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O The search for gluonium states is still a hot topic " |5
0 m—
for QCD (Y. Chen et al., Phys. Rev. D 73, 014516 (2006)). o
10 D — | 4
++ - 1" w—
0 The J¥¢ = 07T glueball is expected in the mass . ° 3
region between 1.5 and 2.0 GeV. o §_1_ 33
2 6 O+ pn — ;(3
O Scalar gluonium candidates are 4 O | ©
f0<500)7 f0(1370)7 f0<1500)7 f0(1710) 5 11
O J/+ radiative decays have been extensively studied ° o+ °
in a search for gluonium states.
O A similar work could be done in 7°(15) radiative
decays.
~

O Taking into account the total widths of J/i) and
7 (1S), and the factor (%)2(%)2’ radiative 1'(1S)  71°(185),J /4

c hadrons

\dlecays are expected to be suppressed by a factor 25.
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/ Physics Motivations: Search for gluonium' \
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/ Analysis Strategy ' \

O First study of radiative T(1S) decays from CLEQO (Phys.Rev. D73, (2006) 032001)
O The data were affected by a large background from e™e™ —~ Vector.

O In the present analysis (arXiv:1804.04044) we make use of 7°(25) and 7°(3S) decays
with integrated luminosities of 13.6 and 28.0 fb™*.

O We reconstruct the decay chains:
T (2S)/7(39)—=n 7, T(1S) —~ynta™
—yKTK~
O Require momentum balance and compute the recoiling mass

MrQec(ﬂ-;_ﬂ-s_) — |pe+ +pe_ _pﬂ-g‘ _pﬂ-s_|27
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/ | Events reconstruction ' \

O Select events in the region:

| Myee(md s ) —m(Y(19))¢| < 250,

apply “very loose” particle identification and plot the 777~ ~ and K K~ ~ masses.
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O In red are signal 7 (1S) Monte Carlo simulations.
O We isolate the decay 7 (1S5)—~vyh*h™ requiring

9.1 GeV/c®> < m(yhth™) < 9.6 GeV/c?

O Yields

Final state  Yield 7(2S) Yield T(35)

Nt 507 277

\ ~KTK™ 164 63 /
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O Contamination from a p°(770)—ntm™

events/60 MeV/c?

‘ Combined 777~ and K"K~ mass spectra and background I

O Observe rich resonance production.
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O Background is studied using the Mrec(w+7r_) sidebands.

Background contributions. 1 (35): Dark grey, T(2S): Light grey
O Data from 7°(2S5) almost background free.
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in the 7'(3S) data to yn 7.

O Background from 7' (158)—n+ 7~ 7" with a missing v consistent with zero.
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/ ‘Fits to the uncorrected 777~ and K"K~ mass spectra. \
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O The total S-wave is described by a coherent sum of fy(500) and fo(980) as:
S—Wave :| BWfo(500) (m) —|— CBWfO(ggo) (Wl)@ub |2

O The fo(980) described by a coupled channel Breit-Wigner.
O For fo(500) we obtain:

m(fo(500)) = 0.85620.086 GeV /c2, T'(fo(500)) = 1.279+0.324 GeV, ¢ = 2.41+0.43 rad

Nﬂ Also included contributions from fo(2100)—7wt7~ and fo(2200) =KK™ . /
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/ Fitted yields '

O Simultaneous fit to the 7°(2S) and 7 (3S) data for T (18)—~yn n .
O 7(2S) and 7°(35) data combined for 1 (1S)—~vK K.

Resonances (717 7) Yield T (25) Yield 7(3S)  Significance
S-wave 1334+ 16 + 13 87 + 13 12.80
f2(1270) 255 £19+ 8 TTET7T+4 15.90
fo(1710) 24+ 8+ 6 6+8+3 2.50
Resonances (KTK™)  Yield T(25) + T (35) Significance
fo(980) 47+ 9 5.60
f7(1500) 77+ 10+ 10 8.90
fo(1710) 36 9+ 6 4.70

O We label with f;(1500) the total enhancement in the 1500 MeV mass region.
O The combined fo(1710) significance is 5.70.

O Systematic uncertainties dominated by the uncertainties on PDG resonances

\parameters.
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‘ Legendre polynomial moments '

the h*h™~ rest frame. YT
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O We define the helicity angle 0y as the angle formed by the

h* (where h = 7, K), in the h*h™ rest frame, and the ~y in
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Q Y, is related to D-wave, visible at the f2(1270) and f5(1525) masses.
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O Yy is related to the S-D interference, visible at the f2(1270) and f5(1525) masses.
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/ ‘ Simple Partial Wave Analysis. ' \

O In a simplified procedure, the Y moments are related to the S and D waves by the
system of equations:

Var(Yy) =8° + D?,
VA (Yy) =25D cos psp + 0.639D2,
VAar(Y,) =0.857D7,

O The system can be solved directly for S and D waves:

w0~ 5 s

i BBw | i | BaBm £ | BBm | 5w BaBaw
% 122§ | S-wave : % EZZ } D-wave % 1:2 S-wave : é 1:2 D—Wave:
Er H’ - I il ol
2 | : : ; ; ]
Ely ‘M i A 110 LY e

m(n ) GeV/c? m(re'Tt) GeVvic? m(K'K’) Gev/c? m(K'K’) Gev/c?

O We obtain an estimate of the efficiency corrected S-wave—nt 7~ yield

N (S -wave) = 629 £+ 128,

in agreement with the results from the fit to the 777~ mass spectrum.
Q The KK~ mass spectrum shows evidence for both f5(1510) and f5(1525). /
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4 +

m, T, system angular analysis. \

0 We compute the helicity angle 0, defined as the angle formed by the 77, in the

ni 7w, rest frame, with respect to the direction of the 7] 7, system in the 7 (1S)wSw

S

rest frame.
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O |cos@r| distribution for the 1'(2S5) data and Y (1S)—yn 7. lcosy|

O This distribution is expected to be uniform if (77, ) is an S-wave system.

O The distribution is consistent with this hypothesis with a p-value of 65%.

- /
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O We define 6, as the angle formed by the radiative photon

/ Full angular analysis. ' ,

in the h™h™ v rest frame with respect to the 7°(15) direction in mso/ .

the 17(25)/7(3S) rest frame. i

O For ¥ (nS)—nsdm; T(1S)(—~R), the expected angular distribution for a spin 2
resonance R is given by (arXiv:1804.04044)

dU (0~, 0fr) 15 2 2 2 2 2
W2 (0~,0m) = = —IFool [6|A01| (22|010| +8[C11|7 +9[C12] ) +

d cos 97 dcos Oy 1024

2 2 2 2
214001% (221C101% + 24/C111% +9]C1217) +
2 2 2 2
24(leol + 3[A01] )<2|010| — [C12] )00829H +
2 2 2 2
6 (14g01” (61C101? — 8IC111% + I1C121%) +
2 2 2 2
Aot (18|010| — 8[C11[7 + 3[C12] )) cosd0p —
2 2 2 2 2
2(|AOO| — [Ap1l )(308297 (22|C'10| — 24|Cq1117 +9[C12]7+
12 (2|C]_0|2 — |012|2> COS29H—|-

3 (6|010|2 +8lC111? + |012|2) 008491{)] :

O The expected angular distribution for a spin 0 resonance is given by

dU (e
Wo(6~) = )

3
2 2 2 2 2 2
= —|C10l7|Eqol (IAOOI + 3140117 — (1Aool™ — [Ao1 | )005297)-
dcos@7 8

w The A;; and Cy; represent the helicity contributions.

(1)
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/ ‘ Fits to the angular distributions' \

O We perform a 2D unbinned maximum likelihod fits in the resonances mass windows.

N
e(cosOp,cos0~ )W (0,0
EZH[fsig ( H v )Ws(0m,6-) n
gt J Ws(0m,0~)e(cos Opr, cos - )d cos 0 dcos 6

(1 - fsig)

e(cos Opr,cos 0 )Wy (0p,0) }
S Wy(0r,0~)e(cosOpr, cos 0 )d cos O dcos 0

O fsig is the signal fraction and €(cos 0g, cos 6) is the fitted efficiency.

O W and W, are the functions describing signal and background (due to the the tails
of nearby adjacent resonances) contributions.

O Efficiency distributions in the f2(1270) and f5(1525) mass regions.
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/ ‘ Resonances full angular analysis ' \

O Unbinned maximum likelihod fits in the resonances S —
: 8 | § 3 BaBaR
mass windows. L g s 3 {
In grey background from S-wave ﬁw
S-wave—m T g g s BABaR
7 (2S) data only EW
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. ?  BiBu

f3(1525) =K+ K~ sl =

In grey contribution from fo(1500) |
O We obtain a f0<1500) contribution of (52 + 14)%, O—1 _+:o.5 0 05 1 qzi 05 0 05 el

Ql agreement with the results from the simple PWA. H /
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WR =

event by the efficiency e(cos0g, cosf.)

Efficiency corrections '

O To obtain the efficiency correction weight wgr for the resonance R we divide each

Zf\;Rl 1/€;(cos Opr, cos b )
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where Npg is the number of events in the resonance mass range.

O Efficiency consistent with being uniform as a function of mass.
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/ ‘ Evaluation of the Branching fractions ' \

O We determine the branching fraction B(R) for the decay of 7°(15) to photon and

resonance R using the expression

Nr(Y(nS)—=ndns T(15)(—Ry))
N (nS)—rdns Y(1S)(—ptp))

B(R) = X BT (1S)=p"uo),

where Npg indicates the efficiency-corrected yield for the given resonance.

0 We make use of the reference channel 7(15)—u" i~ which has the same number of
charged tracks.

O B (1S)—putp~) =248 £0.05% (from PDG).

O The reference channel yields are

N (2S)—=rsn,; Y(18)(—pt ™)) = (4.35 4+ 0.1245) x 10°
and
N 3S)—=nin; Y(18)(—pT ™)) = (1.32 4+ 0.044y5) x 10°

- /
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/ Measured 7(15)—~R branching fractions

Resonance B(10~°) (BaBar) CLEO

nm S-wave 4.634+0.56 £ 0.48  (f0(980)) 1.8702 + 0.1
f2(1270) 10.154+ 0.59 052 10.2 + 0.8 £ 0.7
fo(1710) =7 0.79 £ 0.26 £0.17

f7(1500) =K K 3.97 £ 0.52 + 0.55 3.77070 £ 0.8
£5(1525) 2.13 4 0.28 £ 0.72

fo(1500) > KK 2.08 £+ 0.27 £ 0.65

fo(1710) KK 2.02 £ 0.51 £ 0.35 0.76 £ 0.32 £ 0.08

O Good agreement between BaBar and CLEO for f2(1270) and f;(1500).

O We report the first observation of fp(1710) in 7°(15) radiative decay with a

significance of 5.70 and measure

B(fo(1710)—mm)
B(fo(1710)— K K)

— 064 :I: 0-27stat :lZ 0-18sy87

in agreement with the world average value of 0.4110 1+
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/ Summary and conclusions' \

0 We have studied the 7°(15) radiative decays to yr*7~ and KK~ using BABAR

data recorded at center-of-mass energies at the 7°(2S) and 7°(3S) resonances.

O We report the observation of broad S-wave, fo(980), f2(1270), fo(1710), f3(1525)
and fo(1500) resonances.

O For fo(1710), Ref.(r. zhu, JHEP 1509, 166 (2015)), in the gluonium hypothesis, predicts
B(Y(18)—~fo(1710) = 0.9670:55 x 10~*. Due to the presence of additional decay

modes our result is consistent as well as for the dominance of an ss decay mode.

O For f0(1500)—>Kf_(, Ref.(x. c. He et al., Phys. Rev. D 66, 074015 (2002)) predicts
B(Y(15)—f0(1500)) in the range 2 ~ 4 x 10~ °, consistent with our measurement.

O The status of fy(1370) is controversial. Ref. (r. zhu, JHEP 1509, 166 (2015)) estimates

B(Y(18)—=~f0(1370)) = 3.27% x 10™°, in the range of our measurement of the
branching fraction of B(7'(1S5)—~(mmS-wave)).

O These results may contribute to the long-standing issue of the identification of a

\Scalar glueball. /
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