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Properties of the Interactions

The strengths of the interactions (forces) are shown relative 10 the strength of the electromagnetic force for two u quarks separated by the specified distances

, Sravitation Weak Electromagnetic
Property rteraction Interaction Interaction

(Electroweak) ,
| Acts on | Flavor Electric Charge Color Charge
| Particles experiencing . Quarks, Leptons | Electrically Charged : Quarks, Gluons
| Particles mediating | wt w- 20 | Gluons
| 0.8 | | 25
10-4 60

Strength at {

s ot kA FARHEKI/BAPARE/ QAR T FB/E A 4 ATHE . BT
* B A HERLSTH! (REAMAIML.: it hd)

* B A HEBATH! (RAMIHK)

c WA HHBATH! (RAMIHK) How are they entangled in the

* 3 A BAEFTHE? BT &L certain decay?
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Theory for the phase between strong and EM

(a) Strong — A3,

(a) e'e” — R(qq) — hadrons via strong

mechanism;

(b) e*e” — R(gq) — hadrons via EM

mechanism;

(b) Electromagnetic — A,

pQCD regime: all are Real, phase between

As; and A, should be 0° or 180°

V.L. Chernyak and I.R. Zhinitsky, Nuclear Physics B 246, 52
(1998)



Theory for the phase between strong and EM

H _
Ag = Z (h[3g)13g1¥) Universality independent of final
h
states or intermediate resonances.
A]If — 2(}1'),)(),“/}) For exclusive channels common to J /Y
h and Y(25), there cannot be significant

Clearly,

differences in relative abundances if

AZHA)I;, = (Y[3gX3glQnlhXRDIY) (v[¥) =0 the three-gluon intermediate state

is equivalent to makes any physical sense.

(3gly) =0

: — J.-M. Gerard, J. Weyers, Phys. Lett. B 462, 324 (1999) ;
Since 2p|h){h[ =1 P. Wang, C.Z. Yuan, X.H. Mo, Phys. Rev. D 69, 057502 (2004);

M. Suzuki, Phys. Rev. D 58, 111504 (1998); etc.



Phase in J /1

SU3 and SU3 Breaking in 1-07[2234] | Decay | Amplitude | PDGx10¢ | Fitxto¢ | Ay
e o T+ _ 0 70 g e te 169.0 =15.0 133.00  1.13
070723, 1717, 17075l BBI267ldecays =+  g(i-s)etre 512+ 30 515 001
show the phase in J /1 decays between A, K*0 KO g (1-s)e —2e 439 + 3.1 485 0.48
dA is |d| ~ 90° ® 1 (g X+d)et +eX  17.4+20 185 0.06
and A, is | D] on (g (1-2s)Y+d)et—2eY 75+ 08 3.9 4.02
« PP(007 ) (¥~ ,K*K~,KsK;) oM 3eX 1.9 £0.2 2.2 0.30
o 0 .o S ® 3e 45 =05 4.1 0.11
* VP(1707)(pm, w®, p7, pm, wr), g, p1°, 01, 17, on  (gX +d)et+eX 7.0 £7.0 119 0.10
K*K) gy (G2 FAIE 4o0x07 61 187
« VP(1+07)(K;F(1400)K ¥, K;F(1270)K ) pn 3eX’ 1.1£02 1.1 0.04

Y 1y e KK KR  paamesr [ R

SU; strong Amplitude g 7.22 = 0.38

) BB(pp, ni, AA, X020, XF X7, 5050, 5V ET X044+ ZOA) SU; breaking strange S 0.18 = 0.04
E]]Le'i"o‘;i";“cr;‘iﬁo%e'imfﬁcfohﬁ f:f 5%123%&,9?123-;;&1/9902300v1 (1999) SUs breaking DOZI r -0.04 +0.02
21 ke Suz, sl Roew 575717 0555 on em. Ampiude e 075004
st e S L) Phase ¢ msizers
[71K. Zhu et al.,, Int. J Mod. Phys. A30, 1550148 (2015). —- from Rinaldo Baldini



Phase in J /Y — PP

A triangle composed by three amplitudes With only two KK amplitudes
BABAR, PRD 92, 072008 (2015)  j/y — KK, @ ok = 0)
, | BES [35] (97+5)° (98 +4)°

Bly — KTK™) = [AJTF + A ~(97£5)° —(96+4)

By — KsK;) = [kAK'K™ 4 Aei®|?| Seth eral [18] (111£5)° (108 +£4)°
—(109 £5)° —(107 £ 4)°

By - K*K™) x 10* Iy
Measured value 3.36 £ 0.20 £ 0.12
Corrected with sing > 0 3.22+0.204+0.12
f Corrected with sing < 0 3.50 +0.20 £ 0.12
A Br(Jlw—=K:K,)]""2 P
eg o [BAV=KSE] ete” — KTK~ average 2.43 £0.26 [3,31,32]
5() _1(B(KSKL) + pB(mrt7) — B(Kﬂ'(‘)) w(2S) - J/yntn, J/w - KTK~ CLEO 2012 2.86 +0.21
= COS
. 2JBKsK,) X p X Bl 7)] Y(28) > J /e ]/ - KK (3.072 4+ 0.023 + 0.050)
Mark III [10] BES [16] CLEO 2012 I

B(J/ & — mta) X 10* 1.58 + 0.25 1.47 + 0.18

B/ — KTK™) X 10* 2.39 + 0.33 2.86 = 0.21 BESIII recent result

B(J/ ¢ — KK, ) X 10 1.01 + 0.18 1.82 = 0.13 262+ 0.21 PRD 110, 032006 (2024)

5(J/ ) (88 + 11)° (73.6 = 5.6)°

Z. Metreveli, PRD 85, 092007 (2012)

2025/05/13 CHARM2025,SHANGHAI 6




PhaseinJ/¢ —» NN

BESIII, PRD 86, 032014 (2012)

30000 4000 £

Jopp | o

25000 F

» E,(E,) and S are EM and strong
amplitudes of J /Y — pp (nn), ¢ is
the phase angle between E),(E;;) and S.

W W » Assumption:
* Ep=—-E,and S, =5, =S

= E
£ 15000 F
g B

~ 20000 —
-
H —

10000 F

5000

Br(J/y - pp) = (2.112 + 0.004 + 0.031) x 1073

a = 0.595 +0.012 + 0.015

Br(J/y - nft) = (2.07 £0.01 £ 0.17) X 1073 | ¢ = cos '[(B(J/y — pp) — §* — E;)/(2SE,)]
a = 0.50 + 0.04 + 0.21 = (88.7 £ 8.1)°.

» The strong interaction is dominant.
» ® =(—85.9+1.7)°or (+90.8 + 1.6)° combined with other baryon decays from BES,
Markll, DMII, BESII, BESIII experiments. k. zhu, X. H. Mo, C. Z. Yuan, Inter. J. Mod. Phys. A, 30, 1550148 (2015)



Phase in Y (25)

From the analysis of BESIIl data made by R.  PP(0~0~) mode from BES result!3!:

Baldinill: o Y(2S) > KK, K*K~,nn:
S W(25)>VP (1707):d = (159 + 12)° ® = (=82 + 29)° or (121 + 27)°
cW(2S)>K*K only: @ = (159 + 24)° Analysis!*l of /(25) decaying to baryon pairs

from CLEO and BESII:

* baryon pairs:
Analysis by Mahiko Suzukil?! with Babar data: ® = (=98 + 25)° or (+134 + 25)°

< P(2S)>PP (0707): @ = (95 + 11)°

« P(25)>170" : tends to have large phase, The ® change between J/y and Y (2S) is a

cP(28)> 1707 d ~ 0° puzzle, very likely related to pm puzzle
i [1] Rinaldo Baldini Ferroli, Orsay (France), 2014
- Difference could be caused by lower [2] Mahiko Suzuki, Phys. Rev. D 63, 054021 (2000)
. [3] BES Collaboration, Phys. Rev. Lett. 92, 052001 (2004)
statistics of Babar data than that of BESIII. gg% g.l fg%za 5 Mo, C. Z. Yuan, Inter.J. Mod. Phys. A, 30,



Phase in ¢ (ZS) — NN BESIII, PRD 98, 032006 (2018)

-+ 500 F

1000 F 400

Events/ (0.08)
Events / ( 0.08)

200 -

300 |-
200 |-

100 -

cose of p

S NP UITIS NP USRI NPROVIN BPEUPI NP -08‘
-0.8 -06 -04 -02 0 02 04 06 08 ’

cosb of n

> Br(y(3686) —» nf) = (3.06 + 0.06 + 0.14) x 10~*
» ap; = 0.68 +0.12 + 0.11
> Br(y(3686) — pp) = (3.05 + 0.20 + 0.12) x 10~*
> a5 = 1.03 + 0.06 + 0.03

The a values are similarin J /1) - NN , ®~90°.
In Y (3686) - NN, « values are different.

A more complex mechanism in ¥(3686) - NN?

* |t makes a similar and straight forward extraction of the phase angle impossible in the

decay of ¥(3686) — NN, and further studies are deserved.



Phase in y¥(3770)

» From R. Baldini (Orsay (France), (2014)), |CI)|~9OO

decay | continuum | ¥''(3770) | sign
pr 13.1Xx2.8 7.4%£1.3 - CLEOc, PRD 73(2006)012002
R 2.1X1.6 4.5x0.7 + CLEOc, PRD 73(2006)012002
PD 0.74X0.08 | 0.4x0.02 - BESIII Y.Liang, Nov (2012)

o From P. Wang (arxiv:hep/0410028v2 (2004)),

* @ holds —90° in OZI suppressed decays of 1 (3770).

* From the pm cross section measurement at Y (3770) and 3.67 GeV, pm production is

suppressed possibly by interference.

2025/8/13 10




SU(3) independent--Scan method

(c) Non-resonant Continuum —>Ac<

(a) Strong — A, (b) Electromagnetic — A,

l Ll

. ) 2 “F ejre_ —ufum lcos 6 le.GI 7
Chorn = |Aggel¢g,cont. + Ayelcby,cont. + Aot | IOO; e (b) g
A )

If q)y,cont. =07, o | !

2
— P, EM
Oporn — |ASge g T Ay T Acont. | T T I R (O B N B

3050 3.090 3100 3110 3120 3130
ENERGY Ecm. (GeV)

288701

@ The full interference between A, and A, has been observed at
SLC (1975), BESII (1995) and KDER (2010). (D ;ope, =0°)

2025/8/13 11




Model dependent experimental evidences

from ¢ decays

The interference between ¢ and w(w') was observed at SND.

>ete > ontn Y

Ay is dominate

> ete”" s w(w) > ntn n?:

Az, is dominate

> q)qb—w(a)’) ~ q)g,)/

’ ¢¢—w(w')~1800[1]

[1] SND coll., Phys. Rev. D 63, 072002 (2001)

2025/8/13 12




BESIII datasets

10%F | | | ' | | 3
ool
w
10 ‘
- P ‘- o 2.175: 108 pb1 -
i ..
B I ——— B e o * oo H o Ko Ko ko koo |
1 - -
g data below open-charm threshold :
07l 2.23~3.67 GeV: 14 points ~110 pb~* |
B ”H Low energies can be accessed via ISR technique 2.00~3.08 GeV: 21 points ~550 pb~1 §
[l 1 | l l ‘ ! I ‘ 1
0.5 1 1.5 3
7 I l 1 [ AN I 1 I ‘ 1} 1
- J/p P (2S5) .| 4.23+4.26:1.0 .
6 | 10 B : 9 fb~1 o
i /¢ P(25): 2.7x10 $(4040): 05 fo-1 :
5 — 1/)4040 o 436 4.42 ]
W(3770): 2.9 b1 Parro W 0.5 fb~t i
R | y i ™y L
4.18: ~3 tb™ o T
i 1 SeRudli ¥ 4.60-4.95
3 - | T | T ~6.3 fb~1 in total
- | |
ol L i -
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Scan method and measurement

2

_ 2 2 3W?2 JTeel 1y, (1 + Ce'Peim
« The born cross section: o®w) = (=) X< |, ce_ppu+C )
w2) w2 aM(W2 — M2 +iMT)
e The observed cross section:
W+nSg i

gthecrr}f (I"V) — f

W—HSE

GS(W — W"dy II/dIF(I:t?)JD(S(l — 1))

0

2
16 ﬂ.iﬂbs . fﬂ'”(Wi) 1 _ y
e Minimization method: x*=)_ [ ] + (&—ff)

" 2
=1 (Ao Pbs)2 4 [5 W, - ‘%ﬁ,ﬁl]

* Analytical formula was developed to reduce two integrations to one,
hep-hp 14:7,585-595(1990); CPC 41:083001(2017); CPC 48:113104 (2024); PRD 110:053010(2024);

2025/8/13
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Scan measurement of ete™ = J /Y - 2(ntn )’

BESIII, Phys. Lett. B 791, 375 (2019)

E —— data E IF e data E :,%102 = —— data E
T b E [ | :
& [ y2ndf=11.68/12 2 s .
o [ & . i - %2/ndf=9.06/12 g 10F X/ndf=11.62/12 .
=) = w . 3
:3 +,,— 23 107! + - » — gg B
HoH ; e S 2(rtn )
10 ;;—o——-o———ﬁ____.‘hﬁ‘xj’ E :__+__‘*‘_“—“~-i*Hw+¥j | E’ =
T 73060 3080 3100 3120 5060 3080 3100 3120 - ;
W (MeV) W (MeV) 0y 3
3060 3080 3100 3120
. (UM _ o M
okt . =(3.0+10.0) W (MeV)
- b Bsx (%
. @I =(—2436)° or (—22 £ 36)° =Y sz (%)
' ' Solution | (84.9 & 3.6)° 473 +£0.44
Sg = (0.90 £ 0.03) MeV Solution I | (=84.74+3.1)°|  4.85+ 0.45

BPDG —_ (41 i 05)%
The phase between A, and A3, is found being consistent with 90°.

2025/8/13
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Scan measurement of ete™ —>]/1/) — ¢77

BESIII, submitted to JHEP, arXiv: 2505.05888

10°

10°

e g T ] E
- ¥2/ndf=24.9/21 . - y2Indf=249/21 7
104 i ‘h‘r,Sg - 1500?::‘: | 104 I ¢¥.39 =2 10::: | 29: i /
E § Data E F § Data 3 -
. - —— Total Lineshape®ISR®S,_ . s - —— Total Lineshape®ISR®S, 7 -
0 - . . e L . i ]| m—
& o - Total Lineshape e: 03 """""" Total Lineshape C
£ 10 g Continuum: e'e —¢n = £ 1 E Continuum: e'e'—dm 3 N C
o : Resonance: Jiy—dn ] © L Resonance: J/y—on ] )27
i == Interference i | -~ Interference ] B
107 E 107 = o6k
- & 4 1 - & + . B : H
l * . ’I . 1 ? . T . 251 __________ V
3 3.05 3 3.05 S AR SN SN S RN N R
120 140 160 180 200 220 240
s (GeV) s (GeV) G
1055 T T ™3 105; T DR T3 .39

I T > Two solutions

] ] & i .d]  »>Indistinguishable within
N L § | ]

102 lo COnﬁdence
b P e U e, e 1330, 228°]

10°

2025/05/13 CHARM2025,SHANGHAI 16




Scan measurement of eTe™ — Y (25) - pﬁﬂo(n)

( BESIIT, Phys. Rev. D 111, 032011 (2025)
10°E x*/ndf=5.66/6 f?:gl it (a) 10°E x*/ndf=1.36/6 ; fIT):&l it (b) )2
F : = Y6) peak g i OBorn — IAcun + Arcz-: xXe |—
---- Continuum - i ---- Continuum
= 2 T {
S S el
E Fad: Acon(s) - a/S"
g 2 F
70} - W L
% i % i 12ﬂ.r€€rtﬂl6
O 10k © 10¢ AES(S) = \/ 5 - /
- - S — MH + tMl—‘l(]t
1 1 , v R L ; ] 1 ] i . y ; ] ; ] . . .
i — ) : : » Phase is consistent with +90°
367 368 3.9 37 4367 368 369 37 371 after convertin g.
s (GeV) s (GeV)

T Br (x 10

) = Constructive | 65.0 + 6.7 1339+ 11.2+ 2.3 75.0 £ 8.9

153+ 7
Destructive —68.9 + 5.7 183.7+13.7+3.2 |-779+7.1
_ Constructive | 58.9 + 14.1 61.5+65+1.1 69.8 + 22.1
¥(2S) - pp Destructive |—63.8+ 12.1 84.4+69+ 14 60 + 4

» The interference brings change in branching fraction results.

2025/05/13 CHARM2025,SHANGHAI 17




Scan measurement of ete™ - 1 (3770) - pp

BESIII, Phys. Lett. B 735, 101 (2014)

12

E B = 25
% o & 2 o(s) = |Acon + A¢ei¢’|2
Lﬁ x ll " My F,;, 2
< 8 2 1 _ i
e °f E = [v/Ocon(S) + /O e
- 0.5 con ws—mw+lmw}'—'¢,
o 037473.753.76 3.77 3.78 3.7\?_ 3.8 3.81
i s(GeV/c?) d d S
i 03770 pp) (PP) ¢ (°)
B +0.070 +39.0
2| 0.059_0_020 +0.012 255'8—26.6 +4.8
N —4— (< 0.166 at 90% C.L.)
D I 1
3.1 3.2 3.3 34 35 36 37 SQBE (Geaﬁz) 2_57-_pg:g +0.12 ZBG.QtE:; 409

Even the interference is between A4.,, and 4, the phase @5, is still
close to —90° since A, is much larger than 4,

2025/8/13 18




Scan measurement of ete™ - ¥(3770) - ppmr’

BESIII, Phys. Rev. D 90, 032007 (2014)

13
12

7 " ,

o - [ ]

P 1°:“+ | ml’ 2

I:. oF \\ " - ‘V Ocon T VO exp(uﬁ)‘

a g z Y's —m* +iml

2 70 '

o - . —”0 S

-.83 63— 0!{)/(3770) pp o gp w(3770)x [ b]
5E Solution [pb] Gric [ ] at 5.26 GeV
A T T D T DT I B b <022 269.81350 £ 11.0 < 0.79

364 366 368 3.7 v3§7[ée\3,]74 376 378 3.8 2 33.8+1.8+2.1 269.7+23+0.3 122 + 10

* The phase @3, ,, is still close to —90° assuming A, is much larger than 4,
« Significance for ¥(3770) resonance ~ 1.5 o

2025/05/13 CHARM2025,SHANGHAI 19




Scan measurement of eTe™ - (3770) —» KK,

mTT T 7T T T T 1

0.7 bbb 72 W(3770) |

0.5

(PR T A e —
AT S 51 T U Y A
0.2 E H . M H H H H

dressed(e+e- N KgKE) (pb)

0.9 ....y - bala ' R
0.8 ._.- —— Fit result —

SO TET S S W 41 S o SV 4% S 1 S +_
0 E A | "l i i

34 36 38 4 42 44 26 48 5
s (GeV)

dressed |BW €{¢+

(V5)"

BW = w/127TZFeeI‘B ,CD(S CD( ) _a
S—MZ+iMT | (M)’

2025/8/13

BESIIT, Phys. Rev. Lett. 132, 131901 (2024)

i D 3o contour

-0.7 : e 2o contour 7]
| . o cor:tour

0 1 2 3 4 5

B(w(3770) - KIKY) (107)

B = (2.637125) x 107%and ¢ = (—0.39%393)n
within 1o likelihood contour.

Significance of {(3770) resonance contribution
determined to be 100.

First observe the charmless decay (3770) —
KsK; .

20



Scan measurement -- upcoming

| channel |y | wGese) | G770

KTK~
KsK;
ntm~

ntnn%(pm)

ntn™n(pn) Junhua Li+Caiying Pang(GXNU), BAM-889
' (on')
KTK~mnO(K*tK™) Tianyou Li (NKU), BAM-968 Tianyou Li(NKU)+Chen Xie(NJU), report
KsKEnt(K*°K®) Chen Xie (NJU), BAM-996 Chen Xie(NJU), report
wn Zhikun Xi (WHU), report Yigi Du (WHU), report
wn’ I(_IV?/Ill_:Bg) SEIE (USIGFAEIRRG Wl Zhifei Tian (WHU), report
oy8
& Zequn Sun(IHEP)+Nefedov
1 Yury(JINR), submitted to JHEP
on’ Yanwen Luo+Jianxin Wang(WHU),

2025/8/13

Tengjiao Wang (IHEP), report

Francesca De Mori(Turino), report Yadi Wang(NCEPU),draft
Jie Yuan(NCEPU),report

Yipeng Zhao(NCEPU), under study Yipeng Zhao(NCEPU), under study

Yijia Zeng(NKU)+Tengjiao

report

Wang(IHEP)+Chen Xie(NJU), report

Bolun Zhang(IHEP), PRL132, 131901 (2024)
Yipeng Zhao(NCEPU), under study

Yijia Zeng(NKU)+Tengjiao Wang(IHEP)+Chen
Xie(NJU), report

Zhiqing Liu (SDU)

Chen Xie(NJU)+Tianyou Li(NKU), report
Chen Xie(NJU), report

Jiaojiao Song(HNNU)+ Yateng Zhang(ZzU),
report

Jiaojiao Song(HNNU)+ Yateng Zhang(ZzU),
report

Junhao Yin(NKU), report

21




pp Marco Destifanis(Turino), BAM-106
nty-

. chanpel | Jjp | Y368 |  P3B770)
Yanan Wang(NCEPU), BAM-822, draft
Jiajun Liu(SCU), BAM-729, draft
5050 Muzaffar Irshad+Hao Zhang(USTC),
BAM-612
A/A +X

Zihao Qu(SCU), BAM-702, draft, CWR

[y [1l
o
o [

3
1]
r I
=
=~ > [l [1]

JHEP05(2024)022
LZU
Jianyong Zhang (IHEP), report

[
=
|
[l
+
M
o

JHEP11(2023)228
JHEP11(2024)062

PRD 104, L091104 (2021)
JHEP07(2024)258

Hopefully, there will be 3-5 papers will be published in 2025!

Require more efforts from our referees.

2025/8/13
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Summary

[0 The phase between strong and EM can be measured with SU(3) dependent
method and scan method.

1 Critical problems about the phase is a mystery:
* Is the phase universal? Independent of initial or final state?
*  What 1s the sign of the phase?

[0 Input from theorists is highly welcome!

Inter. between Agy and 4, ?ﬁ::\sllillr;)ments (Br) deviate from its true value
}q |

Inter. between A,y and A,

Must be considered in all measurements!

2025/8/13 23




Thanks for your attention!




Model dependent experimental evidences

from J /1 decays

R. Baldini, A. Mangoni, S. Pacetti, K. Zhu; — exp 3 5

Phy. Lett. B 799, 135041 (2019) BB BRBE x 10 BRzz x 10
) T 030 1.164 4+ 0.004 1.160 + 0.041
AN 1.943 + 0.003 1.940 +0.055

AT+ coc. 0.0283 + 0.0023 0.0280 <+ 0.0024

pp 2.121+0.029 2.10+0.16

9949 nm 2.09+0.16 2.10+0.12
YT 1.50+0.24 1.110 +0.086
Yy xt / 0.857 £0.051
=08 1.17 +0.04 1.180+0.072
2-5+ 0.97 +0.08 0.979 + 0.065

* Consider the small contribution from 4,4, D — (73 + 8) o

* Assume A, 4y has the same phase as A3, to 4,

* Perform SU(3) analysis based on experimental Br result from SU(3)

branching ratios of / /1 decaying to baryons very close to PDG

2025/8/13 25




— Born crass section (pb)
=

<
[ %]

=
lad

2025/8/13

Prediction for line-shapes of Y (3686)

-_' -l-¢>=-180 '-. L _ %'0.7 [T I I T
E [— @=-90 ] Z 06E [0=180 B
[ [ =0 i 2 |—o=00 :
- |[—@=90 e 2 0.5F |- o0 -
‘1| |[— ®=180 A 4 2 | . ]
g A N S 04f |70 -
: - |— ®=180 "
e —— - g
. ‘el 2 03F -
2 48 - .
: 8 0.2F .
0.1F PR\ .
3.67 3.68 3.69 3.70 3.67 3.68 3.69 3.70
Ecms (GeV) Ecms (GeV)

:.; l: L | L ——
: — ®=-180 *
S — ©=-90 %
3]
# — ©=0 :
g — ®=90 " .
>} _ -
< =otm | & Bt
EIO-l = ; ':... -
- 4 s ...::. ..............
8 — : \\
- -
i b s s s o d 535§ 5956503
3.67 3.68 3.69 3.70
Ecms (GeV)

* For narrow resonances, the beam energy spread is much larger than the natural width.
* The observed cross section and Born cross section are very different.

26



Prediction for line-shapes of Y(3770)

E 007 - E E BN L S B i B B B B B | 1 .:
2 | 20.065F —T
£ 0.06F £ 0.060F - ) -
= = : - — ®=-90 |3
g ; $ 0.055F _ﬁ‘“ . ?
: 0.05F 3 0.050F . —e0 |
S ook S 0.045F en e
E L > E . —»=180 |-
5 : 2 0.040F AR = :
= 0.03f 20.035F wh ;
: L% : ©0.030F -
002 .. ; 0.025F . .
001'.|....|......|....|.' 0_020:-.|....l....l....l....la-'
36 3.7 3.8 3.9 36 37 38 39 40
Ecms (GeV) Ecms (GeV)

* For wide resonances, the beam energy spread is smaller than the natural width.
 The observed cross section and Born cross section are very similar.
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