New Physics Im B — K= decays?
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B 2 Km Puzzle

* Branching Ratios - HFAG March 2007

Measurement BABAR Belle CLEO Average
B(K%t) 23.9+ 1.1+ 1.0 22.870% +1.3 1881371 23.14 1.0
B(K 17 13.3+£06+ 0.6 12.4 + 05107 12.0124+12 12.8 + 0.6
B(K*tr™) 10.1 4+ 0.6+ 0.6 20.0 + 0.4 + 0.8 18.0123+12 19.4 4+ 0.6
B(K ) 10.54+0.7+ 0.5 9,210 T+08 12807 10.0 4 0.6
T B(Bt — Ktx0) 1 B(B® — Ktn~)
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B 2 K Puzzle

e CP Asymmetries - HFAG March 2007

Measurement BABAR Belle CLEO Average
Aa_‘,‘p[ffnrr"'j —0.029 £ 0.039 £+ 0.010 0.03£0.03+0.01 0.18 £+ 0.24 + 0.02 0.009 £+ 0.025
Ac‘p[fi"":‘rnj 0.016 &+ 0.041 £ 0.012 0.0T £0.031+0.01 —0.294+0.23 £0.02 0.047 £ 0.026
Acp(Kta™) —0.108 £ 0.024 £ 0.008  —0.093 £ 0.0158 £ 0.008 —0.04 £ 0.16 £ 0.02 —0.095 £ 0.013
Acp(K 7Y —0.20 + 0.16 + 0.03 —0.05 4 0.14 + 0.05 —0.1240.11

0.331+0.35 £0.08 0.33+0.21

Sk gm0

0.33 £0.26 £ 0.04

with CDF measurement Aop( K77 ) = —0.086 + 0.023 £+ 0.009

Agp(B" - K'n")—Ap(B" — K'w ) =0.14 £ 0.03

(sin28), . — (sin2p),,, = —0.35+0.21




Quark Diagram Approachin B 2> K

e Amplitude parameterization

AB" - K'n")= P'+A

AB’ - K'w )= -P'-P.,—T'
VAB" - K'n")=-P—PL, —P —T'-C'-A
V2A(B’ — K'n°) = P'-Pp,—C'

with re-definition of

1

P'+EP'— 3795;;, &Py — P

A’+87>g(;}, — A’




™

Quark Diagram Approachin B 2> Krm

Hierarchy between the parameters

P'=V,V,, P, + ViV Pic = PetPy,

us uc C

A2
7)/
., / uc
\]__/{ 7>tc 7)t/
\ / / 0
\ \é_(/ T y 7DEW .
7 B
A : C, Vo D
3/ / / ’
\_/< A 2 Puc 0.z 0.4 0.6 0.8

k2

L_E 1
47 m; " 2

Buras, Fleischer
PLB. 341. 379 (1995)

~/
7D’uc

~/
tc

<04

Mishima, Yoshikawa
PRD. 70. 094024 (2004)

C' > [Ppy

/




Quark Diagram Approachin B 2> Krm

e Final form

AB' - K'n")= A" =-P'
AB - K'm)=A"e i« = P'(1—rpe7e)
AB" - K'n')= A" o — %P'(l —re"e’ —reMe 4 rEWei%W)
A<BO — K'm 0) AVe e = %P’(—l —ree 4 rEWei‘sEW)
We Neglect PPy A’ P=pil = ;_‘ o :‘PC_‘ e ZW

We set the strong phase of P to be zero = all phase is relative to it

[

[

® We hold 7 unknown parameters P',r.,r.,r.,,6.,6.,8,,
® We use Y value given by other analysis

[

A? are real and positive, «a” are phases of their amplitude

™




Re-Parameterization Invariance

® Re-parameterization Invariance Botella, Silva 2005

® For any phase ¢

ot — sin(qﬁ — 77) e _ Sin(Cb — 0) R
sin(@ — n) sin(@ — n)

® We can choose arbitrary 0,n at will, for any given @

* We assume NP comes into P, part (or C part)

r" N N/ r" sin ¢N 0N vy r Sin(¢N — ’7) ioN
—e” e*’ = . e’ e . e
J2 j J2 sin~y V2 sinn~y

0=~ \ \

n= Absorbed into C Absorbed into EW




Re-Parameterization Invariance

NP term is absorbed into SM term
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AnalytiC re-Solution (CSK, S Oh, Y Yoon, PLB665(2008)231)

e Original Form does not change

AB' - K'n")= A" =-P'

A(BO R K+7T_> — A+—eia+* _ P/(l . rTeiyei5’T>

A(B+ o K+7TO) = A% = %P’(l — e — e - ré”we”gw)
A(BO — K07T0> = AV — %P’(—l — ré”eheiw - rl%,e"‘%)

® |If there is NP ""(y = (T )smr» 52*4 = (0¢ ) snr

"“}é\JW = (rEW>5M7 61];/IW = (6EW>SM

(- y




Analytic Solution

Step 1 -P,r.,5]

:—P, B

0+
A R =
BO+

_ P m— . Y
AT e =P'(1-re"e’)

b R =1+, — 27, cosd, cosy

~Afp R = 27, sin §,, sin

T

TBU

—8 —0.90+0.05

P’ x«Br’"

in 2
cotl, = P2V

1
1+ |1+
(—Aip)R \/ cos” 7

T, = \/R(l —Agpcotycotdy) —1

=

—ApR

2sin~y

|

- 9 reject

P'=(49.9+1.1)eV
r, = 0.14 £ 0.07

o, =20° £11°




Analytic Solution

S’rep 2. aoo,aoo

\/5 <A+Oeia+0 - AOOez‘aOO) _ P/(2 . rTez’fyez'éT) — mez’C

\/5 (Z+Oei5ﬁ0 . Zooeiaﬂo) _ P/(Q . rTe—i'yeiéT) — Eeig

+02 5 A002 22
a” = ¢ + ArcCos EA 2AOO : Pz
22A" Pz o
) ) Two-fold ambiguity occurs.
A0 400 12 —2
a” = ¢ + ArcCos 24 — Qé — Pz 2 X 2 = 4 fold ambiguities
2V245P' in tatal




Analytic Solution

Step 3 - rcMIrEI:IVIG?lGéMW

00

M _iy ol M _iddy, ia® _ in
—r) e ) e’ =J2—€" +1= ye

"4 00

M _—iy oM M _ion i’
—re e 4l et = 2 e
P/

"f1= ge”

2 —2
= \/“" L _ 4 cos(ii—n)
sin ~y 2

v _ 1 Jw ol B
Tew = — —yycos(2y +1m—n)
sin vy 2
YCoOST) — Y Ccosn
ysinn —ysinn
_ycos(n —~) —ycos(n +7)
ysin(n — ) —ysin(n + )

d, = ArcTan

0w = ArcTan

No discrete ambiguity




Analytic Solution

[ ] [ M M M M
4 different solutions for r.,r,,,0.,6;,

a0 — o ! S Siears
Case 1 3° + 14° 0.070 £+ 0.075 0.26 £0.11 231° +£101° 77° +16° 0.65+ 0.17

Case 2 39° £+ 14° 0.36 £0.13 0.078 £ 0.069 192° £ 11° 208° = 70° 0.08 £0.26

Case 3 —25° +14° 0.24 +£0.13 0.17 + 0.09 —18° 4+ 15° —1.1° £ 29° 0.92+0.07
Cuase 4 11° 4 14° 0.12 +0.11 0.20 +0.13 227° + 38° —82° 4+ 14° 0.53+0.17
Sy o="0.33 £ 0.21(data)

® We reject “Case 3” due to large SK o prediction

® The SM estimate r, =0.12>r. =0.039, O, ~—61", o, =22

® Case 2: Large C
® Case 4: Large EW




Analytic Solution

Step 4 - solutions for NP term

M _isY id} N Sin ¢N i
T, e =r,e° —r . e
S1n =y
. N
M _isM 7 - N sin(@" — ) v
sin <y

/ / N N N
4Equq’rions VS 7 unknowns - rCIrEWI6CI65WIr I¢ 16




Additional Inputs

From B = nmt decays

a) Additional inputs from Flavor SU(3) Sym.

Measurement

BABAR

Belle

B(B* — ntq")
B(B" — 7+717)

B(B° — 7%70)

5.1+05+£0.3
55+044+03
1.48£0.26 +0.12

6.6 +0.4703
51402402
114+03+0.1

Acp(Bt — 7tx0)
Acp(B® — mtm)

Acp(B® — 779

—0.02 +0.09 £0.01
0.21 £0.09 £0.02

0.33 4+ 0.36 £ 0.08

0.07 £ 0.06 + 0.01

0.55 £ 0.08 = 0.05

(4 +0.7340.04
0.44%5'62 006

CLEO Average
46115108 5.7+ 0.4
45110408 516+£0.22

<44 1.31+£0.21

0.04 + 0.05
0.38 +0.07

0362435

S:'T"‘:'r—

—0.60 £0.11 £0.03

—0.61 £0.10£0.04

—0.61 +£0.08

with CDF measurement B(B” — 7+7~) = 5.10 4+ 0.33 +0.36

Assuming no NP in B 27t

HFAG March 2007




Additional Inputs

Additional inputs from Flavor SU(3) Sym.

B = mT parameterization Chisq-fitting with 5 measuremen’rs

\/§A<B+ N 71_-!-71_0) :—(TBWGMST _'_Ceryew'c) 3 Br P( ), -

iy i ; with 5 parameters
A(BO — 7r+7'r_) = _(TeweuiT + Pe—z,@) P *
\/§A(B+ — 77071-0) — (Cehei% _ Pe*iﬂ)

T(eV)  C@eV)  P(eV) 5 dc: Acp(r'r?) S

m0r0

Sol. 1 225£0.7 162+16 78+13 40°+7° —12°+£15° 0.17+0.22 0.66 £ 0.12
Sol. 2 225£0.7 155415 78+£13 40°+7" 870 £ 18° —0.80+£0.09 —0.11+0.25

v A (m'm")=0.36"02 (data)
C' = Vus = (3.84+0.4)eV
y Se e, 1 y y (rg, 84) = (0.076 + 0.008, —12° + 15°)
Tew e = S e, MR, e TTee) — (Tpw 000 ) = ( 0.14+0.04,  9°+10°)
Gronau, Pirjol, Yan (1999)

(-




Additional Inputs

b) Additional inputs from PQCD result

Li, Mishima, Sanda, PRD72, 114005 (2005)

TABLE V. Topological amplitudes in units of 107> GeV for the B — 7K, 7w decays in the NDR scheme.

Topology LO LOwLowe +VC +QL +MP

P 36.6¢2° 50.6¢2° 49,6629 52.1¢12% 437128

T! 6.96‘-0'0 6.6.‘3’“'“ ﬁ.ﬁem'] 6.68‘““ 6.66‘-0'0

' 0.5¢7123 0.6 104 1.9¢713 0.6¢ 102 0.6¢ =104

P, 5.8¢71 5.8¢731 5.4¢7830 5.8¢31 5.8¢131

T 24,3100 23.5¢100 23,100 23.6¢ 101 23.5¢100

P 47ei04 6.5¢ 7104 6.3¢ 7103 6.7¢~103 5.7¢104 5.6e~104

C 0.8¢26 2.2e02 4 8¢ 2.3¢M04 226702 4.3~

P, 0.7¢00 0,70 0.7¢~01 0.7¢%0 0.7¢%0 0.7e 101
(’r‘C, 5é) = (0.039, = 610)

(TEW76£7W) =(0.12, 22°)




Determining NP parameters

Solution for NP term with additional inputs

o o 6N - Ad or A(s — T
Defining Ny itie o SV c c
3 = =%

A et — r] M st . it » sin vy » = — Sln}\(]]b
c€ o ¢ Ap. eidsw — _pN s1n(¢ eid" ATEW sin(¢™ — )
Aty et = pM oW _ p o eidhw o sin «y _ _siny A,
sin p®
With inputs from SU(3) sym. With inputs from PQCD results

T .."\r'_ O N 5.-’\"_ T -:\,- g}_"\"- 5:\'-
Case 2 0.39 £ 0.13 92° £+ 15° T° + 26° Case 2 0.34 +0.13 94° + 16° 6° + 27°
Case 4 0.29 £ 0.19 1487 £ 25° 25° £ 17° Case /4 0.31 £ 0.29 160° £ 21° 20° +14°

Cases 2&4 are suitable and consistent each other between two methods.

(-,




Discussions
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Summary

Due to the Re-parameterization Invariance(RIl) the NP
terms absorbed into the SM terms ¢ and P, in pair.

In order to extract NP parameters we need at least 3

additional inputs.

We could pin down each hadronic parameter under
four-fold discrete ambiguity using analytic method.
And also NP parameter for given additional inputs

Results shows that there should be quite
large NP contribution with maximal weak phase




Unparticle Physics
in BB mixing and B—(x, K)tt decays

Collaboration with Chuan—Hung Chen and Yeo-Woong Yoon
PLB671(2009)250




™

Un pa rticle Phys Tos Georgi, PRL. 98. 221601 (2007)

o (b) scale Invarant
| — BZ field with IR fixed point
_ WY at My, (>1TeV)scale physics
can not be described by ordinary particle
Banks, Zaks, NPB.196.189(1982) 1= Unparticle stuff

Interaction with the SM particle:
1

dimensional transmulation —M" 0,052
U

at scale of A,

Matching onto Unparticle operator
CUAZ{BZ*du

My,

0.0,

sm

d,, : scaling dimension of Unparticle Op.




Unparticle Physics

The vacuum matrix element

(010,00} 10)= [ (Z e 1{010,001)F P

s

should scale with dimension 2d,, , by virtue of scale invariance. Therefore,
1(010,(0)|P)* p(P*)= A, O(P°)O(P*)(P*)™ 2,

This characterizes the unparticle phase space.
And, it resembles the phase space for n massless particles

n n d4 .
@r)' 8¢ |P—> ", | [6(61000)—25 = A B(P°)O(P?)(P)
= )i (27)
Where 167" T(n+1/2)

" 2r)" T(n—1)2n)




Unparticle Physics

Georgi’s proporsal:

Identifying A, = A, , n=d,

167°° T(d,+1/2)

Ay, = 2d
“ o (2m)* I'(d, —1)I'(2d,,)

“Unparticle with scaling dimension d,, ”

4

“ Fractional number d,, of invisible particles ”




Unparticle Physics

Because of scale invariance, The Unparticle propagator is

. A " p”
[ d*xe™ (01T(04(x)0;(0)10) =i -— 2 — [—g“”+—p 2

2sin(d,,m) (p*)* p’

—igy

e

Georgi, PLB 650:275(2007), Cheung et al, PRL.99:051803(2007)

It carries CP conserving phase ¢, =(d, —2)7

The Effective Lagrangian for the interaction with vector Unparticle is

! !
q'q q'q
C

ot 7= 50a0; + 5=, (4 7:)a0;
U U




BB Mixing Constraints

bV, t g
B B , SM
ds W W Bd,s :M;IZ
g V' T 5 Containing Weak Phase My,
t
! From CKM Factor ”
,SM U
+ M(lqz +M(172
b
q B 0. U
U . D 12 —
Bd,s Cb: S _qu Bd,s Containing Strong Phase
From unparticle propagator
q b




BB Mixing Constraints

szz ~ * ~B ihM
,SM 2 2 ,SMy i
M = leﬂ_‘;V mquBq Bs, ViV ) 1 S, (x,) =M, e

Lattice QCD results for the Non-perturbative parameters.

B, fo\Bs,

JLQCD: 0.21540.019%0 .  0.24540.0217%%%

—0.002

(HP+JL)QCD: 0.244+0.026 0.295+0.036

The values for the SM mixing amplitudes

le(ljéSMl lei,zSMl
JlQCb:  0.757)5 ps™t 16.4+2.8ps”

2

(HP+JL)QCD: 0.97+0.29ps ' 23.8+59ps*

=128 =452°457°, ¢ =-2\n = —-23°+£0.2°

S
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BB Mixing Constraints

Current Experimental data (HFAG)

AM, =(0.507 + 0.004) ps~*

¢, =43°+2°

AM, =(17.77 £0.12) ps* CDF, PRL. 97. 242003 (2006)

Strongly constraining on the BB,

mixing

JLacD ' ' ' ' /'

0ar e b IE: 3

(HP+JLQCD

00 02 04 0.6 0.8 o

Especially on phases of M,

JLQCD: @Y =—130°+£180°, (HP+JL)QCD: ¢ =—132°+£12°

ik}

AM, =2 | M|




BB Mixing Constraints

2
4 s5M
((C27 +(c2*Y) 3 =

+cc®

M=, (p*)my, £ Bs, X

A, e
2sind, wA 2 (p?) Py =dy, = 2)m
U U

Cz,{ (qz) —

C,(g*)determine the phase of M},

1807

]
E
o
!
A

5
Jff

d U
2
/

arg[M3

(=)
=
=]

—
=
=

=]

—
=
=

=
(=]

5]

—
(=]

Therefore (HP+JL)QCD can not give the right value of scaling dimension 9y

JLQCD allows all value of 9y
@ We choose JLQCD case and set d,, =1.5 )




BB Mixing Constraints

Constraints on unparticle mixing amplitudes from experimental data

2|M%H] =0.2540.26 ps*

2|M| =7.646.6 ps*

c’,C, C;°C: are strongly constrained as

L ?

|C*—C|<3.1x107%,

3.5x10* < |C* —CP | < 1.4%x10°°,

CR(107)

-
L0




Unparticle contribution in
B—(w, K)t decays

The SM decay amplitudes
\f?A'SM [B+

4),_1.5';“»4 (Bd . ﬂ'+ﬂ'_]

\f§"'1'sjrf (Bﬂ[ ., ﬂ_Dﬂ_D]

‘ASLM(B_'— . KD;.*]""]

‘45'111(_8{{ . K+ﬂ.—]

x_;§‘),_15'1ﬂrf(B+ ., K+ﬂD]

V.-'EA_SM' (Bci . KD?TD]

— _.Tei".r' _ C':fe'i’:r' _ .PEHr"E_é'S?

— —Te"

= —(Ce"+ P e _p ELI,-'E’_E'S,

= P;!

o PE—‘EIS

— P T,

_ By R T B & 1)
= —P - T —C'e" — Ppw,

:PF—

~! _iy i
C'e™ — Poy

The recent PQCD result for the SM parameters

Topology Arg Topology Abs Arg
P 2.9103 T 232750 0.0£0.0
T 0.140.0 P 5.6T52  —04707
Pl —1.340.1 C 4377 —1.1400
C —~3.0+£0.0 Pow 07101 —01400
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Unparticle contribution in

B—(w, K)t decays

Effective Hamiltonian for b — qg’q’

Hy=—C,(@”)(C(@b),_, +CP(@b), . )(C77 @), + €5 @), )

Unparticle contribution in decays

AY (B— n'n!)= C, (qlz)fﬂm;FoB”(mi)au’”i”j

decay mode

I
e

dec
ata— _ 1 [: (Cdb{:_wuu _ I!-_-_h:l'br:_vuu} + BT (l.:nefﬁ{_'_wuu _ {_ﬁﬁbcuu}' )
i T e LCL ECR 1 WL CR RCL
u i__jy__ 2 2 -Bm 2 Uu,K'n! —
A"(B—K'm')= Cu (ql )meBFO (mK )adec _Tf"_zl.wc( (Cftop — of) — ooy — of))
mta’ +21 (OO - OF) - Cf(Cpe - ) )
Cuilad 1h i o 1d o ~odd
2 2 2 —Troir (OF + OF) (O - of - Cf + OF)
q, =~ mB(mB —m, )' q, =—m, 1 dbedd _ b dd x ((rdbodd _ rdberdd
00 m((cn Cp* — CRCy) + 2rf (CCF —CxCE ]')
2 2 c Ci '5221 16 ih e 14 e ~sedd
r7T _ m7r T __ m7r _\-"Elf-.i'ul'qﬁici +Cp ) (CL —Cp"—Cg +L.dﬁdj
1 r Iy 0_— i £h £h ~vdd K rvehomdd _ eshomvdd
m? m? Ktg~ —1}-( (Cpcp — cgoy) + orf (CfCp — CROP) )
K __ K K __ K .
n = » b= o | Al leftor —citoy) + ol (o oy - o) )
mb (mu +m$) mb (md +m$) Kt Cu':'?zz] = F%EK [m;] zh sk Ly ~sedd L ~scld
_ﬂ"i;l:‘i?]}f;f;u T(my) (CL +GR-] (CL —CL —Cg +LH]
oo ﬂ%( (CCgd — o) + 2nk (Cpo - r:';f’r:'ﬂ“’j)

__Cigd)

= FE™ (mi)

v Llgs) Jx FE= (m3. ) (CED + C.If:fb\] (Cfu - -"Ed - "r'-"j-l?u + ,‘r_‘_ﬁ%u}'




Unparticle contribution in
B—(m, K)Tt decays
AB— f)=A"(B— f)+A“(B— f)
Unparticle Parameters:

Ay, d, =) \Weset A,=1TeV, d, =1.5

C*,Cc®,C*,C (Strong constraints
from mixing) Free

Perform minimum X° analysis for 8 free parameters with
16 experimental data of B— (7,K)m decays.

The fitted values are
C*=15x10"*,C’=23x10", C*=58x10"*,C’=93%x10"
C“=39, C¥=12.4, C"=3.7, CV=12.2

Y’ =46, dof=8
(-
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Unparticle contribution in

B—(w, K)t decays

The unparticle contribution with fitted values of the parameters
( w/o : without Unparticle contribution )

observables data theory (w/o) theory x? (wjo)  x?
B(K 7t) 231+ 1.0 235+ 12 222+ 11 0.001  0.006
B(K*x") 12,0+ 0.6 13.0+ 6.2 126+ 6.0 0.001  0.003
B{K*7~) 10.4 + 0.6 10.7 + 10 10.2 + 10 0.001 0.0
B(K "x") 0.0+ 0.6 8R+4.0 10.4+ 5.3 0.046  0.000
Acp(K"z*) | 0,000+ 0.025 0.0 4 0.0 0.0+ 0.0 0.13 0.13
Acp(Ktr") | 0050+£0.025  —0.017+0.068  0.056 + 0.067 0.008
Acp(EK+r=) | —0.097£0.012 —0.099 £0.073 —0.083+0.071| 0.001
Acp(K7) —014+ 011 —0.065+£0.040 —0.051+£0.032| 041 0160 . .
- Chisq is
SK gm0 0.38 +0.19 0.74 + 0.08 0.74 + 0.07 3.1 3.2
Bixta" 5501041 4.03+2.53 4.05 + 2.53 0.37 0.36 Much
Bizta) 516 + 0.22 .80 + 4.43 710+ 4.43 0.14 0.19
B(x07l) 1.31 +0.21 0.23 +0.13 1.33 + 0.30 0.002 Redyiced
Acp(rta®) 0.06 + 0.05 0.00 + 0.01 0.055 + 0.017 0.01
Acp(nta™) 0.38 £ 0.07 0.17 4 0.10 0.38 4 0.14
Acp(r'7") 0.48+0 0.64 + 0.23 0.53 + 0.13 0.17 0.024
St e —0.61 £ 0.08  —0.55+0.44 —0.55+0.42 | 0021 0.023




Summary

® We searched Unparticle contributionin B, B, mixing and

B— (m,K)m decays
® BB, mixing could give strong constraints on unparticle
parameters. The scaling dimension d,, also can be constrained
when more precise estimation of the SM mixing amplitude is

provided.

® The Unparticle contribution could successfully resolve the

discrepancy between theory and data forthe B— (71,K)7

decays, suchas Br(B, — n°n°), A,(B,—7'n") and A_,(B, —K"n°)
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LEPTOPHOBIC Z' MODEL

v' Extra neutral U(1) gauge boson, Z’
- has been considered one of the extensions of the SM
- motivated by
String—inspired GUTS (J.L.Hewett, T.G.Rizzo, M.Cvetic, P.Langacker, etc)

Dynamical symmetry breaking models (G.Buchalla, G.Burdman, etc)
Extra dimension models (M.Masip, A.Pomarol)

Little higgs models (N.Arkani-Hamed, A.G.Cohen, T.Han, etc)

v Leptophobic Z’
- does not couple to SM leptons
- introduced to explain the Rs-Rc puzzle at LEP and
anomalous high-Er jet cross section at CDF
- by introducing the superstring inspired models,

I.e., Ee or Flipped SU(5)
o




E. GUTS

v comes from heterotic superstring ( E —SUQ3)-E, )
v was the natural anomaly free choice for a GUT group after
SO(10)

v could have several intermediate mass breaking scales
1. SO(10)xU (1)

v Maximal breakings of Es :{2. [U@)]
3. U(2)x U (6)

If we consider the following breaking chain
Es — SO(10) x U(1)y
— SU(B) x U(1), x U(1)y
— SU(3)e x SU2), x U(1)y x U(1)
U(1)’ can be a linear combination of
1. twoU(l)s [U@)'=U(),sin6-U(1), cosd, Flipped U (5)]
2. three U(1)s [ ambiguity of embeddings, Flipped SU (5)+ Ma ]

(-




Eﬁ —_ S()(l':') X Dr(l)ﬁ';
— SU(5) x U(1)y x U(1)y
— SU(3)e x SU(2), x U(1l)y x U(1)

v directly SU(5) — SM : SU(5) (Geogri-Glashow)

. UE), | F=(0, %)={Q, c ey T=G, —§)={L, 1= g):{w}

e UD'=U(D),sind-U(), cosd

v SUB)XU(D)x — SM : Flipped SU(5) (s.M.Barr,1982)
Flipped SU(5) is a different breaking pattern of SO(10)

e Flipped U(5) : F = (10, %):{Q, d°, vy f=(, —g):{L, U} 1°=(L g)z{e"}
e YI2=aUQ)g,s+AUQ, (a=p=-1/5

Leptophobic Z’ does not couple to multiplet(s) and singlet(¢)

(-




Leptophobic Z' in gringy flipped SJ(5)

(J.L Lopez, D.V. Nanopoulos, and K.J.Yuan (NPB399,654(1993))

e Gaugegroup : SU(B) x U(1) x SO(10) x SU(4) x U(1)’
observable hidden U (L)

In addition to its own beauty this scenario has the following phenomenologically interesting

features:
e The new Z’ coupling is generation dependent and can generate FCNC processes.
e The FCNC couplings allow large CP violation.
e It violates the isospin symmetry in the right-handed up- and down-quarks.

e The new gauge boson interaction maximally violates the parity in the up-quark sector.

(-




In the mass eigenstates the interactions of Z’ gauge boson with the quarks can be written as

L=—2_s7 (w Py|Veevi|u dy by VeV |d 4 dve P | Vigevi| d)_.

cos 9;.1.-*

We introduce complex parameters, L and R,

]_ r J_ r
daydt] Z 17z rdaydt] = L p2
{I"L ‘-’LL}L} by g sbe [[’R" '[’Rq by = 9 lsh:

Neutral — Current Interaction

it g2 7 ' Zr_ /
- = . ey I o~ s ,

L(Zqq) = — 25 zn [ﬁ'}fgc."}j Pru +R‘}-'#,((:%PL + c:ff%PR)r'i} .

COs Uw
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Experimental result
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Experimental results

Made B R[l[l_ﬁ] Ap Sep
B+ — x+K°(23.1 + 1.0 0.009 +0.025 ~4.3%
B+ — x°K+[12.0 £ 0.6| 0.050 &0.025 ~4.7%
BY — 7~ K+[19.4 £ 0.6| —0.007 + 0.012 ~3.1%
B — r'K" | 0.0+06| —0.14+0.11 0.38+0.19 ~6.1%

PQCD results Ulo

HSIANG-NAN LI, SATOSHI MISHIMA, AND A.I. SANDA PHYSICAL REVIEW D 72, 114005 (2005)

TABLE III.  Branching ratios in the NDR scheme ( X 107°). The label LOy owe means the LO results with the NLO Wilson
coefficients, and +VC, +QL, +MP, and +NLO mean the inclusions of the vertex corrections, the quark loops, the magnetic penguin,
and all the above NLO corrections, respectively. The errors in the parentheses were defined in the contexlt.

Mode Data [1] LO LOxLowc +VC +QL +MP +NLO
B* — m*K° 24.1+ 13 17.0 32.3 31.0 34.2 24.1 245700050
B* — 7K~ 12.1+ 0.8 10.2 18.4 17.4 19.4 14.0 13.925505
B'— 7 K* 18.9 + 0.7 14.2 27.7 26.7 20.4 20.5 20,9105
B" — 70K° IL5+ 1.0 5.7 12.1 11.8 12.8 8.7 9153555




Direct CP Asymmetries

Experimental results

Made BR[107°] Acp Scp

Bt — otK" 231+ 1.0 0.0094+0.025

B+ — 7K+ 12.9 4 0.6 |0.050 &+ 0.025 20
BY — 7~ K+ 10.4 4 0.6 {-0.007 £ 0.012

B — K% 90406 —0144+011 0.38+0.19

PQCD results

TABLE IV. Direct CP asymmetries in the NDR scheme.

Mode Data [1] LO LOntowe +VC +QL +MP +NLO

B* — 7 K° ~0.02 + 0.04 —0.01 —0.01 —0.01 0.00 —0.01 0.00 -+ 0.00(+0.00
B* — 7K~ 0.04 + 0.04 —0.08 —0.06 —0.01 —0.05 —0.08 —0.01 0 00
B — 77 K* —0.115 + 0.018 —0.12 —0.08 —0.09 —0.06 —0.10 —0.09 0 oo o oen
B — 7OKO 0.02 + 0.13 ~0.02 0.00 —0.07 0.00 0.00 —0.07 oo

/




a ™
Mbdng-Induced CP Asymmetries

Experimental results

Made BR[107°] Acp Scp

Bt — otK" 231+ 1.0 0.0094+0.025
Bt — 7"K+ 120 +£06 0.050 £ 0.025
BY — 7~ K+ 19.4 4+ 0.6 —0.007 £ 0.012

B - 7"K° 090406 —014+0.11 [0.38+0.19 20

PQCD results

HSIANG-NAN LI, SATOSHI MISHIMA, AND AL 1. SANDA FHYSICAL REVIEW D 72, 114005 (2005)

TABLE VI. Mixing-induced CP asymmetries in the NDR scheme.

Data LO LOxiowce +vC +QL +MP +NLO
+0.02(+0.01)
S ok, 0.31 +0.26 0.70 0.73 0.74 0.73 0.73 0.74% 0 on
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B — 7K decays

i 1 I L
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Leptophobic Z’ contributions
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Figure 7. A scattered plot in (M. ) plane. For this plot we imposed

Zn’
Rsb
Acp(BT — 7"KT), Acp(B® — 7= K7T), and Sepl B° — 7°K°) constraints

as well as the Am, and BR(B — 7K)’s.




Conclusion

v Stringy leptophobic Z’ can possibly explain the apparent
deviations from the SM predictions in the B—1nK decays

v" This is phenomenologically interesting because

- The new Z’ coupling is generation dependent and can generate FC

- The FCNC couplings allow large CP violation

- The couplings also violate the isospin symmetry and can give large
contributions to the EW penguins (P;, and Pt )




Back up




There is an ambiguity in the assignment of the various fields

Table 2.1. Charges of fermions contained in the 27 representation of g

within the conventional particle embedding [1].

SO(10)  SU(5) Particles SU3).  Y/2 2100, 2V6Q,
16 10 Q = (u.d)T 3 1/6 —1 1
1’ 3 —2/3 —1 1
1 1 —1 1
5 | L=(ve)T 1 —1/2 3 1
e 3 1/3 3 1
1 e 1 0 —5 1
10 5 [ H=(N.E)T 1 —1/2 —2 —2 |
| he 3 1/3 —2 —2 |
5 He = (N¢, E5)T 1 1/2 2 —2
h 3 —1/3 2 —2
1 1 | B 1 0 0 4 |

1) Q,, ofthefields (L,d® ) can be interchanged with those of (H,h",S°)
2) The pairs (u®,€°) and (d° v°) are interchanged : Flpped SU(5)
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