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y measurements from B* - DK”
o Theoretically pristine B » DK approach

o Access y via interference between B » DK andB » DK~

i
color allowed
B DK ~V_ V.
~A\°

color suppressed
B DK ~V,_, V.,
~A N (p+in)

relative magnitude of suppressed amplitude is rg

_| Asuppressed | - | Vub \%
- *
| Afavoured | | Vcb Vus |

*

cs |

'y x| color supp|=0.1-0.2

relative weak phase is y, relative strong phase is 65

= for Dx: same dependence to y, but different r; ~0.01 (V. >V, V2> V)
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y measurements from B*-» DK™

o Theoretically pristine B-»>DK approach
o Access y via interference between B~ » D°’K and B~ » D°K"

B KT relative weak phase is y
5 w ; relative strong phase is oy
_ I/-\\ 0 — | Asuppressed |
B l'\/'l - l'\/JD rB |Afavoured|
u *
|Vu VCS'
color allowed - color suppressed ~ Wb—vqx[c‘)lor supp)
_ _ * — =0 — * cb ¥ us
B -»D°K ~V_V., B >D"K ~V,V =0.1-0.2
~A\S ~AL (p+in)
B*»DK" s+
D>K'K ,mn xm ...

B*>D'K*, D'»>Dnr’

0
BiéD*Ki, D*QDY DéKS:ﬂ: ) Ksn...
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y measurements from B*-» DK”

- Reconstruct D in final states accessible to both D° and D’

. - - 0
— D =Dp, CP eigenstates as K’'K, n'n, Kgn
GLW method (Gronau-London - Wyler)

— D =D,,,, Doubly-Cabbibo suppressed decays as K=

ADS method (Atwood -Dunietz-Soni)
— Three-body decays as D>K n"'n, K;K'K™

BPGGSZ (Dalitz) method (Bondar -Poluektov - Giri - Grossman - Soffer - Zupan)

o Largest effects due to

— charm mixing } negligible

. . Y .Grossman, A.Soffer, J.Zupan

- Different B decays (DK, D'K, DK')

— different hadronic factors (r, 8;) for each
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Belle 11, a flavour-factory,
a rich physics program...

> We plan to ultimately collect many ab ' of e*e™ collisions at (or close to)
the Y(4S) resonance, so that we have:

— a (Super) B-factory (~1.1 x 10° BB pairs per ab ")

(Belle ~0.7 ab " at Y(49S))

)
2
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energy threshold
for BB production

Y(39)
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(flavour tagging, B-tagging)

o 2 B mesons are created simultaneously

in a L=1 coherent state

| | 1 1
10.34 10.37 10.54 10.58 10.62

Mass (GercZ) . \ - Cf: hadrons
e* -~ < c— had
~_, hadrons

. ° ° ° 0 0 °
For exclusive decays: high efficiency for Kg, n° reconstruction

— a (Super) charm factory (~1.3 x 10’ cc pairs per ab™")

(but also charmonium, X, Y, Z, pentaquarks, tetraquarks, bottomonium...)

(scan data are also crucial here)

— a (Super) t factory (~O.9 x 10° v+t~ pairs per ab_l)

— exploit the clean e e environment to probe the existence of exotic
hadrons, dark photons/Higgs, light Dark Matter particles, ALPs, LLPs ...
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Belle IT run I (2019-2022)

\ /
data taking from March 2019 to June 2022
- despite difficult conditions since March 2020 (Covid, war in Ukraine, energy cost...)
luminosity: 4.7x10**/cm?/s ! >2fb™ ' per day!

June, 2022
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Belle II run I (2019 -2022)

Belle 11

L, =428 fb"
Online luminosity Exp: 7-26 - All rui
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the Y(4S) resonance (rest off resonance, and scan)

Belle II results presented here with 128 fb™', 189 fb™', 362 fb™’,
always adding Belle data sample (BPGGSZ) (GLW) (GLS)
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BPGGSZ study B»D(K h*h )h™ h==X

(Belle/Belle II collaboration)
- Analysis with 711 fb ! Belle data and 128 fb ' Belle Il data >V 211012135, JHEP 03 (2022) 63

. . 0
o Unbinned 2D simultaneous fit of AE versus C' (shown below for Kgnmn)
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BPGGSZ study B>D(K h*h' )h

h==n,6 K
(Belle/Belle II collaborations)

> Analysis with 711 fb™! Belle data and 128 fb™! Belle II data

bin-by-bin asymmetries (N_'=N*')/(N_'+N*') in each Dalitz plot bin i
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[arXiv:2110.12125, JHEP 02 (2022) 63]
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GLW study for B»D(KK)K and D(Kon")K 2220000
CP-even, D»K'K"~, CP-odd, D>K_ «’

Fitting simultaneously the B»Dx and DK samples, where D»Kx, D»KK and Koxn’,
Belle and Belle II samples

Observables (three branching -fraction ratios and six charge asymmetries):

» _ B(B™ — Depe K7 ) + B(B"T — DepiK™)
“P% = B(B= — Dcpan—) + B(BT — Depart) . = BB~ = DepsK™) — B(B* — DepeK™)
== BB~ = DepeK ) + B(BT — DepiK)’

_ B(B™ = Dg K™) +B(BY = Dg,,K™)
T BB~ = Damer) + B(B — Dgayt)

Yields of B® with the D decaying to X (CP+, CP—, flav) expressed as:

Vi (BF = DxK=) =3[l ¥ A(B — DxK)|N(B — Dx7) Rx § (1 — c4).

Yi(B* = DyK=) = 3]l ¥ A(B — DxK)|N(B — Dx7) Rx d 4.
Yp(B* — Dxn=) = 31 A(B — Dxm)] N(B — Dx7) (1 — ry).

Yi (B = Dx7n=) = 3[1 ¥ A(B — Dx7)] N(B — Dx) k.

c is efficiency to identify a kaon (~ 80-85%), k rate for misidentifying a pion (~ 7-8%)

2 - |
_ B(B™ = DeprK™)+B(B*Y = DepeK*) _ Rep Repy =1+ 1R = 2rp cosdp cos @,
- (B(B~ — Dy K—) + B(B+ — Dy, K+))/2 Ry, Acpr = F2rgsindgsingg / Repa.

Rep+
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GLW study for B»D(KK)K and D(K2=")

arXiv:2308.05048
submitted to JHEP

USing Belle (7 11 fb_l) and Belle II ( 189 fb_l ) , (previous measurement with Belle only 250 fb™')
Fitting simultaneously the B»Dx and DK samples, D»Kx and...
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GLW study for B»D(KK)K and D(K¢

arXiv:2308.05048
submitted to JHEP

O)K

Fitting simultaneously the B»Dx and DK samples, D»Kx and...D>KK and K=’
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Using Belle (
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four asymmetries and three branching - fraction ratios

those results alone do not allow for an unambigious
determination of ¢, will be combined with other results
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and Belle II (362 fb™)

i N Dh— _ N.'Dh."'
Al = & _m with h=m. K,

A Dh— ARt

NDh= 4 NDh

NDE= | aDE+
R DK /Dx _ Npm™ + Ny
m = NDn- o NDnt
ND= { ND

ar o™ ar Dot
RDT Ngg" + Ngg
’55;"05 - ;"\‘I-D'IT_ L N.—Dn-'l‘
“T0s “T0Ss

ARK = —0.089 +0.091 +0.011,

ABE = 0.109 +0.133 + 0.013,
ART = 0.018 + 0.026 + 0.009,

Agg = —0.028 £ 0.031 = 0.009,

R /P™ = 0,122 4+ 0.012 + 0.004,
ROsP™ = 0.093 + 0.013 + 0.003,

RET 0 = 1.428 £ 0.057 £ 0.002.



¢,/ y determination with Belle/Belle II (preliminary)

inputs: four different methods, 17 different final states

B decay D decay Method Data set
(Belle + Belle IT)[fb™!]
BT = Dh™ D — K°h—ht BPGGSZ 711 + 128 [JHEP 02/063 (2022)]
B* - Dht D K)rnta® BPGGSZ 711 +0  [JHEP 10178 (2019)]
Bt =+ Dht Do KM\ KKt GLW 711 + 189  [arxiv:2208.05048]
BT — Dh* D— Kt K*tn ' ADS 711+ 0  [PRL 106231803 (2011)]
B* - Dht D KK nt GLS 711 + 362  [arxiv:2306.02940]
B* » D*K+* D — K0r~n*t BPGGSZ 605+0  [paD &1 112002 (2010)
0,0 g0 0
BT 5 D*K™ E__;{fff:_;gsgﬁ’ Ksw, GLW 21040  [PRD 73 051106 (20086)]
——————— —

B°>D™h" decays are not included : minimal impact and introduce
additional external parameters
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Inputs on D decays dynamics: other experiments

rp: amplitude ratio

Op: strong-phase difference
R,=r}

Kp- coherence factor

~ BDK)
“S B(DO7-)

(preliminary)

HFLAV [hflav.web.cern.ch]

Decay Observable Value Source
RAT (3.41£0.02) x 103
AR 191.7 + 3.7)°

D— K+n~ b ( )

r‘ﬁr‘ UGE{JET}

-rf}:r sin{ﬁ}[f”}

U.0562 = 00081

BESIII 'U - - ) '-: :'.F '.: 3
_0.011 £0.012 [EPJC 82, 1009 (2022)]
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Results: 1 D scans (preliminary )

60 input observables and 16 auxiliary D-decay inputs
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p-value (PLUGIN): 75% combining inputs from B*>D“h" decays: ¢, = (78.6 + 7.3)
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Parameters $3(°) "B 05" (%) "B 05" (°) "B o~ (°)
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Best fit value 78.6 0.117 138.4 0.0165 347.0 0.234 341
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Summary

Belle II has now on tape a sample equivalent to that of BaBar, half of Belle

Allow to refine our tools, improve our analyses, understanding our detector
BPGGSZ, GLW, GLS results with Belle + Belle II are recently obtained

first Belle + Belle IT combination: ¢, = (78.6 + 7.3)°, consistent with WA within 20
(05=(66.273%))
Currently preparing the detector and the machine to ramp-up at full speed

Will resume data-taking next Winter, on our way to the 10”cm s~ ' world
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Arrows indicate the operation periods.
* | Target first day of MR beam operation: Dec 11 (driven by Belle I1)
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GLS relations
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few words on y determination

» Toy study with WA values of the hadronic parameters: uncertainty on ¢; is 12°

* Repeat it and replace one parameter at a time with our fitted value:

> Some contribution from rgK as well :
- Our r_,?K is 1.56 larger than WA
- Uncertainty on ¢h; o 1/rp%

— (Consistent with our nominal results

Parameters Precision on $3 ()
WA values 12
+ourfitted gL~ 105
+ourfited 65X 10.0
+ourfitted 75" 9.5
+ourfitted 65" 8.1
+ourfited @3 7.1
Parameters Our value WA Difference (o)
#3() 78.61’?:2 66.21’%;2 16
357 () 1384781 | 1280138 11
rPk 0.117 +0.012 |0.0996 = 0.0026 15
557(°) 347.0t87 | 294.0%7, 38
!'BDE 0.016 £0.005 |0.0049 £ 0.0005 22

 p-value of the comparison: 0.07% (globally 4.25¢ away)

» Results are 46 away from WA

rg”/rgx ~ 1/20

Ourresults: ~ 1/7



Impact from D=x

» Start with the most sensitive :
channel: Kohh (BPGGSZ) Parameters Belle(ll) (10-2) LHCb (10-3) Difference (o)
S xDK ~1128+3.15 | —9.30+0.98 0.60
» Compare with LHCb values: yPK —455+420 | —1.25+123 0.75
20 away xPK 9.24 +3.27 5.68 £0.96 1.05
« Perform a test: replace yPk 10.00 + 4.20 6.55+ 1.14 0.79
&-parameters with LHCb central X —11.09+475 | —547+1.99 110
values (not the uncertainties) 3D 790 £5.42 071 %233 e
and repeat the fit s
. | [
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R
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63 ﬂ:( ) 3348t43 294.0_1 1.0 1.68 :i I_2:— Dh" & DK (Probs) B
1]
ré)“ 0.007 £ 0.005 |0.0049 % 0.0005 0.42 03]
0.6} 0.0070° 50
- p-value of the comparison: 31% (1.206) 03 64w E
0.21 i
. - 95.4‘3? : ) .
Better agreement with WA T ——
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Impact from D=x

« Expected value of rf” = 0.0053 £ 0.0007 [Phys. Rev. D 94, 054021 (2016)]

« Extra Gaussian constraint on rf” to its expected value — p-value for this fit is 63.4%

Parameters Our value WA leftz:)ance
-~ 3.4
() 80.4+7.38 66.275¢ 1.66
DK (o : +3.8
og () 136.0£7.9 128.07;, 0.91
rPk 0.120£0.012 |0.0996 +0.0026| 166
5§H(o) 342.6 £ 21 2940+?1?{} 207
Dn
"B 0.0055 £ 0.0007 |0.0049 + 0.0005| 070

Better agreement with WA



Long-shutdown (L.S1) activity and plans
Belle II stopped taking data in Summer 2022 for a long shutdown

— accelerator improvements: injection, non-linear collimators, monitoring...
— additional shielding and increased resilience against beam bckg

PXD2 at KEK since March

R

— replacement of beam-pipe

— installation of 2-layered pixel vertex detector

— replacement of photomultipliers of the central PID
detector (TOP)

— completed transition to new DAQ boards (PClIe40)

— work on other detectors as CDC, KLM...

— improved data-quality monitoring and alarm system

- .;\‘ = >

- VXD extraction in May




Belle I1 calendar

10 : 60

- = peak(Target) ‘ 100 BaBar
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0 - :
2019 2024 2029 2034

run 1 (- June 2022): integrated luminosity ~0.43 ab ', 4-5x10/cm’/s
PXD complete (2 layers) to be installed during LS1 (2022-2023)
(+beampipe + TOP PMTs)

run 2 (- 2027): integrated luminosity 5-10 ab ', 2x10™/cm’/s

2027 : collider upgrade (QCS+ RF) - installation upgraded detector
run 3 (= 2035): 50 ab™’
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