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In SM, flavor-changing neutral current (FCNC) transitions,
b - s(d) ¢, are forbidden at the tree level
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- sensitive to new physics



In SM, the b —» s¢7¢~ decay amplitude is given by

M(b— st™l7) = %%V}Z‘“}b{6'8“(-§)[a§1prbi [€4*€] + 0[5, Lb] [€7* 5]
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Dominant contributions are mainly fro

f magnetic dipole operator 0,
o0 vector current operator Oy

o0 axial-vector current operator 0,

1cS?7 | is constrained by B(B - X, y) data




Data: Forward-Backward Asymmetry of B — K* £+ £~

New physics
models
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SUSY phenomenology can enter at same order as SM contributions

_ — ~ 0
H X & X
b wuct s b wet s b dsb s

Large tanf§ = 2 > 30,... = sign flip in csff
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Decays involving K;(1270) and/or K;(1400)

From
Br(B" — K(1270)y)=(4.3£0.9+0.9)x10~

Belle
Br(B* — K (1400)y) <1.5x107

B - K; vy, K; £¢: New window for studying FCNC




Axial-vector mesons
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For JP=1* light axial-vector mesons, two nonets have been observed:
B 3P, nonet (S=1)

1=0: f,(1285), f,(1420), 1=1/2: K,,, 1=1: a,(1260),
m P, nonet (S=0)

1=0: h,(1170), h,(1380), I=1/2: K,5 , I=1: b,(1235)

K1A’ K1B—) K1(1270), K1(1400)

0000



Mixing angles

K KA

31)1 (1) a,

K KIOA K KIOB

W 3P, states f,(1285) & f;(1420) have mixing [so are P, states h,(1170) & h,(1380) ]

|/1(1285)) = | fi) cos bsp, + |fs)sinbsp,, | f1(1420)) = —|f1)sinsp, + | fs) cosbsp, .

Using the Gell-Mann-Okubo mass formula

4m§( —mﬁ — 3m?2 am2 —m2 — 3m2
f1(1285 ms, m2 3m .
C08293P1 - 1;1 1 : 1(1285) : tan fs p, = Kia . 1 5 £1(1420) >0,
<3(mf1(1420) - mf1(1285)) C oM1g
magnitude of 0 sign of O

03p; & 0,p; depend on the K;,-K;z mixing angle
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H In SU(3) limit, K, & K,g do not get mixed. However, they have admixture

due to strange and light quark mass difference

|K—1 (1270)) = |Kr1_.1 ) sin b, + ‘K—IB ) cos O,

|K1(1400)) = |K4)cosby, — |Kip)sin g,
B PDG = |04~ 45°
B Strong decays K,(1270), K,(1400)— Kp,K*r and their masses = 6= £33°,£57°

Suzuki, 93
1> K,(1270)v,,K,(1400)v,=> 6,= 37, £ 58° (HYC,'03) (3uzuid, 435)

From
+ +* _ G + "
Br(B® —» K, (1270)y)=(4.3+£0.9£0.9)x10 Belle
Br(B™ — K, (1400)y) < 1.5x107
Br(T®"— K;/(1270)v)=(4.7x1.1)x 107 ALEPH

= 0= -(34% 13)°, H. Hatanaka & KCY, Phys.Rev.D77:094023,2008
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For axial-vector mesons: Decay constants
(3Pi(p,&)| C_I7ﬂ7/5q'| 0) = if3P1m3P1g;9 (IP1(p, &) | C_]GWVSq'| Oé: flJF;l(g; P, — ‘9j pﬂ)

scale dependent

P a1(1260) f /3 Kia
fsp, 238 + 10 245+ 13 239 + 13 250 + 13 QCDSR by
1P b1 (1235) hy hs Kip KCY, ‘07
fip, 180 + 8 180 + 12 190 + 10 190 + 10
Form factors for B — A
-5 . 2 * _a [ Bq. 7
AN Bipp) = ity Pp A (@),
— B.A, - V-B"A(qz)
(AP, NV, [B,y(pg)) = —3 (mp, — ma)eM* V7 (¢*) — (eV* - pp)(pB + )=
o H mp, —ma

(A)*
€ ( [+rBgA, ¢ B,A, ¢
_2”1_4 q2 PB qﬁ [‘,3 q (q2) . VO q (q.?)] }‘

By light cone sum rules (KCY,PRD78:034018,2008)
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dBr(B-K;(1270)u* 17)/dsx 10’

Ok, dependence of differential dilepton mass spectrum
B - KiVec,Vee = 4
Charmonium
resonances
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solid curve: O, = —34° heavy (blue) lines: with resonances
dotted curve: g, = —45° light(red) lines: without resonances

dashed curve: 0, = —57°
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The effects of charmonium resonances become large
fors > 5GeV~.

In the low s region, s ~ 2 GeV?, the differential decay
rate for B —» K;(1400) u* pu~ with 6y, = =57° is
enhanced by about 80% compared with that with

HK —_ _340,

1

The rates for B » K;(1270)u* u~ is not so sensitive to
variation of 6y, .
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R ————————————
0k, can be well determined by the ratio:

dl'(B~ — K, (1400)p™p™)/ds
dI'(B— — K| (1270)p* ) /ds

Rar/ds .

Insensitive to form factors and resonances
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Non-resonant branching fractions B, (B~ — K, ¢7{7) as functions of 0,

Mode B, x 106 Mode B, x 10°

B~ — K{(1270)ete™ 2.71:510:9 B° — K9(1270)et e 2.571-440.9

B~ — Ky (12710)up 23715700 B 5 K (1270)ut = 21753709

B~ = K{ (1270)r* 7~ Q08758810 B° — KY(1270) 7 7~ Q08 5 aetod)
B~ — K; (1400)ete™ 1 ey B° - K9(1400)et e~ i e
B~ — K (1400)u* p~ 0.06507 0 05 B® — KY(1400)u™ ™ 0.06£067 005
B~ — K (1400)r% 7~ 0013 o0 I B° - K9(1400)7* 7~ 0.0011 2 o
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B..(B — K,(1400)¢+¢7)

R‘nr = = .
brr =B (B — K,(1270)¢+6°)

The ratio is less than 0.15 for —47° < 6, < —21°

_ 1+0.01+0.11 _ +0.01+0.09 _ +0.01+0.07
Re.nr = 0'04—0.01—0.0‘2‘ R}Mll‘ =) 0'03~0.01—O.01= RT.HT i 0'02—0.00—0.0‘2
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B —» K, £¢ decay

£+
K;(1270) - Kp —» Knn
5= {K1(1400) SKkmoKmm T tY
Forward-Backward Asymmetry
ot | ot

B ——~ kK — B K,




Forward-Backward Asymmetry

dApp “s) - q2r N 21
— = du dil——
ds Jo duds _as) duds
4 $
0<606<90° 90° < 6 < 180°
d*igB _ CF;lSemnlBl |2SU( ) X €10 [Re(cgff(é))ﬂl\'lvlh'l

- ﬂaﬁ“{ AR (L = ) + VOO (L + g, ) | +
S

with hard spectator correction

Aus = {(1+ )V + (1= 1wk, )(1 = 8 A%

as(un)Cr 72 fofR,

47 N, Ap+mp Jo

1
[ w12

Non-factorizable contribution,

see Beneke, Feldmann & Seidel hep-ph/0106067

J
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Forward-Backward Asymmetry (FBA)

dAFB

Form factore" = (zero is insensitive to Ok.)

K
Zero of FBA: < (50,") =0
Re ]\l 7?1 T]\l ~K4 ) T]\'-l éf\"l
ef(r HS( ) — Al\li { 1\1(4“)(1 =g, )+ 5 (A?\,l (1+mg,)
(90 ) Vitt(s0') A%1(551)
’ Aps(s
C’?-H.‘HS( ) = C’?H 4 S — . HS( )K — .
AK (T3 (8)(1 — mg, ) + VI (8)T(8) (1 + mg,)

;8_ _8 08 T | | T |
he ~ 06
+: +i 04
R S 02
3 v -02
& “ T o
e ] ® _06
% 1 " | s | L | L | L | M | | |% _08 1 M 1 L | L | 1 | L

2 4 6 8 10 12 14 16 o 2 4 6 8 10 14

s[GeV?] s[GeV?]
sp ) = 227THHHN GeVE  and g5 ) = 2807030 T] GeV?
19




FBAof B - K, £ ¢ decay
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H. Hatanaka, KCY, Eur.Phys.J.C67:149-162,2010. 20



New Physics

The sign of Re(Cs) can be flipped in susy models with non-minimal
flavor violation via gluino-down-squark loops

In general flavor violating supersymmetric models the sign of ¢4 and
c10 can be flipped

R, nr is highly insensitive to
the NP effect

and thus is suitable for
determining the value of 6y,

R;.’,l‘\l’

R;=1.0 (solid), 1.2 (dotted),
0.8 (dot-dashed) and -1.0 (dashed)

where R; = R,,0r Rg or Ry,

A." .
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R i
Ratio of differential widths as function of the dimuon invariant mass, s

The blue and red curves correspond T
to 01{1 = —34"and —57°

R;=1.0 (solid), 1.2 (dotted),

0.8 (dot-dashed) and -1.0 (dashed)
where R; = R, or Ry or Ry

. e, e e 4. gl...-lnn--l--'ﬁé
Rar s insensitive to variation of Ry »

0 5 10
ds’”

Rar/ds, 4

Rar/ds, 4

s[GeVZ]

s[GeV?]
The ratio is increased (decreased) by about 100% (40%) at about s = 1.5 GeV*

corresponding to 0y, = —34° (—57°) when R, or Rqg equals to -1 (sign flip)
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Conclusions

¢ the K;,-K;g mixing angle, 6, can be more precisely
determined

@ Itis accessible for new physics signals

€ The mode is accessible in LHCb and future B-factories

558
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For axial-vecotr mesons: Decay constants
(3Pi(p,&)| C_I7ﬂ7/5q'| 0) = if3P1m3P1g;9 (IP1(p, &) | C_]Gyv7/5q'| 0) = f1é1(5; P, — ‘9: pﬂ)

scale dependent

Py a1(1260) fi fs K4

fsp, 238 + 10 245+ 13 239 + 13 250 + 13 QCDSR by

1P by (1235) hy hg K, p KCY, ‘07

fip, 180 + 8 180 + 12 190 + 10 190 + 10

Form factors for B — A
. | — 2 ~ w3 ABg Ay 2
(A(p, \)|A,|By(pB)) = ’Vm.Bq s Sl PP AT (q7),
B (A BaA 2 (A)+ vV, (%)
(AP, N)|Vu|By(pp)) = —{ (mp, —ma)e " Vi (¢%) — (€ - pB)(PB + D), p—
(M) . , |
Oy~ =z LB i [VZ;B"A(CIZ) - VquA(qz)] }

By light cone sum rules (KCY,PRD78:034018,2008)
26



Light-cone distribution amplitudes (LCDAs)

chiral-even

A)z *)\
AP NG s0@0) = ifama [ due “py“pﬂ{ ~LR }

(AP, M3 (¥)1uq2(2)|0) - = —ifamappo €3)P"27 /;) du ' Py+‘_‘PI)

chiral-odd

1
— 1(u u pr (A *(A
APN@ W wsw@|0) = 14 [ duetrn ’{( ;;p”—sj,,)py

+ ma 6*(A)z( z 2 )
(pz)2 e T P /
(A(P,N)|q1(y)y592(2)|0) = fAmZ(e"M2) f du e v py+ipT
0

2 b}

twist-2: © I ,(I)J_

twist-3: g,,g,@, h ®, h | (P) related to twist-2 ones via Wandzura-
Wilczek relations (neglecting 3-parton distributions)
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'P,_meson

Due to G-parity, ®, h ©®, h ® are symmetric under u—1-u, while ® g, ),
g (@ are antisymmetric with the replacement u—1-u in SU(3) limit

1 1 Q) 1 (v) 1
/ du®(u) =/ dugﬂ_ (u) = f dug; ' (u) = / dugs(u) =0
0 0 0 0

. 1 _ Ll —1 eV
Convention: / dud Pt (u) =1 fipy = fip, (k=1 GeV)
0
1
P (u) = Gu.ﬂ/ 0 + 3(1! '3 +)).2€(5§2 —1) 0.5
o - . n 3 .2 . 0.2 0.4 0.6 0.8
D (u) = 6uu |1+ 347 £+ a3 3(.35 —1) 05 D,
) ) -1
3p, meson

Due to G-parity, ®,, h | ¥, h | ® are anti-symmetric under u—1-u, while
D .8 1, g, are symmetric with the replacement u—1-u in SU(3) limit

3
Convention: ; du® " (u) = 1 fip, = fop,
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Gegenbauer moments

KCY, Nucl. Phys. B776, 187 (2007)

y gl (1260) ag,ff F1 ag,f: N QK1 oK1
1 GeV | —0.02 £0.02 | —0.04 £0.03 | —0.07 £0.04 | —0.05 +0.03 —0.3019:28
2.2 GeV | —0.01 £0.01 | —0.03 £0.02 | —0.05 £0.03 | —0.04 +0.02 —0.2419:2
u fa ll,m(lzﬁo) a-lL,ff‘E1 a-lt,f;‘a‘ af.,K;A ) aaL,Km a;,xm
1 GeV ||-1.04+0.34 | —1.06 £0.36 | —1.11 +£0.31 | —1.08 £0.48} | 0.267093 | 0.02+0.21
2.2 GeV |[\-0.81 £0.26 | —0.82+0.28 | —0.86 £0.24 | —0.84 +£0.37 | 0.24709% | 0.01 £0.15
p fa |1|,b,(1235) alll,h;P ! alll,h;P' a|1|sKlB ) ag,K 1B ag,K 1B
1 GeV ||-1.95+0.35 | —2.00 £0.35 | —1.95 +0.35 | —1.95 +0.45| | —0.15 +0.15 | 0.09701S
2.2 GeV | \-1.56 +0.28 | —1.60 +:0.28 | —1.56 +0.28 | —1.56 +£0.36/ | —0.15 +0.15 0.061913
u a;"bl(1235) %L,h:‘m1 aéLJx;P‘ aé.,Km af.,Km
1GeV | 0034019 | 018+0.22 | 0.1440.22 | —0.02+0.22 0.30199
2.2 GeV | 0.02+0.14 | 0.14+0.17 | 0.11 4017 | —0.02+0.17 0.2519%




