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. X(3872) I1Is charmonium-like exotic state g i (E120.7)x10°"
. _ C
observed in B - J/yz*z K decays at Belle. o [ s << x
Mass is inconsistent with predictions S ¢ c
about standard charmonia from quark model. & 100 |- X(3872)\\ 1
Isospin I =1 for J/yp( — zt2~) decay mode. I
— This state includes uw and dd components. 0 '—“J“J 1
0.40 080 ] 20
Ml ztn™) — MY [GeV]
. Property: Branching fraction observed to date
_ + > ® DD (37 + 9)%
Méss 3871.65 £ 0.00 MeV/c Jlwp (= ztn7) (3.8 £1.2)%
- Width 1.19 = 0.21 MeV X(3872) Iy (4.3 +2.1)%
PC branching ® .7 (3.4 £ 1.6)%
— Quantum number J*¢ =1+ fraction® ® v(2Sy (4.5 + 2.0)%
® Jiyy (0.8 + 0.4)%

@ Not seen $946%



X(3872)

. X(3872) is charmonium-like exotic state
observed In B — J/yx"n~K decays at Belle.

Mass Is iInconsistent with predictions

about standard charmonia from quark model.

Isospin I =1 for J/iyp( = z7z~) decay mode.
— This state includes uw and dd components.
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X(3872) - DD branching fraction is the largest. <
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(3871.69 = 0.10 l\/leV/CZ)
« Quantum number JPC =1+ o It couples with DD* channel in S-wave.

Coupling with DD* state is indicated.



Structure and Lineshape Analysis 4718

Determining X(3872) — DD* coupling strength is DD* coupling strength
_———
Important to discuss X(3872) structure. Loosely bound or virtual states

It can be evaluated by lineshape measurement with

— model to account for coupled channel effects (Flatte model).
- X(3872) - D’D™ decays corresponding to DD* channel.

- RS- 07y*0 : :
Jye'z= NN, DD . Wider lineshape
R decay mode because of phase space and threshold effect

D pDx

FWHM . Better mass resolution
thanks to small Q-value (~100 keV, ~1/20 of J/yztz")

Belle experiment is suitable
because D™ — D%, D’z"can be reconstructed.

We aim to measure X(3872) —» D’D™ signal lineshape using Belle full data.
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Belle Experiment

| Belle detector

. Electron-positron collider (KEKB)
. Data was collected from 1999 to 2010.

— 711fb! data at /s = 10.58 GeV

Cavities

Positron
P .
o target

— |ncludes [7.72 x 108 BB pairs
1.8 x 105B = (X(3872) — D’'D™)K decays.



Belle Experiment 0/

Belle detector

N Y% General-purpose detector: Belle

. Aerogel Cherenkov cnt.
SC solenoid - _ =1.015~1.030
15T S .
CsI(T]) ——
16X, TR e =
TOF counter L - = WS

Cavities

Si vtx. det.,
3/4 Iyr. DSSD

L/ K; detection

Positron 14/15 lyr. RPC+Fe

“ target

p

77, KT, p, e”, u=, y can be detected
IN wide momentum region.
— Key of D™ reconstruction



Event Reconstruction, Selection and 7/
DeteCtOI" ReSpOnse Reported in JPS 2021 annual meeting (15aU1-1)

X(a572) /@ D' candidates are reconstructed in six decay modes
° \’ N with higher reconstruction efficiency and purity:

Kzt K ntn®, K ot n™, Kgﬂ'_l_ﬁ'_, Kgﬂ'_l_ﬂ'_ﬁ'o, KKt

N\
0 . . : "
»'e Expected distribution for D™ — D%
. ' : RS ! — Jotal
Compared with previous study E N = Signal
m —* B m n .
using X(3872) — DYDY decays at Belle, X - “~+ Signal reconstructed
PRD 81, 031103 (2010) g 15 |- incorrectly
— Signal efficiency is improved > b ~_Background
by a factor of 1.9. 5 [ Ky
> e, e
. . W 5 B e
— Mass-dependent signal efficiency and L B
mass resolution are convolved. 5§ 3875 388 3885 389 0895

ise Ii - - M(DD ) (GeV/c?
More precise lineshape measurement is realized. B0 el



Flatte Model and Fit Method 3

. Breit-Wigner formula expanded to account tor coupled channel effects

. Definition with respect to energy difference from D'D™ threshold E :
C. Hanhart et. al.,, PRD 76 034007 (2007)

8Kpopro
feys——mm——————
‘ L — Ef T E[FO T FJ/I//p(E) + 1ﬂJ/l//a)(Ew) T g(kDOE*O T kD+D*—)] |
Mass diffel‘ence from Partial widths fOr Coupling to DD channel
D’°D™ threshold  radiative, J/yp, and J/yw decays - g : Coupling constant

to DD* channel
..« k, : Momentum for channel «

( kpop =/ 2uE )

pu Is reduced mass



Flatte Model and Fit Method 2

. Breit-Wigner formula expanded to account for coupled channel effects

. Definition with respect to energy difference from D'D™ threshold E :
C. Hanhart et. al., PRD 76 034007 (2007)

fE)s——— e ———————————
|E = Er+ 5[To + Ty (BE) 4L, (E)+i8tkporo + kpepy)] |

m m =

Requirements from definition - To obtain stable fit results,
(Area under lineshape « Branching fraction) E. T, I'j,, are fixed based on
_ Ty, is fixed by world-average B(X(3872) — Jiyw). ~ PMEVIOUS study using J/yx"z~ decays

at LHCb experiment
PRD 102, 092005 (2020)

_ g is softly constrained by %#(X(3872) - D’D™)
calculated from signal yield obtained by the fit.

— Only g is floated



Fit Bias 1

. Lineshape converges to a fixed form for g > 0.

— For this small sample size, g 1s likely to be underestimated.
(For example, failure in determining maximum likelihood point and upper statistical uncertainty)

Change In lineshape with respect to g Result of pseudo experiments®
. 600 [ ~ i ’
= I 2 o106 .5 03[ Input values corresponding to
: 9 -0162 £ 025 | outputs cannot be estimated.
i g=>u. L - -
400 | — g=0.270 2 | = Bias size cannot be evaluated.
: — g=0.324 = 0.2
o0 S I 9= Bo15 |
200 - As g increases, S o1k
: it o |
100 F width Increases. D, oe k-
S N 2 i
O'_' T T T T T T T s s s e s s e ot L C S S| O:....I....I....I....I....I....I..
3.8/ 3.875 3.88 3.885 3.89 3.895 3.9 0 0.05 0.1 0.15 0.2 0.25 0.3
—*0
M(D°D ) [GeV/c?] Input value g,

*excluding failed fit results



Events / ( 0.002 GeVE?)

Events / ( 0.002 GeVE? )

Fit to Data Using Flatte Model
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“FB* = X(3872)K*, D™ —» D’z°| | —¢— Real data
°F Total Yield ratio is fixed
12 N+ 1H | Signa kwby MC expectation
10 | e ]
sk} - ——— | Z7: Signal reconstructed wrongly
I N A 1 ---+ Background
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_ e .
oF BY = x(3872)K°. D™ = DOx0 It Is I.ﬂ the region where
| the fit bias cannot be evaluated.
8 L
oF T T . Lower limit including
a b . .
; e systematics uncertainty
2 L
0 —1— g > 0.094 (90% credibility)

3.87

"3.80 3.805 3.9
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Discussion

g > 0.094 (90% credibility)

Partial width for D’D™ channel
IS > O(1) MeV. (Apparent width is a few MeV.)

— |mpact of DD* state on X(3872) is large.

. According to Fermi's golden rule,
the [Imit corresponds to

limit of matrix element | #| > 5.9 GeV

—l
N

—k
o

Partial width [MeV]
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Energy-dependent
partial width for ¢ = 0.094
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o8 b o4 2 0 2 4 6 8 10
-nergy difference
from DD™ threshold E [MeV]




Summary R

. X(3872) lineshape analysis is important to reveal its structure.

Using Belle full data, we performed lineshape analysis with
“X(3872) - D’D™ decays” x “model including coupled channel effects”.

— Coupling strength to DD* channel is obtained as g > 0.094 (90% credibility).

— The impact of DD* state is large, and it corresponds to matrix element | #| > 5.9 GeV.
arXiv:2302.02127 [hep-ex], Submitted to Phys. Rev. D

Prospect; Uncertainty due to statistics is dominant in this analysis.
--- Statistics uncertainty and fit bias

— [t can be reduced using datas to be acquired at Belle |l (x 50 that of Belle by ~2035).

Sensitivity 1s iImproved more by analyzing J/yr™z~ decays sample simultaneously.



