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The Belle |l detector

-

« SuperKEKB: asymmetric e"e* collisions at EM Calorimeter (ECL)
10.58 GeV (Y(4.S)) Energy resolution: 4%-1.6%

—~

BB ~
BB PAITS i low-background environment -

e aimat 700
/// . ./‘

_ ’ 'h
e 362fb~! (387 x 10° BB pairs) on-resonance data

Particle identification
collected Central Drif Chamber 90%, fake 7 rate 5%
Spatial resolution: 100 gm \

dE/dx resolution: 5% =
pr resolution: 0.4%

« record peak luminosity: 4.7 x 1034cm=2s71
~7.5m

opens window to final states including multiple neutrinos and ©° /photons
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Hadronic B decays

b - u,ctreesand b — d, s loops

Probe the SM:

e over-constrain CKM triangle
@,: via time-dependent analysis of e.g. K27° b
@, viaisospin analysisof B - pp , B - it
®;: via B —» Dh, B - D*K

e viaisospin sum rules
b N\/y}ﬁ d,s

Belle Il advantages:
> clean environment

> excellent neutral reconstruction

u,Cc

Today:

- observation of new B - D®WKKY modes
* &5 measurements with two methods

« towards &, with B — pp, mm decays

 Kmisospin sum rule
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Analysis Workflow

1. Reconstruction  AE=Ef B, ) Siona
. . . . - ontinuum
« combine final state particle candidates in kinematic fits to form B : Bl B3 background
candidates |

2. Selection
» optimize event-shape multivariate classifier + particle ID criteria

03 02 01 0 01 02 03

\ _ AE (GeV)
3. MOdeIllng + Fit qg events BB events _ - :
. . . L. M. = I L
« extract models from simulation (+calibrate on data) =V ™
. . . [ Signal
« fit to data to extract physics quantities . Continuum
:_ BB background

4. Systematic uncertainties
* toy studies + control modes

Challenges: small BR, high backgrounds, neutrals 52 522 524 52 528 53
M, . (GeV/c?)
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B - DWK~K? decays



B - DMWK~KQ decays

B —» D®WK~KY make up a few % of hadronic BR, but only small fraction

of it is measured

serves as input for simulation and tagging techniques
Improving our knowledge will improve other analyses

search for possible intermediate states B » DX~ [K~K?]
» Fit AE to obtain ‘background’ free invariant mass distributions

arxiv:2305.01321

B(B~ — DK~ K2)
B(B' - DT K~ KY)
B(B~ — DK KY2)
B(B' - D**K~K2)

=(1.89 £ 0.16 = 0.10
(0.85 £ 0.11 & 0.05
(1.57 £0.27 £ 0.12
(0.96 £ 0.18 & 0.06

first observation
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_ i 3 —
4 N I !
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_ © 40 [
)x 1074 B T} » : X 25} 10§
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https://arxiv.org/abs/2305.01321

Measurement of @,



The CKM angle &,

« weak phase between b - cand b — u tree —
transitions

arXiv:1308.5663

V!:us U _
* negligible theoretical uncertainty [0(1077)] favored H‘/§S<K
C

« current experimental world average

®;[°] = 65.9732 HFLAV

possibly sensitive to NP
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Aseerr(B= — DK~

B-— D' K- B — D K-

B~| |

b
A 7
B~ Ve DY
s . - suppressed

can be compared to other measurements,

Different methods to extract &3 depending on D decay mode:
> Cabibbo-suppressed decays, e.g. KSK™nt (GLS)

> CP eigenstates, e.g. K*K—, Kin® (GLW)

> self-conjugated multibody decays, e.g. KSh*h~ (BPGGSZ)

'L((SB —(I);;)

[f]
/ )
DO K~ Afavor (B~ — DK )

= rge
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https://arxiv.org/abs/1308.5663
https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/

d,via Cabibbo-suppressed modes

B* —» DK*, Dnt with D -» K2K*nt (SS: same-sign, OS: opposite-sign)

. 10'_ Belle II SS B__) DK_
« measure 4 A-p and 3 BR ratios S IS
> in full D phase space g 8 preliminary
» InD — K*K region (large strong phase difference) °© 4L B _><< B - Dm
in K*K region % A N /
ph _ NR = N ABE =0.055£01194£0020, | @ l 1 [T
m T — :
N+ NP ABE = 0.231 +0.184 + 0.014, N:un e ) VMt
NvDEK— . Ay DK+ D 015 —0.1 005 0 005 01 015
RDK /D7 _ ND s NP A ALT = 0.046 £ 0.029 + 0.016, A E (GeV)
Np© + N7 ABT = 0.009 £ 0.046 + 0.009, o Berte P
A D™ At Dt DK/DW: E J.Ldt=362 fb
I NR* 4 NB= Req 0.093 + 0.012 + 0.005, E 8E * oreliminary
WOSTNBET + NETT ROK/P™ = 0.10340.020+0.006, | o f
D —~ :
arxiv:2306.02940 t l
2
in agreement with LHCb determinations, but less precise T T M =N TN L L
contributes to ®; determination with other Belle and Belle Il results 815072005 0 005 01 015

A E (GeV)
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https://arxiv.org/abs/2306.02940

d,via CP eigenstates

B* - DK%, Dn* with D - K*K~ (CP-even) or D - Kn® (CP-odd)
unique to Belle(ll)

measure 2 A-p and 2 BR ratios

B(B_ — DC’P:N:K_) + B(B+ — DCP:EK+) B(B_ — DCP:I:K_) - B(B+ — DCP:I:K+)

ROPE = BB~ S Dawk—) + BB+ = Damek+))/2 Acpz = B(B~ = Depy K™) + B(BT = DepoKT)
Repy = 1.164 = 0.081 £ 0.036,
Repo = 1.151 £0.074 £ 0.019, ,
arxiv:2308.05048
Acpr = (125 £ 5.8+ 1.4)%,
Acp_ = (—16.7£5.7£0.6)%
3.50 evidence for Acpy # Acp_
In agreement with world average
contributes to ®; determination with other Belle and Belle Il results
August 22" 2023 EPS23 - Markus Reif
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https://arxiv.org/abs/2308.05048

Towards &,



The CKM angle @,

0.7 T T T | T T T ! T T T | T T T T T T T T T T T T T T T

» least known angle of the CKM

0.6 ;2 ¢3 AmdAmd& Ams €k Spring 21 _§
- current experimental world average 05 [y sin2, N
®,[°] = 85.2138 HFLAV 04 -3 Ty E
1= C 3 -
03 — o, -
* sin(2®,)~ TDCPV b — uud transitions ., 4 Y2 =
(if only tree contributions) 2 [ Vi | E
0.1 — \ ==
- 0 9, 9, d
. . . . = 2 el . Al e e AR -
- loop contributions introduce shift a2 00 02 04 05 03 0
p
« tree and loop contributions can be disentangled
exploiting B — mm, pp isospin relations =
P g PP P 3 ViaVip
P, = arg(— )
ud¥ub

need to measure BR and A.p of all B » ntrn~,ntn?, n°7° modes
- p*p~,p*p°, p°p°
unique to Belle Il
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https://hflav-eos.web.cern.ch/hflav-eos/triangle/latest/

B — 1 results

. 0 0.0
First measurement of B® - n%n% at Belle Il ,,_ B” > n'm
« unique channel to Belle I 352-??;?189%1 spaa
. . 30F - ) .BY s 7070
* 4 photons in final state 25 E e

« large background

B(B® = 7% =

(1.38 £0.27 £ 0.22) x 107°
Acp(BY = 7%7%) = 0.14 4 0.46 £ 0.07

Events per 0.021 GeV

« same BR precision as Belle with 1/3 of

0 +
B ->n'm

800 Fpalte (Preliminary) - B%smtn +c.c.
S [ [Ldt=362fb? mm B°-K*nm +c.c
v 600 | W Background
= I
o
S I
- 400
= |
c
8 200

0 F

= 25F
o -25F

~0.10 -0.05 _ 0.00
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0.05 0.10 015 0.20
AE [GeV]

Cand. /10 MeV

Pull

Pull

Events per 0.021 GeV

=

B - n'n 189/% 1

E Belle Il «Data
_[L dt = 189.9 fb™ —Total fit
3 B — 7°x°

«.Continuum

Bt - ntn?®
250 F
I Belle 11 (Preliminary) ——— B*=antn+c.C
ZOOZIL dt =362 fb~! B B oK’ +c.c 6
i_ B BB background B(B — 7T T ) = (5 83 +0.22 £+ 0. 17) x 10
150:_ B Continuum background + 0 6
: B(B* — 77") =5.10 + 0.29 + 0.27 x 10
100 Acp(BT = 777%) = —0.081 £ 0.054 £ 0.008
50
) « compatible with world averages
22 e e —-ne—- + worlds best BR(B® - 1)
-0.3 —(I).2 —(I).l 0‘.0 011 0i2 0.3
AE [GeV]
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https://arxiv.org/abs/2303.08354
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112009

B — pp results
4 final state particles, including 7"

* non-negligible contribution from peaking backgrounds
* need to perform angular analysis to disentangle longitudinal from transversal polarization

0 + -
B - p™p Bt - ptp°
gp Belle 1l (Preliminary) R 120 {Belle I (Preliminary) > 160 Belle T [praiminary) el
—_— f}_dt =189 fb71 ___. Self crossfeed 1001 If_dt =189 fb_l = 140 -[Ldtz 189.25 fb"' GLJ r Ldt=189.251"
> - Tranoverse signa 2 ob ~ Data 8 3sof
9 601 e St coeseed S 80 5 f = Slorationg 8 300
— qd o \ 2 q100f — Signal trans © 5
o & ol = 2 i * * s Self x-feed T o50f
© eakin v 60 Y6 = 80F mm BB bkg b s
- 40+ Eacll:gr%unds -g :8 [ :gj fg:n % 200
§ $ O Data E -(% 60 _ _g:mainuum © 150
£ 201 O 40 |m u 100
e, 5
0+ » _____ F
5 L ee—— )
= - &’2 S e b EI)L‘) 4 =
S op S 53§ ey i 23 0t
~0.15 —0.10 —0.05 0.00 0.05 0.10 0.15 ~1.0 -0.5 0.0 0.5 ZT 015 01 -005 0 005 01 015 R N wr v R R VRS
AE [GeV] cosB, + AE [GeV] cos.
- — 0 2.2 —6
B(B® — pTp™) = [2.6740.28 (stat) 4 0.28 (syst)] x 1077, B(BT — pTp’) = [23.27 57(stat) & 2.7(syst)] x 107°,
— 0.035
fL 0.956 + 0.035 (Stat) + 0.033 (Syst) fL — 09431‘ O‘Ogg(stat) + 0027(Syst),
arxiv:2208.03554 Acp = —0.069 £ 0.068(stat) =+ 0.060(syst)
arXiv:2206.12362

extension to full sample promising
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https://arxiv.org/abs/2206.12362
https://arxiv.org/abs/2208.03554

Km 1sospin sum rule



Km isospin sum rule

Br(K°mt) 7po
Br(KTm~) T+

Br(K*7%) 7p0
Br(K+rm—) g+

Br(K°#)
— 2A ~ ()
A Br(K+m—)

Ikn = Ag+n- + Agog+ — 2AK+70

« direct and precise method to test SM in hadronic B decays
« SM prediction: 0 within 1% precision (Phys. Lett. B627 (2005) 82-88)
« provides stringent null test of SM
- Belle Il measures all modes in coherent way with unique access to B® - K2r° (limits I, %
B - K*m~ B* - K*n?* B* — Km* B® — K{m®
1750 [ Belle 11 (Preliminary) - BYsK*nm +c.c. 400 - Belle 1I (Preliminary) ---- B*>K*n’+c.c. 1000 [ Belle Il (Preliminary) ---- B*oK* +c.c. 120 [ Belle Il (Preliminary) ---- K2n° signal

> 1500 £ [} dt =362 fb~" ; g:c—»kmnwc.c. > [Ldt=362fb™? ] B:—»rr*n°+c.c. - JL dt =362 fb~! KK cc. ~ 100 [Ldt=362 b1 w55 background
2 1250 ground %’ 300 = ig:;?::f:::gkgmund g 800 - B BB background % Continuum background
S
R s e —— ] R L B a Ll E_ijglr—r!—.-r-u.—m-.—-ﬂ-.u.‘—q E

o T 0 AEO[IgSeV] v e e AE Ejgev] o o2 o3 -03 02 -01 0.0 0.1 02 0.3 03 Y 01 0.0 0.1 0.2 0.3
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https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via=ihub

Km i1sospin sum rule

B > K*tm~ BT - K*r®
B(B® - Ktr™) = (20.67 £0.37 £0.62) x 107° B(B* — K*7°) = (13.93 4 0.38 £ 0.71) x 10~°
Aep(B® = KT17) = —0.072 £ 0.019 = 0.007 Acp(BY — K*'7% = 0.013 £ 0.027 £ 0.005
B* —» Kdm* B° - Kdn"
B(BT — K2r") = (24.37 £0.71 £ 0.86) x 107° B(B® — K% = (10.40 £ 0.66 & 0.60) x 10~°
Acp(BT — Kgr) = 0.046 £ 0.029 £ 0.007 Acp(B® — K%7%) = —0.06 + 0.15 =+ 0.05

competitive with world averages, BRs limited by systematics (7°, f +=/00)

B° —» K21® combined with time-dependent analysis (arXiv:2206.07453)
> world’s best Aqp(Kdm?) = —0.01 + 0.12 + 0.05

Iy = —0.03 £ 0.13 £ 0.05| (world average: I, = 0.13 + 0.11)
competitive with world average with 362fb~1
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https://arxiv.org/abs/2206.07453

Summary

« Hadronic B decays offer a large and diverse physics program
» Enable improvement of descriptions in generic B simulations

» Constrain unitarity of the weak interactions of quarks through measurements of @,, ®,, @5

» Offer sensitive SM tests based on flavor symmetries (e.g., isospin sum rules)

« Belle Il has unique / competitive reach owing to its efficient performance in reconstruction of neutral
particles

« Today shown contributions to the determination of @5, world leading results on isospin sum rules and
promising progress toward determination of &,

« Shutdown since July 2022 to replace pixel detector, restart in December

Thank you
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d,via Cabibbo-suppressed modes

B* —» DK*, Dnt with D -» K2K*nt (SS: same-sign, OS: opposite-sign)

* 29/ ~pfor DK (Dr):

ofPK = NSE_N&
53 Nig+ N
Qf‘DK _ N(;S_N(-I)-S

OS = Ar_
Nps + Njg

* 3ratios:

— +

FDKIDr — Ngs + Nss

SS = Ar— ,

- +
%DKfD — NOS+NOS

0os = - (
Nos + N

'— +

Fhr — Ngg+ Ngg

SS/0S8 N55 + NS-S

August 22" 2023

Physics meanings

DK
ST T rgry + 2rgrpkcos(dg — Op)cos ¢
DK _ 2rgrpk Sin(Sg + 8p)sin ¢y
B 14 rg 4 1p + 2rgrpKcos(8g + 5p)cos ¢y
pORIDS _ 1 + rgry + 2rgrpk cos(8z — 6,)COS ¢,
S5 T 1 4 12} 4 2rgrpk cos(8p — 8p)cos ¢
DK _ 13 + 15 + 2rgrpk cos(Sg + 8p)cos ¢y
os =

rg + rj + 2rgrpk cos(8g + p)cos ¢y

) ' ’

rg + rj + 2rgrpk cos(dgz + 8p)cos ¢h;
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d,via CP eigenstates

B* - DK%, Dn* with D - K*K~ (CP-even) or D - Kn® (CP-odd)
unique to Belle(ll)

F(B_ — DCPiK_) — F(B+ —r DCPiK+) _ 4 ?‘B Slll 535£n¢2
(B~ - DcpoK-) + [(B* = Dep Kt) 1+ 1} £ 2rgcos deltag cos ¢’

CP+ —

BB~ — DppK™) + BB — DepK™)  Reps

‘@CP“‘ = : ~ ) with
- @(B_ — Dﬂal-'K_) + %(B+ — foaL’K+) Rﬂm’

_ BB~ — DyK )+ B* — DyK")
" BB~ — Dyn) + B+ — Dyrt)

N {,%Cpi = 1+ rj = 2 cos 55 cos ¢,

X

] , assuming CP conservation in B* — Da™
A cpr = T 2rgsin 3/ Rp,

* Channels:
* Signal: B — D( — KK, K{n")K
* Ry, control channel: B — D( — Kn)K

* Ry control channel: B — D=z
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d,via CP eigenstates

B* - DK%, Dn* with D - K*K~ (CP-even) or D - Kn® (CP-odd)
unique to Belle(ll)

1 1
0.9 _ Belle + Belle II 09F Belle + Belle Il
RC’ — 1.164 + 0.081 + 0.036 0.8F ILdt:(711+189)fbl 0.8 3 J-Ldt=(711 +189) b
P+ — = ' s 07F 071
i 06 i 06}
2.20 above world average ~ © o5¢ O 05
> large 75 o S ) Toabesawer L
» stringent constraint @4 0.2k 0.2k
oy _ _ _ /o . 01p) \osawcL | \ /| |
O..__r-_w ........ L YA | el A N ] [
O 01 02 03 04 05 06 %0 20 40 60 8% [1 ]oo 120 140 160 180
s 3 °
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