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1 In tro duction

Metsäho vi Radio Observ atory , a separate researc h institute of Helsinki Univ ersit y of T ec hnology

(TKK) since Ma y 1988, op erates a 14 m diameter radio telescop e at Metsäho vi, village of Kylmälä

in Kirkk on ummi, ab out 35 km w est from the Otaniemi univ ersit y campus.

Metsäho vi is activ e in the follo wing �elds: radio astronomical researc h, m ultifrequency astronom y and

space researc h, dev elopmen t of instrumen ts and metho ds for radio astronom y , and (radio) astronom-

ical education. Since 2004 also geo detic VLBI observ ations are done in Metsäho vi in collab oration

with the Finnish Geo detic Institute.

In y ear 2006 20 scien tists, engineers, researc h assistan ts and supp ort p ersonnel w ork ed at the institute.

Six of the emplo y ees are funded b y the Helsinki Univ ersit y of T ec hnology , and the others are funded

b y researc h pro jects �nanced from outside sources. In 2006 the total exp enditure of the Metsäho vi

Radio Observ atory w as 768 105 euros, including salaries and the ren t of the o�ce and lab oratory

space at the Metsäho vi premises. This w as �nanced b y Helsinki Univ ersit y of T ec hnology (70 %),

A cadem y of Finland (13 %), Europ ean Union (7 %) and other outside sources (10 %).

The funding situation has not impro v ed during the recen t y ears. The TKK funding has increased a

little, mainly in the form of directed pro ject funding that has e.g., enabled us to get the 10 Gbit/s

data connection to Metsäho vi, but the A cadem y of Finland funding lev el has deteriorated during

this decade. Luc kily the Metsäho vi PhD studen ts ha v e b een successful in obtaining p ositions with

the Finnish Graduate Sc ho ol in Astronom y and Space Ph ysics. Curren tly t w o of our studen ts (Ilona

T orniainen, T alvikki Ho v atta) are funded b y the graduate sc ho ol.

Once again, in 2006 Metsäho vi w as part of a consortium that applied for the A cadem y of Finland's

Cen ter of Excellence program. The consortium w as led b y professor V altao ja from the T uorla Ob-

serv atory . In the �rst phase w e w ere successful, and during the second phase w e submitted a v ery

extensiv e researc h plan and w ere in terview ed b y in ternational exp ert ev aluators. W e receiv ed the

highest p ossible grades, but w ere still not selected as one of the Cen ters of Excellence in the v ery

tigh t comp etition.

Ho w ev er, the Planc k researc h team lead b y Dr. Anne Läh teemäki w as selected as one of the �Out-

standing Junior Researc h Groups� of TKK. This means extra funding from TKK for the group for

t w o y ears.

Our researc h goals are set high: w e aim to b e among the top lev el researc h institutes in those �elds

of astronom y and tec hnology that w e are activ e in. The sta� of Metsäho vi is talen ted and motiv ated,

and w e are determined to k eep this �Metsäho vi spirit� aliv e also in the future.

June 7th, 2007

Merja T ornik oski

Director of the TKK / Metsäho vi Radio Observ atory

1



2 Researc h A ctivities

In this c hapter the main researc h activities at Metsäho vi are in tro duced. Some of the pro ject teams

include also scien tists w orking at other institutes. The con tact p erson at Metsäho vi is underlined in

eac h pro ject team list.

2.1 Radio Astronomical Instrumen tation

Researc h Group at Metsäho vi: T ornik oski , P eltonen, Mujunen, Kallunki, Oinask allio, Ritak ari,

Rönn b erg

2.1.1 3 and 2 mm SIS Receiv ers

Pro ject team: P eltonen , Mujunen, Oinask allio, Kallunki, Rönn b erg

The mm-w a v e SIS receiv er constructed b y Institute of Applied Ph ysics, Russian A cadem y of Sciences,

Nizhn y No vgoro d, Russia w as used t wice for 3 mm VLBI observ ation sessions in 2006. F or the

April session the receiv er w as tuned carefully in the lab oratory and it sho w ed high sensitivit y (noise

temp eratures � 80 K) for b oth p olarization c hannels. Ho w ev er after installing the receiv er up on

the telescop e the sensitivit y w as degraded to 130 K for the B-c hannel (LCP) and to 240 K for the

A-c hannel (R CP), resp ectiv ely . Another dra wbac k w as observ ed i.e. the sensitivities w ere dep enden t

of the elev ation angle. This migh t indicate that there w as some lo ose con tact inside the dew ar whic h

cannot b e an ymore repaired during the session.

F or the Octob er session the IAP p ersonnel did not succeed to restore the sensitivit y of the receiv er

ev en in the lab oratory . F or the c hannel B 180 K w as measured and the R CP-c hannel w as almost

dead. On the telescop e again the noise temp erature of the w orking c hannel increased to 300 K. With

suc h a receiv er the session could not b e p erformed successfully .

In August, 2006 the Agreemen t b et w een the Go v ernmen ts of the Russian F ederation and the Republic

of Finland w as �nally signed. Metsäho vi Radio Observ atory is included in the list for deliv ery of

radioastronomic receiv ers from IAP with a total v alue of the Con tract as one million US dollars. The

sev ere problems during the Octob er session ha v e led the original plan to simply upgrade the old SIS

receiv er with new comp onen ts. The InP HFET tec hnology at 3 mm frequencies no w comp etes with

SIS mixers and the c hoice b et w een these t w o is determined rather b y other requiremen ts than only

the noise p erformance. The most sev ere dra wbac ks of SIS mixers are the co oling requiremen t to 4

K, receiv er cannot b e tested at all at ro om temp erature, the observ ed unreliabilit y of the system and

need for exp ert services for the start-up, tuning and sh ut do wn. Negotiations with IAP p ersonnel

ha v e b een started with help of P ekk a Sjöman (D A-Design Oy) to c hange the receiv er structure to b e

based on the MMIC tec hnology co oled to 20 K am bien t temp erature.

The 2 mm receiv er w as not tested during 2006. The plan for the future is that when the 3 mm part

is c hanged to the new dew ar, this old 4 K system is used only for 2 mm receiv er.

2.1.2 Receiv er Main tenance and Upgrades

Pro ject team: P eltonen , Mujunen, Oinask allio, Kallunki, Rönn b erg

During the y ear 2006 the repair of the 43 GHz dual c hannel VLBI receiv er w as started. First the

ro om temp erature part of the system w as tested. This part consists of a 40-45 GHz mixer/tripler

assem bly , t w o phase lo c k ed lo cal oscillators and t w o IF-sections. The �rst LO(1) frequency is set

to 11.62 GHz and after the tripler the Q-band LO is at 34.86 GHz. The �rst IF-band is ampli�ed

46 dB and limited b y a bandpass �lter to 8.0-9.5 GHz. The second LO is set to 7.62 GHz to do wn

con v ert the signal to the standard 0.5-1.0 GHz VLBI band. Both of these LO's are YIG-oscillators

2



Figure 1: Receiv er c hange in progress (J. Kallunki, H. Rönn b erg)

Figure 2: Receiv er c hange in progress (J. Kallunki, A. Mujunen)
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Figure 3: Receiv er c hange in progress. Getting ready to lift up the 37 GHz con tin uum receiv er. (A.

Mujunen, J. Kallunki, H. Rönn b erg)

Figure 4: Receiv er c hange in progress. Riding up with the con tin uun receiv ers (H. Rönn b erg)

4



Figure 5: Receiv er c hange in progress. Installing the 22 GHz con tin uum fron tend (J. Kallunki, A.

Mujunen)

with v oltage coarse tuning and the FM-coil is exploited for the phase lo c king. The LO(1) can b e

tuned via AD AM/NuD AM mo dule net w ork and LO(2) is set man ually to the desired �xed frequency .

The phase lo c king sc heme uses 100 MHz frequency standard follo w ed b y a com b generator and the

PLL IF-frequency is 20 MHz. Th us the LO frequency is N x 100 MHz + 20 MHz and the harmonic

n um b ers are N = 116 and 76, resp ectiv ely . The phase lo c k status can b e monitored via the ab o v e

men tioned mo dule and b oth of the LO's are op erating without failures.

The receiv er w as tested with a coheren t signal at 43.23 GHz cen ter frequency whic h can b e generated

b y Rohde&Sc h w arz syn thesizer m ultiplied b y a Spacek quadrupler. These tests indicate that the ro om

temp erature part of the receiv er w orks correctly according to the blo c k diagram and theoretically

calculated signal lev els and frequencies w ere measured.

The new MMIC-based LNA's dev elop ed at Ylinen Electronics w ere installed to the cry ogenic fron t

end. The co oling capacit y of the CTI mo del 22 refrigerator (1 W at 20 K) is quite not enough to co ol

the LNA's adequately . The am bien t temp erature reac hes only do wn to 50 K but this is considered to

b e acceptable with some sacri�ce to the sensitivit y . Ho w ev er the LNA's did fail to op erate probably

due to an electrical static disc harge. The MMIC devices are more sensitiv e to bias transien ts than the

separate HEMT transistors and the op eration p oin ts (v oltages) are signi�can tly lo w er. The LNA's

w ere sen t to D A-Design Oy (P ekk a Sjöman) to b e repaired and the bias circuitry and esp ecially the

grounding problems are in v estigated thoroughly .

The 22 and 37 GHz con tin uum receiv ers ha v e b een op erated again without sev ere failures. This is

actually amazing b ecause b oth of these use GaAs Gunn oscillators as LO sources. The lo w e�ciency

of these old GaAs devices means that the inside temp erature of the semiconductor material is v ery

high and this predicts theoretically a short lifetime for the activ e comp onen t.
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In conjunction with the earlier men tioned new con tract with IAP also these receiv ers should b e

replaced to a mo dern receiv er complex. The original plan is to install b oth 22 and 37 GHz receiv ers

in one dew ar (if mec hanically p ossible) and the fron t end should b e co oled to 20 K. Also a new sc heme

for con tin uum receiv ers should b e adapted i.e. pseudo-correlation radiometer principle. This means

t w o imp ortan t adv an tages: Dic k e-switc h and LO are not needed, the broadband signal is detected

directly . The dra wbac k is the need of a phase shifter for the high signal frequency . Negotiations with

IAP p ersonnel ha v e b een con tin ued to clarify their tec hnical capabilit y to construct suc h a complex

system.

The 2/8 GHz Geo-VLBI receiv er has pro v en to b e reliable. Only some cleaning and tigh tening of the

SMA-connectors has b een done and the feed horn w as protected with an extra tap e to a v oid moisture

p enetration in to the feed system.

2.1.3 IT Infrastructure

Pro ject T eam: Mujunen , Lindfors

Metsäho vi In ternet connection based on t w o regular ADSL mo dems w as replaced with a tunneled

access o v er the direct 10 Gbits/s F unet �b er connection. Just lik e with the mo dems, the tunnel

endp oin t is at univ ersit y campus to ensure access to services only a v ailable on the univ ersit y in ternal

net w ork.

Both hardw are and op erating system consolidation con tin ued with new desktop purc hases b eing

made with the Hansel go v ernmen t purc hasing arrangemen t of Dell OptiPlex GX620 computers with

long-term on-site w arran ties (3�4 y ears). A single installation of Windo ws Serv er 2003 T erminal

Serv er for net w ork ed access to selected Windo ws applications w as established with a VMw are virtual

mac hine en vironmen t. This allo w ed the new �winapps� serv er to run on the same p o w erful �apps1�

Lin ux hardw are as the general Lin ux application serv er, sharing the CPU and memory resources.

A dditionally , virtual mac hines allo w easier rollbac k of irrev ersible Windo ws op erating system c hanges

and failed soft w are installations.

A ccessing remote desktops has increased constan tly at Metsäho vi. Practically all observ ations are

p erformed using Lin ux VNC serv ers whic h are b eing accessed b y observ ers b oth at Metsäho vi and at

home o�ces. Windo ws applications can b e accessed in �rdesktop� RDP sessions from b oth Lin ux and

Windo ws computers, and a similar general tunneled RDP access w as set set up to enable ev ery one

at Metsäho vi to use new univ ersit y systems Rondo (in v oices) and T ra v el (tra v el exp ense claims).

Multi-site net w ork bac kup system w as enhanced with a cen tralized Lin ux system disk bac kup com-

puter �rem us� whic h enables emergency net w ork b o ot in case of system disk failures. Another small

dedicated serv er �cds� w as created to host CD and D VD images, making them a v ailable in the in ternal

net w ork in a v ariet y of w a ys suc h as w eb, NFS, and Sam ba. The �cds� additionally pro vides a w all-

moun ted LCD displa y in the vicinit y of Metsäho vi en try do or whic h has pro v ed to b e esp ecially useful

for using the car p o ol reserv ation system �comm ute.pl�. This system is based on P erl and MySQL

and it w as created b y Miik a T urunen to alleviate the problem of main taining car seat reserv ations on

a ph ysiv al pap er list at univ ersit y campus.

2.1.4 Hydrogen Masers

Pro ject T eam: Oinask allio , Kallunki, Mujunen

The p erformance of K v arz 70 Ch1-75 H maser frequency standard con tin ued to b e v ery go o d. Second

maser (K v arz 69) had problems with pps (Pulse P er Second) signal. The maser didn't sen t the pps

signal. Reason for this w as that pps b oard w as brok en. PPS b oard w as c hanged b y IEM K v arz

in Octob er. After this Maser has b een w ork ed without failures. During the y ear 2007 molecular

h ydrogen source and frequency comparator will b e c hanged in maser 69. In Figure 6 the time

di�erences b et w een the t w o H masers and sev eral GPS clo c ks is b eing illustrated.
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2.1.5 Clo c k Di�erence Measuremen t

Pro ject T eam: Mujunen , Kallunki, Oinask allio, Rönn b erg

Metsäho vi started to use clo c k di�erence measuremen t system (called "Clo di") in 2002 for measur-

ing to clo c k di�erence b et w een di�eren t GPS (General P osition System) clo c ks and h ydrogen maser.

During the y ears w as app eared that "Clo di" giv es fault v alues whic h aren't related to maser itself.

In 2006 "Clo di" ab el soft w are w as reprogrammed with using new compiler. Also CPLD (Complex

Programmable Logic Device) w as c hanged to faster CPLDs (Xilinx X C9572XL-10-PC44 �> Xilinx

X C9572XL-5-PC44). These c hanges caused that un w an ted failures disapp eared. Figure 6 w as gen-

erated with Clo di system. Also other maser monitoring soft w ares w ere dev elopmen t during y ear for

helping to �nd out maser condition.

Figure 6: Time di�erences of H maser and GPS clo c ks, in microseconds.

In Jan uary 2006 pps b oard of maser 69 w as brok en whic h can b e seen from Figure 6. The lev el of

measured v alue w en t out of scale. During the y ear pps signal w as adjusted to the scale sev eral times.

2.1.6 New Hardw are

Pro ject T eam: Mujunen , Kallunki, Oinask allio, Rönn b erg

Harmful frequency measuremen t system

The old in terference measuremen t system w as renew ed. An tenna p ole w as mo di�ed. Preampli�er

w as c hanged to more sensitiv e ampli�er and also the noise lev el of new ampli�er is m uc h more lo w er.

In addition the sp ectrum analyzer w as replaced b y a new one. Soft w are (for sa ving the results) de-

v elopmen t is still un�nished. Soft w are will b e completed during the y ear 2007. Figure 7 illustrates a

general o v erview of in terference measuremen t system.
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Figure 7: In terference an tenna.

Sunan t

Both motors (including gearb o x) in SunAn t an tenna w ere c hanged during the y ear. New gear ratio

of azim uth motor is 159:1 (old: 66:1) and new gear ratio of elev ation motor is 246:1 (old: 159:1).

These c hanges mak e more accurate trac king of sun p ossible and lifetime of the motor is higher. Also

some o�set parameters w ere c hec k ed and c hanged in an tenna trac king soft w are.

UPS (unin terruptible p o w er supply)

New UPSes w ere added in the VLBI (V ery Long Baseline In terferometry) rac k, also some UPS extra

batteries w ere added and c hanged.

Monitoring

New monitoring sensors w ere added in v arious lo cations. Examples for those are temp erature and

h umidit y sensors in the con trol ro om and temp erature sensor in the an tenna con trol rac k. Also sensors

for monitoring UPS extra battery curren t w ere added.

Building main tenance in Metsäho vi

In the an tenna area the old p o w er feed fuse b o xes w ere renew ed during August and Septem b er. The

old four wire wiring system w as substituted b y a mo dern �v e wire system and the traditional fuses

replaced b y automatic circuit break ers and ground fault circuit in terrupters where appropriate. The

old system originated from 1973 when Metsäho vi Radio Observ atory w as founded. The new system

impro v ed the qualit y of electricit y in the whole an tenna area. This renewing w as made b y ISS.

The Air-conditioning unit w as renew ed in con trol ro om in June. This w as made b y Airtek Oy .

Radome heater w as renew ed in Jan uary 2007. This w as made b y MEPU Oy .

8



2.1.7 Automatization of Quasar Observ ations

Pro ject T eam: T ornik oski , Ho v atta, K otiran ta, Läh teenmäki, T urunen, Lindfors, Mujunen, Oinask allio

The automatization of quasar observ ations has reac hed a p oin t where w e can use the curren t measure-

men t soft w are and practically all of the auxiliary functions needed during quasar observ ations o v er

the In ternet. The observ ations are alw a ys run through a vnc session. This enables an y observ er to

pic k up the observing session from an y terminal connected to the net, ie., transition from observ ations

done on site to a remote session are smo oth.

A h uman observ er is still needed for the ma jor tasks of source selection, p oin ting o�set determination

and noise dio de calibration, as w ell as naturally for the o v erall monitoring of the data qualit y . The

curren t automatization system, ho w ev er, enables the observ er to tak e relativ ely long breaks (a few

hours to a full nigh t, dep ending on the source selection and the w eather conditions etc.).

An e�ort w as started to completely replace the old Con tobs program b y new soft w are, and ev en

though this soft w are reac hed a p oin t where it could b e tested b y observ ers, Con tobs w as still used for

actual observ ations. W e hop e to b e able to �nally replace Con tobs b y new and m uc h more adv anced

soft w are in 2007.

2.2 VLBI Instrumen tation

Pro ject team: Ritak ari , Mujunen, W agner, Molera

In April 2006 Jan W agner repaired the bank of failing BBC baseband con v erters b y replacing dividers

in the LO syn thesizer. In August 2006, correlation plots from geo detic VLBI exp erimen ts rev ealed a

�lter b oard signal leak age problem in most of the BBCs. The �lter b oards w ere subsequen tly mo di�ed

and �xed b y Jan W agner and Guifre Molera.

2.2.1 e VLBI and EU FP6 EXPReS

Pro ject team: Ritak ari , Mujunen, Lindfors, W agner, Molera

During 2006, 10 Gbps In ternet connectivit y to CSC/F unet w as established in Metsäho vi. Metsäho vi

w as the �rst radio observ atory in the w orld to ha v e a 10G connection. The 10G connectivit y w as

acquired for EU EXPReS SA2, in order to create an e-VLBI test b ed at Metsäho vi, and a dark �bre

w as ordered already at the end of 2005. The required con tracts w ere w ork ed out b y Jouk o Ritak ari

and Ari Mujunen.

F or lo cal net w orking, an Extreme Net w orks Summit X450 24-p ort switc h with an optional 10 GBASE-

ZR extended range (up to 80 km) �bre mo dule w as b ough t. The switc h w as con�gured b y Timo

Lindfors and Jan W agner for a new e-VLBI test net w ork on the In ternet.

Guifré Molera and Jan W agner built sev eral e-VLBI test b ed PCs, and installed a precon�gured

Metsäho vi e-VLBI Debian system image created and main tained b y Jan W agner. Initial 10G �bre

commissioning tests resulted in o v er�o o ding the b y that time b ottlenec k ed 2.5G link capacit y at CSC,

as a result of whic h Ritak ari w as in vited to giv e presen tations at FUNET.

During summer 2006, in co op eration with sev eral other Europ ean stations, real-time e-VLBI on

the Metsäho vi 10G �bre w as tested using the further impro v ed T sunami proto col. T ests successfully

ac hiev ed aggregate rates up to 1.5 Gbit/second. P articipating stations included Jo drell Bank, Onsala,

Bonn, Jiv e and T orun. T est accoun ts to the Metsäho vi e-VLBI PCs w ere handed out to sev eral

in terested p eople in other Europ ean and Japanese observ atories.

In Octob er 2006, a larger scale e-VLBI test and transfer demonstration w as carried out for the EU

EXPReS Mon th 7 Demo. Real-time streaming sev eral VLBI exp erimen ts o v er the In ternet to JIVE
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and Metsäho vi from Jo drell Bank, Onsala and Metsäho vi w as a full success. Rates of 256 and 512

Mbit/second w ere easily main tained.

After a real-time T sunami mo di�cation b y W agner and Ritak ari, another w orld �rst w as ac hiev ed

in Decem b er 2006. An tenna data w as streamed at real-time 896 Mbit/second o v er a 1G net w ork

connection b ottlenec k, b oth lo cally and o v er the In ternet to Jo drell Bank. The higher rate allo ws

1.32 times b etter VLBI sensitivit y .

F or the EU EXPReS pro ject and real-time e-VLBI data acquisition, Jan W agner carried out sev eral

soft w are dev elopmen t tasks. The earlier Lin ux 2.4 k ernel driv er for the VSIB data acquisition b oard,

programmed b y Ari Mujunen, w as p orted to the new Lin ux 2.6 k ernel. Some additional small VSIB

soft w are to ols, suc h as a real-time sp ectrum displa y , w ere dev elop ed. Guifre Molera carried out sev eral

long-term stress tests for the new k ernel mo dule, whic h at the same time tested the noise imm unit y

of the VSI cabling in the VLBI computer rac k.

The T sunami UDP transfer proto col, mo di�ed in 2005 b y Jouk o Ritak ari and Timo Lindfors for real-

time e-VLBI with the VSIB b oard, w as further dev elop ed b y Jan W agner. A new op en-source pro ject

for T sunami w as op ened on SourceF orge b y W agner. T sunami needed sev eral stabilit y impro v emen ts

and a n um b er of new features to b e usable for pro duction use in real-time e-VLBI observ ations. In

win ter 2006, W agner dev elop ed additional FieldSystem sc hedule in terop erabilit y scripts for real-time

T sunami that had b een desired b y other Europ ean observ atories.

Aspiring EVN stations in Ukraine and Latvia w ere equipp ed with the Metsäho vi PCEVN system.

Hardw are setup w as aided and initial fringe c hec king tests w ere run at the stations under consultation

of Mujunen, W agner and sev eral other participan ts.

In later autumn 2006, the capabilities of the IBM Cell Broadband Engine, ten tativ ely to b e used in

a Metsäho vi soft w are correlator, w ere researc hed b y Jouk o Ritak ari and Ari Mujunen. Jan W agner

b egan testing and ev aluating the Lin ux based Cell soft w are dev elopmen t kit and the included Cell

sim ulator.

2.3 VLBI Observ ational A ctivities

Pro ject T eam: Mujunen , Ritak ari, W agner, Molera

2.3.1 VLBI Sessions in 2006

Pro ject T eam: Mujunen

No EVN 22 GHz nor 43 GHz sessions. Eigh t 24 h geo detic sc hedules w ere run in six receiv er c hange

sessions.

T w o 3 mm/86 GHz mm-VLBI sessions of GMV A (Global mm-VLBI Arra y) w ere conducted in April

and in Ma y .

2.3.2 ESA Smart-1

Pro ject T eam: Mujunen , Ritak ari, W agner, Molera

In Ma y 2006, Metsäho vi w as one of the stations to participate in accurate VLBI trac king of the

tra jectory of ESA's electronic propulsion SMAR T-1 mo on mission spacecraft using the geo detic S/X

receiv er.VLBI w as used also to trac k the S/C �nal descen t and in ternational crash landing on the

Mo on on 03-Sep-2006.
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Figure 8: Dynamic sp ectra of S/C signal as observ ed b y Medicina (left) and Metsäho vi (righ t) during

the spacecraft's egress from an o ccultation (Graph courtesy of Sergei P ogreb enk o).

2.4 AMS-02

Pro ject T eam: Ritak ari , Molera

Metsäho vi Radio Observ atory has again got in v olv ed regularly in the AMS-02 pro ject. First attending

the T ec hnical In terc hange Meetings held ev ery trimester in Genev e and sp ecially dev eloping the

soft w are and hardw are needed on the Ground System Equipmen t. The foreseen plan for AMS-02 is

to b e launc hed at the end of 2008, so curren tly the tec hnicians are h urrying up to �nish and assem ble

the mo dules and prepare the �rst tests with the pa yload moun ted in the structure.

A large serv er is needed to ensure the correct reception of the data incoming from the In ternational

Space Station and facilitate an easy in terface to handle the data stored on the hard disks. The

scien ti�c comm unit y will b e able to ha v e 24 hours connection a v ailabilit y and almost real-time access

to the AMS data.

Soft w are dev elop ed in Metsäho vi to use the exp erience and success ac hiev ed b y the T sunami proto col

and using a circular bu�er, high sp eeds up to 50 Mb ytes are ac hiev ed without an y loss of UDP

pac k ets. T ests with computers in the VLBI rac k ha v e sho wn that is totally p ossible to ha v e sev eral

users connected and handling the in ternal data without p erturbing the receiving system and causing

loss of pac k ets.
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2.5 Extragalactic Radio Sources

2.5.1 BL Lacertae Ob jects

Pro ject T eam: T ornik oski , Niepp ola, Ho v atta, K otiran ta, Läh teenmäki, T orniainen, V altao ja (T urku)

In the v ery b eginning of the y ear, the study of the sp ectral energy distributions (SEDs) of BL

Lacertae ob jects (BLOs), submitted and accepted the previous y ear, w as published in Astr onomy

and Astr ophysics . There are still man y op en questions concerning the ph ysics b ehind the formation

and prop erties of the BLO SEDs. Some preliminary w ork and planning w as done in preparation a

man uscript that w ould shed ligh t on the sub ject. It will discuss the p eak frequencies of the sync hrotron

comp onen ts of the SEDs in relation to other kno wn prop erties of the BLOs when the e�ect of Doppler

b o osting is tak en in to accoun t. W e exp ect to start the w ork on this man uscript in earnest in 2007.

The study of BLOs in Metsäho vi in 2006 w as mostly mark ed b y the imp ending data release of the

37 GHz BLO observing campaign. The Metsäho vi BLO sample includes 398 sources, for whic h w e

ha v e collected o v er 3000 datap oin ts b et w een Decem b er 2001 and April 2005. Our observing pro ject is

unique, co v ering an exceptionally extensiv e sample of BLOs and using high radio frequencies. Th us

far, high radio frequency data for esp ecially high-energy BLOs (HBLs) and X-ra y selected BLOs

(XBLs) ha v e b een v ery few, and they ha v e b een though t to o fain t to b e detected in those w a v elengths.

Therefore it is vital to obtain real high frequency datap oin ts for these sources, esp ecially considering

the remo v al of extragalactic foregrounds from the CMB maps pro duced b y the Planc k satellite. If

found to exhibit in v erted sp ectra, HBLs are a source p opulation whic h con taminates the Planc k maps

more than previously predicted.

Eac h source w as observ ed at least once and roughly a third of them w as detected at the signal to

noise ratio S=N > 4. Most of the detected ob jects w ere lo w-energy BLOs (LBLs), but a surprisingly

large fraction of HBLs w as also detected. T ypically they ha v e a few nondetections and one or t w o

detections at S=N > 4. This means that either they are constan tly on the v erge of our detection limit

of 0.2 - 0.5 Jy , or they exhibit �aring b eha viour similar to their more luminous cousins, the LBLs.

The mean v ariabilit y index � S2 = ( Smax � Smin ) )=(Smax + Smin ) of BLOs w as found to b e 0.31.

W e also calculated non-sim ultaneous broad band sp ectral indices for the sample using 5 and 90 GHz

arc hiv al data. As could b e exp ected, the a v erage sp ectra are �at, but the distributions of b oth indices

are broad. The �nal publication of the BLO data is exp ected in the �rst half of 2007 in Astr onomic al

Journal . The results of the study w ere presen ted in t w o in ternational meetings: the 8th ENIGMA

meeting in Esp o o and the IX Russia-Finland Symp osium on Radio Astronom y in Russia.

The preparation of the man uscript on the long term radio v ariabilit y of BLOs resumed in 2006. The

aim is to study the v ariabilit y of a particularly w ell-monitored subsample of the Metsäho vi BLOs in

man y radio frequencies. The 4.8, 8 and 14.5 GHz data are from the Univ ersit y of Mic higan Radio

Observ atory , the 22 and 37 GHz data from Metsäho vi and the 90 and 230 GHz data from the Sw edish -

ESO Submillimetre T elescop e in Chile. W e rep ort the individual time scales of the sources, calculated

with the structure function, the discrete correlation function and the Lom b-Scargle p erio dogram. The

�rst results of BLO time scales compared to those of the other A GN groups will b e published in a

separate pap er, to b e submitted early 2007 (see Section 2.5.2). Also, w e study the individual �ares

of 13 sources and compare their b eha viour to the generalized sho c k mo del. The emphasis is on the

�ux curv es of the sources, b eing v ery w ell sampled, but also the �ux vs. frequency and frequency vs.

time pro jections of the �ares ha v e b een in v estigated. The radio v ariabilit y study of BLOs is exp ected

to b e submitted in mid-2007.

The 37 GHz observ ations of BLOs as part of the Metsäho vi-T uorla Observ atory collab oration pro ject

con tin ued in 2006. Man y of the brigh test BLOs (eg. A O 0235+164, S5 0716+714, OJ 287 and BL

Lac) w ere observ ed v ery frequen tly (for more information, see Section 2.5.6).
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2.5.2 V ariabilit y time scales

Pro ject T eam: T ornik oski , Ho v atta, Läh teenmäki, T orniainen, Niepp ola, V altao ja (T urku), Lainela

(T urku), Leh to (T urku)

In Metsäho vi w e ha v e b een monitoring a large sample of A ctiv e Galactic Nuclei (A GNs) at 22 and 37

GHz frequencies for almost 30 y ears. Using this large data set it is p ossible to study the long term

v ariabilit y b eha viour of A GNs. In 2006 w e ha v e con tin ued the w ork done in the master's thesis of

T alvikki Ho v atta (2005) to study the c haracteristic time scales of A GNs in more detail.

Figure 9: Analyses of the HPQ source 4C 29.45 at 22 GHz.

a) Flux Densit y curv e. b) The discrete correlation function. The 99.5% signi�cance lev el is sho wn

with dotted line. c) The Lom b-Scargle p erio dogram. Dashed line sho ws the false-alarm probabilit y .

d) The structure function. Dashed and dotted lines sho w the 97.5% and 99.5% signi�cance lev els.

Time scales obtained with eac h metho d are mark ed b y v ertical lines. The most signi�can t spik e of

the p erio dogram is at time scale of 3.29 y ears, whic h is 0.2 y ears shorter than the �rst correlation in

the DCF at 3.49 y ears. The SF giv es a time scale of 1.21 y ears.

W e ha v e used a sample of 80 sources and studied the time scales at 7 di�eren t frequencies. The 22,

37 and partly the 90 GHz data are from the Metsäho vi monitoring database. The 90 and 230 GHz

data are from our monitoring programme at the SEST telescop e, obtained b et w een 1986-2003, and

also collected from the literature. Lo w er frequency data at 4.8, 8 and 14.5 GHz w ere pro vided b y the
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Univ ersit y of Mic higan Radio Observ atory .

W e used three di�eren t statistical metho ds to study the time scales: The Structure F unction (SF),

The Discrete Correlation F unction (DCF) and the Lom b-Scargle p erio dogram. The SF giv es a time

scale related to the rise and deca y times of the �ares in these sources whereas the DCF and the

p erio dogram giv e a time scale b et w een the outbursts.

In Figure 9 all the analysis results for a source 4C29.45 at 22 GHz frequency is sho wn. The DCF

giv es a time scale of 3.49 y ears for this source, whic h is 0.2 y ears longer than the time scale obtained

with the p erio dogram, 3.29 y ears. This is a go o d example where b oth the metho ds giv e v ery similar

results. W e can also iden tify outburst in the �ux curv e with appro ximately 3.5 y ears apart. The SF

giv es a shorter time scale of 1.21 y ears corresp onding to the rise and deca y times of the �ares.

The analyses of the whole sample sho w ed that outbursts happ en quite rarely in these sources, on

a v erage ev ery 6 y ears. The time scales w ere also shortening with increasing frequency . W e did not

�nd an y signi�can t di�erences b et w een the di�eren t source classes. W e compared our results from

SF analysis with earlier study made b y Lainela & V altao ja (1993) and found out that man y of the

sources ha v e c hanged their b eha viour during the y ears. This sho ws that ev en 10 y ears of monitoring

is not long enough for some sources. The results will b e published in Astronom y & Astroph ysics.

2.5.3 In v erted-Sp ectrum Sources

Pro ject T eam: T ornik oski , T orniainen, Ho v atta, K otiran ta, Läh teenmäki, T röller, V altao ja (T urku)

In 2006, our studies of in v erted-sp ectrum sources w ere concen trated on the galaxy-t yp e gigahertz-

p eak ed sp ectrum(GPS) sources and high frequency p eak ers (HFPs). W e collected a sample of 96

GPS and HFP galaxies and studied their radio con tin uum sp ectra in order to determine if there w ere

misiden ti�ed sources among them. Surprisingly , w e found that only � 30% of the sources could b e

con�rmed to b e GPS sources considering the shap e of the sp ectrum, the turno v er frequency and the

�ux densit y v ariabilit y . Another � 30% of the sources had a p oten tial gigahertz-p eak ed sp ectrum

but it consisted of v ery few datap oin ts. No solid classi�cation should b e done with suc h small data

sets. F or the rest of the sample ( � 40%), there w ere no argumen ts for GPS classi�cation: there w ere

sources with simply �at or steep sp ectra and v ery v ariable sources with in v erted sp ectra. Th us, at

least � 40% of the galaxy-t yp e GPS and HFP sources are something else than previously has b een

though t. Our pap er "Radio con tin uum sp ectra of gigahertz-p eak ed sp ectrum galaxies" w as submitted

to Astronom y & Astroph ysics in Dec 2006 and has b een accepted for publication.

The pap er w as done in collab oration with Margo and Hugh Aller form Univ ersit y of Mic higan Radio

Astronom y Observ atory and Marat Mingaliev from the RA T AN-600 telescop e from Russia. They

pro vided v aluable m ultifrequency data for the study .

The monitoring of b oth galaxy- and quasar-t yp e GPS and HFP sources w as con tin ued in 2006, with a

sp ecial emphasis on the galaxy-t yp e sources for the ab o v emen tioned study in the spring. W e detected

some v ery fain t GPS sources that w ere not exp ected to b e detectable with the Metsäho vi telescop e,

whic h implies that there are considerable �ux densit y v ariations in some these sources.

2.5.4 Planc k Satellite Science

Pro ject T eam Läh teenmäki , T ornik oski, Aatrok oski, T orniainen, V altao ja (T urku)

The Planc k satellite will map the sky at nine high radio frequencies from 30 GHz to 857 GHz, and

measure the cosmic micro w a v e bac kground (CMB) radiation.

A t the same time all foreground radio sources in the sky , including extragalactic radio sources, will

b e observ ed, to o. Planc k will pro duce unpreceden ted all sky catalogs of sources at sev eral high radio

frequencies. They will, �nally , �ll the gap in the presen t radio surv ey data. The satellite launc h is

sc heduled for autumn 2008.
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The ann ual Planc k LFI and HFI Consortia meeting w as held on the island of Isc hia in Italy in April.

A. Läh teenmäki, M. T ornik oski, J. Aatrok oski and E. V altao ja (T uorla) participated. W G 6 also met

and brie�y discussed the latest dev elopmen ts.

Our Metsäho vi Radio Observ atory and T uorla Observ atory Planc k collab oration team has activ ely

participated in the core activities of the Planc k Extragalactic P oin t Sources W orking Group (W G 6).

In 2006 the pro cess of de�ning the �nal science programme for Planc k w as started, in preparation

for the approac hing launc h. The programme will b e created within the W orking Groups, based on

the Baseline Core Programme prop osals collected in to the Planc k �Blueb o ok´´. W G 6 is set to ha v e

a meeting, discussing the issue, in early 2007. The deadline of the �nal science programme prop osals

is exp ected to b e in spring 2007.

Our preliminary observing prop osal for the Hersc hel satellite �T arget of Opp ortunit y observ ations of

in teresting A ctiv e Galactic Nuclei detected with the Planc k Quic k Detection System´´ w as review ed

and accepted b y the Planc k Science T eam (PST) in April. A. Läh teenmäki participated in a PST

meeting in July where the prop osals and their further dev elopmen t w ere discussed. The o�cial

Announcemen t of Opp ortunit y for Hersc hel and the prop osal deadline are exp ected in win ter and

autumn 2007, resp ectiv ely .

The preparatory w ork for Planc k con tin ued. Observ ations, analysis, and publication of our Planc k-

related A GN data w ere carried out in Metsäho vi in co op eration with our collab orators w orldwide (see

Section 2.5.6). The dev elopmen t of the Quic k Detection System (QDS) progressed v ery w ell. The

soft w are w as deliv ered to the Lo w F requency Instrumen t (LFI) Data Pro cessing Cen tre (DPC) in

T rieste, Italy , in Octob er. F rom no w on, the w ork consists mainly of adding features and testing. A

closer accoun t on the QDS status will b e giv en in Section 2.5.5. J. Aatrok oski �nished his M.Sc.(T ec h.)

thesis on QDS in No v em b er, and w as a w arded the highest p ossible grade for his excellen t w ork.

The Finnish Planc k science group, led b y A. Läh teenmäki, met sev eral times during the y ear. The

group w as particularly w orried ab out the dimin ution of funding of Planc k related pro jects in Finland,

and also seek ed the advice of the PST. Group mem b ers are also lo oking in to strengthening their

collab oration, for example, b y submitting common funding applications.

2.5.5 Quic k Detection System (QDS)

QDS is a soft w are pac k age designed to detect in teresting p oin t sources (for example, activ e galactic

n uclei, A GNs) in the time-ordered datastream of the Planc k satellite within one or t w o w eeks from

the time of the observ ation. A GNs are rapidly v ariable, in the timescale of a few da ys to a few w eeks,

and an y signi�can t ev en t m ust b e in v estigated without dela y . QDS mak es this p ossible b y alerting

observ atories for follo wup observ ations when it detects something in teresting in the Planc k data.

In 2006 the soft w are w as completed in the sense that it is fully functional and further dev elopmen t

is mainly testing and adding useful but not strictly essen tial features. The user man ual w as written

and is b eing k ept up-to-date with the soft w are, man y features w ere added and extensiv e testing of

the soft w are b egan.

One of the ma jor dev elopmen ts w as the in tegration of the QDS soft w are in to the Planc k Lo w F re-

quency Instrumen t's Data Pro cessing Cen ter (LFI DPC) in T rieste, Italy . This consisted mainly of

adding supp ort for the database in terface used in the DPC, whic h w as only preliminary since the

DPC infrastructure w as in a v ery early stage. The QDS requiremen ts for the �nal database in terface

w ere submitted to the DPC p eople, and the �nal in tegration is estimated to b e done in summer 2007.

The follo wing is an o v erview of some of the features of the soft w are as w ell as a more detailed lo ok

at the data pro cessing steps (Figure 10).

General F eatures

� V ery con�gurable. Most con�guration v ariables can ha v e frequency- and detector-sp eci�c v alues
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as w ell as a default v alue.

� Supp ort for arbitrary n um b er of detectors and frequencies.

� Not strictly Planc k-sp eci�c: the main restriction is that the data m ust b e arranged in rings

similar to those in Planc k.

� Sa v e/resume options mak e incremen tal (p ossibly automatic) running of QDS easy as newly

receiv ed data is en tered in to the ring database.

� Program output is fully customizable, and can b e sen t to the op erator via email instead of

prin ting it to the terminal.

� Can also b e run in in teractiv e mo de where the results can b e examined and source histories can

b e plotted as graphs.

� Comprehensiv e user man ual.

Pro cessing Pip eline

surrounding rings
Average with

threshold level
Manual/auto Threshold and

detect peaks

Detector grouping,
average together

to flux density conversion
Antenna temperature

compensation
Filter gain

Apply filter

surrounding rings

Consolidate with
detections from

Other detectors
(same sky circle)

Deslope and degap

Source
database

Planet
ephemerides

Identify and separate
planet detections

Match with known sources
and store new observations

other detector groups
with detections from

Group by source

Produce
alerts

One detector

60 scan rings
to one  ring

Deslope & normalize

Figure 10: A detailed c hart of the QDS pro cessing pip eline. This pro cedure is rep eated for ev ery ring

and ev ery detector.

Planc k data is organized as rings in the sky . The �rst step in the pro cessing pip eline is the normal-

ization of the data rings. The normalization (Figure 11) p erforms the follo wing op erations:

� An y gaps caused b y missing data and p ossible discon tin uities at ring b oudaries caused b y lo w-

frequency noise are remo v ed from the signal.

� The 60 v ery noisy sampling rings from the same sky circle are a v eraged together to pro duce a

noise-reduced ring.
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� The rings are adjusted to ha v e a w ell-de�ned and consisten t starting p oin t and direction.

� Sample units are con v erted from an tenna temp erature to �ux densit y .

Normalized rings can b e cac hed so that the normalization can b e skipp ed on the next time the ring

is needed. Reading a ring from the cac he is ab out 50 to 60 times faster than reading from the ring

database and normalizing, dep ending on the actual amoun t of data p er ring.

Pointing

Ring direction

EN

ES

The ecliptic

Ring origin

Figure 11: QDS ring normalization principles. A normalized ring starts at the ecliptic north and go es

around the satellite p oin ting v ector in the clo c kwise direction.

The normalized rings can b e easily a v eraged with rings from other detectors in the same sky circle

(detector grouping) and also with surrounding rings to further reduce noise.

The next step is �ltering and thresholding, whic h are the actual steps that detect the p oin t sources.

Filtering uses a �lter de�ned b y the Mexican Hat W a v elet (MHW) with its width parameter con�g-

urable for eac h detector either as a m ultiple of the b eam FWHM or directly in arc min utes. The �lter

is constructed so that its gain is comp ensated for i.e. p eaks with the b eam FWHM will ha v e correct

heigh t after �ltering. In addition to MHW also the second order Mexican Hat W a v elet (MHW2) can

b e used as the �lter. The e�ect of the MHW �lter is illustrated in Figure 12.

After �ltering the noise lev el � of the data is determined and the data is thresholded to detect p oin t

sources. The threshold is usually con�gured as a m ultiple of the noise lev el.

As a p oin t source is usually visible in sev eral rings, the detection results for eac h ring m ust b e

consolidated with the results from all the other rings b eing pro cessed to remo v e duplicates and

determine the correct v alues for co ordinates and brigh tness, after whic h these consolidated detections

are matc hed against the sources in the p oin t source database. The detections can also b e matc hed

against ephemerides to separate detections caused b y solar system b o dies from the rest. Finally those

detections that are deemed in teresting will pro duce an alert for the op erator.
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(b) The ring after �ltering. A detection threshold of 4� is mark ed with dashes. Note the spurious

detections at n � 150 and n � 1150.

Figure 12: Sim ulated Planc k ring data b efore and after �ltering with a Mexican Hat W a v elet in QDS.

Alert Criteria

A detection m ust satisfy one of the follo wing criteria to b e deemed in teresting and pro duce an alert:

� The source is previously unkno wn. Most of these will probably b e spurious. These will b e

added to the source database so they will not sho w as an unkno wn source again.

� The source is brigh ter than ev er b y a certain factor i.e. the �ux is great enough compared to

the maxim um �ux in the source's history on that frequency .

� The source is brigh ter than the previous, recen t enough observ ation on that frequency . This

criterion is triggered when there is a steep rise in the �ux of the source.

� The source has an in v erted sp ectrum. Generally this means that the sp ectral index b et w een

t w o frequencies is larger than a giv en threshold.

2.5.6 Multifrequency Observing Campaigns

Pro ject T eam T ornik oski , Läh teenmäki, T orniainen, Ho v atta, Niepp ola, K otiran ta, T urunen

W e to ok part in sev eral m ultifrequency campaigns in 2006, and did individual observing requests as

usual. T ypically w e supp ort the campaign with daily observ ations, and con tin ue regular monitoring

also b efore and after the core campaign.
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0716+714 & 0836+710 Monitoring of 0716+714 and 0836+710 w as con tin ued regularly . In

addition there w as a Suzaku campaign of 0836+710 in Marc h.

0235+164 The source started brigh tening in Decem b er, and w as in tensiv ely monitored also b y us.

3C 279 There w ere WEBT, In tegral, Chandra and SWIFT observ ations of 3C 279 in Jan uary and

F ebruary . W e are also k eeping an ey e on 3C 279 for MA GIC (Elina Lindfors, T uorla Observ atory),

in case it starts brigh tening at 37 GHz.

3C 454.3 W e supp orted WEBT and XMM-Newton observ ations of 3C 454.3 in July and Decem b er,

and also Spitzer and Chandra observ ations in Decem b er, along with 3C 273 and 3C 279.

PKS1510-089 Suzaku observ ed PKS1510-089 in August.

4C 38.41 4C 38.41 has b een the target of in tensiv e VLBA and GMV A observ ations since its ma jor

mm �are in 2002. In 2006 w e con tin ued to observ e it, particularly during the VLBA sessions.

OJ 287 There will b e extensiv e m ultifrequency campaigns of OJ 287 in 2006 and 2007, trying to

catc h the predicted outburst(s). W e will b e taking part in the campaigns and are monitoring this

source frequen tly , along with the optical observ atories, and, for example, XMM-Newton (No v em b er).

MARK 421 In June w e participated in a SWIFT, RXTE, and In tegral campaign on MARK 421.

Cyg X-3 Cyg X-3, a micro quasar, started brigh tening in Ma y , and w e supp orted the m ultiw a v e-

length campaign that follo w ed. The source w as triggered again in July .

BL Lac BL Lac is also on our MA GIC source list. Our data w ere recen tly used in a publication

related to the disco v ery of BL Lac at T e V energies b y MA GIC.

VERIT AS co op eration Merja T ornik oski and Anne Läh teenmäki w ere in vited to join the VER-

IT AS Collab oration as Asso ciate Mem b ers. W e are observing a handful of sources for VERIT AS

Blazar Science W orking Group m ultiw a v elength campaigns (1ES2344+514, 1ES1959+650, MARK

421, H1426+428, and MARK 501) and supp ort also VERIT AS T arget of Opp ortunit y campaigns.

Others & requests W e monitor a list of sources for Prof. Alan Marsc her (Boston Univ ersit y , USA),

in connection with VLBA monitoring programme. W e also frequen tly observ e sources according to

sp ecial requests from observ atories and researc hers from around the w orld.

2.5.7 RA T AN-600 Collab oration

Pro ject team: T ornik oski, Läh teenmäki, T orniainen, Niepp ola, Ho v atta, V altao ja (T urku)

W e ha v e con tin ued our collab oration with the Russian RA T AN�600 team for m ultifrequency , m ulti-

ep o c h observ ations of in v erted-sp ectrum sources and BL Lacertae Ob jects. The observ ations at

RA T AN�600 are made b et w een the frequency bands 1 and 22 GHz, and w e complemen t them with

37 GHz data from Metsäho vi (semi-sim ultaneous data and also some longer term �ux history).
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In this pro ject w e w an t to determine the true shap e of the con tin uum sp ectrum of these sources in

di�eren t v ariabilit y stages, and w e also w an t to study their general v ariabilit y b eha viour. The pro ject

is part of our preparatory w ork for the Planc k satellite foreground science.

2.5.8 The Eigh th ENIGMA Meeting in Otaniemi 6.-8.9.2006

The Metsäho vi A GN team organised the eigh th � and the v ery last! � meeting of the EU-funded

ENIGMA net w ork (Europ ean Net w ork for the In v estigation of Galactic n uclei through Multifrequency

Analysis). W e hosted the meeting in Otaniemi at the Dip oli conference facilities. It w as a three-

da y meeting, with t w o full and one half da y of scien ti�c talks. One afterno on and ev ening w ere

reserv ed for visiting the Metsäho vi researc h facilities (the Metsäho vi Radio Observ atory and the

Geo detic Institute), after whic h there w as a tour, a m usic & ligh t p erformance �Storm Oratorio� and

a conference dinner at the T yt yri limestone mine in Lohja.

Figure 13: The conference participan ts gathering at the v en ue on the �rst morning.

The ENIGMA funding p erio d ended in Octob er 2006, so this w as the last meeting of the net w ork in

its curren t form, and a v ery nice opp ortunit y to wrap up the science ac hiev ed during the four-y ear

funding p erio d. With this meeting, w e said go o db y e to the ENIGMA PhD studen ts and p ostdo cs that

w e had collab orated with during these y ears, but hoping to see them again so on in other scien ti�c

meetings.
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Figure 14: Conference participan ts. Figure 15: Dimitrios Emmanoulop oulos giving his

talk

Figure 16: Metsäho vi studen t T alvikki Ho v atta

giving her talk

Figure 17: An informal gettogether in the �rst

ev ening.

On the left: Anne Läh teenmäki from Metsäho vi,

on the righ t Stefan W agner from Heidelb erg (he

w as the Co ordinator of the ENIGMA net w ork).

Figure 18: Visit to Metsäho vi. Figure 19: Do wn to the pit of the T yt yri mine...
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Figure 20: Conference dinner at 110 metres b elo w the sea lev el!

Figure 21: En tertainers from the P olytec h Choir.

(Second from the righ t, a Metsäho vi sta� mem b er

Ari Mujunen.)

Figure 22: Metsäho vi studen ts are really m ultital-

en ted!

(A studen t from the A GN team and a professional

teac her of b elly dancing Ilona T orniainen.)
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2.6 Solar Observ ations

Pro ject T eam: T ornik oski , Riehok ainen (T urku)

In 2006 w e con tin ued to use the 37 GHz frequency band for observing Solar maps during the summer

mon ths. Solar radio �ares observ ed during earlier observing ep o c hs (during higher activit y) w ere

studied in detail in order to mo del in teracting coronal magnetic lo ops with our Russian collab orators.

A dditionally , the small (1.8-metre) telescop e w as used for con tin uous monitoring of the whole Solar

disk at 11.7 GHz.

2.7 Recreational ev en ts & k eeping �t

During the last few y ears, w e ha v e put sp ecial emphasis on encouraging the Metsäho vi sta� to tak e

care of their ph ysical w ell-b eing. Long hours of o�ce w ork to o easily tak es its toll on the b o dy!

In 2006 our main ph ysical activities at Metsäho vi w ere o�ered in the form of exercise giv en b y our

PhD studen t and trained aerobics & b elly dance instructor Ilona T orniainen. T wice a w eek she

organised a short �co�ee-break stretc hing session�, to whic h the sta� mem b ers eagerly participated.

During the summer mon ths she also o�ered a more thourough after-hours aerobics class once a w eek

in the Metsäho vi bac ky ard la wn, and ev en though the n um b er of participan ts there w as not quite as

high, ev eryb o dy that attended w as v ery happ y with the �blo o d & sw eat & tears�-sessions.

This y ear w e had no formal recreational outing mainly due to sev ere sc hedule constrain ts. Instead

w e organised a �pre-midsummer barb eque� during whic h w e �rst discussed our researc h and tec hnical

activities with the whole sta� in a relativ ely leisurely manner out in the bac ky ard, and then had a

barb eque part y .

The traditional Metsäho vi Christmas P orridge part y w as giv en on Decem b er 20th. This y ear's sp e-

cialit y w as the extra meal o�ered after the traditional Christmas sauna: our new sta� mem b er Guifré

prepared us w onderfully delicious paellas, using a secret receip e from his home village in Catalonia...

Figure 23: The sta� is seated for the Christmas p orridge
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Figure 24: The �juniors� w ere forced to b e our of-

�cial elv es...

Figure 25: The happ y Chef and the paella to die

for
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ESTEC, No ordwijk, Netherlands, 6.-7.4.2006, M. T ornik oski

Observ atoire de P aris, P aris, F rance, 28.-29.9.2006, M. T ornik oski

Pulk o v o Observ atory , St. P etersburg, Russia, 14.-15.10.2006, 20.-21.10.2006, M. T ornik oski, A. Läh-

teenmäki, I. T orniainen, E. Niepp ola, T. Ho v atta

Sp ecial Astroph ysical Observ atory RAS, Nizhnij Arkh yz, Russia, including visits to the RA T AN-600

radio telescop e and the 6-metre optical telescop e BT A, 15.-19.10.2006, M. T ornik oski, A. Läh teen-

mäki, I. T orniainen, E. Niepp ola, T. Ho v atta

Visit to the Kislo v o dsk Solar Observ atory (Northern Caucasus, Russia), 20.10.2006. M. T ornik oski,

A. Läh teenmäki, I. T orniainen, E. Niepp ola, T. Ho v atta

Visit to the Evpatoria station, Ukraina, 1-5.8.2006, A. Mujunen, J. W agner

Figure 26: Evpatoria station Figure 27: Irb ene station

Visit to the Irb ene station, Latvia, 12-15.11.2006, A. Mujunen, J. W agner

Visit to National Institute for Astroph ysics, T rieste, Italia, Octob er 8-14,2006, J. Aatrok oski

29



4.1 Visit to astronomical facilities in St. P etersburg and Caucasus

In Octob er the Metsäho vi A GN team attended the IX Russian-Finnish Radio Astronom y Symp osium

in Nizhnij Arkh yz, and also got the c hance to visit sev eral astronomical facilities.

Figure 28: A t the Pulk o v o Observ atory in St. P e-

tersburg.

F rom left to righ t M. T ornik oski, A. Riehok ainen

(T uorla), prof. A. Stepano v (director of the

Pulk o v o Observ atory), E. V altao ja (T uorla).

Figure 29: The hospitalit y of our hosts w as o v er-

whelming, and our team got sup erb meals ev ery

da y . (Metsäho vi studen ts T. Ho v atta and I. T orni-

ainen.)

Figure 30: A. Läh teenmäki (Metsäho vi) giving a

talk at the symp osium.

Figure 31: The Metsäho vi team at RA T AN.

30



Figure 32: The RA T AN-600 telescop e.
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Figure 33: A barb eque picnic in the moun tains.

Dr. M. Mingaliev (SA O RAS) giv es a toast, on

the left prof. Y u P arijskij (SA O RAS).

Figure 34: Visit to the Kislo v o dsk Solar Observ a-

tory in Northern Caucasus.

Figure 35: Group photograph in fron t of the gian t (6-m) optical telescop e. It w as sno wing during

our visit!
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5 Visiting Scien tists

V y ac hesla v, V do vin, Dr., Institute of Applied Ph ysics, Russian A cadem y of Sciences, Russia

Oleg Bolshak o v, Institute of Applied Ph ysics, Russian A cadem y of Science, Russia

Alexander Sh tan yuk, Institute of Applied Ph ysics, Russian A cadem y of Science, Russia

N. Demido v, Dr., Institute of Electronic Measuremen ts KV ARZ, Russia

Marsc her, Alan, Prof., Boston Univ ersit y , USA

Stepano v, Alexander, Prof., Pulk o v o Observ atory , Russia

Mingaliev, Marat, Dr., Sp ecial Astroph ysical Observ atory , Russia

7.9.2006 The participan ts of the 8th ENIGMA meeting (31 scien tists and PhD studen ts mostly from

Europ ean coun tries) visited Metsäho vi and the Geo detic Institute.

6 Thesis

Aatrok oski, Juha M.Sc. (T ec h) thesis: QDS: Soft w are F or P oin t Source Extraction F rom Planc k

Satellite Data. Helsinki Univ ersit y of T ec hnology , Departmen t of Computer Science and Engineering,

sup ervised b y A. Läh teenmäki, 2006.

7 T eac hing

Radio Astronom y course, autumn 2006, M. T ornik oski, A. Läh teenmäki, I. T orniainen

�Planc k �unlo c king the secrets of the Univ erse seminar� talk in Helsinki Univ ersit y Observ atory ,

15.11.2006, A. Läh teenmäki

Radio Astronom y lab oratory exercise for space tec hnology studen ts, spring 2006, I. T orniainen

8 Other A ctivities

Planc k satellite Co-In v estigator, Planc k Scien tist, A. Läh teenmäki

A cadem y of Finland Researc h F ello w 1.8.2005 � 31.7.2010, A. Läh teenmäki

�Planc k �unlo c king the secrets of the Univ erse´´ Outstanding Junior Researc h Group of Helsinki

Univ ersit y of T ec hnology for the academic y ears 2006 � 2007 and 2007 � 2008, A. Läh teenmäki

Referee for Mon thly Notices of the Ro y al Astronomical So ciet y , M. T ornik oski

Referee for Global Millimetre-VLBI Arra y (GMV A) observing prop osals, M. T ornik oski

Asso ciate mem b er of the V ery Energetic Radiation Imaging T elescop e Arra y System (VERIT AS)

collab oration, A. Läh teenmäki, M. T ornik oski

Chairman of the lo cal organising committee and the scien ti�c organising committee of the 8th

ENIGMA meeting, M. T ornik oski

Lo cal co ordinator for the EC researc h training net w ork ENIGMA (�Europ ean Net w ork for the In v es-

tigation of Galactic n uclei through Multifrequency Analysis�), M. T ornik oski

Mem b er of the American Astronomical So ciet y (AAS), M. T ornik oski
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8.1 P articipation in Boards and Committees

Mem b er of the Astronom y W orking Group (A W G) of the Europ ean Space Agency (ESA), M. T ornik oski

Steering group mem b er of the A cadem y of Finland graduate sc ho ol of astronom y and space ph ysics,

A. Läh teenmäki

Mem b er of the Planc k/TEKES 70 GHz instrumen t steering group, A. Läh teenmäki

Mem b er of the scien ti�c organising committee of the IX Russian-Finnish Symp osium on Radio As-

tronom y: �Multi-W a v elength In v estigations of Solar and Stellar A ctivit y and A ctiv e Galactic Nuclei�,

held in Nizhnij-Arkh yz, 15.-20.10.2006, M. T ornik oski

Mem b er of the EXPReS e VLBI Science A dvisory Group, A. Läh teenmäki

Finland's delegate to the Scien ti�c Comission J (Radio Astronom y) of the In ternational Union of

Radio Science (URSI), M. T ornik oski

Lo cal co ordinator for the EC researc h training net w ork ENIGMA (Europ ean Net w ork for the In v es-

tigation of Galactic Nuclei through Multifrequency Analysis), M. T ornik oski

Mem b er of the Finnish Astronomical A dvisory Group for the ESO pro ject �Dev elopmen t of distributed

data analysis system for extensiv e astronomical data�, a.k.a Samp o, M. T ornik oski

Mem b er of the TEKES steering group for the Samp o pro ject for ESO, M. T ornik oski

Finland's represen tativ e to the ESO Users Committee, M. T ornik oski

Mem b er of the b oard, secretary , of Finnish Astronomical So ciet y , I. T orniainen

Secretary of the organising committee of �Täh titieteilijäpäiv ät 2006�, Ma y 19, 2006, Univ ersit y of

Helsinki), I. T orniainen

Mem b er of the ESF:n Committee for Radio Astronom y F requencies, Jouk o Ritak ari

EXPReS Consortium Board, c hairman, A. Mujunen

Mem b er of the lo cal and scien ti�c organizing committees of the 8th ENIGMA meeting, Esp o o, Fin-

land, 6 � 8.9.2006, Anne Läh teenmäki, Ilona T orniainen , Elina Niepp ola, T alvikki Ho v atta

Mem b er of the scien ti�c organising committee of the IX Russian-Finnish Symp osium on Radio As-

tronom y: �Multi-W a v elength In v estigations of Solar and Stellar A ctivit y and A ctiv e Galactic Nuclei�,

held in Nizhnij-Arkh yz, 15.-20.10.2006, M. T ornik oski

8.2 In ternational Meetings and T alks

ESA A W G meeting#124, 12.-13.1.2006 ESA Headquarters, P aris, F rance, M. T ornik oski

ESO UC meeting, ESO Headquartersm Garc hing, German y , 2.-4.4.2006, M. T ornik oski

ESA A W G meeting#125, 6.-7.4.2006, ESTEC, No ordwijk, Netherlands, M. T ornik oski

Planc k LFI/HFI Consortia Meeting in Isc hia, Italy , 18 � 20.4.2006, A. Läh teenmäki, M T ornik oski,

J. Aatrok oski. P oster �37 GHz observ ations of a large sample of BL Lacertae ob jects�, J. Aatrok oski,

P oster �Quic k Detection System for Planc k satellite�, M. T ornik oski talk �High-frequency radio ob-

serv ations of A GNs: Source samples, con tin uum sp ectra & v ariabilit y statistics�

The 7th ENIGMA meeting, Hydra, Greece, 8 � 19.5.2006, A. Läh teenmäki, M.T ornik oski

Planc k Science T eam meeting, F rascati, Italy 11.7.2006, A. Läh teenmäki
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The 8th ENIGMA meeting, Esp o o, Finland, 6.�8.9.2006, M. T ornik oski, A. Läh teenmäki, I. T orni-

ainen, E. Niepp ola, T. Ho v atta.

M. T ornik oski talk: �Long term radio monitoring � Wh y do w e need it?�, I. T orniainen talk: �GPS

studies during ENIGMA era�, T. Ho v atta talk: �V ariabilit y time scales from long term monitoring�,

E. Niepp ola, c hairman of a session and talk: �Sp ectral energy distributions and 37 GHz monitoring

of BL Lacertae ob jects�

ESA A W G meeting#126, 28.-29.9. Observ atoire de P aris, P aris, F rance, M. T ornik oski

The IX Russian-Finnish Symp osium on Radio Astronom y , Multi-w a v elength In v estigations of Solar

and Stellar A ctivit y and A ctiv e Galactic Nuclei, Nizhnij Arkh yz, Karac haev o-Cherk esia, Russia, 15

� 20.10.2006, M. T ornik oski, A. Läh teenmäki, I. T orniainen, E. Niepp ola, T. Ho v atta.

M. T ornik oski talk �Metsäho vi A GN pro jects con tributing to the Planc k foreground science� & c hair-

man of the session �Extragalactic Sources�. A. Läh teenmäki talk �Planc k �unlo c king the secrets of

the univ erse´´, T. Ho v atta talk �Long term radio time scales of A ctiv e Galactic Nuclei�, I. T orniainen

talk �Radio sp ectra of GPS galaxies�, E, Niepp ola talk �Sp ectral energy distributions and 37 GHz

monitoring of BL Lacertae ob jects�

Fifth Stromlo Symp osium �Disks, winds & jets �from planets to quasars�, Can b erra, Australia, 3 �

8.12.2006, A. Läh teenmäki, T alk �T otal �ux densit y radio observ ations as a to ol for understanding

A GN jets�

AMS tec hnical in terc hange meeting, CERN, Genev e, Switzerland, 23-28.4.2006, G. Molera Calv es

AMS tec hnical in terc hange meeting, CERN, Genev e,Switzerland, 23-28.7.2006, G. Molera Calv es

EU EXPReS-F GP kic k o� meeting and EVN TOG k ok ous, Dwingelo o, The Netherlands, 22-24.3.2006,

A. Mujunen, J. Ritak ari

Europ ean VLBI Net w ork (EVN) Consortium Board of Directors Meeting, Firenze, Italy , 17-20.5.2006,

A. Mujunen

VSOP-2/ASTR O-G kic k-o� meeting, Dwingelo o, The Netherlands, 15.6.2006, A. Mujunen

EXPReS planning meeting, Dwingelo o, The Netherlands, 16.6.2006, A. Mujunen

MIT Ha ystac k Observ atorio, e-VLBI w orkshop, W estford, MA, USA, 16.9-21.9.2006, A. Mujunen, J.

Ritak ari

EU FP6 EXPRes pro ject Board Meeting, Zaandam, The Netherlands, 1.11-2.11.2006, A. Mujunen

k onferenssin tai sen ohjelma- tai järjestelytoimikunnan puheenjoh ta juus.

EVN Consortium Board of Directors Meeting, Dwingelo o, The Netherlands, 28.11-1.12.2006, A. Mu-

junen

AMS-02 consortium Financial Review Committee meeting, CERN Genev e, Switzerland, 20.11-21.11.2006,

A. Mujunen

EU/EXPReS F abric meeting, P oznan, P oland, 24.9-26.9.2006, A. Mujunen

e VLBI bits and b ytes meeting, ESLEA proto col group meeting, UCL, Lon to o 2.5-5.5.2006, J. Ritak ari

e VLBI bits and b ytes meeting, F abric get-together meeting, Manc hester, UK, 31.8-1.9.2006, J. Ri-

tak ari

EVN tec hnical op erations group, Noto, Italy , 2.12-6.12.2006, J. Ritak ari

Eslea, Expres and F abric meeting, Manc hester, UK, 7.12-9.12.2006, J. Ritak ari
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8.3 National Meetings and T alks

Helsinki T estb ed W orkshop, Finnish Meteorological Institute, Helsinki, 6.4.2006, A. Läh teenmäki,

T alk Using the Helsinki T estb ed w eather data in Metsäho vi.

Läh teenmäki, A.: Planc k - unlo c king the secrets of the Univ erse. Suomen Täh titieteilijäseuran Täh ti-

tieteilijäpäiv ät (Ann ual meeting of the Finnish Astronomical So ciet y), Helsinki, Finland, 19.5.2006

Molera, Guifré: AMS-02 and e VLBI other in v olving of Metsäho vi to the space, Helsinki, Finland,

19.5.2006.

8.4 P articipation in win ter and summer sc ho ols

Summer sc ho ol of the Finnish Graduate Sc ho ol in Astronom y and Space Ph ysics, Helsinki, June 5-9,

2006, E. Niepp ola, I. T orniainen, T. Ho v atta.

Fifth IRAM Millimeter In terferometry Sc ho ol, Grenoble, F rance, Octob er 2-6, 2006, E. Niepp ola, T.

Ho v atta.

8.5 Public Relations

Newspap er Helsingin Sanomat, Science section, 23.8.2006, �Suomen k allein radio v almis a v aruuteen�

(�Finland's most exp ensiv e radio ready for space�).

Electronic Journal Digito da y .� 30.8.2006, �Metsäho vi kiitää 10 gigabitin sekun tiv auhdilla� (�Met-

säho vi sp eeds at 10 gbit/s�).

Journal Mikro-PC 9/2006, �Nyt rak ennetaan h ybridiv erkk o ja� (�Hybrid nets are hot�), Metsäho vi is

sho wn as an example of one of the large data pro ducers, and the Metsäho vi Gbit connection and data

transfer are describ ed.

Journal CSC News 3/2006 �Finnish radio astronomers �rst in w orld with ten-gigabit connection�

Newspap er Kirkk on ummen sanomat 1.9.2006, �Metsäho vi taas nop ein� (�Metsäho vi fastest once

again�), ab out the 10 Gbit �b er connection.

Newsletter TKK Nyt 31.8.2006, �Metsäho vi ensimmäisenä F unetissa uuteen nop eusluokk aan� (�Met-

säho vi �rst in F unet to reac h new sp eed lev els�).

Newspap er Helsingin Sanomat, Science Section, 15.11.2006 �A v aruuden tutkijat k ok oa v at maail-

mank aikk euden palap eliä� (�Space researc hers are putting together the pieces of the cosmic puzzle�),

a full page article ab out Planc k, including in terview with M. T ornik oski and A. Läh teenmäki.

General Metsäho vi excursions and short talks ab out radio astronomical researc h to man y visiting

groups, M. T ornik oski, J. Ritak ari, A. Mujunen, I. T orniainen, A. Läh teenmäki, E. Oinask allio, T.

Ho v atta.
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9 P ersonnel in 2006

P ermanen t P ositions funded b y the Helsinki Univ ersit y of T ec hnology

T ornik oski, Merja, Dr.T ec h. Director of the institute Merja.T ornik oski@h ut.�

Do cen t of Radio Astronom y and

Space T ec hnology

Hurtta, Solv eig, Ms. Departmen t Secretary , part-time Solv eig.Hurtta@h ut.�

Mujunen, Ari, M.Sc. (T ec h) Lab oratory engineer Ari.Mujunen@h ut.�

Oinask allio, Erkki, Mr. T ec hnician Erkki.Oinask allio@h ut.�

P eltonen, Juhani, Dr.T ec h. Lab oratory engineer, part-time jussi@kurp.h ut.�

Rönn b erg, Henry , Mr. Mec hanician

Scien ti�c and T ec hnical Sta� F unded b y Researc h Con tracts

Aatrok oski, Juha, M.Sc. (T ec h) Researc h assistan t jha@kurp.h ut.�

Ho v atta, T alvikki, M.Sc. (T ec h) Researc her tho@kurp.h ut.�

Kallunki, Juha, M.Sc. T ec h) Op erations engineer, from 1.4.2006

K otiran ta, Mikk o, studen t Researc h assistan t, part-time from 14.8.2006

Lindfors, Elina, M.Sc. Researc her, 1.10-31.12.2006

Lindfors, Timo, studen t Researc h assistan t, part time 1.1-31.5.2006 lindi@kurp.h ut.�

and 1.9-31.12.2006, full time 1.6-31.8.2006

Läh teenmäki, Anne, D.Sc.(T ec h.) A cadem y Researc h F ello w alien@kurp.h ut.�

Molera Calv és, Guifré, M.Sc. Researc her, from 1.4.2006 gofrito@kurp.h ut.�

Niepp ola, Elina, M.Sc. Researc her eni@kurp.h ut.�

Ritak ari, Jouk o, M.Sc. (T ec h) Researc her, part time jr@kurp.h ut.�

T orniainen, Ilona, M.Sc. (T ec h) Researc her ilo@kurp.h ut.�

T urunen, Miik a, studen t Researc h assistan t, full time 22.5-31.8.2006 maturun@kurp.h ut.�

part time 1.9-31.12.2006

T röller, Mirk o, M.Sc. Researc her un til 30.4.2006

W agner, Jan, studen t Researc h assistan t jw agner@kurp.h ut.�

part time from 14.2.2006, full time from 1.5.2006

Metsäho vi A dvisory Committee

K orp ela, Sepp o, Dir. T ansk anen, P ekk a, Prof.

K oskinen, Hann u, Prof. Tiuri, Martti, Prof.emer., M.P . (Chair)

Nygren, T uomo, Prof. T ornik oski, Merja, Director (Secretary)

Somervuo, P ekk a, Dr.T ec h. V altao ja, Esk o, Prof.
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