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Motivation

- The Electromagnetic Dalitz decays of J /3 — u*u~P (P = % n,n’) have not been

studied so far, due to the difficulty from the identification between pion and muon,

especially for the soft muon.

« Based on 10 billion J /4y events collected by BESIII, we search for the Electromagnetic

Dalitz decay J/¥Y —» u*u~n’, and try to study the transition factor of J /4y decays to n’.
« The predicted branching fractions of J/¥ - u*u=P (P = n",n,n’) [1] are listed in the

Table.

Decay mode ete” pwtp™

P — oIt (3.89753%) x 1077 (1.011959) x 1077
P — nltl— (1.21 £ 0.04) x 10=° (0.30 £0.01) x 10—°
P — 'l (5.66 &+ 0.16) x 10~° (1.31 +0.04) x 10~°

[1]J. L. Fu, H. B. Li, X. S. Qin, and M. Z. Yang, Mod. Phys. Lett. A, 27, 1250223 (2012).



Data Set

» BOSS version : BOSS 708
» Data sample : J/¢ data in 2009

» Inclusive MC : J /¥ MC in 2009

» Signal MC : 0.225 million events _
J/¢¥ = ptu~n' DalitzJPLL 3.686

l n' - ntn n PHSP l n’' - yrn*n~ Etap2gpipi 0
|

n — yy PHSP




Basic Event Selection criteria

O Good charged track selection O Good photon
* |cosB| < 0.93 « 0<TDC < 14 (x50ns)
* |Ryy| <1cm, |R,| <10 cm » Barrel : [cosf] < 0.8, E, > 25 MeV;
* NGood =42 Qpet =0 * Endcap:0.86 < |[cosf| <0.92, E, >50 MeV;

* Ny =21,0rN, = 2.
O Particle identification (PID)

e Use dE/dx+TOF+EMC: SID The good charged track
_ , 1th 2th 3th 4th
* Obtain the y%;p value for each e ut . —+ —
assumed combination of Xpoz | M ™ m n
wt out o szlm ”: ”: ﬂ: M:
XPiD4 n K K T




® Forn' >t n,n — yy case ® Forn' -y case

O 5C kinematic fit [1 4C kinematic fit

* The invariant mass of the two good » Choose the best photon with the

photons is constrained into the n mass
in PDG.

least y. .

« Choose the best two photons with the

least yz. .

0 The best candidate in an event

» select the best combination with the minimum value of X%ot = X12>m + )(‘z,ertex +

Xic + (x%c(n — yy)) from the four combinations of u*, u=, ©*, ™~.



Background analysis

Table 1: Event trees and their respective initial-final states.

The main ones: the pion mis-identified as muon.

event tree

(ete” s atata " n " vyy)

index (event initial-final states) iEvtTr | iEvtIFSts | nEvts | nCmltEvts
1 ee” 2> JJfY s ata o,y s aTn g =y 0 0 1000 1000
(e+e; —H;ﬂrﬂr‘ﬂ"y‘y) _
ete” = Jiw, Jj — p'n' p" s nteT oy =t =y
2 ' e o ‘ ' 1 0 433 1433
(ete” = atata—a yy)
3 ee = J/pJY—=rnin 1 ogn—=yy 5 0 954 1687
(ete” = atata 7w ~vy)
+ = o J . B T -" ! + o=
4 e _"”‘"’r""'f;;_T_’fﬂI;fr’_’r?f o 14 3 32 1719
ala)
ete” = J/, Jjy - ntn gy, g w
- 3 5 v =
5 (et mmt 6 3 2 1745
ete” = Jip,JYy =t gy, =ty
6 ;Jre_’; NI 2 0 22 1767
- ete” = Jjw, J/ =0y, = atr g — Yy - 1 20 1787
(ete™ = atn~yyq)
ete = JiJv =T by np—= 97,0, 5T ww—oT T
8 (ete”™ = atata— 7 yy) 18 0 17 1804
9 ete” = J/V,JY—=wnw—aata .,y st g =y 16 0 10 1814
(ete” = wtatn 7 49)
Fe= S T/, Jjy =7 gbl.n = y7.b] 5> nlw,w > aTw
10 ete T/ fft{e+;_ iqufﬂ+;—’:;—1¢ | mtw,w— atw 1 0 g 1892
F = . ; T 70 F_= 7 7 F_-
11 ere = J/U. I/ = pi,p o T E ypsR ST 0,0 =YY 15 q g 1830
(ete” = ntrtn 1" yyyrsr) *
To ™ " T . 1 G a——
12 ce - 'I/L"(i{f__’_}“ﬂfﬁf:fif'” AR 17 5 7 1837
2 VYVFSR)
13 ete” = J, J/Y = n'p(1T00)%, 7 — x¥ a0, p(1700)° = 7 ¥ m = vy 8 0 7 1844
: (ete™ = atata—a=yy)
F = T F=7 7 F_= -
14 ete” 2 /U, JfY 3 mTm oy o wes R, = Y 10 5 5 1849
(ete” = ata a7 vyyrsr)
15 ete I I maTa g S ataTy 24 3 4 1853
ete” A Wy )
16 ete” (—> Jip T — 1'r”1'r”1'rffr7+)1r_fr_ 29 6 4 1857
(ete” = ntata~a " yyvy) N
= — b 70 = — (o ) -
17 ete” = J I = aTw hl(llml‘y,hl(ll?’ﬂ) —mplp 99 3 9 1859




Further Event Selection criteria for muon/pion identification

O x2.(utun) < xie(mtnn)

x10°
i — after cut
~ 1.5_— — prun MC
RS i i
> [ Signal MC
E -
= I
o
N i
= i
E L
5 0.5—
> -
=
i | | | | 1 1 1 1 | | 1 | | | 1 | |
00 0.5 1 1.5 2

M., (GeV/c?)

80% of the signal events survived.

[1] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 96, 112012 (2017).

Events/( 22.0 MeV/c?)

=
n
I | T T

&
th
[ | T 1

For n' - mtmn case

2 — after cut

— 1N MC

[
I|III

0_|||| J]T-l—!'""f-l-lw-i__n__n —

0 0.5 1 1.5 2
M,+,- (GeV/c?)

The background of J/Y - ttt™n’

can be suppressed by 92.2%.

0> PWATesults for J /4 —» m*n~n' MC [1].
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O xi(utun') < xé(mrnn)

09 inclusive MC 09 data
- 100— i
- — after cut i — after cut
a0 60— — incluMC a —data
CO Lt
> | Z L
@ W
= i = I
.:1 40— G.
N a4 s0-
S 20— e |
>
= i = i
0_ | i mﬂﬂﬂrmrmr‘h H‘IF‘-I—-F”ﬂ—nr""rrqnn—n | 0 ! S S [Frin Ll
0 0.5 1 1.5 2 0 0.5 1 1.5 2
M,. , (GeV/c?) M., (GeV/c?)

Events: 157/1893=8.2% Events: 254/1223=20%



O The depth for u*or u~ in MUC
The depth for u* in MUC vs. its momentum

L L L L
The momentum (p) | The depth (L) = 70¢ Signal MC- E
60 E

of u*/u~ (GeV/c) |in MUC (cm) 2 : ]
O o E

p<0.6 No cut g A0E =
p €[0.6,1.1) L>(—-37.4+68 xp) | 2 %0 E
Q. 20¢ =

p>1.1 L > 42 N E
0 02 04 06 08 1 12 14

P (GeV)
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O Egyc(ut) € [0.15,0.23] GeV

The energy deposited in EMC (Egyc) for pt vs. its momentum

0.45E signal MC

0.4
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0.3
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0.15
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energy deposition (GeV)
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O NMYC >3 forutorpu-

layers =

The number of hit layers in MUC for u*

hist1_var8
o Entries 20622
N Mean 5.213
0.6 — Z sighC RMS  2.804
§ .4
l‘\-
0.5kt N 2
N | Tt nM#?
R N\
0.4 %
=] MUC
02 § N layers =3
§ >
l‘k
0.2
% —
0.151 7 1 P
; ] |
D III@II Illglllllllll IIIIIIIII
0 1 2 3 4 5 6 7 8 9 10

MUC
layers (I"+)



O Summary of the event selection criteria so far
® y2_ < 50;
® yire (U ) < Y (YY),
® The number of hit layers in MUC s at least three;
® The energy deposition in EMC can be in the range of 0.15 GeV to 0.23 GeV;
® If 0.6 <p < 1.1 GeV/c, the depth in MUC should be greater than —37.4+ 68xp (cm);

® If p > 1.1 GeV/c, the depth in MUC should be bigger than 42 cm.



Next, use TMVA method to further reduce the mis-

Identification between muon and pion.

(Thanks for the help from Dr. Yilong Wang!)
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O The first TMVA

Input variables for u*
1 |info_raw_charged_ tracks[2][7] The energy deposited in EMC of u*
2 |info_raw charged_tracks[2][8] The P, in EMC of u*
3 |info_raw charged_tracks[2][9] The P, in EMC of pu*
4 | info_raw _charged_tracks[2][10] The P, in EMC of u*
5 |info_raw _charged_tracks[2][13] The 8 in EMC of u*
6 |info_raw charged_tracks[2][18] The last hit layers in MUC of u*
7 | info_raw charged tracks[2][22] The P, of u*
8 |info_raw charged tracks[2][30] latMoment of u*
9 |info_raw_charged_tracks[2][37] e3x3/e5x5 of ut
10 |info_raw_charged_tracks[2][39] dedxnumGoodHits of u™*
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Input Variables for u~

11 iInfo_raw_charged_tracks[3][7] The energy deposited in EMC of u
12 info_raw_charged_tracks[3][8] The P, in EMC of u~

13 info_raw_charged_tracks[3][9] The P, in EMC of u~

14 info_raw_charged_tracks[3][10] The P, in EMC of u~

15 iInfo_raw_charged_tracks[3][13] The 8 in EMC of u~

16 Info_raw_charged_tracks[3][18] The last hit layers in MUC of u~
17 Info_raw_charged_tracks[3][22] The P, of u~

18 Info_raw_charged_tracks[3][30] latMoment of u~

19 Info_raw_charged_tracks[3][37] e3x3/e5x5 of u~

20 Info_raw_charged_tracks[3][39] dedxnumGoodHits of u~
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0 The first TMVA results on the correlation matrix

The large correlations between some input variables happen.

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in %

Linear correlation coefficients in %

»d_tracks[3][39] L 11 2 -3 1 50251010 8125 -2 1 17/21100 100 »d_tracks[3][39] 10 4 4 110 -3 1 5 8100
»d_tracks[3][37] [ PR SRR AR 13 -8 19535088184 05188 -4 100021 rd_tracks[3][37] -1 91{26/30182 91 9 1421008
»d_tracks[3][30] [N: B AL B 2415 218 6 6 6 18-52 100 -4 17 ¥d_tracks[3][30] 1915 6 6 18-19 " 10012 5
»d_tracks[3][22] | 4 B 1 i 81 =1 1100 1 xd_tracks[3][22] -1 -18 -1 -1 -3 100 -1 1
»d_tracks[3][18] 5 4 -44% 8020 425 8 9 9125100 520 2 ¥d_tracks[3][18] = 1 3100 -19 9 3
od_tracks[3(13] | - 6 45 145186100/25 -1 18 95 25 »d_tracks([3][13] -1 -1 9912618484100 '3 -3 18 91 10
»d_tracks[3][10] |~ 2 1186 13 1310 9 ] »d_tracks[3][10] 1522 1 = 9 10100‘ -1 GH 1
jed_tracks[3][9] | ‘.27 b 0] 310013 9 jed_tracks[3][9] 22-17 1 -1 810010 -1 6 4
RSO 108 0 -1 -2 80 3 -2 28710013 13/85 8 81 635 jed_tracks[3][8] -21 -1129100 8 9126 186 5126 4
jed_tracks(3][7] -6 100}8F 85186 9925 18 9525 jed_tracks[3][7] | -1 -1-1100/29134184 99 3 -119 91 10
3d_tracks[2][39] | 26 420 21100 21 4 152 1 5 CREVCHEDNE0 5 5 310 1 3 8 8100 -1 -1 11 - -1
d_tracks[2(37) B} | -4100/21 -6 2 -2 2 620 15 -8 1 »d_tracks[2][37] €3}~ KJ 410078 -1 =] -1 2
[ 1 100-420 8 3 3 2 sl 12413 -3 »d_tracks[2][30] [ - 0 E 110014 8 -4

»d_tracks[2][22] [ 100 4 -1 24 9 »d_tracks[2][22] | | W:f4 1 100 1 3 21 1 -25
ad_tracks[2][18] d_tracks[2][18] 1 100 1 -1
LRSI 908618686100 2209426 5 -2 -1 -1 -5-13 -1 9 -6 CRETEREIE 99196 188 881000 <1125 91 10 -1 -1 -1 -1
»d_tracks[2][10] [P0 LT -1 7188 9 1 127081 1 4 2 - »d_tracks[2][10] 9 1o1oo= = 17 22

_tracks[2][9] : 121 g% 1 4 p) jed_tracks[2][9] 810010 -1 8 22 15

_tracks[2][8] 8 81 1410 12528 4 REEERN2810008 926 87 8128 5 A7

120 94127 5 -5-13 9 jed_tracks[21[7] {0, | | L) 1125 91110 -1 -1
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0 The first TMVA results for ROC curve

ROC curve: the background rejection vs. signal efficiency

Background rejection

Background rejection versus Signal efficiency
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O The First TMVA results on the response for each method

The Classifier Output Distributions

TMVA overtraining check for classifier: BDTD

(1/N) dN / dx

Signdl (test sample) |+ Signal (training sample) |
4.3 777 Background (test sample) | | + Background (training sample)
4 —Kolmogorov-Smirnov test: signal (background) probability = 0.184 (0.127)
3.5
3 £
=]
25 g
=
1.5 s
!
0.5 4 §
0 -0.4

02 0 0.2 0.4
BDTD response

BDTD method

TMVA overtraining check for classifier: BDTG

(1/N) anN/ dx

10

[0 7] Signal (test sample) ' | | « Sighal (training sample)'

Background (test sample) | + Background (training sample) |

I"Kolmogorev-Smirnov test: signal (background) probability = 0.0933 (0.295)

F .

4 i
" 1z
L {3
= =
o =
C :
] =
’ <
% 8
g
g

-08 06 -04 02 0 02 04 06 08
BDTG response

BDTG method

TMVA overtraining check for classifier: BDT

(1/N) dN / dx

IIIIIIIIIIIIIIIII'IIlllll

10 Signal (test sample) | |
Background (test sample) | * Background (training sample)
_Kolmogorov-Smirnov test: signal (background) probability = 0.00782 (0.0837)

"« Signal (training sample) |

2
s
s
£
=
-3
s
@
)
03 02 01 0 01 02 03

BDT response

BDT method
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0 The second TMVA

Input variables for u*
1 |info_raw charged tracks[2][9] The P, in EMC of pu*
2 |info_raw charged_ tracks[2][10] The P, in EMC of u*
3 |info_raw charged_tracks[2][18] The last hit layers in MUC of u™*
4 |info_raw _charged_tracks[2][22] The P, of u*
5 |info_raw charged_tracks[2][30] latMoment of u*
6 |info raw charged tracks[2][37] e3x3/e5x5 of u™*
7 |info_raw_charged_tracks[2][39] dedxnumGoodHits of u™*
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Input variables for u~

8 |info_raw_charged tracks[3][9] The P, in EMC of u~

9 |info_raw charged_tracks[3][10] The P, in EMC of u~

10 |info_raw_charged_tracks[3][18] The last hit layers in MUC of u
11 |info_raw_charged_tracks[3][22] The P, of u~

12 | info_raw_charged_tracks[3][30] latMoment of u~

13 | info_raw_charged_tracks[3][37] e3x3/e5x5 of u~

14 | info_raw_charged_tracks[3][39] dedxnumGoodHits of u~
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[0 The second TMVA results on the correlation matrix

The second TMVA removes the positive (negative) correlation greater than 50%o.

Correlation Matrix (background)

Correlation Matrix (signal)

P Linear correlation coefficients in % 100 J— : near ratlon oel‘ﬂlen in : 100
_trac H
1d_tracks[3][37] d_tracks[3)[37] 1080088 o 1 1210 8
»d_tracks[3][30] d_tracks([3][30] - 6 6 -19 100 =12
xd_tracks([3][22] d_tracks[3][22] 1 1A 100
wd_tracks[3][18] 4 9 9 100 d_tracks[3][18] 1 1 100
»d_tracks[3][10] 1 13 100 9 ' d_tracks[3][10] | [ 10 100 1
jed_tracks[3][9] - .27 1 100 13 9 ed_tracks[3][9] | - 1 -1 100 10
1d_tracks[2][39] 100 1 1 4 1 d_tracks[2][39] 1 3 8 8 100
d_tracks[2][37] 4 100028 2 2 20 SEmrackei2N3T] 4100 8
d_tracks[2][30] 100 4 20 3 2[80 1 LU )] 1 100 -4 8
sd_tracks[2)[22] 4 1 24 d_tracks[2][22] | 1 3
xd_tracks[2][18] 1 d_tracks{2][18] 1
d_tracks[2][10] 14 7 9 27 (81 - SRERCEZN1D] 3
S . = - - 1 -100 i Ingy Ingy ingy ingy Ingy B Ingy Ingy Ingy ings ing ingy A -100
0_ra0_rgl0_rgl0. r0_ rio0 0 M0 M0 0 100 40 40 e, o o o oo o
B Bhart-Chat Shot Sho Shatt S Sha Shot Ehott ha Shott Ehat o rGeq Geq  Geq  Geq M Teq  deq  deq " heq  deq  Geq  deq  deq  deq  geq
R A e e e R e e e e S S S A S
SRSz R RS S ok ’@mﬂ?@ﬁ{%@fﬁ{%ﬁ{’fkgﬁm R T BT G BT S Gy KR A R KB EVES BV
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[0 The Second TMVA results for ROC curve

ROC curve: the background rejection vs. signal efficiency

Background rejection

Background rejection versus Signal efficiency
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O The Second TMVA results on the response for each method

The Classifier Output Distributions

TMVA overtraining check for classifier: BDTD TMVA overtraining check for classifier: BDTG TMVA overtraining check for classifier: BDT

Signal (testsample) ' | | * Signal (training sample)

T

T

S  [100]signdi testsample) ~ | |« Signal (training'sample) = ' S HZT Signal (test sample) |~ ' | | « 'sighal (tralning sample) " 5 .
= 45 Background (test sample) =+ Background (training sample) = 7] Background (test sample) | * Background (training sample, = 5 Background (test sample) | | * Background (training sample) -
2 4 EKoImogorov-Smimov test: signal (background) probability = 0.184 (0.127) % ~Kolmogorov-Smirnov test: signal (background) probability = 0.204 (0.546) % _Kolmogorov-Smirnov test: signal (background) probability = 0.0296 (0.209) N
< 3 6 L z
T 35 = s Z/’ T 3K —
J , - .
9 % g é E ]
5 4 15 3 =]
25 e 5,’ B8 r ]
2 £ 3] 12 - 1
s - {s 2 =
1.5 s - 1S C 7
1 7 a 1= =]
0.5 2 b / S {3 C .
0 g 0l mﬁ*ﬁ‘ﬂw — £ § L |
0.2 0.4 08 06 04 02 0 02 04 06 08 O aa 68 oA T ol 02 03
BDTD response BDTG response BDT response

BDTD method BDTG method BDT method

» Finally, the BDTG method is selected to suppress the pion mis-identification, and

require the BDTG response to be greater than 0.
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O Dalitz plot after applied above criteria

Signal MC 09data + small 17 data
105”'””'”'””'”'””W”W”W””W”E 140 10;”'WW””U”W””WWU”W““P”WWE 4
9: —I 9t ‘3I3-5
8- 44120 . 8F g= = =
R Y - . = 13
o 7c = o 7/F } E
> - E 100 > 6 . -T?._. 4 2.5
o) 6 (1] n . l-- . E-
C 5 : O 50 iy E b
T 4_ _; -F 45_ = = H _E _15
+ 3 ol S - = - ]
T 3¢ E 3 - " o 1
= = 2F - =
T - i = IO-S
0 12 3 456 7 8 910 ) )
M. (GeVi/c) Moy (GeVie)
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O Fitto M(r ™ n)

Events/(1.0 MeV/c?)
S sk
— W
S S

n
—

N
0.93 094 095 096 097 098
M(TT'TTn) (GeVle?)

In the fit:

Signal: a double Gaussian function;

Background: Chebychev function;

M(n*m™n) € [0.93,0.98] GeV/c?
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O Two-dimentional fiton M(r*t™n) and M(u*™u™) Need more checks

Signal J/¥Y - utu n' MC J/Y -t n' bkg MC Other bkgs: Chebychev
| 09data + small 17 data a0 Total fit result .
% or * ] % a0l * i
= | ' = -
_ F a20f * .
2 201 . z *
k : | Z 10F -
0 psstastatit | oo Opsme—— 7t 4 Tt
0.93 0.94 0.95 0.96 0.97 0.98 0 0.5 1 1.5 2
M(mtt ™ n) (GeV/c?) M(u*po) (Gev/c?)

The number of events for each part is floated.
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O Summary and next to do

® By using y2(utun') < yi(mTmn’), we can effectively suppress the background
from pion mis-identification.

® The data from 2017,2018 will be added.

® More check on the 2D fiton M(u*u n)and M(u*u™).

® Study the form factor of J /4y transitions to n’.
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The momentum of u +
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