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H o w t o d o t h i s s u m m a r y 

I have found four models in t he l i t e ra tu re for doing conference summar ies : 

1. The Literal Summary. 

One summar izes all t h a t has been presented, preferably in terspersed wi th commen t s 

as "of pa r t i cu la r interest was . . . " . 

2. The Historical Perspective. 

One places all (or some) presenta t ions wi th in a historical background , preferably 

imply ing t h a t science progresses smooth ly in well-planned, order ly fashion. 

3 . The Future Perspective. 

One po in t s out t he way t o go, preferably in overly opt imis t ic vein. 

4. The personal Impressions. 

One concedes lack of wisdom t o forego balanced summar iz ing , prefering t o discuss 

p r imar i ly one 's own in teres ts . 

W h i c h mode l t o choose here? Literal summar iz ing seems superfluous for t h e ora l presen-

t a t i o n s . T h e y are pr in ted in t he preceding pages , each is effectively a s u m m a r y of work 

publ ished elsewhere, and m a n y have an au tho r ' s s u m m a r y already. I t won ' t be useful t o 

summar i ze t h e m here once more , bu t some perspect ive m a y be wor thwhi le . 

T h e pos te r p resen ta t ions , on t h e o ther hand , are not p r in ted in th is vo lume, obeying 

cur rent IAU (or Kluwer) policy. T h e policy may be wise since m a n y pos te rs describe work 

t h a t will eventual ly be publ ished in regular journa ls anyhow; never theless , i t migh t be 

b e t t e r t o have one-page abs t r ac t s for these and somewhat more space ( though refereed) 

for those t h a t describe new ins t rumen t s , new techniques and new m e t h o d s no t easily 

deta i led in jou rna l pape r s . Sympos ium proceedings would then possess t h e added flavour 

of showing who is doing w h a t , where , and how. Th is is pa r t i cu la r useful for P h D s tudies 

a n d s tuden t s and for meet ings wi th s t rong Eas t -West over tones: probably , t he re were 

surprises here for you as there were for me in discovering research and researchers I was 

no t aware of before. 

T h e r e were more t h a n 100 pos te rs , m a n y of t h e m excellent; t hey should be summar ized 

here . However, I have s tudied only a minor i ty in detai l and t h a t holds p robab ly for 
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t h e ma jo r i ty of you as well, indica t ing t h a t the non-reading of pos te rs poses a larger 

p rob lem t h a n the i r non-publ ishing. We had two specific pos ter sessions plus t h e breaks; 

no t enough , I fear, for full mer i t . 

A n d then t h e video movies. These are nei ther pr in ted nor pos ted , only shown; they 

are v i r tua l ly impossible t o summar ize since they mus t be seen. Nevertheless , t hey have 

cons t i tu t ed a p r ime ingredient of th is meet ing; thei r showing showing t h a t solar physics 

has entered t he video clip era , not only in California where t h e Hollywood her i t age is 

s t ronges t , bu t also here a t Kiev and elsewhere. 

Video movies mus t be seen t o be believed. T h e same holds for equa t ions and d iag rams , 

bu t t h e equa t ions and t h e d iagrams in these proceedings can be s tudied over a n d over 

whereas you and I have only a fleeting remembrance of wha t we though t (or were to ld ) t o 

see in t h e movies , and o ther readers of this volume have none . Movies m a y be a necessary 

s tep in t h e gleaning of useful informat ion out of t he complex manifold offered by t h e Sun, 

w i th t h e very i m p o r t a n t advan tage of uti l izing t he superb p a t t e r n analysis capabi l i t ies of 

h u m a n vision, bu t u l t imate ly , more formal descript ions are needed. Pe rhaps video s torage 

will replace p r in ted language , m a t h and d iagrams in future bu t unt i l t hen , moviemakers 

mus t face t h e problem t h a t showing a movie and publ ishing resul ts are not t h e same 

th ing a t all . 

So much for S u m m a r y Model 1. It leaves me wi th t h e t ask t o summar ize all pos te r 

and video presen ta t ions and t o place these and the ta lks in to perspect ive . T h e n , the re 

are S u m m a r y Models 2 -4 . These are a t t r ac t ive too . Let me t r y t h e m all on you. 

H o w t o d i v i d e t h e s u b j e c t 

T h e next quest ion t o be answered before I s t a r t summar iz ing is how t o divide t h e subject . 

Th i s is no t obvious ei ther; the re are m a n y possibili t ies: 

1. Evolu t ionary : p a s t - present - future. 

This is t h e s t a n d a r d order for any research art icle: first review the preceding work, 

t h e n give t h e new stuff and end wi th predict ions . T h e last i t em lacks t o o often. T h e r e 

have been classical examples of predict ions in solar physics, as Pa rke r ' s solar wind and 

Ulr ica 's p -modes , and we have seen a few gas t ronomica l ones here t o o such as s iphon 

flows, d y n a m o rolls and a missing piece of Napo l i t an cake, bu t in general solar physics 

seems a field in which t h e object produces unpredic ted surprises. 

2. Geographical ly: West - Western Europe - Eastern Europe - East. 

This division neglects our single par t i c ipan t from the sou thern hemisphere ; permiss-

ably, I feel, since he has given his own Conference S u m m a r y already. W h a t is wrong 

in th is division is t h a t it is l inear whereas in te rna t iona l a s t ronomy runs in circles. T h e 

mos t in teres t ing display of t h a t fact were t he Big B e a r - H u a i r o u movies shown by Sara 

M a r t i n , t he two video magne tog raphs working in t a n d e m at an 11-hour difference t o 

p roduce round-the-clock coverage of act ive regions. T h e y d e m o n s t r a t e t h a t not only 

helioseismology gains from worldwide observing ne tworks . T h e L E S T Founda t ion , al-

ready t h e mos t in te rna t iona l of as t ronomical telescope-building consor t ia , migh t solve 

i t s locat ion d i l emma by bui lding two Large Ear th -based Solar Telescopes: M a u n a Kea 

and La P a l m a are 9 hours a p a r t . A Large Eas t e rn Solar Telescope a t (or preferably 

in) Lake Baikal would then complete t he circle. 
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3. Spectra l ly : X- ray - UV - visual - IR - radio. 

T h e old division in techniques is less evident nowadays . This conference was p r imar i ly 

visual , ma in ly because t h a t is where r = 1 in t h e pho tosphere and because t h e 

λ = 1.6 μτη promise has no t yet been fulfilled. X-ray means flares a n d rad io means 

coronal instabi l i t ies which we have not discussed; t h e existence of th is conference, t h e 

first IAU Sympos ium on t h e photosphere , signifies a come-back of opt ica l s tudies . To 

quo te t h e Conference Rat iona le : 

" T h e photosphere is t h e interface between t h e solar in ter ior and t h e ou ts ide , 

and is t h e layer of t he Sun t h a t is best accessible t o observat ions . T h e 

pho tosphere t ransforms t h e energy genera ted in t h e solar in ter ior and emi t s 

it i n to t h e corona and t h e heliosphere. It makes all t h e rad ia t ive , dynamica l , 

and magne t i c processes t h a t t ransfer solar energy in to space available t o our 

detai led observat ions" . 

Opt ica l a s t ronomy flourishes in general , and the solar and n igh t t ime developments a re 

s t r ikingly similar . Whi le t he longest and t h e shor tes t waves exhibi t t h e more spec-

t acu la r phenomena more obviously, opt ical imaging , spec t romet ry , p h o t o m e t r y and 

po la r ime t ry often provide t h e diagnostics t h a t are required t o identify t h e under ly ing 

processes. T h e L E S T and OSL projects are direct coun te rpa r t s t o E S O ' s VLT and 

t o Space Telescope; SOHO's seismometers resemble H I P P A R C O S in ob ta in ing very 

basic informat ion from a m a t h e m a t i c a l t r ans format ion of a year ' s d a t a ga the r ing . 

In general , the re is a t rans i t ion from doing discoveries wi th newly-opened non-

opt ica l eyes t o mul t i spec t ra l in te rp re ta t ion for which spa t ia l resolut ion is an essential 

r equ i rement . Spat ia l resolut ion is t he next observat ional frontier, using satel l i te V L B I 

and opt ica l in terferometry from space. For solar physics t oo : t h e A b s t r a c t Book lists 

an in te res t ing pos ter by D a m é et XVII al. (which I couldn ' t find t hough , ne i ther 

pos te r nor D a m é ) describing a Space S ta t ion proposal called SUN compris ing a non-

r e d u n d a n t 4-telescope a r ray giving 10 k m resolut ion on t h e Sun. 

4. Height : core - convection zone - photosphere - T-min region - chromosphere - corona. 

This mee t ing on the photosphere covered much addi t iona l d e p t h by including con-

vection and dynamos . It covered less addi t iona l height , p resumably because t h e pho-

tosphere suffers more from below t h a n from above, and in keeping wi th t h e current 

inward- looking t r end crowned by helioseismology. 

Th i s t r end does not imply t h a t all th ings chromospheric and coronal a re now fully 

unde r s tood . Al though valuable concepts like loop scaling laws, magne t i c helicity, elec-

t rodynamica l circui ts , Alfvén wave hea t ing and magne t i c reconnect ion scenarios have 

been developed, definitive ou te r -a tmosphere success stories a re yet lacking. Deeper 

down, t h e g ranula t ion does cons t i tu te a new and i m p o r t a n t solar physics success. It 

ind ica tes , as stressed by D u r r a n t in t h e preceding pages , t h a t numer ica l s imula t ion 

is t h e way t o go and t h a t th is way may well lead upwards again , progressing t o t h e 

larger M H D complexi ty and ins tabi l i ty of t he outer a tmosphe re . Here is a see-saw os-

cil lat ion: from equa t ing solar physics wi th t h e photosphere when opt ica l spec t rome t ry 

was i t s p r ime diagnost ic , up t o t he ou te r a tmosphere when rad io and space a s t ronomy 

came in , down t o t h e surface and digging even deeper now wi th spa t ia l , Fourier and 

numer ica l resolut ion, back up again in future , pe rhaps eventual ly down again t o get 

t h e d y n a m o . D a m p e d or uns table? 
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5. Scale: g ranu la t ion - mesogranulation - supergranulation - giant cell - torsion wave 

or: ûligree - intranetworJc field - network - active region - activity complex. 

Different or t he same? T h e most in teres t ing aspect of these scale sequences is thei r 

ex is tence—mesogranula t ion now firmly establ ished from t h e S O U P cork movies , b u t 

g iant cells still ques t ionable . Tarbel l ment ioned t h a t t h e magne t i c s t ruc tu res seen in 

an act ive region display cell sizes ranging as a self-similar set , " s t ra igh t from Man-

de lbro t ' s book" . One might have expected such behaviour for all of t h e surface phe-

n o m e n a , t h e photosphere being m a d e of tu rbu len t gases, and Muller ' s claim t h a t t he 

smaller scales possess a Kolmogorov spec t rum is still in discussion, bu t it i sn ' t t h e 

case in general . W h y ? 

Nord lund stressed topology as t he key i t em of t h e hydrodynamica l s imula t ions , t he 

g ranu la r scales dominan t jus t a t t he surface ( though not for all o the r s t a r s as shown 

by Dravins) bu t finger-like downdraf ts repeatedly connect ing in larger and larger pa t -

t e rns deeper down. Noticing s imulat ion behaviour which resembles solar behaviour 

does in itself not explain t h e l a t t e r , bu t s imulat ion behaviour is , in con t ras t t o solar 

behaviour , fully unde r s t andab le—al though having a nice s imula t ion is one t h ing and 

unde r s t and ing it is qui te ano ther : s imulat ions require extensive i n t e rp re t a t i on wi th 

clever diagnost ics ju s t as observat ions do . Bu t they do pe rmi t physical exper imenta -

t ion , and so deliver a vi ta l element t o br idge t he gap between not ic ing p a t t e r n s and 

unde r s t and ing t h e m . T h e solar hydrodynamica l scales are now clearly a t t ackab le ; 

t h e magne tohydrodynamica l ones should follow when massive paral le l ism br ings t he 

required orders of m a g n i t u d e improvement in compute r power. 

Topology is also a key i t em in unders t and ing the larger-scale p a t t e r n s of magne t i c 

act ivi ty. Pe t rovay ' s suggestion t h a t differential d rag causes typical spot g roup mor-

phologies asks for s imula tory confirmation; more in general , t h e topological n a t u r e of 

t h e ac t iv i ty cycle remains t he ma jo r const ra in t t o d y n a m o theory, not t o be lost out 

of sight while helioseismology delivers t he in terna l ro t a t ion . 

W h e t h e r t he d y n a m o itself requires full s imulat ion eventual ly is yet unclear . Hoyng 

concluded t h a t d y n a m o theory is now in a s tage of reappra isa l and renewed recon-

noi t r ing , leaving l inear m e a n field theory t o t ry out new ideas and possibili t ies in order 

t o a d m i t mul t ip le per iods and finite phase memories . Numerica l expe r imen ta t ion will 

be wor thwhi le t o s tudy nonlineari t ies because t he fields are domina t ed by mot ions and 

t h e mot ions are domina t ed by nonl inear advect ion t e r m s . In pa r t i cu la r , Ruzmaik in 

e loquent ly explained t h e globally s tochast ic n a t u r e of t h e solar M H D genera to r by 

p u t t i n g a s t r ange a t t r a c t o r in i ts phase space. Evalua t ion of t h a t concept for any bu t 

t h e simplest nonl inear models requires much computa t ion ; however, such s tudies will 

be in teres t ing even if i t t u r n s out in t he end t h a t t he Sun works differently. 

6. Per iod: sec - min - hour - day - month - year - cycle. 

W h y are millisecond rad io burs t s and 22-year cycles ha rde r t o grasp t h e n 5-minute 

oscil lat ions and 10-minute granules? Pe rhaps because your a t t en t i o n span , l is tening 

now t o m e , is of m inu t e du ra t ion too? 

One use of video techniques , for observat ions and s imulat ions alike, is t o t r ans form 

solar t i m e scales t o our physiological ones t o ob ta in be t t e r apprec ia t ion . We haven ' t 

seen t h e Greenwich sunspot d a t a speeded up t o a few minu tes yet; i t migh t prove 

in teres t ing . 
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7. Observed features: g ranu le - exploding granule - vortex - BP - FBP - NBP - XRBP 

- K2VBP -160 nm BP - jet - grain - bomb - prominence - p-mode - ridge - torsional 

mode - butterûy - filigree - knot - pore - spot - umbra - umbra ] dot - penumbra -

EFR - EAR - facula - plage - arch - rosette - ribbon - spicule, etc. etc. 

These and a host of o thers make up solar dermatology, wi th terminological fashions 

such as "gra in" replacing " m o t t l e " and " m o t t l e " replacing "flocculus". These features 

are in teres t ing t o most of us , bu t m a n y non-solar a s t ronomers h a t e t h e m since they 

wouldn ' t see t h e m on thei r object if it has t h e m which they hope it doesn ' t , r eg re t t ing 

Gali leo's announcement of blemishes on wha t should have remained a perfect sphere . 

Of course, Drav ins ' compute r granules and Saar ' s inferred magne t i c regions m a k e 

s ta rs look more like t he Sun and m a y make as t ronomers like t h e Sun more ; never-

theless , solar morphological detai l is not of obvious in teres t t o o the r s . T h a t is qu i te 

unde r s t andab le (who would be oenologist wi thou t savouring a v in tage wine from t i m e 

to t ime?) bu t leaves us wi th t h e need t o explain why solar surface deta i l needs t o be 

explained using expensive telescopes and supercompute r s . Such defense is no t yet re-

quired of galaxy baggers and o ther morphologis ts in our feature-prone science, t h o u g h 

" d u m p i n e s s " being a current buzz word in galact ic and ex t raga lac t ic research implies 

t h a t fine-scale s t ruc tu r ing becomes i m p o r t a n t elsewhere t oo . 

In t h e long run , solar physics gains from having t o explain now a l ready why s tudy-

ing s t ruc tu ra l detai l is worthwhi le , because t h a t pressure forces more emphas i s on 

physical under s t and ing . T h a t should make solar physics a p a t h finder in t h e t rans i -

t ion from phenomenological t o process descript ion and from scenario t o self-consistent 

model l ing. All fields of astrophysics have t o make th is t r ans i t ion a t some t i m e or o ther ; 

it goes wi th t he succession of the second observat ional revolut ion ( the opening up of 

t h e e lec t romagnet ic spec t rum to discover violent non the rma l behav iour ) by t h e th i rd , 

consist ing of ge t t ing t he resolut ion necessary t o see w h a t is going on. Solar physics is 

again a t an advan tage s i t t ing so close t o i ts scene: t h e physical scales a t which m a n y 

a solar process occurs are in reach. 

8. Not-observed features: fiuxtubes - flux sheets - current sheets - magnetic loops - CO 

clouds - flare kernels - siphon flows - giant cells - circuits - mirror currents - proton 

beams - g-modes - oblateness, etc. etc. 

Again a host of phenomena , bu t invented r a the r t h a n observed. T h a t makes t h e m 

much more interes t ing! For example , granules m a y be a current b r e a k t h r o u g h bu t 

f luxtubes a t t r a c t more a t t en t ion . They are much more a t r ac t ive t o theor ize on, pre-

sent ing an elegant concept wi th pleasant geometry offering t r ac tab i l i ty t o m a n y a 

specialist in hydrodynamics , rad ia t ive transfer and mag n e t o h y d ro d y n ami cs , and they 

are also easily sold t o non-solar theoret ical astrophysics for use in o the r objec ts were 

they are also not observed. Accret ion disks, for example , now produce t u b e and loop 

and circuit papers ( typically by former solar t u b e and loop and circuit persons) bu t 

no granule or spicule papers . 

T h e reason is , of course, t h a t t ubes , loops and circuits are model l ing concepts 

r a t h e r t h a n morphological features . Concepts have wider appl icabi l i ty t h e more ab-

s t rac t they are and the less constra ined they are by observat ions; pe rhaps i t is un-

fo r tuna te t h a t Solanki and Keller produce such detai led empir ical f luxtube models 

from F T S observat ions now, and perhaps t he a t t r ac t iv i ty of f luxtubes will wane when 
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t h e proper t ies of ac tua l magne t i c field concentra t ions will be fur ther cons t ra ined by 

L E S T and OSL and SUN. On the o ther h a n d , t h e fluxtube concept does p roduce 

firm a n d detai led predict ions open for observat ional verification, such as Schüssler 's 

i l lumina t ion hea t ing; i t will be nice t o find out whe ther and how t h e t iny strong-field 

fluxtubes do all t h e th ings they are current ly supposed t o do , such as hea t ing t h e 

corona and , pe rhaps , t h e chromosphere . 

One th ing they appea r t o do indeed is exist . TarbelTs high-resolut ion magne-

t o g r a m s dissolve t h e plage in an act ive region in to unipolar clusters of smal l g ra ins , 

a r r anged in cells of m a n y sizes. T h e pixels are yet bigger t h a n t h e model ler ' s t u b e s , 

b u t t h e overall graininess is unmis takable . 

One th ing they appea r not t o do is t o sit in bipolar clusters in quiet -sun cell in ter iors 

a n d p a r a d e unresolvedly as weak polar iza t ion. I hes i ta ted whether t o list i n t r ane t -

work fields under t h e "observed features" or no t , bu t now Sara M a r t i n ' s movie shows 

pa tches of unipolar in t r ane t work field steadily travell ing t o t h e ne twork boundar i e s , 

t h e coherency of th is mot ion proving thei r existence a t least t o m e . In t h e marg in 

of Tarbel l ' s m a g n e t o g r a m s there are quiet cell inter iors which do not show any th ing 

s t rongly polar ized. These observat ions toge ther wi th those from Ki t t Peak ind ica te 

t h a t i n t r ane twork fields do exist and consist pr imar i ly of intr insical ly weak fields ar-

ranged in pa tches measur ing a few arcseconds, not as s t rong th in t ubes . Th i s issue is 

of obvious i m p o r t a n c e , as is t he quest ion whether there are areas in t h e pho tosphere 

t ru ly wi thou t magne t i c field. 

So now we have a l ready an eightfold way of dividing our subject m a t t e r . A n d the re are 

more : Sun - solar-like stars - non-solar-like stars - non-stars for example , or ana ly t ica i 

theory - numer ica l theory - theoretical interpretation - observational interpretation -

observation - instrumentation, and o thers . 

Which division t o follow here? I t ake t he easy way out ; realising t h a t t h e scientific 

organisers of th is mee t ing have had the same problem already, it seems easiest t o copy 

the i r solut ion by jus t following the order of t he Abs t r ac t B o o k 1 . T h a t implies the re are 

181 presen ta t ions t o summar ize , beginning wi th t he invi ted review of A v r e t t a n d ending 

wi th t h e pos ter of Bonaccini et al. Qui te a l ist , let me begin quickly. 

1.1 A v r e t t ' s r e v i e w 

A v r e t t s t a r t ed his review by showing his familar d i ag ram t h a t specifies t h e height of 

format ion of various spect ra l features t h roughou t t he solar a tmosphe re . T h a t d i a g r a m is 

often used for openers , bu t usually only t o show where one 's d iagnost ic comes from before 

one discards one-dimensional modell ing t o proceed wi th inhomogeneous exp lana t ions of 

observed or not-observed features. In this e ra of realist ic 3D s imula t ion , I D s t a n d a r d 

model l ing drops out of fashion. Over half a century of plane-paral lel exp lana t ions of t h e 

solar spec t rum is seen as enough of a good th ing , spectroscopy not being regarded as a 

p roper science in i ts own anymore bu t r a the r as a necessary tool . Personal ly, I do not 

agree t o t h a t view a t all; in general , we shouldn ' t forget t h a t here lies a s t rong l ink wi th 

stel lar as t rophys ics—the oldest and s t rongest solar-stellar connect ion. 

1 E . A . Gurtovenko (Editor), 1989, Solar Photosphere: Structure, Convection and Magnetic Fields, 
Ν au ko va Dumka, Kiev, 65 kopecks (or 3 abstracts per kopeck; a bargain compared with this volume) 
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S o l a r - s t e l l a r p e r s p e c t i v e 

Let us digress t o solar-stellar connect ions for a m o m e n t . T h e r e are more t h a n one: 

1. Stellar abundance determination. 

T h e oldest one , da t ing back t o t he t ime in which the whole of as t rophysics consisted 

p r imar i ly of solar spec t rum analysis . Unsöld 's 1955 b ib l e 2 is still t h e basis of w h a t we 

now call t h e classical theory of stel lar a tmospheres . A l though Kurucz and Gustafsson ' s 

Uppsa la g roup have pu t th is classical edifice on m o d e r n compu te r foot ing, i t still 

res ts on t h e assumpt ions of spherical symmetry , hydros ta t i c equi l ibr ium, r ad ia t ive 

or convective equi l ibr ium, and usually LTE no twi th s t and ing Miha l a s ' book . In t h e 

m e a n t i m e , solar physics has lost interest in t h e cons t i tu t ion of i t s m a t t e r (some years 

ago , Zwaan and I t e rmina t ed a 50-year Utrecht t r ad i t i on wi th t h e u l t i m a t e pape r on 

t h e solar curve of g rowth ) , bu t stellar abundance de te rmina t ion remains a large field, 

alive a n d well, in which m a n y astrophysicis ts use t he solar spec t rum for gu idance . It 

behooves us t o supply t h e m wi th t he informat ion they require; t h e solar g roup here 

in Kiev sets a good example . (Another good example is t he Kurucz et al. NSO At las 

Nr . 1; so would, if they existed, Nrs . 2 and higher be. ) 

2. Stellar activity. 

Cool-s tar magne t i c act ivi ty cons t i tu tes wha t is t e rmed " T H E solar-stel lar connect ion" 

a t t h e m o m e n t . It s t a r t ed long ago wi th t he work of O .C. Wi lson , B a p p u and Sivara-

m a n , b u t i t became a hot topic only after E I N S T E I N d e m o n s t r a t e d t h a t t h e topic 

is ho t indeed. In t he mean t ime the amazing sharpness of t he flux-flux re la t ions has 

shown t h a t dynamos work in similar fashion in different s t a r s , and pioneers as Schri-

jver have r e tu rned t o t h e Sun t o find out how. Some s ta rs devia te , t h o u g h . T h e r e 

a re also stel lar flares which differ much from solar flares, b u t not enough no t t o have 

ano the r connect ion. 

3 . Stellar convection. 

Dravins* presenta t ion of t he Drav ins -Nord lund stel lar g ranu la t ion s imula t ions gave 

ample evidence of ano the r blossoming connect ion. It s t a r t ed wi th Drav ins ' a n d G r a y ' s 

bisector s tudies , and has progressed very quickly t o t h e desirable s tage in which ob-

servat ions and s imulat ions are compared , and t h a t , also desirable , by various groups 

( including the Kiev one) using different approaches and different numer ica l m e t h o d s . 

W h o would have predic ted t h a t t he smallest surface features on unresolved s t a r s , t h e 

s t a r itself smaller t h a n a solar granule on our sky, would be t h e first t o reach th is 

h a p p y s ta te? 

4 . Stellar interiors. 

Helioseismology presents ano ther obvious solar-stellar connect ion in t h e mak ing . T h e 

G O N G and SOHO projects are bound to produce resul ts of in teres t t o s tel lar evo-

lu t ionar ies ; asteroseismology does not seem too farfetched. A g a i n — w h o would have 

predic ted such rich diagnostics of t he invisible layers so far below t h e surface? Th i s 

is not a y e s / n o m a t t e r of a few missing neut r inos : t h e oscillation s p ec t ru m conta ins 

t h o u s a n d s of lines wi th measurab le frequencies, spl i t t ings and ampl i tudes , and hope-

unfortunately like Luther's in German 
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fully 0-modes as well. 

5. Stellar dynamos. 

Elsewhere I have pessimistically predicted t h a t helioseismology m a y lead t o ano the r 

solar physics bou t of ghet tos is by producing too much s t ruc tu ra l deta i l aga in , th is 

t ime not on t h e ou te r bu t on t h e inner surface of t h e convection zone. Let m e be 

op t imis t ic here . T h e act iv i ty connection shows dynamos working in o the r cool s t a r s . 

R o t a t i o n a l modu la t ion , circular and l inear polar iza t ion , asteroseismology, bisector 

moni to r ing and o ther stellar measurement techniques m a y well deliver t h e evidence 

necessary t o cons t ra in possible real izat ions of dynamos t o realist ic ones. T h e solar 

d y n a m o is pe rhaps too deep to fa thom; knowing more abou t o thers will help . 

S o l a r p e r s p e c t i v e 

Retu rn ing t o A v r e t t ' s review, i t is clear t h a t all I D spec t rum in t e rp re t a t ion is of direct 

in teres t t o our stel lar colleagues. It is i m p o r t a n t for t h e m t o know whe ther I D s t ra t -

ification, hydros ta t i c equi l ibr ium, radia t ive equi l ibr ium, LTE and opaci ty d i s t r ibu t ion 

functions are acceptable shor tcu t s , and t h a t can be checked more easily for t h e Sun t h a n 

elsewhere. 

Amazingly, these shor tcu t s seem t o become more and more acceptable for t h e solar 

pho tosphere . Even N L T E has gone away—the recent change of t he upper pho tosphere 

in t h e Harvard models from t h e cool HSRA dip back t o t he gentle slope of t h e classical 

Holweger-Müller model largely reduces t h e N L T E depar tu res found before. T h e change 

also led Ayres t o move his cool C O clouds t o larger height , above t h e t e m p e r a t u r e mini-

m u m where they do not bo the r anyone anymore . We now have an I D upper pho tosphere 

in hydros ta t i c equi l ibr ium and nearly in radia t ive equi l ibr ium, which explains t h e con-

t i n u u m p r e t t y well from t h e near -UV t o t he IR, which reproduces t h e wings of t h e C a II 

Η & Κ lines and which fits most visual lines in classical m a n n e r assuming L T E , as is 

clear from t h e Kiev fits t o 2000 lines repor ted by Gur tovenko . 

At t h e same t ime , Nord lund ' s s imulat ions indica te t h a t t h e spa t ia l and t empora l 

var ia t ions should be very large t h roughou t t h e photosphere . Are t he s imula t ions wrong 

in p roduc ing t oo much inhomogenei ty? Or is t h e averaging such t h a t , fortui tously, the 

spat ia l ly and t empora l ly averaged spec t rum can well be described wi th a I D a tmosphe re 

even while large deviat ions ac tual ly occur? 

I don ' t know t h e answer t o th is i m p o r t a n t quest ion, b u t I conclude t h a t , e i ther way, 

t h e pho tosphere is nice t o abundance de terminers . Th i s leads m e t o formula te a new 

principle here . Let me call it t he "Pr inciple of Solar Communica t iv i ty" a l though I won ' t 

object if you call i t " R u t t e n ' s Law" hencefor th 3 . Actual ly, i t consists of two principles: 

although R.G.M. Rutten may object. Yes, there are two of us. He is René and I am Rob. 
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Detail Is Beautiful 

Detail Must Be Optimally Displayed 

A though t exper iment will clarify i t s meaning . Imagine a solar te r res t r ia l physicis t , 

s i t t ing on a cool C O cloud above t he photosphere . (Sunspots are also su i tab le locat ions 

for organic chemistry, bu t they live t oo briefly t o produce D N A molecules whereas t h e 

CO clouds have been in t he l i t e ra tu re for years a l ready and don ' t seem t o go away a t 

all.) She has her telescope t ra ined on a s t ruc tu re on t he th i rd p lane t which, in i t s center , 

consists of rec tangula r granules and dark in te rgranular lanes . T h e lanes a re bordered a t 

regular intervals by t he socalled " in tergranular features" for which t he following model 

has been derived: a globular infrared-emit t ing cloud, which shows a half-orbit m o d u l a t i o n 

from opt ica l thick t o opt ical th in , crowns a vert ical t u b e which is present dur ing t h e full 

orbi t and which seems firmly anchored in t he co-ro ta t ing black m a t t e r a t t he τ = 1 level. 

Our physicist now studies a peculiar fine s t ruc tu re in t he IR globule. It appea r s a n d 

disappears in a single pulse dur ing a short segment of each orb i t . It consists of c lumps 

which seem randomly d is t r ibu ted over t h e globule. Each c lump is small and possesses a 

high vert ical wavenumber s igna ture . She wonders wha t they a re . 

We know. They are t h e blossoms of t he chestnut t rees t h a t border t h e s t ree ts here in 

Kiev. T h e ches tnuts make Kiev one of t he most beautiful cities on e a r t h . We know t h a t 

they are beautiful . We apprec ia te thei r beau ty especially when they show blossomy de-

ta i l , as they do now. And we know and apprec ia te t h a t they have been carefully a r r anged 

for o p t i m a l display. We take it for gran ted t h a t a plane-paral lel city would not have t h e 

b e a u t y of a chestnut- l ined one; we savour such morphological surface deta i l w i thou t ob-

ject ion; we love adorn ing simple s t ruc tures wi th surface detai l t o keep ourselves h a p p y 

and solar te r res t r ia l physicists as well. 

T h e Sun does exact ly t h e same. Clear proof is i t s singing. W h y should t h e Sun excite 

t ens of t housands of modes in a beautiful ha rmonic chord if not for t h e b e a u t y of i t , and 

t o keep te r res t r ia l solar physicists happy? Another proof is i t s magne t i c field. To quo te 

Leighton, wi thou t magne t i c field the Sun would be as bor ing as t h e n igh t t ime as t ronomers 

believe i t is . Configured in strong-field tubes r a the r t h a n a weak-field dipole, t h a t field 

is clearly designed t o opt imize t he amoun t of beautiful detai l displayed t o te r res t r i a l 

as t rophysic is t s . 

In fact , t h e Principle of Solar Communica t iv i ty underl ies all t h a t t h e Sun displays t o 

us . A shor t list of solar te r res t r ia l act ion i tems i l lus t ra tes t h e solar perspect ive: 

- emi t far t o o few neu t r ino ' s , jus t enough t o prove t h a t thei r de tec tor works; 

- sing loudly, t o show t h e m in terna l s t ruc ture ; 

- show in teres t ing hydrodynamics wi th min imal interference from magne t i c fields; 

- show surface s t ruc tures a t different scales t h a t m a p different dep ths ; 

- have b e a u t y spots ; 

- have a 1.6 μπι opaci ty dip for Koutchmy; 

- have tubes for M H D physicists; 

- have loops for p l a sma physicists; 

- have prominences for radiat ive-transfer- in-slabs specialists; 
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The Principle of Solar Communicativity There is a benign presence in the Sun 

gracefully offering magnetostatic ûuxtubes to terrestrial astrophysicists to grasp and to 

hold on to for dear life—illustration by M.P. Ryutova. 
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- have flares big enough t o be spectacular bu t small enough for safety; 

- h ide a d y n a m o as a real b ra in teaser; 

- vary every th ing on t ime scales from TV-ra t e s t o career lengths ; 

- have a cycle in s tep wi th NASA's p lanning cycle; 

- have a s u p e r m a x i m u m when funding is poor , t o get on T i m e Magazine ; 

- obey Pa rke r ' s wind theory; 

- have a m o o n for eclipses, such t h a t they occur in in teres t ing faraway places; 

- a t t r a c t comets for ta i l chasing. 

In pa r t i cu la r , for Avre t t t h e Principle of Solar Communica t iv i ty implies t h a t t h e Sun 

coopera tes by emi t t i ng cont inua t h a t are very well model lable : t h e Sun is not a box of 

P a n d o r a ; i t s genes beget cont inuaty. 

1.2 T i t l e ' s r e v i e w 

T h e second en t ry in t h e Abs t r ac t Book is t he invi ted review by T i t l e . How does t h e 

Pr inciple of Solar Communica t iv i ty apply t o h im and his L P A R L coworkers, measur ing 

Fe I 6303 wi th S O U P a t t he superb vacuum refractor of t h e Swedish Solar Observa tory 

on La P a l m a ? Let us again do a t hough t exper iment . Imagine yourself t o be a bunch 

of i ron a t o m s somewhere in t he photosphere , all set t o j u m p t h e 6303 Â t r ans i t ion . You 

are aware the re is qui te a variety of r a the r quaint charac ters in te res ted in you; how do 

you op t imal ly provide beautiful detai l t o : 

- oscil lator s t rengtheners and plane-paral lel layer layers; 

- N L T E rad ia t ive t ransfreaks and magneto-opt ica l affectionists; 

- k-ω p lodders and helioseismologists; 

- g ranu la t ion morphologis ts and bisectar ians; 

- convective blueshifters and limbshifters; 

- compressible and incomprehensible 2D and 3D s imula tors ; 

- fluxtube F T S Ε Τ Η highschoolers and fluxtube M H D P H D s tuden t s ; 

- magne t i c field p a t t e r n recognizers and self-similar se t ters ; 

- ac t iv i ty cyclists and torsional surfers? 

All these te r res t r ia l solar physicists are going t o s tudy t h e i ron l ine t h a t you are a b o u t t o 

cause , and each of t h e m will use t h a t line in his own par t i cu la r way for his own pa r t i cu la r 

pu rpose . It is your t a sk t o provide all of t h e m wi th t h e beautiful detai l t h a t each of t h e m 

requires t o wr i te an in teres t ing paper on his subject , not once b u t over and over aga in . 

T h a t t a sk is not easy. Nevertheless, t he Sun accomplishes i t . All these people a re here 

and have new resul ts t o show and tell . T h a t implies t h a t any solar signal is a m i x t u r e 

conta in ing diagnost ics for all of these diverse in teres ts s imultaneously. T i t l e said in his 

i n t roduc t ion : 

" T h e Sun is a very complicated s t ruc tu re—it has tu rbu len t convect ion, a 

whole family of wave mot ions , magne t ic s t ruc tures etc. I t is easy t o fall i n to 

t h e t r a p of looking only a t those aspects t h a t you can model simplifiedly" 

which is an essential point t o be t aken very seriously, by observers and theore t ic ians 

alike. 

Solar physics m a y be pa r t of physics bu t in m a n y respects i t resembles biology, be ing 
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less reduct ionis t t h a n physics. Our object , t he solar photosphere , obeys a r a t h e r simple 

set of basic equa t ions and offers no th ing special t o those who desire t o reduce n a t u r e 

t o a few fields and part icles; i ts interest r a the r lies in t h e beautiful detai l t h a t n a t u r e 

is able t o genera te out of those simple equa t ions , much richer t h a n Edd ing ton ' s "cloud-

b o u n d physicis t" might ever have predic ted. To s tudy t h a t rich deta i l , we cannot stick 

a t h e r m o m e t e r in t h e photosphere and measure t he isolated effect of a single control led 

p a r a m e t e r change; we have t o t ake our object as it is , holistically, wi th only l imi ted 

expe r imen ta t ion possible t h rough s imulat ion. 

T h u s , T i t l e ' s warn ing mus t be heeded. In te rpre t ing solar surface p h e n o m e n a is com-

pl icated because t he Sun tr ies t o satisfy all of us a t t he same t ime . Your message is 

the re , bu t the re are m a n y more messages on t h e same informat ion carrier; clear recep-

t ion requires sharp l is tening to pick your message out of t he noise m a d e by t h e o the r s . 

T h e problem becomes larger when the observing is be t t e r . T h e more d a t a , t h e less 

a priori selection towards a preconceived idea. This is par t icu la r ly clear in t h e LPARL 

observat ions . In one of last year ' s runs t he S O U P was used t o ob ta in images of 512 χ 512 

pixels, cycling t h rough the Fe I 6303 magne t ic line in left and r ight circular polar iza t ion , 

t h e con t inuum and the Ni I 6768 velocity line in 4 wavelengths , one cycle per 50 sec for 

2.5 hour s , over 2 Gigaby te in t o t a l . It takes sophis t icated processing t o t r ans form such 

d a t a in to Dopp le rg rams , m a g n e t o g r a m s , con t inuum images and l ine-center images : gain 

and da rk correct ions, reorder ing, de ro ta t ion , reregis t ra t ion , des t re tching etc., 30 hours 

compute r t i m e per sequence. And t h a t is only t h e beginning. T h e previous S O U P 

analyses have shown how cleverly such d a t a sets mus t be a t t acked t o distill in teres t ing 

informat ion: 3D Fourier filtering, local correlat ion t rack ing and cork sprinklers were 

required t o isolate t h e flow fields discussed by Ti t l e . Fu tu re d a t a sets will be even more 

comprehensive; t h e pos ter by Bonaccini et al. describes i n s t r u m e n t a t i o n for 2D imaging 

in 41 wavelengths , effectively giving 2D spect rometry . 

Clearly, t h e Pr inciple of Solar Communica t iv i ty has a corollary: the re is so much 

beaut i ful detai l op t imal ly displayed by t h e Sun t h a t much ingenui ty is required for full 

apprec ia t ion . We need new ways of analysing d a t a , not only video clips b u t also new 

display fo rmat s , analysing techniques (as t h e mul t ivar ia te approach in t h e pos te r by 

Caccin et al.) and cork-like invent ions. 

A new display format was displayed by Deubner . Not content wi th having pu t the 

ridges in t h e k-ω d i ag ram already, he now changed t h a t d i ag ram in to a 3D one by 

add ing phase , specifying power per spat ia l and t empora l Fourier component per phase 

shift be tween in tens i ty and velocity, b o t h per line and between lines formed a t different 

he ights . He so produced clear evidence of gravi ty waves and new k-ω phase r idges; there 

is much t o be learned from such phase d iagrams and from corresponding predic t ions by 

Marmol ino and Severino (including their missing piece of phase cake) . 

Th i s indica tes t h a t t he new LPARL d a t a m a y fruitfully be analysed for in tens i ty and 

velocity phase behaviour , and t h a t 4D r a the r t h a n 3D Fourier analysis m a y be t h e next 

t r ick t o t ry . T h e same suggestion applies t o s imulat ion resul ts . In Deubner ' s w o r d s 4 : 

"To our knowledge there are no theoret ical predict ions available yet ab o u t 

phase re la t ions in t h a t brackish regime between fresh convection and t h e 

overshoot layers sal ted wi th all kinds of waves. We s t rongly encourage our 

4 F. -L . Deubner, 1989, Astron. Astrophys. 216 , 259 

https://doi.org/10.1017/S0074180900044508 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044508


513 

colleagues working on three-dimensional s imulat ion of compressible convec-

t ion t o ex t rac t t h e t empora l phase informat ion from thei r models , since we 

feel t h a t it bears ex t raord ina ry diagnost ic po ten t ia l . " 

The re is ano the r lesson in t h e paper from which this quo te was taken : it re-analyzed d a t a 

t aken 17 years ago. Is i t not worthwhile t o sprinkle corks on digitized older d a t a , such 

as t h e beautiful bal loon sequences t h a t were t aken by Karp insky et al. a l ready before 

t h e Spec t ros t ra toscope , Pic du Midi and La P a l m a high-resolut ion imaging? T h a t migh t 

recover t h e supergranula t ion , t oo large t o fit on a C C D . 

2 . H i s t o r i c a l p e r s p e c t i v e 

I a m runn ing out of s u m m a r y spacet ime, speaking t ime and pr in t ing space. Fu r the r 

l i tera l summar iz ing of all t he remain ing 179 cont r ibut ions in A b s t r a c t Book order is out 

of t h e quest ion; let m e apologize t o all of you w h o m I won ' t men t ion (and also t o those 

w h o m I did men t ion ) , and skip all o ther presenta t ions by j u m p i n g t o S u m m a r y Model 2. 

Our h is tory is summar ized in th is list of solar IAU Symposia : 

Nr Year, P lace & Ti t le 

6 1956 Stockholm — Electromagnetic Phenomena in Cosmical Physics 

9 1958 Par i s — Paris Symposium on Radio Astronomy 

12 1960 Varenna — Aerodynamic Phenomena in Stellar Atmospheres 

16 1961 Cloudcroft — The Solar Corona 

22 1963 München — Stel lar and Solar Magnetic Fields 

35 1967 Budapes t — S t ruc tu re and Development of Solar Active Regions 

43 1970 Par i s — Solar Magnetic Fields 

56 1973 Surfers Pa rad i se — Chromospheric Fine Structure 

57 1973 Surfers Parad i se — Coronal Disturbances 

71 1975 P r a h a — Basic Mechanisms of Solar Activity 

86 1979 Mary l and — Radiophysics of the Sun 

91 1979 Cambr idge Mass . — Solar and i n t e r p l a n e t a r y Dynamics 

102 1982 Zürich — Solar and Stel lar Magnetic Fields 

123 1986 Aarhus — Advances in Helio- and Asteroseismology 

138 1989 Kiev — Solar Photosphere: Structure, Convection and Magnetic Fields 

At first solar physics was qui te cosmical, in keeping wi th t h e LAU's roo t s in t h e 

In t e rna t iona l Union for Coopera t ion in Solar Research. La te r , solar physics became 

more res t r ic t ive . Numbers 22, 43 and 102 indica te t h a t we will have a definitive mee t ing 

called Stellar Magnetic Fields in t he year 2000; t he last one on t h a t topic because it will 

exhaus t i t s t i t le possibili t ies. 

B u t while we discuss solar a n d / o r stellar magne t ic fields t h r o u g h o u t t h e years , t h e 

world a round us changes. Here in Kiev, wi th th is Sympos ium embedded be tween t h e 

second and t h e final rounds of t he election of a Kiev representa t ive t o t h e new USSR 

Congress , t h a t change is outspoken. Magnetic-field discussing solar physicists play only 

a minor role in world poli t ics, even if they wr i te le t te rs t o superpower pres idents as we 

have done; nevertheless , they belong to an exceptionally in ternat ional ly-or iented commu-

ni ty in which coopera t ion across t ime zones and borders is t h e rule and not an except ion. 
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The spiri t of frankness, m u t u a l respect and construct ive coopera t ion in which we r u n our 

business of unde r s t and ing the physics which t h e Sun tr ies t o teach us sets an example 

which we ourselves do no t , pe rhaps , fully apprec ia te bu t which has i m p o r t a n t value, es-

pecially in th is city where t he awareness of t h e dangers embedded in physical knowledge 

is larger t h a n anywhere else. In t h a t historical perspect ive , t h e t iming and loca t ion of 

this mee t ing have been significant. I hope t h a t , looking back from t h e fu ture , we will be 

happy t o m a r k it as a tu rn ing point wi th in and outs ide solar physics. 

3. F u t u r e p e r s p e c t i v e 

I base m y predict ions for t he future on a g raph m a d e by D u n n , Harvey a n d Milkey over 

a decade ago t o sell t h e S O T project which then became the H R S O project which t h e n 

became t h e OSL projec t , and which we will eagerly awai t for years yet t o come. Th i s 

long delay is very unfo r tuna te . NASA's Orbi t ing Solar Labo ra to ry is for solar physics 

wha t Space Telescope is for n igh t t ime as t ronomy: not ju s t ano the r space project t o be 

advert ised overly loudly bu t t h e required next s tep for near ly all in teres ts in t h e whole 

field, a general purpose observatory located where it belongs, above t h e a tmosphe re . It 

should have flown i ts maidenflight long ago. In keeping wi th t h e l e t t e r sent from this 

mee t ing t o Pres idents Bush and Gorbachev I no te t h a t a very small fract ion of t h e funds 

misspent on space mi l i ta r iza t ion would have sufficed for space solar izat ion. 

However, solar physics does not compete directly wi th t h e mi l i t a ry for funds b u t 

r a t h e r wi th non-solar colleagues who do not regard solar detai l as beaut iful yet ; we mus t 

teach t h a t principle by displaying wha t we do . The re is enough t o show, b u t t h e showing 

can be be t t e r . To quote Beckers 5 , who recently had a look a t g ranu la t ion after leaving 

solar physics a decade ago: " T h e s tory of th is excit ing research should be m a d e very 

visible so t h a t our o ther a s t ronomy colleagues can enjoy it as well" . 

A p a r t from t h e SOT- to-OSL n a m e change, the re are o ther changes necessary in t h e 

g r aph t h a t do m a r k significant progress . T h e groundbased l imit should be shifted and 

t i l ted a b i t . I ts lower pa r t shifts t o t he left t h a n k s t o t h e good seeing of t h e C a n a r y 

Is lands . T h e shift is larger higher up because act ive mir ror ing , image g rabb ing , correla-

t ion t rack ing and des t re tching result in much longer high-qual i ty t i m e series, connect ing 

per iods of good seeing over hours r a the r t h a n minu tes . Hopefully, t h e real isa t ion of a 

L E S T wi th adap t ive opt ics will p roduce a yet larger leftward shift all over. T h e g r aph 

mus t also be ex tended upwards since t he Big B e a r - H u a i r o u m a g n e t o g r a p h s have a l ready 

produced un in t e r rup ted movies of over seventy hours . Let us hope the re is no t u r n i n g 

poin t now in th is coopera t ion . Finally, the re is a new feature t o be entered: mesogran-

u la t ion , a t a few thousand ki lometers and a few thousand seconds firmly t o t h e r ight of 

t h e g roundbased l imi t . 

T h e a rea t o t h e r ight ma rks t h e domain where we should see th ings proper ly a l r eady— 

and therefore unde r s t and t h e m too . T h a t is not a l together t r ue because the re are only 

two resolut ions p lo t ted here; t empora l Fourier resolut ion, for example , is missing. Never-

theless , t h e photospher ic oscillation is indeed unders tood ; t h a t was t h e first success s tory 

of m o d e r n solar physics. T h e granula t ion b reak th rough also obeys th is g r aph a l though 

5J.M. Beckers, 1989, in R.J. Rutten and G. Severino (Eds.): SoJar and SteiJar GranuJation, NATO 
ASI C-263, p. 613, Kluwer, Dordrecht 
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i t s essential resolut ion (s imulat ion compute r resources) is also missing. 

Any g r a d u a t e s tuden t can now see wna t subject lie should choose for thesis pro jec t , 

depending on whe ther he prefers quick success or t o spend a long career on a single 

p rob lem. Mesogranula t ion is t he next t o go, t hen follow penumbrae and spicules (amaz-

ingly so) , after t h a t t r ans i t ion zone s t ruc tu res , and only t hen come t h e t iny strong-field 

concent ra t ions (knots and filigree) of interest t o t u b e and sheet model lers . Th i s g raph 

indica tes t h a t i t will t ake some t ime before these are proper ly observed, b u t t h a t m a y 

work ou t well; neu t ron s ta rs also wai ted th i r ty years after thei r invent ion before showing 

themselves , giving t ime for t hough t . Pe rhaps such m a t u r i n g is p a r t of t h e Pr inciple t oo . 

4 . P e r s o n a l I m p r e s s i o n s 

I have found th is a very in teres t ing and inspir ing conference. Speaking for t h e o ther 

pa r t i c ipan t s as well, I gratefully t h a n k the organisers for t ak ing on and comple t ing so 

successfully a t a sk t h a t undoub ted ly mus t have brought much more work and problem 

solving t h a n we can guess and , probably , t h a n they themselves envisaged. Let m e assure 

t h e m t h a t the i r work was worthwhi le . 

I sincerely believe t h a t we are a t a t u rn ing point in solar physics , progressing from 

riddles t o answers . T h a t belief was s t reng thened here , t h a n k s t o t h e excellent scientific 

p r o g r a m . We m a y also be a t a t u rn ing point in in te rna t iona l re la t ionships . Th i s confer-

ence, t h e first solar IAU Sympos ium in t he USSR, exhibi ted a s t rong and lively spirit 

of unres t ra ined in te rna t iona l exchange and coopera t ion , t o which t h e splendid social 

p r o g r a m con t r ibu ted substant ia l ly . On behalf of all pa r t i c ipan t s , m a n y t h a n k s for the 

science and t h e hospi ta l i ty presented t o us! 
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