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O Motivation.

O Model, mass spectrum and modified couplings.

O Cosmic rays in LKP annihilation.

O Resonance searches from the dijets channel at LHC.
O Missing energy + muti-jets at LHC

O Summary.
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Motivation

Recent results in the high energy cosmic rays
(PAMELA, ATIC/PPB-BETS) tell us that there
are excesses in e+, e-, but not anti-p.

More recently FERMI

The new challenge begins.........
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Motivation

O OC We see e- and e+ excesses in different
experiments (PAMELA and ATIC)
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O.Adriani et al., Nature 458: 607 (2009). J. Chang et al., Nature 456 (2008) 362.
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Motivation

owever, cosmic rays from quarks (anti-proto
and gamma rays) are quite suppressed!

Donato 2001 (D, $=500MV) r R ——
Simon 1998 (LBM, $=500MV) » < 1 < 360°, 10° < |b| < 20°
Ptuskin 2006 (PD, ¢=550MV) E I

® PAMELA 1

e EGRET
e LAT

— Model (7" 4+ IC 4 Brem) + EG + instr
Galprop conventional model

L L | . S . L | N W WS .

10° 10*
1 bl
102 E- (MeV)

—h

kinetic e1n(t)argy (GeV)
O.Adriani et al., Phys. Rev. Lett. 102: 051101, (2009). FERMI preliminary
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Motivation

If the cosmic ray excess is interpreted by the D
annilation scenario, the DM will mainly annihilate

N.Arkan-Hamed, D. Finkbeiner, T. Slatyer, N.Weiner Phys. Rev. D 79:015014 (2009)

Conventional wisidom: DM is in the leptonic sector.

) <

€6 I

N.Arkan-Hamed, N.Weiner JHEP 0812: 104 (2008)
M. Baumgart, C. Cheung, J. Ruderman, L-T. Wang, |.Yavin arXiv: 0901.0283
Y. Bai, Z-Y. Han JHEP arXiv: 0902.0006
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Motivation

What if we modify the DM matter
model in the quark sector instead???

We conider to in mUED to
explain the cosmic rays signals from DM annihilation.

&

Explain  the cosmic anomalies above.
at the LHC......
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We consider a well motivated DM scenario: mUE

S'/Z5 Oribifolds:
V(x,y) =Y, 2L +y) ¢(z,y) = é(z,2L +y)

(@, —y) = (z,y)
¢($7 L+ y) — 75¢($7 L — y)

2 > oz, L+y)=xo(z, L —y)




The
Zzero mode.

KK decomposition:

@ All SM fields are zero modes with FLAT profiles

pro

@ Hig

pagating in the bulk.

ner KK modes are sine (oribifold odd) and

cosine (oribifold odd) functions .

@ The wave fuctions and couplings are “universal’.
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7w 77

@ The reflection +
a oribifold Z> transformation.

@ momentum conservation along 5th
direction=translational invariance which is
broken by
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KK photo is LKP

asses quite degnerate at the tree level®

g% [-39¢(3) n? T 2

16722 (T?_EIHAR) (mn)? = (E) + (mg)?
g —5C(3) e 2

m 7 7r2 + 15n“In AR
- :

e (;C_(rf) +23n%In AR) RG-running

n 2 27 5 1
167r'2R(693+8‘q +89 In AR

n
1672 R

n')_ (6q§+lq’2)1nAR 2. KK QIUOT" +30%
e 3. KK quarks +14%
(_9 +§9 )lnAR 4 (K lep-l-ons +1%

(695 +2¢™)In AR

16m2R \ 8
n 9 5
Ten?R2? AL

Saturday, May 23, 2009



MUED-Spectra

Free parameter: (1/R, A)

Tree level mass spectra, WiIth radiative corrections,
very degenerate quasi-degenerate

H-C. Cheng, K. Matcheyv, M. Schmaltz, Phys. Rev. D 66, 036005 (2002)
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DM in MUED

£l £

Bl

nihilation

It natually
the LKP mass around

| Coincident with
PR the ATIC peak!

f“ T T B P
1000 1250 1500

250 500 750
R™! (GeV)

K. Kong, K. Matchev, JHEP 0601:038, (2006)
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Cf:]\fcyjfL rf —

lr:qr=1":3x(2/3)* =1:16/27

o
@ but still



A obivious solution

the
mass of ql

In the NR limit,
(o) 45 X mzl/(mil + m21)2

We need a
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ne way to increase the KK fermion mass is t
introduce the 5D bulk fermion mass /..

In flat space, m, = u*+k3

However, a conventional 5D bulk mass will

the KK parity

5D bulk mass SM zero mode
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KK parity in ED

| start with -L not 0 he

i
For a general 5D Langragian in the oribifolds ¥ C [—L, L]

D(a,y) — £z, ~y)
only “+” if there is a cubic term

\Ij<xa_y> — 5\P($,y)
depends on how one emded the \Ij—|—<y) 7 :I:\IJ+(—y)
zero mode fermion 2 (y) — TU_ (_y)

For the interaction with fermions

S = / d’x ( (UTM Oy, U — 0y T M W) — A(I)(y)\IJ\If)

()T Y-+ T U,)  —
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K.Agashe, A. Falkowski, I. Low, G. Servant, JHEP 0804:027, (2008)
Consider SM quark is embeded in the “+” component:

Ui(z,y) = D gnW)xn(z) 5D KK*“+” parity
U (z,y) = D fa@¥n(r) 5D KK*“-” parity

For the 4D KK even/odd field x»(z), 9.(y)must be

symmetric/asymmetric around y=0, which satisfy the
+/- boundary condition.

The 5D profile with even/odd KK parity in the
interval -L to L is the same as the one with +/-
boundary condition at y=0.
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Theoretical considerations suggest that SM quarks
are localized at the , hot the center.

NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEE NN - - ---=SS NN NN NN NN EEENEEEEEEEEEEEEEEEEEEEE
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In case U >0

For large negative mass m, the
nth KK odd and even quarks
tend to be degenerate.

m=0, the same as MUED!
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@:0

@ The “well localized” case ¢

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




5D translational invariance is violated
by the bulk profile




The couplings

always increases

m=0, KK# conservation as
in MUED!
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The couplings

coupling first increases,

gl 10/g0 / then decreases!

decreases to zero

m=0, the same as the zero
mode coupling 'uL
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The couplings

gz | | /go coupling always decreases!

decreases to zero
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Split-Mass spectru

Chen, Nojiri, Park, JS, Takeuchi, arXiv:0903.1971



Branching Fraction

Chen, Nojiri, Park, JS, Takeuchi, arXiv:0903.1971
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Branching Fraction

All possible branching fractions:

p (GeV)

M, (GeV)

BR(B1B1 — qq)

BR(B; B — )

BR(BlBl — 1/17)

BR(B1B1 — ¢¢*)

Chen, Nojiri, Park, JS, Takeuchi, arXiv:0903.1971
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Fitting PAMELA Posit

lllllll LJ ‘llllll' L3 IIIIII

Mg 650 GeV, propagatlon model: MED, boost factor—230

background (k =0.85)

= PAMELA
— S-UED ( KK gquarks decoupled )

- mUED

Chen, Nojiri, Park, JS, Takeuchi, arXiv:0903.1971
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Fitting ATIC/PPB-BE

| 1 IIIIII| ' ITYIT-I L |

Mgy = 650 GeV, propagation model: MED, boost factor = 230

backgrénd

lepton mode~" & ATic

® Torii et al 2008.
+  DuVernois et al. 2001
Torii et al. 2001
- mUED
S-UED ( KK quarks decoupled )

2 1 1 l L ' L 1 ’ A1 2 l
100 1000
E (GeV)

Chen, Nojiri, Park, JS, Takeuchi, arXiv:0903.1971
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No Anti-Protons

The results, howeve
BESS 95497

BESS.- Polur 3 very sensitive to the
BESS 1999 . \

BESS 2000 .
CAPRICE 98 propagation model.

® PAMELA
— Background

mUED (MI

Change progation
model from MAX to
MIN will increase the
anti proton flux by

Chen, Nojiri, Park, JS, Takeuchi, arXiv:0903.1971
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Gamma Rays

1 L 4 T T TTT
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¢ EGRET d
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e LAl )

Model (#” 4 IC + Brem) + EG + instr *
Galprop conventional model

1 erVll'

® FEGRET data
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— mUED

—epeery FUED! ? o (t)
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’
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The gamma rays,
however, is
indepedent of the , _hadrons i -4

propagation model. : PEOR D R v o
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Chen, Nojiri, Park, JS, Takeuchi, arxiv:0903.1971  isothermal profile
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KK DM after FERMI

Ve may have to explain it and
Split-UED can explain it!

]
O AMS (2002)

T m ATIC-1,2 (2008) % Tang et al (1984)

| % PPB—BETS (2008) A Kobayashi (1999)

v HESS (2008) ¢ HEAT (2001)

| @ FERMI (2009) & BETS (2001)
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FERMI LAT, arXiv:0905.0025
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H.E.S.S. - low-energy analysis
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HESS, arXiv:0905.0105




KK DM after FERM

DM DM - 4e, NFW profile

ovin c:m3 /sec

DM mass in GeV

NFW profile

DM DM - 4u, NFW profile DM DM - 41, NFW profile
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102 103 10%
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P. Meade, M. Papucci, A. Strumia, T. Volansky, arXiv:0905.0480

Pure anni

ation into .

In direct le

btonic annilation scenario, the

gamma ray flux at the GC is highly constrain



KK DM after FERM

DM DM -» ¢" ¢, isothermal profile
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P. Meade, M. Papucci, A. Strumia, T. Volansky, arXiv:0905.0480

It can only work in the DM profiles which is

rather
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KK DM after FERMI

Lepto-philic Models

U |/|
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H.E.S.S. - low-energy analysis
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11| I 1 1 1
1000 10? 10°
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FERMI LAT, arXiv:0905.0636

HESS, arXiv:0905.0105
Annihilation into charged e :
So misleading, what they claimed

|ePt0n famalies ruled out 99% is the
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KK DM after FERM

Mass = 900 GeV, M, ~2M, , HESS syst. uncertainties

effect of e mode Can not Spllt
too much for

e- boz of LEP
background \\“" ~~s \:_ bOundS

Torii et al. 2001
DuVernois et al. 2001
Torii et al 2008.

ATIC _ eqwmr=1:1:1, BF = 320 But enough to
HESS 2008

HESS 200 — et =0.3:1:1, BF =550 ﬁt the data

Fermi

] ] IIIIII| ] ] III|||| verywello

100 1000
E (GeV)
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KK DM after FERM

Mass = 900 GeV, propagation: MED

@  AMS 01
® PAMELA
e:wt = 1:1:1, BF = 320, Mq1~2ML1

e:w:t=0.3:1:0.3, BF =550
- e:wt=0.3:1:1
e:w:t=0.3:1:1, kk quark decoupled

| | | 11 1 1 | | | | | 11 1 1 |
10 100
E (GeV)

background o
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KK DM after FERMI

750 1000 1250 1500
R7! (GeV)

K. Kong, K. Matchey, JHEP 0601:038, (2006)
A small bulk mass for leptons will remove
the coannilation from the charged leptons
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KK DM after FERMI

If one wants even more massive DM, coanihilation
from EW gauge bosons can make it work

Quite degnerate Bl, ZI,WI,
novel signal at the LHC

1000 1500 2000

R™! (GeV)

K. Kong, K. Matchey, JHEP 0601:038, (2006)
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Bounds from Tevatrc

w

Midpoint, R=0.7, Iy"*"?I<1, L, = 1.13 fb”

—e— Data/NLO (CTEQ6.1M, u=p7**"(jet1,2)/2=p, Reep=1-3)
|:| Systematic uncertainties T h e m O St Strl nge nt

PDF uncertainty from CTEQ
o(MRST2004) / o(CTEQ6.1M) b d . f f
o(2 x1w)  ofu) ounda IS Trom 1our

SO Pl 1) quark interactions.

Data / Theory
N
(3]

N

The bound is loose due to
CDE Hun T Brefiminary the large uncertainties in

+6 % luminosity uncertainty not included
high invariant mass

600 800 1000 1200 14020
M. [GeV/c']

CDF notes 9246
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Bounds from Tevatrc

g? in split UED
* 95% CL limits

OK for ATIC
600 ", (8(:(;\,) 1000 1200 1 and FERMI

o x Br x Acceptance (Iy*"?I<1) (pb)

CDF notes 9246
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L HC resonances

At LHC, the even KK gauge bosons (gluons)
are copiously produced.

SM dijet background

M;, =1.58TeV CUtS: ‘77‘ < 25

|\I|92 =2TeV

M, = 3TeV pT > 500 GeV

d o/dM , (pb/GeV)

1000 1500 2000 2500 3000 3500 4000
M,, (GeV)
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resonances

At the , Full LHC running
up to time, more than

D . N N

Moa (TeV) N1s8| 2| 3] 4| 5Y 6
;2 (GeV) | 270 | 834 | 482|627 769]\ 909

SN_ 100 pb" _

S/v/B (100 fb~ ) 2103 1208 376| 137 22
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In MUED, the MET + jets is hopeless
because the jets are so soft.
Standard search with well .
studied background |n SU ED, the ]ets from KK
quark decay are

Mass reconstruction in
MET + jets is possible.

Kinametic here is independent
of spin, we rescale the SUSY
events with the same spectra.

section for
pair production.
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We consider the KK quark pair
production............

HERWIG + ACERJET

300

200

500 100
@ LL_ @ o B 0 IJ —

0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000

99 9q qq
meff cuts (>1TeV) easily select the KK quark

scalar sum %ytﬁylggding jets and PT'miss
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For 2 leading jets + MET

Mrpo = min imax(Mr(p1, p;, ) Mr(p2, i, )]

PTmiss :PlT +Pg

pl, p2 are the test invisible

' h
For A — Xq particle moment'a that
) make up meZSS .

™m
end X
leZ = Mmapg — ——
T A

Confirm the

For qd1 — gi1q Moretical gl masses.

More physics has to be
done in this direction!
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® We build the double kink mass background to
localize the SM fermions while preserve the
KK parity.

® |t explains all the cosmic ray excesses.

® The model violate the KK # at the tree level
in the quark sector, one can discover 2nd KK
gauge bosons at LHC.

® Mass reconstruction is possible through MET
+ mutijets.
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Some clarification!

The model here is nothing but a model lie

in the parameter space of origin UED with BLK.

® The BLK will only the KK masses, so
one can (KK
quarks) in the theory.

® BLK will never affect the , SO one
can the SM fermions.

® One can expain the flavor hierarchy in flat
space with KK parity.
Reproduce some kind of RS Csaki, Heinonen, Park,

behavior if higgs at the enter JS, work in progress



Backup slices




Split-UED

SCP, Jing Shu[arXiv:0901.0720] PRL submitted

o
introduced (1 new parameter)

@ Quarks are quasi-localized on
boundaries

@ KK parity respected :-)

o m2 = 12 + k2
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The jets from KK

quark is hard, and
measuable.

.‘ standard cut|M.g > 1 TeV|M.g > 1.5 TeV
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Consider SM quark is embeded in the “+” component:

U, (z,y) Lgn (z) 5D KK “+” parity
U_(z,y) = Lfn Yn(z) 5D KK “-” parity

For the 4D KK even/odd field xx(z), 9.(y)must be
symmetric/asymmetric around y=0, which satisfy the
+/- boundary condition.

The 5D profile with even/odd KK parity in the

interval -L to L is the same as the one with +/-
boundary condition at y=0. (
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\IJ+(CE,y) —

D In+([y)xn+ (@) + €(y)gn-([y]) Xn- (2)

nt.n—

D W) fnt([YDvn+ (@) + fo- (Y] ¥n- (@)

nt,n—

N
0
S

|

E. O. M.: 8y9n‘|‘ﬂgn—mnfn =3\
Oy frn — pofn + Mngn =0
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@:0

@ KK decomposition

The 5D profiles for the even modes:

go+ = Age "

m o~ —H
gn+ — An+ (COS(kn+y) -7 Sin(kn+y)
o K+
for = —A,+——sin(k,+y)
k., +
The Masses:

Mp+ = \/m2+ki+

kp+ =nm/L —
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@:0

@ KK decomposition

The solution for the odd modes (m<0):

gn—- — _An_ T]:n_ Sin(kn_y)
fn_ — An_ (COS(kn—y) — ki Sin(kn_y)

Masses:
When m increases from —oco to ()

my, = \/m? + k2
kn- decreases from nw/L to (n — 1/2)n/L
k,- = mtan(k,- L)

_
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@:0

@ KK decomposition

In case m>0

When m increases from 0 to +oco

kn- increases from (n — 1)n/L to (n — 1/2)w/L

There is a special solution (light mode) when n=1
mq—

gi1- = _Al—k sinh(k;-y)
-
m
fir = Al—(cosh<k1—y>—Hsmh(h—y)

m— +oo mqy- — 0
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Zero mode

\ “kink” like profile

\ simplest: “step” fuction
o
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Consider SM quark is embeded in the “+” component:

U, (z,y) Lgn (z) 5D KK “+” parity
U_(z,y) = Lfn Yn(z) 5D KK “-” parity

For the 4D KK even/odd field xx(z), 9.(y)must be
symmetric/asymmetric around y=0, which satisfy the
+/- boundary condition.

The 5D profile with even/odd KK parity in the

interval -L to L is the same as the one with +/-
boundary condition at y=0. (
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\IJ+(CE,y) —

D In+([y)xn+ (@) + €(y)gn-([y]) Xn- (2)

nt.n—

D W) fnt([YDvn+ (@) + fo- (Y] ¥n- (@)

nt,n—

N
0
S

|

E. O. M.: 8y9n‘|‘ﬂgn—mnfn =3\
Oy frn — pofn + Mngn =0
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@:0

@ KK decomposition

The 5D profiles for the even modes:

go+ = Age "

m o~ —H
gn+ — An+ (COS(kn+y) -7 Sin(kn+y))
My, + Fon
for = —A,+——sin(k,+y)
k., +
The Masses:

Mp+ = \/m2+ki+

kp+ =nm/L —
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@:0

@ KK decomposition

The solution for the odd modes (m<0):

gn—- — _An_ T]:n_ Sin(kn_y)
fn_ — An_ (COS(kn—y) — ki Sln(kn_y))

Masses:
When m increases from —oco to ()

my, = \/m? + k2
kn- decreases from nw/L to (n — 1/2)n/L
k,- = mtan(k,- L)

_
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@:0

@ KK decomposition

In case m>0

When m increases from 0 to +oco

kn- increases from (n — 1)n/L to (n — 1/2)w/L

There is a when n=1
mqi- .
g- = —Ai- kl Slnh(kl—y)
1

m
fie = A (coshlhn-y) = - sinh(ky-y))

1

ml—:\/m2—k:%_ m — +oo mp- — 0
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Indeed, such a sign (/4 <0) controls the zero mode
localized at the center.

SN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEE - - ---="SEE NN EEEEEEEEEEEEEEEEEEEEEE -
.............................................................................
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The anomaly cancellat
DOC

In a 5D theory, one has to worry about the
even when the zero mode is anomaly free.

U(1)y
Can not be cancelled in the

SU(2): —U(1
@)L - Uy quark/lepton sector alone!

U(1)y — gravitational

The 5D anomalies from the lepton sector is
localized at the boundary y=-L, L.
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The anomaly cancellat

D OO
For for a 5D quark field whose left/right-handed has the

(a0, 1) boundary condition at y=0, L

OcJC = % apd(y) + a10(y — L)]

Notice the anomalies induced by the KK even state (“+” at

€€ Y

y=0) will cancel those by the KK odd state (“-” at y=0) at y=0.

The 5D anomalies from the quark sector is also localized at the
boundary y=-L, L.

The two will cancel each other!
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Kink-Mass

S = [ dWil'y DM — \&(y) T T
o — T k’%

I
I
I
$
I
I
| T
. =
2
3 Y

Zero mode 1y
wave function f(y) 2
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Double kink-mass
SCP, Jing Shu[arXiv:0901.0720] PRL submitted
my, = p” + ky,

S = [ &PUil'y, DMV — \O(y) TV

-3L
e (yicy
Zero-mode \2 e_m(y_L)
profile i v =®

= ™l (y > ()

KK-parity respected



Bl+Bl->e+,gamma,p-..

e P ——

mostly from “local” source
Photon goes straight (mostly from the center)
Antiproton diffuses longer
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However!

BE3Z 1993
HEAT-plu 2000
[ == v
BESS-pedar 2004
BASSE 1891
CAPRICE 1584
CAPRICE 1998

MLl & 1)

kinetic energy (GeV) e
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Galprop conventional model

==> need for extension
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Angle From GC (degrees)
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Supple: I-Ialo profile
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