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(Recap)Introduction

Decays
@ DT — nrt: Singly Cabibbo-suppressed (SCS)
@ D' — nK™: Doubly Cabibbo-suppressed (DCS)
@ D} — nm™: Cabibbo favoured (CF)
o DF — nK™*: SCS
@ Using both  — vy, n — ntn—7°
Target measurements with Belle Il data
e Acp of DY\ — nht(h==,K)

(s)
@ Branch fraction of Dé) — nK™ normalized by D(:) — T
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Analysis methodology

Basic ideas
@ Direct reconstruction and fit to M(n,,h*): no D** tagging
@ Train BDT(XGbeest lightgbm) with grid search: (1y,, 7"), (1yy, KT), (037, 1), (37, KT)
@ Before: BDT - signal: D — nh™, bkg: BF—nht—subtracted-genericbackgrotund
@ Now: BDT - signal: D(J;) — nh't, bkg: other generic background
o To improve FoM of D} — nh™
@ BDT value is used to optimize with FoM
Branch fraction

D —nK+

o Ratio: @7+ expect to minimize systematics as Belle did
D(S)—>777r

Acp
@ Plan: might use control modes, D(t) — thJr to correct A€h+

This talk: MC15rd(Last talk: MC15ri)
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Selection criteria before BDT

We observed pionIDNN on D(J;) —nr" and . — 7t 1 — increase efficiency with similar background level

Parbic]e: Selection Criteria Dt 1.6 < M(D*)[GeV] <21
Hard 7 In CDC acceptance .
dr<1,|dz| <3 p* > 2.5GeV
LNy >06 Vertex TreeFit:
> 0.4GeV .
= ™ CPD Togr—— Min(confidence level) = 0.001
dr<1,|dz| <3 IP constraint
Lx > 06,Lr <001 7, 79 mass constraint
P> 0.4GeV
Normal 7% in 73, Tn CDC acceptance
dr <1, |dz| <3
Lown > 01 particles selection criteria
yofn clusterNHits>1.5 Yroe |cluster Timing| < 200ns
0.2967< clusterTheta < 2.6180 | crsterBrrorTinmng | < 2.0
. £ >01GeV clusterNHits > 1.5
~ of =* clusterNHits>1.5 E > 55MeV
0.2967< clusterTheta < 2.6180 X
B> 0.055GeV or beamBackgroundSuppression > 0.5
beamBack jion> 0.5 fakePhotonSuppression > 0.1

fakePhotonSuppression> 0.1
70 0.120 < M[GeV] < 0.145

Ao A [ W
|8¢(v1,72)| < 15 M (ree) = meol][[ > 0.011GeV/? |

1M (3 roe.
A7) <14

T 052 < M[GeV] < 057
P> 04GeV

Tx 0535 < M[GeV] < 0.57
p > 04GeV
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MVA(BDT) study

Trained BDTs among different final states:(1y, 77), (yy, K1), (137, 1), (137, KT)

Train variables

0 D(J;) — Ny hT: 6 variables ° D(t) — maaht: 4 variables

dr(n™), cosOxy (DY), |le;2§ k dr(m"), cosfxy(Dﬂ,
A¢('Vlv ’72)7 P(77) + p(ﬂ-Jr)v p(n) —|—p(7T )7 +
cosHelicityAngleMomentum(D™) cosHelicityAngleMomentum(D™)

No significant correlations(in backup slides)

Performed grid search
Dt = ot DT = g, DT — 1y KT, DY — 13 KT

Predicted Probabilities

Predicted Probabilities

Predicted Probabilities Predicted Probabilities
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Cut optimization

Optimized variable: BDT in DT signal region(might not be optimal to

Dt — nwﬂ'Jr, DT — m.nt, Dt — 77WK+, DT — ma. K

o Figure of Merit vs. Cut Value
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M(nh*) distribution

Full MC15rd: Dt — 17.,77r+, Dt — 173,T7r+, Dt — n77K+,D+ — 173,,,K+

Candidates
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Signal efficiency

(%), MC15rd is more optimzed

@ pionIDNN on D

—yrtandn =T oW

0

@ Put D as signal in BDT training — increase a bit on Ds modes

Belle 11(MC15rd)

Mode more optimized  Belle II(MC15ri) Belle (2011) Belle (2021)
D = 1, Kt 3.41 +0.01 3.42 +0.01

Dt = Nara KT 3.55+0.01 3.28+0.01 1.35+£0.01

D — ny, K™ 2.37 £0.01 2.04 £0.01 7.42 £ 0.05
D = Nara KT 2.15£0.01 2.02£0.01 4.04 +£0.02
Dt — nyymt 9.50 £+ 0.01 8.85+0.02

D" — gt 8.06 £0.01 6.17 £0.02 1.68 + 0.02

D — nyymt 8.47 £0.01 7.54 £0.02 10.84 £ 0.02
DF — nppamt 7.08 £0.01 5.290£0.02 6.50 £ 0.03

Jaeyoung Kim
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Fitting

Simultaneous f|t(D(s) + D(s))

@ Set fitting range to cover Dt and D7
Fit method
@ Signals: D(t) — nht
o pdf: double-sided cystall ball convoluted with gaussian(mean=0)
o MC fixed: double-sided cystall ball
o Floating: gaussian
@ Backgrounds

o M(nnt): DF — (p* — 7t 70)n, fixed shape with Novosibirsk function(next slide)
o Other combinatorial

e M(nmt): exponential

e M(nK™): exponential
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D — (p" — W+ﬂ“6)n pdf

Extract pdf in real data(now in MC)
@ Pdf is non-trivial and hard to discriminate from other combinatorial

@ Pre-selection with M(nz™)
@ With additional 7°, reconstruct M(nm*7°)
@ Cut on M(n*7%) and M(nmt7°) to satisfy m(p*) and m(DJ) peak region respectively
o Cuts: [M(m+7%) — m(ph))| < 250MeV & (1.94GeV < M(nt7%) < 1.99GeV)
o Apply BDT
Pdf
@ 1), mode, Novosibirsk ® 7 +,—x0 mode, Novosibirsk
P N

N i P +Mc
N —Fit

7 i 178 18 162 18 T 77 i 7 i 18
M(D") [GeV/c] M(D') [GeVic?]

?{?M#W“rpla ? -‘\Wr‘r\-'l‘v""‘lﬁpﬁ-‘-plr\‘f‘-hq
Y7 172 174 176 178 18 182 184 186 47 172 174 176 178 18 182 184 1

B
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it result
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Acp fit result
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Acp fit result

Comparison to most precise single experiment.
(Might be worse after corrected, but not change order)
® Acp raw(Dt — nrt): (0.21 £0.53)%
o Most precise: osats. = 0.66% at LHCb(2023), 25% improved
o Acp.raw(DF — nm™): (0.11 £0.33)%
o Most precise: ogats. = 0.3% at Belle(2021), comparable
° ACP,,«aW(D—’— — nK™): (1.70 + 6.06)%
o Most precise: ogats, = 11% at LHCb(2021), 82% improved(but still large uncertainty)
o Acp.raw(Df — nK™): (1.30 £2.17)%
o Most precise: osats. = 2.1% at Belle(2021), comparable

Note: Belle analysis(2021) found data/MC discrepancy of generic background level, about 1.4 ~ 1.5 times
larger than for both M(n7™) and M(nK™).

According to Belle note, Belle analysis estimated 10% better precision during MC study.
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Branch fraction fit result

+ Kt

D
To normalize with D(Ji)aﬁ’ BDTs trained by D" — 7,, K™, D" — 13, K™ are applied to normalized
s) 4

channels(D™ — 0yt DT — naem™)

10 Only stats. uncertainty %103 Only stats. uncertainty

] e =
R I R SR

l 1
BESIL Belle. Dy iy K D K+ Combined  Input PDG Belle  BESII
@oie)  @oin) (021)  (2020)

Dokt Dok Combined Input DG

(a) D" = ngK* (b) D — nK™

In terms of statistical uncertainties,
@ Br(D* — nK™): 54% improved compared to Belle(2011).
@ Br(Df — nK™): comparable to Belle(2021).
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Examine experimental sensitivity?

Could we check and analyze full data to examine statistical sensitivity?
Target measurements= D(J;) — ' Acp, D(t) — nK*: Acp, Br

@ M(nmt): full region with blinded central value of Acp,raw

o To check statistical significance
o To validate fitting method(ex. data driven pdf)

@ M(nK™): sideband region(not M(D(J;)) region) due to Br measurement

o To check statistical significance

Jaeyoung Kim Jan.22, 2025

15



ToyMC study of D+) /i
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ToyMC study of D+) — K™
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Linearity test

pppppppppp

(a) D = 1y K" (b) DS — nyy KT (c) DY — 1= K*

@ Performed linearity test between £30 with respect to fitted Nijg
@ Each point: 1000 ToyMC

Jaeyoung Kim Jan.22, 2025

(d) D — ns-K*
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Acp control modes

Candidates of Acp control modes(PDG values)

Mode Acp Br Decay types
D — K2r™  —0.00414£0.0009  (1.562 +0.031)% CF
Df — K2x*  0.0020 +0.0018  (1.09 + 0.05) - 103 SCS
DT — K2K* —0.0001 =+ 0.0007 (3.04 £0.09) - 103 SCS
DS — KZK*  0.0009+0.0026  (1.450 +0.035)% CF
D — ¢t —0.00384+0.0027  (2.21+0.06)% CF

Jaeyoung Kim
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Acp control modes

Mode Acp Br Decay types
D" — K2t  —0.0041+0.0009 (1.562 4 0.031)% CF
D — KK* 0.0009 +0.0026  (1.450 + 0.035)% CF

@ Currently ongoing & same BDT per signal will be

applied
° D(':) —nrt - DT — K2t

o Dy — nK* - Df — KIK™

Jaeyoung Kim

° Alraw _ A,aw(cos9*<0)42rA,aw(c050*>0)
° Aaw = Acp + Ars + At
’
° Anw = Acp + Ac

e A/raw, ref ~ ACP, ref + Ae;,ref + AKm/'x
Ak, ~(0.070)%, well-known.

mix
’ ’
o ACP = Araw + ACP, ref — Araw, ref

Jan.22, 2025 20



Acp control mode, Dt — 7wt vs. DT — K2+

After applying BDT, MC-matched (just for checking)

Matched well in this case.

0 . L A
-1.0 -0.5 0.0 0.5 1.0
cos@(nt)

If needed, (p, cosf) will be reweighted with sWeighted signals.

Jaeyoung Kim
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Summary & Plans

Summary
Using MC15rd samples(1/4 scaled),

@ Acp,ow(DT — nm™): (0.21 4 0.53)% - 25% improved than s, = 0.66% at LHCb(2023)

® Acp,raw(DT — nK™): (1.70 £ 6.06)% - 82% improved than o = 11% at LHCb(2021)(but still large
uncertainty)

@ Acp,ow(DF — nmt): (0.11 4-0.33)% - comparable to ostats. = 0.3% at Belle(2021)
@ Acpaw(Df — nK™T): (1.30 4 2.17)% - comparable to Ostats. = 2.1% at Belle(2021)
Might be a bit worse after A, correction.
@ Br(Dt — nK™): (1.28140.078) - 10™* - 54% improved than gsaes = 0.17 - 107* at Belle(2011).
@ Br(Df — nK™): (1.600 4 0.036) - 10~ - comparable to ostats. = 0.05 - 107° Belle(2021).
Plans
@ If possible, check statistical significance with blinded data and fitting method
@ Acp control sample study with sPlot

@ Start systematics study
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Comments or questions

@ BDT

One was interested in the composition of
generic background. ex. mostly from
D*? — For what? anyway, | will
investigate it

Impact parameter of D(Jg)? — 7tis
highly correlated. And dz(D™) is not
helpful, too

7y~: how about to try angle cuts in
advance and make BDT simpler? —
seems reasonable, retraining

7)3,: Maybe one can try to suppress
background of w1, 7~ tracks, like using
impact parameters or whatever —
indeed, dr of 2 tracks help to improve
FoM

Jaeyoung Kim

@ Fitting region
o M(nm™): did you try cutting out the
lower region? — tried from 1.75 & 1.80,
hard to converge

@ To check blinded data

o Please ensure the method the blind
central Acp,raw value before opening
data. — confirmed method with one
convenor. skimming data is done

@ Linearity test
e ¢p deviated from 0 is fine? Could you
explain? — include to systematics

@ One is already using Dt — K27 (Yifan,
Acp, DT — 7r+7r0) — different momentum cuts,
so didn't contact
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Backup
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BDT

Variable correlations D™ — 97", DT — 3™, DT — 0y KT, DT — 3. KT

Correlation Matrix of Features

Correlation Matrix of Features.
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Experimental histories

Decay Mode

Experiment

Acp

Br

Dt — nprt (SCS)

LHCb (2023)
LHCb (2021)
BESIII (2018)
Belle (2011, 791/fb)
CLEO (2010)

(0.34£0.66 = 0.16 & 0.05)%
(0.13+0.50 £ 0.18)%

(1.74 £1.13 £ 0.19)%
(—2.0+£23+0.3)%

(37.90+£0.70 +0.68) - 10—*

(35.4+0.84+1.8+0.8)-10*

D+ — nK+ (DCS)

LHCb (2021)
BESIII (2018)
Belle (2011, 791/fb)

(-6 £ 10+4)-102

(0.151 4 0.025 4- 0.014) - 103
(1.08 +0.17 4-0.08) - 10~*

D} — nrt (CF)

LHCb (2023)
LHCb (2021)
Belle (2021, 921/fb)

(032 £051£0.12)%
(0.8+0.7+05)%
(02403+03)%

(19.00 +0.10 £ 0.59 4 0.68) - 103
More experiments

D — nK™* (SCS)

LHCb (2021)
Belle (2021, 921/fb)
BESIII (2020)

(09E37£1.1)%
(214+21+0.4)%

(1.75+0.05 4+ 0.5 £ 0.06) - 103
(1.624+0.10 4+ 0.03 4+ 0.05) - 103
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