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Meet the people!

Collaboration map

* The Belle Il Collaboration comprises 1158 researchers from 124 institutes in 28 countries!

D

Bellel |

4=rd Belle 1t general Meeting
10-14 Oct 2022, Rome
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From KEKB to SuperKEKB  «,..=211x10%em2s

Goal: Achieve instantaneous luminosity of Lpeen = 6 X 10¥ cm™2s7!

e+ 4 GeV 3.6 A
'\\ - Sl How to increase luminosity:

le- 7 GeV 2.6 A|

’ N;w beam pipe SuperKE KB

- & bellows

Beam current x 1.5 o
Lorentz factor \ eam-beam

f parameter

. .
Y+ oy Iy C+y\ [ RrL
L=5—"—\1+— " R
2er, o B R,
Add / modify RF systems ' l ky Geometric
for higher beam current Beam size Vertical g function x 1/20 factors

Low emittance positrons
to inject

Damping ring ”
_——m——
,
-ut®/

Low emittance gun

Positron source

Nano-beam scheme: Squeeze vertical
beam spot size down to ~ 50 nm using
superconducting focusing magnets.

New positron target / Ny .
capture section ~ b

Low emittance electrons
to inject

SuperKEKB

Tum
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\’U 100um Ox (um) o aim
5mm S
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It looks like Belle, but practically
it’'s a brand new detector!

-

-

Electromagnetic calorimeter
(ECL):

CsI(TI) crystals, waveform sampling to measure time,
energy, and pulse-shape.

.....
1777747

p
Vertex detectors (VXD):

2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors (SVD)

\

-

-
Central drift chamber (CDC):

He(50%):CoH¢ (50%), small cells,
fast electronics

)

Re-utilized from Belle:

Only the structure, superconducting magnets,
calorimeter crystals and KLM RPCs

K. and muon detector (KLM):

Resistive Plate Counters (RPC) (outer barrel)

Scintillator + WLSF + MPPC (endcaps, inner barrel)j

7777774

Magnet:
1.5 T superconducting

Trigger:
Hardware: < 30 kHz

Software: < 10 kHz
i,

Particle Identification (PID):\

Time-Of-Propagation counter (TOP)
(barrel)

Aerogel Ring-Imaging Cherenkov
Counter (ARICH) (FWD)




Did somebody order B mesons? 9 "

* An ideal laboratory to study rare decays or decays with missing energy
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Did somebody order B mesons? 9 "

* An ideal laboratory to study rare decays or decays with missing energy

Collide electrons and positrons at a
centre of mass energy of about
twice the B meson mass:

V5 = 10.58 GeV




Did somebody order B mesons? 9 "

* An ideal laboratory to study rare decays or decays with missing energy

Collide electrons and positrons at a

centre of mass energy of about
twice the B meson mass:

V5 = 10.58 GeV
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Did somebody order B mesons? 9 #10

* An ideal laboratory to study rare decays or decays with missing energy

Collide electrons and positrons at a
centre of mass energy of about
twice the B meson mass:

V5 = 10.58 GeV
}




Did somebody order B mesons?

* An ideal laboratory to study rare decays or decays with missing energy

Collide electrons and positrons at a
centre of mass energy of about
twice the B meson mass:

V5 = 10.58 GeV

B meson anti-B meson

heavy
(anti)b-quark

Advantages: Precisely known initial state, unique
event topology & experimentally clean environment .

light

(anti)quark @
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The Belle II experiment

is finally starting !
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Luminosity status

Online Luminosity

e Belle Il has recorded a total integrated luminosity of 428 fo~! since March 2019
- (Belle 988 fb~!, BaBar 513 fb~!)

* Current status: Long Shutdown 1 (LS1) to install two-layer pixel detector and machine
maintenance until Fall 2023!

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

Integrated luminosity * nstantaneous Iiuminosity:
World record!

mmm Recorded Weekly Lpeak = 4.7 X 1034 cm—2 !
—~ L 400 pea
15.0 -“ftRecordeddt=42779[fb ] .............

12.5 el eiasanannannsaanasasase suatasaaaatsusasesnaa st a At NE A NS San A a s u s e AN At SN At s A A s s a A a e s a s se NanE s a R e s asn sunannaas fuanunsnonnanas | .

( )

- 300 Integrated luminosity:

10.0 A

~362 fb~! recorded at Y(4S)

7.5 1 - 200

~42 b~ ! recorded 60 MeV
below Y(4S) (background

5.0 A studies)

Total integrated luminosity [fb~!]

[
o
o

Total integrated Weekly luminosity [fb~1]

N
(6

~19 tb~! recorded at 10.8 GeV

(exotic hadron searches)
-0 _ _



https://confluence.desy.de/display/BI/Belle+II+Luminosity
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Physics program

Snowmass White Paper

f MIXiNg and CP
\¢)

O charm Lifetimes

"anchine : ,
New hadron states Zb's, b bbar gl4°2 ) '(-I‘.’Sl'lo <Yy, g Fractions, Dalitz analyses
“0p Ly
o -(‘?‘s\ ‘& Q)o,_ ’ Leton ﬂa ) ]
New Char ’6:‘. 2 Q/L Vor violation
’770/;/-‘/ 74 6 @C/)
2. ‘% M decays
Newb 2 ._.?’ . \easurements
ew OttomODiurm . ('\\)SNQ

’”\'e O )
’ ytd/Vts from penguins

New baryons

Vub)

Exclusive measurements

— p
e+e- —>ISR, pi+ pi- cross-sections (& 2)

LY
0
e

Ny
. lepton universali

o Fund®®

Spin Fragmentatio peta, gamma

a\\\a.

i surements Direct T violation
Time pependent Mea £

Invisi ' Dhysi ;
isible 7' ¢ < phases in b->s: B->phi Ks, B->eta' Ks

Belle Il Data

Dark Higgs

Heavy tau neutring
93\'\'\66, . oirect CPV, isospin sum rules
LLPs (Lon-L\Ved o\é” . % o K oi, Pt P! Dire .
Magnetict NS5 ¢ ¢ o2
\\‘\,?.." / 6@ s g .
. -G.a.zfe!\?. P // s Q@&o LKk gamma and radiative penguins, B-->K(*) nu nubar

Tau mg, -9, B-.sy,
SS ;. . *" V: right.
3 /”E» _ 1(,” / 470 light-handed currents, triple products
Tau Spectral Fupcy; Z r s
IOnS \Q / ee/rp
/
iolation (LFV) SO/ ~uing b->s
Lepton Flavor Violation ( <, *l-, lepton universality, NP
Y Y
Momef\\\‘co "\(‘?, 4 _mma determinations
Tau Electric Dipoe és\, . 2
f
. z’s‘: N,
sinA2 oV S

the > ch
W ?_\ef"/‘ - armed resonances
A_FB (tau, mu, e+, b, ¢) e
N
_@_W

Image credit: T. Browder


https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307
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Highlights of recent results

Snowmass White Paper

Image credit: T. Browder


https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307

Dark Higgsstrahlung: etfe™ — AR’

#18

arXiv:2207.00509
* Dark photon : Couples to SM particles via kinematic _
. <
mixing parameter € =
e Dark Higgs: Does not mix with SM Higgs & couples S ) 2
to A’ via ay, Q)& Z x
) N WY,
¥ Belle Il k
search



https://arxiv.org/abs/2207.00509
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Dark Higgsstrahlung: etfe™ — AR’

arXiv:2207.00509

 Dark photon : Couples to SM particles via kinematic
- <=
mixing parameter € =
e Dark Higgs: Does not mix with SM Higgs & couples
to A'via ap, J
e* e
|,1+ Sy
//,\\\A @ |_;
-~ M
e c~e*xap n / Al
 Signature: Two oppositely charged muons & missing — —Preliminary
10F.0 R M =6.5GeV/c?
energy - - My =2.7 GeV/c?
. . . 8 o 101
e Scan for excess in 9000 elliptical mass windows T of
within the allowed region ‘§ "
v 8f Q
O | s
= | L5
S 7t
~ g i
6 Elliptical mass -
- Belle Il simulation windows -
I R RS S R 0
40 41 42 43 44 10

2 2/-~4
MW [GeV<4/c™]


https://arxiv.org/abs/2207.00509
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Dark Higgsstrahlung: etfe™ — AR’

arXiv:2207.00509

Preliminary

 Dark photon : Couples to SM particles via kinematic - Belle 11 90% CL UL .
mixing parameter € 5] cdt=834fb7"
* Dark Higgs: Does not mix with SM Higgs & couples N: 4
to A’ via ap N 1102
- o 3r
K O
€+ IT' 2 L
+ <~
H S | 101
1r
of b \
T T R S S 10VY
0 2 4 6 8 10
e o~ e xap h M, [GeV/c?]
 Signature: Two oppositely charged muons & missing 10—, Preliminary
energy  Belle Il [rdt=8.34fb"" My =1GeV/c?
_ o _ 10-4 | 90% CL UL —— My =2GeV/c?
e Scan for excess in 9000 elliptical mass windows My = 3 GeV/c?
Lt . - - = 2
within the allowed region & 10| My = 4 GeVic
S 3
* Observed no excess above expected background
Nuu 10-°
107 \W
World leading limits N
0 2 4 6 8 10

on €% x ap for 1.65 < A’ < 10.51 GeV/c? M [GeV/c?]

Cross section [fb]


https://arxiv.org/abs/2207.00509
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SearCh fOr T+ —> z/”+05 ( = invisible boson)

F. Tenchini @ichep

. . 16000 ..
* Invisible LFV particles can emerge from new . Belle Il Preliminary e bam
. . _ . otal uncertainty
physics models e.g. light ALP 14000 fLdt=628107 s Torovy
n n . 12000f QO Other
* Tag e e — 1T T usingrt — 371'y, then search for . T—eq, Ma=1.GGeV/cz
. t—ea, M, =1.2 GeV/c
excess above the 7 — £vv spectrum t—ea, M, = 0 GeV/c’
.‘..
R\\\h

e The event signature is a peak inthe x, = E,/2m_

107 T ex

40¢

distribution in the rest Tsig frame T asf —— Belle Il preliminary
_ > F —— ARGUS
- A pseudo rest frame for 7, is reconstructed + | ZPhys.C68(1995)25
25
—_ ' [
\l-_’/ B
from the p 5, of the 7,,, decays o 2of
S sk
- o :
N Eveam 2371-]7 (TS
(Epseudoappseudo) — 9 ; r //—
| 2371‘ ﬁ)‘ (aQ) 55
1l | | | | | | | | | | | | | | |
00 0.5 0.7 1 1.2 1.4 1.6
M, [GeV/c?]

Most stringent constraint on the BR to date!


https://link.springer.com/content/pdf/10.1007/JHEP09(2021)173.pdf
https://agenda.infn.it/event/28874/contributions/169331/attachments/94359/129093/tenchini_ICHEP_2022_v3.pdf
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Highlights of recent results

Snowmass White Paper

m'\x'\ng and CP
oo
O charm Lifetimes

S ranchi .
‘(\*‘)\ o Ching Fractions, Dalitz analyses
&Q N1y,
O, ‘s €pt,
K %,,[./ Llon flayor violation
®

ha
M decays

Image credit: T. Browder


https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307

# 23

QY lifetime measurement
C

arXiv:2208.08573

/_\A

* Recent LHCDb results have changed the hierarchy of

singly charmed baryons 7(Q) < 7(E) < 7(AY) < 7(EY)

p
e Belle Il analysis considers ete™ — ¢C events l
taken near Y(4S) resonance T(E?) <7(A}) < T(Q(C)) <7(Eh

e Reconstruct chain:

7Z'+
i Belle 11
e F ¢ Data (207 fb)
- R
m T 0E it
g - Wy Background
§ n
. < [
o
;[ PQo = L
; O
production vertex SO || T | B
e Extract lifetime from a fit to (7, 6,) where the Decay time [ps]
decay time is given by:
. _ Mmaol - pag Tqo = (243 £ 48 £ 11) fs

2

Pao
* [eading systematics: background modelling


https://arxiv.org/abs/2208.08573

D° lifetime [fs]

# 24

Charm had rOn Iifeti meS N. Nellikunnummel @ichep

[ s . 300(- : 8
PRL 127 21801(2021) - PRL 127 21801(2021) I arXiv:2206.15227 | arXiv:2208.08573 % %}
i 1060\ i i s Sl
415 =] e iy
S PSS I 220 |_ s S
%) N - L © —_ L
ERE | & [ 18 ) E Z ool
- © Sl le Q z S Q 2 o 8= Q
4101 B ot 13 | £ 1040 0 2 £ - }u O4iSe2 | B I
- 2 (]9 gl ‘M| 3 i 2 |2 ~ | B 200 N R 5 }8 3| B -
d ) 3 E 0§ j: ‘#: d = m Q: L
> = s 3 A -y
L E *Q 2| % X 100_
405 — |
I ? 1020 I 9 - 18 ﬁ
180+ 2
DY pt . F AR E Q)
400 | | [ l l | | | IC [ | | I C
-t} 1 1 1 L L 1 l 1 1 1 1 1 L 1 1 L L L 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L L 1 1 1 1 1 1 L 1 1 1 1 1 1 1 L 1 1 1
2000 2010 2020 2000 2010 2020 2000 2010 2020 1990 2000 2010 2020
Year Year Year Year

e Absolute lifetime measurements of charm hadrons at Belle |l thus far:

- Improved knowledge of D lifetimes after ~20 years

_ World’s most precise measurements of D°, D* and AT lifetimes

- Independent confirmation of LHCDb's result indicating that Qg Is not the shortest-
lived weakly decaying charm baryon
* Results limited by statistics expected to improve with larger samples and additional
decay modes
e Tiny systematic uncertainties (e.g., sub-% for DO) establish excellent detector
performance
e Paves the way for future lifetime measurements...



https://agenda.infn.it/event/28874/contributions/169342/attachments/93820/128474/Nisar_Belle2_CharmLifetimes.pdf
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Highlights of recent results

Snowmass White Paper

&
New hadron states Zt pS/./O/7 Q‘(\\‘
‘ £ 5\5: &
New Chary,, X)) <&
Ih A &
New bo[.‘omo‘q“‘ " ® o 2
b
\\J b, Vub)
oL
o5
Ry
>
\\K\\&
e

t Measurements

Time Dependen
A

Belle Il Data

. ni Direct CPV, isospin sum rules

Image credit: T. Browder


https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307
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Reconstruction techniques

arXiv:1807.08680

* Decays with missing final state particles are
experimentally challenging to reconstruct

* Exploit Belle II’'s unique event topology:

- Information from companion B meson (B,,,) and
conservation laws provide insights about signal B

Inclusive €‘|‘ Semileptonic €+ Hadronic €+
/ - , - ,
B B, B B, B
(48 > X u > X

tag . sig + tag . sig

Do Do
/ Vi ” / via . / via
e e e

_c=0Q00)% ~ Tagging efficiency, backgrounds €= 00.1)%



https://arxiv.org/abs/1807.08680
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Reconstruction techniques

arXiv:1807.08680

* Decays with missing final state particles are
experimentally challenging to reconstruct

e Exploit Belle II’'s unique event topology: [ Bl 1 [t W [K*W ) 2 (Kﬂ g
- Information from companion B meson (B,,,) and
conservation laws provide insights about signal B

* Tagged approaches reconstruct candidates with a
hierarchical multivariate technique via ©(103) decay modes J

- Small efficiency compensated by large integrated s
luminosity N

Inclusive €‘|‘ Semileptonic €-|- Hadronic €+
/ - / - /
B B, B} .

tag g

Displaced Neutral
Tracks

Vertices Clusters

J/ap A 0

0
i Ty

D’ D' D, 4,

(D*O D** D ]



https://arxiv.org/abs/1807.08680

# 28

Search for BT - Ktuip

PRL 127, 181802 (2021)

* Challenging due to multiple missing particles
on the signal side

* New analysis strategy based on an inclusive
reconstruction approach

« Increased signal efficiency ¢,;, ~ 4% but larger
background contributions

» Exploit distinctive topological features with BDTs
to select events and suppress backgrounds

BB B(—»Kwv)B qq


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Search for BT - Ktuip

# 29

PRL 127, 181802 (2021)

* Challenging due to multiple missing particles

on the signal side

* New analysis strategy based on an inclusive

reconstruction approach

» Increased signal efficiency ¢,
background contributions

» Exploit distinctive topological features with BDTs
to select events and suppress backgrounds

B(—>K\)\))B

G o

~ 4% but larger

Q9

Events

0.93<BDT,<0.950.95<BDT,<0.97 :o 97<BDT,<0.99: 0.99<BDT,

CR11 Belle II

400
AN /Ldt—(63+9)fb

- BtT—=K vy A

300 [ Neutral B
I Charged B |
200 B Continuum |

¢ Data

100 : scaled by 2 ]

0
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5
pr(K™)[GeV/c]


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Search for BT - Ktuip
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PRL 127, 181802 (2021)

* Challenging due to multiple missing particles

on the signal side

* New analysis strategy based on an inclusive

reconstruction approach

e Increased signal efficiency

background contributions

» Exploit distinctive topological features with BDTs
to select events and suppress backgrounds

BB

B(—»Kvv)B

€sig

~ 4% but larger

Q9

0.93<BDT,<0.950.95<BDT,<0.97:0.97<BDT,<0.99: 0.99<BDT,

CR1I . : Belle I : ]

400 :
[Ldt=(63+9)fb !

Bl B K v

..g 300 [ Neutral B
G:>J I Charged B |
[ 200 B Continuum |

¢ Data

100 : scaled by 2 ]

0
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5
pr(K™)[GeV/c]

Average
L1204
T T - T T - T T T T
L Belle II (63 fb~!, Inclusive)
: 1.9%1%  This work
1
1 —1
- Ei%.leep(lazél&loiblm' SL)
1
: - Belle (711 fb~!, Had)
: 3.0+1.6 PRD87,111103
|
I -1
1T | | (E?&agf{lg%glglzgt& ’ IHad+SL)
o il I ! ! ! ! ! ! ! ! ! ! ! !
0 2 4 6 38 10

10° x Br(Bt —K " vp)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Search for BT - Ktuip

# 31

PRL 127, 181802 (2021)

Challenging due to multiple missing particles

on the signal side

New analysis strategy based on an inclusive
reconstruction approach

Increased signal efficiency ¢;,
background contributions

Exploit distinctive topological features with BDTs
to select events and suppress backgrounds

BB B(—»Kwv)B aq

N\

Further improvements are underway:

- Extend/improve classifiers using neural networks

- Additional channels (e.g., B - K"%up)
- More datal

~ 4% but larger

0.93<BDT,<0.950.95<BDT,<0.97:0.97<BDT,<0.99: 0.99<BDT,

: Belle II :

400 :
[Ldt=(63+9)fb !

JIx107°

300 B B K o _:
2 1 Neutral B
8 I Charged B
LE 200 B Continuum
¢ Data
100 scaled by 2 ]
0
0.5 2.0 2.43.5/0.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5
pr(K™) [GeV/c]
10 ..... T T T T T T T T T T T T T T
. Bellell ---- Expected
08 “.0“/Ldt:(63+9)fb_1 BB Expected+lo |
. . Expected+20 -
g — Observed
> i
n i ]
= 0.4 90% CL .
O Expected: 2.3x107°
0.2 Observed: 4.1x107° ]
0.0 Lo e —
0 2 4 6 8

B* — K"vr branching fraction


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Branching fraction of B — X y

# 32

arXiv:2210.10220
LT LR \ — 2000 Belle Il preliminary [r=189 fb?! .
@ ' Inclusive analysis: E 0 § i} Yields from data fit i
' _ : ' L 1750 | : 5 |
+ Consider all b — sy final states : [ ; ; BB backgrounds ;
e : C 1500k ! Total simulation uncertainty |
N E : !
LW 1250 F i i
. ' ' ' ' & : | !
Reconstruction with hadr.onlc tagging allog/vs for T 000l _I_ i
access to photon energy in B rest frame £, 8 sl — Signal region —
. Q i I } I
* Large backgrounds challenging to suppress > 500Ff i |
: L 1¥ : ” © [ ' |
without sacrificing “inclusiveness @ 2s0f i + |
. =+ [ 1 R . :
e Subtract background with two-step procedure: ruiNS R S S S SO S I
1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
1. Fit the tag-side beam constrained mass M, EP reconstructed [GeV]
to determine well-reconstructed B,,, candidates
_ 2 *2
Mpe = \/Ebeam — Pp
‘:'U\ 2007 Belle Il preliminary 1.8 <Ej <2.0 GeV
S - [£=189fb1
o 150 * ]
= Ry N
S 100 i-'-'_'_'_uijj____ﬂj'HH % L HH * i
S 4
5 | b
"E 50 B \‘x\\\
) T T -
> [ — B \
TR
2 TI | | | . | -.'- | T | | | !
S OO e WSt LT et e T
a e T T -~ - ~
2 F -

5.245 5250 5255 5.260 5265 5270 5275 5280 5285
tag-side M. [GeV/c?]


https://arxiv.org/abs/2210.10220

# 33

Branching fraction of B — X y

arXiv:2210.10220
Fm-- s m--s-sssssssssssssss—sssssso--- : — 2000 Belle Il preliminary [£=189 fb~! .
@ : Inclusive anaIVSis: E (>U : i {  Yields from data fit i
: Consider all b — sy final states : g 7 —’7 i BB backgrounds |
e LR R C 1500k i Total simulation uncertainty i
0 > : : |
W 1250 F i i
* Reconstruction with hadronic tagging allog/vs for D 1000 |
access to photon energy in B rest frame £, 8 sl — Signal Tegion —
. v : !
* Large backgrounds challenging to suppress > 500Ff —i— |
without sacrificing “inclusiveness” 250} n
e Subtract background with two-step procedure: N O s o S S ST SR I
1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
1. Fit the tag-side beam constrained mass M, EJ reconstructed [GeV]
to determine well-reconstructed B,,, candidates
2  Subtract BB background with a gOOd Btag 1.50 _><10—4 Belle Il preliminary}: f£= 189 fb!
[ Data
. 125F ] C=71 Hybrid B = X.y model
g 1.00 _ 1 Hybrid model uncertainty
EZ threshold [GeV] B(B — Xsv) [1074] .f'é oos 1
1.8 3.54£0.78 (stat.) + 0.83 (syst.) W osol Tt | ‘ R I ... :
2.0 3.06 £+ 0.56 (stat.) £ 0.47 (syst.) TR S — '_TZ": T |
2]‘ 249 :|: 046 (Sta’t) :': 035 (SySt) %!Q%> 0.00 t“ ...................................................................................... :_._.
N —025}
Comparable precision with BaBar! 18 20 22 24 26
EZ [GeV]


https://arxiv.org/abs/2210.10220

Highlights of recent results

] # 34
Belle Il Physics Book

Snowmass White Paper

bat ' U
New hadron state [ DS/-/O

New C h arpy

Belle Il Data

Time

pependent Measurements

Direct T violation

EW phye:
SIC 4
S Phases in p->s: B->phi Ks, B->eta' Ks

Image credit: T. Browder


https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307

CKM Unitarity triangle

# 35

CKM Matrix
Overconstrain Unitarity condition d S b
— A potent test of Standard Model =1
P CcC u Vud Vus Vub
| C Vcd ‘/cs ‘/cb
* * *
VudViy + ViaVip + VeaVy = 0 t \Vig' Vie Vi

0.7

0.6

0.5

§
- e o e e o o o o o o o ——

0.4
1=
0.3

IIII|IIII|IIII|I‘_l_.,;‘;T;-.glz‘|f|III

| fi!%er

Spring 21

sol: w/.cos 2(1)1 <0
(excl. at CL > 0.95)

0, =

Almost all information on UT sides and angles comes from B-physics...
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Measuring ¢,: time dependent analyses

Time-dependent decay rate:

Tgo: BY lifetime

l) [A cos(AmyAt) + g8 sin(Amy At)]  Amg: B°-B° mixing
A: direct CPV :

|At
I'(At,q; Bcp = fcp) % exp (—

TBO
At ... signed difference of the two B decay times $: mixing-induced CPV
q ... flavor of the B: B°(g=-1) or B%(gq=+1) S = sin 2¢), in the SM for b —> cés

* Due to the asymmetric beam energies B mesons fly in the
direction of the ¢~ beam with a maximal deviation of 12°

. ng: fully reconstructed flavour eigenstate
T(4S5) —>

. B?ag: provides vertex and flavour information

- Dedicated flavour tagging algorithm identifies A, _ BrycAt B CP

Btoag flavour using all particles not belonging ‘_

to ng
: . . . <Az> ~ 130 um at Belle 11
- Precise vertex reconstruction provides crucial

knowledge of At resolution
At — (UC’P — Utag) " Nboost

glele




. # 37
Measuring ¢,

C. La Licata @ichep

BO — ]/IIIKS 250 Belle Il (Prelin_winary) 0
500 | L dt=190 fb~! + Btag
» Golden channel for sin 2¢p; measurement, largely :
i RO
background free 150 | Y Btag

* Resolution function parameters calibrated with
B - DU~z events

e Subtract background by fitting AE = F5 — Fpeam
e K; and other cc resonances to be added

Candidates / (0.5 ps)

S = 0.720 £ 0.062 £ 0.016
A = 0.094 £ 0.0447 917

Asymmetry

B - KKKV

, : : F arXiv:2209.09547
e Challenging vertexing with no prompt tracks 16 [Belle 11 (preliminary) T .
+ - 14| ~a=+LB,
- Only reconstruct K, — 77~ and extrapolate back : fL dt=1893m"_ | o 0"
SN q=-1, Btag

12
e Extract signal from simultaneous fit: background :

suppression BDT, My x . and M,

Events / 2.0 ps

S=-1.8617755 £0.09
A= —0.227030 +0.04

Both analyses dominated by statistical uncertainties...


https://agenda.infn.it/event/28874/contributions/169336/attachments/93929/128392/ICHEP2022_lalicata_final.pdf
https://arxiv.org/abs/2209.09547

- 0 0.0 #as
Measuring ¢»,: B = n'r

J. Skorupa @ichep

A (B = mr mediated by b - uud tree) is
an essential input to determine ¢,.

T O = _nCP\/l _ "/l12t1t Sin(2¢2 + 2A¢2)-
b — duu loop effect

 Most challenging 7°7° mode, very hard for LHCDb

* Suppress photon background with dedicated MVA g ;g 3 : Toan
to ensure pure 7° — yy sample E 30 L } } } } "§gr¥n’u’uﬁ1

e Extract data-simulation calibration factors using § 25— et
BY —» D*( » K=ztz%) " control channel ; fg : T f [ g S

e Signal yield from 3D simultaneous fit: background g 10 —‘Tillﬂt;ez'z"a'y) .........
suppression BDT, AE and M, Y R T .

826 5265 527 5275 528 5285 5.29
N M, [GeV/c?]

T ¢ .
Z_é.-é ------- ; ...... ‘...*...¢...+...+.-.; ..... ¢...¢...;...*.-.‘..-‘-..‘...‘..

Arr = 0.14 £ 0.46 £ 0.07 £ 0.04
B(B® — n'7%) = (1.274+0.254+0.17) - 107°

Normalised
Residual

Competitive with Belle using only 1/3 of data set!


https://agenda.infn.it/event/28874/contributions/169326/attachments/93992/128864/pres.pdf

Highlights of recent results

. # 39
Belle Il Physics Book

Snowmass White Paper

New hadron states Z!
° N

New -
lew Charpy, 6:‘-) >

New bottomon;,,,

Belle Il Data

Exclusive measurements *
)
Ny, le t : ;
On universali

Image credit: T. Browder


https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307

How does one measure |Vop| & [Vub|?

Exclusive |V | Exclusive |V¢p |

B — mhvy, Ny — puvy, B — D¢y, B — D*{iy,

4 )
Needs input from non-perturbative
methods:
2 2
B o [V|” f




How does one measure |Vop| & [Vub|?

Inclusive |V | Inclusive |V |

B — X, vy B — X Aoy

\_

Total decay rate determined from
Heavy Quark Expansion (HQE)

B=|Vy|?|T(b— qlog) +1/mep+ o+ ...




How does one measure |Vop| & [Vub|?

# 42

Exc

B — wly, Ay — PUY,,

lusive Exclusive

B — D{y, B — D*lp,

~

Measured
Branching Fraction

B(B — quﬂg)
TF(B — quﬂg)

Vs =

Prediction from
Theory but often also constrained
from measured differential distributions

Theory from non-perturbative Methods:
* Lattice QCD
* QCD Sum rules

~

y




Current status: A longstanding

# 43

IVcb‘

Inclusive

IVub‘

Inclusive

103 |Vub|

|Vcb| Measurements over Time

CKMFitter Unitarity

|Vep| Exclusive

* B2->D™~u*v, BGL

46 — EPS 2019 Q  PDG CKM Review Phys.Rev.D 101 (2020) 7, 0720047
. [Veb| Inclusive. * B;)_)D(*)—/J+vu CLN Bg_)D(*)—IJ+vu BGL
T PDG CKM Review Phys.Rev.D 101 (2020) 7, 0720047 * Phys.Rev.D 101 (2020) 7, 0720047
44
S I S I S S I O
] o 1T 11
i ® Iﬂ | !
40~ + + | | + +
38 —
| | | [ | | | | | | | | |
< < < < < < S T T T T Ty
(o) (o) (@) (o) o o o, 0, 0, 0, 0, 0, ~0
25 Q, O Q% %0 5 Yo Yy Yo Y5 Yo Yo <p
|Vup| Measurements over Time
7 CKMFitter Unitarity I |Vub| Exclusive B- TV
i EPS 2019 ®  PDG CKM Review * Phys.Rev.D 92 (2015) 5, 051102
i |[Vup| Inclusive B-puv O Np = puv
. PDG CKM Review * Phys.Rev.D 101 (2020) 3, 032007 Nature Phys. 11 (2015) 743-747
6_
5 -
: T b s gttty
. 1 :
: - B
R EEEEE
3 I
| | T | | | | T | | | |
< < < < < D T T S T . O
(@) (o) (@) o [2] (o (o (o o o o [2]
% % % % Yo & z X Yo O Y Yo

2 — 30

30

2

Image credit: M. Prim
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Untagged [Vuo

arXiv:2210.04224
B ->mnetv,
_ cy : . Belle Il Preliminar L£dt=189fb~!
e Reconstruct B® - 77¢ T, with inclusive tagging  eooof _ y J
[ Signal Bl X Lv 7/ MC unc.
- . B Comb Signal er BB ¢ Data
* Main challenge: large backgrounds from continuum .| ==t mm contmum
and other semileptonic decays e 2 2 2 2 2
[0,4]Gev? | (4,81GeV? | (8,12]GeV? | (12,16]1GeV?| (16,20]1GeV? (20, »]1GeV
. . . 4000
- Reject with dedicated BDT i
] ] u [ - m -
e Estimate p, using a modified diamond frame £ 0%
approach D 5000l
~ b,~P,*p,
s A 1000
&~ | 6 4 *
o ~~.7BY
I 0
= AE in GeV
Belle 1l Preliminary
x10°5 [rdt=189fb1
“« 1925 DL DL DL DL IR L
est of event: p___ — 1lo
: . . : . 1.0 — 20
« Extract signal via binned 2D fit using AE and M, 35
in bins of ¢g° = (pg — p,)* = (p, + p,)* 08 ¢ Data

dB(B® - n~L*v,)/dg? [GeV~2]

0.6

* Fit differential decay width to BCL expansion
with FNAL/MILC lattice QCD constraints included o
as nuisance parameters
0.2
\Vub\ = (3.54i0.12i0.15i0.16) 1073 T T R—
q? [GeV?]

Image credit: P. Lewis


https://arxiv.org/abs/2210.04224
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Untagged |Veb|

arXiv:2210.13143

Belle Il Preliminary [cdt=189.2fb"!

e Reconstruct B - D™( = Ktz n7)¢* v, and = o P——
BT — D°( — K*n7)¢*v, with inclusive tagging 12000 | o 7 5 P Post-Fit

[ . FalsgD
* Main challenge: large backgrounds from 10000 £ o  Sighal :
* [ ¢ Data Igna :
B — D*tv, decays 8000 | .

- Reduce by reconstructing slow pions with 6000
p < 0.35 GeV and rejecting events where

Events / (0.2 )

4000 |

2000 |

Estimate p, again using a modified diamond frame .

approaCh 4 -3 -2 -1 0 1 5
cosOgy
* Fit the angle between B and Y(DY) to extract signal: Bl
e | | | 8- D%,
2 35| W= 10 X2/ndf: 18.20/14.00 |
2E* E* B mY 20
cosfOpy = =
2’pB||py| N;zs_ ata
S
* Fit differential decay width using BGL (N = 3) 5 ?\
parametrization with FNAL/MILC and HPQCD lattice T |
QCD constraints included as nuisance parameters § 1of
51 9
q
new|Ves| = (38.53 +1.15) - 107 o
Electroweak corr. ~ 3% error comparable to past W, . zero | | | ' | | | |

factor ~ 1 measurements recoil Winax


https://arxiv.org/abs/2210.13143

New incl. [Veo| from g# moments

* Novel theoretical approach to determine incl. |Veo| with a reduced set of higher order
HQE parameters at O(1/ m,f) in a completely data-driven approach JHEP 02 177 (2019)

« Requires the reconstruction of g for B — X v, decays

- Only possible through hadronic tagging at B-factories!

« Main challenge: non-resonant X .£v, ‘gap’ modelling

x10%
1.4 | Belle 1l | B_—>XCIV
[Ldt = 62.8 b2 =3 BB Bkg.

—~12} B efe” »qqg
o w2 Uncertainty
% 10k ¢ Data ) X
° D g
Y 08} > 1.5 Gev2/ct < 2n> i\q")\4calib,i CoivxC
) q W ( 2) cal accC
:5 0.6 ZE:i i\qd
@
204r
I

0.2

0.0

5 10 15 20
g2 [GeVZ/c?*]


https://arxiv.org/abs/2205.06372
https://link.springer.com/article/10.1007/JHEP02(2019)177

New incl. [Veo| from g# moments
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JHEP 10 (2022) 068

* Novel theoretical approach to determine incl. |Veo| with a reduced set of higher order
HQE parameters at O(1/ mg) in a completely data-driven approach JHEP 02 177 (2019)

« Requires the reconstruction of g for B — X v, decays

- Only possible through hadronic tagging at B-factories

« Main challenge: non-resonant X .£v, ‘gap’ modelling

x 104
1.4 | Belle 1l B B- XAy
I BB Bkg.

[Ldt = 62.8 b1

Events / (0.42 GeV?/c?)

FYI my PhD analysis

10
g2 [GeVZ/c?*]

e Combined Belle & Belle Il fit:

15

B efe” »qqg
w2 Uncertainty
¢ Data

g% > 1.5 GeV?/c*

20

V.| = (41.69 4+ 0.63) - 1073

1 —— Fit Result
17 ¢ Bellell
1 4 Belle

—— Fit Result

6 é Bellell
] A  Belle

qéu [GeV?] 9l [GeV?]

—— Fit Result
é Bellell
A Belle

—— Fit Result
é Bellell
A Belle

G2, [GeV?]

G2, [GeV?]

Incl. vs Excl. puzzle remains...



https://link.springer.com/article/10.1007/JHEP10(2022)068
https://link.springer.com/article/10.1007/JHEP02(2019)177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011

Test of LFU: R(X,),) "

H. Junkerkalefeld @ichep

* Inclusive cross-check of the current R(D*)
tension is crucial:

B(B — XTv) , - , Incl. SM Pred.
R(X): B(B-)Xé ) H=+ LEP b — X71v
v Hik D + D* HFLAV Av.
—i—

e No measurement from Belle or BaBar...

o First step: R(Xe/ﬂ) LFU testing with light leptons
using hadronic tagging .. - @ .

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6
R(X,,.) = B(B — Xev) BB - X, (%)
e/ B(B — Xuv)
. _ ] Belle II Preliminary [ Ldt =189.9f"

e Obtain the XZv yields by a simultaneous ——
binned likelihood fit of the ¢ and i templates [ u: Background
to individual p* distributions z — e Contimmum

Z 6000 B Xcv
8 [ e: Background
R(X./,) =1.033 £ 0.010 £ 0.020 — Elf‘;ﬁtffc‘fm
= 2000 ’ Data
Compatible with SM prediction of

1.006 = 0.001 with 1.2¢0

0
1.3 1.55 1.8 2.05 2.3+/1.3 1.55 1.8 205 23+

First test of (¢/u) LFU iniincl. B — X7v! pi / GeV


https://agenda.infn.it/event/28874/contributions/169348/attachments/94338/129062/HJ_LFU_results_at_Belle_II.pdf

Forward-backward asymmetry

Current measurements of A, from B — D*~¢*v, decays display a discrepancy
with the SM prediction

0.247 E\ . EurPhys.).C81(2021) 11,984
: * Belle -_ el

0.22f ; o 0.04 ] Bellc

0.20: { { 0.021

0.18f | 3.90

0.16 0.00[ - v - { .

0.125—+ - - — - - - . u .
(i) \ARY (CAes) - (517) —(s1) - (58,) BF)  \@Aw)  BF)  (@as)

@  First measurement of A, from inclusive B — X¢v, decays would provide an
orthogonal, complementary study

- X, v, component easily subtracted in the HQE with smaller uncertainties
than traditional MC approach

* Additional information on HQE parameters leads to greater sensitivity in global
fits, directly impacting precision on incl. [Vco|

# 49


https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2
https://link.springer.com/article/10.1007/JHEP04(2016)131
https://arxiv.org/abs/2205.03427
https://link.springer.com/article/10.1007/JHEP09(2021)051#citeas

# 50

Incl. Arg at Belle ||

JHEP 04 (2016) 131

0.7¢
e Goal: Measure A from inclusive B — X¢v 06l

decays using hadronic tagging 05}

dar__ 04 ;{Black: 1/m,°

d cos@ 03 ;Green :1/m b2

1 0 dF 1 dF 02 éRed [Dashed ]: 1/m b3
AFB = —= dz— — dz— - Orange [Longdashed ]: 1/m,*
r , dz 0 dz 0.1}

 Blue [Dotted ]: 1/m ,°

0.0
1.0 0.5 0.0 0.5 1.0

CosB

e Reconstruct:
E,, — B/
VBB + BP) — ¢

z =

e Missing energy and q2 easily accessible variables
with tagged approach

e Separate electron and muon channels for further
LFU tests


https://link.springer.com/article/10.1007/JHEP04(2016)131

Impact of an E, requirement

dI'/d cos 6

Ecut = 0 GeV

0.3 ] Nice, smooth curve

0.2F without any requirement

0.1 3 on Eg

0.0 ; L L " " L L L L L L . . . . L . . X X ]
-1.0 -0.5 0.0 0.5 1.0

CosB

* A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

» Higher E, selects a less inclusive sample

# 51



Impact of an E, requirement

# 52

dI'/d cos 6

-1.0 -0.5 0.0 0.5 1.0

Ecut = 0 GeV

03]
0.2F
0.1F

Nice, smooth curve
without any requirement

B
on Ef

CosB

A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

Higher £, selects a less inclusive sample

Imposing an E, requirement introduces a

kink, which would smooth out due to
detector resolution

Potential challenges in unfolding
reconstructed to the underlying distribution?

0.8
S
xn 0.6
S
()
UU L
~04r¢
— i , , .
o - Dist. distorts rapidly

0.2 with increasing Eg

: selections...
0.0 — — ——
-1.0 -0.5 0.0 0.5 1.0
Cos@



Impact of an E, requirement
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dI'/d cos 6

0.0—
21,0

Ecut = 0 GCV

0.3}
0.2F
0.1F

Nice, smooth curve
without any requirement

B
on Ef

0.0 0.5

CosB

-0.5

A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

Higher £, selects a less inclusive sample

Imposing an E, requirement introduces a

kink, which would smooth out due to
detector resolution

Potential challenges in unfolding
reconstructed to the underlying distribution?

Suggestion:
Use a q2 selection instead

dI’/d cos 6

<
o
—————

0.6 1

0.5 1

04 -

l_IN
elpe]
-

0.3 A

0.2 1

0.1 1

10

0.9 1

ratio

0.7 A
0.6 1
-1.00

ECllt = 1 GeV

o
~
—

Dist. distorts rapidly

0.8 1

with increasing Eg
selections...

I I 1 I | I 1 I I
-1.0 -0.5 0.0 0.5 1.0
Cos@

""""""""""" " --=- @°>0.0GeV?
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Towards higher luminosity:

Belle |l started its journey and offers a uniqgue and fertile
environment for flavour physics.

With 428 fb~! LS1 data Belle Il can already provide physics output
with comparable precision to that of its predecessors.

10

— | peak(Target) I

Over the next decade, Belle Il )]

aims to collect a data set
equivalent to ~ 50 ab~!.

S

High quality results will soon
start to impact world
averages as data and
precision increase.

£
o
-
o
-
=,
>
=
£
=
=2
a
2
©
o
o

[ —— R(X) (had FEI, lep 7)
i R(r) (had FEI)

. —— R(D) (had FEI, lep 7)
- ---- R(D) (SL FEI, lep 7)

i R(D*) (had FEI, lep 7)
v === R(D*) (SL FEI, lep 7)
PP R(D*) (had FEI, had 7)

Total uncertainty [%]

Data sample in ab™!




Towards higher luminosity:

Belle |l started its journey and offers a uniqgue and fertile
environment for flavour physics.

With 428 fb~! LS1 data Belle Il can already provide physics output
with comparable precision to that of its predecessors.

10

— | peak(Target) I

Over the next decade, Belle Il )]

aims to collect a data set
equivalent to ~ 50 ab™!.

S

High quality results will soon
start to impact world
averages as data and
precision increase.

=
o
B
o
-
=,
>
=
4=
£
3
—
-
©
<)
o

| —— R(X) (had FEL lep 7)
R(r) (had FEI)

. —— R(D) (had FEI, lep 7) ]

" ---. R(D) (SL FEL lep 7) ] iti

R(D*) (had FEL lep 7) ] Excit g, NeW

. ---- R(D*) (SL FEI, lep 7) ]
Lo R(D*) (had FEI, had 7) ] results

are on the way!

Total uncertainty [%]

Data sample in ab™!
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/ That's
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- - experiment
N \ | quarks born
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— collisions It's called
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lama new particles ==
BaTan . as well
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the universe




E, vs. g* selection criteria

[JHEP 02, 177 (2019)]

E,[GeV]

E,|GeV]

A requirement of q°> > 3.6 GeV?
IS equivalent to imposing a selection
of Eg > 0.4 GeV

25F

. —
-
-
- -
-~
-~
~.

~

20f B — Dy

15 B— DEKK >~

1.0

0.5

0.0 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5

— e e

A requirement of q° > 8.43 GeV2
IS equivalent to imposing a selection

“ Ong > 1.0 GGV
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https://link.springer.com/article/10.1007/JHEP02(2019)177

# 58

B — X.v modelling & composition

BB" — X'tTy) ~ 10.79%

> >
Doﬁz/g D*OFLI/E D**()€+Vg + Other Gap
2.31% 5.05 % 2.38% ~ 1.05%

Decay B(B™) B(B)

B— D( y, (2.4+0.1) x 1072 (2.2+£0.1) x 10° Fairly well known.

B—D*¢ty, (55+0.1)x107% (5.1+0.1)x10? Some iso-spin tension.

B— D ¢ty, (66+£01)x10"° (6.2+0.1)x 107°

B — D30Ty,
B — D} 0"y,
B — Dy 0"y,

(2.94+0.3) x 107°

(4.24+0.9) x 107°

2.74+0.3) x 10~°

3.94+0.8) x 10~°

B — D lty,

)
)
)
)
(4.2+0.8) x 107°
)
(0.6 £0.9) x 107°
)

B— Dttt vy, (22+1.0)x107°

)}

0.6 +£0.9) x 10~°

(

(

(

( )
(3.94+0.7) x 10°
( )

(

(2.0+1.0) x 107°

B — XCKVK

(10.8 £0.4) x 1072 (10.1 +£0.4) x 10~*

Broad states based on
3 measurements.
(BaBar, Belle, DELPHI)

Some hints from
the BaBar result.



A tale of two ‘gap’ models

Equidistribution of all final state particles in phase space

Model 1:

Model 2:

Decay via intermediate broad D™ state

B(B™)

B(B)

(0.03 +0.03) x 107
(0.03 £ 0.03) x 1072
(0.108 +0.051) x 1077
(0.108 + 0.051) x 1072
(0.396 + 0.396) x 10~

(0.396 + 0.396) x 102

Decay B(B™) B(BO) Decay
B Dy,
(— Dnr)
B — D (" y,
(— Dnn)
B — Dyrrn €™ vy,
(= D*rnr)
B — Dinm (" v,
(= D*nr)
B— Drnfty, (0.6£0.9)x 1073 (0.6+0.9) x 107° | B oDy
B— D'rrfty, (22+1.0)x107° (20£1.0)x107° [ _ | <D
B—Dnlty, (4.0+4.0)x107° (4.0+4.0)x 1073 B — Di "y,
B—D'nl"y, (40£4.0)x107° (4.0£4.0)x107° (= D)
B — Xy, (10.8 +0.4) x 1072 (10.1 +0.4) x 102
: " 3 Broad D" model " 3 Broad " model
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