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Belle experiment at KEK

The Belle experiment confirmed CPV
in B decays and is part of a board-
based search for New Physics in the
Intensity frontier
« Leads to 2008 Nobel Prize in
Physics

Please accept our deepest respect for
the B-factory achievements. In particular,

° Asymmetric energy et e collider. the high-precision measurement of CP
¢« 8GeV e beam and 3.5 GeV e* beam violation and the determination of the
« Peak achieved luminosity 2.1 x 10%cm2s™, mixing parameters are great

accomplishments, without which we
would not have been able to earn the
Prize.

2 times higher than the design luminosity
Integrated luminosity ~ 1 ab™



Belle detector (already
disassembled)

High resolution, multipurpose, good PID
separation, 41 spectrometer

' Aerogel Cherenkov Counter
n=1.015~1.030

‘ TOF counter _

Table 1. Summary of the luminosity integrated by Belle, broken down by

8.0 GeV.gz= 52 / \ 2 | Central Drift Chamber

= momentum, dE/dx

CM energy. ‘ 50-layers + He/C,Hs
) l. l. . ( J !
On-peak Off-peak Number of B verlex -
Resonance luminosity (fb~!)  luminosity (fb—!) resonances SEY .
i Vertex Detector 9
Y(15) 51 1.8 102 x 10° Ll HESH il Ll
T(25) 249 1.7 158 x 10° . 14/15 layer RPC+Fe
T(35) 29 025 1l x 10°
T(45) SVDI 140.0 15.6 152 x 10° BB
T(45) SVD2 5710 738 620 % 10° BB
T(55) 1214 1.7 7.1 x 10° BB, )
Scan 276 Belle completed data taking on June

Data used for B° - J/ym®analysis

2010 to prepare for next generation B-

factory Belle Il



CP violation?

Difference between particle and its anti-particle
(matter and anti-matter)

ANTIMATTER'S WHEN DID THIS
GoMlE Mlﬂsmr.; HAPPEN, SIRE?

AE—-:-LIT 15
Universe today:

almost matter IHTH“”"']”

(no anti-matter) Tipﬁﬁﬂﬁ:

Big Bang — N (matter) = N (anti-matter)

In 1967, A. Sakharov identified 3 conditions for an initially symmetric universe
to subsequently develop a matter-antimatter asymmetry (baryogenesis):
* There must be processes that change the net matter-antimatter
balance (Baryon number violation)
« Some corresponding mirror (matter-< » antimatter) processes must
proceed at different rates (¢, CP)
* These processes must occur in a phase when there was no thermal
equilibrium

JETP Lett. 5, 24 (1967)



A brief history of CP violation

1963: Cabibbo introduced his angle for the quark mixing with two
families

1964: Christensen, Cronin, Fitch and Turlay discover CP violation in
the K° system

1967: Sakharov conditions

1973: Kobayashi and Maskawa propose three generations

1980: Nobel Prize to Cronin and Fitch

1981: Bigi and Sanda propose measuring CP violation in B° - J/WK®°
decays

1987: P. Oddone realizes how to measure CP violation: convert the
PEP ring into an asymmetric energy e+e- collider

1999: BaBar and Belle start to take data.

2001: CP violation has ben established and confirmed by measuring
sin (2¢,) # 0 in B~ J/WK® decays.

2008: Nobel Prize to Kobayashi and Maskawa



CKM matrix

CPYV: due to a complex phase in the quark mixing matrix

CKM matrix .
(d’ (1 ’/ .\ (d) CKM matrix connects quark mass
ud eigenstates to weak interaction eigenstates
s' =V V " S and thus describes coupling strength of

cd

! y
\b Y, 0 f.s‘I/fh b )
W-
Unitarity requires dj—>~<J
k

%

VudVub* ¥a ¥b + VeaVio =0

guarks to charged current weak interaction

Wolfenstein represéntation

[-2/2 A AZ(4

—1 -£/2  AX
Aﬁa(l—p@ —AX 1




CPV in B? decays

« CPV in decays

* CPV in mixing

 CPV in interference
bet"a decay with and
without mixing

: 3

Time-dependent
CP violation

Aop = r(ﬁo -+ fep; At )— F(Bn - fep; At) ‘ mixing
T DB = fop; At)+T(B® o fop; At) T
= S sin(Am At) + A cos(Am At)
Direct CPV
CPV:B° - DK™ DK® Kz,D'x VerVer CPV: B’ - J/ykK
B® - DK, KK 1
[1] A. B. Carter and A. I. Sanda, PRD 23, 1567 (1981) decay

[2] 1. . Bigi and A. I. Sanda, NPB 193, 85 (1981)



B? - J/IWTt°: analysis motivation

(b)

- These decays are sensitive to the CP violating angle @ (p) of the unitarity triangle

 In the absence of the penguin amplitude, the direct CP asymmetry A = 0 and the
mixing-induced CP asymmetry S = -sin(2®)

* Penguin and/or any new physics (NP) process will shift A and S from these values.
Thus, experimental measurement of these parameters provide a way to search for

NP.
 The values of A and S in this decay are useful to constrain the penguin pollution in

the golden mode B° - J/Y K, decays [1,2,3,4,5]

Same motlvathns also hold for similar 1) M. Ciuchini et al. PRL 95, 221804 (2005)
decay modes, i.e., B - (2S)m°, 2) S. Faller et al, PRD 79, 014030 (2009)
0, () 3) M. Jung, PRD 86, 053008 (2012)
B J/L|JI’] | T.he.se de(.:ayl/s m_OdeS are 4) Z. Ligeti and D. Robinson, PRL 115, 251801 (2015)
currently statistically limited in Belle, but 5) P. Frings et al, PRL 115, 061802 (2015)

good for Belle II.



B? - J/IWTt°: analysis motivation

0 . ..
JYn Sqp EEEE « Previous measurements of mixing
BaBar | 1234021001 induced CP asymmetries from BaBar
PRL 101 (2008) 021801;
Belle 4 0654021005 and Belle experiments are not in good
PRD 77 (2008) 071 101(!:1) ! ]
A | agreement and BaBar result lies
verage . -0.93 i 0.15
) Mo . A IO B | outside the physically allowed region
(although the error is large)
0 :
Jyn C., [ « A more precise measurement can
BaBar , | oe0z019x00 clarify this unsatisfactory situation
PRL 101 (2008) 021801 : ] ]
Belle | = : - * Previous Belle measurement is based
PRD 77 (2008) 071101(R) | H ' on 535M BB pairS.
Average * -0.10+0.13 . _ _
HFLAV correlated average | * We expect improvement with final
—OI.8 -0.6 04 —OI.2 - 0 0:2 0.4

Belle data set, which corresponds to
772M BB pairs.



B? - J/IWTt°: analysis motivation

B — Jiy(15)a’

> T(B" = Jp (15" T o/ T

total

VALUE (107%) CL% DOCUMENT ID TECN COMMENT

1.76 + 0.16 OUR AVERAGE Error includes scale factor of 1.1.

1.69 +£0.14 £0.07 1 AUBERT 2008AU BABR et e” — ¥(48)
3z05:02 1 ABE 2008 BEL  ceory
2s+ts02 1 AVERY 2000 OLE2 e —y@s)

= « » We do not use the following data for averages, fits, limits, efc. « « «

1.94 £0.22 £0.17 1 AUBERT.B 2006B BABR Repl. by AUBERT 2008AU
2.0 £0.6 £0.2 1 AUBERT 2002 BABR Repl. by AUBERT,B 2006B
<32 80 2 ACCIARRI 1997C L3

< 5.8 a0 BISHAI 1996 CLE2 Sup. by AVERY 2000

< 690 80 1 ALEXANDER 1995 CLE2 Sup. by BISHAI 1996

Previous Belle measurement of the branching fraction was only

with 30/fb. With the final data set, we expect huge improvement



Pre-selection requirements

Variable

Requirement

et e, ut, u”
Information from ECL and

CDC is used for e+/e- identification. KLM

information is used for muon identification.

]

x? (mass-constraint fit)

E,

|M., — Mol

MDST_ 7"

Mass-constraint fit by default

< 30

= 100 MeV in ECL endcap region
> 50 MeV in ECL barrel region
< 0.020 GeV /¢?

|'r ]
JN

Mass window

Vertex- and mass-constraint fit

0150 GeV /2 < Mee(y) — My < +0.036 GeV/c?
0.060 GeV /2 < M, — My, < +0.036 GeV/c?

BU
My, > 5.24 GeV/c? Mye = \/ Epeu = |52¢*/
AE —020<AE <010GeV | AE=Ez—FE,..

In order to take into account the radiative energy loss

in J/¥Y - e*e", we include up to two bremsstrahlung
photons, that lie within 50 mrad of reconstructed
electron/positron tracks.

Pre-selection requirements are similar to that
used in the previous Belle publication [prp 77,

071101 (2008)]

In B-factory, one of the common
background is the continuum
background, arises from light quark
production (e+e- —» qq_bar,g=u,d, s, c).

Ratio of 2" to 0" i .
Fox-Wolfram moment £ ..
to suppress =y
continuum events. =L

W0 oo 5, B (00, % (R0 DO

al a2 a3 o4 23 08 av aB o0g
r2

42‘ 105 —
@ 104;—
E ~3%
10 3
102 |-
10 E ‘
3 . - 1/
1 3 4
Wl
2 2
¢ LOWGSt (X 110 mass const i X J/¥ mass const
5 ;
X? L verex const ) 1S US€Ed to select the

best candidate.

* This criterion chooses the correct
candidate in 74% multiple candidate
events.



Vertex reconstruction

Y(4S)
resonance

electron (8 GeV)
Positron (3.5 GeV)

Proper time (At) is measured
from decay-vertex difference Az:
At = Az/Byc, By = 0.425 is the
boost factor

We fully reconstruct
one B meson which
decays to CP
eigenstate J/Wm° for
this case.

Since there are no other
particles in the event beside
the two B mesons, all
tracks that are not
associated to B, are used

to reconstruct the B,

vertex. [H. Tajima et al, NIM A 533,
370 (2004)]

Event with poorly reconstructed vertices are rejected by applying cut on the

vertex x> and error on the vertex z-coordinate.

12




Flavor-tagging

« The purpose of the flavor tagging is to classify the B., either as a B°or B°-bar.

« The flavor of B, can be determined from the charge of

(1) high-momentum leptons from B' = Xty
decays.

(2) kaons, since the majority of them originate
from B" — K*X decays through the cascade
transition b — 7 — &, )

(3) intermediate momentum leptons from b —
¢ — 5V decays.

(4) high momentum pions coming from B" —
D'¥a~ X decays.

(5) slow pions from B"— D*X.D* — Eﬂ:r:‘
decays, and )

(6) A baryons from the cascade decay b — ¢ — 5.

All available information obtained by the
considered six categories are combined
by multi-dimensional likelihood method
and flavor charge g=+1 or -1 and flavor
tagging quality r are returned by the
flavor tagging routine.

The detalls of the Belle’s flavor
tagging is described in H. Kakuno
et al, NIM A 533, 516 (2004)

» For various reason, this categorization is not perfect. There is a finite probability to
incorrectly tag an event and thus dilute measurements that rely on this information.

Time dependent PDF: S sin(Am At) + A cos(Am At)

r =21 — 2W (r = dilution factor)

w = (W,+ wp)/2
@ AW =w_ - w,
-Aw+ 1S sin(Am At) + A cos(Am At)] w, = mistag probability of B°

13



Flavor-tagging

r=1-2w (r = dilution factor)

w = (W,+ wp)/2

AW =W w,

w, = mistag probability of B°

Dilution factor = O for no flavor discrimination
and 1 for unambiguously determined flavor.

Mistag probabilities and their differences in

different r bins are measured from semileptonic and

hadronic b - c decays.

[ r interval W Aw w Aw

0  0.000-0.100 0.500 0.000 0.500 0.000
1 0.100-0.250 0.419 0.057 0.419 -0.009
2 0.250-0.500 0.330 0.013 0.319 0.010
3 0.500-0.625. 0.234 -0.015 0.223 -0.011
4 0.625-0.750 0.171 -0.001 0.163 -0.019
5 0.750-0.875 0.100 0.009 0.104 0.002
6  0.875-1.000 0.023 0.005 0.025 -0.004

This table is generated centrally to be used in all time-

dependent analyses at Belle.

14



Events / { 0.001 GeV/c?)

30

40

30

20

Events / { 0.005 GeV/c? )

M, - AE shapes

P«ig[ﬂflw- JLE} - ftj‘RPtj‘R [ﬂflw. ,_"'LE} + [1 - f::‘R}PIR[ﬂ_{hp. ._\.E}

Of

f or= 58311+ 232
sig_M_slpha = 1.707 £ 0.034
sig_M_mean = 5270472 + 0.000014
sig_M_n= 1508840+ 0.0011
sig_M_sigma = 0002797 £+ 0.000011
sig_de_alpha = 0627 £ 0.014
sig_de_mean = 0.00084 £ 0.00028
sig_ de n= TFHE0TE
sig_de_sigma = 0.02445 + 0.00020

Events / ( 0.01 GeV)

§24 2.25 3.26 5.2?”. . -5.28- — 328
M, (GeVic?)
L L L L
bkg_ &0 = -0.3090566 +- 0.11354 ':a}

bkg_argpar = -0.0014 +~ 17.350
nbkg = 195001 +~ 13.905

Events / ( 0.03 GeV )
llllllllllllllllllllll

5.25 3.26

o
-h r
of
m —
=l 4

M, (GeVic?)

0.

3.28 3.29

=
%]

[N—

Signal shapes are studied
from signal MC. Two patrts:
one for candidates that are
correctly reconstructed (CR)
and the other for those
where at least one daughter
originates from the tag side.
The fraction of incorrectly
reconstructed (IR)
candidates are fixed in the
fit to real data.

Crystal Ball functions are
used for CR M,__and AE

2D non-parametric function
is used for IR events.

Centrally generated MC is
used to study the continuum
and other background.

Fixed end-point Argus
function for M, _ and 1% order

polynomial function for AE.

15



M, - AE shapes

Dominant background is B - J/WX, studied

from MC samples equivalent to 100x the data.

- L L LI LA - T
b [ 1 =
% - @ {1 & 1200 (b)
(O] n 4 w
] § 1 8 1000
= - . [
= I {1 o
= L E — 800
- 1000_— 7] "j“"
2 - 4 T so0
5 - 1 2
& so0f- . W 00
i 200
§24 3.23 326 327 328 529 -0.2
M, (GeVic?)

« 2D non-parametric é -

PDFs are used. g o
« We fix the yields of s e

these three categories E -

in the fit to the data,
which are

« 10.8 J/LIJKS

« 10.0 JWK

e 17.5 J/WX
in the signal region

Everds /[ 0.005 GeV |

?24 323 5248 I ISJ?I = S.lBEI = =]
M, [GeVic)

1 id) 3

a0 =y
: B°— J/WK,

a] i ]

of

o

|:I- I

A L—l:.l.1 e i
AE [GeV)

Events / { 0.005 GeV }

Events / [ 0.0005 GeVic® |

; .
B J/v X remained
B B uny
B Jiy :%
B" Jiy K'(892)
B B’ Jiy K(1270)
B B Jiy K *(892)
B — Jiy K
B B Jiy K(1270)
B Jiy p*

0 0.1
AE (GeV)

at
AE [GeV)

i PR PP T R LY
323 326 327 323 =]

M, (GeVic®)

Two dominant contribution
comes from CP violating
decays B°— J/WK_ (CP
even) and B° - J/WK (CP

odd). They are treated
separately in our analysis.

Events ! { 0.0005 Gevic® }
2

i il - el L i A
Eﬂ- 523 328 =-rg 5.28 =N ]

M., (GeVich

Events /[ 0.005 GeV }




Events / { 0.0025 GeV/c?)

Events/ ([ 0.01 GeV )

Branching fraction measurement

W] —amana

120

100 signal

w |

IPK_ + IPK_+ JPX

40 Continuum
20
g24 525 5.26 527 528 5.29
M, (GeV/c?)

Signal = 330 = 22
Continuum bkg =16 £ 4

};ip,

B(BY — Jr?) = .
( ! ) ex Ngpg X B(.JW — ¢+i—)

B(B° — J/p7°) = (1.62+0.11 £ 0.07) x 1077,

TABLE 1. Systematic uncertainties for B(B" — Jfux").

Source Uncertainty ()
PDF parametrization 0.1
7" reconstruction 1.5
Tracking 0.7
Lepton-ID selection 2.1
Incorrectly reconstructed signal events 1.8
B — Ji (K4, K{, X) background MY
MC statistics 0.4
B(Jiy — £767) 0.8
Number of BE pairs 1.4
Total fi‘_g

Our measurement is consistent with the
WA and more precise than any
previous measurement!

VALUE (1077) CL% DOCUMENT ID TECN
1.76 + 0.16 OUR AVERAGE Error includes scale factor of 1.1.

1.69 £0.14 £0.07 1 AUBERT 2008AU BABR
2.3 +0.5 0.2 1 ABE 2003B BELL
2.5+ +0.2 1 AVERY 2000 CLE2

|+



Time-dependent study:
fit to generated level At

- rro g & & r— v 71 T rr— T r 71 Fv 1
" N
o 10F 3
o -
= N
a2 10§ -
[ = E
O C .
} = -
m - -
102 -
- tau b= 1.5389 + 0.0067 ps -
10
o

-10 0 10
digen (ps)

Signal MC
generated with
T=1.5344 ps

This study shows
no evidence of
reconstruction bias!

18



Time-dependent study:
Resolution function and lifetime fit

To account for the finite decay time resolution the

PDF for the TD study is convolved with a resolution

function

» To the first order the resolution function is a
Gaussian function function with zero mean
and width corresponding to the average
resolution.

 The Belle resolution function [H. Tajima et al, NIM A
533, 370 (2004)] 1S itself a convolution of four
components:

- B, vertex resolution

. Btag vertex resolution
- Shift of the B, vertex position due to

secondary tracks from charmed particle
decay

* The kinematic approximation that the B
mesons are at rest in the CM frame.

Resolution function is checked by
performing a lifetime fit using
reconstructed signal MC:

E_l"‘-—"‘HETBD
Plifetime(ﬁt) — : & Rsig(&t)
2
Tgo
—~ 5000 —————————————T——
a -
= 4000f
! C
[ -
S 3000 F
L L

2000 [

1000 [

ok

*0 0 10

Generated 1 =1.5344 ps
Fitted T = 1.5373 £ 0.0122 ps

19



Events / (0.5 ps)

TD PDF: Signal MC

' Fixed to
e~ 1AH/ g0 WA values

47‘30

% [1— qAw + g(1 — 2u) (Acp cos(AmaAAt) + Sepsin(AmaAt) ) | © Rug(A1)

psig(At) -

3000 ) E @ 2 1200 r
S= -0.75 - o S= 0.00 ]
2500 - =] < 1000 =
A= 0.00 iz = A= 0.00 ]
2000 E % %’ 800
1500 1 @ i eo0
1000 — 400
500 E 200
10 5 (;I 5 ‘;CI 910 -5 (I] 5 10
At (ps) At (ps)
E 1200: E 1200
0 o 0 _
2 1o0of S 1000 q=+1
£ smf £ =0 q= -1
2 F 2
W ool w  goo
400 400
200 200
0
At fnet
Eg 0,10_ — T . — . T 71 =5 0,10_ —T —T— — ]
(7)) - ¥2 1 ndf 3446/4 4 < - x? / ndf 1158/4 4
='a r Prob 0.4861 1 B Prob 0.8849 b
LE:')O 0.05 r p0 -0.002237 £ 0.009526 0.05 N p0 0.0004 £0.006899 7
0.00 [= + ; ] = 0.00|— L ¢ + fe
B I T + | B T | + T
-0.05 — -0.05 —
i L " 1 " | i L 1 " L ] [ L i 1 " 1 1 h
-0.10 -0.5 0.0 0.5 -0.10 -05 0.0 0.5



TD PDF: J/y background

For B~ J/WK, and B°- J/WK ,

the PDF is similar to signal PDF,

but S and A are fixed to [pPrL 108,
171802 (2012)]

Sy = +0.670 £0.029 £ 0.013
Syero = —0.642 +0.047 +0.021,
Ay o = —0.015 £ 0.02175033.

Az o = +0.019 £ 00267037,

=1.200 + 0.104 (SVD1)
=1.186 + 0.041 (SVD2)

effective

effective

Events /(1 ps)

For B°- J/WX we also use the same PDF but
withA=0, S =0 and B lifetime is replaced
with effective lifetime. Effective lifetime is
measured from MC (100x the data) and fixed
In the fit to data.

e - | A t| .l'Jf Tihh X

PJ;’:;’-X (&t? Q) -

{1 — q.&u!g} &® Rsig(ﬂﬂ

400
350
300
250
200
150
100

At (ps)



TD PDF: continuum background

Sideband data is used to study this background.

My, < 5.26 GeV/c? and 0.5 GeV < AE < 1.0 GeV

Pog (At) = 2G(AL; 1, 01, 09, o)

Qpr————TT 7T
80

70

60

50 ||

40

30

20

10

Events /(1 ps)

210 — Q0o 5 10
At (ps)



Our control sample is B* - J/WK*+ K™ — K*11° (signal yield ~ 3000)

Lifetime fit

Before combining all these components, we perform a lifetime fit using a control sample.

Fitted lifetime = 1.644 £ 0.043 ps

World average = 1.638 + 0.004 ps

Events /(1 ps )

700

600

500

400

300

200

100
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Measurements of S and A

Pi(AY) = (1= fq) f d(;\t’)[ﬁ’.sig{ﬁti _AY) x

| L » 2
(fsigpsig(ﬂf ) + Fap ko P ko (AL) 2
+ fierePwky (AY) + frwx PJ{@X(QEF)) %
@
. . =
+ fagPaa(At)| + faPa(Ah) (3 =
J
Outlier component
described by a board
Gaussian with small
fraction.
>
g
e
e
=
@
o
e
S = —0.59+£0.19 +0.03 g
+0.04 -]
- ; :
At (ps)
7\q= rng—— Ag=+1 r(g=—1)
i e e )

24



Events / ( 0.0615216 )

Events / ( 0.0391071 )

300

250

200

150

100

50

250

200

Toy simulations

Toy simulations with 2500 pseudo-experiments

Constant 2742 +9.207 +
Mean  -D.6042 +0.008431

Sigma 02204 + 0.003388

ETINETTE FRRTE ANUNE FRRRIAUETANTEN -

TTTT [ T[T O T [T T[T T hr[aTrT

Cansiam 23 217835

M=an 0.1325 T 00053139

Sigma 013611 0003423

b=

Events / ( 0.00818061 )

Events / ( 0.00316864 )

300

250

200

150

100

50

300

250

200

150

100

50

4
e
3 + 3
- ++ ;
: + z
3 ‘ A E
rosvsabernat®’ . L i ;
0.1 0.2 0.3

S Error
4 ]
3 t ;
3 b ;
3 t 3
3 ¢, ;
E + * E
3 . ", E
:""____‘.. ) -.M

A Error

Events / ( 0.258119 )

Events / ( 0.233699 )

350 T T T T T T
pullMean = -0.0716 = 0.021

300 | pullSigma= 1.030 £0.015

250
200
150
100

50

ETIEETTa TR SRRTI FURTI SRTRANNNET |

w
o
=
= un

PRI L S B
pullMean = -0.0144 + 0.020
pullSigma = 1.002 £0.014

300

250

200

150

100

50

-

A Pull
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= O

Systematic uncertainties

TABLE II. Absolute systematic uncertainties for § and A.
= —0.59+0.19 +0.03

= —0.15+£0.14 15703, Source os (%) oa (%)
Vertex reconstruction t236  +1.2
Resolution function t143  +1.00
Physics parameters i3;3§ +0.04
Fit bias +0.68 £0.27
Wrong tag fraction toal 042
My — AE shape o2 +0.99
Signal and background fraction J_rg'_gé J_rg'_‘%g
Background At shape igffg +0.10
Tag side interference +0.20 iﬁ;?ﬁ
Total Tiha o

Results from previous Sj/p 0 = —0.65 £ 0.21(stat) = 0.05(syst) and

Belle analysis, PRD 77, AJM 0 = +0.08 £ 0.16(stat) + 0.05(syst),
071101 (2008) (R) '



Measurements of S and A:
discussions

e Our measured CP asymmetries
are consistent with and supersede

Jhy RO SCP VS CCP % our previous measurements.

Cep « S differs from zero by 3.0 standard
I T T T J I . .
' NN ; deviations
o S = —0.59+0.19=:0.03 By (s « We also differ from BaBar by
4 F _ 004 @ e .y
A = -015=014%03, 3 Average 3.2 standard deviations
. N j « Our measured value is consistent
2k " NewBele & with the measurements from
: Cont ; :
By b - ccs channels
D = L4 -
sin(2) = sin(2¢,) FZ2A
BaBar : H : 069 +0.03+0.01
PRD 79 (200)/072009 | | e
BaBar y_, K ! : . 0.69+0.52+0.04 +0.07
PRD 80 (2009)i112001 i
-02r BaBar Jly (hadronic) K, 1,56 +0.4240.21
Belle : Ji s | 0.67 +0.02+ 0.01
HFLAV made this plot with a A (2012? e B 0.84 5 1 0.16
. wrong sign. | reported to HFLAV _ Tmiewd s o T
04 I i team and they promised to fix it ] TR e T
: soon. PRD s1,u72uo§5 (2000) '***;‘ i
: liﬂgpbn (201?;)1?0 H Sy
: ; J : : : Eglﬁ%% 2012; 171801 et e SR
-0 0.2 0.4 0.6 0.8 1 Avera e( : 0.70 +0.02
S HFLA 5 ! : 7
Contours give -2A(In L) = ﬁxz =1, corresponding to 39.2% CL for 2 dof L = =l s 1 - 5



Measurements of S and A:

discussions

0
J/1|17F S

| CKM 2018

PRELIMINARY

Belle | -0.59 +0.19+40.03
CKM 2018 preliminary .
Average -0.86 £0.14
HFLAV correlated average :

1.8 -1..6 -124 -1l.2 -1 -DI.B -DI,S 04 -0.‘2 D 0.2

BaBar
PRL 101 (2008) 021801

-1.23+0.21 £ 0.04

0
JWYT Spvs Cop

BaBar :

*

F
PRL 101 (2008) 021801
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What next?

« Uncertainties are still large to resolve the disagreement between two
experiments
 Need more precise measurements
 The Belle Il is expected to reach a sensitivity to 0S ~ 0.027 [The
Belle Il Physics Book, arXiv:1808.10567[hep-ex]]

« Sensitivity of this order is sufficient for
controlling the penguin pollution in the

golden channel B°-J/y K

 Need measurements from other b - ccd transitions
« Potential decay modes are
o BO—(2S)m°
e BO—J/yn®
* BY— Xl
* Most of these decay modes are difficult in LHCb [neutral pion in the

final state]
29



The need for more precision

“Imagine if Fitch and Cronin had stopped at the 1% level, how much physics
would have been missed”
- A. Soni at SuperKEKB Proto - collaboration meeting (2008)

Flashback: A lesson from history

“A special search at Dubna was carried out by E. Okonov and his group. They did
not find a single K_- 1"t event among 600 decays into charged particle (Anikira et

al, JETP 1962). At that stage the search was terminated by the administration of the
Lab. The groupo was unlucky.

Approximately at the level 1/1350 the effect was discovered by J. Christensen, J.
Cronin, V. Fitch and R. Turlay at Brookhaven in 1964 in an Experiment the main
goal of which was K — K_regeneration in matter.”

- Lev Okun, arXiv:hep-ph/011203

A failure of imagination? Lack of patience? 30



Summary

 Recent measurements of branching fraction and time-dependent CP
asymmetries of the decay B° - J/Y1t° using full set of Belle data are
discussed
* The branching fraction is measured to be [1.62 £ 0.11 £ 0.07 ] x 10>; to
date this is the most precise measurement and is consistent with all
previous measurements
 The measured CP asymmetries are

S = —0.59+0.19 +0.03
A = —0.15+0.14 79703

They are consistent with and supersede our previous results. Mixing-
induced CP asymmetry S differs from BaBar result by 3.2 sigma.

* We need more precise measurements to resolve this discrepancy;
measurements from high luminosity Belle Il experiments will hopefully
clarify this unsatisfactory situation.
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Wise words from one of the
discoverers of CP violation

At any one time there is a natural
tendency among physicists to believe that
we already know the essential ingredients
of a comprehensive theory. But each time
a new frontier of observation is broached
we inevitably discover new phenomena
which force us to modify substantially our
previous conceptions. | believe this
process to be unending, that the delights
and challenges of unexpected discovery
will continue always.

- Val Fitch, Nobel Prize Speech 1980

Val Fitch, who shared the 1980
Nobel Prize in Physics for a
discovery made at Brookhaven
Lab's Alternating Gradient
Synchrotron (AGS)

32
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In 2015 LHCb reported the existence of This triggered us to search for hidden-strangeness
two hidden-charm pentaquarks in the P_ siblings of P_ in the ®p intermediate state of A_— ®pT°

-~ J/Wp intermediate state of A —J/WpK
decays. [PRL, 115, 072001 (2015)]

=20

Events /{ 0.0 GeV/c*)

I'III'II'|1I:|ﬂ.'III'I'I[I|rII

1.98 2 202 2.04 2.06 208 2.1

There are many suggested channels m(op) (GeV/c?)

for LHCb, one of them is A - A D°K". Significance ~2.2 standard deviations.
G. Cowan and T. Gershon, Tetaquarks and [PRD, 96, 051102(2017) (R)]
Pentaquarks

* Recently a BNL Fall intern student started
working on A - AK'Tt°, this is similar to
N, —~ N\ DK

» This decay has not been studied yet
theoretically or experimentally

* We expect to see this decay at Belle and
search for the intermediate structures

* In any case, if no intermediate structure is
found, we learn something about A, decays. R 1 R bl

1.95 ] 205

« Gronau, Rosner [arXiv:1808.03720] proton phi invariant mass (Gevie?) 4

suggested for more studies in A https://agenda.infn.it/getFile.py/access?
¢ contribld=7&sessionld=0&resld=0&materialld=slides&confld=14612

Funpublished Bl

-
™7

o_::%.._% ' *‘+°7 et

Events / ( 0,01)
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B° - ppTt®

* Only few baryonic B decays are observed so
far

* Observed charmless baryonic B decays
are even fewer

* These decays proceed via
b - u tree or b—d/s penguin
transition (rare in SM)

» Except for B* - pA1®, pAy all the
channels are entirely reconstructed from
charged particles in the final state

« studying more channels with
neutral particles in the final
state will help us to understand
the dynamics of the decays

* No experimental/theoretical study yet for
B° - ppmt®

» Using the known branching fractions of
similar decays we estimate the branching of
this decays: B(B°- ppm®) ~1 x 10°

1';”1:

B(B° — ppr°) = B(B® — ATpr®)| | X fayn
" eb
~ (1.56 x 107%) x faym-
B L _ +- — -[';IEI’.? 2
B(B™ —ppn~) = B(B™ = Alpn }1--'_'1, X fayn
= fil}']l ~ 0.72.

« Branching fraction of this order is
accessible at Belle

 Measurement of DCPV is one of the
interest. But with this estimated Branching
fraction, we expect <100 events. (Not good
for DCPV, not a self tagging decay)

Dr. Bilas Pal (BNL) 35



B? - pp1t°
* Only few baryonic B decays are observed so | « Usina the known branchina fractions of

far

This analysis is in review process with the internal Belle referees, fit to the
data is not shown yet to referees, so | am not allowed to show them here.

Following are the fit to simulated data normalized to expected signal and
background components.

' L bl LA 1
b 5.20 527 :-zi‘b: IGE\J-;:zs 10
* No experimental/theoretical study yet for for DCPV, not a self tagging decay)

BO N ppT[O
Dr. Bilas Pal (BNL) 36
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