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. EHFPCP2021
Flavor physics and charmless B decays

Standard Model : O(1000) predictions from eV to TeV with only 20 parameters,

b ”ﬁ:<u

Cabibbo-suppressed b = u trees and b = d, s penguins (B — Km, pp...).

but still incomplete (dark matter, matter-antimatter asymmetry, ...)

Flavor physics: fundamental to test SM and its extensions.

Charmless B decays :
Hadronic decays not mediated by b — c. = low BF (10).

— Highly sensitive to non-SM loops b

— Probe non-SM dynamics in all three CKM angles 55<
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Belle II charmless B program

* Test SM using isospin sum rules (Ix,) : B > Kn

* |nvestigate localized CP asymmetries in Dalitz plot :
B — hhh
* Improve precision on angle a/¢, : B = mm, pp

m2(K*'1) [GeV?/c4]

Relationships between a /¢, and
B — h'hJ decay amplitudes

— Determine a /¢, by

B & Acp of B = mtm, pp

Unique Belle Il capability to study all the decays !

EHFPCP2021

Bt > K*n® BY > K*tn~
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https://arxiv.org/abs/1408.5373

~x®
HFPCP2021
D ete CtOl‘ Electromagnetic Calorimeter
70 reconstruction Central Drift Chamber
Energy resolution : 1.6 - 4% Track efficiency ~ 99%
dE /dx resolution : 5%
pr resolution : 0.4 %

Features :

e Energy-asymmetrice™ e~ collider (/s = 10.58 GeV
= low background environment for analysis

« Advantage in B = hY, invisible analysis

* Highest luminosity (2.8 X 103* cm™ s!) in the world

| PID System
© 90 % kaon eff, 5% pion fake rate

7GeVe™

Vertex Detector
High K2 efficiency
Vertex resolution : 15 um

Target : ="

« Collect more than 50 ab data (5 X 10'° BB pairs)

« 700 BB pairs/second
Currently :

140 fb! data are collected (1.4 X 108 BB pairs)
« ~30 BB pairs/second Detail covered by Minakshi Nayak 4/20
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_ &HFPCP2021
Background suppression

Most of background come from ete™ — qg process e
(CE, dd, ss, uﬂ)

In charmless B decay :
1 signal event in every 0(10°) events

qq (continuum) bckg suppression :
Combine 40 kinematic, decay-time and topological variables

[ ] [ ] [ ] [ ] 1 :
in multivariate techniques. 0o f
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Signal extraction

Perform M. X AE fit to extract signal yields

Beam-constrainted mass (M)

My = \/5/4‘ _pgz

- Signal
Continuum
BB background

5.2 5.22 5.24 5.26 5.28 5.3
My (GeV/c?)

Separate BB events from g background

EHFPCP2021

Energy difference (AE)

AE = B —5/2 Signal

(1 Continuum
B BB background

03 02 01 0 01 02 03

AE (GeV)

Separate signal events
from BB, qq background
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[sospinsumrule:B - Kt~ , K n?, K°=n™

—

Sensitive test for non-SM physics

KOm+ B(KOTL'-I_) Tgo

K+m0 B(K+7TO) TBO

KO0 B(KOT[O) N

M. Gronau

EHFPCP2021

+ A —
CP BK+m—)1p+ CE

— ~ ()
B(K+1~) Tg+ P BK+a)

(Phys. Lett. B 627 (2005)

B » K*r~ | | B> K nt

|_

no.1, 82-88)

BY - K*x9

! : B~ » K~ r® I—
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K2 reconstruction

AE [GeV]

B(B® -» K*m™) = [18.0 + 0.9(staf) + 0.9(sysfH)] x 107°
Acp(B® - K*m™) = —0.16 + 0.05(stat) + 0.01(sys?)

arXiv:2106.03766

B(B* - K*n®) = [11.9%] ) (stat) + 1.6(syst)] x 107°
Acp(BY - K™% = —0.09 4+ 0.09(stat) + 0.03(sys?)

arXiv:2105.04111

B(B* - Kn%) = [21.41%3 (stat) + 1.6(sysH)] x 107
Acp(BT - K°t) = —0.01 + 0.08(stat) + 0.05(syst)
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https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via%3Dihub
https://arxiv.org/abs/2105.04111
https://arxiv.org/abs/2106.03766

_ EHFPCP2021
[sospin sumrule: B - K°r"

major limitation in I, determination
L | ¥

KO0 B(KOT[O) ~ 0
B(K+m~)Tg+ P B(K+m)Tpe —= BK*m™)

: flavor of the B meson

Psig(CI) — (1 +q- (1 _ ZWr) (1 _ ZXd) Acp (K - )) W.. : wrong-tag fraction - Flavor-tagging technique
Xa RO mixing parameter in Belle Il arXiv:2008.02707

Belle Il: unique access to this channel !

0 0
o = Al + afee BT 160 ppeeno BUCT) T

0 0
BY tags B tags
12
‘:I; s | Belle Il (preliminary) . Daia’ﬁnmgs % [ Belle Il (preliminary) . Data,ﬁatags t:l; s | Belle Il (preliminary) e Data, B’ tags % [ Belle Il (preliminary) ¢ Data, B’ tags
] : f Ldt=6281" — Total it 2 o} f Ldt=628M" — Totalfit ) ’ f Ldt=628M" — Totalfit 2 of f Ldt=6281" — Towlft
= ' —-B" = K 3 ' — B = K% b= ' —-F =K% 3 ' —-B =K
‘2 X [ B-decay background o 8l [ B-decay background ‘2 20 [ B-decay background o sk [ B-decay background
3 ----- Continuum background % ) Continuum background 3 At T Continuum background % ) Continuum background
» 15 E o 15 2
o r [} ] r ©
© o2 [} il
T 10f ° T 10F °
© L c he] L c
c o c []
© 5F (@] © 5 o
NI § © CRl. v L
ot .. *.® I TP I ok + ....... U AR AN |\ I ok
524 5.25 5.26 5.27 5.28 529 5.3 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 5 24 5. 25 5.26 5.27 528 529 53 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
M, [GeV/c?] AE [GeV] M, [GeV/c?] AE [GeV]
—
0 00\ — +9 +1.7 - 0 0,0\ — +0.46
N(B° -» K°%) = 45%3 B(B° - K% = [8.5F] 7 (stat) + 1.2(syst)] x 107° Acp(B° - K°t?) = —0.4075%3 (stat) + 0.04(syst)

arXiv:2104.14871

Fit of AE-M,.-q, simultaneously in 7 ranges

. . |
First measurement in Belle Il data! of w,. (output from flavor tagger).
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https://arxiv.org/abs/2104.14871
https://arxiv.org/abs/2008.02707

[sospin sum rule - projected uncertainty

Procedure

&HFPCP2021

« K°7°: Dominant uncertainty from A.p (K°n?). Calculate o1, With Belle Il results

e« K*tn~ ,K*™mY,and K%t : Take world best measurements, and investigate
future projections with Belle Il and LHCb expected luminosities.

0.30

+ sensitivity

K,

1

Iy

0.00

Belle II (Preliminary)

0.25 1

0.20 1

0.15 1

0.10 1

0.05 1

Iy =—0.11£0.13

Belle+BaBar+LHCb+Belle II Winter 2021

—===Projected uncertainty without Belle II

—— Projected uncertainty with Belle II

2021 2022

2026
Year

2030

arXiv:2104.14871

The projected
uncertainty on Ig;

Fundamental role of Belle Il in improvement of precision !
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https://arxiv.org/abs/2104.14871

B — hhh : charm resonance veto

Many
peaking

L BT > Ktmmt

Simulation |

Signal
| Pkg bckg
Other bckgs

m(mm) [GeV/C?]

Vetoes
—

(Studied in simulation)

Bt > K'mrmt
Simulation

Signal
Pkg bckg
Other bckgs

0

03 -0.2 -0.1 0 0.1 0.2 0.3

AE [GeV

Account for survivors
adding fit component
from simulation.

EHFPCP2021
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B — hhh : results

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

EHFPCP2021

AE [GeV]

First reconstruction

AE [GeV]

in Belle Il data!

- | - - - 1 | - | | - - - 1
1 B* > K*K™K* | 1 B> K KK~ | 1 B">K'n n" } l B >Kn'n™ |
> 0 | Belle Il (preliminary) e Data 2 o0 [ Belle Il (preliminary) « Data > [ Belle Hl (preliminary) e Data > oo | B0 W (preliminary) e Data
O MO [La-c2st’ — Total fit O MOF fLat-e2sn’ — Totalfit O ZOF [ g-628m’ - Towlft o [ [Lat=6281" et
8 10l e B KKK S ol s B KKK 3 ; oo B Ko 3 ; B> Ka'x
8 , _ .......... czntinuum background g ; 7 ---------- Co_ntinuum background g 200 g%"ﬂ';z::mﬁikgmund g 200 ﬂ + ggg;z::mﬁikgmund
5 00 | + -.-.- BB background 5 00 -.=:« BB background 5 i Peaking background 5 I Peaking background
o o gf a 150} a 150}
3 3 g 3 ; 3 3
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(‘_%5 S 2 .4 $ A ) 8 Sof 3 soF
-0.15 -0.1 —DO; 0 -P-O.OS 0.1 0.15 -00.15 —(1).1 —OLD; C‘l = 0.55 011 0.15 90.15 —6.1 -0.05 0 ] 0.05 0.1 0.15 90.15 —6.1 —D.Lﬂgl l Ell . 0.(;5 011 0.15
AE [GeV] AE [GeV) AE [GeV] AE [GeV]
0 +. —0 R0 —+.0
B> K'm™m B> K n'm _ _
B(B* » K*K~K™*) = [35.8 + 1.6(stat) + 1.4(syst)] x 107°
+ Y-ty —
> 40 T palle f (prefiminary) e Data > 0 palle Il (prelminary) « Data ACP (B - K"K™K ) = —0.103 £ 0'042(St3t) + 0.0ZO(S_VSZ')
- e — i - — Total fi
g 300 ¢ f Ldt=628f" ... g 3 30 F fL dt=6281" B K
S 300f e SXF 5 8wof e SXF
S - el R - e
T 5 F B(BT - Ktn~nt) = [67.0 + 3.3(stat) + 2.3(syst)] x 107°
200 f
w B 723
S ol o of + -t —
& w 150f - = —
g | g o Acp(BY » K*n~m*) = —0.010 + 0.050(stat) + 0.021(syst)
'g F 'E 100 F
© @ b
6] F O 50f
[ TS O A BT A T L I T [ L R TS et NI P i A T
-025 -02 -0.15 -0.1 -0.05 0 0.05 0.1 0.1% -025 -02 -0.15 -01 -0.05 0 0.05 01 0.15

B(B® » K*n~n°) = [38.1 + 3.5(stat) + 3.9(sysf)] x 1076

Acp(B® - Kt~ n%) = 0.207 4 0.088(stat) + 0.011(sysi)
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Determination ofa/cbz B-on'n,n"nm

Events/(30 MeV)

30 F

25 |

0 EHFPCP2021

B(B® > ntn™) = [5.8 + 0.7(stat) + 0.3(syst)] x 107

Q(stat) + 0.7(sysf)] x 107
Acp(BY - ntn®) = —0.04 4+ 0.17(stat) + 0.06(sys?)

20 |

|
| B satn+cc | _
> [ Bellel (preliminary) * Data arXiv:2106.03766
= 40¢ 1 — Total fit
- [Ldt=6281b
1? 35| f - B> a'm 4 ce.
5 3F A\t A!
Q_ ; -----
wn 25
2 i
@ 20 f
B E
T 15
c + +.0N _ +1
S 1} BB »n"n”) =[5.57;
5 S T S A
o B SSRGS JSFS ANOORIT YU X T
-015  -01  -005 0 0.05 0.1 0.15
AE [GeV]
Benchmarks PID and AE resolution.
| — _
B* - n*n® 1 B~ ->nn°
L Belle Il (preliminary) e Data S L Belle Il (preliminary) e Data
— Total it % 30F — Total fit
i der=62.8fb" ..... B m*a0 F det=62.8fb" ..... B — n®
..... B+ — K";{D 8 25 :— R B-—- K-;r“
----- B decay background = - ----- B decay background
..... qg background .E‘C_? 20 | ‘ } ----« g background
o i
> :
W 15
10f
5 Lerttt I + ‘ 4 # J‘
O:I-nu‘-f'l' ----- rad “J:-,._J-.J.‘.+.I..‘..
~0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE [GeV] AE [GeV]
Probes ¥ reconstruction and PID separation. arXiv:2105.04111
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https://arxiv.org/abs/2105.04111
https://arxiv.org/abs/2106.03766

Determination of a/d,: B - 1

Challenges :

0

Unique to Belle Il

* Low B (107°) and large bckg level
« Two m%s in final state
— major limitation in a /¢, determination

Analysis :

T[O

&HFPCP2021

* Remove fake y in multivariate techniques
* Validate with B » DO[K 7~ %]%° channel
e M,. X AE X T, fit to extract signal

Candidates per 0.002 GeV/c?

50

40

20

N(B® - n°70%) = 14188

30F

10}

—_ Belle Il (preliminary) » Data >
r " — Total fit 0]
: de =62.81b o B° 00 o
r --=- Continuum 8
BB o

................. S

r e o
§ el a
L + . 1]
- 2
]

o

. ©
| -

[

a2EzEEE= 5 O

M, (GeV/c?)

CS CS,i
. min
T, = log
| 0 00 | 1—cs
i BY -» nm I
70: Belle Il fimi e Data é_ .. e Data
605 elle Il (preliminary) —Total fit 905 Belle Il (preliminary) —Total fit
: det: 281" B s 200 3 80F [Lat=628m" B® > 7020
50F ---Continuum S 70F -Continuum
= ; BB ) E BB
40F a 60F
: & 50F
mELTTRE R Q -
] S 40F
20; g 30;-
3
s e, grasserste | Oé- ey s
B3 202 01 0o 041 02 037 170 1 2773
A E (GeV) T,

First reconstruction in Belle Il data!

with 3.4 o

B(B® - n°m%) =[1.09%

0.50
0.41

(stat) + 0.27(syst)] x 107°
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HFPCP2021
Determination of a/d,: B = p*p° .

Unique Belle Il capability to determine a /¢, using B — pp decays

Challenges:
E 0 Belle Il (preliminary)) b i Belle Il (preliminary) “g 70 F Belle i (preliminary)
* Pion-only final state and broad p peak £ of Jroacment | g ) Jroneen $ cof Jroveen
§ 50 N sof 5 zzi
= large bckg 5 © 5o s w
* Spin-0 — spin-1 + spin-1 = angular analysis. . L, 5
6D fit including AE, T, , and p masses to R ) B L}
D s B L R A
extract signal, and helicity angles to measure AE [GeV] mix*x°) [GeVIc’] mix*x) [GeVIc’]
. . . . . . o 250 Belie i (prelminary) :TD:t;”“ ; TUO Belle Il (preliminary) g . Belle Il (preliminary)
fraction f, of decays with longitudinal polarization. | fie-ee Sl | Rl Jeoee 2 ol | [ra-een
N=104+16 £ .l Sl e
3 s 8 e} 3
B = [20.6 + 3.2(stat) + 4.0(sysH)] X 107° , ]
_ +0.049 . . - N
. = 0.936g0041 (5220 £ 0.021(sys0) S ittt g Bl e SR e

20% better precision than Belle on 78 fb! C' oo G R cose
PRL91, 221801 (2003)

First reconstruction in Belle Il data! Surpass early Belle’s performance ! 16/20


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

&HFPCP2021
Summary

Charmless B physics plays an important role in sharpening flavor picture.
Belle Il preparing for a leading role in : a /&5, local CPVs, isospin sum rules.
First/improved measurements of charmless decays in 62.8 fb! of early data.

First Belle Il measurement of B — Km decays completes the ingredients for the isospin sum rule;
B - p*pY analysis surpasses early Belle’s.

All results agree with known values within uncertainties dominated by small sample size.
Performance comparable/better than at Belle demonstrates advanced performance of
detector/analysis tools.
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Determination of A.p(B°

Psig(CI) -

70
60
50
40+
301
201

10+

Fit 7 r-bins simultaneously to get time-integrated A p

B_)KOT’:O Slgf
Simulation 1 rare
Jr ’ —1 Qg
| sigr
{ raref
| {  qar
{
t
. ' . {
4 6
r-bin

K°mY): r-bins

&HFPCP2021

: flavor of the B meson Flavor-tagging technique

(1 +q-(1—2w,) - (1 —2xq) - Acp(K°1®)) w, : wrong-tag fraction in Belle Il arXiv:2008.02707
xq : B® mixing parameter

w,. in each r-bins, studied by B® - D™ ~h* data

r-bin r interval w,
0 0.000 - 0.100 0.4920 =+ 0.0400 £ 0.0090
1 0.100 - 0.250 0.4470 £ 0.0430 £ 0.0046
2 0.250 - 0.500 0.2870 £ 0.0360 £ 0.0014
3 0.500 - 0.625 0.1620 =+ 0.0480 =+ 0.0240
4 0.625 - 0.750 0.1600 =+ 0.0490 + 0.0400

0.750 - 0.875

) |

6 0.875 - 1.000

0.1040 £ 0.0530 £ 0.0080

—0.0020 £ 0.0310 = 0.0012

=1-2w,

(r =0:can't decide the q ;=1 : certain the q)
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https://arxiv.org/abs/2008.02707

&HFPCP2021
T. & cos Oy

cos By :
T = og SS=CSmin H
c =09 — cos the angle between the momentum of
* ¢S : continuum suppression output 't and the flight direction of the p in B rest frame
x10°
- Belle Il (simulation) M 2; g Belle Il (simulation) _,_ gimylation
0.14 F o 2 — Total fi
012 b — signal o o | fl— dt =700 fb" Eg?g:nlafl :ong 4
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0.08 |t ' L 456t -BE bkg
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0.02 | « i
03 ‘ —— . ‘ . O 1:
0 01 02 03 04 05 06 07 08 09 1 08
cS 0.6
0.045 E Belle H (simulation) 0.4
004 b — signal 0.2
0.035;— — background
ol 3% ;
835 3
0_015; L-m—'4>—...l...l,.,|,.,|,.|.|..|...|...
oot E S 708 06 04 02 0 02 04 00 08
0.005 coso .
F ot ‘ P
e e 0 2 e e cos Oy of p*in B — p*p° simulation 20/20



