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Phase between strong and EM amplitudes of J/Y decay

C C ¥ S _ .
J/W%hodmns J/w}ZNEhudrons (@) ete” — ]/ —» VP via strong decay
c - c -

(@) 3 Giuon {b) Electromagnetic (b) e*e™ =~ Jj /b~ VP via EM decay
> Phase between (a) and (b), ¢,3,:
« pQCD regime: 0° or 180°
« Universality independent of final states or intermediate resonances
« For the same hadronic final state of J/y and ¥ (2S) decays, there are no significant

differences in relative abundances

» Importance of J/y - VP decay:
« 1 —n mixing
« Double-OZI amplitude
[1] Phys. Rept. 174 (1989) 67

e Glueballs [2] Phys. Lett. B 462 (1999) 324-328

» pr puzzle of J/ and ¢’ (B(/¢ - pr) > B’ - pm)) 2



SU(3) model dependent analysis for J/Y — VP decay

> Effective amplitude for each exclusive VP final state of j /iy decay based on SU(3) flavor symmetry

and its breaking:
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> Global fit:
* B(J/Y - VP) =|Al* p;
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X =i

0iPDG

- The average phase ¢, 3,~106° + 10°

» SU(3) symmetry:
* g:strong
* e EM
¢, 34: Phase between g and e

» SU(3) symmetry breaking:
* (X, Y)pn:n—n" mixing
e rg:. DO/ZI
* sg: possible SU(3) violations

[1] Phys. Rept. 174 (1989) 67
[2] Eur. Phys. J. C (2010) 65: 467-473
[3] Phys. Rev. D 41 (1990) 1389
[4] Phys. Rev. D 32 (1985) 2961



Phase measurement with scan method
Strong decay of j/y: A3, EM decay of j/y: A, Non-J /1y process: A on:

e e ¢
}@}%@” wn hadron
e 888 e “y'*(c c) e f( e'e)

2 . . 2
aPoT(s) |dqcont(5) + dqy(s) + dq3g(S)| = |C’qcont(s) + dqy(s) - ' Peonty 4 Uq3g(5) ' el¢y’3g)|

> The full interference between A, and A, (Pcont, = 0°) has been observed by many experiment
such as SLC[1] and BESIII[2]

FBO(S) o | A pone(s) + Ar(s)(1 + Cei¢y,3g)|2 First model independent measurement

of ¢, 3, in J/Pp > ¢7 is performed

» Scan data collected by the BESIII detector

« 26 energy points with £ = 452 pb~! at /s = 3.00~3.12 GeV

> A unique opportunity to measure ¢, 3, directly by analyzing the interference pattern in the cross

section lineshape [1] Phys. Rev. Lett. 34 1357 (1975) 4
[2] Phys. Lett. B 791, 375 (2019)



Phase measurement with scan method

> The Born cross section of ete™ - J /i - VP:

_I_Ei Lec (1+C-ei¢7"39) :
a M s—M?+iMr

2
F Amra®
O.Il;grn(s) = Pyp(s) - (ﬁ) ‘ 35 .

. Slis is a form factor given by pQCD predication[1]

(s—MZ-M3)*—aMZM2
S

/2
* Pyp(s) = ( > : phase space of VP final states[2]

> The expected cross section in experiment (considering the effects of ISR and beam energy spread)

1-Xjsr

\/§+55E
f dy/s’ GS(S’,SE)J dx F(s',x) - 6b3™M(s’ - (1 — x))
0

Vs-5Sg
« GS(s',Sg) is the Gaussian function

. i [1] Phys. Rev. D. 97. 114016 (2018)
Se 1S the energy spread [2] Phys. Rev. D 77, 092002 (2008)

« F(s',x)is the ISR function

- s is an integration parameter



Phase measurement with scan method

> ¢y 3, is estimated with the least x* fit (factor method) to e*e™ — VP lineshape
« General construction of y?:
x?=Ac"-271. Ao

L= (5Stat,i ) 5stat,j ) 5ij + 5sys,uncor,i ) Ssys,uncor,j ) Sij + 5sys,cor,i ) 5sys,cor,j)
« Factor method[1]

26 bs exp . 2 3 PDG fit
z n () = f - o4, (si )] ( ) +z<P PPD(I}J )
i=1 AJObS(S) +l§ exp(51+) exp(sl ))] t=1

« Af: the correlated systematic uncertainty from efficiency, luminosity, and the branching fraction
« PFPG: 3 input parameters: M, T, T,

* \Sit =+/5i + Ays;, where Ay/s; is the uncertainty of CM energy measurement by the BEMS

[1] Phys. Lett. B 791, 375 (2019) 6



Observed cross section measurement of et e~ = ¢n

N
. . obs _ Pn
Observed cross section: O¢n =7 . ¢. B(p - KtK~) - B(n = yy)

Measurement is performed in the decay chain: ete™ - ¢n,¢p > K*K~,n - yy

® At least two good photons ® At least one good K* and one good K~
1. E, > 25 MeV in EMC barrel, E, > 50 1. V., <1.0cm, |V,| < 10.0 cm
MeV in EMC end-caps 2. |cosf| < 0.93
2. 0<T<14(x50ns) 3. PID (dE/dx, ToF): Prob.(K) > Prob.(n),
3. a> 10", a is the minimum angle Prob.(k) > 0.001

between photon and charged tracks

® 4C kinematic fit
1. The 4-momentum of K*K~yy is constrained to be the 4-momentum of ete~

2. The K*K~yy candidate with the least yZ. is retained
3. xZ. <85 (optimized using FOM (S/VS2 + B2) by the inclusive MC sample) 7



Observed cross section measurement of et e~ = ¢n

N
. . obs __ Pn
Observed cross section: O¢n =7 . ¢. B(p - KtK~) - B(n = yy)

> Signal yield Ny, determination

« Unbinned maximum likelihood fit to the M(K*K™) .
- s = 3096.986 MeV
distribution of events in n mass window 1001~ 4 Data
«  MC shape + Argus function g a0l — Total fit
- 71 mass window: |M(yy) — M, | < 30 MeV/c? = E Background
« There is no peaking background studied using n sidebands :‘; 60:_ e )
« Estimated using the events in n sidebands é 40:_
- 7 sidebands: 60 < |M(yy) — M,| < 90 MeV/c? - 20:_
« Resolution of n, ~10 MeV, is determined by fitting M (yy) i
using a Crystal Ball function P 5503 04 105 08 107 108
« Due to the low statistics of data, asymmetry uncertainty on M(K'K) (GeV/)

yield is retained



Observed cross section measurement of et e~ = ¢n

obs __ N ¢n

Observed cross section:

> Efficiency ¢ (ConExc generator)

« Need correct simulation of ISR effect which depends on

lineshape of ete™ - ¢

_ L- fOEO e(E)-p(E)-o(E)dE

: L. fOEO p(E) - o(E)dE (E is energy of ISR photon)

« Low-precision lineshape at /s = 3.00 — 3.12 GeV
« Corrected by the iterative MC-generating method[1]

« The lineshape below 2.7 GeV is not well determined
« Only events with X;sz = s'/s > 0.9 are used to estimate the
efficiency
« /s (Vs') is the CM energy before (after) ISR photon
emission
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¢, 34 measurement result of J/Y — ¢n

Positive phase Negative phase
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One or two solutions?
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» 1D-x? scan: fit the lineshape with ¢, 5, fixed and other parameters float

> There are two solutions, but they are indistinguishable with 1o confidence: ¢, 3, € [133.1°,229.2°]
> It is a result of the non-linear feature of the y? function due to low statistics of data samples

> The result shows a hint of interference between the strong and electromagnetic amplitudes
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Summary

> The phase ¢, 5, of J/ip —» VP final state:
Scan method: ¢7 final state: ¢, 5, € [133.1°,229.2°] at 68% confidence level
« SU(3) model dependent analysis: ~ 106° + 10°
» Critical problems about the phase:
 Universality: independent of the initial or final states?
« The sign of the phase?
« Consistent with ¢'?
» More experimental results are needed for a physical conclusion

» More direct phase measurements in the J/y and ¢’ decay are performing

Thanks for your attention!
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Backup
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SU(3) model dependent analysis for J/Y — VP decay

w, ¢
o

P

» Effective Lagrangian for the J/i —» VP interaction based on

J/

SU(3) symmetry and its breaking:

L= g({v, P}S)+3e({V.P}Q)+rg(VS,)(PS,) +1r'g(VSy)G o il
» Vector and pseudoscalar nonets matrix V, P prw, 6
> SU(3) violations P < P
A
« Q:violation for e 1o

« S:violation for g .

« S,:violation for r from P

: : L_ 4 + +
- S, violation for r from v A7 p k* 1o 0 10 0

V=1 - _p_2+% K0 S=10 1 0 Ss=10 1 0 |,

K*~ K*0 &, 0 0 1-—2s 00 1-s,
%+% Tt K+ 1 0 0

P= — _ir_; n % 50 |. Sp={0 1 0 . 0=ldiag2, -1, -x)

P w0 v 00 1-s,
s 14



Effective interaction vertex of e"e™ - J/i - VP

> Vertex: (based on Lorentz covariance, P, and C conservation)

'*(q, kqy, kz) = f(S) " €uvpo kf : kg
> Propagator:

S |

—iguvo ¢ m—
M's— M2 + iMT

S

3
P, = (1+4=
a

Uy

)

> Effective interaction amplitude:

M (51,52, m) = U(py, s2) + (—iey*) - u(pq, s1) - P - [P(q, k1, k2) - Gp(kpm)

> Born cross section of ete™ - J /i - VP:

1 1
GBorn — fdQ*_._.p_f. |M|2
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¥? construction

- 271 A PDG
i=1 (AO’ObS(Wi))Z + l% (o'exp(Wl. + AWi) — O-exp(Wi —_ AWL'))] f = APL
N:
O'-Obs = : ki . Ni

Y T L& Br(¢p > KK Br(n—vyy)
k; and Ak; the mean value and width of statistic K; at W, energy point
K; ~ N(k;, Ak;)

_k V{125 Z veaa
f_kl ’ki - (’f)

« Af =4.2%, the correlated systematic uncertainty from efficiency, luminosity, and Bry_x - Br;,,,,.
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Statistical results and systematic uncertainty of oy,

Vs (MeV)  L(pb ) Nuy = (%) 0% (pb)
3000.0004£0.200 15.850+0.111 25.7%35 36.34£0.2 23.1737
3020.0004£0.200 17.320£0.120 22.073% 36.940.2 17.773%
3049.65840.028 14.91940.161 20.0775 37.3+0.2 18.5'33
3058.70940.028 15.0604+0.161 28.0728 - 37.540.2 256752
3080.00040.200 293.424+0.946 497.3°2%-) 37.540.2 23.3112

3082.512+0.043
3087.593+0.130
3088.87040.022
3091.77610.025
3094.713£0.084
3095.446£0.081
3095.726£0.080
3095.842£0.075
3096.203£0.070
3096.986=0.080
3097.226£0.100
3097.229£0.076
3097.654£0.080
3098.356+0.075
3098.728+0.080
3099.058+0.093
3101.37540.106
3104.000£0.080
3105.596:0.090
3112.067£0.093
3119.894+0.115

4.7694+0.055 7.1731 37.9+0.2 204757
2.47040.020 8.073% 38.140.2 44.11}%°
15.558+0.165 28.37%1 38.0+0.2 24.8%3¢
14.91040.160 35.07%7% 38.240.2 31.97:%
2.143+0.025 34.57%% 39.940.2 209.87358
1.81640.021 9097192 40.14£0.2 645.77722
2.92040.020 291.37184 40.44:0.2 1277.97823
2.135£0.025 328.4719:1 40.240.2 1979.871198
4.98040.030 827.97329 41.0£0.2 2098.27+5-4
3.10040.020 755.77255 41.340.2 3054.4712
1.680+0.010 418.1F222 41.940.2 3073.311650
2.069+0.026 473.27249 41.140.2 2879.41540
4.66040.030 860.57322 41.840.2 2286.0729-
2.203+0.025 229.87171 41.140.2 1316.57 1004
5.640+0.030 335.1770) 41.6£0.2 737.2755)
0.756+0.011 23.0755 41.040.2 382.419%2
1.61240.021 13.0%59 41.34+0.2 101.07308
5.72040.030 53.5737 41.240.2 117.67]22
2.106+0.025 7.873% 40.440.2 47.47197
1.72040.021 10.4%39 39.940.2 78.37%3

1.264+0.016  3.0%%! 38.140.2 3227223

obs

Source Systematic Uncertainty (%)
Luminosity™* 1.0
B(p— KTK™)* 1.0
B(n—vy) 0.5
Tracking” 2.0
PID* 2.0
Photons reconstruction® 2.0
Kinematic fit* 0.3
[teration procedure® 0.2
Input lineshape* 1.8
7 mass window™ 0.0
¢ fit range 0.4
Signal shape 0.5
Total 4.2
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