First measurement of y. —
Y9pK* + c.c.(3=0, 1, 2)
decays

Shan Gu2?, Wencheng Yan¢, Xin Shi?, Chengping Shen?

aBeihang University
oI nstitute of High Energy Physics
¢Zhengzhou University
dFudan University



Outline

» Introduction

»Data Sets

»Event Selection
»Background analysis

» Systematic uncertainties

»Summary



Introduction

»Obtaining more experimental data on exclusive decays of x state is
important for a better understanding of their nature and decay mechanisms,

as well as for testing QCD — based calculations.

» Searching for new excited baryon states is still motivated for us to enrich the
relatively poor knowledge of the baryon spectrum. We can search for excited

baryon states via y — Z'pK™.

»The world’s largest statistics of 1(3686) events collected with the BESIII detector
provides a unique opportunity for a detailed study of x.; decays.

» This analysis report the first measurements of the branching fractions of y. —
X0pK* + c.c. decays via the E1 radiative transition 1(3686) — y X



Data Sets

»Boss Version: 664p03;
»Data: 448.1x 109(2009+2012)y(3686);
> Inclusive MC: 506x 10° ¥ (3686) ;

»Exclusive MC: 2 x 10°events for every decay mode.



Event topology
— P
rrA
Y(3686) > vxy xog = 2°PK* +c.c.

> Final states of signal: yyppK*nm~ or yyppK n*

»In the next slides, the charge-conjugated
channel is included In default.



Event Selection

» Charged tracks » A Is reconstructed by Second
» |Rxy |<1cm and |Rz|<10cm for the free VertexFit
ant-proton and K*; L/, >0
L
* |c0s0|<0.93; " " I
»4C kinematic fit

* Ngood =4 & X (Q=0;
» Neutral tracks
e Default;

» With the smallest y?
 Obtain yyppn " K*

. Ny>2; >¥0-
2
~PID | : (M(VlA) - M<z°>)
* PID for proton, pion and kaon; xXo = .
° = ) )= ) = - ZO .
N)=N(p)=NGT) =N(z™) > Suppress background with y :

¥ (yyppr k™ )<y (yppr~k™)
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Event Selection
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Event Selection

600 240

220
m + Data

200
— PHSPMC

500
180

160
140
120
100
80
60
40
20

300

C\T\
O
—
>
Q
=
— 400
S—
2
-
> 200
LI

Events/ (1 Mev/c?)

100

e o e ol -

21.241.261.28 1.3

109 11 111 112 113 114 115 11 1121.141.161.18 1.2 1.2
M(pr) (GeV/c?) M(YA) (GeVic?)

—o
o
o3

M.~ —m,| < 0.004GeV M, — myo|<0.01GeV

8

pTT



Events/ (5 Mev/c?)
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Total events

1556 events left
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Dalitz plot distributions of the intermediate states
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The invariant mass spectra of the intermediate
states in y.omass regions([3.36, 3.46] GeV/c?)
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Check for the charge-conjugated decay
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The invariant mass spectra of the intermediate
states in y.;mass regions([3.48, 3.54] GeV/c?)
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The invariant mass spectra of the intermediate
states in y.,mass regions([3.54, 3.58] GeV/c?)
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Background study

Table 1: The information of the survived events from the #(3686) inclusive MC sample in y.o region.
nEvt means the number of the event from each decay chain, sum means the total number of the events in

each category.

component  decay chain final states nEvt  sum
W = o xo = pKELE - yAL A — prt pK-mtyyp 36
Signal " — yxeo.x0 = Z'KTp,E" = yA, A — pr” npyypK® 31 67
W — K" pA K™ = K o', A — pr* pKn'n*p 19
W — AK"p.A - pr K" — K*n" n pr’pKt 11
W= Yrea X — K**:}ﬁ, Kt — K+JT0,1} — pn~  n pa’ypKt 6
K~ ¥ = yra.xe = K Ap, K~ - K 1" A - prt pK a'ntyp 5 46
W — pEVKT XY — YA K™ — K+:r°,!‘1 — pr~ m pnypKkt 3
W= yxaxe = KTAp, K - Ky, A= pnt pK nyyp 1
U o Preoteo o pAK A o prt K S Kon pK nmyp 1
W= yxeo. xeo = KTPALA — pr” n pypK” 5
peakingbkg " — yx.o.xc0 = PAK A — prt pK - myp 2 8
W' = yxeo.Xco = K pAyrsg, A — pr” n pypK* 1
atbkg " — AK ATLA — pn AT — pn’ n'ﬁnapﬁ' | 1
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Table 2: The information of the survived events from the ¥(3686) inclusive MC sample in y.; region.
nEvt and sum stand for the same meaning as Table 1.

component  decay chain final states nEvt  sum
W= VYol Xer = 2K EY = yALA - pr n~ pyypK* 33 53
Signal ¥ — yye.xe — pK 202" - yA, A — pnt _E_}K_J‘T Yyp 25
W — pK* A K™ — K n", A — prt pK - n'n*p 14
e Y- KA K™Y — K", A — pr~ n prpK* 10 7

l',l‘:l‘r — K*+f._?zn, K*+ — K+.?T”, Z{] — ’}’!‘!.,A — Pn.— ?T_,ﬁﬂ”'}"PK-F «2
W= vy xe = ApKTT A = pn KT — Kty n pyypK?t

1
W' = yxe xet = K pAypsg, A — prt pK - ntyp 2
peakingbkg " — yyo.xe — K*’pA A — p:r n pypK” 1 4
W = yxei Xl = K" pA A — pr* pK ntyp 1
W = yxaxe > YK p X > yAA—prt pKntyyp 3
- YXc0. X0 = K_AP,FI. — jﬁﬂ-'- ,f-?K_.?T+'}’p 2
flatbkg ¥~ WX Xoo = KIpAA = pr= n pypK* 1 o
W= YYeaxe = TTAL A - pn, X — pa’ n prnt }fp |
W= ZVKATEY - yA AT = pr’ A - prt pK n'n* P |
W =2 E0 3 5 opr® B0 5 An' A - prt a pa'nntp 1

Table 3: The information of the survived events from the #(3686) inclusive MC sample in y.» region.
nEvt and sum stand for the same meaning as Table 1.

component  decay chain final states nEvt sum
Signal ¥ 7 WX = K2 s yAA = pr wpyypKT 2T
U = yxa.xeo = pKELE = yAA - prt ,E!K'?T }f}fp 24
K- W' — K" Ap, K" — K n",A — pr* pK n'ztp 5 o
W = AK*p,A = pr= K = K*n" n pn'pkt 4
: W' = yxe.xe2 = KTpAA — pr” n pypKt 1
eakingbk , _ _ o 2
P ERE Yxc2 X2 = K'pAyrsg, A — pn npypKt 1
L V= wxanxa = KTpAA = pr” pK-ntyp 2
flatbke W = vy xea = KTpAA — pr™ a pypK* 1 3 17
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N(x_)= 760 + 32

Fit to the MZ”ﬁK*‘ e 27

N(bkg) = 129 + 26
a0 = -0.492 + 0.22

al= 0.41+0.25
S 160 mass0 = 3.41674 + 0.00044
RS 140 [t mass1 = 3.51261 + 0.00019
> : ------ flat background 'Ii" mﬂssz - 3-55761 i 0-00024
é’ 190 [ — - pesting background sigma0 = 0.00578 = 0.00058
- sigmal = 0.00526 + 0.00033
0O 100F | sigma2 = 0.00398 + 0.00038
— :
()] 80 —
= -
) 60 —
> - l
W 40F
20 — i
0 -

K H g i
|SE T e ey A e m s s parchanssnapan

o T ' Yo 4 %j'.-ﬁﬁr&:'_. shanssss ..L:l'. u o o vnps n G
3 3.35 3.4 3.45 3.5 3.55 3.6

.

8 P i,

M, (GeV/C?)

PDF,ya = PDFge X N1+ 20

7
peaking X N2 + I:)DI:signalx N3

:

A second order Chebyshev
polynomial function.

~.

determined from the normalized
Y(3686) > vxo, Xg > APK™ +c.c.

Constrained to
the PDG value

t

PDFgigna = (BW(M) X E$ X D(E,))®Gauss(0, si%ma)

_ 1
BW(M) = (M—m,,_ d,)2+0.25r§c ,
2 2
E — ny 686~ M
4 21my,(3686)
2

D(EY) = e_&‘%
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Fit to the K™ invariant mass distributions in
X c0Mass regions
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Weighted Efficiency (Take y.o as an example)
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Systematic uncertainties

O T el

Photon detection

PID and tracking 4.0 4.0 4.0
4C kinematicfit 0.9 0.9 1.5
Bkg(third_order) 1.2 14 1.3
KEDR 04 0.2 0.4
Fit range 1.2 1.2 1.3
A (2% mass window 0.2(0.2)  0.2(0.2) 0.2(0.2)
Weigted efficiency 0.3 0.3 0.5
Higher order contribution - 0.2 0.6
Intermediate decay 2.0 2.5 2.1
Number of ¥ (3686) 0.6 0.6 0.6

Total 53 5.6 5.6



Summary

X X0Pk* + c. c. is performed for the first time, the branching
fractions of them are

channel | Efficiency Branching Fraction(yx . —
20pkt +c.c)

Xco 9.24% 760 + 32 (2.93 £ 0.12+0.16)x 10~*
Xct L0 427 + 22 (1.4140.07 + 0.08)x 10~*
Xc2 9.61% 225 1+ 16 (8.59 + 0.61 + 0.48)x 107>

»\We can not study the intermediate states well now, comments are

releome Thank you !
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