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Introduction

Motivation : several other experiments have searched for
higher-order multipole amplitudes, in this decay model,
W(2S) can’t decay in phase space, but there is no
provision in theory, so we will :

»Study the angular distribution of Q*Q in W(2S)-> Q*Q»
decay,

» Measure the branching ratio of W(2S)-> Q*Q- with a
better precision

»Use new generator to measure the cross section of
e+e-2>0Q+Q-



Introduction

Decay chains : y(2S) 2QQ*

QO >KA QO >KA AA) > 7 p(z™ )
Analysis method:

@ Inclusive analysis: reconstruct only one Q via Q2>KA, and the
number of signal events is obtained by fitting the invariant
mass of KA requiring the recoiling mass of KA to be in the Q2
signal region

@ Exclusive analysis: reconstruct both Q-and Q* via QKA
and the number of signal events is obtained by fitting the
invariant mass of K'A requiring the invariant mass of K*A to be
in the €2 signal region



MC and Data sample

Data sets:
Experimental data: 341.1M(2012) y(2S) data

MC Signal: 0.2M(2012) generated with KKMC and all the
samples are generated in PHSP

Boss version: 6.6.4.p03



Event selection

»The polar angle of each charged track is required to satisfy | cos0 |
<0.93;

Charged particles are identified with only dE/dx information

» Proton and anti-proton: Prob(p) > Prob(n) && Prob(p) > Prob(K),
» Kaons: Prob(K) > Prob(m) && Prob(K) > Prob(p),

» The left particles are assumed to be pions

® A\ Reconstruction via A—=>pm: loop over the prt combination to
reconstruct A, the prmt pair should pass the first vertex fit ,and keep
the one with prmt invariant mass closest to A mass,

® () Reconstruction via QQ—>KA: loop over the kA combination to
reconstruct Q, the kA pair should pass the first and secondary vertex
fit, and keep the one with least secondary vertex fit chi square.



Requirements of single tag analysis

signal tag analysis: reconstruct only one Q via Q—>KA, and the
number of signal events is obtained by fitting the invariant mass
of KA requiring the recoiling mass of KA to be in the € signal
region

Requirements:

* At least three good charged tracks are identified as K- p(rt)or K*
p(rt*) , and the number of good charged tracks are less than eight

* The Transverse momentum of K" p 1t or K* p it* is required larger
than 0.1GeV

* One A (or A_bar) candidate is found, and the invariant mass of pm
is required to be in the mass window: (1.110, 1.122)GeV

* The invariant mass of K*A is required to be in the mass window :
(1.663, 1.681) GeV

* One Q-(or Q*) candidate is reconstructed after the A mass window
cut and the recoiling mass of KA is required to be in the (2 mass
window: (1.640, 1.692) GeV 7



Requirements of double tag analysis

double analysis : reconstruct both Q-and Q* via Q=>KA, and
the number of signal events is obtained by fitting the invariant
mass of K'A requiring the invariant mass of K*A bar to be in the Q)
signal region

Requirements:

* At least six good charged tracks are identified as K- p(n°) and K*p(n*) and
the number of good charged tracks are smaller than eight

* The Transverse momentum of K" p mtand K* p it* is required larger than
0.1GeV

* One A and one A candidates are found, and the invariant mass of pm is
required to be in the mass window: (1.110, 1.122)GeV

* One Q- and one Q*candidates are reconstruct after A mass window

* The invariant mass of K*A is required to be in the mass window :
(1.663, 1.681) GeV

* The invariant mass of Q*Q) is required to be in the mass window :
(3.65, 3.75) GeV 8



Helicity Coordinate System

The orientation of the coordinate systems associated with a particle
at rest in the (a) canonical (X¢ yc z¢), and (b) helicity description
(xh=yhx zh,yh = 2Xp,zh =p)



The joint amplitude of single tag analysis
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Helicity amplitudes
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The joint amplitude of double analysis
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Fitting methods

* The joint angular distribution of the decay sequence can be
written as w(6, 081, ¢1, 62, $2, A1212, A1232,A3212,A12m12)

* to determine the four parameters, we perform maximum
likelihood method to fit the angular distributions.

¢ WA)=IV, W(8,(j) 61(j), ¢1,(J) 02(j), $2(j), A) W(A)is
determined by using phase space distributed MC sample , and

N is the number of selected events,so the normalized
probability-density function (pdf) becomes
. The Iogarlthm of the likelihood is InLs = InL = InLb, L=
1f(6(i) 01(i), d1(i), 62(i), $2 (i), A) ,Nt is the total number
enevts Lb= H 1f(6(]) 01(j), d1(j), ©2(j), d2 (j), A) ,Nb is the
number of background events. By minimizing —InLs, the
optimal four A will be obtained.

13



fitting results(normalized condition)

- Likelihood | A3212 A1232 A1212 A12m12

Omega+ -29.19 0.91+/-0.022 -0.026+/0.042 -0.063+/-0.076 -0.048+/-0.040
-29.38 -0.059+/- 0.041+/-0.048 -0.118+/-0.050 0.90+/-0.021
0.042
-0.91 0.026 -0.063 0.048
0.059 -0.041 -0.118 -0.90
Omega- -39.72 -0.12+/-0.05 0.89+/-0.02 0.013+/-0.08 0.089+/-0.042
-41.95 0.20+/-0.060 0.028+/-0.045 -0.26+/-0.052 0.81+/-0.033
-0.12 0.89 0.013 0.089
-0.20 -0.028 -0.26 -0.81
OmegaOmega -2.75 -0.28+/-0.22  -0.33+/-0.20 0.24+/-0.16 0.67+/-0.15
0.28 0.33 0.24 -0.67

A3212(Q+)=A1232(Q-), A1232(Q+)=A1232(Q-), A1212(Q+)=A1212(Q-), A12m12(Q+)=A12m12(Q-)
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o value and error

o= A1 12l + A1 papl® + 14301017 = 2041 2101 + 14323 01)
Ao -1l F 1A papl + A3 0101 + 20141010l + 14323 017)

Q+ 0.66 0.08
0.63 0.08
Q- 0.62 0.08
0.39 0.09
Q+Q- 0.27 0.32
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The first fitting result of Q*
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The second fitting result of Q*

200 B 200 . 200 F N
180 - 180 - 180 _,_.%ﬁ_
160 || 160 |- 160 %gl JF _:‘:‘:
1401 1400 | + ‘ 5
120 120 ) S 120 |
2 - 100 —
100 = —+ 100 & g
E E 80
80 u 5
=" = A=
4o —— MCaddBackground | chi2=0.7279 40 F  —— MC add Background | chi2=1.3559 40 ;_:F — . : a: ground | chi2=0.9530 |
- E_ == Background 20; B Background o0 == Backgroun
e e s e——— ..
0 = L I ETTWYWYW
-1 -08 -06-04-02 0 02 04 06 08 01708 06 04 02 0 02 04 06 08 1-08-06-04-02 0 02 04 06 08 1
.
cosO of pin A frami cosb of A in O frame cosO of Q in e e frame
200 ¢ 200 -
180 - 180 [~
160 = 160 #—— |
== gt o] | | {
120 - —H —— 120 -
100 = ! 100 = |
[ | —
- = S
sor 80|
60— DATA 60 — DATA
40 —_ MOaddBackground | chi2=1.3403 4of. — MCadd Background | chi2=1.2093
- == Background E
20 - == Background
o 20
-3 -2 -1 0 1 2 3 0

]
w

-2 Sl 0 1 2 3

o of pin A frame L
¢ of Ain Q frame

17



The first fitting result of Q-
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The second fitting result of Q-
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Simultaneous fitting Q* O

Likelihood | A3212(Q+) Al1232(Q+) Al1212(Q+) Al12m12(Q+)
Al1232(Q-) A3212(Q-) Al1212(Q-) Al12m12(Q-)

-63.95 0.901+/-0.014 -0.071+/-0.031  -0.033+/-0.055  0.018+/-0.029
-0.901+/-0.014 0.071+/-0.031 -0.033+/-0.055  -0.018+/-0.029

-65.56 -0.0147+/-0.030 0.107+/-0.037 -0.182+/-0.034 0.867+/-0.017
0.0147+/-0.030 -0.107+/-0.037  -0.182+/-0.034  -0.867+/-0.017
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a value and error of simultaneous fitting

Y= A1 s —1plF + 1A panl® + A3 0l = 20141 010 + 1Az /230 17)

Ao —1pP 1A papl? + A3 0P + 20141 010 + A3 03 017)

0.63 0.05

0.53 0.06
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The first result of simultaneous fitting
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The first result of simultaneous fitting
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The second result of simultaneous fitting
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The second result of simultaneous fitting
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New generator of Q+ at the energy In
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New generator of Q+ at the energy In

4.18GeV
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Observation section measurement

obs
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Summary and next to do

» Have got the prelimilary fitting result and every
analysis method has two results.

» Use the new generator to analyze the center energy
at 3.773GeV and 4.18GeV.

» Will use the new generator to measure the
branching ration of {(2S)->Q+Q- and the cross
sction of e+e->0+Q)-.

Thank you
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