The SMA Calibrator Flux

Density History Database

Mark Gurwell

Harvard-Smithsonian Center for Astrophysics, Cambridge, MA

(mgurwell@cfa.harvard.edu)

. 1.3mm Band Flux Density Measurements ” N . . | | I I
INTRODUCTION: Interferometric arrays such as the 24 21 18 15 12 9 6 3 0 ol oo oy e BES gkl L BUES) & 85 ety 4 scses -
o . . : : : : : : : : : : : : : : : : R 3 . | E ' 60 m 0.1-200 GeV =
Submillimeter Array typically use short observations of - ? L. e ! ! : died3 - 1 5 woF ¥ E
1 P LI O. -------- o ----- . -------- . ------------ —- L0 W % 20 ‘lwf
strong point sources such as blazars —flat-spectrum radio- . 3 e e e q~ 23 —-—-'*J, et e Pt e e e F\‘v'*-—---——, == R _ S el
- 5 : | . - - 0.3-10 Ke : 7 2 FE X-ra
loud quasars (FSRQs) and BL Lac objects— as calibration | | .. - * e~ 15 [03710K V# i - ] =g e A ’T E
, , , U « e iee . | : 4 10 f & A - : @ 3 Vope®e E
targets for correcting moderate timescale atmospheric 3¢ A IS S ooty e @ g ge B o, IR 4}\_ 1 Z2p . L e ;s’ Y L
: . . . o o o ® ‘w oo e R | (| =1E ® -
phase fluctuations and tracking instrumental phase and Pee ® . 0. 7@ » 0. ’ _ BE - 3 0 Ft—————s—+} I
. . . o® O 8O : ° : ° : ® o0 O ° o > 1.5 5—223111 J. = = = = V—Band ° ¢ £
amplitude drifts. Targets adequate to use as calibrators for ¢ Q |*° . PR e O",.‘ ----------- P e £ IF e ~Fu E :) E Uvwe-Bgnd® ol :
IL ooy . = e o ® ° < oo ..  ® o- n U 3 e -4 — E o £5% °°|° —E
current submillimeter facilities are relatively scarce. We 0 o .t w0 L IR L S e B e et I BT Bt T
. . = o o ° I ° . . f  °®0 ., Oe, = oo b 8n E C |y, | e epepe, mm| 9
present results from our long-term monitoring programof g oL * %% . ;é.-e---'..Q..f ....... “;----‘ ..... KSR Dy S .-.--..-.--.;o i : 500 um |
) 3 : : | o — 10 E 3 —~ 20 & | " =
i i | ® ¥ ¢« e, © FOF : O m s @ as
SMA callb.rat.lon sources at 1.3mm, 1..1mm, and 8?0 pum.. o O M PR SR A AR O w. At o, ul = AR 2
The sky distribution of these sources is shown at right, with BUPAS. e $ o Hgrles et et o IR 22 E230/ 86/37 chs § 2 N R T
. Vo0 . TR * 1 5 R N S AL NI S
current values for the 1.3mm band flux density coded by | L v @ - 120 }_J"ybl"- oy a T ab ! M.z
. ¢ . | f « ® 7 10 B e . 5‘30;—.». et e ¢ " e ® =
color. Over the past 12 years this program has amassed Qe o o0 °® .- e."., " i3 N T cz0p : E
. . . . | * : ' : : f ' O 4 | 20RO P JD—245%L(1)(())C()) . 10 E : =
morg than 22,400 IanVIdl.Jal flux dep5|ty measurements - | ef<lly  ©015f<2Jy @ 25f<5Jy @ 5=f<10Jy .fg1on : BLAZAR ACTIVITY: [N a series of B g
obtained through calibration of dedicated “flux” tracks, T o D~ 2450000
baseline determination tracks, and select science tracks. papers, SMA lightcurves for several . a0 w0 s i
The Submillimeter Calibrator List, hosted at the SMA Right Ascension blazars were analyzed using multi- A< T i R
J 3 E
.. SMA Calibrator Database Growth Per Year ' i i . 60F #ey ++++++ :
Observer Center (http://smal.sma.hawaii.edu/tools.html), S wavelingthdmorg;torlnghqata,dsr)lann;ng 2 af mjg,ﬁ,ﬁ} gwgﬁ,»;ﬁwmw*t*{tg&pﬁ#ﬁ*tﬂi;ﬁ@
. . . - - - - rirel o M bl . ; Y ]
Is updated regularly, and is by far the most comprehensive S r | | | | | - y-rdys to radio. nen a ime-delaye R e :
. . . . . B Projected - " 1 _ _ =
publicly accessible repository of monitoring data for these : ) co;rela;or:lemsts blet\r/]veen y-ray/X-ray %,
- - : and submillimeter lightcurves, as 3 G i
wavelength bands. Since 2006, the database has grown by - . ‘ S R .
()] = - °
. + _ - 0 .
2300 measurements per year on average (see history to é o | : shown for 3C454.3inAand B (a!oove) 14 £ sugowr
right). Rapid calibration of this data provides an up-to-date ¢ & | : and prototype blazar BL Lac (C, right). g 10
« 4. . . 2] . - IS | 11 . - .
listing of currently bright sources, useful for planning SMA ~ § | : The an.aly5|s |<?Ient|ﬁes t.he location of Lk
observations. In addition, this data set providesarichand > | Current - scattering regions for different photon o ———-—
. . . 0 - - > 50
unique source of information on the mm/submm 5 gl : populations, and thereby seeks to £ 10
. ofe . (@) - — -
variability of more than 400 sources. Interest inthe SMAas = = | : define, or place strong constraints on, < ?g
an observational resource has been particularly strong : - the physical conditions in the inner 13 + sua 045 o B
. . - ] I I > 10F. IRAM 230 GHz . 5
since the launch of the Fermi Gamma-ray Space Telescope, l : regions of the AGN jet. ri e N R
with data from the SMA Flux Density Database used in _t - A- Jorstad et a (2013] Ap) 773, 147 E S s M E
more than 45 peer-re\”ewed publlcahons Slnce 2008 2002 2004 2006 2008 2010 2012 2014 B-W.ehrole et al (2012) ApJ) 758, 72 4500 50?1(1)111an - _i3520£50000 6000
Year C -Raiteri et al (2013) MNRAS 436, 1530
BO316+413 J0319+415 3c84 * 1.3mm ¢ T.1mm < 870um B1226+023 J1229+020 3c273 « 1.3mm « 1.1mm « 870um B1253-055 J1256—057 3c279 e 1.3mm + 1.1mm + 870um B2200+420 J2202+422 bllac e 1.3mm + 1.1mm « 870um B2251+158 J2253+161 3c454.3 e 1.3mm + 1.1mm  870um
3 ; st BELARAK 5ol lo 3. IR S P 1 SO ; 1s
x | < [ WA B MR = [ x [ | -+ A ] -
E ; 5 L s Y. i } s IO T E s i 5 S 5
5 5 i T EYER Y 17 8ol o 3 - iLEE 3 5
A T Y AN Ty - -
- IR . - | | - | - - TP S
° T T TSwao  swoo  seoo - sewo - C O smos oo oo smos O ° o smwo  emm  eww S S emw s smos T °  ° T smm  smm  swo s o ©
MJD MJD MJD MJD MJD

LIGHTCURVES: Flux density history at mm/submm wavelengths for five well-known calibration
sources measured with the SMA. They exhibit variability on many time scales, such as the steady
rise of 3C 84, roughly yearly quasi-periodic fluctuations in 3C 273, to rapid flaring in BL Lacertae.

The range of flux density variability can be quite extraordinary. During peak flares in 2005 (>40 Jy)
and 2010 (>50 Jy), 3C 454.3 was significantly brighter than any other blazar at the time. In contrast,
exhibits a quiescent flux density < 2 Jy at 1.3mm (as in 2012) for a factor >25 in variability range.



