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Motivations

The isospin conserving modes containing baryon pair with
meson has been reported in PDG, also some searches have
been performed to explore isospin violation process.
In this study we searched the violation process in two ways
iIsospin and strangeness which is highly suppress but
kinematic ally it is possible.
To find any hint beyond the Standard Model of Particle
Physics.
This work is devoted to the analysis of
J/w,w(28) — AA, AT, AZNd try to measure its branching
fraction using the large statistics at BESIII



What is “ X"

Here X can be any antibaryone.g x ¥ =.
Here we will discuss these channels

J/y — AA w(2S) — AA
J/y — AX w(2S) — AL

J/w— AZ W(25) = AZ



This study is based upon two steps

Monte Carlo (MC) simulations.
Real data results
Where real data contain 1.3x10° /v events and

44x10° v(2S) avents



MC simulation

A MC sample of 100000 events is generated
using different generators for each channel.



Event Selection for

There are 4 charge tracksin  j/y — AT a5 A — Pz~ and

Y= prty
Only those events are selected having
* nGood ==

* number of y==1
*nCharge ==o0

PID is applied to select events having 1 proton
1 anti proton 1 pion and 1 anti pion



MC and Data invariant mass ofiNEZ&# using kinematic fit for
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MC and Data invariant mass of using kinematic fit

for
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Background Analysis for

For final event selection we applied the following constraints to mass resolution of £ —
Pty

v 17 4D
' |M - —M,| < 0.005
¢ |Mp -y —Mz| > 0.03532

o |Mozy—Mz| = 0.03117

|."|-':ir.r.;— _-'H.‘.l = 0,24

number of ¥ = |

Decay Length of A = 2
* Rxv < 4
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MC and Data invariant mass of after applying cuts
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. — . 5 —
Observed background channels for J/y — AX using 107 MC events

Background channel

Number of events

Normalized events

Branching fraction

PPr ™
PPw
AT Pr~
ATTA
AA
PPp
y0z’
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0
0
[
4
[
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(6.0£0.5) % 10~
(9.8+1.0)x 107
(1.6£0.5)x 1073

(1.10£0.29) x 10~

(1.61£0.15)x 10~

<3.1x107* CL=90
116.4 x 10~
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(a) Invariant mass distribution of Myp_,_— for J/y — AX. (b) Invariant mass

distribution of M gp_ - for J /y — AX with mass window cut |M4+, —Ms| < 0.0277.
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(a) Invariant mass distribution of Myg,, for J/y — AL (b) Invariant mass distribu-

tion of M z,, for J/\w — AL with mass window cut |Mpz+., — Mg| < 0.0277
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(a) Invariant mass of M 5_— for J/y — AZ. (b) Invariant mass of

M, 5. Tord /iy — AL with mass window cut |Mpz+, — M| < 0.0277.
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(a) Invarnant mass of L:i’ - for J/w — AYX. (b Invariant mass of

M, —- fordjy — ‘x‘*' mth mass window cut [Mp.+, — Mz
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(a) Invariant mass distribution of M ,— for J /v — AZ. (b) Invariant mass distribution
of M+ for J /yw — AL with mass window cut [Mp .+, — Mg < 0.0277.
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(a) Invariant mass distribution of M_,_o for J/y — AL (b) Invariant mass distri-

bution of M_,—o for J/yw — AL with mass window cut |Mp+, — Mg| < 0.0277.
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Fit result of HE2&asl
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Calculated Branching Fraction for

Formula for the calculation of Branching fraction is given
bellow

_ Nob
B/ y(25) = BB) = — SJ; £ % B
i ."I L I_._-:' :I !

Here N,,.. € and B;2presents number of observed signal events,
detection efficiency and intermediate branching fraction . The
calculated branching fraction is

B(J/w — AY) = (1.8+0.19) x 107°
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Initial Event Selection for

There are 4 charge tracks in J/y —AAas A—Pr~ and

A—prt

Only those events are selected having
*nGood ==

*nCharge ==o0

PID is applied to select events having 1 proton
1 anti proton 1 pion and 1 anti pion
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MC and Data invariant mass of using kinematic fit

Events / 0.017 GeV/g®
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Events/0,028 GeV/c®
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Final Event Selection for

Constraints applied on J/y — AA are
« ¥* <40
¢ M, —My| < 0.003

¢ |Mpzp, —Mz| > 0.03532

. ‘ILfF.T_ . — JILf: | - {.j-{.}.}' |. |.T'I|

number of ¥y =0

Decay Lengthof A = 2

* Rxy < 4
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MC and Data invariant mass of after applying cuts
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Sideband Analysis for
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Upper Limit using Poisson

Distribution

An important case: n_,_=0

0 n .—b
B = Zbe =e” — b= logp
n!
n=0
Calculate an upper limit at confidence level (1-B) = 95%

b = —log(0.05) = 2996 ~ 3
Useful table:

e lower limit a upper limit b
Pla=01 a=005 a=0.01|8=0.1 8=0.05 8=0.0I
0 2.30 3.00 4.61
I 0.105 0.051 0.010 3.89 4.74 6.64
2 0.532 0.355 0.149 5.32 6.30 8.41
3 [.10 0.818 0.436 6.68 7.75 10.04
4 1.74 1.37 0.823 7.99 9.15 11.60
5 2.43 1.97 1.28 9.27 10.51 13.11
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Calculated Upper Limit at 95% Confidence Level for

Formula for the calculation of upper limit is given bellow

B(J/w,w(25) = BB) < — Nobs
o J ‘H"'J..-"l.e.l.e (25) < & X B.-'l: | — Fsys :|

Here N,,.. € and B;2presents number of observed signal events,
detection efficiency and intermediate branching fraction . The
calculated branching fraction is

B(J/w = AA) < 1.1x 1078
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Initial Event Selection for [l

There are 4 charge tracks in J/y — AE as A — Pz~ and

== patyy
Only those events are selected having
* nGood ==

* number of y==2
*nCharge ==o0

PID is applied to select events having 1 proton
1 anti proton 1 pion and 1 anti pion
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MC and Data invariant mass of using kinematic fit
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o
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MC and Data invariant mass of SlaZia#%d vsing kinematic fit
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Background Analysis for

Constraints applied on J /yw — AZ are
o < < 40

* | M, — M| = 0.005

* | Mpz—py —Ma| = 0.005

* My, —Mx| = 0.006

* My — M| = 0.008

* number of y= 2

* Decay Length of A = 4

* Rxy < 4

-
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MC and Data invariant mass of [SkxSa##d after applying cuts
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Observed background channels for J/y — AZ using 10° MC events
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(a) Invariant mass distribution of M, for J/y — AZ. (b) Invariant mass distribu-

tion of M~ with mass window cut |Myp_+., — M| < 0.0467 for Ty = AZ
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(a) Invariant mass distribution of M___+ for J /iy — AZ. (b) Invariant mass distri-

bution of M_

—+ With mass window cut Mpz+yr —M=| < 0.0467 for J )y — AZ
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(a) Invariant mass distribution of M, for J [ = AZ. (b) Invariant mass distri-
R

bution of M-ﬁ'.‘ with mass window cut [Mpz+.., — M| < 0.0467 for J /y — AZ
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(a) Invariant mass distribution of M ,—_o for J/w — AZ. (b) Invariant mass distri-

AAT s
bution of M, 5o with mass window cut [Mpg+., —Mz| < 0.0467 for J/y —+ AZ
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() Invariant mass distribution of Mz forJ /vy — AZ. (b) Invariant mass distri-
| |

bution of M o with mass window cut [Mpgz+., — M| < 0.0467 for Tw— AZ
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(a) Invariant mass distribution of M 5. for J/w — AZ. (b) Invariant mass distri-
| .

bution of M5, with mass window cut [Mpz+., —Mz| < 0.0467 for J/y — AZ
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(a) Invariant mass distribution of M5 for J/ v — AZ. (b) Invariant mass distri-

bution of Mz, with mass window cut |Mpz+., —Mz| < 0.0467 for J/y — AZ
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[nvariant mass distribution of M g5, for J/w — AZ. (b) Invariant mass distribution

of Mg, with mass window cut |Mp.+ :-’.-' —M=| < 0.0467 for J/y — AZ
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(a) Invariant mass distribution of Myp_, - for J/y — AZ. (b) Invariant mass

distribution of Mys_ - with mass window cut [Maz+, — Mz| < 0.0467 for J/y — AZ
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(a) Invariant mass distribution of My — o for J/y — AZ. (b) Invariant mass

distribution of Myp_¢ - o with mass window cut | Mz +,., —Mz| < 0.0467 for J/y — AZ

hmc

— Entries 10
S = Mean 1.81
1.8 ;— RMS 0. 1084
o o ==
g —
= -1.4E
£ “ET
= 1E— nE B O OM Nn
P nsfp—
E =
g 0Ls p—
e 0. —
0.z —
|]=- a1 = .+ s s 1 5 5 3 s 1 5 5 5 = 01 5 5 2 .+ 0 ; 5 3 a1 & a1 = a_al B o a0 08 =0 =
1.1 1.2 1.3 1.2 L 1.5 1.7 1.8 15 2
Prix"wn
hdata
Entries Q
g Mean 0
RMS 1]
0.5
s

0.4

Events / 0.028 GeV/a®

0.2

46



(a) Invariant mass distribution of M5 for J fwr = AZ. (b) Invariant mass distri-

bution of M5, with mass window cut [Mpz+,, — M| < 0.0467 for J )y — AZ
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(a) Invariant mass distribution of M_ — for J/y — AZ. (b) Invariant mass distri-

bution of M_, — with mass window cut |Mxy+.., — M=| < 0.0467 for J /iy — AZ
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Sideband Analysis for URAs
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Calculated Upper Limit at 95% Confidence Level for

Formula for the calculation of upper limit is given bellow

B(J/w,w(25) = BB) < — Nobs
o J ‘H"'J..-"l.e.l.e (25) < & X B.-'l: | — Fsys :|

Here N,,.. € and B;2presents number of observed signal events,
detection efficiency and intermediate branching fraction . The
calculated branching fraction is

B(J/w 5 AZ) < 89x 10—*

by



The systematic errors for J/y — AA, AL, AZ

Sources % error for AA | % error for AL | % ervor for AZ
MDC Tracking 8 8 8
PID (Ablikim et al., 2017) 4 3
MC Model (Ablikimet al., 2017) - (.83 5.9
Statistical Error 0.16 .78 0.27
B(A — Pr~) (Patrignani et al., 2016) 0.5 0.5 0.5
J [ number (Ablikim et al., 2017) 7.0 1.0 7.0
Kinematic fit for AA 15 15 15
A= Pr™ 0.5 0.5 0.5
50 5 prty - 0 -
= Anl - - 0.012
Total error |8.83 19,166 20.23
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Initial Event Selection for

There are 4 charge tracks in v(25) =+ AA as A — pz-and
A—prt

Only those events are selected having
*nGood ==

*nCharge ==o0

PID is applied to select events having 1 proton
1 anti proton 1 pion and 1 anti pion
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MC and Data invariant mass of [NEIZ using kinematic fit for
w(2S) — AA
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MC and Data invariant mass of iR using kinematic fit
W(2S) — AA
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Background Analysis for (@A) E=AVA

Constraints applied on y(25) — AA are
« y* <40
¢ M- —My| < 0.005

o |Mpz-yy —Mz| > 0.03532

¢ My, —Ms| > 0.03117

number of y=10

Decay Lengthof A = 2

* Rxv < 4
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MC and Data invariant mass offter applying cuts
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Sideband Analysis for ARV
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Calculated Upper Limit at 95% Confidence Level for

Formula for the calculation of upper limit is given bellow

T Jﬁ;'lll'l
R(J/w w(2S) = BB) < — obs
( ST |: | ] J"‘|,'Jrl:.-|,.-ll,.-|:33:| A EX Blu'l: [ _ﬁ.’{'l'.'izl

Here N,,.. € and B;2presents number of observed signal events,
detection efficiency and intermediate branching fraction . The
calculated branching fraction is

B(y(2S) = AA) < 0.21 x 10~/
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Event Selection for [j

There are 4 charge tracks in ¥(25) =+ AX as A— P71~ and

Y= prty
Only those events are selected having
* nGood ==

* number of y==1
*nCharge ==o0

PID is applied to select events having 1 proton
1 anti proton 1 pion and 1 anti pion
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MC and Data invariant mass ofm.Jsing kinematic fit for
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MC and Data invariant mass ofmusing kinematic fit for
y(2S) — AX
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Background Analysis for [JPAYESWY

Some cuts are applied to remove the background on both Monte carlo and data signals.
Cut applied on MC 1s
* including cut of A

Cut applied on real data signals are

2 <40

M — 1.1156] < 0.005

M= — 1.31486] > 0.03532

|Ms —1.11583] > 0.03117

My —1.232] >0.24

* no. of gamma == 1

decay length ratio A > 2

« Rxy <4
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MC and Data invariant mass oPieSFa after applying cuts
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Observed background channels for y(2S) — AX after applying cuts
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(a) Invariant mass distribution of M
distribution of background M__=+ for y

0.0467

1(25) = AL with mass window cut

=+ for w(25) = AL (b) Invariant mass
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(a) Invariant mass distribution of Mg, for y(25) — AL. (b) Invariant mass distri-
I

bution of Mz, for w(25) — AL with mass window cut M+, — M| < 0.0467
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(a) Invariant mass distribution of M o for y(25) = AL (b) Invariant mass distri-

'k

bution of M <5 for y(25) = AL with mass window cut M+, — M| < 0.0467
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(a) Invariant mass distribution of M5 for w(25) — AL (b) Invariant mass distri-
|

bution of Mz, for w(25) = AL with mass window cut Mg+, — M| < 0.0467
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(a) Invartant mass distribution of Mz, for w(25) = AL, (b) Invariant mass distri-

bution of Mz, for y(25) = AL with mass window cut |;Lfm+:, — Mg| < 0.0467
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() Invariant mass distribution of M pz_._- for (25) —+ AL, (b) Invariant mass
distribution of Mp5_ - for y(25) — AL with mass window cut [Mpz+, - M| < 0.0467
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(a) Invariant mass distribution of Mpg_+_- o for y(2§) — AL. (b) Invariant mass

distribution of Mz - a for y(25) = AL with mass window cut Mz, — M| < 0.0467
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(a) Invariant mass distribution of Mg, for y(25) — AL. (b) Invariant mass distri-

bution of Mz, for y{25) — AL with mass window cut [Mpz+ y — Mz| < 0.0467.
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(a) Invariant mass distribution of M - for w(25) — AL (b) Invariant mass
AAT

distribution of M
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(a) Invariant mass distribution of M, for (25) — AL. (b) Invariant mass distri-

bution of M < for (25) — AL with mass window cut M+, — M| < 0.0467.
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(a) Invariant mass distribution of M_, for (25) = AL (b) Ivariant mass

distribution of M_— for y(25) = AT with mass window cut [Mpz+y —Mg| < 0.0467.
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Sideband Analysis for
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Calculated Upper Limit at 95% Confidence Level for w(2S) — AL

Formula for the calculation of upper limit is given bellow

T

B(J/w — BB) < Nobs
" ~ Njjy X € X B,

Here N,,.. € and B;2presents number of observed signal events,
detection efficiency and intermediate branching fraction . The
calculated branching fraction is

B(y(285) = AX) < 0.66 x 10~
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Event Selection for

There are 4 charge tracks in y(25) - AZ as A — Pz~ and

== patyy
Only those events are selected having
* nGood ==

* number of y==2
*nCharge ==o0

PID is applied to select events having 1 proton
1 anti proton 1 pion and 1 anti pion
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MC and Data invariant mass of
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MC and Data invariant mass of

for
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Background Analysis for [HEAY =S

Some cuts are applied to remove the background on both Monte carlo and data signals.
Cut applhied on MC is
e including cut of A

Cut applied on real data signals are

x2 < 40

IMx —1.1156] < 0.005

e |M=—1.1156| > 0.005

* |My —1.19142| > 0.006
o |[My—1.232| > 0.008
* no. of gamma == 2

decay length ratio A > 2

Rxy < 4
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(b)

Events/0.037 GeVic?
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Observed background channels for y/(2.

§) — AZ using 10° MC events

background channel

number of events

Normalized events

Branching fraction

Ol 2 0 (2.644+0.18) x 10~
PPn 2 0 (6.04£0.4)x 107
AATY 1 0 <2.9x107°
PP1 2 0
PPw 0 0 (6.942. 1) x 107
PPrntm~ 0 0 (6.04£0.4) x 1074
PPrntn—n' 1 0 (7. H:O 7)>< 104
PPp 2 0 (5.04£2.2)x 107
AAN 1 0 (2 ‘H:OA) x 1072
AA 0 0 (3.57+0.18) x 10~*
y0y0 0 0 (2.3240.16) x 10~
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(a) Invariant mass distribution of Lf_ =+ for J/w — AZ. (b) Invariant mass distri-

bution of M__=+ with mass window cut Mzt — M| < 0.0467 for J /y — AZ
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(a) Invariant mass distribution of My, for w(25) — AZ. (b) Invariant mass
I

distribution of Mg, with mass window cut
I
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() Invariant mass distribution of M, < o for 1(25) < AZ. (b) Invariant mass

distribution of M+ with mass window cut |Ms+., — M| < 0.0467 for W(25) = AZ
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(a) Invariant mass distribution of Mgz for y(25) = AZ. (b) Invariant mass
I

distribution of My, with mass window cut |M,+.., — M| < 0.0467 for y(25) = AZ
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(a) Invariant mass distribution of M5, for y(25) = AZ. (b) Tnvariant mass
distribution of M5, with mass window cut [Mpz+., — Me| < 0.0467 for y(25) — AZ
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(a) Invariant mass distribution of Mz _+_- for w(25) = A%, (b) Invariant mass

distribution of Myp_. - with mass window cut [Mapz+, —Mz| < 0.0467 for y(25) — AZ
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(a) Invariant mass distribution of My _+_— o for y(25) = AZ. (b) Invariant mass

distribution of Mpp_+ - o with mass window cut |Mpz+.., — M| < 0.0467 for y(25) = AZ
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(a) Invariant mass distribution of Mg, for y(25) — Ax. (b) Invariant mass distri-

bution of My, with mass window cut M2+, — M=| < 0.0467 for y(25) — AZ
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—

(a) Invariant mass distribution of M~ for w(2§) — Az (b) Invariant mass
AT

distribution of M, with mass window cut |Mx+.., — M=| < 0.0467 for y(25) — AZ
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(a) Invariant mass distribution of M, for w(25) — AZ. (b) Invariant mass distri-

bution of M+ with mass window cut M+, — M=| < 0.0467 for y(25) — AZ
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(a) Invariant mass distribution of M_,o for w(25) = AZ. (b) Invariant mass

distribution of M_,— with mass window cut |+, — M| < 0.0467 for y(25) — AZ
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Calculated Upper Limit at 95% Confidence Level for

Formula for the calculation of upper limit is given bellow

T

B(J/w — BB) < Nobs
" — Njyjy X € X B,

Here N,,.. € and B;2presents number of observed signal events,
detection efficiency and intermediate branching fraction . The
calculated branching fraction is

B(y(28) = AZ) < 0.12x 107°
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The systematic errors for y(285) — AA, AL, AZ

Sources % error for AA | % error for AL | % error for AZ
MDC Tracking (Ablikim et al., 2017) 8 8 8
PID (Ablikim et al., 2017) 4 R 6
Y(2S) number (Ablikim et al., 2017) 2.9 2.9 2.9
A — Pr~ (Patrignani et al., 2016) 0.3 0.3 0.5
Y0 prty (Patrignani et al., 2016) — 0 -
= — AxY (Patri gnani et al., 2016) — — 0.012
Total error 0.41 .88 10.42
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Results

Calculated Branching fraction and upper

limits are
B(J/w —AX) = (1.840.19) x 107° B(y(2S) = AX) < (6.6+£0.098) x 107°

B(J/y — AA) < (8.0£0.18) x 107" B(y(28) — AA) < (2.1+0.094) x 10~

B(J/w = AZ) < (7.14£0.2) x 1075 B(y(28) = AZ) < (1.2+£0.01)x 107/
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