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Park Matter
Data

confidently established from observation;
WMAPS: Qpa = 0.228 +0.013

E. Komatsu et al, 0803.0547
BSM should include PM:

Motivation

Supersymwmetry, Extra-Pimension, Little Higgs, ...

LHC will/may produce PM, and discover it:
mass, spin, ...

Cosmic-ray exp. may detect it, foo!!

anni/decay e, D, Y, ...
PAMELA, PPB-BETS, ATIC, HESS, FERMI




Cosmic-rays from Park Matter (annihilation, decay)

UM (+ PM) --> hadrons, leptons --> photon, electron, positron,
antiproton,...




Coswic-rays
* photon propagate straightly

* charged particles are affected by
galactic magnetic field

g K (r,E) 7 O] + %[b(E)q)] +q(r, E)

ot
* high energy positrons/electrons loss energy quickly

* measuring background precisely is important, i.e. primary and
secondary cosmic-ray from astrophysical sources.

* However, the uncertainty is still big.




PAMELA
0. Adrianictal, 08104995 positron fraction
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data taken from :
06/2006 - 02/2008  furnup from ~ 10 GeV

151672 electrons dark matter 77

9430 positrons 0 ics source 77
in 1.9 GeV - 100 GeV i thSl s sour




PAMELA

0. Adriani et al, 08104994 antiproton ratio

IMAX 1992 LI I 1 1 1 1 1 | L I '3
BESS 2000 —(I)_ 0.4 id 0
HEAT-pbar 2000 - - Donato 2001 (D, $=500MV)

CAPRICE 1998 Simon 1998 (LBM, ¢=500MV)

CAPRICE 1994 - 0.35F _
BESS-polar 2004 7 - Ptuskin 2006 (PD, $=550MV)

MASS 1991 ] 0.3} ® PAMELA

10°

BESS 1995-97
BESS 1999

PAMELA

OS> O0 4P XK

o ’ o o
.10 10° ... 10 10°
kinetic energy (GeV) kinetic energy (GeV)

consistent with the prediction of secondary production
NO primary source or is very suppressed!




ATIC/PPB-BET

SRRRAaE:
S. Torii et al, 0809.0760 electron * positron

J. Chang et al, Nature 456, 362

+ Tang 1984 1,000 [
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B Boezio et al. 2000
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agree with each o’rher\
84 events >100 GeV from PPB-BETS | sharp drop-off at

balloon experiments, in Antarctic

210 events, 300 ~ 800 ¢ev Aric | 900 6eV

Primary source?




What We have learned from these data

There exist primary sources of electrons and positrons,
however, the antiproton flux is suppressed.

If Dark Mat+ter is responsible for the cosmic-ray data

Park Matters prefer to anni/decay to charged lepton!!

It is interesting to see how Park Matter can explain
the data!




Mode| | Universal Extra Dimensions - (8
(UED) T Appelquist, H-C Cheng, B. A.
Dobrescu, hep-ph/0012100
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1 An acrobat can only move ...but a flea can move
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Mxe = pa + Mm% + 6(M5 )
with exact KK-parity (a Z2 symwmetry), the lightest KK-

odd particle (LKP) is stable
» Dark Matter candidate
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1st KK gamma is vsvally the LKP

5d

- mmmmas 1 Flavor

0.2 | | | ‘ | | | | | | | | s | W ¥ | |
s s o

............ 3 Flavors

’
4,
i
’
L 4 'l,,'
’
., N y
Y, ‘1,

< OV >X

(M3,

0.2 04 0.6 0.8 1

4 . .
C F = N CYf My, (TeV)

=)
o\\\‘\\\‘\\\‘\\\‘\\\‘
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split-UED

8C. Park and J. Shu, 0901.0720

S= [ d° \I!FM(?M\IJ On YT M) .
/ quarks interact with

A< ®(y) >= pe(y) a scalar background

= D gt (ly)xn+ (@) + e()gn-(1y)xn- (@), KK quarks receive
- ., additional bulk mass

split KK quark from

y € y £ o
My, = @ k2 ~ other particles

p — o0 KK quark decoupled 1 — O mUED limit




CRC, M. M. Nojiri, SC. Park, J. Shu and M. Takeuchi 0901.0720
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Coswic-ray

. . sharp drop-off
PAMELA (positron fraction) ®@E=m

i m, = 620 GeV, boost factor = 200

= PAMELA

— split-UED ( KK quarks decoupled )

— mUED

background ( k = 0.85)
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sharp drop-off
ATIC/PPB-BETS (fotal flux of e- andet) e E=wm
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m_, = 620 GeV, boost factor = 200

B,

propagation model: MED

backgrénd
ATIC

Torii et al 2008.

DuVernois et al. 2001

Torii et al. 2001
mUED

split-UED (KK quarks|decoupled)
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PAMELA (antiproton to proton ratio)
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split-UED agree with observations well




upcoming data from FERMI (gamma)

Extragalactlc O
| Galactic contribution: Ib| > 10° (exclude galactic center)

my, =620 GeV, boost factor = 200

1

U
e
-
(@)
/]

® FEGRET data
— background

U
?

S
~

'O
()]
()]

"o
n

o
-
(@]

>
()] |

)

LL

©

~~

P )

©

[\
LL

//,’ ///// ///I\
; mUED\/?mqumz, / leptonic (T

“hadronic___ /" m, ~3m

/ /7 -
AN B | |
| | 1 1 4+ 111 | | 11 1 111 2 | | 11 1 111

1 10 100
E (GeV)

predict a bump @ E~ 200 GeV
upcoming Ferwmi data can check this!




split-UED| mass mass

co"ider qr1 1347 GeV 1355, 1358 GeV

1322 GeV 1304 GeV

LHC pp collider dr 1318 Gev 1263 GeV

l 794 GeV 799 GeV

621 GeV| X} 622 GeV

colored particles 1 /R = 620 GeV, ju = 700 Gel/
can be produced AN 7 2500

copiously

1 2000

1 1500

o ~ 8pb

{ 1000 =

q1 — 919 — B1gq

cross section (pb)

500

4 jets with missing .

ET — III IlOOE)r-'—_JP—*1—5OO _ 0
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000 2000 3000 [Gev] ] 1000 2000 30007Gay) O 10000 2000 3000]GeV]
Mert Mess Mett

Meﬂ‘ > 500 GeV, ETmiss > max(l()() GeV, O.QMGH‘), 1100 Z 1, 150 Z 4,

after standard cut||M.g > 1TeV|M.g > 1.5TeV

4191 0.40 0.37 0.21

d191 0.30 0.18 0.049

gig1 0.18 0.04 0.007

with1 b=, our signal 2800 >> SM BG (< 300)




using MT2 to study the mass
determination (signal with wmissing ET)

taes C. Lester and 0. Summers, hep-ph/990634
pp — A AE—o o B@ nissing A. Barr, C. Lester and P Stephens,
(pp — 11 — qq91 01 hep-ph/0304226
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Sumwmary

Updated coswmic-ray data of electrons/positrons show the
excesses While antiproton flux is consistent with BG

Park Matter may be responsible for these data

LKP in UED wmodels is a good candidate, splitting kk quarks

can satisfy the constraints from antiproton data

LHC pheno of split-UED is different from mUED

POUBLE CHECK

LHC (mass, spin of PM), gamma-ray data, more data in
higher energy

NOTE:
astrophysical source can explain as well, e.qg. Pulsars




split-UED ( KK quarks decoupled )

mg = 620 GeV, boost factor = 200

1

comparison of diffusion models

® PAMELA
M background

— MED




split-UED ( KK quarks decoupled )
= 620 GeV, boost factor = 200
comparlson of diffusion models
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Fermi/HESS

Mass = 900 GeV, Boost Factor = 320

Mq1 ~2 M, propagation: MED

100
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Torii et al. 2001
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BESS 95+97
BESS-Polar
BESS 1999
BESS 2000
CAPRICE 98
PAMELA

- Background

Mass = 900 GeV, boost factor = 320

mUED (MED)




Extragalactlc O
Galactic contribution: b| > 10° (exclude galactic center)

Mass = 900 GeV, boost factor = 320
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