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ABSTRACT

Gas is everywhere throughout the Universe, from the gas between galaxies, the intergalactic
medium (IGM), to the gas surrounding a galaxy, the circumgalactic medium (CGM), to
the gas within a galaxy, the interstellar medium (ISM). According to the standard paradigm,
galaxies form at the centers of dark matter halos out of gas that cools from the otherwise hot
gaseous atmospheres around them. In turn, the latter are influenced by accreting material
from the IGM, by outflowing gas due to feedback, and by infalling satellite galaxies.

In this thesis, I investigate the complex relationship between satellite galaxies and the
multiphase host halo gas using the cosmological magneto-hydrodynamical simulations TNG-
Cluster and TNG50, the highest-resolution simulation from the IllustrisTNG suite. These
simulations provide an unparalleled combination of resolution and sample size, coupled with
a well-validated galaxy formation model, enabling several novel insights.

First, in TNG-Cluster, I affirm that massive cluster satellites, with masses similar to or
larger than the Milky Way, are capable of retaining their own hot, X-ray-emitting gaseous
atmospheres. These atmospheres should be statistically detectable with current and upcoming
X-ray surveys and instruments. In contrast, for less massive satellites in smaller groups and
clusters, I demonstrate that the ram pressure tails observed in TNG50 “jellyfish” galaxies
originate from the satellite’s interstellar medium. As this cool, metal-enriched gas is stripped
from the jellyfish galaxies, it is deposited into the host halo. Consequently, satellites contribute
more cool gas to galaxy groups and clusters than is present in them today.

Furthermore, I demonstrate that across cosmic time, the mass of the cool intracluster
medium in cluster progenitors correlates with the number of gaseous satellites, afirming that
satellites are a legitimate source of cool halo gas, according to TNG. Moreover, Lillustrate the
complex evolution of the cool intracluster medium, considering interconnected processes such
as gas accretion from the intergalactic medium, gas heating and cooling, satellite stripping,
star formation, and, most importantly, feedback from the central supermassive black hole. In
TNG-Cluster, the total mass of the cool-phase intracluster medium unambiguously decreases
sinceH 2 4,overthepast 10 12billion years, just after the onset of strong, kinetic-mode
feedback from the central supermassive black hole.

These novel results challenge long-standing ideas about the evolution of both satellite and
central galaxies, offering fresh insights into the role of environmental effects and feedback pro-
cesses. I propose specific observational tests to validate these simulation predictions, providing
a clear path for future empirical investigations. Comparing these simulation outcomes with
data from current and upcoming surveys will sharpen our understanding of galaxy formation
and evolution, ultimately guiding the development of more sophisticated galaxy formation

models for next-generation cosmological simulations.
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ZUSAMMENFASSUNG

Gas ist iiberall im Universum vorhanden, vom Gas zwischen den Galaxien, dem interga-
laktischen Medium (IGM), iiber das Gas, das eine Galaxie umgibt, dem zirkumgalaktischen
Medium (CGM), bis hin zum Gas innerhalb einer Galaxie, dem interstellaren Medium (ISM).
Nach dem Standardparadigma bilden sich Galaxien, in den Zentren von Halos aus dunkler
Materie, aus Gas, das sich von den ansonsten heiffen Gasatmosphiren um sie herum abkiihlt.
Letztere werden wiederum durch akkretierendes Material aus dem IGM, ausstromendes Gas
aufgrund von Riickkopplungen und einfallende Satellitengalaxien beeinflusst.

In dieser Arbeit untersuche ich die komplexe Beziehung zwischen Satellitengalaxien und
dem mehrphasigen Gas des Wirtshalos mithilfe der kosmologischen magneto-hydrodynamischen
Simulationen TNG-Cluster und TNGSO0, der hochauflésendsten Simulation aus der Illus-
trisTNG-Suite. Diese Simulationen bieten eine beispiellose Kombination aus Auflésung
und Stichprobengréfie, gekoppelt mit einem gut validierten Galaxienentstehungsmodell, das
mehrere neue Erkenntnisse erméglicht.

Erstens zeige ich, dass in massereiche Haufensatelliten in TNG-Cluster, die eine dhnliche
oder grofiere Masse als die Milchstraf$e haben, in der Lage sind, ihre eigenen heifSen, Réntgen-
strahlen emittierenden Gasatmosphiren zu behalten. Diese Atmosphiren sollten mit aktuellen
und zukiinftigen Réntgendurchmusterungen und Instrumenten statistisch nachweisbar sein.
Im Gegensatz dazu zeige ich fir weniger massereiche Satelliten in kleineren Gruppen und
Haufen, dass die in TNG50-Quallengalaxien beobachteten Staudruckschweife aus dem inter-
stellaren Medium der Satelliten stammen. Wenn dieses kiihle, metallangereicherte Gas aus den
Quallengalaxien entfernt wird, lagert es sich im Wirtshalo ab. Folglich tragen die Satelliten
mehr kithles Gas zu den Galaxiengruppen und -haufen bei, als heute in ihnen vorhanden ist.

Zweitens zeige ich, dass iber die kosmische Zeit hinweg die Masse des kiihlen Intraclus-
termediums in den Vorliufern von Sternhaufen mit der Anzahl der Gassatelliten korreliert,
was bestitigt, dass Satelliten gemify TNG eine legitime Quelle fur kithles Halo-Gas sind.
Dartiber hinaus veranschauliche ich die komplexe Entwicklung des kithlen Haufenmediums,
indem ich miteinander verbundene Prozesse wie Gasakkretion aus dem intergalaktischen
Medium, Gaserwirmung und -abkiihlung, Satellitenstripping, Sternentstehung und vor allem
die Riickkopplung durch das zentrale supermassereiche Schwarze Loch berticksichtige. In
TNG-Cluster nimmt die Gesamtmasse des Intraclustermediums in der kithlen Phase seit
H 2 4ecindeutigab, und zwar Giber die letzten 10 12 Milliarden Jahre, unmittelbar
nach dem Beginn der starken kinetischen Riickkopplung durch das zentrale supermassereiche
Schwarze Loch.

Diese neuen Ergebnisse stellen langjihrige Vorstellungen tiber die Entwicklung von Satelliten-

und Zentralgalaxien in Frage und bieten neue Erkenntnisse tiber die Rolle von Umwelteinfliis-
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sen und Rickkopplungsprozessen. Ich schlage spezifische Beobachtungstests vor, um diese
Simulationsvorhersagen zu validieren und einen klaren Weg fiir zukiinftige empirische Unter-
suchungen aufzuzeigen. Der Vergleich dieser Simulationsergebnisse mit Daten aus aktuellen
und zukiinftigen Durchmusterungen wird unser Verstindnis von Galaxienentstehung und
-entwicklung schirfen und letztlich die Entwicklung anspruchsvollerer Galaxienentstehungs-

modelle fiir kosmologische Simulationen der nichsten Generation anleiten.
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'KWWSV VFLHQFH QDVD JRY PLVVLRQ YR\DJHU YR\DJHU V SDOH

—_—



< Uil14! O B!; 10; ! ;1 [;>éd 4;1! ' d

JLIXUHI & &8 PU 0 66 a-il abpuU-6b 6 P +HIUHQUHWZRIRI WKH
PRVWLQVSLULQJSKRWRJUDSKVHYHUWDNHQIURP WKH (DU
IURP WKHEDFNVLGHRIWKHORRQ VKRZHGIRUWKH xUVW W
WKHULJKW WKH3DOH %ORHORWMY NILEBRABWHRIP DZD\RQO\
PRWLI 7KHVHWZR LPDJHYV ZH UM D¥AKH GHLIHN G WVDIQHAR F{OYR U H U V -
ZKLFK XOWLPDWHO\LQVSLUHG PHWR SXUY¥&XHOOMWURQRP\
1$6% -3/ &D QW BKW

LQWKLVLPDIHLVDQRWKHUJDOD[\ LVDQRWKHU FROOHFW
WKHPDUHELOOLRQVRIOLJKW\HDUV DZD\IURP (DUWK :KHQ !
DGLIHUHQW SDWFK RIGDUN VN\LQ WKHVRXWKHUQ VN\ D\
HPHUJHG 7KHxUVW ORFDWLRQZDV QRW OXFN\RUVRPHKRZ
GLIHUHQW GLUHFWLRQV WKHS8QLYHUVHLVLVRWURSLF DYV
7TKLVEULQJVPHWRWKHPRVWIXQGDPHQWDO FRQFHSW LQ |
SULQFLSOH 7KHFRVPRORJLFDO SULQFLSOHVWDWHYV

9LHZHGRQ VXNFLHQWO\ODUJHVFDOHV WKHSURSHUWLH
DOO REVHUYM KVi V=;;B

7TKLVIRUPDOLVPIROORZVIURP WKHSDUDGLJP VKLIW ZKLF#
OXWLRQ WKH(DUWKLVQRWWKHFHQWHURIWKHS8QLYHUV
ZKLFKLVHPEHGGHGLQDFRPPRQJDOD[\LQDQDYHUDJH SO
: OSF WKHFRVPRORJLFDO SULQFLSOHVHHPV WRKROGY
WKHUH DUH FOHDUO\DQLVRWURSLHVDQG LQKRPRJHQHLW
KLOHWKHWZR +XEEOH 'HHS )LHOGVGR QRWGLUHFWO\PRW
VWLOO VXJIJHVW WKDW WKH8QLYHUVHLV VWDWLVWLFDOO
B8QLYHUVHLV KRPRIJHQHRXVDQGLVRWURSLFRQODUJHVFDO



JLIXUMEE , AA6D PD:BE®ORRNLQIJORQJIJHQRXJIJKDWDVHHPLQJO\GD!
LOOXPLQDWHY ZLWK WKRXVDQGV RIJDOD[LHV $QG WKLV LV WUX
REVHUYDEOH SDWFKHV RIWKHVN\ 7KHGHHSHU RQH ORRNV W
FUHGR®WHUW :LOOLDPVDQGWKH +XEEOH 'HHS)LHOG 7THDP 676F,



< Uil14! O B!; 10; ! ;1 [;>éd 4;1! ' d

8QLYHUVHFDQ UHSUHVHQW WKHHQWLUHREVHUYDEOH 8QL"
HTXLYDOHQW WR VWXG\LQJDQ\RWKHU SRUWLRQRUHYHQ W|
WKHVDPHLQDOOORFDWLRQV DW OHDVW WR WKHEHVW RIR)
DUHZKDW PDNHWKH8QLYHUVHLQWHUHVWLQJ (YHU\JDOD
DQRWKHUZLVH XQLIRUPEDFNGURS 7KHVHSHUWXUEDWLR
KDSSHQV

$VWURQRP\LVLQHVVHQFHMXVWDV SKLORVRSKLFDODV |
SKLORVRSKLFDO LPSOLFDWLRQV ,SHUVRQDOO\xQG WKH
WKHVWUXFWXUHRIWKHS8QLYHUVHDV PDQ\RWKHUV PD\ xQ
RYHUZKHOPHG DQG VWUXJJOH ZLWK P\GDLO\OLIH , UHPHF
DERXW P\SUREOHPV 7KLVFDQEHTXLWHXQVHWWOLQJIRU
FDOP 7KHYDVWQHVVDQGFRPSOH[LW\RIVSDFHFRPIRUW P}

il c™ei0@...e O™% «°{2a2 "ql

TKHHDUOLHVWVQDSVKRWRIWKHS8QLYHUVHFRPHVIURP WKF
7TKLVIDLQWPLFURZDYHJORZFRPHVIURP WKH %LJ %DQJ DC
HYHU\GLUHFWLRQ 7KHEHDXW\RIWKH &0% GRHV QRW KR.
QHDUO\XQLIRUPLQDOOGLUHFWLRQEXWLQVWHDGIURP W|
WKHRUGHURMH VWDWLVWLFDO SURSHUWLHV RIWKHVHVPD
FRPSRVLWLRQRIDQGGHWHUPLQHWKH IDWH RIRNKWHKEHQLYHUV
WRWDOPDVV HQHUJ\RIWKH8QLYHUVHWRGD\FRPHVIURPED
PDNHV XSJDOD[LHVY EODFNKROHYVY DQG WKLV WKHVLV LWVF
DQGGDUNHQHUJ\ZLWKPLQRUFRQWULEXWLRQVIURP SKRW
$WWKHWLPHRIWKH&0% WKHHQWLUHW\RIWKHEDU\RQ
+\GURJHQDQG +HOLXPZLWKWUDFHDPRXQWV RI/LWKLXP 7
RYHU RUXQGHU LOWHQVLW\WUDQVODWHWRRYHURUXQGF
JDV 7TKHVHRYHUGHQVLWLHV ZRXOGHYHQWXDOION FROODSV|
+RZHYHU ZKHQ VXPPLQJDOO WKHJDOD[LHVLQWKH+XEEOH"
HPLWDPDMRULW\RIWKHRSWLFDO OLJKW LQDGGLWLRQ WR
LQVWUXPHQW RQO\DIUDFWLRQ RIWKHH[SHFWHG WRWDO |
WKHQXPEHUDQG PDVVRIDOOWKHVWDU® LQ WKNFKQVLEOF
FORVHU WRWKH WRW D O>x8DUNRQEF&NKRKDUH DUH WKH UHVW R
EDU\RQV"7KHDQVZHUOLHVLQWKHJDV WKDW H[LVWV LQ DL
XQLYHUVDOO\H[SHFWHG KDVEHHQ GLNFXOW WR REVHUYH
UHFHQWDGYDQFHPHQWV LQLQWHIJUDO xHOGVSHFWURVFRS

ot
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UHVHUYRLUV ZKLFKH[WHQGIDUEH\RQGWKHVWHOODUERGLHV
YHU\WLPH LQWHQVLYHDQGFDQRQO\EH SHUIRUPHGIRULQGLY
PDSRXWRIWKHUHVWRIWKHJIJDVLQ DURXQG DQGEHWZHHQ W
7TKHVWDQGDUG WKHRU\RIJDOD[\IRUPDWLRQ VWDWHV WKDW S|
PDGHRIGDUNPDWWHU IRUPLQJD KRWJDVHRXV DWPRVSKHUI
WRZDUGV WKHFHQWHU RI WKHKDORDQGHYHQWXDOO\IRUPV
IRUPDWLRQ IRUJDOD[\IRUPDWLRQDQGHYROXWLRQ 7KHPHYV
LQVWDUVDQGIURPWKHLUGHDWKVDVVXSHUQRYDHHQULFK W
FRROLQJDQGVWDUIRUPDWLRQ 6XSHUPDVVLYHEODFNKROHV 6
FHQWHUV IRUPDV WKH XOWLPDWHE\SURGXFWV RIJDV FROOD
vwbuv PHWDOV DQG60%+VWKDWSRSXODWHJDOD[LHVWRGD
DQG +HOLXP 60%+VJURZPDLQO\E\DFFUHWLQJJDODFWLFJDYV
,60 $V WKH ,60IXHOVERWKWKHG60%+VDQG VWDUIRUPDWLRQ \
FDOOHG WKHFLUFXPJDODFWLFPHGLXP &*0 FDQFRRODQGU
UHSOHQLVKLQJWKH ,60 $WHYHQODUJHUVFDOHYV WKHJUDYLV
SXOOVIDVIURPRXWVLGHWKHKDOR FDOOHGWKHLQWHUJDO
WKHVDPHWLPH IHHGEDFNIURPVWDUVDQG60%+VFDQKHDW X
&*0 RUHYHQRXWLQWRWKH ,*0 7KLVH[FKDQJHRIEDU\RQLFPDW
ORFDWLRQVLVFDOOHG WKH J&RMPIX® B Q VARG &\FEOROS[ ) L J
+RZNETERQDKXH iBRIDWWXFKHU *LIJXéUHRWRZUHFHQW UHYLHZV RI
WKH &*0DQG FRVPLF EDU\RQ F\FOH 7KLV F\FOH LV IXUWKHU F
PXOWLSOHJDOD[LHVY ZKDWKDSSHQVZKHQWZRJDOD[LHV HDI
F\FOHV LQWHUDFW ZLWKHDFKRWKHU" :KDWKDSSHQV ZKHQ RQ
PRUHPDVVLYHWKDQ WKHRWKHU" :KDWDERXWZKHQRQHPDVVL)
RQHV"+RZGRHVWKH&*0ORIWKHKRVW JDOD[\HITHFWWKHVPDOO
WKHVDWHOOLWHJDOD[LHV LQWXUQ DIHFWWKHKRVW &*0" 7Kl
WKLV WKHVLV 8VLQJVWDWH RI WKH DUWFRVPRORJLFDO VLPXC
, ZLOODQVZHU WKHP
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JLIXUHAD GOeA - - 67TKAIDVLQ LQWHUVWHOODUPHGLXP ,60 [
JDODFWLFPHGLXP &*0 JDOD[LHVFDQFKDQJHSKDVHDQGVS
RXWURZVFDXVHG E\VWHOODUDQGVXSHUPDVVLYHEODFN KR
H[WUDJDODFWLFDFFUHWLRQ DQG VDWHOOLWHDFFUHWL
ODUJHUJDOD[\RQWKHOHIW 7KHHIHFWV RIWKH&*0IURP V
DQG YLFH YHUVDLV WKHPDLQ WRSLFRIWKLV WKHVLV , DC
,UHWXUQ WR ODWHU WKHDYHUDJHWHPSHUDWXUH RI WKF
GHQRWHG E\WKHUHGGHU FRORU WKHVPDOOHUJDOD[\KDV
SKDVH PRUHOLJKWEOXHFORXGY DQGWKHODUJHUJDOD|
VKRZQ ZKLOHWKHVPDOOHUJDOD[\KDVRQO\VWHD/ODU IHHG
+RUL]JRQ 7THOHVFRSHA&BQUHEEVPRKHRRDWLFV IURP '\ODQ 1H«
$QJO«V $OFE£]DU
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5RXJKO\RQHFHQWXU\DJR WKHZRUOG{VOHDGLQJDVWURQRI
GURPHGD QHEXOD WU\LQJWRGHFLGHLIEHORQJHG WR RXUOL
XQLYHUVH~ ZKDW ODWHU EHFDPHNQRZQDV DJDOD[\ :LWKLQ
RWKHUJDOD[LHVGRLQIDFWH[LVW WKHDVWURQRPHUV QRWLF
JDOD[LHV WKH\DUHDOOPRYLQJDZD\IURP (DUWK 8VLQJ&HSH
ZLWKDNQRZQ SHULRG O XPLLYQIRWW W 3 BFHN-DOR. RBRI@WKIUSH WKHLU
GLVWDQFHVY LWEHFDPHFOHDUWKDW WKHIDUWKHUDZD\JDOTCL
+XEEOH /HPDHWDHRIABHX E EI@HO

D= 3 i

ZKHUN WKHUHFHY VY RVKHWHCA R ALDAQ F H V IW/RWKKIH XIEEGE D[N FORGY WD Q W
TKH8QLYHUVHLVH[SDQGLQJ 7KLVGLVFRYHU\LVWKHEDVLVIRU
HISDQVLRQ ZDV  FRQVLVWHQW ZLWK WKHDW WKH WLPHUHFHQW

‘a, 6a=")a i

ZKHUHY WKH (LQ VoA HV Q/WH BN RUILVE WKRVRUHVWE HQHUJ\ WHQV
C 2 LVWKH (LQVWHLQ JUDY L VOEMBLLIR-OW K H RIQZ\WR@WD @ KBDHL W D
FRQVWDQW DQG VSHHG R DV YWKKWH ERIWESRE RILYFHD®\ FRQE W D Q W
DVDQHJDWLYHPDVVRUHQHUJ\RIHPSW\VSDFHWR FRXQWHU]I
WKH JUDY LW DW(ILRY OV P ® IHPLAKWDR@\ DQ H[SDQGLQJKRPRJH
LVRWURSLF8QLYHUVH DWOHDVWRQODUJHVFDOHV REH\VW
V:DONHUPHWULF

1
A= @ 0B G

2 9@ @° -

o
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ZKHUWHVFULEHVY WKH VSDWLDO FXB YV BVNKLUQHI RVIDAOKKHH&/Q L Y¥eH B
WKHUHLV QHIJDWLYH QXOmB RGBSR VY W IKHHVFDDWDID K W IR UDGH
WKHH[SDQVLRQRIWKHS8QLYHUVH ZKLFKQE L MMOBEVHG WR WK |
HWLHGR®QXKHVFDOHIDFWRU LV G H xB) H\HGXKK WK® \W W IR
VFDOH OEBEW R UPLSRUWDQWO\ WKH VFDOH IDFWR WW KWHKGI UHO D'
FRPRYLQJ3% IWMHD@EWWDQFH WKDW UHPDLQV FRQVWDQW ZLW
EB.1B = 0!B3; VX FK3WB°B\8 WRGD\ 7KH VROXWLRQ WR GHWHUPL
KLVWRU\RI VO¥8H. ¥ QLYHQ\EN WKH VHW RI )ULHGPDQQ HTXDWLF

. ¥B _cd 92 2 .

0B op -
@B c > 2 ,
og- ~ 2 o

ZKHUB LV WKH + XE E OdHL ¥ DAUKDHP Pl DWHVUGLH/QWV K MWV & IDHMGY X U H
7KHUH H[LVWV DIFRIBWWX IEFKD/OK®WQW KW B8 QLYHBVHLEHFRPHV L
(TQ 7

1@

dr 4B c i
WLV WKHQ FRQYHOQLHQ bt VRR W KSHUMH WW @ K R ISHOYH QW MR | W
PHOQWLRQHGIN@QO®PRBI®SWHDF X XP GHQ V LPD\WEGDHIS RHVODWWUY LV W
SDUWNRE@HM LWY RI WKH FU LW L&D G & brGOHLAWAY KHUWH G P D Q
HTXDWLRQFDQWKHQEHUHZULWWHQ DV

1B = wOB | p OB | OB | - i 0

ZKHU#H 1B°LVWKH+XEEOH FRQ VW IDQVGW.R/GAD] HW/SMW QD O FX U Y
GHQVLW\ WIRGPSQILBY WKDW ZLWK DFFXUDWH PHDVXUHPHQ\
FRQVWDQWDQG WKHGHQVLW\SDUDPHWHUV ZHWKHQ NQR
'XHWR WKH YDUOBUGRZHVKRIGRPLQDQW FRPSRQHQW RI WK
YDU\ZLWK FRVPLFWLPH %XW ZKDW H[DFWO\DUH WKH FRPS|
$VPHQWLRQHG WK&KDIWHUVH WRGD\FRQVLVWY SULPDUL
PDWWHU /RUG.HOYLQ ZDVWKH xUVW WR SURSRVHWKHH[LVV
GLVSHUVLRQ RI VWDl iEXRXWNGAD K HRIDAQ@WLO 86 \HDUV ODW
EHFDPH ZLGHO\ ®F FHISW]HZ LAN\ VWXGLHG WKH PRWLRQ RIJ
&OXVWHU DQGEDVHGRQWKHQHFHVVDU\WRWDO PDVV DV

. Q IDEGMPDWWHU LV D VOLJKW PLVQRPHU VLQFH LW GRHV QRW DEVRU!
;10 4.(QRB {EDWWHU
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WKH SUH&HQFBI®RIIRUGDUN PDWWHU 4XLFNO\WKHUHDIWHU R
URWDWLRQFXUYHLQ $QGURPHGD DQG RWKHUVSLUDO JDODIL
WKH JDODF WALEFERORE®NRLUMWE ZKLFK ZRXOG ODWHU EH FRQxUPH
LPSURYHG REVHUY 5WER Q D RW R FK\QLITNGEW HV) D® W R HW D O

1607 $GGLWLRQDO DUJXPHQWV IRUWKH H[LVWHQFH RIGDUN P
DQGJOREXODUFOXVWHU YHORFLW\)GEWSHUYBRYR®URXQG HC
WKHKRW WHPSHUDW XUH V R.ILDN ®IUHOXHQG B R D D P\TFLOXVW H U V
)XVFR )HPLOOW@®R G JUDYLWDWLRQDO CHQWIQ BROMINGID[\ FO XV W
$VRIZULWLQJ WKLV WKHVLY GDUNPDWWHU KDV VWLOO QRW |
OLVWHG DERYHFRQxGHQWO\VXSSRUWV LWV H[LVWHQFHDQGHY
6SHFLxFDOO\ DFROGGDUNPDWWHU &'0 VFHQDULRLVIDYRUHG
ERW W RP XBO 606 O X PHQ WiKkD DUHDWMK® U WKDQ D ZDUP RU KRW G D U
VFHQDULR ZKHUH ODUJHU % W@Q & MG ¥ ZIRY 0@ D OO-HFWXO H

OHDVXULQJWKH SUHFLVH YD OKBI\RS WK HH-X WREHHFDREMIF X QW F K [
VLQFH LWV xUVW GLVFRYHU\ :KLOHWKHLQLWLDO PHDVXUHP
YDOXH RNPVOSF E\WKH i666V WKH HVYWLPDWHG YDOXHV EHJD

NPVOSF 5LHVViHWINGIHGPDI@EHDQOGUHIHUHQFHV WKHUHLQ
WKH\HDULQ ZKLFK,ZDVERUQ WZRFRPSHWLQJWHDPV XVHG 7
DSSUR[LPDWHO\WKHVDPHLQWULQVLFOXPLQRVLW\ NQRZQDV V
WKH GLVWDQFHV WR IDU DZD\ JO®WISEF \5 X-QOLIQWMD $DO XH R
3HUOP X WiW&d, 9\ RDQJ VR WKH\GLVFRYHUHG WKDW QRW RQO\ L
EXWLWLVVSHHGLQJXS 7KHUHPXVWEHVRPHLQYLVLEOHHQHUJ
WR DFFHOHUDWH GDUN HQHUJ\

2YHU WKH SDVW&®O\PIRGNOWIONW EHFRPHWKH GRPLQDQW PRGHO R
ZHOLYHLQWHHWY WRWKHFRVPRORJLFDO FRQVWDQW VSHFLxF
HQHUJ\WKDW OHDGVWRWKHDFFHOHUDWLQJH[SDQVLRQRIWKH
ZKLFKRQO\LQWHUDFWYV JUDY LW R V0 [PRREGIHGDOD OH/ARL DWW/ IX® HE RVAKIDX
(LQVWHLQ{VWKHRU\RIJHQHUDO UHODWLYLW\LVFRUUHFW ZKH
DQG EDVHG RQ PHDVXUHPHQWV RIWKH &0% WKDW WKH 8QLYF
DQG&'0OPDNHXB3QG RIWKHWRWDOPDVV HQHUJ\EXGJHW RI WK
QRVXLWDEOHFDQGLGDWHVIRUGDUNHQHUJ\RUFROG GDUNPD
FRVPRORJLFDOWKHRU\FXUUHQWO\H[SODLQVREVHUYDWLRQV R
WKHRU\ DQG WKH SUHP L\&HORD WK H V Q\I KFHRVULWHIFFRNF HRSUMDAW O HD V W |
DSSUR[LPDWLRQ WR GHVFULEL®I WKWS 6 QHUIV HQ MKKIHRSDK Y bl
WRGD\LVLQ WKH IRUP RI EDU\RQLFPDWWHU QRUPDO DWRPV
JDOD[LHV EODFNKROHV DQGFRVPLFJDV
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7TDEORKUUHQWO\DESHIWRBWHUY ZKLFKDUHHPSOR\HG WKUR?>
JLYHRDQFN &ROODERWUDRWRIGMWHKWD WWKLY DVVXPHV D UDW .
WRW

3DUDP WO YH '"HVFULSWLRQ
NPVOSF | +XEEOH &RQVWDQW
Epu | & é76n EDU\RQ GHQVLW\
Gp & 16060 GDUNPDWWHU GHQVLW\
W UHODWLYLVWLF SDUWLFOH GHQVLW\
& RO GDUNHQHUJ\GHQVLW\
<A & 6ffio VSHFWUDO VFDODU LQGH]
f 5 6186 DPSOLWXGHRIWKHOLQHDU SRZHU V
VFDOHRI 6 0SF

, Q WKLV WKHVLV ,IRFXVDOPRVWHQWLUHO\RQ EDU\RQLF
QDWXUDOO\WDNLQJWKHJUDYLWDWLRQDO HIHFWV RIFROG C
GDUNHQHUJ\LQWRDFFRXQW 7RGD\ WKHUHLVDOVRDPLQRL
WKH8QLYHUVHIURPUHODWLYLVWLFSDUWLFOHV OLNH SKRW
ZKLFK DUH PRVWO\ SKRWRQY HVRPOREHXHO®%W WKHVH SKRWR
SHUKDSV WKHPRVWLPSRUWDQWLQJUHGLHQW IRUDVWUR
WKRVHRULJLQDWLQJIURPDVWURSK\VLFDO VRXUFHV VRXL
ZRXOGEHDPXFKPRUHGLNFXOWVFLHQFH LILWZRXOGHYH!

7TDNLQJ WKH SUHVHQW GD\ YDOXH IRNPWEKHF+XEBKHSDUD |
+XEEOHFRQVWDQW WRGD\ WKHFULWLFDOGHQVLW\RIWKH

d|:U|_—_WC— JFP 0 NSF FP i o6

ZKHUH WKH ODWWHU LV WKHHTXLYDOHQW K\GURJHQ QXPE
FRPSRQHQWV RIWKHS8QLYHUVH WR-FROQVERQGRG DEINUMNDHNM i
GHQVJpW\* EDU\RQLFPDWMWHU GBQG@LWMGLDWLRQ HQHUJ\
" IRUD WRWDO H@g&UJ\GHQVLW\

7KHVH SDUDPHWHUV WKHPDVV HQHUJ\GHQVLWLHVDQG WK
RQWKHJOREDO KRPRJHQHRXVVFDOHV 2Q VPDOOHUVFDOH
KRPRJHQHRXV 7KLVVKRXOGFRPHDVQRVXUSULVHVLQFH
SHRSOHDUHLQ QR ZD\KRPRJHQHRXV DQ GiyUu RHGHI UV R F
LQKRPRJHQHLWLHV FDQ EH SDUDP HW 2 K L FIKGGEA\WFKIH SV KW D |
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GHQVLW\UXFWXDWLRQV YDU\ ZLW KRY RIXGHQ B ® DW kS FOZHI W B H D\F
RQVFDOBWRIZKHEBH+. NPVOSF 7DEQWXPPDUL]HVWKHVH YDOXH
IURP &0% PHDVXUOBPHRRWROODBRUDWLRQ HW DO

i (CIE_Ié sté%oéi%o q3 OTM%O 02 Zwoéoé_qa%o
|qe©"E°@3 ..,

L QWKHEHJLQQLQJWKHUHZDV QRWKLQJ EXWWKHUH ZDV DOV
IRUWKHH[LVWHQFHRIRXU8QLYHUVHGHWDLOVWKDW WKH %LJ
WLRQLQDQXQGHUO\LQJTXDQWXP xHOG DQG WKHVHLQLWLDC
8QLYHUVH ,Q WKHVH QDWDO PRPHQWY WKH S8QLYHUVH ZDV G
VWDQGDUG FRVPRORJLFDOPRGHO SUHGLFWV D SHULRG RIH[SR
VXSSRUWHG E\ D FRV P RRURIQ FPRPRQMMOHIW ZLWK VXNFLHQW Q
*X Wi 0ILQGHOBWDURELGQVRWKLY FRQWH[W SDUWV RIWKH 8QLY
FDXVDOO\FRQQHFWHG SUH LQUDWLRQEHFDPHGLVFRQQHFWHG
WRZDUGV UDWQHVV $Q\LQLWLDO PLFURVFRSLFSHUWXUEDW
VFDOH 6SHFLxXxFDOO\ LQUDWLRQ SUHGLFWV WKDW D *DXVVLD
GHQVLW\UXFWXDWLRQV DQG WKDW WKHLQLWLDO SRZHU VSHFV
EH&RZ 7KHVHGHQVLW\SHUWXUEDWLRQVKDYHREVHUYDEOH L

$IWHU WKHLQUDWLRQDU\ SHULRG WKH 8QLYHUVH ZDV UDGL
H[SDQGHG DGLDEDWLFDOO\ LWFRROHG $IWHUDIHZPLQXWH)
IRUP DWRPLF QXFOHL FDOOHGELJEDQJQXFOHRV\QWKHVLV ZK
UDWLRRI+HOLXP WR +3GBRUHQIR/IJRIRFDQ DPHLRXWHY XQWLO

" \HDUV WKHUDGLDWLRQ GRPLQDWHG 8QLYHUVHZDV VWLO
$W UHGVKLIWKHS8QLYHUVHWUDQVLWLRQHG WREHFRPLQJPDWWI
DWDGHFHOHUDWLQJUDWH DOEHLW QRZ GHFHOHUDWLQJ VO]
$W UHGVKLDW D FRVPLF WLPH®UV IUHH HOHFWURQV DQG QXF
xQDOO\IRUP QHXWUDO +\GURJHQDQG +HOLXPLQ WKH SRRUO\
3KRWRQV FRXOGVWLOOVFDWWHURTWKHVWLOO IUHHHOHFWU
ODVW VFDWWHULQJRIDIUHHHOHFWURQ WKH %LJ %DQJSKRW
8QLYHUVH ZDV QRZWUDQVSDUHQW DQGZHFDQ GLUHFWO\RE\
VFDWWHULQJ 7KHWHPSHUDWXEXVWRKVKB BEEWRQUHEDBVKLIWF
DWHPSHUDWXURHJRIDWLQJ WKH &0% %HFDXVH WKHEDU\RQLF F
ZHUH FRXSOHGDQGLQHTXLOLEULXP WKHSUHGLFWHG &0% VS
SHUWXUEDWLRQVDULVLQJIURPPDWWHUGHQVLW\DQLVRWURS
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, QRZWUDQVLWLRQIURP WKHRU\WRWKHDFWXDOREVHUYDW
SODQFN &R OODERUWUKDYHRHDM QB G DERXW WKH8QLYHUVH IU

7KHWHPSHUDWXUHRIWKHQHDUO\SHUIHFWEODFNERG\ &
PHQW RI WKH WRWDO S KRMWRWKHRFHWHYVBEQYVEDNSQLYHUVH |
DVVXPLQJWKDW WKH &0% SKRWRQV G R P L-QIDONHHAMKIHON RW D O !
7KH &0% LV DW DQ DYHUD*JH. \WHW & HD B WXIDHQRSIHUWXUEDWLRQ
RI 7KH &0% H[LVWVLQDOO GLUHFWLRQV RIWKH VN\ZLWK
%HFDXVHWKHWHPSHUDWXUHSHUWXUEDWLRQVFDQEHGHVF
VRPHQRQ *DXVVLDQ IHDWXUHV PD\H[LVW vDOO VWDWLVWLI
SRZHU VSHFWUXP 7KHODUJHVFDOHLVRWURS\VXSSRUWYV
RQWKHVN\VHSDUDWHG EGMIKH N BX@ @ KRWQPRDQ FDXVDO FI
WKHLQUDWLRQDU\SHULRG 2@ VXEBNBWJYG EKRULRRY ¥ BD B H\
WRPRWLRQVLQWKHSKRWRQ EDU\RQUXLG 7KHGLVWULE>
EDU\RQLFDQLVRWURSLHVDW WKHWLPHRIODVW VFDWWHU
%HIRUHUHFRPELQDWLRQ WKHEDU\RQ SURWRQUXLG SURY
WKHJUDYLWDWLRQDOO\SXOORIGDUNPDWWHURQVXE KR
WKHEDU\RQVIROORZHG WKHDOUHDG\GHFRXSOHG GDUN PLC
ZLWK WLPH :KLOHWKHEDU\RQV ZHUHJUDYLWDWLRQDOO\D
SUHVVXUHIURP WKHEDU\RQ SURWRQ UXLG OHG WR WKH ED!
SKRWRQ EDU\RQ UXLG ZDV FRPSUHVVLQJDQG H[SDQGLQJDG
KRWWHUDQG YLFHYHUVD 7KHDQJXODU SRZHUVSHFWUXP
SUR[LPDWHO\WKH VRX®8 KRUAWRRYWWLRQ RI WKLV SHDN GH.
FXUYDWXUHLQWKHS8QLYHUVH ZKLFKFDQEHFRQVWUDLQH
ZLWK D WRWDO PDV Wy kW@ HEH GHDFWLWKIRSH RI WKLV SHDN GH S|
WRWDO PDWWHEGHOYKRVHFRQVWUDLQWY UHTXLUH WKH SL
= wrwp w 7TKHVHFRQGDQGWKLUGSHDNVDWVPDOOHUDQ.
PDWWHUDQG EDU\RQLF GHQVLWLHY 7KH&0% LV DEOH WR |
LQWKHHDUO\8QLYHUVH LQGHSHQGHQWO\FKHFNLQJWKH
8QLYHUVHH[SODLQHGDERYH 7KHFRVPRORJLFDO SDUDPH\
8QLYHUVHDJUHH UHPDUNDEO\ZHOO ZKLRBKOLYRQKRXWHKH VV
VRPHPLQRU GLVFUH SDIPFELHYW MILRIOVS B0V LV W

$IWHUWKHWLPHRHODVWKHDWMHBIQQYBWVHKDG UHFHQW
IURPUDGLDWLRQ WRPDWWHU GRPLQDWHG WKHS8QLYHUYV
7KHEDU\RQV ZHUH GHFRXSOHG IURP WKH SKRWRQVDQG FRX
PDWWHU ZKLFKKDGEHHQFRQWLQXRXVO\JURZLQJWKHLU
QRZWXUQWRWKHIRUPDWLRQRIGDUNPDWWHUKDORVDQG
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,QDVWDWLF 8QLYHUVH DQ\GHQVLW\SHUWXUEDWLRQLQ D S|
LQUXHQFHRIJUDYLW\ ZRXOG FRQWLQXHWR JURZ ,QDQH[SDQC
VRPHUHVWRULQJSUHVVXUHVHLWKHUUDGLDWLRQRU PDJQHW
GHQVLW\SHUWXUEDWLRQVLVOHVVVWUDLJKWIRUZDUG %HFD X
DQG K\GURG\QDPLFDOHIHFWV WKHSUHVVXUH IUHHDSSUR[LPD\
WKH8QLYHUVHFDQQRWEHLJQRUHG 6ROYLQJWKHHYROXWLRQ
FRRUGLQDWHV\LHOGVDWZR PRGHVROXWLRQ ZKHUHWKHJURZ
RIVWUXFWXUH YXUWKHU DYHORFLW\SHUWXUEDWLRQFDQDOV
LQZDUGY WRZDUGV WKH SHUWXUEDWLRQ IXUWKHULQFUHDVL
GHQVLW\DQG YHORFLW& DHOWXHEPWERQVURRXKIUWK WLPH

7KH OLQHDU SHUWXUEDWLRQ WKHRU\LV D JRRG DSSUR[LPDW
RUGHURIRUOHVV WKDQ WKH D@ {TEJREVEEFRN . DVX \RH W K H 8 € ISYHHWU V
WXUEDWLRQV OHDG WR UXQDZD\FROODSVH WKHOLQHDUDSSUR
WKHXVHRI1 ERG\QXPHULFDOVLPXODWLRQVWRIROORZ WKHF
KDORM VYV 6FKIDAKWIHHUWDLQ VLPSOLXHG FDVHY DQDO\WLF \
FROODSVHRIGHQVLW\SHUWXUEDWLRQVLQDQH[SDQGLQJED
VSKHULFDORYHUGHQVLW\ WKH VSKHUHXFDXQ FR@®DSVH GXH WR |
 QWKHPRUHUHDOLVWLFVFHQDULRRIDQRQ SHUIHFWO\XQLIR
SHULRGRIYLROHQW UHOD[DWLRQ ZKHUH WKH KDOR YLULDOL]F
JUDYLWDWLRQOO\ERXQG GHVSLWH WKH XQLYHUVDO H[SDQV
LQWKHS8QLYHUVH $VWKHKDORVFRQWLQXHDFFUHWLQJGDUY
ERXQGDU\GHPDUFDWLQJWKHHQGRIWKHKDOR ,WLVFRPPRC
UDGLXV DV W KBW DIGILIKKYWKH DYHUDJH WRWDO HQFORVHG GHQVI
GHQVLW\RIWKH8QLYHUVHLY & WWR WDORPPFVWIQFORVHG E\
GDUNPDWWHUVWUXFWXUHZLWKLQDKDORLVVXUSULVLQJO\VL
ZKHQ QRUPDOL]LQJ E\ WKHXDOREY ¥ QUINBHR\DDTWUXYR HW DO
166fi'HVSLWH WKLY UHODWLYHO\DUELWUDU\KDORVL]HGHXxQLW
LQGHHG H[WHQG EH\RQG WKILMRU GIHDWDUDELXY VHH6HFWLRQ

, QWKHO 8QLYHUVH VPDOO REMHFWV IRUP xUVW ZKLFKJURZY|
EHFRPHODUJHUREMHFWY WKDW H[LVW WRGD\ )RUDOO KDORF
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