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e Track level cuts for soft pion candidates 1§!J—‘

— |V.| < 10cm

- [V} < lem Y =t J /Y
— |cos 8| < 0.80

— 1f] < 0.45GeV /e

— all charged tracks satisfy above selection criteria are assumed to be pion.

e nGood+ > 1 && nGood— > 1
e cosfl i, < 0.95 to remove the photon conversion

o 3.05GeV/e* < M55 < 3.15GeV/c?

assuming all charge tracks are pions, M™% is defined as:

ARAE [l 3
soft, slow, low p
hard, fast, high p

Jn"f;ﬁm;}— — \/(pﬁr:m — Pnt — P :]E ?

where p 1s 4 momentum of pion.
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FIG. 3. The cosine of polar angle of 7% (left) and 7~ (right) in lab frame
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FIG. 5. The number of filling time of each event 20
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M. spectrum

Entries 6000000

Mean 0.4416

RMS 0.07695

2 - Integral 84.35

. %/ ndf 0.03576 /77

Naive PHSP Prob -

- Constant 22.92 + 2.50

=2 «
- =
L = -
g 3
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= E
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0
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Phys. Rev. D 62, 032002

BesEvtGen: JPIPI model

x10 mpp_MO000
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Mean 0.4946
RMS 0.06262
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%*/ ndf 2.09e+04 /77
Prob [}
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Track level cuts 1§!J :

V.| < 10em
] :ilb; 1:’3 80 P (28) > ] /Y
_ _ P
— |p] <2.0GeV/e ]/l/) — l l

nGood >= 4

The charged tracks with |p] < 0.45 GeV/c are assumed to be pion, select the 7'
pair candidates by minimizing |[M7%  — M jy)|

co8 Op+p— < 0.95
3.05GeV /e* < M™% < 3.15GeV /¢

Take the two [astest positive and negative tracks as lepton candidates, identily the
e/ pair

— ptp i [E/plt < 0.26 and [E/p] < 0.26

— ete :[E/p]" > 080 or [E/p] > 0.80 or \/([E/p]* — 1)+ ([E/p]- —1)2 < 0.4

cos h+- < —0.95 in lab frame.

2.7GeV/c* < myp- < 3.2GeV/e? for min ete channel and 3.0GeV/¢? < my+- <
3.2GeV/e* for mha ptp~ channel ”
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J/P - ete” MEREE

a MC topology 738 T H (EHEJEAE, HZENIZESE)

No. decay chain 1Topo Neyt

e~ m~ et (final state)

V=t I/, ) — e et
V' = Jpnt T — eTyrsge”
W = = Jpnt, T/ — yrsre” e TyFsR
V' — wt I sk, J Y — e et
W — J/nt T ypsr, J/Y — e et ypsr 9
11 " — J/pypspr—nt, J/Y — e yrsryrsre™ 12
90 ¢ — J/Yyyrsryrsemtm,J/ — e et ypsr 90

= N = O
w N = O
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1

703788 evts (7 modes )
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No.

decay chain

iTopo New

e etaty(final state)

5 P —ndfp,n — yrta J/p — e et 7 269
10 ' — Jfpn, T/ — e ypspeT,n — yrTe— 25 54
45 o — J/yn, J/p — ypspetypspe ,np — @ whty 192 3

326 evts (3 modes )

Peaking backgrounds!
AR IG 7 b
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* 1) Inclusive MC
e 2) iUii% (sideband)
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) F Inclusive MC TRELHKI{E R
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i@é‘?%‘ Me(x) = Ns-S(x) + Ng-B(X)

* RooFit JLJ-Heli £ — VI /K C ] A Resblel o "

el

2 o
* E\Eﬁ‘j:’ﬁz‘: %ﬂ.ﬂz—
T € T A5 5 5 A IR Y R 2L Sorsl
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n.onsé—
ﬁiﬁﬁi“’l_j} E ...I.“l.-'-.mlv...l...I...I...I.uul.u.luuu
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PDF (probability density function) x
XTR T8 /17 B Al

Figure 6 — Drawing of composite model and its components

2026-10-5 zhuk@BESIII training 50



Name Functional form Class name

-

(x=—mY _ .
Gaussian exp —D.}( ) RooGaussian(name,title,x,m,s)
S
Exponential exp(a - x) RooExponential(name,title,x,a)
Fi
Polynomial I+ Z ax RooPolynomial (name,title,x,alist)
i=l.n
Chehychev 1+ Z .—:?f?;(.r) RooChebychev(name,title,x,alist)
polynomial ;
[Goussian]

A PRI TS RTWE R
gll-l-ld-il!d-l-ﬂll] hﬂ-ﬂ-ﬂdﬁtﬂlﬂiﬂil}

K X

Figlre 7 — Basic p.d.f shapes: Gaussian, Exporigiitial, Polynomial and Chebychev polynomial
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Landau TMath: :Landau(x,mean,sigma) RooLandau(name,title,x,mean,sigma)
2\P 2 :
Argus r(l—(i) ] .E};p(c.‘(l—(i) )) RooArgusBG(name,title,x,m,c,p)
Breit- N :
: 5 RooBreigWigner(name,title,x,m,qg)
Wigner (x—m)’ +1g’
2
- 1 X . _
Voigtian . 5 @ exp —5| — RooVoigtian(name,title,x,m,qg,s)
(x—m) +1g s)
Crystal (@)e 1 (xm )
Y . t‘??ip(—; Im ) ) RooCBShape(name,title,x,m,s,a,n)
Ball (l—|ﬂ" | —.T) B x>—|a
l x=—|al
Decay exp(—|x|/7)®R(x) RooDecay(name,title,x,tau,R)
Bredt-Wigver & Vaigiian |
a2 = =
| b i
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FIG. 3 (color online). The dipion recoil mass spectrum for
W(3686) — 7" 7w J/ ., J/ — anything. Top: Data points
(black) overlaid wi e fit result (solid blue curve) obtained

using the |signal shape [from (3686) — w @~ J/ ¢, J/ b —
e e~ (blue dashed curve) and a second-order polynomial back-
ground shape (red dashed curve). Middle: The same plot as the
top but with a log scale. Bottom: The fractional difference

between the fit and the data.
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13 **MICRAD 1000 1

MICRAD MINIMIZATION HAS CONVERGED.
MICRAD WILL VERIFY CONVERCENCE AND ERROR MATRIX.
COVARIANCE MATRIX CALCULATED SUCCESSFULLY

EDM=8_ 304Be-07 STRATECY= 1

9._241e-04 -1.7ele-05

-1.762e-05 4.948e-04

PARAMETER (CORRELATION CDEFFIC[ENTS
NO. CLOBAL 1
1 0.02e06 1.000 D.GZE
2 0 02606 -0.026 1.000

18 **HESSE 1000
COVARIANCE MATRIX CALCULATED SUCCESSFULLY

EXTERNAL ERROR MATRIX. NDIM= 25 NPAR= 2
9._242e-04 -1.807e-05
-1_807e-05 4.948e-04
PARAMETER (CORRELATION CDEFFIC[ENTS
NO.  CLOBAL 1
1 0.02672 1.000 —D.GZ?
2 0.02672 -0.027 1.000

FIRST CALL TO USER FUNCTION AT NEW START POINT, WITH IFLAC=4.
START MICRAD MINIMIZATION. STRATECY 1. CONVERCEMCE WHEN EDM _LT. 1.00e-03

NO ERROR MATRIX
FIRST
DERIVATIVE
-6.53357e+01
-3.6000%9e+01

FCN=25139.4 FROM MIGRAD STATUS=INITIATE 10 CALLS
EDM= unknown STRATECY= 1
EXT PARAMETER CURRENT CUESS STEP
NO.  NAME VALUE ERROR S5IZE
1 mean -1.00000e+00  1.00000es00  1.00000e+00
2 sigma 3.00000e+00  1.00000e-00  1.00000e+00
ERR DEF= 0.5

FCN=25137.2 FROM MIGRAD STATUS=CONVERCED 33 CALLS
ERROR. MATRIX ACCURATE

EXT PARAMETER STEP
NO.  NAME VALUE ERROR S5IZE
1 mean -9 40910e-01  3.03%97e-02  3.32893e-03
2 sigma 3.01575e+00 2.22446e-02  2.43807e-03
ERR DEF= 0.5
EXTERNAL ERROR MATRIX. NDIM= 25 NPAR= 2 ERR DEF=0.5

ERROR. MATRIX ACCURATE
INTERMAL

FCN=25137.2 FROM HESSE STATUS=0K 10 CALLS
EDM=8_30707e-07 STRATECY= 1
EXT PARAMETER INTERNAL
NO.  NAME VALUE ERROR STEP SIZE VALUE
1 mean -9 40810e-01  3.04002e-02 6.85786e-04
2 sigma 3.01575e+00 2.2244%e-02 9.75228e-05
ERR DEF= 0.5

ERR DEF=0.5

FIRST
DERIVATIVE
-2.95416e-02

5.98751e-03

-9 40810e-01
30157 5e+00

2026-10-5
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SN g

1. KEHHEES
2. fHitgihiRrzE
3. fEMAEIE

ARAE [l 4
LG HLE goodness of fit
XF—MNF RIS H x%/NDF ~ 1
HHE: NDF (number of freedom)
NDF = No. of Bin — No. of paras
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REVSRERIY. SRERSE

MIGRAD MINIMIZATION HAS CONVERGED.
MIGRAD WILL VERIFY CONVERGENCE AND ERROR MATRIX.

COVARIANCE MATRIX CALCULATED [SUCCESSFULLY |

(FCN=25137.2 JFROM MIGRAD _ [STATUS=CONVERGED ] 33 CALLS 34 TOTAL
EDM=8.3048e-07|  STRATEGY= 1 | ERROR MATRIX ACCURATE |

EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE

1 mean -9.40910e-01  3.03997e-02  3.32893e-03 -2.95416e-02

2 sigma 3.01575e+00  2.22446e-02  2.43807e-03  5.98751e-03

ERR DEF= 0.5

EXTERNAL ERROR MATRIX.  NDIM= 25  NPAR= 2  ERR DEF=0.5

9.241e-04 -1.762e-05
-1./62e-05 4.948e-04
FPARAMETER CORRELATION COEFFICIENTS

NO. GLOBAL 1 2 WHNWEF A2 %
1 0.02606 1.000 -0.026 5 e 3y B R

2 0.02606 -0.026 1.000
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o RIRH) TR SRIES KN BEERIM/AFMIAE
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TR [A) S 93 3 EG BB R IR 5E L

o D SCHR PR N F ORI FERCR, BRI ES LRI . AT
FIRCER . IR HY 70 SCHE S

o ZCRPIETE— M Monte CarlofEdl . FEAHIME 15 22 Monte CarloA] DAAR 4 i s
U .

o V24 FH SE B AR 56 Monte CarlofZ 4001 AT 5, DA ZLN 5] Monte Carlof 45l 2%
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AT [7| Hb
BN acceptance
MR efficiency
BRI Z . detection efficiency
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fra23E (1)

» —Higith
_ o Geom _ Track _Ptid _yID
Epr =Cpr "Cpr “Cpr "Epr —
Geom . Track _ Ptid _yID tp(2S) %%g;%]g’//w{/w -

Cuc =Cumc Cuc "Cumc Cumc

] i j
€pr =€ uc f

+ fU =1 REGESMCIIRCER I ZR], B — IR SER 2 1R
o XFFURIAFAAE FERD RIXT MC R BRI RS TIB IE, D RS iRE
e Hlln: f'=1.06+0.01
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cut flow

RS S
#E )zmiﬁ‘

H R
R B4
i) H
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Criteria

W(25) — ZOA

w(2s5) — XA

Total Events

Ngood = 4, Neharge = 0
N,=1.Ny=1.Ny = 1Ny =1
1 <N, <10

By, p) > 20°

A, A reconstruction
Pass 6C

XeeY) < xec(yy/0y)
gjﬁc < 25
Li/o>2(A)

M5 > 3.48 GeV/c’
M, x(M,p);1.15 GeV
Efficiency (e%)

80000
44198
43856
38075
36491
34354
25192
24681
18368
16084
15891
15870
19.84%

80000
43983
43643
38146
34538
32564
22390
21850
15447
13502
13498
13488
16.86%

th@!IBIJSqIIEm Cll[ ﬂD“ Dt ur"r{ ﬁS} — E{]a‘*\ + C

ning
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« HfES MC A BUKIZFE, R EAA MC 152 )RR KT 75 ZE I,
(BT AN [A] I AR 2R AN [H]

s MG EE, SuitiRENT, BEESESREMEZENER RN, EXA
JERAG T F A o3 (FA A B

o M TG R, WRTHRELE R, HES  S B 2 5 R 5

AN SR ZE I 3 AT i e HEs ] 17
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Brnjp = eyc - Ntot EMc = €t " €nT Emype

g RN 5T

a HiF: 4 AR SMOREZRRE R TahE5 A E N 401
a (£ MTH H dataMC 0 2 L reweight MC - (RUCRAZIE)
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| Tracking effciency of pionm _ { Tracking effciency difference e_data/e_mc

> 1rC o1.1C
(4] B — L
= - © -
:Q!D.QB . %.08 -
.96 1.06
[ M"‘-—Iﬂ_._.—.——l-'""-'-—.- C
0.94— »u:-ﬂ_._,_..-—o—o-o—,_.:'—'-H-‘-H_._‘ —.— 1.04 —
N - +_._+ C
0.92 " 1.02—
u —.— s -
= L
0.9 —-— -l 1 s i
C - ._._.—Q—l_._'_'_'-‘—.- -~ e e
0.88— == == 0.98— S ——
= o s
0.86[— 0.96—
0.84 0.94
0.82— 0.92—
0 8I: I 1 1 L | 1 L L | L L L L ‘ 1 L 1 L | L 0 9; I L L L 1 I L 1 L L ] L L I 1 L L I L
) -1 -0.5 0 0.5 1 ) -1 -0.5 0 0.5 1
cos(0) cos(0)
pi+
| Tracking effciency of pionm_ | Tracking effciency difference e_data/e_mc
> 1r o 1.1
g N 5 C
o E
.95 —————— 08¢
0.9 C
E 1.04:—
0.85 1.02—
- r ——
0.8 11—
0.75— S
. 0.96—
0.7~ —— r
- 0.94—
0.65 :— 0.92 :_
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HIEEMC_ERITMEL (reweight FIKTE)

histo of all tracks in 2D e T L
Entries 3122153

Mean x :
0.8 Meany -0.( 'E.Z
| RMS x  Opu56

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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‘ A AET B LA s
B HRIBRBIE

x 103 mpp_MO000
300 — Entries 6000000
Mean 0.4946
RMS 0.06262
Integral 6.169¢+06
— %2/ ndf 2.09e+04 /77
Prob 0
Constant 5.444e+07 + 2.196¢+04
(]
= -
= 200
@
&)
-
=
= -
S
o
—_
=
= 100 —
0
0.2

o MC KM T JPIPL, g 1 g2k H BESI Il &
g(s —2mzg) + 291 Epr En—€,0 (M) - €45 (A)
o AKX AR B TIEMTIFFEAR) K reweight MC M, 774
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ZER MU RBIE

ofF Gt & 1T A .

BRI 28 L H I 2 tracks. 4tracks, 6tracks, ..., ®EFIE R

MR track M EERCRIEAFAFE: track %, R,

prongs of J/v 0 2 4 6 8 10 Total
number of events(n; or n)|607255 11885458 14889294 6462789 688523 11853 (34549656 #
wy. from EvtGen 0.0175 0.3440  0.4310  0.1871 0.0199 0.0003 [53.505%
wy. from Mehtod-I 0.0225 0.3899  0.4024  0.1667 0.0169 0.0015 |{53.549%
wy. from Mehtod-I1 0.0230 0.3960  0.4010 0.1624 0.0164 0.0013 [53.574%

e (MC)

55.98% 55.02%  53.20%  51.20% 48.61% 44.70%
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BIE. MCHIZEB DA

':‘ ‘+ Data
8000 — = VM C+Continuum
| Continuum HHT & multiplicity 73
6000 *
S I
= .
5 4000 .
i L
2000 -
— [ ]
0 — ] |_ H I'I - e
0 S 10 15

Ntrk
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2026-10-5

WEIotE

ok B #h

( 884138.2 \
1691653.1
6947052.0
3295541.7
4557824.2
1395702.8
1059873.7
134480.3
55084.1
4179.1

835.5 /

1.7753
0.9905
0.0434
0.0104
0.0006
0.0003
0.0001
0.0000
0.0000

\ 0.0000

9.5437

[52.8927 2.8744 0.1369

1.2390

41.1825 6.3557

0.9993
0.3829
0.0148
0.0026
0.0001
0.0000
0.0000
0.0000

18.4289

0.0179
0.1800
1.0455
4.1838

0.0022
0.0247
0.2037
0.9895

25.8516 11.2145 3.4419
18.6851 &.4610
15.2442 13.9761 9.5418

0.9357
0.2430
0.0090
0.0010
0.0001
0.0000

zhuk@BESIII training

0.5556
0.0810
0.0023
0.0003

0.0000 \

0.0291
0.05671
0.5728
1.8181
4.7885H

14.2377 12.1279

6.9984 10.1813

0.2583

0.0230 1.0272 )

4.4639

SR AR IR FL 5K
EZ S G
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ME BJ/Y- 1T RS REMRE

A, L NODs
WA B =——m
. :‘IZE Bll — N il Npr — Nrril €nnm
€nnll'Ntot* €nm Ntot Npn €rmll
« K

o ME N, T LA
o JRN . m AR RCR R LA, €rpn = €xn€p
. RPN EshE2RR T RHEAEEE, MEshElR 73R (RIitiRZE/N)



Sources - J/Y eteT utuT
Tracking 0.80 0.20 0.20
Multiplicity of J/¢| 0.20  0.20 0.20
M_+_ - distribution| 0.35 0.01 0.01
Background Shape 0.03 0.03 0.04

Fit/Count Range 0.06 0.14 0.14

Bin Size 0.06 0.06 0.06
E/p — 0.18 0.09
coS 0+ .- 0.13 0.07 0.07
cos O+ ;- — 0.04 0.05
FSR effect of [T1~ — 0.10 0.23
Fit Method 0.37 0.37 0.37
Trigger 0.10 0.30 0.30

Number of ¢(3686) | _0.81 —

e A O . SO A

Sum in quadrature | . 1.28 0.62 0.63

tramning
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BESIII 3 73t — ML=

o M ERE ULl DLRT & AOE A — DN sl )

- PG

HHEFRE T, FHGESMCREE ST A, HERETL

T

* run inclusive MC J @A, PiibSH1i%+¢
o runFi s, FH— O FEHEEE

o AR, AERR T BEMIET R

o MTEE, BRWIPER

s [T RFIRE, 1FRmASS

e B Ememo, =R

o /ﬂﬂﬁlﬁl’] VB N A%, DB 2s, SEH N VR, eaiFd
Iﬂ&la LT 2 B Aﬂi/é\ﬁﬂ %y A Pm 7JZ§E
DL I fEn] (JHFEED i%ﬂ”ﬁ

2026-10-5

zhuk@BESIII training

72



HHliEFERN I

(Z&)

.D?/;u

AT A AR R
I R A
Why?

Pe s T W&
[ significance]

BT A1 ) R BB

(sen5|t|V|ty
e How?

3T FOM (figure-of-
merit) EI’J@MJC

FOM =
VS + B
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Cut efficiencies and optimal cut value

Efficiency (Purity)

Signal efficiency
Background efficiency

Signal purity

Signal efficiency”purity

S/VS+B

0.8

0.6

0.4

0.2 —For-1066- ﬂgnal and-t006-back

events thel maximum $F‘|'S+Et is
30.0930 when cutting &t - 0.1033

-0.8

-0.6 -0.4

-0.2

0

0.2

Cut value applied on BDT output
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FOM B3

CHRRALE OMEEREERES) -, e,

AT S R Y s B : S
AR 98 == SrBEei s BN 0 : ] +
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° 5 NIV — ay EJ '
7= (a XF NS 5, — AN 3 Bl 5) 2 AT
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* FOM: Zitt FXFRCR 5 AR R 1P
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