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- Introduction
- Recalculation with dynamical gluon propagator
- The effects of new (pseudo-)scalar couplings

- Summary



O R E A

=22

IR IR

Introduction

88 modes > 40

Charmless Mesonic B Branching Fractions
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Puzzles in charmless B decays

o JHEP 0706: 038, 2007
® Polarization Puzzles

[ JHEP 0809: 038, 2008 J
® 77z, 7K Puzzles JHEP 0905: 056, 2009

arXiv: 1003. 6051 [hep-ph]

® New phase in B, -B, mixing
JHEP 1002: 082, 2010

® FB Asymmetry In B — K*gu | arXiv: 1002. 2758 [hep-ph] (accepted by JHEP)

B - 7K, 7zK* and pK Decays :
These decays are correlated:
CP Violation and Implication for New Physics increasing tension
JHEP 0809 (2008) 038 between Th. & Exp.
Qin Chang, Xin-Qiang Li, Ya-Dong Yang
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The measurements:

Belle | Nature 452 (2008) 332

_ _ '(B~— K m)-I(Bt—K*tnY)
Acp(B~ — K~ 7%) = —+0.07£0.03+0.01,
cp( S0 (B~ —>I\ ) +T(B* — K+t7Y) N

_ B =K 7nt)-T(B°—= K*r™)
Aop(B' > K—7t) = —= — —0.0944+0.018+0.008.
o ) = B Kr ) 3 T(B— K rm)

The difference:
AA= Acp(B™ — K~ 1% — Acp(B® — K~ 7) :[0.164 + 0.037] at 4.4 0
The average of BABAR, Belle, CDF & CLEO
Acp(B~ — K—7%) = 0.050 £ 0.025 .
Acp(BY — K—7t) = —0.097 £ 0.012,

AA :[0,147 + 0.028} at 5.3 ¢
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The SM expectations:

u K w
+ gt
Vvs:<§, d_ 5 -;, C? K+ 7t
b > a u“o
B+, BO g
B+, B 7%, _
2 u 70 g
u, d u. o u, d u, d

b S
U -

B+ " b
d s B+

at, K+
u u u u

Theoretical predictions so far

Acp(By — K- =-3.6%, :
{ cp(B, i )QCDF /o Q)CDEF Scenario S4

Acp(Bg — ?F+I\'r_)QCDF =—-4.1% :

0D No differencel

ACP(B; — WOI‘f—)PQCD = (—l-l__g)%
ACP(BE; — TF-I_I\'—_)PQCD — (—th)% ;

Acp(By — 1K™ )scer = (11 £9 £ 11 £ 2)%, SCET
Acp(BY — 7t K~)scer = (-6 £5£6 4 2)%. ’

Acp(B~™ — K70
cp( - '\ Should be
Acp(B" — Ix'_?r—")

very close

Nucl. Phys. B 675 (2003) 333

Phys. Rev. D 72 (2005) 114005

Phys. Rev. D 74 (2006) 014003
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Possible Implications

The mismatch may be due to:
*_

* Equally, new physics.
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- Recalculation with dynamical gluon propagator

Scheme I:

15 1
lx . : - 1 1, .. .
0 ﬂ-h 0 Y 2

24 |< ]_ a-lld D . u:[lrEEt-riCtEd . .
FAI= A J. M. Cornwall prescription:

Scheme II: () 1
We modify QCDf with [ TP M) +ie J
dynamical gluon propagator , An

as(q”) = - q?+4MZ(q?)
supported by recent studies -5'3111( ;15*1‘;; )
with q9+4;nﬁ 1
Lattice QCD simulations, M2(¢2) = m2 i_ai)_
Schwinger-Dyson eq. e 9 1“(:{131)

Phys. Rev. D 26 (1982) 1453;
Phys. Rev. D 44 (1991) 1285;
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Hard spectator scattering contributions

=
fop)
—
o

A

o
@
- o
[
[ ]
QoQo

B(B") :f \} E ) j M, B(B) |ﬂ: % [f I:IMl Space-like
B 1 Qg 2
R S TGLINE
X { 4)1111 (y) + ,;__-111 C.f‘-"i".m {y} -l
(gl 2(¢2)/8)| " X z(@ w2/ ] Real

for the contributions of operators Q);—1_4.9 10,

1 2
H;(M{ M) = _% [ dx:dyd{fasf; ) & 1 (6)0 a1, ()
My M2 J0O

y { D, (y)
z(y w?(q?)/€)

Oy (Y)
(g §w?(d*)/6))

M1
+ 7y

for Qi=5.7, and H;(M1My) = 0 for Q;—¢ 8-
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Annihilation contributions

. M,
B (B7)|
M,
b M,
B(B™) |{>
M,
: M,
BB
M,
b Ms
B(B7) ||

M,

T 1

1
A1 = ﬂf dwdyos(4°) T —w i)l —xy - Ty —w i€)T
0 {[( J( )+ )’1Ml y)  (zy—w?(q®)+ie)

} Dar, ()82, ()

+§:y = uJQ(qQ) 4+ 4 X Ti/b.olml (y)‘.j)mz (-1)} f
Al = A =o,

' 1 2 g ! Bas, (4) B, ()
A5 = drdyo z : M (U)Par, (©
b= [ dedyonta ){[@yw?(q?me)(lxgﬁ(zyw?(q?me)y} B
2 J ’

Ty — w?(q?) + e T b (8) b (-1’)};

| 1 27
. ’ 5 y M 1 (:
A = W/o oo ){ @y~ R@) i _ap) * oW

2x

B (Ty —w?(¢?) + ie)(1 — I@)Ti\/b () Prmy ()P sy (U)} ;

1 20+2z 4
A3 = W/o dIdy%(qQ){ (Ty — u(JQ(qg))-i- iE):I"Tinémi () 2ar(2)

2(1+y)
(Ty — w?(q?) + ie)y

12 (2) by ()P 1, (1) } .
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Typically, m, = 500 + 200 MeV

—-=my=03 ]
mg=ﬂ_5 1
—eeeemg=0.7 |

cancellations
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Results for Branching ratios X 10(-6)

Decay Mode QCDF Experiment
my =03 my =07 fmy; =045~ 055\ data

B — K~ 444 16.8 23.17 + 3.28 23.1 + 1.0
B; — 7K~ 23.4 9.3 12.50 + 1.65 12.9 + 0.6
By — ntK— 447 16.3 22.71 + 3.27 19.4 + 0.6
By — 'K’ 91.2 7.3 10.50 + 1.63 0.9+ 0.6
B, —nm K 283 5.2 8.90 + 1.59 10.0 + 0.8
By — 19K*=  15.2 3.4 5.25 + 0.83 6.9 +2.3
By — ntK* 287 5.3 9.13 + 1.68 10.6 + 0.9
By — 'K 134 1.9 3.80 + 0.82 2.4+0.7
B; — p K’ 31.8 5.6 10.27 + 1.96 8.07 1

B; — p"K~ 14.9 2.5 4.81 +0.94 3.8170 8
By — ptK- 38.6 8.0 13.42 + 2.31 8.6+07

By — 'K’ 21.0 1.8 753+125 | 5479

i

500 £+ 200 MeV

500 &= 50 MeV




So far, so good.

However, CPA

g dirii 1% B
The known ratios
Our results Measurements

(RzzBT(B — K] —108i030\ f h

o= 2 Grp =g |~ L8 E030 | «—s| 1.12:£0.10

0 +

R, = % %TT((%O ZDEO)) — 1.08+0.32,|*—>| 0.98 £ 0.09
\_ - — . J \_ J
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Results for CPAs X 10(-2)
Decay Mode QCD'F' \Experiment
mg =03 mg=07|mgz =045~ 0.55 data
B, — K 0.06 0.19 0.10 = 0.08 0.9+25
By — n9K~- —11.6 —8.3 —10.85 + 0.84 5.0+ 2.5
ﬁg — gt K~ —11.0 —114 —12.38 = 0.69 —9.7 £ 1.2| sy Fine
ﬁg — K 2.5 0.1 1.39 = 0.35 —14+11
B, — R 0.3 —0.0 0.16 =£0.16 -11.4+£6.1
By — n9K*~ -27.0 —34 —41.20 £ 6.69 4+29
Fg — gt K* —27.2 — —47.58 £+ 8.42 —10+11
By — oK 39 . 4.67+1.14 —g+32
B, — p_fu 0.1 1.2 0.53 +0.21 —12+17
By — oYK~ 28.1 49.7 46.27 £5.94 37t11
Eﬂ — pt K~ 19.3 31.5 31.40 +4.63 15+ 13
ﬁg — pofo —4.2 0.2 —3.26 =£1.29 —2+29

In sharp contrast to the Exp., i.e., we can not resolve the difference of CPA
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So far, what we get:

*

*

nice match for 12 branching
ratios with ONE parameter

bad match for one CPV

"nK puzzle” still exists

Suspect:
New Physics ?
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 The effects of (pseudo-)scalar couplings

We explore new physics effects in a model independent way
The general four-quark tensor operators

[o% = 50, (L+ )b @ o™ (L +75)q, OF =50, (1 +75)b; @ go" (1 ""J"S)ffi] X

(pseudo-)scalar operators

( GF . . . oq \
Hotp = 7 > [VaoVisle® | 04,04, + Cs0%| +hoc.
qg=1u,d
O =51 +v)b@ua(l + v5)u O%g = 5:(1 + v5)b; @ u; (1 + v5)u;
O =51+ v5)b@d(1+v5)d Ols = 5(1 4+ 5)b; @ dj (1 + v5)d;.

. Y,
i.e., scalar FCNCs

In the scanning, all theoretical inputs and Exp. uncertainties are included
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Constraints & Resolutions

We subdivided this NP in five cases:

KCase I: b — suu operators O¢, and O¢y,

e Case II: b — sdd operators O%, and O,

e Case III: b — sdd operator Ogl solely,

e Case IV: only color singlet operators O¢; and Ogl,

e Case V: all the operators O% , O%, O%, and Od.

~

/
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The fitted branching ratios:

Decay Mode Experiment NP

data Case I Case 11 Case III  Case IV Case V
By — K 231+£1.0 — 23.0+1.0 229409 21.5+03 224+0.9
By — m°K~ 129+06 121+04 128+0.7 127+06 121+03 12.1+04
By — ntK~ 104£06 20.2=+0.3 — — 20.4+0.2 201404
By — 'K 0.0+06 9.0+03 99+06 100£07 90402 9.1+04
B,y — m’K*~ 694+23 42402 44404 44404 43+£03 43403
By — K" 24407 34403 35£02 35+02 31+03 29+02
By — p K’ 8.07173 — 8.6+0.7 86+0.7 74404 7.1£04
By — p°K— 3817038  3440.2 — — 34+02 34402
By — ptK- 8.6797  9.74+0.5 — — 9.7+05 9.84£0.5
B — 'K’ 5.4+00 — 65+04 654+04 55+03 54+04

To leading order,

B, — n K and BY . g+ *~ decays do hot receive these NP contributions
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The direct CP asymmetries: Only Br as inputs
Decay Mode Experiment NP
data Case I Case II Case III Case IV Case V
B- — 1K 09+25 — 1.7£29 20+£02 39+10 32413
B- - 7°K~- 50+25 88+64 11+09 12+09 28+55  18+1.3
By —ntK- —07+£12 -57+44 — — _100+08 —92+13
By — 'K’ —14+11 —186+75 —128+39 —126+1.6 —102+70 -82+28
B — m°K* 4429  42+193 —81+33 -80+33 —490+107 —132+46
B, — K" —0t32  _61.7+220 —400+34 —408+3.8 —528+242 —47.0+6.5
B- — p K —12417 — 594109 —65+08 —1514+42 —13145.9
B — oK~  37+11  328%165 — — 483+35 439452
By ptK- 15+13  192+12.9 — — 319427 28.0+4.1
B, — oK~ —2+29 — _81+81 -85+09 —149+30 —135+44
u ;i! a U
Case IV S1 C'sy Cs1 Csi
U d d
Theo.[AA = 0.128 £ 0.056) Css 6(;,88 ) CS
- U
3 L(SS J \5&1 y 53 \ )

Exp.| AA = 0.147 +0.028|
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NP parameters’ space

J
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2 100} £100 :
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50} 50
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C¥ (x107%) Cle(x107%)
\ @) (b)
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= 2t . = e d'--:- ' J'; _-::'a.
g 100 SN <100 CHREETR
50 1 50
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(29 [l
[ . Case 11 \
150 1
% ed U -
< 100 SRR
3o T
50
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N aur

(c)

1508 Case IV | 150L Case IV
_ sy — Taa arteet L .
= SRR e =0 CATE et -
5 100f 4 ‘___ga._m’:'. p 2100 O e
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Numerical results

NP para. Case | Case 11 Case 111 Case IV Case V

C% (x1073) —41.6 £ 134 — — 25.8 £ 8.4 —6.7£10.5

Ot (x1073)  38.7 £18.2 — — — 16.0 £ 7.1

) 99.5° + 6.1° — — 107.0° £ 11.5°  73.0° £ 23.8°

Cd (x1073) — 23.0+51 228423 5034128  17.54+10.1

Ol (x1073) — —0.8 + 13.7 — — 10.5 £ 9.4

o4 — 100.0° £8.7° 99.3°+£9.2° 106.6° & 7.3° 114.7° £ 18.6°

A\ 4

Cé,| = |C¥%
| Sll .| 88| ( |C§1| >‘038‘
Exotic !

Color singlet
dominated !

\_

~N

J

A\ 4

(04 ~2xCy, )

Down type
dominated !

- J
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Prediction

[The mixing induced CPA inB" — 7'Ks and p”KS]

@ insensitive to strong phase, more accurate in QCDF
@ sensitive to New Physics (new weak phase)
® should be sin(2p)ws in the SM

A¢(t) = S¢sin(Amgt) — C¢ cos(Amgt)

|

Sp=Az  —Cp = Acp

/ 2ImA\ f

ll}ix BU . _
C;P( f) 1+‘)\f‘2

Ap = —e~ 2B 00/ 400

sin(28) = sin(28)wx. = 0.68 & 0.03
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(X 10-?)
Decay Mode Experiment  SM NP
data Case I Casell CaselIll CaselIV CaseV
EE—MTUKS 38i19\ 7T+4 45+11 H6E£5 5H7TE3 59 £ 9 N 62 L8
B — p°Kg 6172 \QQi?‘\— 61+£6 61+3 ([56+3|\J57+4
.\
Old data at that time
BABAR AZX(B" — 7’Kg) = 0.55 4+ 0.20 + 0.03 -
o } 58 £0.17 ]
Belle %%X(B — 1 Kg)=0.67+0.31 +0.08

NOWIRRAE ok - Gam) /

1111}{( OKS) [054 +0.18 _021
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Correlations:

Case Il -

A8 (x107%)
I
>

AR (x1077)
(a)

A% (x107%)

CaseII -
B —p'K?
40 50 60 70 80

AR (x107%)
(b)

® The correlations could be important to sign

out new physics

® Need more accurate mixing-induced CP to

confirm NP suspects
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- Summary

® The knowns of QCD from Lattice and SD should be
incorporated into the approaches for B decays

® Dynamical gluon mass could, at least, furnish the natural
regulator of end-point div.

® Correlated decays point to NP in the EW penguin sector
® (pseudo-)scalar couplings are helpful for resolving"nK puzzle”

@® More accurate measurements, especially mixing-induced CPV,
are also needed to confirm or refute the NP hints
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Thank you
for
your attention!
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