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Motivation

Rare b - sy FCNC transitions are expected to be sensitive to NP effects.
In SM, b - sy are forbidden at the tree level.
However they do proceed at loop level, with internal W bosons diagrams.
b

Yy emitted from b — sy transition is predominately left-handed,
since the recoiling s quark (which couple to W boson) is left handed.
This implies maximal parity violation up to small corrections of the order m/m..

W=

Measured inclusive b — sy rate agrees with the SM calculations.

Few SM extensions are also compatible with the current measurments, but predict that the
photon acquires a significant right-handed component, due to the exchange of heavy fermion in
the electroweak penguin loop. Atwood, Gronau and Soni PRL79,185(1997)

Gronau, Grossman, Pirjol and Ryd PRL88,051802(2002), suggested to measured the up-down
asymmetry of the photon direction relative to the Kt plane in the K resonance rest frame.

# LHCDb has observed so called up-down asymmetry in the
B* - K*TT'1m Y PRL 112,161801(2014)
they found a non-zero up-down asymmetry.

E Not enough to provide any quantitative measurement of &£ oo -
the photon polarization. p>,—5
E It has been suggested by Gronau et al that one expect n=pyp, o K
larger asymmetry in mode having neutral pion in the final

state. v
PRD66,054008(2002)  PRD 96, 013002 (2017)

cos(8°)= sgn(s,,-s,,) cos(0)



Motivation (more information)

Gronau & Prijol identify three types of interferences resulting in non-zero up-
down asymmetry: M. Gronau and D. Pirjol, PRD 96, 013002 (2017)

4, : Interferences of amplitudes for two K*r intermediate states. Such
interferences, involving K*rr* and K*rt° in K,* - Krr'rt® (K*° %, K*'1r in
K.°—K*rm®). This occurs only in decays involving final neutral 1.

4, : Interferences of amplitudes for two K*rr and Kp amplitudes. Such
interferences occurs in all K, - Krirr decays including both K * - K* it
(K2-K°mrmm? and K,* - K°rr'm® (K .° - K*rrm°).

4_ . Inteferences of S and D wave amplitudes in K, - K*rt. This kind of
intereferences occurs in all four K, —» Krrrr charged modes.

Large asymmetry is predicted in 4_which only occurs in the modes involving a

final neutral pion.
Therefore, Belle has potential to contribute and search for up-down asymmetry.
Information from modes with K_° and 1° will provide crucial information on the

photon polarization.



MOtiV&tiOl‘l [M.Gronau and D.Pirjol, arXiv:1704.05280]

Reexamining the photon polarization in B»>Kxaxy

We reexamine, update and extend a suggestion we made fifteen years ago for mea-
suring the photon polarnzation m b — sv by observing in B — Kary an asym-
metry of the photon with respect to the Ko plane. Asymmetries are calculated

for different charged final states due to intermediate Kp{1400) and K;(1270) reso-

asymmetries at different levels for these two kaon resonances. For Ki(1400) decays
including a final state 7° an asymmetry around +30% is calculated, dominated by
interference of two mmtermediate K*w states, while an asymmetry around +10% 1n
decays mcluding final 77~ 18 dommated by mmterference of 5 and I} wave K*x
amplitudes. In decays via Rl 1270) to Hnal states mcluding a 70 & negative asym-
metry 15 favored up to —10% 1if one assumes 5 wave dominance i decays to K*7
and K p, while in decays involving a7 7~ the asymmetry can vary anywhere in the
range —13% to +24% depending on unknown phases. For more precise asymme-
try predictions mn the latter decays we propose studying phases in Ky — K*m, Kp
by performing dedicated amphtude analyses of B — J/u{d/)Kaw. In order to
increase statistics mn studies of B — Komy we suggest using 1sospin symmetry to
combine mn the same analysis samples of charged and neutral B decays.

Table 3: Up-down photon asymmetry Ain Bt — K%*=z% from intermediate K1(1400). The
asymmetry A, neglects a contnbution of a pK’ amphtude as described in the text. For the
total asymmetry we use ag = 40°, a value favored by the analysis of [Z].

S (degrees) | 0 45 00 135 180 225 270 315
A, 030 021 014 014 019 028 034 035
Alatal 030 021 0.15 014 020 029 035 036
We wish to thank Karim Trabelsi for asking verv useful questions which motivated this 4

work and Jonathan Rosner for helpful correspondence.



" M. Grnonau, D. Pirjol PRD 66, 054008(2002),
AUD eXtraCtlon PRD 96, 013002 (2017)
LHCb, PRL 112, 161801 (2014)

Differential decay rate of B — Krtrry can be written as : Resonances in Knn

dI’
Z (5,513, S23) cos' @ -I—/‘\ Z S, 813, egg)cosjf)

dsdsq2 ds dCDSQ
13 4023 i=0,2,4 “i=1.3

Photon Polarization

'y, st e
RLITTTY it

S; = (p,.+p,.)2 and s=(p,+p,+p,)* p.p,and p, are four-momenta of T, r* and K*

‘ fnl dcos 6 dF f dcos 6 dchE 5

Aud

Fourth-order legendre polynomial is used to fit the distribution [1.1,1.3] GeV/c?
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L.is Legendre polynomial of order i
c, is corresponding coefficient %
0.5 4
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J:g i i ub
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cos(6°)= sgn(s, ,-s,,) cos(0) Input values from LHCb measurement



" M. Grnonau, D. Pirjol PRD 66, 054008(2002),
AUD eXtraCtlon PRD 96, 013002 (2017)
LHCb, PRL 112, 161801 (2014)

Differential decay rate of B — Krtrty can be written as :

dI’
: ‘0 /‘\
ds dsq3 dsgs dcos g™ Z (5, 513, 523) cos’ + Z

Yy,

fr []24 J ]_ 3 ' Mgt

Resonances m Krtrr
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Photon Polarization

= (p,.+pj)2 and s=(p,+p,+p,)* p.p,and p, are four-momenta of T, r* and K*
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Spherical BB events

Jet-like qq events
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B S energy threshold o 2 B's and nothing else ! Bq
N . yas, for BB production
ST AN | eo o 2 B mesons are created simultaneously

ST B3z e in a L=1 coherent state

10.62

= before first decay, the final states
contains a Band a B

Reconstruct B,
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AZ~200um H

Az~ CB Yy A t Effective tagging2 efficiency :
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Continuum Suppression

mthro : Magnitude of ROE thrust axis
mthrs . Magnitude of B thrust axis
costhr : cosine of angle between thrust axis of B and thrust axis of ROE

cosbt : Returns the cosine of angle between thrust axis of B and z-axis
cosb : Theta of B vector in CMS frame

ccl-cc9 : 9 Cleo cones
qr . Flavor information from Hamlet Use 16+ 1 (LR using 18) variables
A7 7 -7 as input to Neural Network
Brec ~btag (NeuroBayes)
KSFW LR

Et . Sum of transverse energy of all particles

MM?2 . Missing mass square

Hoo0,1,2,3,4

Hs000,01,02,03,04 [using only charged tracks of other B]
Hs010,12,14 [using only photons of other B]
Hs020,22,24 [using only missing momentum]



Optimizing the NB cut for continuum suppression

+ +r-7r+
B -Kmm'y
Background Reduction Efficiency
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Signal : NB KSFW
Background : NB

Optimized NB cut > 0.85
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The shown cut value is not scaled.



M'_distribution . .
e Background study: continuum suppression
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let's from now on assume that we have a modest sample
of 2000 K™ n"m y and 1500 K™ "’ y signal evts...



GSIM study for A extraction

Validate A, extraction method, we performed GSIM study.

Samples generated using modified version of MINT (from
EPFL colleagues) with different models and different A,

iInput values.
Four samples tested for Bo— K-Tt+110y
One sample used to test B+ — K+TT-TT*Y

Boosted the particles into Belle frame, add the other side B
decay from separate evtgen generated sample and pass the
events through GSIM environment.

Recover the generated level information.
Reconstruct the signal .

Compare the generated and recontructed value for any
significant bias. 12



B* - K*Tr1t* y study

JF  Amplitude k ag O Fraction (%)
K1(1270)" — K*(892)°n™ [S-wave] 1 (fixed) 0 (fixed) 15.3
o+ Ki(1270)" - K*(892)°7% [D-wave]  1.00 ~1.74 0.6
_ : K1(1270)t — K+ p(770)° 2.02 —0.91 37.9
A: 20 K events with LHCb model K1(1400)* — K*(892)07+ 0.59 —0.76 7.4
K*(1410)* — K*(892)0x+ 0.11 0.00 7.9
Input A = (5_93 + 0_72)% 1= K*(1680)F — K*(892)07t 0.05 0.44 3.4
ub K*(1680)t — Kt p(770)° 0.04 1.40 2.3
o+  K3(1430)% — K*(892)"r 0.28 0.00 4.5
K3(1430) — Ktp(770)° 0.47 1.80 8.9
: K)(1580)t — K*(892)0n+ 0.49 2.88 4.2
We expect around 2500 signal events. Ka(1580)* — K™ p(770)° 028 o 29
2= Ky(1770)t — K*(892)07t 0.35 0.00 2.8
K,(1770)F — K+ p(770)° 0.08 2.53 0.2
- K Ky(1770)% — K3(1430)%7+ 0.07 ~2.06 0.6
— Entries 19996
1200— Mean 1.529
- RMS 0.3321
1000—
800:— é_
600 i
400:— o +
200/— 100;_ + c1= 0.081+0.016
C 80— c2 = 0.069 + 0.020
O_II|III|III|III|III|IIIIIII 60:_ C3=0-015i0-024
1 1.2 14 1.6 1.8 2 22 24 26 2.8 403_ c4 = 0.025 + 0.027
= sigl1 = 3132 + 56
M(KTtm) e
E d A (7 7 1 7)(y 0—1_ If0|.8l L(J|.6I I—OI.4I L()|.2I I(l)l I 'O.2I I I0‘I4I I IO.|6I : '0.8| i 1
xtracte = =i 0
uD C3 c
Ag=ci— 2 cos(e)
4 13

Reconstructed A, Is consistent within one sigma.



B -K'mm'y

20K events

In Bins of M(KTtm)

25 Input

Reconstruction

20

15

10

Ayp(%)

11 12 13 14 15 16 17 18 19
My, (GeV/c?)
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B° - K*1tm® y study

3 samples used :
A : 10K events with one Amplitude

B° - K, (1270)y, K,(1270) - K*(892)*Tr", K*(892)* - K*T°

Input A, = (0.56+1.01)%

B . 3K events with three Amplitudes

B° - K, (1270)y, K,(1270) - K*(892)*Tr, K*(892)* — K*T°

B° - K, (1270)y, K,(1270) - p K", p- - TtOrr

B° - K, (1270)y, K,(1270) — K*(892)°rt?, K*(892)° - K'Tr*

Input A, = (13.87 £ 1.7)%
C : 1 Million events with 21 Amplitudes

InputA = (11.4+0.1)%

30000

25000

20000

15000

10000

5000

-
I\II|IIII|IIII|I\II|IIII|II\I|IIII

=]

[ A A B B [ I I R A A B A
141 1.2 1.3 15 1.6 1.7 1.8 1.9

| M(Knn)

JP  Amplitude k ay, o1, Fraction (%)
K1(1270)" = K*(892)°x [S wave]  1(fixed) 0 (fixed) 8.0
K1(1270)% — K*(892)* 7~ [S-wave] 1.01 0.00 8.0
K1(1270)" — K*(892)*n~ [D-wave]  0.98 —~1.74 0.3

1% K1(1270) —» K*(892)%7Y [D-wave] 0.99 —1.74 0.3
K1(1270)° — K+ p(770)~ 2.86 —0.91 39.7
K1(1400)" — K*(892)* 7~ 0.60 —0.76 3.8
K1(1400)% — K*(892)%%Y 0.59 —0.76 3.8
K*(1410)° — K*(892)* 7~ 0.11 0.00 3.9
K*(1410)° — K*(892)%° 0.11 0.00 3.9

1= K*(1680)°— K*(892)* 7~ 0.05 0.44 1.7
K*(1680)" — K*(892)%7° 0.05 0.44 1.7
K*(1680)°— K*p(770)~ 0.06 1.40 2.4

K3(1430)0 — K*(892)*x~ 0.27 0.00 2.3

2t K3(1430)" — K*(892)%7° 0.27 0.00 2.3
K3(1430)° — K*p(770)~ 0.63 1.80 8.9
K»(1580)" — K*(892)*n— 0.49 2.88 2.2
K5(1580)% — K*(892)7Y 0.49 2.88 2.2
K5(1580)" — K+ p(770)~ 0.54 2.44 3.2

9 Ky(1770)" — K*(892)* 7~ 0.35 0.00 1.5
K»(1770)% — K*(892)%7° 0.35 0.00 1.5
K3(1770)° — K+ p(770)~ 0.11 2.53 0.2
K(1770)" — K3(1430)t 7~ 0.07 —2.06 0.3
Ko(1770)" — K3(1430)%x" 0.07 —2.06 0.3

15



Events/(0.1)

70
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07_|||I||1I\|y|I||I‘|I|||I|I

B - Kty

Extracted A , from reconstruction

Fit Mbc and get background subtract cos(8)*sign(m_,-m,.) distributon and fit the sPlot

distribution to get A

Sample A

Input A, = (0.6£1.0)%

0.037 +0.036
0.386 + 0.044
¢3 =-0.0733 + 0.052
c4 = 0.056 +0.060
sigl = 738 +27

cl=
c2=

-06 -04 02 0 0.2 0.4 0.6 0.8 1

cos(6°)
Sample size is 1K

Extracted A, = (5.5£3.8)%

Events/(0.1)

Sample B
Ap= (139+21.7)%

c1= 0.173 £0.072
c2 = 0.454 +0.084

¢3 =-0.043 +0.10
c4 =-0.025 +0.12
sigl = 192 + 14

K,

P I Lo b b Lo b B w 1aa
=] -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

cos(6°)
Sample size is 3K

A, = (18.4+7.6)%

Sample C
A,=(11.4+£01)%

¢1 = 0.1303 +0.0037
F €2 = 0.2946 +0.0047
e €3 = 0.0280 +0.0055
c4 = 0.0421 % 0.0062
sig1 = 64848 + 255

o) iy o S S S il o Al I

cos(6°)
Sample size is 1 Million

A, = (123 +0.4)%

Reconstructed A, is consistent within one sigma.
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BO - Kty Pull study

. 0
Input © (11.5+0.1)% One pseudo-experiment

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Expect around 1500 events

K=-1153 + 17

| bkg = 253 + 31

mean = 5.278395 + 0.000096

| sig= 1467 +47

sigmal = 0.003265 + 0.000087

¢l = 0.122 £ 0.025
c2 = 0.267 +0.030
c3 = 0.035 + 0.036
¢4 = -0.0199 +0.042
sigl = 1467 + 38

N
(41
=]

N
[=1
=]

"' Events /(0.00144% "

: 100

: 150~
50—

, . = (11.3:2.6)%
QM.lzna ;24;‘F ’@:5.‘125 5 ";5.;7 5.28 : 539 1.1< M(KT[T[)< 1.9 GeV Bes LD'E o COS(GC) R

M,." (GeVic?)

ExtractedA Error on extractedA . Pull distribution
F mean = 0.0250 +0.0014 © 0=
Yo} L o -
—~ Q E: i 1= 0.00211 +0.00017 & [ mMmean= 0.38 +0.11
SR = 0.1226 £0.0029 | S 50 Signid e
S 30 el S 2 [ Sigmal = 0.942 + 0.076
=l sigmal = 0.0257 +£0.0021] — &
il o ATHL|E
2 o5 g 40— C
E B @ = 20_—
20:— 30— B
r E 15—
15 B B
C 20 C
B C 10
10— - -
B 10|~ -
5 B S
e Egiagl o g gl | | | -
81 ddld b Lddud 03 17 T R T T P T 1 AR T R T (] 900 D G 9 0 O R RS b il
8.05 0 025" 03 Ao °6 21 5
uD PULL

Extracted A : (12.3+ 2.5)% 17

45 samples with 1500 sianal vield used
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Generated A, In B- KT’y

c1= 0.1927 +0.0017
c2 = 0.2204 +0.0022
c3 = -0.00418 + 0.0026
c4 =-0.00118 + 0.0029
sigl = 277226 + 527

IIII|IIII|IIII|IIII|IIII|I

[1.1,1.3 GeV]
Input: (19.4£0.2)%

IlllllllllIIIllllllllllllllllllllllllll

-08 06 -04 02
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48000
#5000
(]
>
%4000
12000
10000
8000
6000
4000

2000

c1= 0.0710 £ 0.0019
c2 = 0.1299 + 0.0024
c3 = 0.0174 +0.0028
c4 = 0.0440 + 0.0032
sigl = 237680 + 488

1 | 11 1 | | [ | I 11 1 | 11 1 | 11 1 l 11 1 I 11 1 | 11 1 | 111

[1.4,1.6 GeV]
Input:(6.7£0.2)%

(K=
-
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1

Zvents 4 0.1)
o
o
o

o
o
o

I|III|II
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2000

III|I|I|III|III|I

o

[1.3,1.4 GeV]
Input: (11.7£0.2)%

¢l = 0.1157 £ 0.0022
c2 = 0.1340 +0.0028
¢3 =-0.00531 + 0.0034
c4 = 0.0253 + 0.0038
sig1 = 166077 + 408

1_1 | | I | I L L 1 | - | LI 1 I 11 1 I ) - | E_L I ] 1 1

|
ey

-08 -06 04 02

0

0.2 0.4 0.6 0.8

IIIIIIIII

6000
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IIIIIII]II

c1 = 0.0495 +0.0020
c2 =-0.10690 + 0.0025
c3 =-0.00581 + 0.0030
c4 =-0.03587 +0.0034
sig1 = 176438 + 420

[1.6,1.9 GeV]
Input : (5.1£0.2)%

0 [ | | | P ]| | O | ] 11 1 | [ DSl | I | B [N | I { A | | | ] S | I 11 1 I 11 1

08 -06 04 -02

0

0.2 0.4 0.6 0.8

1



Events/(0.1)

Events /(0.1)

A, Bias study in bins of M(Krrrr) A Piealtoy example

[1.1,1.3 GeV] Input:(19.4£0.2) % [1.3,1.4 GeV] Input: (11.7£0.2)%

¢l = 0.219 £ 0.043
c2 = 0.308 £ 0.053
c3 = 0.108 £ 0.064

c4 = -0.0681  0.070
sigl = 487 +22

¢l = 0.162 + 0.057
c2 = 0.315 = 0.070
c3 =-0.0191 + 0.082
c4 =-0.0042 + 0.093
sigl = 278 + 17

30
+ 2
20

15

Events/(0.1)

Extracted: (19.1+4.6)% °

08 06 04 02 0 0z 04 06 08 08 06 04 02 0 02 04 06 08 1
c
cos(6°) cos(6°)

[1.4,1.6 GeV] Input: (6.7+0.2) % [1.6,1.9 GeV] Input : (5.1+0.2) %

—‘IIII|IIIIIIII|IIII|IIII|IIII|I

Extracted: (16.7+6.1)%

=
=[TTTT

na
4]

c1= 0.077 *0.046
c2 = 0.308 +0.058
c3 = -0.0167 + 0.068
c4 = 0.139 + 0.080
sigl = 443 + 21

Events/( 0.1)

na
o

15

10

-
IIIITIIII

Extracted: (8.1+4.9)% Extracated: (-4.2%5.9)%

Lo e b v e b v b e P by g 0 T R T R A

-08 -06 -04 0.2 0 0.2 08 06 -04 02 2

COS(GC) 0.4 0.6 0.8 1 COSD(GC)O

=[TTTT
1
-




45 samples with 1500 signal yield used

Events / (0.03)

16

14

12

10

&L

A , for B— Ky

mean = 0.1817 + 0.0073

sigmal = 0.0495 + 0.0052

Input:0.194+0.002

i\)III|Ill|IIIIIIIlIIIIIIIlIII'l

[1.1,1.3 GeV]

-0.1 0 0.1

- mean = 0.0986 + 0.0066
sigmal = 0.0449 + 0.0047

III|III|III|III|III|IIIIIII

Input:0.067+0.002

[1.4,1.6 GeV]

1 | =iy 1 | == | |

-0.2 -0.1 0

0.1

0.2 0.3

Input estimated from the

generated level based on M(Krtm)

11.3,1.4 GeV]

10—

Events / ( 0.03)
o

T

—o—

IIIIIIIIII1|III|I

mean = 0.1034 + 0.0092
sigmal = 0.0625 + 0.0065

Input: 0.117+0.002

0.2 0.3

[1.6,1.9 GeV]

Events / (0.03)

Input : 0.051+0.002

(0]
| L L T T T | T T LI | g T T T T
l I l I l I I
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0 -0 : : Toys based on One Million
B” - KT y A, in Bins of M(KTITT)  sampie
25
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Possible bias from SCF

‘much larger sample (20 M) allows detailed study
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Possible bias from SCF

much larger sample (20 M) allows detailed study
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angular distributions extracted from sPlot: moderate impact from SCF
still a bias exists at high M(K rt) (visible also when using only CR events)
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Summary

x \We extract A , by fitting cos(0) for different M(KTtm) regions.

* Performed GSIM study in order to validate the up-down asymmetry
extraction procedure.

* Samples generated using modified MINT (from EPFL colleagues) and
GSIM samples obtained.

x Three different samples used for B —» Kty having different A _ value

and one sample of B* —» K*1r't*y decay mode.
x Able to extract A _ value within one sigma.

*x A, In M(KTTT) bins was extracted.

* Optimization of the NB cut is done.
* Used pseudo-experiment to check A , extraction.

e Performed proper GSIM toy study to validate fitter, A__UD uncertainty is
~5-6% for each M(Kmtmt) bin and look for potential bias.

® Bias of 1-2% at larger M(Krtm) values (>1.4 GeV) to be investigated
further before finalizing the analysis

25



Thank you



Dependence of A, on NB cut B°~K'mrm’y
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Reconstruction / Selection criteria

/1dr|<1.0 cm, |dz|<3.5 cm N\
Kid>0.6,mid>0.4
K.’ :0.4876-0.5176 GeV/c? [ nisKsFinder is used]

m°: E >60 MeV and M : [123-147] MeV/c?
P> 0.33 GeV/c? && cos(6, )>-0.87 [Optimized cuts ]|

M(Kmtmt) < 1.9 GeV/c?
\E > 500 MeV, E/E,. > 0.85 /

@gnal identification : AE=E*_-E* _ and M’ _= $(E*beam)2 — (p™y)? \

4 . p . ok
pr = PKnn + |pj| X (Ebt:a.:rm o EK“’H"II')

~

Signal region
-100 MeV < E <50 MeV and M',_> 5.22 GeV/c?

BCS is based on
Q(Z(vertex fit to charged tracks) + x> (based on AE) + x*(K.)'+ xz(no)*/

Fit M, ' to get background subtracted cos(0°) distribution and

extract A , from fit to cos(6°). -

cos(8%)= cos(8) x Charge of B “ for the decays including 1° and K,
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45 samples with 1500 signal yield used

Pull study for B - K*1tmt®y
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B -krmty  Dependence of A, on NB cut
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AL extracted in different bins
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