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Motivation:

Observation of a narrow meson decaying to Djﬂ'o at a mass of 2.32-GeV/c?
* BaBar Collaboration « B. Aubert (Annecy, LAPP) et al. (Apr, 2003)
SO Published in: Phys.Rev.Lett. 90 (2003) 242001 « e-Print: hep-ex/0304021 [hep-ex]

pdf ¢ links & DOI [4 cite [[d reference search 5) 1,025 citations

® Mass of D.,(2317)7 is much lower than the quark model predictions of the lowest c5
mesons with the corresponding /© quantum number

»modifying the ¢S quark model Partial decay widths:
> D*K hadronic molecule unique in discriminating between various models

»compact tetraquarks

_ . Can we find any other decay channel?
»chiral partners of the ground state D; meson

Scale Factor/

Mode Fraction (I'; /T') Conf. Level  P(MeV/c)

I D}a® (10019)% 298 v
Iy Dty < 5% Cl=90% 323 v
T; D (2112) " < 6% CL=90% v
r, Dty < 18% Cl=95% 323 v
I D:(2112) P70 <11% Cl=90% v
T Dintm <4x107° Cl=90% 194 v

7 Diroz0 not seen 205 v



Motivation:

® The width of D;(2317)* is unknown: I'(D.(2317)") < 3.8 MeV @95% CL.
® Precise absolute branching fraction is unknown: B(D.(2317)" - DI r%) = (10019,)%

: : , B(Ds(2317)*->Dg5*
» Now, Belle can only measure the branching fraction ratio R = (Ds(2317) " ~D57y)

B(Ds(2317)t>DF w0)
® The radiative decay of D;,(2317)* has not been founded.
> R < 0.059 @ 90% CL from CLEO, N(D.(2317)* — Di*y) = —6.5 + 5.2

D¢,(2317)* " :
so( ) JP transition Possible wave
Decay mode
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Motivation:

® Limited predictions on both the decay widths of D.(2317)" — Di*y and D.(2317)" - D"

Table I: The theoretical predictions of the B(D*,(2317)" — D*T~)/B(D*,(2317)* — DI7") (R).

: (2317)T Radiative Decay|Hadronic Decay
Reference “ol A acl " ) R(%
A Stucture PRroact Width (keV) Width (keV) (%)
Godfrey [40] quark model 1.9 ~10 19
cs light front
Ke [41 <t ' 1.71£2.9 - 0.45+0.11
B state quark mode > (045 )
Bardeen [18] chiral theory 1.74 21.5 8.1
Faessler [42] effective Lagrangian| 0.55 ~ 1.41 79.6 £+ 33 0.5~ 3.0
molecule heavy quark
. avy quar
Fu [44 <t ‘ 3.7+0.3 132+ 7 28+0.9
u (44 state flavor symmetry
Lutz [45] chiral theory 1.94 or 6.47 140 1.35 or 4.57

NIY(D.,(2317) = D% = 761+44 3701)
Nexeected(p (2317) - Diy) =~ 150~600 (1.4 ab~1)

Based on Belle measurement,

assuming the same detection efficiency.
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Decay chain: e*e™ - c¢ » D4 (2317)* + anythings
D.,(2317)* -» D [¢pm, K*K] m° Reference channel

- DT [DSyly Same final states
Datasets: Generic MC:
 All Belle data: 980 fb"! * Belle generic MC:
e All Belle 11 data: 428 fb-! > 4 streams of BB, (non-)B,B, and qgq samples
LS1 dataset *Belle II generic MC: .
> All gg and BB MC15rd samples 3 |
Pre-selection: 699 fb'! for proc13 £
Tracks: 745 fb! for prompt !
* |dr| <0.5 cm, |[dz| =3 cm L : "
* 17 : binaryPID(7z/K) > 0.6 . | M(K ") [GeV/c?
* K: binaryPID(K/m) > 0.6 Slgnal MC:
Photon: cete” > ccC: Pythia
« £ > 100 Mel, E9/E25> 0.8 .DS(2317)+ N D;_TL'O, D;+]/Z PHSP (S-W&VG)

1% veto: the invariant mass of any
combination of one signal yg;, with one ¥y,
in rest of event should not in the region of DS —» KK: Dalitz

|M(ysigyroe) - m(ﬂ0)| <15 1\/[eV/C2

Dt - Dly: VSP



D.(2317)* - Dty

Most selection criteria are optimized based on signal mode

E

5/2+VB

Optimized using Punzi FoM

€. Detection efficiency

B2: Background number of D.(2317)" sideband of data
2.35 < M(D}y)< 2.40 GeV/c*



Y selection: D.(2317)* = [D:*— DIy, v,

Here and after,
® Generic MC distributions are stacked and scaled to data yields
® Signal MC distributions are randomly scaled
® All selection criteria are applied, excluding the plotted variable
® Distributions are mainly from the signal region 2.29 < M(DJy/D,n°)< 2.34 GeV/c*

BOD I + —«— Belle Data B + —e— Belle Il Data
o L od -
O i * 4 i 01500 [] D*,y Signal MC
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To suppress the contributions from the D;(2317)* — DI nt? decay

Veto events in the region:
0.100 < |[M(y,¥,)] < 0.160 GeV/c?



Y selection:
Ds(2317)" - [Ds*— Dy, ]vy

400 - —— Belle Data
o -~ Bele Data 2200 F __ Signal mc
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Apply:
E*(y1) > 0.22 GeV
E*(y,) > 0.10 GeV

Distributions of the energy of the photons in
ete™ center of mass system (c.m.s.)



Xy Selection

1500 - i
12) B (a) —«— All Data 0006~ (b)
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 Only background from e*e™ — qq survive.
* Apply cut: x,, > 0.7 according to Punzi FoM.

* The x,, distributions of signal MC samples are reweighted according
to real data of D,(2317)* —» DI n® mode. (shown in page 19)



¢ selection:
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DS and D;™ selection:

—» Belle Data
— Signal MC
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L I , —«_Belle Il Data
% 600 ] [ Generic MC
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1 Generic MC
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To reduce the resolution of m(D{): M(DSy) = M™¢(DFy) — M(K*K~n*) + m(DJ) Dy(2317)* - [Di*> DFy,lvs
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Sideband:

IM(D&y) — m(Dst) £+ 0.05] < 0.015 GeV/c? 11




D.(2317) distributions: Dy(2317)* -

[D§k+—> Ds-l_)/z]h

B x10°
— . [ “L B |:| Signal - D,(2317) — s,}’
© ] 5 Signal e _ b 1500 - Belle I Dat > | == fka’ 5’%23%5% Z Do
eneric L
3 20001 (a) D", sideband > (b)) Generic MC = 4L ()
= = 1000 L === D", sideband w7
0 2 i 8
@ I S _
L - 500 I Lu | EEmmes=ss
& g ° e
1 i |
%2 225 23 235 24 0= 23 235 24 Q=58 23 235 2.4
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To reduce the resolution of M(D}): o
* 4 — rec * rec *+ I
M(DS ]/) - M (DS yl) M (DS y2) + m(DS ) | CLEO 135 fb~ 1
20}

* Clear D(2317) signal peaks

* Flat background: from both D; sideband and generic MC 50

* Peaks around 2.26 GeV/c? are from D} + V¢ree
(same as CLEO)

PRD 68 032002 (2003)_
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The same conclusion holds for the D%~ ﬁna‘

)
state, shown in Fig. 3(b), where we combine

selected D* candidates with photons of energy above 150 MeV. The peak in the AM (D)
spectrum in Fig. 3(b) near 150 MeV /c? is due to real D** — DFy decays in which a random
photon has been combined with the D7 candidate to form the D candidate, and the actual
photon from this transition is coml:lmed w1th thls system to form t.he D _, candidate. Tluu 12

nonf anee ctvietnra in thic cnactmnm

NG WMoV Fn2 wrhe al feram D* (9217



D.(2317) MC distributions

' e L —=eme | o Sjonal: Crystal Ball convoluted with
B ;?utiLF;tKG 4000 — b)[{ .. Fitted BKG . :

% I (a) - tSmo;t::KG % i ( ) [ smooth BKG tI'lplC-GaU.S SlaIl
3 % ] * Broken Signal: asymmetry Gaussian
c c = o
2 e « Smooth Background: 2™ order polynomial

¢ | e » All parameters free to float in the fits

- 23 2.35 - 23 2.35
Mp:, [GeVic?] My, [GeV/c?]

Belle I

Nfit (6.44 +0.02) x10* (8.00 +0.03) x 10%
Truth yields 64,508 80,154
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D.(2317)" - DI r?

Reference channel:
® Used to validation of the signal selections
® Correct the x, distribution



Main event selections:

® The photon selection:
® E* > 0.22 GeV for one photon while E* > 0.1 GeV for
another

® Veto |M(y,0eyi)) — m(m®)| < 0.015 GeV/c? for signal y;

o xp = p;;.n_() /\/Elzweam - M%;—no >(0.7

® The D} Selection is the same as the D;*y mode

2000 1500
P i r —— Belle Il Data
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s = 1000 I
h b
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W e
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Sideband:|M (yy) — m(z®) £+ 0.05| < 0.0075 GeV/c?
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M(D}m®) distributions: combined Belle and Belle || samples

8000 Al Data 6000
> D_s(24|6(ni1)cCross Feed = i
gha - ——All Data
D000 1 Generic MC: All o 11D, Sideband
= Generic MC: BKG > 4000 70 Sideband
LD O
54000 I
+— -
GCJ 2000
>
= 2000
Ll LLl

32 225 23 235 24 2 225 23 235
M(D %) [GeV/c?] M(D_r%) [GeV/cT]

To reduce the resolution of M(D{) and M(r°):
M(DFr®) = M™e¢(DFn®) — M™°(KKm) + m(DF) — M"¢°(yy) + m(n?)

* Flat background from D; sideband

e Flat background from 7 sideband: negligible D,(2317)" — D}*y contribution

 Small wide Peak BKG: cross feed from D;(2460)* - D:*r°, (i.e. missing one photon)
16



°)

15000 = Belle MC

D, (2317) signal extraction: generic MC

S—

Events / (5 MeV/c

10000 __— Total Fit
(\._J/(__-J:QOOOO :,._ Belle Generic MC (g 8000 |« Belle Il Generic MC 5000 L
> L Total Fit > i Total Fit L
T ittedCrossfeed ¥+ 1 ., ~ | Q anmn| e Cross fee N | |
% 15000 F ;rtnto:ti BKGf ‘ % 6000 B Fitted Sm:olh BKG (b) % 2 2.295 |2.|3 B 2.35 24
0 L] True Smooth BKG o) -] True Smooth BKG M [GGV/CZ]
— B All True BKG ~ [ | All True BKG Dyn’
~ 10000 . ~ 4000
24 - il 0 - A T = 2F 3
c i e e e S 2000k IO .l [ 15 5., T 3F E
g 2000 gy > - %2 2.25 23 2.35 2.4
L N L N | | M(D?n?) [GeV/c?]
532 2.25 2.3 2.35 2.4 2.2 2.25 23 2.35 2.4 ©20000
Mp,_0 [GeV/c?] My, [GeV/c?] = F—e— Belle Il MC
51 5000 -
Signal MC: Crystal Ball convoluted by triple-Gaussian 51 ool o
(parameters fixed to those gotten from fits to signal MC 3 I
T -
samples, except for the mean values) i
MC histogram shape. 93 2.25 2.3 2.35 2.4

M, . [GeV/c?]
2d order polynomial (parameters floated) 5

| Fitted yield of D4(2317) S SIS ant Wi |

M(D!x°) [GeV/c?]
Belle (4.546 £+ 0.055) x 10* 45,724
Belle Il (1.821 £+ 0.031) x 10* 17,917 17




Signal extraction: Data Unbinned maximized likelihood fits to M(D} %) spectra

R - YN
"‘>c:)- B —e— Belle Data "‘>L->- —e— Belle Il Data
L Total Fit - Total Fit
O Lo Cross feed (a) O I— TotalFit (b)
= D Sideband = 2000 D, Sideband
0 . @  Sideband 0 @ ° Sideband
~ L ~
w w
2000 —
.E i -E 00— L
o o
> = =>
LL L
o | 0 M
S 4 ‘ ' S 4 ‘ ' |
a, F\-‘-— e = —i'-—-—--—-'——'ﬁ a, F—-'——-;-'—_-——"——--'-————-—'-—{
2.2 2.25 2.3 2.35 24 2.2 2.25 2.3 2.35 24
+ +
M(D;rt°% [GeVic?] M(D;ri®% [GeV/c?]

Same method as the previous fit to generic MC sample

Belle |

Nfit (1.082 + 0.023) x 10% (6.108 + 0.163) x 103
Significant >100
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The correction of Xy distribution

3
Dots: 50 %10 10°

Efficiency-corrected x,, from ——Diw’data  ——Fitted function : .
combined Belle and Belle II data

n
o

Histograms:
Simulated x;, distributions from
@ Original Belle MC samples

Events / (0.025)
I

Events / ( 0.025)

10

@ Original Belle II MC samples

* Yields of Dg(2317) in each bin are extracted with the same fit method.
* Efficiency-corrected x,, distributions from Belle II are scaled to Belle’s yields

* The simulated x,, distributions of signal MC are wrong

consistent with data
»To get correct detection efficiencies and signal shapes.
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Branching fraction ratio extraction:
Unbinned maximized likelihood Simultaneous Fit to M(D;*y) spectra from Belle and Belle 11

¢ Belle Data —— Total Fit

® Signal shapes are the same the previous fits to MC (page 13)
0 Only mean values of CB functions are free to be float
[0 Ratios between signal and broken signal yields are fixed

f1t +.70 *+
® Ny, (D3*y) = exp(izxp (Zf;ﬂgl)s g
® Signal shapes, ratios between signal and broken shape are fixed.
® Background: 1%t order of polynomial.
® R =[7.14 + 0.70(stat.) + 0.23(syst.)]|%
® Sionificance: 10.10, with syst. Uncertainty included.

, exp represents Belle or Belle I1.

“© ] & 3 BellellData  — TotalFit
~ = Broken Signal Smeoeoth Background (@] A . i . . .
% + (a) S sook- Broken Signal smooth Background Experiment|Decay mode NEE £ |R separate fits| R simultaneous fit
r N\ @) C b
= 1000 — e . = i b g ( ) ) D¥t 741.5 +82.4 4.16% -
0 NS e =3 Belle ' (7.43 +0.83)%
= C L 400 + D0 [(1.082 +0.023) x 10*|4.59% )
" - = (7.14 £ 0.70 £ 0.23)%
£ 50 o C D~ 348.2 £ 69.0 4.60%| ‘
o C o0l Belle 11 , (6.43 +1.271)%
o 0 L Dfn%  1(6.108 £0.163) x 10%|5.17%
T L
0 I R T TP

= | o Nﬁt

S 2| = .

a 98 . S 3 R S radiativeS hadronic

PS03 233 234 236 238 - e ! R(eXp) m
2 2.3 2.32 2.34 2.36 2.38 N c ..
M(D;"y) [GeVic?] M(D:*y) [GeVicY hadronic-radiative
S
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Systematic Uncertainty Study

* The systematic uncertainties due to D and photon selection, and cut on x,, are cancelled

(&)
(=]
(=]

Events/ (0.04 GeV)

o

D%y
— D.n°

(a)

Events/ (0.04 GeV)

p(K") [GeV]

* X, reweighting:

» Change the order of the polynomial used to fit x,, distribution

»Redo the reweighting to get the new detection efficiency eqx,

»Fit R again
* MC statistic:

—.— D*Eaf

(b)

o
o
o

(=]
o
(=]

o
T T T T T T T T

p(K) [GeV]

Nexp (DS*+V) =R

Nefgcp (D;no) €exp (D;-l_y)

Eexp (D5 0)

)

- D*s}'
—D,x’

(d)

30000 -

1 GeV

0000 -

@

10000

Events/

o 05 1 15

p(y) [GeV]

Uncertainties on R :
Difference in Fit R

»Vary €exp by /(1 — €cxp)/(€expN), N is the number of the used signal MC events.

»Fit R again
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Systematic Uncertainty Study

* D,(2317) — D,mt? mode: Nexp(DS*Y) = R
In the fits to M(D; %) spectra, By
1. Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1o (gotten from fits to signal MC)
3.Using the shapes of M(D 1) from D(2460)* - DX*® MC directly

+__0 .
NI ) of NAE, (DY)

N(g;cp(Ds-l_T[O) gexp(D;-l_V)
€exp (D)

» Differences in the fitted signal yields: Uncertainties (A

Then, in the simultaneous fit to M(D;*y) spectra,

+..0
By varying the NS (D3 7°) based on Gaussian(Ngy, (DS °), AN(DS T

exp

)) in the fits

Widths of the distributions of fitted values of R:
Uncertainties on R :



Systematic Uncertainty Study

* D,,(2317) —» Dy mode:
In the simultaneous fit to M(D;"y) spectra, by:
1. Changing the fit region, order of background polynomial
2.Enlarging the resolution by 1o (gotten from fits to signal MC)
3.Changing resolutions of broken signal by 26
4.Changing ratios of broken signal to signal yields by 2c

»Fit R again

Source Dfr° DIty
Fit region and background pdf 0.8 1.3
Fixed PDF parameters 0.7 2.5
Cross-feed or broken signal 0.6 0.7
xp reweighting 0.5
MC sample size 0.5

Sum 3.2

Uncertainties on R :
Difference in Fit R



Summary
® Using all Belle data (983 fb'! ) and Belle II data (427 fb!)

® Observed D((2317)" — D;*y decay for the first time with 10.1c

B(Ds(2317)T-Dity
— B((DS(2317)+—>D5'7T0)) = [7.14 + 0.70(stat.) + 0.23(syst.)]|%
>uncertainty dominated by Statistical error of D,(2317)" — D"y
»>higher than the molecular assumption for D,(2317)7
> possible interpretation: Dy (2317)* could be the mixture state of pure ¢5 state and molecular state

22
. = A
¥ 20 Theory Method Key: ® cSstates
: 18 - ® TQM: Traditional Quark Model Molecular states
S c LFQM: Light Front QM * Exp:7.1310.74
o 18 HQFS: Heavy Quark Flavor Symmetry Experimental band
-— —
DC:U 14 Eff.Lag.: Effective Lagrangian
- = Chiral: Chiral QM
o 12
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g 10k
— —
L gE )
o i
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c 41—
T C
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m 21—
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Fag Fu Ly, Ly Expe,.
S8/ (H, 2 8, 2 8, ‘Dey;
en (Chirg e’(sff_Lag *s) °’-’(Cr;,-ra,) *2 (Chirg, Ment

Draft: https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/6/BELLE2-PUB-PH-2025-058.pdf
Note: https://docs.belle2.org/files/4511/BELLE2-NOTE-PH-2025-027/11/BELLE2-NOTE-PH-2025-027.pdf

Godfrey (TQMKE “ FQM} '36/-0-@
)
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Back up:

Source

Dty

Track

1. |dr| < 0.5 cm and |dz| < 3 cm
2. Lo/(Lx + Lz) > 0.6 for pions
3. Lx/(Lx + L) > 0.6 for kaons

Photon

1. E*(m) > 0.22 GeV, E*(72) > 0.1

GeV

2. 0.10 < |M(y172)| < 0.16 GeV /c?
3. Veto: |M(YiYeoe) — m(7?)| < 0.015

1. One of E*(y) > 0.22 GeV, another
E*(v) > 0.1 GeV

2. |M(yy) —m(7°)| < 0.015 GeV /c?

3. Veto: |M(YVroe) — m(7?)] < 0.015

1. [M(KTK=7") —m(D})| < 0.01 GeV/c?
2. K*K*: |cos0(K*0)| > 0.20 and |M(K~7F) — m(K*)| < 0.05 GeV /c?
3. ort: JeosO(¢)| > 0.1 and |[M(KTK ™) —m(¢)] < 0.01 GeV/c?

|M(DF~) — m(D:)] < 0.015 GeV /c?




Signal extraction: Data

Correct the D,(2460)* - D *r® using the p* distribution from Babar rrp 74 (2006) 032007

3000 [- > | [ uncorrected
g i % 100 [ cCorrected g Z\ E
o - 0 g s00f ‘
2000 0 SO
D %2 S 500 |
= c 50 <~ f T .
c L o) o -
D000 |- = 3 400 + +
2 @ :
f . %2 225 23 '2.'352 T 24 ; . .
%3 00 0.1 0.2 M(DSRO) [GeV/c] o T .
* 00 F
! | !
35 4 4
< F o Center—of—mass momentum (p*, GeV/c)
é"). 4000 :_ —e— Belle D_ata § r —e— Belle Il Data
o [ Gross food D 2000 - Cross feed FIG. 15: Corrected D,;(2460)* — D~ yield as a function
= qopof = smoothao (2) = SreaBre (b) of p.
v - Ds Siaeband 0 i 7 Sideband
2 2 2 o] Same method as the previous fit
c c -
(D (D = - - - - b
o o F e to generic MC sample
0 0
-, _ s NE! = (9.65 + 0.20) x 103
a o 3 a9p .
22 225 23 2% 24 22 225 23 235 24 B2
M(Dn%) [GeV/c?] M(D_n°) [GeV/c?] Nfit — (599 i 016) X 103
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Events / (5 MeV/c?) Events / (5 MeV/c?)

Events / (5 MeV/c?)

0.65 <xp < 0.675

Pull

Pull

Pull

22 225

23

235 24
M(D%) [GeVic’]

0.75 <xp < 0.775

0.85 <xp < 0.875

225

235 24
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Events / (5 MeV/c?) Events / (5 MeV/c?)

Events / (5 MeV/c?)

Pull

0.675<xp<0.7

2 25

23

2.35 24
M(D:x%) [GeV/cT]

Pull

22 225

Pull

Pull

0.95 < xp < 0.975

225
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2.35 24
M(D{%) [GeV/c?]

Events / (5 MeV/c?) Events / (5 MeV/c?)

Events / (5 MeV/c?)
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.2 225 23 235 24
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2 225 23 235 24
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% 0
a -2
22 225 23 235 24
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200 .9m,ﬂf"= Data
= Total Fit

150 ssmssr Cross feed

[ smooth BKG
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22 225
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235 24
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0.825 <xp < 0.85
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225

200
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Pull
o fon

225

235 24
M(Dr°) [GeViic]
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Events / (5 MeV/c?) Events / (5 MeV/c?)

Events / (5 MeV/c?)

300 [10-65 < xp < 0.675

)
o
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S

=
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22 225 23 235 24
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37 755 73 24
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= 4
3 2
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22 225 23 235 24
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0
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26
-2
22 225 235 24
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5 2
&8
22 225 23 235 24
M(D.x) [GeV/cT]
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235 R
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=
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0_9ﬁ:$ﬂe Il Data
100 = Total Fit
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[ smootn Bk
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Validation of using mock data samples

R (%) RO (%) |Significance (o)||R™ (%)| R (%) |Significance (o)
1 1.02 = 0.65 0.16 6 6.02 == 0.69 8.9
2 1.97 = 0.66 3.0 7 6.84 +0.70 9.9
3 3.00 = 0.67 4.4 8 8.05 = 0.71 11.2
4 3.99 = 0.68 5.8 9 8.93 £ 0.72 12.5
D 5.01 = 0.68 7.2 10 10.12 £ 0.74 13.8
B - 0.10 ; » ic MC
% ‘::" g ot g . =
S S . : .
5‘ &1t 23 = 232 2.34 236 2.38 ‘ E,SE 23 2.32 2.34 2.36 2.38 1

10
Input R

M(D:*y) [GeVic?

M(D;*y) [GeVIc?]



s | o 2 S o s
Ons00F ) 2 &OOO - . D 30000 D
L — D,r r — D.m o F
S f S 500 -
Sioo0F (8.].) =} = S 20000 (dl)
% F % 751000' ) i
'S 5001 = c C 40000-
@ 200 ) @ 500 Q7
> r > > > L
w L L w
% 1. 2 3 4 | ' % > 3 4 % " os 1 15
+ -
p(K") [GeV] p(K) [GeV] p(n*) [GeV] p(v) [GeV]
_ i _ x10°
r —— * r —— D%, F e Oy* [
i Dy I 4 __6000f D%y
—16000 . =D’ —6000 B =—D,n’ -— I =D
o i o o [ :
4000 a2 B 4000 |- b2 40001 c2 )
c i c c L |
. : 8 ol g
1112000 - 112000 - 1112000~
O i P S TR AN S S SR NN ST ST SN SR N SO SR N 0 L P S T N TR S RN HNT SN SO SO TR N SO SR N O i P T S N T N T S NS SRS SR NN SR N S
-1 05 0 05 1 1 05 0 _ 05 1 -1 05 0 05 1
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D S (2 3 1 7) S] gnal eXtraCtlon Unbinned maximized likelihood fits to M(Dy) spectra

NO - ¢ Belle Data Total Fit N(.) = ¢ Belle ll Data — Total Fit
S ...... Broken Signal Smooth BKG S o0 I Broken Signal Smooth BKG
2 1000l = - (P)
= =
0 © 400
— L —
® 500 2
c - c 200
[0) )
0 0
0 ' 0
— 2 = — 2 E_
-] -] E
a oF E a 9 E
23 232 234 236 238 23 232 234 236 238
M(D;"y) [GeVic?] M(D;*y)[GeV/c?]

® Fit components are the same as the fits to signal MC samples

® Signal Pdfs parameters fixed to those from fits to MC samples

O Only mean values of CB functions are free to be float
[0 Ratios between signal and broken signal yields are fixed

Belle Il
- Ad.o.f.= 2

it 741.5 + 82.4 348.2 + 69.0 L(0): maximized likelihood without signal component
—21In( Lfrﬁ(;)x) ) g5 7 26.7 L(max): maximized likelihood with signal component

Significant 9.00 4.80
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=1 2000

max

-l

1500

1000

500

-IIIITITTIII

\ll]l'

x10%!

® Convolve the Gaussian(0, 0gyt.)

= No convolve

® significance of Dy((2317)* — DX*y changes from
w— Convolve

10.130 to 10.120, i.e., we can still claim that the
significance of D;(,(2317)* —» Di*y is 10.10.

008 01
B(D(2317)" - D3*y)
B(D(2317)" = D2 110)

004 006
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(a):Fit Region/BKG shape

Decay topology around

M(Di*y)~2.26 GeV/c?

§ 600 - + BRRatios
9’ w— Fit result
@ 400+
| —
S |
w :
200
0065 007 _ 0075 008
Fitted BR ratios

vpho = ciggn ™ K~ D*I D:Fadr" " 4F|D*~ = D=, D}t = DF,a - 7°f,(600

D™ -7 K§,Df -
K > 7tK~

R Joo00) = ntn~ K) » 7~ K™,

vpho = cgggp" Kt D*|D:~AF~F|p° = 77, D** = D%, D!~ = D+,

D’ > etv. K™, D7 —»

K on Kt

vpho — cEgK'J'D‘jI__);"y'y, ** 5 atK°, D' - 2°D0, D!~ = D; 4,
7

K" - Kj,D’ = e'i;
K*+7 Kt K' > K

¥, Dy 2+ K*K~,K*~ = 1 K°,

upho — cigggp” K~ DDty 1y 1", p” 5 wtn™9F,D* = D%, Dt - D},
D° = 2°K*, D} - K*Kt K* = n°K%, K* = 71K,

K- K

vpho — cEgrOI_(OD'_D;+_7’y7, K° - K?,D* - 7°D~,D:t - Dfy,

D™ an 1 KT,

(b): Cross feed

: J +pe-
s SRR LK 1K

(¢): Resolution

« 1000 — C
S | i FredBr g o) \ & Fease
(=} - = Fitresut (=T (4. = Fit result
~ F g8 < 600¢
2 g
$ 500 g 400~
@ ; +-
- ki § 200/ // k
ol J k{ 02065 007 0075 008
0.065 007 _ 0075 _ 008 Fitted BR ratios
Fitted BR ratios

33



Systematic Uncertainty Study

* The systematic uncertainties due to D and photon selection, and cut on x,, are cancelled

(&)
(=]
(=]

Events/ (0.04 GeV)

o

D%y
— D.n°

(a)

Events/ (0.04 GeV)

p(K") [GeV]

* X, reweighting:

» Change the order of the polynomial used to fit x,, distribution

»Redo the reweighting to get the new detection efficiency eqx,

»Fit R again
* MC statistic:

—.— D*Eaf

(b)

o
o
o

(=]
o
(=]

o
T T T T T T T T

p(K) [GeV]

Nexp (DS*+V) =R

Nefgcp (D;no) €exp (D;-l_y)

Eexp (D5 0)

)

- D*s}'
—D,x’

(d)

30000 -

1 GeV

0000 -

@

10000

Events/

o 05 1 15

p(y) [GeV]

Uncertainties on R :
Difference in Fit R

»Vary €exp by /(1 — €cxp)/(€expN), N is the number of the used signal MC events.

»Fit R again
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Systematic Uncertainty Study

* The systematic uncertainties due to D and photon selection, and cut on x,, are cancelled

(&)
(=]
(=]

Events/ (0.04 GeV)

o

D%y
— D.n°

(a)

Events/ (0.04 GeV)

p(K") [GeV]

* X, reweighting:

» Change the order of the polynomial used to fit x,, distribution

»Redo the reweighting to get the new detection efficiency eqx,

»Fit R again
* MC statistic:

—.— D*Eaf

(b)

o
o
o

(=]
o
(=]

o
T T T T T T T T

p(K) [GeV]

Nexp (DS*+V) =R

Nefgcp (D;no) €exp (D;-l_y)

Eexp (D5 0)

)

- D*s}'
—D,x’

(d)

30000 -

1 GeV

0000 -

@

10000

Events/

o 05 1 15

p(y) [GeV]

Uncertainties on R :
Difference in Fit R

»Vary €exp by /(1 — €cxp)/(€expN), N is the number of the used signal MC events.

»Fit R again
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Systematic Uncertainty Study

* D,(2317) — D,mt? mode: Nexp(DS*Y) = R
In the fits to M(D; %) spectra, By
1. Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1o (gotten from fits to signal MC)
3.Using the shapes of M(D 1) from D(2460)* - DX*® MC directly

+__0 .
NI ) of NAE, (DY)

N(g;cp(Ds-l_T[O) gexp(D;-l_V)
€exp (D)

» Differences in the fitted signal yields: Uncertainties (A

Then, in the simultaneous fit to M(D;*y) spectra,

+..0
By varying the NS (D3 7°) based on Gaussian(Ngy, (DS °), AN(DS T

exp

)) in the fits

Widths of the distributions of fitted values of R:
Uncertainties on R :



Systematic Uncertainty Study

* D,,(2317) —» Dy mode:
In the simultaneous fit to M(D;"y) spectra, by:
1. Changing the fit region, order of background polynomial
2.Enlarging the resolution by 1o (gotten from fits to signal MC)
3.Changing resolutions of broken signal by 26
4.Changing ratios of broken signal to signal yields by 2c

»Fit R again

Source D r° DIt
Fit region and background pdf 0.8 1.3
Resolution 0.7 2.5
Cross-feed or broken signal 0.6 0.7
x, reweighting 0.5
MC statistic 0.5

Sum 3.2

Uncertainties on R :
Difference in Fit R



Systematic Uncertainty Study

* D,(2317) — D,mt? mode: Nexp(DS*Y) = R
In the fits to M(D; %) spectra, By
1. Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1o (gotten from fits to signal MC)
3.Using the shapes of M(D 1) from D(2460)* - DX*® MC directly

+__0 .
NI ) of NAE, (DY)

N(g;cp(Ds-l_T[O) gexp(D;-l_V)
€exp (D)

» Differences in the fitted signal yields: Uncertainties (A

Then, in the simultaneous fit to M(D;*y) spectra,

+..0
By varying the NS (D3 7°) based on Gaussian(Ngy, (DS °), AN(DS T

exp

)) in the fits

Widths of the distributions of fitted values of R:
Uncertainties on R :



Systematic Uncertainty Study

* D,,(2317) —» Dy mode:
In the simultaneous fit to M(D;"y) spectra, by:
1. Changing the fit region, order of background polynomial
2.Enlarging the resolution by 1o (gotten from fits to signal MC)
3.Changing resolutions of broken signal by 26
4.Changing ratios of broken signal to signal yields by 2c

»Fit R again

Source D r° DIt
Fit region and background pdf 0.8 1.3
Resolution 0.7 2.5
Cross-feed or broken signal 0.6 0.7
x, reweighting 0.5
MC statistic 0.5

Sum 3.2

Uncertainties on R :
Difference in Fit R
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