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Hadronic charmless B decays

B decays without Mediated by

charmed hadrons
ArE

Cabibbo—‘uppressed Loop-suppressed
b—u b—d, b—s

Observed 27 years ago by CLEO and grew to account for 15% of
experimental flavor-physics papers.

® Highly sensitive to new loop contributions.
* Probe non-SM dynamics in each of the three CKM angles.

¢ As a byproduct, multiple tests of approaches to deal with QCD
factorization, SU(3) symmetries etc.

Challenges:
= charmless B decays have branching fractions of order = 10-5;

= final states same as prevailing backgrounds.
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Charmless at Belle 11

Key role:
° . EM Calorimeter -
e Reach ~1.5 precision on 0(/(,02, CSI(E)euYrZYsegZT;ZiT)phng Koand 1 mion detector
® Test of SM using isospin sum rules; Q TR
e Search for local CP asymmetries in B — 3 /; e Perriretivebesy N

e Time dependent CP violation with BY — gng. i

7 i
W \ Partlcle identification

/1

Central Drift Chamber iTOP detector (barrel) ~7m
Complementary to LHCb: 6(50/)C2H6(50/) Smaemgel RICH ()
) O O 0 long lever arm, fast electronics \ .
e Channels with neutralsas BY — n-n"; (racking+PID) ]

[_'.
e Channels with Kg as B - Kgﬂ'o. And many others... 7" I l
Belle Il in 2019-2020:
& collected ~75 fbo-1 of data;
& \World record luminosity by SuperKEKB: 2.4x1034cm-2s"
(with currents lower than at KEKB);
& many physics analyses ongoing.

Today: first measurements of branching fraction, CP asymmetry, and polarization for
a variety of charmless B decays using 35 fb-1 (38M BB pairs).
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Analysis ingredients

Goal: measure &, Ace and fL_of two- and three-body charmless B decays.

Continuum suppression Selection optimization Efficiency measurement

N(passed)
N(generated)

Signal extraction Measurement of

Systematics
1D ﬂt AE = E; — E,, . branching fraction, CP-

Operation e(BY 5 K"K K") ¢(BY = Ktnz')

(5 aS mmetr and Reconstruction 0.780 0.692
lé ; ; 9 Pre-selection 0.749 0.664
e M, and AFE requirements 0.710 0.636
2 ° ° ° ° .

2 l t d l l t PID requirement 0.435 0.507
o

g X O n l u l n a/ p O a/rlZ a l O n 4 CS requirement 0.323 0.290
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Selection

Challenge: reject the dominant background from
light gg pairs (continuum).

Exploit variables sensitive to topological differences.
Using multivariate techniques combine 30+

Kinematic, decay-time, and topology
variables to maximize S/B.

4 p@)~5GeV  p(B)~0.3 GeV
For each channel, we optimize the selection to  ,+.- & .z (s e (u.d.s.eh e - Y(4S) — BB
Isolate low-background signal using simulated
and control-sample data.
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0.3 F — ICHEP 2020: topology + vertex + flavor info
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6 Signal efficiency

CS selection efficiency: 35 - 79%
qq background rejection: 96 - 99%

Background rejection




Two-body: B® - K*n~, B — ntn~

Two tracks in the final state. Probe of tracking and PID.
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Two-body: Bt — K*2°, Bt — n* 2"

Challenge for z0 reconstruction performance. Require good PID.
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Two-body: Bt - K’z*, B® — K'z"

Benchmark performance of Kg reconstruction.
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Three-body:B™ - K" n",BT - K"K K™

Rich Dalitz structure - multitude of peaking backgrounds.
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CP asymmetries in two-body decays

0 4 - > 120 [ Belle !l (preliminary) o Data > 100 [ Bellell (preliminary) e Data
B — K ﬂ g i f Ldt=346fb" R 8 i f Ldt=3461" g
© 00 : © 00 T
S E e gckground o O L B'— n'x+c.c
o I B'— a*m +c.c. o
. 8or SXF o
g8 i 8
A~p = 0.030 = 0.064(stat.) £ 0.008(syst 2 2
CP _— . — . . — . y . Q [ Q
] H . @©
o YOf A o
2 i fo 2
S 20 E : 5 8
] L K o
PDG: Agp = — 0.083 % 0.004 | MRS e Pt S
-015  -01  -0.05 0 0.05 0.1 0.15 ~015 01  -005 0 0.05 0.1 0.15

AE [GeV] AE [GeV]
25

B+ KO + > [ Belle f (preliminary) . Data > 25; Belle Il (preliminary) . Data
E S 71. E,D-, 20 det=34.6 fb! — Total fit (Lg 0 b de,=34_6fb-1 — Total fit
- A B'—> Ko — LYy e B— Kin
g ----- Background g ----- Backngund
_ 15 SXF _ 15F SXF
(0] i [] B
— +0.109 S | g
: s | o
2 5 - 2
PDG. A _ _0017 +0016 S SE Y S G R # S i :
n — . —— . " FPURTRY PO PSP T L ) SR IR LY Aty oty o T " U A | GNP FPT T L AT MR LLT T (A ) PeTSeneeT
CP S5 on —005 0 0.05 0.1 0.15 S5 Soa loos 0 0.05 0.1 0.15
AE [GeV] AE [GeV] )
> F Belte i proliminary) e Dat > * [ Belle i preliminary) o Dat
B+ — [( +7Z.O § 3 det:34.6fb" _T;t;fit+ . § s det=34.6fb" _Tst:'fit_ \
S wf R lew S awf B
by s [/ N e Background oy 25 ----- Background
o s o s
— +0.121 0.0 g 2f g 2f
Acp = 0.0527 5 To(stat.) £0.022(syst.) £ el S
’ E 10 g 10 L S 2 SR
PDG: Acp=0.037%0.021 8 5 R
-03  -02  -01 0 0.1 0.2 03 Z03  -02 -0 0 0.1 0.2 03

AE [GeV] AE [GeV]

+ -|- O o 50 F Belle il (preliminary) e Data o 50 F Belle il (preliminary) e Data
B — ﬂ 72,- g “ 7 f Ldt=34610" ?é‘:’taj')f%”no g “ 7 f Ldt=3461" _E’t%' 1;_”00
% ----- Backgrou]r:d % ----- Backgroﬁnd
+0.249 s H ;7 :
Acp = —0.2687 75 (stat.) £ 0.123(syst.) g 1 g L
- . © 2N © 3 .
° [ i) [ e
C | C |
PDG: Agp = 0.03 +0.04 L A
%3 -(;2 B B ST Ry S YN %3 “"-'(‘).';Hhr“‘-é.1‘ ‘ NT.E‘) e s
\ AE [GeV] AE [GeV] y




CP asymmetries in three-body decays
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B — VP:BT - ¢K*,B" —» ¢K"

Require advanced analysis technigues.

Bt - ¢K™
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B— VV:Bt - ¢K +,B" - K"

Require full angular analysis.

.8 0.9
m(Kn) [GeV/c?

B* — o K**

preliminary

f Ldt=346f"

e data
—— total pdf
— — signal (L+T) pdf
oo+ continuum pdf

338
First reconstruction in Belle |l data!
B [106] 21.7 +4.6(stat.) = 1.9(syst.)

JL 0.58 = 0.23(stat.) = 0.02(syst.)

0.8 0.9
m(Kxn) [GeV/c?]

B® — ¢ K

f Ldt=3461f"

e data
—— total pdf
= = signal (L+T) pdf
+++o++ continuum pdf

48 £ 10

First reconstruction in Belle |l data!
9B [106] 11.0£2.1(stat.) £ 1.1(syst.)

JL 0.57 £ 0.20(stat.) = 0.04(syst.)

PDG PDG
9B [10-6] 10+ 2 A [106]  10.0%0.5
fL 0.50 = 0.05 JL 0.497 £ 0.017
\ J L

14



Summary

¢ First measurements of branching fraction and CP-asymmetries of
charmless B decays with 35 fb-1 of Y(4S) data.

¢ Results are in good agreement with known values, and performance
IS comparable with Belle’s best. It proves good understanding of
detector and tools.
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Belle Il is on track to lead searches of non-SM indications in quark dynamics.
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Belle IT hot charmless summer

B(B’ — K"n7) = [18.9 + 1.4(stat) & 1.0(syst)] x 107,

B(BT — K*7%) = [12.7757(stat) £ 1.1(syst)] x 107°, B(x10-9)
B(BT — K'n") = [21.8 5 (stat) 4+ 2.9(syst)] x 107", SK 59118407
B(B® — K°n°) = [10.9%33(stat) £ 1.6(syst)] x 107, lox 1.1+0420.2
PK*T 21.7+46+£1.9
B(B® — ntr) = [5.6710(stat) + 0.3(syst)] x 105, P 110421 +1.1
Ik 20£06+0.3
B(BT — n7") = [5.7 £ 2.3(stat) & 0.5(syst)] x 107, 1
B _ PK*T 0.58 £0.23 £0.02
B(B+ — K+K K+) = [320 T 2.2(stat.) 1 1.4(SySt)] x 10 6, ¢K*O 0.57 +0.20 + 0.04

B(BT — K n n") = [48.0 + 3.8(stat) + 3.3(syst)] x 107°,
A(B" = K*t77) = 0.030 0 b4 (stat) £ 0.008(syst),

A(BT — K™7%) = 0.0527 115 (stat) & 0.022(syst),
A(BT — K2nt) = —0.0727 171 (stat) £ 0.024(syst), b'f
A(B* — m'7°) = —0.268%7 325 (stat) = 0.123(syst),
ABY = KYK™ K1) = —0.049 4 0.063(stat) =+ 0.022(syst), and

ABT - K n~n") = —0.063 & 0.081(stat) & 0.023(syst).
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Systematic uncertainties

-
1. Tracking efficiency

A lower tracking efficiency in
data wrt. MC.

For each final-state track 0.91 %

2. Kg) reco. efficiency

A small decrease in Kg
reconstruction efficiency.
1 % for each cm of flight length.

~ 12 %

~
3. ¥ reco. efficiency

Data/MC discrepancy.

~ 6 %

4. PID and CS efficiencies

Data/MC discrepancy.
Selection-depending.

~2—4%

5. Number of BB pairs

Uncertainty on cross-section,
Integrated luminosity, potential
beam energy shift.

~ 2.7 %

6. Signal modelling

Data/MC discrepancy for CDC
hits distribution.
Signal model choice.

~ 2 %

7. Background modelling

Background model choice.

k~3%

8. Peaking and BB bkg bias

Modeling of peaking and BB bkg.

~ 0.3 %

9. Instrumental asymmetries

o yot(K ) = — 0.010 = 0.003
o 4ot(K) = — 0.015 + 0.022

The uncertainty on the & et is
considered as systematic.
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Systematic uncertainties

Source BT - ¢K* BT — ¢K** BY— ¢K? B’ ¢K*
Tracking efficiency (M) 2.7 4.6 3.6 3.6
K? reconstruction efficiency (M) — 6.3 10.8 —
Kaon ID efficiency (M) 6.4 1.1 1.0 4.7
Number of BB events (M) 2.7 2.7 2.7 2.7
Modeling of Cyyuy (A) 1.3 1.2 1.0 5.9
BB background yield (A) 0.3 1.2 1.4 2.3
Nonresonant yield (A) 3.1 1.8 4.5 3.2
SXF fraction (A) — 0.6 — 1.0
Total multiplicative 7.5 8.3 11.7 6.5
Total additive 3.4 2.5 4.8 7.1
Total 8.2 8.7 12.7 9.7

Table 4: Summary of the systematic uncertainties (expressed in absolute values) affecting
the measurement of f; in the B — ¢ K* modes.

Source Bt = ¢K** BY — ¢K*
Acceptance function 0.014 0.007
Modeling of C, 0.001 0.035
BB background yield 0.002 0.009
Nonresonant yield 0.006 0.008
SXF fraction 0.001 0.003
Total 0.015 0.038

19



Systematic uncertainties

TABLE IV. Summary of the (fractional) systematic uncertainties of the branching-fraction mea-

surements.

Source K'nm K'7' Kont K°2’ nfn ot KK KT K'nn™
Tracking 1.8% 0.9% 2.7% 1.8% 1.8% 0.9% 2.7% 2.7%
K¢ efficiency - - 125% 11.6% - - - :

7" efficiency - 6.5% - 6.5% - 6.5% - -
PID and continuum-supp. eff. 1.1% 2.6% 0.9% 14% 1.3% 2.7%  2.3% 1.0%
Npg 207 % 2.1% 2.7% 2.0% 2.0% 2.7%  2.7% 2.7%
Signal model 1.1% 23% <01% <0.1% 4.5% 0.5% 0.6% 3.5%
Continuum bkg. model 4.2% 3.1% 1.5% 48% < 0.1% 3.6%  0.3% 5.0%
BB bkg. model 0.4% <01% - - 1.6% 0.4% - 0.2%
Total 5.5% 85% 13.2% 14.6% 5.9% 8.4% 4.4% 7.2%

TABLE V. Summary of (absolute) systematic uncertainties in the Acp measurements.

Source Ktn K'n’ Konm 7tn? KY K- KT Ktn ot
Signal model 0.005 0.001 0.007 0.005  0.001 0.003
Pkg./BB /sxf background model ~ 0.005 -  0.006 0.120 - 0.004
Instrumental asymmetry corrections 0.003 0.022 0.022 - 0.022 0.022

Total 0.008 0.022 0.024 0.121  0.022 0.023




Highlights of Belle 11 charmless program

PEP 2019, 123CO01 (654 pages)
DOI: 10.1093/ptep/ptz106

PN
&
The Belle I1 Physics Book es)
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&P & q S 5 C® e AW

Q (/Oce O\O%eﬂ @‘060(’ %\3% O q%\)‘a Q%%e ?&0‘9’ < Q
B — 70KV Acp, Ikx ok >50 * % % * % * * % % *k
B — pK Acp, Ik, * >50 *k * K % - *k
B — pK* fr *k >50 *k *k - * * %
B— KTK /xmtn~ Br., Acp  »x  >50 * * K * *x ok
B — Knn, KKK Acp Kk >50 *k * * % % *
B, — KK’ Lifetime %  >5 ok kkk - ok
B — p*p° b2 x*x%x  >50 * * % * * *
B — 797! b2 o >50 * % % * % * Ak Ak
B — K} Scp *k >50 * K * * K * - ok
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Towards BSM using isospin

1

A precise sum rule among four B — K7 CP asymmetries

Michael Gronau August 2005

A sum rule relation is proposed for direct CP asymmetries in B — K
decays. Leading terms are identical in the isospin symmetry limit, while
subleading terms are equal in the flavor SU(3) and heavy quark limits. The
sum rule predicts Acp(B° — K%7%) = —0.1740.06 using current asymmetry
measurements for the other three B — Km decays. A violation of the sum
rule would be evidence for New Physics in b — sqq transitions.
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