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https://docs.belle2.org/record/1701/files/BELLE2-TALK-CONF-2019-133.pdf

Standard Model is a working theory..

e Two examples:

a wobel from flavou
experimeh&s ol L]

1 D
» D% 1E
» mgg‘
L S 3=

= D
> 3 [ =
e !
¥

2008 Nobel Prize

a hwobel from
hadronic machines

We have observed a new
boson with a mass of
125.3 + 0.6 GeV




..but not the ultimate one

e What's the origin of lepton and quark particle mass and mixing angle
pattern?

e Why matter dominates ove anti-matter?

e What's the origin of dark matter?



..but not the ultimate one

o What's t
attern: Whats be
e Theorists at work
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The role of indirect searches

TeV

Some pieces might
be heard without

a ﬁ B physics: being seen.

¥\ shake the Box, listen

LHC: open the Box
Some goodies may k
remain hidden,

obscured.

-\

Clip form R. N. Cahn

e Indirect searches allow to test higher NP enerqgy scale, complementary to direct
searches


https://www.slac.stanford.edu/econf/C060717/papers/T010.PDF
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First generation B factories: where and why

. . . . -1
e Experiment @ first generation B factories: BaBar (USA) and Belle (1b™)
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Much more than just CPV in B system ()

The Bellell Physics Book, PETP 2019, 123C01 (2019)

— ole’e»u'u(y)]=1.15nb
ole’ e Y(45)]=1.05nb ™ (0.80 %)
(0.73%)

ole'e>ce(y)]=13nb
(0.91%)

T

ole’e»uu(y)]=1.61nb

ole'e>dd(y)]=0.40n0 — (1.13%)
(0.28 %) ole’e> yy(y)]=3.3nb
ole"e>s3(y)]=0.38nb (2.31%)
(0.27 %)

ole'e2e’e(y)]|=74.4nb ole'ee’eu u|=18.9nb

(51.99%) 1-1 " / (13.21%)

|
|

ole'e2e e e’ e]=39.7nb

\ I (27.74%)

Physics process

Cross section [nb]

7(45) 1.110 = 0.008
uti(7y) 1.61
dd(~) 0.40
s5() 0.38
cc(7y) 1.30
ete () 300 + 3 (MC stat.)
ete (v) 74.4
Yy(y) 4.99 + 0.05 (MC stat.)
7y(7) 3.30
wt = () 1.148
Ty 0.831
prpm () :
prpmy () 0.242
77 () 0.919
v () 0.25 x 1073
ete"etTe 39.7 £ 0.1 (MC stat.)
ete utp” 18.9 + 0.1 (MC stat.)



https://arxiv.org/pdf/1808.10567

Much more than just CPV in B system (II)

e They did much more than just measuring CP violation

Integrated Luminosity in fb’
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e The great success of BaBar and Belle
led to the Bellell @.xperémem%
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IT’S TIME FOR AN UPGRADE!



From B factories to SuperB factories: KEKB = SuperKEKB
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From Belle to Bellell

e Higher luminosity mean higher machine background: from Belle to Bellell detector to maintain or

improve detector performances

e 'Faster” and more rad hard sub-detectors

BELLE SRS STRNS W :
S [EM Calorimeter

CslI(Tl), waveform sampling
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(7GeV) =

(KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner barrel layers)
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Particle Identification

1 Tim -of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

N
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v

T —
Sevea

positron
(4GeV)
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e To realise nano-beam
scheme:

1. Lorentz boost factor

reduced wrt Belle = higher
detector hermiticity,
important for searches with
missing particles;

2. smaller beam pipe —

vertex detector closer to IP,
better vertex resolution



SuperKEKB world record press release
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o Bellell is taking data since 2019, data taking
continued amid COVID-19 pandemic

b

(@)

|
':-ﬂt_

Luminosity [x10%* cm™s™]

@ Belle 1l Collaboration 1 L7 RN
leri alle 09:15 - Q — = -
20/ 20/4 20/5
- |
SuperKEKB reaches Super-B factory class performance levels! T
Belle ll@SuperKEKB has integrated 12 fb™ of data in a week - a new —
world record! By comparison, during the best week at KEKB more elle Il Online 1 o 718 - Al
. : elle nline luminosit Xp: 7-18 - runs
than a decade ago, Belle mtegrated 8 fb'1, while PEP-II Integrated 5 14 e y = p: /-10 - All run- e _
fbo-1 for BaBar during its best week. Stay tuned as . FL';tceogr;a:deuz;‘?('lr;Os'ty e |Nncreasl ng
'#BeIIeZ@Supe.rKEKB aims for the Io.ng.-standlng world record of -Te L2 = 16445 (] 150 pea k
integrated luminosity per month while it accumulates a large data = T _ _
sample to hunt for New Physics in the flavor sector. 10 s = lumi nOS|ty: N
E 'g .
= =
R oo £ Spring 2021,
g | _ = exceeded 2.8
6 e et e et e e et reeaann o ah. . .ame i 75 4(—0'
© M —
g g X103 cm=2s
o =
% T L 50 T{B
5 | :
|9 2 el sannsnaratetsaeatstaIataaaaES AN AN S SRS SR s s s s atasasans all - 25
Al il ]
O T T T T T TTTT I TTTT11 0
btbx’\'c’)’\bc’bq(obx'\fo)b“)’LQ,{,\
ol | AR ARRA R
;7‘ \J | ‘ B A AP A A P A A T A A P P P PPN
2[ ' "7‘\1 , Date Updated on 2021/05/26 20:13 JST

| — —



https://www.kek.jp/en/newsroom/2020/06/26/1400/?fbclid=IwAR1aIYhnt7FZE3nMaKmce21zkXBV9zpqhOOZwfroN11pEnq6rniaAne3l3M

Flavour anomalies in a nutshell

e Tension between experimental measurement and SM
predictions in
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b—sl| observables
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Branching fractions Angular observables LFU ratios £y = TN
. w _y ! — [ee
large theory uncertainties Minimal FF uncertainties, ’ ’
.. " 0
though sensitive to charm loops Theory uncertainty of ~1%

Clip from M.E Sevilla@ APS2021

e Fully reconstructed final states, untagged analysis

e @ (super)B-factories, both charged and neutral K& modes are reconstructed

o Key ingredients: Lepton identification, hadron mis-identification (in particular y-m)
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http://cds.cern.ch/record/2764840/files/document(2).pdf

Partlal branchlng fractlons from B factories

Belle coll., JHEP03(2021) 105 (latest Belle
measurement)
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e Partial branching fractions measured by BaBar, Belle, and CDF
o latest Belle measurement, performed separately for electron and muons

e in agreement with SM expectations, large experimental errors, statistically limited
16


https://dev.arxiv.org/abs/1204.3933v2
https://arxiv.org/pdf/1908.01848.pdf

B—K+ll anqular analysis from B factories

Belle coll., Phys.Rev.Lett. 118 (2017) 11, 111801

e Differential decay rate as a function of 3 angles:

1 d*r

dl/dg? d cos§; dcosfk d¢ dg? " 321 |4

With a data
transformation
technique
the dimension of the
free parameters can be
reduced to 4

‘ !3(1 — Fp) sin® Ok + F; cos® Ok

1
+ Z(l — F;)sin? Ok cos 26,

— F; cos® Ok cos 20, + S3sin® Ok sin® 0, cos2¢
+ S4sin 20 sin 20 cos ¢ + S sin 20k sin 6 cos ¢
+ Spsin® Ok cos O, + S7sin 20k sin 6, sin ¢

+ Sgsin 20 sin 20 sin ¢ + Sgq sin® O sin® 0, sin 20

e 2.6 o discrepancy

in muon channel
for

Ps’ (uncertainty
at the s0% level,
dominated by
statistics)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.111801

R(K(G)): [atest measurement from Bel

Belle coll. JHEPo;ézom 105
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Belle coll., Phys. Rev. Lett. 126, 161801 (2021)
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e In agreement with SM expectations within errors

e Measurement statistically limited

e Main systematics from lepton ID efficiency and knowledge of
peaking background
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https://arxiv.org/abs/1904.02440
https://arxiv.org/pdf/1908.01848.pdf

Toward Bellell measurements (1)

o Bellell performances, some examples: Hadron ID, Leptin ID, neutral reconstruction

e good understanding of the detector

e performances comparable to Belle/BaBar in higher machine background
environment

e improvements in algorithms and understanding of the detectors foreseen

BELLE>-NOTE-PL-2019-019
-7t r 1T " "1™ ™ 71
— Belle Il 2019 Preliminary + Data
— Fit
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—— Background
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FIG. 4: Kaon efficiency and pion mis-ID rate for the PID criterion Rg/r > 0.5 using the
decay D** — D°[K~n*|n* in the bins of laboratory frame momentum of the tracks.

BELLE2>-NOTE-PL-2020-027

1.13 =6 < 1.57 rad, electronID > 0.9

| Belle Il (Preliminary), [Ldt= 34.6 fb?
- . |
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FIG. 10: Example ECL barrel bin for electronID with all measurements, efficiencies and hadron-

FIG. 1: Invariant mass of vy for data phase III. The functions superimposed are the result of a

binned ML fit to the data using as signal a Crystal Ball plus a Gauss (with the same mean) and
a first order polynomial for background. A clear peak for the decay ™ = v~ is visible. Data
corresponds to an integrated luminosity of 2.62 b1 (proc9 hadron skim). The selection criteria
are £, > 120 MeV, Eg/Ey; > 0.9, Np;s > 1.5.

R4

lepton mis-identification rates overlaid. Note that the mis-identification rate has been inflated by
a factor 3 for illustration purposes.



https://docs.belle2.org/record/2062/files/BELLE2-NOTE-PL-2020-027.pdf
https://docs.belle2.org/record/1898/files/BELLE2-NOTE-PL-2019-019.pdf
https://docs.belle2.org/record/2052/files/BELLE2-NOTE-PL-2020-024.pdf

Toward Bellell measurements (I1)

e Rediscovery of B+*+—K+l+l-, more on b—sll to come in the next months

e Signal yield extracted from 2D fit to My and A4E, 2.7 o significance

e Nsig= 8.6772(stat) = 0.4(syst)

Belle Il preliminary, BELLE2-NOTE-PL-2021-005
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https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-005.pdf

Bellell perspectives

'The Belle II Physics Book]
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Bellell precision et few % level

e P's: will be studied in both e and u channel at Bellell, few % level
precision expected with full Bellell statistics

The Bellell Physics Book, PETP 2019, 123C01 (2019) >1
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https://arxiv.org/pdf/1808.10567




R(D&)): analysis strateqgy

e Measurable:

B(B — D(*)T_DT)
B(B — D¢ )

R(D™) =

e Search for final states involving neutrinos, two key elements
e One of the KEYS of measurement @ B-factories:

e beam energy completely transferred to BB pair:
ete- =Y (45) — BB

o exploit (almost) full reconstruction of one of the B and
look for signal or normalisation signature in the rest of

the event

e Can compute momentum associated to missing particles,
€.J. Pmiss = Pe+e-- PBtag - PD* - Pmt
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R(D(): latest Belle measurement

e Tag side reconstructed in semileptonic final state

e 7T reconstructed in purely leptonic modes

e Signal extracted from 2D fit to BDT and Egc.:

e EecL=neutral energy deposited in the

calorimeter not associated to signal nor to tag
side, key ingredient in analysis with missing

energy

R(D) = 0.307 -

C 0037 .

R(D*) = 0.283 -

- 0.016

- 0.018 -

- 0.014

Most precise measurement to date
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all decay modes are summed together and normalized to unity.
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R(D(): toward Belle || measurement (1)

BELLE>-NOTE-PL-2020-002

e Tag side reconstruction with Full Event
Interpretation (FEI) (Keck et al., Comp. Soft. Big

Sci. (2019) 3:6 )

e Multivariate tagging algorithm optimised
for Bellell, successor of Belle Full
Reconstruction (reindt et al. Nucl.Instrum.Meth.A 654

(2011) 432-440), CAN be applied to Belle data

e hierarchical approach to reconstruct
O(200) decay channels via O(104) decay

chains

MC tag-side efficiency @10% purity

Had. B*/B" [%]

SL. BT/B° [%]

Full Reconstruction Belle 0.28/0.18 0.67/0.63
FEI Belle 0.76/0.46 1.80/2.04

P. Urquijo (Bellell), FPCP2020
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R(D()): toward Belle Il measurement (II)

e Rediscovery of normalisation channel using hadronic FEI

Belle coll.,BELLE2-CONF-PH-2020-009
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FIG. 3. Two versions of Frcp, are shown: (left) is the version applying detector region dependent
energy selection criteria, (right) shows the impact of using a BDT to identify neutral energy
depositions from beam background processes. It is based on shower shape variables and the detector FIG. 2. The post-fit m2,,, distribution is shown.

recion of the reconstriicted nentral clister.

B(B” — D" v;) = (4.51 £0.415, + 0.27,y4 +0.45, ) %
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https://arxiv.org/pdf/2008.10299.pdf

R(D&): perspectives at Bellell

Run 2 Run 3 Run4 Run5 Run 6 Bernlochner et al, arXiv:2101.08326

T
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] Table 49: Composition of the systematic uncertainty in each Belle analysis. Relative uncer-
e Pletora of T/ | ratio measurements from LHCb and Belle tainties in percent are shown. The analysis method and the 7 decay mode are indicated in

the parentheses; their meaning is explained in the caption of Table 48.

e On R(D®), (sub)-% level precision can be reached Belle (Had, £7) Belle (Had, £7) Belle (SL, £~) Belle (Had, h7)
Source Rp Rp- Rp- Rp-
MC statistics 4.4% 3.6% 2.5% 0%
o @ Belle, one of the dominant systematics from D+- B — D**{v, 4.4% 3.4% % 2.3%
. g Hadronic B 0.1% 0.1% 1.1% T8s%
background, can be studied in more detail with Bellell Other sources 3 4% | 6% +18, = 0%
data Total 71% 5.2% 3oy +10.007
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NP models explaining LFU violation

G. Isidori — B-physics anomalies: facts, hopes, dreams, & worries Beyond the anomalies II — Durham, Apr. 2021

» From EFT to simplified models

Beside direct searches, an essential role is still played by low-energy observables

— many visible BSM effects expected, by consistency, virtually in all models
addressing the anomalies

Main message: “super-reach” program for LHCb & Belle-II and other low-energy
facilities. This program is essential to confirm/disproof the picture and, 1f
confirmed..., to determine the flavor structure of the new sector.

o G. Isidori @
B €yon d the [. EFT-based (model-independent) [I. Model-dependent correlations for
anomalies Il correlations on a large class of UV-sensitive observables

semi-leptonic processes [ AF=2, b—svv, T— py,

[b—d uu, b—os1tr, b—os1y, T— 3u, uN —eN, ...]

b—u1v, ..]
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B— Kpo: state of the art prior Moriond2021

n n n n n v l/ V
e b—*s transition with neutral leptons in the final Z ) / ¢ /
state W ij fW+
b—> u,:,t > 50— u,:,t > |
o SM Pred Ictions: (a) Penguin diagram (b) Box diagram
T. Blake,, et al, Prog. Part.Nucl. Phys.92, 50 (2017)
+ + 5, — e —6
BR(B" — K*tvi)gy = (8.4 £ 1.5) x 1076, Qo
SM BaBar, HAD+SL TAG,
FL = 0.47 £ 0.03 , Burasetal, JHEP 02184 (2015) B+—K+yv 1.6 429 fb-

 Belle, HAD TAG, 711

e BaBar and Belle key ingredients: taqg side

- . . . . B+ K+
reconstruction in hadronic and semi-leptonic TR 40 fb-1
modes, usage of event shape variables to
_ _ Bo—Koyv 2.6 Belle, SL TAG, 711 fb-1
reduce contributions from e+te-—qq eventsand |
extra neutral energy deposited in the . g Belle, SLTAG, 711 fb-

calorimeter

30


https://doi.org/10.1103/PhysRevD.87.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.091101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.091101

B+—K+pv measurement @ Bellell (I)

e NOVEL INCLUSIVE APPROACH:

e signal kaon = highest pt track

B(—=»Kwv)B

af% //

e associate all other tracks and clusters to rest of the

event

e use multivariate approach based on kinematics,
event shape and vertexing variables to suppress
background

e extract signal from binned simultaneous ML fit to
on-resonance + off- resonance data

Measured signal strength u = 4.2F3-3(stat)*1-8(syst)

B(BT - KTvp) =

[0.93<BDT,<0.950.95<BDT,<0.97:0.97<BDT»<0.99: 0.99<BDT, |
| : :
| :
CR11 : Belle 11 :
400 - P : .
- :S—R> 5_/Edt:(63+9) fb—1
| ' E l
300 : Bl B —-K v
e [—] Neutral B -
§ I Charged B
[ 200 B Continuum _
¢ Data
100 scaled by 2 ]

= 1.9t16% 107

-1.5
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Bellell coll

., ArXiv:2104.12624

(submitted to journal)
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https://arxiv.org/abs/2104.12624

B+—K+pv measurement @ Bellell (1)

e Leading systematics: background
normalisation uncertainty can be
also reduced with increasing
statistics

e Room for improvement in K+
channel

e Application of inclusive method to
other channels under study

E : ‘ v Observed limit on A h Dat
Xperimen ear BR(B* — K*uD) pproac a a[fb‘l]
-5 +
panan 2013 <1.6x10 SL Had 499
[Phys.Rev.D87,112005] tag
<55%x107
Belle 2013 [Phys.Rev.D87,111103(R)] Had tag i
<19x107
Belle 2017 [Phys.Rev.D96,091101 (R) ] SL tag 711
Belle II | 2021 <4.1x107 Inclusive | 43
preliminary tag
Bellell coll., arXiv:2104.12624
A\({?I’age (submitted to journal)
| | l* I I I I
[
L . Bqlle H (63 [1) 1 Incluswe)
: )12 This work prellmlnary
[
| & Belle (711 b~ !, SL
. 1.0+0.6 PRD96, 091101 )
[
[
| Belle (711 fb~!, Had)
: 30+1.6 PRD87, 111103
[
[ B —1
i abar (429 fb~", Had+SL
| 0.8+ 0.7 PRg)87, 112005 )
_ II | l | | l | | | I 1 | I 1 1
0 2 4 o 3 10

10° x Br(BT—=K " vi)
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https://arxiv.org/abs/2104.12624

B—K&oo @ Belle Il perspectives

e Extrapolation done on tagged analysis only

e TO be updated with most recent simulations and adding inclusive analysis

The Bellell Physics Book, PETP 2019, 123C01 (2019)

| Observables Belle 0.71ab™! (0.12ab™!) BelleII 5ab~! Belle IT 50ab~*
2.0 | , | | Br(BT — K*up) < 450% 30% 11%

= | _ Br(B — K*%vp) < 180% 26% 9.6%
NN - Br(B+ — K*tup) < 420% 25% 9.3%
ol : Fr(B° — K*up) - - 0.079
\

= Fr(Bt — K*tvp) _ = 0.077
T 16l ¥

Y 1.6 0.8
~— I ] .", \\\ / Belle + BaBar B — Kvv 90% CL excluded

m . / / Belle + BaBar B — K*vv 90% CL excluded
P ’ [ 007 Belle IT B — Kvv 68% CL allowed

2 1 4L N Belle II BR(B — K*vv) 68% CL allowed
o I ] 0.4 - Belle Il B — K*vv 68% CL allowed

< 02- - -

o . Constraint on Wilson

IS . ..

o AT = QO g0l coefficients due to NP
S’ m » .

Q o contributions

Lol | 1 1 1 - normalised to SM one
1.0 1.2 1.4 1.6 1.8 2.0 04
M I, [T(‘V] 064 :
{ aV { 0O
Cornella et al, arXiv:2103.16558 038 ‘

-08 -06 —-04 -0.2 0.0 0.2 0.4 0.6 0.8
NP SM
CL /CL



https://arxiv.org/pdf/1808.10567
https://arxiv.org/abs/2103.16558

B— K& rr/7l

e b—srzr/7l can be enhanced in NP models explains B-anomalies

e LFV decay prohibited in the SM, expectation for sz final

state:

e Usually searched for with HAD or SL tagging method

B(B" —)K+ T T gy =

B(B°->K°’+<"
B(B'»K " ¢
B(B°->K*° fT

)SM

T )
)

S

S

M

M

(1.22 +0.10) 107’

=(1.13+0.09) 10’

=(0.99 +0.12) 107’
(0.91 +0.11) 1077

Cornella et al,

arXiv:2103.16558

e State of the art and Belle Il projections (K+ modes also feasible)

LHCb: [JHEP 06 (2020) 129]

BBt - Kttu) <3.9x%x 107
BaBar: [PhysRev.D 86 (2012) 012004]

B(B — ht€)(X107°)

Mode Central value 90% C.L. UL
B" - K'ru 0.0*27 <4.8
BY — K*re ~0.6")] <3.0
BY — 7wt 0.5"33 <7.2
B" — m're 2.3 f? <7.5

T3
Excluded at 95% CL
102 E
T !
£ 1074 .
L : 5
=< Belle II (50 ab™") i
T ?. - 4
Q| :
107°- -
10 'Tb I S R IS S R T S S [N — “
0.00 0.05 0.10 0.15 0.20
SRp-
Observables Belle 0.71ab™ ! (0.12ab™!) Belle II 5ab™! Belle II 50ab~!
Br(B+ Ktrtr=).10° < 32 < 6.5 < 2.0
Br(B° — 7+t77) - 10° < 140 < 30 < 9.6
Br(B? — rt77)-10% < 70 < 8.1 =
Br(BT — Kt7r%eT) . 10° - - <21
Br(BT — Kt7*u¥) - 106 - - < 3.3
Br(B? — 7%eF) - 10° - - <16
Br(B° — r*uTF) - 10° - - <1.3

The Bellell Physics Book,

PETP 2019, 123C01 (2019)



https://arxiv.org/pdf/1808.10567
https://arxiv.org/abs/2103.16558

B— K& rr/7l

e New idea to measure B(B+ = K+7l) :

Schematic by G. de Marino

semi-inclusive tagging

e Exploit high BF of B- = D°X: 79+4%

e Reconstruct tag D° and signal’s K and
,and T

e DoX provides the tag-side e Work in progress, can be also

_ 22 2 (BB |13 0) applied to other missing
e Fit m;=mj+my —2( 57\1(1 - ‘I‘;‘I\BMHPKI‘C,O\S | energy modes.
E*

be
N \ (E;ca:) ‘- m123 /

@anglebetween p¥ (=—px )and p}
s1g tag
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LFUV in tau decays w1

» U
e LFU can be tested also in 7 system + T -
» <«
B(r~ —p vuvs) '
— P\T 7R Vulr) - + + 0.0036 (svs) .
ey
__ 50000 ———————————————————— Y, Y
§ 'a)jm + Data ll
G 40000 | e : NP 731102
: . h - , oL .
= 30000 - . & nome ] Purity 97.37% @ Bellell;
% - : Total Efficiency 0.485%
£ Hoooo F : Particle ID Efficiency 74.5% e syst due to PID correction is
3 Systematic uncertainties: partially statistical in origin
] E Particle ID 0.32 |
10000 | 8 : _
{ : Detector response 0.08 triaaer studies ondaoin
_ 0 B h“m . : Backgrounds 0.08 e Lrigger studies ongoing
E o5kl ‘ E 1 [Trigger 0.10 |
€ TE | ‘ T : 7w 7w modelling  0.01 e preliminary sensitivity studies
O 0F “.JHJ,.HUJ* Y R I ------- X 1 t44ht H-HL* +-----|-- § (R — S EpE. . . . . .
Z.E gi LRRTLY **f-l éél ERL {*HH ” ’ g Radiation . OO% |nd|cate 3 hlg her ef-ﬁC|enCy can
T -0.05p + ’ E B(r™ > w m 7 vr) 005 be obtained wrt BaBar
S B i T ‘CUF*F_—VI‘*T_ 0.02
1 2 3 4 5 1 2 3 4 5 Total [%) 0.36

CM Momentum (GeV/c)

e Work hard to improve
systematics and add tagging
modes to have a competitive
measurement with stat < BaBar

Phys.Rev.Lett.105:051602 (2010)




LFV in T decays (I)

e 7 system is also ideal to search for LFV processes where NP

can enter at tree or loop level

e Many modes to be studied

o Ful

vari

y reconstructed final states, extract signal using 2 main

ables: M; and AE = E, - Epeam (primed quantities:

rotation to reduce correlation among the two variables)

M. Martini (Bellell), Bormio 2019

Rotated signal region (t— 3, signal events on
o 3U final state, %' _1.66 [-Belle Il 2020 (preliminary) il
5 " Simulation: . =
d | mOSt — -1.68 ¢ 2 3u (10* events) - ...
L ; 5
background free S -17f . A
1.72F 3
: : -1.74 |
e irreducible |
_ -1.76 |- e
background in uy IPIRRELE
1.8 [
—1.82:‘:"“""'1“"1"'11" 1

M', [GeV]
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40
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Search various decay modes:

———> T > 204

Simple

— 17 - {K;, Ah
— 7> £Vy(— hh') Difficulty of

— T ¢P° (- yy)

— 7 — Lhi’
— T oty

background reduction

Hard

The Bellell Physics Book, PETP 2019, 123C01 (2019)

Rotated signal region (t—uy)
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https://arxiv.org/pdf/1808.10567
https://docs.belle2.org/record/1872/files/BELLE2-TALK-CONF-2020-014.pdf

LFV in 7 decays (I1)

e Search for t—la, a being an invisible particle

SM background

e Signal manifests as a peak in the T momentum .-~
in pseudo-rest frame:

e T boost not known, approximate it using 3-

prong momentum (ARGUS method) or » UL is provided for the ratio Br(t — ea)/Br(t — euwv)
. . A > 1:
thrust direction v 57 e e
-T:max\ i|p| P ot [ Mark i ARGUS
' ' il LY E
e 7evv irreducible background. 2 F i N
810_25_ - - |
- iy SEEEDENSe s N
» 7000 F m [
= s c 1077
g 6000 : O =
~. 5000 S [ Bellel . eBelle II, ARGUS method
§ 4000 C') 10—4E—Simulation:fL dt =25.0fb mBelle Il, Thrust method
= 3000 o F (systematic effects
< 200 ¢ S sl o1, 1., NOtincluded), ,
000 E 0 02 04 06 08 1 12 1.4 1.6
E_ | M, [GeV/c?]
0 0.5 1 1.5
p*(7) [GeVic] Argus coll., z.Phys. BELLE2>-NOTE-PL-2020-018

C68 (1995) 25-2 38


https://docs.belle2.org/record/2043?ln=en

Overview of Bellell potential in LFV in 7 decays

Improvement of 2 orders of magnitude expected for Belle II!
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https://arxiv.org/pdf/1808.10567

Summary and conclusions

Belle ll
Higher sensitivity to decays with

e LFU anomalies growing since 2012: exciting times to photons and neutrinos (e.g.
B—Kvv, pv), inclusive decays,

explore flavour physics as playground for beyond time dependent CPV in By T
standard model searches physics.

LHCDb
o Belle Il has started taking data in 2019 and foresees to Higher production rates for ultra

-1 rare B, D, & K decays, access to all
collect 5oab by 2031 b-hadron flavours (e.g. Ab), high

boost for fast Bs oscillations.

o Accelerators and detector are performing well,

Overlap in various key areas to

improvements foreseen in reconstruction verify discoveries.
performaﬂces thanks tc? what we are learning while r
the experlment 1S running Most key channels will be stats.

limited (not theory or syst.).

- - - _ LHCb scheduled major upgrades
e Will play a major role in the flavour sector with during LS3 and LS4.

Strong interplay with LHCb Belle Il formulating a 250 ab-
upgrade program post 2028.

P. Urquijo (Bellell), FPCP2020
4.0


https://docs.belle2.org/record/1984/files/BELLE2-TALK-CONF-2020-027.pdf

Summary and conclusions
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Summary and conclusions
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MELBOURNE

Belle ll

Higher sensitivity to decays with
photons and neutrinos (e.g.
B—Kvv, pv), inclusive decays,
time dependent CPVinBq T
physics.

LHCb

Higher production rates for ultra
rare B, D, & K decays, access to all
b-hadron flavours (e.g. Ab), high
boost for fast Bs oscillations.

Overlap in various key areas to
verify discoveries.

Upgrades

Most key channels will be stats.
limited (not theory or syst.).
LHCb scheduled major upgrades
during LS3 and LS4.

Belle Il formulating a 250 ab-
upgrade program post 2028.

arXiv: 1808.08865 (Physics case for LHCb upgrade Il), PTEP 2019 (2019) 12, 123COI (Belle Il Physics Book)

Beauty 2020

Belle II - LHCb Comparison

+ Important contributions on B and D flavour

physics from ATLAS, CMS, BESIII.

Observable “Beny 2019 Bellell  Bellell  LHCh 0 07
Babar ~ LHCP  (Sab®d) - (0ab®hy @3 o0 Goomo)
KM precision, n hvsics in CP Violation
¥ sin 2p/p1 (B— Iy Ks) 0.03 0.04 0012 0005 0011
¥ v/0s 13° 5.4° 4.7° 1.5° 1.5°
¥ o 4° - 2 0.6° _
I V| (Belle) or [Vul/|Ves| (LHCD) 4.5% 6% 2% 1% 3% 1%
s — 49 mrad - — 14 mrad 4 mrad
ok Scr(B—m’ Ks, gluonic penguin) 0.08 o 0.03 0.015 o 0.007
¥ Acp(B—Ksn0) 0.15 _ 0.07 0.04 _ 0.02
New physics in radiative & EW Penguins, LFUV
¥ Scp(Ba—K* y) 0.32 o 0.11 0.035 o 0.015 ,
¥ RB—-K'II) (1<q2<6 GeV?/c2) 0.24 0.1 0.09 0.03 0.03 0.01 0.01
¥ RB-D'w) 6% 10% 3% 1.5% 3% <1% 1%
Br(B—1v), Br(B—K*w) 24%, — — 9%,25% 4%, 9% — 1.7%. 4%
Br(Bi—pp) - 90% - -~ 34%,
Charm and t
¥ Adcp(KK-nrm) —  8.5x104 —  54x104  1.7x104 2x10
¥ Acp(D—nn0) 1.2% - 0.5% 0.2% _ 0.1%
Br(t—ey) <120x%10- —  <40x10% <12x10-° —  <5%109
Br(t—ppp) medesexpected <21x109 <46x109  <3x109 <3x109 <16x109 <023x10°  <5x10°

Phillip URQUIJO

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

S7



Indirect searches: ATLAS

e https://twiki.cern.ch/twiki/bin/view/AtlasPublic

e https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-009/fig 01.png

e https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-020/fig 23.png

ATLAS Exotics Searches™* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2021 [L£dt=(3.6-139) b Vs =8,13TeV
Model (,y Jetst EI™ [rdt[fb™] Limit Reference
T T LI | I T T L | l T T T T T T LI ) I T T L] T
@ ADD Gkk +&/q Oeu,7,y 1-4]  Yes 139 [ Mp 112TeV n=2 2102.10874
S ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
‘é’ ADD QBH - j - 37.0 Mqh 8.9 TeV n==6 1703.09127
®  ADD BH multijet - >3] - 36 | My 9.55TeV n=6, Mp=3TeV, rot BH 1512.02586
.§ RS1 Gk — yy 2y - - 139 Gkk mass 4.5 TeV k/Mp = 0.1 2102.13405
O Bulk RS Gy > WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp = 1.0 1808.02380
8 BukRS Gk —» WV - fvqq 1e,u 2j/1J  Yes 139 | Guk mass 2.0 TeV k/Mp =10 2004.14636
u’j Bulk RS gk — tt 1eu >21b>1J/2) Yes  36.1 gKk mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP e,y >22b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®D — tt) =1 1803.09678
SSM Z’ — ¢ 2e,u - - 139 Z’ mass 5.1 TeV 1903.06248
SSMZ" - 1t 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
€ Leptophobic Z’ — bb - 2b - 361 |z mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oeu >1b,>2J Yes 139 Z’ mass 4.1 TeV r/m=12% 2005.05138
8 SSM W’ - ¢y 1enu - Yes 139 | W’ mass 6.0 TeV 1906.05609
o SSM W’ — v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g> HVT W - WZ — {vggmodel B 1 e,u 2j/1d Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
© HVT Z/ — ZH model B 0-2e,u 1-2b Yes 139 Z’ mass 3.2 TeV gv =3 ATLAS-CONF-2020-043
S HVT W’ - WH model B Oe,up >1b>2J 139 | W’ mass 3.2 TeV gv =3 2007.05293
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wgr — uNgr 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, gL = gr 1904.12679
Cl gqqq - 2] - 37.0 A 21.8TeV 1, 1703.09127
_ Clttgq 2e - - 139 |A 358TeV 1, 2006.12946
O  Cleebs 2e 1b - 139 | A 1.8 TeV g =1 ATLAS-CONF-2021-012
Cl pubs 2u 1b - 139 | A 2.0 TeV g =1 ATLAS-CONF-2021-012
Cl tttt >1eu >1b,>1j Yes 36.1 A 2.57 TeV |Catl = 4n 1811.02305
Axial-vector med. (Dirac DM) Oeu, 1,y 1-4j Yes 139 Mpmed 2.1 TeV 84=0.25, g,=1, m(y)=1 GeV 2102.10874
s Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4j Yes 139 Mmed 376 GeV gq=1, gy=1, m(x)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) 0O e, u 2b Yes 139 Mped 3.1 TeV tanp=1, gz=0.8, m(y)=100 GeV ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a Oe,u 2b Yes 139 Mped 520 GeV tanp=1, gy=1, m(xy)=10 GeV ATLAS-CONF-2021-006
Scalar reson. ¢ — ty (DiracDM) 0-1e,u 1b,0-1J Yes 36.1 my 3.4 TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 15t gen 2e >2j Yes 139 LQ mass 1.8 TeV g=1 2006.05872
Scalar LQ 2" gen 2u >2] Yes 139 | LQmass 1.7 TeV B=1 2006.05872
O Scalar LQ 3 gen 17 2b Yes 139 | LQj mass 1.2 TeV B(LQ; — br) =1 ATLAS-CONF-2021-008
=~ Scalar LQ 3" gen Oeu >2j,22b Yes 139 | LQ; mass 1.24 TeV B(LQy - tv) =1 2004.14060
Scalar LQ 3 gen >2e,pu,>217>21),>1b - 139 | LQS mass 1.43 TeV BLQY - tr) =1 2101.11582
Scalar LQ 3" gen Oe,u,>17 0-2j,2b Yes 139 | LQj mass 1.26 TeV B(LQY — bv) =1 2101.12527
VLQ TT - Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
>0 VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
® g VLQ T53Tsss|Tss > WE+ X 2(SS)/23eu>1b>1] Yes  36.1 Ts3 mass 1.64 TeV B(Tsj3 = Wit)=1, c(Ts ;3 Wt)=1 1807.11883
% 3 VLY - Wb+ X ey >1b,>1] Yes  36.1 Y mass 1.85 TeV B(Y - Whb)=1, cg(Wh)=1 1812.07343
VLQ B - Hb+ X 0eu >2b,>1j VYes 79.8 B mass 1.21 TeV singlet, kg= 0.5 ATLAS-CONF-2018-024
VLQ QQ —» WqWq 1epu >4j Yes 20.3 1509.04261
S <£ Exc!ted quark q“ - qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q") 1910.08447
_g S Excitedquark g* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
§<) £ Excited quark b* — bg - 1b1]j - 36.1 b* mass 2.6 TeV 1805.09299
w § Excited lepton ¢* 3epu - - 20.3 A =3.0TeV 1411.2921
Excited lepton v* 3eu,t - - 20.3 AN=16TeV 1411.2921
Type Il Seesaw 1eu >2j Yes 139 N° mass 790 GeV 20008.07949
LRSM Majorana v 2u 2] - 36.1 Ng mass 3.2 TeV m(Wg) =4.1TeV, g =gr 1809.11105
S Higgs triplet H** — ¢ 2,3,4 e, 1 (SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
< Higgs triplet H** — (7 3eut - - 20.3 DY production, B(H;* — 1) =1 1411.2921
(@) Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
v_=13'rev v-=13Tev 1 L1 | 1 L1 I L 1 L 1 1 L1 I 1 L 1 1
partial data full data 107! 1 10

*Only a selection of the available mass limits on new states or phenomena is shown.

+Small-radius (large-radius) jets are denoted by the letter j (J)

Mass scale [TeV]

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

phenomena is shown. Many of the limits are based on

¢ simplified models, c.f. refs. for the assumptions made.

July 2020 V5 =13 TeV
. i A
Model Signature  [Lar (7] Mass limit Reference
L] T L] T L] T T L] I T T T T T
4, G-t Oe,u 2-6jets EMSS 439 | § [10x Degenl] 1.9 m(t1)<400 GeV ATLAS-CONF-2019-040
o mono-jet  1-3jets  EF  36.1 § [1x,8x Degen] 0.43 0.71 m(g)-m(¥})=5 GeV 1711.03301
% 82, §—qat" Oe.u 26jets EP™ 139 |% 2.35 m(¥))=0 GeV ATLAS-CONF-2019-040
= g Forbidden 1.15-1.95 m(¥7)=1000 GeV ATLAS-CONF-2019-040
% 22, 3—qgWX| 1eu 2-6 jets 139 |2 2.2 m(¥})<600 GeV ATLAS-CONF-2020-047
Q 3z 3oqaOY) ee, pupt 2jets  EF™ 361 |2 1.2 m(z)-m(")=50 GeV 1805.11381
3 g—gqWZX) Oe,u  7-11jets EM™S 139 |z 1.97 m()??? <600 GeV ATLAS-CONF-2020-002
= SSe,u 6 jets 139 |2 1.15 m(g)-m(¥})=200 GeV 1909.08457
= . ~ _
= gz gt 0-1e,pu 3b EPS79.8 g 225 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |2 1.25 m(z)-m(¥})=300 GeV 1909.08457
bi1by, by —>/;A7‘1’ /0T Mult!ple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(bY})=1 1708.09266, 1711.03301
Multiple 139 | b Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(1{7)=1 1909.08457
b1by, by —b¥ — bhi) Oe,u 6b EP™S 139 | b Forbidden 0.23-1.35 Am(®S,7)=130 GeV, m(¥})=100 GeV 1908.03122
2s 27 2b EPS 139 | By 0.13-0.85 Am(FS 1)=130 GeV, m(t})=0 GeV ATLAS-CONF-2020-031
§ ‘§ iy, -t 0O-leu  >1ljet EMS 139 |7 1.25 m(t))=1 GeV ATLAS-CONF-2020-003, 2004.14060
&8 fiy, [—oWhY leu  Bjets/tb EMS 139 |7 0.44-0.59 m(¥?)=400 GeV ATLAS-CONF-2019-017
g E. iy, i =71bv, 711G Tr+lepr 2jets/tb EMS 361 |7 1.16 m(#)=800 GeV 1803.10178
S8 i, ok /e dockh Oe,u 2¢ ERs 361 |z 0.85 m(i?)=0 GeV 1805.01649
55 ) ) 3t 0.46 m(7, &)-m(¥})=50 GeV 1805.01649
Oe,u mono-jet EMSS 361 |7 0.43 m(i, ,&)-m(t))=5 GeV 1711.03301
1y, -0, = z/ntY 1-2e.p 145  EMS 139 |7 0.067-1.18 m(T2)=500 GeV SUSY-2018-09
thir, h—t +Z 3eu 1b E;‘i‘“‘“ 139 t Forbidden 0.86 m(t})=360GeV, m(f;)-m(t})= 40 GeV SUSY-2018-09
YRS via wz 3e,pu EMs 139 | @ /,\7; 0.64 m(¥))=0 ATLAS-CONF-2020-015
ee, >ljet  EP™ 139 | ¥/, 0.205 m(¥})-m(t})=5 GeV 1911.12606
XGXT viaww 2e,u EMs 139 | & 0.42 m(E%)=0 1908.08215
V20 via Wh O-leu  2b2y EMS 139 | ¥/ Forbidden 0.74 m(¥1)=70 GeV 2004.10894, 1909.09226
= Sé XX via /v 2e.u EP™ 139 [F 1.0 m(Z,7)=0.5(m(¥} )+m(¥})) 1908.08215
WS 77 7ot 27 EXs 139 |7 L TR 0.16-0:3| 0.12-0.39 m(¥))=0 1911.06660
TLrlLR, =00 2e,u Ojets  EM* 139 |7 0.7 m(¥))=0 1908.08215
ee, up >1ljet EM™ 139 |7 0.256 m(Z)-m(¥})=10 GeV 1911.12606
HH, H—hG/|ZG Oe,u >3h ENS 361 | A& 0.13-0.23 0.29-0.88 BR(Y} — 1G)=1 1806.04030
de,p Ojets  EPs 139 | @ 0.55 BR(Y! — ZG)=1 ATLAS-CONF-2020-040
® © Direct ¥i ¥ prod., long-lived ¥} Disapp. trk ~ 1jet ~ EMs 361 /fi 0.46 Pure Wino 1712.02118
= % ¥ 015 Pure higgsino ATL-PHYS-PUB-2017-019
2 § Stable g R-hadron Multiple 3.1 |2 2.0 1902.01636,1808.04095
S 2 Metastable 3 R-hadron, 3—qgt" Multiple 361 | & [x(g =10ns,0.2ns] 2105 2.4 m(E’)=100 GeV 1710.04901,1808.04095
BT I X sze—ece 3epu 139 | /%) [BR(Z7)=1, BR(Ze)=1] 0.625 1.05 Pure Wino ATLAS-CONF-2020-009
LFV pp—v; + X, vr—eu/et/ut epL,eT,UT 3.2 Ve 1.9 A4,,=0.11, A132/133/233=0.07 1607.08079
TR IS — wwyzeeetvy dep Ojets  EP™  36.1 |G E0ANE0 0.82 1.33 m(¥))=100 GeV 1804.03602
%, 5%, ¥} - qqq 4-5large-R jets 36.1 |z [me¥})=200 GeV, 1100 GeV] 1.3 1.9 Large 17, 1804.03568
51 8 . = 7’ =0 . .
E Multiple 36.1 gz [ ,=2e-4,2e5] 1.05 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
€ 7 it 8 - tbs Multiple 361 |1 [1),=2e4,1e2] 0.55 1.05 m(¥?)=200 GeV, bino-like ATLAS-CONF-2018-003
i, i—>bX1, X7 — bbs > 4b 139 |7 Forbidden 0.95 m(¥})=500 GeV ATLAS-CONF-2020-016
iy, fj—bs 2jets+2b 36.7 it [qq, bs] 0.42 0.61 1710.07171
fif, fi—>qt 2e,u 2b 36.1 |7 0.4-1.45 BR(f, —be/bu)>20% 1710.05544
1 DV 136 fi [le-10< A, <1e-8,8e-10< A, <3e-9] 1.0 1.6 BR(71 —>qu)=100%, cosf,=1 2003.11956
L L L 1 L 1 Il L l Il L L Il L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-009/fig_01.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-020/fig_23.png
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Electrons (and muons) in Belle |l have better resolution

thanks to M.




