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light QCD physics

Phys.Rept. 873 (2020) 1

B Well-known classes of hadrons: meson(qq), baryon(qqq)

B QCD allows for hadrons beyond quark model so-called exotics:
*Multi-quark states ; Hybrids ; Glueballs
*Strong evidences for multi-quark in heavy quark sector koo Q
A new “particle zoo”: https://qwg.ph.nat.tum.de/exoticshub/ @ fill?f;ﬁons
*Evidence for gluonic excitations remains sparse
B Light meson spectroscopy
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*Key tool to study/develop QCD in nonperturbative region
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Manifestly exotic: with forbidden QN
Flavor exotic : Z¢, Tec, Ty - - -

qq_g> Spin exotic: J*¢ = 07, event~,odd™*
Identification is challenging Crypto exotic : with QN as qq
gg > Supernumerary states

9*3°)

REIEE

Abnormal properties

+ Kinematic effects

\_ /
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World’ s Largest T —charm Data Sets in e* e~ Annihilation

Beijing Electron Positron Collider (BEPCII) T(J/¢ = 7G) > T(J/ — yH) > T(J/1h — vM) > T(J/v) — ~F)
\, 'l‘ f /,> rT T T T T TS TS S S EE S S S S S S E S
beam energy 1.0 - 2.3(2. 45) GeV ,% \
- * ( Y |
“" o Gl Sy : py ~ p L2 ‘ : J/\ll_ J/\|f :
1 c c 1
I I
\ o T/ - vy6)~0(aas) rg/y - yH)~0(aas) /

* 1989-2004 (BEPC):

Lpeak=1.0x10°! /cm?s c M c
* 2004: started BEPCIl upgrade, 1/
BESIII construction J/ v ( J v -

* 2008: test run C M
«  2009-now (BEPCII):

BESIII
detector

Lpear= 1.0 x10%*/cm?(4/5/2016) r(J/y - yM)~0(aad) r|J/y-yF)~0(aas)
2020: energy upgrade to 2.45 .
GeV & top-up mode Glueballs and hybrids are expected to

have a larger yield compared to mesons.

Charmonium radiative decays provide an ideal laboratory for gluonic states

» Gluon-rich process
» Well defined initial and final states
* Kinematic constraints
o I(JP©) filter:
> Clean high statistics data sample : 10x10° J /1 and 2.9x10° y(2S) @BESIII
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Light hadrons with exotic quantum numbers
e

Quarko

B Unambiguous signature for EXOEIES sip z@ S24

v' Light Flavor-exotic hard to establish

+
Hybrids e@A@ |qL7g>

j=L+38 P=(-1)*1 c=(-D1*s N

B PC Q0+ g+ 1= 1+, 2¢H,
v Efforts concentrate on Spin-exotic Alewsd RO AT Glueballs - 188)
: = — - - Multi- 252
« Forbidden for (qq): 0™, even*~,odd™* . H;-olq 7)

B Only 3 spin exotic candidate so far = all 1~ isovectors :
11(1400): seeninnm

m (1600); seen in pm, ', by, i T

. 1 TTp > TTNp GAMS
m1(2015): seenin by, fim o M
. . mTp oS> TNp E852
v' 11(1400), ™1 (1600) can be explained as one pole n,(1400) P =
Phys. Rev. D 105, 012005 (2022) pp - n°n’y CBAR
00 — P pp - 2nt2n” Obelix
— - ()
= 20 PRL 122, 042002 (2019) pm TIPS e
0.2 E— // ~— a,/(1700) m~Be —» wn n°Be VES
s E  ousf ] r, @ b,m pp - ontn CBAR
8 E ;(1600) mpowermp | ESS2
g 04 — o11af n~Pb- ntn n~X COMPASS
2 = 2 npontnTnTp E852
PE omt " e E852
= 120F popntnTw
=i N e P VES
07— fimw Tp = wn n'p
" e m,(2015) i} . E852
Mass (GeV) b17T T popnyn nm
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Light hadrons with exotic quantum numbers

B Lightest spin-exotic: 1~ hybrid = 1.7 ~ 2.1GeV /c?

LACD prediction for Exotic Hybfids

B |soscalar 1~ is critical to establish the hybrid nonet

=

- Can be produced in the gluon-rich charmonium decays | — -
1 [

* Can decay to 11 in P-wave [ wm o 27
1—+

[PRD 83,014021 (2011), PRD 83,014006 (2011), EP.J.P 135, 945(2020)] T 1
| Phys.Rev.D 88 (2013) 9, 094505 |

Ty IG(]PC)= 1-(17%) N my = 392 MeV
NG 247 x 128
\ Kl [G(]P): % (1_) isoscalar [
isovector
ny 16079 = 0 (17") w‘w
M lG(]PC)= 0+(1—+) 1 _

.
‘ Search forn{(1 ") inJ/¥ - ynn c

I/ - yH)~0(aay)
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Observation of Exotic Isoscalar State n,(1855) in J /1 - ynn

M Anisoscalar 1”7 state, ,(1855) , has been observed

with statistical significance larger than 19¢

M = (1855 + 97%) MeV/c?; I = (188 + 18+13) MeV
B(J/y - yn1(1855) —» ynn) = (2.70 + 0.411918)x10-¢

* Mass is consistent with hybrid on LQCD

B Inspired many interpretations:
* Hybrid?
* Molecule?

e Tetraquark?
PRD 106, 036005(2022)

Phys.Rev.D107(2023)7,074028;
Rept.Prog.Phys.86(2023)026201;
CPC46,051001(2022);
CPL39,051201(2022);
PLB834,137478(2022);
PRD106,074003(2022);

PRL 129, 192002 (2022) ; PRL 130, 159901 (2023) (erratum)
PRD 106,072012 (2022); PRD 107,079901 (2023) (erratum)

Weight sum/(10 MeV/c?)
N H
o o

o
T T

25 3
M(m')(GeV/c?)

B Further more, suppression of f,(1710) — 11 supports it

has a large overlap with glueball

Br(fo(1500) > nn)

Br(f,(1710) - nn)

— (1.66942)%x10-1
Br(f¢(1500) - ©tm) (1.66-0.4)x10

< 2.87x1073@90%C. L

Br(fo(1710) - ©rm)

Opens a new direction to completing the picture of spin-exotics

2024/8/14
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Observation of ;(1600) in y.4 » nmtm~

2.7 X 10° ¢(3686) @BESIII [preliminary]

L L L L L L L L B
x2%/d.o.f. = 1.45

900

- Amplitude analysis of y.; = N n~ is

800

performed

700

600

 11(1600) is observed with significances > 10c

500

« The JP¢ of t1(1600) is measured to be exotic 1+

400

300

v' better than other assignments

TTTTTT]TITTT HHI\I|I|IIII|HH‘\[\I|III_I

Events / (20 MeV/c?)

200

100 [

« With significant Breit-Wigner phase motion

rrrrrrrrr

12 14 rs is 2 22 24 20 25 s 92 o4 v' Evidence of m;(1600) — n'm at CLEO-c is
M(tn'") (GeV/C )

confirmed [PR D84 112009 (2011)]

Observations of r; and n, in charmonium decays provide a new path to study 1~

7Tbeam X {11 r_’ X {11 7 X
PRt
N hpta . %S m
Target Recoil I'Jly - yH) ~ 0(0(13)
. n G
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Glueball
T arXiv:2305.04869

B Glueballs: the most direct prediction of QCD - e !

B Low-lying glueballs with ordinary J*¢ (0*+,2%*,071) M :

[SESESESESES]
F PRER

v mixing with qq

Light Yang-Mills éiueballs on lattice
(quenched and unquenched results)

* Challenge: reveal the exotic admixture.

B Non gg nature difficult to be established
v" Overpopulation, but QM assignment is difficult
v" Identification is model-dependent

=Systematical study is needed in the identification

B Lattice QCD predictions for glueball masses and BR:
« 0%t ground state: 1.5-1.7 GeV/c?; B(J/Y = yGy++) = 3.8(9)x1073
« 0% ground state: 2.3-2.4 GeV/c?; B(J/Y = yG,-+) = 2.31(80)x10~*
« 2%t ground state: 2.3-2.6 GeV/c?; B(J /Y — yG,++) = 1.1(2)x1072

2024/8/14 FEYEFSEES B TUEEEN FIEFASN, 55 8



Scalar Glueball

B Observed f;,(1370),f,(1500),f,(1710)
v’ supernumerary scalars suggest additional degrees of freedom

v" However, mixing scenarios are controversial

B Measured B(J/y — yf(1710)) is x10 larger than f((1500)
BESIII [PRD 87 092009, PRD 92 052003, PRD 98 072003]

Flavor-blindness of glueball decays
G- nm:KK:qn:qm':nn) =3:4:1:0: 1
* G — nn' decay is expected to be suppressed

Close and Kirk, PLB483 (2000) 345

fo(1370) fo(1500)  fo(1710)

00

mul+dd

Cheng et al, Phys. Rev. D74 (2006) 094005

« Scalar glueball expected to be suppressed I'(G - nn)/ I'(G — tm) < 0.04

[PRD92,121902; PR D 92, 114035]

B New inputs from J/yY — ynn
PRL 129, 192002 (2022) ; PRL 130, 159901 (2023) (erratum)

+ Significant f;(1500) PRD 106,072012 (2022); PRD 107,079901 (2023) (erratum)

Br(f¢(1500) - 17)
Br(f¢(1500) — &m)
» Absence of f((1710)

Br(fo(1710) - 11)
Br(f¢(1710) - )

= (1.661045)x107!

< 2.7x103@90%C. L

Supports to the hypothesis that f,(1710) overlaps with the ground state scalar glueball

2024/8/14 FEMEFSESES 2B UEEEN FIEFAS

N, B

fo 1370) Fo(1500)  fol 1710)
Wi+ dd
J/¥ = vfo(1500) J1/¥ = vfo(1710)
}/KI? —toH o~
B(J/¥ — v£0(1500)) ~ 0.29 x 1073
B(J/Y — vfo(1710)) ~ 2.2 x 1073,
ynm —e—i et
Natl. Sci. Rev. 8, no\.ll, nwab198 (2021)
1 I 10 I .‘....1.02
Branching fractions (10~°)
9



Tensor Glueball

D(J/¢p — vGar) = 1.01(22)keV

F(J/'lp — ’7G2+)/Ft0t =1.1 X 10_2
CLQCD, Phys. Rev. Lett. 111, 091601 (2013)

B Experimental results

Br(J/Y¥ - vf2(2340) > ynn) = (3.81)82+237yx1075
BESIII PRD 87,092009 (2013)

Br(J/Y - yf2(2340) > y¢p¢) = (1.91 + 0.147372)x10*
BESIII PRD 93, 112011 (2016)

Br(J/} - vf2(2340) > YK(KJ) = (5.5410351135)x107°
BESIII PRD 98,072003 (2018)

Br(J /Y - yf2(2340) » yn'n) = (8.67 + 0.77%918)x10-¢
BESIII PRD 105,072002 (2022)

BESIII J /1 — Yy with 1.3B J /1

N02500 i e 0" model independent
; A 0" model dependent
. = 0" model independent
§2000 $ ¥ +:": -+ 0" model dependent
’f-: 2" model independent
8 1 500 .) 11.:4. = 2" model dependent
D # "
g 1 OOO ® ¥ *"*'..'.'-0:‘:’
E E :.E.a: :0;0._ .
W S00F & aatie,
O i “:..:-.’,’—?::’.';‘““. ® .1‘-‘.'.‘.";:-:;.‘.'11‘ T—
2 2:2 24 2.6
(f) M(00) (GeV/c?)

f2(2010), £(2300), £,(2340) in 7tp
reactions are all observed in J /Y — y¢op

with a strong production of f,(2340)

 Consistent with double-Pomeron

exchange from WA102@

More complicated due to the large number of tensor states

————>

2024/8/14

More decay modes are desired
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Pseudoscalar Glueball

B Pseudoscalar meson spectrum
v" Only n and n' (& radial excitations) from quark model

v A promising place to search for extra states ; Reproduced from X(2500)
1 PRD 96 034013 (2017) n(2225)
. > X(1835) X(2370)
B LQCD predicts: 0% glueball (2.3~2.6 GeV) < M s 1(2320)
B Little experimental information above 2 GeV s 2 1A n(mo)"@“lo)
s 2l
v" A glueball-like state X(2370) [Zhang Peng’s talk] 11 7(1295)
04 7n
B 1(1405)/n(1475) puzzle (found by MarKIII) 1 2 f] 4 5

v Quark model predicts :only one pseudoscalar meson near 1.4 GeV
v’ Theoretical interpretations :

n(1475) = the first radial excitation of

1(1405) = the glueball candidate &&Mass incompatible with LQCD

1(1405) and n1(1475) are two separate states or just one pseudoscalar state, namely
1(1440), in different decay mode?

What's the nature of the outnumbered 7(1405) ?

2024/8/14 FEYEFSEES B TUEEEN FIEFASN, 55 11



Partial Wave Analysis of J /1 - yK K%n®

JHEP03(2023)121
12000 - +- Data Rt (a) - . . .
% ool - - i1 W Mass Independent PWA : Disentangle JP¢ in each bin
% ..... 04(MD) 4:_‘,’,_._-0- 1
D 8000F 4 - e, 3 .
S E I T ;  Valuable inputs to develop models
z 2" J :* E
I T S e Two 0™t around 1.4 GeV/c? in (K2K9)_avem®
"'-3"‘..._,.;.-;-’9";’_»‘—"" R ; ]
HREEE 1 e e and (K9m°),_waveKs partial waves
oof a1 B Mass Dependent PWA with BW to extract resonances
R i M Consistency between MI and MD results
@ so0of 0" (KIKD, _, #*MD) R . _:
b= ot i, Ky ] . .
S 60F o ++, <~ 1 W Dominatedby 0~
§ 4000 ~ +-, <
2000 F o T  Two BWs around 1.4 GeV is needed

125 13 135 14 145 15 155 16

MK GevIe?) B Theorists attempt to reveal n(1405)/17(1475)
Resonance M(MeV /c?) I(MeV) pOle Structure

7(1405 1391.7 £ 0.711L3  60.8 £ 1.219.5
7 0.3 12.0

Phys.Rev.D 107, L091505 (2023)
Phys.Rev.D 109, 014021 (2024)

n(1475)  1507.6 = 1.6735335 1158 £ 2.4F135

f1(1285)  1280.2+0.6%12 282+ 1.1%5]

£1(1420) 14335+ 1.1727°  95.0 +2.3+136 e further Study is needed

f2(1525 1515.4 = 2.5%32 64.0 + 4.3+729
7.6 6.1
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Partial Wave Analysis of J /1 —» yy¢

The decays J/i —» y X,X - yV (V = p, w, §) serve as flavor filter ~2rXiv: 2401.00918
eunravelling quark contents of the intermediate resonances

B main challenges _ 2400

* high background level (55%) £ 2000

= 1800

non-¢ background (46.7%) O 1600

« 1400
o

1000
800
600
400
200

) ¢ data .
’ - 07, reweigted MC
’ I 1-Q weighted data
o tail of o, on on

II|III|IIIIIII|III|III|III|

o
o

¢ background (8.2%)

Events/0.

B innovative point

o

- II]]H[[IIIlIIIII[[l

* non-¢ background (Q factor method, CLAS) "2 1',‘\‘,,@'1'%)/((;2\,/02)2’ 22 24

F(fr. &) ié:;

i 3 | ""‘ 11 -

* ¢ background (ML based multi-dimensional reweighting method, BESIII)

pi0L py
nnnnnnnnn piol e pi02 px
bl el Gl WV KN VYl W Sl Y Sy e 100
H\ H\ \ A - A
Tus 081012 -10-05 00 05 10
02 h
w "”y pLpY pDZ ohipe ohip
nnnnn
" - \ \ \ ‘‘‘‘‘ \ \ \ - i
b, \ |
h h 01 h ez 01 oz "
phipz phi Mphipi Mphipi Mpi01pi
oo— o Wil B2 i 01 02
1000 000 00 200
00 s w| A | 2wl o0, oy ‘ ‘ 0 ‘ ‘ l
0 [ o o o i 1S4} ! ‘
005000510 10 12 14 16 520 25 30 520 2 w5 10 15 2 1005 00 05 10 T 1 16 5w 5 s

2024/8/14 FEMEFESEMESSF THUEEEN FIEFAZIN, B 13



Partial Wave Analysis of J /1 - yy

arXiv: 2401.00918

The decays J/Yp - y X, X —» yV (V = p, w, ) serve as flavor filter
eunravelling quark contents of the intermediate resonances

Events / (16.5 MeV/c?)

2024/8/14

—_
o
o
o

500

LN, =115.40/80= 144

(a)

h o wmo
L L L)

3 § ’ ®, * 3
Eafau it A S

T4 16 18 2 22

My, ) (GeV/c?)

T 12

Events / (18.75 MeV/c?)

600

200

400

[ XN

bin

= 97.15/80= 1.21

¢ )
E . uowdm‘,“e‘!{ww".“&w -

—& o o
ooff T 7T

1.8

2 22 24 26 28

My, _0) (GeV/c?)

1(1405) is observed, while 1(1475) can not be excluded
X(1835) — y¢ suggests its assignment of second 7' excitation

1. — vy is observed for the first time, the first radiative decay mode of n,.

3

Observation of f,(1950) and f;(2200) — y¢ unfavored their glueball
interpretations. [PRD 108, 014023 (2013); arXiv: 2404.01564]
No evidence of 1 (1855) and X(2370), well consistent with the predictions for
hybrid/ glueball. [PRD 107, 114020(2023); NPA 1037, 122683]

INOEL
IT=5
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X(1880): A New State ObservedinJ/y —» y3(n*n™)

Events / (10 MeV/c?)

Events / (10 MeV/c?)

20000 — %

10000

20000

10000

L 2000 : ¢ data (a)
: — fit result

=== X(1840)

. total background

== non-resonant

Jhy—n3(rr)

polynomial

6 7 T8 9 2
M(6r) (GeV/c?)

i —fit result
i == X(1840)+X(1880)
i - X(1840)

i -~ X(1880)

. = interference term
: »total background
i =:-non-resonant
- Jiy—r23(rn)
i - - polynominal

3000 - ¢ data (b)

g B
2 8

Events /{4 MeV/c?)
s @

1=

T

2
2
T

1 Laaiial '
1.75 18 185 19 1.95 H

B O N A (=]
et |
et I~

B ——
—

o |
——
b 8
—.—
——
——
—.—
. |
—.—
——

1 :6 1.7 1.8 1 .IQ é
M(6m) (GeV/c?)

2024/8/14

hEMIEFRERE

B Anomalous shape observed in J/{ - y3(n"n~) near

M(pp) threshold

B Two models:

e Flatte model
e Interference between two resonances

B Observed line shape consistent with two overlapping
resonant structure: X(1840) and X(1880) (100)

* According to angular distribution, the JP¢ for X(1840)
and X(1880) tend to be 0%

« X(1880) : interpretation of a pp bound state

=complex resonant structures near the pp threshold

Parameters Solution I Solution II
%(54; (-R/IEVTC o I83R25+£3T£25 _m:cll_lm;'o;el:I
IFX(1840) (MeV) 80.7 £5.24+ 7.7 than X(1835)
Byian (107~ TUIGEDA EIIS T EORE0A
:_Mx(lsso) (MeV /c?) 1882.1£1.7£0.7 1
Txassg(MeV) 30.7+£55+£24 '

Bxsso)(x107°) ~ T02940.20 £0.09 1.19 £0.31 +0.18

MRS =B HHUEEERFIEFASN, 55 15



Summary and outlook

BESIII experiment is an excellent laboratory to study light hadron physics
and search for light QCD exotic states

Exciting results from new J /3 and 1 data are presented
» pesudoscalar state : n(1405) , X(2370), X(1880)

- isoscalar/isovector 1~ *spin exotics state: 1,(1855) /m,(1600)

BESIII is taking data since 2008. It will continue to run ~2030
« BEPCII-U: 3x upgrade on luminosity; Ecms expanded to 5.6 GeV (summer 2024)

More interesting results are expected!!!

2024/8/14 FEYEFSEES B TUEEEN FIEFASN, 55 16



Back Up
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Background treatment

The remaining background can be divided into two categories
» ¢ background
Dominated by ] /Y =¢n®n®, which has rich structures. Difficult to be modeled with MC.

500 R ]
3 400 EC o' E
S 300 E
& 200 3
o 100 R e E
_ 500 - R T :

» non-¢ background
¢ sideband is tricky:

e.g. J/¥ - yn(1405),n(1405) -» m,K*K~, my—>yy

(1) If one of the photons y, y;from the mydecay is soft (say, y3), the y, will be energetic and M(y,K*K ™) will
be at the 7(1405) mass.

(2)The K* K~ mass distribution from 1n(1405) - myK* K~ peaks nears K* K~ threshold, which is very close to

¢ mass.

2024/8/14 FEYEFSEES B TUEEEN FIEFASN, 55 18



Background treatment

» ¢ background

. . . . . . pi0l px pi01_py pi0l_pz pi0l e
Using a Machine learning based multi-dimensional o . - o
200 2000 2000
reweighting method to get “data-like" MC Of J /¢ 9¢n‘0n'0 O 100500 05 10 O io05000510  "-l0-0500 05 10 040608 10 12 0 T0-65 00 05 10
pi02_py pio2_pz pi02_e phi_px phi_py
os o .
0 0% 00500 05 10

0-1.0 -0500 05 10 0 =05 00 05 0204 06 08 1.0 12 0 -1.0-0500 0.5 1.0

* Select /Y =¢mymyevents from data\m phi pz phi e Mphipi0l pip2 __ Mpillpi2
4000

10000 4000

2

« Generate ] /) »>¢mym PHSP MC a o """;A - -
-1.0-0.500 05 10 10 12 14 16 15 20 25 30 15 20 25 05 10 15 20
*  Perform multi-dimensional reweighting (ML)
00 pi01_px 200 pi0l_py - pi01 pz pi0l e pi02_px
* The distributions of weighted MC are well consistent with-mﬁ_‘m ‘ o ‘ 2o . o .
0 0 0 0- 0

-10-0500 05 1.0 -10-0500 0.5 10 -10-05 00 05 10 04 06 08 10 12 -10-05 0.0 05 10
data pi02_py pi02_pz pi02_e phi_px phi_py
2000 2000
00 . 2000 . 100 ‘ 1000 ‘ 1000 A
0 0 0 0 0
-10-05 0.0 05 10 -05 00 05 02 0.4 06 08 10 12 -10-0500 05 1.0 -10-0500 05 1.0
. phi_pz phi_e Mphipi02 Mphipi01 Mpi01pi02
°
The Welghted ] / lp _)¢7TOT[O MC after ] / 1[) - yy¢ event 2000 S0 2000 2000 5000

1000 1000 2500

>
2
>
>
3

selection will be used for background estimation 10-05 00 05 10 12 1 16 T I O S O

* Beijiang. Liu, Xian Xiong, Guoyi Hou, Shiming Song, and Lin Shen. PoS ICHEP2018, 160 (2019). http://doi.org/10.5281/zenodo.1451985
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Background treatment

O Q-factor method: multi-dimensional sideband subtraction [JINST 4 P10003 (2009)
Generalize the ‘sideband’ subtraction method to higher dimensions without requiring the data to be divided into bins,
successfully used in BAM-00221, Phys. Rev. D 100, 052012, by Malte Albrecht et al.

» In multi-dimensional phase space of ] /i = yy¢, a so called Q-weight is given event-by-event, representing the
probability of signal.

» A set of coordinates g? must be defined( cos6(y,44) cos0(¢), cosO (K ), M (Vnignd), M? (viow®)). For event i, we find 200 of
its nearest neighboring events in PHSP. The normalization A, by default is set to the largest possible distance

between two events in the coordinate ¢y, and fit the reference coordinate .,gr =M(K*K™).
z 12
g2 = Z $i — &
L] Ak

k#r
» Q-factor for event i, is determined by the fitting results and its M(K*K ™).

3 b
FS( T l b t‘ b

*CLAS experiment: Journal of Instrumentation, 4(10):P10003, 2009.
*CB/LEAR experiment: The European Physical Journal C, 75(3), 2015.

2024/8/14 FEYEFSEES B TUEEEN FIEFASN, 55 20



Background treatment
O Q-factor method check

<2500F < '000F <~ 500
% : < 900F L 450 Coordinate Ay
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These figures show the generated distribution for signal(Magenta line) and background (green line) , the signal(blue
dots) and background(red dots) estimated by Q-factor.

» The Q-factor method can well present the true signal spectrum.
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Observation of m{(1600) in x4 » nu*mw™

< Spin-parity of the ;(1600)

e 1~ assignment fit is better than that for 0**, 2** or 4** assignments
with significances well over 100

« Significance of the Breit-Wigner phase motion

e Replace the resonant m;(1600) with a non-resonant &n’ P-wave
described by the Breit-Wigner function without phase motion

1
“f= /(m2-5)24+m2r12

e The fit yields that: AM = +6.9 MeV/c?, AT = —96.4 MeV

e We observed significant phase motion with a statistical significance
greater than 100
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