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New physics search based on collider

* New physics (NP) beyond the Standard Model
* What made the matter-antimatter asymmetry of the Universe?
* What is dark matter?

Energy frontier : direct search
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e Indirect search for NP in quantum effect RO : r B0
e Sensitivity of NP detection up to 200 TeV for loop diagram AP S SEPR:
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(depending on the NP coupling constant) arXiv:1309.2293 I ,



https://arxiv.org/abs/1309.2293

Luminosity frontier: SuperKEKB

* Asymmetric e*+e- collider Beam current: KEKB x ~1.5
e ete-— Y(4S) -BB Y
/ o, I R
> very clean and well-known initial state L=21s (1+—2)—=22 (L)
2er, o, @ R,

e- 7 GeV Belle || detector
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Beam squeeze: KEKB / ~20

Nano beam scheme

Belle 11

Positron dumping ling
low emittance position

5, Positron source target [grget: L = 60 x 1034 cm—=2 s-1
' Achieved : 4.7 x 1034 cm-2 s-1 (Record)
e Data at Y(49S):

e 362 fb-1 (Belle ll) <-> 711 fb-1 (Belle)3

Low emittance
electron gun



The Belle Il detector

=

Vertex detector (VXD) =
Inner 2 layers: pixel detector (PXD)
Outer 4 layers: strip sensor (SVD)

article Identification
. Barrel: Time-Of-Propagation counters

(TOP)
Forward: Aerogel RICH (ARICH)

e- (7Ge|0

Central Drift Chamber (CDC)
He (50%), C2oHes (50%), small
cells, long lever arm

K./u detector (KLM)
Outer barrel: Resistive Plate Counter
(RPC)
Endcap/inner barrel: Scintillator

ElectroMagnetic Calorimeter (ECL)
Csl(Tl) + waveform sampling

e Features:
 Near-hermetic detector
e \Vertexing and tracking: o vertex ~ 15um, CDC spatial res. 100pum o(P7)/Pr ~ 0.4%
e Good at measuring neutrals, 9, y, K.... o(E)/E ~ 2-4%



Belle Il physics program
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https://arxiv.org/pdf/2207.06307.pdf

CKM matrix and unitarity triangle (UT)

WV V. v, [ 1=27)2 A AV (p~in)
V=1 B8 ¥ |- A -2 42 |+0(2Y)
Ju K W) \ ALV (1-pHin) -4V 1

o Complex phase cause CP violation

VTV = 1 (b column)i(d column) = V;;V;d V;V;d VzZth =0
A1 A4 1A

* A triangle on the complex plane
2
* Normalization by 5 = p(1 — %)

)\2

77:77(1—7)

» Search NP in mixing (tree, loop)
by precise measurement of UT
 Comprehensive test
* Measure all sides and angles ¢




UT angle measurements
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Time dependent CPV

TDCPV measurement: . Bo Interference _ fop
* Precise measurement of At B % % % \ /v
~ Mlxmg
B flavor tagger d ——> <
[
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AC’P — (—O( ) — fCP) ( ( ) fCP) — SSIH(Amt) —4 CCOS(Amt) 7000 | Belle Il simulation
(B (t) — fcp) +T(BO(t) — fcp) Cen om0} B
S : indirect CPV parameter ‘;5000" —
C : direct CP violation parameter o | GN::I base1d81;|/avzr t:lgg?r
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Belle: fy=0.43, Az ~200um
Belle Il: By=0.29, Az ~130um

EPJC 82 (2022) 83

dilution factor rriat = 1-2w
w: wrong tagging fraction

Effective flavor tagging efficiency:
* Belle Il : (37.40 = 0.45 = 0.41 )%
Belle :(30.1+0.4)% 8


https://link.springer.com/article/10.1140/epjc/s10052-022-10180-9

Measurement of sin(2¢;)
b—c : tree diagram dominated golden modes BY—J/PK;sO, BO—=(h(2S)K:O...

e [heoretical and experimental precise channel

€_|At|TBO

P(At,q) =

47’30

C=-
S . indirect CPV parameter, ~sin(2¢;)
C : direct CP violation parameter, ~0 in SM for BO—=J/(pKsO

sin(2¢;) =~ S = 0.724 £ 0.035 (stat.) = 0.014 (syst.)

C = 0.035 £0.026 (stat.) = 0.012 (syst.)
HFLAV: $ =0.695 = 0.019

C =0.000 £0.020
LHCb: §=0.716 £ 0.015

C=0.012x+0.012 arXiv:2309.09/28

b
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B’ 7%
(1 + (1 — 2w)q|Ssin(AmAt) — C'cos(AmAt)|)
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https://arxiv.org/abs/2309.09728

¢> measurement (B— )

® 9, least known angle of UT, precision~4.5° determined §f< o+ -
W d
from an isospin analysis h —¢——— 7 b — Yfl\/\fzv «—d g+
* Measure Acp and branching fractions of all B—=rmt B’ T B \Vg“{ u -
(rT+T-, o, r1oro), a > d d > d
* $, determination based on B— it limited by B— om0 o 1 A 26 (o oA
PRL 65(1991) 3381 F=1\1—As"sin(2¢2 + Aqbz)
T I B+—p+ro| arXiv:2310.06381 'Interference between
@) 1.2__ B—pp B—nn Fﬂmi t d _
| - | |B* (o) Combination PDG 2021 |- 220 ' Belle Il (Preliminary) ---- Bt->n'n’+c.c. \ ree an penQUIn
— 1+ | . T — EfL dt =362 fb~? Bl BT ->K™n®+c.c
B %J 2002_ B BB background
08F CZD 150 & Continuum background
= BOo— rorr®| PRD107 (2023) 112009
0.6 1 T 1004 40 Belle I
| 1 S e Data
< 1 8 > 35
0.4F 4 7 8 30 JL dt=189.9 fb" :ggti f'jtz%o
02 — = 2_2 § 25 Continuum
E ) 5 _25F ? 20 BB
O | | \ S BaPaas A -0.3 )
0 50 100 150 ‘% 15
o [°] E’ 10
BO— 111 B+— rr+r10 BO— rrOrr0 B g
Bx 106 5.83+0.22+0.17 510+029+0.32 1.38+0.27 +0.22 -03 02  -01 0 0.1 0.2
Acp _0.081 + 0.54 + 0.008 | 0.14 + 0.46 + 0.07 AE [GeV] .
Acp(PDG) 0.03 + 0.04 0.33 + 0.22



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.112009
https://arxiv.org/abs/2310.06381
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.3381
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.65.3381
http://www.apple.com

Pull

Entries / 0.01 [GeV/c?]

¢>, measurement (B—pp)

B—pp isospin analysis and B—p(rrrr)rr Dalitz analysis of 3 body decays
Unigue measurement at Belle |l

BO —0+P-

arXiv:2208.03554

()]
o

1 Belle Il (Preliminary)
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Bx 106

20./ £+ 2.8 £+ 2.8

23.2t22.01 + 2./

-0.069 + 0.069 + 0.060

Belle results

Acr(PDG)

-0.05 £ 0.05

arXiv:2206.12362

{ Belle Il (Preliminary) N& 120 |- Belle Il (preliminary) N& 140 i Belle Il (preliminary)
det = 189 fb~! % ! det=189.25 b > 120} det=189.25 fb’
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 Compatible with PDG value
* Performance superior to early

e Ap>~2.5° with 10 ab-1 data
arXiv:2207.06307
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https://arxiv.org/pdf/2207.06307.pdf
https://arxiv.org/pdf/2208.03554.pdf
https://arxiv.org/pdf/2206.12362.pdf

Vo, |Vus| measurement through
semi-leptonic B decays
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Status of |Vep| and |Vup|

Side Observable Dominant uncertainties
Br(B—D®|v)

\Ven| | Brib—clv) Br(B—Xv) |Exclusive: Lattice QCD
BrB—11/ol Inclusive: experiment vs.
r rt/plv

WVus| | Brib—uiv) PV) Iphenomenology
Br(B— Xulv)

o |Vus| and |Veb| determinations based on
iInclusive and exclusive measurements differ by
~30

— 48—
S 46F
'724445
Z 42F
4E
38E
36F

 Experimental focus is on understanding this
discrepancy, as it limits the power of precision
flavor physics

34E
32F
3E
2.8F

I 1 1
Exclusive IVcbI

Exclusive IVubI

IV V]

HFLAYV Average

sz = 1.0 contours

Inclusive
IV .I: GGOU

IV, global fit

‘ 2021 \ -

P(x?) = 8.9%

36 38 40 42 44
V10

]
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Measurement of B—D*lv for |V

d*T

dwdcost;dcosty dy

* Form factor parameterisations,

BGL and CLN

D*
< ‘ » v w=1 = Jeeeeebe
B
V +— ®&—D* W=15

* Determination rely heavily on

zero recoll w =

1

* LQCD used only for normalisation
at zero recoll (w=1)

F(1)

= 0.906 = 0.013

dri/dw [x1071°> GeV]

Veb|on = (40.13 + 0.47 + 0.93 + 0.58) x 10-3
Ves|BaL = (40.57 + 0.31 + 0.95 + 0.58) x 10-3

arXiv:2310.01170 Accepted by PRD

« BGL: Boyd, Grinstein, Lebed, PRD56(1997)6895
e CLN: Caprini, Lellouch, Neubert, Nucl. Phys. B530(1998) 153

dlr/dcos By [x10715 GeV]
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https://arxiv.org/pdf/2310.01170.pdf

IVes| and |Vus| status from Belle |

~—

B | 1 | | | | I | | | | | 1 | | 1 I 1 1 1 |; 1 T 1 | | ] | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I I I I :I I I I 1 1 1 |
| VCbl = Belle Il Preliminary ; E * Belle Il Preliminary ; : | Vubl
- 0 -_ E ] | i

Untagged B —D*"['V . | - N
o be submitted to s.Rev. : i = —() ——
e el ; - . Untagged B —=xatl'V .
Tagged B —=D**I'v R : - [ arXivi2210.04224 . _
arXiv:2301.04716 : . — : —
Untagged B—DI'V " E - i Tagged B—me'V o
arXiv:2210.13143 : i L arXiv:2206.08102
Tagged B—X [V : - -
J. High Energ. Phys. 2022, 68 (2022) ;
d - - Inclusive i
" Inclusive : - HFLAV 2021 (BLNP) i
Phys. Lett. B 822 (2021) 136679 ! B ]
B ] ] 1 I ] 1 ] I ] ] [ l 1 | ] I ] | | l 1 [ ] I: ] ] ] I ] : _ ' i l : I L : i . I i i i L I - . ! ! I - - :l - l L | . . _
30 32 34 36 38 40 42 44 2 25 3 35 4 45 5
IV | [107] IVl [107]

* Consistent with world average

 Slightly reduced the tension between exclusive and inclusive |Vco| and |Vus|

* Belle Il experimental statistical and systematic uncertainty can be significantly
reduced with more data



Test of Lepton Flavor Universality



R(D) and R(D*) anomaly

e Universality of the lepton coupling — m——];é-—] \
to the W gauge boson N .
e | epton Flavor Universality (LFU) W 7 vuve R(D™) = B?“(J_?(; i D(:;T:?T)
Is fundamental axiom of _Ob > > c *+\ Br(BY — D™~ 1y)
Standard Model (SM) 5 AMD /
e Ratio of branch fractions cancel out o = rr-iocomouws

most of the uncertainties on |Ve|, form

BaBarl?2

: i Bellel5 ]
factors and the experimental C e . -
systematics 0 f -

e B— D)ty sensitive to NP because the [ |LHCb23 | / S
massive 39 generation b quark and 7 025 | ' S Belle19 -
lepton are involved S— o :

e - 0.2 +HFLAV SM Prediction fg}l;;f 7(1220 (1278 1171)5(())6?5g R(D) =0.356 =£0.029,,,, ]
T V B R(D) = 0.298 = 0.004 PLB 795 (2019) 386 R(D*) =0.284 = 0013, -
T - R(D*) = 0254 + 0.005 PRL 123 (2019) 091801 p=-037 —
- | S PO®=25% -

0.2 0.25 0.3 0.35 0.4 O 45 0.5 0.55
I Q R(D)

b 3.80 —> 3.10 —> 3.30 —> 3.20 —> 3.20
> C LHCb18 Belle1l9 2021 LHCb22 LHCb23 17




Signal extraction and uncertainties of Belle |l R(D*)

e Extracting B—D*rv, B—D*lv yields by a two-dimensional simultaneously fit
o Similarly sensitivity as Belle 15’ result @ 711 fb-1 with only 189 fb-

Source Uncertainty o M2niss = (Dbeam - PBtag - PD(*) - P )2

+15.4% _ : .
-14.6% * EecL: extra neutral energy In the calorimeter

+5.5%, NOT associate with signal
-9.3%

Statistical uncertainty

Eeci PDF shape

1.5 < MZ%;c < 6.0 (GeV/c?)?

| | | O
MC statistics +7.0% B it berisinei S OO q
S PSR IR B T - Belle ll Preliminary D*-sD"z* —e— Dat -
L4.7% a0} Belle Il Preliminary —s— Data ﬁ 25 |- [ o =Sl .
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B—D**[y modeling os ~ | JLat=18031" DT - » | Doty !
_2 -7 /O/ 80 :_ D* —=D"x* D D*lv _: 20 - - D**|(1)v o
7 i B D**i(t)v ] - ! _ !
. | 8 L ] [ Hadronic B i
7 4 Hadronic B = - | . (*) -
7 © 60 - - Fake D(‘) . © 15 ! - Fake D —:
y _'g ! s 2 || Other BG 1
e - - — — — — : - | I()dlchG R 1] " s N
800 |- Belle Il Preliminary D*-sD’z* —e— Fea 8 - T O 10 Fit uncertainty
700 E f L dt=189.3 fb" il D+ rv 40 i ’
: 7 B D*iv ]
600 |- / B D**i(t)v B ;
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Belle Il R(D*) result at 189 fb-1

o Belle ll first preliminary result for R(D*)

R(D*) = 0.267 13033 (stat) ¥3:053

 Consistent with
SM: 0.254 + 0.005,
HFLAV: 0.284 + 0.013

« SM vs. experimental average
deviation: 3.20 = 3.30

(sys)

R(D*)

0.4

0.25

0.2

B | Summer 2023 |

Ay* = 1.0 contours

_ Bellell

=
—
——
_—

-
-
-_— e m = =

N ar
LHCb"

g

4+ HFLAV SM Predictipn

R(D) =0.298 = 0.00
R(D*) =0.254 = 0.g05

.30 deviatio World Average

R(D)=0.357 £0.029__,
R(D*)=0.284 £ 0.012
p=-0.37

P(x?) = 33%

total

0.2 0.25 0.3

0.35

Standard Model
prediction

04 \045 05 055
R(D)

Experimental
average results
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LFU test by R(X:w1) measurement

X, v 2.1%
» Breakdown of B—Xlv branching fractions Non-resonant o\ D
. 5.1% =7
e ~2/3 overlap with D and D* ‘
e ~3/4 D decaytov, K9 nm ... B o Xfv
W -
e ~ 1/3 contribution from D** and nonresonant X D** S
, _ 24.9% D*
* Multiple LEP experiments measured Br(B— X1V) TR
* Br(B—Xtv) are completely saturated by D/D*BFs p—————————————""—"——"—"—"—"——
= An update measurement is needed - ALEPH A E
~  Eur. Phys. J.C 19 (2001) 213-217 X
- OPAL . . E
. . _ Phys. Lett. B 520.1-2 (2001) 1-10 % ]
* R(X) is critical cross-check of R(D®), largest -~ DELPHI ol E
- Phys. Lett. B 496.1-2 (2000) 43-58 % -
contribution from R(D®), a partially complementary L e s -
teSt Of LFU E h?s.Lett.B332.l-2(l994) 201-208 : %t _é
E_ Average l_H -
R(xX, ;0 = BrB = X o) Frolaaite ST
B T(B — X € _D ﬁ) E_ JS ﬁihﬁfgfiﬁ?% (2022) 007 H_I -
S B B B R S S B
* R(X) has never been measured o _1 0 1 > 3 4

BB — Xtv,) [%)] 20



Results of R(Xz/) for LFU test

: : : Belle II Preliminary All 2D bins in 1D slices L dr=189fb~!
* Signal yields are extracted by a binned o[ <1 ] Mo (23 M e o4l Moca ) | WO Xmenie

I Xev
maximum-likelihood simultaneous fit to
lepton momentum

[ e: Background
B . Continuum
MC tot. unc.
¢ Data
Mliisse(6’ 8] Mz]iss>8
- 1.2

-
(o))

-
N

* Main systematics G ® Al
* Adjustment to MC (form factor, D and B j ’ .__ =
branching factions) %ég*‘“"uﬁ R R A B
» Sample size in sideband for reweighting € gggasER p* electrons G 52aa% \ -
Fitted signal

Belle 11 Preliminary  All 2D bins in 1D slices /c dr=189Jb~"

» First Belle Il preliminary R(X1/) result M <l e Mo e 12 M3 €] My a6l | W Xk
20 @ _ g y?wBackg und
R(Xw) = 0.228 + 0.016 (stat) + 0.036 (syst) 16} o ‘JG 20} " T ‘ggfgé‘i' e,
12 By | al - M2 €(6,8) M]. >8

R(X1e) = 0.232 + 0.020 (stat) + 0.037 (syst) J | i ]

R(Xwy) = 0.222 = 0.027 (stat) = 0.050 (syst)

LA RAA AAN RAAAS RARAS RAARE RAREE B

Residuals 103 events per bin
(0]

"
}
}
|

* Consistent with rough SM expectation
R(Xw)sm = 0.222

llllllllllllllllllll

<0.7
40
.65
>2.3



Expected sensitivity of LFU test at Belle i

The Belle |l Physics Book, PTEP 2019, 123C01 arXiv:2207.06307
~ 05 — _ . .
E [ = Bolle Combimaton 5 ab-1 18, —— R(X) (had FEL lep 7)
045— E‘ﬁ%‘g 16} R(w) (had FEI)
B —— World Combination _ A R(D) (had FEI’ lep 7.)
- - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) |O\_oa ]_4- e R(D) (SL FEI’ lep 7_)
0.4 — > 122\ R(D*) (had FEI, lep 7)
- .% v -==- R(D*) (SL FEI, lep 7)
0351 5 10 =oeeee R(D*) (had FEI, had 7)
C 8 ] S
C © =
ot S :
- I =
0.25_— 3
: 1 o contours
02 _l I T A U N TN T NN TN TN U M A U MO Y T N Y T N M N N M RN B A RN

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

Data sample in ab™!
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https://arxiv.org/pdf/2207.06307.pdf
https://doi.org/10.1093/ptep/ptz106

Rare B decays




Measurement of B— K vy

* b—svv is theoretical clean and well known in SM (5.6+0.4)x10-6, sensitive to NP

Light dark matter
7 v VF - v H XDM
K -
i SO e
Vv
b —» > — S  h—> > > b—» 5
174
4

“ d i i d

* Experimentally challenging due to two neutrinos in the final state

* B tagging: typical method used by Belle and Babar
£ ~0.04% (HTA: Hadronic Tagging)
e Purity: 8/211 ~3.8%

» Untagging
* £ ~8% (ITA: Inclusive Tagging, 2 step Fast BDT, 1st FBDT 12 variables,

2nd FBDT 35 variables)

e Purity: 159/17529 ~0.9%
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Analysis strategy of B+—K*tvv
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ITA validation of Bt— K*vy measurement

Belle II prelimi PO
elle 11 preliminary n + 770 7.0 - t Lyt KO
[ Ldt =362fb! B 57K RsKs .o %7 Belle Il preliminary f\? ol BK
B 10 L * Data = 6000 E . f[,dt:362fb" eutra
"qu . //i 777, Stat. unc. b B Charged B
‘D [ .-g B Continuum
= i = 4000 ¢ Data
E # I % Stat. unc.
A, _ O 2000
0
0
S 5 B —_ 5 e
= 0 E 0 M owu B sow e IO e e = |
D-‘ 5 E | | ' PN R T TR VT TR TN AN TR TR T SN SN SN SN S A D“ _5 : | . . 1 . l . . 1 . l . . . 1 I .
1.0 1.5 20 25 30 35 4.0 0 5 10 15
Mok (GeV/c?] Q2. [GeV2/c?
* Adifficult background B+—=K+K. K, e Measure the known mode as the
where escape K. detection main background for validation
I I ' +9yK+K.0K_0
* Dedicate validation ofB K+KsKs Br(B+— K<) = (2.5 + 0.5) x 105
shows a good modeliing Br(B*—m*K<O)ppa = (2.3 + 0.08) x 10°

e Similar studies for B+—K+nn, | |
B+ K+K; KO ...  Consistent with PDG
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Pull

First evidence of the B+— K*vv precess

u(BDTy)
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q : Belle Il preliminary g B+ —K " viv
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BT(B“ — K“Vﬁ)lnc. —

(2.8 £ 0.5(stat.) & 0.5(syst.)) x 10~

Candidates

100
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Belle II preliminary
[ £dt=362fb"!

B B —K "uvp
BB

Pull
.001 o OO

Br(BT — K vD)haq. = (1.179 3 (stat.) 708 (syst.)) x 107°

The combined result: Br(B™ — K™v¥)comp, = (2.4 £ 0.5(stat.) )2 (syst.)) x 107°

* First evidence (3.60) of the B*—K*vv process
e 2.80 tension w.r.t SM prediction
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e Belle Il accumulated 362 fb-1 Y(4S) data

e Unitarity triangle (angle, side) measurements already started providing world

leading results

Summary and prospects

o R(D™) shows 3.20 tension, a hint of Lepton Flavor Universality Violation
e Belle Il performed R(D*) and R(X+/) measurement with hadronic tagging based

on 189 fb-1 data
e R(D™) anomaly move to 3.30

e R(Xw) consistent with SM expectation

¢ B*—K*vv measured with 362 fb-1 data at Belle I,

® First evidence for B*—K*vv decays
Br(Bt — K*vp) = (2.4 £ 0.5(stat.) )2 (syst.)) x 107°

e SuperKEKB/Belle Il will resume operation
at the beginning of 2024

Stay tuned !

Peak Luminosity [x107°cm
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e | peak(larget) I

Long
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H1A systematic uncertainties of B*—K*+yy

Source

Uncertainty size

Impact on o,

Normalization BB background
Normalization continuum background
Leading B-decays branching fractions

Branching fraction for BT - KTK; K}

Branching fraction for B — D**)
Branching fraction for Bt — K*nn
Branching fraction for D — Kp X
Continuum background modeling, BDT.
Number of BB

Track finding efficiency

Signal kaon PID

Extra photon multiplicity

K3 efficiency

Signal SM form factors

Signal efficiency

Simulated sample size

30%
50%
O(1%)
20%
50%
100%
10%
100% of correction
1.5%
0.3%
O(1%)
O(20%)
17%
O(1%)
16%
O(1%)

0.91
0.58
0.10
0.20

< 0.01

0.05
0.03
0.29
0.07
0.01

< 0.01

0.61
0.31
0.06
0.42
0.60

1.

2.

statistical uncertainty
onu = 2.3
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ITA systematic uncertainties of B+—K+*vy

Source Uncertainty Impact on o,
size

Normalization of BB background 50% 0.88
Normalization of continuum background 50% 0.10
Leading B-decays branching fractions O(1%) 0.22
Branching fraction for Bt - KT KL K} 20% 0.49
p-wave component for Bt — KTKJK? 30% 0.02
Branching fraction for B — D**) 50% 0.42
Branching fraction for BT — nnK™ 100% 0.20
Branching fraction for D — K1 X 10% 0.14
Continuum background modeling, BDT. 100% of correction 0.01
Integrated luminosity 1% < 0.01
Number of BB 1.5% 0.02
Off-resonance sample normalization 5% 0.05
Track finding efficiency 0.3% 0.20
Signal kaon PID O(1%) 0.07
Photon energy scale 0.5% 0.08
Hadronic energy scale 10% 0.36
K} efficiency in ECL 8% 0.21
Signal SM form factors O(1%) 0.02
Global signal efficiency 3% 0.03
MC statistics O(1%) 0.52

statistical uncertainty

on u =1.1
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Results and global picture of Bt+—K*vy

ITA fit results:
u=5.6 = 1.1(stat)* 5(syst)

RB(BT - K*vp) = 2.8 +0.5(stat) = 0.5(syst) X 107>

o Significance of the excess with respect to the background-only hypothesis (g = 0): 3.6 o
o Significance of the excess with respect to the SM signal hypothesis (¢ = 1): 3.0 o

First evidence of the B™ — K vv process

HTA fit results:
u = 2.2 £ 2.3(stat) "5 5(syst)
BB — K*vp) = [1.1773(stat) 1)-3(syst)] X 107>

o Significance with respect to the background-only hypothesis (¢ = 0): 1.1 &
o Significance with respect to the SM signal hypothesis (4 = 1): 0.6 ¢
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Light-lepton universality test R(X)

¢ Test light-lepton universality by measuring R(X . ;) =

® Approach employed at Belle ll: Mx reweighting
e Events weights from data/MC ratio in Mx
distribution, applied to all events
® g2, M2,iss can be expressed by reliable parts
and Mx part
e Signal yields are extracted by a binned
maximum-likelihood simultaneous fit to lepton
momentum

Br(B — X1 v;)

B?“(B — XZ_V_g)
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http://www.apple.com
https://arxiv.org/abs/2301.08266

Light-lepton universality test R(Xe/)

e First R(Xe/u) measurement
R(Xes) = 1.033 = 0.010 (stat) = 0.019 (syst)

® Most precise BF based LFU test of e-u
universality with semileptonic B decays to
date

® Consistent with SM value by 1.20

R(Xe/u)sm = 1.006 = 0.001 JHEP 11 (2022) 007

e Compatible with exclusive Belle

measurements PRD 100, 052007 (2019)
R(D%e/) = 1.01 = 0.01 (stat) = 0.03 (syst)

R(D*e/) = 0.990 = 0.021 (stat) = 0.023 (syst

arxiv:2301.07529

arXiv:2301.08266

Signal channel (B°B%/B*B)

Belle 11 [Ldt=189fb~"
B Xev X pv
12500 F e: Background p: Background
- Il e: Continuum p: Continuum EEE
5 10000 E MC tot. unc. MC tot. unc.
"S ¢ Data o ®®:e3  Data ¢
) : .
27500
2
=
L 5000
]
2500
S a 0
NE 20 . .
L e e B e
8 .(7‘) L o © ® ®
cg-20p*,
= 1.4 16 18 20 22 14 16 1.8 20 22
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pf GeV/c]
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.052007

Hadronic tag reconstruction at Belle |l

e Hadronic tagging reconstruction : Full Event Interpretation (FEI) trained
200 Boost Decision Tree (BDT) to reconstruct ~100 decay channels,

~10,000 B decay chains arXiv:2008.06096
e £=0.30% for B=* 10-30% increased *£=0.28% for B+ @Belle Belle Il preliminary

x 104
+£=0.23% for B0 < »£=0.18% for B° @Belle
Comp. and Soft. For Big Sci. 3, 6 (2019)

o
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0
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https://arxiv.org/pdf/2008.06096.pdf
https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf?pdf=button

Tagging methods

e B tagging is necessary to measure B—X/ D*tv, B—X/D*[v (v=2) simultaneously

e Hadronic tag
* Exclusive tag
- Fully reconstruct B—D)(/J/y/A)X
- Tagging efficiency 0.2~0.4%
- less background

other particles
than a lepton as
. Xonsignal side
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 Hadronic tag
* Exclusive tag
- Fully reconstruct B—DC)(/J/y/A)X

- Tagging efficiency 0.2~0.4%
- less background

* Fully reconstruct one of the B mesons (B tag) possible to
measure momentum of other B meson (B signal)
* |ndirectly measure missing momentum of neutrinos in

signal B decays

* MZmiss = (Pbeam - PBtag - PD() = PI)* Fitting variables for
* FecL unassigned neutral energy in the calorimeter g, = ZEiV}yiekjs determination &




Effective ¢; with QCD penguin

* b—sqq : QCD penguin dominated contribution, MY ) 3 )
_ - . j — uci f—<— 5 g h—4 4 S K
suppressed in SM, sensitive to New Physics o \ﬁw{ = b . __.’d
L : : . L - d 5
» Deviation of Sr= sin(2¢,ef) from sin(2¢,) indicates NP~ 8 i R a4 n
» Golden mode, e.g. B—¢K B—n’K ...
* Fully hadronic states with neutrals B0 — K070 B0 — KOK 0K 0
* Unique at Belle |l S = 0.75020, 53 + (.04 S = -1.37+035 45 + 0.03
B— I’]’KSO B0— C]5K30 C = -0.04+014 15 + 0.04 C=-0.07x£0.20 £ 0.02
w0 BeNe W Preliminary __ Jcde=362fb70 R —— arXiv:2305.07555
3505_ BO - n'Ks Continuum | Belle Il (Preliminary) ¢ B, (q= +1) .
8300 : g" ::3 é- 60 ‘ Jeat=362 17 $ B (@=—1)
o 5 a0 n'KOt o e{ Belle
g s 1 o Belle |l
:;_1100 8 i O O - I ® ’
= KS 4 ———O0—
o> % 0.5:—
o £ 00} 0l —eo—|
% Z o5 ¢KS | © |
< -6
000 L ——e—
S = 0.67 +0.10 = 0.04 S = 0.54 +0.26+0.06 9 g KsKsKs - e
A= -0.19 +0.08 +0.03 C = -031=020=+0.05 0.0 0.5 1.0 1.5

arXiv:2307.02802 sin 2¢§ff 38



https://docs.belle2.org/record/1919/files/BELLE2-CONF-PH-2020-003.pdf
https://doi.org/10.1093/ptep/ptz106
https://arxiv.org/pdf/2307.02802.pdf
https://arxiv.org/pdf/2307.02802.pdf
https://arxiv.org/pdf/2305.07555.pdf

3 measurement

* Interference between b—c and b—u (tree level)
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https://link.springer.com/content/pdf/10.1007/JHEP02(2022)063.pdf

Unitarity Triangle fit extrapolation

The Belle Il Physics Book, PTEP 2019, 123C01

Current
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https://doi.org/10.1093/ptep/ptz106

Belle Il - LHCb comparison

Bellell

Higher sensitivity to decays with
photons and neutrinos (e.qg.
B—Kvv, pv), inclusive decays,
time dependent CPV in Bg, T
physics.

LHCb
Higher production rates for ultra

rare B, D, & K decays, access to all
b-hadron flavours (e.g. Av), high
boost for fast Bs oscillations.

Overlap in various key areas to
verify discoveries.

Upgrades

Most key channels will be stats.
limited (not theory or syst.).
LHCb scheduled major upgrades
during LS3 and LS4.

Belle Il formulating a 250 ab-
upgrade program post 2028.

arXiv: 1808.08865 (Physics case for LHCb upgrade Il), PTEP 2019 (2019) 12, 123COI (Belle Il Physics Book)

P. URQUIJO @ Beauty 2020

Current

Observable Belle/

Babar
¥ sin 2p/p1 (B— J/y Ks) 0.03
o v/ @3 13°
e o/ Q2 4°
¥ |Vus| (Belle) or [Vus)/|Ve| (LHCD) 4.5%
Qs -
* Scr(B—n’ Ks, gluonic penguin) 0.08
0.15

* Acp(B—Ksn?)

New p] liative & EW Penguins. LEUV

¥ Scr(Ba—K" v) 0.32

# R(B-K'IHTF) (1<g2<6 GeV/c2) 0.24

¥ RB-D'w) 6%
Br(B—1v), Br(B—K*w) 24%, —
Br(Bi—up) -
Charm and t

¥ Adcp(KK-mr) =

¥ Acp(D-ntn) 1.2%

Br(t—e )

Results onotherD & T <120x10-°
Br(t—ppp) : <21x10

2019
LHCb

0.1
10%

90%

8.5x104

<46x10-?

Belle 11
(5 ab1)

0.012
4.7°
2

2%
0.03
0.07

0.11
0.09

3%

9%, 25%

0.5%
<40x10-°
<3x10-9

Belle 11 LHCb
(50 ab-!) (23 fb1)
0.005 0.011
1.5° 1.5°
0.6° =
1% 3%
— 14 mrad
0.015 o
0.04 -
0.035 o
0.03 0.03
1.5% 3%
4%, 9% —
- 34%
54x104  1.7x10-4
0.2% - |
<12x10-° - 5%
<3x109 <16x10-° .3%]

o Possible in similar channels, lower precision 41
— Not competitive.



EKB

‘_o‘_‘

o N

EKBfas mmetric e

bas 3N

Accelerator Orgamzatpon (KEK@Tsukuba)

.
- -

(7Ge / celllder 3km







In general, there are three typical candidate scenarios to
explain the anomaly observed in R(D()
e Heavy vector bosons
® Constrained from W’ —1v and Z’—tr search
e Charged Higgs
® Constrained from B.—7v and H*—1v ,still allowed
® Previously, it was rejected by B.—7v measurement,
however, recovered by recalculating the B. lifetime.
arXiv:2201.06565
o | eptoquark
o oo LO* still broad parameter regions are allowed

New physics scenarios
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https://arxiv.org/abs/2201.06565

Belle Il - LHCb comparison

Projection (Feb 2020)
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Semi-leptonic B decays
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