The Study of ¥(25) —
Baryon Pairs

Jiao Jianbin; Zhu Yongsheng

Shandong University; Institute of High Energy Physics




Outline

1. Introduction

2. Event Selection and Analysis
3. Systematic Error Estimation
4. Results and Summary




Introduction

Motivation
1. Check the results of the BRs of ¢/ — BB

2. Measure the « value of angular distribution in ¢’ — pp
decay, and check the theory model;

3. Check the "12% rule" in hardron decay.

In our measurement, the following decay processes are
Included:

W' — pp
V' — AN — prprT
Y — B8 — AyAy — prmprty

W — 22T - AnmAnt - prrpn Tt




Event Selection and Analysis

Criteria for charged track.

A charged particle is considered to be a well reconstructed charged track if the following
requirements are satisfied: (1).Good MDC tracks; (2).Track Charge = +£1; (3).MFIT = 2;
(4).Rxy<0.02m, z<0.2m(only for )’ — pp); (5).Pxy>0.07GeV; (6).|cos(8)| < 0.8.

And in each final state of the four investigated channels, the net charge zero is required.

Criteria for good ~.

A neutral cluster is considered to be a good photon candidate when the following
requirements are satisfied:

(1). Detected by BSC;

(2). 02y > 15°: 0,y Is the angle between the nearest charged track and the cluster in the
Xy-plane;

(3). Nyt < 6: Ny, is the first hit in BSC;

(4). et < 37°: 9;2"“ is the angle between the cluster development direction in the BSC

Yy
and the photon emission direction in xy-plane.

(5). E, > 0.05GeV.




Event Selection and Analysis

The selection of ¢/ — pp:
1. Two good charged tracks;

2. PID: A(i) < A¢(j), © = p(p); j = m, or K, and TOFquaIity =1
where A (i, j) = |tmeas — texp (i, J)!;

ity —t_| <4ns;

Oucor < 5°;

E, <0.75(GeV),

3.556 < Epp < 3.816GeV;

3.
4.
S.
6.
1.

|P_ — P3| < 0.156GeV (From M.C. simulation, the resolution of P; is
about 50MeV);




Event Selection and Analysis

The analysis of v/ — pp:

1. ¢’ — pp events: [Scatter Plot]

2. Background estimation: the main backgrounds are from 2-prong

without photon (or with low-energy photon) processes, such as
Bhabha, Dimu [Table]

3. The fitting of P,: The data are fitted by a MC histogram for the signal
plus a background function which corresponds to the simulated
background events and a flat distribution to describe the remaining
background.N,,s. = 1618.2 4+ 43.4.[Figure]

4. Angular distribution. [Detall]




Event Selection and Analysis

The selection of y/ — AA:

1.
2.

Four good charged tracks;

PID: two of four positive and negative charged tracks with higher
momentum are assumed to be proton and antiproton; the other two
tracks are regarded as 7+ and 7~ ;

Secondary vertex: the two pair of prs should pass the routine of
secondary vertex algorithm, and find the secondary vertex
successfully[10], and the sum of decay lengths of A and A should be
greater than 0.02m;

. 3.60GeV < Exx < 3.81GeV;

Priss < 0.18GeV;

| M.+ — My| < 0.012GeV. (From M.C. simulation the resolution of
My 1s about 4MeV)




Event Selection and Analysis

The analysis of ¢/ — AA:

1. ¢’ — AA events: [Scatter Plot

2. Background estimation: the main backgrounds are from the
processes which include A and A,[Table], v/ — £°3°, and
' — A0 + c.c. will also create a peak under the signal peak.

3. The fitting of M,,.-: the data are fitted by a histogram of the signal
shape from MC plus a background function which describes the
simulated backgrounds and a flat distribution to describe any
remaining sources.N,,s. = 337.2 £+ 19.9.[Figure]




Event Selection and Analysis

The selection of ¢/ — X030:
1. Four good charged tracks;
2. PID and Secondary vertex: the same as ¢/ — AA;
3. Priss < 0.25GeV;
4. Not less than 2 good ~s in the event:
)

. Xio— (PPt yy) < 20, and the two s will be identified by the
least /(M

Ty MEO)2 T (Mﬁﬁ+7 — M20)2;

6. |[Mpr+y — Mso| < 0.036GeV. (From M.C. simulation the resolution of
M+, 1s about 12MeV)




Event Selection and Analysis

The analysis of ¢/ — X0%V:

1. ¢/ — X980 events: [Scatter Plot

2. Backgrounds estimation: the main backgrounds are from the process
which include A and A, such as ¢/ — AA, ¥ — vxcu=01,2) — YAA,
P — E0E0, o — AXO + c.c., ) — NO0ZE0 + c.c., etc. [Table]

3. The fitting of M, .- the data are fitted by a histogram of the signal
shape from MC plus a background function which describes the
simulated backgrounds and a flat distribution to describe any
remaining sources.N.ys. = 59.1 + 9.1.[Figure]




Event Selection and Analysis

The selection of ¢/ — =~ =
1.
2.

Six good charged tracks;

PID: two of six charged tracks with higher momentum are assumed to be proton and
antiproton; the other four tracks are regarded as rs;

Secondary vertex: loop the 4 ws to combine with p and p, it is required that there must
be two pair of p7rs in the six final particles successfully pass the secondary vertex
algorithm, if there are more than one possibility, we calculate the invariant mass of
each pair of prs, the one with the least \/ (M~ — Mx)? + (Mpr+ — My )? wil
be the candidate;

3.593GeV < E-_ =1 < 3.779GeV;

Priss < 0.15GeV;

| M+t pt — Mz | < 0.018GeV. (From M.C. simulation the resolution of Mz is
about 6MeV)




Event Selection and Analysis

The analysis of ¢/ — ==

1. v/ — =~ =% events: [Scatter Plot]

2. Backgrounds estimation: the main backgrounds are from the process
which include A and A, such as ¢/ — 77~ J/¢ — 777~ AA, and
Y — 3(1385)T%(1385)T — AAxtT7m~ + c.c., etc. [Table]

3. The fitting of M,, .- .- : the data are fitted by a histogram of the signal
shape from MC plus a background function which describes the
simulated backgrounds and a flat distribution to describe any
remaining sources.N.,s. = 67.4 + 8.9. [Figure]




Systematic errors(%)

Source pp | AA | X020 | -5+
MDC tracking[Detail] 4 45 | 45 5.7
Particle identification 2.0 | \ \ \
Time of flight 09 | \ \ \
BSC deposit energy 1.2 |\ \ \
Acol angle 0.6 | \ \ \

A vertex finding[Detail] \ 14 | 1.4 1.4
Sum decay length[Detail] \ 1.0 | 1.0 \
ECM region and recoilingmass | 1.1 | 0.6 | \ 1.6
Piss region \ 1.6 | 0.2 1.7
~ tracking \ \ 4 \
Kinematic fit[Detail] \ \ 7.6 \
Background \ 1.0 | 2.3 0.2
Continuum data 0.8 | 1.0 | \ \

a value[Detail] 20 | 65 | 7.6 6.8
M.C.sample(G/F) 2.2 | 0.5 | \ 1.4
M.C. statistics 03|02 |01 0.1
Total number of ¢’ 4 4 4 4
Total error 7.3 | 94 | 134 10.3




Results and Summary

' — BB(x10™%)

Table 1: Branching ratios of

Results pp AA 30330 E-=T

PDG2004 2.07 £0.31 1.81 +0.34 1.2+0.6 0.94 £+ 0.31
BES-I[3] 2.16 £0.15+0.36 | 1.81 £0.20+£0.27 | 1.24+04+0.4 0.94+0.27+£0.15
CLEO-C[6] | 2.87+£0.12+0.15 | 3.284+0.234+0.25 | 2.63+£0.35+£0.21 | 2.38 =20.30 £ 0.21
BES-II 3.36 20.094+0.25 | 3.39+£0.204+£0.32 | 2.35+£0.36 =0.32 | 3.03 £0.40 £ 0.32

From the Table, the BRs of this measurement are in agreement with the results published by
the CLEO-C within 20 for pp and within 1o for the other three channels. The differences of
the BRs between current measurements and those of BES-I are 2.5¢, 3.10, 1.50, 3.5¢ for

the four channels, respectively.

The angular distribution parameter « for v)’ — pp is measured to be 0.85 £ 0.24 + 0.04,

which is in agreement within 1o with the E835 result, and close to Carimaloars prediction.




The end

Thank you!

——=—=— Wish you a happy holiday! ===




About the angular distribution

The angular distribution of ¢/ — BgBg can be written as:

dN 2
d60890<1+ozcos v,

But considering the efficiency of Monte Carlo
simulation(e;) and efficiency correction of M.C.(f.), the
angular distribution of data should be written as:

f(cosh) o<(1 + acos®0) x epro X fe

Where @ is the angle between proton and beam direction in
the center-of-mass(CM) system.




The eff. of M.C.( €y¢)

In order to get the efficiency of M.C., a 500,000 M.C.
sample (v10403) is generated by HOWL generator. Before
and after the event selection, the distribution of cosf is
Isotropic and angle-dependent, respectively, the ratio
between these two figures is the efficiency of M.C. varying

with cos0: I nfluence of detector
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The eff. corr. of M.C.( f.) |

The efficiency correction f. is caused by the difference
between measured value and expected value. If Monte
Carlo sample cannot simulate the physics process perfectly,
the difference between data and MC will show the necessity
to do this correction. The correction function f. includes the
correction of each cut, defined as:

fc _ € Data _ H € Data (Z)
1

EMC EMC

i =PID,, PID_, Ey, E,+ Ep, 0401, P5[4].

Then the corrected efficiency of M.C. is:

/
Ervfo = EMC X fc




The eff. corr. of M.C.( f.) I

A pure ¢/ — pp data sample and its cor-
responding M.C. sample are necessary to
get the epyiq @nd epro respectively. But
the statistics of v/ — pp events is not
enough to do this job.

Here the channel J/v¢ — pp is chosen as
the reference channel, because it has the
similar decay process, the same final par-
ticles and it is easy to get the pure sample.
Here, all the cuts used in ¢/ — pp will be
used to the J/v» — pp equivalently.
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The o value

) P < 6;
£2%-. o I B O
. . . s 05F *o - £ 5p
Figure (a) is the efficiency of M.C.(ep;); ™ T f R g i
. C . . . 0.4}
(b) is distribution of backgrounds in differ- ;
. . . 03}
ent angle; (c) is the efficiency correction of ol
M.C.(f.); (d) is the angular distribution of ol 4
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The sys. err. of « value

Source error(%)
MDC Wire Resolution Model 2.7
Efficience Correction Curve 2.3
Performance of Detector 2.2
total 4.2

So, in the preliminary measurement, the « value of the
angular distribution in ¢’ — pp is:

0.85 + 0.24(stat.) + 0.04(sys.)




Figure |

Scatter plot of the P, and P_[Back.]
PID, cosmic ray exclusion and multi-body Bg. exclusion have been done.




Figure Il

Scatter plot of the M(pr—) and M(p=™) [Back.]

Only the secondary vertex finding has been done.
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Figure |l

Scatter plot of the M(pm—~) and M(pm ™) [Back.]

The secondary vertex finding and kinematic fit have been done.
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Figure IV
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Scatter plot of the M(pr—7~) and M(pr* ™) [Back.]

Only the secondary vertex finding has been done.




Figure V

Momentum distribution of proton and fitting[Back.]

>
S

(Events/10M eV)
=
S

120|
10|
a0l
e0f
|

20

14 15

Momentum spectrum of the positive particle

16
Momentum,(GeV)

MINUIT Likelihood Fit to Plot

Momentum of proton(GeV)

File: /nome/jiaojb/05/hbk/ppb/psip/mnf/pmdc_d.hbk
1734.0/1734.0
1732.411732.4

Plot Area Total/Fit
Func Area Total/Fit

Likelihood = 66.9

4000&0

17-JAN-2006 23:25
Fit Status 3
E.D.M. 4.999E-17

x?= 67.1for 50- 2d.of., C.L= 3.5%
Errors Parabolic Minos
Function 1: Histogram 1003 0 Normal errors
NORM 4.69316E-02 + 1.2414E-03 - 0.000 + 0.000
Function 2: Histogram 200 0 Normal errors
ONORM 1.0000 + 0.000 0.000 + 0.000
Function 3: Polynomial of Order 0
NORM 161.62 + 3411 0.000 + 0.000
I T T T I T T T I T T I T T T I T T T
160 — —

120

80

(Events/10MeV)

40

1.340 1.440

1.540

1.640 1.740

Pproton/(GeV)




Figure VI

Mass spectrum of A and fitting[Back.]
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Figure VII

Mass spectrum of X and fitting[Back.]
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Figure VIII

Mass spectrum of == and fitting [Back.]
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MDC Tracking |

In the final states of the four channels,
there are 2 kind of charged tracks p and .
The momenta distribution of ps are exten-
sive, the systematic error of MDC track-
ing for p is taken 2% /track from the previ-
ously analysis; while, the momenta of ©s
are all no more than 0.42GeV, here we
choose ¢/ — ntn=J/Y(J/yp — puTu™)
as the reference channel to study the
MDC tracking for low-momentum-.

Distribution of P(1)

W(2S) to ==(decay from =)
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MDC Tracking Il

Efficiency of MDC tracking vary with momentum

Event Selection of ¢/ — 7tn—J/¢p — gojz :
Tt Tt By o et -
® 3 or 4 well reconstruted charged 08" Open Circle ---- M.C.
tracks; 0.75} Solid Circle ---- Data
® PID: 2 charged tracks with 0(;; ’
P > 1.25GeV are assumed to be S T S T T
1S, muidl + muid2 > 3, when % 1.05 P (Gev)
muidl + muid2 = 3, the Eig‘s‘
Egeposit < 0.2GeV; %ﬁgf
1 charged track with P < 0.45GeV ¢ 1 ¢ 3 : %
is assumed to be 7, prob, > 0.01, oed} % }
proby > proby, prob, > proby ; o7}
O | Mrecoiting(TTmiss) — Myl < 0501 0B 0z 0B 03 05 oa

0.072GeV; (From M.C. simulation,
the resolution of M/, Is about

From the right figure, the systematic error
of MDC tracking for low-momentum-7 is
about 1% by weighting average.[Back.]

24MeV)

1 — C fit for J/4p — pTp~ with
prob(x?,1) > 0.01.




Sys. Err. of Kinematic Fit

We choose ¢/ — ntx~J/v(J/vy — pm) as the reference channel to study

the systematic error of kinematic fit for 4-prong, 2-+ process.[Back.]
Event selection:

4 well reconstructed charged tracks;
2 good ~s;

PID: each particle should satisfy prob, > prob, and prob, > probg;
Resonance mass: \Mrecoilmg(wﬂr—) — MJ/¢| < 0.035GeV, M

7T+7T_7T

o > 2.7GeV:
Priss > 0.2GeV and U,,;ss < 0.3GeV;
Pr1 + Pr2 > 1.45GeV, Pr1 and Pro are the momenta of 7 decay from J/;

©o oo 000 b

6 > 5°.

Then we get the efficiency of M.C. is (86.13 4+ 0.77)% and the efficiency of
Data is (80.71 & 0.87)%, the difference is (6.29 &+ 1.31)%, 7.6% is taken.
[Figure]




The Dalitz plot of 3 «

The upper two figures are without kinematic fit, the lower two are after
kinematic fit: [Back.]
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Sys. Err. of A vertex finding

We choose J/¢) — AA — 77~ pp as the reference channel to study the

systematic error of A vertex finding algorithm:
Event selection:

9
9

L I I

4 well reconstructed charged tracks;

PID: to 7, probx > prob, and prob, > probg; to p, prob, > prob, and
probp > proby;

The p 7=+ should pass the scondary vertex finding algorithm;
3.02GeV < Epx < 3.2GeV;

| M, — — Ma| <0.008GeV, |M;, 4+ — Mp| < 0.008GeV, (From M.C. the resolution of
M is about 2.8MeV);

Then we get the efficiency of M.C. is (89.50 4 0.24)% and the efficiency of
Data is (89.28 + 0.29)%, the difference is (0.25 + 0.42)%, 0.7% is taken.

Back.]




Sys. Err. of A decay length

We choose J/¢) — AA — 77~ pp as the reference channel to study the

systematic error of A decay length:
Event selection:

9
9

L I I

4 well reconstructed charged tracks;

PID: to 7, probx > prob, and prob, > probg; to p, prob, > prob, and
probp > proby;

2 pair of pmrs should pass the secondary vertex finding algorithm;
3.02GeV < Epx < 3.2GeV;

| M, — — Ma| > 0.008GeV, |M;, 4+ — Mp| > 0.008GeV, (From M.C. the resolution of
M is about 2.8MeV);

Then we get the efficiency of M.C. is (95.38 4 0.21)% and the efficiency of
Data is (95.99 + 0.24)%, the difference is (0.65 4+ 0.33)%, 1.0% is taken.

Back.]




The Difference of M.C. Efficiency

The efficiency of GCALOR versus that of FLUKA, the
statistics of each M.C. sample is 100k:[Back.]

Table 2: M.C. Efficiency(%o)

M.C Sample pp AA 30330 =21
GCALOR 34.48 +0.15 17.20+£0.14 3.444+0.07 3.83 £ 0.07
FLUKA 35.23+0.16 17.134+0.14 3.44+0.07 3.78 =0.06

Difference 2.18 £ 0.65 0.41 +£1.15 0.00 £2.88 1.31 +2.39

Since the statistics of M.C. sample can be as big as we like,
the statistic error can be ignored, here, only the mean
values of the efficiency difference are taken into account.




Error Estimation of « Value

When the M.C. generated, the « value is a parameter, its value will affect
the detection efficiency of M.C.

To ¢' — pp, the « value has been measured by this analysis, we change
its value by 1o, the efficiency of M.C. changes about 2.0%;

To ¢/ — AA, X230 =—=1, the current statistics of these channels is not
enough to measure the « value directly, and there is no available value by
theroy prediction or measurement before. The values used in this analysis
are 0.5, we also generate M.C. samples with the « value equal to 0 and 1,
the bigger difference of |e,_current — €a=o| @NA |€q—current — €a—=1| are
taken to be the systematic errors of « value for these three channels,
there 6.5%, 7.6%, 6.8%, respectively.

[Back.]




The main backgrounds for

" — pp[Back.]

Channel Nin 1am ¢ | NaGen. Nobvs. | NNorm.
Bhabha(|cos(6)| < 0.85) 3,545,630 | 3,545,630 | O 0
Y — ete (|cos()] < 0.85) 84,560 84,560 0 0
Dimu(|cos(8)| < 0.85) 110,881 221,762 2 1.0
P — put ™ (|cos(0)] < 0.85) 81,760 163,520 0 0
P — gt~ 1,120 11,200 0 0
Y — KTK~ 1,400 14,000 0 0
Y — yxco — YPPp 326 3,260 2 0.2
Y — yxco — yrtaT 8,825 88,250 7 0.7
Y — yxco — YKTK— 8,380 83,800 57 5.7
Y — yxc1 — YpD 67 670 20 2.0
Y — yxc2 — YPD 58 580 107 10.7
Y — yxce — ym T 2,115 21,150 4 0.4
Y — yxoe2 — YKTK— 1,300 13,000 22 2.2
P — 7Opp 1,940 20,000 13 1.3
P — 7T07rOJ/¢ — 7T07rO,LL+,LL_ 151,064 151,064 13 13
Total 37.2




Table B-l

The main backgrounds for ¢/ — AA [Back.]

Channel Nin 1anm ¢ | Naen. Nobs. | NNorm.
W — 7t pp 11,200 112,000 2 0.2
V' — Tt J/Yp — T n T pp 9,409 94,090 50 5.0
Y’ — BO%0 1,504 20,416 151 11.2
Y — yxeo — YAA 232 2,320 0

V' — yxeo — v/ — yyAA | 87 870 0

P — yxe1 — YAA 125 1,250 0.2
W — vyxer — v/ — yyAA | 2,230 22,300 0 0

W — yxea — YAA 125 1,250 33 3.3
VW — yxe2 — v/ — yyAA | 1,086 10,860 0 0

Y — AX0 + c.c.[4] 187.5+187.5 | 20,000+20,000 | 1,290 | 12.1

Total

32.0




Table C-l

The main backgrounds for ¢/ — X% [Back.]

Channel Nin 1anmr ¢ | Naen. Nobs. | NNorm.
Y — AA 4,872 50,000 17 1.6
Y — vxco — YAA 232 2,320 2 0.2
Y — yxc1 — YAA 125 1,250 11 1.1
Y — yxo2 — YAA 125 1,250 4 0.4
Y — 2020 — 7O0AA 1,572 20,416 45 3.5
P — AXO0 + cec. 187.5+187.5 | 20,000+20,000 | 136 1.3
P — 20=0 4 coc. 150.4+150.4 | 10,000+10,000 | 246 3.7
Vv — yxco — ’72020 — yyyAA | 232 2,320 26 2.6
Y — yxc1 — Y2080 — yyvAA | 125 1,250 9 0.9
Y — yxco — Y2080 — yyvAA | 125 1,250 12 1.2

Total

16.5




Table D-I

The main backgrounds for ¢/ —

=—=71 [Back.]

Channel Nip 1am o | NGen. Novs. | NNorm.
P — ntn=J/p — mTrT AA 3,679 36,790 72 7.2

V' — atrTJ/p — 7T~ 3080 = 7t a " AAvy 2,537 25,370 0 0

W — $(1385)t5(1385)+ — AAnta— + c.c. 2%547.2 2%15,000 | 29 1.1

V' — Tt J/ — ata=AX0 — 7t~ AAy + ce. | 2x181.5 2%x1,815 0 0

Total 8.3
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