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Belle Il @ SuperKEKB

: : : : . Luminosity Projection
Highest luminosity collider experiment 151 LD

— L=6.5x10%° cm2s?
E.=10.58GeV on Y(4S)

* Just above the BB threshold to produce B meson pairs
efficiently

* Can go higher, Y(5S) and above
— Energy-asymmetric collisions

* 7.0GeV x4.0GeV

* To boost B mesons to measure time dependent CPV 1 |

— 50ab! will be accumulated around 2031 e EmLAmo e s
* Containing 1x10' B mesons, 1.5x10'! charm hadrons,
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Peak Luminosity [x10°° cm™s™"]

e+ 4 GeV 3.6 A

and 0.9x10* 1 ;1; .
* Processes with cross sections of O(1)ab are reachable P
. geb\nelul;evzn pipe SuperKE KB
Physics et

— Flavor physics : B,Dand t

* Including HVP with radiative return for muon g-2
— Light dark matter search
— And more

Add / modify RF systems
for higher beam current

New positron target /
capture section

[, qe] 7w



Belle Il Detector

* Significant detector improvements
— Better and Larger VXD = Time dependent CPV, especially with long lived Ks.

— Trigger improvement = single photon final state etc.

KLong and muon detector:
Resistive Plate Chambers (barrel outer layers)
— Scintillator + WLSF + SiPM’s (end-caps, inner 2
B . barre .

EM Calorimeter: ;
Csl(Tl), waveform sampling -‘\\\\\\\\\\\\}\

ification
stem (barrel)

electrons (7 GeV]

Aerogel RICH (fwd)

-
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers
\

positrons (4 GeV)

L

Central Drift Chamber
He(50%):C2Hs(50%), small cells, long le
arm, fast electronics (Core element)




Belle Il Cons and Pros (VS LHCb)

e (Cons.

— Statistics of b hadrons!! (1nb VS 144ub)
We will only have 10*! B mesons with 50ab! on Y(4S) and 5x108 B, with 5ab™* on Y(5S)

— No large samples of b baryon and B,
Production of these hadrons are not yet established around Y(nS).

— Proper time resolution is worse and B meson is not so boosted.

Background suppression with B vertex is not so easy
Bs mixing (Am,) can not be measured (while AI', can be measured).

LHCb Detector :
Weight: 5,600 tornes Electromagnetic e o ———
Heght: 10 m Calorimeter = R T
ength: 20 m
L .
| ]
|

Vertex
Locator

Tracking

Station :
- Hadronic

Tracking Calorimeter

Stations

Magne: Stations




Belle Il Cons and Pros (VS LHCb)

Pros.

— Smaller background cross section (O(1)nb VS O(10)mb)
* ~3.4nb for ee>qq, ~1nb for ee->Y(4S)>BB

— Almost 100% trigger efficiency for BB events.
* Main trigger : 3-track-trigger | | ECL energy sum trigger >1GeV || ECL nCluster >=4
* Absolute BF measurement possible.
— High hermeticity 4n x 94%
* High reconstruction efficiency of O(1)~0(10)%.
* Full reconstruction possible (Reconstruction of the other B meson)
* More than one missing neutrino modes = B->D(*)tv, B=>1v, B>K*vv, B>Ktt, B2 Vv
— Detection of electron
* Detection efficiency of electron is almost the same as that of muon =» test of LFU
* Easy to recover bremsstrahlung photon
— Detection of neutrals

7, n° and Ks can be reconstructed efficiently =» sum-of-exclusive approach B=>Xsl*l', B>n’n°, B>y
* Better energy resolution of hard y =» B—>py with good PID devise to suppress B>K*y



The First Collisions observed by Belle Il

e 26th Apr 2018 People excited by the first collisions

SuperKEKB control room

Event Display : e+e- > 88

-200 -150 -100

Belle Il control room
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Belle Il 2021

2019

ICS run since

Phys

World records

3.12x10** cm?5s1(31.2 nb/s)

L =

1.96 fb'l/day

Lint

12.1 fb'l/week
213fb! has been accumulated so far (Belle 1040fb1).

Lint

Exp: 7-18 - All runs

Belle Il Online luminosity
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Contents

AB=2 loop process : B%-B® mixing
AB=1 loop processes : Penguin B decays
— 3rd paper on B2>Kvv

Lepton Flavor Universality violation in B decays
Lepton Flavor Violating T decays
HVP in radiative return events for muon g-2

Light new particle searches
— 1%t and 2" papers on Z’ in Lu-Lt and ALPs

Sorry if | miss your favorites



BO-B® Mixing

BO-B° mixing is proceed via loop diagrams in the SM.
— The loop is dominated by top quark and W

New particles, such as SUSY particles or charged Higgs, can enter in the
loop

Two approaches to search for NP in B°-B® mixing (assuming no NP in tree
level processes)

— Unitarity Triangle s s i
v mang M = (M5 )sm x (1 + ha s ¥4

— NP amplitude and phase (h and o)
T. Goto et al, Phys.Rev. D53 (1996) 6662-6665
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Unitarity Triangle

Vaa\ Vaus/ Vi) -2 AN AN (p—in)
Vo=l Ve | Ve Vi | = -\ 1A A
Via ) Vis\ Vi) AN (1 —p—in) —AN 1

by Wolfenstein parameterization

Irreducible complex phase L{u+ V.V ,;5 —0

cause CP Violation!
(p, 1)

Comprehensive test; o
measure all the angles and sides. M

B system : very good place,
all the angle are 0(0.1)!



Unitarity Triangles : Tree VS Loop

* We can measure six observables; three angles and three sides.

— Can make two triangles from the measurements

e If UT drawn with tree measurements is not consistent with the one with mixing
measurements, it is clear NP signal

Mixing + B=21m, pmt, pp
) B,° mixing frequency

p=p(1-22/2), T=n(1-A\/2) LOOP side angle

phase 12




Consistency btw Two Triangles

NP contribution in B® mixing can be measured (assuming no NP in tree).
Both real and imaginary parts (h and &) can be determined

MES = (ME )sm x (14 has 2742)

|Vub|

b Tree

MMVl

13



Precisions of the Angles and Sides

* Precision will be limited by theory or lattice QCD except for
3
— Uncertainties of the sides ~1% Including theory and 1acp |
— Uncertainties of the angles ~1deg Hncertainties

— We experimentalists should reduce QCD uncertainties together with theorists

(Observables Belle Belle 11
(2017) 5 ab! 50 ab™!

|Vop| incl. 422-1073 . (1 £ 1.8%) 1.2% -

V| excl. 30.0- 1073 (1 £ 3.0%ex. + 1.4%.) 1.8% 1.4%
Vs incl. 447 -1077 - (1 £6.0%ex. +£2.5%.) 3.4% 3.0%
Vs excl. (WA) 3.65-1073 - (1 £2.5% 0 +3.0%,) 24% 1.2%
sin 2¢1 (B = J/¢K")  0.667 £ 0.023 £ 0.012 0.012 0.005
P2 [°] 85 + 4 (Belle+BaBar) 2 0.6

o3 GGSZ 68 + 13 4.7 1.5

Theory uncertainties not included for ¢, and ¢, Y



UT Before/After Belle |

Still uncertainties are large to
conclude

With current (in 2013) WA values, we
see clear deviation of some
observables

Before Belle Il
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M. Blanke and A. J. Buras, Eur. Phys. J. C 79 (2019) 159

Current Situation

See deviation?
Hint for NP in mixing?

0.4
0.3 ﬁ/
~ sin 23

0.2
AM,

ol AM,

0.0

0.0 0.2 0.4 0.6 0.8 1.0
D
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NP Interpretations

arXiv:1309.2293
. . t _ \7=17
200TeV NP scale can be accessible with Aij = Vi Vi
. . |C¥:j|2 (471')2 |Cf@'_j|2 4.5 TeV *
EFT analysis =t L2 GpAZ ~ N2 A . o= arg(CyAij).
rd, rd, Qo . S "
i“t-'fl; = (f'l,-flz',.s)sj[u[ X (1 -+ h{g,S e='7d. )
Ci» ) , Couplings NP Clloop SBcalesj (-111 TeVB} pro-bt-ad by
A2 (gi,L'—]”ﬁ(}'j._L) — order 4 mixing s mixing
|Cij| = [Via V5| | tree level 17 19
10(?) TeV in SUSY (CKM-like) |one loop 14 1.5
= 3 2
— Can see the deviations in loop (¢, and Am,) [Cijl =1 |tree leve 5 x 10
(no hierarchy) | one loop| 2 x 10° 40
Tanimoto and Yamamoto 2014, 2015
p-value T T T T T LI T T T T T |p-value1.0
a0 T I 1__[__|7 ] 1.0 3.0 exdudﬁaeah;sCL>0.95 @ ]
! * excluded area has CL>0.95 | %/} 0o Smetlle r _: 0.9
e 25 . 0.8
25 1 [—os ]
3 o . 1§
2.0 : E 05 ’ ; 0.6
S s 1 Hos S s A
1 Hoa - 0.4
1.0 E 03 10 . 0.3
2013 ] 2031 :
] 0.2 05 = 0.2
05 9 ]
] 01 ] 0.1
0.0 L PRt T ] 0.0 0.0 e L '__ 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5 17
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AB=1 loop processes : Penguin Decays

* EW penguin
e 39 paperon B2Kvv

t
b S

W=



BF(B>X.y

Exp and theory are in good agreement

Exp ~5% (systematic dominant)
Thoery ~5%

Constraints

H+in 2HDM type-Il : M, >600GeV

M. Misiak et al, 2002.01548

— Stop in Natural SUSY

l750'MET[GeV]

1500

1250}
1000}

750 R\

Model-I1I

Misiak and Steinhauser (2018) _

500¢

250¢ Model-TI

tanp

BF (b->sY)

Misiak et al 2015
3.36 £ 0.23

Belle 2015 711ib!
Semi-incl.
M, < 2.8 GeV

Semi-incl.
My, < 2.8 GeV

Belle 2009 605ib

Full-incl.
E,> 17 GeV

Full-incl.
E, > 1.8 GeV
CLEO 2001 9.1fb™

Full-incl.
E, > 2.0 Ge

Full-incl. had. tag
E, > 1.9 GeV
PDG 2018

WA

E, > 1.6 GeV
HFLAV 2017
WA

E, >1.6 GeV
Belle 11 2025

Babar 2012 429k’

Babar 2012 3471’

Babar 2008 210fb’’

—_—

—

3.75+0.18 £0.35
3.52 £0.20 + 0.51
3.47 £0.15 £ 0.40
3.32£0.16 £ 0.31
3.29 £ 0.44 £ 0.29

3.90 £ 0.91+ 0.64

3.49 £0.19

3.32 £0.15

3.36 £ 0.01+£0.11

Full-incl. = =
GeV

1.5 2 25 3 3.5 4 4.5 54
x 10

B(B - Xs Y)E7> 1.6 GeV

Baer, Bager and Nagata (2017)

-3

10°

O.d - ‘O.SI B 10 HI

T30 35
19
19



BF(B>X.y) in 2031

* Exp: Already systematic dominant

— But large Belle Il data can reduce the uncertainty to
Ishikawa’s private estimation

 Theory
— Part of Non-perturbative can be reduced by data driven way

— Other uncertainties also reducible

— 0 i
3.5% in 2025 Private communication with M.Misiak

2031
=Y T
[
8 40
30
Observables Belle 0.71 ab=! Belle II 5 ab~!  Belle II 50 ab~1! I
Br(B — Xs‘:r)%ig‘“&g 5.3% 3.9% 3.2% 108 ] Eﬁﬂi/ﬂcji;s exclusions
- had. ) . * i b d, :
Br(B — X,)had-tag 13% 7.0% 1.2% b e ; ]
- . . . . — ' gXpecteq, tv
) - & qﬂr -0 . (}H' ) —.: y ) ["_0 = I \ 1
Br(B — X, ) )sgm of-ex 1 J‘/ff { 3/f o A 3 Is 13_1-' ev A Bbserved, tb .
AO+(B — JY.SA_Ir)SUIH_C)f_eX 2‘1(/(/ [}9‘1(/(/ {J.‘:i&]‘% 2 ‘ 36'1 fb _____ ﬁlxpected tb |
Aoy (B — Xoygy)iadtas 9.0% 2.6% 0.85% !
: E
Belle Il Physics book 1808.10567 0.6 N el
200 400 600 800 1000 120021400

m, [GeV]



AACP( B> XS”Y) _ e

R LA B BLELELELE LR BRI
Belle 2004 140fb” +0.2+50+3.0
Semi-incl. Lep. Tag. + '
M, <2.1 GeV

Acp(B=2X.y) is sensitive to CPV in NP but theory uncertainty | .~ s

already dominant o 55 G R

Acp = F(J? — )537) — (B = X)) Sv[fzm —y e
T I(B— X))+ (B — X,9)

New observable AA_, is null in SM and sensitive to NP s e

M, <28 CeV
.-”_\.Acp = Acp(B+ — )i';l—’r) — A(_"_‘;J(BD — JX'SD’IF)

IIIIIIIIIIIIIIIIIIIIIIIIIIIII

2
=41 s——Im

Azs (C's) 15 10 -5 0 5 10 15

My Cr Acp(B = X.Y) *
012 Azg I Cs\ M.Benzke, S. J. Lee, M. Neubert, G. Paz, JHEP 08 (2010) 099
T\ 100 MeV c;)’
— Ex. SUSY with flavor violating trilinear couplings M. Endo, T. Goto, T. Kitahara, S. Mishima, D. Ueda

. and K. Yamamoto, JHEP 04 (2018) 019.
Belle measured the observable in 2018

— Found dominant syst error can be reducible = Belle Il further improve
the measurement

AAcp = [4+3.69 £ 2.65(stat.) &+ 0.76(syst.) | %  Watanuki, Ishikawa et al, PRD 99, 032012 (2019)

Observables Belle 0.71ab~' Belle IT 5ab™! Belle IT 50ab—*
AAC’P(B — X.Sf}’)sum—of—ex 2.7% 0.98% 0.30%

Belle Il Physics book 1808.10567 21



AAp(B=2X.y) and Constraint on SUSY

* Set alimit on parameter space in SUSY
— Gluino mediated EWP which explains £’/ from CPV trilinear couplings

A e

Excluded at 2o by Belle

AAcp (b—sy) [%]

Lines overlaid onto the figure taken from
M. Endo, T. Goto, T. Kitahara, S. Mishima, D. Ueda and K. Yamamoto, JHEP 04 (2018) 019.

22



Modak and Senaha Phys. Rev. D 99, 115022 (2019), 1811.08088

AA p(B—2>Xsy) and EW Baryogensis

CPV phase 0l
t

* Additional Yukawa coupling p appears in general

2HDM (no Z, symmetry) b P
A P
oo Mg Pij -
Yhij = \ﬁdws,@—a + ﬂcﬁ—a: H_/lt’
)\f pf.
f i ij
Y = 5%iC—a = =5p—a
’ \/_ \/§ Cﬁ_a=0.l, Ptt=At» MmMy+ =600 GeV
i f 0.15F v r r - r r n
,yf” - Pij
Aij \/57
0.1
* If p has complex phase, this could generate CPV
. . . 0.05}
and thus EW Baryogensis is possible - %
* AA_p is sensitive to phase in p g 0
]

* Combining H>bb coupling measurements at _0.05}
HL-LHC/ILC, additional bottom Yukawa and
phase can be searched

— If found it-> Higgs self coupling measurments at ILC500 AA., -0.15k

BF
ACME Electron EDM Re(Ppb)

0. 0.05

23
ILC H>bb coupling



LFU violation in B decays

* Recently, two hints of LFUV are found in b—=>ctv and b—=>sl*I
— Anomaly in b>ctv driven by LHCb, Babar and Belle.
— Anomaly in b—>sl*lI- Driven by LHCb

b—>ctv

B D /D"

o
A 4
ol

Tree Loop
BF~0(102) BF~0O(10°°)

24



R(D¥%)

LFUV in B decays

* Recently, two hints of LFUV are found in b—=>ctv and b—=>sl*I

— Anomaly in b>ctv driven by LHCb, Babar and Belle. ~AG
— Anomaly in b=>sl*I" Driven by LHCb  Naive combination of R, and Ry« ~4G

* Leptoquark and flavorful W’/Z’ models can explain the deviation

* + _—
w, BF(B>D%tv ) p. _ BB Hpp)
BF(B»D"lv,) B(B — Heve™)
I=e, 1 g B
=K K"K
I B A N I S S S S L R
| [0 HFLAV average sz =1.0 contours | E
04 :_ LHCb15 _: = E ' BaBar
- BaBarl2 . i 0.1< ¢*<8.12 GeV¥/ct
035 & lo =
B LHCb18 7
03 = e = . , Belle
C . 1.0< g2< 6.0 GeV/ct
0.25 ¥ Belle19 ~ Bellel 5 i
Bl HFLAV B LHCb 9 fb!
02f- e = o L1< <60 Gev'c
C R(D*) = 0258 % 0.005 PO =27% ] :
| P I T P P I T H
02 03 0.4 0.5 S SR S S ——
R(D) 0.5 1 1.5

Ry



Future Prospects on R(D™*)) at Belle

2year delay, Blue one is nominal scenario

" " . }-\0024_I T T T 17T L T 17T T 1T L T 1T T T 1]
Tagging effciency improved about factor2 £, ., Bellell  Projection (Feb 2018)
p= = .
We could observe 5c deviation of R(D) VS g’D“E;'ﬁE -
R(D*) in 2025 with 10ab™ or so if central Soots- \\\ -
value unchanged " RN -
O 0012- = . =
—  Sensitivity of R(D*) is 0.006 in 2027. = oo N oy
Then, model discrimination (Lorentz NIRRT PTTs pa—
. i ) 006 _o— 70% data Y(45), 6 moiithis RS
structure) with Polarization measurements 0004~ [P%daa YUS) St =g
0.002 - —®— 70% data Y(43), full 9 months, improved B,_ 4.1 o
—  P(D¥), P(D), Pp- O = woena T =TNEOTY UNCETTAINTY
0 2017 2018 2019 2020 2021 2022 2023 2024
Year
E. Kou et al. 1808.10567
g 0 C Belle Il Projection — 7T
o L —— Belle Combination é - Bele Il Proiecti _
0.45\— _E:l();)r o B Belle Combinati i
C —— World Combination - 5M clion: PRO8S 034025 (2012), PROET 034028 (2013) -
- - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) DS— — W} ]
04— -— PROST 034028 (2013) _
- - Tensor -]
0.35[— U:—
03l -
- 051 — .
0.25— - B i
- 1 o contours O I d ave rage B | u | 1
o 2 0.25 0.3 0.35 046
0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

R(D) R(D")



R [%]

Prospects on R, Ry« and R,, at Belle

* Ideal place to measure R,

— bremsstrahlung photon can be recovered easily, is problematic at LHCb

— Both high and low g? accessible

— Dominant systematics due to lepton ID ~0.4% is smaller than stat one even with 50ab
* We can observe NP using R, and Ry« with ~“20ab™ data in 2028

— if central values unchanged

* About 3% uncertainty for both high and low g* with 50/ab | o\ 1<¢2<6GeV?

— Assuming SM predictions for Ry High q?>14.4GeV?
107 < 10 — 102
N Bel Prospect = R Bel Prospect, &= N Bel = -
N .P pec IIEC \ ; Ifg X Prospect
401N ‘ o 401N 5 a0 N
30 \\\\ 30 N 30 X
\\ '\'.:\ N
20 N 20 NG 20 k\\
AN X AN
N\ AN XN
10 N 10 10 "R
Y ¥ of P o N Ry :1\\
LT [t torlow N LHCbh- 3 /fb for-lowX R
4 \\‘\ 4 \‘\\ 4 \\.\\\
X L NS N
2 —[14.4, max]GeV? 2 —[14.4, max]GeV* O - —[14.4, max]GeV
1 1- , 1
10™ 1 10 10 10 1 10 10 107 1 10 27

10°

[ab] [ab™] [ab]
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Angular observable P." in B> K*pp is also deviated from theoretical
prediction but this is dirty observable in terms of QCD uncertainty.

Q=

— first measured by Belle.

P. e—PS'“ is also LFU observable and thus clean.
https://arxiv.org/abs/1612.05014

— 5.3% for g%=[1,6]GeV? with 50/ab

This will be important discriminator for NP in P.” at

04

0.2

0.0

-0.2

-0.4

Overlaid Belle Il sensitivity

£ 2N N\ Belle t F
= 30 . o/le Il Prospect
o SO \PrandQ;
20 S
= NN
v Belle Il 50ab! 0 LN
e N
. N
EIH 4 SM : gray NN
—| NP : red 2 \\ A
[ e — — 3 s RN
N P_ L -_ P5'[4.0, 8.0]GeV
= C — .]_ 1 2" —Q, [4.0, 8.0]GeV>
10~ 1 10 10°
[ab™]
E 10 15 , . .
qz(GeV2) Capdevila, Descotes-Genon, Matias and Virto 1605.03156 28



https://arxiv.org/abs/2104.12624

Result on B*=2Kvv with 63fb1

Theoretically cleaner than B> K*|+|-
Related to

— LFU anomaly
— DMifvisreplaced with
— DM if vv are replaced with ¢

Efficiency of the other B meson tagging is low.
We tried to inclusive tagging.

— 0(0.1)% > 4%
The background is huge.

— Use BDT with 51 variables
Almost the same sensitivity as Hadronic tagging

B(B* - K*vi) = (1.9 4 1.:;.;~|;.1_|'::'r.‘._ala-_q_u) x 1073
(4.140.5) x 107° (90% C.L))

This technique can be used for other analysis

b S
t,c
v

z —
v

[0.93=BDT,<0.95 10,955 BDT,<0.97}0.97<BDT,<0.99] 0.99<BDT, ]
[ i : :

Belle 11 :
ffedi=(63+9) "

- BT K up 1
[ NeutralB |
=3 Charged B ]
B Continuum _|

¢ Data

i scaled by 2 ]

0
05 2.0 24350520 2.43.50.52.0 24350520 2.4 3.5
pr(K™)[GeV/c]

f/_‘}m?rage
T I Ty mevr
: "' BE Lhls work
1
1 1
I E?Hep{?g%’.,lnﬂihrn  BL)
|
i - Belle (711 fb !, Had)
: 3.0+16 PRD87,111103
i s 1
_._:_ | | E(—lhd}:izfn{ggg;m'- ! f_[dd+SL)
0 2 4 6 8 10

10° x Br(B*—K T vi)
29


https://arxiv.org/abs/2104.12624

Measurements of B2>K*)yy

* We can observe the B=>K*)yv at early
stage (several ab™!) of Belle I, and the

sensitivity of the BF is 10% level with 50ab2.

* We can measure the F (K*), which is less
sensitive to form factor uncertainty than BF,
with 20% precision

N

2
6)
~H —
O1 = 5 (FuPib) (77#(1 — 25)0)
632
— (G~ =l
On =~ (57, Pab) (77 (1 = 23)1)
Observables Belle 0.71ab=" (0.12ab™ ") Belle I 5ab~!  Belle I 50 ab~!
Bl[B+ — Ktuw) < 450% 30% 11%
Br(B” — K*%ui) < 180% 26% 9.6%
Br(BT — K*Tuir) < 420% 25% 9.3%
Fr(BY = K*vi) 0.079
Fp(BT™ — K*Tw) 0.077
Br(B° — vi) x 10° < 14 < 5.0 < 1.5
Br(Bs — vi) x 10° < 9.7 < 1.1
20190719 akimasa.ishikawa@kek.jp

T T T - T T
04 02 0.0 0.2 0.4 0.6 0.8
NP/ ~SM
C L /( L

— Belle + BaBar B — Kvv 90% CL excluded

Belle + BaBar B — K*vv 90% CL excluded
Belle IT B — Kvv 68% CL allowed

Belle IT BR(B — K*vv) 68% CL allowed
Belle IT B — K*vv 68% CL allowed
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B—2>tv,uvin SM and 2HDM

e BF(B>1v)in SM

— Helicity suppression : Amp o m_ 7 o3 o+
G2 mB m2 W+ H+
B(B — v) = g mg (1 — —£5)2f3|Vipl®T5 M
Q0 mB u Voo v
« BF(B>1v)in 2HDM type-Il
— No helicity suppression with Higgs exchange 10°
— Higgs coupling o< m_ e !f
B(B — tv) = B(B — 7V)sm X TH "E‘ o Ff
2
rip = (1- L tan?8)2 N r
"H LN S / ___________________
— BF only dependent on r,, (function of tanf3/m,,) D |
* The same can be applied to B>uv 00 /

0.0 0.2 0.4 0.6

— LFU (or 2HDM type-Il) can be tested with a ratio of BFs tanB/m [Ge\!"]
— — = H'
_ B(B™ — 7 7)
Pl BB = pwo )

| o ] o B |
m= (1 m: m}jr‘_ — iy : s (e
12 (1 —m? '-’Fll NP
mg | my/mg)

R
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BF(B>1v)and R,

Precision of BF(B—>1tV) at Belle
— 2x better tagging efficiency (the other B recon)

Integrated Luminosity [:Lh_l} 1 5 50 : " ,-
= — - tag-side signal-side
statistical uncertainty (%) 20 13 4
hadronic tag systematic uncertainty (%) 13 7 5
24 A ¥

total uncertainty (%) 32 15 6
statistical uncertainty (%) 19 8 3
semileptonic tag systematic uncertainty (%) 18 9 5
total uncertainty (%) 26 12 5

— —>charged Higgs search in next page
The ratio R,

m2 (1 —m?2/m%)?

1 - NP T 2 T 2
— 35% with 5ab* Ry = m2 (1 —m2/m%)? ] = 22237 [ e
. e L
—  13% with 50ab'? !
RO =2224£76, R =222+26.

T
Interval on Fp Luminosity Rps Ryl

5ab~! [—0.22,0.20] [—0.42,0.29]
50ab~t  [<0.11,0.12] [-0.12,0.11]
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A Scenario of Evidence for Charged Higgs

* B—>X.y:tanf independent
: tanf3/m,, = const.
* With 50/ab, M,=800GeV and tanf3=40 can be found.

C >
T

—

8._
0. B - tv

60 -

4
[ All combined
20 +

' B - X,y K — uv

Belle Il Physics book 1808.10567

xxxxxxx

0 500 1000 1500 2000
M., [GeV/c?]
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Lepton Flavor Violating T Decays

Forbidden in the SM

— Even with neutrino oscillation, the BF is tiny <O(10>%)

— If we find the decays at Belle Il, these are clear NP signals
Unique at Belle II.

— LHC can only search for t=>3u and t=2>puu but worse than Belle 1.

— Muon case, three experiments search for (1> ey, L1=>3e, and p-e conv. while Belle Il can
do the three for t case, 1>y, =2 ul+l-, and t=>phh.

Upper limits of O(107°) or less are possible

% 'y 1PT IS v’ I Ihh Ah 3
5 u
3 1[];_ a ..lll.l - ", . . _E
o C u L B o = - -
:: B_ " ...Il. L ]
10°g * L =
T v 5
. r v T ¥ \d ]
‘E T 1" v v ',' ¥ T ox T ox T n
W 10 E ¥ ¥ E
— E s T v =
g F oyt . . - T 3
— - v -
- a8 | = CLEO
E’. 10 = E 'Eaﬁar
C . elle
o Bk -
S f L. .. 1 - LHCb
_i 1u E_ . » W] . ™ e » . ™ _E - BE”E "
q E a 'L v . ow . LI 0 gq #3
O r . . . ™ . "..." * 7
L ™ _
E'?‘.ID-‘IOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
g .:".P‘?:D“.:.‘:T;?;Gxuk?s"cﬁ?ﬁmy_{ﬁ E&F‘ 33 EI.:H:I- 23w r'l::':&: = rﬁ?!“!”r B e et 0 et | 34
PV RO R0 'S ' g™ =’-q;|_q. poas jw. kR rr!iﬂffjﬂf-«h;hal B ey b

vEp'se s ein'y m—«ﬂl:lm BE R e



Single Photon Trigger

* At Belle, single photon trigger was not implemented
— Large trigger rate due to large background events
— So e*e>m*nwy and e*e > yA’, A’ invisible could not be studied

* At Belle ll, trigger and DAQ system has been upgraded and the
trigger was implemented
— Radiative return measurement and Dark Sector search are possible!



Radiative Return : c(e*e=2>m'ny)

|f current muon g_z anomaly |S true’ thls A. Keshavarzi, D. Nomura, T. Teubner 1802.02995
suggests NP in EW scale. T P "
— Need to improve both exp and EO TR ————
Radiative return is important for SM i )
calculation for muon g-2 e
There is a tension between and Babar NG S =
160 170 180 190 200 210 220
around p peak (a,*x 10'°)-11659000
We can measure c(e*te2>m*ny) at least
with a similar sensitivity as Babar (which is 1400
. . % ii E {%ﬁ % BESII (15) —a—
already systematic dominant). 1800 ﬁi{ PRI woscommn e ]
CMD-2 (08) +——s—
— Larger data set might allow to reduce the 5 " i oND (04 ]
systematic uncertainties = Moo i oMD-2(03) +—=—
— Dominant ones ? 1000 % R )
+  Luminosity 0.34% t;i 900 | ]
«  Pion-ID 0.24% % soo | frbding ]
— It takes a few years to reach such small 200 b F '
. g&ﬁ?E
systematlcs 500 N

0.74 075 076 077 078 079 08 0.81 082
\"IS[GE‘V] 36



Dark Sector Searches

e Very Rich program
— Unique E,, ~ 10GeV

— Highest Luminosity = low cross section
& Y SM sector

e Triggeris the key

— We implemented single photon trigger!

 Many NP models

— Lu-Lt gauged Z’ in ee2pupup, ppvy Mediators

— ALPsin ee>ay (a=2>vy) N, Z', ¢, ALPs
— Extra U(1) Model
Dark photon A’
—  kinetic mixing with SM photon 82=OL/OLEM
* Dark Higgs h’
Inelastic dark matter y, %,

— dark scalar in Y(nS)2>y¢ and B>K¢d Dark Sector
 Long lived also possible v, h’

— And your models




Phys. Rev. Lett. 124, 141801 (2020)

arXiv:1912.11276

The First Physics Paper

Dark Z’ search paper

— e*e 2uuZ’ oreuZ’, Z’->invisible

* Z'in Lu-Lt model
e LFVZ
* Both are the first searches

— With 276 pb'!

Ly-Le (0bs.) 90% CL UL
L,-L,. BF(Z'— inv)=1 (obs.) 90% CL UL

Belle Il 2018

— Ly-L; (sensitivity) UL

¢ = -1
J Ld{ - 276 pb -—-Ly-L;. BF(Z'— inv)=1 (sensitivity) UL

4 5 6 7 8

| 1 2 é
M,. [GeV/c?]

e-o(e’e — eyt invisible) [fb]

80

50 |
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30 |

20

10 L
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60 £

Belle Il 2018
Jm =276 pb’

e (obs) 90% CL UL

—————— &0 (sensitivity) UL

(s SR S S PP S B

0 1 2 3 4 5 6

Recoil mass [GeV/c?]


https://arxiv.org/abs/1912.11276

With SOfb-l We already have 213fb!

o ete" 2uuz’, Z’2invisible

— g’ <10*for m,<2m,

, Belle Il simulation for [L dt = 50 fb~ 90% CL
10 = T 3
- )
5
o
©
-1 o
10 E
(g-2u*29]
O 52 Trident 4
107 BN Belle Il expected: —— L, —Ly -~ BF(Z' »inv)=1 1
Belle Il PRL124, 141801: o L, — L, BF(Z'=inv)=1 |
PN [N T N T [N T TN T [N S TN SN T N TS Y SN N AN MO ST N1 P T N S N S
6 7 8 9

‘1 — 2 3 4 5
mz [GeV/c?]

Invisible mode is accessible to m, < 2m, region
to which is not possible with Z’=> uu



Phys. Rev. Lett. 125, 161806 (2020)
https://arxiv.org/abs/2007.13071

Candidates [ (1 GeV?/c?)

The Second Paper

Belle I

Bellell

 ALPs:e*e 2va, a2>yy
—  With 445pb?

In barrel ECL, Belle Il has no
projective cracks in d) w.r.t. BaBar:
— more hermetic
— more efficient

* No proximity ECL o
* Two technique used in terms of mass resolut

— Invariant mass for mA<16GeV
— Recoil mass for mA>16GeV

e Best limits around 500MeV
* This region is only accessible with Belle II.

Recoil mass Invariant mass

700
Data
a00 [ ?e:e [ (2018)b . 2 ete —rly(y) - Belie It (2018)
Ldt = 445 pb~ Em ete” —eteT(y) 600 | = -3
S b [Ldt = aa5pb=t 3
(a) <%, MC stat. uncertainty > sop [ (B)
(1
Y] t
— 400 |
-
v F
% 300 04 08
2 2;~4
B 200 Mw[GeV fc?]
2
+
] [
8 100
0
0 20 40 60 80 100 0 20 40 60 80 100
M2_, [GeVZ/c?] M2, [GeV2/c®]

Qayy [GEV_1]

Invariant mass

\Q

101
1072
10°3
1074
10°%
1078
1077
E . High Energ. Phys. (2017) 2017: 94,
10—8' T LS G e | N S e.,
107 1073 1072 1071 10° 10!
m, [GeV]
10-2 £ ee-yy E
F 2
c
g
o © Belle Il
| c:_|||
= 103k |
— \ NAG4 %’d% \ \ &
% PN e N
o 10~ :_ee-oy-i- %,% AY
Gayz = 0
10-5 1 1 1
10~ 102 10™1 10° 10!
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https://arxiv.org/abs/2007.13071

With 135fb

We already have 213fb!

ALPs : e*e >va, a=2>vy

— gaw"‘lo'4

Belle I expected sgnsifclil\l(ityI(prle!jrninarly)lI

-
‘—""

T
-
) . E
O ,
10 ~ 2t ;
c% \ 2018 data set

This region is only accessible with Belle II.



Dark Photon A’

Extra U(1) model

— Kinetic mixing with SM photon
— Both visible and invisible decays

Visible decays with 50ab!

eed3yA'dye e, yu w, prompt

1074 b

w 1072 g

102 E

10

e, ,T,T

Invisible decays 20fb!

E787, 949,

Expected sensitivity Belle 11 20 fbo™! (simulation)

| M| el T

1072 10~ 1 10
m, (GeV)

= + + =
e ,u ,m,T

invisible

invisible
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Inelastic Dark Matter

Dark photon and two dark matter ¢, and
Y, With small mass splitting = can be
long lived

5 parameter model:
ma (fixed relative to myq)
my1 (scan)
mass difference A=my2-my1 (categorical)
dark coupling ap (fixed to benchmarks)
kinetic mixing parameter €

The event tagged with photon but we
are developing the dedicated trigger for
displaced tracks.

10~

e, u, hadron

e, ut, hadron

Vertex detector

Drift chamber

LD = 0.1, my =25my,. A= 0.4m,,

4 10—5

J 10—6

-
T
L

>
-1.0¢p 1000 7 g
[ Belle Il Simulation o] 8 T
—15F pay 107 =
SE B o 3
F A= 0.4!7?)(1, mar = 2.5mx1 100 © v 10*3 =
-2.0F — 11072 2
b o 3
-25[ 2 T
w F 50 o : 110710 )
b wn 4| ==== thermal target (QDMh2 =0.12) =
g =-3.0 4&‘ 1 cm Yo decay length =
o E 10 T 60 cm y2 decay length SRS E 10711
=35 > = Belle Il mono-y proj. rescaled £ i ™
b L mm Sensitivity of displaced search | i _12
—-4.0 F TU E=3 BaBar mono-y limit rescaled | 110
r 5 c . .
[ —1 0 1
—4.5 [ cut and count o 10 o 10 10
: n 1y, [GeV]
_s5,0tL il L L 3
1072 1071 100 10! #

x1 Mass (GeV/c?)

JHEP 02 (2020) 039

Calorimeter

Muon system
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Summary

Belle Il started physics run in 2019 with almost full detector
We have accumulated 213fb1so far
Wide physics coverage

— B physics

— Charm physics

— Tau physics

— Radiative return

— Dark sector searches

The 15t and 2" paper on dark sector published.
The 37 paper on B>Kvv submitted to PRL.

https://confluence.desy.de/display/Bl/Public+Belle+II+Publications

We are resuming the operation from Oct 2021 aiming to accumulate
~700fb! by next summer.

Stay tuned.


https://confluence.desy.de/display/BI/Public+Belle+II+Publications

Flavor Physics Workshop 2021

443 FPWS ZRIMELET

FHEDFHKIZIL Best Talk Awards DREZLHYET DT, LALITHIX
SMLTT LY, T—7I& Flavor Lo TH., BENZELITNIXOKTT,

AAR—2H ER & (&4ER)

B A (BTRX) “KEKTR RE—A51 S BBICATEE— ABES 21— 3>
“Search for U(1) _{mu-tau} charged Dark Matter with neutrino telescope”

Ti— i (AIRK)
*1-PARC KOTD%ﬁ#C_&BH%J \O—KL—2ySEEFHOFTO S HIRTTE0MR”
-

NI BiE (ERK)
“MEGIEECO U TERETT ./ >N > iR sz

https://agenda.hepl.phys.nagoya-u.ac.jp/indico/conferenceDisplay.py?ovw=True&confld=1771
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Thank you for your attention
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B Decays with Multiple v

We need to tag the other B meson which is not so easy at LHCb.
— Can go to rest frame of the other B meson thanks to 4-momentum conservation
— B—->Dtv, B2>1Vv, b=2svv, b2>stt

Three tagging methods

— Inclusive tag
— Hadronic B tag
— Semileptonic B tag

signal-side
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Improvement of Tagging

wpe(l
1099939(]

* Full Event Interpretation (FEI)

— Tagging method using multivariate technique

SOOTNME ]
aelg
reurq

e Hierarchical reconstruction

— More tagging modes than Belle 1 | SR 5
— Both hadronic decays and semileptonic decays can /// :
be used \\\?\\ /i; “‘x ;
* About 2 times better tagging efficiency than \ /IR

Belle 1 (FR).

Improvement of Detector and

1600000
Improvement of Algorithm  Increase of Background effects B signal (signal)
1400000 | M evtgen-charged (signal) |
1200000 I evtgen-charged
2 ) I evtgen-mixed
E 1000000 | MM evtgen-charm
Tag FR* @ Belle FEI @ Belle MC FEI @ Belle II MC w B evigen-uds
o S00000 qed-tautau
Hadronic B+ 0.28 % 0.49 % 0.61 % £ o i
Semileptonic BT 0.67% 1.42 % 1.45 % -
Hadronic BY 0.18 % 0.33% 0.34 % 200000
Semileptonic B° 0.63 % 1.33% 1.25% '
0
R B



FEI successfully reconstructed

hadronic B decays

FEI with real data

Belle Il preliminary

I Correctly reconstructed Jedt=5.15fb"1

U 4000 [ MW Continuum & mis-reconstructed ]
> ¥ Data
& Ngs, =7425 + 152
3000 ]
n Py > 0.1
[=]
<
S 2000
g
b
€ 1000}
&
0
_ 25} E
S pof——— |_|I_||—|_‘_‘_‘|—|_I_II
(=1
2sp
5.24 525 526 5.2/ 528

Missing mass distributions for

B—>Xet*v with the tagged B meson

Can be used for |Vcb| measurement
and extraction of HQE parameters
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Time dependent CPV in b=>sqq decays

* b—>sQCD penguin

In the SM, the CPV parameter sin2¢,*" should
be consistent with sin2¢, with B->J/yK°

New particles with new source of CPV phases
can enter in the loop

If deviated from sin2¢,, observation of NP

some of recent QCDF estimates
» Goldedn modes S — sin2p
B—> 0Ks
B->M'Ks >
B—>KsKsKs

~2% theoretical error

Asin2f
* Current measurements are consistent with
B—2>J/ywKP with large errors
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LOSO.S
o 0.4
° —_— 0.3
TDCPV in b—>sqg
0.1
The error is comparable to theoretical uncertainty
of 0.02 oo
Observables Belle Belle 11
(2017) 5 abh1 50 ab~! 0.01
sin2¢1 (B — .]/L_-‘Z-'KO) 0.667 £ 0.023 £ 0.012 0.012 0.005
S(B = ¢K") 0.9070% 0.048 0.020 0.005
S(B — ' K9) 0.68 £ 0.07 £ 0.03 0.032 0.015

Constraints on NP models

— SU(5) SUSY GUT + degenerate v, with inverted hierarchy
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