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Intr oduction to the model
Appelquist, Cheng, and Dobrescu (ACD)

hep-ph/0012100

Extend SM to universal extra dimension M4 � S1=Z2.

Continuous translational symmetry in x5 direction
broken, remnant x5 ! x5 + � R gives KK parity
(similar to R parity in the MSSM).

Bound on 1=R from EW precision data on one
universal extra dimension rather weak
1=R >� 250GeV, MH > 250GeV,
1=R >� 300GeV, MH < 250GeV. Appelquist,Yee '02

provides excellent dark-matter candidate Servant,Tait '02;

Cheng,Feng,Matchev '02

in 6 D: long live the proton! Appelquist,Dobrescu,Ponton,Yee `01
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Strategyof the calculation
Fields: replica of SM with masses m2

(n) = m2
SM + n2

R2

+ charged scalar a� (from 5th component of W�
M ).

KK parity: KK # conserved at tree-level

MFV model, GIM, no new relevant operators
compared to SM, calculate corrections to Inami-Lims

F (xt ; 1=R) = F0(xt )| {z }
SM

+
X

n

Fn(xt ;
n
R

)

| {z }
AC D

, F = S; B ; C; : : :
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Impact on the unitarity triangle
SM and ACD have common universal UT (UUT).

1. Rt from � Md and � Ms (if we knew � M s : : :)

Rt = 0:87
q

� M d
0:50=ps

q
18:4=ps
� M s

h
�

1:18

i
,� =

p
B̂ s F B sp
B̂ d F B d

No 1=R dependence.

2. B 0
d � �B 0

d Mixing only:

Rt = 0:86
h

0:041
jVcbj

i q
� M d

0:051=ps

�
230MeVp

B̂dFB d

� q
0:55

� QC D
B

q
2:4

S(xt ;1=R)

but here: S(xt ; 1=R)AC D 6= S0(xt )SM = 2:4,

Andreas Weiler, 2nd 10 36 Workshop at SLAC, October 2003 – p.5/20



Impact on the unitarity triangle
SM and ACD have common universal UT (UUT).

1. Rt from � Md and � Ms (if we knew � M s : : :)

Rt = 0:87
q

� M d
0:50=ps

q
18:4=ps
� M s

h
�

1:18

i
,� =

p
B̂ s F B sp
B̂ d F B d

No 1=R dependence.

2. B 0
d � �B 0

d Mixing only:

Rt = 0:86
h

0:041
jVcbj

i q
� M d

0:051=ps

�
230MeVp

B̂dFB d

� q
0:55

� QC D
B

q
2:4

S(xt ;1=R)

but here: S(xt ; 1=R)AC D 6= S0(xt )SM = 2:4,

Andreas Weiler, 2nd 10 36 Workshop at SLAC, October 2003 – p.5/20



Impact on the unitarity triangle
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A = ( �� ; �� )




SM

ACD

Rb

�

1=R = 200GeV : 
 SM = 65� ! 
 ACD = 49�

1=R = 300GeV : 
 ACD = 60�

1=R = 400GeV : 
 ACD = 63�
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CKM �t

ACD (1=R = 200GeV) SM

�� 0.342 � 0.027 0.357 � 0.027

(0:288 � 0:398) (0:305 � 0:411)

�� 0.197 � 0.047 0.173 � 0.046

(0:102 � 0:296) (0:076 � 0:260)

sin 2� � 0:23 � 0:25 � 0:09 � 0:25

(� 0:70 � 0:27) (� 0:54 � 0:40)


 59.5 � 7.0 63.5 � 7.0

(degrees) (45:3 � 74:8) (51:0 � 79:0)

� M s 18.6+1 :9
� 1:5 18.0+1 :7

� 1:5

(ps� 1) (15:7 � 26:2) (15:4 � 21:7)

jVtd j (10� 3) 7.80 � 0.42 8.15 � 0.41

(6:96 � 8:69) (7:34 � 8:97)
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Good News! Almost no effect.

1st test passed.
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RareDecays- Z0 Penguin

K + ! � + � ��
K + ! � 0� ��
B ! X s;d� ��

X = X 0(xt )| {z }
C0(xt )� 4B0(xt )

+
P

n Cn(xt ; n=R)

Bs;d ! � + � �

K L ! � + � �

Y = Y0(xt )| {z }
C0(xt )� B0(xt )

+
P

n Cn(xt ; n=R)

€‚•

ƒ�„ …

†

‡

ƒ�„ …�ˆ

‰

‡

ƒ�„ …
ˆ

Š

‡

ƒ�„ …
‹

•

ƒ�„ …

Œ

200 400 600 800 1000

1.55

1.6

1.65

1.7

1.75

1.8

1.85

PSfrag replacements

X 0(xt ), X (xt ; 1=R)

Y0(xt ), Y(xt ; 1=R)
R� 1 [GeV]

200 400 600 800 1000

1

1.1

1.2

1.3

PSfrag replacements
X 0(xt ), X (xt ; 1=R)

Y0(xt ), Y(xt ; 1=R)

R� 1 [GeV]
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Enhancements at 1=R = 200 (300) GeV

B r (K + ! � + � �� ) / jch + Vtd X j2! 16 (9)%

200 400 600 800 1000

7.6

7.8

8
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8.4

8.6

8.8

PSfrag replacements

Br (K + ! � + � �� ) � 1011

R� 1 [GeV]

B r (B s ! � + � � ) / jVts Y j2! 72 (33)%
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Br (Bs ! � + � � ) � 109

R� 1 [GeV]
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RareDecays- Z0 Penguin

Enhancements at 1=R = 200(300) GeV

Br (K + ! � + � �� ) / jCharm + VtdX j2 ! 16 (9)%
Br (B ! X d� �� ) / jVtdX j2 ! 17 (10)%
Br (K L ! � + � � ) / jCharm + VtdY j2 ! 22 (12)%
Br (B ! X s� �� ) / jVtsX j2 ! 44 (21)%
Br (Bd ! � �� ) / jVtdY j2 ! 46 (23)%
Br (Bs ! � �� ) / jVtsY j2 ! 72 (33)%

� Ms / jVts j2 S ! 17 (8)%
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RareDecays- Z0 Penguin

1=R [GeV] 200 250 300 SM SBABAR

B r (K + ! � + � �� ) � 1011 8:70 8:36 8:13 7:49

B r (K L ! � 0 � �� ) � 1011 3:26 3:17 3:09 2:80

B r (K L ! � + � � )SD � 109 1:10 1:00 0:95 0:79

B r (B ! X s � �� ) � 105 5:09 4:56 4:26 3:53 ??

B r (B ! X d � �� ) � 106 1:80 1:70 1:64 1:47 ??

B r (B s ! � + � � ) � 109 6:18 5:28 4:78 3:59 ??

B r (B d ! � + � � ) � 1010 1:56 1:41 1:32 1:07 < 50
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RadiativeDecays- 
 ; G Penguins
Suppression of 
 -magnetic and chromo-magnetic
penguins.

PSfrag replacements
D0

0(xt ), D0(xt ; 1=R)
R� 1 [GeV]

PSfrag replacements
D0

0(xt ), D0(xt ; 1=R)
R� 1 [GeV]

E0
0(xt ), E0(xt ; 1=R)

R� 1 [GeV]

�s
 0b = i �� t
GFp

2

e
8� 2D0(xt ; 1=R)�s[i� �� q� [mb(1 + 
 5)]]b;

�sG0ab = i �� t
GFp

2

gs

8� 2E0(xt ; 1=R)�s� [i� �� q� [mb(1 + 
 5)]]Ta
�� b� :
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RadiativeDecays- B ! X s

Experimental average CLEO, ALEPH,BaBar,Belle

B r (B ! X s
 ) = (3:28+0 :41
� 0:36) � 10� 4

SM using (mc=mb)2 = 0:22 Gambino, Misiak

B r (B ! X s
 ) = (3:57� 0:30) � 10� 4

PSfrag replacements
Br (B ! X s
 ) � 104

R� 1 [GeV]

also done by Agashe, Deshpande, Wu Andreas Weiler, 2nd 10 36 Workshop at SLAC, October 2003 – p.13/20



B ! X s� + � � Branching Ratio

q2 = (p+ + p� )2

red plot: M. Misiak, background sketch: C. Bobeth's thesis
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B ! X s� + � � Branching Ratio
Full dilepton mass spectrum

Br (B ! X s� + � � )BaBar = (5:7 � 2:8 (stat)
+1 :7
� 1:4 (syst) ) � 10� 6

B r (B ! X s� + � � )Belle = (7:9 � 2:1 (stat)
+2 :1
� 1:5 (syst) ) � 10� 6

SM Ali,Greub, Hiller, Lunghi, full NNLL by Isidori, Hurth et. al.

B r (B ! X s� + � � ) = (4:1 � 0:7) � 10� 6

ACD 1=R = 300GeV

Br (B ! X s� + � � ) = (4:8 � 0:8) � 10� 6
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Forward Backward Asymmetry

AFB (ŝ) = 1
�( b! ce�� )

R1
� 1 dcos� l

d2�( b! s� + � � )
dŝdcos� l

sgn(cos� l )

AFB (ŝ) � � 3 ~C10

h
ŝRe ~Ce�

9 (ŝ)+2 C(0)e�
7


i

U(ŝ)

8
><

>:

ŝN LO
0 = 0:142� 0:02 Ali ;Mannel ;Morozumi

ŝN N LO
0 = 0:162� 0:008 Ghinculo v ;Hurth ; Isidori ;Yao;

Asatrian ;Greub ;W alk er ;Bieri ;Ho vhannisy an

ŝAC D
0 = 0:146� 0:01 1=R = 300GeV
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Corr elatedBr (B ! X s
 ) and ŝ0

ŝ0 = �
2C(0)e�

7


Re ~Ce�
9 (ŝ0)

/
p

B r (B ! X s
 )
~Ce�

9

Correlation between ŝ0 and Br (B ! X s
 ) because ~Ce�
9 is

only weakly affected by KK modes
� ~Ce�

9 / ::: 1
sin2 � W

�
1 � 4sin2 � W

�
C + box contributions + :::
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Conclusionsand Outlook
Relatively small impact on UT

For 1=R = 300GeV consistent with present data of
FCNC processes

+ Br (K + ! � + � �� )(9%) Br (K L ! � 0� + � � )(10%)

Br (B ! X s� + � � )(12%) Br (B ! X d� + � � )(12%)

Br (B ! X s� + � � )(21%) Br (K L ! � + � � )(20%)

Br (Bd ! � + � � )(23%) Br (Bs� + � � )(33%)

- Br (B ! X s
 )( � 20%) Br (B ! X s gluon)( � 40%),

� 0=� ŝ0 : 0:162! 0:145

strong lower bound on 1=R using ŝ0 and B ! X s

could be obtained with improved theory and
experiment
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Credits:

Andrzej J. Buras, Michael Spranger, Anton
Poschenrieder

Thanks to Frank Krüger, G. Hiller, C. Greub, P. Gambino,
C. Bobeth, and U. Haisch.
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