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Light hadron spectroscopy



a unique laboratory for light hadron spectroscopy:

« clean, high statistics sample of J/y decays
» well-defined initial state with J*¢ = 17~

Radiative J/y decays

* radiative decays provide gluon-rich environment
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a unique laboratory for light hadron spectroscopy:

« clean, high statistics sample of J/y decays
» well-defined initial state with J*¢ = 17~

Radiative J/y decays

* radiative decays provide gluon-rich environment
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Radiative J/y decays
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or why you can never have too many J/y
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EVENTS/(20MeV/c?)

J/l/j —> y}/] ,ﬂ-l_ﬂ_ or why you can never have too many J/y
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The X(2370)

Bericht
10.05.2024
Lesedauer ca. 2
Nh" JC"
Drucken

TEILCHENPHYSIK

Chinesischer Beschleuniger
findet Hinweise auf Gluonenball

Das Standardmodell sagt Teilchen voraus, die nur aus Gluonen bestehen -
allerdings wurden sie noch nie beobachtet. Nun scheint ein chinesischer
Beschleuniger solche Gluonenballe erstmals nachgewiesen zu haben.

von Manon Bischoff
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The X(2370)

Bericht TEILCHENPHYSIK
10.05.2024

=422 Chinesischer Beschleuniger
“ findet Hinweise auf Gluonenball

Das Standardmodell sagt Teilchen voraus, die nu'” lMa']Or Evidence ofa New Part'\c\e
| Called Glueball: Here's Why It..
A ‘ aufrufe or 6 Mon aten

0:00 New particle physics discovery

New partiCIe at last! Physicists detect the first
“olueball”

Glueballs arean unusual, unconfirmed Standard Model prediction, suggesting bound states of gluons alone exist. We
just found our first one.



The X(2370)

Spin-parity of X(2370) in J/y — yKOKQn’
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The X(2370)

» solid evidence for a new pseudoscalar in multiple final states
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» possibly through f4(980)1" and a,(980)x intermediate states

— we need to know much more!
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JIy — ynn'’

- a new spin-exotic: the 17,(1855) with J©¢ = 17+
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- a new spin-exotic: the 17,(1855) with J©¢ = 17+
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— need independent confirmation
— need more info on production & decay for interpretation
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and the case for a large w(2S) sample
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Charmonium(-like) states



Charmonium(-like) states
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The vector states

|
E‘ . - _|_ —_—
0 ] e"e~ — hadrons
H 45
i
| 40 - ]
b | | R
_ M=
30 F 1 AT T
...... N
25+ § == -7
x 20|
1 (4160) 5 A
1.0 F i i
05 | 3 / A Rew
L ; ".., S e .; 4 \"....‘
0_0 I PSP ¥ T A t-xy)*m.-.:.:.i.'..-........'.\‘......- S '.'2-.-5"‘.".. ..-.'.- sorres _r_:r. At e i —————
‘05 — ‘.‘\‘. -
_10 -l | | | ) | L | | 1 | | | | | | |

55

42 43 44 45 46 47 48 49 50
Ecm(GeV)

3.7 38 39 40 4.1
PLB 660 (2008) 315-319

22



B WTRuss (2024) 8, 081901 - O JHEP 05 (2022) 155
2Lk e e~ — DD I ete™ - D*D
o 300%—:': —é fe) ; %
2 ok E s s 1
e vector states AR 1y
£ o b M . ] | o %
] 9 ki LA DV P .-.,.:..b'"':.'-“--'_-:u----:v-_-'-,':_; 1 E %
m g 0? t-\‘{‘!" ,:'!'::?-\w:.@. 20t e N L 3 il : :@&Eﬁk% Q%éﬁi?&%%@o Q(:)Oo ooo ‘
B T I S S S R N VI BV L Y LY %-8 2 44
—_— _is (GeV) | ! GV)
| 5.5 , _
| B 1 - I
! - 4r ‘
807 | Vb JHEP 05 (2022) 155 | |
| 4.5 - tF _ o
| - 3F %ﬂ%% ete” — D*D*
| 4.0 250
‘ ~ ici =
3.5 F Py
3.0 | m
25 i
o 20}
,l—p(—41—60_) | | 15 -— i(
“ 1.0 | | 5
- =
0.5 |
- £
0.0 |~ 43 107}
U9 65 — BW ¢ data T~
0.5 i | © : — |BW,? —:ttted line / T ~ .
-1.0 4 g/ lllzoemee e /NS
3.7 38 39 40 4.1 : : : : : : : : : | 43 44 4.5 46 47 48 49 |
PLB 660 (2008) 315-319 l St
~ PRL 131 (2023) 15, 151903
1000—”I””I””l””)llll”It'l“l _1eoop i 7 5
| i 12, F —F —+ XYZ data
.i’ - € e — D*Dﬂ 41 %10005 """ Continuum —+ Scan data
. . ~ I Y > 800
— working towards exclusive measurements of all |2_r NI eobE % W TR~ Y
i ' st T ooE e e T TN
the various open-charm production processes S ool POt e
— cross sections are hard to interpret I T _> D* D*ﬂ
..................................................................... of
S Y7 R X S— | 22 43 44 45 46 47 28 48 5 |
- i _ s (GeV)

PRL 122 (2019) 10, 102002 PRL 130 (2023) 12, 121901



"I"f_:':-'l' - - “‘ i"' ’6

e TRUSS (2024) 8, 081901 B JHEP 05 (2022) 165
la & _ : | S5F . ~
2Lk e e~ — DD I ete™ - D*D
o 300%—:"-_ R —é o) ; %
ce, =X ',' ’ E = 3 %
e vector states N M Ly
B 100 i o SATNE: . SO E | 2 i}
.9 2 e -
5 ; @' op® a0pets o & ~ “ 1—_ Mw
i g 0? '--\‘{‘4’ -:-0;‘#?‘.‘."&" o R ALELEEETEIERS il - %Q%%%Q@%Q&O Q%o Ooo ‘
R I RS B TR RV R AT L R T 38 2 44
s s (GeV) _ G>
| 5.5 |
| >0 T JHEP 05 (2022) 155 | | y 4
| 45 — M 4
| - #H% ete™ — D*D* |
| 40 |
35 ! ‘f
30 | y fﬁii I
25 |- {jﬁ %Mééa%é%q)%% Ra000 ‘i‘ .
o« 20 42 44 46 48 5 "
5[ (<Y :
" |
1.0 | B '
05 | | ”
0.0 |—-r !
e L ewp b g~
0.5 i : — |BW,|? —:tttedlme / T e,
-1.0 U og /. |lll;opmse omwr /LN ]
3.7 38 39 40 4.1 : : : : : : : : : . i 43 44 4.5 Ti6 47 48 49 |
k. ' (GeV)
PLB 660 (2008) 315-319 . = ~
' ) PRL 131 (2023) 15, 1519083
| 1oooA P T T T T T T T T T T | - —
| B _ = I | —F —+ XYZ data
.‘I’ - e+e — D*Dﬂ } ‘ 4 | = Continuum — Scan data
| | L <8 |5 80| o VU
— working towards exclusive measurements of all & - x| B E s -
. . J; . \; 1\ E """""
the various open-charm production processes S ( S 7t
— Cross sections are hard to interpret I 1L, . e.fcg- _> D* D*ﬂ
"""""""""""""""""""""""""""""""""""" I OF - | oo | | R
‘ S T T ;5‘212\31(10;\11)‘4%41 v l4¥6 )' 42 23 a4 45 s(GeV) yr Ay ay-a—

PRL 122 (2019) 10, 102002 PRL 130 (2023) 12, 121901



The vector states

PRD 106 (2022) 7, 072001
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I, (MeV)

The vector states - an overview

« we know a lot: many, many possible eTe™ — (¢¢)(qqg), (cq)(¢q) processes have been studied
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it still seems we understand too little... no coherent picture of the vector states
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Charged charmonium-like states
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Charged charmonium-like states
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Charged charmonium-like states

\/s = 4.18 GeV /s = 42187 GeV \/s = 4.2357 GeV \/s = 4.258 GeV
£ Sekl — Fitresult . ¢ Data — Fit result 300__ * Data — Fit result 300~ e Data — Fit result
[ — Z.(3900} () | — Z(3900) L | — Z,(3900)" (') [ — Z(3900y __(x'x)
N, | — f,(980) s . i f.(980) S-wave . [ £(980) S-wave - i £,(980) Swave
= 200F f,(1270) Background < 200} f,(1270) Background = £,(1270) Background = £,(1270) Background
o) E %) % 200 % 200}
= Q) = = =
& ! 2 B S |
g o £ 100 S 100}~
i 0 i T
0- 0 0 0
6 Vv 6 6 6
x 0 E”““t“ ‘@c’t.O“‘i'.‘“d. 6‘"3.'0.’.'o° 40000000000009 x 0 ,:,......m'.. ..;.'..'00’. .3.'0.‘.?"’“"0..!{0"0'.:',‘.'““'”" x 0 m"‘oﬁ.—.;';.-.'.'00".-.2".-.0.;.'“.—.‘.!0'.-00““00“0- 22 () peoescets® ., .1-‘9 o 0.0.;00.-.....0‘.0.‘.0‘00 o** & Jesecsscece
7, S R R e L T Y A W R I el BT B GELLL CEE, N R | T e Bl RN o LR L
32 34 36 38 4 42 32 34 36 38 4 472 32 34 36 38 4 49 32 34 36 38 4 49
m(n=J/y) (GeV/c?) m(n=JIv) (GeV/c?) m(rtJIv) (GeV/c?) m(n=JIv) (GeV/c?)
s = 4.2866 GeV s = 4.337 GeV s =4.4156 GeV
- e Data T | e Data — Fit result - * Data — Fit result
150 . - . .
- — Z(3900) i | — Z (3900} . 8ol — Z.(3900) (v'm), . —_
PR Se (T, e N ; :&m d . OF oo 7 o stu.dy hO.W/If the Z_ lineshape
% : f2(1270) Backgrou&d % 100+ f2(1270) ackgroun % f2(1270) C]Backgrxnd Varles Wlth C.m. energy
= 100 { = =
o o o
N (QV) ﬁ
£ € g — we can do this for many
> i > > . .
! ! | - energies in small steps
:. AR o o .
= o SO SR — S S— -; : — more to come in the future
6 | A | | a0 | 6 l | e I e | 6 ] (P | | M P )

SOEE e AR 3o A 06 B D " 32 34 36 38 4 42
m(r=JIv) (GeV/c?) m(rEdv) (GeV/c?) m(t=JIy) (GeV/c?)



Summary & Outlook



Su m m a ry in the context of photo-/electro-production

kwiiﬁzxw ‘

n | A e » i
Yy TN

i i
=Y { | ' ' | ‘f
—A | .5 S e R\ I — SN (L it :
[ -w N ! 1 IO i iR AR s & 3 y
|

S — I— — = E—— — - == — —— —— e —

7 \ - e¢Te” machines are very powerful at specific tasks in hadron spectroscopy |
——K — light-quark & gluonic exotics in charmonium decays
— vector mesons directly in the annihilation

JP C

W=t - but: above 4 GeV, (exotic) charmonia with other are a challenge

between eTe™ and b-decays

EE e v & yy B -
\ A i 4 \ 7
! = AT N -\ e
77 s >\ R ) 4 i‘r‘é [ ]
\ QW —
. 4 \ Y LS i
WL VN N 2
1 N\ A % %
a N X — — — — - N
N | A\ \ Y A
'\ 0 % Q —

34



Future perspective
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Iy |, ~« up to 3x higher luminosities in the XYZ region:
— enable precision studies of Z ., -states & X(3872)
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More distant future perspective

Hefei, China

detailed information on technical concepts can be found here:

- energy range: 2 - 7 GeV

- luminosity: > 0.5 X 10*° cm—2 s-1

- timeline:

Tentative Project Schedule

14" five-years plan 15 five-years plan

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

CDR

Key Technology
R&D and TDR

Construction

Operation

2033-2043

Submit project proposal to central government:

Science, budget, feasibility and contribution to society

International Workshop on Future Tau Charm Facilities: https://indico.pnp.ustc.edu.cn/event/1948/overview

CDR: Front. Phys. 19(1), 14701 (2024)
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More distant future perspective

' Table 2.1 The expected numbers of events per year at different STCF energy points.

\
CME (GeV) Lumi (ab™ 1) Samples o (nb) No. of events Remarks
3.097 1 J |y 3400 3.4 x 10 3 trillion J/ ‘
3670 1 X 24 10° o - energy range: 2 - 7 GeV
w(3686) 640 6.4 x 10" "y
| 3.686 1 e 2.5 2.5 x 10° 600 billion y(25)
w(3686) — 777~ 2.0 x 10° - " 35
Do Y TTTT U N - luminosity: > 0.5 X 10°° cm—2 s—1
DtD- 2.8 2.8 % 10° a rew Dlllion
3.770 1 D°n° 7.9 x 10° Single tag }
DYD~ 5.5 x 10% Single tag | . . i
T+‘T_ 29 29X109 N - tlmellne-
D*°D° + c.c. 4.0 1.4 x 10° CPpopo = + |
D*°D° +c.c. 4.0 2.6 x 10° CPpopo = —
4.009 ! DID; 0.20 2.0 x 10°
- 3.5 3.5 x 10° . -
i Dotoc, 090 0.0 x 10° Tentative Project Schedule
4.180 1 DD +c.c. 1.3 x 10° Single tag
| - 3.6 3.6 x 10° 14" five-years plan 15 five-years plan
J/yrtn 0.085 8.5 x 107 85 milli J/
4.230 1 Tt~ 3.6 3.6 x 10? mithion zz w | 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033-2043
+X(3872) |
3686) w7~ 0.058 7 | DR
4.360 1 v +)7i " g 2: ) 139 | ¢ ......
36;6T o 5 640 2 X - Key Technology
| 4.420 1 g +)” § | 1010 R&D and TDR
T T~ 3.5 3.5 x 10r
' A A 0.56 5.6 x 10° . .
1 e - Submit project proposal to central government:
AA, 6.4 x 107 Single tag Operation ] projectp _p_ ] ] g ) ]
e 3.4 3.4 % 10° Science, budget, feasibility and contribution to society
4.0-7.0 3 300-point scan with 10 MeV steps, 1 fb~'/point
> 5 2-7 Several ab~! of high-energy data, details dependent on scan results

Table 2.2 The expected numbers of produced XY Z-particle events before reconstruction per year at the STCF.

XYZ Y (4260) Z(3900) Z.(4020) X (3872)
No. of events 10? 108 10® 5 x 10°

—



https://indico.pnp.ustc.edu.cn/event/1948/overview

Thank you for
your attention!



