Spectroscopy at e e~ machines in the JLAB

Nils Husken

JGU Mainz
Sclence at the Luminosity Frontier: Jefferson Lab at 22 GeV

22 eV era

Disclaimer:
| am a member of BESIII, but not Belle |l
that may or may not colour the talk!



Events / 0.01 GeV/c?

®
o

(0]
o

—4— Data
— Total fit
===« Background fit

== PHSP MC

D Sideband

o
=
S
O

Candidates / (0.2 GeV?)

o(e’e’— w*wJhp) (pb)

—+ XYZ data
—+ R-scan

Vs=3.8713
— Fit

42 44
/s (GeV)

(?
A
>
&}
o
~—"
~—
<
o
~
-—
c
(%
>
Ll

current ete™ machines

(e 2 \ | W&/ / ?‘ d @ ./e"
: \ / i




Hadron spectroscopy

lon

t

lence communica

workshop on sc
explain your field with a photo taken on the way to lunch




Hadron spectroscopy




Hadron spectroscopy

... to heavy quarks
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Hadron spectroscopy

... to heavy quarks
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—+ Data

— Total
- - - Signal
-- Background

iety to unde

Candidates / (5 MeV/c?)

3700
- 4 2
m_ (Z¢ ) [MeV/c?]

Phys. Rev. Lett. 124, 082002 (2020)

) ' ‘
Sl % T N e MRS E R 3
it I “f’,"l :" F RS ;,.): E\:WV,
A : o
C S A ..\_-_»‘

g

wide variety of hadrons

G
3
‘br'.
o8

Real axis

Im+/s (GeV) ~02

Nature 160, 453-456 (1947)

Revs (GeV)

from light and narrow...
PRL 130 (2023) 5, 5



Hadron spectroscopy

What does not fit: Exotic hadrons
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...ateTe” machines
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...ateTe” machines

The Belle Il experiment  §i  cpe <& .

B . New IR
- located at KEK, Tsukuba # vewvean e SUPEFKEKB

& bellows
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- successor to the B-factories,
operating in bottomonium region

Add / modify RF systems
for higher beam current

- world-record luminosity
4.7 x 10°* cm-2 s-1
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not a Belle Il member,

apologies if | misrepresent s.th.



...ateTe” machines

NoEe Tt —i#= A simple comparison: BESIII vs. Belle Il 7/' ¢

; (or: why to discuss Belle Il in the context of spectroscopy in JLab 22 GeV era)

ete™ - D*D

BESIII

Belle with L = 0.951 ab™"
Belle Il projected L = 10 ab™"
Belle Il projected L = 50 ab™!

\ s

-

FErTIrreertim note: this is my naive estimate, simply "‘
scaling Belle precision by luminosity |

not a Belle Il member,
12 apologies if | misrepresent s.th.



What we do well
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Light hadrons
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Light hadrons

JIwv — yn'rm - or: no such thing as enough J/y
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Light hadrons

JIwv — yn'rm - or: no such thing as enough J/y

PRL 95 (2005) 262001 PRL 106 (2011) 072002

S (00)
o o
Events/(0.02GeV/c?)

-
.'I‘

x 100 J/y

1.4 2.0 26 -
o 5 14 16 1.8 20 22 24 26 28
M(x'nm’) (GeV/c) M, (GeV/c?)

Nf-\
2
>
5
=
o
Al
=
(9p)
—
P
L
=
L

2.7 x 10° y(29)!

- " = — —_—

o

Y
@

16



Light hadrons

JIwv — yn'rm - or: no such thing as enough J/y
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Light hadrons

JIwv — yn'rm - or: no such thing as enough J/y
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Light hadrons

JIwv — yn'rm - or: no such thing as enough J/y
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glueball is expected)
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Light hadrons

JIwv — yn'rm - or: no such thing as enough J/y

L Ch|ne5|scher Beschleuniger
“ findet Hinweise auf Gluonenball

Das Standardmodell sagt Teilchen voraus, die nur

SOW! A NEW mnm .‘
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Newpart1c1e at last! Physicists detect the first
“olueball”

Glueballs are an unusual, unconfirmed Standard Model prediction, sug gesting bound states of gluons alone exist. We
just found our first one.

the X(2370) is a pseudoscalar!

(mass in the ballpark where pseudoscalar

glueball is expected)

(personal opinion: way too early for such a claim)
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Light hadrons

A new hybrid meson candidate in J/y — ynn’
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Light hadrons

Light hadron spectroscopy: |
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Light hadrons
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Open charm decays
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Charmonium(-like) states
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.) el
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Charmonium(-like) states

Xc0(4700)

(4660) X (4630)
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quark model

_J/$(18)

exp: QQ-like
exp: QQqq’
exp: QQq3s *

? 7+

*these are not C-parity eigenstates
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Charmonium(-like) states
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*these are not C-parity eigenstates
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puzzling out the vector states (I think)
is a task for the eTe™ experiments!




Open questions

T..-1(4430)

(a) inconsistencies

Tz (4000) . _S D (b) missing states

T.o1 (3900)
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The elephant in the room...

T.o1 (3900)
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The Z,_ states
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The Z,_ states
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The Z_ states
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The Z_ states

+ bata are triangle singularities the solution?
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The Z_ states
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Radiative decays of the X(3872)
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Hallelujah, an exotic hadron candidate in multiple production processes!
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Radiative decays of the X(3872)
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can this be addressed with 22 GeV photons? 38



Missing charmonium states

P ( 5)
e - the nature of the X(3872) is still disputed

- if it's not the y.;(2P), then where is that?

1 (4160)

- are the y,,(3915) and y.,(3930) the yx.(2P)and y.,(2P)?

- finding the h.(2P) would be very helpful

- thatis very challenginginete™ 17~ = 1t~ J&*
if there is no yto populate this, D*Dis an open  x¥ violates isospin
cross section could be very small S-wave decay N, o
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1P (4415)

1 (4160)

h.(4300)

Missing charmonium states
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the expected h.(2P) mass is in the ballpark of the Z., X(3872)
— could this be addressed with 22 GeV photons?
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A Super-Tau-Charm Facility

https://tinyurl.com/4zmajzkd
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A Super-Tau-Charm Facility

- 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 2033-2043
CDR
Key Technology

R&D and TDR

e St Construction

' R Y ‘
b i Operation Submit project proposal to central government:
. na o Science, budget, feasibility and contribution to societ
Hetei, China 0 y y

detailed information on technical concepts can be found here:

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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A Super-Tau-Ch

arm Facility

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

No. of events Remarks

3 trillion J/y

CME (GeV) Lumi (ab™') Samples o (nb)
3.097 1 J/y 3400 3.4 x 10"?
3.670 1 T 2.4 2.4 x 10°

w(3686) 640 6.4 x 10"

3 686 . - .- 10 000 billiony(2S)

w(3686) — 77T 2.0 x 10° ‘

D()DU 36 3.6 109 . .
* a few billion D

\ - energy range: 2 - / GeV

- luminosity: > 0.5 X 10% cm~2 s-1

nDtH- 2.8 2.8 x 10?

nO PO
DD~

7.9 x 10®
5.5 x 10°

Single tag
Single tag

Tt~ R 2.9 x 107
D*°D° + c.c. : 1.4 x 10° CPpopo = +
D*D? + c.c. : 2.6 x 10° CPpopo = —
DID; 2.0 x 10°
Tt~ 3. 3.5 x 10°
DD +c.c. 9.0 x 10%
D}*D;+c.c. 1.3 x 10° Single tag
Tt 3.6 3.6 x 10”
J/ym 8.5 x 107
THrT 3.6 3.6 x 10°
v X (3872)
w(3686)m 7 0.058 5.8 x 107
Tt~ 3.5 3.5 x 107
w(3686) "7 0.040 4.0 x 107
- 3.5 3.5 x 10°
w(3686)tm— 0.033 3.3 x 107
AA. 0.56 5.6 x 10°
AA. 6.4 x 107 Single tag
4.0-7.0 ‘ 300-point scan with 10 MeV steps, 1 b~ /point

- timeline:

Tentative Project Schedule

14" five-years plan 15 five-years plan
ﬁ‘ﬁ

85 million ZaJ/y

|
|
|

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033-2043

CDR

Key Technology
R&D and TDR

Construction

Operation Submit project proposal to central government:

Science, budget, feasibility and contribution to society

> 5 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. v/event/1948/overview

XYZ Y (4260) Z(3900) Z.(4020) X (3872)
No. of events ’ 107 _ ° ' 10 , 5 x 10°
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A Super-Tau-Charm Facility

o

J

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

CME (GeV) Lumi (ab™!) Samples o (nb) No. of events Remarks
3.097 1 J v 3400 3.4 x 10" 3 trillion J/l//
3.670 1 e 2.4 2.4 x 10°
w(3686) 640 6.4 x 10"

3.686 1 e 2.5 95 % 10° 600 billion w(25)

w(3686) — 777" 2.0 x 10° | 35
030 36 3. 9 o _ " " . _2 _1
DD’ 6 3610 fow billion D luminosity: > 0.5 X 10°° cm—2 s
n° N 7.9 x 10° Single tag |
DYD™ 5.5 x 10% Single tag
Thr— R 2.9 x 10 ‘ o T ) o T
D*OD° + c.c. . 1.4 x 10? CPpopo = +
DD0 4 cc | 26 % 10° CPugn—— | hadron spectroscopy at a STCF
DIDs 2.0 x 10°
T~ 3. 3.5 x 10” . . . .
D Dres 0.0 10° high precision data on Z., X(3872) decays & lineshapes
DI*D;+c.c. 1.3 x 10° Single tag .
36 3.6 x 10° study the exotic
J/ymtm 8.5 x 107
ThrT 3.6 3.6 x 10°
vX (3872)
w(3686)m 7 0.058 5.8 x 107
Tt~ 3.5 3.5 x 107
w(3686) w7~ 0.040 4.0 x 107

. is 0o double-charmonium production ete™ — J/yn,. or y.,

w(3686)tm— 0.033 3.3 x 107

AA. 0.56 5.6 x 10° search for the charmonium hybrid with J£¢ = 177

A Ac 6.4 x 107 Single tag
—

' 34 34> 107 | fill in the conventional charmonium spectrum

4.0-7.0 ‘ 300-point scan with 10 MeV steps, 1 b~ /point

> 5 Several ab~! of high-energy data, details dependent on scan results

- energy range: 2 - / GeV

J1tT statesinete™ - w/¢p X

85 million zz//yr charmed baryons and their excitations

hidden-charm pentaquark states ine™e™ — P_.p

L
T

ight hadrons in J/y and w(2S) decays

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® ) 5 x 10°
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Summary

eTe™ machines are very powerful at specific tasks in hadron spectroscopy
— light-quark & gluonic exotics in charmonium decays
— vector mesons directly in the annihilation

]P C

but: above 4 GeV, (exotic) charmonia with other are a challenge

(two-photon production at Belle [17?)

open questions between ete™ and b-decays

a Super-Tau-Charm Facility could be a game-changer for XYZ physics
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