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Motivation
»In theory, the process of y.o = pp obeyshel icit gel ect iomul 1], but ne observed the larger

branching ratio.

» The experinental neasurenent s of the branchingratioaremuch higher than the predictions by
Color Singlet Model (CSM, but it seens to be explained well by Color Octet Mechanism( COM). More
accurate experinental measurenents will help us in understanding the decay nechanism

»BESIII has collected 448. 1 Myi( 2S) eventsWith the largest Y(( 2S) data sanpjeve can give nore

precise results.

I = K7 B RN

B(xc, » pp) (107>) 0.29 7.7240.35 8.6+0.54+0.5 [1] PRD 24,2848(1981)
B(xc; » pp) (107>) 0.84 7.7  7.50+0.40 8.440.540.5

_ a (Yo > pp) a (xc1 — pp) a (xc = pp)

BSEIl (09) [3]  0.09+0.11(stat.) 0.1240.20(stat.) -0.26+0.17(stat.) [3] PRD 88.112001(2013)

[2] PRD 51 ,1125(1995)



Data Samples

€ Data & Software
v' 09 data 156 pb-1 @ 3.686 GeV (107.0M) v BOSS software 6.6.4.p03
v' 12 data 500 pb-1 @ 3.686 GeV (341.1M) v' Monte Carlo events were
v’ 09+13 44 pb-1 @ 3.650 GeV (For generated with KKMC +BesEvtGen
continuum background)

€ Inclusive MC

v 09 inclusive mc @ 3.686 GeV (106M)
v 12 inclusive mc @ 3.686 GeV (400M)

€ Exclusive MC

Y -1y, (J =0,1,2)(200k) Pj GCO,1,2
XgU =0,1,2) - pp(200k) AngSam



Event selection

» Tracking
V.| < 1cm, |V,| < 10cm
|cos0]<0.93
NCharge=2
Total charge=0
» Official requirements for photon

ECMIUP > 50Mev (0.86 < |cos| < 0.92)
Ebarrel > 25Mev (|cos| < 0.80)
m_gammaAngleCut>20,

ngamma>=1

TOF (0~14)

> PID(use dE/dx and TOF)

P(p)>0.001 and P(p)>P(k) and P(p)>P(m) for p,

Change>0 for p, change<0 for p



The yZ. of kinematic fit optimization
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Finally, a four-constraint (4C) kinematic fits are performed to improve resolution and help to suppress
background. The left plot shows the distribution of yz..

The right plot shows the yZ. distribution of 4-C fit optimized based on the figure-of-merit(FOM)
defined as SVS + B . The background(B) and signal(S) are obtained from the inclusive MC simulation. So
the x4, is determined to be less than 60. The point with error bars are data, the red line denotes inclusive
mc, the blue line denotes signal mc of x.o, the black dotted line denotes signal mc of y.; the green line

denotes signal mc of .,



Check the algorithm
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Background Study
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The left plot shows the distribution of M(pp) compared with data and MC in the y.;(J = 0,1,2)
mass range from 3.30GeV to 3.60GeV.
We use the data taken at the energy point 3.65GeV to estimate the contribution from continuum

background and the right plot shows the invariant mass spectrum after shifting and scaling. The scale
factor is:

156.4pb~1+500pb~1 3.6 5Gev, o
fonti = * =12.1
continuum 44pb~1 (3.6 86 Ge)v
. : : : . (3.6 86-my)
Considering the energy difference, we shift the mass according to the operation, m-> (m-mgy)+m,



Background Study
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The black histograms show the backgrounds from inclusive MC, respectively. The blue
histogram shows all backgrounds from inclusive MC after the signals are removed. The number of
backgrounds from inclusive MC after all event selections is less than the number of signals. All of
these backgrounds in the signal region are smooth. they can not contribute peaking in M(pp) signal
region, they are not affect the estimate of the signal. These background shapes can be described
using third order chebyshev polynomials.



Fitting
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The line-shape of y.;: e nigh= 605494
1200 - nsigl = 2123£51 -

C P ‘ nsig2 = 2031 £ 51
1000 =

(E; X Mcshape X fdamp(Ey))@Gaussian(ém,o) :

800 x
These background shapes : using third order chebyshev a0 b Y
400;—
200 =

Events / ( 0.005 GeV/c?)

Considering the resolution of the detector , we use Mcshape to
describ the sigle .And modified by a factor E3 y( Ey:the energy of e e

. 3.30 3.35 340 345 3.50 3.55 3.60
the transition photon ), but leads to a diverging tail at lower energies M(pp) (GeV/d)

2
To damp the E3,an additional factor of fgamp = exp(— 8]%) B=0.273GeV

The chi2/ndf : 1.47
is added (which is used by CLEO ¢, it is a empirical equation)

The gauss represent the possible difference in the invariant mass resolution between data and mc
Parameters of smearing Gaussian for . are float.

o0 | e G GoH

Yoo 5621 6054194 24.214+0.38+1.06
Ye1 6241  2123+51 8.02+0.1940.41
2018/5/21 Yo,  59.68 2031451 8.35+0.21+0.41 10



Augular distribution

o 1
- g [ 200
g 7"", Before correction I o b 1200 After correction
5 I + ERCR Z
[ S B F
_— z I E r Z 100
L =06 —e——e—0—0—0—0——p— 2 [
Xco = PP e Tt T f N
C F = —— 1000
L 0.4 C
5001 sl s00l x¥ d.of=0.7
r E [ o = 0.04%0.06
0 P SN RS S ST I S S S S S S S 800 C L L |
400 L L L -1 -0.5 0 0.5 1 -1 05 0 05 1
o 05 0 0.5 1
"’sex'"p cos0. cos6,

/0.2

. e I Before correction B I
AT & r S
— < + g 08 4
C 1 Z sk 2 F &
d r E | 9o . g o o o0 =
g I B0 >
r [
L P —e—
200~ r
F 0.4~
150 b2
L + —+—- ‘
L -1 05 0 0.5 1
W=l % s o v ppuw P vw oy (o gy cosd, ,
— -1 0.5 0 0.5 1
) cosf.. .
X C2 p p s F Before correction o Ir !
F r < L e
E B _+- z‘ F a
7z, 250 £ 08— =
= r 3 [ Z
g E d
: s N S P :
e + _+- 2 ]
L 04—
1501 02
[ LI a5 T 0s 1 - o =-0.3410.10
ite ssianoselfore of I cosh r
-1 -0.5 0 0.5 1 TP I NI E S I ER |
cos6 -1 0.5 0 0.5 1
P
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cosO distribution observed in data (a), efficiency correction curve (b), cos8 distribution after efficiency

correction, the formula 1+acos?8 is used to describe these distribution The a values are put in the MC
2018/5/21  simulation to extract the corresponding efficiencies (56.21%, 62.41%, 59.68%).(c). 11



Systematic uncertainty for branching ratio

»Source of efficiency » Augular distribution
* Tracking efficiency »Total number of Y’
* Photon detection >»B(’ — VXc])
* Particle ID

e Kinematic fit

»Source of fitting
 Damping factor
* Fitting region
* Background



Events 2

Systematic uncertainty for branching ratio
» BQOY' = vxq)

» Kinenmntic fit
*Correct the helix paraneters of tracks in MC
sinula tion.
*Takethe difference of before and after the
correction assystemntic uncertainty.
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The systematic uncertainty of the branching fraction is
qguoted from PDG.

» Background shape

Chebyshev three term equation to take the place of
polynomial two term equation to get the systematic
uncertainty

» Fit range

Varying the limit of the fit range by =2MeV/c 2 to get the
systematic uncertainty.

» Total number of '

Chinese Phys. C42 023001



Systematic uncertainty for branching ratio

» generator model
 Measurement the angular distribution of
proton in y.; center-of-mass system in data

» Damping factor: another damping
factor used by KEDR

) obtain the a value.

§ 7 N e * The a valueis varied in 16 and the difference

% a is taken as the systematic uncertainty due to

: il : the generator model.

T SRR T ARRYPRRI 560 * For x.j, the corresponding errors are 0.2%,
M(pp) (GeV/c’)

0.4%, 0.4%,respectively.

» The line-shape of yc/:
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Total systematic uncertainty ( % )

Tracking
Photon detection 1.0 1.0 1.0
PID 2.0 2.0 2.0
Kinematic fit 0.1 0.1 0.1
Damping factor 0.9 0.4 0.2
Fitting region 0.3 0.2 0.6
Background 0.9 2.3 1.5
Augular distribution 0.2 0.4 0.4
Total number of ' 0.7 0.7 0.7
B(Y' = vxc)) 2.7 3.2 3.4

Total 4.4 5.1 4.9

2018/5/21



Systematic uncertainties for angular distribution

» Background
shape

» Fit range
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Systematic uncertainties for angular distribution

» Damping factor

(another damping factor used by KEDR) The numerical uncertainties are shown below

Notes: the uncertainties are absolute!
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Summary

Using a data sample of 448.1 M i’ event with the BESIII detector in2009 and 2012, we
measure the branching ratio and angular distribution of x.; = pp.which are listed in the

following table.

BESIII SEQEL B (x;; — pp) BESIII € SEQEL B(x.; » pp) |PDG
(09+12) % number (107°) (09) | (%) | number (107°) (107°)

Yeo  56.21 6054494 24.21+0.38+1.06 x., 485 1222439 24.5+0.8+1.3 22.5+0.9

Xc1 62.41 2123151 8.02+0.19+0.41 x4 53.8 453123 8.61+0.5+0.5 7.72%0.35

Xc2 59.68 2031+51 8.35+0.21+0.41 Yo 2.0 405+21 8.44+0.5+0.5 7.540.4
BSEINl (09) 0.09+0.11(stat.) 0.12+0.20(stat.) -0.26+0.17(stat.) |
BSEII (09+12) 0.04+0.06+0.03 —~0.40+0.08+0.04 —0.34io.1oio.om w"m

7\l



Source of fitting formula Back up
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Ely) [GeV]
Fits to the resulting photon-energy spectrum

A fit using a relativistic Breit-Wigner distribution modified by a factor

of Ef improves the fit around the peak but leads to a diverging tail at

2
higher energies . To damp the E3 , an additional factor of exp(— ok

832
B =0.273GeV is added.





