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BESIII at BEPCII

" Center-of-mass energies from 2 - 5 GeV

" Design luminosity exceeded: 1.1x10%3cm=s? at 3.77 GeV
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Experimental Access to TFFs

Radiative
Meson Production

Meson Dalitz Decays Two-photon collisions

2 2 2 2
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time-like space-like

Septemibér 112025 ¢ i Input from BESIII




“Wish Lists” from WPs 20 & 25

Table 14
Priorities for new experimental input and cross-checks.
issue experimental input [I] or cross-checks [C]

axials, tensors, higher pseudoscalars
missing states
dispersive analysis of n'") TFFs

ee” —»nmTm

=t ot [l

n — mtax ete [l

yn— —x 1 [C]

yr — i [1]

high accuracy Dalitz plot @ — 7 *7~ 7% [C]
ete” —» ntn n° [C]

| - o|+| |I‘

dispersive analysis of ® TFF

pseudoscalar TFF
pion, kaon, w1 loops
(including scalars and tensors)

Phys.Rept. 887 (2020) 1 — 166

September:11; 2025

Experimental input

!xl!—vector III'!'; !a!]auve !a:ays ! — !}—, ! =, i

Dilepton decays A — ¢¥e”

Table 30: Examples of useful experimental inputs related to the exclusive hadronic channels.
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~*)~* results to be expected from BESIII

|
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m Richest data above open charm threshold

m Accessto
m Hadronic masses up to 2 GeV

B 0.2<Q?%GeV? <3

m Access to smaller Q? values at /s ~ 2 GeV

} (limited statistics)

Worlds largest t-charm data sets in e*e- collisions

September 112025 ¢ i

New data at 3.77 GeV most relevant!
Data taking finished June 2024
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v y* = 70 m,n’

Two-photon collision events:

m Single-tag measurements
m Require one gquasi-real photon

m Select
m One scattered lepton & meson decay products
m Require small scattering angle of missing momentum

Input from BESIII
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2.9 fbt, 3.773 GeV
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arXiv:2509.07685  BESII
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VY=

Two-photon collision events: 2.9 fb?, 3.773 GeV

m Single-tag measurements R A
= Require one quasi-real photon 1200 ﬁ - :I:j::::jf ’
m Select [ - eteseTetmn’ )
1000 il
m One scattered lepton & meson decay products : 11 -

m Require small scattering angle of missing momentum % |

m Reduce background by adequate conditions =

& 600

E L

[}

> L

Y 400

200-
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M(yy) [GeV/c?]

arXiv:2509.07685  BESII
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Two-photon collision events: I L 291 3.773Ge
= Single-tag measurements sl ] melteees s | MOsCTcANTs
m Require one gquasi-real photon m—eteoete ; 4 Data ]
= Select R 1 sof - Sglgld
= One scattered lepton & meson decay products § 800r g o7
m Require small scattering angle of missing momentum S ol
= Reduce background by adequate conditions E :
= Subtract background in bins of Q2 S \ ] }:
200t f“‘.'_ B |
88" T o2 0T 0l o os Boom0.05 010 o_"’lsl 655045 L_go 635
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arxiv:2500.07685  BESII
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Yy — 7

Two-photon collision events:
m Single-tag measurements

m Require one gquasi-real photon o _
= Radiative effects at full NLO in Ekhara3.0

= Select = NNLO calculations missing!

m One scattered lepton & meson decay products = Rule of thumb estimate suggested by Henryk:

m Require small scattering angle of missing momentum = 10% of reconstructed LO-NLO difference
= Reduce background by adequate conditions = 1% uncertainty
m Subtract background in bins of Q2

Ny; do -
2\(12 __ sig WZW
7@ _AQ2£6(1+5)BW( aQ? ) .
o T - = Comparison with TFF models for | F(Q*,0)|

= Divide by pomt_ Ill-(e Cross section m Consistent deviation of 2% found
m Correct for radiative effects
m Correct for impact of finite 2" virtuality

arxiv:2500.07685  BESII
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Yy =

o S casenan 1 [T s ey BESII 2.9 b, 3.773 GeV
| + CLEO, Phys. Rev. D57 (1998) 33 ] | +F BESII total errors
|+ BESII stat. I | L _ : 2 . 2
0207 & Beoll totar errors = Largest systematics at Q% < 0.3; > 2.7GeV
m Statistically limited
S m Agreement with previous measurements
[} 0.151 L - - . . .
© o | = Significant improvement below 1.5 GeV/?2
5 ﬁ{*lrjr e
S g | |
=, o1or i %k}% - m models deviate around 1.2 GeV2 by 1o
> r B 1 .
u i | m Good agreement with
S I 1| = Lattice QCD
0.05- — vMD {1t . . m Dispersive construction
M. Knecht et al. (LMD+V) A. Gérardin et al. (LQCD) j
r ~ Eur. Phys. ). C21 (2001) 659 Phys. Rev. D100 (2019) 034520 1 ] Dyson_SCthger
r H. Czyz et al. (1-Octet) r M. Hoferichter et al. (dispersive) 1
Phys. Rev, D85 (2012) 094010 | Phys. Rev. Lett 121 (2018) 112002 |
H. Czyz et al. (3-Octet) G. Eichmann et al. (Dyson- Schwmger)
[ Phys Rev 097(2018) 016006 [ Phys Lett 3797 (2019) 134855
0.085— 0510 15 20 25 30 3500 05 L0 15 20 25 30 35m To be repeated on full 20 fb! data set
Q* [GeV?] Q? [GeV?]

arXiv:2509.07685
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vy — n,n’

= Full 20 fb! data
= Single-tag analysis using kinematic fit
= Using two decay modes =
R e T T2 R avisstl)[iewﬁ‘.z‘vs a2

= Radiative corrections with Ekhara3.0 Simulations using full 20 fb*

= Rule-of-thumb estimate does not seem to work! = fg s soetiar E

m NNLO corrections needed! ) °-2§ jfj““‘ ﬁ%: *
m First direct measurement at Q2<0.3 GeV? wséj% E
= Significant improvement compared to existing data expected O e et

Momentum Transfer Q%[GeV?]
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v*v* — 7w n,n

m Full 20 fb! data Simulation of expected yields
for 13 fb! of data at v/s > 3.773 GeV

3.0

m Begin with v*v* — 7,7/
m Favorable background situation

2.5 5

2.0 4

m Feasibility studies performed
= Results at Q? ~ Q2 ~ 1 GeV?expected

£
L5 3¢
w

Q2[GeVv?)

0.5

m s-channel process needs to be understood | l.-.

O'B.O 0.5 1.0 15 2.0 3 3.0
Q31GeV?]

= Data analysis ongoing for v*v* — n, 7’
= Follow-up; v*y* — 7°
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m Classic single-tag event selection ?400 — ﬂgigf’;:'a e
[ | BaCkg round §1 200 I MC:Background: yy—n/n'
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kK —_

Yv — o
m Classic single-tag event selection =1400
= Background

= Muon production — machine learning for separation
= Time-like pion production — precise/tuned event generators to subtract distributions

—— MC:Total

=== MC:Signal:Ekhara3
I MC:Background: yy—n/n'
I MC:Background: p-e*e —e'en*n|
I MC:Background: e'e’ —ee uy

m Invariant masses from threshold to 2 GeV

f\J\\\|III‘Illl\\\‘l\\‘\llll\\‘\\

m 0.2 < Q*CeV?] <3 M. (GeV/c?)
m Full coverage of helicity angle 000 _—

‘3 =——— MC:Signal:Ekhara3

P I MC:Background: yy—n/'

g‘l 500:* I MC:Background: p-e‘e —e‘e'w'n’
. IS 3 I MC:Background: e'e —e‘eu'y’
= Analysis transferred to new 20fb* data set 2

® Reduced systematic effects

= New training of PID time consuming

8.0 05 1.0 15 20 25 3.0 35 4.0 45 §.0
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m Full new 20 fb! data

m New strategy: Kinematic fit with
m improved resolution of 2" virtuality

m Similar parameter ranges as for
m 0.3 <W[GeV] <2
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0
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1.0
W/ GeV

p-pole TFF model for illustration of expected uncertainties
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Two-photon cross section

Luminosity function needed to determine relevant cross sections

(12 (Q'l qu)z _ qzqz . . dSP-' d3p.-
do.. = 192 [4pF+pd 207t g0 203040 =i
%e 16?:49%9% (p1 - p2)? —mi [ BL RS ORT SR Ra O T SPY Bl GLT] ElE;
dzﬂ'ce dﬁpﬂ 2 2 7
szdW = szd (UTT(Q :D:W)_F‘*UTL(Q -‘U-‘W ))

Twa Photon Luminosity epsilon Using:
- Phys. Rept. 15 (1975) 181

Analytic evaluation: Nucl.Phys. B54 (1973) 573

Model dependent assumptions for finite 2" virtuality necessary
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Two-photon cross section

Numerical approach:
m Combine cross section equation with phase space generation algorithm by Schuler et al.

W=10.25GeV

W=0.50GeV

ot

Q2/Gev?i=

0.06 + 206
0.46  + 2.46
086 -+ 286
126 + 326

Agreement with analytic determination for all

m Energies

d3Lrr/dWdQIdQ3 / Gev~®

m Ranges of Q2
m Hadronic masses

Septeribéri11; 2025 -
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Two-photon cross section

Extend it to be an event generator for Hadron production in Two-Photon Scattering

= Allow for any number of particles
m Assume flat phase space distribution
= Need input for two-photon cross sections
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Two-photon cross section

Extend it to be an event generator for Hadron production in Two-Photon Scattering

= Allow for any number of particles
m Assume flat phase space distribution
= Need input for two-photon cross sections

m Yy atr /77 from dispersive analysis (Danilkin et al., Phys.Rev.D 101 (2020) 054008)
7Y —= 7N from dispersive analysis (Deneika et al., Phys.Rev.D 111 (2025) 034009)
e AR from phenomenology (Ren et al., Phys. Rev. D 110 (2024) 094043)

= Experimental results from Belle and BESIIl on KK,

Additional degree of freedom for two-body final states
= Formalism previously established for eTe™ — ete™ X
= Extended in collaboration with Marc Vanderhaeghen
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Two-photon cross section

New event generator: HadroTOPS

Vs =4 GeV P Vs = 4GeV 2
1 B
o 10 + ntmr- + KK~ + ntm-
10 1 10_1 _; + nonﬂ + KEKE 100 | + HOFTD
. e + n°n + m + n°n
— A + -
L 10724 > 10343 2 Tk
3 t | i
o g 10—5_ :Dlﬂ'l- + nn “
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= - Qe 3 s
: g o D
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VS =4GeV 1074
4+ ntn- 4+ Kk*kK- 7 ”
10_3 + mn® + KEKSU 1 107+ 4 /\
o _
+ n°n + m 10-13 10734
1 2 3 4 -1.0 -0.5 0.0 0.5 1.0
W/ Gev 012 | GeV? cosB*

Vs =4 Gev

m Essential, since development of established generator (Ekhara) came to an end
= Publication in preparation
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vy — f1(1285)

= Reconstructing f1(1285) — 777 7 Only available data:

nr*n~ Invariant Mass ] Qs in Signal Region 10 3 L3
Sia I == S

i = i iE %o,’m <0.05 Gev? = ki a-:'.alq:‘;']

o e el ) R | Lo —h 1, AR
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(=]

Prys.Letl. B526 [2002) 289
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m Possibility to separate helicity states from fit to angular distributions ;

= PWA required due to inseparable intermediate states ag (980)7F <— f5(500)7 o e
= Amplitude based on Phys. Rev. D 110 (2024) 094043
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vy — f1(1285)

= Possibility to separate helicity states from fit to angular distributions

y*m* Helicity Angle in Q% Bins

0.10<QZ, <0.40 GeV? 0.40 < QZ,, < 0.55 GeV? 0.55 < Q2 <0.80 GeV? 0.80 <02, <1.15 GeV?
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See Poster of
Jan Muskalla

cos(9%)

= Applied on full 20 fb* data
= Systematic uncertainties under evaluation
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Summary

BESII is an ideal laboratory to study two-photon reactions at Q? ~ 1 GeV?

m Single pseudocalar meson TFFs
m Single-tag measurements
m 0.1 < Q?%[GeV?] <5.0
m First TFF measurement released arXiv:2509.07685
m High statistics results on ™, n,1 in preparation

® Double-tag measurements of 7™, n.1" in preparation

m Multi meson systems

ISingIe-tag measurements
m 07/t
m masses from threshold to 2 GeV
m virtualities from 0.2 to 2 GeV?
m full helicity angle coverage

m f1(1285) — 77770 with PWA to separate helicity amplitudes of TFF

Development of new MC Generator facilitates studies of further multi meson systems
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Summary

BESII is an ideal laboratory to study two-photon reactions at Q? ~ 1 GeV?

m Single pseudocalar meson TFFs
m Single-tag measurements
m 0.1 < Q?%[GeV?] <5.0
m First TFF measurement released arXiv:2509.07685
m High statistics results on ™, n,1 in preparation

® Double-tag measurements of 7™, n.1" in preparation

m Multi meson systems

m Single-tag measurements
m 00/t o
= masses from threshold to 2 GeV > Preliminary results

= virtualities from 0.2 to 2 GeV? by the end of this year!
m full helicity angle coverage

m f1(1285) — 777 with PWA to separate helicity amplitudes of TFF

Development of new MC Generator facilitates studies of further multi meson systems
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