


Bulges of Galaxies: A Celebration of the 90th Birthday
of Albert Whitford

Rich & Terndrup 1997, PASP, 109, 571

On the weekend of March 23-25, 1996, several dozen
astronomers gathered under the redwoods at the University
of Cahfornia, Santa Cruz, to celebrate the 90th birthday of
Albert Whitford, and to discuss the structure and stellar
population of the bulge of our Galaxy and other related top-
ics. Present were many of Whitford's lifelong friends and

close associates, along with a number of researchers who
more recently have been actively working on the central re-
gions of the Galaxy.

The scientific organizing for the meeting consisted of Jay
Frogel, Ruth Peterson, George Preston, Michael Rich, Nic

Suntzeff, Donald Temndrup, ape Bob Kraft (Chairh Locs
arrangements were supervised by [
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You can’t imagine where this is going
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(1) It is an apparent lower bound to the metallicity distribution
of the Galactic Halo GCs (Zinn 1989 JRASC)
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|.R {onclusions

There exists no “definitive” set of ¢luster metallicities that ane systematcally reli-
|
able on the U035 dex level. Any discussion of cluster abundances (Galactic of extragalsctic)
|

must state cearly the underly g HsSUMPHONs COnCemimng the =tellar atmosphere models

used: theddoped Top-seale; whar s meant by “mealliciy® {eg. Fe 17 Fe 117 or a mean

thereoff1; wiat 15 the method used w derve bog &and the orgin of gvalues,

T — — —

+0.1 dex is the wiggle room, 0.0
according to Inese & Our_Hono_ree

Is it a significant lower bound? .. Small number statistics,
yadda, yadda, yadda




(1) It is an apparent lower bound to the metallicity distribution

of the Galactic Halo GCs (Zinn 1989 JRASC)
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Is it a significant lower bound? .. Small number statistics,
yadda, yadda, yadda




METALLICITY EVOLUTION IN THE EARLY UNIVERSE

Jason X. Prochad{a (and Art Wolfe) TI me goes by

’ (2) It Is alsd an apparent lower boLmd to abundanj//'

Deparmen in damped Lyo systems at high redshift
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ABSTRACT

Observations of the damped Lya systems provide direct measurements on the chemical enrichment history of
neutral gas m the early universe. In this Letter, we present new measurements for four damped Lya systems at
high redshift. Combining these data with [Fe/H] values culled from the literature, we investigate the metallicity
evolution of the universe from z= 1.5 to 4.5, Contrary to our expe d the pr of essentially
every chemical evolution model, the N(H 1}-weighted mean [Fe/H g cxhibits Mgl evolution over

this epoch. For the mdividual systems, we report tenta(memsm—seme: {o | - _'P 'h 'k a;w 'H
mean and the scatter in [Fe/H], with the higher redshift systems sho m’ rocnemRE E AT
values. We also note that no damped Lya system has [Fe/H] < =2.7 dex. Fially . .
of small number statistics and dust on our conclusions and conswder the implical B
evolution in the early universe,
. . gn . -1 F i
Significance of this lower bound? ..
. i S
Again, small number statistics) £
more yadda, yadda, yadda .
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METALLICITY EVOLUTION IN THE EARLY UNIVERSE * Jason still owes me
*
Jason X. Prochaska’ ™ {@hd Art Wolfe) one US dollar re: “24 steps”
Ol
(2) It Is also an apparent lower bound to abundances
— in damped Lya systems at high redshift
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ABSTRACT
Observations of the damped Lya systems provide direct measurements on the chemical enrichment history of
neutral gas m the early universe. In this Letter, we present new measurements for four damped Lya systems at
high redshift. Combining these data with [Fe/H] values culled from the literature, we investigate the metallicity
evolution of the universe from z= 1.5 to 4.5, Contrary to our expe d the pr of essentially
every chemical evolution model, the N(H 1}-weighted mean [Fe/H g cxhibits Mgl evolution over

this epoch. For the mdividual systems, we report tenta(memsm—seme: {o | - _'P 'h 'k a;w 'H
mean and the scatter in [Fe/H], with the higher redshift systems sho m’ rocnemRE E AT
values. We also note that no damped Lya system has [Fe/H] < =2.7 dex. Fially . .
of small number statistics and dust on our conclusions and conswder the implical B
evolution in the early universe,
= " gn = -1 -
Significance of this lower bound? ..
. e S
Again, small number statistics) £
more yadda, yadda, yadda .
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METALLICITY EVOLUTION IN THE EARLY UNIVERSE

Jason X. Prochaska’  (and Art Wolfe)

U (2) It is also an apparent lower bound to abundances
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[M/H]

Here is a Prochaska 2004 update
Chemical Abundances in the
Damped Lya Systems

JASON X, PROCHASKA
UCHLick Observatarie

2

3.20yr

Carnegie Observataries Astrophysics Series, Vol 4:
Origin and Evolution of the Elements

2.1Gyr 1.5CGyr
—

Cosmic Mean <Z>
Unweighted

1.2Gyr

=




xhttp://pnm.itp.ucsb.edu/online/stars_c07/wolfe/pdf/Wolfe_StarFormationConf KITP.pdf
KITP Conference: Star Formation, Then and Now: Friday, August 17, 2007

Bimodality in Damped Ly Systems
Art Wolfe
Hsiao-Wen Chen--U. Chicago
Regina Jorgenson--U. C. San Diego
Jason X. Prochaska--U. C. Santa Cruz

Comparison between predicted and observed
metal abundance
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And Wolfe et al presented similar data at KITP in 2007,
so it looks like the J&P 2000 conclusion still stands.



(3a) Finally, It is the location of abrupt slope-changes
in chemical evolution diagrams for stars of the Galactic halo.
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[Fe/H]

SN blast wave

SN blast wave + [SM

Fig. 1 Logarithmic element to Fe ratios n units of the solar va ues are plotted versus logarithmic
FelH ratios, 8 soin solar units for four Fe-peak elements Urom McWillism ef g1 1995 A1 104
2757). Ye ow ine-segments are eye-fitted empirical regressions. Green arrows mark changes
in slope. Black vertical lines near [FelH] = -3.6 denote a speculative imit be ow which [FelH] is
no :::nger asurrapate ¢ ock (see Audouze & 5 |k 1995 Apd, 451 L49] The tmld red coordinate
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(3b) And, approximately, it is where the Barium-to-lron
abundance ratio converges to its present-day solar value.

3
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[Fe/H]

ANDREW MC WILLIAM THE AsTROMOMIC AL JoURNAL, 115: 1640 1647, 1998



(3c) Pollution by AGB binary companions can produce
occasional carbon stars with even larger Barium excesses
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Accepting
Prompt Initial Enrichment (PIE)
by super-massive stars (SMS) during first 10° years
maybe
changes in nature of Chemical Evolution at [Fe/H] = -2.5
are due to the transition
SMS nucleosynthesis -2 “ordinary” SN nucleosynthesis.

Cloud collapse 2> SMS (or TH-IMF) - PIE to [Fe/H] ~ -3
Metal enrichment alters mode of cloud collapse

Cloud collapse - fractionation > GCs instead of SMS



Different kind of Chem. Evol
SMS “ordinary” SN

Different kind of progenitors
So, { Different kind of SN after [Fe/H] =~ — 2.5
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~ 3 2 | 0
[Fe/ M)



How physics of star formation at this epoch
effects this transition is above my pay grade.

—2.7




How physics of star formation at this epoch
effects this transition is above my pay grade.

Cooling agents
Jeans stability
Fractionation,
Whatnot




An aside: supermassive stars are old stuff, of course
— at least 34 years old

Linear Series of Stellar\Models. VI.
Supermassive St

e

by

B. Paczynski
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° N. Copernicus Astronomical Center, Polish Academy of ScieNces, Warsaw
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and

M. Rézyezka 1977

Warsaw University Obseryatory
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Received February 22, 197
These people think big!
(log M, not M, folks!) }sSTrRACT

Linear series 24 stellar models on hydrogen burning main ggquence is construe-
ted for PopulationyI composition (X = 0.7, ¥ = 0.27, Z = 0.03) for masses in the
‘range 1.8 < log M /M o, < 12.0. No terminating point is found in the supermassive
. 8tar region. For logM /M o > 9 the main sequence models develope a giant type struc-
F ture and various assumptions underlying our computations become invalid.

. Models with logM /M . > 5.7 are known to bhe thermally unstable even though
i there is no turning point of the linear series. This phenomenon is caused by the onset
i of dynamical instability at the same mass.
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An aside: supermassive stars are old stuff, of course
— at least 34 years old

Linear Series of Stellar\Models. VI.
Supermassive St

by

B. Paczynski

A bit of ancient Lick Observatory history :
Paczynski, a graduate student of Warsaw University,
worked as a research assistant at LO in 1962-63.
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Warsaw University Obseryatory

Received February 22) 1977
- | These people think big!

(log M, not M, folks!) }STRACT
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Linear series f stellar models on hydrogen burning main gequence is construc-
¢ ted for Population$I composition (X = 0.7, ¥ = 0.27, Z = 0.03) for masses in the

¢ range 1.8 < log M /M o < 12.0. No terminating point is found in the supermassive
¢ 8tar region. ror logMM /M o > 9 the main se quence models develope a giant type strue-

;‘:__ ture and various {-]-35111711)110-[ S 1||rLL11‘11]ﬁ our computati iotis Beeawie bivalid,
Models with logM /M . > 5.7 are known to be thermally unstable even though
| there is no turning point of the linear series. This phenomenon is caused by the onset
f of dynamical instability at the same mass.




With regard to their SMS main sequence | quote the authors:
“For masses greater than 10° M,
main sequence models develop a giant type structure.”

Log L/Lg

1. Position of the main sequenes modelz (X = 0.7, 2 = 0.03) on the H-R diagrauoi.
Open eireles are labelled with a logarithm of stellar mass,
1




With regard to their SMS main sequence | quote the authors:
“For masses greater than 10° M,
main sequence models develop a giant type structure.”

\
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1. Position of the main sequenes modelz (X = 0.7, 2 = 0.03) on the H-R diagrauoi.

Open eireles are labelled with a logarithm of stellar mass,



With regard to their SMS main sequence | quote the authors:
“For masses greater than 10° M,
main sequence models develop a giant type structure.”

N\ Oh.... OK. /

“\\_\ »\.\_‘\
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50 45 40
Log T ¢
. 1. Position of the main sequenee models (X = 0.7, Z = 0.03) on the H-R diagraui.

Open eireles are labelled with a logarithm of stellar mass,



Now,

we turn to the globular clusters & our honoree
Mrr. Krraft,
as his mentorr Otto Strruve called him.

As we have learned
during this meeting



Globular cluster stars
rank among
the great mysteries
of the world



Globular cluster stars
rank among
the great mysteries
of the world

creators of such mysteries e
Leonardo da Vinci g | :"~},§~!~3
Pierre de Fermat ﬁ,_;fﬁa ;

Sergei N. Blazhko

| ___ Pieter Th. OosterhoN )

Sidney van den Bergh
Robert P. You-Know-Wh




Mona Lisa's smile am
by Ewen Callaway

If you have been puzzleg
moment and serious the
happens because our e
about her smile. Differg
categories of informatio
encode data about an o
in the visual field

‘\0 Neuroscientists at the Institute
‘uma ] of Neuroscience in Alicante,
S/ : Spain claim to have solved the
] ) . mystery as to why some
Who is Mona Lisa? ystery y

Many questions arose o
of the lady in the portrai

which means "the lig \
La Joconde, carries a And who was she? ght
and theories about the Vionz Z e, One popurar meory

suggests that the lady is the Duchess of Milan, Isabella of Aragon.
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Is she or isn’t she? 1519

/ The

) | just had to include da Vinci

me after | learned about “sfumato’.
af

ab What a wonderful word!
cat ;

encode data about an o
in the visual fielg

Mona Lisa's smile am
by

Neuroscientists at the Institute

of Neuroscience in Alicante,

Spain claim to have solved the

mystery as to why some

ople see Mona Lisa’s smile
e don’t.

y questions arose o
of the lady in the portrai
which means "the lig st.,
La Joconde, carries a And who Was She? ght

and theories about the MIe. UNe popurar meory
suggests that the lady is the Duchess of Milan, Isabella of Aragon.
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Fermat's last theorem is_a theorem first propQs |n the form 0]3
scribbled in the marglnﬁ‘la: er | ﬂr e .Ar/thmet/ca b 637

Diophantust. The scribbled note|was discovered posthumously

In the words of mathematical historian Howard Eves,
"Fermat's Last Theorem has the peculiar distinction

of being the mathematical problem for which the greatest
number of incorrect proofs have been published."

(including Fermat’s own?)
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Fermat's last theorem is_a theorem first propgsed b,y Fermagin the form 0]3
scribbled in the marginﬁlia:clﬂ;&fmr ICH G eEQt)?Arithmetica b 637

Diophantust. The scribbled note|was discovered posthumously

In the words of mathematical historian Howard Eves,

"Fermat's Last Theorem has the peculiar distinction
of being the mathematical problem for which the greatest
number of incorrect proofs have been published.”
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A plague for students
of Solon Bailey’s “cluster-type” variable stars

A mystery only pundits can love.
| spare you the details.




Do they or don’t they?

: Oosterhoff
van den Bergh, S. 1993, MNRAS, 262, 588.

“It is found (with greater than 99 percent confidence) that
globular clusters of Oosterhoff class | lie on retrograde orbits
more frequently than do clusters of Oosterhoff class Il. A
possible explanation for the observed correlation is blah, blah,

A plethora of other distinguishing oddities are known about
Oosterhoff clusters.

Sidney cannot be blamed for all of them.




Do they or don’t they?

Sidney cannot be blamed for all of the




Finally,
we come to

Bob
Himself



Bob has been near the center of globular cluster research ...




... for a long time

ON THE METAL ABUNDANCE OF RR LYRAE STARS
IN THE GLOBULAR CLUSTER M22*

Dennis Butier, Roert P, Krart, J. S. MILLER, AND Lrovp B. Rosinson

Lick Observatory, Board of Studies in Astronomy and Astrophysics,
University of California, Santa Cruz
Received 1972 November §

ABSTRACT

The Preston system for measuring metal abundances of RR Lyrag stars
from equivalent-width measurements of Hy, Hé, and Ca 1 K in s
image-tube scanner, The RR Lyraes of M22 are found to be metal
expectation of metal richness as judged from the small slope of the gia




ON THE METAL ABUNDANCE OF RR LYRAE STARS
IN THE GLOBULAR CLUSTER M22*

... for a long time . 1 973

DExNis Butier, Rosert P. Krarr, J. S. MiLier, ANp Lrovn B. Ropmvson

Lick Observatory, Board of Studies in Astronomy and Astrophysics,
University of California, Santa Cruz
Received 1972 November §

ABSTRACT

The Preston system for measuring metal abundances of RR Lyrag
from equivalent-width measurements of Hy, Hé, and Ca 1 K in s
image-tube scanner, The RR Lyraes of M22 are found to be metal
expectation of metal richness as judged from the small slope of the gia Messes

GCs are his current targets after fifty distinguishe years of:
Cepheids and RR Lyrae stars: atmospheres, pu3, etc

CV/Novae/Binary phenomena
gravitational radiation

More later
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Overheard afterwards in the audience:

GCH
Ceg “All | wanted to know is what is the mean

“VI'| angular momentum density in the Galaxy!”
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ON THE METAL ABUNDANCE OF RR LYRAE STARS 05.05.04 Carbon and Nitrogen Abundances in the

IN THE GLOBULAR CLUSTER M22* Atmospheres of Subgilant and Asymptotic Giant Branch
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Received 1972 November 8 Robinson Image Tube Scanner operated at the Cassegrain

! focus of the 120=-inch telescope, we have observed a

f sample of subgiant (SG) and asymptotic giant branch

The Preston system for measuring metal abundances of RR Lyrag cep peestablished & (AGE) gi:,lrs in HEE, in the wavelengt
from equivalent-width measurements of Hy, Hé, and Ca m K in s A = 5100 with resolution
image-tube scanner, The RR Lyraes of M22 are found to be metal ;;3 ;gﬂ“a” is tt:n:f {ned largely to t BAAS 1975
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IN THE GLOBULAR CLUSTER Maz* htm:}spheres of Subgilant and Asymptotic Giant Branch
JENWIS BUTLER®™, DUANE CARBON and

s e i tp., TSR CaliF., Saaca Cruz. - Gsing the Vanpler-
ReceiXd 1972 November 8 Robinson INage Tube Scanner operated at the Cassegrain
! focus of thy 120=-inch telescope, we have observed a

ARSTRACT f sample of sulgiant (SC) and asymptotic giant branch

The Preston system for measuring metal ab\pdances of RR Lyrag ce ihed & (AGB) gi.:lrs iy HEE s 1n the wavelengt
from equivalent-width measurements of Hy, H§ and Ca 1 K in s ) = 511K with resolution
image-tube scanner, The RR Lyraes of M22 areNpund to be metal 413100 ' BAAS 1975

expectation of metal richness as judged from the sma\] slope of the gia of 28 stars is \onfined largely to ¢

characterlstlcally playlng second flddle SO that
youngsters could get their names up in lights
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sample of subgiant (S5G) and asymptotic giant branch
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Lick Observatory, Board of Studies in Astronomy and Astrophysics,
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ABSTRACT

The Preston system for measuring metal abundances of RR Lyrag
from equivalent-width measurements of Hy, Hé, and Ca 1 K in s
image-tube scanner, The RR Lyraes of M22 are found to be metal
expectation of metal richness as judged from the small slope of the gia

ON THE NONHOMOGENEITY
g OF METAL ABUNDANCES IN
STARS OF GLOBULAR CLUSTERS
AND SATELLITE SUBSYSTEMS
OF THE GALAXY

Robert P. Kraft \
Lick Observatory, Board of Studies i ARA&A 1 979

University of California, Santa Cruz,




While we recall all
of his admirable traits,
we must also acknowledge

that




Bob has a severe Watergate problem.
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Bob has a severe Watergate problem
! an NOT (3

: _-"—-’ N
# J A GROOK: “Biioiiy's staniars,

It is an iIssue that has bedevilled
our honoree for decades,
giving rise to sporadic,
sometimes uncontrollable outbursts
like this




Growls accompanied
by shaking of jowls



RPK, impersonator nonpareil

| was not present, but Steve Shectman tells me that Bob,
while President of the AAS, lost control of himself
in this manner for some time during an after-dinner speech.
Questioned later, Bob could not recall the episode for 18 minutes.
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Whenever | think of Bob,
this pose reminds me of his passions,
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However, his passion is a redeeming virtue

Whenever | think of Bob,
this pose reminds me of his passions,
particularly in all matters of social justice,

and particularly after a bottle of fine wine!



A few shared experiences from the distant past
Berkeley Astronomy 1955 B Qhicwo Jribwe =

ASSASSIN KILLS KENNEDY
LYNDON JOHNSON sv(nml N

oF uns.
DENDER: MARXIST|

LO 1963
Ho
Mr. Preston.. feel in your bones? Mr Kraft please stand up .. Mlcrophotometer : "-.
room
Wasiutinski and all that ... —_—
What really impressed Bob was UCSC 1967+
NSF Proposal
3 (The recently transplanted LO staff
pu wasn’t quite up to running
a distinguished academic program
He would use it every time the topic on the Santa Cruz campus)
of cool stellar atmospheres came up.
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During construction of his stellar

| evolution code Henyey relied heavily on
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He would use it every time the topic
of cool stellar atmospheres came up.

Norske Videnskapsakademie 1946




A few shared experiences from the distant past
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During construction of his stellar
| evolution code Henyey relied heavily on
il and Henyey’s esteem for JW rubbed o

on all of his students ...

Berkeley Astr_o

,, ~_and pu° stuck in Bob’s head
The Tiger Drr Strigue

What a friendly department!

Mr. Preston.. feel in'gour bones? Mr Kraft please stand up .. 4

Jeremi Wasiutynski

Wasiutingki and all the

What really imppresseg’Bob was

ou?

He would use it every time the topic
of cool stellar atmospheres came up.

Norske Videnskapsakademie 1946




A few shared experiences from the distant past

A sad day at Lick Observatory in 1963 ASSASSIH KII_I_S KEHHEDY

Ho LYNDON JOHNSON SWORN IN

In the Microphotometer Room Ef‘““'“ ,
Our work came to an abrupt end. =

THE WIDTH OF Ha AS A DISCRIMINANT OF LUMINOSITY
IN THE SPECTRA OF LATE-TYPE STARS*

RoBErT P. KRATFT

Mount Wilson and Palomar Observatories
Carnegie Institution of Washington, California Institute of Technology

GEORGE W. PRESTON
Lick Observatory, University of California, Mount Hamilton, California

AND
SIDNEY CARNE WOLFF

Berkeley Astronomical Department, University of California, Berkeley, California
Received February 17, 1064




An Astronomical Life Salted by Pure Chance
Kraft, Robert P. 2009ARA&A. 47, |

Hoth of us having graduated from the Berkeley Ph). program, Preston and | were great

admirers of Orto Struve and of the "Yerkes Observatory style,” in which an observatory -based

graduatc program induded a cadre of theorists to complement the obsarvers. Although Lick

had appointed Bodenheimer, a theoretician in the ficld of stellar structure and evolution, to the

1I1uLmr.1iu—1.‘u|.} sta ft .‘h'ft‘tl'_l.' betore the move to U{:H:, we saw the need for theoretical r:xpl:rtih'c

in a number of other arcas. At the nme, the NSF was offering a group of “Sa ence Departmental
Improvement” grants, and with Whitford’s approva{ Preston and | wrote a proposal Yor such a
grantto Lik/UCSC in the am ount of $600 K. Following a dte visit Involing e N K astronomy
program director and an cvaluation committec, the funds were secured #r a five=ycar program

UCSC 1967+
NSF Proposal
(The recently transplanted LO staff wasn’t quite up to running
a complete academic program on the Santa Cruz campus)
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In conclusion: Berkeley 1955

'*I.' The Prestons watched tearfully
as the Krafts

departed to Pasadena.

Sunday afternoons
in Albany student village:
4-finger Mozart :



