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Motivation

e Hadronic, electromagnetic, and radiative decays of the J/v¢ have been
widely studied, weak decays seldom before, especially for ¢ — d
hadronic process.

o Kinematically, the J/1 cannot decay to a pair of charmed D mesons,
but can decay to a single D meson.

@ The weak decays of charmonium are rare decays. Searching for weak

decays of charmonium to single D mesons provides tests of standard
model theory and serve as a probe of new physics.

~ Weak decays
Tayg D e v +ce. <12x107° CL=90% 984
Tz Dlete +cc < L1x 107 CL=00% 987
Tas D{e*ve+cc. <13x10°® CL=00% 923
Tas D} ety +cc. <18x 10" CL=90% 828
Ty D r* +co. <715%x 107 CL=90% 977
Tas DE +ce. <17x107* GL=00% 898
Tass DK reo <25%107 CL=00% 670
Tas Dzt +ce. <13x10~ CL=90% 916
Tay D;p* +ce. <13x10° CL=00% 663



@ ¢ — u/s process such as J/1) — D%%te~, J/i) — DOKO,
J/1 — D p* and J/1p — D°K*0 have been studied at BESII/BESIII

o More ¢ — d process such as J/1 — D°7%(n)(p°), D=7 F(p*) have
not reported yet

e Multiple models'?3 predict the order of branching fraction at
10710 ~ 10712
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Data sample and software version

e Data set(part blind):

o data (2009): J/v ©3.097 GeV (225.3+ 2.8) M
o MC (2009): J/¢ ©3.097 GeV 225 M
e BOSS version: 664p01
e Signal MC: 600K for each signal channel
o Signal MC: J/v — ptr—, J/ib — p°x°, J/¢p — 77 7%~ and
/b = o
@ Decay Chain
o J/¢p — D°M
° D% — Kte v,
° M — at7= (), 79(7°, n)
o J/v =DM
° D™ — ngfl/_e
° M — nta=(pt), 7t

@ Compared with the hadronic final states, electron provide an effective
”tag”



Analysis Technique

@ Fully reconstruct the detectable final states

@ Information of semi-leptonic decay is examined by Upiss =
Emiss - 'Dmiss: where Emiss = ECM - Z,’ Ei, 'Dmiss = | - Ziﬁi|, i
denotes the final states

o Signal observable is recoiling mass of the light meson
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@ Charged track criteria:
e |cosf| < 0.93, |R,| < 10.0cm, |Ry| < 1.0cm

e PID:

pion, prob(pi) > prob(K), prob(pi) > 0
kaon, prob(K) > prob(pi), prob(K) > 0
e, prob(e)>prob(K), prob(e)>prob(pi), prob(e)>0.001, EOP>0.8
measurements: dE/dx, Tof, EMC(for e)

° v
o 0 < typc < 14,
o photon from barrel (| cosf| < 0.8) : E> 0.025GeV'.
o photon from endcap (0.86 < |cosf| < 0.92): E> 0.05GeV

0 < trpc < 14,

photon from barrel (| cosf| < 0.8) : E> 0.025GeV.
photon from endcap (0.86 < |cosf| < 0.92): E> 0.05GeV
1C: x? < 200, for bachelor 70, x? < 20



°
o 0 < trpc < 14,
o photon from barrel (| cosf| < 0.8) : E> 0.025GeV.
o photon from endcap (0.86 < |cosf| < 0.92): E> 0.05GeV
e At most one photon from endcap.
o 1C: x? <20
o Ks

o |cosf| < 0.93,
e no PID for pion
o m,—,+ liesin (0.487,0.511)GeV/ /c?
o Primary vertex fit: x? < 100
o Second vertex fit: L/o > 2

o pt/% (0.62, 0.95)GeV/c?

R.| < 30.0cm for tracks from Ks



Event Selection for J/¢ — D%
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Event Selection

_ Dot with error bar is data, black line is inclusive MC, red line is signal MC.
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Event Selection

100~

Events 3MeV

Uniss € (—0.043,0.065)GeV
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Event Selection

Events 1 MeV
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Background Check From Inclusive MC

No. decay chain final states iTopology nEvt nTot
0 J/ip = K'KOK* = K 7, Ks — 7070 K= n0707 T 8 5 5
1 J/p = yrta—a0x0 %707ty 6 3 8
2 U= KK, K™ = KO+, Ks — 7070 K00+ 4 31
3 J/p—ma),af = ptal pt - atad 700t 17 3 14
4 J/ip = 7 10%7F, pt = 7t 700t 10 2 16
5 J/—vKTK™ K= yK* 3 2 18
6 J/p—ajm,af = ptal pt 5 atal at = pty,  ptror07%, 21 2 20
7 J) = KOK—nt, Ks — 700 K= nOn0nt 23 2 22
8 J/p—ayrtiay, = pnlpm a0 700t 26 2 24
9 J/p—pta,pt = ata® a~mlnt 27 2 26

10 Jjib — 7£2(2050), £2(2050) — 7070 7070 28 2 28
11 J/p — 0y — yete™ ete m0yy 11 1 29
12 J/ = ¢, 6 — KHK- K-m0r0K+ 12 1 30
13 J/p = K*KO K* — Ktn~ Ks — n%n° o m070K+ 13 1 31
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S B

‘ Selecton criteria: Number Absolute ratio (%) Relative ratio (%) ‘
Total Number 600000 100.0 100.0
Charged Track 483915 80.7 80.7

/K PID 427082 71.2 88.3
Photon Selection 369846 61.6 86.6

e PID 294276 49.0 79.6

X3, Cut 285988 477 97.2

Upiss Cut 232539 38.8 81.3

Recoil Mass () Range 220286 36.7 94.7
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Event selection for J/v) — D%

14 /78



Event Selection
- Dot with error bar is data, black line is inclusive MC, red line is signal MC.
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Event Selection

30 — Jy-0°n | |

Events 3MeV

Uniss € (—0.05,0.06)GeV
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Event Selection
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Background Check From Inclusive MC

No. decay chain final states iTopology nEvt nTot
0 J/b— KK 70,0 4y K=K+ 3 2 2
1 Jjp = KK K™ o KOt K™ = K070 sy K-n0KOn+ 1 13
2 J/p = ynprta,n — 707970, 70 — 4y 7 ata0n070y 2 1 4
3 UMb o A KPR K o K0, 70 5 oy Km0y K+ 0 1 s
4 I —ARKO R = K—1t, K° 5 K, KKty 4 16
5 J/p = = artaTn =y yyyrtaT 5 1 7
6 J/1 — ynp(1870),72(1870) — af 7, ag — nat,n — vy yyyr o~ 6 1 8
7 J/h— KEK 7070, 70 — 4y K=yyyyK+ 7 1 9
8 J/pongprtn = yy,pm =1 a0 w10 o5 yy Tt yyyy 8 1 10
9 J/Y—yK KT K 9K+ 9 1 11

10 J/yp = yK3OKO KO — Ko,y — vy 7 yvKs K30 10 1 12
11 J/p = KPr0K* 70 = 4, K*~ — Ko~ KOym=yK+ 11 1 13
12 J/p = patn,p” = a w0 = yy, 70 = 9y T YYYY 12 1 14
13 J/ = K Kt K* = KO0, 70 = 47, K® = K&, K2 = ntn~  mortatyyK™ 13 1 15
14 Jp = yrtr70n0, 70 — vy = yyyyy 14 1 16
15 Jj/p = KTKO% ™, p~ = 777070 = 4y 7 Kom0yyyKt 15 1 17
16 J/ =K KT KGT = K a0 70 = 4y K™K yyy 16 1 18
17 J/ = aypt,ay = gn,pt 5wt g o 7070 70 5 4y artyyyyyy 17 1 19
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Y= D%

‘ Selecton criteria: Number Absolute ratio (%) Relative ratio (%) ‘
Total Number 600000 100.0 100.0
Charged Track 480773 80.1 80.1

/K PID 425416 70.9 88.5
Photon Selection 349208 58.2 82.1

e PID 264579 441 75.8

ng Cut 236300 39.4 89.3
Missing U Cut 209371 349 88.6
Recoil Mass (7y) Range 201498 33.9 96.8
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Event selection for J /1) — D°p°
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Event Selection
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Event Selection
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Event Selection
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Background Check From Inclusive MC

No. decay chain final states iTopology nEvt nTot

0 Jp—oatnatn 0,70 = 4y T aontat 3 8 8

1 Jp s wrtn,w— 7t 70 = gy a~a~mOrtat 7 8 16
2 J/ip— brat, by s wr”,w— a0, 70 — gy a ot 2 3 19
3 J/Y — wh(1270), £(1270) — 77t a0, 77 = 7t 710 — 4y o~ wOntrta~ 8 3 22
4 Jjp— a8 = prtpm st 70 =gy - mlrtaty 0 2 24
5 J/ip =m0y, 70 = 4,85 — pPOnt, )0 =t = mOrtat 1 2 26
6 J/p—ajn,ay s grty— a0 =gy =0t afyn 20 2 28
7 Jp—ayptiay = p0n pt 5 a0 )0 s ataT =y aaynlrtrty 34 2 30
8 J/ip = a0 0% = ptrvesr pt At 5 a7l sy bttt B 1 31
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Cut Flow

| Selecton criteria:  Number Absolute ratio (%) Relative ratio (%) |

Total Number 600000 100.0 100.0
Charged Track 435385 72.6 72.6
/K PID 427225 71.2 98.1
Photon Selection 377946 63.0 88.5
e PID 278935 46.5 73.8

ng Cut 232970 38.8 83.5
Mass (7F7~) Cut 202860 338 87.1
Missing U Cut 200961 335 99.1
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Event selection for J/1 — D~n*
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Event Selection

Events 3MeV

Uniss € (—0.037,0.04)GeV
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Event Selection
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Background Check From Inclusive MC

No. decay chain final states iTopology nEvt nTot
0 J/l/)—> KsKL,K5—>7T+7\'7 Tt KL 0 1 1
1 J/p— KOKO KO ot KO ot~ noawtnt 1 1 2
2 JJp— K*KO K* — K—nt KO - ot K- ntrtn— 2 1 3
3 Jpswrtrw—oratnl a5 yy aTrTatyy 3 1 4
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Cut Flow

‘ Selecton criteria: Number Absolute ratio (%) Relative ratio (%) |
Total Number 600000 100.0 100.0
Charged Track 434339 72.4 72.4

w/K PID 341258 56.9 78.6

K2 Selection 304543 50.8 89.2

e PID 241117 40.2 79.2

Missing U Cut 211907 35.3 87.9
Recoil Mass (77) Range 210887 35.1 99.5
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Event selection for J/¢»p — D~ p*
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Event Selection
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Event Selection
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Event Selection

Eventsy 3 MeV

Uniss € (—0.058, 0.074)GeV



Event Selection

Events/ 1.5 MeV/c?
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Cut Flow

‘ Selecton criteria: Number Absolute ratio (%) Relative ratio (%) ‘
Total Number 600000 100.0 100.0
Charged Track 398156 66.4 66.4

7 PID 397329 66.2 99.8

Photon Selection 293669 48.9 73.9

K2 Selection 199284 33.2 67.9

e PID 151457 25.2 76.0

X3 149177 24.9 98.5

Mass (77 70) cut 121871 20.3 81.7
Missing U Cut 101635 16.9 834
Recoil Mass (7+7°) Range 91431 15.2 90.0
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Background Check From Inclusive MC

No. decay chain final states iTopology nEvt nTot
0 J/ib— KK K* - Kt KO — ntn T K- 7wt 5 2 2
1 J/p = KORORO 0 — 4, KQ — ntr~ rr atyyrTat 1 1 3
3 JJb— KOpPKO Ks — ntn—, Kp — vy, p° = ntn™ AT ataT Ty 3 1 5
4 J)h— KOKOO Ks — mtn— Kp — v, p° = ntn— ot wtyy 4 1 6
5 J/p—=atbirl by = wr, 70 5 vy w o a0 w0 5 4y Tt Aty 7 1 9
6 J/b—p KTKO p~ = n 7% 70 = 4y, Ks — ntm— amataT Kty 8 1 10
7 J/1b—)7r+K°K57,K07 - Kon= Ky — vy, Ks — mto™ rmoatr Tty 11 1 13
8 J/p— KTKY Kg™ — Ko™ Ks — mtn™ Tt Kot 12 1 14
9 J/p— K*KO K* = KO0 70 — vy, Ks — wtm™ rortaatyy 15 1 17

10 J/Y = 7t KOK*= K*= = K%~ K| — 7y, Ks — nn™ A ataT Ty 19 1 21
11 J/p = KOK =7t Ks — ntn - rtK—rt 20 1 22
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Systematic Uncertainty

Sources J/p— D% (%) J/¢ — D°7%(%) J/ib— D°°(%) J/v — D p+(%) J/b— Dt (%)
Tracking 2.0 2.0 4.0 4.0 4.0
PID 2.0 2.0 4.0 2.0 2.0
Photon Efficiency 2.0 2.0 - 2.0 -
pt/p° Mass Cut - - 2.4 5.1 -
Uniiss Cut 0.5 0.4 0.5 0.4 0.9
Model: 16.1 125 57 10.3 8.6
BR Errors 0.9 0.8 0.8 15 15
J/¢ Numbers 1.2 1.2 1.2 1.2 1.2
Total 16.5 131 85 12.6 9.9
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Systematic Errors Study

° J/"’Z) — Y$P: Uniss Cut
o J/1p — pm: p%F mass window cut
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Selection of J/i — yood
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Events Selections

Charged Track Selection : Same as D~ p™ Selection

Photon Selection: Same as D~ p™ Selection

Particle ID Selection:Same as D~ p™ Selection
For Upmiss Studying
o Choose smallest (|MK1+K; — M¢|+|MK2+K27 — M)
o My~ /My €(1.01,1.03) GeV/c?
° |M,y¢¢ - MJ/T/)| < O.4GeV/c2
o 4C: x? <50

Bkgs. Level: About 1.3%
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No. decay chain final states iTopology nEvt nTot
0 J/Y 790,06 + KTK=, ¢ > KTK™ K K vKTK~ 0 2678 2678

1 J/i — yn(2250),1(2250) = ¢b, ¢ — KTK=, ¢ — KTK~ K K yKTK~ 1 808 3486

2 J = e, d— ¢, ¢ — KTK™, ¢ — KTK™ K=K yKTK~ 2 270 3756

3 JJp — F(1420)¢, f(1420) = KTK 70, ¢ — KTK=,y = v KK K~ vK* 5 16 3772

4 J/p = oK KT ¢ — KTK™ K yKTKtK~ 6 14 3786
5 J/ip — ¢f(1420), ¢ — K+ K™, £(1420) — KT K70, 70 — 4y K=K yyK*TK~ 4 7 3793

6 J/p— ¢K*KT, ¢ = KTK™ K* — K+70, 70 — 7y K yyKTKTK— 11 5 3799

7 I =K K h,0 — KTK™ K K yKTK~ 8 2 3801

8 J/— oK KT, o = KTK—, K~ — K= 7% 7% — 4y KK yyK*tK~ 7 2 3803
9 J/p— KgToK™ KgT = K% ¢ — KYK=, 70 — 4y K=K~ yyKTK* 9 1 3804
10 J/y — m(1380)K+K~, h(1380) — K* K~ K** — K*70 70 — 4y K= K~y7K+K~ 10 1 3805
11 J/Yp = vpd, ¢ — KTK™, ¢ — KTK yrsg K K yK*K yesr 3 1 3806
Total 3815
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U,iss Distribution

Systematic Error

400
023 - @ (-0.037,0.040) GeV: 0.9%
% 200~ o (-0.058,0.074) GeV: 0.4%
. 0,
T 100 @ (-0.043,0.065) GeV: 0.4%
i e (-0.040,0.050) GeV: 0.5%
-0.1 0.1

43/78



Selection of J/9 — pm
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Events Selections

Charged Track Selection : Same as J/i) — Dp Selection

Photon Selection: Same as J/1) — Dp Selection

Particle ID Selection:Same as J/¢ — DpSelection
For p mass window cut:

° |M7r+ﬂ-0ﬂ.— — M_//w| < 004GEV/C2

o 1C kinematic fit on 7°%: x? < 20

o J/Y— ptr™: My > 0.95 GeV/c?

° J/w — p07T0: M,T+7r0/MTr—Tr0 > 0.95 GeV/c2
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Background Check

[ |:|31¢~p‘" [ [IERY
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Other backgrounds level is less than 0.3%, can be negligible
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Systematic uncertainty on p mass window

requirement

data: Double Gaussian + polynominal function + J/¢ — atalr—
MC: Double Gaussian + polynominal function
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= [ g f -
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Systematic uncertainty, p: 2.8%, p*: 5.1%
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Results
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Distribution of Mass

J/p — D70 + c.c.
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e Bayesian approaches
@ 130 times unbinned fits
@ Exclusive MC signal shape + 2-nd order chebychev polynomial

Number of signal: < 9.6 (CL=90%)
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Distribution of Mass

J/¢p — D%+ c.c.

E - o

8 o Br(J/@w— D n)

r 1 0 5 10 %106
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e Bayesian approaches
@ 130 times unbinned fits
@ Exclusive MC signal shape + 2-nd order chebychev polynomial

Number of signal: < 5.3 (CL=90%)
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Distribution of Mass

J/p — DO + c.c.

—0
Br(J/Y - D p°
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e Bayesian approaches
@ 300 times unbinned fits
@ Exclusive MC signal shape + 2-nd order chebychev polynomial

Number of signal: < 13.0 (CL=90%)
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Distribution of Mass

J/Y — D nt + c.c.
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e Bayesian approaches
@ 100 times unbinned fits
@ Exclusive MC signal shape + 2-nd order chebychev polynomial

Number of signal: < 5.7 (CL=90%)
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Distribution of Mass

J/Yp = D pt + c.c.

Br(J/ — D p")
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e Bayesian approaches
@ 150 times unbinned fits
@ Exclusive MC signal shape + 2-nd order chebychev polynomial

Number of signal: < 4.8 (CL=90%)
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Final results

J/¢p — DO7° + c.c.. BR<3.2 x 107°
J/1p — D% 4 c.c.: BR<5.3 x 107
J/¢p — DO 4 c.c.: BR<4.8 x 107°
J/ib — D7t + c.c.: BR<1.2 x 107°
J/i — D= pt +c.c. BR<2.3 x 107
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o First search for J/v weak decay J/¢» — D°7%/n/p° + c.c. and
J/Yp — D pT +c.c.

o The order of 5,/ _,p—r+yc.c. decay are improved

e We have studied the data/MC difference of efficiency on Upiss and p
mass window requirements

Thank you for attention!
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Backup
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Input-Output Check

Input branching fractions
o J/ip — D70 a) 1078, b) 2 x 1075, ¢) 5 x 107, d) 10 x 1076
J/ — D
J/p — DOp°
J/Yp— Dt
J/b — D™ p*
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Figure: a) (5.2+19.2) x 1077, b) (2.2 £ 2.1) x 107°,
d)(0.8 +0.3) x 1075

c) (404+2.3x) x107°,
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UL(90%)=4.9 X 10-6

UL(90%6)=3.5 X 10-6

o
o

UL (90%)=1.1 X 10

UL(90%)=6.8 X 10-6
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Momentum distribution from J/i — D
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Momentum distribution from J/i — D°p°
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Momentum distribution from
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Momentum distribution from J/i¢ — D~
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Momentum distribution from J/¢) — D p*
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Optimization on Uy Cut

R = rsig/\/ Isig + Iokg,

Nsig kag . i i i
where rg = T8, fokg = g N.,.(i = sig, bkg) is the number of events
tot tot

after applying Unjigs cut
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