AXinoS as L—qu‘t Dark Mddher

( Haoms/oma Oniv, )

Davk Side s§ the Universa
20 -24 Tume, 2006
VAM, Madrid



L.ight Dark Modter - Tatirodu tion

. Evidences ‘o Dark Matter — Rebalion Curves SDSS,WMAP, ...

o Nature of DM ~ Newbral, Weakly Ichemc_[Xvwg\ Stable
QDM =0.2
o L’\‘g‘n‘l: Dark. Mdtter (LDM)

- Mags  {— 20 MeV

— Decay o Poenihilation

51 eV Yrays Lvowm the %A\ac‘btc lou\ge
Y-ray bo\ckgroumo\ ™ -2 MeV romge

— Paw-'b\‘c Qe, P»\Yé ccS ‘moole/lg
Amm‘r\'\\' \a‘b?o'n — 7
Decay - A xing, Modult



5144 kel ’YY‘o\yg ‘FYDW) the c]Aq%ct\‘c ceviter

- D s covervy * Johwsom, Harndem , Haymes, ApT 02,14 (1952)
»Io\m‘ﬁﬁm: [~enevithad MaCallum, S tawn AD 226 14 AT
ete™ amil Qoq:’izo'v\ i
e M - 'tl,.e_ BY\ ay 4-F w emex clhe 0’5?‘[’}’0 S
Vs m 749 ]
o bhe Ldest obsevv&'b\“ov? ~ SPT sbead i aINTE&RAﬁ.
—tdad fHux = [673 Phs’['oms [em. s
._fyvxovFlnoﬁog*a bf 34\14\6[7\2: looa.ﬂ%e emissim
o~ é[J\(AS’s\“O\/V\ with ~10 F\A)HM
— dise cngoMewCl" : /Q_mrge B/D 944%{'"°Y€ﬁ7 Yd—ﬁ) .37
(ef. B/D mass raio 0,3—1.0 )

..............................

A

\

2 5 1w 1 E

- t s § I\
o ¢ m B |

o 4107 4 T = | \
g 1 3 aw'

= 1 = \
g e T > 3w x \
z T z e

[] 1 5

Galactic latitude (deg)



Asfbphysi‘cd Seurces — ‘:mro sed o —fur

»Massite stars

o Hyy‘x»)ﬂnovox

» Coswmic ray \“que)mc‘(X?:nS,LN +g;}é’rt\++ et
° X—V‘TZ bf‘YlO\Y‘feS - HMXB) L—M X h_\ k %/D T‘—tﬂb
,Jv\e\rmmclew SNW _—— Y

L—?%\\D\' J\ax-\< ‘Maﬂvr ammi“m‘ ﬂo:b\\m / 0\26&7
- The ga&aE‘?\‘c halo {D\mjc\ﬁe Cam exP\ai% the ;\}514,%/17 redfo

20nihi Qo\’b\\zm, F <>
(o\e_CAy P f

o Emergy L\M%d — eagy 1o give omough Sux




(DM as the source For galactic St kel Y-rays
Boe\'wn, HooFejr, Silk . Casse, Paul, PRL92, 16Bo] (2004)
Hooper, Wang . PRD 170, 0$350b (200¢4)

o 5’]" k@V 'Y—YU\YS ’FYDM ‘bhe 3/&”\5&2 b%l%e_
— Cown?mg_ «vawn e’fe*‘ Ammf)‘)fla't\\bm ( oo M?'t)

*The sources of galadic ?osiﬂb/mns
— anih f\a@?@fns/o\ec«ys of LDM Fa\Y’IZ‘CQQS with mass {-1os Mel/
o Dosrbion pyopagation amd comihilabion within —the g
P—PwFf\Wf "En?v. 1hi No.o\ﬁ‘ﬂﬂ‘z\ of Pydvog” ?m%mzm‘cgﬂgdw
IoV\\"Z—A-U\oV\ Qosges O\j?t—f:— Q-XID—c? (ﬁg) (eri‘i‘é.é) GV/S
S'\:ow\“wg Aistance ’Rgtopﬁ‘_ 8% 15 em ( 1—-100Me\/)
Poq{'m's L v redias Qme‘%‘% ~ [o"—[oﬂm (400—4Md/

ccm o) ﬂ‘,\‘c‘bm e ~ ' % Rragon ,é, 4 3.1X10" %
[&6‘5\;’5\\?\%;\2(%?& yomdow taalk) EC J@a,, fc
Positroms owe <ol confined 4o the Ha.Qo\fE:C Lm[a(fe'




— AY\'Y\KL\(QA"(?{W\ o*f ete™ _
Cross edon for pair smhildfin of et with €™ < vest
)y px ~ 4 bam / 7 [ i A
?tﬁi‘[’Y\D’Y\ meom jfree PaﬂL 0' NK’:E)}ANV( e )x |0 emL
0\77R 5 A'ymi»\{\a\'ﬁms olo 'Yu?\', occur &)‘m’ﬂg_ r{;yoy)s are O_D; every) .
Aj’f A“vm’\ 1‘\{ L{b\o’w a\g?r ‘9/!@)/ mo-Q/Ea‘b\d{:’f "
— SN kel V-rays
ete” agmiht {odin
a\fweg mmih{foho%ﬂAT/o N
26ty oM UYWL —Jovwmodioy) Y
P (oorjcho eé‘radm TUM 4
{)a\Yo\ Posi‘(m)mfuw\_;
2) (O\OF) + 093 x;‘} = 0.6 P\«s\'uvx per amm?\l\\“gdﬂm__

~

— 3V

—> 2T

NG



6 P»lo‘t)‘n %[MX .
—-\goc,i{‘\mm mecf}“m Mgt = Nm [’
= r74 Jeca
reqf der
(a+ bUDM ) N pMm¥ O ﬂ'\‘ QOC(/TOYL

- P\m?[?m ‘)wAuc‘[?\w 737 = 0. 6ob5 )716,,_
“Tntensik S N el

NSty T(b) = = | M (r)dsS

%a&mfﬁ cﬁ\i\fy\ies 9%6»{'-—4;&‘%1@\” M‘esarﬂﬁn

_.F[_oJCA-»Q F»u:tm :ﬂwf\ % — JI(Q\b) d.gl.

"DQY\S]"'Y PY‘)&\“QL.OF ’eﬂe %A&CJV\\C a\mr'\< medter L\&QO

)

M gy ) = S22 Norwdlzation §(T5=5c)= 036 ar?
= oL B Y g Qe

Pulr) = fo £ \IS0 2 2 O 40 kS

pM (LYU_‘_t_[‘_)o(].é_;Z NFW | 2 1 @O o)
b B MBS 3 L5 295 0ob% |




o A‘rml’l’lf\o?bfo‘v\ of LDM
DM with mass My L M, Mx
Avmthilation chamel x+¥ — €<, v, 2P

Tominom
— 511 kel Y—ro\y Hux ot

L
21 () ) T o
P M - *—0,82 sr (7’dfowéier~ Cl'rdtw)
ﬁﬁ'ﬁam’(fm over the 34[«3(2:: hdge direBirm

ﬂ'hddﬂ’“
%‘t;p .|;g sectim %gf/)"f Jc‘;emdi'w% on the D:’\ halo fW‘f"LL,
~ 10— {oo

< 07> ph- S:;\;"SQ’:‘ (shserved value)
(2 (45 = 107107

— the awnihildon civss secion regui (
v Bom red ) ]
60> = 0. LX {X;: ( DMkf}M—-[ ‘ﬁ'\" Co ) emaﬂ YB{IC
P ) '\1%96\ o1 )

£ _
/—\ﬂ;owewt DfscveFomcyl “FE%’*’WZ*Q’“(@*\*QM(@W@




— Pb%ilotf_ SoQu'b\\OY\ ‘fbr | DM Ox’Y\‘v\i‘\\'\Aﬁ‘OY\.

° Mpy = 100MeV | mst goed

’dﬂ@rmo\lfo\\l?/ﬁ’ﬁ@\ cross secHim
GO s swall wmow, byt farge (v the eorly umiverce

o0 = a{@l with A b
: BN et

W o= et -
= S
X --——= e~ 7 e”
ferwmion exch ande Massve Jauge bosy eXCL‘aMﬂe
" . A
0.4 (0 3\( ;r;) oyis™ , b [ ('mm> omds!

Bsehm, Ascasibar-, PRD NO, [1SDB [200%)
Ascsst b, Teoon, Bochwm, Kmd \seler, asiin-ph /atodlen.

% To explatn, Jo\ne 'Marphoﬂm?fa af ’SHW\/ ’Pmys

o - term should’ be Tme



— éfﬂmm\r& c:g T - Pm—“l}?cQ,Q
* MU L ele Ziron, O\YlUMAQ»OUlS Wna?me{'i\\c %owseﬁf' , Q/«,e=(ﬁ-*73/u,e

0\ ‘ A §Q¢F§Y‘ '77}«,@
S o Sl e
mMay explm“n small o{fccrefamcy
§0., = AST— g7~ (344—349) x 1D

»Pmoluc?b\‘o‘y\ 4 LHC
ete — F + X
Ls e+ X



o DQC’O\V 0:? L—DM
sss withn the adadic loul
~ 541 eV Y-V‘O\y ‘:glbi?( / ‘:!‘gfsonds on e D?’\ hale p i&

H ~ 3.0 x|0%geV |
Mom Com 4T Qé—c

Mpm ~ 2b

— \Dm‘b\‘cﬂ physics medels ¥ abundomce A Lifebime ave ma
x Aximo relded ®n the decAy model.

% MoO\u[\-

— Morf\no(bacg of i kel/ Y-Yays yequires \exy curspy
DM hals FW:F(QQ-
Eowmihi lafion &£ o S’l ‘ﬂv/'k

De(a:y $ < f,//?
NF\'\) ow-\?(lm Aoes mst work By the Aecay Wlod@@




Dicect ¥ vy production from LDM oomthilatrn/de cay
Beacom, Bell, Bertone | PRLI, 030 ] (P008)

The dark motlor Amnhllo\’(%m procegs XX —ete™ & necessan |>/
recompanied by Hie process XX —~€fe™Y"

IMMA Bre‘mss('fa)tluw?

COMPTEL L EGRET fmeo\suver;M?(’é
4\‘@«6 of[TbVl :S:va -bhe ?J)«i*‘c @d‘er

Mpm £ 20MeV/

E2 db, /dE [Me v

0.001 =727/~




LDM AS the o\”\‘gf'r\ Of cosmic Y-ray backanund of {-20Md/

Ahm  Komdsu, PRD 1L, 06[30] (2005)
‘The origin Of the csmic Yra back YEMM( s the 6uFeyPo§§~b(},7,
of Umv\zolvul a<tironomicad Y—r(j $0l4‘r?€§ Aribided m the universe

Aimary AGNs — low onergy (£ 0.5Mel/)
* Ai’NS ( [‘::N::lealﬂaAé(l\)s — k\‘«akanerg? (?vloMeA/)
¥ SNs

e 420/ weplained e 0 M

y e 10 v LD[\/\ o
()\\ - . I
~ W, 1 1
10 M V Z : AGN ‘»‘1:5‘-@
10 dick P'% A T -1
20 [
| . -
2 [+ a
> [ HEAO-1 .
- 1 _h‘w---‘.__ .
= _ TEY g
ﬂ Sl R, SMM 5 COMPTEL
8 0 N R
| 3 l
1 hiu(keV)



Ax%"nos AaS L.OM
® PQ fmechomfsv& +
Uty CP problom

kSVZ , DFSZ
j:a, . P& SCAJ)@

ARX\BYL — _G\stve
boson. 2f PR sym.

Ka 6
,W\-A,N —_‘\'F—CD ~ ‘62~\D 6\/

O

107¢eV < o< 107GV

m& T“Q Qm &Vb'm imi’b\“ﬁi
m(s «i\'%wmewd"
—r DM axion

Suy%yw e@

Téwwge L\femc\r\y Pv»bﬂem
oxion. suparmuibiplet
A= \%i(?'[' )+ 0+ Fr80

SOXIBYL  OXIDN  ONKIND

<S0SY \Dveaki‘vng
Grra\\)i‘vy medgakidm.

Gange mediokidbn,

A“)’\D'Y):\w\y ’YY\eo\ ?OUHB‘V\-
Mirrage medradidn



e The Aximo Masgs
The auxino mass depends cructally on the cory of SUSY
—S0GRA wmodel

?emer\*cany My ~ M3z, ~ 400Gel/
Spec ta owv‘amae’vne%'l: — No ccdde model

Mz ~ | kel —10 GeV

— Giauge medisded SUSY (GMSR) _
hidden s=dor §eld X, F : A= = = I0-10°l/

2 L _ g
(YV\JK ,._,_KE& ryy\s_—r :? (Wls-"rma/\
d:% UCos (ms‘: 3-30 66\/ "E’le?(:i—"lDMQV

% V\)mrk‘img in OFSZ + EMSB Lo tlluncialRre



6 The om‘g\“‘n df CosSMIC axinosS

- the reheat bomperature Tg
— +the axine O\eCouPQA“M ‘Eelmpem‘finv\e
T = 10° GeV ?—Aﬁ» ) (o)’
—Therma Pnoluét\“on
S 7 Ty ¥ OXiMeS O\)@(‘FDPM\O:"GO‘ T’S’ My > « Jow kel/
Te< T+ Reaoneradim fiom the thormd badh

Quk =029 ZX\;(/)( ;(;‘;%9\7) ( b{rgd/ )

Ta=10-100TeV H» Mz =1—-20MeV

~ Now-bhermad ?mo\uc‘[?oﬂ,
DQCAY; of L_.OSP (Qi'skbé‘t or‘o\l’mmga‘ S\)S\f Fa\r"b?c QL)

(@ — Mx Qw

(m%°

10"Gge/




10°

1
fo=101GeV, mz = mz; = 1TeV
Yo = 2 % 10~
10-3
EXCLUDED
(QIPH2 > 1)
106 106
§ DECAY Tr(GeV)
10°°
«— SCATTERING 10°%
1}
! [
10712 ! ® DECAY —
... ettt AR HOT |} WARM | COLD
| |
i
10-15 : - '
10° 10° 10 1079 1073 1
ma(GeV)

1
Tr(GeV)



——COQ‘MOQOQ\" CJ cov\ﬁ'\TY‘ch{'s
« LDSP (nedioline) decays  uring or oftor BEN
Hadronic S\houJefr ;?sf\s e stamdord EE‘\) res:u.(H".

My > 150G — Ty < 0,4 sec

¥ SAX e ?w\oo.m
“The same mumber o’f Soxadns A ol\Aoeo(~
Saxi‘ov\ 4€C&>/S ‘ S——)-};‘; , aouy%;i.&oc R
o ! F
s 72My = <—bb

Ga[L | = 150




s The Decay of  Axino
— Q—PO\YT‘\TY : Qp = (—1)

Stbility of pwsln, LSP . Ligd K F+a)
R—Parﬁy e mot O\YC{'&{RO\ jcVDWL oy deeP ‘H)&YE'{TC»Q PY\"'Y\C??QQ\

—Rp vrolation
WR? - éf/'{LTHl W %NthFLJEE-l* X-;;)QLTQJ—D,? 4 e

3B+L—S

— Ao a\ecay
*TNQ«W\@M-% PR
X . ef Ta=10sec ("’«“22 ) (?;2\7)
ﬁ?f; = x( ;Dc‘g’:;a\/ ) %\L)Q 3>
< € dmzod (22




% Bilineor %
kamo—-H\ggsmo OKAND — Meu‘\‘}rmo %\xvng

Ke@ = ‘Xr A+ %%~ , Xr= PQ C\’w\\rae °jf' *$5

L‘XH, HiHe + Xyl € - J o+

2
q"é‘w\\x\m}‘—' KXH;Iuvl &H\ +?(H —\F ‘ (\Hz"’\‘(X)_d Iaf‘o:'. al),- 'f'h‘cw

o e, L okl
et e
Z T,= iz_xllf’%gec(w#;v ) (‘lj;y) (;fe)(ﬁ—ﬁ
-



-—'LZ? and N@m‘[?rf'no MASQ&S
x Tl QA"Y\@Y R/F

G » 2
PR oo~ m 'EM
O Mg,
o SV e
Xin € A ’ &“YY),)&0.0E@\/ v )Downdm:} Vm‘ues
Aon=0.05 , Mz = 10648V, Min.B=5DTel/
¥ BTQA\'V\QGN‘ JZP
‘Y\eu‘brfno—HTﬁasTmo MM Mp M'% % % o
\ fa o — — 2 - Lo
Sneutrino VEVs > ‘ o /g
S M tBitef | Py %4—7+m;82p,gff r%>

'\)-l ‘TY}%‘.
Ove fneu'bh"fno MASS €o~y ’"’Wg , ‘fww §=Aj§;—'l€\' k

= % Fu . &
12\ = 0.1%x\C co‘s(a’ (7P”\\)% ) & ( 0(,)’2::\/5/

sther yev™mo anacces — {rwm e Q/Cmenv‘ ’%




Comc\ust“ov\, 2( Ou":lbok

e | DM {wbvfo\es on exP\omoi\fm For

—‘Daw‘k rmdﬂ'@Y‘
— 544 kel Y-rRYS From +the 3Alad7c ba\%e

- D{"q-uce bo«k%muyd 'Y~Y‘0\>/S im 1'-'20M€/(/ Ywngf,

* L ¥ bams ol *rue , LDM provi des a %edo‘ Fvo\oe =f the
glactic DM hale Pm{-fq,e_ Bhvough {zkzmwy\\oﬁog? of & bl Y-rays.

% Digbindion Som a{\'mf\)ysfcaﬂ SoUreEsS
eq. M kel rraye Fwm Duaf Spherviddls

- Pabiicle physics model For LDM 75 meeded
— ~AOMN aximp Ts ~ 3030\ co\mc\‘\‘o\cﬁk'e\

- T\f\e Sowme /P; Com {)“ro\/ (de %he aX\ND Q-C-fe{?\‘fme,
And  Neubrinp masses.



