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A B S T R A C T
We re p o rt th e  d e tec tio n  of variab le  linea r p o la riza tio n  from  Sgr A* a t  a w avelength  of 3.5 m m , the  

longest w avelength  yet a t  w hich a d e tec tio n  has been  m ade. T he m ean  p o la riza tio n  is 2.1 ±  0.1% a t 
a position  angle of 16 ±  2° w ith  rm s sc a tte rs  of 0.4% an d  9° over th e  five epochs. We also d e tec t 
p o la riza tio n  v ariab ility  on  a tim escale  of days. C om bined  w ith  prev ious de tec tions over th e  range  150­
400 GHz (7 5 0 -2 00 0 ^ m ), th e  average p o la riza tio n  position  angles are  all found to  be consisten t w ith  a 
ro ta tio n  m easure  of - 4 .4  ±  0.3 x 105 r a d m - 2 . T h is  im plies th a t  th e  F a rad ay  ro ta tio n  occurs ex te rn a l 
to  th e  po larized  source a t  all w avelengths. T h is im plies an  accre tion  ra te  ~  0.2 — 4 x 10- 8  M 0  y r - 1  for 
th e  accretion  d en sity  profiles expected  of A D A F, je t  an d  C D A F m odels an d  assum ing  th a t  th e  region 
a t  w hich electrons in  th e  accre tion  flow becom e re la tiv is tic  is w ith in  10 R S . T he inferred  accretion  
ra te  is inconsisten t w ith  A D A F /B o n d i accretion . T he s ta b ility  of th e  m ean  p o la riza tio n  position  
angle betw een  d isp a ra te  p o la riza tio n  observations over th e  frequency  range lim its flu c tu a tio ns in  the  
accre tion  ra te  to  less th a n  5%. T he fla t frequency dependence of th e  in te r-day  p o la riza tio n  position  
angle varia tions also m akes th e m  difficult to  a t tr ib u te  to  ro ta tio n  m easure  fluc tua tions, an d  suggests 
th a t  b o th  th e  m agn itud e  an d  positio n  angle varia tions are  in trin sic  to  th e  em ission.
S u b je c t h ea d ing s:  galaxies: active —  G alaxy: cen ter —  p o la riza tio n  —  rad ia tio n  m echanism s: non ­

th e rm a l

1. INTRODUCTION
L inear p o la riza tio n  can  be an  im p o rta n t d iagnostic  

of re la tiv is tic  je ts  an d  accre tion  flows associa ted  w ith  
b lack hole system s. In  th e  case of th e  m assive b lack 
hole in  th e  G alac tic  C enter, Sgr A*, th e  p ro p ertie s  of 
its  m m -w avelength  linear p o la riza tio n  p robes th e  accre­
tio n  env ironm ent on  scales inaccessible w ith  o th e r tech ­
n iques (Bower e t al. 1999a,b; A itken  e t al. 2001; Bower 
e t al. 2001; Bow er e t al. 2003; M arrone e t al. 2006). T he 
ap p a re n t absence of linear p o la riza tio n  a t  w avelengths 
exceeding 2.7 m m  an d  sh a rp  rise in  p o la riza tio n  frac tion  
a t  sh o rte r w avelengths sets an  u p p e r lim it to  th e  ro ta ­
tio n  m easure  (R M ). T h is lim its th e  m ass accre tion  ra te  to  
~  10- 7 M 0  y r - 1  a t  d istances of 10 — 1000 Schw arzschild 
rad ii from  th e  b lack hole, w hich elim ina tes ce rta in  classes 
of accretion  flow (Q u a ta e rt  & G ruzinov  2000; Agol 2000), 
b u t is consisten t w ith  C D A F an d  je t  m odels (e.g. Falcke, 
M annheim  an d  B ierm an n  1993). T he RM  m easures the  
accretion  ra te  by  serv ing  as a p roxy  for th e  e lec tron  col­
um n  d en sity  once coupled  w ith  assum ptions a b o u t the  
m agnetic  field. E q u ip a rtitio n  betw een  k inetic, m agnetic  
an d  g rav ita tio n a l energy  is o ften  assum ed to  re la te  the  
e lec tron  d en sity  an d  m agnetic  field (e.g. Bow er e t al. 
1999a; M elia & Falcke 2001; M arrone e t al. 2006).

T he discovery  of varia tions in b o th  th e  p o la riza tio n  an ­
gle (Bower e t al. 2005) an d  frac tion  (M arrone e t al. 2006) 
suggests tw o p o ten tia l sources of variability . T he varia ­
tions m ay  be in trin sic  and , therefore, offer evidence on 
th e  n a tu re  an d  s tru c tu re  of th e  em ission region on a scale 
of ~  10R s . C hanges in th e  RM  along th e  line of sight

1 NRAO, P.O. Box 0, Socorro NM 87801, U.S.A. jmac- 
quar@nrao.edu (Jansky Fellow)

2 Astronomy Department and Radio Astronomy Laboratory, University of California, Berkeley, Berkeley, CA 94720, U.S.A.
3 ASTRON, Postbus 2, 7990 A a Dwingeloo, The Netherlandsand Department of Astrophysics, Radboud Universiteit Nijmegen,Postbus 9010, 6500 GL Nijmegen, The Netherlands

m ay  also induce ex te rn a l p o la riza tio n  variability . S tru c ­
tu re  in  th e  accre tion  region on all scales w ith in  th e  B ondi 
rad iu s  can  co n tr ib u te  to  RM  varia tions. T here  is thu s 
s tron g  m o tiva tio n  to  acc u ra te ly  charac te rize  th e  RM , its 
fluctuations, an d  th e  in trin sic  v ariab ility  of th e  po larized  
source.

In  §2 we p resen t th e  d e tec tio n  of linea r po lariza tio n  
of Sgr A* a t  3.5 m m , show ing th a t  it varies on sh o rt 
tim escales as well as re la tive  to  h isto rica l non-de tec tions. 
C om bining th is  in §3 w ith  o th e r d a ta , our de tec tio n  
yields th e  b es t c o n s tra in ts  so far on th e  RM . We dis­
cuss th e  n a tu re  of th e  acc re tion  flow an d  on th e  in trinsic  
source p ro p ertie s  in  § 4.

2. OBSERVATIONS
Sgr A* was observed w ith  th e  B IM A  a rra y  a t  3.5 m m  

betw een  28 M arch  an d  01 A pril 2004 U T . All five obser­
vations were o b ta in ed  in  identical L ST  tim e ranges th a t  
co rresponded  roughly  to  11 to  16 U T . O bservations were 
o b ta in ed  in  a p o larim etric  m ode th a t  p roduced  Stokes I , 
Q, U  an d  V  im ages, w ith  th e  tw o frequency  b an d s cen­
te red  on 82.76 an d  86.31 GHz, each w ith  800 MHz b an d ­
w idth . D a ta  were ca lib ra te d  assum ing  th a t  th e  flux den­
sity  of J1733-130 was s te ad y  a t  its  m ean  value of 2.7 Jy. 
J1733-130 was observed  for 5 m inu tes every  30 m inutes. 
O bservations were o b ta in ed  in  th e  B configura tion  giving 
a reso lu tion  of 8.6  x 2.6" in  p o sition  angle (p .a .) 7°. T he 
d a ta  were filtered  to  rem ove spacings sh o rte r th a n  20 kA, 
sim ilar to  th e  processing  of p rev ious Sgr A* po lariza­
tio n  experim en ts. T h is u - v  d is tan ce  cu toff gives a to ta l  
flux es tim ate  acc u ra te  to  b e t te r  th a n  10% from  8.4 to  86 
GHz (Bower e t a l.2001 ). A p rio ri am p litu d e  ca lib ra tio n  
using  sy stem  te m p e ra tu re  an d  defau lt gain  in form ation  
was app lied  to  J1733-130. B o th  sources were phase self­
ca lib ra ted . P o la riza tion  leakage te rm s from  observations 
of 3C279 on 11 N ovem ber 2003 were applied .

N um erous sources of e rro r co n tr ib u te  to  th e  accuracy
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w ith  w hich we can  m easure  th e  p o la riza tio n  frac tion  and  
p .a .. In  ad d itio n  to  s ta tis tic a l e rro rs  th a t  inc lude noise 
from  th e  sky  an d  th e  telescope, th e  leakage of p o la r­
iza tio n  from  one p o la riza tio n  handedness to  th e  o th e r 
is an  im p o rta n t effect. T h is converts a frac tion  of the  
to ta l  in ten s ity  in to  a false p o la riza tio n  signal. Leak­
age ca lib ra tio n  uses observations of a b righ t ca lib ra to r 
source an d  s im u ltaneously  solves for th e  p o la riza tio n  of 
th e  source an d  th e  leakage te rm s a p p ro p ria te  for ind i­
v idual an ten nas. Im perfect co rrec tion  leaves a residual 
false p o la riza tio n  signal an d  in troduces e rro rs  th a t  exist 
in  th e  c a lib ra to r observation . B IM A  leakage so lu tions a t 
1.3 m m  were found to  be s tab le  over periods of m onths 
to  years; v ariab ility  in th e  so lu tions were due to  changes 
in  receiver o rien ta tio n  (Bower, W right & F o rster, 2002). 
T ypical varia tions in an ten n a  leakage te rm s were ~  1.5% 
over 2 years, ind ica ting  a ~  0.5% v aria tio n  in  th e  aver­
age leakage so lu tion  for th e  9 B IM A  an ten nas. Solutions 
a t  3.5 m m  are  expected  to  have th e  sam e ch arac te ris tic s  
a ltho u g h  th is  has n o t been  s tu d ied  in  d ep th . In  add i­
tio n  to  varia tions in th e  leakage erro r, s ta tis tic a l e rro rs  
in th e  c a lib ra to r d a ta  in tro d u ce  e rro rs. A com parison  of 
ac tu a l m easured  p .a .s  of 3C 279 a t  3.5 m m  an d  1.3 m m  
from  B IM A  w ith  m easured  p .a .s  a t  1 .3cm  an d  0 .7 cm  
from  th e  V LA  ind ica te  excursions of 1 0 °- 20° (Bower et 
al. 2002). T hese dev ia tions exceed those  expected  from  
leakage co rrec tions an d  s ta tis tic a l e rro rs. T h ey  are  pos­
sib ly  real source effects b u t m ay  also be unco rrec ted  in ­
s tru m e n ta l errors.

T he average flux densities of Sgr A* an d  linear p o la r­
iza tion  E -vecto rs  are lis ted  in Table 1. In  th e  p o la riza tio n  
frac tion  an d  p .a . e rro rs  we include th e  effect of a 0.5% 
p o la riza tio n  leakage erro r. T h is e rro r p ro p ag a tio n  is ac­
cu ra te  in th e  case of th e  h igh SN R  detec tions in  th e  LSB 
b u t p resen ts a lower lim it to  th e  e rro rs  in  th e  low SN R 
detec tions in  th e  USB. In te r-d ay  flux d en sity  varia tions 
are  d e tec ted  a t  a significant level, w ith  a red u ced -x 2 of 
4.9 for th e  hypo thesis  of co n s tan t flux d en sity  for Sgr 
A* for 4 degrees of freedom . T he m ean  flux d en sity  is 
1 .93± 0 .07  J y  an d  th e  rm s v ariab ility  am p litu d e  is 0.18 Jy.

P o la riza tion  was d e tec ted  in  all five epochs, m aking  
th is  th e  first d e tec tio n  of p o la riza tio n  a t  3.5 m m , the  
longest w avelength  a t  w hich p o la riza tio n  has been  de­
te c te d  in Sgr A*. T he m ean  p o la riza tio n  frac tion  is
2.1 ±  0.1%  an d  its  m ean  p .a . is 16 ±  2°. T he p o la riza tio n  
frac tio n  an d  p .a . vary  from  d ay  to  day. T he d e tec tio n  of 
p o la riza tio n  is m ore ro b u st in  th e  LSB (82.8 GHz) th a n  
in  th e  USB (86.3 G H z). T he orig in  of th is  difference is 
unclear. I t  m ay  be due to  changes in th e  leakage correc­
tions a n d /o r  p o or phase  s ta b ility  a t  th e  h igher frequency. 
W e have prev iously  seen d a ta  from  B IM A  in  w hich p o la r­
iza tio n  resu lts  in one sid eb an d  were m ore reliab le  th a n  
in  th e  o th e r (Bower e t al. 2001). T he b an d w id th  used 
in  these  observations is sufficiently sm all th a t  th e  linear 
p o la riza tio n  is n o t depo larized  by  ro ta tio n  of th e  p o la r­
iza tio n  vector across th e  observ ing  b and , as discussed 
below.

3. THE ROTATION MEASURE
Table 2 lists th e  m ean  p o la riza tio n  p .a .s  for all p re­

vious de tec tions of linear p o la riza tio n  in  Sgr A*. Due 
to  sy stem atic  e rro rs  from  p o la riza tio n  leakage ca lib ra­
tion , th e  po o r q u a lity  of u p p e r s ideband  d a ta  a t  3.5 m m , 
an d  th e  re la tive ly  sm all spacing  betw een  th e  tw o side-

UT Day (2004) I  (Jy) I eTT (Jy) Q (mJy) U (mJy) a  (mJy) P (mJy) X (°)LSB
88.5 1.94 0.11 20 34 5 39 ±  5 29 ±  3
89.5 1.96 0.20 31 9 4 32 ±  4 8 ± 3
90.5 1.71 0.20 29 16 8 33 ±  8 14 ±  6
91.5 1.69 0.20 29 18 8 34 ±  8 15 ±  6
92.5 2.12 0.14 55 21 4 58 ±  4 10.0 ±  1.0

USB
88.5 1.98 0.12 -10 11 5 14 ±  5 66 ±  9
89.5 1.97 0.18 7 -15 4 16 ±  4 -32  ±  6
90.5 1.68 0.19 3 3 7 4 ± 7 22 ±  47
91.5 1.76 0.16 9 6 7 1 0 ± 7 16 ±  18
92.5 2.25 0.09 30 19 4 35 ± 4 16 ± 3

t a b l e  1The daily average flu x  densities of Sgr A*. Ierr is determ ined from the  flu x  density s c a t te r  determ ined on sh o rt tim escales fo r  each day. a  is the  s ta tis tic a l  e r r o r  fo r  Q and U; e r ro r s  in th e  po lariza tion  fra c tio n  and p.a. include th e  e ffe c ts  of 0.5% leakage e r ro r .

v (GHz) Pi(%) <Jp (%) x (°) (°) Measurement epochs
82.8 2.1 0.4 15.2 8.2 5
86.3 0.8 0.5 18 35 5
150“ 12 + 9

- 4 83 3 1
222“ 11 + 3

- 2 88 3 1
216b 10 1 115 13 2
230b 9 3 117 24 7
340c 6.1 2.0 145 9 6
350“ 13 +  10 

- 4 161 3 1
400“ 22 +2 5

- 9 169 3 1

t a b l e  2Mean po lariza tion  fra c tio n s  and p.a.s from  measurements of “Aitken e t  a l. 2001,6Bower e t  a l. 2003 & 2005, and cM arrone e t  a l. 2006. The quan tities a P and a x denote th e  rms variation  in th e  po lariza tion  fra c tio n s  and p.a.s respectively  except in th e  case of th e  single-epoch measurements, w here they  denote th e  estim ated e r r o r  of th e  measurement.

bands, we are  u nab le  to  com pu te  a m eaningfu l RM  es­
tim a te  from  th e  3.5 m m  d a ta  alone. T he com bined av­
erage p o la riza tio n  d a ta  are consisten t w ith  a single RM  
of —4.4 ±  0.3 x 105 r a d m - 2  an d  an  in trin sic  po lariza­
tio n  p .a . x 0 =  168 ±  8°. Fig. 1 p lo ts  th e  b es t RM  fit 
to  th e  m ean  p o la riza tio n  p .a . d a ta . T he  b es t fit, w ith  a 
red u ced -x 2 of 29 com pu ted  using th e  e rro rs  q u o ted  in Ta­
ble 2, is o b ta in ed  if th e  85 GHz p .a . is ro ta te d  by  —180°. 
A fit to  th e  u n w rap ped  85 GHz p .a . yields a red u ced -x 2 
of 54 an d  RM  =  —2 .0 ± 0.4 x 105 r a d m - 2 , while an  e x tra  
— 180° w rap  yields RM  =  —6.9 ±  0.4 x 105 r a d m - 2  w ith  
an  associa ted  re d u ced -x 2 of 64.

T he  red u ced -x 2 for th e  b es t fit is u n accep tab ly  h igh  be­
cause of th e  u n rea lis tica lly  sm all e rro rs  associa ted  w ith  
th e  A itken  e t al. (2001) observations. T hese single-epoch 
low -resolution  m easurem en ts p re d a te  th e  iden tifica tion  
of p o la riza tio n  v ariab ility  in  Sgr A*. We therefo re  fit 
only  to  in te rfe rom etric  observations spann ing  m ultip le  
epochs. T h e  resu ltin g  fit p ro p ertie s  d epend  on w hether 
one reg ard s m easurem en ts from  th e  tw o sidebands a t 
v >  216 GHz, w here available, as being  m u tu a lly  inde­
pen d en t. If  so, th e  red u ced -x 2 for a fit includ ing  th e  tw o 
-180°-w rapped  3.5 m m  p o in ts  is 0.9, b u t is 3.6 for the  
u n w rap ped  3.5 m m  p o la riza tio n  pas. If  no t, th e  tw o x 2 
values are  0.8 an d  2.1 respectively. In  b o th  cases, th e  so-
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lu tio n  involving th e  w rap p ed  3.5 m m  p o in ts  is preferred . 
W e reg a rd  these  cases as b o und ing  th e  tru e  significance 
of th e  RM . For th e  case of ind ep en d en t s ideband  m ea­
su rem ents, th e  assoc ia ted  b es t fit is x 0 =  163 ±  2° an d  
RM  =  —4.38 ±  0.06 x 105 r a d m - 2 .

We ad o p t th e  RM  =  —4.4 ±  0.3 x 105 r a d m - 2  derived 
from  all of th e  m ulti-epoch  d a ta . G iven th e  v ariab ility  of 
th e  p .a . an d  th e  u n ce rta in  sy stem atics  of different m ea­
su rem ents, we consider th e  use of all d a ta  to  prov ide the  
m ost conservative es tim a te  of th e  RM .

0  2 x 1  or6  6 x 1 0 *  l . o x i c r 3 1.4 x i o * 3
A 2  C m 2)

F ig. 1.— The mean polarization p.a. of Sgr A* as a function of wavelength. The 85 GHz points have been derotated by -180°. Diamonds denote measurements for which polarization variability is detected, and their error bars denote the standard error of the mean of the p.a. variations. Triangles denote single epoch mea­surements only. The dashed line shows the best fit to all data, the solid line to all points excluding the Aitken et al. (2001) data, and the dot-dashed line to the unwrapped 85 GHz points, denoted by stars.

1 2 5 10 20  50 100
Tin'l'S

Fig. 2.— The accretion rate implied by our measurement of the RM for various accretion models using Mbh = 2.6 X 106 Mq (Ghez et al. 1998). Two choices for rout are shown: one in which the outer scale is large (effectively infinite) and another in which it is only three times larger than the inner cutoff radius.

4. DISCUSSION
T he accretion  ra te  im plied  by  th is  RM  depends on den­

s ity  an d  m agnetic  profiles assum ed. Following th e  p re­
scrip tio n  ou tlined  by  M arrone e t al. (2006),4 we w rite  
n  <x r - ^ , for r in <  r  <  r out an d  assum e equ iparti- 
tio n  betw een  m agnetic , k inetic  an d  g rav ita tio n a l energy. 
T h e  rad iu s  rin designates th e  p o in t a t  w hich th e  flow 
becom es re la tiv istic , an d  so ceases to  co n tr ib u te  to  the

4 Note the typographical error in eq. (9) of Marrone et al. (2006)
—  7/4in which one should have RMrc r- .

RM  because its  co n tr ib u tio n  to  F a rad ay  ro ta tio n  is de­
creased  by  a fac to r y 2/  log 7 . T he o u te r scale is a p roxy  
for th e  coherence len g th  of th e  m agnetic  field flu c tu a­
tions. T he e s tim ated  acc re tion  ra te  for various A D A F 
(P =  3 /2 ) an d  C D A F (p  =  1 /2 ) m odels is show n in F ig ­
u re  2 as a function  of r in. T he acc re tion  ra te  is in  the  
range  0.2 — 4 x 10- 8  M 0  y r - 1  for 2 R S <  r in <  10 R S, 
rout >  3 rin an d  1 /2  <  p  <  3 /2 .

T he  fact th a t  a single RM  accoun ts for th e  frequency 
dependence of all m ean  p o la riza tio n  p .a .s  im plies th a t  the  
F a rad ay  ro ta tio n  occurs ex te rn a l to  th e  po larized  source. 
In te rn a l ro ta tio n  w ould cause th e  RM  to  vary  as a func­
tio n  of frequency. T he em ission is op tica lly  th ick  a t  all 
frequencies a t  w hich p o la riza tio n  is d e tec ted  (Falcke e t 
al. 1998; Zhao e t al. 2003, Y uan e t al. 2003), so if any  
in te rn a l F a rad ay  ro ta tio n  d id  occur, th e  d im inu atio n  of 
o p ac ity  effects w ith  frequency, w hich increases th e  d e p th  
dow n to  w hich one observes em ission, w ould cause a cor­
responding  increase in th e  F a rad ay  ro ta tio n  p a th  length .

A n in te rp re ta tio n  of th e  p .a . j i t te r  observed a t  85 GHz 
in te rm s of RM  v ariab ility  w ould im ply  rm s dev ia tions of 
1.2  x 1 0 4 r a d m - 2 , far sm aller th a n  th e  ~  2 x 1 0 5 r a d m - 2  
rm s dev ia tions im plied  by  th e  340 G Hz M arrone e t 
al. (2006) flu c tu a tio ns in te rp re te d  sim ilarly. However, 
th e  absence of a c lear frequency  dependence in  th e  in te r­
d ay  j i t te r  m akes it  d ifficult to  ascribe to  RM  fluctuations, 
an d  hence varia tions in  th e  accretion  ra te . Table 2 shows 
th e  rm s p .a . dev ia tions for th e  m ulti-epoch  observations 
a t  85, 216, 230 an d  340 GHz. T hese are inconsisten t w ith  
th e  v - 2  dependence expected  of RM  flu c tu a tio ns from  a 
m agneto ion ic m edium  ex te rn a l to  th e  source, suggesting  
in s tead  th a t  th e  j i t te r  reflects changes in  th e  in trinsic  
source p o la riza tio n  p .a .. N onetheless, th e  fact th a t  the  
flu c tu a tio ns a t  these  frequencies were n o t observed  si­
m ultaneously , coupled  w ith  th e  sh o rt tim e  sp an  of the  
85 GHz observations com pared  to  th e  >  2 m o n th  -  a lbe it 
sporad ic  -  sam pling  of th e  230 an d  340 GHz m easure­
m ents, still ad m its  th e  possib ility  th a t  th e  p .a . d isper­
sion observed a t  85 GHz is u n rep resen ta tiv e  of its  long­
te rm  average. T h is ap p ea rs  unlikely. If  th e  «  20° rm s 
p .a . varia tions observed  a t  216-230 GHz were associa ted  
w ith  RM  fluc tua tions we w ould expect «  150° flu c tu a­
tions a t  85 GHz an d  w ould n o t expect to  find x  «  A2 over 
a se t of d isp a ra te  m easurem ents. M oreover, th e  presence 
of in trin sic  p .a . changes is u n su rp ris in g  given th a t  the  
p o la riza tio n  frac tion  is also in trin sica lly  variab le , as dis­
cussed below.

T he  lack of p .a . j i t te r  a t tr ib u ta b le  to  RM  fluc tua tions 
can  be in te rp re te d  in te rm s of an  u p pe r lim it in  accre­
tio n  ra te  fluc tua tions. T he absence of c learly  identifiable 
in te r-day  RM  flu c tu a tio ns suggests it is un ifo rm  on in te r­
d ay  tim escales. T he consistency  of th e  observations over 
a large num ber of d isjo in t epochs an d  frequencies w ith  
a single RM  fu rth e r suggests th a t  th e  underly ing  accre­
tio n  ra te  is co n s tan t on th e  tim escale  over w hich th e  ob­
served p o la riza tio n  pas were averaged. T he u n c e rta in ty  
in our RM  fit p laces an  u p pe r b o un d  on th e  accretion  
ra te  varia tions using RM  <x M 3/2, valid u n der th e  as­
su m p tio n  of eq u ip a rtitio n  betw een  m agnetic , k inetic  and  
g rav ita tio n a l energy  (e.g. M arrone e t a l.2006). T he 7% 
u n c e rta in ty  in  th e  RM  im plies M  flu c tu a tio ns less th a n  
5%. T h e  lim it on M  varia tions  is largely  consisten t w ith  
th e  lim its im posed  by  source flux d en sity  varia tions. In
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th e  je t  m odel th e  flux density  scales as M 17/12 (Falcke 
e t al. 1993). T he s ta n d a rd  d ev ia tio n  of th e  3.5 m m  fluxes 
is 1 0 %, com parab le  to  th e  e rro rs  on  th e  ind iv idual m ea­
su rem ents, w hich im poses an  u p p e r lim it of 14% on M  
fluctuations. M arrone e t al. (2006) d e tec t 10% rm s in ten ­
s ity  varia tions  a t  3 4 0 GHz. T he five in ten s ity  m easure­
m ents from  Bow er e t al. (2005) a t  216-230G H z exh ib it 
29% m odu lations, im plying  M  flu c tu a tio ns  of 40%. V ari­
ab ility  in p o la riza tio n  frac tion  is d e tec ted  by  all m u lti­
epoch  observations (F ig. 3 ) , a t  85, 230 an d  340 GHz, and  
p resu m ab ly  occurs a t  112 GHz, w here it  was n o t de tec ted  
a t  th e  1.8% (1-<r) level b y  a p rev ious search  (Bower et 
al. 2001). A prev ious lim it of 1% linear p o la riza tio n  
a t  86 GHz (Bower e t al. 1999b) d em o n stra tes  th a t  it  also 
varies on  long tim escales.

Since th e  F a rad ay  screen is ex te rn a l to  th e  source the  
p o la riza tio n  am plitu d e  flu c tu a tio ns  m ust be in trinsic . In ­
s tru m e n ta l dep o la riza tio n  effects are to o  low to  expla in  
th e  variab ility : b an d w id th  dep o la riza tio n  is on ly  im por­
ta n t  for R M s g rea te r th a n  2.7 x 107 r a d m - 2  a t  85 GHz, 
w hile b eam  dep o la riza tio n  is s im ilarly  im probab le  given 
th e  sub-m as size of Sgr A* a t  m m  w avelengths (Bower 
e t al. 2004; Shen e t al. 2005). S p a tia l v a ria tio n  in  the  
RM  across th e  tran sve rse  ex ten t of th e  source could  de­
po larize  th e  em ission, b u t a t  even 85 GHz th is  requires 
RM  flu c tu a tio ns ¿ r M  >  7 x 105 r a d m - 2  (Q u a ta e rt  & 
G ruzinov  2000).

B o th  th e  h igh  v ariab ility  of th e  m m  an d  sub-m m  em is­
sion (Zhao e t al. 2004; W right & B acker 1993; T subo i e t 
al. 1999) an d  th e  linearly  po larized  em ission of Sgr A* 
are  possib ly  associa ted  w ith  its  excess sub-m m  em ission 
(S erabyn  e t al. 1997; Falcke e t al. 1998; M elia e t al. 2001). 
A D A F m odels th a t  fit th e  cm  to -sub -m m  sp ec tru m  in­
clude a t  least tw o d is tin c t p o pu la tio n s of ra d ia tin g  p a r­
ticles (Y uan e t a l.2003 ), w ith  th e  second im p o rta n t a t 
v >  100 GHz in o rder to  exp la in  th e  sub-m m  bum p.

T he m odel of Y uan e t al. (2003), in  w hich th e  sub-m m  
em ission is d o m in a ted  b y  th e rm a l electrons, overpred icts 
th e  p o la riza tio n  frac tion  a t  85 GHz (cf. Fig. 3 ) . In  th is  
m odel th e  degree of linea r p o la riza tio n  ranges from  32% 
a t 85 G Hz to  70% a t 400 G Hz assum ing  a un ifo rm  m ag­
n e tic  field an d  th a t  F a rad ay  dep o la riza tio n  in trin sic  to  
th e  source is u n im p o rta n t (see th e ir  Fig. 3b). In  th e  con­
te x t of th is  m odel th e  ra tio  of th e  p red ic ted  to  observed 
p o la riza tio n  levels can  only  be a t tr ib u te d  to  m agnetic  
field inhom ogeneity  in trin sic  to  th e  source. T h is ra tio  is 
a fac to r of 3 h igher a t  85 GHz re la tive  to  th e  frac tion  in 
th e  range 150 — 400 GHz, over w hich it  is co n s tan t w ith in  
th e  errors. I t  is h a rd  to  accoun t for such an  increase

in  m agnetic  field inhom ogeneity  a t  85 GHz, p a rtic u la rly  
if th e  source size on ly  scales <x v - 1 , as expected  if its  
em ission is self-absorbed. O n  th e  o th e r h and , including 
sy nch ro tro n  se lf-absorp tion  effects, G oldston , Q u a ta e rt 
& Igum enshchev  (2005) show th a t  th e  p o la riza tio n  frac­
tio n  is expected  to  increase by  a facto r of th ree  over the  
range  85 — 200 GHz. T h e  quasi-spherica l accre tion  p o la r­
iza tio n  m odel of M elia, L iu  & C oker (2000) an d  th e  two- 
com ponen t m odel of Agol (2000) p red ic t a 90° p .a . flip a t 
~  280 GHz w hich is a t  variance w ith  th e  m easured  p .a .s  
a t  150, 230 an d  340G H z.

We have re p o rte d  here th e  d e tec tio n  of linea r po lariza­
tio n  in Sgr A* a t  3.5 m m . T h is enables us to  calcu la te  the  
ro ta tio n  m easure  an d  se t a lim it on  th e  accre tion  ra te .

Fig. 3.— The mean polarization fraction of Sgr A*. The error bars plotted are those of Table 2. Previous 86 and 112 GHz non­detections are marked with arrows. The error bars in the Aitken et al. (2001) measurements, marked with triangles, reflect uncertainty in the contribution from dust emission rather than variability as­sociated with the source.

T h e  lack of frequency  dependence for p o sition  angle fluc­
tu a tio n s  ind ica tes th a t  th e y  are  in trin sic  to  th e  source. 
O ur resu lt favors R IA F /C D A F  acc re tion  m odels, w ith  
a shallow  d en sity  d is trib u tio n , over A D A F an d  Bondi- 
Hoyle accretion  flows, w hich have a s teep  profile an d  are  
m ore likely to  p roduce rap id  RM  varia tions. F u tu re  wide 
b an d w id th  sim ultaneous observations w ith  C A R M A  and  
th e  SM A will fully charac te rize  in trin sic  an d  ex trinsic  
changes in  th e  p o la riza tio n  p ro p ertie s  of Sgr A* an d  al­
low us to  investiga te  th e  accretion  env ironm ents of o th e r 
n earb y  low lum inosity  AGN, such as M81* (B ru n th a ler, 
Bower & Falcke 2006).
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