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Discovery of J/y

“November Revolution of Particle Physics” in 1974,
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Fig. 1. Discovery of the J/{s particle at BNL and at SLAC. (a) J discovery at BNL, showing the e”¢” invariant mass distribution of the reaction
p+Be—e'e +X. The unshaded area is the result after a deliberate 10% shift in the spectrometer momentum [6]. (b) ¢ discovery at SLAC. A
very strong rise of the cross sections for hadron, pw, and e’ e final states is observed [7).

(6] 1.J. Aubert et al., Phys. Rev. Lett. 33 (1974) 1404.
k [7} J.E. Augustin et al., Phys. Rev. Lett. 33 (1974) 1406. /
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. Breit-Weigner form

» In quantum mechanics, unstable particle wave function
w{f} _ Hl:f:l’l'..'ll‘l::{]] _Em-a _E—t.,"ET — O(t |’|‘..",I‘ |E1'5 ] E—E'E[:_"H'—ﬂ";'E:]
>Transfer amplltude about time to functlon of energy (Fourier)

1 i[20(0))e > 1
— et dt = e Pldt =~ Re p>0
L O an (W —M)+il 2 / p Hersy

time-zero wave functlon |'\P(0)| is determined by normalization condition
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: Three basic parameters

» J/hy production and decay cross section |
etem = J/— X | \

X (s) = 127 Ix [ |
(s — M2)2 + M2I2, YA

» Jhy decay modes
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Breit-Wigner line-shape

X: leptons, hadrons, (photon)
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» Breit-Wigner parameters

M: nominal mass [ee: electric width 77 total width
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. Theory predictions of the parameters A
» Mass
Non-relativistic Schrodlnger equation + potential m_qqg_l _______________________
h* d*  I{l+1)k° | o
- Q‘u.d-rz_l_ 2pur? + S &) tn.i e, y_.a.

v2>
State Mass (GeV) I, (keV)P (? @H1/2 (fm) Candidate
18 3.095% 4.8 0.20 0.47 ¥(3095) Me= 1.84 GeV ?
1P 3.522° 0.20 0.74 Xp,1,2(3522 £5) . -1
25 3.684 2.1 0.24 0.96 4’ (3684) a=2,34 GeV™",
1D _ 3.81 0.23 1.0 P (3772) ¢
38 4.11 1.5 0.30 1.3 ¥(4028) k=0.52,
2D 4.19 0.29 1.35 ¥(4160) 9 9/3
45 4.46 1.1 0.35 1.7 ¥(4414) A=k(ma)?’'*=1,37
58 4.79 0.8 0.40 2.0 -
states , o
Cornell Experiment
l s 3.068 3.067 5
2s 3.697 3.663
s 4,144 4,159
4 g
1 p 3.526
2 I'l 3;%3
3p 4.383
1 d 3.829

2d 4.234 /




g Theory predictions of basic parameters A

» Widths
e perturbative QCD using lowest-order expressions
° ﬁrst-order QCD mrrectiﬂns PHYSICS REPORTS (Review Section of Physics Letters) 174
Nos. 2 & 3 (1989) 67-227. North-Holland, Amsterdam
, .- P(0)l°
ROl 7€) = $raelN, ,,(,2“ (1- %o /m)
{} 2
oo g0- 80 -9 0L (14 490/
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(,r _g) %s > TJ/— €7 €7 )1 +103e/7) ~5keV
2 I‘F(ﬂ)l""

< o DI vgg) = # (7 -9 alae’ —5— (1 -09a/7)

c

¥
i fm:g F(J /= ym.) = (940 + 285) eV

7 i s Lm0 q3) = 32 - TU/g— €7¢7)= (102 0.6) keV

r'(J/y—vygg) = B(a/a)(1 - 5.80./m) =10.3%

IrJiy—ggg)
@ I, (J/¥— hadrons) = R(off-resonance)'(J/y—e e ) =(13.2 £ 1.1) keV
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Measurement values of basic parameters

J/%(15) MASS

s » o VWe do not use the following data for averages, fits, [imits, ¢fC. = » »

937+ 35 7.8k 1 AUBERT 04 BABR e7 e — pTum

VALLE [MeV) EVTS DOCUMENT 1D TECN  COMMENT
3096.900+0.006 OUR AVERAGE
3096.66 +0.19 £0.02 6.1k L aan 1581 LHCB pp — J/uX
30969000002 £0.006 2 ANASHIN 15 KEDR e7 e~ — hadrons
3096.89 £0.09 502 SARTAMD MOV 00 OLYA e 7 e — hadrons
309691 +0.03 =0.01 4 ARMSTRONG 938 ET760 op— e e
309695 0.1 £03 193 BAGLIN 87 SPEC pPp— e7e X
e o o Ve do not use the following data for averages, fits, limits, efc. o o »
3096917 x0.010 =0.007 AULCHENKD 03 KEDR e7 e~ — hadrons
30975 03 GRIBUSHIN 9 FMPS 51577 Be — 2pX
30984 £2.0 38k LEMOIGNE 82 GOLI 135 7~ Be —
THT T A
3096.93 £0.09 502 SZHOLENTZ 80 REDE etTe—
30970 +£1 6 BRANDELIK 79C DASP eTe—
J/¥(15) WIDTH

VA LUE kel EVTs DOCUMENT iD TECN  COMMENT

929+ 2.8 OUR AVERAGE Error includes scale factor of 1.1.

96.1+ 3.2 13k L ADAMS 064 CLEQ. .eT e — pop 7y

844+ 8.9 BAI £955 BES eTe” .

91 +11 =6 2 ARMSTRONG 938 "E760° "Bp — eTe—

8557 21 3 HSUEH 92 RVUE See T mini-review

941+ 2.7 4 ANASHIN 10 KEDR 3.097e7e™ — e7 &7, p p




(PDG2016)

" Measurement values of basic parameters

J/%(15) PARTIAL WIDTHS

I (hadrons)

VA LUE kel DOCUMENT 1D TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, efc, o o o
74.1+ 8.1 BAI 5y BES eTe ..
59 24 BALDINI-... 75 FRAG e e™
59 +14 BOYARSKI 75 MRKL eTe™
50 25 ESPOSITO 756 FRAM eTe™
Mete)

VALUE [keV) EVTS DOCLUMENT 1D TECN  COMMENT

5.55+0.14 £0.02 OUR EVALUATION
s » » VWe do not use the following data for averages, fits, [imits, ¢iC. » = »

5714016 13k L ADAMS 060 CLEO eTe™ — putpu—n
5.5740.19 7.8k 1 AUBERT 04 . BABR. efe~ — ptpuy
5.14-L0.39 BAI ’955 BES e—e,
535‘3%3 2 HSUEH 9 RVUE See T minireview
4724035 ALEXANDER 89 RVUE See T minkreview
44 106 2 BRANDELIK 79¢ DASP ete—
46 +0.8 3BALDINK-.. 75 FRAG ete—
48 106 BOYARSKI 75 MRKL ete—
46 +£1.0 ESPOSITO 758 FRAM ete—

+ —
M(w*p)
VALLE (ke DOCUMENT 1D TECN COMMENT

N

5.1340.52 BAI 955 BES e e—,
483 +0.6 BOYARSKI 75 MRRL e+t e—
5 +1 ESPOSITO 758 FRAM e e

™




. J/y parameters measurement at BESII

Phys. Lett. B355 (1995)
Energy points: 23
Total luminosity: 82.28/nb

102 !cus{ﬂ}l s oG =
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leos(g)] = 0.7
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ENERGY E.. (GeV)

Channels analyzed:
ete~ — hadrons

ete” — J/p — hadrons

ete™ — ete~

ete” — Jhf — ete~

ete™ = utpy
ete” = Iy — ptp
Results:
T | 84.4 + 8.9 e\
r, 741 £ 8.1 e\
T, 514 L0359  kev
T, 5.13 + 0.52 keV
/T [0.878  + 0.005
/T [0.0609 =+ 0.0033
/T [0.0608 4 0.0033
I, /T, 11.00 + 0.07

Maximum error : 11%

Y,




" Jhy parameters measur

ement at KEDR A

arXiv:0912.1082v2 [hep-ex] 25 Jan 2010

Measurement of I'_(J/v) - B(J/vr — eTe™) and I, (J/u) - B(J/r — p ™)

[y =5.59 +0.12keV
[=94.1+27keV

Tobss nb

b Vndf =11/8

10

1
3088 3090 3092 3094 3096 3098 3100 3102 3104 3106 3108

W, MeV

N

lee/ Ty = 1.002 £ 0.021 (stat.) + 0.013 (syst.)

[oo X oo/ T = 0.3323 + 0.0064 (stat.) + 0.0048 (syst.) keV,
[e X T/ T = 0.3318 + 0.0052 (stat.) + 0.0063 (syst.) keV.

[ee X (I'ge + I'u)/ I = 0.6641 + 0.0082 (stat.) + 0.0100 (syst.)keV.

Table 1: Systematic uncermmties in Ue o Do T

Systematic uncertamty source Error, %a
Lummosity monitor instability 0.5
Offlme event selechon 0.7
Tngger efficiency 0.5
Energv spread accuracy 0.2
Beam energy measurement ( 10-30keV) 0.3
Fiducial volume cut 0.2
Caleulation of radiative comrections 02
Fee % D/ T Cross section for Bhabha (MC zenerators) 0.4
, - Final state radiation (FHOTOS) 0.4
FRAM 1975 Background from J) o decays 0.2
DASPE 1975 —_— Fitting procedure 0.2
BABAR 2004 Toal d4>
CLEO-c 2006 p= Tahle - Systematic uncertainties i [, % D/ T
KEDR 20090 '§ Svstematic uncertainty source Emor, %
Fap % Uae/ T Luminesity moniter mstability 0.8
. SPEC 1975 Absolute luminesity calibration by ™6™ data 12
——a———  FRAM 1975 Trigger efficiency 03
. . Energy spread accuracy 04
FRAG 1975 Beam energy measuwrement {10-30kaV) 0.5
= DASP 1879 Fidueial volume cut 02
- KEDR 2000 Caleulation of radiative comrechions 02
Fmal state radiation (PHOTOS) 05
nl.z u!:s n.la 0.5 u.le- kev Nomresonant background 0.1
Background from J/\ decavs D6
Total (J2)

/




The published results

Index | Collaboration | Method | Year | lior (keV) | [y (keV)
1 BABAR ISR 2004 047+4.4 | 5.61=0.21
2 CLEO ISR 2000 06.1+3.2 5.71=0.16
3 KEDR ES 2010 04.1+2.7 | 5.59+0.12
4 PDG — 2016 02.0+2.8 5.56=0.14
5 BESIII ISR 2016 — 5.58=0.09
6 BESIII ES 2017 943119 bl045:0.09
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Experiment analysis




. Energy calibration of J/\ scan A

» Fast scan and fit

Results 1) — using BEPC energy values: 15 energy pOIntS and IumInOSItleS
FCN= 54.10758 FROMMIGRAD STATUS=CONVERGED 63 CALLS 1088 TOTAL PI‘D{J. \.-"'E(GEV] BEMS ﬁ(Gev) Int. L (F'b_]}
CxTpARAL D= 011805 STRATEGY-1 ERRORMATRIX UNCERTAINTY= 0.1% 3.0500 3.050206 <+ 0.000026 14010 £ 0.161
vy TR g 7= -. 3.0600 3.050257 + 0.000028 15.060 + 0.161
S WOTT 052000504 constant ! 3.0830 3.083060 + 0.000023 4.769 + 0.055
501 oo e <tieTses 0197 gl " 3.0900 3.089418 + 0.000022 15.558 £ 0.165
7 ESD e4166E00 032302604 015006503 08 | i 3.0930 3.002324 £ 0.000025 14.910 £ 0.160
g i 3.0043 3.005261 + 0.000084 2.143 + 0.025
) 3 3.0052 3.005004 + 0.000081 1.816 +0.021
Mv = 3096.5 Mel ¢ \ 3.0058 3.006390 + 0.000075 2.135 + 0.025
Okem = 0.8417 £0.0223 MeV ~ *F ] \\ 3.0969 3.007777 + 0.000076 2.060 £ 0.026
_ E—— 3.0082 3.008004 + 0.000075 2.203 £+ 0.025
AM= Mr¢— Mros= -0.4 Me} T T 3.0990 3.000606 + 0.000003 0.756 + 0.011
fom Gal 3.1015 3.101923 + 0.000106 1.612 +0.021
_ FIT PDG reset preset 3“]55 31{:'61-1-1 :l: ':IDDDDQD QlDG :l: DE'QEI
AEqn = My~ — My Eem® = Eqn™ + AEem 3.1120 3.112615 + 0.000093 1.720 + 0.021
AEyam = AEq /2 Ejeset — EPreset 4 A Byeam 31200 3.120442 + 0.000115 1.264 +0.016
arm. - CI.
350
= 300
> BEMS callbratlon U
: 3 > = / ________________________________________________ é 250
: positons sectrons $ o [
R21AMB RUAMB | 5w [ sims oo™
S
U eai ey ss sse g0 s

photon encrgy/MeV

Postirons: 2011.03.01 | 09:3432 - 11:10:00 | 2011.03.01

LTI VA7
X ! 6.0m E North
W 2004: started BEPCII/BESIII =} —6 ; "
e construction Laser Lenses
B 2008:testrun il _________ south_
\f _‘ 2009 - now: BESIII physics run BEMS
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» Signal events
T s ete

>w<>®<

()

@ .

Event selection

ete™ — putp~

— ® Nchrgds = 2

» Signal events selections 9
event ® Nehrgds = 2 event__ ¢ I_ZI Chrg; = 0
2 level N
level ° Z Ch-'"gi — 0 ® Nptrs =0
=1 o |Tofy — Tofy| < 1.5 ns
—o |V <lcm, |V, <10 cm — o [Vi[ <lcm, |V <10 cm
o 0] <0.8
traCking_< L |CDS Hl < 0.8 tracking |C':IS |
level o P >07 Ebea,m level — * P>038 Ebea,m
o E/P > 0.6 e 0< E/P <0.25

— e Jof >0




. Monte Carlo event generators
» Functions of MC generators
— optimize event selection criteria

— determine detection efficiencies

— correct detector simulation bias

» MC generators

processes MC generators | N, | @ranges (°)
Signals: ete” —ee Babayaga-3.5 | 5000000 34-146
| eTeT = putu” Babayaga-3.5 | 5000000 34-146
| e"e” — hadrons ConExc 500000 0-180
BGs e e — Yy Babayaga-3.5 | 500000 20-160
| eTe” — eTe y"y* | BesTwogam 500000 0-180

Model precisions
— Babayaga ~0.5%

@ — BES Twogam ~ 1%
— ConExc ~ 3%
A i /




. Comparisons between Monte Carlo

e The distributions related to event selections
2'g — ate” A0 atgm — gta gte” — g7
o i F 10
= o iy
3 5 %) S
2 ° f S 1
o 2 2 10
2" & af 3 107
5 i i 10
1011 12 13 14 15 TE iF T 00 05 0 06 OF 10 1z 14
P (GeVic) cos & EP (c)
e'e — L~ 2210 ete” — Ut ete” — Ul
o 10 E ¢
E it E 15;_ J.\“.‘.'\,_/”j;'k % “
= =t =Rl;
= ] 1|:|_— o
E - E -§ ¥
= 5_
3 10 : ’
T B B v S ¥ v — L Y Y Y — e e
P (GeVic) Ccos & EP (c)
_ _ ete” — LTI
e Good consistence ok
gm*;
— Reduce systematic error effectively o
c 1
1 5]
@— The small differences lead to errors .

k Aty (ns)
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Cross sections measured with data A

e Original experiment formula

-
¥

‘Nsig — N bkgs

7= L - €Etrg * €recsel
e Correction to the imperfection of detector simulations

Noo — Nivoo :
sig bkgs f <— correction factor

7= L - Etrg * Erecsel
— Cause tracking and event reconstruction efficiency bias for data and MC

— Bias can be corrected bin-to-bin for MDC and EMC by

rMC
L obs
f T data( ) Eda.t-a(n) Edata’(ﬂlj Edata(n)
>3 NSy S ST ) <
o | EE;E[E(?H) Irftﬂc (H) Eclst:(ﬂl) Ecist- (H)

L T

* Meanings of the symbols explained in the BES memo/draft

(- y




" Cross sections calculated by theory

e Structure function scheme ...

— Vacuum polarization

— Final state radiation (FSR)

— Interferences
X d&

a(s) = ; E{s[:l — x),cos B)F(s, x)dxd(l
e Beam energy spread considered

1 (wg—w)?
(W) = / 7o (Wo) ( N 22, ) AW,
TowW

e Five parameters to be determined
ﬂ“f: Ftﬂt ’ rEE 3 ]-_1!{‘{1“' ’ Ow

— Instead 5 free values in fit

— But 4 combinations

M FEEFEE/FtDt Fﬁﬁrﬁﬁ/rtﬁt ow
(-

™

Analytic forms for cross sections of di-lepton production

— Initial state radiation (|SR) from e"e  collisions around the J/1 resonance”

Xing-Yu Zhou(}2% 1)) Ya-Di Wang( il )2%2  Li-Gang Xia( % JJH{)s3




: Extraction of parameters

e Method — fit by least square method with MIMUIT

e Objective function — global y?
2=_Act V. A0

L[ ofERer(i) — gtheor(j) i=1,2---14,15
Aa(i) = { FSP (i — 15) — e (i — 15) i =16,17---29,30
( 8 theor 2
Veuliod) + 006 (i (z)awm)
O,g:pe‘f‘(i) G,exper( 15) 3 ggecr ao,t.hEGT
N L) L( —15) Vo(i,7 — 15) +4(i,5 — 15) BT (2) BTG (i) (AW (i))?
V(E?j):'i exper( ) exper(z_15)v . i 5 . agtheor 3 ﬁl;eor - AW .
LG —15)L()) (i = 15,7) +6(i — 15, 7) U) =5 (32)( (45))
theor
v (i—15,j—15)+5(z’—15,j—15)( L (; —15) AW (i — 15)
e oW

e'e” — e'e” ee” — utu-
55,1200
?

g (31120
o 3.1055
w

g'3.1015

—
<'3.1200

e Covariance matrix V

@- 3.1055
3.1015
3.0990

- Same channel at different energies a0z

3.0958
3.0952

- Different channels at same energy oo

3.0900
3.0830

g Different channels at different energies:::

.

3.0990
3.0982
3.0969
3.0958
3.0952
3.0943
3.0930
3.0900
3.0830
3.0600
3.0500




s Fit results

e Cross sections and fit line-shapes

e’e” — e'e” ee” — utu-
o [ o |
L =
L 20
© 350 S
300F
2501 10
200__| 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1
306 308 310 312 306 308 310 312
Vs (GeV) /s (GeV)

e Parameters values
Leelee /Tt = (0.348 4 0.009) keV,
T.oT,, /Thor = (0.339 + 0.006) keV,
Tyl /T = (0.337 = 0.006) keV,
T../T,, = 1.025+0.014.
Lot = (94.3 +2.1) keV,

@ I = (5.64 +0.11) keV.

x°/ndf ~ 37.1/26 =~ 1.4




Summary

Collab. ‘ Method Year

['ior (keV) 'y (keV) Ref.
BaBar ISR 2004 04.74+4.4 5.61+0.21 [ 14]
CLEO ISR 2006 06.14+3.2 571+0.16 [15]
KEDR ES 2010 04.14+2.7 5.59+0.12 [16]
PDG — 2016 02.942.8 5.554+0.14 [3]
BESIII ISR 2016 — 5.584+0.09 [19]
This work ES 2017 04.342.1 5.64+0.11 ne
& EBEZ {EE] * - ! EEZ (E&)

—— EaBar [IER) * 1 EaBar (IZF]

CLED jISK)

i | E::::;:I KEDR [EE]

— FO3 3018 :I;::I:::l-t]

i ——

ﬁlﬂ' I I . 1|:I||:' . I . — é- — I5:5. — E- — Iﬁ:-ﬁ
I, . (keV [, (keV
references ot (KEV) o (KEV)

[3] C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40 (2016) (10): 1
[14] B. Aubert, et al., BaBar Collaboration, Phys. Rev. D 69 (2004) 011103,
[15] G.5. Adams, et al., CLEO Collaboration, Phys. Rev. D 73 (2006) 051103.

]

[16] V.V. Anashin, et al., KEDR Collaboration, Phys. Lett. B 685 (2010) 134.
@19] M. Ablikim, et al., BESIII Collaboration, Phys. Lett. B 761 (2016) 98.
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