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Motivation

B decays have been and continue being a very hot topic in searches
for new physics.

Physics of B mesons has contributed substantially to our present
understanding of elementary particles and their interactions.

Intriguing phenomena that have been seen in the recent years make
this research area one of the most interesting in particle physics.
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EXPERIMENT

Faciliti

r_f*’" l wvacuum chamber

es: ATLAS, CMS | YATLAS

General purpose detectors at LHC
with features relevant to flavour
physics: excellent vertexing, tracking,
muon and electron identification,
dedicated triggers
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1LHCH
Facilities: LHCb @ LHC b

pp collsions in forward region: huge production rates of b hadrons.

Large boost + excellent vtx resolution: background rejection and decay-length resolution.
Excellent momentum and mass resolution.

Outstanding PID (K-r) and p reconstruction.

Dedicated trigger system for beauty and charmed hadrons.
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Facilities: Belle IT @ SuperKEKB

Idea: to increase the luminosity of KEKB by a

e Qe teapbeamparamxt e tor of 30, employ Nano-Beam scheme (P.
I gAn 1.0 oy \ Rp 1€+ Raimondi): squeeze beta function at the IP
" 2er, o* ) Re B (Bx*,By*) and minimize longitudinal size of
v Y overlap region

vertical beta function x 1/20

Modestly increase the beam currents from
1.64A + 1.19A to 2.8A+2.0A (e-,e+)

e Dramatically decrease the beam cross
section: B,* from 5.9mm/5.9mm to
0.27mm/0.30mm

e Increase the crossing angle to 83mrad

Strong focusing of beams down to vertical beam
size of ~50 nm requires very low emittance
beams and a powerful sophisticated final focus

e+ 4 GeV 3.6 A

7

N;w beam pipe Supe rKE KB

& bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ’ —
————————
9
¥/

Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject



Bel Ie II DeteCtor Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps , inner

K, and muon detector: ]
e 2-barrel layers

CsI(TI), wavefo

[ EM Calorime ¥Q\
\
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Beryllium beam pipe
2cm diameter /////,;,’.
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positrons
(4GeV)

Central Drift. Chamb
He(50%):C2He(50
long lever arm, fast elect

/)

Exactly two B mesons produced (at Y(4S))

Hermetic detector

High flavour tagging efficiency (~30%)

Detection of gammas, =%, Ks

Very clean detector environment (can observe decays with several neutrinos in the final state!)
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Belle Il Online luminosity Exp: 7-18 - All runs

Integrated luminosity
s Recorded Weekly

fcnec,,,ded = 315,40 TR}
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Facilities: Belle I1I

6 . TN — 5 —— 100

- 50

Total integrated Weekly luminosity [fb~!]

Very successful data taking throughout the pandemic
-overall data taking efficiency of 89.5%

-reached world record instantaneous luminosity of 3.12 x 103*cm=2 s, collected up to 12 fb!
per week: Super-B factory mode

This talk: results with ~70 fb-1, on tape 213 fb1

Ultimate goal: reach 50 ab-! by operating at the instantaneous luminosity of 6 x 103> cm2 s

Total integrated luminosity [fb~!]
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CKM studies

Cabibbo-Kobayashi-Maskawa (CKM) quark transition matrix

e o . Vida Vus Vb
Unitarity triangle: geometrical interpretation v B V’“’d V’“S V“
of the unitarity of the matrix Cuteli = o ves e

: Vie Vie Vi
A
1] |
LUdVJb o Vi Vb
VeaVebl/ ! VeaVep| e e
i : R
Y | BN e & Ay & A
00 5 1 r sm»aﬁk y,
(b) raots adi® )

Constraints from measurements of angles and
sides of the unitarity triangle - Remarkable
agreement, but still ~10% NP allowed

10 - Y
Also: searches for NP in comparisons of angles as - B
determined in processes dominated by tree and R TE—e—

sol. wWeas2p<0 o
(excl. at'CL> 0.95) —

IllIII

loop diagrams

1.0

1.5 20
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CKM studies

e B, mixing - LHCb

¢, - ATLAS, CMS, LHCb

v/ ¢35 - LHCDb, Belle II

|Vl @and [V, - Belle, Belle II
[Vyol/ Vo] - LHCD

b — ucs/cus

b — ccs
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LHCD

B, mixing

B, mass difference Am, — B & D-gt — BY = D-n* — Untagged
— Measured by oscillation frequency
with B — D¥n* decays

— Flavour tagging identifies B.? / anti B,
at production

Data sample 6 fbl

— Am, = 17.7683 £ 0.0051 + 0.0032 ps
— Precision 3 x 10

— Including B, — D*h*r*n* decays et al.
— Am, = 17.7656 £ 0.0057 ps'!

AV(‘NL[_’;{‘, - L HC]J

D7t Run 2 ——

Dyrtatn Run 1 2 E——

D;nt 2011 F

J /KK~ 20152016 F

J/YK'K ™ Run1f

17.64 17.66 17.68 17.70 17.72 17.74 17.76 17.78
Amy [ps™!]

LHCb-PAPER-2021-005, arXiv:2104.04421 .
LHCb-PAPER-2020-030, JHEP 03 (2021) 137 Peter Krizan, Ljubljana 12



o, with B, — J/v ¢ decays

¢ is the parameter of CP violation in B — J/y @
decays.

In SM, this parameter is given by the CKM matrix
elements, ¢, = =2 arg(—V V*/V V)

CKMfitter: ¢, = —0.03696+0-00072

Measurement:
e 2015 — 2017 ATLAS data: 80.5 fb~1@ 13TeV

e Trigger: two p candidates consistent with J/y mass
(Am ~ 50 MeV)

e "Low" p; cut, no decay time/impact parameter cuts
e High signal yield (~ 45k)

e Flavour tagging using Opposite-side leptons (J, e)
or b-jet-charge tagging

e Calibrated Tagging power: (1.75 £ 0.01)%

» Silicon pixels and strips tracker: o, ~ 65 fs

Entries / 3 MeV

(data-fit)fa

ps

Entries / 0.003

ATLAS

EXPERIMENT

Eur. Phys. J. C 81 (2021) 342

>x10°

E ATLAS' ‘ ' e Data
F Vs=13 TeV, 80.5 fb™ — Total Fit
== Signal
---- Background

10 x B— Jry K
=10 x Ag— Jiy p K

e L

5.2 525 5.3 535 5.4 545 5.5 555 5.6 5.65
m(Jyo) [GeV]

x10°, S
ATLAS « Data E
_ -1 3
{s=13TeV, 80.5 b — Total Fit E
- -+ Signal E
---- Background E
Il 1 E
0.2 0.25 0.3
o, [ps]

Peter Krizan, Ljubljana 13



o, with B> — J/y @ decays

Unbinned max. likelihood fit (3 angles, decay time, mass,

mistag probability and decay time error) to extract ¢,

e ¢, = -0.081 £ 0.041(stat.) £ 0.022(sys.)

e Systematics dominated by flavour tagging, modeling of

background angular distribution, fit bias.

e Consistent with Run 1 result

e Combined: ¢, = -0.087 £ 0.042, AI' = 0.0657 £ 0.0057ps!

Full Run 2 analysis under way — additional 60 fb~1
R g ] P TR

(data-fit)/c
Lo
I 1‘\ ! B8
L -'1.'.. i I R T
(data-fit)/c
7 ?T
|
i
| l I

of 2F e
2 -1 ;

-2t -2F
-2 -2 -1 0 1 2 3 =1 08-06-04-02 0 02 04 06 08 1
0, [rad] cos(6;)

Entries / 0.2 ps

(data-fit)/c

Entries / 0.04

(data-fit)/c

ATLAS

EXPERIMENT

Eur. Phys. J. C 81 (2021) 342
artas 0 Tipaa
s = 13 TeV, 80.5fb™ — Total Fit
- - Signal
--- Background
== Prompt J/y

107

10°

10°
10*
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Oah
| L
lasshiand]
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x10°
LY T
100— ATLAS » Data —
Vs =13 TeV, 80.5 fb" Total Fit
o seseeees Background .
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I I I ! ! i
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o, with B> — J/y @ decays

CMS
Similar analysis, on 96.4 fb—1
e . = -0.011 £ 0.050(stat.) £ 0.010(sys.)

e Systematic dominated by angular efficiency and model

bias
e Combined with Run 1

CMS,
_ Y

’ . \\‘u
A |

¢, = -0.021 £ 0.045, AT = 0.1032 + 0.0106 ps’!

Phys. Lett. B 816 (2021) 136188

LHCb LHCD 01
2015-2016 data, 4.9 fb-1 &g ?1 555
o ¢, = -0.083 £ 0.041(stat.) + 0.006(sys.)

e Combined with Run 1 e
05 = -0.080 + 0.032, AT = 0.1032 £ 0.0048 ps*

Combined with all other measurements by LHCb 0.06
b = -0.041 £ 0.025, AT" = 0.0813 £ 0.0106 ps!

Eur. Phys. J. C 79 (2019) 706, Eur. Phys. J. C 80 (2020) 601

< 0.2F ]
(%2}

2
~0.18}

L
<10.16

0.14
0.12F

0.1

0.08}
0.06+
0.04 5!

Cnis

¥
|

CMS 197+964fb (8+13TeV)

ST 8 TeV data 68% CL
I 13 TeV data 68% CL
- ¢ Standard Model

8+ 13 TeV data 68/ CL

-400 -200 0

I

D, 3fb

Jyrta]

JIWKTK ™ 4

P R
200 400
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-0.4
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LHCb
Spring 2019
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¢s[rad]
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o, world average - HFLAV

'T'm . HFLAV
= bo81fb
.a‘" 0.13 68% CL contours
(Alog £ = 1.15)
World average HFLAV >
0.11 CMS 116.1 fb~?
-1
¢ = —0.041 £ 0.025 rad , 0.09 e
AI'y = 0.082 £ 0.005 ps1 LHCb 4.9 fb~1
0.07

0.5 0.3 0.1 0.1 0.3
<“[rad]

e Measurements are statistically dominated

e Consistent with SM and consistent with no CP violation in the interference
o Several "full Run 2" analyses are ongoing - expect soon to improve ¢4 precision

Peter Krizan, Ljubljana 16



Candidates / (5 MeV/c?)

CKM angle y from time integrated §i&%

1400
1200 tuch | From interference between two amplitudes leading to the same
1000 —ail g:r‘_' final state
= 0 DK B~ — D°(— Kgh*h™)K~ o« Vg,
B% . D (e DRI _ 0 R
600 B# :[)[,—.(]:\" o B — D (_) Kg}b_{_}ll )K O Vub
mmm B! — D[xF|K7
o e e mi = m(Kg,h")
200 *+ Data
O S0 5400 5600 ss0 o external input: strong-phase difference between the D decay

m(DK*) [MeV/c?]

0.5 1.0 1.5 2.0 2.5
m? [GeVZ/cl

arXiv:2010.08483
JHEP 02 (2021) 169

3.0

-

| bin number |
[}

- N e e o

+N})

-1

5)/(N

.\‘.: i N

amplitudes at any given point of the Dalitz plot from CLEO
and BES III combined data

CPV parameters from the distribution of events in the Dalitz
plot: very large asymmetries in population of bins
full Run 1+2 statistic (9/fb)
Most precise y measurement
0.8 1 from a single analysis
061 ¥ = {68724,
- rBK* = 0.0004133077.
N ﬂ SRK* = (118.3155)°,
004 I O
L rB™ = 0.0050 £ 0.0017,

8765-4-3-2-112345678-2-112 sDrt _ 4+24v0
op" = (29171%)".

Effective bin 7
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D

Towards Belle II Measurement of ¢, /y with =S

Belle I

B->DO K/ 7t Transitions https://arxiv.org/abs/2104.03628

B->D(™0- and B'>D™*r~ are the £ % et pretmoany) il 3 e vrimnay e
e [ Ldt=6281b Data e 18F[Ldt=6281 Data
most abundant hadronic B decays - 1§gf Rt g g
L;g-l 3,0__ ------ BB background E :g LY BB back.ground
60 :_ ------ (nbackground 8 jofrmn=e q:[backglound
B-->D(K- sensitive to CKM wk = ; b
unitarity triangle angle ¢5 (or vy) .9 - s
[ 0 < a 0 5 -
-5 -01 —.0,05 0 0.05 01 0.15 5¢ -01 -0.05 0 0.05 01 0.15
AE =Y F,— Foun AE (GeV) AE =3 " F, - Byoun AE (GeV)
“golden” mode: B~>DM)(Korn+r~)K- ‘ |
R0 (B~ — D®OK™) RO+ ['(B® — D®+K™)

Many systematic uncertainties ['(B~ — D®oxr—) ~ I'(B° = DM+7-)
cancel in the ratio of decay rates
B~ - DYK-nt)h~ B~ - DY (K2rtn")h~ B°— D*h™
Belle II R/ (x1072) 7.66 % 0.55 T0-LL 6.32 +0.81 0% 9.22 + 0.58 & 0.09
LHCb R*/0 (x1072)  7.77+£0.04+0.07 [24] 7.77 £0.04 +£0.07 [24] 8.22 4 0.11 & 0.25 [25]

Re-optimization of Belle ¢;-analysis ongoing

- precision of favoured BPGGSZ method strongly depends on recent BES III results on strong
phases between D° and D decays to KOst~

- aiming for first Belle+Belle II combined result soon

Peter Krizan, Ljubljana 18



_ rHCH
Angle y from a time dependent measurement"l&'g

arXiv:2011.12041

% 1400:_' LN LN I I BELAL BN R BN NN R B B RN AL _ .

2 g LHCD e B — D*KEntnF JHEP 03 (2021) 137

7 1000E E;é,ﬁ?g‘wimr,,f e CPV due to interference between mixing and decay to the
z B8 ok wr same final state

5 omb. bkg.

= o. bke. . . . . .

SR iy e e several contributing final states: amplitude analysis

e full Run 1+2 statistic (9 fb!)

5200 5300 5400 5500 5600 5700
m(DIK*n*n¥) [MeV]

NA——————————
{E 0.4F LHCb 3 e model-dependent approach:
= (=D K'm*n" 3 . . . . .
83 o T=DiK 7T + o = describe resonance contributions with an amplitude model

¢ model independent approach: integrate over phase space

o5

0 0.1 02 0a
t modulo (27/ Amy) [ps]
Parameter Model-independent Model-dependent
r 0.47 £ 303 £003 0.56£0.05+0.04+0.07 | ratio of the decay amplit. to the same final state
K 0.88FQ12+00d 0.72+0.04+0.06 £0.04 | coherence factor
5 [°] —6 +10 +2 14+ 10 + 4 +5 strong phase difference
v—28, ] [ 42 719 +8 o+ 10 = 4 +5] | weak phase difference

uncertainty from amplitude modeling 19



Angle y and charm mixing

e New method

— First simultaneous determination
of CKM angle y and charm mixing
parameters

— 151 observables, 52 parameters

CKM angle .
’ Yy =(65473Y)

— Most precise measurement
e Comparison

— Excellent agreement with
indirect global CKM fits — Utfit

y = (65.8 £2.2)

I-CL

Lﬁcb

CONF-2021-001

T 71 ' T —

LHCb

Preliminary

Ir— |
08F
06
040 683%
02
- 955%
1 L L |
020 50
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Angle ¢,/p — first Belle IT measurements of S

B — n'Kand BY — J/yKS,

B — n’Kis a rare charmless hadronic penguin diagram 40

Belle I

Belle Il - Preliminary

. . . . . . i Bo"“'("'lw““)Ks f Ldt=62.8 fb”
mediated decay, CP violation in SM given by of sin(2¢,) o~ 35|07
. oy . . . (&) - Data
- particularly sensitive to new physics in the hadronic loop. S =} |
()
= 25| = Signal
. . . . 2} - ---- Continuum
First Belle II measurement of branching ratios in good N 20| peaking
agreement with the world average B ®
This analysis World average [9] :;’ o
Channel B(Xl()ﬁ) ! FTT £+, .........
BT - nK 63.4 fgji(stat) + 3.4(syst) w425 %2 522 524 526 528 5.3
B? 5 ' K° 59.9 T28(stat) £ 2.7(syst) 66 + 4 M [GeV/c?]
: : M, = VEp ¢ — p5c
The measurement of sin(2¢,) using B°—J/yK?, e =V Biean” = Pie
complements the one from B%—J/yKO 80 [
- signal yield compatible with Belle result (no syst. yet) _ 7} Belle Il preliminary
% 60 b f Lat=62.8 0"
Ngig (uFp™) = 267 £+ 21(stat) + 28(peaking) = | o bats
X o] : — B —=K_Jy .algnal
Ngg (ete™) = 226 £ 20(stat) + 31(peaking) S wf ool backgroun:
% 30 —
Next to come: precise measurement of B lifetime and 2 2o I ﬁ
- s LLe, L4
mixing frequency o} T AT o+
03. N T PR DR SN T

Ultimately at Belle II expect a x5 improvement in
precision in ¢,/ — measurement still limited by statistics

20 30 40 50 60 70 80

A E [MeV]

AE = E;} - Eb(’mn 21



Measuring of the sides |V, | and |V |

Inclusive and exclusive semi-leptonic B decays
- |Vpl: B> X, Iv,B>n(p,n)lv(l=¢e,p)
- |Vgl:B—=Xdv, Bo>D(™)Iv(l=e,p)

Long-standing discrepancy between inclusive and exclusive determinations of
CKM matrix elements|V,,| and |Vl

https://hflav.web.cern.ch M.Bona: UTfit 2021 SM update
r,“_‘ 48 [ T | T T T | T T T T T T T | T T T T ] __Q 0006_ x Y
o 4 F ——— Exclusive [V_| Ay* = 1.0 contours 3 =] : c
= 46F e ewsive 3 = 0.0055F UTfit
44 T Tl V- GGOU 3 C summer21
B 49 E_ VIV, ‘ IV ok global £ _E 0.005F
4 E_ - HFLAV Average —E 0.0045F
38 = 0.004
36F = R
= 3 0.0035F
32F E 0.00:
3 HFLAV B :
- 3 0‘0025;
28 P()=89% ] E
T S T NN SN SR T (NN SO Y 1A ST N S RN NN SN SHN T N g OOQ?OS
36 38 40 42 44 \
IV, [107]

Peter Krizan, Ljubljana 2
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Measuring of the sides V, and V, in S
inclusive measurements at Belle and Belle II

Profit from the fact that exactly two B mesons are produced in e*e collisions
- Full Event Interpretation

- hierarchical multivariate technique (>200 BDTs) ...

to reconstruct the B-tag side (semi-leptonic or V- Tag-side B
hadronic) through O(103) different decay modes b

- results in a significantly increased tagging
efficiency compared to Belle k
- reconstruction of tag-side B - flavour/charge,
momentum of the signal B, exclude tag side particles ~ ~==---- :

Inclusive Tag
e = 0(100)% 5

Consistency of B,,,, \'§

—
- -~

-
-
+

(;; Semileptonic Tag = Multiple
M |? .

& e=0(1)% —_— s, neutrinos

= Knowledge of B, ey -

w

Hadronic Tag //<

€e=0(01)% —=8
Exact knowledge of Btag\< Peter KriZzan, Ljubljana 23



|V,,| from inclusive B — X, | v with
Hadronic Tagging PRD 104 (2021) 012008

...................

 Full reconstruction of hadronic B, - NIM A 654, 432-440 (2011)
e Inclusive measurement o
¢ Challenging due to B — X.| v contamination >
e Background supression by a BDT 3?3;

. B-X v

C.21 8-X,tvshape
§ Data

s MCunc.

[y
T

1750 F 1000 o 0 — - - ——
—_ a s 12 B
8 | g o :gmnuz“aznﬂfl”l”ﬂ”*i”}
o~ o~ 0.8‘...1..1|...1...1.;.'
S 1000 | o 600 0 oo 0.2 04 0.6 0.8 10
5 750 2 400 BDT classifier output
z E‘j Measure partial decay rate - extrapolation

Lo o to full phase space - model dependent

=15 =15

s 10 ;rgm» . 7

B e ST e e (V] (BLNP) = (4.05 £ 0,09 553 155 ) x 107

X
400 : 700 - - - +0.214+0.11 -3
EE S aa— =571 Vil (DGE) = (4 164 0.097035 7514 ) x 107,
= < x>17 Ge —oacl
3 My < 1.7 GeV =2 oap maes | v ] 40.2140.08 s
- o e V| (GGOU) 4.15 4+ 0.09 2052 g9 ) X 1077,
S ol
~ : +0.20 -3
2 V.| (ADFR) = (4.05+0.09703) £0.18) x 107"
(]
>
o PR Final result
Siobht b petr bttt P O @Si1o0bhes st i iEEd Py ta b g tgllry
: i . i ] _
o 1T Ti 1o 1e 20 2z zl,4'276 Vs = (4.10 £ 0.09 £ 0.22 £ 0.15) x 10 3
EB [GeV] Ef [GeV]

Peter Krizan, Ljubljana 24



b — ul v - differential decay rate

e Challenging due to B — X_| v contamination: clear separation through
kinematic variables, e.g. lepton momentum endpoint or low M

e Full reconstruction of hadronic By,

e Inclusive measurement: measure the differencial decay rate in 6
kinematic variables g2, EB, My, M,?, P, , P_(light cone momenta P, = E, + p,)

2.00 2.50 0.18 o b
® Data ® Data
175 —— Total uncertainty —=— Total uncertainty 0.16 Total uncertainty
— —— Stat uncertainty = —=— Stat uncertainty ~ —=— Stat uncertainty
< 150 puidns Hybrid 8-X,Iv MC < 200 Hybrid B-+X.tv MC < 014 Hybeid B-+X.Iv MC
><3 . oty 3 . DN 3¢ DFN
T 125 e 1 BLNP 3 1 012 e
) @ 1.50 [+ - -
% 1.00 : ! @ P Mg |
3 | g - i T ou D
0.75 | [ S 1 ¥ ‘
S | 5" T *H B >
T 0.50 f 1 og ' 5 v Sl |
o f : - i " s BELLE
— 0.25 ;.:] | | S 050 s e o 0. | i ti': -
=? { 0.02 !#
0.00 | -
0.00 § 0.00 —_ |
00 05 10 15 20 25 30 35 40 10 12 14 16 18 20 22 24 26 o 5 10 15 20 25
My [GeV] Ef [GeV] q? [GeV?]
0.80
0.60 * Data 2.00 + ® Data e Data
" —=— Total uncertainty —=— Total uncertainty 0.70 = Total uncertainty
= == Stat uncertainty —17% . —e— Stat uncertainty _— —=— Stat uncertainty
< 0.50 Hybrid B-Xtv MC a — Hybrid 8-+X,tv MC 3 Hybrid B-X v MC R
b3 1 i ¢ 1.50 { OFN 1 ¢ 060 F..... orw
T oaofl] suve 3 BLNP T BLNp
2 |l == @ 125 : & 0s0 , _
":x 0.30 | o o 040 | :
F | a 1.00 ; ’ | i 11
© 1 ) ! %_ + |
B o2 1 R 075 i 5 0.30 | S5
° 1 -] : ! ° i
- m . ! m_ 020 | ]
o 1 D 0.50 | i
S 010 | S SN S
' % 025 0.10
0.00 d e

0 ‘ 4 9 s w oz M 0%%0 05 10 15 20 25 30 35 40 0.005 1 2

4 k 3 4 5
Mj [GeV?] P, [GeV] P_ [GeV]

D

A

arXiv:2107.13855

b—c

== U

Charged Lepton Pl
Momentum

Necessary input for future model-independent determinations of |V |

25




Inclusive and exclusive b->(c,u) | v B
branching fractions with Belle II

A large variety of different analysis strategies will help to resolve the remaining discrepancies

Untagged inclusive Xy £ v : Untagged exclusive B—D0v 5 FEI hadronic tag excl. BO— n-¢v
. : Belle Il prefiminary B :
B eat= 305t : x10* [edt=e28f67 = : Belle Il Preliminary [rdt=346fb!
o - . S po = sgnn E . I -
40000 -y H B~ ->D nv - C F ! '-‘:' - Background Big
W secondaries @ ' ~20F mmm Other BE o ' &~ P MC stat. unc. 9_3
g - fake o H 5 == Continuum 2 : 2 30f & o ]
3 . = other = H =} W MC stat. unc. o . G} 3
270 il - off-res 2 H =z | Data b o o
g b Data =1 H 8 g : ; g
%mmu 4 MC uncertainty R ' s § . = t:
H 2 H 2 8 : | ]
g z : 8 £ : S 5
16000 H © . @
: o :
' = . [s]
o } E { E : E\g 0.0 % i t 3 R .
g, o t : = | T RS L T Y TYT 2T : g
e ok b 5 o Yy ot Y -2.5 . " . L . " .
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B(B — X.0v) = (9.75 + 0.03(stat) + 0.47(syst)%| | ‘ B(B® - D7) = (4.60 £ 0.055a £ 017y £ 0.452) % | | | B(B® — D" ¢ 1) = (451 £ 0.4 027,00 £ 0.45, ) %
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Alternative approaches, such as the recently proposed use of inclusive g2-moments, are expected to further
enhance sensitivity to V, 26



LHCD

Vol/ [Vl With BL — K-p*v, at LHCb

Measure ratio of BRs of B — K'u*v, and B — D u*v, decays: PRL 126 (2021) 081804
BB — K u'v,) _ Vbl § dr(B) — K u'v,)/dq”
BB, =D p'v,) [Vl dF(B]— Dy u'v,)/dg”

" "

experiment theory input

Use LCSR for low ¢? (<7 GeV?/c*), LQCD for high ¢? (>7 GeV?/c*).
Data sample: 2 fb* ; N(BL —Kp*v ;low ¢) ~ 13k; N(B>—Dgp*v, ) ~ 200k

BB = K pu'v,) = (1.06+0.05(stat) + 0.04(syst) & 0.06(ext) + 0.04(FF)) x 10~ *
s 0
V., |/IVopl(low) = 0.0607 & 0.0015(stat) & 0.0013(syst) + 0.0008(D,) + 0.0030(FF
ub cb s
V., |/|Vop|(high) = 0.0946 =+ 0.0030(stat) "y ooas (syst) & 0.0013(D,) + 0.0068(FF)
CI0E | Dua
%]40()2——!—Tglal ]
Z 0 e First observation of B — Kptv,
1000 _— B‘?—)K‘*'p*vy

£ S00F T
= o e Discrepancy between low and high ¢?
2 a00f regions (LCSR for low ¢, LQCD for high ¢°).
© 200k
M, [MeV/c?

Peter Krizan, Ljubljana 27



CP violation studies
e CPVin 2-body B° and B, decays - LHCb
e K= puzzle - Belle II

Peter Krizan, Ljubljana 8



LHCD

CPV in the B,? — K*K" decay

Time dependent CP asymmetries in B> — K*K-decay JHEP 03 (2021) 075
e Requires: Flavour tagging(4.5% — 5.1%) and excellent decay time resolution (~44 fs)
e Data: 1.9 fb~1of Run 2

- CP violation parameter Sk = 0.123 £ 0.034(stat.) £ 0.015(sys.)

First observation of time-dependent CP violation in B, decays
Another way to measure CKM angle o

) F L R 0.0} 2
& 1600 =]
o - LHCb : LHCb
S l1400¢ f pamiomt —0.1F g
E 1200;— — B KK ‘ —0.2[ /\ ]
£ 1000 {f e | N .
800 e "
C ] —04F b 1
600 5 -
4002_ 3 _o; Ml BaBar B Simultaneous _|
. . Belle I Per-candidate
200 ¢ - —0.0 s LHCb RunlI ]
TR (NN S B T T, B - - - — - - — L
1 2 3 4 -1.0 -09 -08 -0.7 -06 -05 -04
Decay time [ps] Srr

From a related analysis: direct CP violation parameters in B® — K*r~and B, — K'=* decays:

0 —
B K 7"

0 +_—
Ads ™ ™ = —-0.082 + 0.003 + 0.003, A = 4+0.236 + 0.013 £ 0.011 4
- CP



Expected impact of Belle II on the D
longstanding Kr puzzle

<O

A significant difference is seen between direct CP asymmetry in B°>K*n~ and B*>K*n°
decays: AA = 0.124 £ 0.021

An Isospin sum rule has been proposed as a sensitive null-test: PLB 627, 82 (2005)
B(I(OW+) TRO B(K+7TO) TRo B([\'”ﬂ'“)

I T — ./4 T -I— _,4 0 - 2./4 70 - — 2,/4 00 =
a K Kom B(K+m) 75+ K B(K+n—) 75+ K BT
e a violation of ths sum rule would be evidence for New Physics arxiv:2104.14871
e precision on AL, is the most limiting
. _ An+0.46, N .
input for the test of the sum rule A0 = —0.40g44(stat) & 0.04(syst), and

B(B° — K°7°) = [8.5T % (stat) + 1.2(syst)] x 107°

% : 5 12 Belle IT (Preliminary)
D Belle Il (preliminary) s Data B tags g Belle Il (praliminary) s Daa B tags 0.30
2> ' — ' J— ‘ ‘ v re AN
] f:.m:ezsrn __L?_‘"'A'“;)w g fm=626fb __L?‘a"""(.“,l Ig=—-0.11x0.13 Belle+BaBar+LHCb+Belle Il Winter 2021
5 R B 5-decay background g e
2 =«=:= Continuum background > 0.25 4
E() ta 8 " 2 patlo [‘l‘n_im ted uncertainty without Belle 11
-— 1]
g 3 10 g . —— Projected uncertainty with Belle 11
k= G = 0.201
8 8 E
. . o . . % .:4:
824 525 52 527 52 52 53 3 -02 -o1 0 0.1 02 03 @ r
= 0.15
M, [GeV/cT] AE [GeV] Z
.I:
,g G (i rsbion) » Do E AN e > omtw P55 0.104
g de 2 — B‘ g 0 f ﬂﬂﬂﬂﬂﬂ —.z
L B 5-decay backgrou g s B 5-decay background 0.05 -
0 g Continuum background = Continuum background o
B tag @ 15 8
5 E
g " 2 0.00 L— : . ,
5 . & 2021 2022 2026 2030
N\ 7, :
4 L A4 ) Year
824 528 528 527 52 52 53 -03 -02 -01 0 0.1 02 03
M., [GeV/c?] AE [GeV]
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Searches for new physics in rare decays

b — sy - Belle II

B — K*u*u~and B, — @ut+u- differential decay rates — LHCb
«B* — K*vv — Belle II with inclusive tag

B’ — M* 1 (y) - LHCD

New physics could be, e.g.,
leptoquarks, new particles in
loops/boxes, new particles in
the final state instead of
neutrino pairs

w
b S
T uot
£
Y
S

31



b—sy: first results at Belle II

e B—K*y branching fraction measurement,

with 63 fb-1

e full reconstruction of the decay chain:
charged and neutral K* + high energy
photon

e Measured BR consistent with world
average values at 1-2 ¢

e CP and isospin asymmetry measurement

foreseen in the next iterations of the analysis

5
2.0 x10

Belle Il preliminary

f [ Background B*B~
£=629fb !

B Background B°B°
EEm Continuum
Continuum error

t

Candidates per 100 MeV
= =
w o

w

o

oL

So
1

I + ....................................
1 }v 1 1 1 f i * 1 + L
150 175 200 225 250 275 3.00 325

E; [GeV]

background-subtracted
# of events
o
——

Candidates / (20 MeV)
o

Mode

B° - K*°[K*m~ ]y
B° - K*°[Kn®]y
B* - K**[K*n°]y
Bt —» K**[Kfn*]y

D

/O
Belle I
Belle Il

(Preliminary)

JLdt -6281fb"

+ ]l
L L TTTTT IR L = .JLL—ITiT
03 02 -01 0 01 02 0

AE [GeV]
(c) Bt - K**[Ktn%y

Br (fit) x10-5 |

4.5 + 0.3(stat) + 0.2(syst)
4.4 + 0.9(stat) £ 0.6(syst)
5.0 £+ 0.5(stat) + 0.4(syst)
5.4 + 0.6(stat) + 0.4(syst)

e B—X_y with untagged method, 63 fb-!

e Reconstruct only high energy y from signal side
e Extract signal from photon energy spectrum

e Excess visible in the expected signal region
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b — s {*f branching fractions

Differential branching fractions
— Decay rate of b — s {+{- sensitive to BSM

— Branching fractions low for muons (B*, B?, B’
and A,°)

BL — @ Pt - arXiv:2105.14007
dB/dg? = (2.88 +- 0.22) x 10-8/(GeV?/*)

for g2 € [1.1, 6.0] GeV?/c*

— In agreement with Run 1 result

— 3.60 deviation tension with SM

B — Uy~
— Observables F, ACPi asymmetries, coefficients Si
— Compatible with SM, tension in F

arXiv:2107.13428

2

Candidates / ( 10 MeV/¢?)

dB(B] — ¢y pr)/dg? (GeV“c?)

LHCD

W
=2
=)
S
|
-

400

—}— data

300
u — total

200

100 F

— B} — outu

------ combinatorial

e P N W 1
5300 5400 5500 5600

5700

m(K*K i) [MeV/c?]

—$— LHCb 9ib™"
—F— LHCb 3

B sM (LCSR)
[ ] SM (Lattice)

B SM (LCSR+Lattice)

15

g? [GeV?/c*

Peter Krizan, Ljubljana
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LHCD

b — s £*{- angular analysis

Angular observables: polarisation, asymmetries vs g2

= IE ' 'L-IHC'_b'_R;m'l; 2016 ~
BO s K*Op+- PRL 125 (2020) 011802 osf ﬁ | -
— Local tension 2.50 and 2.90 in asymmetry P.’

. . 2 ki y) . Z

with SM in g b!ns.[4,6] and [.6,8] GeV?/ct _0_5;_ ﬁ—k+ s 48+
— Global analysis finds a tension of 3.30 b ey E
— Consistent with ATLAS, Belle, CMS results ’ i © O AlGevae
BY — K™prp PRL 126 (2021) 161802 3 _1_
— First LHCb measurement 05 o -
— Local tension with SM up to 3.00 in Py(~ Agg) S @%@ﬁ:f* —
in g2 bin [6,8] GeV?/c* 05 T:,E‘Ebgn "
— Global tension 3.10 determined in a fit to the 1 T M iem ASzD
effective field theory Wilson coefficient Re(C9) 135 : T i

PRL 126 (2021) 161802 | . arXiv:2107.13428

B+ — K*+IJ+l_— " Bs°9¢l-|+l-l—

310 3:" 190
3, Preliminary |

‘ i
‘ ;
1 LHCh
1 1 B I — S +
2 ‘ ‘ 0 1

A - - - 2 1 1
] ”"_\RI:.(‘r-,,.” 5 10 15 20 : o { ARe t('-slh ARe(Cy)

 PRL125(2020) 011802 |
w{ 3 BO — K*0U+IJ_ — I.H.,:-,.:_,,w 20F
"'y 330 -

LHCb

[ GeV¥/cl]

Negative shift of
ARe(C9) from SM
preferred value by a
2 to 30 level

- Peter Krizan, Ljubljana 34



Search for B* — K*vv

|
SM: penguin + box diagrams

Flavour-Changing Neutral Current process that has not
yetcbeen observed

-no photon contribution/much cleaner theoretical
prediction

B(B* — K*vv) = (4.6 £ 0.5) x 10

Previous searches based on tagged analyses

-semi-leptonic tag: g4, ~ 0.2% (Belle)

-hadronic tag: €., ~ 0.04% (BaBar)

sig

New approach by Belle II based on an inclusive tag

Look for deviations from the
expected values - information
on anomalous couplings Cv,
and Cvg compared to the SM
value (Cv, )M, coming from the
loop or from processes like

T
Peter Krizan, Ljubljana 35



Search for B* — K*vv

PRL (accepted) arXiv:2108.03216

BB B(—-Kwv)B qq

New approach by Belle II based on an inclusive tag
-no explicit reconstruction of the second B-meson
-use BDTs to exploit distinctive topological features of
B* — K*wv

-much higher efficiency of ¢y, ~ 4.3% resulting in
increased sensitivity per luminosity

Further improvements are underway

- more data (already have 3x more on tape)

- additional channels (B® — K"y, B0 — KOvv...)
- improved/extended classifiers (neural networks)

D
o

Belle I

1
400 CR11

100

0.93<BDT,<0.9570.95<BDT,<0.97:0.97<BDT,<0.99 0.99<BDT,
1 H H

: Belle II :
[ dt = (63+9) b
B B Kb |
1 Neutral B
= Charged B
E Continuum
¢ Data

i scaled by 2 ]

0
0.5 2.0 243.50.52.0 2.43.5/0.52.0 2.4 3.50.52.0 2.4 3.5

pr(K*

SM AY(Ierage

) [GeV/c]

)

__i_,:_ l B(zlltj}'li (63 b1, lIn(:lusive)
- is work
1
| 1

" R?}:lre p(R?mlﬁ,losﬂ)ml » SL)
1
i . Belle (711 fb~!, Had)
: 30£1.6 PRD87, 111103
i
i -1

T i | | Ea\]?raf:ulg)%?. ?121(}55 . IHad+SL)
0 2 4 6 8 10

10° x Br(B* =K * vp)

Events of different tagging methods are to a large degree statistically independent and can be

combined, details are under study.
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LHCD

B(s)0 — P (y)

e Very rare leptonic decay % 0 _+ | LHCb — s _
— Helicity and CKM suppressed 2 9B§’T120_5 g :
— Sensitive to New Physics = 30 - 22: 3
o D N Y | (R B—h'h" -
B, ptyr g%k s e S
— B(Bs_’ ut ) = 3_09+0.46_0.43+0.15_0.11 x 10-9 g 10 :_ + ...... Combinatorial _Z
— Significance > 10 0 RO RasSec s ] -
— in agreement with SM — .
000 w00 6000
o BO - pt . M- [MeV/c?]
—B(B® — p* ) < 2.6 x 10-0at 95% CL QOJ?‘Q A R B
506 LHCb |
e First search for B,— ptp vy X 05 _ " _4,:” _
—B(B,— Pt y) < 2.0 x 10-%at 95% CL = el i
for m,, > 4.9 Gev/& 03k B
02 -
0.1F i _
arXiv:2108.09283 ol . L Ix10”
arXiv:2108.09284 0 I 6

B(B—utu) 37



QCD dynamics in B decays — important for the interpretation of measurements
B — X, | v differential cross section (see above) — Belle

B+ — DY n*, B® — DO =% decays — Belle

B0 — D~ n*, D-K* decays - Belle

Peter Krizan, Ljubljana 38



D

B — D n*, D K* decays <2

B — D- n*, D" K* decays: both modes are important as signal or control channels for
measurements of angle ¢, /y.

Significant background from B® — D~ =n* in D- K+ decays due to the misidentification
of pion as a kaon.

A simultaneous fit is performed to samples enhanced in prompt tracks that are
either pions [L(A/r7) < 0.6] or kaons [L(A/r7) > 0.6].

Cross-feed from both decay modes is also determined from the simultaneous fit. The
corresponding pion—->kaon misidentification probability which is also determined in
the fit, is found to be consistent with the standard Belle value from an independent

studv.
AE = EB - Ebeam

| Belle (preliminary) B - D*(Kx*x)h
500 [ kaon enriched

B - D'(Kx*r)h
pion enriched
—+— Data
—— Combined model
------ B—Dn
S SN — B—DK
200 P e Background

iBeIIe (preliminary)

5000 | i
i 400 |

300 |

Events / ( 0.0052 GeV )
Events / ( 0.0052 GeV )

200 |

100 |

Pull

a © 0o

Pull
o
v
-
.
.
-
.
’
-
-
" .
. .
L
-
-
-
-
.
-
.
'3
.
.
-
.

-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
AE (GeV) AE (GeV)
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BY — D n*, D-K* decays

® The ratio of B' = D™K* and B” — D™ z" branching fraction

%(B" - DTK")

RP .
BB = D)

= (8.20 = 0.20(stat) = 0.20(syst)) x 1072

® Measurement of branching fraction for B — D~ n*

total
NDJr

2 X foo X Ngg X €p, X B(D~ — K*tn—n~)

BB - D (- K'nn x| =

BIB® — D™(— K~ 77)a*] = [2.50 £ 001 0.10, & 0.04 g5y gy p)] X 107

® Measurement of branching fraction for B® - DK+

BB - D (- K n )K= BB - D ") x RP

BB = D (— K*n x)K*] =[2.05+£0.05_,, +0.08

stat —

syst £ 004 5p iz ] X 1074

https://arxiv.org/abs/2104.03628

LHCb: J. High Energ. Phys. 2013, 1 (2013)
Ratio = 8.22 = 0.11(stat) £ 0.25(syst)

BaBar: Phys.Rev.D 75 (2007) 031101
BIB° — D x*] = [2.55 £ 0.05,,,, £ 0.16,,,] x 103

stat —

CLEOZ2: Phys.Rev.D 66 (2002) 031101
B[B° = D nt] = [2.68 £0.12__ +0.24_ ] x 103

stat — syst

LHCb: Phys.Rev.Lett. 107 (2011) 211801
B[B° - DK =[1.89 £0.19,, = 0.10,,] x 107

stat —

Belle: Phys.Rev.Lett. 87 (2001) 111801
B[B® - D™K*] = [1.7 £ 04, £ 0.1,,] x 107

stat —

Peter Krizan, Ljubljana 40



D

BO — DO r*, DO 0 decays e

g B ; s Preliminar
My (D" — K*77) AE(D® — K*77) Con(D® — K*n-) eliminary
': Belle : Belle °§ Belle — Tptal 0 0
3::: Preliminary o Preliminary ;:: Preliminary — Sgnal D TT
i — BB big
bt 5 — 4 bkg
i Rare bkg
5?255 526 5.265 5".2:[6.\3275 528 5.285 :0—2"_7035 4;1 -0.05 .\E(%g\ﬂ 005 01 015 02 3'0 -8 -6 -4 -2 C‘l 2 4 6 8 10
5 T ¥ :F IE
;: E;#ﬁ;ﬂ‘} # Mﬂ*éﬂiﬁ {ﬁ*ﬁigﬁﬁi ; ﬂ{&*{»i}%ﬁﬁ é**q.**i*{'*ﬁ;ﬁ'}imﬁﬂ ; ?m&m;;{* }‘“***{'* ’#{'f'}ﬁ*‘{'*#‘ ot

BB - D7% = (2.69 = 0.06 + 0.09) x 10~*

M, .(D° - K*n~n) AED" = K*n= ") Cyn(D° = K*n=7°)
o Belle = Belle s The most precise
=*°E Preliminary N Preliminary . Preliminary ] )
S " e St measurement in this channel
100 it E 100 E—
50 s 50 ;—
5‘.)255 526 5265 5&7[@\3.275 528 5285 00.2 0.15 -0.1 -0.05 4E|OGQV] 005 01 015 02 lJID 8 6 4 -2 C’i 2 4 6 8 10
: Bt TH ‘ AR f LS

BB+ — D) = (4.53 £0.02£0.14) x 1073 DO g+

The most precise measurement in this channel

Peter Krizan, Ljubljana 41



Outlook
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Outlook: Belle 11

Tentative long-term operation plan

W 70
Lpeak Before IR upgrade | | ——Int. Luminosity i
;m 8 — L .. After IR upgrade
g / 50
2 LS2:
o 6 _
= RF upgrade
oo IR(QCS) 40 ?r:
% Remodelling =
Q 4 LS1: of Linac l 30 &
£ TOP PMT e
% PXD 2
§ 2 |
o 10
0 0

2019/1 202171 2023/1 2025/1 2027/1 2029/1 20311

Ultimate goal: reach 50/ab by operating at the design luminosity of 6 x 103> cm2 s1

Current working plan follows the KEK Roadmap2020
- LS1 in 2022 for pixel vertex detector (PXD) & partial replacement of MCP-PMT in TOP
- options for a possible IR upgrade (LS2) =2026 under study

Peter Krizan, Ljubljana 43



Outlook: LHCb sk

Upgrade I: Major project being installed currently for operation in Run 3

e All sub-detectors read out at 40 MHz for a fully software trigger with the
new data centre

e Pixel detector VELO with silicon microchannel cooling 5mm from LHC beam
e New RICH mechanics, optics and photodetectors

e New silicon strip upstream tracker UT detector

e New SciFi tracker with 11,000 km of scintillating fibres

¢ New electronics for muon and calorimeter systems

Upgrade 11
o Fully exploit LHC facility for flavour physics & beyond, for LS4
— Expression of interest (2017), Physics Case (2018)
— Strong support in European Strategy (2020)
e Framework Technical Design Report
— Options to achieve physics programme
— Drafting in progress, for delivery later this year

Peter Krizan, Ljubljana 44



Summary

Physics of B mesons has contributed substantially to our
present understanding of elementary particles and their
interactions

B decays have been and continue being a very hot topic in
searches for new physics. Intriguing phenomena that have
been seen in recent years make this research area one of the
most interesting in particle physics.

LHCDb is finalizing its Upgrade I, and Belle II has entered the
super-B-factory regime.

Expect a new, exciting era of discoveries, and a friendly
competition and complementarity of LHCb and Belle II, as well
ATLAS and CMS

Peter Krizan, Ljubljana 45
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Facilities: Belle IT @ SuperKEKB

beam Current x“ _5 beam'beam param x1 LERI HER KEKB supel’KEKB Eﬁect
* R\‘ I Energy [GeV] 35/8 40/7.0 Dboostx2/3
o
T+ 1 + Yy L :I:fy:lz Crossing angle 2¢x [mrad] 22 83
* *
2ere or) Re By:i: B, [mm] 59/59  0.27/0.30 Lx20
‘\ y
vertical beta function x 1/20 I [A] 1.64/1.19 28/2.0 Lx~15
gy = Gy x Gy [pm] 140/ 140 13/16
-‘-4\ - gy~ (By/e)2/c*  0.129/0.09 0.09/009  Lx1
New IR
L e~ Luminosity [10%cm?s™] 2.1 0 Lx30
New beam pipe SuperKEKB \
& bellows B
‘\ ’;\p ? Nano-Beam scheme (P. Raimondi): squeeze beta
’? function at the IP (Bx*,By*) and minimize longitudinal
iy size of overlap region to avoid hourglass effect

\ a

=
* .

Add / modify RF systems effective
for higher beam current
Low emittance positrons I ’; ‘
to inject l } Positron source
Damping ri ’ ] X :
s New positron target / Half crossing angle: ¢ = o < ﬁ*

u ‘ capture section
L#“g ) Strong focusing of beams down to vertical size of ~50

nm requires very low emittance beams and large

crossing angle (83 mrad). Need powerful and

sophisticated final focus system.

Low emittance electrons
to inject
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o, world average - HFLAV

-

'n 1 HFLAV
= bo81fb
L 0.13 68% CL contours
<

(Alog £ =1.15)

World average HFLAV

0.11 CMS 116.1 fb~!

CDF 9.6 fb~!

¢S = —0.041 £ 0.025 rad , 0.09
AT’y = 0.082 £ 0.005 ps!

LHCb 4.9 fb~1

0.07

0.5 0.3 0.1 0.1 0.3 )
¢:[rad]

e Measurements are statistically dominated
e Consistent with SM and consistent with no CP violation in the interference

e Several "full Run 2" analyses are ongoing - expect soon to improve ¢g precission

* HFLAV comment: Due to tensions between analyses for some of the measured parameters, scale factors are applied on their
errors. The scale factors are calculated per parameter, in one dimension, using the PDG prescription. For example the scale
factors of the errors of I's, Al's and ¢sccs are 2.5, 1.77 and 1, respectively. The scale factors are applied in a way that preserves
the total correlation matrix of each analysis.



Vol/ [Vl With B — K-u*v, at LHCb

0 =
B(B; — K /U‘+V.u) =
Vipl/[Vepl(low) =
[ Vb /1 Vep [(high) - =

0.0946 =+ 0.0030(stat)

B! 5K uv,
using LCSR, ¢* <7 GeV?/¢*

B{ -K u'v,

using LQCD, ¢* > 7 GeV?/c*
0 .

Ay =p U ?,u )

using LQCD, q" > 15 GeV-/¢*

Ivl'h |cxcl/’| VCh chcl(PDG)

PR |

LHCDb preliminary

s 1

S ot

——

" L 1 1 L " L
0 0.05

Va1V

e First observation of B — Kutv,

e Discrepancy between low and high ¢ regions (LCSR for low ¢, LQCD for high ¢?).
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(1.06 + 0.05(stat) & 0.04(syst) £ 0.06(ext) & 0.04(FF)) x 10"
0.0607 = 0.0015(stat) + 0.0013(syst) & 0.0008(D, ) = 0.0030(FF)
(syst) £ 0.0013(D,) + 0.0068(FF)
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Belle spectrometer at KEK-B

u and K; detection system
(14/15 layers RPC+Fe) Aerogel Cherenkov Counter

(n=1.015-1.030)

Silicon Vertex Detec
(4 layers DSSD

. et g % > - Electromag. Cal.

. " o (CsI crystals, 16X,)
8GeVe SN N0

L | ; ., Central Drift Chamber

(small cells, He/C,H)

ToF counter
1.5T SC solenoid
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Full Event Interpretation (FEI) -
tagging of the B meson decay

At Belle II (just like previously at Belle and BaBar) exactly two B mesons
are produced in the ete collision.

Idea: fully (or partially) reconstruct one of the B’s to tag B flavor/charge,
determine its momentum, and exclude decay products of this B from
further analysis

-----
\\\\
~

N, Tagside B full reconstruction:
v . <:| - hadronic tagging, B->Dr etc.

partial reconstruction:
- semileptonic tagging

l Decays of interest
Signal B
S AN

vyv
B->Drtv, tv

Offline B
meson beam!

ON -
Multiple /
neutrinos @/ [\

Powerful tool for B decays with neutrinos = unique feature at B factories



