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SHlEEE. KRR (GHESEEE) “1 single bin”

» Total cross-section measurement in a counting experiment

« To minimize statistical errors: maximise efficiency*purity €5*p

— global efficiency €,=S¢/Si,t and global purity p=Sge//(SgetBsel)

(Aoy)?

1 1
— —[:65/) — ﬁstotfsp

Og e

(0 ) — ]Vmeas - EGbO'b
s /Jmeas [:68
Aomeas ! Ss Loge
Aoy = Eleneas == VNexp| | Nexp = Sse1 + Ber = 22 = =56
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HHh%E, SRAMME (TEEER)

ST RO REE o,

NTRIMEFITRE, BATRILAERN &
— global efficiency €5=Sqe)/Siot and global purity p=Sge/(SsetBsel) — “1 single bin”

1 1
—Lesp = —5 Stot€sp

S S

For each classifier

— vary cut —» vary gsand p

— find maximum of £5*p (choose “operating point”)

£.*p: metric between 0 and 1

— qualitatively relevant: the higher, the better

TPR*PPV (efficiency*purity)

[any

o
o)

o
o

o
>
T

o
N

T T
Stot=0.50*(Stot+Btot)
—— ToyMod MAX=0.684
--+ SigDet MAX=0.500
------ BkgDet MAX=0.666

RANDOM MAX=0.500

-
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........
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TPR (efficiency)
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—numerically: fraction of Fisher information (1/error?) available after selecting

— correct metric only for o by counting! - N IURISBEZ B
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MNBRARitE— Different metrics (iE5h)

Binary classifiers for HEP event selection (sighal-background discrimination)

Statistical error
minimization

(or statistical
significance
maximization)

Cross-section (1-bin counting)

2 variables: global €, p (given S;y)

Maximise S;;*es*p (at any Siy)

Searches (1-bin counting )

Simple and CCGV - 2 variables: global
Ssel» Bsel (OF equivalently g, p)

. Sser .
Maximise el (i.e. /S0t €s*P)

Maximise J 2((Seat + BseD) log (1 + 22 — ssel)

HiggsML - 2 variables: global Sgg, Bsg

Maximise \/2((556, + Bsel + K) log (1 + 72542) — Ssel)

Punzi - 2 variables: global g, Bgg

Maximise

€
A/2+ B,

Cross-section (binned fits)

Parameter estimation
(binned fits)

2 variables:
local g5; and p; in each bin
(given sy in each bin)

Maximise X; Siot,*€s %0,
Partition in bins of equal p;

- L o
MaximiseY; Sori*€si*p; * & S Stotu)z
1 asm

Partition in bins of equal o+ (=

Searches (binned fits)

3 variables: local Seg, Siot, Sser iN €ach
bin (2 counts or ratios enough?)

Maximise a sum? *

Statistical + Systematic error

minimization

Only 2 or 3 global/local variables — TN, AUC irrelevant

3 variables: g, p, lumi
(lumi: tradeoff stat. vs. syst.)

No universal recipe *
(may use local Sy, By, in side band bins)

* Many open questions
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TARIRE

« Parameter, associated with the result of a measurement, that characterizes the dispersion of the values that

could reasonably be attributed to the measurand

«  SNEERBEXEKNSE, FMEITSEPETFHUNSIMENEEE

+  Error/uncertainty

«  fRih(E: NE(E, SERE, THE, TREES

+ HH: EMNE
—ARiE:

«  HERFRMP—NUENEX

«  BEMmREBRRM—REDIIEN
BUEEREERAUMNERN, FEEREEEFHENEXN ERMEN—EMmRESthETEER.
EECHRER

« IBigHE: =ATAAMN, ete >/ ABH

«  ENE: KBEX: BHBE

«  HAXEE: HFREEERRS, SSBIEICIAAEILITERZRERY;

BESHIR (J/v. v’ &%) HRuJLAZHE55(EF
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- RFtiRE: EENIRE, BERTSEE, Mm%
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iR, NERZHHTUEFHSIE.

- HHXIRE: RENEE.
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ties/(5MeV/c?

Q0
c

Eve

10000

7500

5000

2500

0

AT A B IFHIIRNES

m,, =2E E ,(1-cos6,)
—om, <ok,

:>O'm_WOCO'E},/\/;

A D e B ) AN B R 1

o E\ o B K R HOR M
Performance BESII BESIII CLEOc
op/p 1.7%/N1+p2 | 0.6%@p=16eV | 0.6%@p=16eV
cE/E 22% /NE | 25%@E=1GeV | 2.2%@E=1GeV
PartID dE/dx+TOF | dE/dx+TOF dE/dx+RICH
Coverage 80% 93% 93%
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GeiHiR

- 1188 (1-bin)
- S8t ( Binned fits)
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1-bin 112X

B %a (Poisson)

/Ix
p(x)=2-e”, x=0,1,2,--
x!
xX=A
Vix)=A1
o = sqrt(S) (X)
FEAKA: o =sqrt(S+B) (ACITS)Q - aifes’) B ULES“”GSP

£.*p: metric between O and 1
= the higher, the better (only for this specific use case!)

= Fisher information (1/error?) available after selecting
DHIBRASBEIZ(Z)Ia%: 1/sqrt[N*p*(1-p)]
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SZUG1T (binned fits: RAM)

#qE: — (B4 SWmEHA(K) (A bin ) BN binhBIEFIHE n

= expected counts y; = f(x;,0)dx — depend on a parameter 6 that we want to fit

BAEIFHA] (Fisher information)

A 1 "1 Oy \° o
A0)? = var(d) > 7 (Cramer-Rao lower bound), where |Zo = Z — (;;) —/ ( f) dz |(Fisher information)
im1 J f\ 00
i i ifi — (ideal classifier) 1 dS; ?
With an ideal classifier (or no background) —» y=S; and [7, => :g 0
i=1 "

With a realistic classifier — [yi(6) = :5:(6) + bi] and |[Zy™! ) = 3", x (031)

« & and p; — local signal efficiency and purity in the " bin

— S EBIE — maximize Information Fraction

= higher is better aS;
I(real classifier) Z €ipi X o <()9>

IF = =% —— = —

I‘(}ldeal classifier) <OS >

1

Ao (real classifier))2

(Aé(ideal classiﬁer))2
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_ _Geom  _Track _Ptid _yID
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Geom Track _ Ptid 7/ID
e =Emc “luc mc by

i i
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Monte Carlo F&3L

Monte Carlo t{REIERREIIESCIERZ M

- PIERGIEETF, FERSRFIHE

- RFSHFENSEYRZEREER

- BRI AR

- Mk, AE. 52

- SEIRHITEES T, RISRNER, DRESE
SheYIIBEsCIS (K EfiMonte Carlo 35l

MC &R I REEIE - —EUR SR ELIENER AT
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WEKIEREELE, BXNFARNESEERBARRE.
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o RBHRE. BISIREFRBTRE (BEVAYHERERSR) .

o BHEFRERHERERENEFES.

o —SUilZ, BHBERFRERIL
"MELESMonte CarloZ[HHMSTE

o £ "HE(EIE" SR EEE:
RFRER “fEF" BNRE.

o BRESHEFERNARZIERFETE.
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ARG ERTE

« BFSE

« RS SHENSSEX, MABIEENRERS
LRSS

m., =2E E ,(1-cosf,)

« RN _EJLARS M IESIRERT,
« [BEERNFEATE (XEITFEFR) , U

. J/psi > pi+ pi- gamma : TEEHFERE, FIERISEERKE
R 1!

+ SHTBRINE! WERSIRRER!
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RESY

i

Entries/2.5MeV/c?
S

X 5R E 1m R R SR

For the 7" 7~ channel, we first fit the invariant mass
region between 3.5 and 3.6 GeV with a Breit-Wigner
resonance with I', . fixed at the PDG value of 2.00 MeV,
smeared by a Gaussian resolution function with an rms
width that is allowed to float. We also include a linear
background function. The fit results in a y. mass
resolution of 7.83 = 1.04 MeV, which is slightly higher
than the MC result of 6.31 = 0.11 MeV. We scale the
MC value for the mass resolution at the y.o (8.12 £
0.23 MeV) by the ratio of the fitted MC results at the y.»
and get a mass resolution at the y.o of 10.08 MeV.

BES, PRLS1, 3091(1998)

&2 "33 34"
m_ (GeV/c?)

35

~36 37
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AL E AR RGIRE

Table 2: Particle ID efficiencies (Probrp > 0.01) for

aT

rtaJ /¢, J/P — pp (in %).

, w, p and P samples selected from % (25) —

: | Particle data Monte Carlo
0 . T 04.64 + 0.60 | 88.55 £ (.78
Sl T T 93.69 + 0.64 | 87.67 = 0.81
20 MWWM D R7.76 £ 0.84 | 86.50 £ (.84

o 1 D 88.11 £ 0.82 | 88.44 £ (.79
JAy-proprp
IEMMCGELIY i IBEF,. REFRFENIHE

Hy(2S)>n* )/, J/Y->ppbarillig.
MC efficiency corr. factor: 1.154 4 (0.028
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IXESHS1RHE
 BEENSRESHIENSIRE

Y=f(X;, X, ., Xn)

20 =[ LT 20+ ] X ++4 [a%;]zazcxw

+22 Z X 9/ ac’?)]{‘ 712 ZSX& 0 X %Hflﬁ%:[)ﬁ
L= R AR,
TR IRLELSFERBE T IR ER, SEHEE

v FABR IR £ R LK BE, ﬁﬁi}‘ﬁéﬁi&'l Hif
M EXHH . (addin quadrature)

Page39




(1) U=aX £bY

c’(U)=a’c’ +b’c. £2abcov(X,Y)

(2) U=aXY

o'(U) _ox oy

+2COV(X,Y)

Ur x* Y’
3) U=aX"
ocU) b-oy
U X
(4) U =ae
o(U)
U
(5) U =aln(£bX)

=b-0,

a-o,
X

oU)=

XY
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FEAXSBR

« FYIEFES AR

o Hbp: BEIRFHEEH =N

(55 H

o HAR: 1AE=FE RIS S5 EHITA

e

o Hbn: SRERIIRA R =2 A &

Ll (2S) = nta=] /7y R

WHES P R—TTSAR




 BESIII b BEFRI 21 1R &R+
e i BT () L EXRPTT (nand i)
e WHRF: ERET (et) . ExZET (ub) . Efinr+ (o), 1E
FKNF (KE) o IEXRFT (pandp)
cY(2S) > ntn~J /Y, J/Y — anything [FH2Z% (semi-inclusive) ]

* tvn” + anything

cY(2S) > ntn ]/, J/Y = 1T [EZE (exclusive) ]

et ete BiFE ntmutu~
A AE [l

inclusive MC, generic MC
exclusive MC, signal MC
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« HONE S HOIBBIME, KON Ngy =0-L-e (BUHxFEXRZE)

Nrrg ry
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/Y Orot Nio¢
L
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N/ (€ X Nigy)
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Nu/ ey
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Sig ¥ HA
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B(X - f) =

€ NX

« B: fFillor>ctl, Tom

o Nsig: [F5HHI14L

o« Nx. SEHIZEL
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ZFRM, 8T RMIERS, BHBrAN, WREHEFEFERITIET !
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Track level cuts for soft pion candidates 15 U?r

— |V,| < 10em p .

— |V;| < lem ’l,b—>7'(' 7 J/’l,b
— | cosB| < 0.80

— |7] < 0.45GeV/c

— all charged tracks satisfy above selection criteria are assumed to be pion.
nGood+ > 1 && nGood— > 1
cos O+, < 0.95 to remove the photon conversion

3.05GeV /¢ < M < 3.15GeV/c?
assuming all charge tracks are pions, M

rec,

rec 18 defined as:

-

e _ \/(p o ) A el i
mta— ecm — P ) soft, slow, low p

hard, fast, high p

where p 1s 4 momentum of pion.

VYL S
Ve

JCPID, ot ESK, Jotrack# FIRESK, fU¥Fmulti-entries |




KT Hhik m B E 2 R Y =t I/

e N AREAR, ltﬁiﬁzﬁﬂﬁziiﬁzﬁﬁﬁﬁﬁi EFIERE, o RKESH
?Mﬂ JLHEFUIR R Z) 5 . 12825,
« PDG 1] DL 3|

o« K& n FEAEITA01 MeV U/ tHEAT2]? D), HFEE T 40##/E450 MeVIEHR
A LHBEXA cut WRGIRE;
. E’Jiﬂ%ﬁ%, ML) & B 4 R ZE AR /)N
. - B MGEAEE AR ]/, TN ot nm RGFATIRIFIA R, Mo
*ﬁ%'/'ﬁﬁ%u WLEFEEEIZ ARG IRE

AT [ Hi
W(2S). Y+ (3686)
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http://pdg.lbl.gov/2019/reviews/rpp2019-rev-kinematics.pdf

Entries/0.005GeV/c

x10°
| =4 Data
e MC+Continuum
[ == Continuum
1000 ™ nOB-PPj
500
0 0.1 0.2 0.3 0.4 0.5
momentum of M(GeV/c)

Entries/0.005GeV/c

x10°
| == Data

1000

500

s MC+Continuum

[ — Continuam

== 00B-ppj

01 02 03
momentum of T(GeV/c)

FIG. 2. The momenta of © T (left) and «~ (right)

0.4

0.5
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Entries/0.020

600 -

x10°

| =—4— Data

s MC+Continuum
e Continnum

" e non-ppj

cosOof T

Entries/0.020

x10°
| == Data
s MC+Continuum

600 [ — Continuum

[ —— non-ppj
400
200

o 0 05 1
cosOof T

FIG. 3. The cosine of polar angle of 7 (left) and 7 (right) in lab frame
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Entries/0.01

x10’

p

f—

150 —

100

S0

—t— Data

s NIC+Continuum

Continuum
non-ppj

g

R L l 1 L ' L 2 l

0.2 0.4 0.6

cosO between TUTT

0.8

-
1

FIG. 4. Cosine distributions of the angle between two pions in 7' 7 J /4
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Entries

20

10

x10°
=4— Data
" == MC+Continuum
B Continuum
~ non-ppj
u D.D.n.—.— PO ST —
5 10 15

No. of Filling/Event

FIG. 5. The number of filling time of each event

20

AT [ Hi
event ZH-15
entry 10.3%




Entries

8000

6000

4000

2000

x10’

- —I-— Data

__ ms N[C+Continuum

— = Continuum

_ I-l H H n = N—

0 5 10
Ntrk

FIG. 6. The number of good tracks of each event
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A el Hh
multiplicity,
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Entries/0.001GeV/c?

x10°

i —4— Data
15+ === MC+Continuum
" | == Continuum
| == 100D-Ppj
10—
5_
I S h
01111;11..i4,,,:.
3 3.05 3.1 3.15

3.2

AT ] Hi
{55 signal
AN JEE backgrounds (BG)

o fEWpES TR, —MRHGETMCEK
RFEGFSW A, EEFET, ¥
&5 5 AR FRAEE

o NTHE, ®E E) K
F5 R “UE” RO AAFNGES




M., spectrum

BesEvtGen: JPIPI model ‘___, Phys. Rev. D 62, 032002

- _ mpp_M221 10° ‘mpp_M000
Entries 6000000 300 — Entries 6000000
Mean 0.4416 Mean 0.4946
RMS 0.07695 RMS 0.06262
2 Integral 84.35 Integral 6.169e+06
. %2/ ndf 0.03576 /77 - %2/ ndf 2.09¢+04 /77
Naive PHSP P : Frob :
R Constant 22.92 = 2.50 Constant __5.444e+07 + 2.196e+04
3 “
= = 200
g i S
: S
s = L
Z 53
2 2
s 11— £
= =
= = 100 —
0 R 1 N 1 N X
0 L L L ! 1 + - 0.2 03 04 05 0.6
02 03 04 0.5 0.6 M.
i
M

do
dM

N e 1 _ 2
Wi A TR, M 6 R A B . X (s — 2my,
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=
Track level cuts

— V2] < 10em l/)(ZS) - 7T+7T_]/l/)
— |Vi] < lem ]/l/J—) [T~

< 0.80
— |p] < 2.0GeV/e

— |cos@

nGood >=4

The charged tracks with [p] < 0.45 GeV/c are assumed to be pion, select the 7'
pair candidates by minimizing |M75%  — M|

cos Ot < 0.95

3.05GeV/c? < M5 < 3.15GeV/c?

Take the two fastest positive and negative tracks as lepton candidates, identify the
e/p pair

— ptp B /plt <026 and [E/p] < 0.26
— ete :[E/p]" > 0.80 or [E/p]” > 0.80 or \/([E/p]* —1)2 + ([E/p]~ — 1) < 0.4

cos Op+- < —0.95 in lab frame.

2.7GeV/e? < my+- < 3.2GeV/e? for mtm ete channel and 3.0GeV /e < my+- <
3.2GeV/e? for mtn ptp channel
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BT — i B
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J/p - ete” WENFE

a MC topology 7381 L H CEHEIE A5G, BZNISES)

No. decay chain iTopo Nyt
e~ m~ etn T (final state)

0 N — N T 0 566983

1 Y = aJ/rt, T/ — etypsre” 1 118425

2 Y = nJ/YynT, Ty = yrsre e Tyrsr 2 16079

3 VY =t J/yn" ypsr, J/ — e e 3 1802

4 Y = J/Yyn T ypsr, J/ — e eTypsr 9 447

11 ¢ — J/Yyrspr— ", /9 — e"yrsryrsre™ 12 51

90 o — J/YyrsryrsrT T, J/Yp — e etypsr 90

1

703788 evts (7 modes )
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decay chain

iTOpO Nevt

e~ et y(final state)

5 W - nJ/p,g— ynta T/ — e et

Peaking backgrounds!

FEARB] I R

RIEKPARE: 0.1%K
jlz

7 269
10 W — Jpn, )P — e ypspeT,p -yt 25 54
45 ' — J/Yn, T/ — ypspetypspe sp — 7 why 192 3
326 evts (3 modes )
. hzum002
200} —+ AL BKGDs Entrics 1320
— Iy Mecan  3.109
. “ e s s
= = 150F
¢ g !
% € 100}
£ £ +
z 3 sof
! 4
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L ]/ - pt - HEHRRT L PSR

LU ee RAEAT D HIRSHEI RN

No. decay chain iTopo Neyt
p- T (final state)

0 s T AR S T 0 717031

1 W = J/prtaT, I/ — YrsrutT T 1 33801

2 V' = 7w ypspJ /T T/ — pmut i 2458

4 W — J/prtaT, /Y — T yrsrRu T YFsrR - 6 569

7 V' — ypspd/YntnT, I/ = pypsrpt 11 113

30 o' = 7wt J/Yn yrsR, J/Y = T YFsRYFSR 82 4
48 ) = ypspr” J/Yypsrr T, /b = ptum 42 2
753978 evts (7 modes )

74



GES

o TR (28) - nOm®) /i B S
1. EPERRIRES N A?
2. ottt E AR
3. Fllie s

fm: A r® FARRMAET (r° - 2y)



RIS 5

 WIHGRE AT (Nyiy = Nops — Ny

* Inclusive MC
« W7 (sideband)

- UE



I FH Inclusive MC R £LHIE B

No. decay chain iTopo Ny
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45 ' — J/yn, T/ — ypspetypspe ,mp —w why 192 3
326 evts (3 modes )
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M EE

Me(x) = Ns-S(x) + Ng-B(x)

* RooFit J " F-Rei & — V) =K P —
* igi/ﬁzt %025;
B € F IR 5 = 5 AR R L g%
533l B ~— 10 73 D.015—
s e XTI SR G — e LY T _
i [ H e

. e b b b Loy i Ly
0 2 4 6 8 10 12 14 16 18 20

PDF ( prOba gllty diQSIty fU nctzion > Figure 6 — Drawing of composite model and its comp;nents
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Name Functional form Class name
2
, X—m ] )
Gaussian exp —0.5( ] RooGaussian(name,title,x,m,s)
s
Exponential exp(a - x) RooExponential(name,title,x,a)
i
Polynomial I+ Za,..\ RooPolynomial(name,title,x,alist)
i=l.n
Chebychev I+ Z a,T;(x) RooChebychev(name,title,x,alist)
polynomial —in
Table 1 — Basic functions implemented in RooFit
(Gaussian]
o 3 @
- ~§’ 5o
0’01: al.02 o.goc

&.‘B‘.4-10240610
x

Losalaaalaaalansdolaealaaalaaalo
&04444024061' 9‘0-6‘04-202‘0010 &0404-201‘0610
X X x

Figure 7 — Basic p.d.f shapes: Gaussian, Exponential, Polynomial and Chebychev polynomial
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Landau TMath: :Landau(x,mean,sigma) RooLandau(name,title,x,mean,sigma)
2\?P 2
Argus x(l—(%) ) .exp(c(l—(%) )) RooArgusBG(name, title,x,m,c,p)
Breit- 1 RooBreigWigner(name,title,x,m,q)
Wigner (_\,_"1)2+ng gwig ; yX,M, g
1
1 2
Voigtian > - ®exp —%('—) RooVoigtian(name,title,x,m,q,s)
(x—m) +1g° s
—1a°
(Z)"e™ 2
(BD;y”staI - - CXP(—%(";"') ) RooCBShape(name,title,x,m,s,a,n)
(ﬁ— |a —x) x>
x<—|a|
Decay exp(—|x|/7)®R(x) RooDecay(name, title,x,tau,R)
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FIG. 3 (color online) The dipion recoil mass spectrum for
W (3686) — 7w .I/c,[/ J/¢ — anything. Top: Data points
(black) overlaid wi 1e fit result (solid blue curve) obtained
using the tmm W(3686) — wra J/ Y, T/ —
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
FIRST CALL TO USER FUNCTION AT NEW START POINT, WITH IFLAC=4.
START MIGRAD MINIMIZATION. STRATECY 1. CONVERGENCE WHEN EDM _LT. 1.00e-03

FCN=25139.4 FROM MIGRAD STATUS=INITIATE 10 CALLS 11 TOTAL
EDM= unknown STRATECY= 1 NO ERROR MATRIX
EXT PARAMETER CURRENT CUESS STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 mean -1.00000e+00  1.00000e+00  1.00000e+00 -6.53357e+01
2 sigma 3.00000e+00  1.00000e+00  1.00000e+00 -3.60009e+01
ERR DEF= 0.5

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

FCN=25137.2 FROM MIGRAD STATUS=CONVERCED 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
-1.762e-05 4.948e-04
PARAMETER CORRELATION COEFFICIENTS

NO. CLOBAL 1 2

1 0.02606 1.000 -0.026

0.02606 -0.026 1.000

rrssaanann

*#* 18 **HESSE 1000
COVARIANCE MATRIX CALCULATED SUCCESSFULLY
FCN=25137.2 FROM HESSE STATUS=0K 10 CALLS 44 TOTAL
EDM=8.30707e-07 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER INTERNAL INTERNAL
NO.  NAME VALUE ERROR STEP SIZE VALUE
1 mean -9.40910e-01  3.04002e-02 6.65786e-04 -9.40910e-01
2 sigma 3.01575e+00  2.2244%9e-02 9.75228e-05  3.01575e+00

ERR DEF= 0.5

EXTERNAL ERROR MATRIX. NDIM= 25 NPAR= 2 ERR DEF=0.5
9.242e-04 -1.807e-05
-1.807e-05 4.948e-04
PARAMETER CORRELATION COEFFICIENTS

NO. CLOBAL 1 2

1 0.02672 1.000 -0.027

2 0.02672 -0.027 1.000

1. feEihE L
2. fhitsitiRE
3. WAEMEIE

AT [ Ht
L& L E goodness of fit
XT—MNF R EH y2/NDF ~ 1
HEE: NDF (number of freedom)
NDF = No. of Bin — No. of paras
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REMSEERI. GRERSH

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
-1.762e-05 4.948e-04
PARAMETER CORRELATION COEFFICIENTS
NO. GLOBAL 1 2
1 0.02606 1.000 -0.026
2 0.02006 -0.026 1.000
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Geom  Track  Pid _yID
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GEBNRTI
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—A
cut flow

NN

Criteria

w(2s) = A (2s) — A

i —1h
* Y(@2S) >t /Y
e d
HIR S/

Total Events

Ngood = 4. Ncharge = 0
N,=1.Ny= 1Ny = 1,N; =1
<N, <10

6(y, p) > 20°

A, A reconstruction
Pass 6C

Xec) <xz-(ry/0y)
ch <25
Lpy/o>2(A)

M,; > 3.48 GeV/c?
M 3 (M,);1.15 GeV
Efficiency (e%)

80000 80000
44198 43983
43856 43643
38075 38146
36491 34538
34354 32564
25192 22390
24681 21850
18368 15447
16084 13502
15891 13498
15870 13488
19.84% 16.86%

Table 2: Cut flow of ¥(2S) — A + c.c.
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| Tracking effciency of pionm_ ] [ Tracking effciency difference e_data/e_mc ]
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R EMC_ERILUELL (reweight FIHKTE )

__histo of all tracks in 2D__| h_fourdata_vs_incl_hi75

Entries 3122153
Mean x

Meany -0.
RMSx O
RMS y

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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N

AR B L

Entries/0.004GeV/c?

bl

VBT Bl B 23 A7 3k 1 R B R

x10° mpp_MO000
300 — Entries 6000000
Mean 0.4946
RMS 0.06262
Integral 6.169¢+06
~ %2/ ndf 2.09e+04 /77
Prob
Constant 5.444e+07 + 2.196e+04
200 —
100 —
0
0.2

o MCRAT JPIPI, gl gkH BESI Al &

g(s = 2mgy) + 291 Ep+ Ep-€5 (M) - €4, (A)

0 R EHE (BTFERTEFEAR) K reweight MC M, 77 4f
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b

ZEB MM EREBL
o= St v = B8 1)
PRI ES BLH W 2 trackss 4tracks, 6tracks, .0, BRI EAY
BER track B EIEBCRIFAFMIAE: track 2, FEEBIK,

prongs of J/1 0 2 4 6 8 10 Total
number of events(n; or n)|607255 11885458 14889294 6462789 688523 11853 |34549656 2
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-11 0.0230 0.3960  0.4010 0.1624 0.0164 0.0013 |53.574%
er (MC) 55.98% 55.02% 53.20% 51.20% 48.61% 44.70%
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=, MCHIZE
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':":+_ Data
8000 — == V[C+Continuum
: m—— Continuum
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2000 -
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( 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

1.2390

41.1825 6.3557
18.4289 4.1838
25.8516 11.2145 3.4419
18.6851 8.4610
15.2442 13.9761 9.5418
14.2377 12.1279
6.9984 10.1813

0.9993
0.3829
0.0148
0.0026
0.0001
0.0000
0.0000
0.0000

0.9357
0.2430
0.0090
0.0010
0.0001
0.0000

(52.8927 2.8744 0.1369 0.0179

0.1800
1.0455

0.5556
0.0810
0.0023
0.0003

0.0022
0.0247
0.2037
0.9895

0.2583
0.0230

0.0000 \
0.0291
0.0571
0.5728
1.8181
4.7885

4.4639

( wo

W9
Wy
We

ws

1.0272 )

\ w10

100



Sources ata~J/ ete putu”

Tracking 080 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 O+ .- 0.13 0.07 0.07
COS 0l+l— — 0.04 0.05
FSR effect of [1]~ — 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 e e 2

Sum in quadrature 1.28 0.62 0.63
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