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LHCDb, a flavour-factory,

pp collisions

Integrated Recorded Luminosity (1/fb)

in a difficult environment...
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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™ ')
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— a (Super) charm factory (~1.3 x 10° c¢ pairs per ab ')

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

— a (Super) 1 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™"

3 = cumulate 50 ab™' by ~2035



Belle(II), LHCDb side by side

Belle (II) LHCb
e'e"»Y(4S)»bb pp>bbX
atY(4S): 2 B's (B° or B*) and production of B*, B’, B, B_, A,....

nothing else = clean events
(flavour tagging, B tagging, missing energy

= initial conditions are precisely known

o, ~1nb=1fb™' produces 10° BB

but also a lot of other particles in the event
= lower reconstruction efficiencies

o,; much higher than at the Y(4S)
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b b production cross-section at LHCb ~ 500,000 x BaBar/Belle !!

higher luminosity 0,;/0,,, Much lower than at the Y(4S)

= lower trigger efficiencies
B mesons live relatively long
mean decay length gyct~ 200 um |

mean decay length yct~ 7 mm
data taking period(s) (displaced vertices)
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(near) future

[Belle II from 2019] > 50 ab™* A [LHCD upgrade from 2022]



data taking from March 2019 to June 2022

Belle II run I (2019-2022)

- despite difficult conditions since March 2020 (Covid, war in Ukraine, energy cost...)

luminosity: 4.7x10%**/cm?®/s !

>2fb™ ' per day!
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Physics at Belle II/T.HCb

Three classes of SM processes

Oobs = Osm + Onp

SM
NP SMNP NP
SM
SM tree loop forbidden
extremely| | precision | |good but. ..
precise




The current status of CKM
(CKMfitter 2023)
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Time—dependent CP asymmetries
in decays to CP eigenstates
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sin2f at LHCb/Belle 11

o New result from LHCb using Run?2 data (6 fb™')

o BaJip(autw, et e)KS, Jip(auw)KS
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sin2f with b-s penguins  dominated by
. ARV SN B-factories
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First Belle II measurement of CPV in B> 'K,

B’ mixing phase well measured to be SM using CPV in tree-dominated B- J/yK{

Checking consistency with penguin-dominated decays probes generic non-SM and
is a central flavor goal unique to Belle II
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B.2>J/y¢ [arXiv:2309.09728]
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y measurements from B*-» DK™

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

D" relative weak phase is y
relative strong phase is 6y
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BPGGSZ study B>D(K_ h*h )h™ »*

n, K

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

o Unbinned 2D simultaneous fit of AE versus C'

pion enhanced L(K/x)< 0.6
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GLW study for B»D(KK)K and D(K2x’)K

Fitting simultaneously the B»Dx and DK samples, D»Kx and...D>KK and K=’
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GLW study for B»D(KK)K and D(K2x’)K

Fitting simultaneously the B»Dx and DK samples, D»Kx and...D>KK and K=’

30 . - 25 -
Belle B' = DK 'K )K" (€) E Belle B - oK k')x () F Belle 8" DKIK ™ (e) F Belle B — oKk~ (f)
25 Ldt=71110 e B KKK 25F |Lat=711m B KKK 2oF |Lat=711m0 ob |Ldt=T11m
= < = = E etz > E > E
2 20 2 20fF 2 I 2 A
C w w
g 15 g 15 f “{: :
3 5 L ry %
-— -— - -— -— ‘]U L
c c F c c
2 10 e 10 2 2 L
w w w w 5
5 i
ok o
E 5 5 s 5 °
& - =0 - & . g = - &0 e . . .
I R—Y ] 005 o 0,15 I R—Y ] 006 01 015 B X T3 i (03 0 015 I R—] ] Ths 01 15
AE (GeVY) AE (GeV) AE (GeV) AE (GeV)
= 10 = 10
14 |- * KK “E . - KK - + + > E - -
: .[LBate!E1ggm" 8o K K () = Lat= 168 1" 5 ok (f) E A e B -DKwK ()| 2 af o Bellell B~ oKk ()
L 12f s B KK K o 125 i B KK K- . 8F Lat=1891 o gp La=189D
2 10f 2wk 2 7F 3 TE
© E E E E
o 8f 3 s e SE & OF
a F " = oF “ 5F
E o g ° £ 4} ab
o 4 o 4 I% 3 3
. : l : M L l i 2
0 Ll WL N UL A LT S i LU [; | || [[T]11]]
= 5 = 5
< 0 = [ 0 %’n‘vr'rrr"'v'vr#rrliﬂ—"rr‘v—"wmgmﬂ"{ 5 5 3 5
. - w - a 1] - [+ a L]
-5 : -5 -5 H -5
01 0 0 005 01 015 -1 00 0 05 0.1 0.15 07 005 0 005 07 0.5 o1 0% 0 005 0 015
AF (GaV) AE (GeV) AE (GeV) AE (GeV)

In GLW, CP-odd state accessible
only to B-factories [arXiv:2308.05048]
Rep. = 1.164 +0.081 £ 0.036,
Rep_ = 1.151 £0.074 £ 0.019,
Acpy = (+#12.5 £ 58 £1.4)%,
Acp_ = (—16.7£5.7+0.6)%.
Direct evidence of opposite Ap
for even and odd states
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Belle + Belle II (2023) preliminaey

1.0
ask . combining|inputs
o | ) from B* D" h* decays
O o6l °
) o5 o, = (78.6/+ 7.3)
T 0L 68.3%
0.2 |
F95.5%
I'JI'J P L R Laaat® Pl L . 1 L N
50 100 150
b3l °]
Parameters ¢3(°) rBk §DK(°)
Best fit value 78.6 0.117 138.4

68.3% interval [71.4, 85.4] [0.105, 0.130] [129.1, 146.5]
95.5% interval  [63, 92]  [0.092, 0.141] [118, 154]



y measurements at LHCDb

B decay I decay Ref. Dataset 1 [LHCb'CONF'ZOZZ -003]
T I T ¥ T I T T I T
BE = Dh* D h*h- 20 Run 142 &) . TLHCD -
B* — Dh* D — h¥motr [30) Run 1 | HENE:> Prelimi -
B* — Dh* D K*n¥frin~ (18] Run 1&2 — 083 October 2022 —
B* — Dh* D — h*h—n® 19] Run 142 B ]
B* —+ Dh* D — KShth™ 31] Run 142 i
B* —+ Dh* D — KgK*n¥ 32] Run 142 —
B* — D*h* D — h*h™ 20 Run 14:2 - =
B* & DK+ D — hth~ 33] Run 1&2(%) B 7]
BE 3 DK** D htrwtne 33 Run 14:2(¥%) 0.4 - N
B* - Dh*w¥n- D — h*h~ 34 Run 1 L -
BY - DE0 D — hth~ 35] Run 1&2(%) = =
BY — DK D — htr-nto- |35] Run 14:2(%) B
BY = DK D - Kdn+m~ 36 Run 1 0.2
BY & pFp* Dt o K-ntgt 37] Run 1 - 9
BY — DFK* DF — hth—nt 35 Run 1
BY - DFK*nta- D = hth -t 30] Run 142 0
D decay Ohservable(s) Ref. Dataset 50 60 70 80 90 [O]
D" 5 hth Adcp 24[10[41] Run 1&:2 v
D° s K+K- Acp(K+K™) 16/24/25) Run 2 — ( 6 3 8 +3.5 )°
D° — h*h- yor — ylp ™ 42 Run 1 Y = e _3.7
D% - hth- or — Y™ 15] Run 2
D° s hth AY 4316]  Run 182 . . ( +0.7 )o
Dl} — K+?T_ (Smgle 'Tag) H_i_, {r.r;l::lzi yp: E Bun 1 [G].Oba]. ﬁt by CKMﬁtter . y — 65.3 _19 ]
D" - K*7~ (Double Tag) R, (z'%)?, y* 15 Run 14:2(%)
D° - K*nFeta— (22 4+ yh) /4 19] Run 1 _
D — Kim#m— T,y 501 Run 1 % 07
DP — K3m¥m— Tap, Uop, AT, Ay i Run 1 £
D® - K3r¥m~ Top, Yyor, Az, Ay |52 Run 2 i 154
D° 5 Kintr™ (p~ tag) Tep, Yop, Az, Ay |17] Run 2 -
QEq 2.0 H
25 1.5
. . g 7
A few more new results came this year (not included above)
0 * o 0 h+1h- . 107
e.g. B"'»DK with D»K_;h"h [arXiv:2309.05514]
_ +22\e 037
Y = (49—19)

1 7 | 'mz{Kgf) [Ge\l’z!c“i 1



discrepancies since about a decade

Semi - leptonic B dec avs responsible for some of the long - standing
o o

V.| Measurements ower Time
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EPS 2019 ¢ PDG CKM Review * Phys Rev D 92‘[201VC51102
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G PDG CKM Raview * Phyz.Rev.D 101 (2020) 3, 032007 o Mature Phys. 11 (2015) 743-747
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high efficiency, can't directly access signal B rest frame _
| Belle II, arXiv:2310.01170 |

AM = mp. — mp

2 2
QEBED:W} — mB — mD:;f

. i 086y 1oy =
Other B Signal B 2DFitof  cosbyper == = 5 ]

e+ Belle Il Jedt=189 Belle 1l Jedt =189

== signal B°>D""e-T, _ _ B te-7.
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) 50F . .
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coseir oo 1Gevic = tagged analyses



The current status of CKM
(CKMfitter 2023)

1-5 - 11 | T T 1 T T T, | T I 1T T 1 T T 1
: excluded area has CL > 0.95 ! 7%% : | Vud | ’ | VU_S | ’ | VCb | ’ | Vub |SL
— . : Botv, | Vi,
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How do you we search for new particles ?

Direct vs Indirect Searches

ATLAS Fsiminary
WT=T. 813

ATLAS SUSY Searches® - 95% CL Lower Limits
or 017 RER -

i: T =

ji SR L LS energy frontier intensity frontier

i T T ™o ,

E Y= = > _ _/ NP

i 2 —— = \ __\_sm

- o e N

: E; - m; limited by beam energy limited by statistics

1 = - NP beyond the direct
= reach of the LHC

o o e = = Three classes of SM processes

;.__r."\- o 1 Mass soake [TeW]

> ~100GeV (I TeV), if interaction is weak (strong) Oobs = Osm + Onp

New particle via quantum effects SM
SM mass
new J intermediate NP SMINP NP
SM 4 .
— SM
off-shell ! Y _
(virtual) SM fin SM tree loop forbidden

extremel recision good but...
No sharp cutoff for energy scale (cf. LHC search) 7 P g

— suppressed by (E/A)" 20 precise



Rare B decays

o FCNC are strongly suppressed in the SM: only loops + GIM mechanism

o Any new particle generating new diagrams can change the amplitudes

energy frontier

52

limited by beam energy

intensity frontier

~

NP
SM

limited by statistics

< NP beyond the direct
reach of the LHC

New particles can for example contribute to loop or tree level diagrams
by enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles

21

Three classes of SM processes

Oobs = Osm + Onp

SM

NP

]

SMNP

1

NP

o

SM tree

extremely
precise

loop

precision

forbidden

good but...



B 2 up: ultra rare processes...

loop diagram + suppressed in SM + theoretically clean =
an excellent place to look for new physics

B)— putyp~ B)— ptp~
b pt b W+ T
_|_
R A B v
W-
s - ) W- .
B — ptp B)— ptp
b pt b X+ pt
Xtyo0o » - Ty
B a/)f< B" ¢ v
sy
s " g W- e

22

higher-order FCNC
allowed in SM

B(B,»u'u)=(3.66+0.14)x10°
B(B~»u'u)=(1.03+0.05)x107"°

[ Beneke et al,
JHEP 10 (2019) 2321

same decay in theories
extending the SM
(some of NP scenarios
may boost the B>uu
decay rates)
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B, 2 upp: ultra rare processes...

= \ 4
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= | X CLEO /\ Belle

= % ARGUS [ ] BaBar

— | VV vA1 BB LHCb

= | Yr¥¢ CDF ¢ ¢ cms

E | YV L3 { ATLAS

— | AA DO @®® CMS+LHCb

= 1 1 1 | [ 1 | 1 ] I | 1 | | : s

1985 1990 1995 2000 2005 2010 2015
Year

"'I'm too old for limits,
I want to see signals"'
(Francis Halzen)
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B, 2 upp: ultra rare processes...

o Observation by CMS and LHCb in 2014
o Clean experimental signature: ATLAS, CMS and LHCb

[PLB 842 (2023) 137955]

CMS 140 b (13 TeV)
_| | LB I | = B I | B0 [F3 | TTTT | ¥ TS | | | | i ) | ST | TET=0 | R |_

AN I3 : [PRL 128 (2022) 041801]
[ W B - pp” 2255 B — p L T e P e T
g Combinatorial bkg ~ «---++ Semileptonic bkg S B LHCb —*— Data #

120__ -mia Peaking bkg v 40— 9 fp-! Total an

> - i E ; BDT 20.5 St BE_’W“_ i
2100 b . = i

= = (@\] [ Bo_> i -
) N ~ sTTUHTY N
S i G ------ B=h*h" .
= 80— — 220 X,—~huv, =
B : 8 = F~N .y - L -
8 60_‘ o g oFE T=N.1 LIl v Combinatorial i
— I =] il
= ! s i
W40 = 0 Eon e e RE

B ! i LRI EL

20 B b I o 5000 5500 6000
: g +: My [MeV/c?]
I 1 | Ll )l I ] ] e I |l e 1

ol e e e KRS
9.9 5 515253545556 57 5859
m,.,- [GeV]
B(Bg_)M+ M_) — (383 +0.38 +0.19 +O.14<fS/fu>>><10—9 B<B(S)_)M+ M_) — (309 i(())ifsi i%1151>><10_9

-0.36 -0.16 -0.13

B(B%»u'u)<1.9%x10° @ 95%CL B(B"»u'u)<2.6x10"" @ 95%CL

Pioneer measurements for effective
24 lifetime already available



what happened with the B anomalies... ?

|'+
Deviations from SM have been measured, among several L/
observables, in universality tests of lepton interactions w+ - ¥
in b— s and b— ¢ transitions . g

Ry =T(B*—>K*utu~)IT(B*>K*tete™)

—~ 04
+#* - -
: BaBar i % C 7
= H 01cg®<B.12GeV ¢ C ]
: PRD 88, 032072 (2012) 035— Bellel5 ]
: . C LHCbIE 3TN ]
Ly + 1.0 < g% < B.0GeV:c™ 03 ) | Average ]
: JHEF 2021, 105 (2021} - Cb22
: LHCb 5 fo~" B ]
: 1.1 < g% < 6.0 Gevi ™ Ilelepton 025 S rer— —
: PRL 122, 191801 (2010) avor B .
3 1 : U H |'t - Bellel7 R Average .
.(_').q LHCb & fb™" niversality [ 3 oy 11900 RD)=0358=0025 0012 |
o N H — HFL AV 5M Prediction 1l o FD) = 0285 = 0.010 £ 0008 —
e : 11 <g° < 6.0 Gevo ¢ V|0|at|0n L RDy= 01980004 P17 p=02 ]
i Nat. Phys. 18, 277-282 (2023) C I*‘“"'“”hm | By =32% | i
| . . . . i . . . . | . . ? . o il bl L .
02 03 04 05
0.5 10 15 _

Ry 4 RD)

exp SM exp SM

L L
Hvse: R-P<Ry Tvse/u: R D> Ry

Main players in B-physics

Belle (Il), BaBar =& B-mesons in ete— collisions
LHCb — b-flavored hadrons in pp collisions
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¥ W'
b . . S
t

= 2 orders of magnitude smaller than b—sy but rich NP search potential

o electromagnetic penguin: C,

Amplitudes from o vector electroweak : c, may inte.rfer.e
- axial-vector electroweak: C,, w/ contributions from NP

Many observables:
o Branching fractions
o Isospin asymmetry (A,), Lepton forward -backward asymmetry (A.;), CP asymmetry ...

o and much more...

= Exclusive (B»K'"1"1), Inclusive (B+X,1'1")
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Lepton flavor universality (LFU) in b>s1'1”

How do the SM gauge bosons couple to charged leptons of different flavors?

Universality in neutral current interactions

L’TTL."' = L’rT L‘" = ]ngg — ﬂf;,f o (E‘:"‘”JE—I— ﬁa‘:ra”ﬁ + ?,xll_“,?) (.{;‘l";’ AH + ,{}EZ“)

The photon and Z-boson couple - -
with the same strength to the three lepton families I Universality

How do we test this feature of the Standard Model?

B BR (X o Ye;r E;)
" BR (X o Y{-’jj fjj_)

/ N

SM expectation Experimental results

m. .
Ry =1+0 ( 'J)

n
mxy

L7 ]

Ry

27



Lepton flavor universality (LFU)

[PRL 131 (2023) 051803, PRD 108 (2023) 032002 ]

Laf

1.2

LHCb Rg  low-g* =0.994730%
0fb! R central-¢g* = 0.94974052
Ry low-g® = 0.927+0%9

Ri~ central-¢* = 1.0277097%

1.0:—

RK’K*

0.8

0.6}

—e—

t

{ Data
SM

++

y:=16p=0812 0 =02

Ry lt:)w—q2

Ry c-.entra]—q2 Ry low—q2 Ry r;:en’[-ra.]—q'2

Significant change of the landscape
= Compatible with SM

BR measurements differ from predictions

a0 [JHEP11(2021)043]
% 14F LHCb IR

. B LHCb 3fb

> 12; ‘ B2 ouu SM (LCSR+Lattice)
&) 10 SM (LCSR)

- ' SM (Lattice)

S s =
S o ¢ Ty P(2S) ;
+ = -
i s
) F = :
?n% 2F —f =
= [ =y | - .. .
% 00 5 10 15

g [GeV*/c*

[PRL 131 (2023) 15, 151801]
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larXiv:2312.09102, arXiv:2312.09115]

Unbinned B>Kpn*p~

first unbinned amplitude analysis of B»K °uu (same dataset as Run1+2016 q°binned)

= determines simultaneously the short- and long-distance contribution

0.0
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[LHCb, PRL 125 (2020) 01180]

» LHCbdata © ATLAS data
= Belledata < CMS data ]

[ SM from DHMV
L 7] SM from ASZB

_1-_ i A 1l .

L

5 10 15
ATLAS JHEP 10 (2018} g* [GeV¥/c]
CMS: PLB 781 (2018) _J20/fb,2012

Data still prefers negative Cy", but tension
in Cqy reduced to ~ 1.80 and 1.40 global
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Test of lepton universality using B'>K”1'1” decays

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 s
b_  leptoquark s b 8

7! X ()] 1)

"N\

p p

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

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

2)-based EFT

up (ee) T \u% E T e
b—s Rg, Ry B—K"Y1t | B—=K®wy . B—Ktwmjjl B— K pe
b—d | By— uu B — 11T B—aww i B—ntu

E‘_’}Ef Ny Y ]

[020%) [Ry=R,]
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EXPERIMENTAL STATUSON b — s£7’

Many LFV searches triggered b 12 .
in the last years by the current LHCb (@3 1b7)
Y Y B, — zu: 3.4x10°5
B-anomalies s v B+ = K*ue: (67)x10-9
¢ = {e,pu, v} Belle (711 fb™)
BH0 5 K+ 0ye: (4-9)x10- y
(429 fb-1) LHCb (9 fb-1)
B*— K*z#: (1.5-4.5)x10-5 B+ K+rtu~: 3.9x10-5
I ) B ) - L] - B >
1999 2010 2012 2018 2022
b i *
Belle: 711 fb-! Belle (711 fb-) hHCb (9 fb-) h
< —> — < ;kBO —K*%e: 1.8x10-7| | B> K"%e: 1.0x10-8
: 429 fb LHCb: 3 fb LHCb: 6 fb B? —K™zu: (0.8-1.0)x10-5
B, — peu: 1.6x10-8 )

-’ T
= >

Belle I1: 365 fb-

Limits on modes with 7’s are not as constraining as those with ge because of

the more challenging 7 reconstruction

+ (2-5)x10-5 range for Bt - K*z# (BaBar and LHCb)
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Missing energy modes and B-tagging

Many interesting B-physics studies involve missing energy: DtV KTKFTd[KHw] mly, T, T, pv...
which require B-tagging.

B

tag

Btag hadronic tag
B-»D"x, D"p...
e<1%

K = K
\ k‘ semileptonic tag
T (%)
B->D 'lvX

e~ 2%
B -tagging is key tool for missing energy analyses

o low efficiency (efficiency for hadronic B-tagging <1 %)

o and ML can't save you... B-tagging algorithms are trained using MC samples

o 40% of hadronic B decays generated by PYTHIA...

o and even among the EvtGen part... most BFs measured are from ARGUS, CLEO...

- calibration is essential

B,.”?Ktu

® Semileptonic (F={e, 1})
e Semileptonic (F=1)
e Hadronic
[ Covered by FEI
EvtGen
Wi PYTHIA

T2EeVV, uvv,
0
T2V, T V

(70 % of all T decays)

e, |

Lot of on-going improvements:
— improve our simulation of all B,,; modes included - better B—tagging performance

— also some opportunities to remeasure/study those B decays and intermediate states
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LFV B»>K=zl(l1=e, p) decays

[BaBar, arXiv:1204.2852]
strategy used: B fully reconstructed (had tag), t* 21" v,v,, (nx’)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 (# B>tv, D7 tv...)

=i

B'— K'ty* B"™— K't'u
o g s, e
u 2 94 =2 F 1
= F . = 2E E
v - = = =]
= wkz=z 4 = s= ]
g8 Piz 8 B2 ]
= ogf=2 4 Z gD E
o o — =
# = 14F =
5 o 5 12 .
= = B
e HoE 3
4= + 5 E

|

iJ.\_
-
LN

1]” .5 II.ll I Ilﬁl - 2 25 3 2 25 3
m, (GeV/c) m, (GeV/ic’)

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”, B3x"t"u", B2xn't"e” modes)
[Belle II, arXiv:1808.10567]

Observables Belle 0.71ab~! (0.12ab~!) Belle Il 5ab~' Relle I1 50 ab~?
Br(Bt — K+t7%eF) - 108
Br(Bt — K+t7Eu¥) - 106
Br(BY — 7+&¥F) - 105
Br(BY — 7% u¥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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Missing energy modes and B-tagging

Many interesting B-physics studies involve missing energy: Df"‘ﬁw||<f*3t1:
which require B-tagging.

2

—— Dﬂtﬂ

Signal (BR=3x10)
Background

—— All components

e

AN

2
m, = (pe"e-_pf{_pr’_pﬁﬁg)
: . G 12 v
neutrinos are all coming from the t ! % C
10
"Euzu:u 1 Bgshape E -
= Sig shape % 8-
D p1s g r
= g 6
o o F
._T_‘,Eu.m o
o H
= 005 2
E L N g
00050 125 155"3 175 200 225 250 12 14
m, (GeV/c?)
«10-5 Redults with PHSP modetl
@
,.--:. 4.5 B O D
— 4.0
O 35}
X 3.0,
O 25 O
D 0l
= X o
- 15
X
:' 1.0F
0.5©
|
- b4 e.‘f' {ex
AR < <
x }{_ x ){_ ’;l..
V] o

X LHCb (9 fb) - expected

2 23 24
Moo (GEVIC)

® LHCb (9 fb1)
X Belle (711 fb) - expected
O Belle (711 fb)

—\ with less than 1 ab™'...competitive with LHCb !

World’s best limits for
the Bt — K7 modes
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K™y

Ttly, T, TV, pv..

[Belle, PRL.130,261802(2023)]

Mode Nsig  |e (%) B"" (107%)|BRE (1079)

BY S K'7'pn —2.1%2.9]0.064 0.59 0.65

Bt 5 Ktrte 1.5+55/0.084 1.51 1.71

Bt 5 Ktr—ut 23+4.10.046 2.45 2.97

BY > Ktr et —1.1+7.4/0.079 1.53 2.08
PHSP

Hadronic B-tagging

B.J—BYK™
tagged

Hadronic B-tagging

More to come:
o B"»K2rl
o B'»K'txt
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B->Kvv is known with high accuracy
B(B>Kvv)=(5.6 +0.4)x10° [arXiv:2207.13371]
Extensions beyond SM may lead to significant rate increase

Very challenging experimentally, not yet observed
— Low branching fraction, high background contributions
— 3-body kinematics, no good kinematics

Unique for Belle II

Two analyses:

more sensitive inclusive (eff = 8%), conventional hadronic tagging (eff = 0.4%)
Use event properties to suppress background with multiple variables combined
Use classifier output as (one of) the fit variables, use simulation for signal and
background templates

Use multiple control channels to validate simulation with data
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Evidence of B> KvYy

n(BDT,)

0.92 0.94 0.96

0.98

1.0

3000
Belle IT prefnnznar:,

1nc1u31ve tag

[Ldt = (362 +42) fb! -lB- —Ktup

w3
L i —1 B'B*
= 2000 o
3 — BB
.‘-a' B Continimm
'":: }  Data
O 1000

W]

J C
= 0F
- . : : :

5t | | i | | ; | | ; | |
-1 4 F 25"_1 4 B 2ﬂ|_1 4 B 2ﬂ|_1 4 B 25

Grec [GeV?/ ]
o Maximum likelihood fit to data using signal and background templates

B.
B

incl —

had — (1 1 +(())g (Stat)

o For inclusive analysis, evidence for B»>Kvv at 3.50

= (2.7 = 0.5 (stat) +

+0.8

-0.5

branching fraction within 3o of SM

o For hadronic tag, the result is consistent with null
hypothesis and SM at 1.10 and 0.6c

andidates/0.1

1
S

Pull

larXiv:2311.14647]

Belle IT preliminary
[ Ldt=362fb"

hadronic tag

o 110N

BT K Tvi

e

+ 0.5 (syst)) x 107°
(syst)) x 107°

0.

] 0.6

0.7

n(BDTh)

0.8

0.9 1.0

J.
5 | — e Belle IT (362 fb!, combined)
H I 23+0.7 This analysis, preliminary
i1 ol Belle TI (362 fb!, hadronic)
! I 11411 This analysis, preliminary
i l —— Belle I (362 fb" inclusive)
1 7 This analysi ﬂe].l minary
H 1
F R [ elle II ( [ inclusive)
: : 1+ L5 ||| 151802
i B Belle (711 fb'!, semileptonic
H 1 10+0& (PI!D%, Eﬂllﬂl p J
: ' ° Belle (711 b, hadronic)
i 29+ 16 PRODST, 11110%
N F BaBar (418 fb!, semileptonic)

E 1 02408 PRO&2, 113002
I P BaBar (429 fbl, hadronic)
H 1 . 154013 f’ﬂD&‘i, 112005 .

L0 L L L L L L L L L L L
0 2 6 8

= Combination of two analyses provides first evidence L
of the decay at 2.7c from SM

36

10° x Br(B*—K * vp)

10



what happened with the B anomalies... ?

|'+
Deviations from SM have been measured, among several L/
observables, in universality tests of lepton interactions w+ - ¥
in b— s and b— ¢ transitions . g

Ry =T(B*—>K*utu~)IT(B*>K*tete™)

—~ 04
+#* - -
: BaBar i % C 7
= H 01cg®<B.12GeV ¢ C ]
: PRD 88, 032072 (2012) 035— Bellel5 ]
: . C LHCbIE 3TN ]
Ly + 1.0 < g% < B.0GeV:c™ 03 ) | Average ]
: JHEF 2021, 105 (2021} - Cb22
: LHCb 5 fo~" B ]
: 1.1 < g% < 6.0 Gevi ™ Ilelepton 025 S rer— —
: PRL 122, 191801 (2010) avor B .
3 1 : U H |'t - Bellel7 R Average .
.(_').q LHCb & fb™" niversality [ 3 oy 11900 RD)=0358=0025 0012 |
o N H — HFL AV 5M Prediction 1l o FD) = 0285 = 0.010 £ 0008 —
e : 11 <g° < 6.0 Gevo ¢ V|0|at|0n L RDy= 01980004 P17 p=02 ]
i Nat. Phys. 18, 277-282 (2023) C I*‘“"'“”hm | By =32% | i
| . . . . i . . . . | . . ? . o il bl L .
02 03 04 05
0.5 10 15 _

Ry 4 RD)

exp SM exp SM

L L
Hvse: R-P<Ry Tvse/u: R D> Ry

Main players in B-physics

Belle (Il), BaBar =& B-mesons in ete— collisions
LHCb — b-flavored hadrons in pp collisions
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o

o

Candidates

Pull

First Belle II result on B(B3D tv)/B(B>D'lv)

Half of available sample (200 million BB pairs)
Fully reconstruct the partner B in the event to suppress bckg

Reconstruct numerator and denominator with ~ same selections
Two-dimensional fit of missing mass and total residual energy

in calorimeter determines signal yields

Data sidebands validate understanding of sample composition

Post-fit distributions for D** - D

T T
—e— Data

B D*rv
[ piv
B D*xi(T)v
[ Hadronic B
[ Fake D
[] Other BG

Fit uncertainty

T T T
Belle Il Preliminary D*—D'z*
det=189.3 fb™

o]

[=]

o
T

—t\lml..ﬁ...\ml.- L

M2, [(GeV/c?)]

R(D")=0.267

Candidates

Pull

100

Mﬁt.tss = (pﬂ —Px,.— p#)z

— 1 T T T T
Belle Il Preliminary —s— Data
JLdt=18937" EED*Tv

D¥ =D’ W D*iv

B D**i(t)v
[ Hadronic B
[ Fake D
[] Other BG

Fit uncertainty _|

L]

M2, [(GeV/c?Y]

"o.030(stat)

+0.028
-0.033

Not leading, 40% improvement in statistical precision over Belle at the same sample size

Consistent with WA
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M2
miss
*
D tv
D**fv
D*fv
Eextra
vrr
2 232
1.5 < My < 6.0 (GeV/c?)
T T T T T T T T T i
o5 Belle Il Preliminary D*—-D°z* —e— Data E
[ Ldt=1893 10" B Doy ]
[ by
20 B D*i(T)v 7]
@ [ Hadronic B
E 15 B Fake D ]
e [] Other BG
8 10 rt uncertainty
5 —
0
4 ;_' T T LI T T T ‘_;
= 2F E
g Ofe L
-2 F E
_4 :_ 1 1 1 L 1 1 L | | _i
0 02 04 06 08 x‘ 1 12 14 16 18 2
Eiel [GeV]



R(D) at LHCb () < BE = Dv) _ Ny oo

) g * B(B" - D* 3rn N £
BO-)D_T+VT,T+-)SJ'E(J'IZO)VI ( ) norm ©sig

1
Run2: 2 fb! X - -
[PRD 108 (2023) 012018] B(r* — 3a;) + B(z+ - 3zn'D;)
gsm(}_—"' L0000 ——— ]
= I - ]
S 6000 - -
- B S
g’ o .
< 4000 |- % 5000
3] i =
g 2000 '§
- O
5 [
© 0
0 5 10 0.2 0 02 0.4
¢ [GeVHc'] g2 = (pg — pp)? Anti—D; BDT output
210000 | ¢ Data Total
- - 3 D T, [ 1B-D 1y,
d - ] B—D Dy X) B 5D D'(X)
e | ] B—=D31X E 5D "D (X)
@ - ] Comb. B" I Comb. D
g 5000 [ ] Comb. D
=
g
o
'] 1 1
0 0.5 i 15 2
t; [ps]
R(D")=0.247 + 0.015 +0.015 +0.012 (ext)
3k
> R(D")_.,=0.257 + 0.012 +0.014 +0.012 (ext)
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f*""m 0.4 T T 1 | T 111 [T 1 T 1 | T T 11 I T T 1.1 [ 1 T 11 | T 111 [T 1 T 1 | T 1
) d HFLAV Ay*=1.0 contours -
< T ]
035 —
[ Bellell 7
03— —
025 —
- World Average =
0.2 |~  $HFLAV SM Prediction R(D)=0.357 £0.029,,,, =
- R(D) = 0.208 + 0.004 R(D*)=0284 £0.012,_, -
- R(D*) = 0.254 + 0.005 p=-037 -1
_ P(x?) = 33% -

11 | i 1 1 L Ll | L 1 1 I I L Ll | i 1 1 L Ll | Ll

02 025 03 035 04 045 05 055
R(D)

= 3.3 0 tension wrt SM
More measurements to come from LHCb and Belle (II)

* o [
More observables (e.g. D polarization [LHCb, arXiv:2311.05224; Belle, arXiV:1903.03102])
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First B factory result on B(B=[c]tv)/B(B=[c]lv)
[arXiv:2311.07248]

o BF ratio without explicitly reconstructing the charm meson offers an unique,
supplementary and theoretically more reliable probe, than R (D")

Half of available sample (200 million BB pairs)

Fully reconstruct the partner B in the event to suppress bckg

Sophisticated event weighting to ensure proper sample-composition, validated

in multiple sidebands.
Two-dimensional fit of lepton momentum and missing mass provides signal yield:

o

O

(@]

o)
Belle II Preliminary € dr=189fb~! Belle II Preliminary JLdt=189fb!
20F Mii<! g M2 €(1,23]| M2, €(2.3.4]| M (, 6] = ;Lz-. ewlv | M2 <1 el M2 €(1,23]| M2, €(2.3,4]| M2, €(4,6] 5 ;Lrj puvy
e [ 6] [ e: Background £ 20t 1 u: Background
Q 16F H ¢ Continuum Qo b @ x: Continuum
= MC tot. unc. = MC tot. unc.
(] 3 w 3
o ol ¢ Data o 16 3 ¢ Data
‘U_"l o Mrﬁi»:se(6'8] M1\\>8 ﬂ 12F Mr?ll.\se(ﬁ' 8] Ml‘f]in>8
= F ~ 1.2 o I &
3 o 3 i 1.2
E=) ’ g S "
= 4 Electrt_ L ak . 0.4 L
o e I [T - g |
=] 2‘8: . . < . 3 2.0 <] L) .
e 0.0 C = . C = . = e - — w E 00 L — ~
BT 1| s s e e e e e sy s n P20 L b L
o gRgmsEn U EEEEF € 5888387 HEERST
VOO VOO A VOrddH VOMAA 5
PP [GeVic] pf [GeVie]

Complex analysis, requiring multiple corrections/reweighting to simulated samples
Excellent agreement between electron and muon channel measurements:
R(X?'/ff) = 0.232 +0.020 (stat) £ 0.037 (syst) Systematics is largely from data-driven
R(X,/,) = 0.222 +0.027 (stat) + 0.050 (syst) corrections in control regions
Combined result
R(X) = 0.228 + 0.016(stat) + 0.036 (syst)

is consistent with SM 0.223+0.006, but also with measurements of R(D”)

First ever such result from B factories



't center''

o Belle II is also a t-factory!

o lepton flavour violating decays of the t as NP probe

= LFV accidental symmetry of SM, many NP  Model Reference Topy | Tppp
models can naturally break this symmetry  SM«voscillaions  EPJC8(1999)513 1040 10- 40
SM+ heavy Majvs ~ PRD 66 (2002) 034008 | 109 10-10
Non-universal Z' PLB 547 (2002) 252 109 108
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
:% by P’ 18° Va Il lhh Ah ]
|
H a® ., EREgm EaE = - L - _E
g am - m [ I u ]
= - ] _— [ ] [ ] 1 ] —
} - - N | |
i ¥ YTy ¥V T = -
= s fre YT Y Y ' Ty v T M. Y |
" T & = & & 3
E 'l'* Loaag" 1T . I o ¥ i S : 1;"'115
E ah a DT ILEE S o S (T R LT
= i _| = CLEO
Q S Eaﬁar
3 + Belle
o . ]
. . e 4 © LHCb
expected Belle 11 — . — % s « « o, = °Bellel
10 & . e L . 8 g ® o » e o |s a ® I
sensitivity *" ® o | '_'._.u . 3
L ] -
I 1 N e e e v o
R e e e aa L R T T 3 2 0o’ 210 1 ey R R R e <<
.m.:-ﬂ.:l_'l.ﬂ.:l _'._-{u:._{l.:l ! —"-ﬂ.:l_-._ﬂ.l_'l.m —-i-ﬂ,:l:_ mm_—.__-.__—._{u r-r- rrﬂ!%m:'mimir "EE
vremeitieseys o FRER




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 (2010) 139]

g i @Wrseete 13 0l DN how to improve further ?
2 : 2 DRSS ...considering t>pn/eh™h
T g in function of one prong
TSI T TR SRS 6L S tag categories
02— SRR 0 AT I ...for t»>3muons,
SRR it improve u-ID at low mom
Lol -02F ’ Lol E .
aali ] L B ECL info
R SR N C o USEAx10/%at 90%CL | )
""" 17 K i L7075 18 1R
m_,. (GeV/c) m (GeVic)
In contrast, hadron collider experiments must contend Background modes normalised
with larger combinatorial and specific backgrounds to Ds—n(uuyuy (BR ~107)
[LICD, JUEPO22015)121 2007 ecay Relaiv
T Msbody € [080,1.0] 3 channel abundance
IR T Mpin £ [0.75, 1.0] 3
} n & s LHCb 4 Dg—n(uuy)pv 1
T 17 Dyoo(umpy 0.87
s H 3 Ds—n'(uuy)uv 0.13
< E u H R . . D—n(uuypy 0.13
00 1700 1800 1900
o mp ) [MeVieE] D _,m{ MH}}‘W 0.06
- o
= 4:.6)( 10 at 90 /OCL D—*p(}iH}H\r’ 0.05

CMS, full Run?2 dataset: 2.9x10 % at 90% CL

Most improvement in coming decade is expected from Belle II, which can reach
1x107° [arXiv:1011.0352] and will do 4&:n better if can achieve ~ zero bckgd



t23u at Belle 11

Analysis selection and results: inclusive approach

BDT trained on 32 variables:
inputs from signal t’, event tag side,

Inclusive tagging schema

event shape and kinematics 1prong gq T T
+
€5y = (20.42 + 0.06)% (3 x larger than Belle) 3prongs ¢

Expected BKG: 0.5';% evts

No significant excess in 424 fb™' of data

" 0.4 Belle Il (Preliminary) 54 SR
%-‘ [ Data: [ Ldt = 424fb~" — 2046 SR . _
E Da:_Si“'“"'a“D":f Ldt = dab™! — Sidebands 8 1_2;?:":;*ﬂ£5$1mlnaw} ---- Expected C'L, median
= 7t 1 event observed Simulated [ [ cdt = 424f67" Expected CL, + 2
< inside the SR background 1.0 BN Expected CL, + 1o
0.oF Inside € + Data i —— Observed CL.
I 0.8
. L o ® L
0.1F * - : v :
B . . - 0.6p
* 5 * . + L
0.0f * & ¥, A
(| » * . . ' b 04r
L . »
L . .. L ] _
—n1k 0.2
D.l:.;. . . . . ™ :
:....‘. L 0'0||||I||||I||||I||||I||||
|o? + v, B(t* — pFuFu®) x10
o3 t——— —_—
1700 1725 1.7 1.775  1.800 1.825 1.850

Obtained most stringent limit

M, [Gev,fﬂ 1.9 x 10



precise test of u-e universality by measuring

Lepton universality tests at Belle 11

I

Fe

-

B(r= = vu~Pu(7y)) fim2/m2)

fla) =

Bt~ = vre V(7)) fl(

my; /m3)

ratio of leptonic branching fractions

data / model

data / model

5

events

Loos . . . . . .
e e e e /J."' |
0.995 T T
15 20 25 30 35 40 45 50

H[T =F Uy fh ’_"jrh]} "'!M

B(r— = ve T(y))

%107 Belle Il Preliminary (2023)

. signal (pT)
ather (u*)
W cther (h*)

w4 Uncertainty |
— [ata
Jidt = 3616 |

y-channel
post-fit

” -'L.-t' : ;
b G '|'f'|' A

S5 20 25 30 35 40 45 50

p* candidate momentum [GeV/c]
®x10% Belle Il Preliminary (2023)

mm signal (e®)
mm other (eF)

w4 Uncertainty
— [lata

e-channel
post-fit

= other (h*) [Ldt = 361.6fb!

e* candidate momentum [GeV/c]

0.9726

] - B +48x® — g

tag side \

Lr ]
=12z2°Inx

Source

Uncertainty [%)]

Charped-particle identification:

Electron identification 0.22
Muon msidentification 019
Electron misidentification 0.12
Muon identification 0.0%
Trigzer 0. 10
Imperfections of the simolation:
Modelling of FSR 0.08
Normalxation of individual provesses 0.07
Modelling of the momentum distribution 00006
Tag side modelling 0.05
" efficiency 0.02
Modelling of 1SR (.1
Photon efficiency < 0,01
Phaoton energy = 0.0l
Size of the samples
Simulated samples 0.006
Luminosity .1
Charged-particle reconstruction:
Particle decay-in-flight 0.0z
Tracking efficiency 0.
Dietector misalignment = 0,01
Momentum correction = (.01
0.37

Total AS

signal side

R, =0.9675 = 0.0037

RTM = 0.9726
i CLED (1997)
| I — 0.9777 = 0.0063 £ 0,0087
BaBar {2010)
0.9796 £ 0.0016 + 0.0036
Belle Il Preliminary (2023)
0.9675 £ 0.0007 = 0.0036
combination
™ 0.9735 +0.0026
1 1 L 1
0.96 0.08 1.00 1.02 1.04
RIJ




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

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

PXD2 at KEK since March

R

— replacement of beam-pipe

— installation of 2-layered pixel vertex detector

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

— completed transition to new DAQ boards (PClIe40)

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

— improved data-quality monitoring and alarm system

- .;\‘ = >

- VXD extraction in May




LHCDb and Belle II datasets: present and future

|We are here ‘

(M.H. Schune)

HL-LHC
& -
2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041
LHC Run 1||LST | Run 2|/LS2 ||Run 3 ||LS3 ||Run 4| LS4 |[Run 5 || LS5 | Run 6 ...
7 3 | I 'y
A Upgrade | detector Upgrade Il detector
3fb b D3fb 50fb" 50fb'/ year 300 fb”
%":ATL AS D*"@/ Upgraded detectors
EEEEEEEEEE Z | . 3000 fb-
2019-2022 2024-2027 2029-2035
SuperKEKB LS LS2
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Summary

Very active field: many more results than shown !
Importance to have both the e"e” and pp environments

LHCDb brought many interesting results in Run 1&2, with world leading
measurements in the flavour sector

Belle (II) is a unique environment to study modes with missing energy

B>Kvv,Ktt, Ktl, T, Tl, D<*)rv, TV, WV...
...but also perform precise measurements of CKM UT (CPV or not),
tsector, low mutiplicity, dark sector... and many other opportunities

48






Leptonic decays

BY, — +e-
8w

BR(Bpy = £1¢7) = |C1oVasVoy | Fampm; :-:‘ S

Branching ratio proportional to the lepton mass squared

BR(BE,) +7r7) BA(Ey i) m

BR(BS, —+ p*p~) = ml BR(B}, — ete} m3

Helicity suppression, same reason why the pion decays into muon
instead of electron = true only in SM
ER{B:L] —uTuT) _ TeyMpy Fpe Viy

2
.HRI::.H[D.] —}F-'-F_ - Tgu Mpe .FBE- F-h]l

All parameters either measurable or calculable with high precision

valid only in Minimal Flavour Violating Models
(where the flavour structure is described only by CKM )

In a ''general'' NP scenarios, the branching ratio of B leptonic decay
is given by

2 2

BR(BY - wtu™) o (1— —31)|Cs — C5* + |(Cr — Cp)? +2_5-(C10 — Cio))?
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Belle I1 calendar

10 : 60

- = peak(Target) ‘ 100 BaBar
m“}* e |11, L[5 1]

c 8

.,-f':'

F'TG —
X, °t 2x10%/cm?/s ! a
= (fL~5-10 ab™) . J:T:
8 4 10 BaBar o
= —
e 5x10%*/cm?/s ! \LSZ
h (fL=0.43 ab™?)
= 2t 1 BaBar

0 - :
2019 2024 2029 2034

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

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

2028 : collider upgrade (QCS+RF) - installation upgraded detector
run 3 (- 2035): 50 ab '

51



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51

