Study of J/¢ — ppo
LIU Qian, YUAN Changzheng

Using 58 M J/4 events collected at BESII, the up limit on the branching fraction
for cascade decay J/v — ppfo,fo — m m~ is measured to be 9 x 107° at 90%
confidence level and that for J/v¢ — ppfo, fo — KgKg is 7 x 1076, The branching
fraction of J/1 — pp¢ is measured as Br j/y_ppg = (5.17£1.70,4¢. £0.684.) X 1075,

where the first error is statistical and the second is systematic.

PACS numbers:

I. INTRODUCTION

In recent two years, a near-threshold enhancement in the pp invariant mass spec-
trum was observed from BY — KTpp and B - D%p by Belle [1][2], and then
BESII reported a similar phenomena in the J/1» — ~pp [3]. This enhancement can
be fitted with an S-wave Breit-Wigner resonance function with a mass about 1.860
GeV and a width less than 30 MeV at 90% C.L. Lots of theories try to explain it,
such as the final state interaction [4], multi-quark and so on. And for our experi-
ment, we are searching for the pp enhancement in the other ppV decay modes, such
as: J/¢Y — ppw [5], J/1v — ppp [6], but no enhancement is observed. Here, we try
to look for the pp enhancement in J/v — ppe.

In pp collisions, some experiments are searching for the cryptoexotic baryons with
hidden strangesness, such as B, = uddss [7]. It is expected that these penta-quark
baryons have a narrow width and decay preferentially into the N, KK N and so
on. They have observed a narrow peak in the ¥(1385)° KT spectra, and believe that
this should be able to be observed in the p¢ spectra. So we will also try to look for
this By state in J/v¢ — ppe.

Since in J/¢ — pp¢ decay mode, the phase space is very small, if we try to
measure this channel by ¢ — K™K~ mode, the phase space will be smaller, the
momentum of K is so small that lots of K will decay to u. So here we’ll try to do

this analysis through J/v¢ — ppd, » — K2K? mode.



II. BES DETECTOR

The upgraded BESII is located at the Beijing Electron-Positron Collider(BEPC)
in the Institute of High Energy Physics in Beijing. BESII is a large solid-angle mag-
netic spectrometer which is described in detail in [8]. The momentum of the charged
particle is determined by a 40-layer cylindrical main drift chamber(MDC) which has
a momentum resolution of o,/p = 1.78% \/W . Particle identification is
accomplished by specific ionization(dE/dx) measurements in the drift chamber and
time-of-flight(TOF) information in a barrel-like array of 48 scintillation counters.
The dE/dx resolution is 04p/4, = 8.0%; the TOF resolution for Bhabha events is
ocror = 180ps. Radially outside of the time-of-flight counters is a 12-radiation-
length barrel shower counter(BSC) comprised of gas proportional tubes interleaved
with lead sheets. The BSC measures the energy and direction of photons with reso-
lutions of o/ E =~ 21%/+/E(GeV), 04 = 7.9mrad, and o, = 2.3cm. Outside of the
solenoidal coil, which porvides a 0.4 Tesla magnetic field over the tracking volume,
is an iron flux return that is instrumented with three double layers of counters that
identify muons of momentum greater than 0.5 GeV/C. It provides coordinate mea-
surements along the muon trajectories with resolutions in the outermost layer of 10
em and 12 ¢m in rg and z. The solid angle coverage of the layers is 67%, 67% and
63% of 4w, respectively.

A GEANTS3 based Monte Carlo package (SIMBES) with detailed consideration of
the detector performance is used. The consistency between data and Monte Carlo
simulation has been carefully checked in many high purity physics channels, and
the agreement is reasonable. The detection efficiency and mass resolution for each
decay modes are obtained from Monte Carlo simulation which takes into account

the angular distributions in different final states.

III. PROTON PARTICLE IDENTIFICATION (PID) EFFICIENCY

Since in this analysis, the momentum of p and p are less than 0.6 GeV. Generally
speaking, when the particle’s momentum is less than 1.0 GeV, the energy deposit

combined with the momentum allows excellent particle identification. Ref. [9] shows
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the energy deposit versus the momentum for each kinds of particles. However, when
the proton is "slow”, the deposited energy might be too large to be measured by
ADC. And since most of the "slow” proton’s energy are deposited in the MDC detec-
tor, it’s difficult for ”slow” p to hit the TOF detector, but for p, lots of sub-particles
are generated from P reacting with the material of MDC, the TOF information is
still available.

To do the PID, we define:

(dE/d{L’) Measure — (dE/dx)expection
OdE/dx .

X; =

and

(TOF)Measure - (TOF>expection

OTOF

T, =

here dE/dx is the energy deposit per unit length, and o is the resolution, i for
different particle hypothesis, (i = 7, K, p). From the defination, X; and 7T; should be
normal standard distribution. Usually, the X; and T} are combined to calculate x?
for each particle hypothesis, and relatively weight criteria: x2 < x%, x5 < x> is used
as the proton PID. Fig. 1 shows the efficiency of p and p PID using this criteria, the
difference between data and MC simulation is larger in the low momentum region
of p, while since the difference is small for p, we’ll use this criteria for p PID.

The "slow” p sample is selected from J/1) — pprTn~. An event is required to
have 4 charged tracks, and the total charge must be 0, each of which is well fitted
to a helix within the polar angle region |cosf| < 0.8 and with the point of closest
approach of the track to the beam line within the interaction region of /22 4 12 < 2
cm, |zp| < 20 cm. The transverse momentum of each track is required to be greater
than 70 MeV /¢, which is the minimum needed to reach the outer radius of the BSC
in the 0.4 Tesla magnetic field.

Two pions are required to be identified by dF/dx and TOF information. When
dealing with the p PID efficiency, p is required to be identified, and vice versa. To
remove the backgrounds containing v, such as J/¢ — Y0%0, the invariant mass of
these 4 tracks, M., is required to satisfy: {Mtot - M J/w{ < 0.06 GeV. To remove
the backgrounds containing 7°, the U,,;,s must be satified with: |Uss| < 0.1 GeV.
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FIG. 1: p and p PID efficiency using Xgp < X§K7 X?,, < X2

To remove J/i¢p — AA, the invariant mass of p and T, Mz~ 57+, is required as
|Myr— 5a+ — M| > 0.01 GeV. To remove J/¢p — ATTA™ | My + 5.~ > 1.35 GeV
is required. Also, 4C kinematic fit for pprTn~ is performed and the probablity is
required to be greater than 0.01.

Here we only focus on the p and p the momentum of which are less than 0.6
GeV. From J/1 data, the number of the selected p and p sample is 5496 and 5010
respectively. For Monte-Carlo simulation, 1 x 10° events are generated using HOWL
generator (FLUKA mode), and about 4250 and 4086 events are selected as the MC
simulated p and p sample respectively. The reason why p sample is larger than p is
that the PID efficiency of p is less than p.

Fig. 2 shows the X, Xk and X, distribution of p and p at different momentum
region determined from data. A long tail of X, exists at the low momentum proton’s
X, distribution, and the behaviour of p and p is similar. Fig. 3 shows the Monte-

Carlo simulation result. According to this, the PID of p is required as:

X, <2, Xk >2 pp < 0.425 GeV
X< XA Z <2 pp > 0425 GeV

(1)

Fig. 4 shows the efficiency of p and p PID using the new criteria, the difference
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FIG. 2: The X, XK and X, of p and p in different momentum region determined from

data. The blue one is X,,, the green one is X, and the red one is X.

between data and MC simulation is smaller now except for the first bin.

IV. ANALYSIS OF J/v — ppfo(980), fo(980) — KOK?

Through the study of J/¢ 30 M Monte-Carlo simulated inclusive data, J/¢ —
P £0(980), f0(980) — K3K? is shown as the main background of our signal channel
J/ — ppd, p — KIK?. Since fy(980) decaying into 777~ is dominated, so we try
to measure the branching fraction of J/1 — ppfo(980), fo(980) — K%K through
J/v — ppfo(980), fo(980) — 7whm—.
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FIG. 3: The X, XK and X, of p and p in different momentum region determined from

Monte-Carlo. The blue one is X, the green one is Xk, and the red one is X.

A. Event selection for J/v — ppfo(980), f0(980) — ntn~

An event is required to have 4 charged tracks with good helix fit, |cosf| < 0.8,

and /23 + 42 < 2 cm, |2| < 20 cm. The total charge of these 4 tracks must 0.
p, P, T, m are all required to be identified by dF/dx and TOF information. For p
and p PID, Eq. 1is used, and for 7% and 77, x2, < X2, X%, < X3, is required. And
then the probablity of 4C kinematic fit is required to be greater than 0.01.

To remove the A signal, | M, - 5.+ — M| > 0.0075 GeV is required. Fig 5 shows
the M, distribution, a clear A signal can be seen. Fig 6 shows the fit result of A
signal, the resolution is about 0.0024 GeV.

To remove the A signal, M.+ 5.- > 1.35 GeV is required. Fig 7 shows the M, +
distribution, and Fig 8 shows the fit result of A signal. The red arrow shows the

cut.
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FIG. 4: p PID efficiency using the new criteria.
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FIG. 5: M, distribution of data and Monte-Carlo.

After these selections, Fig 9 shows the detection efficiency, reconstructed m. +,-
offset and resolution vary with the m +,- which is gotten from Monte-Carlo simu-
lation. At each point of m,+,.- mass, 1 x 10° events are generated. The mass offset

is 2 MeV less than the input value. The resolution increases a little, this is because
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FIG. 6: Fit the A signal. The red arrows show the cut.

of the low momentum particles’ detection resolution.

B. Fit formula

The fo(980) is fitted with the usual Flatté formula:

1
M? — s —i(G1prr + G2PKF)

where p, ¢ are the phase space factor for 77 and KK channels, and g, 5 are

f=

squares of coupling constants to these two channels, s is the center-mass energy,

my is taken as the average for K° and K*. The Table I gives the numbers and
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TABLE I: The number of g1 2 and p__ ;7%

M =965 £+ 10 MeV
gl =165 £ 18 MeV
g2 =695 £ 92 MeV

0 3<4m%(

/ 4m? 2
1—TK sZ4mK

If the mass of f3(980) is larger than the KK threshold, it’s very easy to de-

cay through KK channel, so the width of f((980) is asymmetric. The number of

f0(980) — 77~ or K9K2 events can be calculated by:
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FIG. 8: Fit the A signal. The red arrow shows the cut.
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The factors take into account the facts that: two-thirds of 77 decays into 77~
and one third of 7°7°, and half of KK decays into KK~ and half to K OFO, and
half of KK~ decays into K9K9 and half to K9K?. The fitted fo(980) — 77~
signal is integrated over the mass range from 0.9 to 1.2 GeV and K9K? is from 1.0

to 1.2 GeV [10].
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When fitting the Ny .+, the fit function can be written as:

2
Wporene 2 1700 1)

dmﬂ+7r— 3 dm7r+7r_

where s = (m,+,-)?, then we can get:

ANyt

AMm+ -

& *2Mpt - ‘f (980)’2p7r7r

1

. .
(M2 - (m7r+7r—)2)2 + M2(91p7ﬂr + ngKFV P

Wl Wl

2Mgt g -
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So the final fit function f(mg+,-) can be written as:

. AN py—srtn-
AMit -

f(m7r+7r*) =C

where c is the fitted parameter. So the Ny, +.- can be calculated by:

Npyosgtn— = /f(m,r+,r—) e g — (3)

To take into account the selection efficiency, (m +.-), which is shown in Fig 9,

the combined function f’ would be:
f, = f(m7r+7r*) : €(m7r+7rf)

C. The f,(980) signal

Fig. 10 shows the m+,- distribution. Since the fy(980) signal is very small,
the Bayes method is empolied to calculate the upper limit of this channel, and we
got ¢ = 400 for 90% confidence level. Using Eq. 3, the number of f; signal is
Nyyosmt - = 4583.9.

D. Systematic Error
1. Proton Tracking

The proton tracking efficiency is also studied through J/¢» — pprtn~. Fig.
11 shows the p and p tracking efficiency of data and Monte-Carlo simulation in
different momentum region. The systematic error for p and p tracking is estimated
as Y (0., /ei)w;, where ¢; is the p and P tracking efficiency in the i-th momentum bin
determined from data, o, is the error of ¢;, and w; is the fraction of MC simulated
J/ — ppfo(980), fo(980) — w7~ events in the same bin at generator level. Table
IT shows the numbers. 5.5% and 3.4% are taken as the systematic error for p and p

tracking, respectively.
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2. Particle Identification

The systematic error for © PID is studied by J/¢ — pm sample, and 1% is taken
as the systematic error for each 7 track.

Same as the proton tracking, the systematic error for p PID is calculated as
Zi(aeg /e;)w;, where ¢ is the proton PID efficiency and has been shown in Fig. 4.
Table IIT shows the numbers, 3.8% and 2.6% are taken as the systematic error for p
and p PID, respectively.

3. Kinematic fit

J/1 — AA is choosen to study the systematic error of 4C kinematic fit. This
sample is selected through: 4 good MDC tracks and the other common criteria.

The track whose momentum is larger than 0.7 GeV is assumed to be a proton, and
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FIG. 11: The p and p tracking efficiency versus the momentum of proton.

TABLE II: The w;, €; of p and P in the different momentum region.

Region (GeV) w;(%) (%) 2(%)
0.275 —0.325 14.8 34.5+7.4428+0.8

0.325 - 0375 17.2 783+£1.380.9+2.0
0.375 —0.425 17.5 92.5+£6.586.9+4.5
0.425—-0.475 174 94.0+£3.591.3£6.1
0.475—-0.525 7.8 95.5+2.791.7£54
0.525 —-0.575 5.5 96.2+1.4922+1.9

the track whose momentum is less than 0.32 GeV is assumed to be a pion. The
invariant mass of p and 7 should be satified with: |my;- 5.+ —ma| < 0.0075 GeV
and the decay length of A should be larger than 5 mm. To remove the J/¢ — IO
background, the invariant mass of A and A should be greater than 3.03 GeV.

The 4C kinematic fit efficiencies for data and Monte-Carlo simulation are 87.97%
and 90.79% (call ptrk function), 3.21% is taken as the systematic error for 4C
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TABLE III: The w;, €} of p and p in the different momentum region.

Region (GeV) wi(%) (%) P (%)
0.275 —0.325 14.8 76.2+15.4 88.2+9.0

0.325 - 0375 172 96.3+2.1 93.7+3.9
0.375—-0.425 175 99.1£1.5 97.5+0.6
0.425 -0475 174 98.0+0.8 98.9+0.8
0.475—-0.525 7.8 992405 99.2+1.6
0.525 - 0.575 5.5 99.3+£0.1 99.3+0.9

kinematic fit.

4. Mass cut

To remove the A signal, | M- 5.+ — Ma| > 0.0075 GeV is required. It’s a very
narrow mass window. When we change the mass window from 0.0075 GeV (30) to
0.01 GeV (40), the number of observed events doesn’t change, the systematic error
for this cut is neglected.

To remove the A signal, M.+ .- > 1.35 GeV is required. The systematic error

for this cut comes from two parts:
e Mass resolution difference between data and Monte-Carlo simulation.

From the K¥ and A mass resolution of data and Monte-Carlo simulation, we can
draw a conclusion that the difference of mass resolution between data and Monte-

Carlo simulation is small and can be neglected.
e Different typologies.

Let’s assume that there are two more typologies which can decays into ppf,(980):

J/Y — pX, X — pfo(980) and J/¢p — X f,(980), X — pp. Table IV shows the
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efficiency of M+ 5. > 1.35 GeV for different typologies and different mass of X.
The biggest difference would be 8.7%, and it is taken as the systematic error for this

mass cut.

TABLE IV: The mass cut efficiency for different typologies and different mass of X.

typology my (GeV) efficiency (%)
J/Y — pbfo - 62.9
Jjb—pX, X —PBfo 195 64.5
I —pX, X >pfo 21 61.0
J/v— X fo, X — pp 1.9 61.1
J/y— X fo, X — pp 2.1 68.4

5. Total systematic error

Table V shows the summary of systematic errors. The total systematic error is

13.3%.

E. Branching fraction calculation

Substitute the numbers given in Table I into Eq. 2, we can get:

1.2
L[ s 080
1.0 = 0.077

N —ata— 12
f 2 /0 ds |f (980) p,..

.9

Nrorcgrs

and we've gotten:

Njyomin— = 4583.9 (C'L = 90%)

SO
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TABLE V: Summary of systematic errors

source Osys

7 tracking 4.0%
p tracking 5.5%
p tracking 3.4%

w PID 2.0%
pPID  3.8%
pPID  2.6%
4C fit  3.2%

remove A neglect
remove A 8.7%
Ny 4.7%

Tot 13.3%

The upper limter of branching fraction of J/¢ — ppfo(980), fo(980) — K2 K is:

N 0 70
fo— KK _6
Brp—miofo—icgicg) = Ny - (1 = Ussys) < Tx107(OL = 90%)

and

Nfo—ﬂf*?f

Brops—ntopntas) = 3 200 — 55 S9X 107 (CL = 90%)

Since this branching fraction is very small, it can be neglected.



V. ANALYSIS OF J/¢ — ppo, ¢ — KK

A. Event selection

18

An event is required to have 4 charged tracks with good helix fit, |cosf| < 0.8,

and the total charge of these 4 tracks must 0. p,p are required to be identified

by dE/dz and TOF information. And then one K3 must be reconstructed, the

decay length of K must be greater than 5 mm. Fig. 12 shows the fit result of

K? distribution determined from data, the resolusion, & K9, 18 about 5 MeV. So we

require that | M +,.- — MKg < 15 MeV.
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Fig. 13 shows the missing mass distribution. = The first one is deter-
mined from data, and the shader histogram is got from K2 sideband which is:
Motz — (Mgo £5- 0ko)| < 1.5 0ko; a clear 70 signal can be seen and it mainly
comes from J/1) — pKIXT +c.c., X7 — prY. The enhancement around the 0.3 GeV

maybe come from J/v — pK*LT + c.c., K* — K7¥ cascade decay.

200 [

J/Y—>pk. T
b)
S 100 b
>
[
=
\9/40;”‘\””” P U BT
N R
~§ 20} JC/1//—>ka
5 ot 1
48
L J/Y—=>prF
200 (d/)w PPe )‘_ﬁ‘_‘
0:\\\\\\\\ L L PR

P P P -
0 0.1 0.2 0.3 0.4 05 0.6
missing mass (GeV)

FIG. 13: The missing mass distribution. (a) is determined from data, (b) (c) (d) are MC
simulated J/v — pK3ISt, J/vp — DK*St, J/1 — ppe, respectively.

Fig. 14 shows the fitted K? signal result, the resolusion is about 6 MeV.
Motn- — Mgo| < 0.02 GeV is required and the pink histogram in Fig. 13 (a)
shows the selected region

Then we employ the 1C kinematic fit and require the probablity of 1C kinematic
fit to be greater than 0.01. Fig. 15 gives the result. Since 1C kinematic fit does not

show any improvement to the signal, we will not use this criteria.



20

MINUIT Likelihood Fit to Plot 41&0
File: kI2.hbk 26-MAR-2007 23:02
Plot Area Total/Fit 42.000 / 42.000 Fit Status 3
Func Area Total/Fit 41.018/41.018 E.D.M. 1.552E-05
Lizkelihood = 8.7
X= 7.2for 16 - 6d.o.f., C.L.=71.0%
Errors Parabolic Minos
Function 1: Gaussian (sigma)
AREA . + 4371 - 0.000 + 0.000
MEAN 0.50361 + 2.7103E-03 - 0.000 + 0.000
SIGMA 5.61862E-03 + 1.8736E-03 - 0.000 + 0.000
Function 2: Polynomial of Order 1
NORM 1.12306E+05 + 3147 - 0.000 + 0.000
POLYO1 -2463.9 + 6.906 - 0.000 + 0.000
OFFSET -44.985 + 0.1281 - 0.000 + 0.000
15 T T T T T T ‘ T T T T T T

g L i

> L i
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=

o

—

=
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<

L

0.44 0.48 0.52 0.56 0.60
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FIG. 14: The fitted K? result.
B. Backgrounds and ¢ signal

Possible backgrounds are simulated using HOWL generator. Table VI shows the
result, where N, ., is the normalized N, according to the branching fraction
respectively. Except for the J/v — ppfo, fo — K2K?, the other backgrounds have
little contributions. Fig. 16 shows the m KOk VErsus the missing mass. Since there
is no KY7"7~ background due to the S conservation, only 4 regions are selected
as the 2-D sideband region shown as the boxes. Fig. 17 shows the ¢ signal and
the shaded histogram is the background distribution which is gotten from the 2-D
sideband. Fig. 18 shows the Monte-Carlo simulated ¢ signal. The width of ¢ signal
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FIG. 15: The missing mass distribution after 1C kinematic fit.

of Monte-Carlo simulated is consistent with data.

The number of observed events, N, is 20.0 £ 4.5, the number of background,
Npg, is 5.3 £ 1.1, and the detection efficiency, €, is 1.35% (Since in the Monte-
Carlo simulation we didn’t point out the K2 decay mode, so the detection efficiency
has included the branching fraction of K§ — 777~). The branching fraction of

J/1 — pp¢ is calculated as:

Nobs - Nbg
e X NJ/qp X B’l"(¢ — KgKg)
(5.17 £ 1.7044,.) x 107°

Brf/w—mw =

In order to deal with the dependence between the detection efficiency and K2K?
invariant mass, the mass bin-by-bin detection efficiency correction is also done. Fig.
19 shows the detection efficiency versus the KJK? invariant mass. For each mass
point, 1 X 10° events are generated. The branching fraction of J/¢» — pp¢ is
calculated by:
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TABLE VI: Summary of the Monte-Carlo simulated backgrounds

J/¢ — channel Nineory  Ngen  Nobs Nnorm
J/p — yKtK-ntr 120960 2 x10° 0 0
J/p — ypprta— 45504 5 x 10%
J/p — pprta— 0 132480 2 x 10°
J/vp — ppw,w — a0 44561 2 x 10°

J/p —ppn',n — wtnTn,n — 9118 1 x 10*

J/b — pp,n' — 7wt n,n — 370 7517 1 x 10%

J/p — ppn s — 7079, n — mta 0 2465 1 x 104
J/ — ppp, ¢ — KT K~ 1273 1 x 10%

J/p — pK* N, K*~ — Kgn~, A - prt - 1x10°
J/p = yKTK~KsKy, -  5x10?

J/Y — v9h, ¢ — KK 2663 5 x 104

o o o o o o o o o o o
o o o o o o o o o o o

J/b — Y109, ¢ — KsKp, ¢y — KTK~ 3854 5 x 10%
J/Y — ppfo(980), f0(980) — KsKg — 1% 10° 1530

(Nibg_Ni )

Z obs bg
NJ/w X B’l"(¢ — KgKg)

BTJ/w—mW =

where N, is the number of ¢ event shown in Fig. 17 blank histogram in each bin,
Nbig is the number of 2-D sideband shown in Fig. 17 shaded histogram in the same
bin, ¢; is the detection efficiency shown in Fig. 19 in the same bin. The branching

fraction is:

Bryjgppe = (548 £ 1.7244,) x 107°

These two results are consistent in errors, and we choose the first method to

calculated the branching fraction.
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FIG. 16: The mgoxo versus the missing mass distribution, the boxes show the signal

region and 2-D sideband region.

1.

C. The data quality check

Detection efficiency, mass offset and resolution

Fig. 19 shows the detection efficiency versus the K2K? invariant mass, recon-

structed myoxy offset and resolution vary with the KGK} invariant mass. The

detection efficiency becomes smaller when m KOk increases, this is mainly because

the detection efficiency for lower momentum p and p (< 0.2 GeV) is nearly zero.

2. Cross Check

From Fig. 13, a clear 7° signal can be seen and it mainly comes from J/¢ —

PKIYT + c.c., ¥ — pr®. The branching fraction of this channel is estimated as:

B T jp—pK9S~

= (3.1 & 0.444s.) X 10~* where the error is only statistical, and the
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FIG. 17: The m KOK? distribution, the shaded histogram is the background which is gotten
from 2-D sideband.

result is consistent in errors with the Ref. [11].

D. Systematic Error
1. proton tracking and PID

Similar to the J/v¥ — ppfo(980), the systematic error for tracking is 5.4% and
3.6% for p and P, respectively; the systematic error for PID is 3.6% and 2.5% for p

and p, respectively.

2. Kg reconstruction

The K9 sample is selected from J/¢p — K*K¥; K** — KJr* [12]. Fig 20

shows the K§ reconstruction efficiency versus the momentum of K3. The average of
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MINUIT Likelihood Fit to Plot 10&0
File: mcphi.hbk 10-APR-2007 16:43
Plot Area Total/Fit 1348.0/1338.0 Fit Status 3
Func Area Total/Fit 1338.0/1337.9 E.D.M. 1.052E-16
Lizkelihood = 105.6
X= 2145for 8- 3d.o.f., CL=0.00 %
Errors Parabolic Minos
Function 1: Gaussian (sigma)
AREA + 36.58 - 0.000 + 0.000
MEAN 1.0205 + 2.8180E-04 - 0.000 + 0.000
SIGMA 1.03026E-02 + 2.0010E-04 - 0.000 + 0.000

600 T T T ‘ T T T ‘ T T ‘ T T T ‘

500

400

300

Entries/(10 MeV/c)
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100

0.98 1.02 1.06 1.10 1.14
Invariant mass of KJK, (GeV)

FIG. 18: The fit result of Monte-Carlo simulated ¢ signal.

0 0
szja / 6@50 = 97.6%, so the systematic error for K2 reconstruction is taken as 2.4%.

8. Total systematic error

Table VII shows the summary of systematic errors. The total systematic error is

13.2%, so the branching fraction is B jjy—ppe = (5.17 £ 1.7044¢. £ 0.68,5ys.) X 1072,
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FIG. 19: The selection efficiency, reconstructed M K9 KO offset and resolution vary with

the KgK% invariant mass.
E. Discussion

Fig. 21 gives the m;; distribution after requiring |mgogo —mg| < 20 MeV, (a)
the dots with error bar is determined from data, the shaded histogram is the 2-D
sideband background, (b) the blank histogram is the Monte-Carlo simulated phase
space process: J/1 — ppK3K?. Fig. 22 shows the invariant mass of p and ¢ of

data. Since the low statistic, no evidence for pp and p¢ enhancement observed.
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FIG. 20: The K2 reconstruction efficiency versus the momentum of K.
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TABLE VII: Summary of systematic errors

source Osys

7 tracking 4.0%
p tracking 5.4%
P tracking 3.5%

7 PID 2.0%
p PID 3.6%
p PID 2.5%

K reconstruction 2.4%
Npg 8.0%

Ny 4.7%

Br(¢ — KOK?) 1.5%

Br(K3 — ntn™) 0.2%
Tot 13.2%
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