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The branching fractionof )/ - . s large ,which can offer us a clear and sufficient ]
. events to study decay more precisely. i
. / I 5 s + — + — i

The double Dalitz decays proceeds through two virtual photons intermediate state |
with internal photon conversion to €+ £~ pairs. These processes are of great interest i
for understanding the pseudoscalar transition form factor and the interactions i
between pseudoscalars and virtual photons. :
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1.085+£0.018 547.853 + 0.024 1.30 = 0.07
J/ - 5.25+0.07 0+ 957.78 + 0.06 0.204 +0.015




B Theory 1: '
y uedlon Icon Gomhnanc (D) ||y L il e oo

Lo+ - (5.465+0.079) x 107 |
s (9.634+0.163) x 107° |
AN (3.458+0.160) x 1077 |
— + - + - (947 +0.067) x 1078 E
B Theory 2: the data driven approach Theory 2 : Chinese Physics C Vol. 42, No. 2 (2018) 023109}
S (239407) x10°6 5
I (398+015) x107° |
I (6.39%091) x 1077 |
SN (1.69+0.36) x 1078 |
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Current status - Experiment

II. THE EXPERIMENT

The experiment was performed at the CELSIUS stor-
age ring in Uppsala, using the WASA detector setup
(fig. @) [22]. Protons with a kinetic energy of 893 MeV
interacted with frozen droplets of deuterium [23]. The
n mesons were produced in the reaction pd —3Hen close
to the n production threshold. The detection of *He ions
in a zero-degree spectrometer (tagging detector) provided
a clean n trigger independent of decay channel [24]. The

BR,,, : M. Berlowski et al.,Phys.Rev, D 77 (2008) 032004

exp *
. <16 x1074(CL=90%) < 1.6 x 104(CL=90%) WASA
-+ - < 3.6 x 1074(CL=90%) WASA
"_) == = not seen
— + - + - not seen
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m BESIIl Offline Software System version: 7.0.8

B decay:
v HELAMP
N e DIY etaemu
. DIY etadmu
e DIY etap4mu

e DIY etapemu |
B job :data +signalMC+ inclusiveMC (09+12) |



[ e e

/’ + - + - + — + —

B Good charged track B 4mu 4pi pid&&kmfit
*  |Ry|s10cm, |Rypl<1cm  pid-> useDedx && useTofCorr
* |cosB]<0.93 * 4 charge tracks to do vertex fit
« nCharge =0, nGood =4 *  4c done to constraint J/y mass
B Good photon B 2e2mu pid&&kmfit
 Baeeel : E =25MeV, |cosB|<0.8 « set12 group
 Endcap : E 250MeV, 0.86< |cosB| <0.92 . vertex and 4c fit for 12 group
e 0=<TDCgyc<14 (x50ns) . vertex and 4c fit for 2e2mu
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Background study

. it 4=
Table 1: Decay trees and their respective final states.
rowNo decay tree decay final state iDecyTr nEtr nCEtr
1 Jip = ny,n > atr " atm=yFy 0 1371 1371
2 Jip =5y, g > ete ntn” ete mtn Ty 1 41 1412
3 Jp = ny,n - atayFyS A e 2 3 1415
4 Jip = 7%, " =5 T wonta 3 3 1418
5  Jy—onvg sptuyt ptumy "y 6 3 1421
6 Jiv— ete yTAf ete v 4f 7 2 1423
7 Jip = ete S ete yf 4 1 1424
8 J/p = 7lnta wonta 5 1 1425
9 Jip =0y, q sete ntnyf  etenTayyf 8 1 1426
Cut SigMC Efficiency
Myey (0.9, 1.0) 118357/450000 = 26.30%
22e2u < 40 107044/450000 = 23.79%
M,. (0, 0.1) 83946/450000 = 18.65%
Rigy&2 23607/450000 = 5.25%



Background study->Gamma conversion

B The primary peaking background comes from the decay J/Y — yn', n' = yu+u—-, where
the photon converts to an e+e-pairs in the beam pipe or the inner wall of the drift

chamber.  —data = SigMC
140—
10 = —1
N 120}
. ) I
6F S +
= > 1004
= § i *
i - 25 80} ~ ipe:
SignalMC = *- g 8oL # + Rxy ~ 3cm, for beam pipe;
L op — iy » . s
& b S 60l Rxy ~ 6¢cm, for inner wall;
-2 B E= [
E- =] :
A4 S 1]
o > ;
o =
8 20
_101—.;. 4‘ i ‘-42,,‘._‘ .{._‘..l_.lz 4 : o : 1. o R £ A i T " 4
086420 & 8 10 0 2 4 6 8 10 12 14
R,(cm) ny
o E R . . . .
C 15F Table 1: Decay trees and their respective final states.
5 o
> 10 :_ rowNo decay tree decay final state iDcyTr nEtr nCEtr
Data E‘f: 1 Jip = n'y,q = rteqF atr—Fy 0 1371 1371
5 ,_._ 2 Jfp = ny,q —sete nta” ee m g 1 41 1412
r 3 Jf = vy, n = ot yFyl a T yF ! 2 3 1415
0 ; 4 Jfp = 7w%°, p® 2 wtw™ e A 3 3 1418
I 5 T = gy, = ptp A" prpyFy 6 3 1421
-5 E 6 Jjih — ete” it eteyiyf 7 2 1423
10i gy Aot 7 Jjp— ete S ete 7/ 4 1 1424
1'5‘ S 1'6' L 15 8  Jp—rlntn worta 5 1 1425
9 Jp = ny,n — ete nta vl efentnT4yf 8 1 1426
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Background study->Gamma conversion Ry 88 Maepp

Beam pipe |

B By changing the reference point of the helices of all e* tracks

to their respective points of intersection with the beam pipe.
»le. This procedure changes the direction of the vectors, but not
p their magnitudes.

B green: [P point
Signal MC Data m yellow: beam pipe
ancsen - S sz S8826Ens e sz s S s = R s e B blu e: in ner wa ”
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Background study->Gamma conversion R

B For Gamma conversion : ®ee is expected to be close to zero
B For Signal : any Angle

Signal MC Data

ooy FRiee| 12003141352 ) [Fonv-ateony. 104 &2eEmy_mZn2mus0 Ra202my_m2eimuc] DAEReEMU ChiZcdDAEEN2m. m2acl 1)

—500

rconv
rconv

—400

for Backgroup :
| —300 2,5<ny <8
% 0< o <40

100

60 80 100 120 140 160 180
Phiee*(180/3.141592) Phiee®(180/3.141592)

160
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Background study->Gamma conversion

G R, e -
Myeow (0.9, 1.0) 118357/450000 = 26.30%
2,90 < 40 107044/450000 = 23.79%
M,. (0, 0.1) 83946/450000 = 18.65%

Ry &8 Maenp 751807450000 = 16.71%

Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state 1DcyTr nEtr nCEtr
1 Jip =y, = wtayF ata= Ty 0 458 458
2 Jv =y, 0 s ete ntn™  etemntny 1 34 492
3 J/p — ete I 4 etenfyf 3 2 494
4 J/p — ete ! ete ™/ 2 1 495
5 Jip = 'y, = ataqF vl atamyFyeyd 4 1 496

Ry & e 81794/450000 = 18.18%
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Data 2e2mu<chi2 : 4mu_chi2
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Data 2e2mu<chi2 : 4pi_chi2

(22)= (4)

22 )= d)
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Myeoy (0.9, 1.0) 118357/450000 = 26.30%
2,0, < 40 107044/450000 = 23.79%

My (0, 0.1) 83946/450000 = 18.65%
Ry 88 e 81794/450000 = 18.18%
Ry &8 Maoep, 75180/450000 = 16.71%
200 < 2 74950/450000 = 16.66%

2 74628/450000 =

2
2e2p < 4

16.58%



| -~ * ~ * 7. data

2e2mu_m2e2mu 2e2mu_m2e2mu {2e2mu_m2e<0.1} 2e2mu_m2e2mu {2e2mu_m2e<0.18&2e2mu_chi2<40}
htemp htemp htemp
800 — Entries 16161 = Entries 13591 F Entries 10140
= Mean  0.9395 seol Mean  0.9353 600 — Mean 0.9341
700 = RMS  0.02009 F RMS  0.01487 b RMS  0.01159
800~ e 500
sioE- 500 — E
C C 400 —
A 400— [
E E 300[—
300— 300 — £
200 200 200
100 100 — 5
2 = 100 —
= e B e e e e e e ey ' . E Cmow g om o o v o R, o ; C
0.9 0.92 0.94 0.96 0.98 _ 21 . 0.9 0.92 0.94 0.96 0.98 1 - | | |
e2mu_mdezmu L L L L L L L L y T
& a2 2eam 033 0.9z 094 0.96 0.95 1
t M t 2e2mu_mz2e2mu
: P cut:Metap+Mee cut:Metap+Mee+chi2
2e2mu_m2e2mu {2e2mu_m2e<0.18&2e2mu_¢ .14157180)>40 o Wamas i A - . b, o i 8 1 P, 41 A 13 8 e S o, 84 .m0 8 B S O 3 B 3 o, e B, ., . 1,
htemp htemp htemp htemp
[ Entries 1408 1000— Entries 1406 E Entries 1331 90— Entri
100 Mean  0.9359 L Mean  0.9359 90— Mean 09357 E Mne:ss 0_3,%;3
I RMS  0.01091 = RMS  0.01091 F RMS _ 0.01073 80— RMS  0.01012
fe - 80— E
80— 80— F 70—
i L 70/ E
I L s 60—
80— 60— = E
& L 50— 0
e 20— 0= e
C L 30 30—
20— 20/— 200 » |
I - 10; 10;
oL A0 L o Of b cnpno | 0 APLT Gorts SAEn L oF pl Pk L E P Ol erd cmee | E TN
0.9 0.92 0.94 0.96 0.98 1 Szl e 0.8 0.92 0.94 0.98 0.98 1 0 0.98 1
2e2mu_m2e2mu - 2e2mu_mze2mu 2e2mu_m2e2mu

cut:Metap+Mee+chi2+ cut:Metap+Mee+chi2 cut:Metap+Mee+chi2+ cut:Metap+Mee+chi2
Rxy&Phiee +Rxy&Phiee+Rxy&M Rxy&Phiee+Rxy&Meebp +Rxy&Phiee+Rxy&Meebp
eebp +chi24mu +chi24mu+chi24pi
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THANK YOU FOR WATCHING!




