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B— Hadronic

e Dominated by the b — c trees.

e Hadronic decays of B-mesons account

for ~75% of the total branching fraction. Probe the SM:
e over-constrain CKM triangle

¢,/B: via time-dependent analysis of e.g. J/yKg
¢, /a: via isospin analysis of B—pp, B—mx
¢,/y: via B'—Dh", B'—=D*K"

® via isospin sum rules
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Hadronic Tagging
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e Missing energy modes need tagging. ' L ”’ L Nl 5
e [Hadronic tagging has high purity as well as gives SOk St A 2

direction of B. : “~T; NN\ X =
e But large data-MC discrepancy in several channels : : 5

* Semileptonic (F={e,u})

® Semileptonic (/=1)

e Hadronic

O Covered by FEI
EvtGen Purity

Tagging techniques

@ PYTHIA 2 N
Efficiency
e Only half of the hadronic B decays are measured. Inclisive Semileptonic Hadronic
e PYTHIA generates the other half in MC. B ami B — D™y, B hadvons
e Most measurements are performed with small e ~ O(100%) e~ O(1%) e ~ 0(0.1%)

data sets.

Improving FEI efficiency — More DATA in hand
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Belle 11

Asymmetric e "e™ collisions at Y'(48) resonance.

Y (4S)--> BB : 2B’s and nothing else.
1.1 X 10°BB pairs per ab—!

Belle Il Online luminosity

Exp: 7-33 - All runs

Integrated luminosity
mmm Recorded Weekly

- 500

> clean environment
> excellent neutral reconstruction

K, and p detector
RPC + Scintillator
layer
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He—CQH6
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Analysis

1. Reconstruction
e Start with final state particles
e Form a B candidate

8.0%
34.0% 8.4%

2. Selection
e DBackground suppression
o Mostly continuum background

3. Modelling + Fit
e Model using simulation
o fit to data to extract physics quantities

4. Systematic uncertainties
e toy studies 4 control modes
Challenges: small BR, high backgrounds, P~ 036V <

HGUU‘&IS efe” — Y(4S) — BB

[ AE:E;_El;keam

Signal
Continuum

BB background

01 02 03
AE (GeV)

[ / 2 2
N Mbc= Ef;m —P;

[ Signal
[ Continuum
[ BB background

5.2 5.22 5.24

5.26 5.28 5.3

M, (GeV/c?)
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Improving knowledge on B decays



B~ — D%(770)"

[Phys. Rev. D 109, L111103]

e PDG measurement- (1.35+0.18)% by CLEO(1994) with 0.9fb-1, which includes large uncertainty
e B —D%,B%— Dp, and B® — D%? provides tests of calculations of hadronic decay rates based

on the heavy-quark limit and factorization models.
Needs to account: Contamination from non-resonant component B~—D%tw? contribution in AE.

% 120 | Bellell ¢ Data % 180 _ Belle Il ¢ Data
= 3 — Fit result S F 1 — Fit result
: L || Self-cross-feed T 140 F [ ] Self-cross-feed
8_ 80 |- I BB background g 120 £ 8 BB background
- )
o 60 -1<cos6, <-0.92 (0] 1er 0.55 <cosf_ <0.70
4 P
Y \ S 80
% 40 % 60
c C 40
T oo @
© : O 20
0 TR
S0de 4 <468 @ DO 04 WS 02 072045 01 005 0 005 01 015 02

AE [GeV] AE [GeV]

e Signal Extraction- unbinned maximum likelihood fit to AE distribution
Solution: Perform fit in bins of oosep (Op the angle between the T~ momentum and the direction opposite to
the B~ momentum in the p— rest frame)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111103

B~ — D%(770)~

[Phys. Rev. D 109, L111103]

Template fit to distribution COS@ NN efer st ek tnde |
e non-uniform binning: flat distribution for | BB —D%") — (0.939--0.021 +0.050)% i
B —>DO 1 . — Ve 1 V. !

® cosO <0.7: to suppress decays B~ —D"x fmmm s mm s o3 l-)e_tt_er_p-r;c;si_o;l TR

o ~(1. 9-+1. 8)% contribution of B~—D%rx?
Systematically limited by =° reconstruction efficiency

© 1400 o 600 r
D aof Bellell  Data = Belle Il } Data
> [ 4 E]Z't D% % 500 F —B—)Dop
< : sl % —Up - -1 2B — Dn n®
g oo [La-seen'  DE-0% 2% [Lat-se2 B
- [ (g} L
¢ 1100F K- 400: |
1000} + 7 o i
900F »
5 =
800 ©
. O
700 ©
| :
600
SPEPEPE ATUTTI SYRU BT APSTAre AYRrAri SPEr S i @) 0 (1 | | n e
-1 -08 06 04 02 O 02 04 06 0.65 0.7 0.75 0.8 0.85 0.9
cosd, m(z 7% [GeV/c?

Factorization test : In agreement with prediction
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111103

B — DYKK,'

(5)

and B — DYD_

[J. High Energ. Phys. 2024, 206]

B—DK K decays make up a few percent of the = O Tk T 5 s e — e
overall hadronic branching fraction 0 * P o 1e0F Signal
© 80 ackgroun © 140F v Background
e Only a small amount of them are well e o e 8 120} | N e
measured. 2 3 100
. . . . S 40 T 80F
e Serves as inputs for simulations and tagging ¢ S gof
. L L E
techniques. 2 =
e Possibility of B — DX (— K7K), with an . o ok
. . _ = 2 — 2
intermediate resonance X~ that decays o oF ]
2 F-* » -1 . ¥
strongly, -0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 = 5T 005 0 005 031 045 02 025 03
Challenge: bkg from non-resonant B — DK™ K= s AE [GeV]
Modes in K* modes— fit to M(Kr) . Belle Il m— JLdt = 362 fb~! 500 Belle II JLdt = 362 fb”!
. . . . . 3 5 —— Phase-space signal 0pr—1°0 Phase-space signal
e Signal Extraction: fit AE distribution S aopf B DK Ks e T . D —
. . = - —_ . B— Da,(1260) signal
e BF's extracted applying an efficiency o et SRS o § E—
. . © 600F % : — Da,| signal
correction in the plane TN —— Dt - M- |f ‘ o
MK M0 M(K—K .0 3 |5 |
M(D KS ,M( 3 ) s 400 %1500— !
e Extraction of bkg-subtracted and - < A\
. . . T 200} 9 1000 |- +
efficiency-corrected invariant mass and 2 100 = il ,
ici = o0 ~. et 2 g
hghmtz/ingles: N s 2 b Syt |
o J'=1 dominant transitions m(KK?) [GeV] 1 % g B8 5 83
m(K K ") [GeV]
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https://link.springer.com/article/10.1007/JHEP08(2024)206

B — DMKK and B — D™D_

(5)

[J. High Energ. Phys. 2024, 206]

Channel Yield (K% / K*°) Average ¢ (K% / K*°) B [1074]
B~ - D°K~ K 209 + 17 0.098 1.82 4 0.16 & 0.08
PBY» DTK-Kg ~ 105+14 0048 0.82+0.124+0.05 ':F .
i B~ — D**K- K} 5149 0.044 14740274010 grs ;
! B 5 D**K-K% 67 0.046  091+019+005 ©PEHON
B~ - D’K-K* 325+ 19 0.043 7.19 £ 0.45 + 0.33
BY - DYK—K* 385 + 22 0.021 7.56 + 0.45 + 0.38  3X better
B~ = DYK-K*0 160 £+ 15 0.019 11.93 £1.14 £ 0.93 precision
BY - D**K~K*O 193 + 14 0.020 13.12 +1.21 +0.71
B~ — D°D; 144412 / 153 £ 13 0.04 / 0.09 95+ 6 +5
B° — D*tD7 145+ 12 / 159 £+ 13 0.02 / 0.05 89+5+5  World’s best
B~ - D*°D; 30+6/29+7 0.02 / 0.04 65+10+6
B® - D*+D; 43+7/3T+7 0.02 / 0.04 83+10+6

| Swarna Hadronic B decays at Belle and Belle II 10


https://link.springer.com/article/10.1007/JHEP08(2024)206

CPV via CKM

(0,1

(0,0)

(1,0)
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¢,/y measurement:Belle 4 Belle 11 combination

R arXiv:2404.12817v2
(|)3 = arg (_Vudv*ub/vcdv*eb) S *UPPT (B - DK ) = 1y 01 (Gs—3) E&ccepted by JHEP |
of favor. (B_ i DOK—) DOK_

e Tree level decays — no (large) BSM L o) \

e Strong constraint on SM B

various approaches — different final states: /1K

— Self-conjugate final states \ /

— Cabibbo-suppressed decays , DK~

— eigenstates

First combination of all Belle and Belle II measurements:
59 input observables, 18 free parameters.

B decay D decay Method Data set (Belle + Belle IT)[fb~!]
B* - Dht D— KM%, K-K* GLW 711 + 189 [JHEP 05 212 (2024)]
Bt — Dh* Do Ktn Ktn—n° ADS 7114+ 0 [PRL 106 231803 (2011), PRD 88 091104(2013)]
B* - Dht D= KK 7t GLS 711 + 362 [JHEP 09 146 (2023)]
B+ . Dh+ D — th_h+ BPGGSZ (ml) 711 + 128 [JHEP 02 063 (2022)]
Bt — Dht D — ng"w'*'ﬂ'o BPGGSZ (ml) 71140 [JHEP 10 178 (2019)]
* 0 0,.0 0 0
Bt - D*K* 2_;3:_’7(3 FHen kg Puhat, GLW 210+0 [PRD 73 051106 (2006)]
B* —» D*K* D*— Dn% Dvy,D - Kdn—nt BPGGSZ (m.d.) 605+ 0 [PRD 81 112002 (2010)]

| Swarna Hadronic B decays at Belle and Belle II 12


https://arxiv.org/pdf/2404.12817

¢,/y measurement:Belle 1 Belle

II combination

[arXiv:2404.12817v2]

Accepted by JHEP

Decay Observable Value Source
RE* 44 £0.02) x 1073
5 (3.44 £ 0.02) x 10 ——
7, 5 i K= (191.7 £3.7)°
TR rETcos(8K™) —0.0562+0.0081 Belle + Belle IT (2024)
£ 2 ' ' BESIII
rEmsin(6K™)  —0.011 +0.012 sl
Sl 0.0441 £ 0.0011 Tl .
D — Ktr—x° L=’ 0.79 + 0.04 CLEO + LHCb + BESIII aal
K wn® (196 + 11)° Tt *
= [
0.407 + 0.044 9 N
D° — D° mixing “P ( e HFLAV O 06} ; (g)
YD (0.647 + 0.024)% | i
(rasKmy2 0.356 - 0.034 - o4l e
KB T 0.94 +0.12 CLEO T 68.3% S
D — KJK-n* ity [ .
o> (-166+184)° 0.2 |- . .
(rK3Kmys 0.370 + 0.003 LHCb L 95.4% p .
B* - Dht RgLs 0.0789+0.0027 PDG 0.0 — — '
50 100 150
bs[]
L d —(7F O @Y o [HFLAV]
' 9,=(75.247.6)° ) | MFLAV
---------------- gy = 6631 1Y
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https://arxiv.org/pdf/2404.12817
https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/

BY — nz": towards ¢,

Tree-level b—uud processes allow extraction of ¢,
e Interference with penguin amplitudes

>
e Statistical limitation due to color suppression in é
tree diagram 5
First measurement of B — n%x%t Belle II g
e 4 photons in final state é
e Suffers from large background =
Update on BF and A, using full Run-1 statistics with
e new GNN-based flavor tagger E
e BDT dedicated for photon selection and qq E

suppression
e reduction of systematic uncertainties

Signal extraction by simultaneous fit
e AE, Mbe, BDT output (C), transformed wrong 5
tag probability 2
(&)

B(B°? — % = (1.26 = 0.20 == 0.11) x 10°®

World’s best

A (B® — 12% = 0.06 == 0.30 == 0.06

Compatible with world averages §
despite smaller data sample =

CP

50

40

30

20 .

10

20

10F

[ Belle II Preliminary
. [L dt=365fb"

Candidates per 4 MeV/c?

paper In preparation
[Phys. Rev. D 107, 112009]

0| Belle II Preliminary

60| [L dt—365h
50
40
30

20

o 5F 8o i
S of 53 OF
s 2F ES gf i
2 03 02 of 01 02 03 04 052% 53 52150205203504505526507528529 5.0
M., [GeV/c?]
. o T _—
. Belle II Preliminary - Belle II Preliminary
JL dt=365fb" g & (L dt=365fb"!
[}
50 —~Data
40 %
o — Total fit result
5 4OF A
30 2 W5~ s
@ .
(O 80fF i BBbackground

Continuum

| !
| BVONA
TTITTTT

0-8 6 -4 -2 0

converted qq suppression ¢ w
classifier (BDTqq) output
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112009

Summary

Improve B decay knowledge B~ — D%, B— DD,

New decay modes observed B—=D®K K ",

Combining Belle and Belle IT measurements to precisely measure ¢,
Progress towards measurement of ¢,

Run 2 started, more luminosity on it’s way!

Qlo
S OO
20

Swarna Hadronic B decays at Belle and Belle II
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BY —ow

[Phys. Rev. Lett. 133, 081801

Rare and never observed decay

Polarisation (f;) and direct-CPV parameter A p S

useful for B — V'V decays

suppression output, @ invariant masses and cosine of .0

helicity angles of both the 's

BF, f; and Ap extraction in full Belle dataset M, (GeV/c)

Bkg suppressed using event-topology information i

Signal extraction from fit to: AE, M, ., continuum

g.24 525 526 527 5.28 5.29

Events /(0.04)

—e— data

— total fit

----- signal long.

I signal trans.

----- continuum
BB bkg.

N o | gzof

B = (1.534+0.29+0.17) x 107 | =M

fo = 0.87+0.13+0.13 § 1}

Acp = —0.44+0.4340.11, v BE

= . = — oL
Swarna Hadronic B decays at Belle and Belle II 16 |


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.081801

B — DYKK,’

(5)

and B — DYD,

bkg-subtracted and efficiency corrected m(K~K) distributions

Belle Il (Ldt = 362 fb™! Belle Il [Ldt =362 fb" - Belle Il [Ldt =362 fb" - Belle Il [Ldt = 362 fb”'
B 70f B DOKKS  — emespmcasina | D T00F B DIKKS e phasespacesona 3 E-=DKK? Erwswsntou| QWL Fo, pic? [P tres v
g 600 | g 600 | = 3000 B--Da(1260) Signal | oo 7000 |- B-- Da(1260) Signal
S e e B Dp(1450) Signal ; e e B Dp{1450) Signal % 2500 * B-- Da(1640) Signal %6000 B-- Da(1640) Signal
%’ —*— Data % 400 |- —e— Data E 2000 | —o— Data ESOOO’ —o— Dota
S 400} < S ‘ 8 so00 | "
> > 300} > 2
@ 300} ) @ 1500 o 3000 | *
3 3 "0t 8 1000} A 8
£ 200} + £ 100 = 2000}
=) =) S =)
o 100} { 2 o 500 © 1000 |-
= ¢ il = t { = b . a4 = , , . R

f 15 2 25 8 85 W %5 2z 25 8 55 115 25 3 35 1 15 2 25 3 35
m(K'K?) [GeV] m(K 'K%) [GeV] m(K'K”) [GeV] m(K'K ™) [GeV]

Belle Il [Ldt = 362 b’ Belle Il [Ldt =362 fb”" - Belle Il [Ldt = 362 fb” 5 Belle Il [Ldt =362 fb"!
B as0f B> DUKK) = rmewaasins | B | B DUKKS S rrasesoacesgna YO B DI K? T Preeimersont | g B’ D*KK™ T Phasespace signa
g - . S’, 200 7 on 200 B-- Da(1260) Signal 3500 B Daj(1260) Signal
S 250 | T S 150l o %3000 8- Da1640) Signal | &5 2000 B-- Da (1640) Signal
g —&— Data % —e— Data :2500 —e— Data "‘2500_ —e— Data
o 0F ) 02000 w 2000 | +
> >
® 150 o 100 D 00 i 8 oo
E 100 | E g 1000 | * * £ 1000} *
L £ 50 Ry L
D 5o = 2 500} =
Q [} 2 4 2 500 |
; 0 1 ! ! ] ; o ! ( 1 0 1 L ! L ¢ 0 1 Il .

1 1.5 2 25 3 35 1 15 2 25 3 35 1 15 25 3 35 1 15 2 25 3 35
m(K'K?) [GeV] m(K'K?) [GeV] m(K'K”) [GeV] m(K'K™) [GeV]
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