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Initial state radiation (ISR)
ISR method was proposed in 1968 by Y. N. BAIER and V. S. FADIN.

Volume 27B. number 4 PHYSICS LETTERS 8 July 1968

ISR technique is a very effective tool to study
exotic Y states (JF¢ = 177).

RADIATIVE CORRECTIONS TO THE RESONANT PARTICLE PRODUCTION
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Radiative corrections to the resonant cross-sections of particle production in colliding beam experiments
have been calculated.
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Mechanism of the initial state radiation: &
* Allows to study energies below E_
 Wide energy range available for the cross

section measurements Initial state radiation
e Suppression from additional photon emission compensated by

high luminosity at B-factory _2-
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Charmonium(-like) states
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Below DD thresholds — charmonium is successful stories of QCD.
But there are many exotic states observed in the past decade, and they are hard to fit in the

two families.

ISR technique helps to explore 1~ Y states and sub-particle Z states.
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Various interpretations of the exotic states

Non-standard hadrons

Glueball
Besides above models, there still are screened potential,
cusps effect, final state interaction ...

Pentaquark

Nature Reviews Physics 1, 480 (2019)

High Priority:
e |dentify most prominent component in wave function
e Seek unique picture describing all XYZ states, not state-by-state -4-




* SuperKEKB and Belle Il detectors

 Overview of ISR results at B-factories

* ISR prospects at Belle Il
* ongoing ISR studies at Belle Il

* Summary



SuperKEKB
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Low emittance gun

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

|
Low emittance electrons

to inject \/3
beam beam-beam
Lorentz current parameter

Nano-beam design (by P. Raimondi for SuperB) “

] Super-KEKB goal:
>30x instantaneous KEKB luminosity ~ °emapect  vertical beta-funcrion

ratio at the IP at the IP

<« e* source

geometrical
reduction
factors

83mrad

E: (GeV)  Cross Angle I (A) B, (mm)
LER/HER  (mrad)  LER/HER LER/HER

KEKB 3.5/8.0 22 1.64/1.19 5.9/5.9
SuperKEKB  4.0/7.0 83 3.60/2.60 0.27/0.31

By ~2/3 X2 x20




Detector: Belle Vs. Belle 11
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Overview of ISR results at B-factories

Belle, BaBar: ete” = open charm
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Remarkable charmonlum like mesons via ISR:
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Y(4660) also known as y(4660) via ISR:
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* These states maybe the same.
 Need improved precision.
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ISR prospects at Belle |

3000

i Effiective Iurininosity

Ecm (GeV)

« Comparable with BESIII in direct ee™ annihilations (higher effective luminosity
but smaller efficiencies at Belle Il)

e Continuous mass range to investigate fine structures

* Higher mass region (> 5.0 GeV) is unique for Belle Il -11-



ISR prospects at Belle |

From PTEP 2019 (2019) 12, 123C01, Belle Il physics book

Golden Channels FE.,, (GeV)

Statistical error (%)

Related XY Z states

= J/Y 4.23
mta—1(29) 4.36
K+K~J/v 4.53

mtn—h, 4.23
WXc0o 4.23

7.5 (3.0)
12 (5.0)

15 (6.5)
10 ab-l 15 (6.5)

Y (4008), Y (4260), Z.(3900)

Y (4260), Y (4360), Y (4660),
Z.(4050)

ZCS

Y (4220), Y (4390), Z.(4020),

35 (15)

Y (4220)

- Measure more precisely the line shapes of more final states in e*e”
annihilations, including open-charm and charmonium final states.
- Search for the Y states in more processes, such as Y = charmed
baryon pairs (ALX-, 2F%7), charmed strange meson pairs
(D.D,(2573), D.*D.,(2317)), ...
- Search for Z_, states decaying into K¥]J/{, DgD*+c.c., D" D%+c.c., ...
- Determine the quantum numbers, measure the Argand plot of the
resonant amplitude, and search for more decay modes. -12-

Phys. Rept. 873 (2020)



ISR studies at Belle I

eete” - J/P(— puTu7) via ISR

eeTe™ - P(2S) » I/
eete™ = P(2S) - /P
*eTe” - P(2S) > /P

For ISR production of bottomonium, please see Bryan FULSOM'’s report on
“Bottomonium results and prospects at Belle 1I” on Thursday, 29 July.

-13-



ete” - J/P(— uTp") via ISR

Selection criteria:

* Point of closest approach to the interaction point
inr - ¢ (along z direction) < 1.0 (3.0) cm

PHOKHARA generator has been
embeded into Belle2 software
framework to simulate ISR

Ly
* For muons, Lot Lt Lyt Lrt Ly iy >0.5 events.
*  Recoil mass square cut: -2 < M2, < 2 (GeV/c?)?
The polar angles for muon tracks from signal 2000
MC simulations and data after trigger 1800 |- Belle Il Preliminary ::::pdf
efficiency corrections. Both are consistent. ‘51600 _ fL dt=378fH" [} - backgrounds
200« > 1400 |
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ol 140
S 120
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20 - Results Data MC
ot b 1 Mass (3.09740.001) MeV/c? (3.09840.001) MeV /c?
-1 -08 06 04 02 0 02 04 06 08 1 Resolution (22.0 +0.8) MeV (19.1 £ 0.5) MeV
COSB(u) (Expected) J/4 signal yield 9566 + 214 10530 + 892

-14.




ete”™ - Y(2S) >ttt /U

Selection criteria:

] Belle Il Prelimina
e For muons, electrons, and pions, " 200 t det=37,8fb-'ry
Ly Le S i
Le+Ly+Ly+Lg+Ly+Lyg >0.5, Le+Ly+Lp+Lg+Ly+Lg >0.5, and g 150 -
Ly :
Le+Ly+Lo+Li+Lp+Ly >0.1 % 100:
* [M{/Y) - my| <75 MeV/c? g o
* ISR photon not required
(high efficiency) Q64 366 a8 BT 372 a4
*  |Mfecon(mtmI/P)| < 2 (GeV/c?)? M(x'zJly) (GeV/c?)
. . B Belle Il Preliminary
Clear observation of ISR (2S) sighals =, ™ [La-sron'
. > L
with low backgrounds. 2 ool ee
= 100y
Next step: % i
. > L
“Y(4260)” rediscovery [expect ~60 o
-1 -
events per 100 fb ] 9.64 3.66 3.68 3.7 3.72 3.74

M(r*Jhy) (GeV/c?)
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ete™ = P(2S) » /Y

Selection criteria:
*  For photons from m°: E, >50 MeV in endcaps and E, > 30 MeV in the barrel

* To suppress Bhabha background in J/{ — ee, the absolute difference between
180° and the two polar angles in the center-of-mass frame (|0, (e™) +
Ocm(e™) — 180°|) is required to be greater than 5°.
o |MZ .o (mMOml/P) | < 1.5 (GeV/c?)? to identify ISR events.

Distributions from Phokhara MC simulations:
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Next step:
o “Y(4260)” and neutral
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e’e” - P(2S) - n)/Y

Selection criteria:
* For photons from n: E, > 200 MeV.

* To suppress Bhabha background in J/{ — ee, the absolute difference between
180° and the two polar angles in the center-of-mass frame (|0, (e™) +
Cm(e‘) — 180°]) is required to be greater than 5°.

2\2 B
o |MZon(MI/W)| < 1.5 (GeV/c?)? to identify ISR events % “0of 7 signal
Dlstrlbutlons from Phokhara MC simulations: = 400 ?
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2 300} = ) . T,
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400
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2 : explore the extra
r 200 — . .
g =) 3 | excited Y and possible
& 100} « Y states
0505 3.1 3.15'.: 3.2 QG5 TET B8 568 o737 -17-
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Summary T

* ISR physics is an interesting way to look for resonant states.

This is unique to the e*e” experiments.

* Preliminary results display the ISR system foundation we are
building upon.

* The expected Belle Il data sample of 50 ab™* will provide a

lot of new opportunities for charmonium-like analyses via
Y(4S) on-peak data + non-Y(4S) plans
~ mon ~2026+
() - E -

All data samples at any energy points can be used for
ISR analysis. -18-

ISR process.



Backup slides
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