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This story begins in 2002

® 1In 2002, Belle studied B¥ - KKK~ decay and observed a broad structure around 1.5GeV in the

invariant mass M (K™K ™) spectrum, and it is named f5 (1500).
Belle, hep-ex/0201007
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e However, BaBar analyzed the B¥ —» m*K K decays and found no evidence of f4(1500) in the
invariant mass M (KqKs) spectrum. BaBar, 0811.1979

* It implies that it is either a vector meson or something exotic, because fyx (1500) with an even
spin, can decay into the KK state 1n principle according to the Bose-Einstein statistics.

® So, the nature of fx(1500) has not been confirmed, though it 1s often viewed as a combination

of narrower scalars.
4



S A%

YANTAI UNIVERSITY

However,
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* The peak in the invariant mass between 1.5 and 1.6 GeV can be described by the
interference be tween the f;(1710) resonance and the nonresonant component.
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Very Recently

® LHCb reported an enhancement around 1.5 GeV in the invariant mass M(K"K™) spectra of the

BT - ntK*K™~ decay, which could be well described by a vector resonance p®(1450).
LHCDb, 1905.09244
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Questions

® Since the mass of pY(1450) is very close to that of f,(1500) and it has a rather large
width, we suspect fx(1500) observed by BaBar and Belle in the B - K(m)K*K~ decays
is pY(1450).

® If it is, the interpretation for the broad structure in the M (KK ™) spectra does not require a
combination of several f; mesons with narrower widths.

® Besides, the B¥ - m¥p°(1450)channel has been identified in the B¥ - r¥ntm~ decays

with a small finite fit fraction. Note that the relative p°(1450) — nw and p°(1450) —» KK
branching fractions are still uncertain, so our hypothesis 1s not inconsistent with the above
data.

® According to the Bose-Einstein statistics, a vector meson p°(1450) does not decay into the
K K state. A challenge to our postulation 1s then how to understand the broad structure in

the M(KsK;) spectra observed by BaBar.

® Recent studies within QCDF and PQCD showed that the nonresonant contributions are
dominate in B - KKK decays. We therefore guess that the broad structure in the
M(KcK¢) spectra is attributed to a nonresonant S-wave contribution, though a small
component of scalar resonances cannot be excluded.

9
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3-body Decays of B meson

Pp — P1 + P2 + D3

mi, = (p1 + p2)° mi; = (p1 + p3)°

10



MEA%

YANTAI UNIVERSITY

3-body Decays of B meson

(PLP,P3|0i|B). =T{ @ FF7"1 Q@ ®p, @ ©p, + T;' ® 5 @ Pp, @ Pp, ® Pp,

o In this region, two hard gluons are needed, so this contributions should be a or power suppressed.

11
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3-body Decays of B meson

——— G asET——

Resonant and Nonresonant

T e B

(P1P,P3|0;|B), = TiI R FF71 ® Gp p, + Ti" ® FP~PP2 @ bp, + Tim X Py Q Pp, ® Pp,p,
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PQCD Approach

A~C(t)®(x)H(t)exp {—s(s.p) — 2 /1/b %*,'q(as(/t))} .

® Nonperturbative parts are factorized into universal wave functions
® The hard part can calculated perturbatively.
® Parton KT smears end-point singularity

13
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e Meson momenta in light-cone coordinates

mp mpg . mpg |
PB = 7 (1,1.07). p= = (L,7.07)., p3g= 7 (0.1 —n,07)

e Two-hadron invariant mass

Z=pr P=p1itp2 o=
IIIB
* pi+ momentum fraction
mpg mpg L Mmpg . . mpg
Py = py =(1—-C)

14



S4B AP -
2 Men% PQCD Calculations

I 2y _ L QY ity gt = (21—
vv(zagaw )_ 2\/ijc Vo € <K (pl)K (p2)|¢(y )’)’VT’tﬁ(O)l(»,
I oy L PT (YT ity et = T (i
Bh(erCw?) = gt [ e Y K () K (el () TH(0)]0),
I 2 O 1 p+f2J_K / dy__ —izpTy~ e - e s m
bi, (2, ¢, W) = 2N, w? € (K™ (p1) K~ (p2)|[¥(y ™ )ion T4 (0)|0),
The wave function of P-wave KK-pair [1609.04614,1704.07566 |
1 ) o | P2 — P 2
(I)KK,P — \/T]\fc[quv(zacaw )+w¢8(27<7w )+ w(QC—l) th(Z,C,w )]
3F, (w? -
¢U(Z,C,w2) — \/2(%)2(1 — 2) [1 + avC§/2(22 — 1)_ P((),
bs(2,(,w?) = 3 (w) (1 —22) [14 as(1 — 10z + 10z%)] P(¢),
2v2N. _ 2 R, 2 NR
Y 3F(w?) , 4o Fi(w?) = F ¥ (w?) + F;
0u(z Gw?) = 5oL (22— 1) |1+ (22— 1) P(Q)
The relativistic Breit-Wigner (RBW) model 1711.09854
2
2 i m
j:vR(wZ) - ‘mpo(1450)€ | TUNR(Q)Z) — wZ +Pm2
mp0(1450) — w? = impo(1450)F(a)) P
2
T maom
Fse(w?) _ Jpoaso FM (0D = —5———
R o — , . w°> + mymp
Fy(w*) fp0(1450)

hep-ph/0209043



e MEARY

YANTAI UNIVERSITY

PQCD Calculations

Cheng, Chua, 1308.5139

B — K KgKg

Decay mode BaBar [12] Belle [11] Theory

f0(980) K~ 14.7 +£2.8 £ 1.8 8.7 0 6 00
fo(1500) K~ 0.42 £+ 0.22 £ 0.58 0.59+ 3 90+0-10+0.00 3
Fo(1710) K~ 0.48F0:49 +0.11 1.081 0 000 15600
£5(1525) K~ 0.61 £ 0.2170:43 Y
NR 19.8 + 3.7 + 2.5 113703+ 0+0-0
Total 10.1 £0.54+0.3 134+1.94+1.5 1511040400

EO — KsKsKS

Decay mode BaBar [21] Belle [11] Theory

f0(980) K 2.7115 +£0.4+1.2 2.4T0-0T 080D
f0(1500) K's g 0.1570:006:05-0.00
fo(1710)Kg 0.5070-46 1 0.04 + 0.10 0.280- 00t 6-05+0-00
£2(2010)K g 0.547055 £ 0.03 £ 0.52 )
NR 13.3722 4+ 0.6 + 2.1 6.58 0 1ot T ot 001
Total 619+ 048 +0.15+0.12  4.2719+08 6.1970 051831001
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PQCD Calculations

The wave function of S-wave KK-pair [2003.03754]
1

(I)KK,S — \/z—lvc[ws (Za é"a w2) + a)¢g’ (Za {9 (1)2) + C()(W _ 1)¢f5‘ (Za ga a)z)]f
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PQCD Calculations
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Numerical Results and Discussions

® The Gegenbauer moments a,, ;. 1n the distributions amplitudes of ¢, , can be derived in
nonperturbative methods in principle, but they are not yet available.

® LHCD reported an unexpected p°®(1450) resonance, which contributes to the M(K*K~) channel
with the fit fraction as large as (30.7 + 1.2 + 0.9)%. Using the B* -» 7#*K*K~ branching fraction in
PDG, we deduce the observed branching fraction of the quasi-two-body decay B¥ —» n*p°(1450)
- ntK*K™ as

® [fwe choice

a, = —0.70 + 0.14,a, = —0.50 + 0.10,a, = —0.60 + 0.12,

B(B* - n*p®(1450) » nTK*tK™) = (1.617542)x1076

19
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Numerical Results and Discussions
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B(B* - n*K*K") = (6.841092) x 1078 B(Bt - ntp®(1450) » ntK*TK™) = (1.601341)x107°.
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Numerical Results and Discussions
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o The NR contribution amounts only up to 4% of that of p* (1450).

B(B* - K*p°(1450) » K*K*K™) = (3.62%135708170.24)x107,

B(B® - K°p°(1450) —» KOK*K™) = (7.49%436+376+035)x 1077,

21



YANTAI UNIVERSITY

g;mex%%

Numerical Results and Discussions

® Once fx(1500) is regarded as the vector resonance p°(1450), it cannot be seen in the B+
— mtK¢Kg and B® - KqKqKg decays.

® Hence, we rely on the nonresonant S-wave contribution to the B¥ - K¥K¢K¢ decay around
the M(KsKg) ~ 1.5GeV region.
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Numerical Results and Discussions

® Wang also explored this peak consider two resonances (p°(770) and p°(1450)), and claimed
that the tail of p°(770) is dominant . Wen-Fei Wang, 2004.09027

® The width of p°(770) is 150 MeV, We cannot understand its large effect.

® The relate phase affect his results remarkably.
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Wen-Fei Wang, 2004.09027
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Summary

® We examined whether the puzzling fy(1500) that has been modeled as a single scalar or a

combination of several scalar resonances by BaBar and Belle for more than a decade 1s the vector

p°(1450) reported by LHCb recently. YES!

® Our hypothesis is consistent with the small fit fraction of BT —» n¥p°(1450) in the B*

- mintm~ decays, because the relative p°(1450) - nm and p°(1450) - KK branching

fractions are still uncertain.

® To verity the above hypothesis quantitatively, we have studied the relevant three-body B meson

decays in the PQCD approach. The obtained differential branching fractions agree well with the

experimental data for both modes 1n the locations of the peaks, the widths, and the relative

magnitudes between them around the invariant mass 1.5 GeV.

® We acknowledge that possible contributions from other p resonances like p(700),0(1250),...
have not been excluded completely, though the single resonance parametrization was assumed 1n

this work.
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