Xl Open probllems in Cosmobo

3.4, C.Dgecris‘!‘:“()f’.) 99

Observuhor\s \s. Ty\go(a. D\)Merl‘mD simolations

Unki0 now, We \awe been Aevebbpvb o Cosme@asfmﬂ moedel e explain our oReatdions o} the

Universe. Now we howe o wonder: can we @4olaia afegthlﬂé? Je thee moom J)Or imF‘o\lemen‘f'?

We hod covered the theogy, and all oor dbserwihions come J)rom cooMLf/LLS protons. For
C’XMPQ@, oslconovers  ae Ob+dﬂf/\(j observotional maps <5 te J&S‘e Scale stevalye y the

Unierse , hile we |awe a/\a?)%‘ca& Fodds to make predictions . These a.na% frcall Modds
o Qimﬁed , So we need (\ow\@rL‘Cq,Q s onolations,

Com po’raic(b/\o& COS\M%

To simlate strocture XofMoL‘lﬂ‘d/\ \)Sf{‘}j nomertcal Mmethods, we need
to Jenercd@ inchtall  conditions to i/ﬁ&(jmke the dﬂe@n‘h‘af C*‘quuﬁ‘ons_
These inhal cordithony are chosen s be au homfjeﬂm& and

ixstropic distibotton with small 'O@f‘lur‘aq‘l-«‘m& ) Gwen bj the Wgss

| primordial matcer densiy fild | Trouns{ortion ?J) the CHR anisstopie 2L %ﬂ ). Doz‘czs s, We 3@A9r*qfe
o matin denshy - Neld ot cxeponds tofhe pover spedrom of e
densib PererbaJrroAs. Thy, We lowe iniral ‘oo&&?on& and  Uelseifres
(Xa, ) Coming frdm the  2el)'dovich quax‘(mfm We an xmt(zzjmh e

egrua}x‘m\s C})or\mrd indine ol we fach 2- 0. There, we can ude

“so‘))fmt ‘feQescopes" to jmd ﬂr‘avl’i‘aﬁonaw& bound  objecks i the

2. today’s matter density field

simulatton odpot. These cbjects can be Csi‘aﬂsﬁca%) compoed
Yo observatins, 3 we o net J)\'I\A_ o mateh, 4t s necessay
Lo make a:\,J'oS}mer\lrS, either on the assumphony (?) Line modlef,
on the model H'seg}, on the intidd conditions g~ on e Avrenad

3. vl drk s o Cede, Once tnat oo~ setop seems o work, we can Kesp on maK\'b
Y. compare ComDocisons  balt oh Yo \
> 4o observatins Mpacisans P@d f c}) Caynaao(jnc‘a_o odel and

obsefvations .

0ne of the Possivle fesf is comparing tre latge samle stestoe ot
with simolated mecks ?f Some ?J) the edastent Sorveys (28,6 o), --)
D+ Deoks gruoﬁierLiveQJ J).'ne, boP it Is neessary Fo check all By




prop@riw‘es in o Shahsheall Sense. Some c()y"UQ dn‘aaﬂreemeds (+ pwbﬂemg) jou'\d Qe
the cusp-coe (Pmb(bm, the mfssv\D sciellite Ff‘chem, the lack oj bugye—Qess Jaﬂcoaas
in simolladions , ‘{‘ne 9(1‘6\_@\08 OJ) Ye Covncil ?y Gr ﬁ’MJFS, ‘e Suoeed[r:j bUUQ,tS) the
existence ?)7 Qaije clusters ot high redshiff (d Gordo) and the Hobble Fension.
RBulock, £ '&?Qw\é— Kolchin (2017) wete o review octicle Jdiscussed Hrese Pmbéems_

The cuep-core problem
We can obkin the volume de/\sib fm{?fﬂe

?} dock maffer hales sl
Navasro, Frenk ond White

o rediadl shedls,
iw\& that “{he

ame pzyfﬂe Was oblained ne nutter Wit

the CO:s(noO.Céj(‘Ca,Q assomplions weee [ ie.
oniversal DM halo d@/lsﬁ'a Pm{});fﬂ‘)

e0)

8

Corit

- (r/rs) (4 +T/rs) ®
L.

—— normod;;%o:l:r on

Povometer fo set 4he radivs Where
the Slope Changes -4 = -3

Nomerous 8mu|og did the Some ana)b(ysrs

with theic own Qimuﬁuﬁ‘onsJ (Pin&'/ﬁ Sim¢lor

vadoes o w4 (C’

Vrot(r) = #

V,or (kms™)

(DT

45

40

35

30

25

20

@® DDo126
@® opo43
— = NFW (cusp)
— Burkert 1995 (core)  _|

So Do J[‘(0/\5
Ths  cod e soled

(Bullock & Boylan-Kolchin 2017)

o<<o) —

Log p/10% M, kpe?
| ,

(Navarro, Frenk & White 1996)
T .

4 log(p)
M =—1 ~YTl

dlog(r)
\ dlog(p) __,
dlog(r)

log(r)

Navarro, Frenk & White (1996, 1997): a=-1
Moore (1999): a=-15
Ghigna (2000): a=-15
Fukushige & Makino (2001): a=-15
Dahle, Hannestad, Sommer-Larsen (2003): a=-09-1.6)
Power et al. (2003): a=-12
Ricotti (2003): a=-(1-14)
Fukushige, Kawai & Makino (2004): a<-1.5
Tasitsiomi et al. (2004): oa=-12
Hayashi et al. (2004): a=-1.0
Diemand, Moore & Stadel (2004): a=-1.16
Navarro et al. (2004): o= o(r)
Caimmi, Marmo & Valentinuzzi (2005): o=-1
Reed et al. (2005): oa=-14

a=-12
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Sodellite gadavios
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_%P we couat the  safellites orbfﬁnb the Midky Wey ond Andromedon and compore i+ to
the number ?) halogs JOOAA in Mw-Lbne simuletons, we J\‘/\d thal the aumber 9}
halbes &5 mocin [)ﬂ@@r Ao @(f:ec+ed <J>(‘0m observotons.

ComPar(r\D tis q,vqnjrﬁo&i \IG&D, one (yf/\ds o dl'sc:nepanip in the low mass coape befween
obsoruaions and  simulgtions.



Zocal \Volume In (961\85*0‘.)

T T
1000 & . J
£ ] 10 A\ T T T
Leou 20 50 100 200 500 800
T L N N A N T T T
oF ~
100 — E 3 ~
—~ E E 3
% = Ao E 2. { Tt \
: S 1 e SR
> C I —
A _LOT\?BC‘\ZIE;H p o .
~ rLeo. i £
asbitly < 2 —~
L 1& = oa & co dict X =
z 8 = o5 2 pre S =
8 g _ lo—G (2010) <
3 1S s 2 - o LR
1w 3 8 2 \\ 3]
2 & \ "
40 , DM + Boryons + Adiobatic Contraction \ i)
13 0.1 S 2222222222 (2009) g
19 5} \ s
— CDM, modeled galoxies \ o
1 U L z 0.05 %_ Lia
4 0 >~ 1 2.0 2.5 3.0
1 | L I ¥ g w (km
-1 2 2
Voo [km s71] 10 20 10 60 80 100 200

Trus (s pronemcd‘ic an 38/\9!‘0&, not ongj J)or‘b/g Qoced unierse .
Some o(Y the poSsilee solokiony e -

Ga i’

o This 48 0n obseruwtional proolem: Jthe\j had
not been discoered yel-
DEs collabotaton doubled e number of Saelidy,
bot it was shll net @M\D\/\

s There are gome Phopics missing (mocelling ® rew Prom DES  new Prom cthors
problem ). pravicusly  Kaown

One o) the me)ssed sollutions was the %eot of reronizakon, Which sypprestes (jaja&

C?orm’rbn in small halbes (4ne gos & Yoo hot {o collopse or has cen been Blown

0»\»0\9), However, ever\fy Ke cannot obsave  Jnese safellte  haloes directly, we

Can defect them %hm&bh the gye&r Oj Jravitartonal  Jensing . (Tivs Ve s o the
pposite  problem: with lensing, we cbsere rore dack satellites thon predited).

— bagomc (Peedback.

. _[TAkermj with (Pund&me/\‘l‘%@ P}\gs\t& [gravtt?j WO M - whidh will be addressed
later, cDE, VOE, --)

VPOS+new (edge-on) | %na(“ &I‘S‘Tr}bu{?\‘on c\o} Sai‘?ﬂ(f‘e ﬁaﬁax('es

200 | Cactic Ooservations suggest “that the satelltes ?P the MW
100} s | _/P()_cme lie on o PQCL/LE The Sane 4is (Povﬁé jcxr‘ @/\Q
e} ‘ / Aﬂdm@dm 3 qD,oMO .
g o ' |
N} . 2 s could be explained b(?:
| i ; 1. Envicon mentad %yeds - the Locnl Gfbvp NN o.\/erJ
~200f : speciall place.
300 =100 0 00 200

[kpcl]



° 'Bir\av %Js‘rem
o SHudaled 4 a (? Doment towards the \/ngo CQ@‘]‘@(
S\N\UQQ{‘N{\S (2‘? H\U O-/\Cl, )“’,?)i 15

ol i o
1.0 e e e ]

o 2 HEe)
o : i

in our real envirenment Show
0.5F

Dt both UDQJ Towards Vl'go | k '
Jdmooj\,\ 3[Qameﬂ1¢. Satdlite . @@

o [Mpc/h]

R
MW= VIR

0.5
-0.5 0.0 0.5 1.0
Ruwows [Mpc/h]

U “(Uibeskind et al. 2011)

Ibata et al. (2013, PAndAS survey )

planes ot aﬂlcjned with

Phese yiﬂ&menb.

Q.Dymm?cd e%eds-. . radial aignmment of orbits, Satellites can start with a Pa/\domﬂj
ofiented ordt, bt end upin the place.

3. It s de o e defnition of bhre planes: this canes o bias. Tisis difficult fo
Yot with Smoladions btecowmse it 4s flecessacy 1o uge the same d&D{nl"}!‘Gns.

Bu&ﬁe—ﬂess dise (9qﬁqxces
e | The Jormation of disc Cgo.D.a)o'aS is Dinked 1o the conserwtion

%? a/ﬁoQar momentum, Ob3ervatioas Show tnat thee ore some

golaxies withest o bulge , ie. they are {00% rotation

; k“e&: ' H &UPp:)f"“QCl. This 45 net }wf\d— i nomericed simoations ; there

ﬁo‘ose 5

S . °Z; s Q_QWC%& QaC C,Umpone/\'}‘ Sono/'}ecl bj P@SSure C\IQDQC(b
‘&0\%@5‘ " § &@Pgrsion) Thes haFPens becauvse argu@p\r momentom 45

N

o Vo lim 54 nof u% congerved  in simoleftons.

Some  possible solutions  ace loagom‘c %ecfs (moddl problem ) o the improve ment cy
the numericaldl wodel : new oxdey that consere C\/yUQCkr momentim have been develboad.
TheD inclode the ba")m't ?WP—CJD and an jo(rr\ bué!je-ée&s (jaﬁw@e

The Covncil ?}) Giants

1) we plot the pesition of the Nw and +he
Massive brtbm 3@12@4(@3 (NQ Npc), 4t scems thaf
the Mw 4> ab the cerre of o D ring , Srmoondel
by tre otmer gadaxies. (© Marshall eCal




Vil now, we hawe m‘k )owxé an &péma{-“dn, and s CUren'N(,) bei/a\j anes*‘tga*ed
o&‘tp Consterined  Qocal Oniverse. Simoladions CCLUE&).

I} We PQO+ our bﬂyﬂ' Vl@Eﬁhbo\;rg P B 12 Mpc, \/\/QJ).’/LA another L‘Ccsu./\cfl),lf

%peedina dollets
Anansmj the DM and Jos disfribshort oj two Co@fsgionib <7°~DQXJ closters (qseC(i}’ECaﬂg, the
shape oj {tre Sock CProm‘), A was )ound thal s veru'wLJ Wey e Bo00 Km /s (rmﬂg

h:@‘n), These are very rowe objects, ﬁeJr we obsere guite o jew :
i &Qﬂe’r CD.US*‘er ()E O6S? _66)

. ‘L-Qineoj Sight bullet * [Abed 526)
e “Cosmic Train Wreck’ @beﬂ 320)

16 N1008 _|
00 N500
0 N250
50 NI125

c-?)

Bullet cluster—

e MACS Jo025.4-1222
From simolatconse pot ol 397' {0 +he Sfeeé (ﬂ)

log n(>v,,) [h=® Mp,

© Thomson et al. (2012)

these encounters . The d\'/yer\ence betwesn thom B} | \\ﬂ ]
is the sive C(S} the boe (sinolated volume). om0 e
T T T T Takm(; the Jobilee simolahon ( & Gpe), Wwe Ch jind o
; ° ;; ¥ eyis 0ot of cllispns with that veloaty, bot withh hiyher
R impact goramete~ (‘nst hoad-on).

00 E

Watson et al. (2014)

10

0 0.2 0.4 0.6 0.8 1 12 14 16 18 2

E0 Gondo

In cue hiemechical (Pormdcfcn scenacio, We have small
objects at hfﬂh 2 Aot msrye and J)ofm Qaréer objeds.,
Since the lacgest objects should be (})drmeé the latest
we Sheold net yf’\c\ these Oar(?e ebjerfs af high 2.

Ar [h=Mpc]

Watson et al. (2015)
T

However, we Do obsepe €them (4195e density peak, vey
low probability ). Aaqm, increasing the simylated volume
gives befer results (Stabistical prablem, not that the
clostery ot o given ne&shfyf e foo massive (Pcr /\CDM).

10® M,/h)

Maximun Mass (Mg




Hubble “ension
T e ‘C‘ | Derivations OJ Ahe Hobble pacameter Dming J>rom CUB absstvatns,

~
o
T T

HP
SHES 1
f L SHGES_]
S # hH‘ E: {n comparison 1o lonl astimotions, are ootside J)mfn eachother
b ¥ ]
%"’:‘ WMAPSWMA%% %’M’fg“g eforkars | These dr‘scr*epcwc(j hes nst been solved ;,e‘f
[ | wwmap wmer ;J’@BKO: E
65— s

Publication Year

Remp: problems ond  probable sdottons

Propor moéeQQr/}j o) bogyonic physics could  solwe:

e The cosp-core problem

* Missiny  safellites

° %u%e - less disc Cﬁallaxaas

Ta,ktrb uto  acaunt envienmental %g’ecfs aold solve!
o [atellites Planac disteibobion

o Concid t(’} Glants

Aasger vobame gimdlations coold migate:

° Speediy bolllets

e € Gordo

* Hobble tersion

Bt these ?mbﬂsm& My allsy hink as somfhm(j mae J)onclamwﬁaﬂ, Oike e nedore of
dark maller ond  dark onoryy.

13.2. Soluhmns beyond concordance model
Abternafive cosmollogies

o Woarm dark malter

+ NOdfied RNewton sen %na—mbc&

s Jemaitre - Tolman- Bsndt vod models

> Quinfessence. models

. Ho&tyied ﬁmwb (})CP\) models

We wll 89:1’ a bt more into the nature OJ DM,

slides becowse I ran out of fime.

|7'Bu+ Jor this Yoo ‘U need to (9e1 bocl o ‘“"Z‘

Un besity y que 0% Vaye fodo bien &



