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Data Sample

Sample Year Run range Luminosity (pb™!)
11414 — 13988

round03 2010° 14395 — 14604 2031.8 + 0.2 + 13.8¢

round(4 2011 20448 — 23454

round15 2022 70522 — 73929 4995 + 19°

round 16 2023 74031 — 78536 8157 + 31°

round17 2024 78615 — 81094 4191 + 16"

Directory  Process Cross section Luminosity Newt (x10%)
: ) o (nb) Scale round03-04  roundl5 round16 round17

DODO* ete” = (3770) = D°D° 3.615% 80x 105.92x 8 180.57 %8 294.88 %8 151.51 %8
D+D-* Ye” — (3770) - D*D 2.830" 40% 82.92x4 141.36 x4 230.84x4 118.61 x4
ditan? ete” = 1tr 3.0 40x 87.95x4 149.85 x4 244.71x4 125.73x4
nonDD? ete” — ¢(3770) — non—DD 0.5 40x 14.66 x4 24.98 x4 40.79x4 20.96x4
qe’ ete” = qq 16.86" 40% 495.47x4  842.15x4  1375.27x4  T06.61x4
RR2S2  ete — yisnth(25) 3.4 40 99.68x4  169.83x4 977.34x4  142.49x4
RR1S?  ete — g /¥ 1.1 40% 32.25 x4 54.95 x4 80.73x4  46.10x4
Bhabha® e*e” —e'e 520.5 0.25% 381.5 650.0 1061.4 545.4
digamma® ete” — vy 24.7 3% 217.2 370.1 604.4 310.6
dimn® ete” =t 6.4 15x% 281.5 479.5 783.1 402.3




Event Selection

Good charge tracks:
1. |cos 0] <0.93
2. |V,|]<30cm,V,<10cm
3. Nggog = 4

Good photons :

1. |cos 6, < 0.8 for the barrel and E, > 25
MeV;

0.86 <|cos 0,| < 0.93 for the endcap and
E,>50 MeV

2. d6,,;;, > 10° ,while for p d6,,,;,, > 20°
3. Nphoton > 2

PID
1.N,, 21 && N, 21 && N, 21 && N >1

Vertex Fit:

1. Successful vertex fit for pm, prt™, and
Xoo1 = Xori + XZec is minimal,

Kinematic Fit:
1. EYisr > 400 MeV
2. %4 <200

2 2 2 2
3. nyAA < nyyAA && nyAA < XyAA



Truth Information
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Output Information
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Output Information
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Output Information
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Signal MC
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Signal MC

Distinguish two channels by comparing My, , Mz, with My, ;5:pp¢)
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Further Selection

FCN=506.428 FROM MIGRAD STATUS=CONVERGED 108 CALLS 109 TOTAL
EDM=6.02471e-10 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 6.02338e+02 1.65047e+01 1.15016e-01 -3.02635e-06
2 Mean 1.11591e+00 1.90852e-05 5.32109e-07 -1.29029e-01
3 Sigma 1.09865e-03  2.32789e-05 3.20179e-05 -5.33384e-03

FCN=549.288 FROM MIGRAD STATUS=CONVERGED

EDM=4.99713e-10  STRAT [ (5= 3773 Mev -
EXT PARAMETER 700 — - Vs = 3773 MeV
NO.  NAME VALUE ERROR ~—4— Signal MC 4 Signalmc
1 Constant 6.12139e+02  1.66758e+01 600 |— o 600 [
2 Mean 1.11589e+00 1.86207e-05 Gaussian fit = Gaussian fit
3 Sigma 1.05634e-03  2.20010e-05
500 500
‘g 400 2 400
= 3
|MA/1_\ - MPDGl <50 300 H 300

200 200

|MA//_\ - MPDGl < 5.493 MeV

100 100
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Further Selection

FCN=657.239 FROM MIGRAD  STATUS=CONVERGED 127 CALLS 128 TOTAL
EDM=2.81408e-09  STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 5.50223e+02 1.60700e+61 1.23290e-01 -7.28356e-06
2 Mean 1.19174e+00 7.00315e-05 8.63303e-07  3.03241e-01
3 Sigma 3.85156e-03 8.88722e-05 3.14733e-05 -2.32313e-02
EDM=3.12644e-09  STRATE
EXT PARAMETER 700 =
NO.  NAME VALUE ERROR [ 15 = 3773 MeV
1 Constant 9.72512e+02  2.63707e+01 s00 F—4— Signal MC
2 Mean 1.19148e+00 6.87190e-05 - o
3 Sigma 3.86950e-03 8.07774e-05 Gaussian fi
500
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Further Selection
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Further Selection
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Further Selection

A more relaxed selection strategy:

13—
- 160 1.105 GeV < MA//—\ < 1.125 GeV
125 ...' —150
: 4 1.12 GeV < My 5 < 1.3 GeV
= 12 o 30
s = Vac <127
- _ 10
o5 =Y TR RT, Ti2s
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Sample Year Run range Luminosity (pb™!)
11414 — 13988
round03 20100 14395 — 14604 2031.8 + 0.2 + 13.89
round04 2011 20448 — 23454
round15 2022 70522 — 73929 4905 + 19°
round 16 2023 74031 — 78536 2157 + 31t
round17 2024 78615 — 81094 4191 + 16°
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Background Analysis

i ditau nonDD RR2S RR1S | Bhabha | digamma | dimu
Sample

Round0304 21361 2245 602 0 0 0
Round15 0 422 33867 3519 869 0 0 0
Round16 0 757 56595 5716 1518 0 0 0
Round17 0 376 29168 3028 761 0 0 0

Total 0 1843 140991 14508 3750 0 0 0




Background Analysis

qqbar:

Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state iDeyTr  nEtr nCEtr
1 string — w"AMA = 7 p A = atpat = pteu, pt — etuen, et vev, mm'n T pp 0 20784 20784
2 string — T"AAMA 7 p A s ot p m'xtr T pp 2 6150 26934
string — m°AMA = 7 p, A = 7 h T = p ot = ptu,, o . )
3 at = et v, ' ! ! e Ve T VDT pp 3 3334 30268
I AR — A +o +
g String o nAAn =y A= aTp A = wip T o ptv, e VeV DT DYy 7 3177 33445
= e ey
e 0p 50 - %0 Ame A += _+ +
5 a{::m,g :> ?T_AE Ao a T p, B s Ay A aTp T = pT iy, et Vev, 7 mOn PPy 6 2535 35980
1= e ey,
; 0R$0 A I P + -
6 stl'mg :} ﬂ_AZ N = 77PN = Ay, T = pTy, A= T p, e* Ve Dm0 Py 8 9469 38449
u = et ey,
string — ALY A = 775, 8% = Ay, 7t = uFuu, A = 7, . o ) . )
7 ut = et e v, by ppry 4 2008 40457
string — AZY A =7 p, 2% 5 Ay A = wt g at — ptu,, o .
8 4 = et v, ! e Vv, by ppry 14 1914 42371
9 string — AAA = TP, A= :'T+ﬁ, ot = ,u+u,“ Ju+ — e+ye:7” e"'u,_.r{,,_r_f“',rr_pﬁ 13 1537 43908
10 string — TAAMA s m p A s atp T = op” 7 p_ﬂ,‘ﬁnﬂ'l'pﬁ 27 1123 45031
11 string = AN, = vy, A =7 p, A= atp nta T ppyy 25 805 45836
12 string = 7°ALY A - 1t E 20 s Ay A S p nOntn T ppy 24 746 46582
13 string — 7’AL A 5 7 p, 20 5 Ay, A = atp mOnt T ppy 5 650 47232
14 string — 7’ ATTATT AT S atp AT s haT = ptvpt = e, e v, vy n T pp 10 623 47855
15 string — ALY, A = 7t X% = Ay A = 77p nta " ppy 49 608 48463
16 string — ALY, A - 7 p, 8% - Ay, A = 17 p nta T ppy 1 537 49000
. string = nAN,np = vy, A= 7 p A = atpaT = u i, P - -
1 2 Ve " 1 25 4952
7 7t = v pt — et € Vet VLB D ppryy 8 525 9525
string — wALO A — 7t 5, 20 = Ay, 7T = pT v, A = T, T -
18 wt = e b, = i, e Vet Uu DU, ppry 20 480 50005
19 string — AMA =7 p A= atp Tt pp 42 413 50418
: 050 50 ., A~ $0 _, X - A +=
20 string — 27357, 87 = Ay, Y = Ay A =7 p, A —= 77D, et YoV DT BTy 40 413 50831

wt = ,u"'vp_,,u"' — e+v,_:17,‘




Background Analysis

Table 1: Decay trees and their respective final states.

n O n D D . rowNo decay tree decay final state iDeyTr  nEtr  nCEtr

Jus / e OAA. / . A t5 at +
(.Iix.ster.j ?{377(})1 P(3770) = T AMA =2 7 p A= alp T = pley, e+ Vv B mOnpp 0 o57 957
= et ey,

2 cluster — ¥(3770), ¥(3770) = 7°AA A = 7 p, A o 7t p mlrtn T pp 4 85 342
cluster — (3770),(3770) = 7"AZ°, A = 77 p, &% = Ay, A = =7,

3 T o gt pt — et Ve, et vev, vl n T ppy 5 48 390
(s 1 OATD A +5 70 + +

4 ;fiite;_; ;E:E&l’?gl,i(ﬂ?fm) =S 1A A =27 p B = Ay = o p g, e+ Ve DO ppY 25 48 438

_ cluster — ¥(3770), (3770 —}ﬂoA/-\,A—? T p, A — TP, T = p Py, o _ N

7 7t - ,u+v:b(ﬂ+ —3 j'(vgfm) g ’ n € Vel VPP PP 10 39 4T
cluster — 1(3770),4(3770) — 7°L8%, 8% = A, 5% = Ay, A — 77 p, - P

6 A= 7r+f), at = ,u+v;,_,.|u+ — e+vf:r7;,. € VeVl TR PPYY 30 2 500

7 cluster — ¥(3770),9(3770) = 7°AAA = 7 p A watp ™ — u o, u ot pp 38 20 520
cluster — ¥(3770),(3770) = n’AX° A = 7 p, 2 5 Ay, A = 7' p wnt T pEy 6 19 539

| j DA+ A= A+ 4, A-- -5 o+ +

9 clrsf.er :> qi{3770)., P(3770) = T ATTATT AT 5 axtp, AT wr T pmt — pt ey, e vev i, mOn pp 19 17 556
pt = etven,
cluster — P(3770),¢(3770) = nAA, n = v, A = 7 p, A = 7' p, o -

10 ot ;.a+.vv{,u,+ _2';{1} - )= 1= P p; et v, b, ppryy 2 15 571

(T8 elu

11 cluster — ¥(3770),9(3770) = 7°AZ°, A = 775, 2% = Ay, A = 77 p 't ppy 27 15 586
cluster — ¥(3770),¢(3770) = 7"AZ° A = 77p, 2% — Ay, 7" — ptuy, L o - -

12 Ao 1t = et vedu, 1 — pm o, €T Vet Uy Uy ppry 54 10 596

. cluster — 1 (3770),%(3770) = nJ /i, n = vy, T/ = AN A — 77 p, I o )

13 Ao atpat o ptu, pt - etvep, €T VeV, U, T PPy 43 9 605

_ cluster — ¥(3770), ¢(3770) = 7°AZ° A = 77 p, 20 = Ay, m™ — p oy, I

14 E — 77+]5, ﬂ+ — ,u+uu,,u+ — 6+V3L_’u € Vel Vy VT ppry 1 7 612

= -+ + - 0_—

15 cE}:ster +—> 1,?(3770), Ww(3770) — pphy (1170), hi (1170) —» np~ 7" — u vy, p~ — 7w, et U BT pp 8 - 619
1= e ey, ) )
cluster — ¥(3770), 9(3770) — 7’ AT A" AT S atp, AT s gt =ty o ‘

16 CE TR 7 .{,u+ —Z e"'{uf-ﬂ,f) ! g o eTrep U“Uuy“ﬂ%]p T 6 625

7 cluster — ¥(3770), ¢ (3770) — xc17, Xe1 — J/¥by, T/ = AN A — 77 p, et Vv TuT PPYY m 6 631

A—=ratprt = pfve,p™ = etven,




Background Analysis

rrls:

Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state iDeyTr  nEtr nCEtr
cluster — ¥(3770),¥(3770) — J/py, J/b — Z°EY. B = A4, 2% = Ay, o
cluster — (3770),¥(3770) — J/oy, J/ib — ANy, A = 7 p, A = 7T, n o .
2 7t = wtv pt = et e, e Vel Dy PPYY 3 223 595
cluster — (3770, 4(3770) — J/v~y, J/ib — ANA = 7 p, A = 77 p, P . .
3 7t = W, 1t — €T, e Vv, Uy T PPy 7 168 763
) cluster — (3770, ¢(3770) — J/uvy, J/vr — 080 50 — A4, 50 — Avy, I _
4 A7 pAoatp T ppYYY 2 155 918
5 cluster — ¥(3770),9(3770) — J/vy, J/ip = AMA — 7 p, A = 7t5 7T ppy 13 74 992
6 cluster — (3770),4(3770) — J /by, J/ip = AMy, A = 7 p, A = 7tH at o ppyy 6 73 1065
cluster — ¥(3770), ¢(3770) — J/vy, J/vr — 080 50 — A4, 50 — Avy, o ) )
7 Ao ap Ao atpn = p vt — ptvept — et v, € Vet VyuVpluppyyy 5 68 1133
cluster — ¥(3770),4(3770) — J/y, J/1 — ney, e — AA A — 77 p, + o ' .
8 Ao atpat o pto,, pt — etves, e Vel VT PPy 10 40 1173
cluster — ¥(3770),¢(3770) — J/vy, J/ip — A" A — 77 p, 8% = An, I o .
9 Ao atpat o pto,, pt o etre, e Vel Uy T PPy 1 35 1208
cluster — (3770),¥(3770) — J/pvy, J/p = AN A = 77 p, A = 71, b ) .
0 ot it it s et Vo 1t VD0, P 14 35 1243
. cluster — (3770),¥(3770) — J/oy, J/ib — ANy, A = 7 p, A = 7T, oo . .
11 T o B, = 1t v, gt — et veb, e Vet VUV ppyy 11 31 1274
cluster — ¥(3770),¥(3770) — J/vvy, J/ — ALY A — 775, 5% — Avy, n o .
12 T e Vv DT ppyYy 31 25 1299
cluster — ¥(3770),¢(3770) — J/¢y, Jjip — B8, 5% - Ay, 8% — Ay, e )
13 A=sapAosatpr —=pp, B VT ppyYY 9 23 1322
1 j_'{hitf;r_'_? P(3770),¢(3770) — J/y, J/ = ney,me = AN A — 77 p, T pBYy 2 15 1337
b
Jore e e T/~ T/l A - A +5
15 cﬂf‘ster ?_1,;(3770),1,;('%77[]) = Jfpy, T/ - AMA = 7 p, A — 7, B ppy 8 15 1352
T by
. i - A +5
16 cluster — (3770), ¥ (3770) — J/pvy, J/p — ANy, A = 7 p, A = 7' p, w Dt pBYY 21 13 1365

T = Uy




Background Analysis

rr2s:

Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state iDeyTr  nEtr nCEtr

cluster — 1(3770),0(3770) — ¥'y, 9" — ANy, A - 7 p, A — 7'p, " o

1 + + + . ' ' e Vel T PPy 0 3344 3344
= pt v, pt = e,

2 cluster — ¥(3770),¢(3770) = 'y, 9" = ANy, A = 7 p, A = 7 p m T pEyy 2 778 4122
cluster — ¥(3770), 9 (3770) — &'~,¢¥" = AAy, A = 77 p, A — =t p, o .

3 7 o ot = pt v pt = et e, € Vel VuVuluppyy 1 550 4672

4 cluster — (3770, ¢(3770) = 'y, — Ay, A = 7 p, A = 71 p, =Bt pvey g 152 4824
L TR 7 #
cluster — (3770),(3770) — 'y, — AXy, A = 715, 8% = Ay, e

) + + Iy + 2 e Vv T PPy 22 115 4939
T =y, A= rTp T = e vy,
cluster — ¥ (3770),2(3770) = 'y, — AX v A = 77 p, 2% = Axy, N o

6 R = 1t p,nt — pto, ut — etves, e Vel Uy T PPYYY 10 114 5063
cluster — ¥(3770), ¥(3770) = ', — " AAA = 7 p, A = 7t p, _ _

7 o it (M _2 €+(ye§“) T P P et vev T ppy 14 60 5113

8 custer — ¥(3770),¥(3770) — o'y, — AAy, A = 7 p, A — 7'p, u* U By 17 19 5162
mt = utu, u
cluster — P (3770), 0 (3770) — o'~y — BO8% 29 5 A4, 2% & Ar, o .

? A=apA—=atprt = ptv,ut = etven, © VebubuT PPYYYY o 16 5208
cluster — ¥(3770), 0 (3770) = ¥'v, 1" — Yeay, Xea — J/v, J/ — AA, + L " . .

10 A= 1 p A = 1B, T — v, 4 — €1, e Ve, Dy T ppyYy 6 42 5250

11 Cluster — 9 (3770),9(3770) = ¥y, 9" — A%y, A = 7P, 50 = Ay, wt " ppyyy 36 37 5287
A—=ap ’ ' '
cluster — (3770),9(3770) = ¢'v,9" = ney,me — AAA = 77 p, o

12§55 ﬂ,{ i ﬁ)ﬂz{ e )_}PJFUTD- e P et Vv T ppYY 11 20 5316

H o - el

13 custer — ¥ (3770), ¥(3770) — o'~ = AE v A = 77p, 2% — A~ T+ By 23 % 5342

FL — ?T+;5
/ / By, tamJly,wt fu, I e
14 ;Ejrwfre;t,;{li’(?ﬂ).,@;{3770) = Py s T It = e, Jfp — ppy” et Ve BT DY 4 9% 5368
e P
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EXT PARAMETER STEP FIRST
_ * NO. NAME VALUE ERROR SIZE DERIVATIVE
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Diglte ditau | nonDD RR2S
Sample

Round0304 21361 2245
Round15 0 422 33867 3519
Round16 0 757 56595 5716
Round17 0 376 29168 3028

Total 0 1843 140991 14508

376 ->80 29168 -> 7619
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Table 1: Decay trees and their respective final states.

n O n D D afte rcut . rowNo decay tree decay final state iDeyTr nEtr nCEtr
- ) cluster — (37700, 4(3770) — 7"AX" A = o p, B 5 Ay A = o' p, r - o— ,
1 xt oyt pt o et ug, el ey Py T ppy ] 12 12
s 048R R o wta ot by
9 ffsiﬁr;:}cméi(j?'f[]).b(d??ﬂ} 7 AANA T p A atp ot = opTe,, e e B, 10N PP 3 1 03
cluster — W(3770), (3770} — 7"AZY A = 275, 8" = A = 1T w, ' _ 0 .
3 A7t o etvei, e e, DBy T iy 18 9 32
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5 ot oty (,u"' _2 '54_(p s ) u e vy v T pp 14 3 41
] [75] (-1 M
cluster — Y(3770), (3770} = nJ /b, g — 4y, Jf = AA A = 77 p, n o
6 A= atpat = pveu’ = etvi, € Velubumm PPYY 6 3 H
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Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state iDeyTr  nEtr  nCEtr

nonDD _before:
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= et e,
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Table 1: Decay trees and their respective final states.

q q bar afte rcut: rowNo decay tree decay final state iDeyTr nEtr nCEtr

- { N . n = $ $
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qqbar_before:

Table 1: Decay trees and their respective final states.

rowlNo decay tree decay final state iDeyTr nEtr  nCEtr
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