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MASS DISTRIBUTION OF DARK MATTER HALO
AND SCALE EVOLUTION OF EARLY TYPE GALAXIES

Abstract. In this paper we use two suites of ultra-high resolution N-body simulations Phoenix and Aquarius
Projects to study the assembly history of sub-halos and its dependence on host halo mass. We found that more
massive haloes have more progenitors, which is in contrast with former works because they counted dynamical
progenitors repeatedly. Less massive halos have larger fraction of dynamical progenitors than more massive ones.
The typical accretion time depends strongly on host halo mass. Progenitors of galactic halos are accreted at higher
redshift than that of cluster halos. Once these progenitors orbit their primary systems, they rapidly lose their original
mass but not their identifiers. Most of the progenitors are able to survive to present day. At given redshift, the
survival fraction of accreted sub-halos is independent of host halo mass, while sub-halos in high mass halos lost
more mass.

In the second part, we use a semi-analytical galaxy formation model compiled on a Millennium Simulation to
study the size evolution of massive early-type galaxies from redshift z = 2 to present days. We find that the model we
used is able to well reproduce the amplitude and slope of size-mass relation, as well as its evolution. The amplitude
of this relation reflects the typical compactness of dark matter halos at the time when most stars are formed. This link
between size and star formation epoch is propagated in through galaxy combinations. Minor combinations are
increasingly important with increasing present day stellar mass for galaxies more massive than 10" "Mq. At lower
masses, major combinations are more important. In situ star formation contributes more to the size growth than it
does to stellar mass growth. Similar to former works, we find that minor combinations dominate the subsequent
growth both in stellar mass and in size for early formed carly-type galaxies.

Key words: dark matter halo, semi-analytical galaxy formation model.

1. Introduction. The un-evolution sub-dark matter halo mass function (USMF) describes the mass
distribution of all precursor dark matter halos involved in the construction of the dark halo and its
substructures throughout the dark halo formation. The mass distribution of dark matter halos. Some of
these dark bodies that fell into the main dark halo disappeared, and some survived as a sub-dark matter
halo. Their mass distribution plus the influence of evolution is the current sub-dark matter halo mass
distribution. In order to understand the dependence of the sub-dark matter halo mass function on the
quality of the main dark halo, we need to know more about it from the USMF. First, whether the USMF of
the galaxy cluster darkness and the galaxy dark halo is the same; second, whether the current sub-dark is
dependent on the quality of the main dark halo is caused the evolution is different at the beginning. In
paper [1] were studied the distribution of the current dark halo in 2009. They found that the USMF does
not depend on the quality of the main dark halo. This result is a bit strange, because the energy spectrum
of the standard cosmological model is not scale-independent, so it is difficult to understand why the main
dark halo of different scales actually have the same USMF.

We use the dim sum of the tree to track all the predecessors. First we need to build the main branches
of the dark matter halo and the trees. Our method is to start with the main dark halo of the redshift z = 0,
find the predecessor of the highest quality of its last time point, and then find the predecessor of the
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highest quality at this moment. Repeat this step until the darkness of the predecessor is too low cannot be
resolved (there are 32 particles in the numerical simulation we used), and the precursors of the largest
mass at each moment constitute the main branch of the combined tree. Then, if a dark halo eventually
enters the radius of the main branch (2;y0), it is defined as the darkness of the predecessor. The darkness of
the predecessor is very important when accretion is a sub-dark halo, and many previous work gives a
variety of definitions. For example: in the paper [2] used the moment when the dark halo entered the FOF
group of the main branch; in the paper [3] used this dark matter halo to reach the moment of its greatest
quality in history. In this work, we define the maximum wraparound velocity (V,..) of a sub-dark matter
halo, and it is also an independent dark halo, defined as its accretion time. Correspondingly, its mass is
now defined as the accretion mass. We use this definition because of Gao et al. [4] found that the mass of
a satellite galaxy closely related to the peak of the maximum surrounding velocity of the sub-dark matter
halo.

The combined tree of dark matter halos is generally very complicated, we need to consider two
special cases, 1 will explain it in detail next. 1) Ejected halo: a dark halo has been briefly appeared within
the radius of the main branch, but it is eventually popped out when the redshift z = 0, and it is disappeared
in the outside of the virial radius of the main dark halo. Previous work found that the dark halo that was
ejected within the virial radius of 1~3 times around the main dark halo, and the probability of being
popped was related to their own quality, which is the main cause of the deviation of the aggregation.
Because the main dark halo is less affected by the current sub-dark halo distribution, we did not include
this part of the dark halo in the predecessor dark halo sample. 2) Through the dynamical progenitor: that
is, the former branch through multiple times of the main branch in dark matter halo. After the dark halos
of these predecessors entered the radius of the main branch, one or several redshifts appeared outside of
the radius of main branch, but eventually it is disappeared within the main branch or within the main dark
halo’s virial radius when the redshift z = 0.

The definition of the dark halo used in our predecessor is completely different from the early
observations [5]. They use the combined tree of the FOF group to find the dark halo of the predecessor,
and the dark halo which we are looking for the main combination into the Ry of the main dark halo.
Because there are some dark halos in the FOF group are only connected by a thin particle "bridge" and do
not belong to the same system, our method can remove these false "sub-dark halos". In addition, the way
we track the darkness of our predecessors is completely different. When tracking the predecessor’s dark
halo, they only considered the dark halo of the main branch into the main combination, ignoring the dark
halo of the predecessors, which first combined into other dark halos and followed other dark halos into the
main branches. This method can give us less statistics of a large number of the dark halo’s predecessors.
In the work of Li and Mo [6] counted all the dark halo’s predecessors, including dark matter halos which
first entered other dark halos. But these dark matter halos, which first enter other dark halos, may have
been broken up before entering the main dark halo, so they ultimately did not contribute to the sub-
structure of the main dark halo, and their quality has been incorporated into their host dark halo at the
time. When the host darkness enters the main branch, it is counted as the quality of their host dark halo, so
they repeat the statistics of the quality of these dark halos. In our work, there is no statistics of dark halo
which are disappears in the darkness of other predecessors. The two important differences between Li
Yun's work and our work are that they count as a predecessor of dark halo every time they meet.

2. Mass distribution of dark matter halo. In figure 1, we compare the ratio of Phoenix dark halo
and Aquarius dark halo through the predecessor dark halo to all front of main dark halos. The figure
shows the median values of 7 Phoenix dark halos and 6 Aquarius dark halos. Through the darkness of the
predecessor dark halo, the R,y that repeatedly enters the main branch is repeated, and the predecessor dark
halo that eventually disappears in the main dark halo. The results for Phoenix are indicated by solid red
lines and the results of Aquarius are indicated by solid black lines. The horizontal axis is the quality of the
dark halo of the predecessor normalized by the quality of the main dark halo. Note that at this time we are
counting the predecessor dark halo which passed through the front, not the number of crossong times of
the predecessor dark halo. It can be seen from the figure that when the quality of the current dark halo is
greater than 1/1000 of their main dark halo quality, whether it is Phoenix dark halo or Aquarius dark halo,
the proportion of predecessor dark halo through the front is small. But the proportion of dark halo lower
than this quality is very large. Phoenix's galaxy group has about 35%, and Aquarius's galaxy group has
about 50% of its predecessor dark halo has crossed the main branches for many times.

— ) ——
















ISSN 1991-346X Series physico-mathematical. 6. 2020

1. Kaiipatkbiser', 3. C. Kepeo®

'On-Dapadu areirgars: KasYV, Anvarsr, Kazakcran;
*Mekcuka ¥ ITTHE ABTOHOMEATHIK yHEBepcHTeTI (UNAM)

KAPAHI'BI MATEPHSA I'AJIOCBIHBIH MACCAJIBIK TAPAJTYbI
KOHE EPTE TUIITEI'TI TATAKTUKAJAPABIH TY3LITY 3BOJIOIUACHI

Annotamust. JKymeicta CyO-ranonapaslH >KHHAKTANY TAPHXBIH JKOHE OHBIH Tall0 MACCACHIHA TOYEIIUITIH
3eprrey yuiH Phoenix men Aquarius Projects-TiH »OFaphl yIbTpa aXKbIPAThIMIBLIBIFBIHBIH N-ACHEIIK MOJCIBACYIH
KOJIAaHAMBbI3. MaccablK TaloOHBIH HET131H KaJayIIbIHbI AHBIKTAIbIK, OYPHIHFBI ;KYMBICTAPMEH CAJIBICTHIPFAHIA, OJIap
JUHAMHKAJBIK HETi3iH KaJaraH raaojapisl OipHEIIE peT ecenTercH. A3 MAcCHBTI Tajora KaparaHAa Maccachl a3
TamoJapra JHHAMHKANBIK YHKCTICTIH YIKCH ocepi Oap. OJCTTeri KHUHAKTAY YAKBITHI TajJ0 MACCAChIHA TOYCIII.
lamakTuKamblK KApaHFBI MATCPHUS TANONAPABIH HETI3IH KYPAyIIbl KbI3bLI BIFBICY KE3iHIC KIACTEPIIK IaJaKTHKAIBIK
ramojanapra Kaparanaa Korapsl 0omaxel. by Oactay e3aepiHiH amFammKel sKYHEICPiHIH aifHANIACEIHAA OOFAHHAH
KCHiH, HACHTH(HKATOPIAPBIH eMeC, 0aCTamKBl MACCACHIH TC3 YKOFANTAOBL. ATAIBIK TATOJAPIBIH KOIMIiTiri OyTriHre
JIEHWiH eMip CYpinm Kemai. bepinreH KbI3bLT BIFBICY KE3iHIEC aKKPEHMSIAHFAH CyO-TaJoCTapAblH TIPHILK €Ty yieci
HCT131H KAJIaFaH TaJI0 MACCACHIHA TOYCII MEC, ajl YIIKCH TajI0IapaaFsl CyOramoaap Kem MacCaChIH )KOFAITAIbL

Exinmi 6emimae 013 z = 2 KbI3bLI BIFBICYBIHAH OacTam OYTiHre JCHIHTI MACCHBTIK €pTE THITI TATAKTHKAIAPIbIH
KOJIEM/IIK BOJIOLISICHIH 3ePTTey YIIiH MBIHXBUIABIK Moaenpacyi OOHBIHIIA KYPACTHIPBIIFAH FAAKTHKAHBIH Maii1a
OOYBIHBIH KAPTHUIAM AHATMTHUKAIBIK MOJCIIH KOJJAHAMbI3. Bi3 KomaHFaH MOJENb aMIUIMTYJAChl MEH KeJoey
MOJIICPiH, COHAANH-aK OHBIH IBOIOLIICHIH KAKCHI NIBIFAPYFAa KAOLICTTI CKEHIH AHBIKTAHMBI3. Byl KareIHACTBIH
AMIUTHTYJAChl KONTETEH SKYJIABI3Aap Makna OOJFaHIArbl KAPAHFBI MATCPHS TAJOCHIHBIH THITIK BIKIIAMIBIIBIFBIH
Kepcereai. by emmem MeH »KynabI3IapAbIH Maiaa 601y [oyipi apachIHAAFEI OAHIAHBIC TATAKTHKAHBIH TipKeciMaepi
apKpLIBI Tapanafsl. [amakTWkamap YIOiH Ka3ipri >KyJiibl3 MAcCACBHIHBIH 6CyiHEe OAaNHNIAHBICTHI KIIMIripiM KOMOWHA-
musanap 10" *Mp-nen yiaken MaunpsFa ne. TOMEHIi MACCAna HETi3ri KOMOHHAIMAIAP MAHBI3IBL. JKYIIIBI3 oTmIeMiHin
YHAKObIHA KApAFraHa >KYJIIbI3 MACCACHIHBIH KOOCIOiHE Ke0IpeK BIKMAN ereai. ByphIHFBI KyMBICTapFa YKCAC, Kimmi-
ripiM KOMOHMHAIMAIAP KYJIABI3ABIK Macca OOHBIHINA 74, epTe MaWaa OOJFAH epTe THNTETI TANAKTHKAIapaa KelaeM
OoiibiHIIA 12 OackM 00JIAIBL

Tyiiin ce3aep: KapaHFbl MATEPHSI TAJI0, TAJAKTHKAHBIH JKAPTHUIAH AHATUTHKAIBIK TY31IYi.
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MACCOBOE PACIIPEJIEJIEHUE TAJIO TEMHOM MATEPAA
N MACHITABHASA 3BOTIOIUA TATAKTHK PAHHUX THIIOB

Annotanmsa. B cratee MBI HCHOB3yeM aBa HAO0OPa MOICTHPOBAHHSA N-TCJIA CBEPXBBICOKOTO Pa3PCIICHHA
Phoenix u Aquarius Projects 111 n3yueHHsI HCTOPHU COOPKH Cy0-Tajo U €€ 3aBHCHMOCTH OT MAacChl OCHOBHOTO TaJIo.
MBs1 oOHapyskumH, 4T0 00Iee MACCHBHBIC A0 HMEKOT OOJBIIC MPSAMICCTBEHHUKOB, YTO KOHTPACTHPYCT C TPEIBIAY -
IMUAMHA pa6OTaMI/I, NOTOMY YTO OHH HCOOTHOKPATHO CUMTATIH AWHAMHYICCKHUC MPCAMICCTBCHHUKHA. Menee MaccHBHBIC
rajo WUMCHOT OOJNBINYI0 OO0 JHHAMHYCCKAX MPSANICCTBCHHHKOB, YeM 00JNee MACCHBHBIC. THIHYHOE BpeMA
AKKPEIUHU CUJIBHO 3aBHCUT OT MACCHI OCHOBHOIO Tajio. HpeI[IJ.IGCTBeHHI/IKI/I TATAKTHICCKUX TAJI0 AKKPEHUPYKOTCA HA
0oJiee BBICOKOM KPACHOM CMCIICHHH, YeM Y TAJNO CKOIUICHAH. Kak TONBKO 3TH MPEANICCTBCHHHKH BPAINAKOTCA BOK-
PYT CBOMX NEPBUYHBIX CHCTEM, OHH OBICTPO TEPSIOT CBOIO IEPBOHAYAIBHYIO MAcCy, HO HE CBOM MICHTH(HKATOPEL
BonpmuHCTBO NPEAMCCTBCHHUKOB JOKUBAOT A0 HAIIHAX I[HGI\/II. HpI/I JAHHOM KPAaCHOM CMCHICHHUH OJOJI1 BBLKHBAHIA
Cy0-Taji0 HE 3aBHCHT OT MACCBHI OCHOBHOTO Tajio, B TO BPEMA Kak Cy0-rajo,() B OCHOBHOM rayo ¢ OONBIIOH Maccon
TEPSFOT OOJIBIIE MACCHI.

Bo BTOPO# 4aCTH MBI HCIIOJIB3Y €M IOJIYAHATHTHUCCKYI0 MOJEITh 00PA30BAHUA TATAKTHK, CKOMIHIHPOBAHHYIO C
nmomompio Millennium Simulation, a8 W3y4YeHHS 3BOJIOIMH PAa3MEPOB MACCHBHBIX TAJAKTHK PAHHHX THUIIOB OT
KpPacHOTO CMCHICHHUS Z = 2 A0 HAMMX AHCH. MBI O0OHAPYKIITH, YTO HUCIIOIb30BAHHAS HAMH MOJCTb COCOOHA XOPOIIIO
BOCIPOM3BECTH AMILTUTYAY W HAKJIOH 3aBHCHMOCTH Pa3sMeP-Macca, a TAKKe €€ BOJIFOLHUI0. AMIUTHTYIA 3TOTO COOT-
HOIUCHHAS OTPAKACT THIHYHYK KOMIIAKTHOCTh Tajl0 TEMHOHW MATCpHUH B TO BpeMd, KOraa o0pasyercs OOIbIIHHCTBO
3Be3A. DTa CBA3b MOKIY PA3MEPOM H SIOXO0I 3BE31000pa30BAHHA PACIPOCTPAHACTCS UYepe3 KOMOMHALIAH TAJTAKTHK.
BTopocTHIICHHBIC KOMOHMHATIHH CTAHOBATCS BCE 00J16¢ BAYKHBIMHE C VBCTHUCHHCM COBPCMCHHOH 3BE3THON MACCHI TS
TaTakTHK ¢ MaccuBoM Gonee 10" *Mg. [Tpn Gonee HI3KEX MAaccax 60Jee BAXKHBI OCHOBHBIC KOMOMHAIIMH. 3BE30-
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00pa3oBaHUC OOJBINC CHOCOOCTBYCT YBCIHUCHHIO PA3MEPOB, UCM POCTY 3BS3AHON MAacChl [10100HO MpeapLmy UM
pabotaM, MBI OOHAPYKMBAacM, 4YTO HE3HAUYMTCIbHbIC KOMOWHALMH JOMHHHPYIOT B IIOCJICIYIOMIEM POCTE Kak
3BE3JHON MACCHL, TaK M Pa3Mepa Uil PaHO c(POPMHUPOBABIIMXCS T'AIAKTHK PAHHUX THIIOB.

Kirodepnie ¢jioBa: Tano TEMHOH MATEPUH, Oy AHATHTHYCCKOE 00PA30BAHUC TATAKTHK.
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