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Belle Il Flavour Program

o Belle Il plans to collect 50 ab-1 of collisions near Y(4S)

l I I

e a (Super) B-factory (~1.1 x 10° BB pairs per ab-
(Super) y ( pairs p ) —_—————  ReandRe

a (Super) charm factory (~1.3 x 109 cc pairs per ab-)
a (Super) T factory (~0.9 x 10° TT pairs per ab-) ) DOlike-sign di-muon

charge asymmetry

« Flavour program at Belle |l — R andR,,
. Voo inclusi
« CKM precision metrology — exlcllljol;il\r/‘: tl:'::;n
« Flavour BSM analyses with good “detection universality” (e.g. —_—p | Julnclusive
leptons). Ready to tackle “anomalies”. B - K*up

issi - - lar (P,"
« Dark, missing energy: hidden portals, axiflavons etc. > angular ()

e Important, unexplained hierarchy among 10 of 19 params of SM my=0 (9-2),
e Mass (6 params, small ratios of scales) BR(B, ~®un)
o . . /|
o CP violation (4 params, strong hierarchy between generations) , o | |
With ph logical f i f dynami 1 ’ ° !
« With phenomenological consequences for quark flavour dynamics significance (0)
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CKM and CPV SM Metrology: Belle Il core program
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|V Viegd,s3| via Bag factor Bg

|Vigd,s}| via Decay constant fg
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t BY g B’

_| ¢
B, =& B,

Observables with very different
properties

Tree: e.g., |Vup|, 3
Loop: e.g., Amd, Ams, €k, sin(2pB)
CP-conserving: e.g., |Vubl, Amd, Ams
CP-violating: e.g., v, €k, sin(2pB)

Exp. uncs.: e.g., &, sin(2f), y
Syst. uncs.: e.g., |Vubl, |Vebl, €k, Amd, Ams
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CKM and CPV SM Metrology: Belle Il core program
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CKM and CPV SM Metrology: Belle Il core program
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SuperkKEKB

“\ I
Zere ﬁ}’ R)’ KEKB SuperKEKB Achievements KeEeKB collision point Belle Il detector

o-x . R
Positron ring
— &

——

P P

Electron ring

By(mm) | 5.9/59 | 0.3/0.27 1/1

P

lbeam(A) | 119/1.65 | 2.6/3.6 0.70/0.88 **

L(cm-2s1)| 2.11x1034 | 80x1034 1.88x1034

Peak L 1.819[10%/cm?/s]  @2020-0602 2124 HERDeok: 5503 [mA] Buy: 60/ 1.;];?;1?2?0 = -r?::mmszg 233;:;;5; Run Electron-Positron
Int. L/day 1154.67 / 1289.54 [jpb] LER[pegk:  560.0[mA]  Bgy'™ 80/100[mm] M 783 PhysicsRun linear accelerator
bR T T e
SuperKEKB, & 0 Y e e
1 /6 /2020 G 0.2 :.. | o o g "
: o — l R o e i Lios Positron damping ring
5| 0.5F : o | o L1075
_ ___________ Ll BT - o |4 [10°
o o |2 e o -
0.1F= | 1)  New e* damping ring (commissioned 2018).
of 8400 -1078 . . . .
ST SO TONE e Jw fopergziase |2 2) New 3 km e* ring vacuum chamber (commissioned in
5 w0+ 2016). Optics and vacuum scrubbing in 2018.
- i B 3) New superconducting final focus (commissioned 2018).
2 20x smaller beam spot (0,=50 nm) but

generally higher beam background

6/2/2020
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Belle Il Detector, 2020 Full Operations

EM Calorimeter:
Csl(Tl), waveform samp

electrons ' B

Beryllium beam pipe
2cm diameter

Vertex Detector
1—2 layers DEPFET +“4i\z

element)

Belle I

K-Long and muon detector:

He(50%):C2Hs(50%), small cel
lever arm, fast electronics (Core

Resistive Plate Chambers (barrel outer

tification
system (barrel)
g Aerogel RICH (fwd)
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Nano-beams and the vertex detector
Belle I MC Vs Belle

SuperKEKB

Nano-Beam (SuperKEKB Phase2)

Z vertex dlstrlbutlon
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The vertex distribution is constrained ) S S V— 40 40
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o =550 ym 0 _ 0
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Tracking - tag and probe

ee—T1T(Y)

Used for early trigger & track efficiency measurements.
Ratio of 3 and 4 track events, with e or y tag.
More techniques being explored with > 10 fb-! datasets.
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Hadron Identification

- dE/dx (CDC, SVD) & Time of

propagation Cherenkov patterns (TOP),

and Cherenkov rings (ARICH).

- Performance with D* sample.

- FCNC b—d and b—s transitions are key
are for flavour studies, requiring better  *
K/1T ID performance than Belle.
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Events / (0.0025 GeV/c?)

Fs = 0.6942 + 0.0096
c0=-0.2123 + 0.012
c1=-0.0434 = 0.020

m = 1.863765 * 0.000027
nbkg = 21920 + 328

nsig = 55005 *+ 375

s1= 0.004326 + 0.000048
s2 = 0.01253 + 0.00039
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- Belle Il TOP 2018 (Preliminary)

- D* kinematically tagged kaon
- p=1.73 GeV/c
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Lepton Reconstruction & Identification

o Targeting precision in LFUV tests. = 1600 Betie i 2020 - ;upm.d.m.n,,“y
= 1400.__ —] — - ==1020 = 060
Challenge: B— t—I have <p>~500 |\/|eV/C. g - W J/y — e'e fit model . Sy mf P e ):,,,‘(oé (L ST T T
o 1200_— i - 5 7 (co(:) ECL: 1690(COC) i =
c E W J/y — py fit model = \ e |
e Driven by ECL, KLM, + dE/dx (CDC, SVD) § 1000F = i W ]/t - e
. . -y 2 8o00F 3 IR IE Bl e |, o
« pu Little to no radiation (heavy), Stable within ks e B e peotere) Y
i = SN | LS N L/ EE P |l [ {eec
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Stable photon efficiencies,
resolution and pointing

information for invariant masses L 7o0c
from the calorimeter. g oo
Efficiencies: ee—ppy > o0
Resolution: 119, n, ppy .

Calibration and material effects
under constant development and
Improvement.

KL-ID under development too.

CC=upy

i

Belle Il

=Yy

Belle Il 2019 preliminary

Talk by F. Abudinen

N —nan(yy)
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Counting

LUminosity  chinPhys.C44 (2020)2,021001 B-counting
Measured with ee— ee(y), yy in ECL We are on the Y(4S) resonance and
Integrated luminosity in phase 2 recording B-anti B pairs with ~99% efficiency.
= 496.3+0.3+3.0 pb- c.f. 3(Y(4S))~1.05 nb at 10.58 GeV

— better than 1% precision .
+ ~6 fb1 of data taken 60 MeV below Y(4S) to date.

ABe"e " ® Data r@e vy Bkg — Tot ><.1.Q? IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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2020 — Towards the first flavour publications

e (59)fb1on disk, ready to reach several hundred by the end of the year.
o Already 1 publication on dark sector searches - more soon to come.

o Flavour publications likely to start with 2019+2020 data - several ideas for new T results.

Belle Il Online luminosity Exp: 7-8-10-12 - All runs Talk by M. Villanueva
Integrated luminosity
1.4 4 e Recorded Daily —  iiiid - 60 2019 1() fb'l (N()VGmbGI‘)
T —— [ Lrecordeadt =60.28[fb™*] _
ha? 1 I R v— S L 50 _'Q
2 : 2020: ~80 fb*
g 10 0 T OO OO PSSP OTROTRRRSIURORUSRRRRRRo 11 (S | ISR e é
— =
§* L8 vt b - é 2020: <200-400 (b1 (December, Babar 500 ﬂ)-l)
% 0.6 .......................................................................................................................................... ;g:-,
= 1 7 S ———— ©
¢ 5 2021-2022: ~1 ab1(Belle)
o - 10
0 2025 5 ab1B2TiP Milestone

'Q%

arXiv: 1808.10567 / PTEP

Plot on 2020/06/12 08:40 ST
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Search for an invisibly decaying 7/

Phys. Rev. Lett. 124, 141801 (2020)
e Search for vector boson 7’ that couples to 2nd and 3rd

generation only.
e ee—up’l oreul
e Invisible decays to Dark Matter or neutrinos.

« Possible explanation for g-2 anomaly.

« First physics publication.

B [ 1 =
1 02 E_ Belle Il 2018 e Data 102 :_ Belle Il 2018 e Data -
JLdt =276 pb'1 ) $ f Ldt = 276 pb'1 p I
oL cul AL - 107" §
10 F . :
7)) ete— “"‘u'(y) } -'(L) - e+e-% pL+ p%((y))
I= ere— TT(Y) = [ D - i
8 1 E_ Ll ooy et (YY) ® o ®e e 8 1L = ete— eteutu | o 10 2 E_
O : Ir O '
il . , : L,-L, (obs.) 90% CL UL
10 L - "zl.J’LnE ) ol el - Belle Il 2018 e a0 CL UL
- . 4~ Ly-L, (sensitivity) UL
: f Ldt = 276 pb ----L,-L; , BF(Z'= inv)=1 (sensitivity) UL
2 | 2 L
10 gI 1 L1 1 I Ll 1 1 I Ll 1 1 I 1 Il I L 111 1 I L1 L I L1 1l 1 L1 1 I 10 E‘ I I I I | I I I I | I I I I | I L I L | I I I I | — | L L L | I I I I | 10—4 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I
0 1 2 3 4 5 6 7 8 0 1 2 3 4 3 26 78 0 1 2 3 4 5 6 7 8
Recoil mass [GeV/c?] Recoil mass [GeV/c7] M., [GeV/c]
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Dark Sector - results to come

« \ector portal €¢Fy F',, (dark photon A ),ZI: 0g'ly'z',I (dark Z')

" Ga ~Suv Ga =uv .
» Axion portal 4ggaGWG“ + 4”(1FWF“ (axion , alps)

» Scalar portal 1 H?S*+uH?S (dark Higgs)

Fast and broadband DAQ

 Maximum operable L1 rate: 30 kHz
* Typical data size: 1 MB/ev

Trigger system
* Tracking + PID + E, E;, + muon
* L1 trigger latency: 5 ps

Often with low multiplicity signatures, not explored at Belle. But the trigger/data volume is a challenge.

O(10 nb) acceptance / suppress QED events (100s nb), keeping B & D > 99% efficiency.

-4
N 10 ~ LEP| Dark Photon (] i | I'Eilnl

More to come, e.g. EESETE

ete- > Y X
ete- = Y ALP (—vyy)
ete- = Y A’ (dark photon)

SN [ N P
I - -

A

<" Belle Il (Phase 2)
Belle Il (Phase 3)

> <2 ~ X9
Dark Z', Magn. Monopoles = g1 L™ @ oumiaucer

| Zov? LDMX2@8GeV _

R -

10° F 7 -

Can also access through SPSTN 011 11
107 1072 107" 1

heavy tlavour transitions. m, [GeV/c?

Belle Il Phillip URQUIJO

Phase2 & early Phase 3

Belle Il expected sensitivity (preliminary)

10 =
10” _
10”
10" | 3
Assumes no veto of yy ;
5 events in barrel at ]
10 : E
trigger level
10
-7 | L g aaaal . e ol . | ) o
10" 10 10 10 10° 10"

m,|GeV /c]|
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Time dependent CP Violation / Overview

®1 & New physics TDCPV in b = ggs transitions (g = u,d,s) are major targets

At resolution ~0.77 ps (30% to a factor 2 better than Belle);
e PXD + nano-beam spotin Bellell, +30% Ks acceptance

Effective flavour tagging efficiency ~36% (MC estimate, 30% at Belle)

W+
A <
I
le——— A\ ———>! — -

>
Boost 1L i
¥ Mode accessible in 2020 o (fop = tag) i From PhD F.Abudinen
WA (2017) 5 ab ™1 50 ab~1 PTEP 2019
Channel o(S) o(A) o(S) o(4) o(S) o(A) COPIZICO
¥ J/YK®  0.022 0.021 0.012 0.011 0.0052 0.0090 |gy
0 Expect Belle 1l
¥ oK 0.12 0.14 0.048 0.035 0.020 0.011 e
* /KO 0.06 0.04 0032 0.020 0.015 0.008 Oal;’t'l'::;:e
* wK{ 0.21 0.14 0.08 0.06 0.024 0.020 hannels
0,0 T
¥ KJn% 020 012 010 007 0.031 0.021 within 2 years
* KorY 0.17 0.10 0.09 0.06 0.028 0.018
Belle Il Phillip URQUIJO

b c
>
Tree W- ¢
(SM precision) -
- <+ —
d d
b W s
Gluonic
° u’c’ E
Penguin h
(NP sensitive) <
— - —
d d
Constrains
penguin A ) <
pollution d
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'y >
/O
Belle IT

B-decay vertices

reconstructed using VXD hit

information.

~1 ps At resolution achieved
- dominated by tag-side.

Systematic Errors
Fit bias
Teff

Calibration

Good understanding of basic
tools and performance for

TDCPV.

[ps]
0.05
0.01

0.03

Teo = 1.48+0.28+0.06 ps
compatible with world
average 1.519 £ 0.004 ps

Belle Il

BO lifetime

BELLE2-CONF-PH-2020-00535, arXiv:2005.07507

S i
5 500
3 " Belle Il 2019, preliminary * Data
D - - Total fit
(D 400 i fl_ dt=87 fb-1 ..sgn
CC\') - - bb
S 490l -+ cont : +
S T g
0 200 ¢
Q
g N
5 100
C
©
O ol
52
BO % _D_7T—|_ :3500539119112019, simu-lation
— 3000 det=100fb1
0 -+ 8 2500 F
B % D p o C
= 2000 F
BO — D* g™ éwoo;—
0 «— + 2 1000 |
B —= D™ p /i \
%.02 FY T _,.--,-‘-8---;-\-.,;--3,...,,1,6'01 0.02
qun'Zgﬁlﬁ [Cm]
* 0 S
D T — D 1 —~ 2000 F +
= 1800 E_ Belle Il 2019, simulation
D_ % K+ﬂ-_7T_ — 1600;— det=100fb'1
O 1400 F
0 — _+ © 1200
D' S K S
_ 2 800 F
DY — K—ntxl g ook
O 5
S A0 i, N
DO % K_ﬂ-_|_7-‘-+7-‘-_ 8 200:_ I ‘ ‘‘‘‘‘‘‘‘‘‘‘‘ | . L,,‘#’ """"""
%02 001 o oo oo

MC
ZiagZiag [cm]

Phillip URQUIJO

Talk by F. Abudinen
180 |
= = Belle Il 2019, preliminary * Data
8 160 1 —Total fit
o 140 F fL dt=8.7 fo * - sgn
S 5 A - bb
O- 120 | : . - t
o - con
— 100
~~ -
»w 80
2
© 60
© 40 ¢
c
O 201
O Eeccbmcagquammme==p="" 1
-0.2
200
—~ 180 & Belle Il 2019, preliminary ¢ Data
8 ] = Total fit
160 Ldt=8.71b N
LO f sgn
o 140 F BE
Z : - cont
T 120 ¢
U) =
o 100 E
®© 80
2 -
© 60 ¢
S 40f
O :
20
0
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« Fraction Nor/(Nor+NsF) calculated for each At bin and

B mixing

compared with MC-expected value Por(At)QR(At)
e Por(At)=[1-cos(Amt)]
o Flavour specific final states: I+, I#]2

Unmixed (I'T).

1000 -

500 -

events / (GeV?/c?)

0
-15

" Belle Il 2019, preliminary 1

i

f L dt=2.661fb"

[ combinatorial
[ continuum

-10 5 0 5

ME [GeV?4/cH]

events / (GeV?/c?)

200 |-

0
-15

Mixed (I=12)-

- Belle Il 2019, preliminary \

f Ldt=2.661fb"

[ combinatorial
[ continuum

-10 -5 0 )
ME [GeV?/c*]

Belle Il

D
<o
Belle I

va=(17.2£3.6)% (WA =18.6%)

Phillip URQUIJO

Fraction of unmixed events

O
o

O
»

-
~

O
N

SU=~ THE UNIVERSITY OF

B°-  BY-  BY-
like like like P
>
Amyg [ps]
Decay
At >
Belle Il 2019, preliminary
o * o
RS f L dt=2.66 fb”
——
o
e Data +
Expected
— T = 1.525 ps
Am, = 0.507 ps™
] ] ] ] | ] ] ] ] |
0 ) 10
IAtl [ps]
18 %;;ga
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B reconstruction towards @,

o« sin2®d1from B = cc K9 ~ a few x 1000 recorded by Belle Il to date.

Current 50 ab™ !
PTEP 2019 (2019)12,123C01

« With the full dataset “systematic" uncertainties will be larger, but data driven. ; projection
. . 1:
Balance stat-power with good vertex fitted events. Experimental: 070 090
« Searches for NP in B— n'Ks etc. are stat limited through to 50 ab-'. Theoretical - QCDF & pQCD  0.1° 0.1°
: : : Theoretical - SU(3 1.7° 0.8°
o For theory: often neglected the contributions from suppressed amplitudes ™ (3)
carrying a different phase - need to work together on modes like B—J/psi T10. Experimental: 190 0.6°
~ Theoretical: 1.2° < 1.0°
BELLEZ-NOTE-PL-ZOZ0-004 Belle Il 2019 Preliminary J Ldt=8.7 b % Belle Il 2019 Preliminary ] Ldt=8.7 o'
3 |
o - EO.‘I_— :
3150'_ Bpe”f I{ 2019 / < / ? 0.4 T | | ]
=77 [reliminary - o] > s|, Bellell f L=50ab’ qe® ’
ST [Ldt: 8.7 fb’ oF e S T4 ° -A-' -
§100_— B%J/IPKi N : <UE'J 0.2h%LL ok ++X _ |
I 0.1 . INERZS N I i
L //4 PRI T ST TR S B N R N % 1 = ._:: - -+ —
} : 0.1 52 522 524 526 528 53 | ]
col- | AE[GeV My, [Gev/c?] + 2
_ 0 " 5 * -
B—J/yKs i I A & |-
- L 4oL Belle Il 2019 - +i+ _ A_‘ il
B2 522 524 526 528 53 3 " preiminary i o . AL
M, [GeV/c?) s 7 |-’ _0.2 . - o
@ °PL _ £y = A
S5 [ hpoh
Mode Signal | Background | Expected signal S ool - : : : o JyK, (S=0.70)
: I | )|
BY — J/YKY, J/ih —ete” | 384463 19405 38.5 + 3.1 | 0.4l oo L MKy (5=055) T
BY — J/$KY, Jjp — ptu~| 748485 0.5+0.2 64.6 + 4.5 %t 1o = RE— 0
P : l+l l =
BY — J/WKS, J/¢ — 610 (1139 +11.1|  1.3+£0.3 103.1 +£5.5 gl-asetesms s 53 5o At (ps)
D et % = [HE UNIVERSITY OF
Belle 1] Phl"lp URQUUO 19 2$J MELBOURNE




B reconstruction towards ®» & Direct CPV

BELLE2-CONF-PH-2020-001, arXiv:2005.13559 S 16 Talk by F. Abudinen
= 200 Belle If BB - K7 +cc. O Belle Il e Data
= 150 [ 2019 (preliminary) B° > 77 +c.C. B 14 | 2019 (preliminary)
'®) 1 B'— K. +c.c. (&P Ldt=87fb" — Total fit
> o franars e I B N (SR —
© 140 B — K KK +c.c. <
O BB - K'za*+c.c. (b 10 72 U Background
$ 120 B"— K'Kn* +c.c. Q 3
-'C_U' 100 W B" - ataat+c.c. fqn_') ® R
O \\J Background S 6 LAY
S 80 > 1 ; ||
c o0} g 4 II ........ ?
O 40 \\\\ S , * o‘ ............ N
20 \
0 XK \ AN Q besseeoa="l L
~0.1 ~0.05 0 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE [GeV] AE [GeV]
— 10— s E
— (-I) - B—K nBelle + B> K’ Belle 150 ab"  Belle-1I 1
Yield Yield/fb ! A B B— K m Belle IT 50 ab™ Perehrflnary
Decay MC Data MC Data T B(BY = Ktn) = LE
B - K'n~ 371+24 79411 74405 9.1+£1.3  Complementof AKS B(BY - Kt )4 gl
BY -t n” 11 165 16=x0.2 1.8%0.6 B—Kxisospin N 0 .\ TRO = 955%
+ 0_+ . . ACP - B(BT = K'r7) - :
B" — Kgm 83+ 10 18+5 1.7£0.2 2.1£0.6 rotationsrequiredto TBY ol
BY - K'n" 191+£20 27+8 3.8+£04 3.1£0.9 testfornewsources  24cp" -B(B® = K'n°)+ = g9
B" - K'K"K~ 559428 92412 112+0.6 10.6+1.4 ofCPV, Ixx-0inSM 2457 . B(B* — K+ 78"
BY - K n"n~ 1008 £44 160+ 19 20.2+0.9 18.4 + 2.2 Tt ol

Belle I
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B reconstruction towards @+

No K/1t Particle ID With Particle ID Talk by M. Merola
> Dat ? Dat
ata Belle Il e Ulala
O |
= (preliminary) B" — Dr" signal o 1 -, B — Dr signal
o 900 J 1 B* — DK signal O Ldt=5.15fb i B* — DK signal
g Ldt=5.15fb Background D Background
© 0 S
S 300 DO—K, S
= ©
©
O
S Lo K7V, Ko7
100k
B 2 o’ T ‘ _8 .’ . ”~.
875 o1 o5 0 0.05 0.1 0.15 A5 01 -0.05 0 0.05 0.1 0.13

AE (GeV) AE (GeV)
- Demonstration of Belle Il high momentum PID on a decay mode to be used for future determinations of
the UT angle ¢;. Improved AE resolution in Belle Il - better DK/DTt separation than Belle.

. Ultimate reach of ~1.50 precision on ®3 predominantly from GGSZ D— Ksotr+1r-. %
- Requires us to use neutral modes with significant BRs:

CP even (110119, K 0119, KsOTT0170...), CP 0odd (KsPKsOK( 0, n1roT109, ...), Self-conjugate (K.tr1r ,KLKK...).

o\

THE UNIVERSITY OF
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B — DO v vanalysis / Converted Belle—Belle Il Data

Talk by S. Sandilya

o Semileptonic tag / FEI BDT, B—D T v and B—D* T v Simultaneously Phys.Rev.Lett. 124 (2020)

« Employed Belle Il analysis framework. Stat. limited! T 16,161805
;—\042ill|llll|IIIIIIIII|IIIIIIIII|IIII|IIII|I: 177' _0037__00 6
QVY.-Tet Belle Had B, , T — v ¥ - } -
o 0 4F Belle Had B, , T = hv - - 0.018 +0.014
R —BelleSLB, .t —>Ivv 7
- —— Belle Combination — — N —
038—_ » SM prediction E EZOOE : :
0.36 g s %0 E
- _ = | 2D fit Egcy+
034__ i ;E_’I 100 BD'T'xGBoost
O . 32 :_ —: 50 {Mzmiss, Evis,
E N cos0p-pi
O " 3 r N OO 0.2 0.4 0.6 0.8 1 1.2
B 7 Ecc (GeV)
0.28 =
: : ’q>'; T Tt ': 9
0.26 1 e R e
024:_ _: :?;100 - f:;’ IB—>D**IvIOther
0 29 68%, 95% CL contours ~ — i 2 0y B Dy
] _I || I 1 1 1 1 | | I I | I [ T | | L 1 1 1 | I 1 1 1 | 1L 1 11 | | | ] l_ 50 IB D rv§80—>D
0.2 0.25 0.3 0.35 0.4 045 0.5 0.55 b

0
0 0.2 0.4 0.6 0.8 1 1.2
R(D) oy (GeV)
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B — DO v vanalysis / Converted Belle—Belle Il Data

Talk by S. Sandilya

o Semileptonic tag / FEI BDT, B—D T v and B—D* T v Simultaneously Phys.Rev.Lett. 124 (2020)

« Employed Belle Il analysis framework. Stat. limited! T 16,161803

< 200 T 1 T T T T ]
8 - i %
o B D*+ T v- signal region [ 0
Ve I 1 1 1 1 I 1 1 | I I I 1 1 1 I g 150 __ g
- - ] e T3 2D fit Egcr+
% —  [] HFLAV average sz = 1.0 contours ] @ > ECL
c =
0.4 — ] e o BD'T'xcGBoost
[ LHCbIS5 | Ll 2 )
C BaBarl?2 i {M missS» EViS,
0.35 — = cos0B.p 1}
- EHCHES ] 0 0.2 0.4 0.6 0.8 1 1.2
03 = ' 5 | | | © B (GeV) 0 02 04 06 08 1 12
3k = ECL E.o, (GeV)
C | N < N L L L L . I
0.25 C T Belle19 —" Bellel5 ] o N _ ) . e :
= - & 150 D*0 T v-signal region jg O IB 5 IB .
- — — ] Sll : - TV i Y%
~  Bellel? . S - S . -
02— + Average of SM predictions HFLAV £ 100 7 . IB — by IOther
B R(D) = 0.299 +0.003 | Spring 2019 | o) 1= .
- R(D*) = 0.258 +0.005 P(R) =27% 0 L%J - B"—>D*lv ~ B°—=D*lv
| | | 1 1 1 1 | 1 1 1 | | | 1 1 ]
] N
0.2 0.3 0.4 0.5 50 1 P \E oDy
R(D)
I Fake D
0

0 0.2 0.4 0.6 0.8 1 1.2
Ecc (GeV)
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. Signals for B— D™ |- v, D**~D0 11+ USing cos0Osp+
 Clear signals are found in both e and p modes. m

D
<o
Belle I

Untagged B—=D*1v

: : , . | 3 ‘i Talk by M. Merola
BRs consistent with WA. Performance corrections applied. b

as
* % 2
W*/< v B(B"— D*e 7.) = (4.42 £ 0.14(stat) & 0.33(sys)) % 08 By = B : — My —my
< < = B(BO — D*+,LL VM) (4.70 T 0.:_3(8’6&‘6) + 0.3 (Sys))% PPy

N
| |

b C
q > q BELLE2-CONF-PH-2020-002, arXiv:2004.09066
Belle Il 2019, preliminary [cdt=8.7fb" Belle Il 2019, preliminary [cdt=8.7fb" Belle Il 2019, preliminary [cdt=8.7fb"
5 L B S e oo e S e e e e L B e S S e e e B L m —~~ 1200 _'_' """"""""""""""""""" T d o~ P T T T LR
@) | — . L B Signal i oM I 0 S T— [ Signal ] M ]_4()0 - 50 * = [ Signal
> 1000- B°->D"*e" Ve — BEZZCkground- LN BT -D Terve EEm BB background | LN ! BY->D "y Vu BB BB background |
v i o I B Continuum ! o I Bl Continuum
C
O - T Dc;::nuum : 1000 _ § Data - : 1200 i ¢ Data
g 800 — I v /777 MC stat. unc. ﬂ : //7+ MC stat. unc. ﬂ i 77/ MC stat. unc.
S § 300 | § 1000 —
\ - i o
u 600 - _ ‘' 800}
GC) 600 F I
D 400 | 600 |
i 400 I
: ' 400 |
ol L 0
5t 5r 5r
S of = § { ¢ S S S t =
o o B i t } J t } o
_8-00 _5—4l - 1—31 - 1—2' - l—ll - IOI - lll - IZI - l3l - l4
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B full reconstruction algorithms e
g BELLE2-CONF-PL-2020-002
o Belle (ll) analyses use semileptonic and hadronic a0t Belle Il preliminary o Belle Il preliminary
" . 2 . . — | B Correctly reconstructed fﬁdt=8-7fb_l ] — [ B Correctly reconstructed £dt=8.7fb™" ]
tagg | ng fOr ﬂaVOU r, Cha rg e, kl nematICS. NU 1.0 i Bl Continuum & mis-reconstructed 2019 NU 6000 — B Continuum & mis-reconstructed 2019
S Y[ § Data S - §  Data
& gl Nes, =22027 + 376 800 Wey, =13822 = 209
Q [ Pug>01 Q 4000F  Prag>0.3
Semi-Inclusive S 0.6} S '
hadronic ‘tagging’ S e
side E 0.4 ‘ E
3 3
g b
0.0
St
= )
525
5 00 x10¢ Belle Il preliminary
P SR N N = 800F
: : LN . B £dt=8.7fb~! | mmm Y(4S)-»BB | £dt=8.7fpb~l =R B-Xlv _
Slgnal side g 1-75:' 0 f 2019 EEE Continuum ] f 2019 I Fake or Secondary -
= i 7 # MC stat. unc. | - B cte -qg 1
- L. "
n >0 [ § Data ] 600 i /7. MC Uncertainty
_ - Bt'gge— § Data
400 i

MC tag-side efficiency @10% purity Had. Bt/B [%] | SL. BT/BY [%]
Full Reconstruction Belle 0.28/0.18 0.67/0.63
FEI Belle 0.76/0.46 1.80/2.04

N of correct Biyg per 1 b~ in Belle (FEI) 8350/5060 19800/22440

zoo}

-1.2 -10 -08 -06 -04 -0.2 0.0

650k Hadronic B-tags for physics analysis already (60 tb™)! 10g(Prag)
- Enough for tagged measurements of many modes.
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Semileptonic and leptonic B decays / Targets

e History of anomalies in |Vubl, |Veb|, B=2D®) T v — key to identify bias.

CKM precision tests are challenging, but more data will help
overcome over most systematic errors.

Improvements to K. reconstruction, beam background mitigation for

1=

@
>Eec, B—2D** | v background, tag efficiency, tag calibration.
e Purely leptonic modes are a Belle Il focus for > 1 ab-.
Observables Belle Belle 11
(2017) 5 ab™1 50 ab™!

¥ |V, incl. 42.2-1073 - (1 + 1.8%) 1.2% —
¥ |V, excl. 39.0- 1073 - (1 £ 3.0%ex. £ 1.4%)  1.8% 1.4%
¥ |Vip| incl. 4471072 - (1 £ 6.0%ex. £ 2.5%¢.)  3.4% 3.0%
¥ V| excl. (WA) 3.65-1077 - (1 &£ 2.5%ex. £3.0%¢1,.)  2.4% 1.2%

B(B — 1v) [107Y] 91 - (1 4+ 24%) 9% 4%

B(B — uv) [1079] < 1.7 20% 7%

R(B — Dtv) (Had. tag) 0.374- (1 +16.5%) 6% 3%
¥ R(B — D*rv) (Had. tag) 0.296 - (1 & 7.4%) 3% 2%

D
<o
Belle I

Belle Il

Phillip URQUIJO

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

R(D¥)

area has CL > 0.95 T

| fitter
BELLEII 50 ab™ WA 2017

Amy & Amg

1 ! sol. Wi cos 29 <0
(excl.'at CL > 0.95)

= IIII|IIII|IIII|IIII|IIII|IIII [ 111

C
Ol

0.45

0.4

0.35

0.3

0.25

0.2

Belle Il Projection

—— Belle Combination 50 ab’ (not including
— Eg téabr extrapolation of latest Belle study)

—— World Combination
- SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

PTEP 2019 (2019) 12,125CO1

\_/

Ax2=1 contours

1 o contours

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

R(D)
25
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b—s vy Reconstruction

o Large program of radiative decays CP violation - New sources of |
. . . . . SM favored SM disfavored,
CP violation in B—»K*y, py could reveal right handed currents. . enhanced with RH current

Talk by S. Halder

YR
e B—KstOY is a near term target for TDCPV analysis. br N\& by 2
helicity Z/% oy \ /7@//0&/
« m, ~4.8 Ge o« , Sy g
« b—d currents not well explored yet. s %070 s
« Reconstructed yields (2.6 fb-1) consistent with WA branching @ A fo s
fraction. | O, _— Dr
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EW penguin B decay prospects

Talk by S. Halder
- Belle Il should refute/confirm deviations observed by LHCb ———
within 4 years. Expect first signals by ICHEP. i - Belle _
- Electron channels (low X/Xo) good resolution & T channels BT |
e Inclusive B—X |+ |- (initially sum over exclusives with M(Xs) 1ol t
< 1.8 GeV/c?, eventually: explore fully inclusive recoil). = T ] |
_ '—;' ; -+ Data _
0.5 ¢~ 4+ LHCb -
Expect to see first clear signals in data collected to date! | L et ediction
* 0.0 l . . . . l . . . . l . . . . l . . . .
Rare: e.g. BR(BO—K™011)=(9.9+1.2) x 10~ 0 5 10 15 20
2 (GeV?/c?)
I ~ 1.8— : : :
: _——— : < r
60;— Belle Preliminary 2019, | — o 16_— -------- gel!e--lt(-zq1f ------ RK* ---------- ---------------------------------
s, ROK?) arXiv:1904.02440 - 7| S S " B -

R(K) arXiv:1908.01848

Events / ( 0.0025 GeV/c?)
Events / ( 0.0025 GeV/c?)

Pull
Pull

M, (GeV/c?)

Belle Il Phillip URQUIJO




Radiative and EW penguin B decays / Targets

2
o Except for B—Xs+d Y inclusive, all channels are highly statistics limited. ”Heffz—4%%%?%2(@0#0509+h-C~
0.10 . : : . .
e Expect systematics to be subdominant beyond 50 ab- !
o Key to understand beam background induced efficiency loss and EecL o031 ‘;
degradation in B—Kvv. o - i —
. . Z&)': 0.00} “ @h 7
o SMlevel (5 g)in B—Xvv. Novel ALPs/Scalars/LLPs searches in B decays. £ 7 I%‘
Observables Belle Belle 11 el 1
PTEP2019 2019)12,125C01 ) R
B(B — K*um) < 40 x 1070 5% 9% o 00504, 005 00
B(B — K*uv) <19 x 107 30%  11% 7
¥ Acp(B — X qy) [1077] 2.24+4.0£0.8 1.5 0.5
¥ S(B — KirVy) —0.10+0.31+£0.07 0.11  0.035
¥ S(B — py) —0.834+0.65+0.18 023  0.07
¥ App(B — X T07) (1 < ¢* < 3.5 GeV?/ct) 26% 10% 3% .
¥ Br(B— Ktutu )/Br(B— Kteter) 28% 1% 4% %
(1 < ¢* <6 GeV?/ct)
¥ Br(B — K**(892)u™pu~)/Br(B — 24% 9% 3%
K*T(892)ete™) (1 < ¢? < 6 GeV?/ct)
B(Bs — vv) <8.7x107° 23% - 20 15 10 —05 00 05
B(B, — r7) [1073] — <08 - Co
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Expected (Integrated) Lummos:ty
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Peak Luminosity [x10** cm™s™]

2001 9/1 20211 2023/1 2025/1 2027/1 20290/1
2021 Integrated luminosity > 0.5 —1.0 ab'!
2022 B"yto reach 0.3 mm (design value)
2023 Integrated luminosity 5 ab!
2026 Peak luminosity to reach ~8 x 1035 cm=2s1 (design value)
2028 Integrated luminosity 50 ab'!
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Belle 1l

Higher sensitivity to decays with
photons and neutrinos (e.g.
B—Kwvv, pv), inclusive decays,
time dependent CPV in By, T
physics.

LHCb

Higher production rates for ultra
rare B, D, & K decays, access to all
b-hadron flavours (e.g. Ap), 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 11), PTEP 2019 (2019) 12, 125COI (Belle Il Physics Book)
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Belle Il - LHCb Comparison

Observable Cﬁ'iﬁﬁ?t 2019  Bellell Bellell  LHCb
Babay  LHCb  (5abh)  (50ab’) (23 fb)
CKM precision, new physics in CP Violation
¥ sin 2B/¢1 (B— JAy Ks) 0.03 0.04 0.012 0.005 0.011
M v/o3 13° 5.4° 4.7° 1.5° 1.5°
¥ o/ 4° = 2 0.6° =
FE V| (Belle) or [Vas)/[Ves| (LHCD) 4.5% 6% 29 1% 3%
Qs — 49 mrad — — 14 mrad
¥ Scp(B—n’ Ks, gluonic penguin) 0.08 0 0.03 0.015 0
¥ Acp(B—Ksn) 0.15 - 0.07 0.04 -
New physics in radiative & EW Penguins, LFUV
I Scr(Ba—K* y) 0.32 o 0.11 0.035 o
P RB—KF) (1<¢2<6 GeV?/c2) 0.24 0.1 0.09 0.03 0.03
¥ RB-Dw) 6% 10% 3% 1.5% 3%
Br(B—1v), Br(B—>K*w) 24%, — —9%,25% 4%, 9% =
Br(Bg—pup) — 90% — — 34%
Charm and t
¥ Adcp(KK-nm) —  8.5x10-4 — 54x104  1.7x104
¥ Acp(D—mn0) 1.2% _ 0.5% 0.2% =
Br(t—e ) Results on other D & T <120%10-9 — <40%10° <12x10% -
Br(r—muu) Q1Ix10° <46x109  <3x10°  <3x109 <16x109
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o Possible in similar channels, lower precision
— Not competitive.
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Conclusion

Simulation of an e*e=> p*p-Z' event in Belf® ||
« 60 fb1collected (much of it during Covid19 @ .

N
\

travel restrictions): x10 or more each year since
commencing in 2018.

e Enough to explore the power of Belle Il with D D
performance control channels, and to start the
flavour physics program in earnest.
o Presented selected highlights with up to 10 fb- "
with 2018+2019 data. J o \
« Dark sector publicationondark Z’, with ALPs https://cemcourier.com/a/ﬂrst-physics-for-bellélﬁA

and dark photons to come soon. Belle Il Presentations at FPCP

o First competitive flavour publications within F. Abudinen, Belle Il Highlights on first physics results
reach. R. Briere, Charm and Charmonium at Belle Il

S. Halder, Results and Prospects of Radiative and Electroweak
Penguin Decays at Belle |l
M. Merola, CKM first measurements at Belle |
S. Stefkova, Status and future development of the Full Event
Interpretation algorithm at Belle |
M. H. Villanueva, Tau physics highlights and prospects at Belle |l
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