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Signal Reconstruction
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e Charged particles from hadron ID and tracking.

e Neutral particles from decays:
- % - yy, pairs in ECL.
- K, »ntn™

e Kinematic variables for fitting:

Mbc — \/El%eam _ pIZS" AE = EB _ EBeam
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Continuum Suppression

MELBOURNE ® *
e ete” > qq (q € u,d,s, c) dominant background.
~3 times ete™ — Y(4S) cross-section.
e Discriminate using event

topology.
e Modified Fox-Wolfram moments

_ Zi,j|Pi||Pj|P2 (COS 6i,j)

R, =
Zi,jlpi||pj|
e (Combine with other variables in
artificial neural network.

e Transform to fit: -

C !/ - l CNN_CI%?VI: :j_ 0.05; Signal
NN - Og( max ) i 0045_ Continuum
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KEST PDF for 2D MC based pffad
models -

MELBOURNE ®
e Kernel density estimation models dataset by
superposition of kernel function (Gaussian) for each
datapoint.

e Use adaptive bandwidth to adjust Gaussian width based
on local event density.

e Retains information in high density areas while
smoothing low density.
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— DOt%and BT » DOt e
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_ Preliminary
e b - cud decay.
e No penguin as final state quark different flavour wd U
= expect no A.p. e+ -~ -
(_ Vew
< C _
b Wt u }DU ) — < c |
B+ Vcb DO
BY/¢ u > u
Ve }WO B+ — Dot
>
\ d _ d Colour favour, 8B is 0(10) higher.
B0 - D00 Previous results:

Colour suppressed

Previous results:

Belle: B = (2.25 + 0.14 + 0.35) x 1074
PRD 74, 092002 (2006)

Babar: 8 = (2.69 + 0.09 + 0.13) x 10~*
PRD 84(3), 112007 (2011)

Acp is unmeasured.

Belle: B = (4.34 + 0.10 + 0.23) x 1073
PRD 97(1), 012005 (2018)
Babar: B = (4.90 + 0.07 + 0.22) x 103
PRD 75, 031101 (2007)
Belle: A;p = (—0.8 + 0.8)%
PRD 73, 051106 (2006)
LHCb:Agp = (0.6 + 0.5 + 1.0)%
PLB 723, 4453 (2013)
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B — DO Motivations e
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Preliminary

e Both commonly used control mode in other
analysis, allow for high-precision validations of
techniques.

— Important for Belle II precision frontier.

e B® > DO70 notably large non-factorisable
components.

— B > ‘naive’ factorisation predictions.

— Constraints for models of final state interactions
— SCET, pQCD
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Py 7 ¢ AT e by } e it B b bty 3
G S A T X7 y g B X S T 3 DO decay and Kaon
_ My, (= K'rnd) or AE (0% K*nnf) 5000 Gy (07— K'mn) Charge .
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(4534+0.024+0.14) x 1073 1 7« improvement in

Acp = (0.19 + 0.36 + 0.57)% precision
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B% — DOz Result S
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B* = DOxt fit.

508

MELBOURNE @ —0
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(2.69 + 0.06 + 0.09) x 10~ Most precise measurement

in this channel

(0.10 + 2.05 + 1.22)% First measurement in this

channel
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B® - K~ K. Motivation |

Y.-T. Lai et al. Phys. Rev. D 100, 011101 (2019).
e Decays with even number of kaons suppressed in SM.

— Sensitive to CP violation localized in the phase space
e b — d penguins sensitive to NP

e Related BY » K"K~ n™ shows evidence of large CPV localised in
low Mgy region.

e BaBar study hints at excess in low M-+ and Mg-g . region
- large asymmetric helicity angle distribution.

b we' " d
u

POS
THE UNIVERSITY OF
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e Previous result by BaBar: (U,E1) n
- 8=(324+05+03)x10°° <ﬁ
(PRD.82.031101) B’ K
<<s
. S K
d d
b — d penguin
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BELLE

BY - K n*K, Results R
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MELBOURNE Y.-T. Lai et al. Phys. Rev. D 100, 011101 (2019)

| Data

| Data
< F —Fit result o F — Fit result —700¢ | Data
400F Signal =>_ F iana o —_Fit resu
53350: + + !anjneric B §700: !EﬁegnerlicB ;;600;_ !gltgnal "
5300:. , Rare B 86005 Rare B Bsoob Generic B
== 15007 c T Rare B
@, o0 o
o = oo > 400E
5200 "E : - 3005
Sisor 03005
Di100F W 200- 2000
50 1005 1005
60465 265:266 5 275275 5.28 6,285 5,29 $75 201005 0 005 04 015 g 540
M, [GeV/c?] AE [GeV] (o
e b — c background rejected with charm veto.
e Model peaking from particle misID (K" K"K, n"n*K,)
e 3D Unbinned maximum likelihood fit for yield and Ap.
Yield = 489.981128
B =(3.60+0.33+0.15) x107°
Acp = (—8.5 + 8.9 + 0.2)%
9/17/2019 Hadronic B Decays at Belle, PIC2019 12
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BY - K n*K, Results R

@
Y.-T. Lai et al. Phys. Rev. D 100, 011101 (2019)
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x10°° %1078 x10”
%1 6 —— Data S350 — Data S .AF[— Data
Q‘l 4:_ —— Phase space MC 8 3_ _l_ —— Phase space MC 31 2:_ —— Phase space MC l
L1 | Lo 3
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TP p— 5 =04
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0.6- 3 ] - _I_
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0.4r E [ C
I l —I— 0-55_‘_'_ — o.zJ
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zzzsj— B
E - —i35
Dalitz variables are recovered using ;Plot. e 1
Some hints of peaking structure is observed at *: “m 0
MK_KS < 15 GeV/CZ. 10— -
E —10
Consistent with Babar result. s at
B -0
00‘ B Iél B I1|0‘ - |1|5; | I2|0‘ — |5|;|
Mo [GeV/c']
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B? — ppr® Motivation i

°
B. Pal et al. Phys. Rev. D 99, 091104 (2019)
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e Charmless baryonic B-decays also proceed via
V.,,» and FCNC Penguin processes.

e Baryonic decays with neutral particles rarely
studied.

e 2body < 3body < 4body

e Threshold effect: B meson )
decay prefer di-baryon pair + _,
fast recoil meson

- Why? )

<
E\
cQo C
©

2| o a|cic|

|

T

=
o
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B° - ppr® Result L2

°
B. Pal et al. Phys. Rev. D 99, 091104 (2019)
T T T | T T T T | T |: [ I(c)l T T I T T T II T T T T I T T T T ]
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Events / ( 0.002 GeV/c?)
Events / ( 0.014 GeV )
Events /(0.5)

T VTR AR ST SR R " T A
8.25 5.26 5.27 5.28 5.29 -0.2 X
M,, (GeV/c?) AE (GeV)

Yield = 40.5 + 14.2 events

B=(50+1.8+0.6)x 1077 - 20 i
3.1osignificance gwor | .

First Evidence for this decay @ 100+ _
S sl _'

<Plot NIM A 555,356(2005) used to extract % - + + ! -
distributions as function of m,,,. g [ i + ]
Threshold enhancement shown as expected. R SR P

9/17/2019 Hadronic B Decays at Belle, PIC2019
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e BB IS
Posss<Xduoe

. B - pprnr Motivation R

MELBOURNE @ ®

Preliminary
e B¥ > ppK™ shows angular asymmetry
between K and p in pp rest frame.

e Opposite asymmetry shown in BT - ppr™.
e Most baryonic B decays studied are b — s.

e Need more information on b — u for theory
investigation.

e Inclusive BY - pprn*tn~ by LHCb (PRL 113,
141801 (2014)) shows a hint of ppp structure.

9/17/2019 Hadronic B Decays at Belle, PIC2019
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BELLE

B — ppnm Result
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Preliminary
80
Belle
< - - + ~ +.0
&e| Preliminary BY - ppT[+7T BT - ppm 1t
~
g‘/ g405‘ rrrrTT T T T T T T T T T T T T '_E t\g ]B:,E_ rTrTT T T T T T ]
NI Ii*T*Ll\r -
& geof_ ’I E Z BCIE— \\\ =
0 | o Belle ¥ % Belle L
‘ -+ T, ‘T . Preliminary L\ L Preliminary . h‘_
N N B MGSS("""“) (déZV/CZ) § g i L :5254 TS 527 57 - "5?29
24 5.25 526 5.27 bc5 28 . 0229 Mm LGEVC;}
K, resonances excluded from B. Ve (BVIED
B - pprtn = pr P N . .
+0.18 -6 & | | T8 ™y £
B = (0.831517%0.17) x 10 Saaaf H 18 W uh i E
B+ - pﬁn— %m; [”/I II'-,\L ] E 200~ \L\“fx+ | —E
_ g | ) L& N
B = (4.6411124+0.68) x 107° “gele | Thays e Belle -
B(B* - pprtn?®) order of mag. smaller i Preliminary: E reliminary :
than theory predictions of B(B* — ppp™) _ft

(PRD 75, 094013 (2007))
Indication of p structure in M.

9/17/2019
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First measurement of A p
Highest precision B.

Most precise measurement by
almost 2x.

Excess observed in low
M-k region.

First Observation of this
decay

B order of mag smaller than
prediction

B® > DO70: Preliminary
B = (2.69 +0.06 + 0.09) x 1074
 Acp = (0.10 £ 2.05 + 1.22)%
B* — DOx*: Preliminary
B = (4.53+0.02+0.14) x 1073
Acp = (0.19 £ 0.36 + 0.57)%
B? > K n*K: Phys. Rev.D 100,011101 (2019)
B =(3.60+0.33+15)x10°°

Acp = (—8.51 89+ 0.2)%
B° - ppnr®: Phys. Rev. D 99, 091104 (2019)
8= (5.0+18+0.6) x 1077
B° — ppr*mr: Preliminary
B = (0.831)184+0.17) x 107°
Bt — ppr*n®: Preliminary
B = (4.647115+0.68) x 107°
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Backup
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% Energy Correction  |nmars

MELBOURNE ® *
e Energy leakage in ECL means % is measured low.

e Leads to high correlation in Mgz, and AE.
e (Calculate Mg assuming E o = Epeqm — Epo

5255 526 5.265 527 5275 5.28 5285 529 5255 526 5265 527 5275 528 5285 529
mbc mbc_corr
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Continuum Suppression Pfed
s Variables
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e Whatif B - D% or DO - K~ n*[n°]?
e BY - D70 suppressed by A%.

e R(B% = D% ~ R(B® - D~m*) = 2.92 x 10~*
e R (ﬁ) — 2.85 % 1073

AB = —0.3% Acp = +3x107°
B > U }DO
C
BY%
d e

09/08/2019
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Fitter
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e Unbinned maximum likelihood fit in Mg, AE and Cyy
using RooFit for Yield and A.p of each event type (signal,

qq, BB bkg, Rare).
o 4 datasets divided by D° decay and Kaon charge.

e Constrained by D°® » Kt~ 7% D% - K*n~ Yield ratio
and A.p.

~ N+ 550 = N X (1 —Acp) X 0.5 X (1 = Rpoppge)
- Ng-2pa = N X (1 +Acp) X 0.5 %X (1 = Rpompde)
~ N+ 350 = N X (1 —Acp) X 0.5 X (Rpo
— Ng-3pqg = N X (1 +Acp) X 0.5 X (Rpo
e Background A.p and signal R0
 PDF shapes from Monte Carlo.

mode)

mode)

mode are fixed.

09/08/2019 Measurement of B and A-p in B — DO70 decays



PDF Modelling
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e Where possible
- P(Mpc, AE, Cyy) = P(Mpe) X P(AE) X P(Cyy)

e BB and Rare background and K 7 ~r° signal
have high correlation in Mg, AE.

- P(Mpc, AE, Cyy) = P(Mpc, AE) X P(Cyn )

ol Mee | AE | O
Signal (D° - K+ Crystal Ball fn. Gaussian 3 Gaussians
Sig

-
2D kernel estimation (KEST) histogram
al (D° > K*nr~ ) B3Ny 3 Gaussians

_ 2D kernel estimation (KEST) histogram
BB background PDF 3 Gaussians
ARGUS fn. Chebyshev Polynomial 2 Gaussians

._ 2D kernel estimation (KEST) histogram
m‘ Rare B PDF 3 Gaussians n



KEST PDF for 2D MC based pffad
models -

MELBOURNE ®
e Kernel density estimation models dataset by
superposition of kernel function (Gaussian) for each
datapoint.

e Roofit uses adaptive bandwidth to adjust Gaussian width
based on local event density.

e Retains information in high density areas while
smoothing low density.

0.5

0.15

0.15

0.4
-

0.10
0.10
1

Density function

Density function

Density function
0.05
1

0.05

0.00
0.00
1
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Calibration Factors o
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 MC may not perfectly represent real data.
e Calibration mean shifts and width factors for Cyy.
— Applied to B - D7 for data fit.
e Signal AE has shaped changes.
- D9 > K*7~: Mean shift and width factor floated in fit.

- F — K7~ 7% : New PDF Gaussian smear to AE.
DE DE

. Entries = 55886 Entries = 55886
L — — o
S 800
oo S r !
— © |
~ 1600
800 1§ I
L%’ L g L
1400} mooz
1200 1200+
1000} tooof
800[ 8001
600] 6001
400} 400
200 *¥ 200
L v r : u :
o] S N VN AT N I W I I 07\\\\\\\u\\||||||\\u\\u\\\u\u\||||
-0.1-0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1 ~0.1-0.08-0.06-0.04-0.02 O 0.02 0.04 0.06 0.08 0.1

dele dele
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GWM Calculations
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B = mean(Bpg e+ B+ o)
Y— Y—
— mean DOSKY DOSKt 0
2XNB+B_XEF—>K+7I ZXNB+B_XEDO_>K+T[ 20

. - XY - XY
0 tg— 0 +1— 10
mean < DY>K DY>K )

2XNB+B_X€D0—>K+7t ZXNB+B_XED0_)K+7I 20

o o

Y 0 gt 0g+—m0

:—sz Xmean<D_)Kn ,D—>K71:T[),
Bt*B— e-DO_)K+7-[— ED0—>K+7I_TL'0

e Xx=0z(JTz71X)

« of=("T!

e Uncorrelated: D decay B, recon eff.

e Correlated: Track eff,, 70 eff.,, PID eff.

. l148 2.401 y o= 1.17 1.05
2 B0Dn0 240 67717 7B*DOmT T 11,05 4. 03

o 2.44% for B® —» D70 and 2.54% for B* — DOr
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Systematic Uncertainties (B) R

THE UNIVERSITY OF
MELBOURNE @ ®

B® - DOxr® | Bt - DOt

No. BB 1.37% 1.37%
B(Y(4S)) 1.23% 1.17%
DCS mode correction 0.01% 0.02%
Fit bias 0.60% 0.20%
Mean efficiency 2.44% 2.54%
DO - K+t~ 7% DY - K+7~ ratio tggé;ﬁ tgéggﬁ;
Acp detector bias (backgrounds) 0.01% 0.05%
Calibration Factors (Cyy) 0.34% 0.06%
Modified KEST signal (Mg, AE ) 0.63% 0.24%
KEST PDFs 0.58% 0.05%
Fixed Charmless BB Yields tgégzﬁ; <0.01%
Total +3.28% +3.13%
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Systematic Uncertainties Q"B
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B® - D°z° | B* — DOt
(x1072) | (x1073)

Fit bias 0.03 0.02

DO decay Acp 0.35 0.35

Acp detector bias (signal)* 0.66 0.42

Acp detector bias (backgrounds)* tgig tggg
DY —» K*n~n%: DO — K*n~ ratio fg:gg <0.01
Calibration Factors (Cyy) 0.06 < 0.01
Modified KEST signal (Mg, AE ) 0.06 < 0.01
KEST PDFs 0.15 < 0.01
Fixed Charmless BB Yields < 0.01 < 0.01
Total +1.22 +0.57
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