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B-physics at B-factories and Tevatron

@ B-physics programs at current colliders have been very
successful.
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B-physics at the LHC era

@ LHCb is a dedicated detector for B-physics.

@ So B-physics will continue to be exciting at the LHC era. And it is
complementary to the direct NP searches at ATLAS and CMS.

@ Rare decays like By, — J/y¢, By — ¢¢, By — u u—, By — K'utu-,
By — KK~ will be measured with unprecidented precisions and
will confirm NP or rule out many NP models.

@ Precision measurements of the SM parameters, eg, the inner
angles of the unitarity triangle.
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CKM matrix

Vud VuS ‘/ub C12€13 812013
Vid Ves Vip | = | —s12e —crosmsize®  craens — siasoasize
Vie Vis Vi s12823 — ciacpas13€ —spacrn — s1peaas1ze®
To all orders in A,
siz=A,  sp=AN,  sigem® =AN(o—in)
2
1-F A AN (e—in)
L A ¥ A |+oY
A1 —p—in) —-AXN? 1

slae—id
$23€13

€23C13
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Unitarity Triangle

A(p.n)

-

Unitarity of Vg

Vudv;b + VCdV:b + th t*b — 0

C(0,0) B(0,1)

By~pk 7, pn  By=JVE! §K?
P

B — nK Puzzle and NP



Time dependent CP-asymmetries

@ The time-dependent CP asymmetry:

F[;o (Al‘) — FBo (At)

Acp(At) =
cr (A1) [0 (Af) + o (A1)
= ScpsinAmAt + Acpcos AmAt
o
1—‘101)‘2 ZImACp qZ
Acp=—-Cep=—"-0 Sep=——""1 Ap=-~-—
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Nonleptonic decays B — nwr and B — nK

@ At quark level, b — d(3)qg, (q=u,d)
o Effective theory at m;, < My,

Hyp = ) ci()0i(u)
@ Theories for
(M M3|0;(1)|B)

: naive factorization, generalized factorization, QCDF, PQCD,
SCET, ....

@ = No standard theory, yet...
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The B — K decays as a test of CKM framework
@ Four B — nK decays, related by isospin
AB" — " K") —V2A(BT — n°K )+ v24(B° — n°K°) —A(B" — nTK") =0
@ In terms of diagrams, Penguin (P, and P,,.), tree(T’),

color-suppressed tree (C’), annihilation (4’), color-favored
(suppressed) EW penguin (P)9),

AT = P P e A — %Pﬁfw ,

V24 = 4P — Pl —T'e" — eV —Ale — P, — gpj;;V ,
AT = 4P P T - %P;CW ,

VIAY = Pl Pl CeT Pl Pl (1)
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a
U, d =——, d [T e Y N6
c d
b u u,d
B 70 4 o
W u _ u, d
B+ b ds
d o -+
68 T+, K+ = w

Gronau, Hernandez, London, Rosner(1994,1995)
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The B — K

@ Or more compactly,

A+0 — /

p,

V2A% = —p' -t -,

At = —p -7,

V2AY = p ¢, (2)

where

I R
{ = TP, ,
¢ = Ce"+P,. (3)

e (T'e",P) and (C'e', P,,,) appear together.
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B—rnn

V2AB* — %) = — (T8i7+ E‘e”’)
AB —>nfn) = — (Tei7+P,ce‘i’3)
\/_ZA(BO —a'7%) = P.e B —CelY

where T=T+P,, C=C—P,

@ Isospin relation:

V2ABY — nt7%) = A(B° — 't )+ V2A(B® — 7°7°)
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@ Using flavor SU(3), we can relate the EWP to the trees: Neubert,
Rosner(1998), Gronau, Pirjol, Yuan (1999)

P, —0.607T’

Q

PS¢ ~ —0.60C.

@ The SU(3) breaking is estimated to be less than 5 % Neubert,
Rosner(1998)
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The B — nK decays as a test of CKM framework

@ Hierarchy between the diagrams: (B — nK) Gronau, Hernandez,
London, Rosner(1994,1995)

1 : P,
o) = |T'|,P,
o) [P P
o) /|
A=02-03
@ (B— nm)
1 7|
o) Cl,|P|
o) Pew
o) Phy
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The experimental data as of 2009 (2007)

Mode A(1079) Acp Scp

BT -tk 23.1+1.0 0.009 £0.025
(23.1£1.0)  (0.009 +0.025)

BT — %kt 129406 0.050 £0.025
(12.840.6)  (0.047 4+0.026)

B 7 Kt 194406  —0.098001
(19.74£0.6) (—0.093+0.015)

B — n°%k%  9.8+0.6 —0.0140.10 0.57+0.17
(10.0£0.6) (—0.1240.11)  (0.33+0.21)

B — K Puzzle and NP 2009-09-07
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The experimental data as of 2008

BR[10°] Acp Scp
x* v 57x0.4 0.04x0.05
A 516x0.22 | 0.38%0.07 | -0.61x0.08
7o’ 1.31+0.21 | 0.36%+0.33
rt KY 23.1+1.0 | 0.009£0.025
K" 12.940.6 | 0.05040.025 | Belle, Nature(2008)
T K* 19.4+0.6 |-0.097£0.012
7KV 9.9+0.6 -0.14+0.11 | 0.38%0.19
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B — i, B — nK puzzles

@ In the SM, we expect

B(B— 'z’ ~ OA*) xB(B" — n'n%
Acp(BT — k™)

Q

Acp(B® — 7 K™)
SCP(BO — ﬂOKO) ~ SiIlZ,B

@ However, experimental data violate these relations significantly!!

@ B — nw puzzle, B— K puzzle
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Acp(n~KT) vs Acp(n'K™)

o If |C'| < |T'|, Acp(m~KT) = Acp(n°K ™).
@ However, the data show,
Acp(n°KT) —Acp(n~K+) =0.1484+0.028(5.30).
NP? Belle collaboration, Nature (2008); M. Peskin, Nature (2008)
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nature

NEWS & VIEWS

PARTICLEPHYSICS

Song of the electroweak penguin

Michael E. Peskin

Anunexpected imbalance in how particles containing the heaviest quarks decay might reveal exotic
influences — and perhaps help to explain why matter, rather than antimatter, dominates the Universe.

Elsewhere in this issue, the Belle collaboration,
based at the electron—positron particle collider
of the high-energy accelerator laboratory KEK
in Japan, announces their measurement of
an anomalous asymmetry in the decay rates
of exotic particles known as B mesons (Lin
et al., page 332)". Combined with recent meas-
urements of the same decays from the BaBar
collaboration®®, a similar experiment at the
Stanford Linear Accelerator Center (SLAC)
in California, the new finding provides a tan-
talizing glimpse of a possible new source for a
very fundamental asymmetry: the dominance
of matter over antimatter in our Universe.
The two great principles of modern physics,
quantum mechanics and Einstein's relativity,
R R A R R

g2

u

<l

al o

time only three types of quark were known:
up (u), down (d) and strange (s). But in the
following decades, three more were discov-
ered: charm (c), and the heavy bottom (b)
and top (t) quarks. This astounding success
led to the proposal® that specific experiments
on B mesons — quark-antiquark pairings in
which one of the particles isa b quark or b anti-
quark — could test the Kobayashi-Maskawa
(KM) theory directly. The idea, proposed by
Pier Oddone, that these experiments could be
performed by colliding two beams of different
energies, one of electrons and one of positrons
(theantiparticle of the electron), motivated the
construction of new accelerators at KEK and
SLAC.In 2002, both BaBar® and Belle’ reported
R R R R R e S
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Acp(m™K") vs Acp(nK™)

@ |C'/T'| =0.58 and large negative arg(C’'/T") can account for the
difference.

I

14
Acp(0+) = =2| —

P
’

sindgr sin y,

I

sindgrsiny — 2[——|sind¢r siny

T
Acp(—+) = =2(— 7

te rC
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Acp(m™K") vs Acp(nK™)

@ |C'/T"| =0.58 is okay with QCD calculations.
Bauer, Pirjol, Rothstein, Stewart, PRD(2004); Bauer, Rothstein, Stewart,
PRL(2005)
Beneke and Jager, NPB(2006)

Li and Mishima, arXiv:0901

@ large negative arg(C’/T") is accounted for only in Li and Mishima,
arXiv:0901
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Current status of B — nK puzzle
and ACP(TL'OKO)




The SM Fit 1

Xin/ d-0 -(c.1) [Pre] 7’| ' [Pl
0.52/1(47%) 67.7+£11.8 19.6 6.9 14.9+6.6 20.5+13.3
57-/ 8C/ 6%6 [3 Y

(6.0£4.0°  (=11.7£6.8)° (—0.74+23)° (21.66+0.95)° (35.3+7.1)°

Table: Results of the fit to P!

fcr

the constraint § = (21.667053)°. The amplitude is in units of eV.

T',C', P, B and yin the SM. The fit includes

uc?

@ Better fit than to 2007 data (SB and D. London, PLB(2007)) where
|C'/T'| =1.6+0.3.

@ Sitill y too small. cf) CKM fit y = (66.8735)°.

@ |Pl.|is large so is its error.
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The SM Fit 2

Xin/d-0:f- |Prel 7] ' [Pl
3.2/2(20%) 50.5+1.8 59+1.8 3.4+1.0 2.3+4.9
O ¢ SPLC B Y

(2554+11.2)° (252.0+36.1)° (—9.9£27.8)° (21.654+0.95)° (66.5+5.5)°

Table: Results of the fit to P, T’, C', P,., B and y in the SM. The fit includes

uc?
the constraints B = (21.667093)° and y = (66.873%)°. The amplitude is in units
of eV.

@ The quality of fit becomes poorer than (I).

@ |T'/P;.| small.
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Best fit values of the B — nK observables

Obs. Fit 1 Fit 2
BR(x*tK")  23.1(40.02) 23.7 (—0.57)
Acp(nﬂ(o) 0.014 (—0.21)  0.016 (—0.29)

BR(7°K*) 129 (-0.03) 12.5 (+0.72)
Acp( n°K*)  0.05 (+0.15) 0.04 (4+0.27)

BR(m=K*)  19.4 (+0.05) 19.7 (—0.46)
Acp(m™K*)  —0.098 (—0.04) —0.097 (—0.12)
BR(%°K") 9.8 (—0.07) 9.3 (+0.88)
Acp(7m°K%)  —0.08 (+0.66)  —0.12 (+1.10)
Scp(n°k%)  0.58 (—0.03) 0.58 (—0.08)

Table: Predictions of the B — nK decay observables. Numbers in parentheses
are the corresponding pulls. pull = (data-theory prediction)/(data error)

B — 7K Puzzle and NP
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Predictions of the B — nK observables

@ The prediction Ac»(7°k") = —0.12 has the largest deviation from

the data.
@ BaBar and Belle data are inconsistent in the central values of
Acp(n°K?).
Source N(BB) (M) Acp(n°K)
BaBar 467 —0.13£0.13+£0.03
Belle 657 0.14+£0.13+0.06
Average 1124 —0.01£0.10

@ The SM favors the BaBar data.
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NP contributions

o p' — p'+PlL,e® (NP Fit 1)

0 ¢ — ¢ + Py e (NP Fit 2)

o 7 — 7 + P, e ® (NP Fit 3)

@ NP strong phase is small, oy = 6 A. Datta and D. London,
PLB(2004)

@ For NP fits, we impose 8 = (21.66753)° and y = (66.8733)°
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NP strong phase
The strong phase, eg., of P.
2

;\«<w>,«§ /2 )d'ﬁ<\ﬁ
/ <u:; \<5

NP strong phase comes only from self-rescattering

0 3 g 5
A
i
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NP 1 x*/d.of. [Pl 7’| €]

3.6/2(17%) NA 59+2.0 3.6+1.0
|P5vp| b Syr @,
NA NA NA NA
NP 2 x?/d.of. 1P| 7’| C'|
0.4/2(82%) 48.2+1.3 2.6+0.4 16.1 +28.4
’P ;:"W,NP’ 60’ 6NP (b;sw
20.1+£22.3 (254.8j:21.8)° (95.4j:9.6)° (37.6j:51.8)°
NP 3 x*/d.of. 1P| 7’| |
2.5/2(28%) 48.2+1.3 19+14 94+23
|P i:cw,zvp| Oc Onp (bgcw

1654152 (192.4+12.3)° (97.8+£15.3)° (183.9+7.8)°

Predicts too large C’ in the 2nd and 3rd case.
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Predictions of Acp(n°K?)

SM2 NP1(P) NP2(EW) NP3 (EWC) NP (2+3)
—0.12  —0.12 +0.10 ~0.03 ~0.03

@ The predictions of Acp(7°K?) are very distictive depending on
models.

@ Therefore, Acp(n°K?) can be used to distinguish different models,
if theoretical and experimental errors are controllable. SB, C-W.
Chiang, M. Gronau, D. London, J. L. Rosner, arXiv:0905.1495
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Sum rules and Acp(7'K?)

@ In the SM, Acp(7°K®) can be predicted quite reliably.

@ The dominant Al =0 term (p’) is canceled in

2|A0+|2 _|_2|A00|2 _ |A+O|2 _ |A—+|2

'+ P =P P (P
= 2(|¢[> +Re(r'c"))

The RHS is small compared with the dominant |p’|? in the SM.
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Sum rules and Acp(7'K?)

@ Sum rule for the branching ratios M. Gronau and J. L. Rosner,
PRD(1999), H. J. Lipkin, PLB(1999)

2AB(7°K 1) +2(t, /70)B(x°K°) = (1, /70)B(n K') + B(x*K°) .

where 1, /79 = 1.073 £0.008

@ Numerically
46.8+1.8=439+1.2(1.30)

@ The % has been measured precisely and all the SM and NP fits
confirm the rate sum rule.
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Sum rules and Acp(n°KY)
@ Sum rule for the Acp M. Gronau, PLB(2005)
Acp(m K +Acp(mTK®) ~ Acp(n°K ) +Acp(n°KP) .
where Z(n°k*) : B(n°K°): B(n"K*): B(r*K®) =1:1:2:2is
assumed.

@ Prediction Acp(7°K") = —0.139+0.037

@ Taking into account of the correct values of 4,
Acp(n°K®) = —0.14940.044

@ These sum rule predictions of Acp(7°K°) are consistent with the
values obtained in the SM fits: Acp(n°K°) = —0.08 (SM Fit 1)
—0.12 (SM Fit 2)
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Sum rules and Acp(n°KY)
@ Sum rules can be significantly violated with the presense of
sizable AI =1 NP amplitude.

@ With Py = Ppwnp and P, = P§W7NP, the terms violating the rate sum
rule are

2(|P1[? + Py ||P2| cos(8; — 82) cos(¢1 — 92)] ,

where 61,0, and ¢, ¢, are the strong and weak phases of P, and
P;.
@ The term violating the asymmetry sum rule is

2|[P1[Pa|sin(81 — &) sin(¢1 — ¢2) ,

which is violated significantly only when P; #£0, P, #0, 8; # &

and ¢; # ¢,
2009-09-07  36/64



Sum rules and Acp(7'K?)

Model  Acp(n°K®) LHS of rate SR RHS of rate SR

SM 2 —0.12
NP 1 —0.12
NP 2 +0.10
NP 3 —0.03

NP (2+3)  —0.03

44.8
44.9
46.9
45.3
47.0

44.8
44.8
43.9
44.6
43.8

@ NP models can violate the asymmetry sum rule significantly while

preserving the rate sum rule.

B — K Puzzle and NP
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A solution to B — & puzzle
in the SM
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B — nw puzzle

g (I71,97) (1€, ) | Pre]
65.5+141 (224+0.7,36.0+226) (158+4.1,-16.5+12.7) 8.33+4.34

Table 2: The results for the fit to the B — 77 data alone. We obtained 2, /d.o.f = 0.81/1.
Here T = |T|e‘5f =T+P,. 0= |5|€.i‘55 = = Py The 5 (dz) is the strong phase of T

(C'). The strong phase of P, is set to zero. The magnitudes and angles are in the unit of

eV's and degrees, respectively.

a

=0.71£0.18

~
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A solution to B — nw puzzle

@ The T, C appear only in combinations of
T=T+Py,, C=C—P,

@ If there is a constructive (destructive) interference between C (T)
and P,., the puzzle is solved

@ The P,. can be extracted from the B — KK. SB, PLB(2008)
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A solution to B — nrw puzzle and B — KK

Mode B1079) Acp Sev
Bt - K+K° 1.36%3% 012017
= . —0.58+0:7134+0.04 (Belle) . ;
BO - {OI(O 096_—'_8%3) 0.40:]:?)?1:&:0.06 (BaBar) _1281_8?3 tgié

Assuming flavor SU(3) symmetry, we get P, from the B — KK
(}’ = |Puc/Ptc|a6uc = arg(Puc/Ptc) )

Acp(BYO _ K+ORD) = 2rsin( 3 4+ ) sin dy,

1472 4+ 2r cos(B + ) cos Oye’
r?sin2(8 4+ ) + 2rsin(3 + 7) cos d,e
1472+ 2rcos(B 4+ 7) cos Oye

SCP(BO — Iﬁ'oﬁ) =

|A(B* — K*K%)|? + |A(B~ - K~ K°)?
2|Peel?

B — nK Puzzle and NP 2009-09-07 41/64
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A solution to B — nrw puzzle and B — KK

@ rand §,. can be determined with two-fold ambiguity.
@ The black dot solution is favored in the SM.

@ The ambiguity is lifted when Sk is measured with more precision.
B — K Puzzle and NP 2009-09-07 42/64




A solution to B — nrw puzzle and B — KK

¥ (IT. 67) (1C).6¢)
6554141  (28.7448,253+£11.6) (8144 3.19, —26.12 & 30.6)
6554141  (16.7+1.7,47.5+£366) (22.3+£7.1,-9.25 £ 9.50)

(|R§6|'6tC) (|Pu6|-($u6) ]C/T‘
(8.3344.33.0) (7.89+6.82,174 + 10) 0.28+0.15
(8.334+4.34,0) (6.93+3.58,7.424+11.2) 1.34 + 0.50

Table 3: The results for the fit to the B — 77 and B — KK data. We obtained \2,,, /de f =
1.5/2. The strong phase of P is set to 0. The magnitudes and angles are in the unit of

el’s and degrees. respectively.
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B — mK puzzle
and NP models
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B — ©K puzzle and NP

@ Two NP scenarios giving large EWP:
» A SUSY scenario by Grossmann, Neubert, Kagan (GNK) SB,
Imbeault, London (2008)
» Leptophobic Z' SB, J. Jeon, C.S. Kim (2008)
@ Other studies
» Large 2-3 mixing in the u-quark sector. Khalil (2005), Khalil,
Masiero, Murayama (2008)
» R-parity violating SUSY Yang, Wang, Lu (2006)
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SUSY GNK scenario

@ Z(y)-mediated EW-penguin in MSSM is suppressed.
@ "Trojan penguin?” Grossmann, Neubert, Kagan(1999)

— 7 S” —
b _bx ......... _S
go
g —L....... e EE—
q
@ Large enhancement in EWP is possible:

o5 | Mgysy
g, /M3y
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Structure of squark mass matrix

Squark mass matrix:

_R 2 2 2 2
K - F Bd Bd FLA[dLL L—dlw(mdL.msL,mbL),
/ 1 0 0
=10 cos B, sin @y, €L | .
’71%2 00 0 —sinfp et cosfp
ME,, = 0 ﬁg; ﬁ‘dL;z ’ 1[§LR(RL) = Oss.
0 mp My ~ " - A
s;=cosf, s, —sinf, e by

B(B—> X " 5, -
M _Md 1 lor \ ( 57) by =sind, & Py +cos6, b,

Large 2-3 mixing motivated by SUSY GUT.
S.B., T. Goto, Y. Okada, K. Okumura(01), Chang, Masiero, Murayama(02)
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2 t,g=u,d
Of = (basa)v-a(@sgslvea 04 = (basp)v-aldsda)v+a ,
05 = (basa)v-a(dsslv-a . OZ = (bass)v-a(G39a)v-a4 ,
O0f = (baga)v-a(@asg)vea . Of = (baqa)V-A(Gasa)V+a
QSg = (93/87T )mbbg,uu(l - 75)G#V3
afsmzoes | 1 5 1 %
& = N_T'F‘Tn% _EF(:J:ELg,:v@Rg) - EG("T:EL&*:E@R@) + EA(:L'EM.,) - §B(:35L§):|

_(:EELg — T3, 5)
a?sin 26, ¢°c [7 1 3 2
C:g == m _EF(:rng,a:ng) =+ aG(mng.iqug) — §A(LL‘5L§) — §B(:BEL§):|

—(#5,5 = ®sr0)

2 o3 dr [ r

g _ sin26,e® | 5., v Yo o yalae 2 Bl

3T o RGmE of @aygPara) + 3pG @5, 5o vars) + 5 A, 5) + B, 5)
— (5,5 = ®arg)
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Large SUSY contributions is possible when
@ gluino mass is small
2 2
@ my >y

@ sin26; or sin206g not far below from 1

2 2 2 _ 2
® m5 >my cf. m, = my, by SU(2)

R
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Amy constraint

SB, JHEP(O6) Heg = ZCiOi + . 5,5[

» New operators in
addition to the SM =

0y =
operator O, can be 0y =

Oy =
generated. 05 -

5rvubr) (FLy"br),
S bL) (bRbL)
hb) (FR0L).
Srbr) (SLbr),
(3207 (376%).

Oi=1..3 = Oi=1,_3|L-R - .-

2
MssM _ s o9 2i5, G, =
Cl — mhln QHLE’ (fl( bL 3’ bL.ﬁ) - 2f1(B¢L g?
]
2
CMSSM _ %% —5 sin 207, sin 260 ge’ ECARLY (f4 (z ]
e 4”1 [’R g’ bL 9
7

—fu) (sp g, 75, 5) + fas) (T3 Fw))
(vMSSM CMSSI\I |L R,

B — K Puzzle and NP

),

ay, ¢ T hlTs g2y, ,y))

Fa) (@5, 575, 5)
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Amy constraint
m, =0.5 (TeV), m; = 0.5 (TeV)

8,=0 &, =n/2

0.6 0.8 1 1.2 1.4 1.6 1.8 2 Q.6 0.8 1 1.2

1.6 1.8 2

g, (TeV) mg,,l(f‘eV)

B—Xgconstraint BR™P(B — X.y)/BR™(B — Xv) =1.06 £ 0.13
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Amy constraint

» The constraints become more severe when both L and R exist
simultaneously.

* The contribution to BR(b—sy) is minor.

-0.75-0.5-0.25 0 0.25 0.5 0.7
oL,

(a) (b)

Figure 3: Contour plots for |1+ R| in (6,,65) plane. mg, = ms, = 0.6 (TeV). (a) 6, = 6 =0
(b) 6. = 0,05 = 7/2. We assume both LL and RR mixing exist. The rest is the same with figure 1.
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B — nK in GNK scenario

@ 12 SUSY parameters
@ Generated 500,000 points in the region

300 < mg <2000 GeV,
100 < mgz <2000 GeV,
—n/4<Opr<m/4
—T<OLR<T
y=67.6"2%
@ Accepted a SUSY point as a "solution” if 2. < 11.31 (dof=9-4) (2
o) of fitting P and T to the 9 data
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@ Also imposing Am,/AmSM = 0.788 £0.195 at 2 o, we get only smalll
number of "good” solutions.

Table 2

The number of points (out of 500000) which satisfy X;in(B — K) < 11.31, the
Amg constraint within +20, and both constraints. In the left table, only LL mixing
is allowed, while in the right table, both LL and RR mixings are allowed

K <1131 Am both X <1131 Amg both
74 414357 15 102 92844 1

B — nK Puzzle and NP 2009-09-07 54 /64



075

0.5
0.25

i
g 0
-0.25
-0.5
-0.75

-0.6 -04 -0.2 0
Acr”

02 04 06

-+

02 04 06

=075 =05 -0.25

0
ACPm

0.25

0.5

0.75

-0.25
-0.5
=-0.75

2
]

-0.75 -0.5

-0,2%

B — K Puzzle and NP

0
ACPM

025 05

2009-09-07

0.75

55/64



Leptophobic Z’ scenario

o In the flipped SU(5) GUT with
=ik £=(L5)={e)

F = (10, %) ={Q,d° v}, F=(5,—

@ If Z' couples only to F, it becomes leptophobic. Lopez, Nanopoulos
(97)

@ The Z' coupling can be generation dependent and generate FCNC
at tree-level.

@ The couplings allow large CPV.

@ Maximally violates the isospin symmetry in the right handed
quarks. — New source of EW penguin.
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@ Lagrangian SB, Jeon, Kim (08)

£=-_2 iz, (uv“PL [veevet|u+ e P [vievita+ ay pa|viievit ](1)
Lene = m [stbL’)/“bLZ” + R4 5pv,brZ “] + h.e,
L(Z'qq) = ——(5 A [uﬁ/ﬂCLPLu +3’*/#(CZPL + c‘li.zPR)d]

@ Am, constraint:

Am®P = 17.77 + 0.10(stat) £ 0.07(syst) ps~*

SM +5.88 -1
m = 22.57 DS
s |(HP+IL)QCD -5.221
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@ Am, constraint (cont'd):

9,27 1 9 7=
M = M f, [(Culm) + Cal) i)

1 Mp, 2
*7 (m) (3C4(ltb)34(/1b) +C5(Hb)Bs(l‘b)):|

) = i (1)’

8MZ,
2 2
" W y
o) = o ()"

2
q r 4
Cs(Mz) = S2 (-214R%).
1z

03

My = 700GeV

@ Amy alone is not effective when
both L and R couplings exist
simultaneously.
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Leptophobic Z’

@ BR(B — mK) can be used to constrain (L,R) space.

) 3 ¥
151 123 1L5]

@ PQCD results (Li, Mishima, Sanda (05)) for the SM amp. and naive
factorization for the NP amp. are used.
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Leptophobic Z’

@ The EWP can be enhanced considerably even after imposing Am;
and BR(B — 7K).

G=10 4
My =00 GaV -

1Pl
1Pl

E
1P (eV)

FIG. 2: The correlations between P}, and Ppy, (a) and between Pp and Pé‘;\ (b) for Mz = 700

GeV and ("fq =
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Leptophobic Z’

@ Anomalies in Scp and Acp can be explained simultaneously.

o— ——- — I—
F ¢h=10 1 r
L Mz =700 GeV | 08—
—~ Exp PR [
= s . PRl
01 o T | E
[ L | &
04f
T 1
N 1 =
k4 L 4 &= 02
§ &
= 02 -
L M ] (U
L [ .
02+ -
| 1 | 1 | | 1 | 1 1
-0‘?0] -0.2 0.1 0 0.1 02 03 .0""0‘3 -0.2 0.1 0 0.1 0.2 03
App(BT — K+ Acp(B* — 79K*)
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Conclusions
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Conclusions

@ There are puzzles in the B — i and B — ©K decays.
@ The B — 7K puzzles:

» While the B — nK puzzle has not disappeared, it has become
weaker.

» The SM predicts Acp(n°K°) = —0.149 +0.044, whose world average
is —0.01 £0.10.

» More precise measurement of Acp(7°K?) will allow the probe of NP
in Al = 1 transition amplitude.
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Conclusions

@ The B — nw puzzle can be solved in the SM.
@ NP models solving B — nK puzzles:

» The trojan penguin in the GNK model in the MSSM can marginally
solve the puzzles.
» The leptophobic Z’ scenario can solve the puzzles naturally.
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