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Charmless B decay

Hadronic B decays not mediated by b—-c. M
Cabibbo-suppressed b — u trees and b — d, s penguins. P

O Highly sensitive to non-SM loops.

O Probe non-SM dynamics in all the three CKM angles. P

Account for ~15% of experimental flavor physics papers.

Pheno challenges: predictions limited by complicated calculation of hadronic matrix elements.

Exp. challenges: O(10° -10-%) branching fractions means highly limited by statistics, same final
states of the dominant background (“continuum” e*e™ — gq at Belle Il)

Belle Il goals
® Improve precision on ¢, /a angle
® Test SM using isospin sum rules

® Investigate localized CP asymmetries in Dalitz plot of three-body decays
Today: charmless B decay results on 62.8 fb™

In-depth validation of detector early operation and analysis tools.
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Analysis Overview

Goal: blind measurements of branching fractions, CP asymmetries and polarizations.
for various charmless B decays using 62.8 fb-"

Selection
Continuum suppression, /.

optimize on S
simulation and data. AP Efficiencies from simulation, validated on
data. Instrumental asymmetries from data.

Efficiencies and corrections

Signal extraction
AE = Ep — El;keam

3 Flavor Tagger
My = \/El;keamz —pi? Multivariate methods
determines flavor of
the not reconstruct BY

Models from simulation,

(g - 7)rBDT

Combine yields, efficiencies and
instrumental asymmetries to extract
final results.

Systematic uncertainties

Toy studies or control modes in data.

Validation
Unblinding

Validation of the full analysis on more \ _
abundant control modes. Apply full analysis to data.




Continuum suppression: exploit
topological differences, combine 30+
kinematic, decay-time and topological
variables in multivariate techniques.
E.g. B® - 7n%7%: 0.62 signal/fb-! and
245 continuum/fb-"

qq background rejection: ~99 %

Peaking backgrounds: study vetoes
from simulation to exclude them and
add fit components to account for
survivors.

Background rejection
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Km 1Isospin sum-rule

Stringent null test of SM, sensitive to presence of non-SM dynamics.

KOr+ B(K°m™") Tgo

g+m0 B(K*7%) Tg0 KO0 B(K°m®)

_ AKtm™
Ixw = Acp™ + Acp

B(BY - K*n™)
[18.0 + 0.9(stal) + 0.9(sys)] X 107°
Acp(BY > K*m™)
—0.16 £+ 0.05(stat) £+ 0.01(sys?)

B(Bt - K°nt)
= [21.4F%3(staf) + 1.6(sys)] x 107°

ACP(B"' — K07T+)
= —0.01 + 0.08(stat) + 0.05(syst)

B(B+ - K+TL'O)
= [11.9* 13 (stad) + 1.6(syst)] x 1076

Acp(BT > K*tn®
= —0.09 + 0.09(sta?) + 0.03(sys?)

Belle Il is the only experiment
capable to analysing all modes
in a consistent way
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) — =
B(K*tm™) 15+ CP B(K*tm™) 15+ CP B(K*tm—)

Probes tracking. |BO - Kt~ |
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% 40 | . —— Total fit % 40 F . —— Total fit
: ILdt=62,8fb e BT K0 5 ILdt=82.8fb ..... B — K
g K o . — B — % BES e B - nn®
= 30 3 --=-- B decay background = 30 N e B decay background
8 ; ---- qg background 52 S Y A WL gq background
S 25F S 25F
= C -2 o
W 20F W 20F
15 | 15
10 ... 10 |
SE... 23 S .
0 N TR T TP Ll LAt S P 0 L T P NPT RTT Lk e C o el
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE [GeV] AE [GeV]

https://arxiv.org/abs/hep-ph/0508047
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Isospin sum rule: needs K

BF: challenging as it requires K¢ and r° reconstruction.
Acp: requires also flavor tagging. Fit of AE-Msyc of the B meson (q),
simultaneously in 7 ranges of wrong-tag fraction (output from flavor tagger).

1
Psig(Q) = 5(1 +q-(1—2w;) - (1—2xq4) - ‘ACP(KOT[O))

!
3
ﬁCD

BO 0 _, K00

12

(3} (3}
§ . [ Belle Il (preliminary) e Data, B tags u>, [ Belle Il (preliminary) e Data, B tags § . [ Belle Il (preliminary) o Data, B tags % [ Belle Il (preliminary) o Data, B tags
N ) S - ) N ) - )
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N(B® - Kd7%): 4513

B(B® —» K°r%) = [8.5%17 (staf) + 1.2(sys)] x 107 Acp(B? - K% = —0.407935 (stat) + 0.04(syst)

First measurement in Belle Il data!
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CPV in multibody

First step towards search of local CPV in Dalitz plots: investigates
relative contributions of tree and penguins, and probes non-SM physics.

|B+—>K+K‘K+ | |B+—>K+T[_T[+ |
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= FJ B'— K'K'K* = S B— KKK = F ) = F )
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B B B F B F
c F c c [ c [
© 50 [ 3] @© 100 | @ F
o : o o : , o s
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5.24 5.25 5.26 5.27 5.28 5.29 53 5.24 5.25 5.26 5.27 5.28 5.29 5.3 5.24 . . . 5.29 53 5.24 5.25 5.26 5.27 5.28 5.29 5.3

M, [GeV/c? M, [GeV/c?] M, [GeV/c?] M, [GeV/c?]

Rich Dalitz structure poses the additional challenge of many peaking backgrounds.
B(B* - K*K™K™) B(B* » K*n~m™)
= [35.8 + 1.6(stat) + 1.4(syst)] x 107° [67.0 + 3.3(stat) + 2.3(sys)] x 107°
Acp(BY > KTK™K™Y) Acp(BT > Ktn~n™)
= —0.103 + 0.042(stat) + 0.020(sys?) = —0.010 + 0.050(stat) + 0.021(sys?)

8 https://arxiv.org/abs/hep-ph/0608243
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Determination of a/¢-

Unique Belle Il capability to study all the B — 1, pp decays to determine the CKM angle
a = arg|—ViaVs, /VuaVup ], Known to 6% precision

Isospin relation can be used to disentangle penguins and trees contribution to determine «
Requires all BF and CP violation parameters for B - nir

‘BO—>TL’+TL’_ ‘ ‘B — 7tr’ ‘
% 45 t Balle Il (preliminary) * Daia t:": %0 Belle Il (preliminary) o Data ; 50 L Belle I (preliminary) e Data
= 3 |' ) | S eF ) . — Totalfit g 1 —— Total fit
e E Ldt=628fb % 20 _ def 62.8M I g+_>;+?;n++?:% - : .[Ld? s28®m | ... g _,; %i
: ™ 6o 3 B_U;Cﬁ!" background g 40 I e B_d;:ay backgfohnd
o @ : ----- g background ..‘-'E" [ * ----- qg background
{73} s @ 30 |
5 z a
g 20 -
5 10 -\ ..............
T T e T s T R TR T A T TR 0g5 —32 B T B ey m— T a—
AE [GeV] M, [GeV/c?] AE [GeV]
Benchmarks PID and AE resolution. Probes n° reconstruction and PID.
0 +. =\ — —6
B(B” »n"m™) = [5.8+ 0.7(stat) + 0.3(spst)] x 10 B(B* » n*r®) = [5.5719(stat) + 0.7 (syst)] x 10~°

Acp(BT » ntn®) = —0.04 + 0.17 (stat) + 0.06(sys?)

9 https://doi.org/10.1103/PhysRevLett.65.3381
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Determination of a/¢,: BY - n°n®

Challenging with two 7% high continuum, low BF (1.26x10), higher beam

background relative to Belle, lowest signal-to-background ratio in current Belle |l
charmless studies

B° —» n%7° has the largest branching fraction and A, uncertainties of all three
B — mr modes, i.e. 16% on BF for B® -» 7Y vs 4% for B® - w*w~ and is currently
posing the greatest limitation to the determination of « from B —» nm

Belle Il is currently the only experiment that can improve the current world average

k3 C
Belle Il (preliminary) ® Data =300F
o E

JL dt=62.8fb" ‘Lﬂta' ﬂ,t,a,,u 0} F
- 250¢

Analysis validated on
BY — DO(—> K+7'[_7'[0) 70 <%
In data.

Belle Il (preliminary) 500 Belle Il (preliminary)

D D
=Total fit C _ El =Tol
_[L dt=62.8 1" B° > a0 © p Jta=e2sm B
Conti c
B

N
=)
[=)

Ngig = 295 + 31 %

R T T L S

Candidates per 0

. . §26 5.é65 5.|27 5.é75 5.%28 5.é85 5.29 =
A E (GeV) M, (GeV/c?)

10



- l0[2]1]
Determination of a/¢,: BY - n°n®

Fit to AE, M, and the continuum suppression output T, simultaneously in 8 ranges of
flavour tagger output (q.r)

Candidates with higher flavour tagger output are more likely to be genuine B° - 7%x"

‘BO — 7070 ‘

70F

U F E

. i e Data 2 - - » Dat s .
E sok. Belle II (prehmma:y} —Tc?tal it > 50: Belle Il (prefliminary) —Tc?laal ot 90E Belle il (prefiminary) —?c?’;[aal o
o - J.L dt=628fb’ B® 5 7920 0] 402 B? - 0 2 80F |Ldt=628%b" B® — 2%°
3 50F -=-Continuum g N =--- Continuum © 70k =--Continuum
= : BB o - BB © 60E BB
~ 40F o 30_ ---------------------- Q. =
8 _ Fred s N 8 SoF
jﬁ 30 E_ ........................... % 20 :_ _g 40 ;_
B 20f : 2 30p
o° F o C =
O c B E

C | | | | (&) | | | | | Eg 5 | P

—%.3 -02 01 0 0.1 0.2 &26 5.265 5.27 5.275 5228 5.285 5.29 93 -2 -1 0 1 2 3
A E (GeV) M,. (GeV/c?) Te

B(B? - n°r%) = [0.98%033 (staf) + 0.27(sysf)] x 107°
0.39

First reconstruction in Belle Il data!
Evidence (3.4 o) at 62.8 fb-1 a performance
comparable with Belle with 140 fb-
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Bt - p*pY results

Unique Belle Il capability to determine a/¢, = arg|—V:qV;y,/VuaVyp] using B = pp decays

Challenges:

. _ ] > , Belle Il (preiminary)] b oF Belle il (p’e'imf:‘ary) % 70 Bellell (preliminary)
e pion-only (m*®)(m* ™) final state 2~ Jracsow | 3 of [racess 3 wf frameen
and broad p peak = large bckg g S g -
* Spin-0 — spin1 + spin-1 2 w 8 = g =
. S 3 2 g 2
= angular analysis. . g | 5
6D fit including AE, CS, and p masses L S B (e
. LI 5 2 7 § o gﬁ -4 j*‘7" """"""""" 1' """" gg ZE b
to extract signal, and helicity angles to 2% 5w s o v e 2 o8 o w e
measure fraction fL of decays with
IongitUdinaI pOIarization- S 250 [ Belle Il (preliminary) :_II?a:a”t g ?gg* Belle Il (preliminary) g 180 Belle Il (Pl'elim:nary)
5 o0l det=62.8fb" 5 160%— det=62.8fb" ] f‘g f'—dt:sz'sfb
é J 0 | E §120
N:104i16 %10 gwo
S 100 o
60
B = [20.6 + 3.2(stat) + 4.0(sysH)] Xx 1076 =} ° -
] e e e ——— Eé T
fL — 0936t8822 (Stc'lt) + OOZl(SySt) | — &Etif3*333?3}3{-33:&3?3}%3335;333}:::}:317 5 i by +§* ----- 1 ------ - f o
' S 08T T 0 2 % 60.8 0 o8 z® -1 -08-06-04-02 0 02 04 o.ec%gep;

20% better precision than Belle on 78 fb-"

PRL 91, 221801 (2003)): _ _ _
ij — 59 4 13 ) First reconstruction in Belle Il data!

B = [31.7 + 7.1(stad) T3 (syst)] x 107 Surpass early Belle’s performance.
fi, =0.948 £ 0.106(stat) £ 0.021(syst) 12



https://arxiv.org/pdf/hep-ex/0306007.pdf

SRl L
Summary

Charmless B physics plays an important role in sharpening our flavor picture.

Era of precision physics! Belle Il will play a leading role in: a«/¢,, local CPVs,
ISospin sum rules.

First/improved measurements of charmless decays in 62.8 fb™! of early data
compatible with known values within ~6% to ~25% precision, dominated by
small sample size

First Belle Il measurement of Acp(K°mY) completes the ingredients for the
Isospin sum rule; pp and 11T analysis surpasses early Belle’s.

Performance comparable/better than at Belle demonstrates advanced
understanding of detector/analysis tools.
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Charmless physics at Belle |l

Goals

EM Calorimeter

CsI(TI), waveform sampling
(neutrals detection)

—

Kt and muon detector
IRRREEF ) D 1

/ \ 1 .F,‘,”?‘.

® Improve precision on ¢, /a angle;

DA

Vertex Detector
layers DEPFET+4 layers DSSD

® Test SM using isospin sum rules;

® Investigate localized CP asymmetries == /) -
In three-body B decays; ~J | it ) |
- . : /#/ '\ [ | B
® Study time-dependent CP violations. .-4\ B
Central Drift Chamber ' iTOP detector (barrel) ~rm
He(S(e)‘V;[):CzHG(SOE’A)), sarlnall Sellserogel RICH (d)
long lever arm, fast clectronics ¢
Belle I e g I
®© ~700 BB pairs/second in low-bkg environment;  -7sm s 4

® 140 fb™! of data collected;
® World record peak luminosity in June 2020: 2.4x10°* cm2 s
® Complementary to LHCD (final states with neutrals and V0s).
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Two-body: B™? - hn~, h*n?, K397T+

Ly — = 45 — - i
% 7p | Belfe Il (preliminary) . _III_P;I:I o o ok Balle I (preliminary) » Data = a0 | Belle If (preliminary) . Dol
= J.‘.dt=52.8fb" ceeee B LK ok = 3 [Ldt=62,ﬁﬂ}' — Total fit = [Ldt=62&ﬂ}' —— Total fit
% 60 ceeer B — 'y +cc E a5 - . e Bt # CoC — axf- ’ f e B Kt 40
= B T & decay background o F 8 —K'r+oo o [
i/ 50 K - an F !
£ S\ e §5 background & E +ex: Background E 20
T 4 w23 F @ ;
= a ] o [
i m 20F - I5F
30 g= 1 o i
= 15 F = mE
20 5 j‘ 3 :
_________________ Q) 10 F [
................ . b ) c
10 . tE [
----------------------- iy -
meamern T ] . L] -tk DL 0 L X & w2t R TN
PR TRl T T TET - PRI L T PN L ¢ BT a U LIIF SIS i Ll PR T e L JL I P k o ~
O o 5 0 0.1 52 0.4 B T E—— 0 005 o1 Sis 015  -01  -0.05 0 005 01 015
AE [GeV] AE [GeV] AE [GeV]

N(B® —» K*1~): 568+22 N(B® - m*m™): 115713 N(B* - K{m*): 103%14
B[107°): 18.0 + 0.9(stat) + 0.9(syst) 5.8 £ 0.7(stat) + 0.3(sys?) 21.4%%3 (stat) + 1.6(syst)

Challenge of 7° reconstruction performances, require good PID.

45

E 0 _ f‘eﬂe [} {prelimilnar'_.r] ;_IE]:::I o g 50 _ Tj’a:?-‘f {ED;"ff:ilﬂﬂf‘!} . _E;t'; W
i _ Ldt=6258 5: — 'f,:; p E f=62 . : n"l"-"_:c{::t;
Probe of tracking 2 .} S pe— S wf i ‘ 1 gk gon Benchmark of
- Y ¥ g backgroun < - e ackgroun .
and PID 8 > g wuf K{ reconstruction.
performances. 15 § 2
R e % )
T -~ : e
gﬂ?: = L—UJE ;.1‘1'—1;.1‘ Frr[;"‘“r"th{l.l1l = .'I]J.-E. = L[].S QDET“:[IIIQ = 1'—.5.1‘ = [II'- . ..1DT1. - ID.IZI = .0.3
AE [GeV] AE [GeV]
N(B* - K*n®): 211%18 N(B* —» n*n®): 83.97137

B[107°]:11.9% 15 (stat) + 1.6(syst) 5.57 33 (stat) + 0.7 (syst)
16
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CP asymmetries in two-body decays

[O

— = 35 I
s 160 | Belle ll (preliminary) » Data % 70 [ Belle Il (preliminary) e Data % Belle Il (preliminary) e Data % L Belle Il (preliminary) * Data
= F — Total fit [ ) — Total fit = -
% 140 | I Ldt=6281" ... B — K+ cc = -[ Ldt=628m" &\ ... B — K+ cc = 30 ‘J. Ldt=628f" — Total ﬂt“ = 30 :—! Ldt=628" —Totalﬂt‘
= - v BE sl scc = 60 F v BVt 4 cc et e BT Ko 2 - e B KT
o~ 1200 s B decay background = T ¥ A O g B decay background . 25F L qT ~ 25F g
= L e g7 background g 50 AN q7q background @ — @ [ —
£ 10fF c E 2 = ok - EE
c [ [ i ) I n oy
5] : > 40¢ @ @ : C 3
= 80f 1] 3 = =
w - 30 F e 15 3
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ok o 20F... g 1 S

. /i | E 3 3
20 f ¢ fo 0E 5
0 T T TR T T T T T e A 0 T T T T Wit N T 4 K b seeeed T - - ) " o
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i e
be [GEV/CT] [GeV] AE [GeV] AE [GeV]

Acp(B° - K*r™) = —0.16 £ 0.05(stat) + 0.01(syst) Acp(BY - K%7) = —0.01 + 0.08(stat) + 0.05(syst)

ﬁ E Belle If (preliminary) » Data ﬁ E  Belle Il (preliminary) » Data = Belle If (preliminary) « Data = [ Belie If (preliminary) « Data
= 4F . — Total fit = MNF . — Total fit o 30F — Total fi o 30F — Total i
Ldt=62.8 M0 e B = K F | Ldi=62.510 e B K = Ldt=628f0" e B ! = Ldf=6281" v B !
=2 BES A e B" =t = BE wenes B — w0 o axE e B g = axE eeee B = KO
3 E L) ) [
ﬁ --+-« B decay background “-E—a-' & decay background = : veees B decay background = F «eeer B decay background
= 44 background = q5 background = _ B & . g% background n i weses G background
@ @ @ DO L
= = = - =
w L w15 il
10 F
5 '__s'.::..h..-‘..i...._____“ ___________________
0 Eeassemarezoyy AL TP T S AP TR,
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 . ]
AE [GeV] AE [GeV]

ACP(BJr — K+7TO) ACP(B+ - 7T+7TO)
= —0.09 £ 0.09 (stat) £ 0.022(syst) = —0.04 + 0.17 (stat) + 0.06(syst)
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B® —» K%7°: branching fraction

[aN]

O 70| Belle Il (preliminary) e Data 2 . Belle I (preliminary) e Data

> X , 35 .

© F f Ldt=62.81f" Totalfit E : f Ldt=62.81f" Totalfit

= : —=-B — K n°+c.c. ™ 30F —=-B — K n°+cec.

‘2 50 F B-decay background o - _ B-decay background

8_ e Continuum background % E Continuum background

@ 40 © 20F

+— - (10 n

© 30 + O

O - o

2 20F S

4 n

O 10 :T ’ - . J
0 : Il L 1 L #I 1 Il Il I 1 I_Igl;l_—z_l/l L I 1 I.\-_J;l 1 | L 1 0 1 1 1 1 Il 1 1 1 Il I\'-I—-I-—l;lgl;J—l L 1 1 1
5.24 5.25 5.26 5.27 5.28 5.29 5.3 . 0.1 0.2 0.3

M, [GeV/c?] AE [GeV]

N(B® — K2m®): 4512
B(B? - K% = [8.51 ] (stat) + 1.2(sysf)] x 107°
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Multibody: branching fractions

Bt > KTK K* Bt > K'n—rmt

> 250 — > 500 —
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[ _ -1 Total fit _ -1 Total fit
v 200 fL dt=62.8fb ° o © 400 fL dt=628f B'> K'mn* +c.C.
o Y meaa B"—- K'K K™ +c.c. o .
o s . S 350 + = Gontinuum background
o [ + e Gontinuum background c TF%, 0. BB background
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r — 1400 —
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- ) 1000 | = Continuum background
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300 F [
i 600 |

200 . 400

100 : 200 F

Candidates per 1.5 MeV/c?
Candidates per 1.5 MeV/c?

O-JLJ n n - . PRI R
5.24 5.28

5.29

. O'JL,LJULJL,L,.l..a"'..|....'".'~....
5.3 5.24 5.25 5.26 5.27 5.28 5.29 5.3

M, [GeV/c?] M., [GeV/c?]

Nsig: 690 + 30 Nsig: 843 + 42
B[107°]: 35.8 + 1.6(staf) £ 1.4(syst) 67.0 + 3.3(stat) + 2.3(syst)
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Instrumental asymmetries

Belle II
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700 — —
Observed charge-dependent signal yields o | e pretmina) ¢ Data
. . - Ldt=62.81fb — -
depend on CP violation but also on charge- b f Eztalin;_ +

dependent instrumental reconstruction
asymmetries (K+/K- ecc) that need be
corrected for CP violation measurements
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and D% K 1rrestricted to charmless-like

kinematics to determine instrumental
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: : 700 f —
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scOF e D— K'n
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. *,
| TR S hsgzozies 4 | 1 .fnlI--h-.l J

0 L i L A P
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e Efficiencies validation

_ o _ _ = 180 F Belle Il (preliminary) . on
Validate the efficiencies by applying the same S el det:ez_B o
selection on data and simulation for abundant S o} 8D DK e 0o
and signal-rich control channels. 5 1208 [\ womons
o 100 |
| 5 ®f
Here, as example the 1% reconstruction S a0F
efficiency. © f
Bas or 005 oo o 0.15
0y _ Yield(B°>D*~[-DO[-sKk*n~nl|n"|nt) B(DO->K*m™) AE [GeV]
e(m’) = Yield(BO-D*~[-D°[-K*n~|n"]n*) B(D'-K+nn®)-B(m'-yy)
S 200 —
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O 180 I_ -1 Total fit
— 160 | f Ldt=6281b -+ B’>D DK 'n % ]x" + c.c.
.. ] < _ o B’ D D =K 7 71K + ce.
Similar strategy adopted for continuum I o5 background
. . - /N Background
suppression and PID selections. § 100 |
g 80
. L 5 60f
Results generally compatible within O(1)% e i
uncertainties, which propagate as systematics. <}
—00.1 5 -0.1 ;0.05 | 0 * 0.05 0.1 0.15
AE [GeV]
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