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SuperKEKB as charm factory

In addition to B mesons, |arge qq production, B o sae g e, sues s e s
where cc is a significant fraction. %20 ;’"g
Events still cleaner than in hadronic collisions £} +*

? e + * "
Belle Il: ~560M charmed hadron pairs in Runt, & i /% 7y .
with Run2 data-taking resumed on Feb 2024 M50 oo I L) W ) B
Belle: additional ~1.3B charmed hadron pairs e RS e
(data taking ended in 2010)
Today showing Run1-based results Belle Il Online luminosity Exp: 7-33 - All runs
Belle Il compared to Belle 50 o e sr a1t / _

- much improved vertexing

- greater acceptance

- design 30x instantaneous luminosity

= similar performance with 20x machine bkg
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Exploit Belle + Belle |l dataset combination



Charm physics at Belle I

Mesons: precise measurement in Cabibbo-
suppressed decays, where non-SM physics
can contribute at a detectible level.

Most interesting probes: CPV
measurements, expect low values (O(10-3))
In charm sector

Today showing:
- mixing in DO—=Ksorr+rr- decays
- Acp in D— it decays | vev|

- Acp in D9—=Ks0Ks0 decays  nev|

Baryons: conflicting or missing predictions

for BF and lifetimes, results to verify models.

Today: =c+ branching fractions wew

Charm Unitarity Triangle:

q As ~ ﬁ(/l)
~0O(A°) |
x20 Ag~O(A)
LHCb-CONEF- 2024 004
g 0.5 :—I | o - Beauty and Charm | _-
|t< T [ % | Beauty and Charm, a}ﬁr =07
+
@@k 0.4 ]
0.3F ) _
0.2F 7 :
0.1F \0‘;2; = :
& ) LHCb"
0.0 - o Jfozjb R No CPV Preliminary ]
L 1} S~ Summer 2024
L “
—0.1 O O 0.1 0 2 0 3
aK+K 7]


https://cds.cern.ch/record/2905625/
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=c* branching fractions

Belle Il [ Ldt = 427.9 fb~1!

BELLE Belle I

150

Reconstruct 2+Ks0, =0rr+ and =0K+ decays. - o
Currently many predictions, need measurement | = soensignal Jiminar
preiminary
to rule out some of them : m
1‘ J.H{I{I___.l“ { ]l} ]
. . so T AT NG
From 1, K and p reconstruct intermediate - e
baryons A\, 2, =, then optimize selection ranges I
on each invariant mass : M(E'KD) [GeV/c?
° s o | 0L[1_]
Measure signal yields with fit of invariant mass, T y ™ "[f
extract branching fractions using =¢*— =-mr+m+ I_.:'_' : : _ H:'" ;]] ?
as normalization mode e | Py | i | ©
(stat) (syst) (norm) e g - | §
B(E} - TTKJ) = (0.194 = 0.021 £ 0.009 £ 0.087) % - g IRER-
s g g A
BEY - E%M) = (0.719 £ 0.014 £ 0.024 = 0.322) % g L &
e~ - o " - [8]
B(E! — E°K*) = (0.049 £ 0.007 £0.002 £ 0.022)% | | ol [tel| i L
—e—i| CLEO [9]
First or most precise measurements .0:. ] ""1' e bfﬁafi?‘egie; .

Additional results on baryons: JHEP03(2025)061 4



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014011
https://link.springer.com/content/pdf/10.1007/JHEP02(2023)235.pdf
https://link.springer.com/article/10.1007/JHEP02(2020)165
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.033004
https://link.springer.com/article/10.1007/JHEP03(2022)143
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.033004
https://www.sciencedirect.com/science/article/abs/pii/0370269396001116
https://www.sciencedirect.com/science/article/pii/S037026931930334X
https://link.springer.com/article/10.1007/JHEP09(2022)035
https://link.springer.com/content/pdf/10.1007/JHEP02(2023)235.pdf
https://link.springer.com/article/10.1007/JHEP09(2022)035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.053004
https://link.springer.com/article/10.1007/JHEP03(2025)061

D0-D0 mixing parameters
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DO0— KsOrr+1r- mixing

Mixing parameters: |D,, > =p|D" > +¢q|D° >
From masses and widths of the D1, states:

m — M Iy -1,
X = y =
I’ 2I°

Reconstruct D+ = i+ D9(— KsOrt+rt-).
Split Dalitz plot in bins to be independent
from any explicit model [m. = m(Ks0m=)]

Separate signal and backgrounds using the
KsOrr+rr- invariant mass and Q the energy
released in the D™+ decay. Restrict to the 2D
peak signal region for the rest of the analysis

arxiv:2410.22961 6

Phys. Rev. D. 82, 112006
|
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https://arxiv.org/pdf/2410.22961
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112006
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DO0— KsOrr+1r- mixing

Belle II | L dt =408 fb!

Fit decay time t and per-candidate uncertainty
o(t) simultaneously in Dalitz bins

Shapes: directly determined from the fit or
data templates from the m(KsPrr+rr-) sideband.
Independent params in different bins

Results: 10 1 2 3
+ Data —Fit - -No mixing t [pS]
_ <1°+° %—0—; +____ . 23 _________:(1)0 <]°f’
x=(40£17+£04)x1073 4 F M £t
S S - [P S T -
i R e =
— SE 3
y=(29+14+0.3)x1073 S G e
with 20% and 14% improvement compared N 10
; op— T ac SEEEEEEE 0 4
. _ . . < ZE + | v -4 __10<1
to previous model-dependent determinations T 3"
S e et P
o 2F b IR Y S L
T e el MM LS YR
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https://arxiv.org/pdf/2410.22961

Direct CPV measurements



Acp In DO9— 0770

Isospin-related D— it sum rule helps to
determine sources of CP violation

» AS(D® - ntn7)

Agi;)(D+ — zt7Y)
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TDO
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TDO

DOo— om0 currently limiting precision.
Measured R = (0.9 + 3.1) x 103

Strategy: measure observed asymmetry in

DOo— 919 channel, then correct instrumental
effects by subtracting asymmetries measured
iIn D9— K-+ control channels
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Reconstruct D+ — i+ DO(—=mort0). Large
backgrounds because of 4-y final state

Train BDT to suppress bkg using information
on photon kinematics and on the
reconstructed calorimeter clusters

Fit D+-D° mass difference (Am) and m(rt°r0) in
forward and backward calorimeter regions.
Subtract det. asymmetries with D’- and null-
tagged D9—K-rt+ decays

Arp=(0.30%0.72 £ 0.20) %

= (1.5+2.5) x 107

20% improvement in sum-rule precision
10
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Acp In D*-tagged DO— KsCKs?

Singly Cabibbo-suppressed decays, expect
Acpr~1% [PRD 92, 054036]. Larger values would
indicate non-SM physics

Reconstruct D+ — i+ DO(— Ks%Ks9%), main
background from same-final-state D9— KsOrr+rr-
decays. Separate with Ks? flight distance
significance L/o: Smin = log[ min(L1/01, L2/02) ]

Fit Am and Smin, subtract detection
asymmetries using D9—K+K- decays.
Combine Belle and Belle |l data:

Aqp=(-14+13+0.1)%

Phys. Rev. D 111, 012015
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015
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Charm-flavor-tag D0—>Ks

Charm flavor tagger [PRD107.112010]: hovel 7005 Belle I fL o 428 1
method to tag flavor of D% meson from other 600 | ;
collision products (K*/u* from other charm 50| + Eata ]
. i — It ]

hadron) = new CFT-tag independent sample 400 71 DK OK? :
300 — - Background _

Larger bkg wrt D*-tag: train BDT with kinematic

information. Cut on BDT output and Smin )

100}

1.9 I1.95I — I2
m(Ks%Ks9) [GeV/c?]

Fit m(KsPKs%) and product of tagged flavor g and
tag quality r. Calibrate r with data to correct any

I | I I I I | I I I I | I I I I I_

detection asymmetry , Belle II f Ldt =428 " 1|
teop] ]
140 5. f + I
Method Acp [%] 1™ Al
D'tag [ERD 111, 012015] 14+1320.1
CFT-tag 1.3£2.0+0.3
Combination -0.6 1.1 0.1

World’s best determination

1 —0.5 O 0.5 1
12 qr


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.112010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015

Summary

The Belle Il physics program has strong potential for charm physics,
especially in measurements of CPV and in improving our knowledge
on baryon decays

Today showed
- first observation and best measurement of =c* branching fractions
model-independent measurement of D9 mixing parameter
world’s best measurements of Ace in two-body decays:
om0 final states unique to Belle Il, world’s best on KsPKs0
Additional precision by exploiting the Belle dataset

Run2 ongoing, with record-breaking instantaneous luminosity, with
the goal of further testing the Standard Model
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Performance overview

High photon efficiency
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https://arxiv.org/pdf/2410.22961

From Ac°bs to Acp

Observed asymmetry Aobs is the sum of Acp and all other detection or
instrumental effects that can generate additional asymmetry Ainst,
For a signal channel we measure

obs __ 4 sig 1nst
A=A+ A

To subtract these effects, we measure the asymmetry in another control
channel (cc) where Acp is either known or expected to be zero

obs __ AccC Inst
A" = ACP+A
L/known or null

We measure Acp as

Sig __ pAobs _ q0bs __ pcc
ACP o Asig ACC ACP

18



D— it sum rule inputs

dlr(DO N ﬂ. —) dlr(D+ N 7Z'+JZ'O) dlr(DO N 7[07[0)
R = + +
1+ Tpo <‘%OO 2:@_,_0) 1 3 Tp+ <<@00+%+_> 1+ Tpo <=%+_ _%%_'_0)
%4__ Tpo 3 Tp+ 2 e%+0 Tpo Tpo %00 Tpo 3 Tp+

AZD® — 7tz7) = 0.0013 +0.0014
If R#0, then CPV arises in Al=1/2

ASD* - z*7%) = 0.004 £0.013 transitions
AZY(D? - 7°2°) = 0.000 £ 0.006 _
If R=0 and at least one direct CPV

B, =BD° - ztn) =(1.454 £0.024) x 107° Is observed, then CPV happens in

RB,o= BD* > n1%) = (1.247 £0.033) x 1073 Al=1/2 transitions = non-SM

Boo = BD° — 77% = (8.26 £0.25) x 10~
Tho = (4.103 £0.010) X 10~! ps

5. = 1.033 + 0.005 ps

19



Backward region

Forward region
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Candidates per 0.068 MeV/c?
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015

Charm Flavor Tagger

Use charge of tracks from the rest of the collision to infer
the DO candidate flavor. Train BDT that gives as outputs:
- q = =1, the predicted flavor

- w, per-event wrong-tag probability

Define dilution r = 1-2w. Use product qr to measure Acp.
Calibrate r value using self-tagged decays in data
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Precision improvement equivalent to adding ~50% more data to D*-tag sample

Phys. Rev. D 107, 112010 -


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.112010

CFT-tag D0—Ks0KsO full set of fits

"é B I 5‘ R
> - 1 k S goof :
$ feoop: Belle ILdt: 980 fb” g | Belle J.Ldt= 980 fb" }
" 1400 ‘ ] g 700f
g 0} ¢+ Data _ .§ ;
% 1200 — Fit . g 600:
o [ , S :
S 1000} _|D"—>KK; ’ 500 [
< Lo L
© 300k —- Background 400 f
600 || : 300
400} Al % : 200
200f ;’V,‘i j ] 100
0- I/JI| { 1\‘\¢ | ] ] 1 1 | 1 L I 1 : O i 4 Ly
1.85 19 1.95 2 -1 05 0 05 1
m(Ks%Ks9) [GeV/c?] qr
Y L S A B L L . LA L A EO N L
> 700F # . S 180f E
S P Belle I Ldt =428 fb™ | g 1 Belle Il Lat =428 fb~
T 600f ; g 1604 i
2 on | 3 140 + .
3 500+ J + Data 3 'é I Ak
g — Fit E S 1200 Tl |
R 7 J— 1 I il |
5 400 { | D">KK ] 100 e REE + gt I I
[ ] ] % ¢ o (6 |3 Zh
s00F —- Background 80f " Ay k
Irﬂ ' + I
200} it/ L"IQ 53" i
_ 4()#" [I“ﬂ[lr-hqﬂmﬂ T-*_ Hr ” dpgﬂ_ﬁ:"{r I
100 w A
20? 7 1
o 01 o @ @ .
19 1.95 2 -1 05 0 05 1
m(KsPKs0) [GeV/c?] qr

23



