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Belle 11, a flavour -factory,
(Belle ~ 1 ab™!) a rich physics program...

o We plan to collect (at least) 50 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™')

""on resonance'' production 2 .
e'e »>Y(4S)» BB, B'B"- B, , B’ ~ . (s _
@ S | 1 energy threshold
S ISP} ; for BB production
‘ \ —_ c 10 ' \". FA'\ T(SS)
u,d 1 . \+ : ‘a.\» o l T(48)
. — 1 i 1 ¥ ey Y e - [
o 2 B's and nothing else ! Bg B ¥ : -t ---r*—'j
o 2 B mesons are Created SimlﬂtaneOUSIY S_), 044 946 10!00 10.02 10.‘3-1 10737 10.54 10.58 1062
. ass (GeV/c? - —
in a L=1 coherent state ° Vagefeliey s N rg e, e
& - Ei hadrons

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

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

— a (Super) < factory (~0.9 x 10° t* v~ pairs per ab™ ')

— exploit the clean e"e” environment to probe the existence of exotic
hadrons, dark photons/Higgs, light Dark Matter particles, ALPs, LLPs ...

= toreach 6x10”cm *s™"

5 = cumulate 50 ab™' by ~2035



Belle(II), LHCD side by side

Belle (II) LHCb
pp>bbX

e'e" »Y(4S)»bb
atY(4S): 2 B's (B’ or B*) and production of B*, B’, B, B, A, ...
nothing else = clean events but also a lot of other particles in the event

(flavour tagging, B tagging, missing energy

= lower reconstruction efficiencies

o,; much higher than at the Y(4S)
Vs [GeV] | o [nb]

= initial conditions are precisely known

o,.~1nb=1fb ' produces 10° BB

ozlo,,

O-bE/O-total ~1/4

HERA pA

42 GeV

~30

~10°8

Tevatron

2 TeV

5000

~10-3

LHC

8 TeV

~3x10°

~ 5x107

14 TeV ~6x10° ~102

bb production cross-section at LHCb ~ 500,000 x BaBar/Belle !!
much lower than at the Y(4S)
= lower trigger efficiencies

higher luminosity Opb! Ototal

B mesons live|relativey long

mean decay length yct~ 200 um mean decay length yct~ 7 mm

data taking period(s) (displaced vertices)

[1999-2010]=1 ab™* [run I: 2010-2012]=3 fb™*
[2019-...]= ... [run II: 2015-2018]=6fb’

(near )l future

[Belle II from 2019]» 50 ab™* [LHCD upgrade from 2022]
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Test of lepton universality usin

Model candidates

v Effective operator from Z' exchange

v Extra U(1) symmetry with flavor dependent charge

< Models with leptoquarks

v’ Effective operator from LQ exchange

v Yukawa interaction with LQs provide flavor violation
< Models with loop induced effective operator

v With extended Higgs sector and/or vector like quarks/leptons

v" Flavor violation from new Yukawa interactions

G .Isidori, FPCP 2020: correlations among b-s(d)11' within th

B> K"”1'l” decays

b S
b leptoquark s b 5

A X P 0

lf

p L

Leptoquarks are color-triplet bosons that
carry both lepton and baryon numbers

Lot of those models predict also LFV
b->seu,b»ser,...

2)-based EFT

up (ee) T WV v TU e
b—s Rg, Ry« B—-K"1t | B—=K"wy
0(20%) — 100xsM || |_O()
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Missing energy analyses (so efficient....)

U.L. @ 90 % C.L.

0.5

M
=]
T

Lot
w
T

iy B->K<l
|
Q
& BaBar - 424 fb-! (obs) 9
. o
# Belle- 771 ! (exp) 8
¢ # LHCb -9 b~ (obs) ®
Q
c
o
E
L ] -
$
- ¢
¢
L L L L L
s x s x / B
xQ’ /Q’ "z s e x‘} /Q
x‘" A {-x‘ﬂ. ‘g“t (-Q‘(. 4-Q(-
2"(_ < L7 T a
o @ ) 27

B>Kvyv

104 -

<>

1075 -

BaBar combined 0.43 ab™*
Belle semileptonic 0.7 ab™!
Belle hadronic 0.7 ab™!
Belle Il untagged 0.06 ab™1
SM [B2TIP]

(0]

B kK% 0 Bt sK'tvi BO-sKOuwp

B>DVtv
—2

se_\ 0.4 L] I 1 L] L] 1 I L] 1 L] L] I L] L] L
2 B m Ax? = 1.0 contours -
a2 [ Preiim. 2022 BaBarl? ]

aBar
035 —
_ LHCh18  30.--77 " -~ ]
0.3 / —_
- 2 LHCb22 o
C TN (357 1
= q N —
0.25 b Belleld
~ Bellel7 Average -
- PRD 05 L) 100 R(D) = 0.358 £0.025 £ 0.012 ™
02 -}HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D*) =0.285+0.010 £0.008 =
B R(D) = 0.298 £ 0.004 E',;'f fgg gg}g; 33?301 p=-0.29 =
B R(D*)=0254£0.005 .00 u) 020) 2, 74 P(y?) = 32% -
B PRD 105 (2022) 034503 =
L I [ L L I L [ L L I [ ] L [ [ ] I [ [ ] L

0.2

0.3

S

0.5

R(D)




k °
™+t v at B factories

B

Btag —tag

Event reconstruction in B2 D

* hadronic tag
D _ BéDmn,Dmp“.

K
e

semileptonic tag
B-»>D"1v X

Bsiq-)D(*)tv

T2EeVV, uvy,
0
T2TV, TT V
(70 % of all v decays)

Require no particle and no energy left
after removing B, and visible particles of B,
main signal-background discriminator

mlzniss = (pee - ptag — Ppo — pl)2



Event reconstruction in B2*K tu at B factories

Btag %

hadronic tag
- B-»>D"'x, D"p

= K ) oo
Wk e~0.59%
i

semileptonic tag
B->D"1v X

B.,.”?Ktu

T2EeVV, uvvy,
0
T2V, TT V

(70 % of all v decays) X 2
m;r = {pe"'e‘ — Pk~ Pr— pE:ag}
i|
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Hadronic B-tagging at Belle/Belle 11

''Full Event Interpretation'' package:

Tracks | Displaced Vertices - Neutral Clusters [T.Keck et. al, Comput Softw Big Sci (2019) 3: 6]

In FEI, Belle II's B-tagging algorithm:
BDTs are trained on MC for some final
states in a hierarchical structure
starting from tracks and clusters.

= any ML strategy will train on MC...
¥ assuming it is reproducing properly data

The hadronic FEI algorithm reconstructs B in 36 different B decays.
(M > 5.27) and (|AE| < 0.1) and (P > 1075)

120
| Scaled MC
T | Data
B But 12 B decays among them account for
80 >90% of the efficiency, so let's focus on them
L
=
2 60
"; [ - Tagqing efficiency in data
L & _ — (tog: BF X reco)
= is one of the limiting factors
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B+ tagging: Effectively 12 final states |

In Hadronic tagging, we essentially reconstruct (12 decays) B - D™ (nrt*) (mn?) final states:

DOrt
D0+
Eﬂﬂ_+ﬂ.ﬂ
D0+ 0 More n = More complex, but “high” Branching Fraction
Dlrtata
DOrtpty
DOt 7070
DOt p0q0
Drtata—x
DOgtgtg—q0
D rntgt

D ntatql




B+ tagging: Traditional calibration sample

BDTs are trained on MC
= The performance has to be calibrated with data.

x104 Belle Il preliminary
[cdt=189.26fb~1 = D™, gap

1.5}

BO u~ B Xl Traditionally, this calibration is done with semi-
3 mm B-D'lv leptonic B on the signal side because it has large
B B-Div branching fraction.
1.0+ B Background

g MC Uncertainty

¥ D But, if MC is not optimal, the BDT selection will not

0.5 ' be optimal.
' This cannot be easily studied with semi-leptonic B
: because there are no peaking structures.
0.0
2.5F
2 . R 1
Vel LN
28k . 0N Y
1.0 1.5 2.0 2 3.0



|deal control sample to study B-tagging

First idea, use B~ J/yK:

(| E] = 0.1) and [Pyg = 107%)
— Scaled MC
Lats

100

0

il

EIVl S

%

Entrigs / 0.0014 Gevic?

|"

e e i ]
B2z 523 52a 523 s2e 527 528 5
My (GeWVic?)

clean, allow first estimation (large MC/data differences)
= but too limited stat ( ~ 400 evts after B-tagging)

T —_ —_ —_
0 *0 *%0
~ D°,D"D
4
7/
Bsig
e e
—_— s
Btag

We can look for D, D**and even D**0 in the
recoil mass of a fully reconstructed B and a n+

Within a narrow region around the peak, we
know that one B decays to D°m* and we can
study the other B (decaying hadronically)

# Events

(My > 5.27) and (|AE] < 0.1) and (Peg; > 10°%)
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& &
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x 104
2.00 5 5
~ b [Ldt=711.00fb™!
v L75F ' Daté :
\ [ H H
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1.50 { i
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© 1.00} :
o [
~ 0.75F
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)] i
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L 0.25f
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M recoil

~16k events in a 3o window around each peak in data.

Need to calibrate the algorithm, but more importantly, need to

improve M

C for training.
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Improving MC model: An example

Let's take one final state for example: B+ -+ D° i+ i+ n—.
It can be produced through many intermediate states:

The it n+ = could be directly

Decay Belle Belle Il yonergted, could come through p°r+ or
Bt 5D atat 046 051 through an intermediate a, * resonance.
B+ D p(770)02+: p(770)0 = ¥ 0.39 0.2

B* = D'ay(1260)*;a, (1260) — p(770)°7*; p(770)° = 7t 7~ 013 0.14

B* = D'ay(1260)*;a,(1260)" — fo(600)7; fo(600) — 7 ¥ 7 005 -

B* — Dy(2420)°7%: D1(2420)° — D*(2010)7+; D*(2010)" = D'z~ 004 0.02

Bt — D;(2430)°7+: D;(2430)° — D*(2010)"7; D*(2010)” — _‘ - 003 0.02

B — Dy(2460)°7+: D3(2460)° — D*(20 1[} *:D*(2010)" — _‘ © 001 001

B* — D*(2010) 7 *7+: D*(2010)” - D1~ - 0.09

B* = Da(1260)*; a1 (1260)* — wtatn 00T

B* - Day (1260)*:ay (1260)* = fo(500)7*; fo(500) — 77~ =005

B* = D1 (2420)°7+;D1(2420)° - D't - 0.02

Bt - D'K*(892)F; K*(892)" = K7 K" = KL KO 5 nta - 001

Rest of Exclusive 0.03  0.03

Sum of Exclusive 1.12 138

Sum of Pythia 0 ()

Total Sum 1.12 138
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Improving MC model: An exomple

Let's take one final state for example: B+ -+ D° i+ i+ n—.

It can be produced through many intermediate states:

Decay

Belle Belle [1

== _
Bt s Daatyt

(.46

(.51

(0.51 + 0.41)%
(0.42 + 0.30)%
(0.14 £ 0.11)%

B+ D p(770)02+: p(770)0 = ¥ 0.39 0.2
B* = D'ay(1260)*;a, (1260) — p(770)°+; p(770)° = 7t 7 013 0.14
BY =5 D ay(1260)7;a; (1260)" — fo(600)7: fo(600) — 005 -

Bt — Dy(2420)°7t: D1(2420)° = D*(2010) 7t D*{zuu ) D' 004 0.2
Bt — D;(2430)°7+: D;(2430)° — D*(2010)"7; D*(2010)” — _‘ - 003 0.02
B — Dy(2460)°7+: D3(2460)° — D*(20 1[} *:D*(2010)" — _‘ © 001 001
B* — D*(2010) 7 *7+: D*(2010)” - D1~ - 009
B* = Da(1260)*; a1 (1260)* — wtatn 00T
B* - Day (1260)*:ay (1260)* = fo(500)7*; fo(500) — 77~ - 005
B* = D1 (2420)°7+;D1(2420)° - D't - 0.02
Bt - D'K*(892)F; K*(892)" = K7 K" = KL KO 5 nta - 001
Rest of Exclusive 0.03  0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 ()

Total Sum 1.12 138
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[Phys.Rev.D 45 (1992) 21-35]
B 0 s~ w*w"

Events/ (25 Ma/c®)

5225 5250 B2TH
8 Condiddte koss [Gev /a2

5300

Evenis/og

=005 0.00 0.0% Qo
E'E EE‘" I’:l-vl"lr.l

=00

In 1992, CLEO experiment measured these
3 values but with ~75% uncertainty!



Improving MC model: An example

Let's take one final state for example: B+ -+ D° i+ i+ n—.

It can be produced through many intermediate states:

Decay Belle Belle 11
Bt D rrtrt 046 0.51
B* = D' p(170)07; p(770)° = 7t 7 0.39 0.2
B* = D'ay(1260)*;a, (1260) — p(770)°+; p(770)° = 7t 7 013 0.14
BY — D ay (1260): a; (1260)" — fo(600)77; fy(600) — 005 -
Bt — D1(2420)°7%: D1(2420)° = D*(20 m}- D {zuu ) D' 004 0.2
Bt — D;(2430)°7+: D;(2430)° — D*(2010)"7; D*(2010)” — _‘ - 003 0.02
B — Dy(2460)°7+: D3(2460)° — D*(20 1[} + D*{zuu )" = _‘ © 001 001
B* — D*(2010) 7 *7+: D*(2010)” - D1~ - 0.0
B* = Da(1260)*; a1 (1260)* — wtatn 00T
B* - D0y (1260)*: a3 (1260)* = fo(500)7*: fo(500) — 7+ 7 - 005
B* = D1 (2420)°7+;D1(2420)° - D't - 0.02
Bt - D'K*(892)F; K*(892)" = K7 K" = KL KO 5 nta - 001
Rest of Exclusive 0.03  0.03
Sum of Exclusive 1.12 138
Sum of Pythia 0 ()
Total Sum 1.12 138
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Phys.Rev.D 84 (2011) 092001
}E et B'— Drn'm
200} —4— Data
= — Signal MC
@ [] DJ2420)°x &
3 D,(2460) *x MC
Emu—
St
- | 1 1 l+
Oe==000 1500 2000 2500 3000

nwtn Mass (MeV/c?)

In 2011 (~20 years later), LHCb looked at
this final state, but did not provide
individual measurements.

So we are still suck with a 30 year old
CLEO measurement in PDG.



Improving MC model: An example

Let's take one final state for example: B+ — DO i+ i+ -, Phys.Rev.D 84 (2011) 092001
It can be produced through many intermediate states: % [LHCb
> B — Drn'm
gzau— - Dfm
Decay _ Belle Belle 11 2 EI?:;‘;“:'&
Bt 5D atat 046 051 g | D,(2460)° MC
B+ D p(770)02+: p(770)0 = ¥ 039 (.42 § to0f-
B* = D'ay(1260)*;a, (1260) — p(770)°7*; p(770)° = 7t 7~ 013 0.14 | + T
B* = D ay(1260) ;4 (1260) — fo(600)77: fo(600) = 777 005 - i y
B* — Dy(2420)°7%: D1(2420)° — D*(2010)7+; D*(2010)" = D'z~ 004 0.02 P o0 700 2000 2800 sowe
B* 5 D,(2430)°7*: D, (2430)0 — D*(2010)"7+; D*(2010)" — _‘ 003 0.2 e Mass eV
B — Dy(2460)°7+: D3(2460)° — D*(20 1[} *:D*(2010)" — _‘ © 001 001
B* — D*(2010) 7 *7+: D*(2010)” - D1~ - 009
B* = Da(1260)*; a1 (1260)* — wtatn 00T
B* - Day (1260)*:ay (1260)* = fo(500)7*; fo(500) — 77~ - 005
B* = D1 (2420)°7+;D1(2420)° - D't - 0.02
Bt = D'K*(892)*; K*(892)F — K'r*: K® — K:K) s ntn - 001 But looking at this plot, it looks like
Rest of Exclusive 0.03 0.03 most contribution comes through a, *
Sum of Exclusive 112 1.38 resonance (mass 1400 MeV/c?).
Sum of Pythia 0 ()
Total Sum 1.12 138
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Improving MC model: An example

Let's take one final state for example: B+ -+ D° i+ i+ n—.
It can be produced through many intermediate states:

Decay pelle Belle I Can be compared with data at Bell
Q Q Wi Qta elle

B = E:”_ﬂﬂ 0460511 i we reconsteuct one B as B+ — D° 1 and

B* = D p(770)%7%; p(770)° = n¥ 2" 039 042 | other BasB - DOm* n* m

B* = D'ay(1260)*;a, (1260) — p(770)°7*; p(770)° = 7t 7~ 013 0.14

B* = D ay(1260) ;4 (1260) — fo(600)77: fo(600) = 777 005 -

B* — Dy(2420)°7%: D1(2420)° — D*(2010)7+; D*(2010)" = D'z~ 004 0.02 L B0

Bt — Dy(2430)°7F: D;(2430)° — D*(2010)"=+; D*(2010)~ — _‘ - 003 0.02 R

B — Dy(2460)°7+: D3(2460)° — D*(20 1[} *:D*(2010)" — _‘ “ 001 001 d

B* = D*(2000) 77t D*(2010)” » D' - 0.00 o

B* = Da(1260)*; a1 (1260)* — wtatn 00T . o

B* — D'ay(1260)*; 0 (1260)" = fo(500)7*; fy(500) = 77 - 003 ,

B* = D1 (2420)°7+;D1(2420)° - D't - 0.02

Bt - D'K*(892)F; K*(892)" = K7 K" = KL KO 5 nta - 001 .

Rest of Exclusive 003 0.03

Sum of Exclusive 1.12 138

Sum of Pythia 0 () Do LA

Total Sum 1.12 1.3% m+

n+
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Improving MC model: An example

Let's take one final state for example: B+ -+ D° i+ i+ n—.
It can be produced through many intermediate states:

FEI mode: B - Dn*n*n~

Decay Belle Belle Il 5, with D" veto
B 5D atrt 046 0.51 + fodtﬂllfb‘l
Bt = D' p(T70)°xt; p(T70)° 71 039 042 | o *° | B> aniDDa s

: —0 . ey 0t 0 .o r L \ ! B+ --> ant1-D0 rhoO pit
BT = D ap(1260)7;ay(1260)" — p(770)"77; p(T70)" = 777 0.13 0.14 > 200 \ \ = BT? ar?tl-D%pH pit pi-

_[.' rest or charge
B* = D ay(1260)* ;a1 (1260) — fo(600)7*; fo(600) — 77~ 005 - © =l
B* - D1(2420)°7%; D1 (2420)" — D*(2010)"7*; D*(2010) = D'z~ 0.04 002 O 10 uds
Bt — Dy (2430)°7%: Dy (2430)° — D*(2010)"7+; D*(2010)" = D'z~ 003 0.02 o o
B — Dy(2460)°7+: D3(2460)° — D*(20 1[} £ D*(2010)" - D'z~ 001 0.1 E
Bt - D‘[E 10)" 77+ D*(2010)” = D'n- - 0.9 50|
B*-D rn(l?h Nt (126001 = 7t a” - 007
0».‘.I. e e e e e e e e e Aldlalal
B* — D'ay(1260)*; 0 (1260)" = fo(500)7*; fy(500) = 77 - 005 00 05 10 ;/-lf‘» el
- — 181 o

B* = D1 (2420)°7+;D1(2420)° - D't - 0.02 : .( )
Bt - D'K*(892) 1 K*(892)" = K'7* K" = K% K% —» nta _ g Comparing with data clearly shows that a,
Rest of Exclusive S 003 0.03 + component is underestimated, and the

et OF Bcusive Y pomt and direct mt mt - components are
Sum of Exclusive 1.12 138  overestimated.
Sum of Pythia 0 ()
Total Sum 1.12 138
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Similarly, for other final states
BELLE2-NOTE-PH-2022-002

Marker convention:
% : Old/ No measurement

B+ » DO mt* m* - m°

B+ » DO mt* * - O

Decay _; Belle Belle II B : Double counting
Bt 5 D ratatad 1.80 1.80
Bt & E*Uw(mg)ﬂ&; w(782) - a0 040 041 TABLE 1)1(: Contents of the DE)(];?‘Y[ ﬁl:‘] ro;‘{;crnmg lhc} i’J‘* - D'rt ;r T lr ! final sllalc la?d
. ‘ COITESPOLC illg measurements in 5 [In ol he rows in blue COITESPOILC toc ecays produced by
Rest of Exclusive 0.2 005  blue means Pythin
i o £§C1“s‘ve 12 M5 generated by Dcmy Belle Belle I1 Markers Ref
Bt = D p(T70)°p(770)F; p(T70)° = 77 p(T70)F » wta® 049 0.20 PYTHIA D'(010) 7 r; D010 —» Dx 2 1 * B
B+—>D*"p(770)+7r+7r‘; p(T70)* = wtnd 040 020 B*—;D (20077 ¢ T (2007 = D' 060 - m
Bt = D7 (77002 7%, p(770)0 =t~ 040 020 Bt =D (2[](]7}“:1 (1260)*; " (2007)° — D%, ay(1260)* — p(T0)0%: (7701 = w7~ 041 038 %
B+ D p(T70) -t p(770)~ = 71 0.20 0.10 B = D'w(182)"; w(182) 771 B 037 037 % [
ghu ﬁ*umﬁ; P W+ﬂ0 014 007 B* = D' (2007)"% (12r,()+ D" (2007)° — Dj:’; a(1260) — f(,(buu) 1 fo(600) = 7t 016 - *
B+ -5 Dy2130°5(770 5+ Dy (2430)° = 700, ATT00 > 1 0.03 B — D*(2000) p(770)* 7 D‘(?ULU} _,1]) 7 p(TT0)* — 7770 014 014 %
’ ' B — D'(2007)%, (1260)*; D" (2007)° + D7, 0y (1260)" — - 08 K
Rest of PYTHIA 0.02 001 =0
— Bt — D'(2007) 1 (1260)*; D"(2007)° = D' 7%; aa(1260)* — r’u(ﬁﬂ()) tfo00) = wteT - 013 %
um of PYT L68 0.77 — Rest. of Exclusive 0.03 0.10
Total Sum 390 3.03 D*O T[+ T[+ T Sum of Exclusive 275 2.32
B —>F’p(7m)' w1 p(TT0) = 7070 020 030
_ Bt =D ;}[!7[])",{)(7![)] p(770)" = w7~ p(TT0)* = 7t 7 0.20 0.20
TABLE VI: Contents of the DECAY file concerning the B* — D"z 77~ final state and cor- , N - 0
. ) ) . Bt =D p[!T[l) rtrt p(T70)” = 777 0.10 0.10
responding measurements in PDG [in %]. The rows in blue correspond to decays produced by ~
Pvthia Bt =D ,;(m )zt x p(T70)" = 7t 0.10 020
[; TS, Bt 5Dyt = nontad 005 007  *
BTI s 1er; “_“ “:“‘ 3 CP] B - D, (2430'5* <", D, (2130 D'(2010)"1°; D' (2010 ) 005 -
the - " Bt D{](Qﬂ][}]p("?(l)" g Dn( 0)° = D'2% p(770)° = 7t7 0.03 -
B* = D' (2007)%ay(1260)%; a1 (1260)" — p(770)"z*; p(770) » 787~ 066 058 L o 0. .
N . N N . B — D'(2007)° fo(980)*; T (2007)° - D’ 7 ; Jo(980) = wt7 003 - [ |
Bt = T (2007)%, (1260) " ) (1260)* —»fn(f)ll[])r fol600) = 7z~ 0.25 * L 0 (mer .
B T (2007, (1260)"; 0y (1260)" - 777~ Y - BY = Dy(2460)"p(T ?(lj : Dy (2460)° — ', p(T70)" = 7t 7 . 002 -
) )0 I 7t D* R
B - T'(2007)%a;(1260)*; y(1260)* = fo(500)7*: fy(500) » 77 - 020 % ; ﬁg 224605 (2"’ y'=D (;”,“3]} D00y~ D - .
B = D' (2007)°p(770)°*: p(770)" = 77~ S0 % T (2““7) T;’ ™3 D (200 -
Rest of Exclusive 002 005 Bt~ Dririr 010
Sum of Exclusive 196 L15 Rest of Pythia 001 oot
BY 5 D (2007)7[y(980)7"; fo(980) 717 0.05 « Sum of Pythia 0w L
Bt = T (2007 vt r 020 m Total Sum 350 342 %

Rest of Pythia

0.00 0.00

Sum of Pythia

0.05 020

Total Sum

200 135
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https://docs.belle2.org/record/2828

Model for B - D™*) nm mm? decays

X =m, p, Q, W, PTIT, N

C
Y =D, D*, D**

2 primary rules:
- DoXiD*X:D™oX ~=1:1:1
(based on observation from D n=:D*n—: D™ n-and D p~: D" p")
- Ym:Yp :Yo~~=1:25:25

(based on predictions and confirmed with T — h v decays)

Additional information:
- 3 mlis hard to model without some sort of p’ resonance
- For wm we fix from measurements.
- For pnmand nm, we let PYTHIA generate it.
- Decays of D** particles is synchronized with Belle |l

- The fraction of 4 different D** is fixed based on observations.

19

Happens through 2 channels,

one with spectator quarks (call Y) and
one from the W (call X).

We want to modify the DECAY table
to latest PDG/paper interpretations
and this model to see the impact.

Essentially validation, we do not

want to fine-tune (except set 0 there
is no signal®).

*See backup


https://stash.desy.de/users/vsagar/repos/dec_update/compare/diff?targetBranch=refs%2Ftags%2Fofficial&sourceBranch=refs%2Fheads%2Fmaster

Pulls of calibration factors

Another way to visualize the improvement in the calibration factors:

30 window around D° peak
with PDG uncertainity

Dor* | JLdt=711fb!
O 0L :
B D°nm*m Official MC
D°ntmtm | Latest (v2.3) MC
POg+m+r—m0 L
Dn H_E n Overall calibration factor
D D’H+ |
Dn*n® | :
Dt | l
0 ++0,,0 L f
pommn (104.2 +1.2)%
D°ntmnn—n’ |
Dn*n™ |
D-rmrrmtmo |

—15 —10 -5 0 5 10 15
Pull (o)

improving description of hadronic B decays = improve B-tagging efficiency

20



Decay description is improved |

The improvement is not limited to calibration factors, but more importantly in the
invariont masses (of intermediate particles), which are used as training variables in FEI

FEI mode: B* »D*n*n™ FEI mode: B* »D*(2007)°n* n*n~
” with D™~ veto 450 f
B Ldt=711fb7!
[Ldt=711fp"? ik | | ) Offcal MC
— ) 9]
N [ Offical MC < 350F [ Latest MC
‘~§. 4001 [ Latest MC % { Data
3+ cose: v D Dh
O 300} = 250}
0 o
() — ~ 200F
N L
200 | )
0n L
g : f
- +J
= 100}
uC_l 100 | I-ICJ
fl 50 [
0 b e e s e R e e e s 0 L
00 05 . 18. 15 20 . 25 .30 35 .40 68 05 18 15 20 35 30 35 Af
Mntntn~) Mntn*tn~)
- FEI mode: B* »Dn*n*nn® e FEI mode: B* »D"(2007)°n*n*n~n?
‘ [Lat=711p"" ik Jrdt=711f0""
N, 250f | Offical MC | ) 1 Offical MC
< I I [ Latest MC I 10k o [ Latest MC
3+ 0 case: B 0ol b ata = b ata
0 O 100}
|—! i
o 150 o 80t
~ ~
n n L
.0 100 9 i
- [ -
= £ Ar
W s0f W
20}
OH.‘|._L' O (e i o A e ST o (S a0 0| L T S O T ) |G R I Y P
) RN - SRR U GRS VI e o W] ekl T Re Y R AR L Rk W RREE W T
M(n*rntn—no) Mn*tn*n~n°)

improving description of hadronic B decays = improve B-tagging efficiency
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Entries / 0.027 GeV/c?

Retraining FEI: Validation

Once we have a new model for how the B » D® (nm*) (mmn°®) decays, we can train BDTs again

with it and see performance:

FEl modes: Bt - DM%+ DO+ 0

500 350
- Belle data e55 ([Ldt =74fb™1) N
- [ official training ﬂ L 300 :
400 - — our training (with old DEC) # % :
our training (with new DEC) O 250
B ) N~ [
300 Ifl&z' ~ 200}
&v A O |
! 4 i P o i
200 | L i h.-.é.;r‘"* = 120y
’ f il 0 i
- 44 [
I dT @ B L ?:J 100 :
- ' e [
100 ;f* 1o ;I*T' -IE ol
Al L
Pl poge®™ ™
1.50 1.75 2.00 2.25 2.50 2.75 3.0C
Mrecoﬂ

Nothing changes in the FEI modes where we did

not change anything.
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FEl modes: Bt - Dn*ntm-

| Belle data e55 ([Ldt=74fb™?)

[ official training
[ our training (with old DEC)
B our training (with new DEC)

haatared

AT I S TR N S
2.25 2.50

2.00

1.50 1.75

M recoil

There is a significant background reduction in

FEI modes where MC model is improved.

TR T R
2.75 3.00



Entries / 0.1 GeV/c?

Retraining FEI: Effective cuts

FEI mode: BY »Dntn*tn-

Can we apply this cut manually instead?

rning the o+ cut

350 —
~ [ Belledataess{[Ldt=74f7")
N 3000 = official traiing
% 1 our training (withz old DEC)
O 250 | ourtralnm? (W|th§new DEC) The new troining is lea
N 200 f from the MC we give it!
o |
© 150} |
~ I : : :
0 [
0 100 P :
C i Pl :
£ 5l fite N
o M )
0 :"*l e mul el /l . \’ P TN N l‘ L N
1.4 16 .-71.8 ! 2.0 2.2 2.(‘5 2.8 3.0\\\
el 1 Mrecoi \\\ Tl
e ,’ ! )
T ! ! 200 In side band region
In D region | \
30 k |
| L, 250}
25| ‘ | >
:F ! & 200}
20 F H ! — Hé:L‘
[ | S 150 F J
15} ! [ U
k | © 100f
] =
1or B ’ S sof j
51 0 i:E I I I I i
—PH 00 05 1.0 15 20 25 3.0 35
I I I I I I I + + —
%0 05 10 15 20 25 30 35 40 M(n*n*m™)
Mntn*tn™)
[
(.
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Why is B-decay modeling so hard ?

We already saw that we (oand PDG) uses a 30-year-old measurement with ~75%
uncertainty for one of the largest hadronic B-decays..

But on top of that, we don't know how B decays ~40% of the time !

We ask PYTHIA to (poorly) generate them. HAD (FEI)

20%

terra incognita 4

lot of hadronic B decays to understand/measure
= new contributions to B-tagging ??

S
PYTHIA (FEI) / \
5% 4% SL(FEI)
3% 18%
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B — K77 WITH SEMILEPTONIC B-TAGGING 0.40 B~ Ktu

> o35 [ SL tag
At Belle the semileptonic tagging is also tried. I [ HAD tag
m i
The main differences wrt the hadronic approach are: < ast
1. Higher efficiency efficiency EUT Toaof o~ 30 MeV/c2
2. Different background nature 1 Eo0asf e
.g Mot = (15 + mg - EEE*E; +| P P P |‘3'2"?ﬂ.”1| 3 o og~U.2LeV/c’
3. Worse resolution on M., - A S oo} p———n
Bk v § 5
beam PBL; —~ 0.05 :
."- 2 2 0.0 S '.rf?f;ﬁ///fi‘rﬁr il
\V Ebean’ ~ g 000 125 150 175 200 225 250
: : : [ Mrecoil (GEV)
The direction of the B, . is lost! 0: {3t T}, e ],
Random cos r*

Despite the degraded resolution, the background level is under control, which combined to the higher signal efficiency, provide a
sensitivity in the same ballpark of the hadronic tag analysis

A
v (1y)
Can we do bellern? 5
MC study presented in arXiv:2209.03387 (de Marino, Guadagnoli, Park, Trabelsi) r\ .?L‘f o
Obtain M, as a solution of a constrained minimisation, the constraints being: \ _.-"_ e
Kinematic information — Initial state knowledge + 2-body 7 (hadronic) decays B;I;g Bt_ag *%J_}
* \Vertexing information — Not very constraining at B-factories / ALt

Visible products

This information only can bring significantimprovement in resolution
The semileptonic tagged-sample is orthogonal to the hadronic one; reaching a ¢ ¢ — D182 = [Vifpi ki) +{Va[p2 ol k2)
similar sensitivity is crucial to confirm an observation at any level of significance Invisible products
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More with recoil mass and Hadronic B-tagging at Belle/Belle 11

Exclusive vs

T
=0
s,

sig

N,

Here, D* has lower
efficiency than D.

K+

Partial reconstruction

To extend on this idea, we
are not limited to Tand p
here.

ﬁ[‘. Ew[‘. Eww[‘.
B

tag sig

Nk

Here D* and D have
same efficiency!

X can be anything like
N, NE, wt, KK, KK*..7!

Hadronic FEI

Both procedure look
at different events:

Events with B — D" X where the other B —» Had B-tag

Events with B — DX where D — Kt

DKK partial reconstruction performance

Partial recon

struction of Dnmt”?

i I 1 ; One can fit 2000 ;
Ldt=386fb" i blue= — =q -1 : ; =0 =
i v = I i = — 0 0
U 120 " mmm D_topomatch ; Signalin to get the BR E D ~ 1750 F ILdt 280.518 blue= ] DY, D*
‘S' D; h i Generic MC w B B %) EEE D _topomatch Signal in el
U 100 s ht—m':f::[c i = tag sig S 1s00f Dst_topomatch { \senzric ME ] i B,
S e ° ¢ 80 e | = :
= o o
o 80 |- M charm - o 1250 mixed 5 ™
8 = o ™~ N charm c
) uds K 0 D 1000 | uds I
S e0 m Can also look at the S o n
‘J; resonant contributions: 2‘,; 750
@ 40 . In D' region u
= - Jrde=38.6M"" = 500 P
I.E 20F 1 e = [Ldt=2805m?
. mixed Y w250 U 250 Fpy——
0 e B é, . charm component : - : = : Dst_topomatch
4 .6 1.8 .0 ; 2. 1} — o = charged_ kg
. . £ A % o 1.4 1.6 1.8 2.0 2.2 2.4 o e mixed
MrecoilofBuag + K + K > 2 -
o et 2 By Mrecoﬂ'ofs +n+mn =(*)0 s 150 R N
hep-ex/0207041 i tag + 11 D™ s gl
Efficiency (%) | Exclusive*  Partial B o 9 100
8 Within the selected XA i
D ~0.3 i3] T o G region, we can see if - B, n G o
B, i | 10 15 20 25 30 35 there is a resonance like:
D* ~0.1 . efficiency! Wit \ - Ry Ay
MTECGI‘]OfBr«y +n




Total integrated Weekly luminosity [fb~1]

Belle II run I (2019 -2022)

Belle Il Online luminosity Exp: 7-26 - All runs

17.5 A

15.0 -

5.0 +

0.0 -

Integrated luminosity

mmm Recorded Weekly EAP 2022

e [ Lrecorded dt =427 T 1] e ]

EAP 2021

e

L= 740070y " —

EAP 2019

SEnEesk

Date

dated on 2022/06/22 18:14 |ST

ICHEP 2022 results

27
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=430 fb!
1300

-t 200

Total integrated luminosity [fb

- 0

5 x 10°*/cm?/s
~ 1 BaBar/year



Summary

o Belle (II) is a unique environment to study modes with missing energy
B->Kvv,Ktt, Ktl, t71, tl, D(*)rv, TV, WV...

o Improvements of B-tagging requires a much better understanding of
B hadronic decays (= measurements)

o along with other venues: Semi -leptonic B-tagging, inclusive B -tagging...

Belle II calendar

o the stat of a B-factory by summer of 2022... (Run 1, > 400 fb_l)
o PXD?2 installation during LS1 (until end of 2023)

o Run 2: until ~ 7 ab™
o ~ 2027: upgrade QCS/VXD (LS?2) |

o Run 3: until 50 ab™" by 2035

GAVLE.

(covavETE ROMAINE),
B0 svamt L.

28

y



Backup



The Timeline (ver 2022.01.26)

* Intended schedule by IPNS, so far

* |LC will be mentioned after the conclusion by an external panel under
MEXT, then follow-up discussion by community

SuperKEKB/Belle Il

ATLAS

D1 Production

al, Strip and Muoan Production B Integration

T2K / Hyper-K

MR-PS5 Upgrade Power Comm. th‘rEH:E Run TZK-II Physics Run I-hrpﬂ-ll

Upgrades of Target, Hom, etc

Hadron Hall

HD Hall Extension
COMET - phasea ll EGMET-E con stru ction [ COMET-2 Clpirntmn
i . i i i i

Muon g-2/EDM exp.

Cunmuuinnf BL Comm. etc

LiteBIRD

UCN - nEDM

KISS-lI




Calendrier de Belle I1

10 : 60
- w— | peak(Target) ‘ 100 BaBar
Pex int. L[ab-1]
e 8
“_:Z_J
O —
X, - 2x 10%/cm?/s ! 'EL
g (fL~5-10ab™) Jn_:
8 4 10 BaBar =
= -4
= 5% 10*/cm?/s ! \Lsz
b (fL=0.43 ab™)
o 2 B 1 BaBar
o
P LS1
0 L o 1
2019 2024 2029 2034

run 1 (= juin 2022): luminosite integre ~0.43 ab ', 4—5x10>*/cm*/s
PXD complet (2 couches) a installe durant LS1 (2022-2023)
(+beampipe + TOP PMTs)

run 2 (= 2027): luminosite integre 5-10 ab ', 2x10>/cm?/s

2027 : collider upgrade (QCS+ RF) - installation upgraded detector
run 3 (& >2030): 50 ab™*

- SuperKEKB with polarized beams, White Paper (arXiv:2205.12847)
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Belle IT run I (2019-2022)

\ /

prise de donnees de mars 2019 a juin 2022
- malgre des conditions difficiles depuis mars 2020 (Covid, guerre en Ukraine, cout de 1'energie...)

luminosity: 4.7x10%**/cm?/s ! >2fb ' per day!

Juin, 2022
06/07 23:59:36 - 06/08 23:59:36, 2022 |ST

Lpeak 4,653 x 10%% cm—2s71 @22:58:0806;’08' HER lpeak 1127 mA  np 2249 B,/B, 60 /1 mm

int. b~! LER | 1B — e —
int. c/day 1253 / 1681 P pesk 1405 mA  np 2249 B, /B, 80 /1 mm ﬁy = 1mm, ILER/HER =1.4/1.2 A
- F107*
1200 —100
e e ] w:'m
£ 000F s 2 & record de KEKB/Belle
£ 3 E o [2 34 2
= 600F - - lsg 5 [ 3 2X107/cm®/s currents >1A
E 400 . ! : , Sl 8
= 200} - - 12 (7=
ol . L | _ | —— . record de PEPII/BaBar
o 34 2
1600 E ; ; 10 1x107"/cm*/s currents >2A
o 1400 ; =180 .
0 1200 F - - o
= 1000 1598 Y
g 800 taog 73
£ 600 5 o
=~ 400¢& 20 wr g
200 Super-KEKB
0E | f | | | | I | I L1p-e
r 100
TN | | o -
w s 1 ~
NI = R &\ A- ﬁ P R . a £ mﬁ- ol R & bl | o <
LT el e TRy Manieie,  Somiguisaaing %) L Y St m g
C . . o b r
FEISA R f e Y 190 = =
3 =1 1" )y g e " . P K 40 xD. i
S 2F RE £ 4t o
=~ B il . ¢ . : A : £
X 1F W ENE . 3 i R ] 3 A 20 u
o luminosity 1 o J o : i E (GeV) *, (mm) B*« (cm) (0] 1(A) L (cm?s?)
ok - "' - RS SIS & SN I NI 5. 5 S E—I— LER/HER | LERMER | LER/HER | (mrad) | LER/HER
2000 KEKB 3.5/8.0 5.9/5.9 120/120 11 16/12 | 21x10%
- C . SuperKEKB 4070 € 0.27/0.30 3.212.5 415 |C 3.6/2.6 D) 80x10%
I C = —
5 1500 s factor 20
— n =
= 1000 =
h=] [ @ %
T L E °
3 500F— delivered - £ squeezing further g, (» 0.6mm)
= F recorded d bl. h
—— L L | 1 L | L L | 1 L | I I | 1 I | I
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 ou lng (Or more) t e Currents
2022/06/08 35 2
HER: Baking Run = L > ]_O /Cm /S after LS 1

LER: Baking Run 32



SuperKEKRB, the first new collider in particle physics since the LHC in 2008
(electron-positron (e+ e_) rather than proton-proton (p-p))

Phase 1 IEqueeze strongly at IP Super

Background , Optics commissioning KEKB
Feb - June 2016 -
Brand new 3km positron ring | Belle Il detector |

&

ollision point

Positron ring

Phase 2: Pilot run
Superconducting Final Focus
add positron damping ring
First Collisions (0.5 fb™")
April 27-July 17, 2018

Phase 3: Physics run
Since April, 2019

Electron-Positron

Nano-beams and more beam current to increase luminosity linear accelerator

Super-KEKB

Positron damping ring

E (GeV) B*, (mm) B*. (cm) (i) 1 (A) L (cm3s1)

35 -2 -1
LER/HER | LER/HER | LER/HER | (mrad) = LER/HER
KEKB 3.5/8.0 59/59 | 120/120 11 16/1.2 | 2.1x10% = o reaCh ~6X10" cm s
SuperKEKB 4070 €0.27/030) 3.2/25 415 [ 3.6/2.6 D 80x10% —1
S e = cumulate 50 ab * by ~2035




Belle II detector

Main challenge : Preserve detector performances while luminosity (so beam background) increases

EM Calorimeter: CsI(Tl)
waveform sampling

——
= K, and muon detector

Resistive Plate Counter (barrel )

Scintillator + WLSF + MPPC
(endcaps)

Particle Identification

Vertex Detector

1/2 layers DEPFET
+

4 layers DSSD

Time-Of-Propagation
counter (barrel )
Prox . focusing Aerogel RICH

—

Central Drift Chamber

_ He (50%):C,H, (50%)

Installation of Vertex Detector (Fa small CEHS, lOIlg level arm,
==/ F il fast electronics

on-going DAQ upgrade
(installed in 2021-2023)
PCle40 board, capable of reading via
high speed optical links and to write

to computer at rate of 100 Gb/s:

limited number of boards (20) enough
to read entire Belle II detector

+x half 5VD combined with
PXD+beam pipe

34  considering now VTX upgrade (2027 or later)



LS1 work for SuperKEKB

10 . . — 60
- w— |peak({Target) | 100 BaBar
mw Int, L[ab-1]
= 8
mu
©
" 6
; 2x10%°/cm?/s !
= (fJL~5-10 ab™")
& 4 10 BaBar
=
= 5x10%**/cm?/s ! \LSZ
- (fL=0.43 ab™)
Sy 2 — 1 BaBar
]
E LS1
D | 1
2019 2029 2034

first long shutdown :
o accelerator: Linac upgrade + main ring improvements
o Belle II detector: PXD2 and few PMTs/boards replacements (TOP/CDC)

+ beam background shielding

35
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Upgrade Items during Long Shutdown (LS1)

K. Nakarmura
vy

H. Yamacika

IR radiation shield modification
« For BG reduction
«  MNew heavy metal shields around IP bellows
e « Additional concrete & polyethylene shields around Belle ||
concrete shiglds around « Material change trom W to 5U5 of QC5 cryostat tront plate

Sy Nonlinear collimator (LER)

« Forimpedance and BG reduction
« Mew collimation scheme less likely to cause TMCI
« Removal of 50 wiggler magnets
» Installation of 2 skew sextupcle and 5 quadrupole magnets

Peswy breanry rreelal shiehd we TP Lo

/ 3

K. Ukde

= Installation of new vertical collimator with wider aperture

Robust collimator head (LER)

« As countermeasure against kicker-pulser misfiring and resulting
destruction of collimator

« Replacement with carbon head of horizontal collimator DO6H3

New beam pipes with wider aperture at HER injection
point

« For improvement of injection efficiency
«  MNew beam pipes with wider aperture

Ltk : 0 I s

5. Nakamura

Construction site of non-linear collimator

B T iIshibashl |-

; T Carbon collimator head |
Beamn channel for injection beam oot vl i |

*  New BPM for precise measurement of injected beam.
Beam pipe at SUPEFKEKB

HER injedB@hisnt] 5 h

.

Fast beam loss abort is a serious problem (BCS quench and collimator damages)
cause not fully understood (improve simulation and prepare additional monitors)

Linac + BT upgrade items during LS 1:
> electron two-bunch injection suffered from vertical orbit shift and emittance growth of the 2" bunch
- Linac fast kicker to solve the orbit shift

o Installation of 8 pulsed quads at J-arc matching section
o Installation of 4 pulsed quads at e+/e- compatible optics region
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LLS1 work for Belle 11

Status of Half Shell Testing

PXD 2
(+new beampipe)

Cooling

= CO:lines connected

= pressure test pending

Services

= patch panels connected

= two HS links need to be investigated

badly pl d, dirt broken fibres?
wsr e e aryerbeen®e? - = news about PXD 2

- warm module tests have started all ladders for L1 and L2 ready
= cold tests will start next week half —shelves mounted
need to understand glue issues with 2 ladders

MCP-PMT access during LS1 - expect no significant impact on schedule
5

e Want to take out PMTs and confirm QE /T'?\ TOP
by measurement system at Nagoya / 3 \
— Modify the system to attach PMT ( Viewed from the backward
modaule directly ® Conventional |
¢ Take out some conventional PMTs at i =,

15 ® |ife-extended ALD10
around Sep.-Oct. \Q 11//
— Current candidate is slot16. ——y

e Also get PMTs with low output charge.
¢ Take out some ALD PMTs

— Need VXD cable works. Then take out
some PMTs in slot3,4 or 5.

¢ Then check at Nagoya

and also CDC: HV resistor replacement,
FE repair..

Cables for slot10=16.need to be slacked off; 4

e Want to replace bad electronics in
slot4*, 6*, 8*, 16, 13, 5%, 10, (7%, 14)
— *; Accessible only during VXD work

= reprise prevue pour fin 2023



Physique en une page
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Three classes of SM processes

Physics at Belle 115 ;/k°

Oobs = Osm + Onp

SM
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't center''

o B-factory is also a t-factory!
o lepton flavour violating decays of the t as NP probe

107

107

10

pper limits for LFV © decays

= LFV accidental symmetry of SM, many NP
models can naturally break this symmetry

Model Reference Ty T—UHM
SM+ v oscillations ~ EPJ C8 (1999) 513 1040 10-40
SM+ heavy Majva  PRD 66 (2002) 034008 109 10-10
Non-universal Z' PLB 547 (2002) 252 10 108
SUSY SO(10) PRD 68 (2003) 033012 108 10-10
mSUGRA+seesaw  PRD 66 (2002) 115013 107 109
SUSY Higgs PLB 566 (2003) 217 10-10 107

Anomalous Magnetic Moment

a

Enhanced sensitivity to new physics: (m,/m,)* =

exp

u

—a:ih~40

m—'tmmzzz.m FrERR e LA

‘vle'=w :I.m:l.m:l_m_'l.m_'._m

o Search of T = puu(t = pl'l'") decays with Belle [with D.Sahoo (TIFR)]
= results summarized in PRD 102 (2020) 111101

(A.Martens, F.Zomer)
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S.Eidelman, M.Passera

10°- a=

+
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= 117

283

117 324
+ 474
+337.5

7.6
5

721

H W

2 QED

0.5 EW

3.7 hvp

0.2 hvp NLO
light-by-light

o difficult to measure, a®™ =(-0.018 +0.017), DELPHI, EPJC 35 (2004) 159



cLFV: beyond the Standard Model

1t LFV searches at Belle II will be extremely clean with very little background (if any),
thanks to pair production and double-tag analysis technique.

[Belle, PLB 687 139 143 2010]

% ool Wt e ete % s ROEAE YRS how to improve further ?
o . R o S R . . B
a iy S L ...considering t>u/eh™h
O gt oL e ] in function of one prong
------- ::::;:F:::::/:f’::--. . s tag categories
0o it e iyt ] SRR R (P RN o
Vi T R T 1 ...for t»>3muons,
R R RS E A o improve u-ID at low mom
Il 020 o . .
U ] A . L Lty -8 ECL info
U'Ll-:":::_'_': SRS ' _i--_5i552=i>55512.><.10 _atQO%CL ( )
17 I "'ﬂ?""i.'?_%”"'“[:-,' EEN
m,,. (GeV/C) M (GeV/ L )

Background modes normalised

In contrast, hadron collider experiments must contend <
to Ds—n(upyuv (BR ~ 107)

with larger combinatorial and specific backgrounds

Decay Relative

— [LHCb .JH].EPOZ(2015)121.1 channel abundance
= ?E— rm t:z {[xtm[]];uu—E 5 () 1
= E A ]]]-r LD ] = — AV
z G_ LHCh 3 s— Ny
=N ' D— (v 0.87
£ 2_ Ds—n' (upy)pv 0.13
5 o D—n(uuyy 0.13

oo "0 ' ; ., ,

" i ]fr{)?r_u ) I%‘E{[:D".-']"fﬁl D M{HH}}‘H 0.06
= 5x10°%at 90%CL  D—pluw 0.05

Most improvement in coming decade is expected from Belle II, which can reach
1x107° [arXiv:1011.0352] and will do even better if can achieve ~ zero bckgd



B(B — Kurt)

[IJCLab]

Nice complementarity

14 L
E////////////

LHCb, BaBar

105 §

10~ E
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i |
1078 |
: | Belle

poawel 3 osai RERTT
1= e

B(T — ;Lg-f?) [CPPM]

| AN N N T VN

my, 1.8 TeV Belle — 11 I

'IU_{] I L1 ratim 1 IIIIII Llllitin 1 IIIIIJ Ll iiimn 1 IIIIII| L1
1018 19~ 1012 10 g

A. Angelescu et al., arXiv:2103.12504v2 (21 Apr 2021)




LFV B»>K=zl (1=e, n) decays

[BaBar, arXiv:1204.2852]
strategy used: B fully reconstructed (had tag), t*»1"v,v,, (nn’)xv, with n>0

using momenta of K, 1 and B, can fully determine the t four-momentum
unique system: no other neutrino than the ones from one tau (# B2>tv, D”tv...)

B'— K'tut B'— K't'n
—— —

12— -]

T,

I
Arte, Lnins

&%
I

£ 20 MevEs

£ 20 MeVES

Arte, Uiz

Events / 120 MeVic?
Events / 120 MeV/ic?

=L R

| | T

_+_
_+_

1

B = B

AR Rk LA LA R LA B

LT 0.5 ] s 2 i35 3 E]

m, [G-cwﬁ ) - ny[c,-cwﬁ
B(B*'»K't u")<4.5x10°at 90%CL, B(B*»K't'u )<2.8x10° at 90%CL
(also results for B»K*t"e”, Bo>an't"u", B>x't"e” modes)

[Belle II, arXiv:1808.10567]
Ohservahles Belle 0.71ab~! (0.12ab~!) Belle IT 5ab~! Belle II 50ab~?
Br(B+ — K+t7¥e¥) - 108
Br(Bt — Kt7Eu¥). 108
Br{ B® — 7£&¥) - 105
Br(BY — 7% ,¥F). 108
= can we do better ? combining hadronic tag with an more inclusive tag...
= can do K te, K tp with similar sensitivity ...
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LFV B»>K=zl(l=e, p)

decavs

focus on K (K" or K2), t>evv, uvv, av, pv

* Hadronic tag

Hadronic tap
BN1167

A Lk Y s S | il s Al s B B
L )

tag side :
]

oy T T
*14F observable cf .
01=F gen

01F —jpsi 3 .
o.08f 3
008 | ] 3 R

2
T mass

dominant BG is B'»>D'"’uv (e.g. (KaX),uv in t>nv case)

K

. T /
Tagmde% {ﬂ? il
decay A

E 1=(290.30.5) fs fl
ct=87.03um P V“
!,’ Do
Tag side B{::l:m e o
decay m
DP | t=(410.1+1.5)fs
L9/6 ct=1229um

[Belle & Belle II]

Leptonic
Multiple tracks remained
event is rejected.

Hadronic

For =7V, pv channel, kinematic cut is useful to
suppress BG.

T2 TV

— Monochromatic momentum of min trest frame
>pv->nalv

— Monochromatic momentum of p in 1 rest frame

— Invariant mass of nn”

%8 07 08 03 1 11 1z
p_chg_ta
(=] =AML A AL RN AAAALARAM MR
ozf sig 3
0.18F cf 3
bl P : 016 —cont
[Signal] 014 _aen -
vV, 0.12F g 3
01F 3
0.08 F 3
e.i ”—.i ﬂ:.ﬁ P U'DE; ;
0.04 E 1
[Dnuv BG] 0.02F =
K Foivil | | | ] | | ] Livodd

0 010203 0405068070809 1
eecl



Improving MC model = B* tagging

50H+ |
50H+n-0 |
Dntntn
50H+HDHD |
Dt |
5’*‘0”+ |
5*OH+HO |
Dontntn
5*0”-+HDHD |
Dorntmtm |

30 window around D° peak

—_—

L 1]

L]

0.4

# Data / # MC

45

0.6 0.8 1.0 1.2 1.4

[Ldt=711fb1

—— PDG uncertainty
Official MC
-~ Proposed MC

Overall calibration factor

l

(104.2 £ 1.2)%

1.6

Implementing all the
identified issues improves the
Data-MC agreement!



Alternative FEI algorithm

Alternatively, using FEI
particle list of D,
we want to reconstruct B* particle

list manually (m, n) = (1, 0) Do i+

in orders of D° (m 1*) (n m°);

VERY VERY
y y
’ ! ’ '
’ 1 ’ 1
/ \ / 1
/ Y s ¥
(m,n)=(1,1) D*0m+ DO p+ DO+ P
/ﬂ\ /ﬂ\ /ﬂ\ /ﬂ\
’ y y y
’ ' ’ ! ’ ! ’ !
’ 1 ’ 1 ’ 1 ’ 1
/ | / | Vs 1 / 1
/ Y Y s v Vi i

(m,n)=(3,0) | Do+ | D*mm+| D°a,* | Dopom* | Domm+mr

Reconstructing in this order,

Qoing to the next step only if it fails, = Simpler best candidate selection
using the constraints of intermediate resonances when possible = Higher purity

W é%y Let’s call this algorithm “ FREE

46



Entries [ 0.01 GeV/fc?

Decay description is also improving!

The improvement is not limited to calibration factors, but even more importantly the
invariant masses (of intermediate particles), which are used as training variables in FEI

FEI mode: B* = Dn*ntn-

2 WD~ veto B> D,[->D°m ]
Jidt =711 /-1
" 1 Lauest i
¥ ata
151 ‘
10} ’ We saw some new channels along the way too )
5 |||\ \ I b
— Dl |- :
o milbendll, 1|‘ L phlh | | LikeB'-»D,[->D m]p' [- ]
E.EU 2. 2.30 235 Eﬂnﬂ 2!1-5 2.50 255 EEU + . B* —'D_H+H+]TU with MED_TI'"'F . salection
Bt =+D-ntntn? i ) _ )i SElE .
M(DPr* 1~ Yo e N
bin ]
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e 2
[} EZS-
o B
2. 3=
= s
15 S
E,u_ 4w
Master project of i
a

%C.. Salah El Dine Hammoud
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Double-recoil with D** sample

I' 1
D+

'ﬁ"ﬂ ,

Hadronic FEI
m
A /
=+

In these events, we can do a
“‘double-recoil” by adding another 1

D, can only decay to D* 1, but
D, can decay to both D" " and D* 1’

Entries / 0.01 GeV/c?

Dy(2420)° D*0x0 00,1997
Dt (13004
Dt 0.1719
DO 050 0.1145

D= g0 0.1145

BDD I E B i E E & i E [-E § { A E E i E-E & { |
soof JLdt=11278mEt |
E b oD
ool ™MDl ot iiiliiliiiiiiogli
| - ' 4
500 | O B R
i D..ll ORI S RS PO
400 | ™= charged bk
E mixed
300 w=m charm
i uds §,4
200
100 sy
) TR SRR EEE I
2.1 2.2 | 2.4 2.3 2.6 2.7 2.8
Mmn::::ﬂ't:u"Bmgf +
D3(2460)° D*0gl 0.1334
Drtg= 0.2669
DY (.1999
Dre= 0.3998




Double-recoil with D** sample

As expected, in the region of D,, we see mostly D"

Entries / 0.013 GeV/c?

40

35

(M r be > 2.38) and (M r bc < 2.40)

[rae=11276m"1
{ DOuats
. Changad

I ETD
EE charm

2.0 2.2

Ml‘E'l.'Dll'l'.'li"ﬂ'f_., +0+T

Entries / 0.013 GeV/c?

5

-]

(M r b > 2.40) and (M bc = 2.42)

[Lar=11276m-1
{4 Duts
. changed
e
. charm
uds

g =

.4

2.2

2.0

M-"Efﬂll'ﬂrﬂ'f.p +A+mT

And in the region of D,, we see both D" and D"

Entries / 0.013 GeV/c?

M rbe=2A44) and (M r b = 2.46)

45
40

35

20

2af

20

[ede =112 760!
4 Dol
charged

M.’Eﬂ:'l'l'ﬂfﬂ'u? +m+n

2.6

Entries / 0.013 GeV/c*

45

(M r bc =246} and (M r bc = 2.48)

40

3 F
30F
a5F
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[Lde =112 76m 71

t Data
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o ot ERRLAHIL)
2.0 22
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Entries / 0.013 GeV/ct

Tt
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o #E
S 30|
o
o,
w 20f
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B>K'vv v

v
Z 0
e SM predictions: W Y W= W+
T_.Blal{e et al, Prog. Part.Nucl. Phys.pzizzi (2017) b—p > > s b —» > s
BR(BT — Ktvi)sy = (4.6 £0.5) x 1079, BiCil u,c,t
BR(BT = K* vi)sy = (8.4 1.5) x 107°, (a) Penguin diagram (b) Box diagram
NOVEL INCLUSIVE APPROACH on 63 fb of Belle Signal

] w10
1l data: o[ Bemem /='

e Signal kaon = highest pr track -

fraction of events

e Associate all other tracks and clusters to other B

in the event
e Use multivariate approach (2 BDTs in cascade) — —
based on kinematics, event shape and vertexing _ -
. BB B(—Kwv)B qaq
variables to suppress background .
. “'41’ " " N\ J’/"
e Signal efficiency ~ 4.3 % (SM signal) A ~ f '



+ + [arXiv:2104.12624 |
B 2 K vv measurement at Belle IT ' " """ ""

2000 Belle 11
. . . ot - Signal-like
e Check data-simulation agreement in . 200 : -t sample
. 200, S 150 (muon removal,
BDTs output using B™—=J/w(u+ru)K”* BG-like ook ‘J J/ momentum
sample = g ol TS correction)
control sample (omuon| Z£1900F P
removal) 5 00 02 04 06 08 10 ™
- o= - - ST | L= 0.
o Data/MC ratio in fit region: 1.06 + 0.10 500 L AR K T/ MC & BY—K /¢, . Data o
S Rl A NI MC $ BT R0y ey Data
f.l X I{_]:‘I”‘:‘-MC il | A —-—'1.{_‘—! : "
0.0 0.2 0.4 0.6 0.8 1.0
BT,
e Extract signal from simultaneous maximum likelihood fit to on-resonance T T T T
+ off- resonance data (taken 60MeV below Y(45) resonance) in bins of -  pelle IE : '
400 s8R o §
e

dt=(63 9

pr(K+) and second BDT (BDT,):
Bl G K e

o 300 _ R

= - . . _ i 3 Neulral B
—Signalstrength: — | - consistent with SMexp (u=1)at 16 3 Cliarged B |
) - consistent with background-only M 200 E Continuum ]

hypothesis at1.3 o $ Data

u = 4.2153(stat)*1-¥(syst

scaled by 2]

100

e leading systematics: background normalisation uncertainty can be also %05 2.0 24350520 2435052.0 2.4 3.50.52.0 2.4 3.5

reduced with increasing statistics pr(K) [GeV /el




| arXiv:2104.12624 |

+ +
B 2 K vv measurement at Belle IT ' " """ ""

e No evidence for signal, upper limit on BR using CLs method (assuming SM signal)

BB* - K*vp) < (4.1 £0.5)x 10> @90 % CL

e Comparing theory and experiments:
Average

- Belle I1 (63 b, Inclusive)
(] This work pf’emﬂ!naf}"

HPH (711 m ', SL)

1.6 PRDEG, 091101

BB+ - K*vp) =1.911¢x 107

!
» When converted to the same luminosity, ':
our measurement is better’) than semi- i . ]3911P (711 fb !, Had)
1o+

leptonic tagging by 10-20% B
+ ... and than hadronic tagging by a
factor 3.5! Ozﬁié 'EIB"IID

.] . . - E 3 H .I_ -
assuming the total uncertainty on the branching-fraction scales with 1//L 10{] % BI‘ (B | K | yf.r)

Babar (429 !, Had+SL)

0.7 PRDE7, 112005

e Room for improvement in K" channel, application of inclusive method to other
channels in progress



hadronic contribution to predictions of (g-2), based on dispersion relations

L L L L) L L L
CLEO
IT69+ 6.3
Boils down to a permille measurement SND
ofole’e” = 't (y))/ ole’e” = u'u () BESI  ——
vS two-body mass. CMD-2 e
32430
Dominated by PID systematic uncert. BABAR —c—t
KLOE —o—
AP Wt AU P NP P S
355 360 365 370 375 380 385

al™® O '] [x 10']

0.6, 0.9] GeV

Projections are hard: no Belle measurement, no preliminary Belle |l result.

Safe to assume a measurement at least as precise as Babar’s.



| ow-mass dark sector

* Triggering on low-multiplicity without clogging DAQ with ee — £, LLLL, yy
e Understand collision backrgounds (SM simulations, beam bckg), cosmics
and detector hermeticity to achieve > ppm rejections

0% : o Belle 11 Simulatian aexpectad limits (90% CL)

i

10°° -
= <7 g-2) + 2]
. .-'F-’_'__:--" " W
= 102 o
10 f_:d.-_ e
103 == [idt=50f" ---e [Ldt = 5000~}
o Belle ll PRLLZ24, 141801, fl. dt = 0276 fb~t
0" y L ) ) ) . . . .
i 107 1 10 0 1 2 3 4 5 B 7 B 3
My (GoV/e?) Mz [GeV/c?]
Visible Invisible
& ) - ! P © 3—4 o Fy i €+
- < X
! = .
& h F e b {?‘. e
“Easier,” but less generic ~ Harder, truly generic Probes plausible explanation for muon g-2
Challenge: can extend Challenge: understanding
to electrons? of material/hermeticity: Also ALP — yy (PRL 125 (2020) 161806)
43

KLM vetoes crucial. Trigger.



Recent example - Darkhiggstrahlung

If dark photon A’ exists, its mass can be

generated by Higgs-like mechanism mediated by

a dark higgs (h’) field.

Bump hunt for a peak in the two-dimensional plane
of mumu and recoil masses with very early data

10°

Belle 11 TRl T
! B e T Ty
107 | [ cat=8339M~" s P IO e
4 Data

10°

Preliminary

10

Candidates / (1.2 GeV?/c?)

102

40 BO B0

2 2
M. [GeVe/ct]

World best results in 2-10 GeV range

M.l]' [GEU.{CE]

I

Belle Il has unique capability to probe the
invisible h' decay (my,- < my) with A’

decaying to a muon pair

-

Preliminary

7 Belle I 90% CL UL

5t cdt=834fb""

d -

3

2 F

1 -

0 \
0 2 4 6 8 10

My [GEV}F{:'?]

Ilt}*

1 102‘

10t

100

Cross section [fb]
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