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mismatch  between the emission-
weighted temperature and
spectroscopic-like temperature. It agrees
with the results obtained by [62] where
the agreement between the two
temperatures depends on the thermal
complexity of the cluster. For cluster
00010, the temperature map presents a
more relaxed gas. From the maps we
would expect the average temperature
from the X-ray observation to be higher
for view Y-Z, and lower for view X-Z
because of the presence of a cool bubble
close to the center. This is actually
reproduced in the values of Tspec we
obtain.

Figure 7.1: The plots show the average
spectroscopic  temperature,  Tspec,
obtained from the observations,
considering di
erent energy ranges in tting a model to
the X-ray spectrum. The solid line
represents the

emission-weighted temperature, Tew.
The dashed line represents the Tew
error. Here we see the mismatch
between the temperatures obtained from
dierent views.
Figure 7.2: Plots of the average
spectroscopic  temperature,  Tspec,
obtained from the observations,
considering dierent energy ranges in
tting a model to the X-ray spectrum.
The solid line represents the
spectroscopic-like temperature, Tsl. The
dashed line represents the Tsl error. For
cluster 5726 Tsl reproduces Tspec better
than Tew.

Figure 7.3: Temperature maps of cluster

ra sy chénh léch gitra nhiét do trong so
phat xa va nhiét d6 quang pho. Kham
pha nay ciing tring khop véi két qua
thu duoc trong cong trinh [62], trong
d6 do chénh léch gitra hai nhiét do phu
thuoc vao mirc do phuac tap trong viéc
trao d6i nhiét caa cum thién ha do. Pdi
V6i cum thién ha 00.010, biéu d6 nhiét
d6 biéu thi mot loai khi lodng hon. Tt
biéu dd, ching ta thdy nhiét do trung
binh qua quan sat tia X cao khi nhin
theo hudng YZ, va thap khi nhin theo
huéng XZ vi su ton tai cua mét tinh
van bong bong gan trung tdm. Tinh
chat nay duoc Iap lai trén nhitng chi s6
cua TSPEC ma ching ta thu dugc.
Hinh 7.1: C4c biéu dd biéu thi nhiét do
quang pho trung binh TSPEC thu duoc
tir cac quan sat, xét cac day nang luong
khac nhau trong qua trinh khép mo
hinh véi pho tia X. Cac duong thang
lién nét biéu dién nhiét do trong sé phat
xa Tew. Cac duong dut nét biéu dién
sai s6 Tew. O day, chung ta thdy su
chénh 1éch gitra cac nhiét do tir cac goc
nhin khac nhau.

Hinh 7.2: Biéu do nhiét 46 quang pho
trung binh TSPEC thu duoc tu cac
quan sat xét cac khoang nang luong
khac nhau trong quéa trinh khép mo
hinh véi pho tia X. Cac duong lién nét
biéu dién nhiét d6 dang quang phd
TSL. Céac duong nét dut biéu dién sai
s6 TSL. Péi véi cum thién ha 5726,
TSL tao lai TSPEC tt hon so v&i Tew.

Hinh 7.3: Ban do Nhiét do cua cum




5726 within the eld of view of XMM-
Newton. This is the most massive
cluster in our sample.lt appears to be
highly thermally inhomogeneous. A hot
cluster core is not well de ned showing
cooler regions and lack of symmetry.

Figure 7.4: Temperature maps of cluster
00010 within the eld of view of XMM-
Newton. For this cluster Tspec
reproduces the situation observed in the
temperature map, with a lower value for
T x[lz spec , probably due to the
presence of a cooler region near the
cluster center.

Cluster 25174 presents a lower value of
Tspec for the view Y-Z. The
temperature map of this view shows that
the warm region appears to be slightly
smaller then in the other two views.
This lack of symmetry could be the
responsible for the lower average
temperature obtained for view Y-Z.

The temperature maps of cluster 21926
do not present signi cant di erence
between the three views. In the X-Y
view, the hot region is slightly smaller
than in the other views. Here again, this
would account for the lower value of
Tspec obtained for this view.

7.5 Temperature profile

The temperature pro les for each cluster
were obtained dividing the cluster
spectrum into annuli and tting an
isothermal model to each annulus. The
annuli were generated containing 5000
counts each, starting from the cluster
center. The response matrices were also
generated for each annulus. The only

thién ha 5726 trong truong nhin cta
kinh thién van XMM-Newton. Pay la
cum thién ha 16n nhat trong mau cua
chung t6i. Duong nhu né c6 su bat
doéng nhat vé nhiét d6 cao.. Ldi cum
khong 0 nét ¢c6 nhiing vung lanh hon
va thiéu d6i xang.

Hinh 7.4:Ban d6 nhiét do cia cum
thién ha 00.010 trong truong nhin cua
kinh thién vin XMM-Newton. Ddi V6i
cum nay, tia Tspec tao lal cac truong
hop duoc quan sat trong ban d6 nhiét
d6 co gia tri Tspecxz thap hon, diéu
nay co 1& 1a do sy ton tai cia mot khu
vuc mat gan tim cum.

Cum thién ha 25.174 co gia tri TSPEC
thap hon khi nhin theo huéng YZ. Ban
d6 nhiét do ¢ goc nhin nay cho thay
khu vuc 4m c6 vé hoi nhé hon so véi
hai goc nhin khéac. Su thiéu d6i xtmg co
thé 13 do nhiét do trung binh theo
huong YZ nhé hon.

Ban d6 nhi¢t do cia cum thién ha
21.926 khong co su khac bi¢t qua 16n
gitta ba géc nhin. Theo huéng XY, khu
vuc nong hoi nho hon so véi cac huéng
khac. O day, diéu nay ciing gop phan
giai thich tai sao Tspec thap & goc nhin
nay.

7.6 Bién dang nhiét do

Bién dang nhiét do caa mdi cum chia
phd cum thanh cac hinh khuyén va
khép mé hinh dang nhiét véi mdi hinh
khuyén. Moi hinh khuyén dugc tao
thanh chtra 5000 lan dém, bat dau tir
tam cum. Cac ma tran dap Ung cling
duoc tao ra cho méi hinh khuyén. Chi
bién dang co lién quan xem sé luong




relevant pro le considering this amount
of counts is the one obtained for the
most massive cluster, 5726. Because the
number of counts obtained for the other
clusters is signi cantly smaller than for
the most massive cluster, we ended up
with two or three annuli, which do not
provide good enough data for extracting
relevant  information  from  the
profile.Future  work includes the
observation of these clusters with higher
exposure time in order to get enough
precision to produce good quality
temperature  profiles. The profile
obtained for the most massive cluster is
presented here. Figure 7.5 shows the X-
ray image with the annuli considered
and the pro le derived from tting an
isothermal model to each spectrum
extracted, considering an annulus
region. The temperature pro les are
relevant in deriving the cluster mass and
mass pro les [63]. In this study we
considered an isothermal ICM, not
including the temperature gradients
when calculating the total mass of the
clusters using Equation 3.3. At least for
cluster 5726, which presents high
thermal inhomogeneity, it is expected
that neglecting the  temperature
gradients will re ect signi cantly in the
value of the total cluster mass.

7.6 Discussion: For our cluster
sample, the ICM average spectroscopic
temperatures, Tspec, were obtained by
tting an isothermal model to the X-ray
spectra observed in three orthogonal
views. For a perfectly relaxed cluster,
the results from di erent views would be
expected to be the same, since we are

dém nay 1a so lugng dém thu duoc doi
véi cum 16n nhat, 5726. Boi vi s6 lan
dém cia cac cum khac nhé hon déng
ké so véi cum Ion nhat, ching ta két
thiic sau hai hodc ba hinh vanh khuyén,
va nhu vay s& khong cung cdp du di
licu dé trich xuat thong tin lién quan tur
bién dang. Nghién ctu tiép theo s& bao
gom quan sat nhitng cum nay voi thoi
gian phd cao hon dé dat dugc du do
chinh x4c nham tao bién dang nhiét do
chét luong tot. Bién dang cua cum 16n
nhat duoc trinh bay & day. Hinh 7.5
biéu dién anh tia X ciung véi nhiing
vanh khuyén dang dugc xét va bién
dang rat ra bang cach khép mo hinh
dang nhiét voi moi phd dugc trich xuat,
xét mdt vung vanh khuyén. Bién dang
nhiét do co6 lién quan dén qua trinh rat
ra khéi lwong cum va bién dang khdi
lugng [63]. Trong nghién clu nay,
chung t6i xét ICM dang nhiét, khong
bao gom céac gradient nhiét do khi tinh
téng khéi lugng caa cum bang Phuong
trinh 3.3. it nhét d6i v6i cum 5726, the
hién su khong déng nhat nhiét do cao,
theo du doan bo qua gradient nhiét do
s& anh huong dang ké dén tong khdi
lwong cum.

7.6 Thao luan: Pbi véi mau cum cuaa
chung t6i, nhiét d6 quang phé trung
binh ICM Tspec dugce xac dinh bang
cach khép mo hinh dang nhiét véi phd
tia X quan sat dugc theo ba hudng
vudng goc. DI véi cum hoan toan roi
rac, két qua ghi nhan duoc tir cac goc
nhin khac nhau theo du kién s& giéng




studying the X-ray emission of the same
gas. However, the observations lead us
to di erent results. We observe a
mismatch between Tspec in di erent
observation angles. This happens
because of lack of symmetry and the
thermal inhomo-geneity of the clusters.
This scenario is supported by the
temperature maps extracted from the
simulations, revealing the thermal
condition of the clusters. The X-ray
emission-weighted temperatures, Tew |,
and the spectroscopic-like tempera-
tures, Tsl, we obtained directly from the
simulations. We observe that for the
most massive cluster Tew overestimates
Tspec, while Tsl approximates Tspec
better. The di erence between Tew and
Tsl depends on the thermal complexity
of the cluster and increases with
complex-ity. This indicates that the
most massive cluster presents high
thermal inhomogeneity. For the three
other clusters in our sample Tew and
Tsl agree within the error bars. When
tting a model to the X-ray spectra, di
erent energy ranges were considered in
order to test for systematics relating the
energy range considered to the cluster
mass. A mild trend that more massive
clusters would require higher energy
cuts is observed but we need a larger
cluster sample to determine this
dependence. Here it is observed from
the temperature maps and temperature
pro les that the ICM is not isothermal.
Including the temperature pro le in the
analysis will provide a more realistic
description of the thermal condition of
the clusters, providing information

nhau, béi vi ching ta dang nghién cuu
phat xa tia X cia cuing mot chat khi.
Tuy nhién, két qua quan sat dan dén
nhitng két qua khac. Ching t6i nhan
thdy su chénh 1éch Tspec theo cac goc
quan sat khac nhau. Nguyén nhan 1a do
su thiéu d6i xtmg va khong dong nhat
vé nhiét do cua cac cum. Piéu nay
duogc khang dinh thém thong qua cac
ban d6 nhiét do trich xuét tr cac mod
phong, thé hién diéu kién nhiét cua céac
cum. Nhiét do trong sb phat xa tia X
Tew, va cac nhiét d6 quang pho Tsl ma
chung t6i thu duoc truc tiép tir cac mod
phong. Chung t6i thdy rang ddi véi
cum I6n nhat, Tew 16n hon Tspec,
trong khi Tsl chénh 1éch vai Tspec it
hon. Su chénh léch gitta Tew va Tsl
phu thudc vao su phirc tap nhiét o cua
cum va ting theo do phuc tap. Diéu
nay cho thay rang cum I6n nhat s co
d6 bat dong déu nhiét d6 cao. Doi Vi
ba cum khac tronhg mau cua chung toi,
Tew va Tsl phu hop trong cac thanh sai
SO.

Khi khép mé hinh vai pho tia X, chung
ta s€ xeét cac khoang nang luong khac
nhau dé kiém tra cac nhan t6 thiét lap
mbi quan hé gitra khoang niang lugng
dugc xét voi khdi lwong cum. Chung
t6i thady mot khuynh huéng bién thién
nho, trong d6 cum cang 16n s€ doi hoi
nang lugng cat cao hon nhung chiing ta
can mau cum lén hon dé xac dinh su
phu thudc nay. O ddy qua quan sat cac
ban d6 nhiét d6 va bién dang nhiét do
chung ta thdy ICM khong dang nhiét.
Xét dén bién dang nhiét do trong qua
trinh phan tich s€ cho chiung ta md ta
thuc t& hon vé diéu kién nhiét cua céc




about the physics going on in the ICM.

Chapter 8: Cluster Mass : This chapter
presents the computed cluster masses
obtained by combining the results from
the spectral and the image analysis.
Here the results from the observations
are compared to the values obtained
from the simulations.

8.1 Total mass: By comparing the
results from our virtual observation to
the data from the simulations, the
applicability and accuracy of the
assumption of hydrostatic equilibrium
to derive the cluster mass can be tested.
Assuming spherical symmetry and
hydrostatic equilibrium of the X-ray
emitting gas, the total cluster mass
inside a radius R can then be calculated.
The masses of X-ray emitting gas and
the total cluster mass for each cluster
were calculated considering the cluster
outer radius R500 , which is the radius
containing a cluster mean density equal
to 500 times the critical density of the
Universe. Equation 3.3 takes the form,
Here M500 is the total cluster mass
within radius R500 and r is the
projected radius. In real observations it
is not possible to know the precise value
of R500 , it has to be inferred from
models of the density pro le and cluster
scaling relations such as luminosity and
temperature [38, 64].

Here the gas is considered as a fully
ionized plasma, with mean molecular
weight = 0:6. It is assumed that the
intra-cluster medium is isothermal.
Under this assumption, the temperature
pro les were not considered, and

cum, cung cap thong tin vé qua trinh
vat Iy dién ra trong ICM.

Chuong 8: Khéi lugng cym: Chuong
nay trinh bay khdi lugng cum dugc
tinh toan bang cach két hop cac két qua
tir phan tich phd va phan tich anh. O
day, cac két qua trong qua trinh quan
sat dugc so sanh véi cac gia tri ghi
nhan dugc trong qua trinh moé phong.
8.1 Tong khdi luong: Thong qua so
sanh cac két qua quan sat cua chiing toi
Vvéi dir lidu tir md phong, co thé kiém
tra duoc kha nang ap dung va do chinh
x4c cua gia thuyét can bang thuy tinh
dé rat ra khéi luong cum. Gia sir doi
XUNg Cau va can bang thay tinh cua khi
phat xa tia X, thé thi ching ta co thé
tinh dugc tong khdi luwong cum bén
trong ban kinh R. Khéi luong caa khi
phat tia X va tong khéi luong cum doi
véi mdi cum duoc tinh bang xach xét
ban kinh bén ngoai cum R500, day la
ban kinh chra mat o trung binh cum
bang 500 lan mat do toi han cua Vi tru.
Phuong trinh 3.3 ¢6 dang, O day M500
1a tong khéi luong cum trong ban kinh
R500 va r 1a ban kinh chiéu. Trong
nhitng quan sét thuc té, chung ta co thé
biét duoc gia tri chinh xac cua R500,
nd phai dugc suy ra tor cdc md hinh
bién dang mat do va cac hé thuc ty 1€
cum chang han nhu d6 sang va nhiét do
[38, 64].

& day khdi khi duoc xem 1a plasma ion
hoa hoan toan, c6 trong luong phan tu
trung binh = 0:6. Chiing ta gia sir rang
mdi trudng bén trong cum dang nhiét.
Theo gia thiét nay, chung ta s& khong
xét bién dang nhiét do, va phuong trin




Equation 8.1 becomes,

The density pro le of the gas, (d In gas =
In r), is estimated by tting a model to the
X-ray surface brightness pro le, From
the best- t parameters, and the core
radius Rc are obtained. These values are
used to determine the density pro le,

To compute the cluster total mass a
temperature is needed. For that the
average temperature obtained from the
spectral tting is used. The masses were
calculated consid-ering the temperatures
obtained by tting the X-ray spectrum
considering di erent energy ranges.
Figure 8.1 presents the results for each
cluster. Here the results obtained for the
three orthogonal views are presented
and can be compared to the real cluster
mass obtained from the simulations.
The results obtained for di erent views
of the clusters are not the same since the
pa-rameters derived from the X-ray
spectral analysis and X-ray brightness
pro les for di erent views also di er.
Table 8.1 presents the best results
obtained for the clusters total masses.
For the most massive cluster, 5726, the
computed masses are much lower than
the mass obtained directly from the
simulations. This mismatch is due to the
presence of structures, lack of symmetry
and thermal inhomogeneity. The
observed temperature, Tspec is signi
cantly lower than the emission weighted
temperature  obtained  from  the
simulations for this cluster, which
results in a lower total mass, since the
mass is proportional to the temperature.

8.1 chuyén thanh

Bién dang mat do cua khi, (d In gas =
In 1), dugc tinh bang cach khép mod
hinh véi bién dang d6 sang bé mat tia
X, Tir cac tham s khép tdt nhét, va
ching ta tinh duoc ban kinh 161 Rc.
Nhitng gia tri nay duoc sir dung dé xéac
dinh bién dang mat do

Dé tinh tong khdi luong cum can c6
nhiét d6. Pé 1am diéu nay, ching ta sir
dung nhiét do trung binh thu duogc tu
qua trinh khép phd.Khdi luong duoc
xac dinh bang cach xét nhiét do thu
duoc bang cach khép phé tia X xét cac
khoang nang luong khac nhau. Hinh
8.1 biéu dién két qua ciaa mdi cum. O
day ching toi biéu dién két qua thu
duoc g Vo1 ba goc nhin khac nhau va
so sanh véi khéi luong thue thu duoc
thong qua mé phong. Két qua thu dugc
ung V&1 cac goc nhin khac nhau cua
cac cum khong gidng nhau boi vi cac
tham s6 duoc rat ra tir phan tich pho tia
X va bién dang do sang tia X (ng Vi
cac goc nhin khac nhau cling khac
nhau. Bang 8.1 biéu dién két qua tong
khdi lugng cum tét nhat da tinh duoc.
Péi v6i cum on nhat, 5726, khéi luong
tinh toan dwgc nhé hon nhiéu Kkhéi
luong thu duoc truc tiép tir md phong.
Su chénh 1éch nay la do su hién dién
Ciia cac cau trac thiéu ddi xung va
khong doéng nhat vé nhiét. Nhiét do
quan sat dugc Tspec thap hon dang ké
so véi nhiét do trong sbé phat xa thu
dugc tir cac mo phong ddi véi cum
nay, dan dén téng khdi luong thap hon,
boi vi khdi luong ty 16 véi nhiét do.
Bang do nhiét do cua cum 5726 xuit ra




The temperature maps of cluster 5726
extracted from the simulations show a
highly thermally inhomogeneous ICM.
The assumption of isothermality is not
satisfying for this cluster and indicates
that the cluster total mass is dependent
on the temperature pro le. For cluster
00010, the results obtained are the ones
that best reproduce the real cluster mass.
The mismatch between the values
obtained for di erent views is smaller
than the ones obtained for the other
clusters. This cluster appears to be
spherically symmetric and does not
present structures like cluster 5726
does. To consider the temperature pro
les may improve the results making the
assumption of hydrostatic equilibrium
robust for this system. Clusters 25174
and 21926 present both good mass
estimations for two out of three views.
This is directly connected to the
temperature value obtained from the
spectral analysis. For both clusters the
larger errors in the masses are basically
the propagation of the temperature error
since from Equation 8.2, considered for
the calculation, the mass is proportional
to the temperature. To consider
temperature pro les may improve the
results but here the lack of symmetry
due to thermal inhomogeneity of the gas
seems to be the main reason for the
mismatch observed. Another source of
error for the mass values comes from
the tting of a single model to the X-ray
surface brightness pro le. Alternative
methods, e.g. using a double model to t
the observed pro le, may improve the
results. Concerning the energy ranges in

tir m6 ohorng cho thay d6 bat dong déu
nhiét ¢ cao ICM. Gia thuyét ding
nhiét khong thoa man d6i véi cum nay
va cho thay ring téng khéi luong cum
phu thudc vao bién dang nhiét do. Doi
véi cum 00010, két qua thu duocla
nhitng két qua c6 thé tao lai khdi luong
cum thyc tt nhat. Do chénh 1éch gia tri
ung Vvéi cac géc nhin khac nhau nhé
hon d§ chénh l¢ch dbi véi cac cum
khac.C6 vé nhu cum nay déi xang cau
va khong thé hién cau tric gidng nhu
cum 5726.

Dé xét bién dang nhiét d6 co thé cai
thién cac két qua, gia st can bang thiy
tinh bén viing dbi véi hé nay. Cac cum
25174 va 21926 déu c6 ude luong khoi
lugng tot & ca hai trong ba goc nhin.
Piéu ndy co lién quan truc tiép dén
nhiét @6 ghi nhan dugc trong phan tich
phd. Déi véi ca hai cum, sai sé 16n cua
khéi luong Vé co ban 1a su truyén sai
s6 nhiét do boi vi tir Phuong trinh 8.2,
dugc xét trong tinh toan, khoi luong ty
I€ v&i nhiét do.

Xét bién dang nhiét do co thé cai thién
két qua nhung & day thiéu su ddi xang
do su khong ddng nhat vé nhiét caa khi
duong nhu 1a Iy do chinh gay nén su
chénh 1éch. Nhitng nguén khac dan dén
sai sO khéi luong 1a sy khép mot mo
hinh duy nhét vé6i bién dang do sang bé
mat tia X. Nhitng phuong phap khac
chang han nhu ding mé hinh ..kép dé
khép bién dang quan sat c6 thé cai thiét
két qua. V& cac khoang ning luong




the spectral t, even though it seems that
the most massive cluster would require
a higher energy cut to reproduce better
the real cluster mass, no de nitive
picture relating the energy cuts to the
clusters masses can be de ned from our
sample. In this way a universal cut
value at 1.0 keV was considered for the
further analysis

8.2 Gas mass and gas mass fraction: To
determine the mass of the hot X-ray
emitting gas, the density pro le given by
Equation 3.5 is integrated over the
volume of the cluster within radius
R500 , Figure 8.1: Total cluster masses
considering di erent energy cuts for the
X-ray spectral t. The solid line
represents the real cluster mass obtained
directly from the simulations. The
dashed lines represent the masses within
10% error. For cluster 5726, the colored
dashed line represents the mass within
20% error. The table presents the
emission weighted temperatures, Tew |,
and the clusters total masses, Msim |,
obtained from the simulations, the
average temperatures, Tspec , obtained
by tting a model to the X-ray spectra
considering the energy cut at 1 keV, the
computed clusters total masses within
R500 , together with the error between
simulation and observation, Errormass .
The values of and Rc are obtained from
tting a model to the X-ray surface
brightness pro le, while 0 is computed
from the normalization parameter
obtained by tting a model to the X-ray
spectrum, as described in Chapter 6.
The gas mass computed for each data is

trong qua trinh khép pho, cho du
dudng nhu 1a cum 16n nhat s& can nang
luong cit cao hon dé tao lai khdi luong
cum thuc tot hon, chua c¢6 vién canh
nao cho thdy duwoc mdi quan hé giira
ning luong cit véi cac khdi luong cum
duoc dinh nghia tr mau ca ching toi.
Bang cach ndy, gia tri cat phd bién 1.0
keV dugc xét trong qua trinh phan tich
tiép theo.

8.2 Khéi lugng khi va ty 16 khéi luong
khi: Dé xac dinh khdi luong cua khi
phat xa tia X nong, chung ta lay tich
phan bién dang mat d§ trong Phuong
trinh 3.5 trén thé tich cum trong ban
kinh R500, Hinh 8.1: Tong khéi luong
cum xét cac niang luong cat khac nhau
trong qua trinh khép pho tia X. Puong
lién nét biéu dién khéi luong thuc cua
cum thu dugc qua cac mo phong.
Puong nét dut biéu dién cac khoi
luong véi sai s6 10%. D6i voi cum
5726, dudng nét dut c6 mau biéu dién
khéi lugng sai s6 20%.Bang biéu dién
nhiét d6 trong s6 phat xa Tew, va tong
khéi luong cac cum Msim, thu duoc tir
cac mo phong, cac nhiét do trung binh
Tspec, thu dugc bing cach khép mé
hinh véi pho tia X xét nang luong cat 1
keV, tong khéi lwong cum dugc tinh
toan bén trong R500, cling voi sai o
gitra mo phong va quan sat, Errormass.
Gia tri cta...va Re thu dugc bang cach
khép mé hinh véi bién dang do sang bé
mat, trong khi...dugc tinh tir tham s6
chuan hoa thu duoc bang cach khép
md hinh véi phé tia X theo mo ta trong
Chuong 6. Khéi luong khi duoc tinh
cho mdi dit liéu duogc trinh bay trong
Bang 8.2,




presented in Table 8.2. For the most
massive cluster, 5726, the results
obtained for the gas mass reproduce the
values extracted from the simulations
better than the values of the total cluster
mass. This happens because the
temperature pro les are not needed when
calculating the mass of the gas. To not
consider the temperature pro les has an
impact in the total cluster mass but it
doesn't interfere with the computed
values of the gas mass. The main source
of error in the determination of the gas
mass comes from the normal-ization
parameter in the spectral t. This
parameter is used to compute the gas
density. This table presents the values of
the gas masses extracted from the
simulations, Mgassim ,andthe computed
values from the observations, Mgasobs ,
together with the error between the two
quantities, Errorgas . This table presents
the results of the gas mass fractions
considering the clusters total masses and
gas masses extracted from the
simulations, fgassim , and the masses
computed from the X-ray analysis,
fgasobs .

In this way, the errors obtained in the
gas mass come from tting a single
temperature model to the spectrum of a
thermally inhomogeneous gas. The gas
mass fractions, fgasobs = Mgasobs
=M500 , were calculated and are
presented in Table 8.2 along with the
associated errors obtained from standard
error analysis. The parameters derived
from the X-ray study of the galaxy
clusters used to compute the cluster
total mass and the gas mass are the

Dbi véi cum 16n nhat, 5726, két qua
khdi luong khi s& tao lai cac gia tri rut
ra tir moé phong tét hon céc gia tri tong
khéi lwong cum. Nguyén nhan 1a vi
bién dang nhiét d6 khong can thiét khi
tinh toan khdi lwong khi. Khéng xét
bién dang nhiét d6 co tac dong dén
tong khéi lugng cum nhung khong anh
huong dén cac gia tri kho1 luong khi
tinh duoc. Ngu0n gdy sai sb trong viéc
xac dinh khéi luong khé 1a tham sd
chuan héa trong qua trinh khép phé.
Tham s6 nay duoc dung trong qué trinh
tinh toan khéi luwong riéng khi. Bang
nay biéu dién cac gia tri khéi luong khi
rat ra tr moé phong Mgassim, va cac gia
tri tinh tr quan sat Mgasobs, cung Vi
sai sO giita hai dai luong Errorgas.
Bang nay biéu dién két qua ty I& khoi
lugng khi xét tong khéi lugng cac cum
va khoi luong khi rat ra tir md phong
fgassim, va khéi luong duogc tinh tir
phan tich tia X, fgasobs .

Bang cach nay, cic sai so cua Khdi
lugng khi 1a do qua trinh khép mo hinh
nhiét d6 véi pho cia khi co nhiét do
khong dong nhat. Ty Ié khéi lwong khi,
fgasobs = Mgasobs =M500 , dugc tinh
va duoc biéu dién trong Bang 8.2 ciing
Véi cac sai s6 twong tng thu duoc tir
phan tich sai sd tiéu chuin. Cac tham
s6 rut ra tir nghién ctu tia X cua cac
cum thién ha dugc dung dé tinh tong
khéi lwong cua cum va khéi luong khi
gidng nhau. V&i cach nay, ching ta hi




same. In this way it would be expected
that the discrepancies in the gas mass
fraction to be smaller since the same
error propagated to the cluster total
mass is also propagated to the gas mass.
Here again the temperature pro les, that
were not considered in the derivation of
the cluster total mass, could improve the

agreement between the gas mass
fractions obtained from the simulations
and the ones obtained from

observations.

Chapter 9: Mass-Temperature Relation
The purpose of this Chapter is to present
and discuss how the masses of the
clusters used in this study scale with
their observed average temperatures,
comparing the results obtained to
theoretical predictions and previous

studies.

vong rang do chénh léch ty ké khoi
luong khi nhé hon béi vi sai sé tuwong
ty truyén cho tong khéi luong ciing
dugc truyén cho khéi lwong khi. O day,
mét 1an nita, bién dang nhiét do (duoc
xét trong qua trinh rat ra tong khoi
lugng cum) c6 thé cai thién do khép
gitta cac ty 1& khdi luong khi thu duoc
tr mé phong va tir qua trinh quan sat
trong thuc nghiém.

Chuong 9: Hé thirc khdi lugng-nhiét do
Muc dich ctia chuong nay 1a trinh bay
va thao luan cach thic khéi luong cua
cac cum ty 1€ voi nhiét do trung binh
quan sat duge, so sanh cac két qua thu
duoc v6i du doan 1y thuyét va cac
nghién curu trudce day.

9.1 Khop dinh luat lay thua: Viéc ap
dung cac cum thién ha dé suy ra cac
tham sé vii tru hoc phu thudc vao céc
hé thuc ty Ié gitra cac cum quan sat va
tong khéi lugng. Nghién ciru mdi quan
hé khdi lwong — nhiét do co thé sé cho
chung ta biét méi quan hé gitta khi
néng bén trong cum va tong khéi luong
cum. Pé nghién ctru méi quan hé giira
nhiét d6 va khoi lugng trong cum mau,
ching t6i str dung cac nhiét do quang
pho trung binh, T-Spec. Két qua nay
thu duoc thong qua khop mé hinh dang
nhiét véi pho tia X, cd dinh mac ning
lugng trong khoang 1.0 dén 10.0
keV.Tong khéi luong cac cum duoc
tinh dwa trén gia thiét can bang thuy
tinh, d6i xung cau va tinh ding nhiét
cua moi truong trong cum vo1 ban kinh
R500.




Pé kiém tra cach thuc thay doi
cua cum theo nhiét do trung binh,
chung t6i tim hé thuc khéi lugng-nhiét
do trén 12 tap di liéu duoc khép theo
dinh luat Ity thira ¢6 cong thic sau,
Topec ]“

Moo = A | 7757

O day A va o 1a cac tham s thay

d6i dé tao ra khop tot nhat cho dir liéu
quan sat. oI véi mau trong nghién cau
nay, cac gia tri khép tot nhat la
a =174+ 0.04 y3
A= (247 £0.32) x 10" M.
Hinh 9.1 biéu dién méi quan hé giira
khdi luong va nhiét do cua mau nghién
ctu, va dinh luat ham mi duoc khap.
Chung t6i tinh toan sy phan tan khoi
lugng so véi khdi lugng thuc sy cua
cum trong mau nay thong qua md
phong va ra duoC Tmass = 0-36 phan 16n
la do cac cum 16n 5276, thé hién su
chénh léch Ion nhat giita cac khoi
luong quan sat va moé phong.

D06 phan tan cua hé thuc khéi luong -
nhiét do la. Bo phan tan trong hé thic
khoi luong-nhiét do 1a mot chi sé cho
thay hiéu qua udc luong tong Kkhéi
lurong dua trén nhiét do.

Hinh 9.1: Méi quan hé nhiét d6 - khoi
luong trong cum mau. Puong thing
mau d6 biéu dién dinh luat ham mii
duoc khép vai cac két qua cua 12 cum
dir liéu. Trong duong Mau den, ching
t61 gop vao khéi lwgng thuc va nhiét do
trong sb phat xa tir cac md phong. Qua




9.2 results: A

Comparing
correlation between the temperature of
the intra-cluster medium and the total
cluster mass is expected on theoretical

tight

grounds. Numerical calculations of
structure for-mation based solely on
gravitation make predictions on the
scaling laws in galaxy clusters. It is
expected that clusters of di erent sizes to
be a scaled version of each other as long
as gravity is the only process in act. For
the standard self-similar model, the total
cluster mass scales with the temperature

trinh khéop dinh luat ham mii duoc thyc
hién bang cach chi xét cac khoi luong
duoc quan sat. Ching t6i thu duoc hé
s6 goc a = 1.74 + 0.04, doc hon du
doan tir cac md hinh ty twong dong.

Hé thic khdi lwong-nhiét do phu thudce
vao cac gia thiét duoc str dung dé rut ra
tong khdi lugng cia cic cum va cach
xac dinh nhiét do trung binh [65]. Udc
lwong khéi luong tot rat quan trong dé
c6 thé ap dung hé thac nay dé suy ra
cac tham sd vil tru hoc tir cac cum thién
ha. Cac ngudn gdc gy sai s6 va chénh
léch trong qué trinh xac dinh tong khoi
lugng va nhié¢t do trung binh da duoc
thao luat trong chuong 7 va 8. Cac sai
sot nay cha yéu bat ngudn tir viéc mat
can bang thuy tinh, moi truong bén
trong cum khong dang nhiét va sai s6
hé théng trong qua trinh tinh toan nhiét
d6 trung binh. Sai s trong qua trinh
xac dinh nhiét d6 co thé tao ra sai so
trong tinh toan tong khdi luong. Tuy
vy, chung khong anh hudong dén hé
thire khéi lugng-nhiét do.

9.2 So sanh cac két qua

Mbi twong quan chat ché giita nhiét do
ctia vat chat bén trong cum thién ha véi
tong khéi luong cua cum duoc du doan
trén nén tang 1y thuyét. Tinh toan s6 vé
sy hinh thanh céu trac chi dua trén luc
hap din dé dua ra cic phong doan vé
cac dinh luat ty I¢ cta cac cum thién
ha. Nguoi ta dy doan rang cac cum
thién ha co6 kich c¢& khac nhau la cac
phién ban ty 1& cua nhau khi luc hap
dan 1a yéu té tac dong duy nhat. Véi
mo hinh tu ddng dang chuan, tong khéi




asM /T 3=2.

The prediction from the simulations has
been tested by observational results and
dis-agreements have been found
concerning the predicted slope. In
previous studies, [66] derived a slope of
= 1:51 0:27 consistent to the self-similar
prediction for a set of ve hot massive
clusters (T 5 keV), [9] nd a slope
consistent with the self-similar model
for a sub sample containing clusters
with temperature T 3 keV, [67] nd a
slope in agreement with the self-similar
model for a sample including also low
temperature  systems if the gas
temperatures are measured excluding
the central core regions. The slope of =
1:74 0:04 computed in this study is
steeper than the predicted by the self-
similar model, but agrees with the
results obtained by [40, 39, 69], which
consider a cluster sample also including
low temperature systems. The derived
slope also agrees with the results
obtained by [9], which obtain a slope of
= 1:70 0:07 when using the complete
sample, including the low temperature
clusters, for the derivation of the mass-
temperature slope. The steeper slope in
the mass-temperature relation may
suggest that other processes than
gravitational collapse play a role in the
heating of the intra-cluster medium.

As presented above, it is still unclear
whether the total cluster mass scales

lugng cda cum thién ha ti 1€ vai nhiét
do theo cong thic M/ T 3=2.

Du doan tor caic md phdéng da
dugc kiém nghiém bang cac két qua
quan sat va mot vai diém bat déng da
duoc tim ra dua trén hé sd goc (duong
déc) du doan. Trong cic nghién cuu
trudc day, [66] dua ra hé s6 goc a =
1:51 + 0:27 phu hop v6i phong doén tu
ddng dang cho tap hop gdm nim cum
si€u thién ha (T > 5 keV), [9] tim ra hé
s6 goc phu hop véi mo hinh tur dong
dang cho mot mau gdom cac cum thién
ha c6 nhi¢t d0 T > 3 keV, [67] tim ra hé
s6 goc pht hop véi mé hinh dong dang
cho mot mau bao gom cac hé c6 nhiét
d6 thap néu nhiét o cua cac dam khi
do dac khong bao gom ving 15i.

Hé s6 goc a = 1:74 + 0:04 tinh
duoc trong nghién ctru nay c6 do doc
|6n hon dy doan bang mo hinh ty dong
dang, nhung phu hop véi két qua thu
duoc tur [40, 39, 69], khi xem xét mau
cum thién ha bao gdm cac nhitng hé c6
nhiét do thap. Hé sé goc thu duoc ciing
phu hop véi két qua thu duoc tir [9],
véi hé sé goc thu duge 1a o =
1:70+0:07 khi sir dung mau day da, bao
gom cac cum thién ha nhiét do thap, dé
tinh todn hé sb goc giira khdi luong va
nhiét do.

Po dbc cao cua hé sd goc trong
hé thuc gitta khéi lugng va nhiét do chi
ra rang nhitng tién trinh khac ngoai su
sup d6 cua luc hap din déng vai tro
1am néng vat chit bén trong cum thién
ha.

Nhu dé trinh bay bén trén, chiung
ta van chua khang dinh duoc tong khoi




with the temperature as predicted by the
self-similar models or if this relation is
true only for high temperature systems.
Two out of the four clusters analyzed in
this study have temperature Tspec 3
keV, and here we reproduce the steeper
slope observed by previous studies
including low temperature clusters. A
sample containing a wide range of
temperatures should provide clari cation
of this matter.

Another remark is that the cluster
samples analyzed in most of the
previous studies on mass-temperature
relation are made of relaxed clusters,
which represent only a fraction of the
total cluster population. This biases the
sample. A study of larger, unbiased
sample, is necessary to determine a de
nitive picture of the mass-temperature
relation.

Chapter 10: Summary This thesis
reports the results obtained from the
XMM-Newton virtual observation of
simulated galaxy clusters. Systematics
that a ect the cluster total mass
measurements from X-ray studies and
the relation between the cluster total
mass and temperature were investigated
by using simulated galaxy clusters
observed by the simulator of the XMM-
Newton Observatory, SciSim [54]. The
aim was to produce realistic simulated
event les that are processed and
analyzed in the same way that is done

lugng cua cum thién ha ty I¢ véi nhiét
do theo du doan cua cac mo hinh tu
tuong déng hay hé thic nay nay chi
dang voi nhitng hé c¢6 nhiét @6 cao
Tspec <3 keV, va ¢ day chung toi1 cling
thu duoc hé sé goc 16n hon nhu nhitng
nghién ctiu trude day vé cic cum thién
ha nhiét do thap. Mot mo hinh thu
nghiém bao gom mat dai nhiét rong sé
lam sang to diéu nay.

Mot diém can luu v 1a cdc mau cum
thién ha tht nghiém phan tich trong
nhitng nghién ctu trudc day vé moi
tuong quan gitra khdi luong va nhiét do
duoc tién hanh dwa trén nhitng cum
thién ha roi rac, nhiing cum nay chi thé
hién dugc mot phan nhé cua toan bd
cac cum thién ha. Piéu nay lam sai léch
mau thi. Mot nghién ciu rong hon,
véi mau thtr khong bi sai léch, 1a can
thiét dé xac dinh mot buc tranh dang
tin cay hon vé mdi twong quan cua khoi
luong va nhiét do.

Chuong 10: Tong két Luin vin nay
béo céo cac két qua thu dugc tir quan
sat thyc té tir thiét bi quan sat quy dao
bang tia X (XMM-Newton) cua cac
cum thién ha duoc mé phong. Cac hé
théng anh huang dén cac phép do tong
khoi lugng cum tir cac nghién ctu tia X
va mbi lién quan giita tong khéi luong
cum va nhiét d6 da duoc nghién ciru
bang cach st dung cac cum thién ha
mo phong quan sat dugc thong qua
thiét bi mé phong cta Pai Thién Vin
XMM-Newton [54]. Muc dich 1a tao ra
cac tap tin su kién dugc mo phong thuc




with real observed clusters, to test for
biases in the determination of the total
masses of the clusters and in the mass-
temperature relation. A sample was
selected containing four simulated
galaxy clusters of di erent masses,
extracted from a hydrodynamic
simulation using the cosmological code
GADGET-2. The same methods of data
reduction and analysis were applied on
the four galaxy clusters. A pipeline that
enabled us to read the data from the
simulation and prepare it to be observed
by SciSim was used. Each cluster was
observed from three orthogonal views in
order to test for inhomogeneities and
lack of spherical symmetry. That makes
up 12 data sets that were reduced and
analyzed  independently. For all
procedures in the data reduction and
analysis the clusters radius at R500 was
considered. This is the radius enclosing
a mean cluster density equivalent to 500
times the critical density. From the
virtual X-ray observations the average
temperature of the cluster was deter-
mined. The results were compared to
the emission-weighted temperatures and
spectroscopic-like temperatures
obtained from the simulations. It was
found that the t of a single temperature
model to the observed X-ray spectrum
leads to a discrepancy between the
emission-weighted temperatures and the
observed average temperatures of up to
50%. It was observed that the
spectroscopic-like  temperature s
systematically lower than the emission-
weighted temperature and that the di
erence between the two temperatures is

t¢ dugc xu 1y va phan tich theo cach
gidng nhu da duoc thuc hién véi cac
cum di dugc quan sat thuc té, dé kiém
tra nhirng sai léch trong qua trinh xac
dinh tong khoi lugng cia cic cum va
hé thuc nhiét do-khoi lwong. Mét miu
da dugc chon chira bdn cum thién ha
mo phong véi nhitng khdi lugng khac
nhau, xuat ra tir mé phong thuy dong
luc bang code vii tru GADGET-2.
Nhirng phuong phap rut gon va phan
tich dir lieu twong tu cling dugc ap
dung trén bon cum thién ha. Mot
pipeline (cau trac duong 6ng) cho
phép chung ta doc dir liéu tr moé phong
va chuan bj quan sasdt no bang SciSim.
Mdi cum dugc quan sat tur ba goc nhin
vudng goc dé kiém tra sy khong dong
nhat va thiéu ddi xtng cau. Piéu d6
lam cho 12 bd dir liéu duoc giam va
phan tich mét cach doc lap. Boi véi tat
ca cac quy trinh trong viéc rat giam va
phan tich dir liu, chiung ta xét ban kinh
cac cum tai R500. Pay la ban kinh bao
mat d0 cum trung binh tuong duong
500 1an mat do t6i han. Tir nhitng quan
sat tia X thuc té, chung ta c6 thé xac
dinh duoc nhiét @6 trung binh ctia cum.
Cac két qua duogc so sanh véi nhiét do
trong lugng phat xa va nhiét do quang
phd thu duoc tir md phong. Qua do ta
thay viéc khép mo hinh nhiét do don
véi phd tia X dan dén sy chénh léch
gitra nhiét d6 trong s phat xa va nhiét
d6 trung binh quan sat duoc 1én dén
50%. Doéng thoi nhiét do quang phod
thip hon mot cach c6 hé théng so voi
nhiét do trong sb phat xa va su chénh
léch gitra hai nhiét do s& Ion néu cum
c6 d6 bat déng déu nhiét do cao, phu




larger if the cluster presents high
thermal complexity, agreeing with [60,
61, 62]. For the most massive cluster in
our sample, a highly thermally
inhomogeneous intra-cluster medium
was identi ed. The mismatch between
the emission-weighted temperature and
the spectroscopic-like temperature is of
35% for this cluster. The emission-
weighted temperature overestimates the
observed average temperature while the
spectroscopic-like temperature
reproduces it within the error bars. To
perform the tting of a model to the
observed spectrum, the lower energy
part of the spectrum was discarded in
order to to check if it would improve the
agreement  between the observed
temperatures and the emission-weighted
temperatures. A mild trend that the
energy cut in the photon spectrum
appears to be dependent on the cluster
mass was found, but analysis of a larger
cluster sample is necessary to determine
this dependence.

The X-ray images were used to extract
the X-ray surface brightness pro le of
each data set. A single model was tted
to the observed brightness pro les
providing the necessary parameters to
determine the density pro les of the
clusters. For our sample, the X-ray
surface brightness pro les are generally
well tted by the model if the most inner
part of the cluster is excluded. The total
masses of the clusters were calculated
using the tted temperatures and the
density pro les obtained from the model
t. For that it was assumed hydrostatic
equilibrium, spherical symmetry and

hop Véi cac cong trinh [60, 61, 62]. Dol
v6i cum 16n nhat trong mau cua chung
t6i, moi truong bat dong déu vé nhiét
bén trong cum dugc xac dinh. Su chénh
Iéch gitra nhiét do phat xa va nhiét do
quang pho 1a 35% dbi véi cum nay.
Nhiét do trong sb phat xa cao hon nhiét
do trung binh quan sat dugc trong khi
nhiét do quang pho tai tao lai né trong
cac thanh sai s6. Pé khop mé hinh véi
phd quan sat duoc, phan ning luong
thap cua phd bi loai bo dé kiém tra xem
nd giam do chénh léch gitra nhiét do
quan sat duoc va nhiét do trong sb phat
xa. Chung to61 phat hién mot xu hudng
nhe trong d6 ning luong cat trong pho
photon ¢6 vé phu thudc vao khoi luong
cua cum, nhung can phai phéan tich mau
cum lén hon dé xac dinh rd sy phu
thudc nay.

Céc anh tia X dugc st dung dé trich
Xuat bién dang do sang bé mat tia X
cta moi bo dir liéu. Mot mo hinh B duy
nhat dugc khép véi bién dang d6 sang
quan sat duoC cung cap cac tham s
can thiét dé xac dinh bién dang mat do
cia cac cum. P6i v&i mau cia ching
to1, bién dang do sang bé mat cua tia X
thuong khap tét vai mo hinh p néu loai
trir phan trong cing cta cum. Tong
khéi lwong cua cac cum duoge tinh toan
bang cach st dung nhiét d6 va bién
dang mat do khaop thu duoc tir kKhdp mo
hinh B. Bé dat dugc diéu d6, ching toi
gia dinh trang thai can bang thuy tinh,




tinh d6i xung hinh cau va tinh dang
nhiét cia moi truong bén trong cum.
Két qua cho thay cac gia tri khéi lugng
cac cum duoc tinh theo gia thuyét can
bang thay tinh phu thudc vao bién dang
nhiét d6. Gia thiét vé tinh dang nhiét
dan dén sai sb trong viéc xac dinh khdi
luong 1én téi 43%, diéu nay cho thay
bién dang nhiét do can thiét dé tinh
dugc khéi luong cum béng cach su
dung phuong trinh can bang thuy tinh.
Cac nguon sai s6 khac trong viéc xac
dinh khéi luong co thé bat ngudn tir do
léch can bang thuy tinh [9]. M6 phong
theo [68] cho thiy gia thiét can bang
thay tinh xac dinh khéi luong cum thap
hon thuc té. Theo quan sat thdy khoi
luong cum bi tinh thap hon so véi thuc
té d6i véi da s6 cac cum c6 khdi luong
I6n. Nhitng sai s6 nhiét do ciing co lién
quan. Nhiing sai s6 nay co lién quan
dén qué trinh khép phd, bao gém ca
nhirng sai s trong hiéu chinh dung cu.
Tong khéi lwong cum rat ra tir gia thiét
can bang thay tinh ty 18 véi nhiét do,
theo cach nay, sai s6 nhiét do sé
chuyén thanh sai s6 tong khdi luong
cum. Khéi luong khi cia mdi cum
duoc tinh bang cach lay tich phan bién
dang mat do trén thé tich cum. D6i véi
cum c6 khéi luong lén nhat, khoi
lugng khi rat ra tor quan sat tia X va
khdi luwong khi mo phong c6 do phu
hop voi nhau cao hon tong khéi luong
quan sat duoc va khdi luong thuc. Do
pht hop cao hon nay c6 thé do viéc
bién dang nhiét d6 khong can thiét
trong viéc xac dinh khéi luong khi. Khi
da c6 tong khéi lwong cum duge tinh
toan va nhiét do quan sat, ching ta co




Adding the results obtained in this
thesis to previous studies on scaling
relations, wend that a de nitive value of
the slope of the mass-temperature

relation is still undetermined and
dependent on extensive studies of large
unbiased samples in order to clarify
how the mass scales with the
temperature. The high value of may
suggest the gravitational collapse is not
the only process governing the heating
of the gas trapped in the cluster
potential well [70]. An important
remark is that the mass-temperature
relation depends on how well the total
mass of the clusters can be constrained,
and also on how the average cluster
tem-perature is de ned, since the intra-
cluster medium is not isothermal. In this
project the temperature pro les were not
consider when calculating the total

thé nghién ciru moi quan hé giita hai sé
dal Iwong nay. M6 hinh dinh luat luy
thua dang M = A (KT / 1keV)« duoc
khép voi hé thie khdi lugng-nhiét do.
Céc tham sd khop tot nhat thu duoc 1a
a=1,7440,04 va A = 2,47+ 0,32) x
10"°M. Hé s6 goc thu duogc trong phan
tich nay 16n hon gia tri dy kién 1a o =
1,5 duwoc du doan theo md hinh tu
tuong dong dua trén lyc hap dan. Tuy
nhién, no lai phu hop voi cong trinh
nghién ctu trude day dugc thuc hién
trong [9, 39, 40, 69] véi cac mau bao
gom cac cum nhiét do thap (kT <3
keV). B3 phan tan trong udc tinh khéi
luong d6i véi khéi lwong mod phong
theo ghi nhan 1a khéi luong Smass = 0,36
va do phan tan trong hé thuc khoi
luong-nhiét do 1a 6, = 0,22.

B6 sung nhirng két qua thu dugc trong
ludn van nay vao nhitng nghién cuu
trudc ddy vé nhiing hé thuc ty Ié,
chung toi thay rang gia tri tuong lai cua
hé s goc ciia phuong trinh khéi lugng-
nhiét d6 van chua xac dinh va can dua
trén nhiéu nghién ctu mé rong trén
mot luong 16n cac mau dong nhat dé
lam rd cach thuc khéi luong ty I¢ véi
nhiét do. Gia tri a cao co 1€ cho ching
ta thay rang su suy sup hap dan khong
phéi 1a qua trinh duy nhat chi phéi su
toa nhiét cua khi chaa trong giéng thé
cua cum thién ha. Mgt luu y quan trong
1la hé thuc khdi lwong-nhiét do phu
thudc vao mac gigi han tong khéi
lugng cac cum sao, cling nhu phu thugc
vao phuong phap xac dinh nhiét do
trung binh cia cum thién thé, do moi
truong bén trong cum thién thé khong
dang nhiét. Trong nghién ciru nay khi




cluster mass using the hydrostatic
equilibrium  assumption, and the
temperatures were derived by tting a
model to the entire X-ray spectrum
within radius R500 .

The temperature pro les would interfere
signi cantly in the total cluster mass for
sys-tems  presenting high thermal
inhomogeneity, as is the case for the
most massive cluster in our sample. The
core of the clusters could also have been
excluded and a thermal model tting to
the coreless X-ray spectra would
exclude the thermal complexity that
cool ows in the inner part of the cluster
create. That could have an impact in the
average temper-ature value. The errors
coming from the temperature will
produce errors in the value of the cluster
total mass, however, they should not
interfere in the results obtained for the
mass-temperature relation. The natural
continuation of this work will be to
extend the methods applied in this thesis
to a larger sample of clusters. This will
provide a more realistic and relevant
statisti-cal analysis and put Dbetter
constraints on the scaling laws
governing the mass-temperature
relation.

For a larger sample, the virtual
observations will be performed with
longer exposure times in order to get
enough resolution to derive temperature
pro les and consider in this way the non-
isothermality of the intra-cluster
medium. Another step would be to add
a more realistic background including
particle background and point sources to

tinh tong khoi luong cum thién thé
bang gia thiét can bang thay tinh da
khong xét dén cac bién dang nhiét do,
va nhiét d6 duogc tinh bang cach khop
md hinh v6i toan bd phd tia X trong
ban kinh R500.

Cac bién dang nhiét do0 sé co6 anh
huong dang ké dén tong khdi luwong
cum thién ha doi véi cac hé c6 tinh
khéng ddng nhat nhiét cao, nhu trudng
hop cta nhom thién thé 16n nhat trong
mau cia ching t6i. Ldi cua cum ciing
c6 the da bj loai trir vA mo hinh nhiét
Khop vai phé tia X khong 161 s€ bo qua
su phuc tap vé nhiét ma cac dong mat &
phan bén trong cum tao ra. Pidu do co
thé gy anh huong Ion dén gia tri nhiét
d6 trung binh. Sai sd nhiét d6 s& tao ra
sai sb trong tong khoi luong cua cum,
tuy nhién, nhitng sai s nay thudng
khong anh huéng dén hé thuc khoi
lwgng-nhiét o cudi cung.

Hudng nghién ctru tuwong lai cua cong
trinh nay s€ la mo rong cac phuong
phap trong luan an nay cho mau gom
nhiéu cum hon. Piéu nay s& cho phép
dua ra mot danh gia thuc té va phu hop
hon va ap dit cac rang budc tét hon
trén cac dinh luat ty I¢ chi phéi hé thic
khéi luong-nhiét do.

Véi mau 16n hon, nhitng quan st chinh
thiac s€& duoc thuc hién vai thoi gian
phoi sang 1au hon dé c¢6 duoc d6 phan
giai du cao nham tir d6 rat ra bién dang
nhiét d6 va bang cach nay xét muc phi
dang nhiét cia méi trudng trong cum
thién thé. Budc tiép theo 1a thém mot
nén thuc té hon bao gdm ca nén hat va
ngudn diém dé kiém tra xem cac phép




also test for bias on the background
subtractions.

trir nén c6 bi chéch khong.




