o =4 Study of charmonium-like states in
two-photon collisions at Belle
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Yoshiki Teramoto, Osaka City Univ.
Two recent results from Belle two-photon processes
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Two-photon Interaction

Yy — vy (25)

Used data: 980 fb~! Y(nS)(n = 1,2,3,4,5) Belle
—> Evidence for new y.o(2P), x.»(2P)-like state

X.L.Wang et al. (Belle), arXiv 2105.06605; submiting to JHEP
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vy = vP(25)
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Recoll mass
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Photon energy: E,,
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pr balance
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My (25))
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M(yy(25)): fit

binned extended maximum likelihood fit
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Results

Resonant parameters

J=0 J=2

R M, 3921.3 + 2.4+ 1.6 MeV/c?
1 I 0.0 +£5.3 +2.0 MeV
I 11.5 MeV
[, B(R; — v¢(29)) 82+23+09eV | 16+05+02eV
M, 4014.4 + 4.1 £ 0.5 MeV/c?
Iy 64 16 £ 12 MeV
I 39.3 MeV
[, B(Ry — 1p(25)) 53+2.74+25eV | 1.14+05+05eV
TYLB(Ry — v1(29)) 12.8 eV 2.6 eV

i

M (3015
1 Tx@os)
[ B(X(3915) — y1(25))

3918.4 MeV/c? (fixed)
20 MeV (fixed)
109£3.1+12eV 22£0.6£0.2eV

R M, (3930)
1 Ty.3930)
[ B(xe2(3930) — y1(25))

— 35 MeV (fixed)
— 24+074+04 eV

3922.2 MeV/c* (fixed)

@& 400

& 280

R, = X(3915)

R1 — XC2(3930)

—> Evidence for R;(3921) which can be X(3915) or y.,(3930)
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Xcj(2P), exotics?

Xco(2P)

® X(3915) = yy - w//Y¥ notseen DD
® X*(3860) > e*e” - J/YDD, notseen by LHCb
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Single-tag two-photon Interaction

Yy = J/YynTrT

Used data: 825 fb~! Y(nS)(n = 1,2,3,4,5) Belle

—> First evidence for X(3872) in two-photon interactions

Teramoto et al. (Belle), PRL 126 (2021) 122001
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v*y — X(3872) - J /Yt

X(3872): J PC = 1+

vy = X(3872) == Not allowed

But, y*y =2 X(3872) == Allowed
e~ tag

single-tag 2y
e z/f/w € or -
.Q_/< € - M /Yrtn)

X(3872)

e+: < e+

02 { q9 - broad

exotics = steep
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Q4 vs. M(J /ymm): X(3872) signals
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Background estimate

background fit
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M(j/¢n )& f | maximum likelihood fit
Y (25) tail g E _ | .
mass reconstruction 2 osf | _linear:
error/failure e | :
Yuan et al. (Belle), PRL 99 “-4;— : E |
..(2007) 182004 2E : :
| e— | e 3% 4 4.1 4.2 4.3 4.4
: > | M(JIyr') (GeVic?)
i Ny = O 11 £ 0.10 > M /Yrtn)
i Y(4260) | X(3872)
| . = significance 3.20
| e |
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yy decay width

Reduced two-photon decay width: I,

~ M?
I'\y = lim FLT

Jim 5T (@

y*y decay width € y;yr

Results

e

[, B(X = J/yntr™)=55"54 (stat.) £ 0.7 (syst.) eV

Assuming Q* shape: Schuler-Berends-Gulik model (17 c¢)
G. A. Schuler, F. A. Berends and R. van Gulik, NP B523 (1998) 423

ILT — [TT assumed
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Summary

(D) yy - yy(2S) > R,(3921), - two candidates for y.;(2P)

R, ® JPC=0%"or2*t, 4.00

M = 39213+ 2.4 + 1.6 MeV/c?

'=0.0+53+20 MeV T <11.5MeV (90%CL)

I,,B(Ry - y¥(25)) =82+23+09eV (JP€ =0+, |A| = 0)
=1.6+05+0.2eV (JPC =2%F,|1| = 2)

0t*or2*t, 2.80
M = 4014.4 + 4.1 + 0.5 MeV/c?
'=6+16+12 MeV T < 39.3MeV (90%CL)
I,,B(R, » y$(25)) =52+27 £ 25eV (¢ = 0%, |2 = 0)
=1.1+054+0.5eV (¢ =2%+ |1 = 2)
2)y*y = J/YyrnTn™ > X(3872)

® 3events (n, =0.11 +£0.10), 3.20 -2 firstevidence in 2y
® [,,B(X-]/ynm)=55755+0.7eV

® Belle Il: Q# distribution = X(3872) composition Thank you
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Backup Slides
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Physics background

possible background - single virtual y

Ablikim et al. (BESIII) PRL 112 (2014) 092001
ete™ - Y(4260) - yX(3872)

—> If this is applied to our+case _ B Olrvels
et i
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