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The b—sy processes in SM

2 The b =>sy process is a good probe of b M, s

fundamental properties of SM as well as
BSM (CKM, top mass, new particle mass etc..) Y
2 Especially, the b—sy process has a
particular structure in SM.
2 The requirement of the chirality flip leads to
a left-photon dominance.

In the
SM, the opposite
chirality is
suppressed by
ms/mb

—_ I/ —_
mbSLO-,qu bR mSSRO-,uI/quL

Unknown charm contribution
under discussions!
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# b s YL (left-handed polarization)
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Right-handed: which NP model?

P> What types of new physics models?
For example, models with right-handed

neutrino, or custodial symmetry in general

induces the right handed current.

Left-Right symmetric
model (WR)

Blanke et al. JHEP1203

SUSY GUT model Orr
mass insertion

Girrbach et al. JHEP1106

2 Which flavour structure?

The models that contain new particles which
change the chirality inside of the b=>sy loop

can induce a large chiral enhancement!

Left-Right symmetric
model: mt/mb

Cho, Misiak, PRD49, 94
Babu et al PLB333 ‘94

SUSY with dr. mass
insertions: msysy/mb

Gabbiani, et al. NPB477 '96
Ball, EK, Khalil, PRD69 ‘04

NP signal
beyond the

constraints from
Bs oscillation
parameters

possible.




Example: Left-Right Symmetric Model

Extended gauge group
[Pati,Salam, 1974;Mohapatra,Pati, 1975;Mohapatra,Sejanovic, 1975]

Two step Symmetry breakings

w50 mo-(8) - (20

/
K, K,V < UR Right handed mass very large

W boson with left- and right-handed couplings (WL & Wg)

Wo\ cos(  —sin(e™ W
Wy ) \UsinCe™  cos( Wy

/ 1 M2
sin ( & IL ‘RH;; | _ o —e?sin 28 ~ V2V1 It sin 23.
Jr Vg gr 2 My, gr

Mass eigenstates W; & W2 are a mixture of left and right W



Example: Left-Right Symmetric Model

SM-like left handed-photon contribution

Cry(11r) = 5 [ cos? C Ay () + sin®
SM-like W,
contributions
proportional to mb WL contribution from Wz; WL & Wr mixing
Proportional to mb but contribution;
suppressed by 1/M;2 proportional to mt !

(_chiral enhancement term )



Example: Left-Right Symmetric Model

Right handed-photon contribution
1

2 RxY R
gR V;s ‘/tb

Whr contribution from Wi;
Proportional to mb but
suppressed by 1/M;?

WL & Wr mixing
contribution;
proportional to mt !

Wr contribution from W;;
Proportional to mb

(_chiral enhancement term )



By the way...

Is a right-handed contribution still
allowed in b->sy from experiment?

We can write the amplitude including RH contribution as:

4GF .,
M(b = s7) = =2 ViVay | (CF)" + Cry )(Ory) +01" (Or,)
_ e Mp

We have a constraint from inclusive branching ratio measurement

Br(B — Xg7v) x \078,1;4 — C%PP + \C%P\Q -

While the polarization
measurement carries

information on

7y

HFAG

(3.55 + 0.24 + 0.09)x10*

Here we assume
/
C 7pr¢O, C7pr=O

M C7S,IY\/[—|—C%\IYP

-SUSY with drL mass
insertions
- SUSY-GUT models
-etc...
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Example: Left-Right Symmetric Model

E.K. C.D. Lu and FS.Yu, JHEP (‘I3)
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Model parameters; gr/gi=1, tan beta=10



How do we measure the polarization?!

Proposed pedfrods

Atwood et.al. PRL79

»Method |:Time dependent CP asymmetry in

0 +I/ - Kruger, Matias PRD7 |
Ba>KsTT Y B:2K'K Y (Ca”ed SKSHOY’ SK+K'Y) Becirevic, Schneider,
: NPB854
» Method Il: Transverse asymmetry in Bq=>K'I*I
(called AT, Ar(im) Gronau et al PRL88
E.K. Le Yaouanc, Tayduganov
» Method IIl: BK(®KTTTT)Y (called Ay) PRDSS
Gremm et al’95, Mannel et
) Py =, == al °97, Legger et al 07,
» Method IV: Ap=2AV)y, ==Y ... Oliver et al“1 0




How to measure the polarization?

Becirevic, EK, Le Yaouanc, Tayduganov in preparation
Proposed methods

»Method |:Time dependent CP asymmetry in Bg>KsTr%y Ba2>K*K-y
(called Sksmoy, Sk+k-y)

SKgnoy = 2‘078%\40%&)' sin(2¢1 — ¢r) QR = arg C%IP
T OB + AP csy

» Method ll: Transverse asymmetry in Bs>K'l*I(called A7, A1(m)

215’,6[078,54 C%IP*]

G 12 +1C5F 12

' 2Im CSMclNP*

A (¢* = 0) = SM[z77 T ]2
’077 + ’077

~N Assumption for Y*/Z penguin

» Method Ill: B=2K, (=KTTTT)Y (called }\Y) (Co,Ci0 contributions) necessary!

CAPP? — |2

AT T |CHTR
» Method IV: Ap>ACY, 2=y ...

AP (¢® = 0) =

A =




Comparison of the three methods

Becirevic, EK, Le Yaouanc, Tayduganov in preparation
Prorosed metfods

»Method |:Time dependent CP asymmetry in B4y>KsTr%y Bi2>K*K-y
(called SKS'rrOy, SK+K-y)
. diesnie e
KgmOy —
T GHE + 10T

2Im[CSM ONP

" IORTP +ICATP




Comparison of the three methods

Becirevic, EK, Le Yaouanc, Tayduganov in preparation
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Comparison of the three methods

Becirevic, EK, Le Yaouanc, Tayduganov JHEP (‘1 2)

Method I
Expected constraint from Sksry 079 brgoxs
measurement with 2% precision
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Comparison of the three methods

Becirevic, EK, Le Yaouanc, Tayduganov JHEP (‘1 2)
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Comparison of the three methods

Becirevic, EK, Le Yaouanc, Tayduganov JHEP (‘1 2)

Method I & Method III

R
o~ B BR(B-X,y)
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Comparison of the three methods

Becirevic, EK, Le Yaouanc, Tayduganov JHEP (‘1 2)
Method |l
Expected constraint from

AT@, AT(m measurement with 10% precision
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Discussions



Interpreting Up-Down Asymmetry
Gronau, Grossman, Pirjol, Ryd PRL88(°01)

1 dT 0 dT
fO Cosedcose o f—l COSHCZCOS@

-3 body decay A = 1
j;lcosediig
T ; , | [a=-0085
3(Im(n-(J xJ*))) |cr|® — |cL] +0.0/ 9(stat)
1 (|.7]2) cr|* + L]
LHCb-CONF-2013-009
Right — Helicity amplitude _ Polarization parameter
J of Ki(1")=>KTTTT ‘related to C7,C7’ etc...
@ ) )

@4_

..... O @@
...... @
4—

spin | spin 0 spin |

, ) Daum et al, Nucl Phys, BI87 (‘81)
Source of imaginary part : Thesis of S.Akar (Babar)

overlap of two Breite-Wigner * Most likely, K can decays through (KTT)sTT, too.



Interpreting Up-Down Asymmetry

Gronau, Grossman, Pirjol, Ryd PRL88(°01)

A fol Cosedggse _fi)1 Cos‘gdgorse

- 3 body decay — 1 T

/& f—l COSHCZCOSH —

Left = e NN g A= - 0.085 ~

oY Stat)
S\I\’\'Z Syst)
A . : : 3-009
Right We need detailed information on

the hadronic amplitude of Ki=>Knn

Angular & Dalitz <:::> Circularly-polarization
distribution of K; decay measurement of y
e N

L J function LJ
’ Daum et al, Nucl Phys, BI87 (81)

Source of imaginqry part : Thesis of S.Akar (Babar)
overlap of two Breite-Wigner * Most likely, K can decays through (KTT)sTT, too.




Strong decay of Ki=2Kmm

How to extract the hadronic information (i.e. function J)?

1. Model independent extraction i.e. from data (most ideal)
J. Hebinger, EK, Le Yaouanc, A.Tayduganov, in preparation

B—)J/\VKL T-=>KV...
2. Model dependent extraction i.e. theoretical estimate
Modeling J function: A.Tayduganov, EK, Le Yaouanc PRD ‘03

Assume K;=>Kmm comes from quasi-two-body
decay, e.g. Ki2K*m, Ki=pK, then, J function can be
written in ferms of:

»4 form factors (S,D partial wave amplitudes)
» 2 couplings (gK*Km gpm'r)
»1 relative phase between two channel




Strong decay of Ki=2Kmm

How to extract the hadronic information (i.e. function J)?

1. Model independent extraction i.e. from data (most ideal)

Simultaneous fit of B->J/psi K1 & B-> K1 gamma

tion

2. M [ dIM2do — [T, dlMm2do
M A = T
[T d|M|2d6
_ 3{m(n (J x J)) |er|? — |e|?
4 (|J12) cr|? +[er|?
WWWW}

» 2 couplings (gK*Km gpm'r)
»1 relative phase between two channel




Observed K| shape
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Observed K| shape

COMPASS ‘12
[14]Ki(1270)| | [1+] Ki(1400)222 TR
s A4t
\ [2+] K2*(1430)222 B +++++++ :
N \ﬁ A4 Py
E 2001 }ﬁ v The shape is obviously not Breit-Wigner
= 150 i HHHH type (I wiII.eprzfin why it is so and how we
g ¢ # Hﬂﬂ%ﬁ% can deal with this).
50 ¢ '{ ¥ Then, using the Breit-Wigner may lead to a
O wrong conclusions when we want to
o ST estimate the production rate of K1(1270)

LHCb-CONF-2013-009

v Estimate of KI(1400) pollution is essential

and K1(1400).

for the polarization measurement.
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Example of Babar

= 120
® 19O
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. 2 _ J « L
|A(m; ¢;)]” = § § ¢; BW3 (m 5 & 100—
J J T r
M=mgnr » =
£ 80—
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>
5 [
BWY(m) = . _
i (m) (m%)2 —m?2 — im? N
J 70 Im=mgan
40—
= . 0 —
c; = ;e . 2017
.k
Mass mY Width 0
P . J J
Ul B evred) | (Mev/ed)
1+ | Ki(1270) | 1272£7 | 90£20 v 4
K,(1400) | 1403+7 | 174+13 3 5
- | E7(1410) | 1414%15 [ 23221 3 0ok
](*(1680) 1717 £27 | 322+ 110 2 o
27 | K;(1430) | 14256 £ 1.5 | 985+ 2.7 T 4

Thesis of S. Akar

K*(1410)+Ko*(1430)222

/

Jr Kres Magnitude « Phase ¢ (rad.) Fit fraction
+0.05
. K1(1270) 1.0 (fixed) 0.0 (fixed) 0.6170-08 (stat.)” o, (syst.)
K1(1400) | 0.71+0.10(stat.) o o2(syst.) | 2.97+0.17(stat.) o, (syst.) | 017708 (stat.) o0 (syst.)
~ K*(1410) | 1.25 +0.16(stat.) 015 (syst.) | 3.15+0.12(stat.) T oa(syst.) | 0371998 (stat.) o o (syst.)
K*(1680) | 2.02 +0.28(stat.) "o o: (syst.) 0.0 (fixed) 0.437905 (stat.) "y og (syst.)
2t | K3(1430) | 0.33+0.09(stat.) o (syst.) 0.0 (fixed) 0.0679 %% (stat.) "o s (syst.)
Sum of fit fractions 1.6470 1% (stat. )+8 (1;; (syst.)
TP =1+ : {K1(1270) - K1(1400)} —0.3570-19 (stat.) Fo oo (syst.)
Interferences T0.00
JP =17 : {K*(1410) - K*(1680)} —0.2975: 9% (stat.) " |, (syst.)




Daum’s formalism - K-matrix -

K-matrix formalism

o Two resonances decaying to one channel

Consider again an elastic scattering at mass m, but suppose that there ex
resonances with masses m, and my coupling to channel ¢:

In this case the K-matrix is

B, B

Mg — MM My — M

Thus, the transition amplitude is given by

2 .\ I

.I,/(m) Ty (m) myr—m .
Ma m t 2 v 2 my—m My m b 2 2 mg—m

T =

Similar to Breit-Wigner but the
width part is sum of partial widths.
eThus, the mass and the width in
the K-matrix formalism depend on
the energy different from Breit-
Wigner form.

_ 92
Fai(m) = 2fuipilm) | partial width (final state=i)
w(m) = Z [y (mIJotal width

pjj is the phase space factor.

This shows that when, the phase space is

limited for a given channel, we see the distortion
" in the total decay width.



