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MATTER FORCE CARRIERS
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MeToapbl noncka Hoson Pr3snku

HOBbI€ B3aUMO/JleCTBUSA?

[IpsaMeble vs KocBeHHEbIe e
g reaks exact lepton flavour symmetry
Contributes to i — 3e
energy frontier intensity frontier L& ¢
M NP , b ) Breaks approximate quark
e.g. X flavour symmetry
> e < NP SM b s Contributes to B, — B, mixing
o o o 4-e moKoJieHHe?
limited by beam energy limited by statistics

Oobs = Osm + Onp

SM Br(D — pp)y ~ 3% 10713 Br(D — up)eys < 2.4 %1077
Br(B, — pu)gy = (3.67£0.15)x 10°  Br(B, = pp)ppg = (3.34 £0.27) x 107~
NP SMNP NP
SM \ Br(u = ep)sy < 107*  Br(p = ep)ypgy < 1.5 x 10713
SM tree loop forbidden

extremely  precision good but...
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[IpAamble namepeHma V op

Flavour measurements are done at a scale where quarks are bound into hadrons
Need model independent way to calculate non-perturbative QCD (+QED) contributions

b [~ figure from A. Jiittner's ESPPU Venice slides mG
EXAMPLE: leptonic B decay B —@_ ] Fovour Lot Avrogg O
> 1%
%—‘ 4
Lattice QCD Perturbaﬁon %
9 3.
kinematics theory i
2 5
m m? 2
(B~ - I 7)=—-2 1——"2 = |%.fe 5
ub =
3 mg ) — | i ‘ _______ . ‘ L
Under the assumption that this is dominated by SM, can then ¥ R I T I R RRAL
compare with measured decay rate to extract V,, MJT B g T RS



|V .| from inclusive B> X 1v decays (had tag)

o First Belle II measurement
- Hadronic B-tagging
o 3 main kinematical variables
- E*: lepton energy (in B, rest-frame)
- M, : mass of hadronic system
- g*: momentum transfer =
swBelle Il Preliminary ,flcdt=3_65fb-1

' SR
Ef >1 GeV

E= Other backgrounds
175 EEE B - XAv
B B Xuvin
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Extract |V, | from partial BR using the predicted

[PRELIMINARY |

«acBelle Il Preliminary  [£dt=365fb1

1.40F
Ef>1GeV

1.20

Events

Continuum
Fake ! 3
Secondary |

Dty B2 MC Uncert.

b™Iv =3
Dtv Em

Dty =31 ]
X,tv w—
Xuv x10 11

Data & ]

Belle Il Preliminary

This

measurement [ BLNP
Ef>1Gev = DGE
| ccou

HFLAV inclusive

Belle Il Preliminary

This
measurement

EP>1Gev =4

EP>1 GeV
My <1.7 GeV

Ef>1 GeV
My < 1.7 GeV
g’ > 8 GeV?

-

BLNP
DGE
- GGOU

BLNP +————
DGE

-
BLNP
DGE

L GGOU

partial decay rate over a given phase-space region HFLAV inclusive

HFLAV exclusive

|V | _ AB(B — Xufv) HFLAV B - nifv ::::\\: ;xr.lu;ive ——
o TBAP(B — Xus) 20 25 30 R s 40 a5 . ,—”T ’ - -
o [Vub| X 10 20 25 30 . 35 a5
|Vulecou = (4.01 £ 0.11(stat) = 0.16(syst) 00 (theo)) X 107° ’ [Vuol x 10
[V o™ = (4,06 < 0.16) x 107°

Mpamble nsmepenua Vg



|V,|from B=>Dlv [arXiv:2506.15256]

o B’2D 7 1"vand B'»D" 1" v, with 1 (e, u) and DK ()
o smaller BF than D"1v, significant background

o described by single form factor f,(q”), no soft pion rec.

o inclusive tag side

Belle 11 Preliminary JLAt =365 h! Belle 11 Preliminary Irﬂdt =365h!

== 5 Dy BYsD-e*u, S000 - Em B -5 Dev B°sD-p*u, cosflgy = T
8000 = 5Dt s Prefit | B8 BD &y Prefit 2|pB I ‘le
3 Truwe | 3 True D
-— B3 Fake D — Gk Fake D '
af GO0 - ('.‘al:t.immn | Cm?timmln ) i : ) .
B i [ Simultaneous maximum likelihood fit
@ 4000 i 1 dI'(B — D/l G2 m3
- to 10 bins (w) of cos Oy, ( 0) _ UF 31) (mp +mp)?(w? — 1)>/2
] 9 n m2 9 dw 48 -
m — 2 +, 2 2
w= —B D4 New (1 +0857)G% (w) Ve |”
2m BMpD
2 ar 2
Belle IT Preliminary [ £ dt = 365 fb~! G (w) = 1+2 fi(w)
10 . (14+7)
oS BBY cOs eﬁ\" N lo ‘]EW|V‘:!.I =304 £ 08
ank 2% x*/ndf = 9.6/9
- da
| Vcbl Eth‘aCtlon : = 30F — BCL (N=3)
Fit differential decay rates using Bourrely-Caprini-Lellouch (BCL) g gl T P
arameterization of form factor = a0}
P L B(B" = D~*u) = (2.06 % 0.05 (stat.) £ 0.10 (sys.))%
_ sy T B(B* — D%"yy) = (2.31 % 0.04 (stat.) & 0.09 (sys.))%
| Valper = (39.2 + 0.4(stat) + 0.6(syst) + 0.5(theo)) X 107 £ |
. . B We also probe lepton flavor universality in the b — ¢ weak
Most precise measurement to date using B=»DIl v decays 5f transition and determine
(2.3 % precision, even more precise than our |V, | with D'lv) ¢
3 —5k - o - - — - B(B — Dev,)/B(B — Duw,) = 1.020 £ 0.020 (stat.)
|Vcb|CLN = (38.5 = 1.3) x 10 W +0.022 (sys.)
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[1lpAMoe HapylweHue CP

* Caused by interference between two amplitudes with different
weak (CP violating) and strong (CP conserving) phases

* Often realised by “tree” and “penguin” diagrams PR DA11 (2025} 062004

- e.g. for B K1t~
- so why not for Aw® - pK*?

Y

=

t

|

= !

]

]

]

.
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=i - ¥ 5 - P

Relative weak phase ~ arg(=Vuw Vus/(Vib Vis)) ~ Y

A%, =( 024+0.8+0.4)%

e A
gm LHCb 9 fb! ;: . LHCb 9 fb~!
L3k w30k

E E { Dat

et L) e L

=25 ~25F 2

s = A — pK*
Z 2 BN B K
S20F S20F BY = K*K-
= k=

U115 Ul15E

1.0

05

0.0 B : | 0.0 - -
3.2 5.4 5.6 58 5.2 5.4 56 5.8
m(pK~) [GeV/c?) m(pK*) [GeV/c?]

Acp(A? - pKY) = (-1.1 £ 0.7 + 0.4)%

Results account for small corrections due to
production & detection asymmetries

9

ph™ _ Aph~ P h— ph~ ph~ AE
ACP =A _AD_AD _APID_AT _AP

raw



Observation of CP violation In

Nv’ - PK-TT* T decays

arXiv:2503.16954
to appear in Nature

e Large samples of charmless 4-body Ay’ decays available
e Use A2 - Ad(pK-TT*)T1~ as reference channe

)

< 14000

fe

Acp =(2.45+0.46 £0.10)% 5.20 from zero

12000

L

10000

T

8000

Enhanced CP violation effects appear in
localised regions of phase space

e Largest for m(prt'm) < 2.7 GeV/c?

6000

4000

T

Candidates / (0.014 GeV

2000p

Ace = (5.4 £ 0.9 £ 0.1)% NESSADN

LHCb 9 fb™! ]

I Dta

—— Taotal fit

smeees Ap — pRTRHAA

— = pK

"""" Comb. bkg. ]

— Ay = pK m*at

— Al S pR >ty
Ay = pratx _-
A, = pK K

pr— EZp = pK TK -

S :
LHCb9 fb! 4

TR o e

Ll

Candidates / (0.014 GeV/c2)

§  Daw
— Total fit

e A, = PR 3

- A 2 PK TR
— A, B FK (=t yid
A, = prtra

54

J
5.8 6

m(pK "7 m) [GeV/c?]

Significant milestone in CP violation history!

But, theoretical predictions for CP asymmetries, integrated over multiple resonances, are extremely challenging
Important next step: amplitude analysis to associate effects to resonances including interference effects

1
58 6

m(pK*wn*) [GeV/c?]



CPV in isospin-related D" 3 x”" n° modes

Sum-rule for CPV in D= ntxt, to determine the source of CPV:

R AL (DO — mttm) AdL (DO — n070) AL (D — mtn0)
1+ Joo (Boo_gB+o) 1+ 0 (s+__gB+o) 1— 37+ (Bm+s+_)
By TDU 3 TD+ Boo TDU 3 TD+ 2 B+o TDQ TDU

if R#0, CPV from AI = 1/2 amplitude; if R=0 and at least one A¢y#0, CPV from beyond SM Al = 3/2 amplitude
0 0 0 - *-}- -
Raw asymmetry of D" n" n" using tagged events (D) [arXiv:2505.02912]

0.0 * 4
AT = Acp(D° — 7°7°) + AR + AT
APD4: forward - backward asymmetric production of D™ in e"e” 2c¢ events

A7 charge asymmetry in detection efficiency cos8’(D™) > 0 cos8’(D™) < 0
N,, = 14100 130 N,, = 11550 £110

T
BelledT [ Lar=43 87"

ACP(DD-)TEUTEO)zAnn . AKn_I_ AKI,untag

avg avg avg

mn].r.:i=mn."

-+ D —+Daa
Ay, =(A'(cos8<0) + A'(cos0>0))/2 &“m =jies

Cosebrastirial Bauk
Preliminary

Canddaws par 4 MV ic*

Preliminary

Candlawapa 4 MeVi?
sEsygass

Belle II with 428 fb':

o 3
X

0 0 :fﬂx*){ﬁ.\*—’csfl
—— [1) " "
Acp(D'”‘ T ) = (+0.30 de DAk 0.20) /c-l % 20f - PLASIE SRS
— 300 3 it
(Belle with 980 fb™": (—0.03 + 0.64 £ 0.10)%) :: 3™ =
1200 1300 B Conbisstorial Buck
[PRL 112 (2014) 211601] o : Proliminary
g G 500 3 1000
00
— =3 200 y . Bomerrpatpes 300 s o
= R=(15%25)x10 e e
. 0 8.14 0142 0144 0.146 0148 0.15 0.1520.154 0.156 0156 016 3_!4 0142 0.144 0.146 0145 015 0.152 0155 0.156 0.158 0.16
improve by ~20% w.r.t current HFLAV result AmfGave] AmiGevic]

[lpAmoe HapyweHue CP 9



ACP(D"-):n:+ no) at Belle and Belle II [axiv:2506.07879]

Split sample as tagged (from D" D" x’ ) and not

%10 Tagged decays %10° Null-tag decays
5 L5 Belle Il | Ldr =428 b 6f ¢ Data
- + + - . o )
Using D" 2K ' to eliminate 3 R Preliminary ==t
. Z j [T Phys. backs.
common asymmetry sources: & 3 N =5130 + 110 4F 0% G ik
D T - s1g L
A g and A, 2 .
' 5 g ! N, = 18510 =240
ACP — Araw - Araw i A g b
g 0.2 ol
4 02 _ - Tl -0 _ _
18 2 22 1.8 2 2.2

m(* 7% [GeV/c?] m(n* 7% [GeVic?)
AE=(-39+18+02)% AN =(-11+1.0+01)%

Belle IT combining AZ% and A% with 428 fb™':

A, (D' n’) = (-1.8+09+0.1)% 0 B SM
(Belle with 980 fb™": (+2.31 = 1.24 + 0.23)%) [PRD 97 (2018) 011101

improved by ~30 %, better purity achieved through an improved event selection thanks to
Belle II's superior performance in reconstruction of neutral pions and displaced charged particles




A_,(D’ K. K_) measurement using D ' -tagged sample

|arXiv:2411.00306 - PRD 111 (2025) 012015]
CPV in D-&Kg Kg enhanced to an observable level due to interference btw c>uss and c2udd

S

- ACP(DO_)_KSOKSO)=r(DO%KSOKE?)_I—(?_)KSOKE?)I
, i c d T(D° — KIK2) +T(D° — KQKJ)
Belle (921 fb™'): (0.0 + 1.5 + 0.2)%
[PRL 119, 171801 (2017)]
LHCb (6 fb'): (-3.1+1.2 +04 +0.2)%
5 [PRD 104, 1.031102 (2021)]

u d

Unbinned fit to (m(D°x,), S,..) of D’ and D° candidates for D’ * KoK
flight significance variable S, = log(min(L,/0,)): separate peaking background D’ K{x* 7

K K! K!K! RYE K"K~ 3500 g Js00
A 35S = Ar;w s __ Araw + A BelleII | Ldt =428 b 1
cP ( ) 4 % 0D 4 Data '5400 o
= N(DO) _ N(D*O) i o = 2500 —m 5 E_
KK _ _ aD KK s e ses D' KOKS - o
Araw == N(DO) + N(EU) — AFB +ACP +A2-T §2W N e : “ 5300 g
g 1500 — Non-peaking back. }'_ ‘,‘ " J200 -§
Control mode D’ » K"K : 3 12 /,- \ LIS
AKK = AT 4 AY = (6.7 £5.4)x10* e et ST
3 “ T ] s
-1 - =4
Belle (980 fb )1: (-1.1+1.6 +0.1)% . 3; ; - :+ e r——t g
B TP 0 E Ryt LIPYCRRE VYT AT 2 + 4
Belle I (428 fb '): (22 23+ 0.1)% - e + ; i o %

201 2015 202 -5 0 5

Ap(D'»K K. )=(-14+13+01)% S St

3



ACP(D"-) K. Kg) measurement using opposite - side flavor tagging

opposite side (os) same side (ss) [al‘XiV . 2504-15881]
accepted PRD

. = - i /: signal deca
:; Cq «c« . * C * DO(CM) \ ?)m:j:ctsy
K*(5u)

signal decay

[Belle II, PRD 107, 112010 (2023)]

- % R 3
Candidates reconstructed in D - tagged % 10 Belle jm.ssouw i
analysis are removed : LM } Data ‘ i
1200 — Fit
Belle (980 fb'): (+2.5 + 2.7 + 0.4)% % - = i)
Belle 11 (428 fb™'): (—=0.1 £ 3.0 £ 0.3)% &
400
Ap(D'PKIK:)=(+13+£20+02)% ™
cp( S s) ( ) % i - L i
m(K3K3) [GeVIc) -
b T famnd, L2 aan o
Final result (Belle + Belle II: 1.4 ab') 3 sof - :2
with two flavor tagging methods: g of | i § 120}
4(!)- .: Doam E l00
AL(D*PKK;)=(—06+1.1+0.1)% o fli  ~Beckoonnd

Mpamoe HapyLieHne CP 12
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@]

O

A, in D" n” x” with Belle IT [PRELIMINARY]

19

x10°
0 * 0 - Data Bellell |y - 428w
D" flavor tagged through D '»D" " & 25F Lrae Py )
- - - . . 3 B 3 sl'l'
signl extraction with 2D fit in M, and AM 3 2f o
Ty} [ --- Random tagx
Split in 8 symmetric bins of cos 0y to correct g st ~
production asymmetry = P, __w_/" Y
D’ K x" as reference mode ,F%— _ = e -
b — Totaimt : p;m_[m "
L 2-52* i SO o 185 19
E R Sl i M(D?) [GeV/cT]
L L,
3 b A
g |
50 Belle Il Preliminary det= 428fb-1 y | B
A = (0.29 + 0.27 + 0.13) %
g B 0.29 +0.2 © NO asymmEtry
& 05f o Compatible with previous measurements
= 0o | [Belle, BaBar]
o | o 34% improvement (stat) w.r.t world's
llllll best (BaBar)
00 o1 oz 03 04 05 06 07



CPV B cmewinBaHunm me3oHOB

» For a B meson known to be B° or B° at time t=0, then
the rate to decay to a CP eigenstate fcp at later time t is:

[ (B> feplt)) oc e "(1—(Ssin(Amt)—C cos(Amt)))
[(B,>fep(t)) oc e [ 1+(Ssin(Amt)—C cos(Amt)))
1/3\0 * If a single amplitude dominates, then |A/A|=1
A and C=0 (no CP violation in decay) =
- \ * For B°- J/YKs, if dominated by VbVes B = arg (— %E‘Z)

5 Jer amplitude, S = sin(2f3)
v * Possible subdominant penguin “pollution” -
B’ theoretical uncertainty in interpretation

CPV B cmewmBaHUM mesoHOB 14




Latest measurements of S|n(2[3)

Flavour-tagging

corrected asymmetry PRL 132 (2024) 021801

— 1.0 T T T T l T T T L} I L) L} T L] I L T T T [ T T L L ’ T T L) T l
+ L .

+ B9-BY yield asymmetry
—— Total fit

S
S 05

0.0

400

300

Belle I + + Btag (q— +1) |

[redt=362f0"1 |

BO-//yK? t Blg(g=—-1) 1
- IS ;

PR D110 (2024) 012001

200

100 |

Candidates / (0.5 ps)

- LHCb
F B
[ B y(—0t¢)KJ(—=ntn)

S )| S P S S
00 25 50 75

—0.5

L l 1 L A L l L ' L ' l-

10.0 12.5 15.0
t [ps!

0

} - N(gtag)

N(BY,

0
ag)

B

N(Bg) + N(

=0

0
At [ps]

S(B- J/IWKs) = 0.722 + 0.014 + 0.007

S(B - J/YKs) = 0.724 + 0.035 + 0.009

Signal yield ~ 350,000
Tagging power ~ 4%

Signal yield ~ 6,400
Tagging power ~ 37%



S(B° - J/YKs) world average

« HFLAV average: sin(2B) = sin(2¢,) FEXT

PRELIMINARY

‘BaBar J/y K, 0.657 +0.036 + 0.012
S(B° - J/PKs) = 0.712 + 0.011 e oo ;
BaBar JAy K, ) : ) 0.694 + 0.061 + 0.031
. . = PRD 79 (2009] 072009 g ' i
0.710 £ 0.011 including all b - ccs BaBar y(2S) K T e
PRD 79 (2009) 072009 ; = 3
. . . . Belle J/y K K 0.670 £ 0.029 £ 0.013
* |s it still safe to interpret this as i bl I
. 2 o) PRL 108 (2072) 171802 "+
SIn2RJ: B e s A
- Or have we entered the realm of penguin | 2 {5500 b 0.724 +0.035 £ 0,009
ion? v Ky 7241 0.0}
pollution’ || B e __ — e I
. . . LHCb Run 1 y(23) Kg L , 0.840+0.100 + 0.0;10
* Exploit flavour symmetries Iin HER 11 (e} v |’ “ T
LHCb Run 2 \(2S) K . 0.649 + 0.053 + 0.018
= PRL 132 (2024) 021801 " " :
B — \]/l.IJP (P K’T[) to teSt World Average + 0.71010.0;11
. LHFLAV ) ) __ . '
- See e.g. arXiv:2506.21675, 5w e e oE D 1
arxiv:2505.06102 A i 6 O A '
: Results from previous slide [ 14



3arpAsHeHue NUHrBMHamu ?

* Analysis of arXiv:2506.21675 combines 16 observables from B, 45— J/{ P (P=K,11)
decays using flavour symmetry relations

- 6 branching fractions
- 6 parameters of CP violation in decay

- 4 parameters of CP violation in mixing-decay interference
» for Bs— J/YT®, only a branching fraction upper limit exists

* Result:
- S(B° - J/PKs) —sin(2p) = +0.001 + 0.015
c.f. experimental world average S(B°- J/YKs) = 0.712 + 0.011
* precision can be improved with new measurements of S(Bs° - J/YKs)

Similar analysis done in
arXiv:2505.06102 and
other works

CPV B cmewmBaHUM mesoHOB 17




Latest results on @s(Bs — J/W®)

PRL 132 (2024) 051802 arXiv:2412.19952 EPJ C81 (2021) 342

'3
2 v - 1 T T % T T
LT (R RN [ — L 3 O - Dain T o - oua
—_ 105-. ER I B i o i o e T '—3 < i Data CMS - s , 80 —T?uIF‘a g g 100/ (8= 13TeV, 805" —— Total Fit
§ Ccms § < — Full fit 13 13
2 10° - ’ 5 10k 1 == i i | g
B LHCbRun2,60"' | < 4 Dau LHCb Run 2, 6 ft! o ® g u
S +-Daua 10000, — Toul fit = A c 3
e 10f 3 — Total fit g - CPcven ; 10° g :
Z g o <= CP-even 3 — CPodd = 3 w
g 10'}F ~ — CP-odd -g o Sewave g
=§ o S-wave 6 - w 1025
S % E
| i b £ o3 g ;
| - - e i A i \ i _cE" - q"r'-ﬁ'"nu-n”*n" é A i _.T |
2 0.5 0 05 PP S KV EPEPE b (PR -2
Decay time [ps] cod, 01 02 03 04 05 3 i 1 E
, 'ct (cm) = o H S R H B S
o ; LHCb Run2, 6 b | g sprm e ey S ‘Uxm‘-ﬁ . : 5‘9.81b; (13 TeV) «10° , I 59.8 ﬁy'quev) o, [rad]
- $000}- w2, 6067 i Data oy F ) =t s T T
8000 . o ~ & Data 4 8 g 4
2 [ 2 Pomttmpetrtre st it S 18 —rule cMS13B 16F 2 Fai cMsS 3 ] ‘é 00 AT A wsnsat  —— Tomim ]
I oo A .~ - il o aibidtianiiins. o coucashli" NI ~ S -5 o E 3 | RS [Ee
5 = 6000}~ - o~ &8 14 - Signal 5 X Backgiound
L N N S = 3 * i
S 3 - e L 14 —-B"bkg ~—-B%bkg . 7
4000, = 4000p~ Y et o 12 g E ]
4 3 “Gwr 4 @ N
2000 ‘_’000-\\\ ///- \TS-;av: 7 105, w 8f
PO s> 1, IR o 2 TR N AR RES 8F ™. 2 E
-0.5 0 05 " =+ L L 6 ; 6"
€OsVy 9, lrad] p 4 T beeeereicictineaccecieeaacsiensensnenaed
E © ittt} T T s DO O
. . o i R T ek 2 S 3 .4 & 2F 12 of R
Equality in absence of . L BT . ~
in polluti 3.20 from zero % 0 %Sy =0 2w o LI g
penguin pollution g cos v, ¢, (rad) I i 2 ]
] "1 08060402 0 02 04 06 0;.086(0" "_1 208 06-04-02 0 02 04 06 %’3'“)

v L
Signal yield ~ 350,000 Signal yield ~ 490,000 Signal candidates ~ 450,000
Tagging power ~ 4.3% Tagging power ~ 5.6% Tagging power ~ 1.8%

V ‘ *
B, =arg | -2 ti
‘/cchb

CPV B cmewmBaHUM mesoHOB




Peakue pacnaapl

New particles can for example contribute to loop or tree level diagrams
by enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles

B>Kvyvy

=
N

o B2Kwvv is known with high accuracy
B(B»Kvv)=(5.6+0.4)x10°[arXiv:2207.13371]
o Extensions beyond SM may lead to significant rate increase

Penkue pacnaabl 19




[arXiv:2311.14647]

Evidence of B2Kv¥v PRD109, 112006 (2024)

o Two analyses: more sensitive inclusive (eff = 8%), conventional hadronic tagging (eff = 0.4%)
o Use event properties to suppress background with multiple variables combined
. Use classifier output as (one of ) the fit variables, use simulation for signal and background templates

. Use multiple control channels to validate simulation with data

n(BDT;)
0.92 0.94 0.96 0.98 1.0
- 125
; i Belle II preliminar . B K v
e Belle 11 mehmmdry : — 100 f‘c’dt_'l';ﬁsz_[ ’ - 2D
) J dt = (362+42) o 5K v S A )
§ i = B'F’ e - W ui, dd, 55
3 2000 E g tB g 5 1- Data
-S'a-‘- : l;:t\umum g 5 hadronlc tag
rﬂ's\ 3 ) . =
© 1000 inclusive tag S .
25
0 0
5 .
E {] C Qr:‘: (5) | ! 1 1 1
—-J_l 4 8 25p1 4 8 25,1 4 8 251 4 8 25 0.4 0.5 0.6 0.7 0.8 0.9 1.0
G [GEV?/ ] n(BDTh)
o Max. likelihood fit to data using signal and bckg templates M A
-5 [IE] elle 11 | !, combined)
B, = (2.7 = 0.5 (stat) = 0.5 (syst)) x 10’ i o ‘.'r..,‘“?f‘f.‘ —
+0.9 +0.8 -5 —5E
Bhad == (1 ]‘ -0.8 (Stat) (SySt)) X 10 :
»—0
_l_,_l 3elle 63 fb*, inclusive)
o For inclusive analysis, evidence for B»Kvv at 3.5¢ il t4a1s LT, s
. . . . | Belle (711 fb!, semileptonic
branching fraction within 3o of SM Y w»os(vm-mi«-* ” }
> For hadronic tag, the result is consistent with null e i G g o)
. o~ I ar fb!, semileptonic
hypothesis and SM at 1.1 and 0.60 T 3508 o i “STPO)
= Combination of two analyses provides first evidence B ol el
of the decay at 2.7¢0 from SM 0 2 4 6 8 10

10° x Br(B*—K " vp)



Search for B-» X vV decays PRELIMINARY

o Bgy = (2.9 + 0.3) X 107° [JHEP02 (2015) 184]

—4 reco 2 reco 2 reco 2
o B<6.4XxX10 "at 90% C.L. [ALEPH, EPJC 19 (2001) 213] § m““'"‘r- AHE e MEMy 10 10N :‘-::*Wc
Belle Il H
3 -1 :
o using Belle II sample of 362 fb &
o Hadronic B-tagging
o Sum-of -exclusive from 30 decay modes (~90% of inclusive)
B°B° B* !
K |K? K* 400
Kn |K*x¥ Kx0 K0 K+ R
K2r|K*p¥F 50 Klrtx® K}n"7" K*pFgt Kln*x0 Kxn0n0
K3n|KExFata® KinixFa0 KExFah0 |K*nFatal KlntrFat KinTrla® 200
K| K ¥ a0 K nt rFrt aF K nEaFa0n0| K2 aFataF K Qnt aFat a0 KEaFada0p0 ‘
3K |KEKFKY K*KFK* "
3KT|KEKFK*+n¥ KEKFT K" K*K¥K*r KIK*K¥F g+

dataMC
00000 a=a=awt
o Nnb Lk O

o For background suppression, use BDT
(include sum of remaining energy in ECL)

o signal extraction in (BDT output) X M, plane

o bin;dex
2.5 %107 (0.0 < M, <0.6 GeV/c’)
B(B>X,vV)<< 1.0 X 10* (0.6 < My < 1.0 GeV/c’)

| 35 X 10 (1.0 < My )

B(B»X vv)<3.6Xx10“at 90% C.L.
= The most stringent upper limit on B= X vV decay
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Search for B> K(*) E_l( Y y [arXiv :2507.01249]

submitted to JHEP

o Search for an ALP in the MeV-GeV scale Y

o Previous result on B*K*a [BaBar, PRL 128, 131802 (2022)] it hod ﬁz N

o using Belle sample (711 fb™") _ m

: 0 + e ) b < < < S

o four kaon modes included: K, K", K *, K B e

> B(a®yy)~100% when m,<m,, u,d o w,d

o m, investigated from 160 MeV/c” to the kinematic end - point

Belle Preliminary [Ldt=711 b B K'a(— 77l M,_ < 1.0GeV Belle Preliminary [Ldt=7111b"! B K'a (= yy)M,,> 1.0 Ge)

Em"_g— %m F]]lll_;;-.ﬁ EIO‘E — b M == — 3
g 10° j: s ::sw.umh:y = . g 1 % i * stat. i

|J.+-L++J— + i ; -5-++ -1-: H“F‘L! |+J.i
o . e

“ X 4
M,, (GeV) My, (GeV

”l| T s HHEH'HJ, T T § EEES
S e ks Ao s st BN S

o Main background is continuum (e"e =qqQ)
rejected with BDTs based on kinematics and topology variables L

o fit di-photon invariant mass to extract signal yield
o Peaking background regions vetoes (', 1, n')
o B=2>Kmn,Kn' as validation modes

For each ALP mass hypothesis, simultaneous fit performed on
four kaon modes to obtain the coupling constant g_,

= improved at least by factor 2 from BaBar

w Belle B — K®a(— v7)
10°

m, (GeV)
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0 *04+
B” - K*T'1T
[Not fundamentally cleaner theoretically, but BSM effects may be larger for heavier leptons]

« Experimentally highly challenging due to missing v from t decays & background from D) decays
« Exploit kinematic constraints in e*e - BsBig, With By, reconstructed in hadronic decay modes
« Signal-background separation through BDT, separately for different 1 final states

BelleI preliminary /1: dt =365 fb-! arXiv:2504.10042
175F €€ category ook 7f category sool p category 300F mx category ; giih"ur‘ .
_ 150f . itwik 250 F BB
2 100 3,,},’.;,’“ 150 F¥ + 300 =, . :_A-_ - v l';.ncertmmy )
E - [ f R P 150 Bt Signal B=10"*
a “f 100 Lans 200 FE
50 F M g 1008 bt
554 — >0 100 5 vy
0
o
'—:‘ 0 .—q-.-.—._...-.. .—._n-\-_—-——
& _2E : E'- o e R E ll - E -
04 05 06 n(BDI) 0.6 1.0
% fit of B g IS ~
e s B(B°- K*1'T) < 1.8 x 107 at 90% CL
B(B°-. K*v'T) < 3.1 x 10°% at 90% CL .
JHEP 09 (2024) 026 SM prediction O(107)
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3aK/1to4eHue

“OrpoMHO€ KOJIMYECTBO YCUJIUM NTPUKJIAJbIBAETCS K PU3HKE
apoOMaTOB TAXeJIbIX KBapKOB:

= [Ipamoe CPV: o6HapykxeHO B A}, akTUBHO u3MepsieTcs AJd D-Me30HOB
= U3mepenne CKM: npsimoe u yepes time-dependent CPV
" Penkue pacnazibl B-Me30HOB

“BoJiblION OTeHIMAJ AJ1d NorMcKa 3¢pPpeKToB HoBOU GU3UKU NIpHU
yBesindeHUuHU o6beMa faHHbIX Belle [T u LHCb




CemencTBO HOTTOMOHMUA

Macca (I'5B) CBsI3aHHOE COCTOsIHHE bb
11.1y Y (11020) —
“CBOMCTBA HW>Ke BB nopora coriacyrTcs C
10.91 m'rzélvgijm ] Moporn:  OXKHJJA€MbIMHU
........ - ~.....BB _
1077 ' ¥ @45) Ty (10650 B'B.  "Brlme BB - aHOMaJibHble BEPOSATHOCTHU
sl T = /Ty (10610) X% GP) % GP) oo BB nepexozmos c m, ("
BRI (2p) *B it mepexogax o6HapyKeHbI TETPAKBAPKH
10.31 2P p) X (2P) Koz (27, _
. ) | W@ vap)  Zp(10610,10650) (Tpp,) c IS(JPC) = 1+(1+7)
10.11 ) Y (2S)n - o o T nn 14 )
ool b ap)” o " e (IP) Y(10753) — Y(3D) niu 3K30THKA*
L Experimental
T T T observation of Y(10753)
9.71 KK\ 1N Y(4s) B'B B B8, B;B; Y(55)
s Expeﬁmm’t
9.51 Wi
1 U9 ™3775)
93" _ _ _ _
JPC — 0 + 1 1+ 0++ 1++ 2++ ) Th{,Ory
CreKTp Me30HOB ¢ bb napoii 1 U3MepeHHbIe vas)  YOO) | v55)
10.55 10.60 10.65 10.70 10.75 10.80 10.85 10.90 10.95
dIPOHHBIE IIEpEexXoabl Vs [GeV]



IJK30TUYEeCKMe COCTOAHUA

AZipo-KBapKOHUM

@ ®
® @

KoMInaKTHBIN
TeTPaKBapK

MouJiekyJsia

Heoxxn1aHHbIE pe30HAHChI OOHAPY>KEHBI
M B CEMEMCTBE YapMOHUA (HanpuMep

X(3872),Y(4260))

Kpome Y (10753), mox BonpocoM U
ctpykrypa Y (4S),Y (55)

OOuas YyeTKass MHTepIIpeTalys
OTCYTCTBYET

Heob6x011MMO IpOBOAUTE AaJIbHEUIIIEE
M3y4YEHHUE 3TUX COCTOSTHUU, BKJIIOYas
epexo/ bl C U3JIyYeHUEM JIETKUX
aZJpOHOB



I1MNMOHHble nepexoapbl

35

“Y(25)—Y(4S):T' ~ 5+ 0.5 K3B, 2
corJiacyeTcsi ¢ bb cTpykTypou

11(15)11 (1 Y(5S)

—4- Belle Il data, xxY(15) Y( 10753)
4.1o

1.5

Born cross section [pb]
n

05

=Y (5S) : oOHapy»KeH MPOMEXKYTOYHbIHN Z},
[ = 180 =+ 300 K>3B -

++o

TTTTT | T | TET I TTT | TTT IH[I IIII|IIII|IlIIII[II|IIII|II!I|IIII|EII

CEsTe
3a BbIUETOM Z},, LINPUHA [IePEX0/10B BCeE elllé Ha . SPp—
JiBa MOpsAKa BhIlle, yeM A4 Y (25)—Y (4S) L 7.50
*Y(5S) - hy(1P,2P)mt* ™ : To/IBKO . +
[IPOMEXKYTOYHBbIN £}, e
E 2‘52: -+-Bauauats, nIY(3S)
"Y' (10753) : pe3oHaHC NOATBEPK/IEH, N )
[IPOMEXYTOYHBIN £} OTCYTCTBYET, 3 l 0.20 { :
ok

CTPYKTypa - ?

|
-3

Al A S BRPREE D M T P I L

L ORI AN SN DA VAT TN (AN SN TN N NN LN SN T
105 10.6 10.7 108 108 ]
Center-of-mass energy [GeV]

3aBUCUMOCTb C€YEHHUS OT IHEPTUHU
JHEP 07 (2024) 116
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https://arxiv.org/pdf/2401.12021

(Events/10 MeV/c?)

/3, B AUNUOHHbIX Nepexoaax
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Y(10753) - Y(18)mn~

of arY(1S)
8f Bellell,9.81b"
7F  wnY(1S) at 10.746 GeV
6F
15_ | dtrhld %
E A R A IL et | we?
0.6 0.8 .
AM, = M(r*ptp™) - 111'(;,: o)
Y(10753) » Y2t~
3 arY(2S)
4| Bellell, 9.8fb"
12 TrY(25) at 10.746 GeV

n,
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CneKTp ,D,MI'IMOHHOM Macchl Y(1S)m 1™

~ 180~ 120 ot T e
i sl 1 . | BellellY(10753 : :
E ijgé_ fjﬁn_msmm _ S 10_— Belle 11, 9.8 fo’ ( ) i 190 LSt{t?c])ng Be"e Y(}SS) "
S 120f  — nomresonant + Y(IS)F(980) 2 [ 7rY(1S) at10.746 GeV > . L
e Belle Y(4S - s 2 ®F contribution ) E
5 s elle Y(4S) |7+t S el g sojofscalar B
S gof [ § o ' } & 4« F mesons E
40E E | IHM H |‘|H Hl | :
20 o 2f 101 _ > 20 -]
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PRD 96 (2017) 5. 052005 [HEP 07 (2024) 116 PRD 91 (2015) 7, 072003
‘ 1ol Phenomenolpgy Phenomenology
=Y (4S): ykazanue Ha f,(980 ' :
(45):y f0(980) s Y(10753) - ¥(10753)
=Y(10753) : HeT f,(980), neT S-D € S-D wave mixing S
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https://arxiv.org/pdf/1707.04973
https://arxiv.org/pdf/1403.0992
https://arxiv.org/pdf/2201.12715
https://arxiv.org/pdf/1910.07671

[lepexoabl C 1)

BeIIe Y(4S)
Qg 20F E T B
Y (4S) : R A— n 1z
B[Y(4S) » Y(1S)M] = (1.70 £ 0.23 £ 0.08) X 107* = wf noxee 1 =
BIY(4S) > Y(1S)n'] = (343 + 0.88 + 0.21) x 10°° E o 1k
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Ry /q = 0.20 £ 0.06 (~5 au1s yucroro bb) 52% S S |3 mml N
—_ -3 5 052 054 056 0358 0.62  0.64 0 005 0.1 015 02 025 0? 045 04
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Y (4S,10753,5S) - 1, (1) w

=Y (4S) : PRD 102 (2020) 9, 092011
B[Y(4S) - np(1S)w] < 1.8 x 107*
_ o(eteT-mp(1S)w)
"~ o(ete -Y(AS)mtmo) < 2.2

=Y (10753) : PRD 109 (2024) 7,072013
olete™ » 1, (1S)w) < 2.5 pb
R < 1.25

=Y (5S) : PRD 102 (2020) 9, 092011
B[Y(5S) - 1, (1S)w] < 1.3 x 1073
B[Y(5S) - 1,(2S)w] < 5.6 x 1073
R < 0.25

He coryiacyeTcd C KOMIIaKTHBIM TeTpaKBapKOM?

Lui et al. (2023)

Wang (2019)

1

. Prediction as

Y(10753)
Prediction as S-D mixing

—_——

our-gquark state

-----%---------—---

npearoJaraeT
Y(10753) - Y(15)f,(1370) - Y (1S)mtm™


https://arxiv.org/pdf/2009.11720
https://arxiv.org/pdf/2312.13043
https://arxiv.org/pdf/2009.11720

3aK/1to4eHue

“AZIpOHHBbIE MEePEXOAbl MEXKAY COCTOSTHUSIMU O0OTTOMOHMUS
NpeaoCTaBJAIT BaXKHYI0 HHQOPMAIUIO O €T0 CTPYKTYype

“EcTb yka3zaHust Ha TO, 4TO cocTossHus Y (4S5, 10753, 55) Boiuie BB
[1opora He SABJISIIOTCSI YUCTbIMU bb

“YJeTKOTro eJUHOT0 00'bSICHEHUS ITIOKA HET

"Heo6x0qMMO NPUIOXKUTH JONOJHUTENbHbIE YCUJIHS B 3TOM
006J1aCTH 3HEPTHH, HAIIpUMEP

ete™ - Y(1S,25)n"
ete” > Y(1S)KTK~™
JlonnosTHUTEJIbHBIE JJaHHbIE 0K0J10 Y (10753, 58, 65)



	Слайд 1, Новости физики тяжелых кварков
	Слайд 2, Поколения кварков и не только
	Слайд 3, Методы поиска Новой Физики
	Слайд 4, Прямые измерения полужирная курсивная заглавная V нижний индекс полужирная курсивная заглавная C полужирная курсивная заглавная K полужирная курсивная заглавная M 
	Слайд 5
	Слайд 6
	Слайд 7, Прямое нарушение CP
	Слайд 8
	Слайд 9
	Слайд 10
	Слайд 11
	Слайд 12
	Слайд 13
	Слайд 14, CPV в смешивании мезонов
	Слайд 15
	Слайд 16
	Слайд 17, Загрязнение пингвинами ?
	Слайд 18
	Слайд 19, Редкие распады
	Слайд 20
	Слайд 21
	Слайд 22
	Слайд 23
	Слайд 24
	Слайд 25, Семейство боттомония
	Слайд 26, Экзотические состояния
	Слайд 27, Дипионные переходы
	Слайд 28, заглавная Z нижний индекс b  в дипионных переходах
	Слайд 29, Спектр дипионной массы заглавная Y скобка открывается 1 заглавная S , скобка закрывается , пи в степени плюс , пи в степени минус 
	Слайд 30
	Слайд 31, заглавная Y скобка открывается 10753,5 заглавная S , скобка закрывается стремится к хи нижний индекс b заглавная J , скобка открывается 1 заглавная P скобка закрывается омега 
	Слайд 32, заглавная Y скобка открывается 4 заглавная S ,, 10753,, 5 заглавная S , скобка закрывается стремится к эта нижний индекс b , скобка открывается 1 заглавная S , скобка закрывается , омега 
	Слайд 33

