Q? distribution of X(3915) single-
tag two-photon production

Yoshiki Teramoto, Osaka Metropolitan Univ.
(On behalf of the Belle(ll) collaboration)

yy* = X(3915) - J/Yw X(3915) (= PDG: y,0(3915))
Y. Teramoto and S. Uehara et al. (Belle), PRD 108, 012004 (2023)

X*(3860)
X(3872) Xco(2P)
AD) spin triplet{ Xc1(2P)
Ry(3921) Yor (2P)
%c0(3930) Xc2 (3930) c2
|X(3940) Ry(4014)
charmonu{mllke st%tes
| | | | |
3700 | 3800 3?00 400({ 4100 N Y
IMass e
| DD D'D | DD| //WVw D*D* ( )
3730 3740 3872 3830 4014

QWG2024 1



Brief history
(1) B~ - J/ywK~ (Belle)

. (= Y (3940))
S.-K. Choi and S. L. Olsen et al., PRL 94, 182002 (2005) “f, #-u
(2) vy = J/Yw (Belle) f/\% |

S. Uehara et al., PRL 104, 092001 (2010)

[=2] o] o 3N =

\ X(3915)

Events/10 MeV

W (GeV)

(3) vy = J/Yw (BABAR)
J. P. Lees et al., PRD 86, 072002 (2012)

QWG2024

" } X(3915)

E—‘ES-':I a%ed 4780
M) (MEV)

M: 3915+3 + 2 MeV
[':17+4104+3 MeV
N: 494+14 + 4 events
signf. 7.7¢

refer - no-tag 2y
measurement

M: 3919.442.2 + 1.6 MeV
_)]P — O+



X(3915) exotic?

B factories: Belle and BABAR
- No peak: B~ - DDK~,D*DK~ ~— non-cc ?
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Single-tag 2y = X(3915): Q?
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Used data:; 825 fb1 Belle detector
Blind analysis: M(J /Y w) = 3918+30 MeV

Major background: internal bremsstrahlung

Data analysis

eﬂagging

Q“ can be fake

or pp

M,

M(/yrtn" ")

~ MX(3915)
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Y (2S) veto
* — (2S) production - huge

cited: single-tag 2y
CE i 9(2S) peak —1 | X(3872) analysis
! $(2S) = J/¥m*n” Taramoto, Uehara, Masuda et al.
‘ (Belle), PRL 126, 122001 (2021)
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Results: Q2 vs M (J /Yy w)

Event selection (conventional) = / /1w events
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Number of events

Fit mass distribution
fBW4+flat| = GBW '—I- Afat M = 3918 MeV

threshold corrected BW [I'=20 MeV
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High Q2 event
What is high Q2 event?
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Q< distribution: formula

Q2 distribution formula

Z*;'*(Qz 7".,:'2 E)B(X — J/Liw) — C(Qz ﬂfg) di\ee(X)
| N 10?
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Q< distribution: measurement

Measured Q?Z distribution: exclude high QZevent

x107°

—

o 6 o 500 > 03 g °‘°3; . .
3 |#ofevents Zaso efficiency ¢ C-correctJad R
O 5 o 0_0.25} g oo
= = 4000 corrected efficiency
é ab EJ 350f ,é\ 0.2t o.m%—
Lu g 300_ %. 000557
@ ~ R
3 * 5250- =~0.15 00:”‘ I T [ R S TN
'5 200k T L Q? (GeV/icy
2 |eo|e® %150_ .' S . * L . Q
2 100l o ¢ o .+ sensitivit
1 tl g ~oof Iﬁ model  § &. = Y.
50} N £ e L= (eff ) x(yry fl
0 omdmmuwu N o ) g .
012345678910 012345678910 012345678910 E 4
Q? (GeVicYy Q? (GeV/cy Q? (GeV/cy > o
2 2 2 e S TR X
Q Q Q ? QZ Q% (GeVicy
Item Measurement |SBG model]v\ -
cc theor
Relative yield 1.9+ 0.9 1.0 y
mean = (@ (Gev/c)* 45407 > 48 ] & agrees
width =2 V{(@* — (@%))?) (GeV/c)? 1.9+08 €> 24
QWG2024 11

X)



Conclusion & Summary

We measure Q2 distribution of X(3915) by single-tag 2y
QZ distribution - agrees with SBG model: c¢
Comparison with exotic model = not done yet.
Number of signals = 7.9+3.1(stat.)+£1.5(syst.)

expected = 4.1+0.7 < no-tag 2y meas. + SBG model
Future study by Belle Il = reduce uncertainties

Thank you.
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Backups: cc-like mini-review

X(3915)

X*(3860)

Xc0(3930)

X(3940)

X(3872) > x.1(3872)
Z(3930) ° y.,(3930)

Xc2(3930)
R,(3921), R,(4014)
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Mass (1)

DO 1864.83+0.05 MeV
D% 1869.58+0.09 MeV
D*0 2006.85+0.05 MeV
D*% 2010.2640.05 MeV

DD 3729.66 MeV

DD~ 3739.66 MeV
D*D  3871.68 MeV
D*D* 4013.70 MeV

14



Mass (2)
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Xc0(2P) candidates

OZI suppress

® X(3915) =2 w/ //1/J not seen DD

® X*(3860) -2 notseenby LHCb

® R,(3921) -2 =X(3915)? only seen by Belle
® v.(3930) - =X(3915)? only seen by LHCb
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X2 (2P) candidates

Xc2(3930)
Mass 3922.2+ 1.0 MeV

[ 35.3+28 MeV
® 7(3930) > Xx2(3930) yy = DD

® R,(4019) J not established yet
® R,(3921)

® y.(3930) B~ - K~D*D-
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X(3915)

Observation yy - w//Y, B~ = K~ w//yY
Spin  0** favored, 2** could be

Mass 3915+ 3 + 2 MeV
r 17 £10 £ 3 MeV

Events/10 MeV

significance 7.70

Xc0(2P) candidate, but

Not seeninJ/y DD, K~DD,K~D*D
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X*(3860)

Observation e*e™ - J/y X*(3860)
DD

recoll mass
reconstruct

Mass 3862125119 MeV
[ 201%25%230 MeV
Spin 0** favored, 2** could be

significance 6.5¢0
Xc0(2P) candidate, but

Not seen in LHCDb

amplitude analysis  J/¥DD
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Xc0(3930), x2(3930)

Observation B* - D*D~K* (LHCDb)
Xc; =~ D¥D~

Amplitude analysis = both 0** and 2**

Xc0(3930) Mass 3923.8+ 1.5+ 0.4 MeV
' 17.4+51+0.8 MeV

Xc2(3930) Mass 3926.8 + 0.24 + 0.8 MeV
' 342+66111 MeV
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X(3940)

Observation
Mass 3936 + 14 MeV

significance 5.00
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X(3872) > x.1(3872)

Xcl(zp) 1++
Mass 3871.69 + 0.17 MeV
[ < 1.2 MeV

X(3872) » wtn” ]/, pl /Y, ] /Y
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Z(3930) > x.,(3930)

Observation  yy —» DD

Spin 2+t
Mass 3929+ 542 MeV
& 29+ 10+ 2 MeV

significance 5.30

Y2 (2P)  candidate

QWG2024
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R,(3921), R,(4014)

Observation yy — yy(2S5)
R,(3921)

Mass 3921.3 +2.4 + 1.6 MeV
r 0.0+ 5.3+ 2.0 MeV
Spin 0** or 2**

significance 4.0c

candidate y.o(2P), xo»(2P)

R,(4014)
Mass 4014.4 + 4.1 + 0.5 MeV

r 6+16+ 12 MeV
significance 3.0¢ (2,89)
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