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Talk Outline

Introduction

Belle Il physics program
» CP violation & CKM
» Lepton universality tests w/ tree and loop processes

SpTon TRVOT VIOHHON  IThe Belle Il Physics Book” |

edited by E. Kou & P. Urquijo |

* Dark sector

* Hadron spectroscopy

Summary
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Perfect SM

CP violation explained by the mechanism proposed by
Kobayashi and Maskawa.
Higgs has been discovered and its couplings to fermions
are being measured. Hy
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Problems in the SM: naturalness, dark matter, matter-
antimatter asymmetry in the Universe, ...

New Physics beyond the SM



Role of Flavor Physics

Search for New Physics (NP) through processes sensitive to
presence of virtual heavy particles.

Complementary to direct search at LHC high Pt programes.

Becoming more and more important, since no NP signal at LHC at
this moment.
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SuperKEKB/Belle |l

New intensity frontier facility at KEK
» Target luminosity ; Lpeak = 8 x 103°cm-2s-!
= ~1010 BB, T*T- and charms per year !
Linc > 50 ab-!
* Rich physics program
Search for New Physics through processes sensitive to virtual heavy particles.
New QCD phenomena (XYZ, new states including heavy flavors) + more
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SuperKEKB Accelerator

® Low emittance (“nano-beam”) scheme employed (originally proposed by P. Raimondi)

Machine parameters TN (vithout crat)

SuperKEKB KEKB
LER/HER LER/HER

\\“:\ S22 mrad ~100um- /-

E(GeV) 4.0/7.0 3.5/8.0 crossing angle a5 mrad e

crossing angle

Replace short dipoles with
longer ones (LER)
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Belle Il Detector

* Deal with higher background (x10-20), radiation damage, higher occupancy,
higher event rates (LI trigg. 0.5—30 kHz)

* Improved performance and hermeticity

\
KL and muon detector:
r— Resistive Plate Counter (barrel outer layers)
= N 'IIator LSF + MPPC (end-caps, inner 2
J
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e S ication

~—— ' PR ation counter (barrel)

electron (7GeV) ) ‘ef0€e| RICH (fwd)

EM Calorimeter:
Csl(Tl), waveform sampling elec

Vertex Detector
2 layers Si pixel (DEPFET ) +

4

4 layers Si double sided strip/D88i —~— . .-

Central Drift Chamber N
He(50%):C2He(50%), Small cells, long lever
arm, fast electronics '

Belle 11



The Belle Il Collaboration
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* Belle Il has now grown to ~ 1000
researchers from | |12 institutions in
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Belle Il Physics Program

1808.10567

Observables Expected the. accu- Expected Facility (2025)
. racy exp. uncertainty
PreCISlon CKM UT angles & sides
o1 [°] ok 0.4 Belle 11
é2 °] ok 1.0 Belle 11
. o o3 [° otk 1.0 LHCb/Belle 1T
CPV in b—s penguin decays [V, i Bell
|Vep| excl. ok 1.5% Belle II
|Viup| incl. X 3% Belle 11
Tau on i C d ecays |Vup| excl. K 2% Belle II/LHCb
C'P Violation
S(B — ¢KY) Hoxk 0.02 Belle 11
FC N C S(B = n'K") HHk 0.01 Belle 11
A(B — K%79)[1072] ook 4 Belle 11
AB — KT77) [1077] ok 0.20 LHCb/Belle II
(Semi-)leptonic
Charm d ecays B(B — 7v) [10~°] = 3% Belle 1T
B(B — pv) [1079] Hk 7% Belle 11
R(B — Drv) ok 3% Belle 11
R(B — D*rv) HHk 2% Belle II/LHCb
LFV Td eca)’s Radiative & EW Penguins
B(B — Xsv) *k 4% Belle 11
Acp(B — Xs 4y) [1072] e 0.005 Belle II
S(B — K2gn° ’y) otk 0.03 Belle 11
+ S(B — py) ok 0.07 Belle II
B(Bs — vv) [1079] *k 0.3 Belle 11
B(B — K*vp) [107°] Hoxk 15% Belle 11
B(B — Kuvw) [1079] ok 20% Belle 11
Had ron SPeCtI"OSCO Py R(B — K*00) ok 0.03 Belle I1/LHCh
Charm
B(Ds — pv) otk 0.9% Belle 11
Darl( Sector B(Ds —>TV) *rk 2% Belle I1
Acp(D® — K270) [1072]  ** 0.03 Belle 11
lq/p|(D° — K07r+7r_) Hoxk 0.03 Belle 11
p(DY — K2ntn™) [0 ok 4 Belle 11
Tau
T — wy [10719] Ak < 50 Belle II
T — ey [10710] ok < 100 Belle II
T — pup [10719] Aok <3 Belle I1/LHCb

Ultimate measurements down to theory error !



Advantage of e*e- Flavor Factory N

Clean environment Bsg TV, T WV //

) Buag—> Dn, D Krun

Efficient detection of neutrals (Y, 1%, 1, ... %

Quantum correlated BOBO pairs
High effective flavor tagging efficiency :

~34%(Belle Il) €= ~3% (LHCb) A\ e e
Large sample of T leptons < |
Search for LFV T decays at O(10-%) k

» Full reconstruction tagging possible T Tagside  Signal side 0
A powerful tool to measure; >,\ Y(4S ’L»
4 = -
* \
Btag BSiQ \\\ l
* \
\

b—u semileptonic decays (CKM) K
decays with large missing energy T

)
T V
+  Systematics different from LHCb B— TV
Two experiments are required to establish NP B—=TV,DTV

B— KvV



efficiency (%)

Belle Il Full Event Reconstruction

e Belle Il has developed a new “Full Event Interpretation” tool

based on fast BDT.

Tag algorithm date MVA Efficiency Purity
Belle v1 (2004) Cut-based (Vcb) - -
Belle v3 (2007) Cut-based 0.1 0.25

Belle NB (2011) Neurobayes 0.2 0.25
Fast
Belle Il FEI (2017 . 0.5 0.25
( ) BoostedDecisionTree
Belle || MC Belle || MC
0.7;— - l I = % '.\ T T
0.6; \\\ *BGx0 é 1__ « BGXO
0.55_ . \\\.\ * BGx1 _: % 0.8;— . \\\\ * BGx1 _:
0.4 Tl 1 osf N\ -
0.3:_ “e_ " e \“\‘ _ : \\\\ 4
g ., A 1 0.4 AN ]
0.2 e ®a . L e
r '“-».‘ ®e, [ N .
01f RS B e,
20‘ . .310‘ - ‘410‘ ‘ ASIOA - ‘610‘ A .70‘ - 86 ‘ .90 ot 2'0 3'0 20 5'0 6‘0 7'0 .;';.
purity (%) purity (%)

e +NEW FEI method based on semileptonic tag
Fast BDT taginB->D(*)lv+B->D(*)mtlv.

More recent update: 1807.08680

Number of decay modes used in tagging
(Belle — Belle Il)
- B*: 17929,B% 1426
* D*/D**/Ds*: 18—26,D0/D™: 217

Bt modes

|

BY modes

BT — DOxt

BT — DOqrty0

BT — DOt 0x0

BT = DVstata—
B+ - D D"

B~ D*Oz+

B~ D*Opt 70

B~ DOxtrtr—
Bt — D¥ptatpr—70
BT — DD

DfD*0
DK+
D—atgt
Jp KT

JHp K Tmrr™
Jp K+ 70
Jhp 1\'97\‘+

B 5 D xt

B® - D—xt70

BY D~ xtgta—
B" — DD~

BY & D*~gT

BY - D*~gtq0
BY - D*ntntn—
B - D* gtatr—n0
BY — DD~

BY — D} D*~

B — D D*-

B = JW K"

BY — Jhp K+rt
BY — Jh K9ntm~

D atatz0
Drtata—xn?
DD
D'DYKY
DD K
Bt — DOD*t K0
B+ D*D*+ K?
BT — D'DOKt
BT — DDV K+
B* - DD K+
B* — D*D*K+
Bt — D*0pt 070

o
|
S A A A e A A A A A A

B o D xta070
BY = D atgta— a0
BY — DVxtr

BY 5 D DK
B+ D DK
BY — D* DVKH
BY — D* D*OKH
B - D~D*K?
BY - D* "Dt K?Y
B = D-D*tKY
B - D*~D** K"

BY — D* ntg0x0

DT, D*t D} modes

D", D* modes

Dt - K—ntat
Dt - K—Ktrnt

D+ s KOx+
Dt — K9r+z0

D DO7T+
D*t — D*70
D} - KTK?
D} - K*tnta~
Df - KTK—xnt

Df - ntatr—
Dt — D¥al

DY 5 K rntats0

Dt - K- Ktxtzgl

DY — Kntrta

DY - K*K-wtg0
D} - K*K% ™
Df - K- K%*trt
D} - KtK—ntntr

DY 5 K7t

DY K ntrnV
D K—wtmta—
DY & =gt

DO & 7= gtq0
D% — K970

DY — Kntn—
D® » Kontm— 0
D° - KK+

D’ K K"K
D*0 _y D00

D*0 DO’)’

Dt — gtql

Dt — ntatq/
Dt » rtayrn
DY - K¥KYK?
D*t —v D+’,Y

D¥ 4 Kont

DY = Kortq0
Dt — DfqY

0

1

DY 5 K—gt+7070

DY - K—gtrta—x0

DO 5 r—rtata—
DY 5 7= xt 7070
D - K- Ktq0

Below line: not used in Belle NB tag.
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CKM fit w/ Belle Il + LHCb

Input Current WA SM value Belle I1 SM value Belle II+LHCb
A 0. 8277 F0-00GG 00075 00024

M. = -
p 0.1504 755060 " 0.0044 T0.0040 1808.10567
77 0.35 40'!'0.00069 +0.0037 +0.0036

—0.0076 —0.00040 —0.00037
. . —1
Current world average Belle |l projection @ 50ab
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CKM fit w/ Belle Il + LHCb

Input Current WA SM value Belle I1 SM value Belle II+LHCb
0.0066 0.0025 0.0024
A 0.225435%;{,9{)3; ‘8%30 ‘8‘38930
p 0.1504 ™ 6069 " 0.0044 “0.0040 1808.10567
_ 0.354010-00069 +0.0037 +0.0036 ’
] 354075 0076 —0.00040 —0.00037

E—— — - S —— — — — — ISR S

M(ll.zs _ ( (11.25)SM % (l + hd’sezi()'d_s)
Relative amplitude (h) phase (o)

d
Belle Il 50ab! + LHCb 50fb1

p-value
T | T T T T i 1 -0

—

0.3 9




B-B Mixing and New Physics

Cii
A_zj(qz',l_?"‘qj',l_)z’

13

J. Charles et al.,

2 2 2 2
P15 Cij|” (4m)*  |Cyyl® (4.5 TeV PRD89,033016(2014)
o 112 G-A2 2112 A ’ :
|45i1° G |41 Couplings | NP 100p [Scales (in TeV') probed by
oo order |Bj mixing| B, mixing
o = arg(Cijd;j), Cij| = |VesVes|[tree level| 17 19
(CKM-like) |one loop 1.4 1.5
A = ViV ICij| =1 |tree level| 2x10° | 5 x 10°
(no hierarchy) | one loop | 2 x 10° 40

Mass reach (CKM-like): O(l)TeV — O(10) TeV !
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CP Violation by New Physics

» Belle Il provides precise time-dependent CP violation measurement
for rare decays (Penguin decays) to test possible NP phase.

Belle Il projection for sin2¢p =ff
from b—s s s processes

pelte Ouly 200¢ o quperE8 0 ab)
0 5 2‘ 0 4 [ T T T | T T | | |
;i vig -— - 1
0.4 %y, New Physics g i Belle Il fl_ =50 ab ...’.
0.3 N (SUSY GUT, Warped Extra Dimension, e 1 1 . A* *
String-inspired MSSM, . ) Y 0 2:_ :*A- n B

2~ < i I
= °
£ 1 e
3 o R t
: o 0 !
o 007 ¥ L4 ¥+
< 006 B

0.05 | +£+ A‘

004 | i &4 A®

003 -0.2— * A

I e
002 - . o JyK, (S =0.70)
.
0 4_ *e A MK, ($=0.55)
0.01 3 —_ ] e —_— ""'2 o A T S N A T T SO NN AN T SO T NN HN S SR N
10 1 10 10 -10 -5 0 5

Integrated luminosity (ab™)

10
At (ps)

Improved performance w.r.t. Belle
vertex resolution
acceptance for Ks = 1111
decay vertex
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Lepton Non Universality

Observed deviation from SM
(as of Spring 2018)

: B—D) Ty
B—K*lI . _ v & KO | xw 41‘1’
o 1 (D) |2 s
’ 4’_@_’; . o Ps’(B—K*uu)
Vup incl/excl. o o Bs—buu Y (2-2)u

0/ K

\ \ \ | \ \ 1 | 1 1 VvV
0 2 4 K

deviation from SM |[0]

It is important to test lepton universality precisely.
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B—-D(*)TV,B—TV

New Physics may appear at tree level.

3rd generation quark (b) and lepton

(T) involved.

* large masses — sensitivity to NP
* Charged Higgs, Leptoquark, ...

B—=D® TVvand B— TV are

complementary

Quantities of interest

* Lepton Flavor Universality :

« R(D),R(D*)
* Polarization: P+, Pp*
* qg? distribution etc.

\

W-/H,




R(D¥)

R(D), R(D%)

0.35

0.3

0.25

0.2

Spring 2019 update

I I I I I I I I I I I

[ HFLAV average

I I 1 1 I I 1 I

Ax* = 1.0 contours

[ LHCb15 .
- BaBarl?2 ]
L LHCb18 J
L T Bellel9 ~ Bellel5 _]
B Bellel7 ]
— + Average of SM predictions HFLAV

B R(D) =0.299 £0.003 pring 2019 | —
B R(D*)=0.258 £ 0.005 P(x2) =27% .
B 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 H

0.2 0.3 0.4 0.5

R(D)

3.1 0 deviation from SM

R(D)

R(D%)
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BaBar (2012), had. tag
0.440 £0.058 £0.042

Belle (2015), had. tag
0.375+0.064 £0.026

Belle (2019), sl. tag
0.307£0.037£0.016

Average
0.340 £0.027 £0.013

SM pred. average
0.299 +0.003

PRD 94 (2016) 094008
0.299 +£0.003

PRD 95 (2017) 115008
0.299 +0.003

JHEP 1712 (2017) 060
0.299 +£0.004

FNAL/MILC (2015)
0.299 £0.011

HPQCD (2015)
0.300+£0.008

HFLAV

1 I 1

¢
.
-

-.-

0.2

R(D)

BaBar (2012), had. tag
0.332+£0.024£0.018

Belle (2015), had. tag
0.293 £0.038 £0.015

Belle (2017), (had. tau)

——
.

0.270+£0.035 £ 0.0Z7

Belle (2019), sl.tag
0.283 +£0.018 £0.029

LHCb (2015)
0.336 £0.027 £0.030

LHCb (2018), (had. tau) |

0.280+0.018 £0.029
Average
0.295+0.011 £0.008

SM pred. average
0.258 £0.005

PRD 95 (2017) 115008 &

0.257£0.003

JHEP 1711 (2017) 061
0.260 +0.008

JHEP 1712 (2017) 060
0.257 £0.005

HFLAV

-

-

0.2



R(D¥*)
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Belle |l Projections

* Lepton universality violation may be established even with 5ab-! (2020).

* High statistics data will provide more detailed information, such as T
polarization, g2 distribution, to discriminate type of NP.

1 T T T T I T T T T I T T T T I T T

Belle Il Projection
Belle Combination
SM prediction: PRD85 094025 (2012), PRD87 034028 (2013)

Scalar
Vector PRD87 034028 (2013)

Tensor

=
(o8}
I

Z' i Iafb-1 / [& \\
L 2o zsz( / S/P’P \\\

- son’ NOPR .\ C NN
NP, )

O
38
!

0.5

Illlllll

IIIII|IIII

P
-
)
O
|
o
N o
| I I
\%
N A O
o O O
Iolllollo

0.28}
0.265— JiHey | !Bcllc n ﬁ - _— u - 8 9 ;g(G;\}%;)?
: SM EFuture WA [Z]SM prediction - - , | , .
0.24 03 ‘ 035 . 04 . 0.145 d "0 03 = 035 0.4 spectrum in B> D* T v (HT)
arXiv:1709.10308 R(D) R(D")
. . . |
AR(D) [%] AR(D*) [%] More observables (distributions) !
Stat Sys Total Stat Sys Total *  P(1), P(D¥)
Belle0.7abt 14 6 16 6 3 7 » dl/dq?, dl'/dppe), dl'/dp, ...

Belle Il 5 ab! 5 3 6 2 2 3
Bellell50abl 2 3 3 1 2 2

* More modes !

c B—-oT1TY,
Will soon hit the systematic limit ! . Bs— Ds TV (at 55 runs)



Lepton non-Universality (loop) :

K- Tension in existing data ...

-9-1.HCb -m-BaBar —a—Belle

vz - Q0@ < TG
(N PhX ) |5-— I\ 3fb’l h RK
ew )’SICS ’ 0
= S
- b SM
Br(B — Kjpuu) “F PRL 113, 151601 (2014)
R(K) — :. s o J o o sl s a1 A:
BT(B — K@@) 00 5 10 15 20
a2 [GeV?3 4
= 0.7451007 £ 0.036(1 < ¢ < 6GeV?) o
26 T from SM < L JHEP 08 (2017) 058 -~
sk ]
- BT(B — K*ee) 1.0 - i T
= 0.66105 4 0.03(0.045 < ¢ < 1.1GeV?) 05 ® Licy ]
| LHCp oo oo so(a012 032012 Tk
= 0.6970:5r £ 0.05(1.1 < ¢* < 6GeV?) I N

a2 [GeV2 /A

2.1-2.5 0 from SM



Lepton non-Universality (loop)

K- Tension in existing data ...

-9-1.HCb -m-BaBar —a—Belle
2
2T

vz -© Q@ < 7 T ey
(N PhX ) I.S- I\ 3 fbl h RK
eEw YSICS ‘ ‘ - ]
® S -
- " SM
Br(B — Kpup) 0'55— PRL113, 151601 (2014) ]
R(K): )| PR U R BRI B
B’I“(B — Kee) 0 5 10 15 20
a* [GeV?/c*]
= Rx = 0.846 *00; (stat) Zogi (sySt)  eoprrrrrrrr
update in Mar.2019 < 1_ IR OB (FOTD 089 :
R(K*) = Br(B — K* ) 2.5 0 from SM ; I | RK*O
~ Br(B — K*ee) HE ] | T :
= 0.66105 4 0.03(0.045 < ¢ < 1.1GeV?) 05 ® Licy ]
| LHCD e ot rtaos & Tl -
= 0.697 57 £ 0.05(1.1 < ¢* < 6GeV?) 00f

a2 [GeV2 /A

2.1-2.5 0 from SM

19



Lepton non-Universality (loop) :

K- Tension in existing data ...

(New Physics) ‘ ‘ ‘

-9-1.HCb -m-BaBar —a—Belle

g 2
N [LHCb 1
15 '3fb'1_‘ RK

T + SM

Br(B — Kpup) ’ PRL 113, 151601 (2014) |
B/)”(B%Kee) 00...‘;..l.llO...Alls...lle..

R(K) =

/]
Recent result from Belle R 20 o
. %k [ ] ]
arXiv: 1904.02440v2 K ; v :
15} . ]
f [ 1] K*0
R(K  TABLE IL Result for Ric-, Rx-o and Ries. The first un- . | —— 1 L h
certainty is statistical and the second is systematic. é 1.0 i —_— ] { ——— iy
g? in GeV?/c* All modes B" modes B* modes I 1 ]
0.045, 1.1 052707 £+ 0.05 0.4670CE +0.07 0.6272%0 +0.10 . : Cb
[ ] 0.268 0.27 0.36
1.1, 6] 0.9619% £ 011 1.06%°%2 +0.13 0.729% 1018 051 0 . y L
0.1,8] 0.0079. + 010 0.86733 3 0,08 0.9615.58 1 .14 ! 4 Datafor B°and B* modes | e ]
% - —-0D.21 - . —0.24 . - —-0.36 - o a8 N
(15, 19] 1184952 £ 010 1.12+261 +0.10 1.40+12 +0.11 [ BN SM prediction j .
0.045, 0.94%217 + 008 1.127227 +0.00 0701028 +0.07 . S E P S —— 20
[ 5, | “oaa T “om “oas 0.0 0 5 10 15 20 /(.4]

g* (GeV?/eh)

Precision at Belle Il : ~3% at 50ab-!.



b — s || inclusive at Belle |l

Belle Il can provide data from inclusive measurements (less theory ambiguity)

+ sum of exclusive, as done by Belle

[Belle, arXiv:1402.7134]
10 modes, M(X,)< 2.0 GeV
50 % of total inclusive rate

(goal here was A_;, flavor of B needed)

““ ('lt"(‘fl_\’s “- l'l("(‘fn_\',’\‘
(K3) K~
K=+ (K37°) K=" Kan~
K atx" (Kgm~ ™) K =xta™ Kgm™n°
K #xta~at (Keén ntn”) |K xta"a’ Ken ntn™
(K~ntr~ a2’ Ken rtn at YK atn atra YKerx ntr~ 7%

1808.10567

o

LI I B T T 0 1 7T
g ‘

. 1
E—— -
S~ iy
o
L
L
L
L
L
L
i /
I T B

v

1 I 1 1

07150
P [GeV?/c]

Observables

Belle 0.71ab~!

Belle IT 5ab—!
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LFV T Decays

SuperKEKB provides N(T*T-) ~ N(BB)

Lepton flavor violated in
the neutrino sector.

Some NP models predict
LFV to be observed in

‘near’ future experiments.

T is the heaviest charged
lepton, sensitive to NP.

T LFV complementary to
muon programs

® L—eY,eee

® u—e conversion

Limit

[

~

Di | el ts b Muon LFV [
Ciogonal slementsby | | Tau LFV processes

10-!
10-3
10-5
10-7
10-9
10-11
10-13
10-15
10-17

10-19

(u—ey, u—e conv.)
ey

Ty &

Slepton
mass matrix

& more decay modes.
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Tau LFV prospect at Belle |l
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» Belle Il will push down the current bounds further by more than
an order of magnitude.
- Trying to increase sensitivity by improved analysis technique.
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Dark Sector Physics

Search for the direct production of low-mass new particles
will be highlights in early running period of Belle |

® Dark photon — invisible

e X
® A single, monochromatic high energy ! ./\/\‘;\/
ISR photon. B! = B — m ) .
4Eﬁeam / \
® Background from et+e-—YY(Y), ete- o2 e
Y Y(Y) due to finite acceptance & aBar (50fb-') 1
imperfect detector ¢ PRE LIS, E31892(2017)
107 —
® Dedicated single photon trigger. &
Belle Il proje |
¢ Anticipated results also for o 3
Axion Like Particle  Z’ — invisible o5
| BN - S A B, BN
104/V 107 1mA- cevey 1

If astronomical dark matter is due to the dark
%k
sector, parameters will lie along one of these lines. NeW result from NA62

Derived from E. Izaguirre, G. Krnjaic, P. Schuster, [JHEP 05, 182 (20 | 9) ]

N. Toro, Phys. Rev. Lett. 115, 251301 (2015)

ALP-strahlung
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Hadron Spectroscopy

e |n 2003, Belle observed X(3872) in B decays.

e Following discoveries of many exotic states (XYZ) at B factories
and hadron colliders have brought new era of hadron spectroscopy.

Production channels at
B factories

B decay Double charmonium production

b

Cc
) o
C
in 2-body decays
in factorization limit
ds
q q ¢ C

JPC — 0—+’ 1—, 1++

J/0, (28)

cC

2~ production Initial State Radiation (ISR)

e + Recent discoveries of P. at LHCD.
fb
1200 l Z* (3895)
| ——KEKB hy(1P, 2P) || Z.* (10610)
1000 | ; Z.* (10650)
| Z.* (4430) .
: Y(4660)
800 | Y(4008)
| D, (2860)
| -
600 | D, (2700)
| X_. (3090) Y(4320)
400 | ['x(3940), Y(3940) X
|
| S * baryon Y(4260)
200 | triplet X(3872)
| D,** & D,* D, (2317/2460)
0 ! -l n & €7e -> CCCC
1998 2000 2002 J004 20062008 2010 2012

Coloured boxes: exotic candidates

JPC = 1--



Variety of approaches

Hadron Spectroscopy

High statistics data at Belle |l enables us to do

Search for new states near thresholds
Amplitude analyses to determine JPC
Precise determination of resonance

25

parameters
e.x.: X(3872) width

—

B decays

ISR = study XYZ at threshold
>|fb-!/I0MeV at Ecny ~ 4GeV

Recoil mass @ measure absolute
branching fraction

—

b sector by running on Y(5S) ...

State Production and Decay N
X (3872) | B—KX(3872), X(3872)—J /¢ymtn— |~14400
Y (4260) | ISR, Y (4260)—.J/ L,'7r+ T ~29600
7(4430) | B—K T 7(4430), Z(4430)—=J /Y7~ |~10200
s °f Bellenn |7 20%CL
S - simulation [ 30 significance
% i ﬂ -+ 50 significance
5 o0l IR X — DODOTTO
L I{ *}# Curriggﬁpé)tr)limit B II II MC
B 1 [ % C.L.
1 4. 1}1;; T ﬁi., e e
e et (H. Hirata,
Y S FPCP2019)
0 20 40
Integrated luminosity [ab™]
O 5000_ +
30005_ | ©)  x@sr2) ::::2’%*?
<& 2500 ~ 40001 |\(3770)
= 1000F - —
e D ’. \
Belle (772MBE)
39;5 a6 3£5m 3'7 375 aTE 38 T R—Y 305
M sy (GEV/C?) M, eecr (GEV/C?)

Br[B—KX(3872) ] can be measured at Belle

Also spectroscopies of non exotic quarkonium and baryons.




SuperKEKB/Belle Il Plan

Phase | (w/o QCS/Belle Il)
» Accelerator basic tuning

with single beams

Phase 2 (w/ QCS/Belle Il but

w/o VXD)

 Verification of nano-beam
scheme

« Understand beam
background

Phase 3 (w/ full detector)
* lab-! after | year

- 5ab-! by ~2022

» 50ab-! by ~2027

Global Schedule

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 20[18 (power savin g)

MR renovation for phase 2, including
MR startup installation of QCS and Belle ||
(I

— E

a Jpr—
;z;f..z.. Fhase 2 (MR

HER start |
LE

)y 2018)

- 1
w/ Belle I} (no VXD)

R start

:w/f 2
q phase 3

I
VXD installation

I I
DR installation & startup R commissioning
I |

Assumes phase 3 operation

9 months/year

[

r

Final goal: 40x KEKB luminosity

Int. lumi = 50 ab’

Peak lumi = 8x10® Hz/cm™

| I
x103r 10~ ™ ] lllll l L v L I lllll I lllll I T 60
'w | — Lpeak : ' :
by 8-— : : 50
= " —— Int . L J : -
U o . . -
= i Reach Belle - Jae :.
zﬂ ] o : integrated. lumi {1 -
“r- - Reach KEKB ' ' _-30 —
(7)) P i
o [ peak lumi 1 —
e 4 1 o
s | 120 %
£ | 120 =,
g | -
x —10
m B -
a I | ]
° 2027 0

WE ARE HERE
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First Collision !
0:38, April 26,2018

First hadronic event, April 26 2018
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Collision with Nano-Beam
o (Wfihout crab)

I | 1‘ljm ,1,,;] '“jI
e~ e - g " -
S N ~ m/ ~—5mm
: S~ e 22mrad R ST T
crossing ang!e_ y 83 mrad i 4

¥ v

crossing angle

Belle case 1999 data £ i Belle Il 2018 (preliminary) |
- ’ — 3000 - Median=—0.015cm ’"i E
— + — o : 4
| S 2500 | 06s=0.055¢cm ‘ " -
& 2000 F bt .
| Q i : + + Runs 1869-2047
S 1500 F . .
C i ]
: L i * * ]
o 1000 .
| 500 | : " -
PP - [Ldt=24pb~t . . ;

0 20000 S —— e R

—0.4  -0.2 0.0 0.2 0.4

Zo [cm]
Phase 2 vertex data verify collision spot
much shorter than the bunch length.
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B reconstruction in Phase 2

® B meson signals have been seen in Phase 2 data.

Hadronic B decay modes Semileptonic B decay modes
N&) L I i I I | Frr I L | L | L I L I T4 _I LI I | | T T | T 1 | T 1T 1T I T 1T 1 I UL | L L
> i ‘_ o] -
2 | 1 B’ > D" e
N e e . - ]
g [ 2o 1 6F f L dt = 250 pb” —
=40+ 8°>D (Knn)g — - 20 cchar -
mo[ 0 L "~ Belle Il 2018 WBB
: S preliminary mfake B 0
30+ — »
[ Bellell 2018 ) 4 ]
- Preliminary i N
20— JL dt = 250 pb” . 3 E
- 21 -
10_ _
1= -
g.2 521 522 523 524 525 526 527 528 5.29 O_—‘—'A=l_—__l_

M, (GeV/c?) -10 -8 -6 -4 -2 0 2 4 6



30

Phase 3 just started !

VXD (PXD+SVD) has been mstalled Physics run started on Mar. 25

Touv

1400
1200

1000

Integrated luminosity (/pb) —

800

several x fb-! by
summer 2019

200

0 s

N ®
\“ Q\“\

>

) Vv
SEERN IR
D

N o »
Ny AW A\
o o ,9\“’ R
S S S o S S S o

See talk by Martin Besner (#1 | 3, Future Facilities, June 6)
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Summary

® The Belle Il experiment at SuperKEKB aims to find New
Physics beyond the SM with ultimate precision

measurement (a few %, typically) of heavy flavor decays
(O(10!9) samples / year).

¢ Complementary to LHC high Pt (ATLAS/CMS).

¢ Complementary and competing with LHCb.

® Variety of subjects (including low-energy QCD physics).
e Belle Il physics run has just started !

® We expect many exciting results in coming years !

D

Stay Tuned !

</[O

Belle 1II
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First collisions in Phase 3 (the Belle Il Physics Run)
have been recorded with the fully instrumented
#Belle2 detector !

Electrons and positrons accelerated and stored by
the SuperKEKB particle accelerator collided for the
first time on 25 March 2019 10:44 GMT+09:00 at KEK
HITFILF-NERGFTES in Tsukuba, Japan. The Belle
Il detector, installed at the collision point, is now fully
instrumented with a state-of-the art vertex detector,
and has recorded events from electron-positron
annihilation (matter-antimatter annihilation) of the
beam particles, which produced B meson pairs and
other hadronic events. These are the first electron-
positron collisions at the KEK particle physics
laboratory in Phase 3, and mark the start of the first
Belle Il Physics run. Read more:
https://www.kek.jp/en/newsroom/2019/03/25/2030/
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“There is a hint of an anomaly there at 4 standard
deviation,” says Dr. Tom Browder, excitedly. However,
he adds a word of caution: “We'd like to get much
more data to see whether this is a fluctuation or
whether we can pin this down and declare we have
found new physics!”. Read more:
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have been recorded with the fully instrumented
#Belle2 detector !

Electrons and positrons accelerated and stored by
the SuperKEKB particle accelerator collided for the
first time on 25 March 2019 10:44 GMT+09:00 at KEK
HITFILF-NERGFTES in Tsukuba, Japan. The Belle
Il detector, installed at the collision point, is now fully
instrumented with a state-of-the art vertex detector,
and has recorded events from electron-positron
annihilation (matter-antimatter annihilation) of the
beam particles, which produced B meson pairs and
other hadronic events. These are the first electron-
positron collisions at the KEK particle physics
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deviation,” says Dr. Tom Browder, excitedly. However,
he adds a word of caution: “We'd like to get much
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whether we can pin this down and declare we have
found new physics!”. Read more:
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Prospect for CKM

® For |Vxs|, Belle Il is able to perform both inclusive and exclusive
measurements with B tagging, including

¢ detailed studies of exclusive decays to understand the
difference, which is presently seen.

® Interplay with theoretical studies is important.

1808.10567
Belle Il prospect for |Vyy|

o o Statistical Systematic Total Exp  Theory Total

%o uncertainties (reducible, irreducible) Lattice
|"'rub exclusive (had. t,agged) projections
711 b~} 3.0 (2.3, 1.0) 3.8 7.0 8.0
5ab ! 1.1 (0.9, 1.0) 1.8 1.7 3.2
50 ab™! 0.4 (0.3, 1.0) 1.2 0.9 1.7
'V, exclusive (untagged)
605 fb~ ! 1.4 (2.1, 0.8) 2.7 7.0 7.5
5ab ! 1.0 (0.8, 0.8) 1.2 1.7 2.1
50 ab ! 0.3 (0.3, 0.8) 0.9 0.9 1.3
\Vup| inclusive
605 fb~ ! (old B tag) 4.5 (3.7, 1.6) 6.0 25-4.5 6.5-7.5
5ab ! 1.1 (1.3, 1.6) 2.3 25-45 34-5.1
50 ab~! 0.4 (0.4, 1.6) 1.7 2.5-4.5 3.0—4.8
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Time-dep. CPV in b—s,d + vy

® |n SM, photon from b—s,d + Y is o >
. > As IR
almost left-handed. . < e 7

e Right-handed photon causes
interference, and large CPV.

SM prediction
2

S(B— Vxy) ~— = sin2¢1

|S(B — K*v)| < 0.02
|S(B = py)| ~0

SUSY models

AS

ent

0.1}

0.2 oo—

Belle | >
detector fa
(Improyed for n
: : Ks vertex) SM(K*0y) l
SUB) v | 0.1 1 10 50
e L Luminosity [ab™"]




Measurement of T polarization

e Belle Il will be able to measure distributions; such as T
polarization, g2 distribution, to discriminate type of NP.

Measurement of T polarization

LAl ap (D)costy)
['dcosOp. 2 aFe(D")cosOnel

a—{ 1 fort™ > v,

~0.45 fort™ = p7v, Known

° “— 1
W rest frame PB B tagglng
_ 2E;Eg-m2-m3 * Pp < D recon.

— C0SO_, =
0.4 Td 2|p<||pal

T rest frame

* —
1P|

By the Lorentz transformation,
I11§|6089he1 = —PYEq +YIpalcost
v '

m2 —m3 A E,
m2

mg m,

Solving the equation, cos6fy,, is obtained!

0 e — GEEEEEEE



B— TV, I|VatBellell

B—TV

e Exploits high efficiency of the hadronic
tag method through the Full Event

Interpretation (FEIl).

e Selection of photon candidates is
important to cope with machine

background in Belle Il (x20 w.r.t. Belle)
e Cluster energy, timing, shape (E9/E25)
e Multivariate continuum suppression

B—puv

¢ Tagged searches are possible, but

efficiency is too low

® Extrapolation from Belle to Belle |
® Branching fraction error : 7%(stat.)

at 50ab-!

® 50 observation at 6 ab-!

Belle I MC,L=1 ab™

1200

Events

1000

800

600

400

200

W signal
Wss, 8%
[ continuum

% 0.102 03 04 05 06 0.7 08 09 1
EccL (GeV)
Egcr, <1GeV < 0.25GeV
Background yield [events] 12835 2062
without background Signal yield [events] 332 238
Signal efficiency (%o) 3.8 2.7
Background yield [events] 7420 1348
with background Signal yield [events] 188 136
Signal efficiency (%o) 2.2 1.6
700 ‘ ‘ .
oA N\ Belle MC signal |
soo/ A Belle MC background | 1
400/ 3”””77}””””‘[:i‘BeIIeMCsignglxw 1
200 T — |
//A////A/////‘/VA///;‘”ZZAJ;{UAA i
24 25 26

o

2.7 2.8 2.9 3 3.1
p¥ (GeVic)
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1808.10567

Experiment

Upper limit @ 90% C.L.

Comment

Belle [225]
Belle [226]
BaBar [222]

2.7 x 107
1.1 x 10—
1.0 x 10~

Fully reconstructed hadronic tag, 711 fb™

Untagged analysis, 711 fb—1
Untagged analysis, 468 x 106 BB pairs

1




