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1 Introdu
tion

Metsähovi Radio Observatory, a separate resear
h institute of Helsinki University of Te
hnology

(TKK) sin
e May 1988, operates a 14 m diameter radio teles
ope at Metsähovi, village of Kylmälä

in Kirkkonummi, about 35 km west from the Otaniemi university 
ampus.

Metsähovi is a
tive in the following �elds: radio astronomi
al resear
h, multifrequen
y astronomy and

spa
e resear
h, development of instruments and methods for radio astronomy, and (radio) astronom-

i
al edu
ation. Sin
e 2004 also geodeti
 VLBI observations are done in Metsähovi in 
ollaboration

with the Finnish Geodeti
 Institute.

In year 2006 20 s
ientists, engineers, resear
h assistants and support personnel worked at the institute.

Six of the employees are funded by the Helsinki University of Te
hnology, and the others are funded

by resear
h proje
ts �nan
ed from outside sour
es. In 2006 the total expenditure of the Metsähovi

Radio Observatory was 768 105 euros, in
luding salaries and the rent of the o�
e and laboratory

spa
e at the Metsähovi premises. This was �nan
ed by Helsinki University of Te
hnology (70 %),

A
ademy of Finland (13 %), European Union (7 %) and other outside sour
es (10 %).

The funding situation has not improved during the re
ent years. The TKK funding has in
reased a

little, mainly in the form of dire
ted proje
t funding that has e.g., enabled us to get the 10 Gbit/s

data 
onne
tion to Metsähovi, but the A
ademy of Finland funding level has deteriorated during

this de
ade. Lu
kily the Metsähovi PhD students have been su

essful in obtaining positions with

the Finnish Graduate S
hool in Astronomy and Spa
e Physi
s. Currently two of our students (Ilona

Torniainen, Talvikki Hovatta) are funded by the graduate s
hool.

On
e again, in 2006 Metsähovi was part of a 
onsortium that applied for the A
ademy of Finland's

Center of Ex
ellen
e program. The 
onsortium was led by professor Valtaoja from the Tuorla Ob-

servatory. In the �rst phase we were su

essful, and during the se
ond phase we submitted a very

extensive resear
h plan and were interviewed by international expert evaluators. We re
eived the

highest possible grades, but were still not sele
ted as one of the Centers of Ex
ellen
e in the very

tight 
ompetition.

However, the Plan
k resear
h team lead by Dr. Anne Lähteemäki was sele
ted as one of the �Out-

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

two years.

Our resear
h goals are set high: we aim to be among the top level resear
h institutes in those �elds

of astronomy and te
hnology that we are a
tive in. The sta� of Metsähovi is talented and motivated,

and we are determined to keep this �Metsähovi spirit� alive also in the future.

June 7th, 2007

Merja Tornikoski

Dire
tor of the TKK / Metsähovi Radio Observatory

1



2 Resear
h A
tivities

In this 
hapter the main resear
h a
tivities at Metsähovi are introdu
ed. Some of the proje
t teams

in
lude also s
ientists working at other institutes. The 
onta
t person at Metsähovi is underlined in

ea
h proje
t team list.

2.1 Radio Astronomi
al Instrumentation

Resear
h Group at Metsähovi: Tornikoski, Peltonen, Mujunen, Kallunki, Oinaskallio, Ritakari,

Rönnberg

2.1.1 3 and 2 mm SIS Re
eivers

Proje
t team: Peltonen, Mujunen, Oinaskallio, Kallunki, Rönnberg

The mm-wave SIS re
eiver 
onstru
ted by Institute of Applied Physi
s, Russian A
ademy of S
ien
es,

Nizhny Novgorod, Russia was used twi
e for 3 mm VLBI observation sessions in 2006. For the

April session the re
eiver was tuned 
arefully in the laboratory and it showed high sensitivity (noise

temperatures ∼ 80 K) for both polarization 
hannels. However after installing the re
eiver up on

the teles
ope the sensitivity was degraded to 130 K for the B-
hannel (LCP) and to 240 K for the

A-
hannel (RCP), respe
tively. Another drawba
k was observed i.e. the sensitivities were dependent

of the elevation angle. This might indi
ate that there was some loose 
onta
t inside the dewar whi
h


annot be anymore repaired during the session.

For the O
tober session the IAP personnel did not su

eed to restore the sensitivity of the re
eiver

even in the laboratory. For the 
hannel B 180 K was measured and the RCP-
hannel was almost

dead. On the teles
ope again the noise temperature of the working 
hannel in
reased to 300 K. With

su
h a re
eiver the session 
ould not be performed su

essfully.

In August, 2006 the Agreement between the Governments of the Russian Federation and the Republi


of Finland was �nally signed. Metsähovi Radio Observatory is in
luded in the list for delivery of

radioastronomi
 re
eivers from IAP with a total value of the Contra
t as one million US dollars. The

severe problems during the O
tober session have led the original plan to simply upgrade the old SIS

re
eiver with new 
omponents. The InP HFET te
hnology at 3 mm frequen
ies now 
ompetes with

SIS mixers and the 
hoi
e between these two is determined rather by other requirements than only

the noise performan
e. The most severe drawba
ks of SIS mixers are the 
ooling requirement to 4

K, re
eiver 
annot be tested at all at room temperature, the observed unreliability of the system and

need for expert servi
es for the start-up, tuning and shut down. Negotiations with IAP personnel

have been started with help of Pekka Sjöman (DA-Design Oy) to 
hange the re
eiver stru
ture to be

based on the MMIC te
hnology 
ooled to 20 K ambient temperature.

The 2 mm re
eiver was not tested during 2006. The plan for the future is that when the 3 mm part

is 
hanged to the new dewar, this old 4 K system is used only for 2 mm re
eiver.

2.1.2 Re
eiver Maintenan
e and Upgrades

Proje
t team: Peltonen, Mujunen, Oinaskallio, Kallunki, Rönnberg

During the year 2006 the repair of the 43 GHz dual 
hannel VLBI re
eiver was started. First the

room temperature part of the system was tested. This part 
onsists of a 40-45 GHz mixer/tripler

assembly, two phase lo
ked lo
al os
illators and two IF-se
tions. The �rst LO(1) frequen
y 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 by a bandpass �lter to 8.0-9.5 GHz. The se
ond LO is set to 7.62 GHz to down


onvert the signal to the standard 0.5-1.0 GHz VLBI band. Both of these LO's are YIG-os
illators

2



Figure 1: Re
eiver 
hange in progress (J. Kallunki, H. Rönnberg)

Figure 2: Re
eiver 
hange in progress (J. Kallunki, A. Mujunen)
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Figure 3: Re
eiver 
hange in progress. Getting ready to lift up the 37 GHz 
ontinuum re
eiver. (A.

Mujunen, J. Kallunki, H. Rönnberg)

Figure 4: Re
eiver 
hange in progress. Riding up with the 
ontinuun re
eivers (H. Rönnberg)
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Figure 5: Re
eiver 
hange in progress. Installing the 22 GHz 
ontinuum frontend (J. Kallunki, A.

Mujunen)

with voltage 
oarse tuning and the FM-
oil is exploited for the phase lo
king. The LO(1) 
an be

tuned via ADAM/NuDAM module network and LO(2) is set manually to the desired �xed frequen
y.

The phase lo
king s
heme uses 100 MHz frequen
y standard followed by a 
omb generator and the

PLL IF-frequen
y is 20 MHz. Thus the LO frequen
y is N x 100 MHz + 20 MHz and the harmoni


numbers are N = 116 and 76, respe
tively. The phase lo
k status 
an be monitored via the above

mentioned module and both of the LO's are operating without failures.

The re
eiver was tested with a 
oherent signal at 43.23 GHz 
enter frequen
y whi
h 
an be generated

by Rohde&S
hwarz synthesizer multiplied by a Spa
ek quadrupler. These tests indi
ate that the room

temperature part of the re
eiver works 
orre
tly a

ording to the blo
k diagram and theoreti
ally


al
ulated signal levels and frequen
ies were measured.

The new MMIC-based LNA's developed at Ylinen Ele
troni
s were installed to the 
ryogeni
 front

end. The 
ooling 
apa
ity of the CTI model 22 refrigerator (1 W at 20 K) is quite not enough to 
ool

the LNA's adequately. The ambient temperature rea
hes only down to 50 K but this is 
onsidered to

be a

eptable with some sa
ri�
e to the sensitivity. However the LNA's did fail to operate probably

due to an ele
tri
al stati
 dis
harge. The MMIC devi
es are more sensitive to bias transients than the

separate HEMT transistors and the operation points (voltages) are signi�
antly lower. The LNA's

were sent to DA-Design Oy (Pekka Sjöman) to be repaired and the bias 
ir
uitry and espe
ially the

grounding problems are investigated thoroughly.

The 22 and 37 GHz 
ontinuum re
eivers have been operated again without severe failures. This is

a
tually amazing be
ause both of these use GaAs Gunn os
illators as LO sour
es. The low e�
ien
y

of these old GaAs devi
es means that the inside temperature of the semi
ondu
tor material is very

high and this predi
ts theoreti
ally a short lifetime for the a
tive 
omponent.
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In 
onjun
tion with the earlier mentioned new 
ontra
t with IAP also these re
eivers should be

repla
ed to a modern re
eiver 
omplex. The original plan is to install both 22 and 37 GHz re
eivers

in one dewar (if me
hani
ally possible) and the front end should be 
ooled to 20 K. Also a new s
heme

for 
ontinuum re
eivers should be adapted i.e. pseudo-
orrelation radiometer prin
iple. This means

two important advantages: Di
ke-swit
h and LO are not needed, the broadband signal is dete
ted

dire
tly. The drawba
k is the need of a phase shifter for the high signal frequen
y. Negotiations with

IAP personnel have been 
ontinued to 
larify their te
hni
al 
apability to 
onstru
t su
h a 
omplex

system.

The 2/8 GHz Geo-VLBI re
eiver has proven to be reliable. Only some 
leaning and tightening of the

SMA-
onne
tors has been done and the feed horn was prote
ted with an extra tape to avoid moisture

penetration into the feed system.

2.1.3 IT Infrastru
ture

Proje
t Team: Mujunen, Lindfors

Metsähovi Internet 
onne
tion based on two regular ADSL modems was repla
ed with a tunneled

a

ess over the dire
t 10 Gbits/s Funet �ber 
onne
tion. Just like with the modems, the tunnel

endpoint is at university 
ampus to ensure a

ess to servi
es only available on the university internal

network.

Both hardware and operating system 
onsolidation 
ontinued with new desktop pur
hases being

made with the Hansel government pur
hasing arrangement of Dell OptiPlex GX620 
omputers with

long-term on-site warranties (3�4 years). A single installation of Windows Server 2003 Terminal

Server for networked a

ess to sele
ted Windows appli
ations was established with a VMware virtual

ma
hine environment. This allowed the new �winapps� server to run on the same powerful �apps1�

Linux hardware as the general Linux appli
ation server, sharing the CPU and memory resour
es.

Additionally, virtual ma
hines allow easier rollba
k of irreversible Windows operating system 
hanges

and failed software installations.

A

essing remote desktops has in
reased 
onstantly at Metsähovi. Pra
ti
ally all observations are

performed using Linux VNC servers whi
h are being a

essed by observers both at Metsähovi and at

home o�
es. Windows appli
ations 
an be a

essed in �rdesktop� RDP sessions from both Linux and

Windows 
omputers, and a similar general tunneled RDP a

ess was set set up to enable everyone

at Metsähovi to use new university systems Rondo (invoi
es) and Travel (travel expense 
laims).

Multi-site network ba
kup system was enhan
ed with a 
entralized Linux system disk ba
kup 
om-

puter �remus� whi
h enables emergen
y network boot in 
ase of system disk failures. Another small

dedi
ated server �
ds� was 
reated to host CD and DVD images, making them available in the internal

network in a variety of ways su
h as web, NFS, and Samba. The �
ds� additionally provides a wall-

mounted LCD display in the vi
inity of Metsähovi entry door whi
h has proved to be espe
ially useful

for using the 
ar pool reservation system �
ommute.pl�. This system is based on Perl and MySQL

and it was 
reated by Miika Turunen to alleviate the problem of maintaining 
ar seat reservations on

a physival paper list at university 
ampus.

2.1.4 Hydrogen Masers

Proje
t Team: Oinaskallio, Kallunki, Mujunen

The performan
e of Kvarz 70 Ch1-75 H maser frequen
y standard 
ontinued to be very good. Se
ond

maser (Kvarz 69) had problems with pps (Pulse Per Se
ond) signal. The maser didn't sent the pps

signal. Reason for this was that pps board was broken. PPS board was 
hanged by IEM Kvarz

in O
tober. After this Maser has been worked without failures. During the year 2007 mole
ular

hydrogen sour
e and frequen
y 
omparator will be 
hanged in maser 69. In Figure 6 the time

di�eren
es between the two H masers and several GPS 
lo
ks is being illustrated.
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2.1.5 Clo
k Di�eren
e Measurement

Proje
t Team: Mujunen, Kallunki, Oinaskallio, Rönnberg

Metsähovi started to use 
lo
k di�eren
e measurement system (
alled "Clodi") in 2002 for measur-

ing to 
lo
k di�eren
e between di�erent GPS (General Position System) 
lo
ks and hydrogen maser.

During the years was appeared that "Clodi" gives fault values whi
h aren't related to maser itself.

In 2006 "Clodi" abel software was reprogrammed with using new 
ompiler. Also CPLD (Complex

Programmable Logi
 Devi
e) was 
hanged to faster CPLDs (Xilinx XC9572XL-10-PC44 �> Xilinx

XC9572XL-5-PC44). These 
hanges 
aused that unwanted failures disappeared. Figure 6 was gen-

erated with Clodi system. Also other maser monitoring softwares were development during year for

helping to �nd out maser 
ondition.

Figure 6: Time di�eren
es of H maser and GPS 
lo
ks, in mi
rose
onds.

In January 2006 pps board of maser 69 was broken whi
h 
an be seen from Figure 6. The level of

measured value went out of s
ale. During the year pps signal was adjusted to the s
ale several times.

2.1.6 New Hardware

Proje
t Team: Mujunen, Kallunki, Oinaskallio, Rönnberg

Harmful frequen
y measurement system

The old interferen
e measurement system was renewed. Antenna pole was modi�ed. Preampli�er

was 
hanged to more sensitive ampli�er and also the noise level of new ampli�er is mu
h more lower.

In addition the spe
trum analyzer was repla
ed by a new one. Software (for saving the results) de-

velopment is still un�nished. Software will be 
ompleted during the year 2007. Figure 7 illustrates a

general overview of interferen
e measurement system.
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Figure 7: Interferen
e antenna.

Sunant

Both motors (in
luding gearbox) in SunAnt antenna were 
hanged during the year. New gear ratio

of azimuth motor is 159:1 (old: 66:1) and new gear ratio of elevation motor is 246:1 (old: 159:1).

These 
hanges make more a

urate tra
king of sun possible and lifetime of the motor is higher. Also

some o�set parameters were 
he
ked and 
hanged in antenna tra
king software.

UPS (uninterruptible power supply)

New UPSes were added in the VLBI (Very Long Baseline Interferometry) ra
k, also some UPS extra

batteries were added and 
hanged.

Monitoring

New monitoring sensors were added in various lo
ations. Examples for those are temperature and

humidity sensors in the 
ontrol room and temperature sensor in the antenna 
ontrol ra
k. Also sensors

for monitoring UPS extra battery 
urrent were added.

Building maintenan
e in Metsähovi

In the antenna area the old power feed fuse boxes were renewed during August and September. The

old four wire wiring system was substituted by a modern �ve wire system and the traditional fuses

repla
ed by automati
 
ir
uit breakers and ground fault 
ir
uit interrupters where appropriate. The

old system originated from 1973 when Metsähovi Radio Observatory was founded. The new system

improved the quality of ele
tri
ity in the whole antenna area. This renewing was made by ISS.

The Air-
onditioning unit was renewed in 
ontrol room in June. This was made by Airtek Oy.

Radome heater was renewed in January 2007. This was made by MEPU Oy.
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2.1.7 Automatization of Quasar Observations

Proje
t Team: Tornikoski, Hovatta, Kotiranta, Lähteenmäki, Turunen, Lindfors, Mujunen, Oinaskallio

The automatization of quasar observations has rea
hed a point where we 
an use the 
urrent measure-

ment software and pra
ti
ally all of the auxiliary fun
tions needed during quasar observations over

the Internet. The observations are always run through a vn
 session. This enables any observer to

pi
k up the observing session from any terminal 
onne
ted to the net, ie., transition from observations

done on site to a remote session are smooth.

A human observer is still needed for the major tasks of sour
e sele
tion, pointing o�set determination

and noise diode 
alibration, as well as naturally for the overall monitoring of the data quality. The


urrent automatization system, however, enables the observer to take relatively long breaks (a few

hours to a full night, depending on the sour
e sele
tion and the weather 
onditions et
.).

An e�ort was started to 
ompletely repla
e the old Contobs program by new software, and even

though this software rea
hed a point where it 
ould be tested by observers, Contobs was still used for

a
tual observations. We hope to be able to �nally repla
e Contobs by new and mu
h more advan
ed

software in 2007.

2.2 VLBI Instrumentation

Proje
t team: Ritakari, Mujunen, Wagner, Molera

In April 2006 Jan Wagner repaired the bank of failing BBC baseband 
onverters by repla
ing dividers

in the LO synthesizer. In August 2006, 
orrelation plots from geodeti
 VLBI experiments revealed a

�lter board signal leakage problem in most of the BBCs. The �lter boards were subsequently modi�ed

and �xed by Jan Wagner and Guifre Molera.

2.2.1 eVLBI and EU FP6 EXPReS

Proje
t team: Ritakari, Mujunen, Lindfors, Wagner, Molera

During 2006, 10 Gbps Internet 
onne
tivity to CSC/Funet was established in Metsähovi. Metsähovi

was the �rst radio observatory in the world to have a 10G 
onne
tion. The 10G 
onne
tivity was

a
quired for EU EXPReS SA2, in order to 
reate an e-VLBI test bed at Metsähovi, and a dark �bre

was ordered already at the end of 2005. The required 
ontra
ts were worked out by Jouko Ritakari

and Ari Mujunen.

For lo
al networking, an Extreme Networks Summit X450 24-port swit
h with an optional 10 GBASE-

ZR extended range (up to 80 km) �bre module was bought. The swit
h was 
on�gured by Timo

Lindfors and Jan Wagner for a new e-VLBI test network on the Internet.

Guifré Molera and Jan Wagner built several e-VLBI test bed PCs, and installed a pre
on�gured

Metsähovi e-VLBI Debian system image 
reated and maintained by Jan Wagner. Initial 10G �bre


ommissioning tests resulted in over�ooding the by that time bottlene
ked 2.5G link 
apa
ity at CSC,

as a result of whi
h Ritakari was invited to give presentations at FUNET.

During summer 2006, in 
ooperation with several other European stations, real-time e-VLBI on

the Metsähovi 10G �bre was tested using the further improved Tsunami proto
ol. Tests su

essfully

a
hieved aggregate rates up to 1.5 Gbit/se
ond. Parti
ipating stations in
luded Jodrell Bank, Onsala,

Bonn, Jive and Torun. Test a

ounts to the Metsähovi e-VLBI PCs were handed out to several

interested people in other European and Japanese observatories.

In O
tober 2006, a larger s
ale e-VLBI test and transfer demonstration was 
arried out for the EU

EXPReS Month 7 Demo. Real-time streaming several VLBI experiments over the Internet to JIVE
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and Metsähovi from Jodrell Bank, Onsala and Metsähovi was a full su

ess. Rates of 256 and 512

Mbit/se
ond were easily maintained.

After a real-time Tsunami modi�
ation by Wagner and Ritakari, another world �rst was a
hieved

in De
ember 2006. Antenna data was streamed at real-time 896 Mbit/se
ond over a 1G network


onne
tion bottlene
k, both lo
ally and over the Internet to Jodrell Bank. The higher rate allows

1.32 times better VLBI sensitivity.

For the EU EXPReS proje
t and real-time e-VLBI data a
quisition, Jan Wagner 
arried out several

software development tasks. The earlier Linux 2.4 kernel driver for the VSIB data a
quisition board,

programmed by Ari Mujunen, was ported to the new Linux 2.6 kernel. Some additional small VSIB

software tools, su
h as a real-time spe
trum display, were developed. Guifre Molera 
arried out several

long-term stress tests for the new kernel module, whi
h at the same time tested the noise immunity

of the VSI 
abling in the VLBI 
omputer ra
k.

The Tsunami UDP transfer proto
ol, modi�ed in 2005 by Jouko Ritakari and Timo Lindfors for real-

time e-VLBI with the VSIB board, was further developed by Jan Wagner. A new open-sour
e proje
t

for Tsunami was opened on Sour
eForge by Wagner. Tsunami needed several stability improvements

and a number of new features to be usable for produ
tion use in real-time e-VLBI observations. In

winter 2006, Wagner developed additional FieldSystem s
hedule interoperability s
ripts for real-time

Tsunami that had been desired by other European observatories.

Aspiring EVN stations in Ukraine and Latvia were equipped with the Metsähovi PCEVN system.

Hardware setup was aided and initial fringe 
he
king tests were run at the stations under 
onsultation

of Mujunen, Wagner and several other parti
ipants.

In later autumn 2006, the 
apabilities of the IBM Cell Broadband Engine, tentatively to be used in

a Metsähovi software 
orrelator, were resear
hed by Jouko Ritakari and Ari Mujunen. Jan Wagner

began testing and evaluating the Linux based Cell software development kit and the in
luded Cell

simulator.

2.3 VLBI Observational A
tivities

Proje
t Team: Mujunen, Ritakari, Wagner, Molera

2.3.1 VLBI Sessions in 2006

Proje
t Team: Mujunen

No EVN 22 GHz nor 43 GHz sessions. Eight 24 h geodeti
 s
hedules were run in six re
eiver 
hange

sessions.

Two 3 mm/86 GHz mm-VLBI sessions of GMVA (Global mm-VLBI Array) were 
ondu
ted in April

and in May.

2.3.2 ESA Smart-1

Proje
t Team: Mujunen, Ritakari, Wagner, Molera

In May 2006, Metsähovi was one of the stations to parti
ipate in a

urate VLBI tra
king of the

traje
tory of ESA's ele
troni
 propulsion SMART-1 moon mission spa
e
raft using the geodeti
 S/X

re
eiver.VLBI was used also to tra
k the S/C �nal des
ent and international 
rash landing on the

Moon on 03-Sep-2006.
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Figure 8: Dynami
 spe
tra of S/C signal as observed by Medi
ina (left) and Metsähovi (right) during

the spa
e
raft's egress from an o

ultation (Graph 
ourtesy of Sergei Pogrebenko).

2.4 AMS-02

Proje
t Team: Ritakari, Molera

Metsähovi Radio Observatory has again got involved regularly in the AMS-02 proje
t. First attending

the Te
hni
al Inter
hange Meetings held every trimester in Geneve and spe
ially developing the

software and hardware needed on the Ground System Equipment. The foreseen plan for AMS-02 is

to be laun
hed at the end of 2008, so 
urrently the te
hni
ians are hurrying up to �nish and assemble

the modules and prepare the �rst tests with the payload mounted in the stru
ture.

A large server is needed to ensure the 
orre
t re
eption of the data in
oming from the International

Spa
e Station and fa
ilitate an easy interfa
e to handle the data stored on the hard disks. The

s
ienti�
 
ommunity will be able to have 24 hours 
onne
tion availability and almost real-time a

ess

to the AMS data.

Software developed in Metsähovi to use the experien
e and su

ess a
hieved by the Tsunami proto
ol

and using a 
ir
ular bu�er, high speeds up to 50 Mbytes are a
hieved without any loss of UDP

pa
kets. Tests with 
omputers in the VLBI ra
k have shown that is totally possible to have several

users 
onne
ted and handling the internal data without perturbing the re
eiving system and 
ausing

loss of pa
kets.
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2.5 Extragala
ti
 Radio Sour
es

2.5.1 BL La
ertae Obje
ts

Proje
t Team: Tornikoski, Nieppola, Hovatta, Kotiranta, Lähteenmäki, Torniainen, Valtaoja (Turku)

In the very beginning of the year, the study of the spe
tral energy distributions (SEDs) of BL

La
ertae obje
ts (BLOs), submitted and a

epted the previous year, was published in Astronomy

and Astrophysi
s. There are still many open questions 
on
erning the physi
s behind the formation

and properties of the BLO SEDs. Some preliminary work and planning was done in preparation a

manus
ript that would shed light on the subje
t. It will dis
uss the peak frequen
ies of the syn
hrotron


omponents of the SEDs in relation to other known properties of the BLOs when the e�e
t of Doppler

boosting is taken into a

ount. We expe
t to start the work on this manus
ript in earnest in 2007.

The study of BLOs in Metsähovi in 2006 was mostly marked by the impending data release of the

37 GHz BLO observing 
ampaign. The Metsähovi BLO sample in
ludes 398 sour
es, for whi
h we

have 
olle
ted over 3000 datapoints between De
ember 2001 and April 2005. Our observing proje
t is

unique, 
overing an ex
eptionally extensive sample of BLOs and using high radio frequen
ies. Thus

far, high radio frequen
y data for espe
ially high-energy BLOs (HBLs) and X-ray sele
ted BLOs

(XBLs) have been very few, and they have been thought too faint to be dete
ted in those wavelengths.

Therefore it is vital to obtain real high frequen
y datapoints for these sour
es, espe
ially 
onsidering

the removal of extragala
ti
 foregrounds from the CMB maps produ
ed by the Plan
k satellite. If

found to exhibit inverted spe
tra, HBLs are a sour
e population whi
h 
ontaminates the Plan
k maps

more than previously predi
ted.

Ea
h sour
e was observed at least on
e and roughly a third of them was dete
ted at the signal to

noise ratio S/N > 4. Most of the dete
ted obje
ts were low-energy BLOs (LBLs), but a surprisingly

large fra
tion of HBLs was also dete
ted. Typi
ally they have a few nondete
tions and one or two

dete
tions at S/N > 4. This means that either they are 
onstantly on the verge of our dete
tion limit

of 0.2 - 0.5 Jy, or they exhibit �aring behaviour similar to their more luminous 
ousins, the LBLs.

The mean variability index ∆S2 = (Smax − Smin))/(Smax + Smin) of BLOs was found to be 0.31.

We also 
al
ulated non-simultaneous broad band spe
tral indi
es for the sample using 5 and 90 GHz

ar
hival data. As 
ould be expe
ted, the average spe
tra are �at, but the distributions of both indi
es

are broad. The �nal publi
ation of the BLO data is expe
ted in the �rst half of 2007 in Astronomi
al

Journal. The results of the study were presented in two international meetings: the 8th ENIGMA

meeting in Espoo and the IX Russia-Finland Symposium on Radio Astronomy in Russia.

The preparation of the manus
ript on the long term radio variability of BLOs resumed in 2006. The

aim is to study the variability of a parti
ularly well-monitored subsample of the Metsähovi BLOs in

many radio frequen
ies. The 4.8, 8 and 14.5 GHz data are from the University of Mi
higan Radio

Observatory, the 22 and 37 GHz data from Metsähovi and the 90 and 230 GHz data from the Swedish -

ESO Submillimetre Teles
ope in Chile. We report the individual time s
ales of the sour
es, 
al
ulated

with the stru
ture fun
tion, the dis
rete 
orrelation fun
tion and the Lomb-S
argle periodogram. The

�rst results of BLO time s
ales 
ompared to those of the other AGN groups will be published in a

separate paper, to be submitted early 2007 (see Se
tion 2.5.2). Also, we study the individual �ares

of 13 sour
es and 
ompare their behaviour to the generalized sho
k model. The emphasis is on the

�ux 
urves of the sour
es, being very well sampled, but also the �ux vs. frequen
y and frequen
y vs.

time proje
tions of the �ares have been investigated. The radio variability study of BLOs is expe
ted

to be submitted in mid-2007.

The 37 GHz observations of BLOs as part of the Metsähovi-Tuorla Observatory 
ollaboration proje
t


ontinued in 2006. Many of the brightest BLOs (eg. AO 0235+164, S5 0716+714, OJ 287 and BL

La
) were observed very frequently (for more information, see Se
tion 2.5.6).
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2.5.2 Variability time s
ales

Proje
t Team: Tornikoski, Hovatta, Lähteenmäki, Torniainen, Nieppola, Valtaoja (Turku), Lainela

(Turku), Lehto (Turku)

In Metsähovi we have been monitoring a large sample of A
tive Gala
ti
 Nu
lei (AGNs) at 22 and 37

GHz frequen
ies for almost 30 years. Using this large data set it is possible to study the long term

variability behaviour of AGNs. In 2006 we have 
ontinued the work done in the master's thesis of

Talvikki Hovatta (2005) to study the 
hara
teristi
 time s
ales of AGNs in more detail.

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

a) Flux Density 
urve. b) The dis
rete 
orrelation fun
tion. The 99.5% signi�
an
e level is shown

with dotted line. 
) The Lomb-S
argle periodogram. Dashed line shows the false-alarm probability.

d) The stru
ture fun
tion. Dashed and dotted lines show the 97.5% and 99.5% signi�
an
e levels.

Time s
ales obtained with ea
h method are marked by verti
al lines. The most signi�
ant spike of

the periodogram is at time s
ale of 3.29 years, whi
h is 0.2 years shorter than the �rst 
orrelation in

the DCF at 3.49 years. The SF gives a time s
ale of 1.21 years.

We have used a sample of 80 sour
es and studied the time s
ales at 7 di�erent frequen
ies. The 22,

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

data are from our monitoring programme at the SEST teles
ope, obtained between 1986-2003, and

also 
olle
ted from the literature. Lower frequen
y data at 4.8, 8 and 14.5 GHz were provided by the

13



University of Mi
higan Radio Observatory.

We used three di�erent statisti
al methods to study the time s
ales: The Stru
ture Fun
tion (SF),

The Dis
rete Correlation Fun
tion (DCF) and the Lomb-S
argle periodogram. The SF gives a time

s
ale related to the rise and de
ay times of the �ares in these sour
es whereas the DCF and the

periodogram give a time s
ale between the outbursts.

In Figure 9 all the analysis results for a sour
e 4C29.45 at 22 GHz frequen
y is shown. The DCF

gives a time s
ale of 3.49 years for this sour
e, whi
h is 0.2 years longer than the time s
ale obtained

with the periodogram, 3.29 years. This is a good example where both the methods give very similar

results. We 
an also identify outburst in the �ux 
urve with approximately 3.5 years apart. The SF

gives a shorter time s
ale of 1.21 years 
orresponding to the rise and de
ay times of the �ares.

The analyses of the whole sample showed that outbursts happen quite rarely in these sour
es, on

average every 6 years. The time s
ales were also shortening with in
reasing frequen
y. We did not

�nd any signi�
ant di�eren
es between the di�erent sour
e 
lasses. We 
ompared our results from

SF analysis with earlier study made by Lainela & Valtaoja (1993) and found out that many of the

sour
es have 
hanged their behaviour during the years. This shows that even 10 years of monitoring

is not long enough for some sour
es. The results will be published in Astronomy & Astrophysi
s.

2.5.3 Inverted-Spe
trum Sour
es

Proje
t Team: Tornikoski, Torniainen, Hovatta, Kotiranta, Lähteenmäki, Tröller, Valtaoja (Turku)

In 2006, our studies of inverted-spe
trum sour
es were 
on
entrated on the galaxy-type gigahertz-

peaked spe
trum(GPS) sour
es and high frequen
y peakers (HFPs). We 
olle
ted a sample of 96

GPS and HFP galaxies and studied their radio 
ontinuum spe
tra in order to determine if there were

misidenti�ed sour
es among them. Surprisingly, we found that only ∼ 30% of the sour
es 
ould be


on�rmed to be GPS sour
es 
onsidering the shape of the spe
trum, the turnover frequen
y and the

�ux density variability. Another ∼ 30% of the sour
es had a potential gigahertz-peaked spe
trum

but it 
onsisted of very few datapoints. No solid 
lassi�
ation should be done with su
h small data

sets. For the rest of the sample (∼ 40%), there were no arguments for GPS 
lassi�
ation: there were

sour
es with simply �at or steep spe
tra and very variable sour
es with inverted spe
tra. Thus, at

least ∼ 40% of the galaxy-type GPS and HFP sour
es are something else than previously has been

thought. Our paper "Radio 
ontinuum spe
tra of gigahertz-peaked spe
trum galaxies" was submitted

to Astronomy & Astrophysi
s in De
 2006 and has been a

epted for publi
ation.

The paper was done in 
ollaboration with Margo and Hugh Aller form University of Mi
higan Radio

Astronomy Observatory and Marat Mingaliev from the RATAN-600 teles
ope from Russia. They

provided valuable multifrequen
y data for the study.

The monitoring of both galaxy- and quasar-type GPS and HFP sour
es was 
ontinued in 2006, with a

spe
ial emphasis on the galaxy-type sour
es for the abovementioned study in the spring. We dete
ted

some very faint GPS sour
es that were not expe
ted to be dete
table with the Metsähovi teles
ope,

whi
h implies that there are 
onsiderable �ux density variations in some these sour
es.

2.5.4 Plan
k Satellite S
ien
e

Proje
t Team Lähteenmäki, Tornikoski, Aatrokoski, Torniainen, Valtaoja (Turku)

The Plan
k satellite will map the sky at nine high radio frequen
ies from 30 GHz to 857 GHz, and

measure the 
osmi
 mi
rowave ba
kground (CMB) radiation.

At the same time all foreground radio sour
es in the sky, in
luding extragala
ti
 radio sour
es, will

be observed, too. Plan
k will produ
e unpre
edented all sky 
atalogs of sour
es at several high radio

frequen
ies. They will, �nally, �ll the gap in the present radio survey data. The satellite laun
h is

s
heduled for autumn 2008.
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The annual Plan
k LFI and HFI Consortia meeting was held on the island of Is
hia in Italy in April.

A. Lähteenmäki, M. Tornikoski, J. Aatrokoski and E. Valtaoja (Tuorla) parti
ipated. WG 6 also met

and brie�y dis
ussed the latest developments.

Our Metsähovi Radio Observatory and Tuorla Observatory Plan
k 
ollaboration team has a
tively

parti
ipated in the 
ore a
tivities of the Plan
k Extragala
ti
 Point Sour
es Working Group (WG 6).

In 2006 the pro
ess of de�ning the �nal s
ien
e programme for Plan
k was started, in preparation

for the approa
hing laun
h. The programme will be 
reated within the Working Groups, based on

the Baseline Core Programme proposals 
olle
ted into the Plan
k �Bluebook´´. WG 6 is set to have

a meeting, dis
ussing the issue, in early 2007. The deadline of the �nal s
ien
e programme proposals

is expe
ted to be in spring 2007.

Our preliminary observing proposal for the Hers
hel satellite �Target of Opportunity observations of

interesting A
tive Gala
ti
 Nu
lei dete
ted with the Plan
k Qui
k Dete
tion System´´ was reviewed

and a

epted by the Plan
k S
ien
e Team (PST) in April. A. Lähteenmäki parti
ipated in a PST

meeting in July where the proposals and their further development were dis
ussed. The o�
ial

Announ
ement of Opportunity for Hers
hel and the proposal deadline are expe
ted in winter and

autumn 2007, respe
tively.

The preparatory work for Plan
k 
ontinued. Observations, analysis, and publi
ation of our Plan
k-

related AGN data were 
arried out in Metsähovi in 
ooperation with our 
ollaborators worldwide (see

Se
tion 2.5.6). The development of the Qui
k Dete
tion System (QDS) progressed very well. The

software was delivered to the Low Frequen
y Instrument (LFI) Data Pro
essing Centre (DPC) in

Trieste, Italy, in O
tober. From now on, the work 
onsists mainly of adding features and testing. A


loser a

ount on the QDS status will be given in Se
tion 2.5.5. J. Aatrokoski �nished his M.S
.(Te
h.)

thesis on QDS in November, and was awarded the highest possible grade for his ex
ellent work.

The Finnish Plan
k s
ien
e group, led by A. Lähteenmäki, met several times during the year. The

group was parti
ularly worried about the diminution of funding of Plan
k related proje
ts in Finland,

and also seeked the advi
e of the PST. Group members are also looking into strengthening their


ollaboration, for example, by submitting 
ommon funding appli
ations.

2.5.5 Qui
k Dete
tion System (QDS)

QDS is a software pa
kage designed to dete
t interesting point sour
es (for example, a
tive gala
ti


nu
lei, AGNs) in the time-ordered datastream of the Plan
k satellite within one or two weeks from

the time of the observation. AGNs are rapidly variable, in the times
ale of a few days to a few weeks,

and any signi�
ant event must be investigated without delay. QDS makes this possible by alerting

observatories for followup observations when it dete
ts something interesting in the Plan
k data.

In 2006 the software was 
ompleted in the sense that it is fully fun
tional and further development

is mainly testing and adding useful but not stri
tly essential features. The user manual was written

and is being kept up-to-date with the software, many features were added and extensive testing of

the software began.

One of the major developments was the integration of the QDS software into the Plan
k Low Fre-

quen
y Instrument's Data Pro
essing Center (LFI DPC) in Trieste, Italy. This 
onsisted mainly of

adding support for the database interfa
e used in the DPC, whi
h was only preliminary sin
e the

DPC infrastru
ture was in a very early stage. The QDS requirements for the �nal database interfa
e

were submitted to the DPC people, and the �nal integration is estimated to be done in summer 2007.

The following is an overview of some of the features of the software as well as a more detailed look

at the data pro
essing steps (Figure 10).

General Features

• Very 
on�gurable. Most 
on�guration variables 
an have frequen
y- and dete
tor-spe
i�
 values
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as well as a default value.

• Support for arbitrary number of dete
tors and frequen
ies.

• Not stri
tly Plan
k-spe
i�
: the main restri
tion is that the data must be arranged in rings

similar to those in Plan
k.

• Save/resume options make in
remental (possibly automati
) running of QDS easy as newly

re
eived data is entered into the ring database.

• Program output is fully 
ustomizable, and 
an be sent to the operator via email instead of

printing it to the terminal.

• Can also be run in intera
tive mode where the results 
an be examined and sour
e histories 
an

be plotted as graphs.

• Comprehensive user manual.

Pro
essing Pipeline

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
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Figure 10: A detailed 
hart of the QDS pro
essing pipeline. This pro
edure is repeated for every ring

and every dete
tor.

Plan
k data is organized as rings in the sky. The �rst step in the pro
essing pipeline is the normal-

ization of the data rings. The normalization (Figure 11) performs the following operations:

• Any gaps 
aused by missing data and possible dis
ontinuities at ring boudaries 
aused by low-

frequen
y noise are removed from the signal.

• The 60 very noisy sampling rings from the same sky 
ir
le are averaged together to produ
e a

noise-redu
ed ring.
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• The rings are adjusted to have a well-de�ned and 
onsistent starting point and dire
tion.

• Sample units are 
onverted from antenna temperature to �ux density.

Normalized rings 
an be 
a
hed so that the normalization 
an be skipped on the next time the ring

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

database and normalizing, depending on the a
tual amount of data per ring.

Pointing

Ring direction

EN

ES

The ecliptic

Ring origin

Figure 11: QDS ring normalization prin
iples. A normalized ring starts at the e
lipti
 north and goes

around the satellite pointing ve
tor in the 
lo
kwise dire
tion.

The normalized rings 
an be easily averaged with rings from other dete
tors in the same sky 
ir
le

(dete
tor grouping) and also with surrounding rings to further redu
e noise.

The next step is �ltering and thresholding, whi
h are the a
tual steps that dete
t the point sour
es.

Filtering uses a �lter de�ned by the Mexi
an Hat Wavelet (MHW) with its width parameter 
on�g-

urable for ea
h dete
tor either as a multiple of the beam FWHM or dire
tly in ar
 minutes. The �lter

is 
onstru
ted so that its gain is 
ompensated for i.e. peaks with the beam FWHM will have 
orre
t

height after �ltering. In addition to MHW also the se
ond order Mexi
an Hat Wavelet (MHW2) 
an

be used as the �lter. The e�e
t of the MHW �lter is illustrated in Figure 12.

After �ltering the noise level σ of the data is determined and the data is thresholded to dete
t point

sour
es. The threshold is usually 
on�gured as a multiple of the noise level.

As a point sour
e is usually visible in several rings, the dete
tion results for ea
h ring must be


onsolidated with the results from all the other rings being pro
essed to remove dupli
ates and

determine the 
orre
t values for 
oordinates and brightness, after whi
h these 
onsolidated dete
tions

are mat
hed against the sour
es in the point sour
e database. The dete
tions 
an also be mat
hed

against ephemerides to separate dete
tions 
aused by solar system bodies from the rest. Finally those

dete
tions that are deemed interesting will produ
e an alert for the operator.
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(a) Noise-redu
ed ring before �ltering. There is a 5 Jy point sour
e at n = 600, everything else is
ba
kground. The signal has been adjusted so that its mean is zero.
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(b) The ring after �ltering. A dete
tion threshold of 4σ is marked with dashes. Note the spurious
dete
tions at n ≈ 150 and n ≈ 1150.

Figure 12: Simulated Plan
k ring data before and after �ltering with a Mexi
an Hat Wavelet in QDS.

Alert Criteria

A dete
tion must satisfy one of the following 
riteria to be deemed interesting and produ
e an alert:

• The sour
e is previously unknown. Most of these will probably be spurious. These will be

added to the sour
e database so they will not show as an unknown sour
e again.

• The sour
e is brighter than ever by a 
ertain fa
tor i.e. the �ux is great enough 
ompared to

the maximum �ux in the sour
e's history on that frequen
y.

• The sour
e is brighter than the previous, re
ent enough observation on that frequen
y. This


riterion is triggered when there is a steep rise in the �ux of the sour
e.

• The sour
e has an inverted spe
trum. Generally this means that the spe
tral index between

two frequen
ies is larger than a given threshold.

2.5.6 Multifrequen
y Observing Campaigns

Proje
t Team Tornikoski, Lähteenmäki, Torniainen, Hovatta, Nieppola, Kotiranta, Turunen

We took part in several multifrequen
y 
ampaigns in 2006, and did individual observing requests as

usual. Typi
ally we support the 
ampaign with daily observations, and 
ontinue regular monitoring

also before and after the 
ore 
ampaign.
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0716+714 & 0836+710 Monitoring of 0716+714 and 0836+710 was 
ontinued regularly. In

addition there was a Suzaku 
ampaign of 0836+710 in Mar
h.

0235+164 The sour
e started brightening in De
ember, and was intensively monitored also by us.

3C 279 There were WEBT, Integral, Chandra and SWIFT observations of 3C 279 in January and

February. We are also keeping an eye on 3C 279 for MAGIC (Elina Lindfors, Tuorla Observatory),

in 
ase it starts brightening at 37 GHz.

3C 454.3 We supported WEBT and XMM-Newton observations of 3C 454.3 in July and De
ember,

and also Spitzer and Chandra observations in De
ember, along with 3C 273 and 3C 279.

PKS1510-089 Suzaku observed PKS1510-089 in August.

4C 38.41 4C 38.41 has been the target of intensive VLBA and GMVA observations sin
e its major

mm �are in 2002. In 2006 we 
ontinued to observe it, parti
ularly during the VLBA sessions.

OJ 287 There will be extensive multifrequen
y 
ampaigns of OJ 287 in 2006 and 2007, trying to


at
h the predi
ted outburst(s). We will be taking part in the 
ampaigns and are monitoring this

sour
e frequently, along with the opti
al observatories, and, for example, XMM-Newton (November).

MARK 421 In June we parti
ipated in a SWIFT, RXTE, and Integral 
ampaign on MARK 421.

Cyg X-3 Cyg X-3, a mi
roquasar, started brightening in May, and we supported the multiwave-

length 
ampaign that followed. The sour
e was triggered again in July.

BL La
 BL La
 is also on our MAGIC sour
e list. Our data were re
ently used in a publi
ation

related to the dis
overy of BL La
 at TeV energies by MAGIC.

VERITAS 
ooperation Merja Tornikoski and Anne Lähteenmäki were invited to join the VER-

ITAS Collaboration as Asso
iate Members. We are observing a handful of sour
es for VERITAS

Blazar S
ien
e Working Group multiwavelength 
ampaigns (1ES2344+514, 1ES1959+650, MARK

421, H1426+428, and MARK 501) and support also VERITAS Target of Opportunity 
ampaigns.

Others & requests Wemonitor a list of sour
es for Prof. Alan Mars
her (Boston University, USA),

in 
onne
tion with VLBA monitoring programme. We also frequently observe sour
es a

ording to

spe
ial requests from observatories and resear
hers from around the world.

2.5.7 RATAN-600 Collaboration

Proje
t team: Tornikoski, Lähteenmäki, Torniainen, Nieppola, Hovatta, Valtaoja (Turku)

We have 
ontinued our 
ollaboration with the Russian RATAN�600 team for multifrequen
y, multi-

epo
h observations of inverted-spe
trum sour
es and BL La
ertae Obje
ts. The observations at

RATAN�600 are made between the frequen
y bands 1 and 22 GHz, and we 
omplement them with

37 GHz data from Metsähovi (semi-simultaneous data and also some longer term �ux history).
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In this proje
t we want to determine the true shape of the 
ontinuum spe
trum of these sour
es in

di�erent variability stages, and we also want to study their general variability behaviour. The proje
t

is part of our preparatory work for the Plan
k satellite foreground s
ien
e.

2.5.8 The Eighth ENIGMA Meeting in Otaniemi 6.-8.9.2006

The Metsähovi AGN team organised the eighth � and the very last! � meeting of the EU-funded

ENIGMA network (European Network for the Investigation of Gala
ti
 nu
lei through Multifrequen
y

Analysis). We hosted the meeting in Otaniemi at the Dipoli 
onferen
e fa
ilities. It was a three-

day meeting, with two full and one half day of s
ienti�
 talks. One afternoon and evening were

reserved for visiting the Metsähovi resear
h fa
ilities (the Metsähovi Radio Observatory and the

Geodeti
 Institute), after whi
h there was a tour, a musi
 & light performan
e �Storm Oratorio� and

a 
onferen
e dinner at the Tytyri limestone mine in Lohja.

Figure 13: The 
onferen
e parti
ipants gathering at the venue on the �rst morning.

The ENIGMA funding period ended in O
tober 2006, so this was the last meeting of the network in

its 
urrent form, and a very ni
e opportunity to wrap up the s
ien
e a
hieved during the four-year

funding period. With this meeting, we said goodbye to the ENIGMA PhD students and postdo
s that

we had 
ollaborated with during these years, but hoping to see them again soon in other s
ienti�


meetings.

20



Figure 14: Conferen
e parti
ipants. Figure 15: Dimitrios Emmanoulopoulos giving his

talk

Figure 16: Metsähovi student Talvikki Hovatta

giving her talk

Figure 17: An informal gettogether in the �rst

evening.

On the left: Anne Lähteenmäki from Metsähovi,

on the right Stefan Wagner from Heidelberg (he

was the Coordinator of the ENIGMA network).

Figure 18: Visit to Metsähovi. Figure 19: Down to the pit of the Tytyri mine...
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Figure 20: Conferen
e dinner at 110 metres below the sea level!

Figure 21: Entertainers from the Polyte
h Choir.

(Se
ond from the right, a Metsähovi sta� member

Ari Mujunen.)

Figure 22: Metsähovi students are really multital-

ented!

(A student from the AGN team and a professional

tea
her of belly dan
ing Ilona Torniainen.)
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2.6 Solar Observations

Proje
t Team: Tornikoski, Riehokainen (Turku)

In 2006 we 
ontinued to use the 37 GHz frequen
y band for observing Solar maps during the summer

months. Solar radio �ares observed during earlier observing epo
hs (during higher a
tivity) were

studied in detail in order to model intera
ting 
oronal magneti
 loops with our Russian 
ollaborators.

Additionally, the small (1.8-metre) teles
ope was used for 
ontinuous monitoring of the whole Solar

disk at 11.7 GHz.

2.7 Re
reational events & keeping �t

During the last few years, we have put spe
ial emphasis on en
ouraging the Metsähovi sta� to take


are of their physi
al well-being. Long hours of o�
e work too easily takes its toll on the body!

In 2006 our main physi
al a
tivities at Metsähovi were o�ered in the form of exer
ise given by our

PhD student and trained aerobi
s & belly dan
e instru
tor Ilona Torniainen. Twi
e a week she

organised a short �
o�ee-break stret
hing session�, to whi
h the sta� members eagerly parti
ipated.

During the summer months she also o�ered a more thourough after-hours aerobi
s 
lass on
e a week

in the Metsähovi ba
kyard lawn, and even though the number of parti
ipants there was not quite as

high, everybody that attended was very happy with the �blood & sweat & tears�-sessions.

This year we had no formal re
reational outing mainly due to severe s
hedule 
onstraints. Instead

we organised a �pre-midsummer barbeque� during whi
h we �rst dis
ussed our resear
h and te
hni
al

a
tivities with the whole sta� in a relatively leisurely manner out in the ba
kyard, and then had a

barbeque party.

The traditional Metsähovi Christmas Porridge party was given on De
ember 20th. This year's spe-


iality was the extra meal o�ered after the traditional Christmas sauna: our new sta� member Guifré

prepared us wonderfully deli
ious paellas, using a se
ret re
eipe from his home village in Catalonia...

Figure 23: The sta� is seated for the Christmas porridge
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Figure 24: The �juniors� were for
ed to be our of-

�
ial elves...

Figure 25: The happy Chef and the paella to die

for
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G., Fouque, N., Galaktionov, Yu., Gast, H., Gervasi, M., Giusti, P., Grandi, D., Grimms,

O.,Gu, W.Q., Hangarter, K., Hasan, A., Hermel, V., Hofer, H., Hungerford, W., Jongmanns,

M., Karlamaa, K., Karpinski, W., Kenney, G., Kim, D.H., Kim, G.N., Kim, K.S., Kim, M.Y.,
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key,

D., Lustermann, W., Maña, C., Margotti, A., Mayet, E., M
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T., Spinella, F., Steuer, M., Sun, G.S., Suter, H., Tang, X.W., Ting, Samuel C.C., Ting, S.M.,
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eedings.pdf, 2006.
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1 Tornikoski, M., Mujunen, A., Hurtta, S. (editors): Metsähovi Radio Observatory Annual Report

2005. Metsähovi Reports HUT-KURP-32, 30 p., 2006
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1 Li
hti, G. G., Neronov, A., Mowlavi, N., Ajello, M., Be
kmann, V., Boisson, C., Bu
kley, J.,

Charlot, P., Collmar, W., Degrange, B., Djannati-Atai, A., Fal
one, A., Finley, J., Fossati, G.,

Henri, G., Katarzynski, K., Kieda, D., Lähteemäki, A., Mannheim, K., Mar
owith, A., Pun
h,

M., Saggione,  A., Sauge, L., S
hoenfelder, V., Sillanpää, A., Smith, D., Sol, H., Tave

hio, F.,

Takalo, L., Tornikoski, M., Kienlin, A. Von, Weekes, T.: High state of Mkn 421 in the hard

X-rays, The Astronomer's Telegram, #840, 2006.
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h,

M.; Fal
one, A.; Finley, J.; Fossati, G.; Henri, G.; Sauge, L.; Katarzynski, K.; Kieda, D.;

Lähteenmäki, A.; Tornikoski, M.; Mannheim, K.; Mar
owith, A.; Saggione, A.; Sillanpää, A.;

Takalo, L.; Smith, D.; Weekes, T.: Integral observation of �aring a
tivity of Mark 421. The

Astronomer's Telegram.#848, 2006.

3 Hovatta, T., Nieppola, E., Torniainen, I., editors. Pro
eedings of the 8th ENIGMA meeting,

Espoo, Finland, Sep 6-8, 2006, www.kurp.hut.�/enigma, 2006.

4 Visits to Foreign Institutes

ESA Headquarters, Paris, Fran
e, 12.-13.1.2006, M. Tornikoski

ESO Headquarters, Gar
hing, Germany, 2.-4.4.2006, M. Tornikoski

ESTEC, Noordwijk, Netherlands, 6.-7.4.2006, M. Tornikoski

Observatoire de Paris, Paris, Fran
e, 28.-29.9.2006, M. Tornikoski

Pulkovo Observatory, St. Petersburg, Russia, 14.-15.10.2006, 20.-21.10.2006, M. Tornikoski, A. Läh-

teenmäki, I. Torniainen, E. Nieppola, T. Hovatta

Spe
ial Astrophysi
al Observatory RAS, Nizhnij Arkhyz, Russia, in
luding visits to the RATAN-600

radio teles
ope and the 6-metre opti
al teles
ope BTA, 15.-19.10.2006, M. Tornikoski, A. Lähteen-

mäki, I. Torniainen, E. Nieppola, T. Hovatta

Visit to the Kislovodsk Solar Observatory (Northern Cau
asus, Russia), 20.10.2006. M. Tornikoski,

A. Lähteenmäki, I. Torniainen, E. Nieppola, T. Hovatta

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

Figure 26: Evpatoria station Figure 27: Irbene station

Visit to the Irbene station, Latvia, 12-15.11.2006, A. Mujunen, J. Wagner

Visit to National Institute for Astrophysi
s, Trieste, Italia, O
tober 8-14,2006, J. Aatrokoski
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4.1 Visit to astronomi
al fa
ilities in St. Petersburg and Cau
asus

In O
tober the Metsähovi AGN team attended the IX Russian-Finnish Radio Astronomy Symposium

in Nizhnij Arkhyz, and also got the 
han
e to visit several astronomi
al fa
ilities.

Figure 28: At the Pulkovo Observatory in St. Pe-

tersburg.

From left to right M. Tornikoski, A. Riehokainen

(Tuorla), prof. A. Stepanov (dire
tor of the

Pulkovo Observatory), E. Valtaoja (Tuorla).

Figure 29: The hospitality of our hosts was over-

whelming, and our team got superb meals every

day. (Metsähovi students T. Hovatta and I. Torni-

ainen.)

Figure 30: A. Lähteenmäki (Metsähovi) giving a

talk at the symposium.

Figure 31: The Metsähovi team at RATAN.
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Figure 32: The RATAN-600 teles
ope.
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Figure 33: A barbeque pi
ni
 in the mountains.

Dr. M. Mingaliev (SAO RAS) gives a toast, on

the left prof. Yu Parijskij (SAO RAS).

Figure 34: Visit to the Kislovodsk Solar Observa-

tory in Northern Cau
asus.

Figure 35: Group photograph in front of the giant (6-m) opti
al teles
ope. It was snowing during

our visit!
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5 Visiting S
ientists

Vya
heslav, Vdovin, Dr., Institute of Applied Physi
s, Russian A
ademy of S
ien
es, Russia

Oleg Bolshakov, Institute of Applied Physi
s, Russian A
ademy of S
ien
e, Russia

Alexander Shtanyuk, Institute of Applied Physi
s, Russian A
ademy of S
ien
e, Russia

N. Demidov, Dr., Institute of Ele
troni
 Measurements KVARZ, Russia

Mars
her, Alan, Prof., Boston University, USA

Stepanov, Alexander, Prof., Pulkovo Observatory, Russia

Mingaliev, Marat, Dr., Spe
ial Astrophysi
al Observatory, Russia

7.9.2006 The parti
ipants of the 8th ENIGMA meeting (31 s
ientists and PhD students mostly from

European 
ountries) visited Metsähovi and the Geodeti
 Institute.

6 Thesis

Aatrokoski, Juha M.S
. (Te
h) thesis: QDS: Software For Point Sour
e Extra
tion From Plan
k

Satellite Data. Helsinki University of Te
hnology, Department of Computer S
ien
e and Engineering,

supervised by A. Lähteenmäki, 2006.

7 Tea
hing

Radio Astronomy 
ourse, autumn 2006, M. Tornikoski, A. Lähteenmäki, I. Torniainen

�Plan
k �unlo
king the se
rets of the Universe seminar� talk in Helsinki University Observatory,

15.11.2006, A. Lähteenmäki

Radio Astronomy laboratory exer
ise for spa
e te
hnology students, spring 2006, I. Torniainen

8 Other A
tivities

Plan
k satellite Co-Investigator, Plan
k S
ientist, A. Lähteenmäki

A
ademy of Finland Resear
h Fellow 1.8.2005 � 31.7.2010, A. Lähteenmäki

�Plan
k �unlo
king the se
rets of the Universe´´ Outstanding Junior Resear
h Group of Helsinki

University of Te
hnology for the a
ademi
 years 2006 � 2007 and 2007 � 2008, A. Lähteenmäki

Referee for Monthly Noti
es of the Royal Astronomi
al So
iety, M. Tornikoski

Referee for Global Millimetre-VLBI Array (GMVA) observing proposals, M. Tornikoski

Asso
iate member of the Very Energeti
 Radiation Imaging Teles
ope Array System (VERITAS)


ollaboration, A. Lähteenmäki, M. Tornikoski

Chairman of the lo
al organising 
ommittee and the s
ienti�
 organising 
ommittee of the 8th

ENIGMA meeting, M. Tornikoski

Lo
al 
oordinator for the EC resear
h training network ENIGMA (�European Network for the Inves-

tigation of Gala
ti
 nu
lei through Multifrequen
y Analysis�), M. Tornikoski

Member of the Ameri
an Astronomi
al So
iety (AAS), M. Tornikoski
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8.1 Parti
ipation in Boards and Committees

Member of the AstronomyWorking Group (AWG) of the European Spa
e Agen
y (ESA), M. Tornikoski

Steering group member of the A
ademy of Finland graduate s
hool of astronomy and spa
e physi
s,

A. Lähteenmäki

Member of the Plan
k/TEKES 70 GHz instrument steering group, A. Lähteenmäki

Member of the s
ienti�
 organising 
ommittee of the IX Russian-Finnish Symposium on Radio As-

tronomy: �Multi-Wavelength Investigations of Solar and Stellar A
tivity and A
tive Gala
ti
 Nu
lei�,

held in Nizhnij-Arkhyz, 15.-20.10.2006, M. Tornikoski

Member of the EXPReS eVLBI S
ien
e Advisory Group, A. Lähteenmäki

Finland's delegate to the S
ienti�
 Comission J (Radio Astronomy) of the International Union of

Radio S
ien
e (URSI), M. Tornikoski

Lo
al 
oordinator for the EC resear
h training network ENIGMA (European Network for the Inves-

tigation of Gala
ti
 Nu
lei through Multifrequen
y Analysis), M. Tornikoski

Member of the Finnish Astronomi
al Advisory Group for the ESO proje
t �Development of distributed

data analysis system for extensive astronomi
al data�, a.k.a Sampo, M. Tornikoski

Member of the TEKES steering group for the Sampo proje
t for ESO, M. Tornikoski

Finland's representative to the ESO Users Committee, M. Tornikoski

Member of the board, se
retary, of Finnish Astronomi
al So
iety, I. Torniainen

Se
retary of the organising 
ommittee of �Tähtitieteilijäpäivät 2006�, May 19, 2006, University of

Helsinki), I. Torniainen

Member of the ESF:n Committee for Radio Astronomy Frequen
ies, Jouko Ritakari

EXPReS Consortium Board, 
hairman, A. Mujunen

Member of the lo
al and s
ienti�
 organizing 
ommittees of the 8th ENIGMA meeting, Espoo, Fin-

land, 6 � 8.9.2006, Anne Lähteenmäki, Ilona Torniainen , Elina Nieppola, Talvikki Hovatta

Member of the s
ienti�
 organising 
ommittee of the IX Russian-Finnish Symposium on Radio As-

tronomy: �Multi-Wavelength Investigations of Solar and Stellar A
tivity and A
tive Gala
ti
 Nu
lei�,

held in Nizhnij-Arkhyz, 15.-20.10.2006, M. Tornikoski

8.2 International Meetings and Talks

ESA AWG meeting#124, 12.-13.1.2006 ESA Headquarters, Paris, Fran
e, M. Tornikoski

ESO UC meeting, ESO Headquartersm Gar
hing, Germany, 2.-4.4.2006, M. Tornikoski

ESA AWG meeting#125, 6.-7.4.2006, ESTEC, Noordwijk, Netherlands, M. Tornikoski

Plan
k LFI/HFI Consortia Meeting in Is
hia, Italy, 18 � 20.4.2006, A. Lähteenmäki, M Tornikoski,

J. Aatrokoski. Poster �37 GHz observations of a large sample of BL La
ertae obje
ts�, J. Aatrokoski,

Poster �Qui
k Dete
tion System for Plan
k satellite�, M. Tornikoski talk �High-frequen
y radio ob-

servations of AGNs: Sour
e samples, 
ontinuum spe
tra & variability statisti
s�

The 7th ENIGMA meeting, Hydra, Gree
e, 8 � 19.5.2006, A. Lähteenmäki, M.Tornikoski

Plan
k S
ien
e Team meeting, Fras
ati, Italy 11.7.2006, A. Lähteenmäki
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The 8th ENIGMA meeting, Espoo, Finland, 6.�8.9.2006, M. Tornikoski, A. Lähteenmäki, I. Torni-

ainen, E. Nieppola, T. Hovatta.

M. Tornikoski talk: �Long term radio monitoring � Why do we need it?�, I. Torniainen talk: �GPS

studies during ENIGMA era�, T. Hovatta talk: �Variability time s
ales from long term monitoring�,

E. Nieppola, 
hairman of a session and talk: �Spe
tral energy distributions and 37 GHz monitoring

of BL La
ertae obje
ts�

ESA AWG meeting#126, 28.-29.9. Observatoire de Paris, Paris, Fran
e, M. Tornikoski

The IX Russian-Finnish Symposium on Radio Astronomy, Multi-wavelength Investigations of Solar

and Stellar A
tivity and A
tive Gala
ti
 Nu
lei, Nizhnij Arkhyz, Kara
haevo-Cherkesia, Russia, 15

� 20.10.2006, M. Tornikoski, A. Lähteenmäki, I. Torniainen, E. Nieppola, T. Hovatta.

M. Tornikoski talk �Metsähovi AGN proje
ts 
ontributing to the Plan
k foreground s
ien
e� & 
hair-

man of the session �Extragala
ti
 Sour
es�. A. Lähteenmäki talk �Plan
k �unlo
king the se
rets of

the universe´´, T. Hovatta talk �Long term radio time s
ales of A
tive Gala
ti
 Nu
lei�, I. Torniainen

talk �Radio spe
tra of GPS galaxies�, E, Nieppola talk �Spe
tral energy distributions and 37 GHz

monitoring of BL La
ertae obje
ts�

Fifth Stromlo Symposium �Disks, winds & jets �from planets to quasars�, Canberra, Australia, 3 �

8.12.2006, A. Lähteenmäki, Talk �Total �ux density radio observations as a tool for understanding

AGN jets�

AMS te
hni
al inter
hange meeting, CERN, Geneve, Switzerland, 23-28.4.2006, G. Molera Calves

AMS te
hni
al inter
hange meeting, CERN, Geneve,Switzerland, 23-28.7.2006, G. Molera Calves

EU EXPReS-FGP ki
k o� meeting and EVN TOG kokous, Dwingeloo, The Netherlands, 22-24.3.2006,

A. Mujunen, J. Ritakari

European VLBI Network (EVN) Consortium Board of Dire
tors Meeting, Firenze, Italy, 17-20.5.2006,

A. Mujunen

VSOP-2/ASTRO-G ki
k-o� meeting, Dwingeloo, The Netherlands, 15.6.2006, A. Mujunen

EXPReS planning meeting, Dwingeloo, The Netherlands, 16.6.2006, A. Mujunen

MIT Haysta
k Observatorio, e-VLBI workshop, Westford, MA, USA, 16.9-21.9.2006, A. Mujunen, J.

Ritakari

EU FP6 EXPRes proje
t Board Meeting, Zaandam, The Netherlands, 1.11-2.11.2006, A. Mujunen

konferenssin tai sen ohjelma- tai järjestelytoimikunnan puheenjohtajuus.

EVN Consortium Board of Dire
tors Meeting, Dwingeloo, The Netherlands, 28.11-1.12.2006, A. Mu-

junen

AMS-02 
onsortium Finan
ial Review Committee meeting, CERNGeneve, Switzerland, 20.11-21.11.2006,

A. Mujunen

EU/EXPReS Fabri
 meeting, Poznan, Poland, 24.9-26.9.2006, A. Mujunen

eVLBI bits and bytes meeting, ESLEA proto
ol group meeting, UCL, Lontoo 2.5-5.5.2006, J. Ritakari

eVLBI bits and bytes meeting, Fabri
 get-together meeting, Man
hester, UK, 31.8-1.9.2006, J. Ri-

takari

EVN te
hni
al operations group, Noto, Italy, 2.12-6.12.2006, J. Ritakari

Eslea, Expres and Fabri
 meeting, Man
hester, UK, 7.12-9.12.2006, J. Ritakari
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8.3 National Meetings and Talks

Helsinki Testbed Workshop, Finnish Meteorologi
al Institute, Helsinki, 6.4.2006, A. Lähteenmäki,

Talk Using the Helsinki Testbed weather data in Metsähovi.

Lähteenmäki, A.: Plan
k - unlo
king the se
rets of the Universe. Suomen Tähtitieteilijäseuran Tähti-

tieteilijäpäivät (Annual meeting of the Finnish Astronomi
al So
iety), Helsinki, Finland, 19.5.2006

Molera, Guifré: AMS-02 and eVLBI other involving of Metsähovi to the spa
e, Helsinki, Finland,

19.5.2006.

8.4 Parti
ipation in winter and summer s
hools

Summer s
hool of the Finnish Graduate S
hool in Astronomy and Spa
e Physi
s, Helsinki, June 5-9,

2006, E. Nieppola, I. Torniainen, T. Hovatta.

Fifth IRAM Millimeter Interferometry S
hool, Grenoble, Fran
e, O
tober 2-6, 2006, E. Nieppola, T.

Hovatta.

8.5 Publi
 Relations

Newspaper Helsingin Sanomat, S
ien
e se
tion, 23.8.2006, �Suomen kallein radio valmis avaruuteen�

(�Finland's most expensive radio ready for spa
e�).

Ele
troni
 Journal Digitoday.� 30.8.2006, �Metsähovi kiitää 10 gigabitin sekuntivauhdilla� (�Met-

sähovi speeds at 10 gbit/s�).

Journal Mikro-PC 9/2006, �Nyt rakennetaan hybridiverkkoja� (�Hybrid nets are hot�), Metsähovi is

shown as an example of one of the large data produ
ers, and the Metsähovi Gbit 
onne
tion and data

transfer are des
ribed.

Journal CSC News 3/2006 �Finnish radio astronomers �rst in world with ten-gigabit 
onne
tion�

Newspaper Kirkkonummen sanomat 1.9.2006, �Metsähovi taas nopein� (�Metsähovi fastest on
e

again�), about the 10 Gbit �ber 
onne
tion.

Newsletter TKK Nyt 31.8.2006, �Metsähovi ensimmäisenä Funetissa uuteen nopeusluokkaan� (�Met-

sähovi �rst in Funet to rea
h new speed levels�).

Newspaper Helsingin Sanomat, S
ien
e Se
tion, 15.11.2006 �Avaruuden tutkijat kokoavat maail-

mankaikkeuden palapeliä� (�Spa
e resear
hers are putting together the pie
es of the 
osmi
 puzzle�),

a full page arti
le about Plan
k, in
luding interview with M. Tornikoski and A. Lähteenmäki.

General Metsähovi ex
ursions and short talks about radio astronomi
al resear
h to many visiting

groups, M. Tornikoski, J. Ritakari, A. Mujunen, I. Torniainen, A. Lähteenmäki, E. Oinaskallio, T.

Hovatta.
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9 Personnel in 2006

Permanent Positions funded by the Helsinki University of Te
hnology

Tornikoski, Merja, Dr.Te
h. Dire
tor of the institute Merja.Tornikoski�hut.�

Do
ent of Radio Astronomy and

Spa
e Te
hnology

Hurtta, Solveig, Ms. Department Se
retary, part-time Solveig.Hurtta�hut.�

Mujunen, Ari, M.S
. (Te
h) Laboratory engineer Ari.Mujunen�hut.�

Oinaskallio, Erkki, Mr. Te
hni
ian Erkki.Oinaskallio�hut.�

Peltonen, Juhani, Dr.Te
h. Laboratory engineer, part-time jussi�kurp.hut.�

Rönnberg, Henry, Mr. Me
hani
ian

S
ienti�
 and Te
hni
al Sta� Funded by Resear
h Contra
ts

Aatrokoski, Juha, M.S
. (Te
h) Resear
h assistant jha�kurp.hut.�

Hovatta, Talvikki, M.S
. (Te
h) Resear
her tho�kurp.hut.�

Kallunki, Juha, M.S
. Te
h) Operations engineer, from 1.4.2006

Kotiranta, Mikko, student Resear
h assistant, part-time from 14.8.2006

Lindfors, Elina, M.S
. Resear
her, 1.10-31.12.2006

Lindfors, Timo, student Resear
h assistant, part time 1.1-31.5.2006 lindi�kurp.hut.�

and 1.9-31.12.2006, full time 1.6-31.8.2006

Lähteenmäki, Anne, D.S
.(Te
h.) A
ademy Resear
h Fellow alien�kurp.hut.�

Molera Calvés, Guifré, M.S
. Resear
her, from 1.4.2006 gofrito�kurp.hut.�

Nieppola, Elina, M.S
. Resear
her eni�kurp.hut.�

Ritakari, Jouko, M.S
. (Te
h) Resear
her, part time jr�kurp.hut.�

Torniainen, Ilona, M.S
. (Te
h) Resear
her ilo�kurp.hut.�

Turunen, Miika, student Resear
h assistant, full time 22.5-31.8.2006 maturun�kurp.hut.�

part time 1.9-31.12.2006

Tröller, Mirko, M.S
. Resear
her until 30.4.2006

Wagner, Jan, student Resear
h assistant jwagner�kurp.hut.�

part time from 14.2.2006, full time from 1.5.2006

Metsähovi Advisory Committee

Korpela, Seppo, Dir. Tanskanen, Pekka, Prof.

Koskinen, Hannu, Prof. Tiuri, Martti, Prof.emer., M.P. (Chair)

Nygren, Tuomo, Prof. Tornikoski, Merja, Dire
tor (Se
retary)

Somervuo, Pekka, Dr.Te
h. Valtaoja, Esko, Prof.
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