Seauesiored Dark Matter

A Hebecker (Hedelbers)
in collaboralion with B. v Har!:inj

Ouiline
o« Molivation o/ Lhiroats wm the é&oe I Zamd:cql/oe

o Eneryy tranclev fo throats (= Sc?uea‘erea{ Sectors)

. Enequ Aensily evolution in the Hhroat

° ﬁe(:'c.r i the threat anol thels a(eca}/ Lo {bhe SM

« Dark maller abundlance ond Aeteclion via decays




Thtvoduction

Kobanov- Streasclee Thioat as a Stingy " vevsion of the
RS mooe:

-
AAS AT T
a/a /0 g s "/( le 6anw-57[mxr/€r
CV—&V:?M-/:'—][DZM /\ 50/61/1'0” "
( ”Cow/aam/ space”)
v
l !
I l
UY- brone /40{55 TR- brane



Wég Jkau(d we care about Such Jpecz'al Solutions ),?

« Moduls Space a/ CY has many /Dm'm‘.r where .rz'nvmfm,'/:'rf

Aevelop : @ . @

(Séw'n/erltj Cycle )

. A ;(mw'c J&IH'M/{I'Mj 3"(?6& /Omdw.cef a Comfa(ﬂ(
S/;}g%(arl"/f -'

—>
//e+x 7

14 A

//?+x 7 A S3es?

a/o/mx frma te



Recall ihe gmemé ‘ole o a»g Z(ux on a cycle :

o Consider S1- Cgc& with some #z?!d M(arj on 14

C > fietd:

—
X

o Miroduce 60(”:0(&»17 Condl, fions (xc(udz'mj ?(KJ = 0.
?’(’”2"') =)t c

=> gmd:'ehﬁ tnergy s ch/orceo( &; feame/rf

it bive olcture:  Mobius .r/nf) @

(?(k} s encodled in am(7u(ar /oos#zbm 4,/ the e{ano(/




o Z_!/ ﬂ(( J—C;C&’.I (’mr/ /c.ﬂbtx
v Let the "Confold 3- coqc& ' carry @ smal{ /fmx number

= This (<7C& shrinks 4o almost 2ero Size ;
h/e arvive a/ Mc #rraaé jewm/ry ;

>~ (==

7his (7(am<¥7 5 a resull o/
He bacl reachon o/ 7/601)(@!,

(7_16 accumulation a/ //M,v yacuo. heow Cam'fo/a( /DON“/W[I/ /%rlafyzhj

tor oat j(omenlrz'(f/ hac been discussed | ¢5 6, Denef /Doustas 04 )



The ubiquily of throats i the '[<7/0‘ 1E landscape con
‘6( %MV-#’!V _?'MQM'/I'./I'CQ// /4%/,]/('(%64'/@0:{{/(! /ﬂ{/

. 7/7/'m —v/umhj o,/ A w 7/(00( A'screduum  needs piany 3—%%/“

. /Dmgaéf'/r'//v for Jome o,/ #t(.re (gc&: 7/0 carry small //ax

]

(5)/ CAﬁmce 1§ /nrje => ex/oea# Wlah/v #lr'oaé.r

Move detated qnabysls Shows:

e 40 Cgc(e: ;€73 = wapy /atm[ar;r Aopwon 4o 40-3
» 200 (yc(lf / C= ’Vz => &/ar,a 7/acvz0w Avwou  fo 40_“

—— (+many shorter throats)
O] - humber
pﬂmmc#(rfi/;«j oL L nDVance
of gentric. CY modul! Spaces



=> /e .]/p(fow:hj sitnation may be o ;W'fd"c’/’b”" ”7/
the lanolscape

\Yat! &eclw
realized d)/

brane models

gh(qy 'IZVHVU‘ v

r \
i Carly umurtrse

M/QN .(’Céf, —
&_/ (téj’hé KK modes
m troatk



Energy transfey fo the throat

vty voughly:  Throat 2 N D3-branes £ U JHupe Fheory

/VA Z’Vz 2 | 7—43 . 7—-3 (C_/ #arfzhj, %/céec/«u/
/L/OJMCA/‘l (07/

t Adominaies 7/ar jemw'c A

Cuv Q/pp{l'm#rbm.' /V,, — ; (; ~ 400 -,['afr S'M/

My — N (of Sl of K S - Throat )
= £ ~ az/\/ » 19 (This energy s amickly tronclerred

4
Mt, to Cociest KWK maooles #vraa_é/
L ——

—
2 é:(m.é’a(lr of mass Wre



° Ehrrjy 7‘mm7[a/ & dominateo 67 /mw'aa{ (;‘Mm{dl'&{{(/v

7

7
dodat 91 £~ ;”/‘/vZ R
M,

aﬂ(v mhca#fnj :

Tfm: evrolution o/ enevgy ﬂ(CM.S‘I"(Z

") MIR > 7/ZH — ho thtryy o((/aw::‘»zt'an

2) Toy > Mpp > Mre ( The IR-scale for which fhe throat i
healed p/—c,c:';efj lo 1'fs phase franseilon
%{m/wra%we/

5 ;Zuala((r a&:a/v.r non-relohinshe . scaling: § ~ a’
3) WIR,C > M1k

o troat heated o dlwmlfz'mal /Dha.re

o /‘m'-//'af Scalemj S g af’ ‘ (mZ” ont § ~ a

/

3



10

@ea’u@({'@i ”dm’k VVM-#{V ! a(ensc'v{}i

0 l‘ ,' f _g_ = _ﬂ. -
CONyen ent ?Mamﬁ #f s °© M . ¢ Wl:z)
3(a¢€a(( # densdy normalized
m- 8y enivpy densily
/\Ml 7 Py
=>
|
I
! |
\ . >
— T
W'De,c : 'RH
l
|

This ‘maximal j(ue&:ﬂ a/m.r,‘%y Can Account 7/0:/- all
Aavle matie~ z‘/ 7,_9H ~ A0 Gel/ [{'or N ~a0)




T oM _ Ny
//QH A7 Gy = WI/\’,C A0° Cel/

Y

=> 0/0»11%0«! DM - abundlance ./ar- 406 e/ < Mo < 10" gy

DCcaj processes i the throat

The energy n the throat U'rvy ?_w'a/dg endls Up in the
Ztghée:é jfueéal( ctates  (which can not decay mto
ach O'MMV)

e I most cases s vt be the szhée.ré scalav j(ueéalc
& its fermonie superpartner

(As we el see | s Suptray mmetvc JpecmeA i crucial

Thic has Mml §een consi HurcoA /(m 7%( prw:“am QMG?II{I o_,/ Ck(hg 7(}&)



2

e The teavier dﬂ(uc&’a(( abundance s oepleted 6;

procecces chm/y + heawy —> (gohé ~+ (rd'clff

(6(74we Hrese processes Atcouple )
o The d!p&#/bh %ouc#or Xy ﬁf_‘ H{Ts7) 3 jw"’”z@ M:/z

o~

ny¢ M TR N T,;;’Z

o At lale h'me:, a&my: V(%wire em 5510y 075 a imlm'#om

.
)

' anof ;

/_/\Vx\ Scalav

g j(m fall ,L;’W
>

(4d gravikon ) /




13
. 7Zlé JWV—ama(wjuu 03{ #l(.f‘t. /oma.rfe.r I‘Ml/ofvc

Hre grmw‘(-:'m as o decay pwduct
(wlich is tmpocsible for Wizh- scate Jusy- breau,
i s our main focus )

=> The fque.r/ -/!memc j/m foll cay 6be
(omp(cfc(/ Ctatte !

e The 6('7&&:/ §orounic j&tcé’a({ ir Mot a Sutalble Aark
matle, Candl'dlele since f Aecays o w0 fmw‘%om

Wwith & (z}/e#m< o~ 07 (forw ~40‘6¢V/

/ Cumivtree ~ 10" J}



14
However ! _/_7/‘ Mo /s 5(’27“(,7 Jhna!(zw/ we may //'M(

T T

L ~ MM:’V(V‘.M y

with feverod 'Luzfrmtléj con.re;mncef.'

« disappearing dark mattes
o davle matle dleccz/wiqj fo two ,oha/om
(worth fixed enegy! clean agnat!)

Meveethelecr '+ The canounical outcome s a Ltvm/onie

j/ucéa[( as a/ar/r ma#ﬁ/ CandiAate




73

7—Zze ?emw‘c o(ecay W\ZC —/—o 21 a(z'//’(rcml Jec#or
(Such as the SM) can be calculoled

9

[T ~ J nt IR
Mo

Hov erer: J/oecz%’cd(y for the $M | one faces tHhe prollenm

Hial there are wno Mucéarjed (r;jw {!mx'aw
(a,rmmz'mj hé'jéf scale SUSY breaking )



(1
o There 15 one operator which can indluce decays of Lermion'e

g(m&azélr fo the S / ) Z%H

{valom 7 ) 7\ Hdﬂf Aownllet
doublet mooluding
((.j. Ailalin a/

o The cwa,a(z‘mj A Can be OU) or ~wm/M, with some low masr
Scale m.

o Foom 4 IMW—/ym'm{-a/-w'eu thir viotales

/

R-pavity (asruming the modulus fo be tmnchongeo
Unoler R-Symmetry )

o The Vefmté'mj oecny rate i e’
o~ )ow® X
Mt fmg




Davke patter detechion g

s For 'MIR ~ 40€6W (#ne (oMj cppf/'ma( {-hraaf/ Lo e -,4'm{

T~ Mo A1/ £ 2¢
2:10"° (uv
——

7}1/3’ /v the Z:‘(e#%e limit

749(/ a//y wpw‘a/a

wlmb:'na/l‘wm 0./ #WW’ 0(:'7/,[61{6 J—m/_r
2 £ M, HAele chion fared on EGRET
(s PDJT:K(Q /

o 71 scalar dd(m@a(/f ravvve #Lz/ may fe discovered via
),Jl’”{( Co?/ ~ Mlo 4
¢ "'/ ) 0% ¢
3

0" G




o — ‘ { t r { ¢ 4@
e Ty &&/?ET/&LA‘S/ SUna( r nof Vtry wnprefSive  Since /4

odoes not see the yy- {ine  ( the photons are J#VDV(I/M/
yed- shifled )
o fé(l'hj He (/'mz /rm ﬂ(!ca}/.r hq/a,aem'uf z‘uda/ /'f, zrm /Or/ha/'a((,
poseifle with HESS . Howewrew | Hre tnergy resolution s
Uimted The [luyx /s

S 4
10 &1/ /zo o/ 40 r —42 -
F ~o / 2 /A
4 E W’R ("" -rr-:.aV/

&,VJ \/ﬁ_,-

Energy verolutio HESS
{VVICH'M /owc’&m/ Aaclfjww\o(




19

For Short 0/yh‘maé thiroats (WZ/G ~ 4044&V)/
ondly Hhe  fevmioure j/mé’a(@f are I|M7Z(V(.ft4‘hj,

7716 {l|/d 7ZIIWIC 'S T ~ /M{o 2_4/7 )f 402;!

5.40%0 gev

[A/c need A& 4 XZWV' o {z'/g/z'nu
Hlml avoids Excluson 6}/ E&/@ET/

Mahy Hiroats  (clabstes in the (andscape )

Exam(c 1: c=4 , 200 .?—cyc!e.r , My ~ A0 1 G/

(here we ,'Zacu_r oun (Ohj Hroats | since
fuch Hwroats ave m,fﬁ'cfcu%(y ﬂ{gwh#/



20

peapically o (er&w < My, < ca0bpv) =~ or

1
(xpa#eo( # of throats T

= spuifcant fractby
6f vacaa har ogprpy
throat

Example 21 c=4 | 40 3-cycler My~ 10" gey

v

= E‘(Ao"”w/ £ mre € AO'M&I/) =~ 03

(Mote: T #s cove | the (0#(1}:‘« throats dre
ﬁ%pmv6afﬂcjj



21
(émmem/ on Suly- 6rm/£1517 i throat

7 =L/0/(’8 <($7</2 + //70/2(9?%/_(. h-c-/
ﬁ?uerkmhjf S = JZ(X,)?/-fJ?(T,'T_

W = W(x) + W(T )

N
(7(01( YL uw'l/}. /(é'A((V modulus

Suptv freto!

Masresr ove dwofrmo( J/ (FZ/) i
Z > fﬂ/"é‘ﬂ?)(f + (f&/zﬁ m)(zgﬂs—fé.c/

=> Whi = Ym* 2+ 2 /(6)/ (74)r rcalor magpes X(Fr) &« lm)
/



22

=  gnhe Scalar |t (z;)«h/er Hian 1hr /}sz'owé ﬂ;oer'aar/n(r

A//(rm/:bf//w

(Fp> »m

We can view this foom fhe p(VJ,aecA'W

o/ the bt m = 0 ((masrlesr chirat

Jufe/ﬁ‘eld/

= The ,Z&/mzbm .r#ay_r {’/(‘7&6 afitv
SUly- reakins « trpect ({C}*M(f/
7Zlmu'om'c j/mhz/(

| i ]
(7?2/} i our ‘'Canowncal fc(nam:./



J Ummary

o Throat- ov .fe7um((rw{ Darlc Matter & a (ieely
/ODJI:‘&'(I'//V /‘M Mtc 7/06 IR 5‘71/4&!} #teor}/ (ahﬂ(JCG/ae

o« Discovery e'ther via Aecay to ”(,L/”
(for %M/m'&m'c j(mé’a/(/

ov Ho rr
(for bosown'c J(ue&z%, of
decay to Lr/,., 4/,./ can b¢ awfdeay
« Many kechnical (scuer await edlev treatment:
Sy in Hhroat . role of SUEY 1n mediating Aecays
delection sl norvow f-line af /ﬂl&l thersier




