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@ The b — s process and the photon polarization

@ Methods of the photon polarization determination

© Future prospects of the photon polarization measurement
@ Conclusions and perspectives
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The b — s7 process and the photon polarization

Why are we interested in measuring the photon polarization of b — sy ?
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@ In the SM, since ms/mp, =~ 0.02 < 1, photons are predominantly
left(right)-handed in the B(B)-decays.
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The b — s7 process and the photon polarization

Why are we interested in measuring the photon polarization of b — sy ?
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@ In the SM, since ms/mp, =~ 0.02 < 1, photons are predominantly
left(right)-handed in the B(B)-decays.

@ NP can induce new Dirac structures and lead to an excess of right(left)-handed
photons, without contradicting with the measured B(B — Xs7).

The photon polarization has not been measured precisely yet = its measurement
could provide a test of physics beyond the SM, namely right-handed currents.




Photon polarization determination: 3 methods

There are 3 methods proposed to measure the ratio Mg/ M, (>~ 0 in the SM):

@ Time-dependent CP-asymmetry in SuperB golden channel
B® — K*°(— Ks7°)y [Atwood et al., Phys.Rev.Lett.79(’97)]

2JM i Mg|

= T TR+ [MAP

sin(om — ¢ — ¢r)
@ Transverse asymmetries in B — K*°(— K7™ )(t¢~ [Kruger&Matias,
Phys.Rev.D71(°05) ;Becirevic&Schneider, Nucl.Phys.B854(’11)]

Re[MgrM]] Alm) ImMgM;]
T

“4$)::4744447?4444445’ T IMol2 LM, 2
IMg|2 + | M| |IMRg|? + | M|

© Ki three-body decay method in B — Ki(— Knnm)y [Gronau et al.,
Phys.Rev.Lett.88, Phys.Rev.D66 (’02)]

_ IMr? = M.
T MR[2 4 M2
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http://prl.aps.org/abstract/PRL/v79/i2/p185_1
http://prd.aps.org/abstract/PRD/v71/i9/e094009
http://prd.aps.org/abstract/PRD/v71/i9/e094009
http://www.sciencedirect.com/science/article/pii/S0550321311004998
http://prl.aps.org/abstract/PRL/v88/i5/e051802
http://prd.aps.org/abstract/PRD/v66/i5/e054008

(1) CP-asymmetry in B® — K*0(— Ksm%)~

@ Time-dependent Acp in neutral B-mesons results from the interference of
mixing and decay [Atwood et al., Phys.Rev.Lett.79(’97)].

F(B(t) — fv) —T(B(t) — f)

R ) e e
2lM M X
Sy = _&W sin(pm — dL — ¢R)

where ¢ r = arg(M,r) and ¢ is the By — By mixing phase.
@ S, determines the ratio Mg/M, and the phase of B-mixing.

@ In the SM
B IMr/ M|~ T2, 0~ 2meginog ol
v bL=dr~0 = { TKsmy b
exp - )
B _B® g = 20 = 43° Sianoy, = —0.15+0.2 [HFAG( 1_8}]£ V4
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http://prl.aps.org/abstract/PRL/v79/i2/p185_1
http://arxiv.org/abs/1010.1589

(2) Transverse asymmetries in B® — K*O(— K-zt )(t (-

Analysis of the angular distributions in B® — K*°(— K~ x")¢"¢~ in the low £7¢~
inv.mass region and measurement of the transverse asymmetries [Kruger&latias,
Phys.Rev.D71(’05) ; Becirevic&Schneider, Nucl.Phys.B854(’11)].

dzr :fc = im .

ddg ~ TR [1+ 5Fr(a) (A(ﬁ)(qz)cos2¢+A(T )(q?)sin 2¢)}
2Re[MRM*]

A(Z) & pril L eRelMRM |

(@) [Mg|2 + ML

im 2Im[MgrM;J]
A( M2 s Y SR U] |

I (a°) |MR|2+|ML|2

In the heavy quark and large Ex+ limit (&
q* — 0)

A(Z) 0) = 2Re[C7e§FC7/$”*]
T ( ) = Ceff |2 CLeff|2
| Ty \ & | Ty | 2 2
But for g 2 1 GeV* the Og 10
. 2Im[C7effC7leff*] buti b ) |
A(}'")(O) a2 ¥ X7 contribution becomes important!
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http://prd.aps.org/abstract/PRD/v71/i9/e094009
http://prd.aps.org/abstract/PRD/v71/i9/e094009
http://www.sciencedirect.com/science/article/pii/S0550321311004998

(3) Polarization determination in B — Ki(— Kmm)y

How to measure the polarization: basic idea

@ The angular distribution of the three-body decay of Kies in B — Kjesy decay
provides a direct determination of the Kies(< 7) polarization [Gronau et al.,
Phys.Rev.Lett.88, Phys.Rev.D66 (202)].
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http://prl.aps.org/abstract/PRL/v88/i5/e051802
http://prd.aps.org/abstract/PRD/v66/i5/e054008
http://prl.aps.org/abstract/PRL/v94/i11/e111802
http://prd.aps.org/abstract/PRD/v83/i9/e094007

(3) Polarization determination in B — Ki(— Kmm)y

How to measure the polarization: basic idea

@ The angular distribution of the three-body decay of Kies in B — Kjesy decay
provides a direct determination of the Kies(< 7) polarization [Gronau et al.,
Phys.Rev.Lett.88, Phys.Rev.D66 (202)].

2 — 3-body K

@ There are two known Ki(1") states, decaying into K7 final state via K*7 and
Kp modes: K1(1270) and K1(1400).

@ One of the decay channels B — Ky, namely BT — K;"(1270), is finally
measured (B = (4.3 4+ 1.2) x 107°), while B* — K; (1400) is suppressed
(B<15x 1075) [Belle, Phys.Rev.Lett.94(’05)].

We investigated the feasibility of determining the photon polarization using the B —
K1(1270) channel [Kou,LeYaouanc&AT, Phys.Rev.D83(’11)].
I Zac
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http://prl.aps.org/abstract/PRL/v88/i5/e051802
http://prd.aps.org/abstract/PRD/v66/i5/e054008
http://prl.aps.org/abstract/PRL/v94/i11/e111802
http://prd.aps.org/abstract/PRD/v83/i9/e094007

(3) Polarization determination in B — Ki(— Kmm)y

Formalism and new method

The decay distribution of B — Kiy — (K7m)y is given by the master formula:

dr 1 =2 2 1, . = o
o<1|j\ (1 + cos 0)+§lm[n~(jxj )]cos 0

dS13dSz3C/COS 0

|MR|2 _ |ML|2 = = -
TS IMAEFIME S T HED T = Ci(sis, $23)P1 — Cas13, 923) P2
Ki-decay helicity amplitude.

Previous method of Gronau et al.

In the original proposal, only the #-dependence
was considered (up-down asymmetry):

in the SM for B(B) respectively

1 dr 0 dr
B fo dcosedcosH — f71 dcosedcose

up—down — 1 dr
s dcosﬁidcosg

A

_ Efds13dsz3lm[ﬁ< (J: x T
[ ds13dsa3| T |?

4

[Gronau et al., Phys.Rev.Lett.88]
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http://prl.aps.org/abstract/PRL/v88/i5/e051802

(3) Polarization determination in B — Ki(— Kmm)y

Formalism and new method

The decay distribution of B — Kiy — (K7m)y is given by the master formula:

B
dS13dSz3C/COS 0

1 =22 2 I
o<1|j\ (1 + cos 0)+§lm[n~(jxj )]cos 0

_ Mg = M
Y |MR|2 + |ML|2 — 1(+1)

in the SM for B(B) respectively

J = Ci(s13,523)P1 — Ca(s13, 523) P2 &
Ki-decay helicity amplitude.

New method: DDLR

(Davier, Duflot, Le Diberder, Rougé)

We take into account the Dalitz variable

(s13,523) dependence, which carries the further

information of the polarization:

2Im[ii - (J x J*)]cos 0
|7|2(1 + cos? )

[Kou,LeYaouanc&AT, Phys.Rev.D83(’11)]

w(s13, 523, cos0) =
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http://prd.aps.org/abstract/PRD/v83/i9/e094007

(3) Polarization determination in B — Ki(— Kmm)y

Estimating the [J-function

Assuming that this process comes from the vector-pseudoscalar meson intermediate
state (K1 — K*m, Kp), J contains 4 K; — VP partial wave amplitudes (S, D) and 2
V — PP couplings.

@ There have been very important experimental studies of the Ki-decays
ACCMOR, SLAC, B-factories, etc. Although some of the parameters are
determined experimentally, there still remain some difficulties in their
interpretation and application. In particular,

e Ki-width issue and threshold effects
o Kp/K*r relative phase
e treatment of the K; — scalar 4+ m channel

@ Therefore, we estimate the As p(Ki — K*m, Kp) in the framework of the 3Py
quark-pair-creation model [Kou,LeYaouanc&AT, hep-ph/1111.6307].

@ In principle, the parameters of J can be extracted in a model-independent way
from angular analysis of the Knm-system in B — J/¢¥K;y [Belle,
Phys.Rev.D83(’10)] and/or in T-decays measured at B-factories =
improvement expected by SuperB!

& L4<
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http://arxiv.org/abs/1111.6307
http://prd.aps.org/abstract/PRD/v83/i3/e032005
http://prd.aps.org/abstract/PRD/v83/i3/e032005

(3) Polarization determination in B — Ki(— Kmm)y

Sensitivity studies of A, measurement in the DDLR method

We estimate the sensitivity of future experiments to A, using “ideal” (i.e. detector

effects and background are not taken into account) MC simulation.

1.0
Stat. errors to A" from B — K1(1270)~
0.8f
Nevents 10° | 10° =
g 0.6}
(I) BY — K%z 7% | £0.12 | +0.04 5*0.4,
(I e B N e 0.2}
(IV) B v | +0.12
- 00200 500 10002000 5000
N
@ For 10k events the error on A, is el
< 10%. @ The use of the Dalitz plot
information improves the
[Kou,LeYaouanc&AT, Phys.Rev.D83(’11)] sensitivity by a factor 2

compared to the pure angular
cos O-fit (or Aup—down)- o £AL
O s
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http://prd.aps.org/abstract/PRD/v83/i9/e094007

Future constraints on right-handed currents
G

—X
+ :' by SR ‘\
b s by ——FFRAFARR—>— SR
VoA V-A P
4Ge eff L + 75 a7l = s
M(b N 5’)/) \/E Vtthb 16 mbSUWCI (C 2 2l C7~ 2 )b

—_——— N———
br—sLvL b —srYrR

@ BR measurement of the inclusive and exclusive b — sy processes
(B(B — Xs7y)®® = (3.55 4 0.24 4 0.09) x 10~* [HFAG(’10)1) is not a direct
polarization determination:

| eff SM C7e§f NP|2 1 eff NP|2

+ |Gy

@ In the SM, C7(f{) * are real. Some NP models have extra sources of CP-violation

= C7(;) * can be complex.
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http://arxiv.org/abs/1010.1589

Current constraints on C’fff Celf,f

Here and in the following, we assume
for illustration Cfff to be purely

SM-like (i.e. C57 (P = 0).

@ B(B — X;v)¥ =
(3.554+0.24) x 10~ *
[HFAG(°10)]

QS ORI 0.2
[HFAG(?10)]

There is still large area left for NP!

1 eff ;~ eff (SM)
Ty /C7y ]

Im[C

AZE (B Ksr%y)

~ excluded by
BR(B—Xgy)2®

D> 0.5

Re[C; <

/cry &

1.0
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http://arxiv.org/abs/1010.1589
http://arxiv.org/abs/1010.1589

Future constraints on C’fff ey

", combining various methods

® B(B — X:7)™® =
(3.554 0.24) x 107* [HFAG(’10)] 1.0F

BR(B—Xsy)

eff (SM
/C7y( )
o
o

s eff
757

Im[C.

—aft ; ‘ ‘ ]
-10 -05 00 05 10
Refc/t/c Gy

[Becirevic,Kou,LeYaouanc&AT,
in preparation]
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http://arxiv.org/abs/1010.1589
http://arxiv.org/abs/1010.1589

o B(B . Xs'Y)exp =}
(3.55 £ 0.24) x 107* [HFAG(°10)] 1.07

‘ | ~0557 / ]

Acp(B°~Ksr%y) 7 90
3 different methods give different con- p. = v
straints:

QO Acr(B— K57T0’“/)Z
S2P .= —0.154 0.2 [HFAG(’10)]

KgmO
SR o, > ES 0. 02 B EI(® ab~*

Re[C; &/Cs O]

[Becirevic,Kou,LeYaouanc&AT,
in preparation]
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Future constraints on C’fff Ceﬁ’:f combining various methods

o B(B . Xs'Y)exp =}
(3.55 £ 0.24) x 107* [HFAG(°10)] 1.07

e
A,(B - K1(1270) y)
3 different methods give different con-
straints:

Q Acp(B — Ksm):
S2P .. = —0.154 0.2 [HFAG(°10)]

Ks 71.0
(sKsﬁuW)SuperB ~0.02at 75ab~ !
@ )\, potential measurement from
w-distribution in B — K1(1270)~: 7 ]
o(Ay)™* ~ 0.2 10 =05 00 | 05490
Re[C;/CE! (W)

[Becirevic,Kou,LeYaouanc&AT,
in preparation]
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Future constraints on C’fff Ceﬁ’:f combining various methods

o B(B . Xs'Y)exp =}
(3.55 £ 0.24) x 107* [HFAG(°10)] 1.07

> LEN AR
A( )(BO KA1*17) 7
3 different methods give different con- ~y

straints: g 0'5’
Q Acp(B — Ksm°y): S o0
Skano, = —0.154 0.2 [HFAG(*10)] Te
[8)
(sKsﬁoW)S”PefB ~0.02 at 75 ab™! T 05
@ )\, potential measurement from
w-distribution in B — K1(1270)~: hil ma ]
o(Ay)™ ~ 0.2 ~107=05 0,0 054810
¢ J eff )~ eff (SM)
Q A(ﬁ) and A(7'_m) potential Re(Cr(Crr ]
measurement from the angular
analysis of [Becirevic,Kou,LeYaouanc&AT,

B® — K¥Q(— KAm)l 4e

in preparation]
a(ARYHED & 0.2 51,2 fbT?
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Future constraints on C’fff Ceﬁ’:f combining various methods

@ B(B — Xsv)¥* =
(3.55£0.24) x 107* [HFAG(’10)] 10— ‘ =03
AIMBOSKIH)

06
3 different methods give different con- L N g
straints: % i \ /
£ -0. 0]
Q Acp(B — Ksm): 07 o
Skanoy = —0.15 £ 0.2 [HFAG(>10)] Te AR —
) .
(SKsﬁoW)S”Pe'B 2 0.02 at 75 ab™* 5 _0_5,/ F\
@ )\, potential measurement from 04
w—distr|i1bution in B— Ki1(1270)~: Cadl w ‘ ; ]
a(Ay)™" ~ 0.2 =10 =05 0,00 0581 0
: ity eff (SW)
o A(ﬁ) and A(7'_m) potential RelCr (Crn )
measurement from the angular
analysis of [Becirevic,Kou,LeYaouanc&AT,
B® — K¥Q(— KAm)l 4e in preparation]

a(ARYHED & 0.2 51,2 fbT?
10
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Future constraints on C’fff Cel:f combining various meth

0( 795‘?)/ / 0.4 19 17‘) K,
@ 5(E 2 . = | e
(3.5540.24) x 107* [HFAG(’10)] & i ///
S ool ; |
3 different methods give different con- ¢ //1?5/ s

. -0.5]
straints:

@ Acr(B — Ksn%): PiEn e R B

Skano, = —0.15£0.2 [HFAG(*10)] A R
SuperB __ — ; - . s

O—(SKST"O’Y) PSS 002 at 75 ab lOU_B\A(T\Z'(BOLK"I*i’)/OS 10% \Agm'(BﬂjK’l*l’)’

@ )\, potential measurement from : \\\ e : v
w-distribution in B — K1(1270)~: ; v ‘ — e

a(Ay)* ~ 0.2
(3] A(ﬁ) and A(7"_m) potential

=1 =1 08,
measurement from the angular ~i6 =05 00 05 10  -10 -05 00 05 10
analysis of RAGELCHRL ReLCy/cfy )
B® - K*(— K=a*)ete:
O.(A(_’%))LHCb ~02at2fb? [Becirevic,Kou,LeYaouanc&AT,

in preparation]
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Future constraints on (0%, )23 combining various methods

Here we present the potential constraints on (5% )23 which has already
been studied using the CP-asymmetry in B — ¢Ks, B — n'Ks and
B(b — sv) [Khalil&Kou, Phys.Rev.D67(°03), Phys.Rev.Lett.91(’03); see
also ‘Physics at Super B Factory’’, hep-ex/1002.5012].

mg ~ mg = 500 GeV 5 = 1000 GeV
00 00: g 00: 00:
“on Ace(B* oKty 1,(B - Ky(1270)y)
001 %2 001 001 001
< B ]2 000 2 000 %€ 0.00
E E E E}
~001] —o01f" ~0.01]
|~ m, = 500 Gev < m, = 500 Gev ~m, = 1000 Gev
002100025 045 F -002 o, _oozhef Lok -0,
02 —00L 000 001 002 ~002 —00L 000 001 002 003 5oL Do 0oL ooe ~002 —00L 000 001 002
Ref(6R )] Rel(6g.)zs] Ref(0R)zs] Re{(0g )]
0027 7 0027 00: 00:
Af,-z7(B°aK‘°I*I’) AT (IS K01 [) \Afr)(BoﬁK‘DI*I’)/ AT (BIS K011 .
I \ ! .8, r P
001 001 001f, ] ,//
7 N ® Ry A
=& 000 ( o =& 000 =& 000 ; |
E I E E E S
-001] 08 ~001] —001f
0. \Q/ { ‘ / ﬁ
= GeV = m. /= 5 Ge\/ Y EW
-002 —002L -0.02) —02), =06 -00: o g Ve
~002 —00L 000 001 002 ~002 001 500" 001 002 —002 —00L 000 001 002 Z 5% ~o0r 000 thl 0,02/
Re{(0R )] Ref(0f)z3] Rel(0R)z3] Rel(0g )]
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http://prd.aps.org/abstract/PRD/v67/i5/e055009
http://prl.aps.org/abstract/PRL/v91/i24/e241602
http://arxiv.org/abs/1002.5012

Conclusions and perspectives

@ There is still a lot of space left for NP beyond the SM.

@ The b — s process can provide stringent constraints on some of the NP
parameters.

© Perspective: the right-handed currents will be very strictly constrained by
SuperB and LHCb. It was demonstrated that combining the three methods,

o time-dependent CP-asymmetry in B® — K*0(— Ks7%)y
o transverse asymmetries A, AU™ in BO — K*O(— K—7t)¢t(-
o Kj three-body decay method in B — Ki(— Knn)y

we will be able to constrain C{;ﬂc/CﬂYqr and in particular (68, )23 quite precisely.

& L4<
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The b — s7 process and the photon polarization

Theoretical uncertainties: c-quark loop and soft gluon contribution

An additional helicity enhancement can be obtained 0,
by considering (at parton level) a three-particle final

b s
state: b — svg. The dominant contribution comes
from the four-quark operator - z
Oy = (?L’YHCL)(fL’y”bL)
v g

The soft (|kg|> < 4mZ) gluon contribution is estimated to be [Ball&Zwicky,
Phys.Lett.B642(°06)1]:

M(E — ?*WR) ms G L=t ms
—_—— ~ — - e x (0.8 £0.2
M(B — K "y[_) mp (7 36m§mb TlB*)K (0) mp ( )

@ Soft gluon correction enhances the leading term up to 20%.

@ Additional hadronic corrections are expected to be smaller.
I Zac
\® ¥
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http://www.sciencedirect.com/science/article/pii/S0370269306012810
http://www.sciencedirect.com/science/article/pii/S0370269306012810

Determination of )\, in the DDLR method

w-distribution

2000
1800

1600
1400
1200
1000
800
600

Number of events

400

200

PRI NI I B by |0 11
-08 -06 -04 -0.2 0 02 04 06 08

w

BT

Example of MC w-distribution for 10k of B" — (K7~ ")k, (1270)y events with purely

right-handed (red) and left-handed (blue) photons.
e
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Determination of A, in the DDLR me

Basic idea of the DDLR method

@ Our PDF (i.e. the normalized decay
width distribution) can be written as
W (s13, $23,cos0) = f(s13, S23,cos 6)
+A,g(s13, 523, cos 6)
@ Using the maximum likelihood method,

we obtain A\, as a solution of the
equation:

e > Nevents W
500 N

1+/\n,w,- D\

7=

Nevents

Y= H W(si3, shs,cos )
i=1

wi = g(s{3, s§'37 cos Gi)/f(s{3, s£3, cos Oi)

Notice: resulting solution does not depend on f
and g separately but only on their ratio w.

2Im[7i - (T x J*)]cos 0
|7 |2(1 + cos? 6) ’

w(s13, 523, cos 0) =

A4 extraction from w-distribution

_2_

T T TN 2

2
0 |n£:N<( w

2
— )
1+ A\ w

One only has to sum w and w? over all
the events = no fit is needed !

1 Neverlt‘
ny — n
(W) = - wy
events =1
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Extra sources of flavour violation in SUSY

@ In the SM, the quark masses come from Yukawa couplings:

‘Cf’ﬁ//,(awa A ’UERyuUL G ’UgRydd[_ + h.c.

@ In SUSY, the squark mass can come from any combination of left and right
couplings:

EQZ%SM = E]Zméa[_ + EI?W%JDR + H,T?m%,EIR + UZFI};AUEIL + Ula;ADZ]L +...

° m%),u,o and Ay,p are not diagonal in the quark eigenmass basis = the squark
propagators can change flavour and chirality:

(671)23 (854)23
LT LEL T PP T TR
b[_ §L bL §R
(67'r)23 (6%r)23
R L LEL T T LT RS
bR §L bR §R

& L4<
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Mass Insertion Approximation

@ In the super-CKM basis, the source of flavour violation is left in the off-diagonal
terms of the sfermion mass matrix: (A%z)ii (A, B =R, L and i is the average
squark mass).

@ The sfermion propagator can then be expanded as

. 3 i0j; i(AZg)i
o S ), ATNCRAESIS 10jj ABJij
<qA CIB1> i( mg AB)U oy mg I (k2 — mg)z i

@ The flavour violation in SUSY can be parametrized in a model independent way
by the dimensionless parameters

(AZB)U

2
iz

(6ag)i =

& L4<
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Annual yield estimation

The annual yield of the B — (Knm)k,y decay can be estimated as following:

[ Nannat = N x B(B — Ku7) x B(Ki — K77) X ceot

B(BT — (KTn ™ 7")k; (1270)7) = 4.3 X 107° x (0.16  4/9 + 0.42 % 1/6) ~ 0.6 x 10~ %,
B(B" — (K°7"w°) K, (1270)7) = 4.3 X 107% x (2% 0.16 4+ 2/9 +0.42 % 1/3) x 1/3 ~ 0.3 x 10~ °

@ For [ L' =2 b1, Ng ~ 8 x 10™, €tor ~ 0.1% (as in B — K*v and
Bs — ¢y [LHCB—RUADMAP4—001]) =
N:;S:I(B+ N (K+7T—7T+)K1(1270)’y) ~5 x 10°

N:::E:EI(BJr g (K07r+7l'0)K1(1270)’7) ~ 2.5 X 103

® For f£5uperB =75 ab_lv Ng ~ 1.6 x 1010v €ror ~ 1% (as in B — K1+(1270)'Y
[Belle, Phys.Rev.Lett.94(’05)]) =
NowPerP (BT — (KT~ 1) kya270)7) = 1 x 103
N.QSI’I:IJI"‘IJ:;/B(B+ W (K07l'+7l'0)K1(127o)’y) ~ 0.5 x10°

.(s,‘t t
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