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Flavour changing

neutral currents
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- Loop iIn SM
- Rare at BR < ~10-6
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- Lepton flavour

(Pseudoscalars) violating
- Higgs-like ‘ L.eptO.n number
(Scalars) violating
- Dark photons - Forbidden or
(Vector) very highly
suppressed
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Missing particle and (semi)leptonic signatures

Tests of lepton
flavour universality

- Semileptonic or

leptonic

- BR ratios with 1/

u, t/e, ule

- Tree or loop

2



K-Long and muon detector:
Resistive Plate Chambers (barrel outer
layers); Scintillator + WLSF + SiPMs (end-

caps, inner 2 barrel layers)
S i Y

Low lepton fake rates,
good electron
momentum resolution.

EM Calorimeter:
Csl(Tl), waveform sa
(barrel+ endcap)

High hadronic and
semileptonic tag full
reconstruction
efficiencies.

Beryllium beam pipe
10 mm radius

Hermetic coverage for
vetoes and inclusive
tagging.

Background robustness
at high luminosity.

Vertex Detector
1—>2 layer PXD + 4 |z

positrons (4 GeV)

Central Drift Chamber . |
He(50%):C2He6(50%), small cells, lot
lever arm, fast electronics

To project to future capacity we must look at current detector performance!
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Belle Il Online luminosity Exp: 7-18 - All runs

Integrated luminosity
mm Recorded Weekly

fﬁReco,deddt=21349[fb‘1]

Total integrated Weekly luminosity [fbo™?]

- 150

- 100

- 50

~90% data taking efficiency
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Total integrated luminosity [fb™?]

Peak Luminosity [x10%° cm™s™]

10

(Anticipated) SuperKEKB/Belle Il Luminosity Profile

' —Lpeak Before IR upgrade
——L__ After IR upgrade

- peak

— Int. Luminosity

/
1911 2021/1  2023/1 2025/1 2027/1  2029/1 2031/1
Date
KEKB |SuperKEKB | Achievements
B*y(mm) | 5.9/59 | 0.3/0.27 1/1*
lbeam(A) | 119/1.65 | 2.6/3.6 0.7/0.8 *
L(cm-2s1)| 2.11x1034 | 65x1034 3.12x1034
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BELLE2-NOTE-PL-2020-027

Belle Il 2021 [Ldt=62.8 fo™

, L o
« Good universality in efficiency, and in resolution after 2 7000 £ Ng;::;sa(: V,Qiﬂ
C u=3. eV/c
bremsstrahlung corrections. 6000 f »

V/c?)

C:2 5000 C 0 =0.049 GeV/c? I
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$uper conducting col/

=4 Lepton identification

2080 V4 .
..l" PEEE 10;3(2(300)” ‘"“':”'f.’"‘""*"‘f}“’19§o(e lla?ws ?J (el ST I T ]
o Electrons strongly rely on ECL shower shapes, E/p, dE/dx iR eoaey o DR

(CDC). : N [ -
e Muons rely on KLM (above ~700 MeV/c), and ECL (lower SlER e \ ||/ eoce _g

R1145(ARICH)

R1137.5(BPID HREr st B o

4§ R1130(COC/SC outér most R)

momenta). N\ : el

= =
e The 1 problem: B— t—| have <p>~500 MeV/c. L -
| IP Chamber
o Use of ML methods for e &  ID in use, optimised for low
p (big improvements with ECL shower shape BDT).
ElectronID Muon ID . .
B— t—Il decay kinematics
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Neutrals and vetos

« Fundamentals of missing energy B decay studies at Belle Il.

o Calorimeter extra energy (ECL cluster based BDT to separate
signal from beam background and split offs).

o K- veto (ECL- pulse shape discrimination, KLM).
o Track counting based veto (absolutely crucial).

Extra energy - cluster variable BDT ECL PSD Ky/y -ID (New to Belle II)

Belle Il [cdt=34.6fb7" NIM A 982 (2020) 164562
A i B°—>D*£vl | | m 5050
S 10007 Training sample 1 B@am e o % —— Data: K; from KgK(L)(y) —— Data: y from u u’(y)
= ool background like 7 ez e _q:, 12| —— MC: KE from K%K_ﬁéy) e MGy from W)
4 & S | LCE 1_—-— M(_): K/ fromB B _
+ igna - i 2
S 600 photon like R e -
- ] — 0.8 35— ]
© o — —f— _
© 400 = T f . .
CC) 0.6 ' .
o L l | -
0 . ‘ Y o —
-------------- * T T Belle Il 2018 PSD classifier
0.00 HTr—|e B """i":..,_.,_. . .
J ) ! oLb——v v T e
5 _ H { I { { HHH{ H It” $ 0 0.5 1 15 2 2.5 3
095 1 { { Cluster Energy (GeV)
0.0 0.2 0.4 0.6 0.8 1.0

Belle 11 2021 Phillip URQUIJO

Track Finding Efficiency
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Belle Il Track Counting
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2019a 2019b 2019c¢ Combined
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tracking efficiency
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i B reconstruction

Semileptonic FEI with Belle

Hadronic FEI results with Belle 11 M2, resolution with B—D* I v G. Caria PhD thesis
BELLEZ-CONF-PH-2020-019 BELLE2-CONF-PH-2020-009
(a) %105 Belle Il preliminary 'E
5 1'2: Y(4S) > BB Belle 1l Preliminary fﬁdt = 34.6 fb~*! 8
S 1.0} fﬁdt=34.6fb_1 EEE Continuum [ O
- i Bt-:'-ag #/// MC stat. unc. ! [ ] B-D™ v
5 08 o e i B Background
% l ! wz;. MC Uncertainty
b B ' Data
- 2 60t f
LD B
~ _
S _
=40}
S N |
= hd i
: 5 |
o > 20¢
) =14 o 008 06 04 02 00
l0g(Prag)
£ N 3 25 -2 15 -1 05 0
(b) Belle Il preliminary Iog (SIgPI’Ob)
035} ¢ L g 10
i 2 5 u
0.30 | : t B° = TF * Belle MC
X 12 0.0} ! +_+_H B—-D*lv
go.25E N + S : * * 1 0.6 - —> )
§ 020 O —25b TR S P it 2 B—-D"1v
X 0155_ ¢ -1.0 -05 00 O5 10 15 2.0 25 3.0 g 0.4
=5 i 10; mrzniss [Gev2/c4] 4
| =
0'05;' [cdt=34.6fb1 0.2 1
000 ————5——"3 20 50 60
Purity (%) 0.0 ; .

0.0 2.5 5.0 7.5
m2... (GeV?/c?)

o >1 M hadronic B-tags, >5 M semileptonic B-tags in 200 fb-' sample.

« Recent improvements (new channels, PID, vertex fitting).
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Belle, PRD 92, 051102 (2015) SL tagged B— t v

~800 90
> °
700 p,e,7 channels Belle II, B—D*1v, arXiv: 2008.10299
1600 BDT ECL neutral energy classifier (left before, right after)
=500
=400 Belle Il preliminary  [rdt=34.6fb" Belle Il  preliminary  [rdt=34.6fb"!
%300 No beam background suppression = g;:g‘:und 40 Beam background BDT applied = ga_;sg-rivund
5200 s @ e | S 38 72 s
Q I $ Data % ’/ Dat;;a,unc.
10 8 ol 5
"""""""""""""""""""""" S | S 25
~ 15¢F ~
§ : $ 20
T 10} S 15
e | =
3 5 5%
5
0 0
...... o 2°F o 25
io QO}++++TT* }** }' + * Tz 00
5° : { T 5
A S H . * llllllllllll ol 75
""" 0.0 0.5 1.0 1.5 2.0 2.5 0.0
EecL [GeV]
...................................................................................................... Observablos Bello Belle 11
5 ab~ 1 50 ab~ 1
B(B — tv) [107°] 91-(14+24%) @ 9% 4%
OI_--||...I....I..........__:_ ________________ B(B%MV)[]'O—G <]'°7 20% 7%
2.4 2.5 2.6 2.7 2.8 2.9 3 3.1

pi (GeVic) o Leptonic decays will soon reach <10% precision on [Vuyp|.
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_|_
H;Jg(y /ﬁ )
< cC ) —= ——<——4</—E
¢
> q (g > q

¢
o Bellell needs to improve R(D) - also more . _ .
- T
sensitive to Ht -like scalar. e S0ah-]
 Beyond R(D) and R(D") - kinematics, polarisation R, (6.0 £ 3.9)% 1+2.0 £ 2.5)%
and other observables. - §<10,3, e Hs-D R px (3.0 £ 2.5)% +1.0 £2.0)%
o n l , ] P._.(D* +0.18 £+ 0. TV. + 0.04
S ol B=DOTy ‘ : (DY) 0.18 = 0.08 0.06 = 0.0
N S L L A B R R ~ 1 S
S [ D A v A Locontours - 32 45 o T ¥ | e
E LHCb15 E "GC_; “““‘ : 05—_ zlc\:lla:)arrediction:PRDBS 094025 (2012), PRD87 034028 (2013) _—
0.35 :_ BaBar12 _: Lﬁ 10 : -0 0.5 E .B+ o Belle PRD97, - \T/:rc‘t;rr}pnnsmuozs (2013) -
B LHCb18 | - 5 F — AN\ -0y 012004 (2018)
0.3 » } = T __—_= Wl Fake D R(D?), P Had tag
0.253— T Bellel9 _Bellels _f ' ' ' ' '
E Bellel7 . HFLAV E
021~ T s o - N
B | | IR(D"I‘)=OI.258Ii-O.OIOS o Ip(x2l)=2l7%l | %
0.2 0.3 0.4 0.5 O o
RD) = 1200}
Belle PRL 124, 161803 (2020) = O
R(D), R(D*) SL tag 5 Belle I1 50 ab1, SM 800"
#(D) — 0.307 + 0.037 = 0.016 (13%)" (Vs DM oo,
() - 0307 0030 - () (15%) (Hist) 4007
W(D*) — 0.283 = 0.018 = 0.014 (8%) : 200F
0O 02 04 06 08 1 1.2
EecL (GeV) %5 6 7 8 9 10 11 12
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Future studies: B—X, T vinclusive, B—m/otv

MELBOURNE

e Inclusive B— Xtv (with FEI hadronic tag) — only ever measured by LEP. 1 > L

« Charmless (Belle B—11 T v had tag.) is highly stats limited and can be seen with Belle II.

Belle Phys. Rev. D 93, 032007 (2016)

—> -4 Q{0
Inclusive - Exclusive B—X t v tension Br(B—ntv)<2.8x10495% CL

> 180F ' " |~ Data e ' — Data
O B Signal G B Signal
icti ALEPH w 160" 0 © 0
SM prediction H—ea—H S 140 B - X, 5 MmB - X,
Phys. Rev. D90 (2014) R. Eur. Phys. J. C (2001) -~ F 42 fixed BG ~ 2 fixed BG
£ 120 - 2 =
& <nnF . S :
PAL > 100 = > =
r — 1 O w :_ _:' w E
Phys. Lett. B500 (2001) - : E
DELPHI 3 . E
| | it i s Gl RRHHIRRRH K KT v E O R X E
.......... R e, 20702000 %0%0%6%6%6%6 %6 %00 %0 %0 % %6266 %6 2 20 2 % N oze . _

I 5

Phys. Lett. B332 (1994)

(a) T — evv (b) 7 — 7

I 5

. . , > 80 - Data
Z. Phys. C71 (1996) (.,D, 70 = gzgnalx Bellell proiection
. —
© 60 . b
Average = 2 fixed BG
Phys. Rev. D 98, 030001 (2018) *qe; 50 |
@ 40 5ab1 . 4 e 2
—e1— exclusive B(B — D + D" 1v) 30 SR Rﬂ' = 0.64 £ 0.23
HFLAV2019
50ab— 1 N
Lo, 1 ROOPTN — .64 +0.09
05 10 15 20 25 30 35 Saturated by ““““““““““““““ 4
0 Egc [GeV]
B(B — X1v)% D&D* only?
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=4 B—X_.,/v,B—=D"*lv
MELBOURNE C,u ,

Belle arXiv:2102.00020

» Vy inclusive-exclusive puzzle persists. Vub|inclusive
e Vub: recent inclusive Belle result reduces tension. b, Ferlewicr. PU. E. Waheed Vbl =(4.10 £0.09 £0.22 £ 0.15)x10 5
. y , L.
e Vceb: Non-zero recoil LQCD inputs coming from PRD 103, 073005 (2021) Belle w000 ;
L Data
M M - 1 = 4000 -, , uncertain
Fermilab/MILC & JLQCD (Fermilab/MILC rmon-zerorecoil JLQCD s [T e
2105.14019 _hep'lat]). ézooo
LI I BN R BRI LU BB R Lulooo:
PDG Inclusive ——
[r— 4,8 rrr[rrrr[rrrr[rrrt LN B I L L L L L L BN PDG EXCIUSive’ D* * 2(5) =
on — ] : = Bl
. = B D*1v ) - PDG Exclusive, D * S 00|
E 4.6 — oy Ay~ = 1.0 contours = CLN . st
—'8 4.4 = Bonlv = CLNnoR ®
> 40 A, —>pRY Inclusive — CLNnoHQS ¢
— - V_|: GGOU a BGL(1,0,2) o o
4 — World Average |V | global fit in KS = BGL(1,1,2) o 1755_ E Sgckglround
3.8 = — CLN, naive systematics —— f*; : ! oty ]
- 3 BGL(1,0,2), naive systematics = E 774 MC uncertainty 4
o e = CLN, e 5
3.4 = CLN, 9
32 — BGL(1,0,2), e 5
“E ] BGL(1,0,2), u -
3E - CLN, LQCD R ]
= Spring 2019 o i
2.6 — P(Xg)i7-7%—_ CLNnoHQS, LQCD * I S ST ST T e—T
e v by by by v e e b v v b v by by by oy 1T BGL(1,0,2), LQCD A q2 [GeVz]
35 36 37 38 39 40 41 42 43 44 BGL(1,1,2), LQCD
|V I [10- ] BGL(2,2,2), LQCD A FIG. 9. The post-fit projection of My of the two-dimensional
co -~ - b fit to My : ¢° on My and the ¢° distribution in the range

32 33 34 35 36 37 38 39 of Mx € [0,1.5] GeV are shown. The resulting yields are

V 1 03 corrected to correspond to a partial branching fraction with
r’ EWl Cbl X E; > 1GeV. The remaining ¢° distributions are given in
Figure 22 (Appendix D).
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Belle Il arXiv: 2008.10299, B—D*1vtagged

FUture StUdi e S Belle 11 arXiv: 2008.07198, B—D* 1l vuntagged

e Vcb: New Belle Il results

THE UNIVERSITY OF
MELBOURNE

(inclusive Belle used only 140 -XiO.B. — Belle Il arXiv: 2009.04493, B—X I v My moments
. 4 | Belle Il (preliminary ; g:gﬁ”
fb-1). Exclusive needs more | Jrde=346m7 == 50" a8 3 Bellel
VL [ pf >0.8GeV X B B-D**fv | - elie
data at low w (better slow S 3 P ' B other B - X.tv | . & BaBar (2007)
. o o | ' A T a6l | $ Belle (2006)
pion efficiency at Belle II). - v =3 Cascade | 2 GO0 ¢ ] )
2 i ¢ I other BB > o © 1 -
5| ' e | e i __Di o Tas L7
. . . -ICIEJ . ¢ Data A - + i . !EI .D }

e Vub: inclusive and exclusive 21t . . =, Pl % %.: }D }
are experimentally statistics | ﬂ : o el oratiminn t g 1]
limited S : HOT [rat = 346 ¢

' S 125 1 TN | | ...........................
= 1.00 3 } {H * | 0.8 1.0 1.2 1.4 1.6 1.8 2.0
®o75F . pi* Cut [GeV/c]

. 0) 1 2 3 4

 New physics: M, [GeV/c?]

’ ITFUV with light leptons Observables Belle Belle 11 )
(improved lepton 5ab-!  50ab-!|
identification systematics V.| incl. 42.2-107° - (1 £ 1.8%) 1.2% —
at Belle ||) V.| excl. 39.0-1073 - ( + 3.0%x. L 1.4%th.) 1.8% 1.4%

V.| 1ncl. 4.47-107° - ( + 6.0%x. = 2.5%1;}1,) 3.4% 3.0%
Vil excl. (WA) 3.65-1073 - ( + 2.5% ex. L 3-O%th.) 2.4% 1.2%

Belle 11 2021 Phillip URQUIJO 14



Loop Decays




B—K®O=0 |

« Long term focus on electron channels (LFUV, angular analyses) & inclusive channels.
o« g?(electron) resolution ~ 50 MeV?/c2near J/Y, background constrained with Mpc. y y
B N§ : 0 E | I | BaBar
elle JHEP 2103,105 C 50 ‘ E ol e § ([)Pi{[<)8%0§2(8)1122J GeVZ/ct
(2021) B—K'e' e o T 0
S 40 ; - Belle .
Belle Phys. Rev. Lett. e | 9 3oL "  LO< gt <60 Geviret
126,161801(2021) =30 g |
0 Ll i :
2 20
-E- 20 i
T Fi i : 1
10+t 10 : oy {"EC9<961:)bGeV 2 ¢4
- H [LHCb PAPER-2021-004]
= S A “l“llllngoi:n |||||||||||| 9 o | 1 | | |
%.2 522 524 526 528 g.S 9() 1-005 O 0.05 O. ] 015 0. 2 0.25 0.5 1 1.5 R
M, . (GeV/cY) AE (GeV) *
< 18 |
s ggﬂ{ﬁ,r{’ary Observables Belle 0.71ab~! |Belle IT 5ab™! Belle II 50ab™*
= — _ |
BBe:lellll % ::_ (SDfr:étl)linatorial Background det =62.8 fb RK ([10, 60] Gevz) 28% :_1% 36%
—> é 10 B Peaking Background B+ N K+ N I_ RK (> 144 GeVZ) 30% :_2% 36%
S ) | : R~ ([1.0,6.0] GeV?) 26% 10% 3.2%
S ANIRMAN 1]‘ i Ric- (> 104 GeV?) 245% 0.2% 2 8%
2T Ty Rx. ([1.0,6.0] GeV?2) 32% 12% 4.0%
22 501 520 523 504 525 526 527 528 529 Rx. (> 14.4GeV?) 28% 11% 3.4%
M, [GeV/c?]
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Tagged Dilepton Inclusive

B—X Il

Belle X Exclusive: Phys. Rev. D 93, 032008 (2016)

THE UNIVERSITY OF
MELBOURNE

« Novel Belle Il studies based
on tagging to inclusively
reconstruct the X system (in

BY decays B~ decays
& 7= progress).
K_ﬂ': ; (K%WO) . K_T('j_ Kbqﬂ_ i
K~ KOm~ K ntn™ KO%r~
K—;Z—ﬁ EKéZ—;;O) K_Z+Z_7TO Kéi—im—
(K_7T+7T_7T+7TO)(Kg7T_7T+7T_7T+)(K_7T+7T_7T+7T_)(Kgﬂ'_ﬂ'+ﬂ'_ﬂ'o)
¥ Exclusive projections ](?e;}eab_l ?Zﬂ? 1H ]5352‘@ _III
1.0 '
- ) Br(B — X,£*¢7) ([1.0,3.5]GeV?)  29% 13% 6.6%
% % Br(B — X.07¢7) ([3.5,6.0] GeV?) 24%, 11% 6.4%
0.5 / / __________ Br(B — X,0707) (>14.4 GeV?) 23% 10% 4.7%
: = W Acp(B — X.07€7) ([1.0,3.51GeV?)  26% 9.7% 3.1%
o P i M s Acp(B — X.0707) ([3.5,6.01GeV?)  21% 7.9% 2.6%
. % % Acp(B — X 0707) (>14.4GeV?) 21% 8.1% 2.6%
% % Arp(B — X.0707) ([1.0,3.5]GeV?)  26% 9.7% 3.1%
-0.5 | / % Arp(B — X.0707) ([3.5,6.01GeV?)  21% 7.9% 2.6%
; % % Arp(B — X 0707) (>14.4GeV?) 19% 7.3% 2.4%
(g s By Acp(4rp) ([1.0,3.5] GeV?) 52% 19% 6.1%
> 10 ) 125 20 Acp(Aes) ([3.5,6.0] GeV?) 42% 16% 5.2%
g’ [GeV“/c] Acp(Arp) (>14.4 GeV?) 38% 15% 4.8%
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Bl B—K / K* / T / oVYV SM  Average

MELBOURNE 140 4 onreli

L

e SM B—K® vv studies: Now 3 methods demonstrated. ] U Bellell (63 b, Inclusive)
g 'his work, preliminary
« SL tag, Hadronic tag, Inclusive tag. (Statistically ~independent). |
| - Belle (711 fb !, SL)

1.0+£06 PRDY6, 091101

« Note: large efficiency improvements with FEI over previous

|
|
|
iterations of B-full reconstruction. v v | - N Belle (711 fb~!, Had)
30£1.6 PRD87,111103
|
® BaBar hadronic == SM prediction / ~ / : ,
®  Belle hadronic A Belle semileptonic — g g _ - . .ﬁa?raing)%glgug(:s , Had+5L)
A BaBar semileptonic b ‘ 0 e ——
BaBr semilepton o : w0 2 4 6 3 10
5 ' =
: 5 : 7
. ¢ * 10° x Br(B™—=K ™ vp)
10! e ® o e | | _ Belle Il Novel inclusive tag
O . A . N method arXiv:2104.12624 :0.93§BDT2<0.95E0.95<_<BDT._><0.975097<BDT. <0.99% 099<BDT, |
X 5 5 5 5 ; | i | : : ]
- Py O A ' CR1 1 : Belle 11 plohmm'uy h
- A 0 M /.Cdt— (63+9) b~ -
A A : -- BT K" :
% . A A AN »n 300 ! I: Neutral B
o 1077}  — - A E @ Charged B |
= : 1 : : : : D :EEl Continuum 1
E [_I>_'| 200 ’ Data _:
—  Belle Phys. Rev.D 96,091101 2017) 100 N
1070 —— P —— +'—: O'—: 0'—. T
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B—K®vv studies: We may have significant

signal of SM with 2-5 ab-.

B— X + ALPs, Dark Photons, Higgs like

scalars. B— X + (invisible, vy, I*l, h*h- etc.).

PTEP 2019 (2019) 12,125CO1

N ----- Belle + BaBar B — K*vr 90% CL excluded

A\ |

|
——- Belle + BaBar B — Kvv 90% CL excluded S

Belle IT B — Kvv 68% CL allowed
Belle IT BR(B — K*vv) 68% CL allowed
Belle IT B — K*vv 68% CL allowed

fl\évjo X
/ I/\\ T T \\ | — T T
—-08 —-06 —-04 —0.2 0.0 0.2 0.4 0.6
I
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B— K/K"/n/g ... + invisible or long-lived

a — invisible

Observables Belle 0.71 ab™" Belle I  Belle II
(0.12ab™ 1) S5ab”! 50ab”!
u/?/t 9 Br(B™ — KTvp) < 450% 30% 11%
Br(B" — K*'vp) < 180% 26% 9.6%
Br(B™ — K*tvv) < 420% 25% 9.3%
w= F (B — K*%vD) — — 0.079
. F (BT — K*tvD) — — 0.077
Br(B’ — vv) x 10° < 14 < 5.0 <15
Br(B, — vv) x 10° < 9.7 < 1.1 —

1071

! :
BaBar mono-v, 23/fb .

1 L L 1T ITLT

107%E
l?BeHeIIInOHOJXS T I
: 10-35
BaBar B — w = :
______________ Fleds k0 :
d 1074¢
. ALPs, 1zaguirre et al. s

: Phys.Rev.Lett. 118 (2017) 11,

: 111802 .
i = R 107°F
0.1 | O :

M, |GeV]

Long lived - Higgs-like scalar ————
LHCb

BaBar ‘

A. Filimonova, et al. PRD
101, 095006 (2020)
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B% Xs,d T l, B% Xs,d TT Lo =enr j

« LFV channels, use tagging to infer recoil mass near m-.

S
)
I
1
I
I
%]

SM prediction . ‘ .
« LF conserving channels with T probably out of reach of Br(B" — K*t+t )sn = (0.99 = 0.12) - 10—,
SM, but good for NP sensitivity. Br(B — K™+t )y = (0.91 4 0.11) - 107,
« Results from Belle (II) on the way (none yet). S Ty T T
S 250 BaBar, PRL 118, -
8 Tk ]
3+ K+ 1p <4.8x10° (BaBar) E Lo0b 031802(2017) -
Current status of LK 3 0x10- (BaB H] - 7 471M BB -
searches t LFV NS S (BaBar) '50;_ t E
B+ Kttty <3.9x10> (LHCbh) 100}~ oy E
B+e K+T M+ 5():_ | 4 A =
Lo LA L B B B e
> b ot BaBar, Phys.Rev.D . 3020 02 04 06 08 i3 1416
> 10 23] 86 (2012) 012004 - MLP output
= 8:_:% o 471M BB _: Observables Belle 0.71 ab™! Belle I1 Belle 11
- F 16 18 2 - ~1 ~1 ~1
2 . (GeVI) - (0.12ab ) 5ab 50 ab
s o - Br(B* — Ktt*tt7) - 10° < 32 <6.5 <2.0
i & HuTT T Br(B" — t7t7) - 10° < 140 < 30 < 9.6
T Isinl ThIMTHL T Br(B’ — t¥r7) - 10* <70 < 8.1 —
S S T +| - Br(B* — K*t%eT) - 10° — — <21
e AT T T | - Br(BT — KTt*uF) - 10° — — <33
0 o5 1 15 2 25 3 Br(B8" — t¥e¥) - 10° — — < 1.6
m, (GeV/c?) Br(B — t*uF) - 10° — — < 1.3
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« New phenomena coupling to ts can be probed
directly via ee—TT.

« Good near term prospects for exotic searches, e.qg.

T—| a (invisible), and T decay LFUV (need to push
Lepton ID systematics).

Belle arXiv:2103.12994
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C h al'ni. S L ’ F() rbi dden Belle Phys. Rev. D 95, 011102(R) (2017)

>f10° w ..
| =i N1/
« Belle Il expects to have a program of "2 s Xfrag
leptonic & semileptonic measurements et ’T‘ e

Ds—|lv or D—vv using tag methods.

Events/(0.35 MeV/c?)
LI 8 L g

bf'\
S

. 2° ............................. Figiginig. (DO, p+ Df.*)*, AD) / \
° Many Charm fOrbIdden Or Suppressed 0:1.856 1.858 1.86 1.821.86 1.6 .8 1.87 Eglg T[g_

M. [GeV/c?]

modes: most competitive with di-electron

& O
= -3
" — 10 S O .............................................................................
(recent updates by BaBar). EV E v 0 0
O F M
B v
Bi0¢l 004, Ty v . BaBarPhys.Rev.D101(2020) 112003
= \4
o = v
[ [ _ [ ¢ L ®
Stat limited up to 50 ab! > v . . . o
PSS _! 10—5 ..................... " .......................... v .................. ' ......... + ... ...... ‘ ....................... . .. ..... ‘ .......
Most competitive on Dy o EF . e ¢
>  f +L 0 o + o oo
Channel Observable Belle/BaBar Measurement Scaled Q -+ o ‘v V.‘ % ® o
1 1 . o 1078 = g ® @@ Q..‘..... ......................................................... ® New BaBAR
L [ab™ "] Value 5ab 50 ab = % ®g0 + Vv E791
] — ® @ BABAR
Leptonic Decays - N B Belle
1
'u—|- events 492 + 26 2 7k 27k 10—7 e @ e A + BES(-lI)
= CLAS
DS = (v 7T events 0.913 2217 + 83 12.1k 121k - ¢ CLEO
B O E653
/p. 2.5% 1.1% 0.34% 10—8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LHCb
_I_ HiHP HP I+1I+1I+1I+1Hil+il+i |+1|Q) +Q) + + + I+i+ + + + + + I+1I+1lih) |1|q) + + + + + + + + + + |1|q> Iilq>+ + + + + + + IQ) Ii+ + |q, |1+ + |1|q)+ + + + "P I+P I+P I+P I+P
,LL events _ _ 125 1250 ThLiTileek %,Qm_*m*i*ii'b 2 +m+i+1+i+1+6 ot +1+¢b+1+¢b L0z z0 +<b+m Sy +i+¢b SL0 0=, O .2.? A 'm'i+m +1*<D S0 Fﬂiﬂiﬂiﬂmﬁ‘D
D+ — e—i_]/ P s ;°c_8%°§<r t T':i':& ggg?gg*ﬁ%%*ﬁ&& g@@iiii'ig{*ﬁ*ﬁ&&'2':':':55'1TT e °‘°~|g~|g~|&'§T trr
AR Evviviolvi v fof g P x<c<< 111l YT
D i, - 6.4% 2.0% $55% ban n{f S fi Ti?i?i?é*géé*gé*gﬁﬁéb 13 ﬂ%ﬂw&éﬁ%ﬁ%{& T <°*L°’L°’L°*L°;’;’;'t§'§
“oaan 2909aaf “ala Q
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10 70

2019:10 {h! — L ., Before IR upgrade | — Int. Luminosity
8 —L After IR upgrade 60
2020:~100 fb'1 |50

5 2
8 6 3
2021: ~300-400 fb! (December, Babar 500 fb1) 3 partal 3
z R (QCs*) 30 2.
£ 5
2022:~0(1) ab1(Belle). Long shutdown for g 0 2
PXD upgrade, 1—2 full layers. = 2 =
© 10
Q.
2024/2025 5 ab! B2'TiP Milestone 0 — 0
PTEP 2019 (2019) 12, 123CO 201911 2021/1 20231 202511 2027/1 20291 2031/1
2026 Possible second shutdown for hlgh rour sieps ﬁ_itgﬁmfjsifolgtzzgg ?{I (11()-325/21111?/331/0(:?;)/21?,‘)5:\:;1) ;a detector upgrade

luminosity upgrades (SuperKEKB and Belle 11 Polarization Upgrade, Advanced R&D
Y UPE ( b ) Ultra high luminosity (4 x 10°%/cm?/sec, 250 ab'!), R&D Project
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Belle Il - LHCb Comparison

Current

Bellenl | Observabl g 29 Bollell Blenl - LHC
Higher sensitivity to decays with Babar
photons and neutrinos (e.g. CKM precision, new physics in CP Violation
B—Kvv, pv), inclusive decays, sin 2B/p1 (B— Jhy Ks) 0.03 0.04 0.012 0.005 0.011
time dependent CPV in Bq, T v/ 03 130 5 4° 4 7° 1.5° 1.5°
physics. o/ 40 3 ) 0.6° B
¥ V| (Belle) or [Vas)/[Ves| (LHCD) 4.5% 6% 29 1% 3%
% ducti f | Qs — 49 mrad — — 14 mrad
ra'?e S,r [';rz( ;Zte'zgyr:,t:zczg:tzaa” Scp(B—n’ K, gluonic penguin) 0.08 s 0.03 0015 .
b-hadron flavours (e.g. Av), high Acr(B—Ksm') 0.15 - 0.07 0.04 B
boost for fast Bs oscillations. New physics in radiative & EW Penguins, LFUV
Scp(Ba—K* v) 0.32 0 0.11 0.035 0
Overlap in various key areas to ¥ RB-KIE) (1<q2<6 GeV2/c2) 0.24 0.1 0.09 0.03 0.03
verify discoveries. ¥ RB-Dw) 6% 10% % 1.5% 3%
¥ Br(B—1), Br((B—K*w) 24%, — —9%,25% 4%, 9% -
Upgrades Br(Bq—up) — 90% — — 34%
Most key channels will be stats. Charm and 1
limited (not theory or syst.). AAdcp(KK-mr) ~ 8.5x10+4 — 54x104  1.7x104
LHCb scheduled major upgrades Acp(D—mn0) 1.2% _ 0.5% 0.2%, _
during LS3 and LS4. ¥ Briroey) <120x10 — <40%109  <12x10° .
Belle Il formulating an upgrade Br(t— ) AIx109 <46x10°  <3x109  <3x109  <16x109
program.

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

24

arXiv: 1808.08865 (Physics case for LHCb upgrade 11), PTEP 2019 (2019) 12, 125COI (Belle Il Physics Book)
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« 210 fb1collected (most of it during Covid19 travel restrictions)
o Selected highlights with up to 63 fb-1 of 2020 data shown (major updates for EPS-HEP).

« The flavour physics (publication) program has started.
o Semileptonic and leptonic channels are a major focus.
« Looking for both high energy/mass scale NP and low mass “feeble” interactions.

« Performance generally better than Belle on lepton ID, neutral/extra calorimeter energy,
KL-ID, tracking at low momenta and B full-reconstruction (etc.).

e Owing to better detector performance (VXD), use of more detector information (ECL
waveform sampling), and better ML methods in particle reconstruction.

o Excellent prospects for studies of missing particle channels.
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