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Intr oduction to the model

Appelquist, Cheng, and Dobrescu (ACD)
hep-ph/0012100
Extend SM to universal extra dimension M, S1=Z,.

# 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, My > 250GeV,

1=R = 300GeV, My < 250GeV. Appelquist,Yee '02

# provides excellent dark-matter candidate servant,Tait '02;
Cheng,Feng,Matchev '02

® In6D:; Iong live the pl’OtOﬂ! Appelquist,Dobrescu,Ponton, Yee "01
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Strateqy of the calculation

# Fields: replica of SM with masses m(zn) = \MEeE g—zz

+ charged scalar a (from 5" component of Wy, ).

°

KK parity: KK # conserved at tree-level

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

X n
F(Xi; 1=R) = FolXt) + Fn(xt;—) F=SB;C;:::
Ex)

ACD

T Yl

: DD, g EE
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Impact on the unitarity triangle

SM and ACD have common universal UT (UUT).

1. Ry from \V/ and Mg (if we knew Ms::2)

e |

I — 182 RN
— . Md :ps 2 B\SFBS
R = 0:87 0:50=ps Ms 118 @ = F BuFs,

No 1=R dependence.
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Impact on the unitarity triangle

SM and ACD have common universal UT (UUT).

1. Ry from \V/ and Mg (if we knew Ms::2)

e |

I —w 184 RN

N . M g .4=PS \ B.F .
R = 0:87 0:50=ps Ms 118 @ = F ﬁpzd
No 1=R dependence.
2. By B2 Mixing only:

h i
R. = 0:8g 0041 ] Ma  B30MeV d o:55q 2:4
t - jVeb] 0:051=ps " B F, oCD  S(xr;1=R)
d

but here: S(xi; 1=R)A¢P 6 Sp(x)°M = 2:4,
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Impact on the unitarity triangle

n g q_—0@
R, = 086 2041 B30MeV 0:55 2:4
t Vool 0: 051—ps B4Fs "D 5(x(;1=R)

d

200 400 600 800 1000
R~ [GeV]
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Impact on the unitarity triangle

h 140 q -0
R. = 0:86 0:041 Mg  Bg30MeV 0:55 2:4
t Vo] 0:051=ps © BuEo) 9D 5(x(;1=R)
sm_ A= 00)
\ RN S M
Rb \\I\:et / S(Xt(;

Andreas Weiler, 2nd 10 36 Workshop at SLAC, October 2003 — p.6/20



Impact on the unitarity triangle

n g q__0
R. = 0:86 0:041 Mg  R30MeV 0:55 2:4
t Vo] 0:051=ps " B . 9D 5(x(;1=R)
d

1=R = 200GeV :
1=R = 300GeV :

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)
Ms 18.6"2 18.0"%:L
(ps 1) (15:7 26:2) (15:4 21:7)
iVgj (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.




Rare Decays- Zg Penguin

K + | + C R
! + =
K+1 0 TRy g
Co(Xx 4B (X
B | Xs;d o(Xt) o(Xt)
B s AN\ S Yogt; A\ n Cn(Xt; N=R)
KL ! 7 Co(xt) Bo(xt)
| Xo(xt), X (xt; 1=R) | Yo(Xt), Y (Xt; 1=R)
1.85 | ] | | | |
18 | L850
117§ 1.2 |
1.65 11
1.6 |
1.55 | , Al
200 400 690 800 1000 200 400 69 800 1000
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Rare Decays- Zg Penguin

K*1 7
K*1 0
BS,dl N
KL ! °

Y =

= Koy

Co(Xt) 4B O(Xt
o2y

Co(Xt) Bo(Xt)

1 Cn(Xt; Nn=R)

1 Cn(Xt; N=R)

Enhancements at 1=R = 200 (300) GeV

Br(K*! * )/ jch+ VigXj% 16 (9%

Br(K* !
8.8 :

+

) 1ot

8.6
8.4
8.2
8
7.8
7.6

200 400

6? [GeV]

800 1000

Br(Bs! * )/ jVisYj? 72(33)%
Br(Bs! * ) 10°

6
55
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Rare Decays- Zo Penguin

Enhancements at 1=R = 200(300) GeV

Br(K*! * )/ jCharm+ VgXj°! 16(9)%

Br(B ! Xq )/ VigXj%! 17(10)%
Br(K,! * )/ jCharm+ ViqYj*! 22(12)%
Br(B ! Xs )/ VisXj%! 44(21)%
Br(Bq! ) |/ VigYj%! 46(23)%
Br(Bs! ) |/ VisYj?! 72(33)%

Mg / Visj°S1 17(8)%
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Rare Decays- Zo Penguin

1=R [GeV] 200 | 250 | 300 | SM | SBABAR
B r(K OO O 8:70 | 8:36 | 8:13 | 7:49
Br(kp! ©° ) 10t 3:26 | 3:17 | 3:09 | 2:80
Br(K,! * )sp 10% || 1:10 | 1:00 | 0:95 | 0:79

Br(B! Xs ) 10° 5:09 | 4:56 | 4:26 | 3:53 ??
Br(B! Xg ) 10° 1:80 | 1:70 | 1:64 | 1:47 ??
Br(Bs! * ) 10° 6:18 | 5:28 | 4:78 | 3:59 ??

Br(B4q! * ) 100 1:56 | 1:41 | 1:32 | 1:07 < 50
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Radiative Decays- ;G Penguins

Suppression of -magnetic and chromo-magnetic
penguins.

0.4

———————————————————————————————————————————————— I
0.35
4 .15}
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sb = i (BE 0GRS a1+ S)ib
sG® = | tp—;% Edx:1=R)s [i g [my(1+ )]IT2 b
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Radiative Decays-B ! X,

Experimental average cLeo, ALEPH,BaBar,Belle
Br(B! Xs )= (328038 104
SM using (M¢=mg)? = 0:22 Gambino, Misiak
Br(B! Xs )= (3:57 0:30) 10 4

aISO done by Ag aShe, DeShpande, WU Andreas Weiler, 2nd 10 36 Workshop at SLAC, October 2003 — p.13/20



B! X¢ * Branching Ratio

red plot: M. Misiak, background sketch: C. Bobeth's thesis

g> = (p+ + p )?
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B! X¢ * Branching Ratio

Full dilepton mass spectrum
Br(B! Xs * Dgaar = (5:7 28 (stay 14 (sysy ) 10 °
Br(B! Xs * Jgele = (719 21 (stan 95 (sysyy ) 10 °
SM Ali,Greub, Hiller, Lunghi, full NNLL DY isidori, Hurth et. al.
Br(B! X * )=(41 07) 10°
ACD 1=R = 300GeV
Br(B! X * )=(48 08) 10°
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Forward Backward Asymmetry

Rl d2 b! +
AFB (9) N ( b! 1C€R 1 d COS | (déld CS(;S | )Sgr(COS I)
aReC§ (§)+2 Cc¢
ArB (é) 3C10 u(9)
38
2 QBI LO — 0142 002 Ali ;Mannel ;Morozumi
> QBI AR = 0162 0008 Sggt]rﬁgLo ;\ggﬂgh;v;\/lziioéir;I;?Ie?i();;Hovhannisy an
&P =0146 001 1=R= 300GeV
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CorrelatedBr(B ! X< ) and$;

n

a = 2GS | IJBr(B! Xs )
07  Recs (%) Cs

Correlation between §p and Br(B ! Xs ) because C§ IS
only weakly affected by KK modes

Cé¢ | ::—L— 1 4sin® y C + boxcortributions + :::
9 SIN® w
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Conclusionsand Outlook

Relatively small impact on UT

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

+Br(K*! * )O%)| Br(K.! 2% )10%)
Br(B! Xs ¥ )(12%)|| Br(B! X4 * )(12%)
Br(B! Xs* )21%)|/Br(K,! * )(20%)
Br(Bgy! * )(23%)||Br(Bs * )(33%)
-1 Br(B! Xs )( 20%)|/| Br(B! Xsgluon)( 40%)
C || §:0:162! 0:145

strong lower bound on 1=R using g and B ! Xy
could be obtained with improved theory and

_ experiment
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Andrzej J. Buras, Michael Spranger, Anton
Poschenrieder

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