  
  P-dot    ~ 7.5x10-10 s/s (varies x8);  (e.g. Nakagawa etal 2009, Mereghetti 2011)  
  Age   τ    ~ kyr                        (e.g. Kouveliotou etal 1998) 
  Dist.    ~ 6–19 kpc                   (e.g. McClure-Griffiths & Gaensler 2005; 
                                                                Bibby etal 2008; Svirski etal 2011)

           
--> spin-down power L

sd
 ~ few x 1034 erg/s

- magnetic dissipation energy ~ 1035-36 erg/s

- many short/intermediate flares 1040-43 erg/s

- giant flare ~1047 erg/s  27 Dec 2004

C1 1806-20
- massive stellar cluster (parent cluster of SGR1806-20?)

- 4 x WR stars + luminous blue variable LBV 1806-20
                --> combined stellar wind KE > 1038 erg/s
---------------------------------------------------------------------
--> Potential site for multi-TeV particle acceleration
            (giant flare models eg. Halzen etal 2005, Ioka etal 2005; Liu etal 2010)
--> TeV gamma-ray obs: search for transient & steady emission



  

4,5,6,7 σ  significance 
contours (r<0.1 deg)

H.E.S.S. TeV Image (>0.4 TeV) smoothed excess counts

- ~6σ (pre-trial) at radio position (r<0.1 deg)
- >7σ (pre-trial) fitted pos. (r<0.2 deg) 

Preliminary

H.E.S.S. Galactic plane 
scan + dedicated obs. 
(~82 hrs; 2004 – 2010)

Fermi-LAT GeV   
(Abdo etal 2011)

Energetics 0.5-5 TeV
(r<0.2 deg)

F ~ 1.3x10-12 erg/cm2/s

L
TeV
~ 1.2x1034(d/8.7kpc)2  

                 erg/s 

dN/dE= N E-Γ ph/cm2/s/TeV

N = 4.2(± 0.5) x 10-13 
Γ = 2.5(±0.2±0.2)
 
       stat & sys. errors

Flux is steady (30min & 
nightly timescales)
 

0.2o



  

SGR1806-20 : Spitzer IR (rb=24/8 µm) HESS TeV 
Contours

VLA 1.4GHz 
contours 
(Jy/beam)
Kulkarni etal 
1994

G10.0-0.3 
Radio nebula

Preliminary

L
radio

 ~few x1032 erg/s 

      (d=8.7 kpc)

Likely powered by 
LBV rather than SGR!

(Hurley etal 1999; 
Gaensler etal 2001; 
Kaplan etal 2002)



  

SGR1806-20 Steady/Extended X-ray Emission 

Radius < few arcsec 
(unpulsed ~90-95%)

2-10 keV
Power law or thermal 
kT~10 keV      
  (B-SAX Mereghetti etal 2000)
  (XMM Mereghetti etal 2007)
  
20-60 keV
Power law 
   (INTEGRAL Esposito etal 2007)

L
x
 ~few x 1035 erg/s 

   > ~ L
spin down

No evidence for X-ray PWN. 
Radius < ~0.2pc 

Extreme B-field --> PWN 
short-lived (few yrs) and 
small. Other magnetar PWN: 
1E1547.0-5408? 
(Yes - Vink etal 2009, 
 No - Olausen etal 2011)

Chandra 
(Kaplan etal 2002)

 Dust-scattring 
   halo



  

Halpern etal 2010

Pulsar-powered? Magnetically-powered? Energetics

Spin-down power

L
sd
 ~ 3 to 6 x1034 erg/s   

L
TeV
/L

sd
 ~ 0.2 to 0.3

Magnetic dissipation 
(reconnection) power 
(e.g. Zhang 2009)

L
B
 ~ 1035 to 36 erg/s

L
TeV
/L

B
 ~ 0.01 

--> TeV luminosity from 
spin-down possible but 
magnetic dissipation 
power clearly available.



  

SGR 1806-20

Pulsar Wind Nebulae
Trends 

L
x
, L

TeV
, Age, L

sd

(Mattana etal 2009)

Typically 

L
TeV
 ~ < 0.1 L

sd

SGR1806-20

L
TeV
 / L

sd 
 ~ 0.2 to 0.3

L
TeV
 / L

x
 ~ 0.1  

--> outlier on F
TeV
/F

x
 vs.    

     spin-down trend 

--> ok with F
teV
/F

x 
vs. age    

     trend 

* *

* *



  

Massive Star Cluster C1 1806-20              Figer etal 2005

- 4 x WR stars; 4 x O stars
- Lum. Blue Variable (LBV)
   LBV 1806-20 
   (similar to Pistol star, η-Car)
- Cluster wind KE L

KE
 > 1038 erg/s

    L
TeV
/L

KE
 < 10-4 

- stellar cluster origin possible (wind-wind/ISM interactions)
- dominated by LBV and/or WRs?
- other TeV  WR/O/B clusters – Cyg-OB2, Wd1, Wd2 (part of)



  

Clark etal 2005

Filled squares - LBVs
Open squares   - LBV candidates
Filled circles - YHGs

LBV 1806-20

LBV Population     (see Vink etal 2009; Clark etal 2005)



  

MWL Spectral Energy Distribution 

Assume unpulsed X-ray flux (~ 10-11 erg/cm2/s) is synchrotron, and - TeV 
is inverse-Compton (CMB seed) →  estimate approx. B-field over region 
common to both (see Aharonian etal 1997):

(B/10 µG) ~ sqrt(ξ F
X 
/ (10 F

TeV
))           ξ ~ (R

TeV
/R

X
)2    size factor

       B  ~ 1 mG                            ~ (19pc/0.2pc)2
              → TeV IC region with much lower B field

Preliminary

HESSJ1808-204

Fermi-LAT
2FGL J1808.5-2037c

VLA
G10.0-0.3

SGR1806-20
Unpulsed X-rays
(Power law fits)
XMM Oct 6 2004
B-SAX 21 Mar 1999
XMM Apr 3 2003
XMM 4 Apr 2006

INTEGRAL 
2006/2007

LBV1806-20
(Naze etal 2012)



  

Summary & Outlook
New TeV source towards SGR1806-20 /  C1-1806-20
  - first clear sign of multi-TeV particle acceleration               
    towards these objects (electrons and/or cosmic-rays? – not clear)

  - L
TeV
 ~ 1034 (d/8.7kpc)2 erg/s 

  - Asymmetric (N-S) extension ~14 arcmin long  (~38 pc at 8.7 kpc)
           similar in scale to radio nebula

  - Source of energy 
      - magnetar/pulsar spindown?         
      - B-field dissipation-powered?              
      - stellar cluster winds (LBV, WRs..)
      - SNR? ISM target gas   A

v
 ~ 10  ( N

H
 ~ 2x1022 cm-2 )                 

                         (Kim&Koo 2002; Corbel etal 2004)

  - Possibly new type of multi-TeV particle accelerator (other        
    AXPs/SGRs towards TeV sources: e.g. Westerlund 1; CTB37B 
                                        Halpern etal 2010)

SGR/AXP Transient ToOs with H.E.S.S. 
  - Ongoing ToO programme (trig. Swift BAT, GCN)

  - H.E.S.S. II coming soon! E
threshold

 ~30-50 GeV

          collection area ~ >104 x Fermi-LAT



  

Backup slides....



  
Fitted position  RA 18.14340 hr  ±  29.2 arcsec (stat) ± 20 arcsec (sys)
                 Dec -20.4458  deg ± 136.4 arcsec (stat) ± 20 arcsec (sys)

Preliminary

 TeV Emission: Location, Intrinsic Size & Shape

Size & Shape

Assym. Gaussian 

Major radius
0.125 ± 0.040 deg

Minor radius
0.037 ± 0.201 deg  

PA 
22.1 ± 4.3 deg 

Major radius 
~ 19pc at 8.7kpc

Symmetric Gauss

Radius
0.138 ± 0.023 deg



  

Runwise (~28 min)  

Nightly (1-2 hr)   

SGR1806-20 (radio position; pt src.): >1 TeV flux light curves

--> steady emission on ~0.5 to few hr timescales

Giant Flare
27 Dec. 2004 Preliminary

Preliminary



  

Most luminous LBVs / LBV-candidates.....      

                  Dist  TeV    GeV       (l,b)      TeV counterpart           
                  [kpc]                                                      
η-Car              ~3    N      Y     287.60 -0.63    
AG-Car            9-10   N      ?     289.18 -0.70
Pistol Star       ~10    Y?     Y?      0.16 -0.07   Gal. Cen. 
FMM 362           ~10    Y?     Y?      0.18 -0.07   Gal. Cen.
LBV1806-20        ~10    Y?     Y?     10.00 -0.02  HESSJ1808-204
Wray 17-96          5    Y?     Y?    358.54 +0.13  HESSJ1741-302? (Gal. cen..)
Cyg OB2 #12         2    Y      Y?     80.10 +0.83  TeVJ2032+4130/MGROJ2019+37?

Vink etal 2009



  

Steady/Extended Radio & X-ray Emission 

Radio synch. nebula ~9'x6' – core centred near LBV; spec. ind. = -0.6

L
radio

 ~ few x 1032 erg/s   (d=8.7 kpc)

Likely powered by LBV rather than SGR   (Hurley etal 1999; Gaensler etal 2001; Kaplan 
etal 2002)

(Kulkarni etal   1994)
(Kaplan etal   2002)



  

Molecular Gas

CO, NH
3

Corbel etal 2004
(see also Kim & Koo 2004)

SGR1806-20/LBV1806-20

--> d~15 kpc
  (V

lsr
= +17 km/s)

Av~10 
N
H
 ~ 2x1022 cm-2



  

Mereghetti etal 2007                           Mereghetti etal 2011



  

TeV PWN

Kargaltsev &
Pavlov 2010

TeV PWN
X-ray PWN

X-ray PWN with TeV 
counterparts

TeV PWN without X-
ray counterparts



  

Unpulsed X-ray Flux (SGR1806-20)    Mereghetti etal 2007
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