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Main Sequence Stars

Spectral Type: (0] B A F K
Temperature: 40 000K 20 000K 2800K 6500K 4500K
Radius (Sun=1): 10 5 17 1.8 . 0.8
Mass (Sun=1): 50 10 2.0 1.0 0.7
Luminosity (Sun=1): 100 000 1000 20 4 4 0.2
Lifetime (milion yrs): 10 100 1000 3000 i 100.000
Abundance: 0.00001% 0.1% 0.1% 78%

Giant Stars

Lowsmass stars near
the ehd of their lives.

White Dwarfs

Dying remnant of an
imploded star.

Spectral Type: Mainly G, K or M
Temperature: 3000 to 10000K
Radius (Sun=1): 10to 50
Mass (Sun=1): 0.5t010
Luminosity (Sun=1): 500 to 1000
Lifetime (milion yrs):  100-500
Abundance: 0.4%

Spectral Type: )
Temperature: Under 0.001K
Radius (Sun=1): Under 0.01
Mass (Sun=1): Under 0.01
Luminosity (Sun=1): Under 0.001
Lifetime (million yrs): 5%
Abundance:

«daSeu 1 ragqul a1 Iiw.”

& draubliongy Sl jolghll ghul o9 b Jolo Wi o .ple Call 250 § Guad

S Blesl wlia bile loigh of lal ols
ol § lgilag depw Igble 28] e
emesS¥ ©ld dob 0gSll lgyvg dloia
Jlasiaal o @il Gleg w3 ga .aasllg
dalol 3] 108 Lyin U 3 ) iligaals o1
Lilaay a=i o dlo -weSl @ «Bsgdaall
0ss)l &b e Joldl Jaddl Jhy dliassl

2lut] b s
‘ddisll alym Yl s
losgas gadl § b jsl
HR) ol o b Jolsts Laiy

(il ol &ybo byl 50g) (diagram
2o Ll v Sty smulls pgoll ga
8o Cosliy ¥ duametl Al § Sl
8937 dald wliy § ©aly g odo LAl

Loyl s ] aslall

_pehillusiloaie

‘When Stars Break

«yall» g o bhuall Byei ¥ Sielll oS
0lgd 99 Jo .d8lall wlédaidl ode sgj Sl
od%all Joete Al dadi Lle sgedl bl

T ouab liga

dpdled] Joby i lovic 8oLl Bpais Loy

duwblisall oda Jia dowly wswdy
.J.>|9 L_L99‘gd.l.u>um.o.‘||

avlll Labell wljeiuwall

:(Hypernovae)

lozl)g Log dis)lgdl gl
waboll  lsiwall o
(Quark Stars) @ Ll oll=e¥l o (Supernovae)
59 drazill dacdl § 8] Y patdll Jo) s @I A8SLAl Gabisll wlystsall Lazg

& <2l 45)lo] pgemill J panasall clls yzbi ¥ Gy Al Jilo i )l Lo
ool @il o b wrgs igalall pemill - 6l Gllong Sgenl 8 Jl i bty
Gas LT dom) oo digh dudladl g5 0o @y depun 098l pe Lol (o (bl
Sow Lixiy Yo «ligignl Jsls wligpslyl  blé deal wll=bil jslas Ll .cgall depw

a2l bheall jaiwl ¢f 13le Ko .olgpgull  «(Long Gamma Rays Bursts) dhghll

i ALl LIS p2

:(Magnetars) duwblical pag=il

085l @luubliso Sobi
AL 58 Sjmmen 41d 3> (§ Yool pill aey
Go AliS Lo Sgisd dbda pzxe 85 99
02 99 (quiblisall pill oS . Guaddl Al
drublion S¥le cllia) (9 . pudn Jgyigs
OS13 B8l Jlo (0 830 )ik wgslay S8
Gubll Caiio § g8 quablise g Jlio
e quablisal dl=a 8 yadll JI
Bl drg e csals d8llay JS o il
Jii» 929 puablisall baiye )T o) Jlio
el 840 §8T SV (> (a9 el
LI qublizall hadll e quublizall

dasle duigigai 8olo
(& y9w)

a5 B3
"'J(ou':i; Sl ball o 3alll Jgos
PREIYIPT: > 3gaill ASUSII
(©Ugyigu)

(u, d) &S)lgS bolo I Jgi 45 g )l 030 §

B A o1 (QGP) Lojsb ogslé ylgS
a)lgS Bolo

o z:s ;fs) (QCD) 6o du & dsS)lgS doko

PcR5—10pyyc
(Pnuc = 2.7 x 10 gcm™3)

o 50| o_,-u.&ll oo é_,|9§lo:uJ b ttall sl dudl gdg b @y 13 JSa
adlact § d8USII 518 dssylosl 83lall ] wligyigully wligRl dusl

11 | pilic alall aasll galall calndill dlaa

0j0ai bo §995 sl (4o cj=> 3 8lb glhig

magnetar

Jlixisle @i adins Lo Jof OLlaasT 12 JSal

d.:l.uJ| :._:J.)o_,m_,s_,.o@.)gmluwww)g
i oo Ml dwlys U L 12013 ale

o8hiall cpamsdl

CERIST - dalsll olusgll L5 ondl 559

UeSi gl L&ty Y dranill whhaill Gis Alias dreolll
JUB o doy go Jlaall e Alnl ¢igaall Lle 6)als
93l Lo (asi il «alubiiy caiiSimiw . aaill jglnill
oo Dhdiwl ST (jgsi 26 LUl «dyyell» dalallg ySiall
lo lil 6 dliaiall dleaall déréallg diolwal L6 caljall
Loynii waySq liles aaill cigay LyS oli JSuin amai Al il
Ulo «&lls gog .(pibbyao )l wlbyag dslis aic dalall
639290 (Jgsi M a6 lim 6)gsiall dualjioll pgaill yae
wiighaill gSaii ol I diny dyiai Jiaiwg .gdlgll o

Lons gl loilii] (o chjisll 6 dlibiwall

Jolill aic g1l bill jgo)S il diwily pgaill gaui
Joo wlall he gan gpal elldo Lo . Jull clow a
261 .09aill dUal « wliall a3gailly ¢ye il linji Jogaill
i diel 6 sggill aloaidlg duslall J33i s lialei
- U9igy dhubw 3663 wasSg (il yhllal joiuwi Jio
(CNO) (p2.uS Vg (g uillg gupsJl 65939 (PP) JGigH

Lolyi UJJ| ,og:uJI dullel sgalinll uo_uJI
walsy o il wadisi ¢aio U.mu.obbSp.l_oJlungLolJJU
639840 Jgné 2129 Jlall gl pSUI wiall gllall amqill
digsll glgall déyas 6 «ulgageg (0gaill Gpuw (0
09 drwjaall sl 6 digaall dialsill cbjiall Gl

A Sl el dends Lle e=dl ol
el G =0 dplud 890 I ¥ a8l
AUl § dise dilesll S

Ogdgditall Bilul

sy Lo of e dg¥l pgmmill o Lsgat ysY
ols.(Population III) dUWI &y ezl pg=is
0o loadg il YgBié=ll Slgyll e <o
lagals cdlll poslidlo AUl cnzgpase
«olaally J] aoyldioy [aig . adasll il
(posldl o JiiT paic ¥ (K18)1 albuaall)

At Jom 90 =l e Todiia Jus
Ut o @l « 1l J] dielyd qudy Laic

Loy gly @jle Dl Juso Q¥ gl
adye &l e dl Jo=id) Jl 5 difgd lgiw
3 j00 of iy dudly) . ndé agliS gl
Slig bt ail dza) 8508 depuy el
Olo «llS Rag .dletal o digb 879 19
ol o 2l Jeo Gle j95 pgzill bes
ellall O Q il e Tegligall» elld Js

ol Gosll Jlasdl 34

850 S is¥g wic el dad o b QJLc
Gacl L1855 Gl d=pall o «Jasdl»
1 (30 ol L5 coaslid] oyl § Sl
0 oy > clll gy G Lilis 8lbg s
oS dbpay jo¥l gy nzgpagdl Jlady
0l Gle sohis «Jo¥l Guail» 1o clyjd

-EJLAD
Solll pjell dlano

plic galall sasif uala.llul.m.u.llnla.nl 10



sLajadll aclgd agaill pusii Lasic

L6Lsa] Tae il iy lan dolas dyslell
§ 03989 38 O 18 diw ydle 10 | Ju
gl 0l J] Jomio ling Dbl
: (Gravastars) j)lwldly=dl ag=u
Gravitational) de L:,élj_i) WG @
Ju g9 (Vacuum Condensate Star
el izl paan wlygudl @ogill g)lai
(spal) gl a8t § Jtatall gL,
§ dd paimmall ezl G Of 0o g
Sob JBil doya jay 4l Bamly dbds
@954:.[99 Jdl Jo=id (Phase transition)
Blall e d28) Gle Ll Ggizy ddgmme
lhes wasd &l (Dark Matter) dallaall
il oia Jhig .ab JSdu duslsdl iley
dleg dlall d8,8) dsls 85t dhly Slgise
ole 2o gyl § dolall sslall oo d8LSI
Sgel il J B8 e bl Jly el
Blae yag i ads Y &kl go
Wi loles Lo_‘l.b.o L;Lo.;JI Lds 095 bousy
@asdl 681 ) lolad 8165 i) wgenlll Lt
JSiy Fgmns S0 J of (Event horizon)
¥ dduale d)la5 B (9 2l gag . dlY
il § Al delgs Ll cud of as lage
Audi e ool dls @
:(White Holes) slawdl wgddl
il Al @bl Gaudill 9o LAl il
cgally s3lall Sy oS A 968 gl
of @byl Gle egv ¥ oSay dg iz
syme 9ol § yuisd cls LT piyg alsny
ol ] dalsll dysen)l ] § (08b; 3oit
wodtll of I e dpasdl oI lyybss hey
wgds I Jg::.ug Gl @ «A3yi» A9 clogad!
Ll o T 58l Jolall § el
grol pomill job 40 lingd  Gass Lals
o «diwlid» logss opiei Lo ol @dlgll (o
o= legis yisT 0gs § wghala Ol ¥ Lo
Jad . BLlaSieolll o pac § sl as
clads oo chy @i dasdl Loyl
9= I Wl8LisT yitd doglacd ! 588 odo
pozill (o (pg=ill (yp ddbgbie «Baye el j19»
§ 839290 ilS Layy Ul danlsll «dallaall»
Gl dslitiwdl dpwablisall ] oSaall GoSI
Lii8yee O 3551 wpeblivall pgeil Loy b
Loage & JI ¥ ddll

13 | sicgalallsssl @ gatellcibndildlan

49)9d! poedly dallaall g2l

dndlnl dwde e LLESS elbae e
pomill c9.d Gy s dipladl duie Bjolb 404G albe gl GO 30 15 JSadl

Al Joty doygall

Al Lo Jio § oulitl ozl a1 o5
4lo (Supernova) el jeiae lxoi¥
lio giay 389 (ligiisy lazy ochy Calsu
Guall doygull peill Sl Gazill il
s lao (@llasll o)l ol=dl (9 «dygf deds»
Sl e glaaily pslaill Ll el
Gilg «azi Jls @on § Jtatall sl
S hgi 833l le el cbjall @lle aspiol
7€ dudyd Jln ¥ 1977 ple BgSiyj Uy (e
oy a5ym0g und Sl poill
:(Electroweak star) d=al

JKs Riay G o8 «i83a 099 > 9
Slo ez ©gay losied 185 sgwdl il
G35 bl sgd ) dudlodl Gorus Al
il ues LSl dI wlgpedll H=i I
Jib ddac JUs yag .)ledl g
«wgdloradl
Jelaill «pllw-gpilo» z3gai (§ dndgiall
dl Joiig ©lSlosl 0de J80S iy Sl
Blall e Al duS Gl lan wologiy i
1015 sga> J] sl @l Lsa Juo
IQ»JJMW@CLLLASHOJQU..\DUUQK
999 L85 i)l dliS Jasy Syall § d=lotl
Ll soleitwl Gulbs dud =iy §3J| ollall
Oiless .(100GeV Jlg=) dasall elelail
liggigll 935 o @l Lmyldl bl

(Sphaleron  transition)

2log 8l I GosUl apzdl y0 O Jid v
S1eSIl ¢y auaall of (i Bl wells Lle
& 0653 28 oSl Ul & alazell &)6] sl
6 yianallg diol| rﬁ|)_'_>-§| 04 Jg= jgui 8§|9J|
dobio» Jiai @llg whasdl s daally
A il Lol . ST98lg ag=ill cp «bvg
adl plidYI G loisd plmdl i § dli
ol 0o Cus o L dtall o 8l 5SHI
IS lao wleall U dulio 8yl
a0 1y Jhnay £15)] ddelss dSsac lioeas
.Opain T)QMQ Wkew

Thorne-) WeKuj-0yed py=
:(Zytkow object

des auSy § iy GBS g0 e 92
Loaic (_Jiuu..ug Augi” chg)J| ng);mﬂ
Lo gdting s joo! Gllac o gliy
0o Sg . Jalslly BLSII 16 1o Ligyioy
daze Jaloy SV dopigll il 1545
dpaa Sia G bl 4l (dpde poe
1Bl .dgS Shahs alsls ey (ilas!

J2 929 (Gravastar J 8l oy 16 Sl
busy §18) BUE o ek elogud | Lghil @aI,sI
dalball A8l o £

a2ill allell.asell dAla

el Lo Joo jlae & ool celiay
oo Al ol ol el Jajpdl ~grasSl
Laf eliSey ey b ol lio Jaay
1S doweST o pe 45l dsSyas Josl
A8 il e sagedl dplall ageill &gy
odo ALl dipdly jediw el @g) Lo
Josiew liged d5yall pé «digiodl pomill
Black Hole) cloguull wigdill clalis» STa
Oly=all e dygaiis pgd5 Cus (Mimickers
Al Slwasll Jis L als dedlgll 5ol

Ul § g
28 drasdll Al o wjall Gl Lo
ol § olyis olg¥l ol syl
Sl enllsdl Jiar Lo dslall cbjall
Ay luass ST ellais
Brown) daaulll pg=idl WSleS
:(Dwarfs
Pozs Jo= )95 SlgS Joally Lazg a8l
is Slnll 0fs wells gy e oy
08Saes SgSU1 O s dlimions dids (19w
S glad jhotwl Lusso
:(Brown Dwarfs) duidl al;83I
Sl B 87 Gis5 Alald pgmin 2
LesS1e8 (Sl A5, Ly a0, 29 (ool
lio Lo T duyd oblae & obedl oo
(Deuterium flicker) agyigall (Auag»
2995 8=l dddia Gogi gladil dilac 9o
oo gulall olie) Aiai §ad ey 6519

0gsdl g dasle (Little Red Dots) «épso
Jo= Sldl dl=a (1o 09 daell al) Suall
poz 0l Ol clalell (As adisy .(wlymall
diallae 83lo (10 degion Cuud LB dalbe
s3lall ls Seall oSl § Lo G L)
lojlomis| (S0 1S @ iy T S dalbrall
loaicg .Sl jgb § clS &l ageill Jol
i 365 dalbiall 8slall Slapue el
Trngio azill elad 8ol 1905 lS iy
dexdiing B3y Able sgmill ode gKiuw
Aol Wlaw § ob & aSe Lle
:(Axion star) oS3l @z
@laadl Guadd]

o s (30 )95 dallhall slall ciS13)
928l 383 @rw= 929 (Axion) grwsdl
898l dpabl olodl Losy puwad S
duigjen lages S 08 Lil8 Bay0l dygadl
@l dgier wlapmz (o diglin LT J] disws
ole OgrsS¥l Jin auso sac (Spin) G
gy o digiall dpslell pgeeill Ol
pozll 0l oS .0gpglly wgigrdl Jie
olidil-jg wléia e fle loyog> @
49llac  (Bose-Einstein condensates)
S pat dlasyl KlGall § sslall dll> Log
B3zl duagaS A= Glagwsdl ©lylle L
& A pé (49 gl ga Jelai ¥ L%
JiS5 o oSy Jllig (Al ellias L8 well
0 ol oy lass JSad) dudlsdl Jaty oo
Briolie dils

Glos &-655
(Sl Jio)

@Q*

(u-m-” Jio)

6935 Zlowil Casy ¥ P2yl glovil ue?stee" gloudl
(04ls 106~) (04l 107~)
808 00 Jigbg ploiume
1M; 13 M; 80 M; 0.08 M, )i
M<13M; 13M; <M < 80 M; M >0.08 M,

avad dojlll dlisdl 2L 3 L isd dls CS1981 (§995 dyglaww plpf@%_u“pbé% 14 Jadl
-Srunall LSgS dliS 8,0 809 13 (yu LS 2ol lagacy (dibibe Lag

@ligyigud! O bl Gas g5idy Sels oo
dololl W)lo8l (1o cluu § «Jhoxin L
8olall duoy0» J) 1o (638 .dy yallg dyléuully
abilall 6,5all :Bodmer-Witten (ya «du,sll
;S!I Al 9o 28 «du,ll solall» ol
luso 130 OIS 13] .0l § Balall Tlyie
{SleS ez | daposdl @l Jomiy 499
o0 8alg dehd cumal 13] @il e, y5¥g
8,3l el J3ss 088 «ole 8)3 duysll dolall
139 .dyigSIl Ggaells lalas L du,é 8als
lolas 9asi 8 839290 pg=mill 0da culs

gyl pg=ills

:elac3] jeituall d8)lae
sy Gl il

99 dyazill ddpasdl § 8,61 ASYI Loodll Jol
& <@l dS)loSIl pgemill> J paasall el
Jorgsill @zl Gg @S azg5 (galall el
Gl Ll dspl L\;> dgd dudl=dl eSS
Sow Gy ¥ «wligigndl J=ls wliorstl
sof haall jaiwl o Ila oSy .lgyigull
@ligygull O el Gas g5 Tells oo
dolall W15)lo8l ya clews (§ « it Lnds
olall duydm Jl13o §o5 dually duloadly
dabilall 6,5all :Bodmer-Witten (ya «du,sll
J«SXI Al 965 28 «duy,2ll dolall» ol
Lusmo 130 OIS13] .0gl § Balall Tl
SleS @z | doposil @l Jomiy 299
o0 8y dehd cumal 3] @il e, yis¥g
5,0l el 85 088 dysle )5 duyyall salall
13]g .dyioSIl Ggalls lalas L du,é 8als ]
lolad 95 9 B35200 A=l odn wils

Adgyigrll po=ills

sl 9ibl 1zl gl
09 ecoe II

iy ¥ &1 pgemidl (e s of sy st
o9 dlilall § «dalball> clacdl L] Lo,

cgall go Jelin ¥ lga (e degian

syl L3985 dallaall pgmuill
eyt |

et gSanls o sl Ul s
cpas> bla» e (QWST) Jladl cug

e galall sssll ¢ gatellgiladildlaa | 12



Pa30 $glawll ajall und

ale aogi phcl joius

Sl Lals Pa 30 @hacl yaius Ll 198 5805 16 JSadl
&l 8alall unugsof JLe Ue elig Lo J] cupsl o doliiel pé Bges aiaj 21181

il (635

5% gov Sl /@S 16.000 Ljicns jolsis
go gbyl ol Jelov gl dop o
jaall JSal @i dagall @gidall slgall
candl A3l e dls of sdisly @)
The «ljailiy as» (§TJI;‘>_WIJ_\JL:, A= jol=i
Sl o=l gag (Chandrasekhar limit
8 aloss Ll 238l gt Gl gaBl
830 1.4 95 diasd &liig yltuws pé gray of
Slalisxe Pa 30 gy 13La)

oo ddiaall dadiwall dbghll baul e
Ll haead e wlasy SST @uadl jSho
Wbl mw Jio coabell olypiuall
auind Pa 30 bl .dliSing dihiare G elliad
Ayl Ol of cbaigdl 8)25 s > ]

.6 da=ial |
ov G @ psIl Gl § cudl e
biall huwglly  doypull - duazmidl 2l
J=b @l hag goai loaied .39)
a2y Byed dimuo] wligy JSat sl bwg
Rayleigh-Taylor) ,oLb-Gbl)  dylydiul
0do @jaii WA=l @hss G -(instabilities
SBoall oS gt wblhal Jab sy Gl
L) comaw Pa 30§ dolsdl dsbjal
o) LISs Lle d.bQL-zAg dadians el
|J—<.m9.) 2025 pLC (_)J-\.u.) d.,.ub.) Codd _\99

Al ehall 13y (alipsg o

15 | sicgalalisssil @ gatell cilndill dlaa

03 § il oI &Ll § Lrasiy Of Ul
dlisd Sgw BiE U Jnde e 0gS dlsdl
S §16 Giin o Gy laig 83kl 3o
Bl agle @l cupendl 1o 8l w6 e
«gugill ezl @l dusall olus¥l @

. (Zombie star)

il ol adislg  Pa 30 r.u..)w.J| :5 JSall
LAl A3d) «Qugj E=i» 2 0jSye § el

r:LC TIax 894.” UAJ.)LJ ‘nb.clJmm Y L'>u
(91181

sl Ll Bgyeall (Pa 30 J gjSyall sl
diasd T_>L_U &l (Parker star «S)b asi»

3 —
! ’ WEE 12 microns WISE 22 microns

WISE 22 microns

dimgall Jlgbfl dsasie 90 13 JSall
WISE woye L baisdll Pa 30 sl Ll
busall @ndl b5 gradl aoylg
QWi oy bao SUi| 59 S5Spall @il

ol § pasiall Cogall Jobll

20 0¥ Gl @ dale 850 Lyld) |
iy jols ¥ ylially 1181 ale i
las (0lS 5800 g Guaddl @hw &)l
Gas Gle Wds dslizial 8)h=l 0da Jomy
Topasd capll golall § 89 inic
whnituwall o joU Eo5
wabsll

Llé; awio ¥ Pa 30 of @lwlall oy
.(SN remnant) dalieXl Labrell wljoiuwall
A3l 4803 Ta ggill o el jsiuall 98
S99 Gb> lzail dei Joll Al
pbsal Gl juadll 5o Gaull ajdll el
Of a2 diwwads Ling sl dbsvgio pgeill
Ol daz> O péyg G99l 103989 Adiins
LS )5 QS e Soimy 18 (5,3l o
" omaddl

ool a3l L 286 Pa 30 dl> § Lo
Sye 830 @9 ] ydy Lo gleiidll oo
of wdisdy Jax ol o Labell Oljsiwall
0o el (303 glodil o Liiy Eoil i
289 il e Reg . paedl lapa Jo
L5 dy el dSymdl @8l)l olaysdl Olia
lead s 0byi6d AJlE wlzge lao] pe

a8lall ladé deis el gwjd gloasd dedgiall Jolpall Jududl i gdgs 14 JSidl
oo Jiz S99 ,5le JL-usuI Gasy lag=losily laplsl geg ddiil wlzgall jlas] pe
ezil» @l Blist 8 yef dlisl dsld dpam Llsy calsy Uy Jall [o:u”).a..\.l 3 Jax gqul

.Pa 30 [QJ..\.«.MJI ,3 Gas Ll Adis) l.af‘«é\gg).”

.aasll ALy

100,000 au

Pa jsiuall Lldy dergall Jlghll s3anio jg0 11 Sl
sdief Gl giSall @milly dbumall &jlall i w5 30
A1181 ale g8 b sl jotuws lodil o Lo i

CLﬁl)JJJJP\‘ J\H;{ ﬁ)ﬁj

CERIST - &alsll dolusgll 8 Eamdl 5u5-g

ciljeiun Lo yelghll oaa Jio gl pgul wWyei .daj0all
locghun 6 i6§0 Goaii 26 dlile droni wiljlasil gi.Lalac
Jaaidl le «alhcill yeiuwally gl Glaj Lalash el Lle
10l 03w (Jo liuyi) glils 20gig poaill gae Lilaill
pgaill Jlmil e axilill Al goill go Labrell wijeiuall
wobell wlpeiuallg (s99ill loagdg slai aic dlisll ddils
ac) g3) i pé gapl pjs Jlasil ge dilill Ja ggill o
Jle Jgiell o Mg clalell Sy al dpdy Wl el d8>

il clls loals il layl

3 g0 «02ill pllell e calall 13 plEidY il ¢, o
los g gulll 4is jol I3 @S ggpi LUl dndll odo
o Lolilglii Lill calegivgall yhes ) dagell dinys Liniaiw

921l Layl] ,@iii 26 Ll dalisall yilnall Loy (gog . J1d
il 6 3ag Jhao P anig gg)s diilai go SV
P81 ple L 96 Judill Lle line dbpaugll disloll
Jgabs Jéluwo JSain gllllg guall ;9 clawll gidlio g§>
189S Jio leblus glS .,unsIl cild @595 6 «Laph pain
el digpl g Laidy gi Jis logy 185 cisog s siivall

S il o BT Bae gl yae J] o)Lad
lio asdal 13y lale 850 (o wiS T

Az o ogadll sleg Adyall

ggio ut S|

auiyall 358 sl marall pdel wagsl

s dained] doc¥l 390 12 JSadl
go )il woye L bl 3C 58 jeiwall

easllg Syall @ doyigull ol y 55 S
el N e @l @ busmall

s ol cllall alle aaisl 2013 ple g O G U A1BL yaleso LAJ 3

iz dedlll by § bs ldls Ly eluas
Ayl JEs WISE el dsyldl elyas|
6555 i Wie Cildg Pa 30 el
Sl cais dmWl oleldll oS (gsle
(4lS 200.000 g dijly> gl (&iShe v
/[Qf 1100 u)ldS dejuu daal dojle bgusg
sac of 5 eholl J] saaill i g aie .5

Llsy 90 Joyigull pilly .ol dopiod ez
a0 diydler b i 1 A G5 oo
ailiS el I g9l (o phiel joime jl=dil
va i gy load oty ¥ 65 § il
& Jorio ez 948 LAl el .l gl
Sl arid dygo Eled] pjE Juup gl
Golll 13a ol gbls wluld oS dugs

e galall sasll £ alall caladill Alaa | 14



Jorgen Christensen=D
The Astroném :

\@ Jlos.s-:jlgall g ol

watall g i
Wb Jouiy duuasddl Jjyjil aleg pgaill Jjvj ale slgy jpi 20l 22f ( $)lais d1Sle cljio plle g 3l umll>-cpuuiiuy)S (é)g
dreninll cabayaill Juai JA5 o pgaillg Guasil duslall ddl duwlps Gle dilul eijS i adg (puge)l deolay § 2 Aliwl cunio
Lojglnig Lojlaclg pgaill LSy amaé 6 dicgi dlai ¢l 8 dilul cramwl 16g daakhuwl e

(Lwli) disy oVl claall dlisgl deili Jac cilegaan o6 disgiac JAbS (yo ddgall diilihall g jbioll ,cml o 2ac 6 lidps &l
3hS bl Guljig ilkall S LigSauli damo o 1S)Livo lisb IS oS . giall Ligygll amjallg (ESA) dugjglll clirall dllSgg
déguun pc d6ay dslall lanilnd (jc waaisllg pgaill O duwljal wgSuulill eulily paiiuwl Sl pgaill Jjuj pglel

Guest Biography
Dr. Jargen Christensen-Dalsgaard is a Danish astrophysicist and astronomer, widely regarded as one of the most prominent
pioneers in the fields of asteroseismology and helioseismology. He currently holds the position of Professor Emeritus at
Aarhus University. His research has focused on studying the internal structure of the Sun and other stars by analyzing the
natural oscillations on their surfaces. These studies have led to a major breakthrough in our understanding of the composition,
ages, and evolution of stars.

Our guest has participated in several major international space projects through his membership in working groups for the
National Aeronautics and Space Administration (NASA), the European Space Agency (ESA), and the European Southern
Observatory (ESO). He also served as a Co-Investigator for the Kepler space telescope mission and headed the Kepler
Asteroseismic Science Consortium (KASC), which utilized the telescopess data to study thousands of stars and reveal their
internal properties with unprecedented precision.
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CARLA MITCHELL..

The Woman Behind «Africa2Moon» Project

Guest Biography

Dr. Carla Mitchell is one of the most prominent experts
in space policy, space economics, and astronomical
technology development in Africa. She currently serves
as the African Program Manager at the South African
Radio Astronomy Observatory (SARAO), where she
leads the development of astronomical infrastructure in
collaboration with eight African partner countries and directly
.oversees major strategic programs across the continent
Mitchell is recognized as an international pioneer through her
founding and executive management of the «Africa2Moon»
project. This ambitious space initiative aims to launch
Africas first lunar mission to deploy an innovative, low-
cost radio telescope network on the far side of the moon.
Alongside her technical efforts, she is widely known for her
active advocacy for womenys empowerment; she founded
the «Women in Aerospace Africa» organization to support
female researchers and engineers in STEM fields, and also
established the «Foundation for Space Development Africa.»
In her academic and professional background, Carla Mitchell
combines deep expertise in managing funding strategies and

an intimate knowledge of international technology policies.
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Interview with

Prof. Karim Zaghib
LITHIUM..

The white Gold

That is Redrawing the
Fututre of Energy

Guest Biography e

Professor Karim Zaghib is an Algerian-Canadian scientist and
a world-leading expert in electrochemistry and lithium battery
technology. His research has significantly advanced modern
energy storage, particularly Lithium Iron Phosphate (LFP)

batteries, now widely used in electric vehicles.

He is a Professor at Concordia University (Canada) and
serves as President and CEO of the Volt-Age Electrifying
Society (CFREF), leading research and innovation in the

energy transition.

Professor Zaghib holds over 550 patents, has published 425+
scientific papers, authored or co-authored 22 books, and
received numerous international awards. In 2025, he was
appointed an Officer of the Order of Canada in recognition of
his outstanding contributions to energy technology and the

global transition toward carbon neutrality.
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Geothermal Energy Type

Temperature

Primary Use

Very Low Energy <25°C

Geothermal heat pumps
(GHPs) for heating and
cooling buildings.

EEHE Low Energy 30-90
LT

District heating,

£ greenhouses, fish farming.

High Energy > 150

Hg Electricity generation.
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“Scientific Echiheb” is a science magazine edited by the Research Unit in Scientific

Mediation (CERIST-Constantine) and the Sirius Astronomy Association at Constantine

in Algeria, in collaboration with the Directorate of Scientific Research and Technological

Development (DGRSDT). It tackles scientific issues of timely relevance with a strong focus

on astronomical ones. It aims at spreading scientific culture through original articles

written by astronomers both professional and amateurs, as well as students from various

scientific fields, making sure that the information provided is fromreliable sources and we

are strongly committed to relentlessly fight against this new age curse that is fake news..

It also makes a point of bringing the facts from leaders in the fields around the world by

conducting extensive interviews with some of them.

The name of the magazine is inspired by the Echiheb magazine founded by Sheikh

Abd El-Hamid Ibn Badis, the founder of the Association of Algerian Ulema which was

instrumental in preparing the Algerian people for the struggle for independence.
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Editorial

Between the Pulsations of the Stars and the
Sorrows of Humanity

A century ago, astronomy barely touched
upon the secrets of the stars. Today, we conceive the
star as the most fundamental object in the universe.
Much like the biological cellis the elementary building
block of living things, the star is the indispensable
matrix for cosmic complexity, forging the heavy
elements essential to life. Within its core, these heavy
elements are forged, and around it, planetary systems
organize, weaving the backdrop of galactic ecology.

This eleventh issue plunges you into the heart of the
“Stellar World.” In our main dossier, our contributors
explore the internal workings of these thermonuclear
reactors. We also have the honor of hosting within
our pages the Danish researcher Jorgen Christensen-
Dalsgaard, a major figure in stellar physics and the
spiritual father of asteroseismology, a booming field
that probes stellar vibrations to map the invisible
interior of stars. Furthermore, we give the floor to
Carla Sharpe for the AfricazMoon project, alandmark
initiativeled by theFoundationforSpaceDevelopment
Africa aimed at deploying the continent’s first
scientific mission to the Moon while inspiring the
next generation of African scientists and engineers.

As usual, the various other sciences are generously
covered. Notably, we welcome the Algerian
researcher Karim Zaghib, a world authority on
lithium batteries, who deciphers for us the future
of this “white gold” of the energy transition and the
strategic opportunities it holds for Algeria. Moreover,
from fundamental physics to regional technological
advancements, this issue offers a rich and accessible
panorama for all curious minds. Our usual sections,
including the spaces dedicated to young readers
and major scientific news, continue to build bridges
between academic rigor and public dissemination.

Yet, our eyes cannot turn away from earthly realities.
The dossier on Gaza is here, as always, with a special
focus on the “Gaza Reads” (I,& &;¢) initiative.
Amidst the rubble, this campaign demonstrates
that knowledge remains the ultimate weapon of
resilience. Just as stars convert their matter into
light, the people of Gaza transform their pain into
an exemplary intellectual awakening. Out of the
ashes of destruction, the light of reconstruction will
undoubtedly emerge. May this issue remind us that
the quest for knowledge is inseparable from human
dignity. Asteroseismology teaches us to listen to the
hidden vibrations of the stars; history compels us to
listen to the pulsing courage of oppressed peoples.

Jamal Mimouni
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