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Introduction

Hadron spectrum

@ Hadron in ground state: objects with internal components

@ Hadron spectrum: excitation of internal freedom

Ea=i72 B EstlV2 E

SO Mr
Breit-Wigner resonances Py ey

' = decaying more or less to other hadrons ....

© however, Reality is much more complicated because of background:
non-resonant contribution

near-by resonances & thresholds
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Introduction

e.g. Baryon spectrum - N* and A*

© Nucleon: objects with internal components and structure.

@ Baryon spectrum: excitation of internal freedom
= must be wide > 100 MeV (coupled strongly to 7N, n/N ....)

In a cou pIed—channeI model n. Lenske, M. Dhar, T. Gaitanos, X.C., PPNP98(2018)119
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Introduction

Reaction in Reality: Multiple peaks x.c.a H.Lenske PRC88(2013)055204,PLB772(2017)274

@ The measured 7N (also yN) reactions versus CC model

GIiM vs.experiment
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Introduction

Reaction in Reality: complementa
e COSY, HADES: NN — NNTT, x. c., Bing-Song Zou, Hu-Shan Xu, PRC81(2010)065201
@ PANDA: NN — NN, X c. juun Xie, Bing-Song Zou, Hu-Shan Xu, NPA861(2011)23
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Introduction

Reaction in Reality: No peaks X. C.,& Ju-Jun Xie, CPC40(2016)083103

@ Baryon spectrum in J/1) — ppn’ (with small phase space)
@ We know little about states coupling to n'N (also wN & ¢N)
@ Higher charmonium ((3686), 1)(3770))? sesiirroso(2019)032006
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Formula: Beyond Breit-Wigner resonance

a

M\/ r1.‘ot|_i(s)

s—M2+1iy/s37, i J k

\/:BW

@ the Flatté formula Fiatwe,pLB63(1976)224

Ps) >2L+1 M < Fi(po, p(s)) )2
P(m2) Fr(po, p(m2))

Ty =T
I(S) 0< \/E

with Fi(po, p(m2y) being (Blatt-Weisskopf) form factor.

3

@ E.G. energy dependent width in p-wave: F;(s) = g;ﬁ

P(s): ¢-m. momenta of final particles
pure imaginary below threshold
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Formula: Fano resonance

2 _ M?2
e e il

F 2
|| 1+e2 MT

@ interplay of discrete states with continua Fano,PhysRevi24(1961)1866
oo
W=zln+ Y [ dezklo
0
c

is the wave function of the system.
@ After solving the coupled Schodinger equations
Z.G.Xiao&Z.Y.Zhou PRD94(2016)076006:

(o[ T1i)

~(rITli)

determined by the wave functions of resonance and continuum.
© producing a dip in line shape at the position of ¢ = —¢|s—g,
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Formula: Fano resonance

Foe?  AND g7

@ We can construct models to calculate them!

@ g: energy dependent, but can be regraded as a constant in limited
energy range of interest.

© The form of background:

A
7#'“2(57/\2)03) for A EFF

- {Breit Wigner of 1(3686) for v(3770)
bg —

which is the main uncertainties!
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Results: 1(3770)

@ non-resonant background:

$(25) = (3686)

@ main difference is from g,
1 (3770) is the same in both

X. C., H. Lenske, arXiv:1410.1375; 1408.5600.

D°D° D*D-
my (MeV) | 3782.1+ 1.6 | 3784.0 + 2.0
20D 118409 | 10.7+13
q 21403 | —1.6+03
Mg (MeV) | 3743.0+5.4 | 3753.3+3.9
Mpe (MeV) | 341452 | 333456
x?/d.o.f 0.83 0.90
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Results: 1(3770)
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@ in a parameterized coupled-channel formalism
o Fit-l: 4)(3686) and DD channel
o Fit-ll: ¢)(4040) and D*D + h.c. channel also added

X. C., H. Lenske, arXiv:1410.1375; 1408.5600.
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Results: 1(3770)
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@ R,4s value in the vicinity of o Extracted ete™ — hadrons
¥(3770) state Versus ete™ — DD
o Ruds = 2.156 + 0.022 after @ non-DD decay of 1)(3770)7
CorreCtion Of Iine Sha pe Rong Wang, X. C., Xurong Chen, PLB747(2015)321

o Flt-l g¢(3770)7 ﬁXEd

o Fit-1l: gy(3770), non-fixed
Xu CAO (IMP@CAS) Baryon©@BESIII, USTC@Hefei 14-16 Sep. 2019 13 /16



Results: A electromagnetic form factor (EFF)

3 .
@ proton EFF: follows pQCD 10 ?M‘q 4 BES (tnis work)
expectation: i T bl Fenice.
2 L DM1
B 5 10 £ ‘** DM2
72 In*(s/Nocp) g }f < Cieo
BESIII, PRD99(2019)092002 s © ADONE?3
o‘&mj ++ * CMD-3
@ Some small structures: W+
resonances? g j
0 1
thresholds opening? g —
ol b e b e b b b
4 6 8 10 12 14 16

@ threshold enhancement ¢IGeviicy
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Results: A electromagnetic form factor (EFF)

@ non-resonant background: soS T T T T T T T T T T T

E oy pQCD ]
¢(2170) and pQCD o S
@ The second errors are obtained S 3000 * Babar T TPACD+X(@340) 7
. . =3 i DM2 — Total ]
by varying the mass and width E 1
of ¢(2170) <¢ .
X. C., Jian-Ping Dai, Ya-Ping Xie, PRD98(2018)094006 +$ ]
B - = (o} i
@ A vector meson as in pp — AA? 7
D. V. Bugg, EPJC 36(2004)161 ::
M = 2338 Zl: 0046 :|: 0030 0 -23.‘2:1".2.5.26 27 2829 3 ‘31I 32I 33: 3:1 3.
[ =257 £ 159 £+ 41 s (GeV)
qt % An

6.32+222+£295 | —2.53+0.934+0.35 | 1.19 4+ 0.46 £ 0.09

Relative phase A® of FFs would vary dramatically with c.m. energies!
AP =37+ 12 4+ 602.396 GeV, 42.4 + 0.6 + 0.50J /¢
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Conclusion

@ A parameterization originated from Fano resonance is discussed
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Conclusion
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e easy to use for both theoretical and experimental purposes
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Conclusion

@ A parameterization originated from Fano resonance is discussed

@ easy to use for both theoretical and experimental purposes
o directly connected to underlying nature of resonance

@ We use it to study line shape of states in eT e~ annihilation

@ The role of subthreshold resonance

o significant for the ¢ (3770) line shape: 1)(3686)
o close-to-threshold enahncement of A EFF: ¢(2170)?
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- | hanks for the attention!!!
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