Could B.— K™ n" of CDF unveil new physics ?
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* Motivation inspired by current exps. at CDF

* Analysis of only tree & penguin related decays
-- toward new physics at tree --

* W, effects on B decays

* Summary
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Motivation

« Some important quantities & identity in the SM
B The Cabibbo-Kobayashi-Maskawa (CKM) matrix

» by diagonalizing the Yukawa mass matrices of quarks,
from charged weak currents, we have

d
JW=(u,c,t) y V Vs | W
CKM\ b ),
» Theoretical constraint

oyt =1 - 6 of’.f-diagon@ elements form
CKM ™ CkM 6 triangles with the same area

> Exact identities:

Im(V v, VﬁkVﬁ) J%gaﬁygjkf J: Jarlskog const.
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By Wolfenstein parametrization: v ~0(152)
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« Effective interactions for b decays in the SM

penguin %4 tree
br b (sr,dr)
Vi g Vits,d) br
q ur
_ B q — _ (SL ) dL)
bv* PLQavuprq by* Prutiry,prQ

YW PLQqvuprg @ =sd
B b— s 1s penguin dominance while b — d is tree

%

® Due to V:chs >V Vs & - V:chd ~ V;;th , in the following
analysis, we will express the decay amplitude in terms of
Vi Vi,



The related experimental results :

TABLE I: Branching ratios in units of 1078

Decay Mode BABAR BELLE CLEO CDF Avg
Bt - ntK® 2394+1.1+10 228708 +1.3 188137121 —— 23.1+ 1.0
Byg— 7 Kt 1014+06+06 1094+044+08 18.0133t}2 —— 19.4 + 0.6
By —mnt 55404403 51402402 451407 51040334036 5.1640.22
Byg— KK~ 00440154008 000t018+001 <08  0394+016+£0.12 015701}
Bs — K™ n™ —— e —— 504+0.754+1.0 5.00+1.25
By — KtK~ — — — 244+144+46 244+48
B, — mtm™ —— — = 0.534+0.31+0.40 0.53 +0.51

> http://www.slac.stanford.edu/xorg/hfag/

* The mteresting thing is the small BR for B~ K- n*
«B(B, >K'K"),B(B. >n'n )< O107),

the corresponding effects could be neglected



TABLE II: CP asymmetries in units 102

Decay Mode BABAR BELLE CLEO CDF

Bt - atK% —2943904+1.0 304+30+10 18.0+24042.0 e 0.9+ 2.

Bg—nm Kt —10.7+1.8707 —03+18408 —4.0+16.0+20 —8.6+234+09 —9.

By — nwt 21 +£042 55 +845 —— ——

By— KK~ — — —— —

B. — K nt — — — 394+15+8 30417

B — K+tK- —— —— — —

B, — wtm™ — — e ——

* 4, =———ocsinf, sinf, ; interference effects between tree and penguin

* The interesting things are the large CP asymmetries of
Bj—o>nn &B,—> K="



The detailed analysis on the decays
e B" 5> 1K’

At quark level, the decay is governed by p — 5dd

A(B > K" )=V, 1 PP

1s" th 5 K0 d
B penguin dominance \ /
B due to CPA ~0, tree ~ 0 b ) « d
BV, ~-0.041<0 wt
M P’ >0, besides QCD effects, u . u
P’ also depends on weak interactions B=(23.141.0)10°
W 6’ : strong phase; from short- and long-distance 4., =(09+2.5)10"

e B, > K"

At quark level, the decay is governed by p — sy

B=(19.4+0.6)10"°
4., =—0.097£0.012

* i0' *
-t — ' P '
AB, > 7K' )=V, Pe F =V, T

B T > 0 and color allowed

5 5 i
.Vus’ Vub >0 . K "
B from BR, it is destructive \ i u=—d
between P’ and T’ b u b o )
.

B coso’p, >0, by CPA, 0°,<0
1)

- ff -




* Now, the two decays have 3 observables; 3 measurements could determine
the parameters P’, 0’, and T” completely

B B*—>n" K gives a
strict limit on VP’

=
B With [V, P’|=2.2 104 &
we could see that
the needed T~
depends on angle y
Vi = (63J—r:§ )0
B What is the reasonable ?
value for T’ ? Na¥
&
TvzalfKE)B—)ﬁ' (m12< :0)
0.30 {0.048
~1-0.16-<0.27 =<0.043
0.24 [0.038
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Vis
v =63

2 BB, — K+

.I i Acp (B — TI'_I'L-IZI

D L
-1t
2t
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V. =43x10"e"

P'=u.uus4l 4 = §2®
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Data with 1o errors
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e B >Kn’

At quark level, the decay is governed by p — Juu

td th

A(B.>K 7)==V VP

5'

Py v T

ud ub

B Tree dominance, T bar > 0
MV,andV, , >0
B CPA is positive
B From previous analysis,
we see that at least the signs
of P’bar, 0’ybar and T’bar should

be the same as those in B,— n~ K*

B There 1s a U-spin symmetry between
B~ Kn*and B;—» n K*
If U-spin is a good symmetry, we have

P'=P,T'=T", 5,=06,

B strong correlation between the two decays
B constructive between P’bar and T bar

B=(5.00+125)10"
A,=039+0.17



B Because B.>K ' is

tree dominance, for 6 e S
. . . &t ) . 1} ¥ — a4
simplicity, we set o g = 2 P — P
J— L - - .2-2.'[';# ,_-G
P’bar = P°f_/ f,, 0 53| ER
™ -2'3,". —/ D
a'ﬂ 22t + + 70 |£ﬂ
W We see clearly we need 3 B> K o,

small T’bar to fit —2

, 4.5 - - - R
the CDF’s data ~0.042 -0.041 -0.04 -0.039 0.02 0.03 0.04 0.05 0.06
Vis T'T']

B What is the reasonable

value for T’bar ? = e 5l \ LAl
]_"'zalfﬂE)BS_)K (mj :O) = Acp(B, — K-mt)
030 (0.039 X
~1:0.13:4027=40.035 2
0.24 |0.031 — e ———
: : : 0.02 003 004 0.05 0.06 0.02 0.03 0.04 0.05 0.06
B Hint from U-spin assumption, T[] T'[T"]
angle v is preferred to be small;
gthgrwlise,gjzislpm should V. =43x10"e" Data with 1o errors
e broken badly



Summarize the analysis:

B=(19.4%0.6)10"° B=
A,=-0.097£0.012  4,=0.39+0.17

5.00+1.25)10°

7, =(637)

B, ->n K" 0 0 0
B K y~52° | y~63 Y ~ 70
T, T T ~T' T'>T T'>T'
U-spin Not bad bad WOrSe
small _ large T’

problem | small T _

T'&T' small 7"

Maccuracy of few degrees in angle v is necessary
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% Do U-spin symmetry break badly ?
What can we learn from the U-spin relation ?

Recall the implication of U-spin

29 (19

* “A theorem™ : * pairs of U-spin related processes involve CP rate
differences which are equal in magnitude and are
opposite in sign.”, by M. Gronau, PLB492(00)

For instance:

. T * S xS
s—>b: HAS=1)= VtthbOP — VUSVubOT

. v vEAd 1t Ad
d—b: H(AS=0)=V V. 05~V V Of

Consider two decays AS=1 and AS=0 are related by U-spin symmetry, s >dandd — s
The decay amplitudes could be written by

A-VVA B AUB—USAS=0)=V, V4~V V,4,
CP l P

VA -V.v,A4, USPIn  A(UB—>Uf,AS=0)=V,V,4 V.V, 4,

td” th” 7t
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tb” ud” ub

mDucto Im(V V.V, )=—Im(V.V,V.V.)

the rate differences are the same in magnitude but opposite in sign:

4B 1) -|4(B-7) = —(\A(UB >Uf ) -|4(UB - Uf)f) A" =—AT*

B Some related pairs:
. o, artial U-spin:
B,>n K vs.B >Kr P P S u
\\\\ //// \\ \\

-
S -
<

///// \\\\\ tf./"'/ ﬂr//
B, Snn vs.B*>KK"
B with the U-spin concept,
.\ T, BR(B,>71K")
A, (B >Kn)=—>" —
7, BR(B »>K ")

ACP(Bd > K")

. By H.J. Lipkin, PLB621 (05)
With current data, one can get

6 Nothing to do
A, (B, >’ K") _ 1406 19'4X10_ (-0.097)=0.36  with the value
A 1.53 5.0x10°°
' U X of angle y

B Interestingly, the result with U-spin is consistent with CDF’s result

A,(B, —>K 77)=039+0.17 certainty ?
accident ?
12



B Furthermore, if we neglect the contributions from small penguin
and tree annihilations, which dictate the decays
B, >K*"K~and B~ n* n~, the BRs are <107

A(Bd - ”K+) ~A(B; > K K") penguin dominance
A(B ,or )2 A(By>K ) tree dominance
B Accordingly, we get
A, (B, > K7 )~ A4, (B >KK)
A, (B, > n'n )~ A4, (B >7'K

— ACP(Bd —>7t+7r_)zA (Bs - K" )z0.39

cP

A,(B,»>nr’) =038+0.07

Avg
B Deduction :

BR(B, — K K*)~20x10"°; BR(B, > KK') =(2448)x107°

A, (B, —> K K")~—10% A === 3



* One more shot at the rate difference ratio

C(B, >k )-T(B,»>7K") |
-Spin y] M. Gronau, PLB492(00);

R —
F(BS >Kr' ) — F(BS N K%‘) H.J. Lipkin, PLB621 (05)

with the parametrizations for decay amplitudes

-+ * 1 id'p * | * "
A(Bd >k ):_VtthbP e =VysV ;) T Im(V,V, VW)=
_ _ —Im(V V.V V:
) * 5 s, * =, ( ad” " ud ub)
A(By>Kn )_—ththP e v VT
absorptive parts

g= [Psing, (T") P'sing, of decays
T'P'sins, \T')\ P'sind,

B The final states in B;— n~ K" and B.— K~ n* are charge conjugate states

. H.J. Lipkin, PLB621 (05)
B Suppose the absorptive parts, generated by short- and/or

long-distance effects, should be the same when mg = mg,
s (d) s (d) s (d)

SD d i S iy 1 LD
d S -
EIGGA B | “
il )
b ub
sK dﬂ_’u

4) d(s) d(s) d(s)

el e
o o




B As aresult, m—p-

B The CDF’s result 1s

R= 084+0.42+0.15
=0.84+0.44

B Based on the analysis, we learn

| 1 L 1 L 1 L L L L
002 0021 0022 0023 o024 o002y 0026 0027 0028 0029 0.03

T.l‘

» by the BR, T’bar for B~ K~ n* should be smaller than usual expectation

» However, the value of T” for B, — n~ K* depends on the angle y

» Could the result of U-spin be a good sign? It depends on y. (small y is preferred)

» By the current value of R by CDF, the prediction of U-spin is not bad

It’ll be interesting,

» This indicates T° and T bar should be close to each other if R<1
and smaller than the ordinary values.

-- A motivation to introduce New Physics --

15



WE effects on B decays

B Usually, people think that new physics will appear in the loop,
in which SM contributions are small due to

a. loop suppression
b. GIM

B Therefore, rare decays are the good candidates to search for the new physics

B However, rare decays could mean the tree processes in the SM

For instance, the smallest CKM matrix element is V, ~ O( 1.5 A* ) for b—u,
however, the vertex for b— u by new physics could be O( A ) but suppressed
by the heavy mass of new particle, M

B The situation in the non-manifest left-right model:

SU2),xSU2),xU(1),
R* R* Y7R 2
_& I/ub gR Vub Vus mL
b L* b L* y7L 2
gV ‘ gV Vi m ‘
Wi W, W
g=d,s y q=d,516

{E:]



M [t has been known that for satisfying K-K mixing

0(/13) cosd sinf
V= 0(/13) —sin@ cos6
o o(r) o(x)) it

B The contributions of L-R model to tree

b — suu

R* 2 R px
TL'R: 1_&Vub é'_(gRj Vub Vus mVZV fﬂFOB—WT {<5x107

v VooV, m, : :
S Vb i) Vup Vus M m%w(%j —6.4%10°
0.1 o o 0.1 1 (80 j :
4.2-10° 4.3-107 0.22\1000
b — duu
R* 2 R* 1 R*
71 _ |1 8r Vub | 8k Vub Vud m, By—>K
TLR_ V* C V* V* m2 f”FO
&1 ub : &1 ub “ud "
neglffgible 17




Summary

* By CDF’s results on BR and CPA of B.— K™ m,
we find that smaller tree is needed to fit the data

e [f U-spin symmetry 1s broken mildly, small angle y is preferred;
In addition, we have to face the problem of small trees, T” and T bar;
a good chance to search for new physics

* We point out that non-manifest left-right model could be the
good candidate of new physics
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