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@ Introduction

physics bgond the Standal model
B hierarchy problem

To sohe B dark matter

v

Supersymmetr (SUSY) is a pminent candidate

v

the existence of exotic long-id paticle X,e.g.gravitino
( In the frameavork of string theoriesmoduli )

We derive general and model-independent
constraints on the elic abundance of X.




The decy of X have signibcant ef€ts on cosmolog especiajl

B the Big-Bang Nucleosynthesis (BBN) (10' ¢ — 10*sex)
B the Cosmic Micowave Backgound (CMB) (10°! 10%ser)
B diffuse photon RBux (10*°sec—)

B diffuse neutrino Rux

What obsewation gies the most stringent constraints depends on
the lifetime anddeca products of X

decy product an irvisible paticle
B X! (Y +!

N X1Y+] main decg mode
{ X1V Y+1+2Z(Z) 3,4-body decamode
X1 Y+1+WW) ( Branching ratidB x )i

3 free parameters:Mx , !'x ,Bx By ! 1(X " 34body)/! (X " all)




( Reno and Seek 1988)
( Dimopoulos et.al1989 )

@ BBN constraints : ( Kawasaki and Mari 1995 )
( KawvasakikKohri and Mooi 2005 )

If the decq of X occur during or after BBNthe standad patticles emitted
In the decy can a#ct the abundance of primdral light elements.

Resultant abundances of light elementy isignibcantlcon(3ict with
obserwvationsAs a lesult,the relic abundance of X is gerely constrained.

B 2-bodydecg:x ! Y +1

|+

+ |' 1 electomagnetic shaer

| + 1 ! ) |
™ + 1* 1 p-nconersion

B 3,4-bodydeca:x ! Y +!+2Z(Z),Y+I1+WW)

! electromagnetic shaer
hadionic shaver




B hadionic energy Iinjection

® p-n conversion (t! 10°sec)

The mesons withelatively long lietimes such as pions and kaons
can cause p-n caemrsion. eg.l' +pl n+10

the overproduction of* He
® hadionic shaver (t! 10°se)

The high energ protons and neutons interact with backgmund
hadions bebre lose their energ and poduce secondar hadons.

the destruction of* He

the overproduction of DT and® He
e.g. n(p) + *“He! D+ T(°He)

the overproduction of° Li and Li
e.0.T(°’He) + *He! °Li + n(p)




B electromagnetic energinjection

® clectromagnetic shaer

Emitted high energphotons and electms induce electrmagnetic shawer
and energetic photons amrecursiely produced in the shwer.

Some of soft photons mduced secondayilin the shaver induce
destruction and poduction processes of the light elements.

the destruction of D (t! 10%ser)
D+11 n+p

the destruction of He (t! 10°se)
the overproduction of D and® He

e.g. “He+!! °He+n

‘He+!! D+n+p




B Observational constraints on light elements

(D/H ), = (2.82+ 0.26)! 10 ° ( OOMeara €il.2006 )

(*He/D )p < (0.59 = 0.27) (Geiss 1993 )

Yp = 0.250+ 0.004 ( Fukugita and Keasaki 2006 )

logyo(“Li/H ), = ! 9.63+ 0.06+ 0.3 (Melendez and Raneiz 2004 )

(°Li/ "Li)p < 0.046+ 0.022+ 0.084  (Asplund etal.2006 )




TFI
lifetime T

: I
Here we dePne yield value : Yx ! [?x]tl | lifetime
X

. _ A
B p-n conversion :*He overproduction short

B hadonic shaver : D and °Li o/erproduction

. 3 .
B electomagnetic shwer : "He overproduction




( Silk and Stebbins 1983

@ CMB constraints :y andu distotions gﬁfgﬁggi?knggggtg 198

COBE obsevations shw that the CMB spectrum is almosgkerfect blackbod:

Therefore, ary photon energ injectionthat cause distdrons in the spectum
of CMB ake se/erely constrained.

{ M distortion : “20.7114.!.!' (10°! z! 10°) ju! 9" 10°

y distortion: y'! %% (10°! z! 10°) ly|! 12" 10°

( COBE 1996Smoot and Scott 1997
B 2-body decn

| L

+ lgg |
B 3,4-body deca
X1V Y+ +Z(Z),Y +1+ W(W")

Some of the energof these paticles comwvert to photon energ.

+ |' 1 exotic photon energy




lifetime T lifetime ¥

B When lifetime is shot, the constraints a& determined ly 2-body decy
The constraints become sere with largerin x

B When liletime is longthe constraints a& determined ly 3,4-body deca
The constraints become sere with smallern x
Ex 1 /E x = 0.25¢ (mx = lOOCﬂV)

Ex, /E x = 0.05¢ (my = 10°GeV)




B Constraints on elativistic enery

A late injection of elativistic energ could be spotted in the CMB
or in large scale structar (LSS)&gadless of the emitted species.

The combined angsis of CMB and LSS data leads to an upper bound
on the excesselativistic energ density at ecombination.

the efective number of neutrino species : | N!e! | 4.6

(WMAP 3rd-year and SDSS LRGS)
( Ichikava,Kavasaki andakahashi 2006 )

My = 10369\/

| Constraints from | N&

TF|




( Ellis etal.1992 )

@ diffuse neutrino constraints ; (GondolaGelmini and Sarkar 1993
( BeacomBell and Mack 2006 )

B 2-bodydeca: X I Y + I  (E, =mx/2)

When neutrino injection ta&s place at late tim¢éhe emitted neutrinos ma
produce an obserable peak in the diffuse neutring + ¥,  spectrum.

The atmospheric neutrind! v + 4) has been obsed by

_ (Ashie etal.2005 )
{ SupefKamiokande (3.0! 10 *" 1.0! 10°GeV) ( gonzalez-Garia etal. 2006

AMANDA (1.3! 10°" 3.0! 10°GeV) (Geenen etal.2003)

To obtain the constraints on the neutrino 3uxe require that the signal
from injected neutrino should not exceed the atmospheric neutrino




No appreciable signal o¥ was detected at SK.
through (& + p! n+ e")

This experiment set the upper bound &  backgnd Rux
above a threshold energ

The upper bound of the diffuse sigrnal 120y

SuperkKamiokande ! < 1.2cm °s ! for E, > 19.3MeV
( Malek etal.2003)




my = 10°GeV —

(F7 DN T T¢

b
2| H=

g B@
E&

present neutrino energ & lifetime T

B When lifetime is shot, the constraints a& determined ly diffuse'd
The constraints a in proportion to 1 x

B When liletime is longthe constraints a& determined
by atmospheric neutrino

The constraints a roughy in inverse pioportion to i x




@ diffuse photon constraints :

There are two points diferent from atmospheric neutrino case :

B Injected photon spectrum is not monoenergetic

photons fom 3,4-body decaof X X 11

photons poduced ly inverse Compton pocess

X! eande+ !gg ! e+!
photons @duced ly inverse Compton

My = 10466\/

photons flom decy of X

L

photon enery &




B High energ photons scatter though various prcesses.

+ I ( Zdziarski and Sansson 1989 )
'+ Icyg! T+1,e + e ( Kribs and Rothstein 1997 )

—+ ! ( Salamon and Stesk1998 )
! IBL l e+ e (O < Z< 5) ( Primack etal.2001 )
( Stecler, Malkan and ScylR006 )

monoenergetic injection : R : o
. ; Einj — 100G é\/ . E_ ( Stecler,Malkan and ScylR006 ) )+
i ",

Oo

. . ! X — to i 1e+05 ;
with scattering : ()
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The diffuse photon Rux has been obgsdt by s present photon energ
COMPTEL(0.8! 30MeV) (Kappadath etal. 1996

EGRET (30MeV ! 100GeV) ( Seekumarand el.1998 )
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(F7 DN T T

5 4G)
E &

present photon energ & lifetime T

B The constraints ar almost independent ofix  at egrlime.

B High energ photons ae efectively absorbed ¥ IBL photons.




@ Results:

EJSZVTE

EJSZVTF OFVU

lifetime ¥

early time . . _
BBN CMB Iatbé tlime diffuse neutrino diffuse photon

sa/ere
se/ere sa/ere loose
loose

se/ere irrelevant irrelevant se/ere

severe




@ Conclusions :

B We hae consideed the long-lied paticle X which maint decg into
neutrino and inestigated the edict of decg of X on cosmolog.

B We deriwe general and model-independestnstraints on
the abundance of X ém the BBN CMB,diffuse neutrino

and diffuse photon Bux.

We shaw that the BBN and diffuse neutrino 3uxgwide stringent
constraints on the abundance of X with larger mass.




