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Belle Il @ Super-KEKB

Intensity Frontier Flavor Factory Experiment
@ World’s Highest-Luminosity Electron Positron Collider

- crund production of
=4 ((100-1000) B/D/t per second.

* Kinematic constraints from e* e~
production: unique precision in final

states with multiple 7z0°s or v’s.
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Hot Topics at Belle Il

Outline

Courtesy Tom Browder

= byt < N - S P sl Sl < 0 AP = o= < 0 3 = bt < B i G —Ar S i < . —ar " v Zor—oara . 3 = D Gor—as . — S

Bs PJ&SQ

N ¢S
\C
New hadron states Zb's, b bbal AT PSI'IO Q‘d‘, Qy,
R /%
‘o /Q>
—New Charpy, R <& e
/(/0 % “ 'arm deca
/'
) ‘?n
‘New baryo
ns V('b' VUb)
New y \
» tions (§2) —cd
e+e- -->ISR, pi+ pi- cross-secu - a e, Ons
G o
n S ¥ 96
Spin Fragmentatio %’tj S l/l'
o W 2%
Linac eY\F", . - nts
Dar/( 5
Belle Il Data

of B0— K0z

Dark Higgs

« Search for
Z’ — invisible

Heavy tau neutr

e
LLPs (Lons;-U\’ed

dctions, Dalitz analyses

measurement

D

<o

Belle IT

52 == < S s = < poy S - \ S

D0 D+ lifetime
measurements

ept.
Plon flavor violation

oW
AV
A\

yrd/Vts from penguins

Exclusive measurements

_| - First Belle Il
Measurements

\/
& . SIC
S haSE’S In b->s' B-

- Towards (¢a) :

B —s 7070

Y 0\
Mane‘\(. M ﬁ(’

B+ _)p+p0

Ne
=Lns: b-->¢ 14

ma determinations

sonances

I, lepton universality, NP

Extraction on

the Combined

* SearCh for ...G.a.z?!\?'\h' Tau Spectral Fync; o s
\ 5
ALPS Lepton Flavor Violation (LFV) < "0’.0
2 S e
D% S o,
s & Lo,
Tau Electric Dipol€ Mo= Q *‘,\ eCays &
2 g, < Very rich program ey
A_LR (tau, MU, e+, b, ¢ \e(«“o n d%
e “The Belle Il Physics Book”
NC (Neutral C Current) Nt 45’/
Qp@/ [PTEP 2019 (2019) 12, 123C01

N
impro~

(Belle+Belle 1l)
dataset A



https://academic.oup.com/ptep/article/2019/12/123C01/5685006

D

Belle IT

Courtesy Tom Browder B5 physic S92

New hadron st

New Ch.

New bottomg

ins

ments
e+e- -->ISR, pi+ pi- Cross

iversality

Spin Fragmentation ma

Lir ion
Axion-L ik 5€s in b->s: B->phi Ks, B->eta’ Ks
Like
dre;
IC/GS o
Invisible 7' ¢ (%/
/
i o¢ / o
Dark Higgs park gect p ‘P oL pip! Direct CPV, isospin sum rules
. / > I
Heavy tau neutrins / . > <.©
A / e 9)2
&S/ & <2
pa(‘\ . 4 0@0 00\ g i *
LLPs (Lon—L‘wed o\ef" // st Q@b‘ LK* gamma and radiative penguins, B-->K(*) nu nubar
(- . - E
© Magnetic WS é\ § :
O B P Tau m, v -9, B-syy. .
© \¢ 7. 3S /4 & ~ v: right-h .
- Gazelle 5+ 75y, 4\? 4 e =-anded currents, triple products
+= cosseeee’ Tau Spectral Funcy; < < ol Q‘ro
' 12 S/ kp
I : : L S / RUins: b-->
Lepton Flavor Violation & S I+1-, lepton universality, NP
oY & /
W N
o> d
et > &’ ,mma determinations
Tau Electric Dipo' 2 w(s’\? d . :
7
% Very rich program 4
o »

ch
- armed resonances

= “The Belle Il Physics Book”
[PTEP 2019 (2019) 12, 123C01

Hot Topics at Belle Il


https://academic.oup.com/ptep/article/2019/12/123C01/5685006

* Lifetime measurements provide excellent tests of effective models, such as the heavy-quark expansion [arXiv:1405.3601].
* Most precise D and D™ lifetimes: FOCUS two decades ago [arXiv:hep-ex/0203037].

* No measurements from Belle, BaBar nor LHCD.

I
* D7 lifetime is being used as a reference.

* Belle ll: using et e~ — ¢c — D* X events :

» select high-purity samples of D*-tagged D’ — K-n* and

Dt—> K- nnt
_)
P
: ,_ ™MD d-p
T decay vertex 2
| (is displaced on ( ‘ﬁ‘ )
‘ average by ~200(500) Belle Il decay time resolution
F um for the DI(D+) ) : :
- nearly twice as better as Belle's

V p« production vertex
(lies inside the et e~ interaction region)
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https://arxiv.org/abs/1405.3601
https://arxiv.org/abs/hep-ex/0203037

DO and D+ L|fet|me Measurements

aerv 2108 0321 6 accepted by PRL Belle I j rdt=72 fb-1
. Systematic Uncertainties
Belle 11 ¢ Data 4 Belle I1
10* T N —F 10 o et | Source (D) [fs] 7(D¥) [
JLdt=72fb ; ; nﬂdet:72fb .
3 ) Y Background 10° Resolution model 0.16 0.39
10 D — K= : : T1D"—=K*K” b Data Backgrounds 0.24 2.92
1S - 3 10° . Detector alignment  0.72 1.70
> py 10 — it Momentum scale 0.19 0.48
> ™ ¥ Background Total 0.80 3.10
: / 8—4 1 L 'I g
2. s =1/ * M
é 10" F § 3  Still limited by statistical uncertainty.
% - D*—> K ntnt | g 10 Dt — K- ntnt
5 I O . * The dominant systematics: from the
10° F ._ detector alignment, and background
: 10 . s .
o mtndncamlatdf #T S, W T modeling (for the D* only).
it
e et el T
L 1.75 1.8 1.85 1.9 1.95 y ) 0 9) 4 6 Q 10 12
< Mass [GeV/c?] Decay time [ps]
L
| Belle |l World Average Value Our results are consistent with, and more
% (D% =(410.521.1£0.8)fs  (410.1 £ 1.5)fs precise than, the World Average!
M
4  [t1(D*)=(10304%4.7+3.1)fs (1040 £ 7) fs Demonstration of excellent vertexing capabilities of Belle |l.
O
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https://arxiv.org/abs/2108.03216
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B—J/y K1 B—n'K
Belle Il [£dt = 62.8 fb™
80 r Belle Il - Preliminary
70 E Belle Il prelimi [ B on(on, amK: JLdt:GZ.B o’
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—~ F +1 S 100 pe0
% 60 J.Ldt=62.8 b J/ Y—H 1 O [ ¢ Data
: | = - — Fit
S - e Data Energy _ - © 80 .
1 0F — B — K J/y signal difference: AE=E B E BEAM = - = Signal
Q\| B { Combinatorial backgrounc Lo 60 I Continuum
‘\" --------- Peaking background i\i - w2 Peaking
% + Beam-constrained 2 2 E 40 _
- — _B -
T + mass: Mbc - \/EBEAM Pp S }++ L +
""""""""""""""""""""""""""""" Ty ; w 0T .1 Wﬁ
| | E ' ¢
coaa s by by by by by by by 0 e A s A |
0) 10 20 30 40 50 60 70 80 5.2 5.22 5.24 5.26 5.28 5.3
A E [MeV] M,  [GeV/c?]
= o This analysis World average (9]
: Nsig (T ™) = 267 £ 21(stat) = 28(peaking) Channel B (x10°)
: Ngp (eTe™) = 226 + 20(stat) = 31(peaking). B* K 63.4 T53(stat) & 3.4(syst) 70.4 +2.5
B /K" 59.9 722 (stat) + 2.7(syst) 66 + 4

[arXiV:2106.13547]

[arXiv:2104.06224]

* Next: to use the future large data sample
collected at Belle |l for a full time
dependent CP violation analysis.

* Next: precise measurement of BO
lifetime and mixing frequency.
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https://arxiv.org/abs/2106.13547
https://arxiv.org/abs/2104.06224

* Accessible via b—u transitions, but b—d penguin diagrams contribute significantly. 5 = —ff \/1 A28’m2¢2f‘f
 Penguin pollution from an isospin analysis of B —zzr and B —pp. =y — Ay (effective” p2 )
B0 — 7070 250 Belle Il (preliminary) ©* Data
» Unique to Belle Il : four photons in the final state. 201 Jrazezsr: o

» Dedicated MVA for optimized photon selection. BB

* Dominant background is coming from continuum %,
» Suppressed with another MVA.

B(B? — 7% = [0.987535 (stat) £ 0.27(syst)] x 107°
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arXiv:2107.02373
[ ] Belle Il [Cdt = 62.8 fb-1 My [GeV/CT]
B ! - g
- » pion only (z*z%)(z*7") final state. G 160 ~Data
;;f » Large background because of broad p mass width. g 20 gggfg: rans
T » 6D fit including helicity angles. s ::B"':
| B(BT — pTp”) =[20.6 + 3.2(stat) £ 4.0(syst)] x 107° 0 M
2 fo (BT = p™p%) = 0.93679 077 (stat) £ 0.021(syst) ”
5 [arXiv:2109.11456]  §% 2 kyovi
8 b ] o s —————
- » 20% better precision than Belle on 78 fb-1 [PRL 91, 221801 (2003)]. 2C -1 08 06 04 02 0 02 04 3065908 :


https://arxiv.org/abs/2107.02373
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.221801
https://arxiv.org/abs/2109.11456
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The first Belle and Belle Il combined model-independent measurement of ¢;3

° 1 b . — 0 0 + — _
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018

@3(=y) Extraction on the Combined (Belle and Belle Il) Data Set

Belle+Belle Il [£dt = (711 + 128) fb~1 Belle previous analysis with 711 fb=1:  [Phys. Rev. D 85, (2012) 112014]

1
Z N Belle + Belle Il
0.8} _[L dt = (711+128) fb™

Belle+Belle Il [£dt = (711 + 128) fb [arXiv.2110.12125]
¢3 = (78.4+11.4+0.5+1.0)", submitted to JHEP

rEE = (.129 4+ 0.024 + 0.001 £ 0.002,
SRR — (124.8+12.9+0.5+1.7)°.

0 50 100 150

0, [°
Ir Balle « Bollo B » Statistical uncertainty on ¢3 improved by 4° over Belle.
0.8} JL dt = (711+128) fo'

» Experimental systematics reduced from 4° to 0.5°.

* Input-related systematic reduced from 4° to 1° due to recent
values provided by BESIII.
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» Future analysis corresponding to 10 ab~1 will provide

0.05 0.1 O 10?( 02 025 03 measurements with a precision of ~4° or so.
r
B
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http://arxiv.org/abs/2110.12125
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* Striking difference between the direct CP asymmetries of B¢ — K+ 7= and B*— K" 70 (AAcp = 0.115 + 0.014).
» The isospin sum rule test: a sensitive null-test. [PLB 627, 82 (2005)]

B(KOW+) TRO
B(K+7T_) T+

B(K+7TO) TRBO
B(K+7T_) T+

B(K°7%) | At Belle Il we can measure all the

IKT(' — AK+7T_ + AKOT('_'_ QAK_'_TFO QAKOWO

B(K*+7~) | inputs of the equation.

Belle Il [£dt = 62.8 fb-1

12
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S o5 _ i | . +0.46
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Z —=-B - Kn° ) : —-BO—>Kgrc° .
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@®© > —— Projected uncertainty with Belle II
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<C Y A — > 12 — >
I. § o5 [ Belle Il (preliminary) e Data, B® tags O " Belle Il (preliminary) e Data, B® tags 5
® I J- L dt =62.8 fb” Total fit = oL J- L dt =62.8 fb” Total fit 0
= 5 —-B - K® = i —-B - K® = 0.15 -
| 02 20 _ B-decay background E 8 B B-decay background %
8_ j 0 ----- Continuum background % . Continuum background -
15
M : °I B tag 8 o
A 5 wf 5
2 IR 5
EETn 3
o I
[ |
(7)) 1 ECI AL JE
®) [P J_.J_h_LJ_l_.__i_/. ! .\. L
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https://arxiv.org/abs/2104.14871
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~ Searching in 0.276 tb=" of commissioning data (April-duly 2018)
° o o E 1 ||||||||||||||||||||| =T [ T T T T [ T T 11 =
et ee—ut u2’, (£’ — invisible) [ Bellell 2018 = e :
10° F p
+ 5 J Ldt = 276 pb o
e : P
L, — Ly model 2 Y . A ——
- ete’ = PHLY)
coupling only to i e TTD
( p g y N —cle el 'y 1 [o)) 10_2
the 2nd and 3rd ‘
lepton generation) L B | . Belle Il 2018 L e e oy L i
. ' : J Ldt = 276 pb-1 f ii:iz ?)];I;e(czt?ili];)ﬂ expected UL
[Phy.Rev D89,113004 (2014) 107 l 1 l I | 1 I | - | | | | | | -
llllllllllllllllll RN | R L | & EEHTEEE _4 T T e e e e
JHEP12(2016)106] o 1 2 3 4 5 6 7 8 O o 3 4 5 6 7 8
Recoil mass [GeV/c?] M., [GeV/c?]

* The first experiment to set limits on Z' coupling, g'. Will soon probe the region interesting for the (g-2)uy anomaly.

- 80
10° £ Bellell 2018 e Data 2 .o  Bellell 2018
— wlly & ’ > °* ; _ 1 —~ _ p
: et e—et u*7Z’, (£’ — invisible) _ JLdt_ 276 pb #AM 2 60 JLdt = 276 pb
S ] f S 50
§ ;. Zt: l::f(%) } s &G (0bs.) 90% CL UL
<_ Z Wlth LFV E === ete > ete Ut 1T 1 1 RE —Hj' 40 i
L ] " +(|D - ------ &0 expected UL
| e_ILL Coupllng A ||’L""/|I/J,jl A IJ/P/ T > :_
3 ] oA ' 20 F
[JHEPO5 (2017) 083, R o O f
|  JHEPO03 (2017) 064] i — R
g EI....I....I..*..I...I....I....I..., b | O....I....I....I....I....I....I....I....I
S model independent search o 1 2 3 4 S5 6 7 8 61 2 s 4 S5 6 7 8
a8 Recoil mass [GeV/c?] Recoil mass [GeV/c]
Q.
Lg * No excess observed. The first experiment to set limits on cross-section for e™ e~ — e* u+ + missing energy. .
I


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801

* Axion-Like Particles (ALPs) are pseudoscalars, a, which couple to SM bosons via g4yz and/or gayy.

'y >
/O
Belle II

Bell || focuses on gayy. Searching in 0.445 fb=1 of commissioning data (April-July 2018)
700 |
- Belle Il (2018) 5, 40 400 | Belle if (<018) é} g?tea — 1%y(y)
600 b [ gt = 445 pp- [ Ldt = 445 pb~! m cte” —ete(y)
: 30 . ete” —yyly)
500 [ (D) ool (a) 277/, MC s

N
o
o

Candidates / (0.04 GeV?/c*
N
o

Candidates / (1 GeV?4/c?)
andidates / (1 GeV?/c%)

200
100
100 /UV
0 20 40 60 80 100 ° 0 20 40 60 80 100
M\%V [GeVZ/C4] Mrzecoil [GeVZ/c“]
New exclusions already with ~0.5 fb~

3 - Asignal would be identified by a peak in the diphoton invariant 3
5 mass (M2, ) (better for ALP masses < 6.5 GeV), or in the recaoil gl Belle 11
T
| invariant mass (M?,ecoil ) (better for ALP masses > 6.5 GeV). £
B -+ No significant excess seen, limits set on ALP coupling to photons.
5 2wz =0
] [PRL 125, 161806 (2020)] T}
E 14


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806

e SuperKEKB has achieved Lk = 3.1 x 1034 cm™2 s—1, the world record on June 22nd.

 Despite the pandemic, Belle |l collected up to 12 fb-1 per week.

* Belle Il has a very diverse and exciting physics program [The Belle Il Physics Book Prog.Theor.
Exp.Phys.2019,123C01 arXiv:18-8:10567].

* We have already world leading results on the first Dark Sector searches and on the
D%/D* charm lifetimes.

* More charm lifetime measurements (A¢, Ds, ¢ ) are coming.

 We are looking forward to an exciting era of discoveries and we know the world is
waiting for us.

Thank you for your attention!

-
®
$)
)
£
<
L
Q
)
m
IS
0
9
S
l—
©
L

15


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




The flagship B factory measurement SuperKEKB - Belle i

_. .
« By measuring time evolution of B meson e : 7.0 Gel; e : 4.0 GeV tcp fcp

CP eigenstate

pairs, we can get constraints

- for CP-violating angles, ¢:(=f) and ¢:(=a)
* the BY-BY mixing parameter Am,.

AZ = C,B)fL'B ~130um
* ¢;, ¢ are fundamental inputs of the CKM fit. 10.58 GeV/c2 N
Z
o * Current precisions: ¢,/5~0.7° and ¢2/a ~4.5° | ftag | — At
& - Belle Il expects to improve by a factor ~5 on le— A7 — C,BQ/
|
. both. ltag At = tcp — ttag
<
| €—|At|/7'B()
P(At) = 0 {1+ q|Ssin(AmgAt) + Acos(AmyAt)|}
E T RO
§ S and A : CP-violation parameters.
2 17




First Look at Time Dependent CPV in B—>J/w K <)

The measurement of BB mixing parameter The measurement of time deDendent cP
using a sample of BY —>D~ (K 7 ) violation on BY —J/y K’
. " Belle Il (Preliminary) 050 60 ol lrminar
8200‘[édt=_34'§fb__1_ 4 I ZOZO/EOEO g 50;?LI(;1-="3(:6|fb—1 g ¢ ftoag
Sisof D KT o[BS nKY ) t B,
= | T 40T
Eloof— %
g = Belle Il [Cdt = 34.6 fb~" 5
> >
..qb) 0.5:— ..qb)
g 0.0} g
~8

1000 140,
{ | Belle 11 (Preliminary) % - Belle Il (Preliminary)
> a0l JLdt=34.6 fb~! : % 120 [L dt=34.6 fb1
) i : i
U] ; g 100
N | —— Combined G o S :
% 8 600 -—- BOsD-(K*m~n )nt +c.c. PD O gof Combined B
O ) [ : - === B> J/p()KQ(ntnT)
® e - I BB Background = :
- - - _ 5 - 60L B Background
z »n 400 ™ qq Background 0 I; - n - ¢ Data
. g |+ e BO lifetime = (1.519 £ 0.004) ps| & , |
= 200 2 205
C | - - =
| 5 Amg = (0.5065 = 0.0019)ps! | & *
9.20 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 8.20 521 5.22 523 524 5.25 5.26 5.27 5.28 5.29
My [GeV/c?] My [GeV/c?]

Amg=(0.531 £ 0.046 £ 0.013) ps- S =(0.55 *+ 0.21 + 0.04)
(significance ~2.7 o)

[BELLE2-NOTE-PL-2020-011] 18
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https://docs.belle2.org/record/2024/files/BELLE2-NOTE-PL-2020-11.pdf
https://pdg.lbl.gov/2021/listings/rpp2021-list-B-zero.pdf

