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Detector & Luminosity

. Belle Il Online luminosity Exp: 7-35 - All runs
The Belle Il Detector o i , = ——
Resistive Plate Chambers (barrel outer layers) 17.5 1~ Integrated luminosity T L 600
Scintillator + WLSF + SiPM'’s (end-caps , inner 2
barrel layers)
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—
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15_0 .. fﬁRecordeddt‘—" 575'47 [fb—ll ...............................
Csl(Tl), waveform sampling :\\\\\\\\\\\\\ 7

T
wn
o
o

12.5

™ ' - 400
= cle Identification
electrons (7 A detector sy’stem (barrel) 10.0 -
i B ox.-focusing Aerogel RICH (fwd
i A - " : = - 300
e it 7.5

Beryllium beam pipe W

m diameter ' 4' ., \ , "\l!‘.“'ﬁ

o,
\%

- 200

5.0 1

Total integrated luminosity [fb~1]

Total integrated Weekly luminosity [fb™!]

l,e%\_\:\ positrons (4 GeV) 55 . 100
. Ph x !.. .
Central Drift Chamber

He(50%):C2Hs(50%), small cells, ever | K

arm, fast electronics (Core element), dE/dx | 0.0 - 0

Belle Il homepage: “Belle Il has been designed to make precise measurements of weak
interaction parameters, study exotic hadrons, and search for new phenomena beyond the
Standard Model of particle physics.”
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The Belle Il Physics Book [PTEP 2019 (2019) 12, 123C01]
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sin 2¢, precise measurement

IR . ; i l . I 1 2001 Combined
AB: (s().-O.'fb; " - 4 0.12 +0.37 +0.09 (a) [ ;\
Belte (1000 . | |esszanrm E ° ; N
%0 B(e;lle ﬁ(g)ﬁl; ! P 0.58 732708 (¢) < 1._ —4- 31M BB
.2 BAB(-’;?.\(:(]’;%; —e— 0.34+0.20 +0.05 (d) 8 4 At?ps) 3 8
. BaBarR 2oon} ~ T~ T T _}._i__{ e 0.59 +0.14 +0.05 (e) i
o (32 M BE)) I (LP2001)Belle+BABAR: First
Belle (2001)y | 0.99+0.14 +0.06 () .
> B ataiat dlettet e ey | observed CPV in B >60
" e [ 0.741 £0.067 +0.034 (g)
O B(ell (2002) . - =
E (85 M BE) . RS This discovery provides the exp. support for the
Belle (2003) S 2 & . . .
c (152 M EB) i BRI Nobel prize of Kobayashi and Maskawa in 2008
- B-*%‘;fﬁg;; [ 0.722 +0.040 +0.023 ()
& ge:;' ﬁ‘g’}g [ 0.652 +0.039 +0.020 (k)
8 B.—\%}? \( i(g)g; ol 0.710 £0.034 +0.019 (1)
> gf;l;ﬁ‘g’g lof 0.642 +0.031 +0.017 (i)
= BARAR Goos) - ses7s0mss0ozw@ QS A typical achievement of 15t generation
Belle (2011) 0.667 +0.022 +0.012 (o 1 1
(772 M BE) ol - asymmetnc B‘faCtO”eS.
Current Average A 0.677 £ 0.020 . s
- Precision measurement

S= sin 20, Reference for NP
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Sin 2¢1: BO — ]/II) Kg. (Belle I1) PRD 110, 012001 (2024)

4 )

Flavor tagging PhysRevD.110.012001 Flavor-tag
= (B’ or B’ ?) Reconstruction
Category-based FBDT flavor tagger . 4/'/. eff~30%/-'f/!//( 417)
e Kinematics, cha rge, PID of charged pa rticles —_»-4“..\‘ ............. 4/ f
€orr = (31.68 + 0.45)% e =0 ,, | — cp
. : Vertexing * L. \K
Graph neural network flavor tagging(GFlaT) 8 o 140ps s
* Improved performance by learning correlations between
final-state particles
CPV | Belle Il (362 fb1) Belle (711 fb?)
0, (':D
€e 37.40 +0.43 + 0. 36) %o @ PRD 119, 012002 (2024) PRL 108, 171802 (2012)
8% |mprovement! o
o e S 0.724£0.035+£0.009  0.670 £ 0.029 £ 0.013
5000 BeMle I simulation = Belle 1l . } BY,(g=+1
5 A——— ] B e (g7 T C  —0035+0026+0.029 —0.015 4 0.021+2942
8 7000 | — B° GFlaT §3oo L :
o sooo | BY, category-based §
2 ool B, category-based é 200r LHCb (6 fb'l) La rge MiXi ng—ind uced
§3ZZZ 59 s N P ROPRR A PIPIOME CPV par: its precision is
£ 2000 g | S 0722%0.014£0.007 dominated by LHCb.
o TIE o
i | C  0.015+0.013 + 0.003
-1.00 -0.75 -0.50 —-0.25 0(.10;) 025 0.50 0.75 1.00 _ What else Can Be“e ” dO?

Longke Li (HUNNU) Belle Il Highlights 8



https://inspirehep.net/literature/2762190
https://inspirehep.net/literature/1085529
https://inspirehep.net/literature/2762190
https://inspirehep.net/literature/2762190
https://inspirehep.net/literature/2698798

Sin 2¢1: BO —> ]/II) 11'0 (Belle Il) PRD 111 (2025) 012011

S = —sin2¢4, C = 0 if there is only tree amplitude
Tree is color and CKM suppressed Tree

- can be used to understand the loop contribution in B - J/WK?

b
* Improved sensitivity by the better ° selection and GflaT B’ { w*
* AE — m(ll) fit to extract signal

[

100F e =364 ! — "'l - Belle IT (preliminary) -~ $ B (g=+1)
o 10| JEde=364 170 |/ % b Bugla=-1)
[ B Jfyn® '" = —0.881+0.17 £ 0.03

Candidates per 14 MeV

=0.1 0.0 0.1 0.2 0.3

S
C =0.134+0.12+ 0.03
B =(2.02+0.12+0.10) x 10~°

Candidates per 2.0 ps
g

AE [GeV]
S ey W _ r Most precise,
Z : Zu o %
i— 100 - g -
g = 0f : :
z w 7 * first observation of non-zero S parameter
g =4 P U RS R R . e . . . .
- '[l).!)-') 7-—‘ 3.05 3.10 I-'; 3.20 _G _4 _2 0 2 4 6 (mIXIng_Induced CPV) In thls mOde

m(e*€-) [GeV/c?] At [ps]

(AE = Ep — Epeam)
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https://inspirehep.net/literature/2839374

¢ = arg(— VeaVip/VuaVup)

¢2: B - pFp~

(Belle I1) arXiv:2412.19624 (accepted)

* B% > p*p~: much smaller loop contribution = dominates ¢, precision

0’s reconstruction needed = a channel suitable for Belle Il

* twoT . .
» Extract ¢, using this new result
=== Long. signal -- Self-crossfeed BB 28 1T { Data
-==- Trans. signal === Peaking backgrounds qq —— Total 1 o Belle II (Preliminary) B—pp (WA + Belle IT)
N — ] N — — ] 100 N — ] t (ZS - [92 6+4.5 o i
60 ;Bfelle IT preliminary BS,(g= +1) ] 80 __B.elle II preliminary Blylg= -1 ] :Belle II preliminary b B'tag i 2 V48 ]
. :/L a=36ampt  ONOST<HOd U fra—gean  OSPersiog 80 e a=36am ¢ B tag’ 08 - i
S 60| o S 6o ]
~ ~ i 1 3 ] 0.6 | -
£ 40 g 40p 1 = 1 CA) .
> i > i 1 2 i — - -
S| el . | P 88.3%
0 3 P 02 —-
3| 3 - - . 1
E 0 % -_—-_-_-__-; 5 : . E "_ ,-........195.‘.4.'% ..... |; ........ A s | sreeenes s
-3 = = : > 4 oo L i
...|...|...|...|...|...3 :..l...l‘..l..l..l..:é) ] 0 20 40 60 80 100 120 140 160
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 6 hal°]
At [psl] At [psl] B - pp world average
4.5
_ = (91.5%%32)°
B(10-9) f1 S C ¢z = (91.5253)
+2.3 +3.1 +0.024 +0.017 B +0.06
Belle Il 29.0233 30 0.921%5025 0015 0.26+0.19+0.08 —-0.02+0. 127505 B — pp world average
Belle 283+15+15 0.988 + 0.012 + 0.006 —0.13 + 0.15 + 0.05 0.00 + 0.10 + 0.06 + Belle Il p* p~ results 6%'
— +4.5\o
BABAR ZBIECR NI 5 0.992 + 0.024 *3:93$ —()l7] 2t 0_20t8:8g 0.01 +0.15 + 0.06 > ¢, = (92. 6 43
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https://inspirehep.net/literature/2863319

¢2 . BO — TL'O 1'[0 b, = arg(—VigVis /VuaVis) (Belle Il) PRD 111 (2025) L071102

E 30 Bellell preliminary N§ 40 | Belle Il preliminary
* Require 4y reconstruction ( Unigue to 5 -t
(0] —
Belle 1) from a large background due to g a
© )
hadronic clusters, beam background 2 3
. O S
— Developed an MVA for y selection ©
* Improved sensitivity by GFIaT. R, 4F ., —
58 of a8 Pt vl
ES 2P ERcE e s =
-6 22 03 02 01 0 01 02 03 04 05 =22 52 521522523524525526527526529 5.3
B(x107) ¢ Ngp - AE [GeV] M, [GeV/c?]
Belle II 1.26+0.20+0.12  —0.06+0.30+0.05 388 x 106 g ©5- peeliprelminary 2 3sf Bellell preliminary
E’_ a0k Ldt=362" g, a0k Ldt=362fb"
Belle 131+ 0.19 + 0.19 ~0.14 + 0.36 + 0.10 772 x 106 8 x| 8 xf .
BABAR 1.83 + 0.21 + 0.13 —0.43 + 0.26 + 0.05 383.6 x 106 I - B B ihg
O 15F O 15 3 BB background
30 _ o Continuum
5 3 5F
- - - ] - - 1
Consistent with previous experiments and 8o 8o if
Comparable sensitivity with small statistics. £z~ L R i —
Transformed continuum ¢ Transformed
suppression output wrong flavor tag probability
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https://inspirehep.net/literature/2861324

Charm physics

25 : )
_ g e Belle (I1): a charm super-factory
- 2 1(1S) Y (45) 1.05 + 0.10 1
= . 15 = _ _
= 2 S Ce Lo 1) ete” — cC(e.g. CPV searches)
g :. ~ uu 1:61 ]
=~ 15 i i dd 0.40 ] . .
= i . it 2 1
2] i Ys) rtr=() 0.919 | 2) B decays involving charmed
.: ete  (v) ‘ 300 £ 3 1
$ 08 ~ Y@s) | hadrons (e.g. charm spectrum)
2 R I Ys) :
= SEREESL £ 8 R § 2 :
© a : e w-:m?'m__,_ ¥ - 1.e*e” = ccbhar 2.B-decay

; ¢ e )
.49 pairs (continuum) 1 £ B c X,
9.44 946 10.00 10.02 1034 1037 10.54 _10.58 10.62 w
Mass (GeV/¢) BB thres. -
- "
e’ C
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Charm lifetime (first charm wave)

0 R s SR ........‘.Lon_g, Shutdownl . /£...........

1 — T F—RRMBLER: AT FRBRENRBTHFFORANNZ
§ - 0 PRL 127, 211801 (2021); PRL 131, 171803 (2023);
10° b - Belle I 3 PRD 107, L031103 (2023); PRL 130, 071802 (2023).
E : Belle Il Online luminosity Exp: 7-35 - All runs
102 ; DO—}K—n’+ i 17.5 4- tegrated Rminosity e | 600
Be//e E : ] mmm Recorded Weekly D
\ . Py 15.0 - sssssess IfRecordeddt =575.47 [fb—].] ..... @
: Belle I - 500
10} 'y

- 400

Total integrated Weekly luminosity [fb~1]

10.0 N F— S Vi 7 ...
- 300
0 7.5- .................................................................
t [ps] , e - 200
. . . 50 o . R e e et R S e T - - - - - -
most precise charm lifetimes:
7(D°) = 4105+ 1.1+ 0.8 fs, T E— A 100
(D) = 1030.4 +£4.7 + 3.1 fs,
7(DF) =499.5+1.7+0.9 fs, e !

T(A}) = 203.20 + 0.89 £ 0.77 fs
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Charm CPV (next charm wave)

* Charm CPV effect is very small (103 level or smaller); a sensitive probe for New Physics.

e 2019, charm CPV observation by LHCb': AAcp(D°® - K*K~,n*n™) = (=15.4 + 2.9)x10™* (5.30)
2023, first evidence for direct CPV in a specific D decay?: A4r = (2.32 4+ 0.61)x1073.
=>» to understand this CPV, more results and more precise measurements are desired.

* CPV before 2025: observed in all open-flavor meson sector, not yet in the baryon sector.
Recently, LHCb reported the first observation of baryon CPV in /12 - pK~n ™ decays3.
=» charmed baryon CPV, the last piece for heavy-flavor hadron CPV, to be observed.

e Recent charm CPV results at Belle Il

(e Acp(D° - KOKO): PRD 111, 012015 (2025) + arXiv:2504.15881 (preliminary result)\
C S 1S

« AX, (DT > KJK m*mt): JHEP 04 (2025) 036

e A (D% - %) preliminary result
cp

e Acrp(DY = ntn®): preliminary result
cp

"LHCb, PRL 122, 211803 (2019) 2LHCb, PRL 131, 091802 (2023) 3LHCb, arXiv:2503.16954

Longke Li (HUNNU) Belle Il Highlights

New charm wave.
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https://inspirehep.net/literature/2844984
https://arxiv.org/abs/2504.15881
https://inspirehep.net/literature/2832416
https://inspirehep.net/literature/1726338
https://inspirehep.net/literature/2692262
https://inspirehep.net/literature/2902819

Charm CPV: ACP(DO — KgKg) (B+B2) PRD 111, 012015 (2025)

* (one golden channel) ACP(DO — KSOKSO) may be enhanced to 1% level with the SM,
by the interf. of ¢ = uss and ¢ = dss amplitudes. [PrD 99, 113001 (2019), PRD 92, 054036 (2015)]

- -1 500
5000 Belle [ L dt =980 fb" 1200 i Belle I [ L dt =428 fb |
] ]
¥ ~
% 4000 t Data 1000 > t Data 400 «
= — Fit = = — Fit S
= : o
S 3000 -+« D'—>K2K? 800 £ = === D°~>KK; KA 300 &
& sHh S % 0. | JST 2
§ = =D’—-Kin*n- - % g L 2 —’Kslt‘ﬂ 8
£ 2000 = Non-peaking back. g 3 = Non-peaking back. 200 g
=] o
g 400 O i ©
9] © 100
200
4 4
= 2 = = 2 =
z o, £ £ 0, E
-4 -4
404 2 z 0.4
g {02 ¥ g 02 ‘g
0 0
: {2 & 5 -0, 02 &
< _ ) ) 4-04 < < 04 ] ) ) } ) ] 04 <
2.005 201 2015 2.02 2.005 201 2015 2.02 -5 0 5
m(D°zr*) [GeV/c?) S, K m(D°x*) [GeV/c?) S iKY
o Belle: Acp(D® — KOK?) = (—1.1+1.6+0.1)% Belle Il: Acp(D° — KOK?) = (—2.2+2.3+0.1)%

o Combined Acp(D° — KIK?) = (—1.4+£1.340.1)%: comparable to the world-best result: (—3.1 % 1.3)% PRD 104 (2021) 1031102

o Belle(I1)4+LHCb average: (—2.3+0.9)% vs. CMS: (6.2+ 3.1)%: 2.60 diff. = more precise result desired.
EPJC 84 (2024) 1264
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https://inspirehep.net/literature/2788405
https://inspirehep.net/literature/2844984
https://inspirehep.net/literature/1861934

Charm CPV: ACP(DO —> KgKg) (B+B2) arXiv:2504.15881

An independent sample: using opposite- ¢ AREEARRE g
. . + _ 3 1600 Belle [ 'Lat =980 fb" B
side flavor tagging fore™e™ — ccC events 3 100t ¢ Data ‘
[(B2) PRD 107, 112010 (2023)] g 100y — Fit :
2 1000f _ID">KKq
Belle sample (980/fb): g e
Ngig = 14490 £ 340 and Acp = (+2.5+ 2.7 £ 0.4)% ool .
Belle Il sample (428/fb): miy N H
Nsig = 5180 + 120 and Acp = (—0.1+3.0 £ 0.3)% " s 19 195 2
m(K3K3) [GeV/c?] o
Combined result based on such new tagging: % I = .
Acp(D® = KQKO) = (+1.3 £ 2.0+ 0.2)% g " FR
= 600f 8
B S 140
Then combining it with that from D**-tagged sample: g 00 — it j 120
Acp(D° - KQK?) = (-0.6 £ 1.1 + 0.1)% S [iff?';“:K%K?d 10ojp
. — - bacKgroun 80/,
most precise (temporary) w : ol
200
ol
» B2+LHCb vs. CMS: 2.60 diff 2 2.10 diff 100} ol
0 ,}" "\. ) L T ot ”' 77
=» Looking forward to LHCb’s updated result (9/fb) he t 1 ? -

m(K3K3) [GeV/c?]
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https://arxiv.org/abs/2504.15881

Charm CPV: ACP(DO — TT 1'[0) (B2) Preliminary result

* The following sum-rule for D>t decays helps determine the source of CPV:

R Adr (DO — 7t7) AL (DO — 7070) AL (DT — 7t 79)
B Tpo ( Boo __ 2Bio Tpo (By— _ 2Bio _ 3™+ [ Boo By_
1+ By_ (TDO 3 TD+) 1+ Boo (TDO 3Tp+ 1 2Bi0 \(Tpo + THo

« ifR#0, CPV from Al=1/2 amplitude; if R=0 & a A% = 0, CPV: from a beyond-SM Al=3/2 amplitude.
e Ap(D° - ™) precision: leading by LHCb; first eV|dence of direct CPV in a specific D decay.

0,0

e Raw asymmetry of the tagged D° — n%r® sample:
AT = Acp(D° — 7°n%) + AR + AT specificity

. A§*+: being an odd function of cos 8* i.e. the cosine of the charmed-meson polar angleine™e™ c.m.s
. AZS: using tagged and untagged D° — Kt samples

* Time-integrated CP asymmetry:

0.0
ACP(DO - ,ITO,/TO) — Al7r i AlKﬂ' + AIK'rr,untag: where A4/ — A’ (cos8* < 0) + Af (cos6* > 0)
2
f = 7% Kr; K=, untag.

Longke Li (HUNNU) Belle Il Highlights 1
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Charm CPV: ACP(DO — TL'OT[O) (B2) Preliminary result

cos0*(D**) >0 vs. cos@* (D**) <0

e Result at Belle Il (428/fb):

S| e AT = (4+0.30 + 0.72 + 0.20)%
gt // P CP
3 °1 J =» only 15% less precise than Belle’s result

(0=0.65%) based on 980/fb data [PRL 112,
211601 (2014)]

da
R R T - N I )
~ 838388383838

* Using our result, A T (LHCb), W.A. A”+”0,

AY (LHCb), W.A. BR, and D lifetimes,
R=(15+25)x1073

/A//,///// 16

‘Prel

- 20% improved precision

Longke Li (HUNNU) Belle Il Highlights 18



https://inspirehep.net/literature/1640639

Charm CPV: A p(D" - &

+Tl'0)

(B2) Preliminary result

x10° Tagged decays %10° Null-tag decays
LS Belle I [ L dr =428 fb™! 6f t Data
< \ — Fit
E L [ | Phys. backg.
~ 4 v~ Comb. backg.
5 L
s o
g WY
1\ n’ e ?r/y/ 7
g 0.1
é i)’ ,...' B + 41
: * UL AT I
g _ _ "l ]-0a _ - % l_j )
1.8 2 22 1.8 2 22
m(wtn®) [GeV/c?] m(w+a°) [GeV/c?]
Ngig = 5130 £ 110 Ngig = 18510 + 240
Aep = (-39+1.8+02)% Aep = (-1.1+ 1.0+ 0.10)%

Longke Li (HUNNU) B

elle Il Highlights

Using D* - n*tK (obtain ~1.6M signals)
to eliminate two common asymmetry

sources: AD.,q + A" Thus, the CP

asymmetry of interest is

Acp = AT — ATKS 4 4R

Combined result at Belle Il (428/fb):
Acp = (-1.8+0.940.1)%

=>» most precise; and 30% improved precision

compared to Belle’s result 0=1.26% (980/fb)

[PRD 97,011101 (2018)]
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https://inspirehep.net/literature/1640639

Charm CPV: A (D"‘ - KgK_Tl'-l_Tl"l') (B+B2) JHEP 04 (2025) 036

* For four-body decays, TP asymmetry is used for CPV searches. Current world averages of all aC};P measurements:
triple-product (TP): Crp = pi-(Bj X Pk)- Db_,'KSJ}n-'no cH ; T T 028e1 38?72:))(10-3'
M — P;P; PP, . M - P;P;P, P, : [Belle]
P D1 ¢ D’—K*K ' (SCS) o (3.5:2.1)x10°
l ﬁ % ﬁk ﬁ % ﬁk ! [FOCUS/ BaBar/ LHCb/ Belle]
J - ' J _ Do—’KsKs"’m- (SCS) . : ff; “9?4-1 42010y,
v v S ST O e 1D O e
Pk p"v D!—~K.K'Kn* (CF) i (-3.34:2.68)%
/ M ' M 5 [Belle]
//;\/I rest /’/ - M rest // - D+—>K-JT,+J'C+JIZO (CF) .:.‘ (0.21'1 .5:0-8))(10-3
/frame Pj, frame Dj : [Belle]
( J. D*'—>K_K*x*r (SCS E -2.7+7.1)x107
é Crp >0 ‘é Crp <O s (SS) — fFOCUS/ B)aBaor/ Belle]
. D*—>KK*r*r® (SCS) o (2.6:6.6+1.3)x10°3
The asymmetry between the cases of p; at the up-side (down-side) of . o [Belle]
BiPx plane = so-called ‘up-down asymmetry. S o
D!—K_K*n*n (CF : -8.2:5.2)x107
Np. (X > 0) ~ N (X <0 b R o
Ax(D") = _ D;—~K*Kx*n® (CF) : (2.2:3.3:4.3)x10°®
Np+ (X > 0)+ Np+ (X <0) X =Crp e [Bele]
D!—K*wn*n® (SCS : -1.122.2:0.1)%
A—(D_) Np- (X > O) Np- (X < O) _ s (SCR) * : fBeIIe] )
X p— I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 |
Np- (X > 0)+ Np- (X <0) X ="Mcplrp ~0.06 ~0.04 ~0.02 0 0.02 0.04 0.06
_ T-odd
A% = 2 (Ax(D*) — Ax(D")) al

Available large sample of D* — K2K‘n+1t ; but no CPV searches.
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https://inspirehep.net/literature/2832416

Charm CPV: A

p(DY > KoK ntmh)

Candidates/(1 MeV/c?)

* CPV searches using triple-product (TP):

Pull
_;'xr'ocNA

O O N W A~ o oo N

Ctp = (Px- X P,

;Jf) Pk

First CPV search using quadruple-product (QP):

+) - Py X Pt )

(B+B2) JHEP 04 (2025) 036

Using six X-variables considering angular-related amplitude terms.

M(D*) (GeV/c?)

& 1.83 1.84 .85 186 1.87 788 1.89 1.9

Candidates/(1 MeV/c?)

— —
Cqp = (P~ X Py
x10°
- DF - KOKT it D
- [ Ldt =980 fb1 BELLE
1|LJ.1||11|
82 183 1.84 185 1.86 1.87 1.88 1.89 19

4.5

PuII

x10°
-DE — KOKFntmgt
4F . <O
a5 [ Ldt =428 fb—1 Boll T
3t
25 F
2
1.5F
1F
0.5 s g .

9.8é1.1‘83 1.84 185 186 187 188 1.89 1.9
M(D*) (GeV/c?)

E r\,-,-ﬂprd.,,».hf e R
4|

82 1.83 1.84 185 1.86 1.87 188 189 1.9

X Combined A% (103)

Crp —2.31+4.5 :E 1.5 0.50
Cop —07+45+17 020
CTP CQP +39+45+4+1.1 0.80
cos BKS cos 0y - —29+45+21 0.60
cos GKS cos 0,— Crp +1.0+45+1.4 020
cos GKSo costy-Cop +11.6+45+1.1 250

More observables?

CPV searches via PWA

Thank Fu-Sheng Yu and Zhen-Hua Zhang for valuable and helpful discussions.
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https://inspirehep.net/literature/2832416

Charm CPV in charmed baryon decays

(Belle) Science Bulletin 68 (2023) 583

direct CPV in AT — AKT, Z0K* a-induced CPV in AT — AKT, Z0K ™

@ The sources of raw asymmetry of AT — Aht: ® Measure a/& for the separate A /AZ samples.
AL SAKT = + At
Araw (AT = AKT) = As ™ + AP L AL L AKT 4 AfC @ Calculate A%p = (a4 + a5 )/(a,+ —az-).
(o} C C C
@ Using (CF) A — Ant™, X%7t" to remove common sources. 10° | - X10° |
ar . v : AF - Akt

g sE Ac > AKT g st Ac 2 AK— P =

3 b e S 5 ub A oS

E 45 =te= :J\tcher backgrounds E 4: - :)\tcher backgrounds :'

o 3F o 3C =

= E & o2

g =& z ;

g g 1

3{5 2?2 2‘25 = 2‘3 ' 22!5 ] 2‘4 2J‘15 25 201_5 2?2 2‘25 - 2T3 » 2;)5 N 2‘4 2;5 25 0’ - | \ L ] 0» . ‘ ‘ ‘ =
M(A?) (GeV/c?) M(A) (GeV/c?) -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

. | s F : cosb, cos6,

i T i b e e e

_— N ” o A% (At - AK') = —0.023 £0.086 +0.071
o AZ(AT - AKT) = (4+2.14+£2.6+£0.1)%

e (A )= ) o A% (AT — X°K*) = +0.08+0.35+ 0.14

di 0 — -
° AZ(AL - Z°KT) = (+2.5+£5.4+04)% First A%, results for SCS decays of charmed baryons.
First A(}i,g for SCS two-body decays of charmed baryons. e No'evidence off GV, is found

y ’ y

No results yet at Belle Il...... some results on the road. Please stay tuned.
(e.g. AF - phth™, AY - AKdht, B} > 2Th*h™, etc))
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https://inspirehep.net/literature/2138841

C harmed ba ryons (B+B2) JHEP 10(2024)045, JHEP 03(2025)061, arXiv:2503.17643

Belle IT [ £dt = 427.9fb~! Belle II [ £dt = 427.9 fb~!

i o — ] e ' B+B2 combined BR results for 5 CF and 4 SCS decays:
Belle Il, 426 fb *Data ( ) Data y
ol e ¥ Ot iconibindodii 1] "5 [t e (b)
E, - .'.E.',ZT.L’:.;T.. E’ g 100~ I’""‘"'''";‘I"‘;JX%LMXJ‘[\)reliminary B(Eg - EO 0)/3(38 - E_Tl_'+) = 0.48 i 0.02 i 0.07
© e P ickground g 3 C
E N g w*“***m*n' 1 ;4*““{1;*1..14 B(Z% - E%))/B(E? » E~7r*) = 0.11 + 0.01 + 0.01
e ot 5 @ f
i | e 3 L B(E¢ - E%")/B(E¢ » E"m*) = 0.08 £ 0.02 £ 0.01
. e = - 2 0 g B e Ry e — — —
T _ i, s, T~ T B(EF - pKQ)/BEE - Erntnt) = (247 £0.16 £ 0.07)%
23 24 25 26 M(pK?) [GeV/c?] ’ 540 2 ’
M(Z°x°) [GeV/c?] : MEIQ (Geven + ' oot
Belle 1 [ Cat — 427,98} . B . B(Ef > An")/B(EF > E n*n™) = (1.56 + 0.14 + 0.09)%

40: e s o (52) T i - - elle Il [ Ldt = 427.9 fb
3 uf : == || | Bl =, @ B(E! - 2°n*)/B(E! » E™n*n*) = (4.13 £0.26 £ 0.22)%
g E :::Zr:::::'l é’ e EoToa {3 L Brokan signal preliminary
. { H st | o S - B(Ef - 2*KJ)/B(Ef » E mntrt) = 0.067 £ 0.007 £+ 0.003
=% L -~ @
a8 1 % g L
E 10% s L 2°°E BE! - =0 Y/BEF > E ntnt) = 0.248 + 0.005 + 0.009
5 %p_r_ﬁ% ' "'-‘“1'“'-'{ E%' B(E - EOK"')/B(E;' - E ntnt) =0.017 +£ 0.003 + 0.001

p) 26 za 245 258 “E 2.4 2.45 25 255

M(Ho [GeV/czl M(An)[GeV/CZ] ) M(:E.on*) [GeV/cé] ) " Belle, 980 fb!
2 Belle IT [ £dt = 427.9fb~! 30000 - (a) NeXt Step:
[ Belle l, 426 fb" ::;':”" - '(02) d et E Belle II [ L£dt = 427.9 fb—1 < r
3 i | = — tou e — s | * more channels
g o --Broken signal % ‘S 150;:::::'““,0“” (f) g 20000 C
o 10:_ ":::‘k:::::: % g - Broken signal preliminary 0>3 i b abSOIUte BR
& * a 2 | * 10000} e PWA (CF
£ f l 2 2 M LEody R ; ( )
i [ TR o @ [ i i , , ,
v 5 ll T , . 0] 05 0 0.5 1  CPV (SCS)
g §E-*‘l-\-r—w—-r—-—h~——ﬁ = % cosf_
MED) (GeVie] = S (22 — 2%°%) = —0.90 £ 0.15(stat) = 0.23(syst)

M(EK*) [GeV/c?]
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https://link.springer.com/article/10.1007/JHEP10(2024)045
https://link.springer.com/article/10.1007/JHEP03(2025)061
https://arxiv.org/abs/2503.17643

B rare or forbidden decay

Belle Il homepage: “Belle Il has been designed to make precise
measurements of weak interaction parameters, study exotic
hadrons, and search for new phenomena beyond the Standard
Model of particle physics.”
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B - Kvv:

first evidence

Candidates

Pull

Penguin:

Inclusive tag

1.0

n(BDT,)
0.92 0.94 0.96 0.98

3000 E : :
Belle 11 preli-minary 3.56
i [Ldt=(362+42)fb! HEE B K"
E : = B'B’

2000 = BB

El Continuum
t Data

1000

0
5:
O 1 JN
_5: | ! i ! I i I ! i ! !
-1 4 8 251 4 8 25k1 4 8 25p1 4 8 25
Grec [GeV? /]

Longke Li (HUNNU)

Wf,
bﬂ

Candidates/0.1

Pull

Box:

{i

;W_

Am

>

Hadronic tag

125

100

N
ot

(@4
o

[N}
ot

T T

+ + 5
Belle II preliminary B__)K w
[ L£dt =362 BB

cc

0.5 0.6 0.7 0.8 0.9 1.0
n(BDTh)

Belle Il Highlights

(B2) PRD 109 (2024) 112006

High accuracy in the SM [pRrD 107, 014511 (2023)]

B(B - Kvv) = (5.6+0.4)x10°

Extensions beyond SM may lead to significant
rate increase.

B(B - Kw) = (2.3 +0.7)x107° (3.50)

SM Avel(wy’
0.497 + 0.037, 3+0.4
4
: i 7
: | —e—
1
. 1
i
: I
. 1
| —O0—
1
1
1 e
I A
I
1
_._I_
1
1
: o
I
: I
—o1— |
. 1
1
<
1
I 1 |

Belle 1T (362 fb!,

23407

Belle IT (362 fb!, hadronic)

1.1+ 1.1 This analysis, preliminary

Belle IT (362 fb!

2.74+0.7

Belle II (63 fb!, inclusive)

1.9+1.5 PRL127, 181802

combined)

This analysis, preliminary

, inclusive)

This analysis, preliminary

Belle (711 fb!, semileptonic)

1.040.6 PRD96, 091101

Belle (711 fb!, hadronic)

29+1.6 PRDS87, 111103

BaBar (418 fb'!, semileptonic)

0.2+0.8 PRDS82, 112002

BaBar (429 fb'!, hadronic)

1.5+1.3 PRDS87, 112005
L L | L L L

o‘wl-’z

4

!
6 8

2.76 10° x Br(BT—K * vi)

25

10


https://inspirehep.net/literature/2725943

Search for B - K*0tt1~ (B2) arXiv:2504.10042

* Non-SM particles, explaining recent anomalies, would BDT is trained using missing energy, extra cluster energy in EM
enhance BF upto 0(10°) due to presence of two zs calorimeter, M(K"°t)), g* etc
* Main challgnge: no signal peakigg kinematic observable 160 [ atie i prefiminary ' . 0 gt
due to multiple undetected neutrinos 140 | [Ldt=362 o1 w— BB
. . . . . [ 22 : —fi qq
» Relies on missing energy information and residual 20 [Tregeny postiE ~7~ Uncertainty
calorimeter energy; Belle II is ideally suited 5 100
£ 80
& 60 |
Belle Il (364 fb ™) a0
hadronic B-tagging &2
o
in £ 1.25 E j s /. /
in - 2.0 | o I = 7 ~
| S o075} t * r 1’ 2
o5t : ' : : :
0. 0:5 0.6 0.7 0.8 0.9 1.0
n(BDT)

vs Belle: 3.1x10-3 [PRD 108 (2023) L01110b2] b onlv half | I
N : Twice better with only half sample wrt Belle!
|1 ] I 3 o
P~ = 18x107" at 90% confidence level Better tagging + more categories + BDT classifer...

Combinations of sub-track from t lead . i 0 .
to 4 categories: ££, 21, 7T, pX The most stringent limitonthe B — K “777~ decay

Longke Li (HUNNU) Belle Il Highlights 26



https://inspirehep.net/literature/2911582

Search for B? — Kgrif“ (B2) arXiv:2412.16470

f+ f+ f_
* Flavor changing neutral current processes are

.
forbidden in SM at tree level. 4,c,1 //
- <—4d b

* NP that accommodate the b — ct€ anomalies Non-SM particle s
predict an enhancement of several orders of

012 B Ko 12 B> Koo
N . S [ Belle+Belle Il preliminary —— Data . RS Belle+Belle Il preliminary —— Data .
magnitude with t. 210 [Lor=7114365 1"  Slovalfit | gy flat=7r14365 1" g™
) 8:_Nsig='1'8= 3.0 .-..._..-gfcnkzround o [ Ny=26=35 Sfcnkag;round
S B8
» High K? purity (>98%) i % 2
e 1-prong t decays: T+ - £Tvv, mtu, ptu 2, l J | l\ l g
* Fit recoil t mass (M,) for signal extraction of LI st | )
112 1. D 8 2 7024 °1"C':iz"'1f4"'1.15“"1.'8"“5'"zfz‘G"\z;f/d)
( eV/c2
T — D MINaF\
‘%(B - KST /'l ) < 11 X 10 @ 1;16;_Be||e+3eue|LJenmina DA 516 3ent le | jre ata
0 0_— + -5 O 4L [Ldt=7114365 1" — Globalfit | g4k [Lat=711+365 o /Giobal fit
(%(BO — K%T ﬂ ) < 3-6 x 10 5 % §12§_Nsig='1'212'4 _____ Slagcnkaglround §12 ;£i9=-2.9:2.0 _____ gfcnka;round
+ - —-J| o 210
BB > Kirte) < 15107 £
BB® > K¥ret) <0.8x1075| ™ 2 } # H I
= 2#|||+T@ ‘LT" 'h“T"l : L
First search for B — K%t £* decays e a3 T

M PRI SN RPN, SR PP P
1 1.2 14 1. 18 2 22 24
M, (GeV/c?) M, (GeV/c?)
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https://inspirehep.net/literature/2862267

tau physics

25 .
- ete”™ —  Cross section [nb] - Y
E ol ,% Y@as) X(4S) 1.05 i 0.10 q
@ ' S5 0.38 ) ot +
E &t wa 1.61 _
I = _ﬂ Belle II: at fact
.= = : elle lI: a tau super-tactor
- gt . Y(ZS) u*u‘g)) (1)-?‘112 ] P y
.: ete  (v) ‘ 300 + 3 [ I
$ ol 2 Y@s) | |Advantages at Belle II: |
+o, £l & ) Fs e, Y(4s) 2% High luminosity ;
= SE ML, oY . ! . : .
b s : Ea “oide ettt .. - | V' Good vertexing and tracking capabilities !
0 a9 palrs (continuum) * ' v/ Sophisticated trigger system and particle 1D ;
9.44 946 10.00 10.02 10.34 10.37 10.54 10.58 10,62 @ o e e e e e e e e e e e e e ————————————

Mass (GeV/c) BB thres.
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tau physics: LFV

(B2) JHEP 09 (2024) 062, PRD 110, 112003 (2024), arXiv:2504.15745

Lepton flavour violation is only allowed by:

e Neutrino oscillations O(107>°)

far beyond current experimental sensitivities

e New Physics models O(10~8)

e.g. Leptoquarks for 7= — £~ V° deals with R(K*°)
anomalies

|

e
o
T T A

1

|

—0.2

—0.3 |

S 05
w

Belle II (Preliminary)
Ldt =424fb~!
Bt~ —p putu")=6x10"1

Signal region

—— +206 region
—— Sidebands
4+ Data

=
<
nal even

=
Simulated sig

10!

BUL(t - ppp) < 1.9x10~
more restrictive than Belle

1.80

185
M, [GeV/c?]

Longke Li (HUNNU)

AE [Gev]

o

1.0 —— Elliptical SR
Belle Il (Preliminary) —— 36RSB
T—)ng ZZ2 Rectangular SR
= -1
05 Data [£dt =428 fb
0.0 - [}
= 4
—-0.5}
-1.0 *

1.6 17

18 1.9
M(eK?) [Gev/c?]

2.0

4 BUL(t - e(n)K?) < 0.8(1.2)x1078: most stringent \

0.75

0.50

0.25

Belle Il (Preliminary)
T - pk?

—— Elliptical SR
—— 26RSB
Rectangular SR

Data [£dt =428 fb~1

0.00

-0.25

-0.50 . - -

-0.75

&
- -':l_:-

-

1.60

175  1.80  1.85

M(uK?) [GeV/c?]

165  1.70 1.90

1.95

J

/BUL(r‘ — At (A7) < 4.7(4.3)x1078: most stringerh

9%

Belle Il (Preliminary) Data:[cdt =364 fb~!

Belle 1l (Preliminary) Data:fﬁdt= 364 fb~1

0.4: —— Signal region e Simulated bkg 0.48 — Signal region e  Simulated bkg
----- Sideband . + Data (a) “'II'___S_'_‘_’_":'E’EE‘.‘E' _______ + Data (b)
_ 0.2 §+ o — 0.2
o 00 'g. Q ® 0 ) 9 0.0/ o oo . 0 e + :
el : +
w i L ] [} wy & Y J
<] -0.2 .I? ° * ° < _0'2P ¢ B e
: + +
P || e
_0.4) d * —0.4f o &
1..70 1.75 1.80 1.85 1.70 1.75 1.80 1.85
M(Am) [GeV/c?] M(Am) [GeV/c?]
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https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2805696
https://arxiv.org/abs/2504.15745

quarkonium (+exotic)

The Y(10753) was first discovered in Tt~ Y(nS) final

total 19/fb Physics goal:
states using scan data by Belle [JHEP 10, 220 (2019)]. . Zj 8 d th :

. e 08! understand the nature o
g Yb<10753>j HHY(S& Y(6S) Y(10753) energy region.
:"7;‘ 2r il [ l{ { 47 b
% J ‘ ‘{"{j { 'H] Jpd { { }} & 35!

Qe + : ’~]L T - = I 16!

ﬁ N T R T A

o} l . ‘ , : 3.5/fb 1.6/fb 9.8/fb 4.7/fb
§ Yb(1o753)l }”r(ss) Y(6S) g
' = |
8 Lo B
5 | '{ll'r["{w{ﬁhhél Ny | ‘

51 = 5[
5 : : . . © | A
g Yb(1o753)l Y(5S) Y(6S) A
R iy \ ‘
T . N N

' ) }f] < N/ B T O it '

" | 0.5 10.6 0.7 0.8 BT B
10.5 10.6 10.7 10.8 109 ) 1|(Gev) Ecm (Gev)
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ete” - WXbj and ete” — (“+ﬂ_“0)non—wXb]

o(e’e—>y, o) (pb)

4_

Ofe

-»-Belle data

6:_ Vs ~ 10.75 GeV —Belle Il data

== Total fit

109

" Brel

07 108

: --Belle data
| =~Belle Il data

- Total fit
\/s ~ 10.867 GeV

LI,

107 108

Is (GeV)
Longke Li (HUNNU)

10

G(e+e'exb20)) (pb)

- Belle data

= Belle || data
== Total fit

Preliminary result

Y(10753) mass
Y(10753) width

(10756.14+4.3) MeV/c?
(32.2418.7) MeV

Both are consistent with results from
ete” - Y (nS) [HEP 07, 116 (2024)]

o(e+e'—>XbJ(1P)u)) 1.5 at /s ~ 10.75 GeV

107
@)

109 11

i?f?V’

- -—Belle data
- =Belle |l data
[ —Total fit

i

c

8

o

It—‘i

2

+

5 R

o L

Ra

T

o I
o op—
© 10.7

\'s

PR I T S
10.8

PR T TR T S L
10.9 11

(GeV)

Belle Il Highlights

o(ete-—>Y(nS)nt*tm) 0.15 at /s ~ 10.867 GeV

This may indicate the difference in internal
structures of Y(10753) and Y(10860).

More studies on Y(10750):
 Y(10750) » wtm~Y(nS) JHEP 07 (2024) 116
e« ete” > B®B® 4P 10(2024) 114
* e'e” - wnp(1S), wypo(1P)
PRD 109 (2024) 072013
« ete” - nY(1S,25)

preliminary
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Summary and prospects

- Belle, as 1st generation of asymmetric B-factory, did emerge as the times require (FZiz [ 4 )
- make significant and far-reaching impacts, e.g. observation of CPV in B decays.

- Belle Il, as new generation of B-factory, follow the past and herald the future (41 g).
« BCPV:B? = J/Y K2, ]J/Yn® ptp~,nOn® (improved flavor-tagging)
* Charm:CPVinD - KQK2,n%n% ntn® KdKnm; and study of 9 £, decays (5 CF + 4 SCS).
* Brare decays: B = Kw/B? —» K2tt¢*/B0 - K*Ot* -

- I ———————————————

* B (semi-)leptonic and hadronic decay: B = Dfvy,, ‘“; 65___ : Zﬁ%ﬁj;::’;”“”y

B* > t*v,,B® > J/Yw,D"n*n®, D pt, /Y X;etc. L | itegrated uminosty (i

* T physics: precise study; search for NP = spLl .
* qq and exotic: Y(10753) data (unique in Belle 1), g ) it Aot / ...................................
yy physics, ISR physics, etc. L T

c |
* Only 1% of targeted luminosity has been collected so far. R A (/e
Belle Il: improvements as expected (3 “ATEA” ) oy, L
+ unexpected excitements (3 AT £f) s Al

Jan 2024
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=Tl = = EBESIII-Belle II-FLHChER 2 F BB ST ITE https://indico.ihep.ac.cn/event/24764/

KWUER
. BeSHEE
RUREBRER Belle IT
BRER R FYERARERPERENRFREEE/ERNG A EES X REB, BUIMRSRERRT
ERARSA S (BN FHREF) , RREFEHHFEERXOIEHINIFE, PTHRTBEHIR-FHBE X R
EE5E BIR (CPHEIR) A, AEBRFHERYRAHMERETHRETE, BRFYENMRERIRFTY
BRRRH
KhEBxa
SR EEEAE, BESIIKLIET20244EE# 52 720 /fbipsi(3770) #iRHFIR ; Belle ISR3E7E10.6
AEEATILER GeVHHEB RiTEE 734600 /fbAEIE | LHCbSRITETeVREX B R1TRE 718 /fbMEEE, XEHiRRH
THENZEFHER, BAEEENRYEBEMRN. TR BIFFBESII-Belle II-LHCb#Z B FYEEX S
SEEITA WREREVEN, XA=NESFAERBFEHFARARNESTHE. URERFYERRIELE5 LR
RHARMERCME, FTRENEZBFYELEHARITEAGRNSEERBROVECQE, HLUbHR
e 0¥, FLRUERETIMEREAENSENS, UEREELEERNNYERR,
shEgAY

WEESTHISEMRIhEDHEE | 2017EMAKREENERE, 2019FILAMEREEIE"R. &E

FEBEHPEAPD BAThiEBmIieRE. MR, FEAZEFEAEN. 2183 THPERSFRFEERPOHHE

BfHEA B FRIEERERNME), SIWUOLBENBEITICEEANTERED, LURHESETR.

FEFENMAREZBNTERMESEE. HEBFHEUETRFETIEKDENERRN,

£21UML © https://indico.ihep.ac.cn/event/24764/

£IEHE] : 202556 H27H-308 (278 T4

SUWR | KPHRBIERCEE (BEHE)

REH | BN/ELF15007T/A 1 FE10007T/A + RBARAUCEMEE. SWNSE—RERTE, BHEEE, &

SHOIMHBEBIPOSKIE, XMAE. HEHH. DHFEEFRRERGF—RBHFERE |SBHRE

NESWERE LB FHBEHFRRELRVCERE.
SUGEME IR HA - 2025568 13H,

3T SWBERA | ZHB CHEMA) , 15956934447, lilongke@hunnu.edu.cn ;

\ A F (FEKXE) , 18810459153, 222027@csu.edu.cn ;
-t/t:II\FS X’" [I] ‘[ﬁ_{ # B GHYHA) , 18670371710, shanw@hunnu.edu.cn ;
// AL o AnER CGHEIA%) , 18153781818, yujiesheng@hnu.edu.cn ;

kBE CHEEKRE) , 19911568964, zhangshulei@hnu.edu.cn.
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Belle Il big family

e 0y
WIGOVeSIs

92 » Belle Il 244 (FEAR) : 1207 ARR (134: 11%, #=43), 124 (15) A%4s, 28AE R/
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B CPV observation: sin 2¢p; measurement

I 4+ RO i
— ]/II) KS 0.20} 1137t N+ go ::23
B N g | events i & 7+ E RN En g R e
0.840"% +0.16 5 \
CDF W — | 0.910+0.370 < I
(2001) > 0.10f
Bellc (2000) . { 0.450*%43 +0070 |
BaBar (2000) | | . i 0.120+0.370+0.09
om) | i
Belle (2001 ! - | 0.580*0 3 o0 [
(Feb. 11M BB | i 0.00
BaBar (2001 0.340+0.200+:0.05
(Feb. 35M BB) i :
Bellc (2001 e | | 0-99050.140+0.06 2001 Combined
BaBar (2001) ¥ 0.590+0.140+0.05 ?
| - | B
0.5 1 Y ok
S=sin29, E :
AR — b o L e
2001 Lepton-Photon Rome < -+ {(31M BB TN, & &3 )11k
N
At (ps)
Belle+ This discovery provides the exp.

support for the Nobel prize of
Kobayashi and Maskawa in 2008

BaBar- | First observed CPVin B (2001) >60
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A dark Higgs boson in association with inelastic dark matter

Dark photon A’, dark Higgs h’, and two dark matter states x4, x» Looking for simultaneous production of A’ and h’
4 tracks in the final state

2 forming a pointing dispaced vertex

* mising energy

pointing

o

v
X2 A D
jill]Es X SN =
€+ ’K \\\2(1 (V)] 10—1 o
non pointing € <
ot K 1072
'38'0_3 I I|| [cdt 3I65 fb 10~
elle = -1 .
> 7.0} Preliminary { e cut-and-count strategy in M, (x*x7)
O Reco Channel: ' (»n*n™)x2(—-ete”) d b .
gi 6.0f r— e+e"—’V! ] |Str| UthhS 10_4 - o
5.0} e mop I * No signicant excess found
€€~ : . ap=0.1
§4.o- $ mm ete-seteete | ¢ 8 events observed consistent with 10-5} seyka e T O |
. etem - THT(y) B
Z 50 = wcsawe. | expected background BaBar e
= . . - 1
b Do | Convert UL at 90% C.L. of 10-°| Belle Il [£dt =365 fb™ Preliminary  Am=0.4miy,) {
+ - ' o 1071 100 10"
oleTe” = xix2h')xB(x2 = xae*e7)x
m(h’) (GeV/c?)

5+ .. a, B(h' = x*x~) to mixing angle 6
Mp(t* =) (GeV/c?)
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Back-up Measurement of ACP(DO — KgKg)

I'(D° - KOK9) —T(D° — KOK?
@ The time-integrated CP asymmetry ACP(DO — KSOKS?) = I’EDO - KSOKSO; n I’EEO - KSOKsai'
S 'S S S

o It may be enhanced to be an observable level (the 1% level) within the Standard Model, due to the interference of
¢ — uss and ¢ — udd amplitudes. [PRD 99, 113001 (2019), PRD 86, 014023 (2012), PRD 92, 054036 (2015)]

S
S

c d ¢ d

| 3T
u d i d

S -

o World average: Acp(D° — K2K?) = (—1.9+1.0)% is dominated by
o Belle (921 fb™1): A’g;chg = (—0.02+1.53£0.02+0.17)% using D° — K7® as control mode [PRL 119, 171801 (2017)]
o LHCb (6 fb™1): A’C(,S.?Kg = (—-3.1+1.24+0.4+0.2)% using D° -+ KT K~ as control mode [PRD 104, L031102 (2021)]

o Acp(D® — K+ K™): recently improved by LHCb, uncertainty < 0.1% [PRL 131, 091802 (2023)]

0 40
e Recently, CMS (42 fb~1) reported AI:,S;KS = (6.2+ 3.0+ 0.2+ 0.8)% [arXiv:2405.11606]

Longke Li (HUNNU) CP Violation at Belle and Belle I 37




Back-up Measurement of ACP(DO — KgKg)

o Measure Acp(D° — KOKY), using D° — K+ K~ as control mode, with D** — DOt} sample at B+B2 (1.4 ab™1).
N(D°%) — N(D°)

Araw (D? — ) = —
w0720 o) 1 w(9)

KK KK - + K- : : : : :
o A ° = (AEW — AK K7) + A’gp K assuming that the nuisance asymmetries are identical between two decays, or

that they can be made so by weighting the control sample.

o AR KTKT — Adin(p0 _y K+K~) 4 AY = (6.745.4) x 107* [PRL 131, 091802 (2023), PRD 104, 072010 (2021)]

o AUL(DO — KTK~) = (7.7+5.7) x 10~*: direct CP asymmetry [PRL 131, 091802 (2023)]
o AY =(—1.0+1.1) x 10~*: CPV in mixing and in the interference between mixing and decay [PRD 104, 072010 (2021)]

o Unbinned fit to (m(D°%7s), Smin) of D° and D° candidates for D° — KO K decays.
o Flight significance variable Syin = log(min(L;/0;)): separate the peaking background D® — Kmt 7~

AD*+—|—A —>f+A£Ts

~
-
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¢$2: B - nm, pp

. x i i EM loop?

|¢2 — arg[—VigV2, VgVl | Isospin relations p .

Tree Loop X.-G. He's paper:

_ /4
Tree Vid . d .. Loop ) ntm~ O O
n,p b < d nt,pt +..0 X O: Large contribution
_ ij<7f u nn O X: No contribution
. b < vV u B9 970 A\ O /\: Smaller contribution
B ; : ub ; n_,p_ u n',p_ (color suppressed)
d > d

Granou-London isospin relations
(B> f)—T(B°>f)
[(B® - f)+T(B°~f)
e Using b — u tree decays (e.g B > wtn~,p*p™),
S =sin2¢, and C = 0.
* Due to the interference between tree and loop (b — d),
S =sin2¢, + 2A¢, and C # 0.

%A(BO > ntr™) — A(B® = °7°) = A(B* - 1t 1®)
%/T(Bo >ntn™) —A(B® - 1°7%) = A(B* -» n*tn0)

—C - cosAm At + S - sin Am At

A(B+ o 7r+7r0), Z(B+ o 7r+7r0)
A@, can be extracted using this relationship
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¢3: BT > DWht

(B+B2) JHEP 10 (2024) 143

| @3 = arg(—V,aVip/VeaVes) |

appears in CPV parameter of b —» ucs and b — ciis tree decay interference.

Suppressed
b > u o

S 1r—
U < u Kk
Favored u
L K
S
— >
B-b— "¢ D°
Uu 7}

Longke Li (HUNNU)

) = 5 exp(i(85 — 0.))

rg = |AMD°K)|/IAD°K)| = ¢V Vyp /ViusVep| = 0.1 (¢ : Color suppression factor)
&g: Strong phase difference between 2 modes

Methods to measure ¢ using different D° decays

* GLW method: D? - K*K~, K1 ( CP eigenstates))

« BPGGSZ method: self conjugate multibody decay, ex.) D - KOh*h™
* GLS method: D® —» K9K*m¥ (singly Cabibbo-suppressed decays )

« ADS method: D® —» K™t
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https://inspirehep.net/literature/2779211

¢3: BT > DWht

¢z =

First Belle + Belle Il combined ¢; analysis

arg(— VuaVup /VeaVep)

Belle + Belle 11
¢3=(75.2 i@o JHEF(’l)O (2024) 143

A4
. . . 1.0
Combined analysis using 4 methods '
0.8 |-
S
. 0.6
Fit results |
™~ 04
Parameters #3(°) Fe gDy ro 307 (%) DK 507K (%) 68.3%
Best-fit value  75.2 0.115 137.8 0.0165 347.0 0.229 342 2
68.3% interval [67.7, 82.3] [0.102, 0.127] [128.0, 146.3] [0.0113, 0.0220] [337.4, 355.7] [0.162, 0.297] [326,356] 00 222 o :
95.4% interval  [59, 89]  [0.089, 0.138] [116, 154]  [0.006, 0.027]  [322, 366]  [0.10, 0.37] [306, 371] 0 ¢3[}3’° 10
Inputs for o3 measurement LHCb:
B decay D decay Method Data set (Belle + Belle IT)[fb~ ] fljs. =(64.6 12.8)° ,,_,,I__‘_,IT',C.b,'CON F-2024-004
Bt - Dht D — K% K-K+ GLW 711+ 1895 11 1 < | LHCD B |
— I PN B* decays |
Bt — Dht D—)K+7I'_,K+7T_7T0 ADS 711+ 0 B Al Modes |
B* - Dht D — KKt GLS 711 + 362Belle Il
Bt - Dht D — K°h~h* BPGGSZ (m.i.) 711 + 128Belle Il
B* - Dht D— Kdrnta® BPGGSZ (m.i.) 71140 68.3% 1
* 0 0.0 0 0 1
Bt o prg+ D 7 Dr Do Ko, Koo, Kw, GLW 21040 | ]
KKt aat i N 954%]
B* - D*K* D* - Dr°% Dy,D — Ko~ r+t BPGGSZ (m.d.) 605 + 0 o SRR
[ (p3 =)

Longke Li (HUNNU)

Dominated by LHCb, while Belle Il does improve the precision.
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https://inspirehep.net/literature/2779211

B — va/ (B2) PRD 109 (2024) 112006

Belle Il is measuring the rare decay of , Penguin: Box:
a B meson, created by SuperKEKB, "‘ v
into a K meson and two neutrinos. - £+

neutrino

2 i
v

antineutrino

Wfict ;”W‘

b)

S

strange antiquark

 high accuracy in the SM [pPrp 107, 014511 (2023)]
B(B — Kvv) = (5.6+0.4)x107°

* Extensions beyond SM may lead to
significant rate increase.

05|tron ﬂ i =
p B meson up quark up c::ark K meson ] .
* Very challenging experimentally, not yet

The high-precision calculability of the probability of this decay observed
makes it easy to validate the Standard Model.
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https://inspirehep.net/literature/2725943

