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FLAVOR PHYSICS AND EW PENGUINS

SM
Goals of flavor physics:
e Precisely measure parameters of the standard model (e.g. CKM quark mixing matrix) ~ tree aM
* Search for the effects of physics beyond the standard model in precision loop
measurements I aM
* Discover processes that are forbidden (or highly suppressed) by SM forbidden —
tree loop forbidden

Electro-weak penguins
Flavour-changing neutral current (FCNC) b — s(d) are of great importance to

precision flavor physics. The FCNC processes proceed at lowest order via one-loop
diagrams in the SM.

Since new-physics particles may enter the loop diagrams or \ Z/
even mediate FCNCs at tree level, the b — s(d) are sensitive / .

to physics beyond the SM. Moreover, final states involving - ree: "
lepton pairs are theoretically and experimentally clean. — T~
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STATUS OF R AND PROSPECTS

BeIIe 2021 | -
T T | +028
Semi-leptonic B decays are showing tensions with the BB “,’ Ry =1.03295 * 0 Ol
« . . N H " abar 2
SM predictions that are connected to a possible | - P 0.1 < g < 8.12 GeV/c* }{ q° € (1. 0,6.0) GeV /C |
violation of the Lepton Flavor Universality (LFU). [JHEP 03 (2021) 105]
Different behaviour of lepton generations in the : |  Belle 7
process: 10<g<60Geviet | |HCh 2021
_ : - . +0.042+0.013
b — s1717 (neutral currents): . ILE(EI?<96?GLVZ/C4 Ry = 0.8467 035 001
\‘\ for g2 € [1.1,6.01 GeVZ/c* (9 fb1)
F(B—>K ) O S S S S S S S — e e e—
Ry = 0.5 I 1.5 :
TBoKe o) | e o R, [arXiv:2103.11769v1]
Rexp<RSM 31 0} dEVlatlon ,
K K Rules of _ =
ab~'@Bellell ~1 £b~1 @ LHCb
Bellell: 1 b1 < 10¢BB
0.30 : —————
g 0.3 “HEE : PE i I ! ! - Belle — II Ry
% Belle l2019 ] Belle — IT Ry,
0.25f i .,.“ SESPUURORURT SUUNURORNE ST SO PfO]ECtIOﬂS fOI’ R(K) 0.25+ — LHCb Ry L
i » LHCb R,
0.2 ko 6(01 40) GeV2 0201 — LHCb R, |
Belle Il will provide new, independent tests of - € (4.0,8.12) Gev? \ — LHCb R

- g% € (1.06.0) GeV2

: 0.15
q? >1418GeV2: »
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I"l()j(r(rtod 1111('(:1‘ta.inty
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Current LHCb precision --» mE A e e, T oy 0.05
0‘5“' SRR i
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PHYSICS IMPLICATIONS

1.
2.

Lepton-flavor violating (LFV) decays are strongly suppressed in SM. However, their rates could be enhanced if LFU is violated

Many NP scenarios can explain the b — s anomalies
* |f we restrict the attention to tree-level mediators: W', Z', Leptoquarks (LQ)
* |Q-both scalarand vectors- are usually preferred over other mediators

LQ models predict sizeable LFV rates for leptonic and semileptonic B-decays [Hiller et al., 1609.08895]
1 — RK)2

B(B — K(e*,p™)rT) ~2-1078 (

025 G.Isidori, Beyond the Flavor Anomalies 2021
The U, ~ (3, 1), vector leptoquark is an excellent mediator to explain b b T
charged and neutral anomalies at same time [Angelescu et al., 1808.08179] :gm E”
S 1) C
5
3d generation might receive larger effectof NP . Br[B—zt(tu]xm ‘
0.5;
< 0.4‘E . m R(DY) 20
o o=-ctt 20 )
* oreferfed . CYect 1o Observation of a
02 charged LFV decay
L. Calibbi 4, P—st f"/ would be a striking
aXiv:1709.00692] o, T ] sign of new physics!

0.00 002 0.04 006 008 010 012 0.14
sg=st


https://arxiv.org/pdf/1709.00692.pdf
https://conference.ippp.dur.ac.uk/event/944/

SEARCH FORTHE

DECAY B™ — K'rl
AT B-FACTORIES
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eTe™ PRODUCTS « 4 = /058 Gev/
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eTe™ PRODUCTS « 4 = /058 Gev/
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(SUPER)KEKB ACCELERATOR
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BELLE Il EXPERIMENT

IP region

= SuperKEKB

e+ 4 GeV 3.6 A |

/i
4 Belle Il

New beam pipe . .
& bellows Main Ring

—_—

"%
* : / Linac

Low emittance positrons
toinject Positron source

Damping ring ’ e =
——— \

=

Low emittance gun

New positron target /
capture section

Low emittance electrons

to inject &

Goal: Z. . = 50 ab~1(2019-2031)

1

(Belle @ KFKB: Z... = 1.05 ab~1[1999-2010))

The upgrade KEKB--»SuperKEKB has required a
substantial redesign of Belle 1l detector, whose
performance are challenged by radiation damage and
higher background (design luminosity is x40 higher).
The aim is to guarantee in the new environment equal
or better performance than Belle with KEKB.



2021.05.17 - SEMINAIRES DOCTORANTS - GAETANO DE MARINO

STRATEGY FORB™ — K'r1

Processes involving 7's are experimentally challenging because of

Once the By, is fully reconstructed, the only source of

missing energy is the the 7 itself:
* The recoil mass

— — 1
m, = [mg +mg, — 2EFEE + | PF| D E | cosO)]?

can be used to extract the signal from the background

9
‘Signal side' ‘Tag side'
NG
_|_
+ — &
> Bsig tag <

4

K+

How to reconstruct the tag side ?
'y
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10

THE PRINCIPLE OF TAGGING

o BB events must be tagged to distinguish them
from other qq processes

e The B tag candidate is reconstructed by
choosing a tagging algorithm

e The remaining reconstructed particles in the
event make up the target (signal) B
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THE PRINCIPLE OF TAGGING

Inclusive Tag
b = 0@00)% =

Consistency of By,, %

o BB events must be tagged to distinguish them
from other qq processes

o _————x | Semileptonic T = |z
e The B tag candidate is reconstructed by % . imé(?))%omc =3 B/ I §
choosing a tagging algorithm &g Knowledge of By, \If =
= S
e The remaining reconstructed particles in the Hadronic Tag »
event make up the target (signal) B e =0(0.1)% —vé

Exact knowledge of By,,
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THE PRINCIPLE OF TAGGING

gta,g —

& R

Inclusive Tag
o BB events must be tagged to distinguish them 1 0O(100)% @
from other 9§ processes Consistency of By,,
o —  —\ P Semileptonic T =
e The B tag candidate is reconstructed by é . imé((el;))%onlc =3 B/\’(
choosing a tagging algorithm &g Knowledge of Byy, i
~
e The remaining reconstructed particles in the Hadronic Tag
event make up the target (signal) B e=0(0.1)% _6
Exact knowledge of B

tag

UOI)RULIOJU]
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THE PRINCIPLE OF TAGGING

o BB events must be tagged to distinguish them
from other qq processes

e The B tag candidate is reconstructed by
choosing a tagging algorithm

e The remaining reconstructed particles in the

event make up the target (signal) B

Erag £

depends on:

Acceptance
Tracking eff.
Particle identification

/N

3

Efficiency €

Inclusive Tag
e = O(100)% f;é

Consistency of By, %

Semileptonic Tag e
e=01)% —B(\]s
Knowledge of By,, Ty

Hadronic Tag b
e=00.1)%  —
Exact knowledge of By,,

UOI)RULIOJU]

10
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10

THE PRINCIPLE OF TAGGING

Etag = Z. B
1

Reconstruction efficiency depends on:

= Acceptance
= Tracking eff.
= Particle identification

Branching ratio

© BT — X .17v:22%(Semileptonic B decays)

= Hadronic decays

o BB events must be tagged to distinguish them
from other qq processes

e The B tag candidate is reconstructed by — >

choosing a tagging algorithm

Efficiency €

e The remaining reconstructed particles in the
event make up the target (signal) B

~ (0(200) decay
channels with a
classifier trained for
each

" Reconstructs O(10k)
unique decays chains
in 6 stages

uorjeurojuy

FEl algorithm

FEI : arXiv:1807.086880v4 [hep-ex]



2021.05.17 - SEMINAIRES DOCTORANTS - GAETANO DE MARINO 11

BABAR MEASUREMENT

A search for the decay modes B* — h™l : arXiv:1204.2852v2 [hep-ex]

with hadionic lagging

; :22:: (@) all backgr_ounds : \é ;)::: ( all buckgruu_nds :
The Btag is fully reconstructed in one of many final states of the form Z o] oy, | 200l I A
_ £0r — . . : . g 150 g 150 |

B~ — DMK (hadronic B decays - Semi-Exclusive Reconstruction) €sgr ~ 0.4% = - A & romf- f\'g,,_ 1

500~ = 500~ ! .

0() 0|.5 1 lt5 2 25 3 35 4 ({) OiS ‘1 1.5 é 25 ’» 3j5 4

m(Kn) (GeV/c? m(Kx) (GeV/c?

One-prong T decays are selected ZB(r — 1 prong) ~ 81 % o S e e
100 v signal MC W signal MC

T candidate mass is the main discriminant against background

Events / 50 MeV/c?
=}
[ [ [ | |

Events / 50 MeV/
»
[ [ [ [ |
|

After the m(Kz) > 1.95 GeV/c? requirement, the BB background is highly L E B = - SN = ey p coved ~
m(Kn) (GeV/c?) m(Kx) (GeV/c)

suppressed. The remaining background is dominated by continuum quark-pair

production (e*e™ — q@; q = {u,d, s, c}), which is suppressed by a

likelihood ratio. arXiv:2103.12504|

B |
*“ LHCb, BaBar
T~ 107°F
Mode U.L.(90%CL) | Exp. S
1076
T ’
B+*—=K+Tu 4.8x10° BaBar Qo7 : /
e} g 140 fb~! : f
B+— K+Te 3.0x10° BaBar 107 b | v ! ;
E oy, 1.8 TeV Belle — II : Belle[,
Bxp. | Seans /| T(49) B K+t | 3.9x105 | LHCh T
Off-res. | 10580 MeV B(t — po)
bt | b=t 106
CLEO 17.1 16 17.1
BaBar 54 433 (471 / \
Bell 100 711 772 . . . . .
= i Analysis with hadronic FEl and Belle dataset is ongoing '

[

4 Millions of BB pairs
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TAGGING METHOD AND RECOIL MASS

provides the highest purity in B
Best knowledge of the P g

Very costful in terms of efficiency (

P isunknown due to

tag

tag

tag:

- highest resolution onm._

FEI
€raa S 1 %)

Y

x10°

12

2.5
2.0
1.5
1.0

0.5}

e 1

o: 112 MeV/c?
o: 289 MeV/c?

el

0.0-....

0.5

= worse resolution onm_ but still

usable as long as signal side is well reconstructed

Higher tagging efficiency (ef5 ~2 %))

/ 4
- %

os]

] D D" DY s

b ch ,/’ c
- < -
- -
q q

1.0

15 20 25 3.0 35
m, (GeV/c?)

Which method to choose ?
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Bt — K*71:AN'INCLUSIVE' TAGGING APPROACH

Develop a new algouttm using Belle datasel
Charged Kaon
* Reveals the presence of DO
Choose leptonic tau decays e c o s+ Wt
* Only one track (lower multiplicity) - BOD° - KX) ~ 55%
Bt - 1Twvr) ~35%
* +1 lepton ‘Signal side’ ‘Tag side'’

Choose ‘inclusive' SL B tagging
* Highb.r.
e boc+W-
* +1 (high momentum) lepton
* Intermediate D resonances are
not reconstructed

The K213 way...
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14

CONCLUSION
Ongoing
Multi-variate analysis to suppress background

® Kinematic
® Jetcharacterisation

® [Event-based/Continuum suppression

Thorough study of background composition via MC
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CONCLUSION
Ongoing

Multi-variate analysis to suppress background
® Kinematic
® Jet characterisation

® [Fvent-based/Continuum suppression

Thorough study of background composition via MC

Stummary

b — s anomalies: Hints of%
LFV processes enhanced for NP scenarios -» B — K71 (LQ?)
Search of B — K1 at B-factories

e BaBar:0(107°)

* Belle: FEl (ongoing)

* Belle: Alternative, inclusive SLapproach (me!), hopefully usable for more analyses (@ Belle I1)

14
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15

CONCLUSION

Validation through MC/Data comparison 7o do
® Jet characterisation through BY — JywK™ method

® Background check in data

Study of a specific LQ model

U.L. extraction (to be compared to the more ‘conservative' - but
never applied yet! - FEl semileptonic)

50 ab~! by ~2031

BELLE 11 1S TAKING DATA NOW!

Belle Il Online luminosity

Exp: 7-18 - All runs

Integrated luminosity
| mmm Recorded Daily

—— [ Lrecordeadt = 143.52 [fb 1]

N
(=)

=
wn

=
o
\

0.5 A

Total integrated Daily luminosity [fb~1]

140fb-1 ]k 140

—l]

In order to shed further light on the possible origin
of the existing flavour anomalies, additional
independent measurements are needed!

=
N}
o

b

r 100

Total integrated luminosity [f

Observables Belle 0.71 ab ™! Belle II 50 ab~!
Br(Bt — K*tr%eT) . 10° < 10 <1
Br(Bt — Ktr%,T) - 10° < 10 <1




THANKYOU FOR
YOUR ATTENTION




BACKUP



2021.05.17 - SEMINAIRES DOCTORANTS - GAETANO DE MARINO 27

SHAPE VARIABLES FOR CONTINUUM SUPPRESSION

Variables related to the B meson direction: the spin-1 Y(4S) decaying into two spin-0 B mesons results in a sin? Bg angular distribution with respect to the beam axis; in contrast for e*e= — ff events, the
spin-1/2 fermions f, and its two resulting jets, are distributed following a 1 + cos? Bz distribution. Using the angle B between the reconstructed momentum of the B candidate (computed in the Y (4S)
reference frame) and the beam axis, the variable |cos@g]| allows one to discriminate between signal B decays and the B candidates from continuum background.

The Fox-Wolfram moments: for a collection of N particles with momenta pj, the k-th order Fox-Wolfram moment Hy s defined as

Hk — Z |?1| |?J |Pk(COS Hij)
i,]

where Bjis the angle between piand pj, and Py is the k-th order Legendre polynomial. Notice that in the limit of vanishing particle masses, Ho= 1; that is why the _ I-In
normalized ratio Ry = Hi/Ho is often used, so that for events with two strongly collimated jets, Rk takes values close to zero (one) for odd (even) values of k. These n
sharp signatures provide a convenient discrimination between events with different topologies. 0

Thrust: for a collection of N momenta pi(i = 1,--N), the thrust axis T is defined as the unit vector along which their total projection is maximal; the thrust scalar T (or thrust) is a derived quantity defined as

N - —
zizll T ) pll
le\T:l |$1|

For a BB event, both B mesons are produced almost at rest in the Y(4S) rest frame, so their decay particles are isotropically distributed, their thrust axes are randomly distributed, and thus |cos 1] follows a

uniform distribution in the range [0,1]. In contrast for g events, the momenta of particles follow the direction of the jets in the event, and as a consequence the thrusts of both the B candidate and the
ROE are strongly directional and collimated, yielding a |cos 81| distribution strongly peaked at large values.

T =

-
Cleo Cones: Set of nine variables corresponding to the momentum flow around the thrust axis of the B candidate, binned in nine cones of 10° around %

the thrust axis as illustrated W
hv+
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LHCH) MEASUREMENT JHEP 06 (2020) 129

+ o 0 S.Weber - ICHEP 2020
B™ — K" ™77 (using BY)

K
/ .<:K+
BLY Bt . T

91 @7,8and 13TeV (Run1 & Run2) i S
Use B_) — B¥K™ decay: about 1% of B* production e L |
%g:i: ' LHCb’simulalion :
K* 4™ pair from secondary vertex plus additional track t %8:‘2‘: ' ~ k2 Sig_:al' :
Expect peak at T mass also for B not from B:g decay, but wider distribution g 0(:);: e :
/@ =G
K*u~z™" has lower backgrounds thanK* "z~ B+ < > DO<@ e ;_,_L g . :
17; “fu~ 0 5 - :([)Gev )
Remaining backgrounds produce smoothm?. _ _ distributions
Search performed in bins of final BDT output with increasing signal sensitivity % 35_ __'_l?l{“a T %;gl;Cér:; — _
© B
£ 20E .. Background , 3
Mode U.L.(90%CL) | Exp. é :z— : (hlghestbwg
B+—K+Ty | 48x105 | BaBar T sl
B+—K+te | 3.0x105 | BaBar ;-
Br—=K+t+u| 3.9x10° LHCb
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BAC KU P N U M B E RS Th Belle Il Physics Book, [arXiv:1808.10567]

Belle Il sensitivities Observables Belle 0.71ab™! Belle Il 5ab™' Belle II 50ab !
Ry ([1.0,6.0] GeV?) 28% 11% 3.6%
R (> 14.4GeV?) 30% 12% 3.6%
Ry~ ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry (> 14.4GeV?) 24% 9.2% 2.8%
Ry, ([1.0,6.0] GeV?) 32% 12% 4.0%
Rx. (> 14.4GeV?) 28% 11% 3.4%
2019 Moriond 2021
Exp: Rp=0340£0.030, Rp. =0.295:£0.014 R = 0.847(42)1C0  vs RS = 1.00(1)5V
LHCb 2017

SM: RSM =0.293 +£0.008, RSM =0.257 +0.003 - . - ,
! S - R = 0711001 vs RIS = 1.00(1)5"

2.0 —
Belle preliminary
5=
I L
& 1.0 | |
1 I
= BaBar
0.5 4 Belle
e LHCb
= SM prediction
0.0 | | | |
0 5 10 15 20

q? (GeV?/c?)
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LUMINOSITY

NeWS abOUt Belle II record of KEKB/Belle

) ) 2.1x10**/cm?/s currents >1A
o successfully introduced last year, crab waist for LER/HER record of PEPII/BaBar
o despite difficult conditions, continued to take data since Marc 1.2x10*/cm?/s currents >2A
~2.5x10°*/cm?/s! ~1.5fb™! per day

April 10, 2021 currents ~0.7-0.8 A

20

04/09/2021 23:59 - 0441072021 23:59 JST

Peak L 2498 [10°%em?/s]  @2021-04-10 04:45 HER [ e 730.2 [mA] xy : 60, 1.00[mm] hy. 1076 Physics Run
Int. L/day 1407 47 / 1643.88 [/pb] LER Lpeqi: 790.7 [mA] Bx,y*: 80./ 1.00 [mm] ny. 1076 Physics Run
L] L) L} L) L] 300

L) Ll L) L] L) I L) L] L] L] L] I L] L) L) L] L] l L] L] Ll L] L] l Ll L] L] L] Ll

0.7 B 250 L1075
0.6 U =
0.5 200 |
0.4 5 [10°
. 150 |5
0.3 )
L 6.2 1915 ho7
S| e 50
8 0 8 ——————+—+—+— :daoe “108
g ¥ r 1 - _10_5
LY 0.6 ! —]150 o
“ . g |, &
T E -10
0.4 = 100 | &
- e
0.2 ] 50 o, _10-7
o et  Agoeaprel] + yo Jlpoci sk piatd 108
B VRN AL e ey R e g P 1500 |3
- 2B/ -' < [l ' f — T 2
ol S r — =)
5 1.5 e —J1000
5| i o H 1 gz
= = —{s00 |Z
= e.sE— i 3 %
S PRI SRR Y
o 1 . .
g S0 E— | Improvements of luminosity performance
= 40 — Reduce further beam-beam blowup
= 20F— — Improve beam injection
2 el 1 | —Reduce beam-tail,
oNe"eS 18" ...reduce beam background
4/10/2021 —increase the currents to 1.1 A
— then keep squeezing: f_ - 0.3 mm
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LUMINOSITY

~2.7%x10°*/cm?/s! ~1.6fb™"' per day

April 17, 2021 currents ~ 0.8 A 04/16/2021 23:59 - 04/17/2021 23:59 IST
Peak L 2730[10%/cm?/s]  @2021-04-17 15:59 HER Ljeqk: 820.8 [mA] Bx,y*- 60./ 1.00 [mm] ny. 1272 Physics R
Int. L/day 1628.86 / 1982.24 [/pb] LER Ipeak' 841.2[mA] 80,’ 1.00 [mm] ny. 1272 Physics Run
L) L) L) L) L) r L) L) L) L) L) L) L) T L L L) L) L) L) L) L) L) LD l L) L) L T L) L) L) L) L) L) L) L) L) L) L) 300
= I I |
°-8FHER | " v
C [ HE V - V V V f 250 -107
- . | R
0.6 - . | 200 |@ |
- | 10 |8 [0
= ' 00 E |, 7
N [P | SN N IS S-S PN | I SO SOOr s URLL SPnt SLSRN e S 5 1o
e 50
g
5 0 200 L1078
O 0.8 S
5 ' 10
L 66 150 ;.?
g 107
0.4 100 | &
2 |7
0.2 se | 10
0 = 4 4 e _10-8
= —2000 -
= ¥ ’ , @
- 2.5 E—""‘Wn MM’\*W*‘J‘ Wrudv" l*‘ v w,‘ﬁ\; Lo "#ﬁ f‘“‘ﬁw M 1"“‘,% pfﬂ‘l ‘ it '()‘LWH §
R 2 {1500 |§ =
|E = - Q. =
S 1.5F- = -
= 3 —l1000 —
= 1 1 &2
= — Z
— 0.5p— //_/__,_,.. : . L - 500 ‘§
- — - o
0 w 4 4 4 4 4 | s 4 s 4 4 I 4 4 4 4 4 l s 4 4 4 s | s s 4 4 4 | 4 s 4 4 s I 4 4 4 4 4 e
. 60 i
o
?i 40
§ 20E—
=2 N -
o"o"e®

4/17/2021
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PLAN

Belle 1I/SuperKEKB calendar

la vie n'est pas un long fleuve tranquille...
10 70

_L».ea_; Before IR upgrade | ——Int. Luminosity

—L___ After IR upgrade 60

Co

(9))
o

RF 40

[partial]
IR (QCS*)

y [x10%° cm?s1]
N

S

w
o
[;-9e] Ayisouiwni “juj

£ Py
c
[= 20
=
2.4x10*/cm¥s "
\AK
0 (Tuning) 0
20191 202171 2023/1 2025/1 2027/1 2029/1 2031/
By summer 2022: ~1 ab '
complete PXD (2 layers) installed in 2022
(replace some TOP PMT ) - ...et d 'opportunites
2026 : collider upgrade (QCS+RF) = installation upgraded detector
2031: 50 ab_l - SuperKEKB with polarized beams

writing White Paper (A .Martens for polarimety part)
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CURRENT STATUS OF R(D(™)

0.35

0.3

0.25

0.2

I'(B- DYw,)

Rpe) = L€ {e u}

I 1 1 1 1 I 1 T 1 1 I 1 Ll T 1 I
[ HFLAV average sz = 1.0 contours

[ LHCb15 _
a BaBarl2 5|
L 36 —
C LHCbI18 J
= ¥ Belle19 Bellel5 I
B Bellel7 -
e + Average of SM predictions HFLAV
B R(D) = 0.299 +0.003 |_Spring 2019 |
- R(D¥*)=0.258 £ 0.005 P(x?) =27% B
1 l 1 1 1 1 l 1 1 1 1 l 1 1 l L L L
0.2 0.3 0.4 0.5
R(D)

|

‘ Bellel5 )

R(D)=0.375+0.064 +0.026
| R(D*) =0.293 +0.038 0.

: ‘ Belle19 - 7
" R(D)=0.307+0.037+0.016
iﬁ R(D*)=0.283+0.018+0.014

' R(D)=0.336+0.027 £0.030
' R(D)=0.280+0.018+0.029

- BaBar12
' R(D)=0.440+0.058 +£0.042
R(D*)=0.332+0.024+0.018

—

= —

o Arovage
' R(D)=0.340+0.027 £0.013
| R(D¥)=0.295+0.011+0.008 |

R(D) and R(D") exceed the SM predictions given in the last row of the table above, by 1.40 and 2.50 respectively.
Considering the R(D)-R(D")) correlation of -0.38, the resulting combined 2 is 12.33 for 2 degree of freedom, corresponding
to a p-value of 2.07 x 103. The difference with the SM predictions reported above, corresponds to about 3.080c HFLAV
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/html/RDsDsstar/RDRDs.html
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SUPERKEKB ACCELERATOR

oy 3 R
gz}’i 142 yi L

2er, o @ Re..

e+ 4 GeV 3.6 A |

Belle Il

—
e ——

- 7GeV 2.6 A|

/

y

» “Nano-beam” scheme and higher currents Wrt to 1st BA itoio Main Ring
» Larger crossing angle ® generation B ‘ |
» Lower By by 40% factories

Beamspot \

250 um (Z) X 10 um (X) X 50 nm (Y)

Low emittance positrons
to inject

Damping ring ” ——
YV 4

KEKB Su perKEKB Low emittance gun

,,,,,

Positron source

New positron target /
capture section

Low emittance electrons
to inject €
E (GeV) B*, (mm) B (mm) ¢ A L{cm2s1) —
LER/HER LER/HER LER/HER (mrad) x1035 iy

KEKB 3.5/8.0 5.9/5.9 120/120 11| 1612 i 02

SuperkEKB 40770 | (027/030)| 3225 | 415 8

Factor 20 Factor 2-3
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BELLE Il EXPERIMENT

* Acceptance ~41T and extended in the FWD

region. Pixel Detector (PXD) y —> -

e Vertex resolution (<100 pm), both along the
N : Silicon Vertex
beam direction and in the transverse plane. Detector (SVD)

\ ‘\I":
W Solenoid
Y 15T
: : C Be beam pipe \ v
e Very high reconstruction efficiencies for

charged particles and photons, down to e beam

7 GeV
momenta of ~10 MeV/c. Central Drift ©
Chamber (CDC)

Belle IT

e \lery good momentum resolution for a wide {T";P;-““'e"
range of momenta.

Aerogel RICH

e Precise measurements of y energy and counter (ARICH)
position, from 20 MeV to 8 GeV in order to
reconstruct z° mesons. Electromagnetic

Calorimeter (ECL)

e Highly efficient particle identification for
electrons and muons, as well as a TU/K K/ Muon
. Detector (KLM)
separation over from ~0.6 GeV/c to ~4 GeV/c.
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STUDY ON TAG EFFICIENCY

The main differences of this approach with respect to SL FEI are:
Give up the reconstruction of the intermediate D0 resonances (efficiency)
Use only the DY — Kz mode (purity)

8SL . %(B-i- —> EOX].V:L) gDO gx 81 . 8DO 8X
€poy B BB+ — DX1r,) eho &7 - Do
0.12

~Y

3 X[0.30+0.63(0.6587[04'0.358},)4—0.0785]N2.6

€1 BB — DX1uy) epo gy £, 3 Epo Ex
ee, BB+ > D1y BDO - K+X)e ey BOD° > K+X) g,

0.12
o~ x[0.30+0.63(0.656,0+0.35¢,) +0.07&f] ~ 0.2

a4

Tag Tag. eff. Y+ Tch.eff. &or
HAD fei 0.50% 1-prong 34% 0.08%
SL fei 1.00% lept 20% 0.09%
DO(Krr)+| 0.38% lept 20% 0.03%
DO(Krr)+I 0.38% 1-prong 34% 0.06%
K+l 5.20% lept 20% 0.48%
K+l 5.20% 1-prong 34% 0.83%

Eff. - Assumed (%)
m0: 40
Y: 60

Eff. - Measured (%)
Track: ~70
pr: ~40

- Anlindicates an e or a u mode, not
a sum over these modes {PDG}
- Tprmey, p

B.R.'s (%)

B-—Xlv: 11
B-—D0Xl-v: 10
T3 9
T—/:18

T 1-pr: 72
B-—DO0X: 79
DO—K-X: 55
DO—=K-rrt: 4
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THEORY - U, MODEL

+4 F Weak singlet vector LQ that can simultaneously explain Rx and Rp - Absence of the tree level
b — sli17

constraint coming from B(B — KO)wm). Such NP extension is non-renormalizable at loop

u u +
5 } K™ Jevel: additional assumptions must be specified (e.g. completions involving Z' and a color-octet

B* £< of vector bosons).
o 5L

Nl
~
+

"Simplified models with LQ states seem to be favored. Among them, the U; case stands for simplicity &

phenomenological success.” G. Isidori (FCPC)

LL At,a J,a RR 7i J RR i J
LO+ayi;Qp 7' Ul + xy55dpy"Us pep + 21Uy U wvg + hec..

'Genuine’ LQ: does not possess “diquark” couplings due to the SM quantum number
assignment.

x denotes the coupling matrices of scalar (vector) leptoquarks with the quark-lepton

Pairs  arXiv:1603.04993v3 [hep-ph]

U, = (3,1,2/3)
Q=Y+Ty=0+2/3=2/3

arXiv:2103.12504v1 [hep-ph]

Model Ry Rpeo ||Rge & Ry
Ss (3,3,1/3)| v X X
S1 (3,1,1/3)| X v X
R, (3,2,7/6)| X v X
Uy (3,1,2/3)| v v v
Us (3,3,2/3) v X X

TABLE III. Summary of the LQQ models which can accommo-
date R+ (first column), R, .y (second column), and both
R,y and R (third column), without being in conflict

with existing constraints. See text for details.
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THEORY - PREDICTION ON BR

arXiv:1808.08179v3 [hep-ph]

1()_4"///////////// 10_4
aBar —_ A% * BaBar
’g 10~ 5 BaB 5 10_5 ) a
10" 6.= f N 106
T / 1
Q1077 / A 10~
: ad
= 1078- . 108
E my,=1.5TeV Belle ; 10_9 L -
1010_17 IlO_15 10_13’“"" 10_11 1()_9 10‘7 2 4 6 7 8 9 1011 12 13 14
B(t-up) my, [TeV]

Gray points are excluded by current LHC data (36 b)) on pp = Il (I = u,T). The future LHC sensitivity is depicted by the red points,
which were obtained by extrapolating current data to 300 fb7, as discussed in Sec. 4.2. Blue points are allowed by all constraints,
including the extrapolated LHC results to 300 fb'.

[...] In particular we find the lower bound on the LFV mode B(B — KuT) fewx107 for any mass of my; in which Yukawa couplings are kept within the
perturbativity limits and in the minimal U1 scenario in which only left-handed couplings are allowed to take values different from zero. The upper bound is

superseded by the current experimental bound B(B —= KuT)®XP < 4.8x105, which can be improved both at LHCb and Belle II. Improving that bound by two
orders of magnitude can therefore either exclude or, if observed, corroborate the validity of the minimal U1 scenario.
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m(K) - COMPARISON WITH BABAR

ITT-I—SS

electron tag
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A
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1.0 3.5 4.(
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40t
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0.5

1.0 1.5 2.0 2.5 3.0 3.5 4.0

3000
2500
2000~

Events / 50 MeV/c?

S @

s 3

s 3
[

5001~

m(Kn) (GeV/c?)

all backgrounds
B*— K'tu*

- 0 -
T— (w) TV,
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80—
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Events / 50 MeV/c?
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T —TT T L A e |

signal MC

3 15 4
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Events / 50 MeV/c?

m+0S electron tag
600 SLxSL
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HADXHAD
400
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200 |
100
% =1 2 3 N
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120
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100
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40t
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%.0 OjS lfO 1f5 2.I0 2.15 3.10 3t5 4.0
2
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3000 (C) ]
all backgrounds
25001 ) -
B'— K't*u
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1000} —
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L l | l 1 1
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FEI PERFORMANCE

Tagging efficiency: the fraction of Y(4S) events which can be tagged)
Tag-side efficiency: the fraction of Y(4S) events with a correct tag
Tag-side purity: the fraction of the tagged Y(4S) events with a correct tag

HADRONIC

FEI efficiency (%)

Belle 11

Full Reconstruction (%)
BRI

SEMILEPTONIC

FEI efficiency (%)

Belle 11

Full Reconstruction (%)
Belle

~10% purit

~5% purit

Swapped?

47
B B
Hadronic
FEI with FR channels 053 % 0.33 %
FEI 0.76 % 0.46 %
FR 0.28% 0.18%
SER 0.4 % 0.2 %
Semileptonic
FEI 1.80 % 2.04 %
FR 0.31 % 0.34 %
SER 0.3 % 0.6 %

arXiv:hep-ex/1807.08680v4
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0S MODE - m(Kz) AND ROE
. . 1000
“ 1steut: 3-om(Kr) interval — effective on uds and charm o = uds /- charm
background 600 /
400
1200 200
© ¢ 7 mn signal_OS
1000 - Ve TV 982 1.86 1.88 1.90 1.82 1.84 1.86 1.88 1.90
800 | Mk (GeV/c?) My, (GeV/c?)
sool 10 x104
mixed charged
00} oo 7 /
0.6} s
200 /
‘ | 0.4}
982 183 184 185 186 187 188 189 190 191 02 /
Mkr (GeV/c?) . . .
0']9.82 1.86 1.88 1.90 1.82 1.84 1.86 1.88 1.90
Mkr (GeV/c?) Mky (GeV/c?)
© 2nd cut: The ROE, deprived of the 1-prong 7 daughter 2500 6000 (— —
. ” 5000 f -
candidate, has mostly zero tracks 1 ool
1500 b oo
1000 | -
500} 1000 /
6000
s000 © signal_0s 0 6 8 10 14 % 2 4 6 8 10 12 1
nroe (Tracks) nroe (Tracks)
4000 | 1.4 —
/ mixed [ | arge
3000 | 12p. ?
1.0F
2000 F ,
08}
1000 06l
o 2 4 6 8 10 04
nroe (Tracks) 02

0.0

4 6 8 10
nroe (Tracks)

14

12 14

o 2 4 6 8 10
nroe (Tracks)
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RECOILm_ - OS AND SS MODE

-
@p)]

electron tag

muon tag

500 [ 600 [
< 400 & s00f = Similar level of background for the
() [} i
& 300! S 400 two tag modes
o [ o f - .
= < 300 “ BB~ main source of background
0] 7)) .

9 2007 9 i
© © 200
g s |
© 5 I
- S 100}
Q Q

000 125 150 175 200 225 250 000 125 150 175 200 225 250
m. (GeV/c?) m. (GeV/c?)

1200 | electron tag S S 1400 | muon tag
% 1000 L 12004 = Main differences wrt OS case
() i v i .

O goo| © 1090} e Forthe signal: No swaps
S : o 800}
< 600} = | between i, .. and g5,
g | g eo0 .
&g 40of 5 00l e Higher background from CF
© I © L
g 200 & 200 ] decays /Iu'l‘
P00 125 150 175 200 225 250 900 125 150 175 200 225 250 Bt g DO< ~
m+ (GeV/c?) m< (GeV/c?) "‘y ., T lu
4
H U//t

Signal b.r. ~2.5x104. Still long way to go!
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BABAR RESULTS

TABLE IV: Results for the observed sideband events N i, signal-to-sideband ratio R ;, expected background events b;,
number of observed events n;, signal efficiency ¢p-¢,; (assuming uniform three-body phase space decays) for each 7 channel ¢
and B — h7{ [9] branching fraction central value and 90% C.L. upper limits (UL). All uncertainties include statistical and

systematic sources.

B(B — hrt) (x10°°)

Mode 7 channel Ng, ; Ry ;i b; ni €hre,i central value 90% C.L. UL

e 22 0024001 04+02 2 (26+02%

Bt - Ktrpt m 4 0.08+0.05 03+02 0 (3.2+04)% 0.8 719 < 4.5
T 39 0.0454+0.020 1.8+08 1 (41+04)%
e 5 0.03+£0.01 02+01 0 (3.7+0.3)%

Bt - Ktrtu~ " 3 0.06 £0.03 02+01 0 (3.6x07% —0.47T5, <28
T 153 0.0454+0.010 69+15 11 (9.1+0.5)%
e 6 0.095£0.020 06+£01 2 (22+0.2)%

Bt 5> Ktret " 4 0.025£0.010 01£01 0 (27£0.6)% 0.2 t21 < 4.3
T 33 0.0454+0.015 1.5+05 1 (48+0.6)%
e 8 0.10+£0.06 08+05 0 (28+1.1)%

Bt — Ktrte™ L 3 0.0454+0.020 0.1+01 0 (32+070%  —-1.3 )32 <15
T 132 0.035+£0.010 46+13 4 (8.7+£1.2%
e 55 0.017+0.010 09+06 0 (23+02)%

Bt - atrput L 10 0.11£004 1.1£04 2 (29£04)% 0.4 T31 < 6.2
™ 93 0.035£0.010 33+09 4 (28+02%
e 171 0.012+0.003 2.1+05 2 (3.8+0.3)%

BT s atrtyu~ L 89 0.04+0.01 36+09 4 (4.8+0.3)% 0.0 725 < 4.5
™ 512 0.050 £0.005 25+3 23  (9.1£0.6)%
e 1 0.050 £0.025 0.1+01 1 (2.0+0.8)%

Bt s atr=et " 16 0.0254+0.010 04+02 1 (28%03)% 2.8 7135 <74
7r 172 0.035+0.008 6.0+14 7 (5.8+0.3)%
e 31 0.0334+0.013 1.0£04 0 (29+03)%

Bt —» rtrte” m 247 0.012+0.005 3.0+12 2 (46+04)%  —3.1 121 < 2.0
™ 82 0074003 57+25 3 (3.7+£1.0)%
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SEMILEPTONIC B DECAYS - Belle 2 SEMILEPTONIC B DECAYS - Belle
B.R. Channel B.R.(CAT) B.R.(CAT)/TOT |B+->D0XIv B.R. Channel B.R.(CAT) B.R.(CAT)/TOT |B+->D0 XIv
0,05490 (anti-D*0 e+ nu_e 0,08528 0,79 0,098 0,31 direct 0,05790(anti-D*0 e+ nu_e 0,08180 0,72 0,100 0,30 direct
0,00050 (anti-D*0 pi0 e+ nu_e 0,64 from D*0 0,00030 (anti-D*0 pi0 e+ nu_e 0,63 from D*0
0,00113 |anti-D*0 pi+ pi-e+ nu_e 0,00000 | anti-D*0 pi+ pi-e+ nu_e
0,00075 anti-D*0 pi0 pi0 e+ nu_e 0,00000 | anti-D*0 pi0 pi0 e+ nu_e
0,00201 [anti-D*0 eta e+ nu_e 0,00000 anti-D*0 eta e+ nu_e
0,00050 (anti-DO pi0 e+ nu_e 0,00050 (anti-DO pi0 e+ nu_e
0,00023 | anti-DO pi+ pi- e+ nu_e 0,00000 | anti-DO pi+ pi- e+ nu_e
0,02310(anti-D0 e+ nu_e 0,02310(anti-D0 e+ nu_e
0,00015 |anti-DO pi0 pi0 e+ nu_e 0,00000 | anti-DO pi0 pi0 e+ nu_e
0,00201 [anti-DO eta e+ nu_e 0,00000 |anti-DO eta e+ nu_e
0,00100|D*-  pi+ e+ nu_e 0,00215 0,02 0,00070|D*-  pi+ e+ nu_e 0,00180 0,02
0,00100|D- pi+ e+ nu_e 0,00110|D- pi+ e+ nu_e
0,00015|D- pi+ pi0 e+ nu_e 0,00000|D- pi+ pi0 e+ nu_e Of which going to anti-D0
0,00030|D_s*- K+ e+nu_e 0,00060 0,01 0,00020 anti-D(2S)0 e+ nu_e 0,02990 0,26 0,16
0,00030|D_s- K+ e+nu_e Of which going to anti-D0 0,00050 | anti-D*(2S)0 e+ nu_e
0,00757 [anti-D_10 e+ nu_e 0,01950 0,18 0,11 0,00810(anti-D_10 e+ nu_e
0,00389 |anti-D_0*0 e+ nu_e 0,00910(anti-D_0*0 e+ nu_e
0,00431 [anti-D'_10 e+ nu_e 0,00810(anti-D'_10 e+ nu_e
0,00373 |anti-D_2*0 e+ nu_e 0,00390 |anti-D_2*0 e+ nu_e
0,10753 1,00 0,11350 1,00




