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Su pe I KE KB . First new collider in particle physics since the LHC
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SuperKEKB beam size: ¢*, beam-beam par.: {4,

beam current: /4, beta function: B*

83mrad
E+ (GeV) Cross Angle I~ (A) By (mm) L
LER/HER (mrad) LER/HER LER/HER (cm2s71)
S 100um -~ KEKB 3.5/8.0 22 1.64/1.19 59/59  2.1x10%
SuperKEKB  4.0/7.0 83 3.60/2.60 0.27/0.31 = 80 x 103
by ~2/3 =2 x 20 x40
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Belle |1 Detector

KLong and muon detector:
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps, inner 2 barrel layers)
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Vertex Detector /
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positrons (4 GeV)

fast electronics (Core element)
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Belle |11 Detector vs. Belle
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Advanced & Innovative Technologies used in Belle |1

Barrel hadron ID: Time of Propagation(TOP)
Example of Cherenkov-photon pathsfor2 GeV pion and kaon traversingin
a TOP quartzbar

micro-channel-plate (MCP)  |ncoming Cherenkov angle:
PMTs; 512 channels; 50 ps 7 /K track cos 6, = 1/np Photon from m*
resolution Photon from K+

—

>
2l Y- S 5 09F T T, RN :
& o fil= K S o '-m‘,'.iﬂﬂ,r{m+g++++*H"}]li’ Improvements with respect to Belle:
2 o o W K/ separation i
= e e A 0-75' i with TOP detector . _Signal readout s_peed and waveforn_w sampling
0.6§ oK ir E in the e.m. calorimeter (to reduce pileup);
0.5k ue R * Ks reconstruction efficiency (+30%);
0.4b @ false E » K/mseparation (wrong ID probability reduced
0 3§ } by a factor ~2.5);
0'2§ i | ”} * Primary and secondary vertices
“Hl mﬂ.w”""*ﬂ ﬂﬂlﬂ”’ 3 reconstruction (resolution x2).
0.1R - e e
I il W s SR o Rt 4 R v rrer FOTR TR OV PPN TP OV OO
gl 3s0 lwo a0 w00 G 051715 225335 4 455
nanne os1tion
® ) p [GeV/c]
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Advanced & Innovative Technologies used in Belle |1

Vertex Detector

Beam pipe r=10 mm

DEPFET pixels (Germany, Czech Republic...)
Layer 1 r=14 mm
Layer 2 r=22 mm

DSSD (double sided silicon detectors)
Layer 3 r=38 mm (Australia)
Layer 4 r=80 mm (India)
Layer 5 r=115 mm (Austria)
Layer 6 r=140 mm (Japan)

E 140 S I3
% : Fitiunction: o= U"z * ppsin@ Improvements with respect to Belle:
5 120; Belle SVD2 cosmic (Data) BN715
2 \ =174 +03p . .
S 100 b= 343 07 um GeVio » Signal readout speed and waveform sampling
E L. o P gy ek cvents (M) in the e.m. calorimeter (to reduce pileup);
N b= 1622 1.9 um GeVie *» Ks reconstruction efficiency (+30%);

40" * K/mseparation (wrong ID probability reduced

] i by a factor ~2.5);
S SS0000 S e —— |+ Primary and secondary vertices
S T T reconstruction (resolution x2).
pBsin(0)*? [GeV/c]
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Belle |1 detector timeline:

Sub-detector installatio

| Oct. 2016: coc  HE .

- \1‘ :-..:-E. '-"J.‘ﬂ
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Milestone: continuous injection

Decay mode run Continuous injection mode run
Peak L 2050 |10° em’p] @0is0z0a 107 WER w3407 [mA] P, 300 ] ™ e Peak . 3993 [10°%fem %] @omwosasiiss  HER e 5005 mAl  fuy 2 1007 300 Imm] ™ 1576
Ini. 1jluy AT08 ) 8833 [.'ph] LER ! 3604 [mJ\] [ am Jram] rh 789 Int. Laday 10836/ 12491 [rm LER lpear: 50006 [mA] |! mw 300|mm| ny 1576 -
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5 0 2=_ ! —J100 5
F o7 ’ : ‘ 3. | fw?
= CYR = SO TN ST NP VR e T TG BT o e M T T e - LU
1 1 1 1 1 1 Il 1 1 1 1 1 3
3 o fwt SE _:?m T
,: 5 i Iga = a0 b I oo s oo |§F
§ ToE ; N . 3® EE B LE -~ ——Luminosity 3 "~
é = = - T ~ B Em S-E 2 105 — 1 e Zg
=S| = 0 § = = i i M i
1 1 1 1 | I 1 I - L 1 1 1 L 1 1 I 1 1 "
— jb — T 1 T T T M 1 __" = -~ | T T T 1 1 T T T ] 1 -
< & . -
& W‘V’” \/M*\_'M\".’\.f u"‘wf'—‘ 2| N JMWW
3 o i 3 _,!1 “E pecific TUmingsity
aE i L L L L 1 i 3 1 L I L I 1 i i
“ ghg"e* 18" 1" 12" 13" 14" 15" 16" 17" e"a"p* 1" 2" 3" 4h s gh g0 gh 9h 19'" 11" 12"
5/4/2019 5/25/2019

4 May, 2019 25 May, 2019

« Employed at PEP-II and KEKB to increase integrated luminosity
* Challenges: high mjection background while detector HV 1s on
* A necessity at SuperKEKB, where beam lifetime 1s minutes, due to collisions
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Start-up schedule:

Year 2016 2017 2018 — 2019 Belle Il Online luminosity Exp: 7-8-10 - All runs
| JspanFY 2016 2017 2018 2019 —
- - Integrated luminosity [fb*]
Summer Summer Summer Summer — 12 - Weekly e
shutdowm shutdown shutdown shutdown i —_— T,
2 otal .
: na L
/ \ 3 191 Total [cdt =10.57 [fb™") re S
Phase 1 S Phase § 2 Phase 3 ' €. 3
o | Woerton  ——' - - - - > 4 le £
LER(e* 3 =
Main Ring ((MR) E-c1rcul‘aet1:1g VXD Phj sics data 2 061 %
commissioning MR commissioning for phase 2 E HER( installation 2 . E‘
{ nNER(E) .5 [ 2
T During phase 3, Belle Il g o4 s
R commissioning activity pf 9 month/year 3 L, @
have peen assumed | 2 02
/
L N G S E— |
0.0 1 T T T 0
A S
— 1 i o = il i il
* Collected ~ 5 fb LA T A
o 0.5% of Belle -
34 2 .—1 S R =
* Mostly at L ~ 0.5x10°* cm“s™ =

o 25% of KEKB

* Reached L ~ 1.2x103* cm?s™!
o With high background
o Ongoing work on background

2019: First Collisions in

Phase 3, the Physics Run 2019: First Collisions in the Phase 3

(the VXD is installed in Belle I1)
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Start-up schedule:

Year 2016

2017 2018 — 2019 Belle Il Online luminosity Exp: 7-8-10 - All runs
| NP FY ki 2017 2018 2 Integrated luminosity [fb—)
Summer Summer Summer Summer - 12 - Weekly [0
shutdown shutdown shutdown shutdown P — Total _
4 . : na _;_‘
/ B\ g 101 total [rdt =10.57 [fo1) e s
Phase 1 Bele li Phase § 2 Phase 3 E 3
I i ) - - - - E— 08 4 le E
. 3 E
Main Ring [(MR) fc,llr_ff[‘:u:\g VXD ph} sics data 2 06 2
commissioning MR commissioning for phase 2 i HER( installation 3 4 %
{ ' - Fe §
= o N 5 0.4 1 £
3 Se. During phase 3, Belle Il g o4 =
)R commis$ioning activity pf 9 month/year = L, @
have peen assumed | | g 02
/ |
A
T b 1 W — ciers 0.0 T T o
ohs:" g o Q.bﬂ?’ e S
— | 1¢1 ? 1 —_— ,\’03' \qc “-0’9 '\q- '\“} »0,'\
First collisions, 26 April, 2018 o Collected ~ § fb~1 $ § &8 £ §
;. o 0.5% of Belle
. B - ; Pt
* Mostly at L ~ 0.5%103* cm?s™1 =7 -

o 25% of KEKB

* Reached L ~ 1.2x103* cm?s™!
o With high background
o Ongoing work on background

2019: First Collisions in

Phase 3, the Physics Run 2019: First Collisions in the Phase 3

(the VXD is installed in Belle I1)

2020/1/13
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Detector performance: track and PID

hadron ID: Kaon and pion |dentn°|cat|on using D’*ch — DO[—> K-ttt

0.8
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lepton ID: usmg J/p — F+F (F

Belle 11 2019
Preliminary

Lt =262 b

02 03 04 05 06 07 08 09 1

Likelihood Ratio R[K/mx]

™ Belle il 2019 Preliminary i
o s0E E
= mg_fL dt = 2.62 fb” 3
E - 3
~ 400 —
2 2 E
5 % :
T 2 E
S 1oE Nsi‘g =2241+90 B E
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Detector performance: gamma

E, >120 (400) MeV; with good energy deposit in ECL crystals: Eq/Ezs > 0.9,
Npies > 1.5 for 7° (17) channel.

The mass resolution is comparable with Belle as expected.

o-:lt.-)‘- : | T T T | T T T | T T T | : %\ 18000 1 1 1 I | ! ) ! 1 | 1 ! T ) T T T T | T T T l__
S 70000 :_ Belle Il 2019 Preliminary I Data _: S Belle 11 2019 Preliminary 4 Data E
8 - . — Fit . 8 16000 — Fit —
o 60000 - [La=zen B Sicnal 1 9 13000 f L dt=2.62 fb" B Signal E
8 © (39913 = 19.9) 10° candidales 9 ] g — Background :
g 50000 — 1 = (132.296 = 0.005 ) MeV/c? = Background - g 12000 -
— T o0=(5.356 +0.013 ) MeV/c’ 1 — .
& 40000 E>0.12 GeV 5 10000Fw " ]
c B 1 <€ - i
o - 1 O 8000[~ 7 Ty 3
(L} 30000 3 m - (100.8 = 46.2) 10° candidates .
- ’ 6000 — ) =
- ] - = (542.1 £ 1.3) MeV/c :
20000(— = u .
- - 40000 = (11.9 = 2.3) MeV/c’ —
10000 S sooo . Br>0:40 GeV E
0 : : : L 1 1 L I L A L I Il L L L :

0.1 0.12 0.14 0.16 82 0.45 05 0.55 0.6 0.65

2

M, (GeV/c?) M., (GeV/c?)
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Detector performance: vertex

o Reconstruct D** — D°[— K~ 7tT|7tT to obtain a clear D° sample using 0.34 fb~ .
o DO lifetime, T = 370 £ 40 fs is consistent with PDG value.

o Compared with Belle, D° lifetime resolution is much improved as expected due to a
better detector performance, i.e. PXD, CDC with smaller cell, etc.

BELLE2-NOTE-PL-2019-003

“‘g E”""'m'm"”"”"_”"? ‘§1o2_—' o o y parameter |extracted value
> 3501 «pata Belle Il Preliminary — - " Data Belle Il Preliminary | 1
S 2oor. Mo ILdt:O.GMb" E S | Peow j-Ldt:O‘34fb'1 ] st’g (814+6)-10
§250§ BJescrarouna ] @ [ [Peevecsgoma 1 py (fs) 31 4+ 16
[ w=Model =] c | ]
= F - 100 —woan E o1 (fs) 127 + 15
5% _ N2, | (10£5)-10
e L | ] p2 (ps) | (0.48 +0.17)
100F E : : o9 (ps) | (0.7340.13)
50p E i T (fs) (370 + 40)
0E 782 1.84 1.86 1.88 16 185194 107 \ TR /
mK (Ge\ﬁcz) —4 —3 —2 —1 0 1 2 3 4 5 6

ty (PS) PDG:410.1 + 1.5 fs
With D° produced in D** — D *

Tppr(t) = Ny, x Gauss(t|pi, 01) * Exp(t|t) + N2, x Gauss(t|ps, 02) x Exp(t|7)
2020/1/13 13




Detector performance: B

@ Observation of B~ — D°K~ with D° — Kn/Kn®/K3m: N = 38+8 (60)
No PID requirement With high momentum PID

> = = > r .
& 350 Belle Il * Data = & ook Belle Il o Daa 1
w 001 limi — Total fit E w [ 2010 limi —— Total fit ~
o 300 019 (preliminary) 43 B" — Dn signal o - (prefiminary) % T B™ — D’ signal
it : _ EEE IR —— B" — DK signal J o - _ -1 <eeeee BY — DK signal 1
g 250 -_fL dt=2.621b -- Background — 3 40: fL dt=262fb -----+ Background ]
%] - 3 7 = p
£ 200 4 £ f E
i) . 7] = C ]
£ 150 3 £ - A .
S F ; o 20 i3 E
100E E : : .
s ] 10 5 —
50 E U Gl T bl 1
PO tEEY PR, "y 3 N Tl s |
PP EEPUPRPT LA T PR B L+ L A 3 k=1 1 il Fussry "

—8.15 -01 -0.05 0 0.05 01 0.15 —8.15 -0.1 -0.05 0 0.05 0.1 0.15

AE (GeV) AE (GeV)

o re-discovery of K* and K*T+ channels with 2.62 fb=" (1/2 of the initial Phase IlI
dataset). Yields N, = 35.5£6.9, consistent with W.A. branching fraction.

8 8
o 10 -
&~ 7| Bellell 2019 hq; 7k Be.:{e!'l' 2019 ({; - Bellell 2019 B - — K
g preliminary S 6 [ prefdminary 3 6 preliminary e K™ — K'ny
5 G'J'Lmzz.ssz“ 4.4 8 | det=2.62rb" 4.4 o de|=2.62fb" WlE K - K
5¢ : . A0 S5 o A0
8 Bo—'KO’Y—“‘KJ'l"r 8 E B_'K"T g 6
Q  4f © 4 =
e e i e
~ ar ~ 3r - 4
o 4 : 2 I
c 2F c 2 [ c
o i 5]
o g h o 2r
B AL § AL L L i L Y
o bede e Ll PRI IO RV P Y PO 0:“L,lL,.LJ““LJ.L,Iu.uu 1 i N e 0
52 521 522 523 524 525 526 527 528 529 52 521 522 523 524 525 526 527 528 529 52 5.21 5.22 523 524 525 526 527 528 529
m,[GeV/c?] m, [GeV/c’] m, [GeV/c?]
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Long term prospects of Belle 11

x1335-1 1@ | I ] J ] I I I 1 I 1 I L L L] l L] L L] ] I ] l ] I I I I I 6@
w [T BLRdiscovery] - - .
B—n'Ks Nogl e - e i s 7 8 L Wr in
new CP E o Int. L] ey < 20 1 = B—py
ommmd " : i 1 T :
E ] : —40 &
2 6 < .
Confirm B=»Dtv -~ | 13gT™ B—=KwSM
n
new physics o 4'_ 1 % discovery
o= ]l o
E | —20 L
— I z -
Resolve = 5L 2 B—Kee LFUV
|Vub| puzzle ﬁ : 116 new physics
o | . | L
L B i 1 I PR 1 ! I I | i 1 1 i‘E)
2019 2023 2025 2027
All the details are in B e s
“The Belle Il Physics Book” ce— A’ ee—rxnty) o R e i
—+A'(xx)y - . D . 393/
E. Kou, P. Urguljo et al. precision for (g-2)u discovery

We are ready!
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Prospects on XYZ states @ Belle |1

XYZ production mechanism @B factory:

JPC=0-*, g
-, 14

.)?;\\ JPC=1 it
c‘ “n Y 'I"— - \\\
f : e ‘A i

B decays Initial state radiation  Double €€ Gy

&5 Change CM Yr T, <o,
— ++ Q++
vy collisions 2°"3 energy

2020/1/13 16




Prospects on XYZ states @ Belle |1

X(3872) Width e

Dubnicka, et. al., Phys. Rev. D 81, 114007 %010)

s
~ [2 F. Aceti, et. al., Phys. Rev. D 86, 113007 (201
[ <200 keV T ~ 1 MeV [3] Y. Dong, et. al, J. Phys. G: Null.Part. Pays. 38, 015001 (2011)

Tetraquark y

DD* pure molecule .

DD*—cC mixing |
0 20 40 60 80 100 120 140
[(X(3872) — J/yy) [keV]

s I 90 % C.L.
2 | Belle Il + / . * With the full data sample of
s - simulation |4 30 significance _
= | l + 5o significance|  Belle 11 (50 ab1), total width
g 2 | h with values up to
A Current upper limit | [90% C.L.] ~ 180 keV
I ++,}, (90% C.L.) e T
N ‘H'Fsm [30 significance] ~ 280 keV  BallCUNgllE1ET
g 4 ‘3_ * ' .
: " 4“‘5““‘ L l!..--i.“'......... [50 significance] ~570 kev MaSter th@SlS
i "o-.............-...:::::::::::::::::;:::: can be measured. 2019
0 L 1 L | L s L | L L
0 20 40 Assuming a Breit-Wigner shape

Integrated luminosity [ab™]
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X(3872) decay branching fraction

s000r % E X(3872) ¢ " ¢
- ® x@era)| i I B R A
c:-h 4000? “1(3770) ) e % - , 'l l l l i l
sl = So0b (PO |
ST P S \ +
S C o [ + l
S L 100~ \|; LI A
3 200 J '" IIU , !“‘!H\"W P g
,% - i ' '
1000 "
- -100 arXiv:1911.11740
3?;5 3.8 3.1|:5 Y] 3.;15 1 - 1-I2 — 1-‘4 - 1.|6 - 1.‘8 - 2I
M_.__.u- (GeVic?) Kaon Momentum (GeV/c)
_ -4
B(B > K X(3872)) < 2.6 x 10~* B(B > K X(3872)) =(2.1+£0.7) x 10
@90%C.L.

B(X(3872) » '~ J /) ~ 50% tetraquark PRD71, 014028

< 109% molecular model PRD72, 054022;
PRD69, 054008

Belle II: reliable results can be achieved.

2020/1/13
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Prospects on XYZ states @ Belle Il ¥

Other highlights: B decays

S

=) e

€ X(3872) — D°D*0 has been seen,

» other open flavor decays of other states?
B - KDD,KDD*,KD"D*,KD") D", ‘D
KDDC*) KD DG+ Belle I

@ Full amplitude analysisto B > KwJ/Y and B - Kmty 4
» determine the spin-parities of the X(3915), Z(4050),
Z(4250)..

€® B — K X, to discover missing states?

2020/1/13 19




ISR

3000 S Initial state radiation

[At4.26 GeV/c form'm J/v |
2500 = ges-=46% E
w2 =% | *Bellell 50ab**==BESIII 500 pb~, 10 MeV scan
/ | s Line shape of the resonance and fine structures
w  ewce®  can be investigated.

03 35 Ecmg.‘ev; a5 5

Golden E.., Statistical

channels (GeV) error (%) Related XYZ states

o v A/ 4.23 7.5(3.0) Y (4008), Y (4260), Z.(3900)

T Y (2S) 4.36 12 (5.0) Y (4260), Y (4360), Y(4660), Z.(4050)

KTK=J/y 4.53 15 (6.5) Les

Tt h, 4.23 15 (6.5) Y (4220), Y (4390), Z.(4020), Z.(4025)

WX, 4.23 35 (15 Y (4220

Xc0 ; (\1 ( )

10abt (50 ab)
2020/1/13 20




PRL118, 022003

BY - K* ]/
1++X(4274) ason, FHCD PRL104 112004 WCO”ISIOHS 2 s

» Could decouple two of the
four states seen by LHCb in

X(4700)

BIHp
2
 Need > 10 ab-1 data E%
« Existence of the X(4350)? = | —J L —
e X(3915) » wJ/Yp JP2?? 7%z a4 48 48 5
M(¢Jhy) (GeV/c?)

O Absolute BR and cross sections
Q Study of angulardistributions:

d to decouple overlapping states
N 2 to do cross checks on JP¢
e Mo e ete™ = cc(0%) cc(1” or1™)
T Q 7. or y.o recoils
2020/1/13 21
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Prospects on XYZ states @ Belle |1

b ]
—” ':
Yﬂﬁy
* * Change CM Sl
O0Z, masses below or above B®*)B* thresholds? ChenoscHiy T
PRL108, 122001 5 r—
12000 (a) 17500} (b) E] S | Y,(10750?) _[;
10000f T T hyp(1P) 1s000f T T hp(2P) E sl \ J‘ {
o o w -
2 goook < 12500F g [ Fort! f )
£ 6000 2 10000 %;_ﬁ_ ___________ T, }},fk‘?‘ SN i
< 4000} < 7500 3 T 1T Y(65)
£ 1 .]. 2 5000 % [ T S
: 2002 H % H"!-TI‘].{'I @ 2500} -5:165' Ties o7 s ioe 1 ///::p/...!::':: ..Ii
: : - ‘ : S
zoooﬂ.ﬂ” TT H. : . ° | [ arxiv:1905.05521 (2019) | E.m (GeV) ) e
104 105 106 107 104 105 106 107 /[
M y5(T). GEV/C? M (), GeV/c?

O Confirm Y, (10750). Other structure?
Ol Exotica discovery??

B*B*

[, how, e e, v, T

OMore Z, from Y(6S) di-m transition? o J-du.
Y(6S) = 1+ 1 ho(1P,2P) wwew|f Z, is'molecul
Y(6S) — 1+ 1 Y(1S,2S,3S) _Bp _l_bW will show up
Belle Il will collect lab?! Y(SS) data I5(JP): a1y 1at) 1Een

100fb* Y(5S) + 400fb™* scan data
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Summary

The Belle Il experiment has finally started the data taking

The Belle Il quarkonium program includes
— 50 ab™ for charmonium ISR, double charmonium, B — cc X ...

— 500 fb? of scan above Y(5S) w1 Ei] T tinvaem 59
5 300 fb* of Y(3S) is22sE

(=]
=

|
s
[;-9e] 1 "3uI

5 100 b of Y(6S) .
— 1 ab™ of Y(5S)

™
=

|
re=
@

Peak Luminosity [cm™2s
T

@ rJ
L NEEE LN A

I -ﬂ

2027

2023

il I
2025

i L |
2019 2021

Searching for explanation of families of exotic particle

The results of XYZ are on the way!!!

Thank you! Belle II
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The 15t generation B factories

®B factory: High-luminosity, asymmetric-energy e e~ collider
@ +/s = 10.58 GeV to produce ete™ - Y(4S) —» BB
® Such as: ARGUS, CLEO, CUSB

o S T e R
LTI o | BABAR
Vietnam Bel]e E J
1999-2010 1999-2008
~1000 fb~1! = 1ab™?! ~500fb™1 = 0.5ab™?
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Super
KEKB Positron ring

4

Phase 1:
Background, Optics Commission

_ J I

Electron ring

Feb-June 2016.

Brand new
3 km positron ring.

Phase 2: Pilot run
Superconducting Final Focus, add
positron damping ring,

First Collisions (0.5 fb2).

April 27-July 17, 2018

collision poin

Phase 3: = Physics run

Positron damping ring

2020/1/13

® The first new collider in particle physics since the LHC in 2008

. | Belle Il detector |

Electron-Positron
linear accelerator
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Vet

o using partially reconstructed B® — D*~ /v (/=e, u) decays: obtained yields
18514 £ 1128 for e channel and 16625 =+ 1111 for u channel.

e Meaurement of the mixed-unmixed yield asymmetry a function of |At|. (Total
Ny = 1642 + 133, Ny, = 253 & 45 with correction factor € /ey = 1.35+ 0.10)

@ |At| dependent fraction of unmixed event for on-resonance data.

@ Good agreement is seen between the data and the expectations, proving that the
physics capabilities of Belle |l detector are sufficient to observe the expected pattern

of BY-B9 oscillations.

- Belle Il 2019, preliminary

fL dt=2.66 fo’'
10000 |
I N =
D B' —D"Iv
i - combinatorial

* data

35492 =2209 *

5000

events / (0.5 Ge

-10 -5 0
M2 [GeV?/cY]
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Fraction of unmixed events

-

o
®

0.4+

0.2

=}

4t o } ‘ _T

Belle Il 2019, preliminary

fL dt=0.83fb" ‘

fit with a flat line’gives
x2 /ndf=1.541 (p=0.127)

, Off-resonance
control sample

1 L L L s 1

Q

5 10
IAtl [ps]

Fraction of unmixed events

0.8

0.6

0.4

0.2

4

_+_

Data

Expected

Ty = 1.525 ps

Am, = 0.507 ps”'

Belle Il 2019, preliminary

fL di=2.661b"

L
_+_

on-resonance dataset

5 10 I
IAtl [ps]
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o Observation of B~ — DK~ with D° — Kn/Knn®/K3m: N = 38 +8 (60)
No PID requirement With high momentum PID

= ] = = N
& 350 Belle Il * Daa = & cof Belle Ii e Daa 1
2 201 limi — ol 3 2 - 2019 (prelimi — Total fit E
o 300 019 (preliminary) 44 B® — Dx signal - o - (prefiminary) — F3 T B — D signal
° -1 ----- BY — DK signal J o - -1 <eeees BY — DK signal ]
= =2 3 = F [ Ldt=2.62fb -
2 250 fL dt=2621b +=---- Background 3 el 40: f ------ Background ]
wy - w - .
£ 200 3 £ 30k _
i) E = - .
h=] — = - u
= 150 =] = = n
S ] & 20 -
100 = R 1
E 10F 3
50 - N ]
T ,,':“:-‘»,:_'J ':'j"|",'",‘"‘:::,, = S Tt T e T e B, e =

T p—y 0 0.05 0.1 0.15 B T m—T 0 0.05 0.1 0.15
AE (GeV) AE (GeV)

e Evidence of B — D~ K™ with D~ — Knrr/K2m: N =20+6 (3.30)

No PID requirement With high momentum PID

> - T T ] = 22— ——— -

8 - Bellell ® Data ] & 20f  Bellell e Data =

w 12012019 (preliminary) — Totalfit = ©  yg[-2019 (preliminary) — Towalit 3

e C (Lat=262f6" 1 B” — D'a*signal h S - a | e B® - D'n* signal E

S 100f f el J A B” — D'K*signal °© 16 Ldt=262f6 | . B” - D'K*signal

e v F % Background 1 g 1 A e Background =

g 80 E 8 12F E

3 ] g = . =

5 60 ] 5 10F i 3

c ] c - L -

S - S % i E

20 ] “F .. E

P ML T . P R 5 B i C Lot b e e | -
= 87507 005 0 005 01 015 B0 " H%os 0005 01 015 5

- i
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@ rediscovery of B+0 D(*)ﬁ+, reconstructed in 2.62 fb™1

> 500 T T T T T T T ] o
% Belle Il B — D(KI‘Km"_‘ K3 . %
© 2019 (preliminary) B = DiKn Knx, K 1 =
) 400 B — D‘_[D (Kn, K, K3m)x )n"— n
3 fL dt=2.62 fb“ B +D [DBIKJ, K.‘L‘[D, K3x)x )t ] :
2 B' — D'(Kxx)x' ] bl
] . .
T 300 B® — D'(Kx)p - @
2 B® — D(Klx) ] T
8 1 =}
200 4 2
] Q
100 _:
—%.2 -015 -01 005 O 005 01 015 0.2
AE (GeV)
@ Yields for each channel:
Decay Yield
B — D(— Kn,Knr', Kron)m 944 + 35
B~ — D%— Kn,Krn®, Krrmw)p~ 369 + 28

B~ — D*(— D°(— Kr, Krn, Krrom)n%)n~ 140 £ 13
B —» D* (— D(— Kn,Krn®, Knom)n w236 £+ 16

BY = D~ (= Knm)nt 351 + 21

B = D™ (= Knrm)p* 156 + 17
= B — D™ (— Km)n* 21 +5
=
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600 E' g
[ B
500f &
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o

300

200

100

82

+ D(Kn, K", K3m)' Belle ll

» D, Koo', K3x)p 2019 (preliminary)
- D(D°(K, Kna'y K3ty A

+D (D°(Kx, Knn', Kan)r')re f'- dt=262fb
— D (K™

- D' (Knm)p®

» D'(Kga)

5.21 522 523 524 525 526 527 5.28 5.29
M, (GeV/c?)

@ Modes with neutrals mesons are
efficiently reconstructed along
with all-charged final states
containing kaons and pions.
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J/p

K (C

BY —
-

P eigenstate) with J/y — (T(™ (I=e, u)
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X o 3 Belle ll 2019 | 2 | Belle Il 2019
W 0.1+ 1 5 Preliminary % Preliminary
- o [+ ] - B | i
[ . a =10 det=2.62fbl o L det=2.62fb'1
L o = B ] "2" 10+ 5
i 3 | € | u=528150+0.00040 Gefc
oagm =© 1 ° 8 [ ¢=271+0.30 MeV
Ha o —
L o 5_ 5_ =
o 1] o
-0.1 o _ + L
- o o ||l|| |I l|
PR B L L AME A | fo Ll I " . A A A A BV olldb 1" 1 T v R IT = .
52 522 524 526 528 53 -0.1 0 0.1 52 522 524 526 528 53
M, [GeV/c?] A E [GeV] My, [GeV/c?)
0 *0 x0 — :
B° — J/¢K*® with K*® — KT~ (also study B decay vertex resolution)
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Event shape R, = H,/ Hy with Fox-Wolfram moments H, =

where 6;; is the opening angle between charged tracks or photons / and J.

BB (continuum) event is spherical (jet-like) shape, = R, —0 (1).

The overall selection efficiency on the BB sample is 98.8%.

The off-res. contribution is normalized to the luminosity of the on-res. data.

Spherical BB events

Jet-like qq events
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Events/(0.02)

a0
600 Belle II 2019 Prellmlnary ]

; _ *Y(4S)data ]
500 ° '.. fl‘dt=2'62fb Bofi-resonance
400 e, 1
300}
200
100}

0

0 01 02 03 04 05 06 0.7 08 09 1

R-

E,J EWS ‘P;(cos o)
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e FEI: Fast BDT-based algorithm fully reconstructs B decays with more than
thousands B decay modes

o useful for channels with weak signature, e.g., missing momentum (vs in final state)

@ performance on early data shows improvement compared to predecessor algorithm.

2020/1/13
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@)bservation of B2>J/y K™
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Can be used to determine the CP content of this decay mode.
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ISR also known as “radiative return”.


Previously limited by Triggering, QED backgrounds and theoretical

Dark Sector: Imagination. Now new possibilities of triggering, more bandwidth.

Belle Il First Physics. A novel result on the dark
sector (Z' > nothing) recoiling

against di-muons or an electron-muon pair.
Both possibilities are poorly constrained at low
Z’ mass and in the first case, could explain the
muon g-2 anomaly.

Also examine a lepton flavor violating NP
signature in the dark sector




After tau suppression cuts and

unblinding. Search fore'e” = u* 17 , Z — nothing

102 Belle Il Preliminary
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Search fore'e” = u* 7, Z — nothing
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Search fore'e” —» p'e Z,,.,, Z, ., —> nothing
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Q1: existence of the Y(4008)?

120

Entries/20 MeVi/c?

100

80
60
40
20

AL UL B |
- (a) 5 10‘:r

107

PRL100, 252002

E " mz}:.\b 'B'AWM»

- B 4 N L)

K H 10 L ‘-ll'vvl"l il o X
HLULW 4 45 5 55

K .‘7 B se=s=es Solution |

[o ] SR S I i 3 HLTLY
3.8 4 42 44 45 48 5 52 5.4

M(z* 7 diy) (GeV/c?)

ISR

Initial state radiation

Q2 existence of the Y(426O)7 Q3: existence of the Z,.(4050)?

30[ T 20

PRD96, 032004 | . PRD96, 032004

:\"(4260)

NU |
o = 15¢
= 20 w L
= =
= [ <10
3 | Z 0
2 10 2
= = .

L =

wi L 5f

e P T T 4 4.1
4 4.5 5 5.5 2
M__ [myr(2S)] (GeV/c?)
M w(2S)] (GeV/c?) max TV

Q4: more structures in M(K+K J/y)?

o(K'K'JAy) (pb)

‘5:' PRD89 072015 E ]
10; ]
1BN _

5
He gy v
0 llll‘| | { ++ +++ +++++ + +* ‘uHu
4 45 5 55 6

E,, (GeV)

2020/1/13

 Perform the analysis of e"e™ —» n*n~h., wxco, and

(D*D)En* to confirm the results with BESIIL.
 Study the processes eTe™ - " Y, (1D), K*K~

P(2S), dxep NI/ W, " ]/, nP(2S), wxy, etc to

search for more charmonium-like states and new
decay modes.
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Search fore'e” —» p'e Z,,.,, Z, ., —> nothing
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Prospects on XYZ states @ Belle |1

(2S+1)L
J 1s 38 3P 3P 3P 1P 3D 3D 3D 1D ?n
o 2 Fp By F Fy, U U, U, U, &
““; 5000
> 4750 ) CC
= Y(4660)
n 4500 v(4415) z‘t4:3o>
g " avase) o z:
= 4250 54160, *Y#2%) g | G
5 S S -y SR
4000 - 0,_- X(3915) wi160) z.,* .
vt x@%%0) « %] v(D) Z(4920)
3750 — X(3872) W Zy(3900)
. Open charm threshold W(3770)
n.(28) V%)
— [ - o=
3500 - e
3250/ e - Estabished
-
3000w V¥ ® New States
N:(1S)
2750— | Theory
2500 L l L I 1 ] | | 1 l I- ] J-- J l-- I l- l I- l 1 I
o 1 27 1707 1T 3 27 T 27?7 pe

2020/1/13

(25+1)
L,

~11000
(4]
10800

10600

Mass (MeV/

10400

10200

10000

9800

9600

9400

9200

1 3p 3p 3p Ip 3N 30 3P 0 ?
So SS1 P, P1 Po I:,1 D, D, D, D, 2,
Y(5S) —
' bb
Z;(10650)
| Y6 Open flavour threshold .
Z,(10610)
Zoa(3P)
n.,{SS)[;(:’S)l—-—r_—-— —
— x..:(zPlxb,(zP}mm hy(2P), 1
Y(ID)y(1D)v(1 D) n,(1D)
— f =
n2s)¥28)_, .
s(1P)
= PP 1P) 4y IH(TP)
m Established

[ ® New States

-— Theory
s N
ne(1S)

1 J 1 J 1 ] 1 l 1 I 1 ] 1 ] 1 l 1 ] 1 I 1 I

0t 17271 0" 1" 37 27 17 2+ 27 J°¢

41



2020/1/13

Remarkable charmonium-like mesons in B decays (B - KX ¢)
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