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The BESIII Experiment

e Electron Positron Collisions in the T-charm
energy range

Ecm = 1.86-4.95 GeV

* Multi purpose detector

* Tracking, TOF, Calorimetry, Magnet, Muon
counters in flux return yoke

* Design luminosity of 1.0 nb-'/s exceeded

» Largest dataset of 20.3 fb™" at 3.773 GeV

* Perfectly suited for two-photon physics
at small momentum transfers




The BESIII Experiment
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Electro Magnetic
|ayers Calorimeter aye rs

e Electron Positron Collisions in the T-charm

energy range Solgcrioid h
e E.n =1.86-4.95 GeV Barrel
. ToF
* Multi purpose detector Eridcap
* Tracking, TOF, Calorimetry, Magnet, Muon TOSFC
counters in flux return yoke Quadrupole - af
e Design luminosity of 1.0 nb-'/s exceeded == = L=
« Largest dataset of 20.3 fb-1 at 3.773 GeV Muon Chambers [ Superconducting Solenoid ]
* Perfectly suited for two-photon physics Electromagnetic Calorimeter [ Time-of-Flight System ]

at small momentum transfers
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Scope of this talk
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Collider Studies of Transition Form Factors

« Strong Q° dependence of transition form 0.0- 1.
factor and cross sections _
* Momentum transfer coupled to lepton
scattering angles Q2 = —q? ~ 4EE’ sinzg
* Detectors do not cover full solid angle!

At BESIII: 8 > 20°
* Restriction to Q2

g5 [GeV?]

» Different tagging methods

—20  —-15  ~10  —0.5 0.0
q7 [Ge\/]



Collider Studies of Transition Form Factors

Untagged Study

Untagged Studies

e Scattering of two on-shell photons

* Must be transversally polarized
» Only helicity 0 and 2 contributions

« Study of radiative widths —2.0 ~1.5 2—1.0 , —0.5 0.0
q1 [Ge\/ ]




Collider Studies of Transition Form Factors

Untagged Study

Single Tagged Studies

\Single Tagged Stu

* One photon on-shell, one photon off-shell

» Much smaller cross section

* TT and LT configurations

» Helicity 0, 1, and 2 —90 —15 1.0 —0.5 | I().()

2 [(Ya\/2
« Study TFFs as function of one Q? qi [GeV?]



Collider Studies of Transition Form Factors

Untagged Study

Double Tagged Studies

0.0 1
\Single Tagged Stu
—0.5 "
B
8 .
o —1.0- Double Tagged Study
=) |
» Scattering of two off-shell photons — 1.5
» Tiny cross sections
« Study full functional dependence of TFFs on Q° o+
—2.0 —1.5 —1.0 —0.5 0.0

* Only BaBar ' measurement



Collider Studies of Transition Form Factors

The ete™ — e™e ™M cross sections can be
related directly to different y"y* — M helicity
cross sections and response functions

_ a? VX AT &Py 4
T8 QIQE s(1—4m?/s)2 B By (1-e1)(1- <)
(@@ [ o] for o-a]@
-+ sz-l-— (1 —&o ] ‘—I— [61‘|‘— 1—¢ } “l‘ SE1€2 COS(2¢)@
) 1/2 1/2
+ _61(1 +e1) + 462—281(1 — 51)] [52(1 +e2) + 462—282 (1- 52)] cos }

[ML et. al. , Comp. Phys. Comm. 327, 110153, (2026)]




Collider Studies of Transition Form Factors

The ete™ — ete™ M cross sections can be “Luminosity Functions”
related directly to different y*y* — M helicity do _ diLyy (00 + ;) + d*Lyy
- 2 o|T
cross sections and response functions dQi dQ; dw dQ1dQ%dW dQidQzdw
orL + oy, +
T 40%2dQ2aw °™" T agZdqzaw

_ a? VX AT &Py 4
T8 QIQE s(1—4m?/s)2 B By (1-e1)(1- <)
(@@ [ o] for o-a]@
-+ sz-l-— (1 —&o ] ‘—I— [€1+— 1—¢ } ‘+ SE1€2 COS(2¢)@
) 1/2 1/2
+ _61(1 +e1) + 462—281(1 — 51)] [52(1 +&2) + 462—282 (1- 52)] cos }

[ML et. al. , Comp. Phys. Comm. 327, 110153, (2026)] 9
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Studyof yy" - m

» Single Tag Measurement (2.9 fbo-' @ 3.773 GeV)

* Require quasi-real photon

 Select...

.. one final state lepton
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—
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. require small scattering angle of missing

momentum — small missing Q° ,
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arXiv:2509.07685

Studyofyy - =«

0

Single Tag Measurement (2.9 fb' @ 3.773 GeV)

* Require quasi-real photon
Select ...
.. one final state lepton

.. require small scattering angle of missing
momentum — small missing Q?

Background suppression and subtraction

N (dO-WZW)
AQ%2Ls(1+6)\ dQ?
Normalize to luminosity, efficiency, point-like
cross section, and corrections for radiative

-1

IF(Q%0)|? =

effects and finite 2"9 virtuality

70—

60

50

40

30

10

201

L L L L L LI AL IR B
1.00 < Q?%[GeV?] < 1.15
H+ Data
- Total Fit
B li Background
I" : Signal
| x2/ndf 103.77/107
- Nsig 308 + 25
kag 1497 = 59
: {
j |
H |
li‘qH g
||||||||’|r| | ‘ .
||||’| i A | ‘l ’
B i |||' ‘ '|||: |:| |:n|| il |1! i |||| “"’m ‘
| o i g e "'l||'“|i 1]
A || ||| |||| "
| PR | L LLLLJJ TR R R R S N
00 0.05 010 015 0.20 0.25 030 035

M(yy) [GeV/c?]

10



arXiv:2509.07685

Studyofyy - =«
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0.20

0

L L L L B L B L I L B I
L CELLO, Z. Phys. C49 (1991) 401 L == BESIII stat. errors only
=+ CLEO, Phys. Rev. D57 (1998) 33 . - BESIII total errors
L - BESIII stat. errors only _ B
=+ BESIII total errors
% 1 | —l-—l_—]_
{;}{* | i %{:I*
i g2 ) B 3 —
o 3
3l 3l
F VMD #
r "I" M. Knecht et al. (LMD+V) 1 r "I" A. Gérardin et al. (LQCD) [
L Eur. Phys. J. C21 (2001) 659 | L Phys. Rev. D100 (2019) 034520
H. Czyz et al. (1-Octet) M. Hoferichter et al. (dispersive)
[ Phys. Rev. D85 (2012) 094010 1 i Phys. Rev. Lett 121 (2018) 112002
r T. Husek et al. (THS) 1 r G. Eichmann et al. (Dyson-Schwinger) -
Eur. Phys. J. C75 (2015) 586 Phys. Lett. B797 (2019) 134855
H. Czyz et al. (3-Octet) P. Masjuan (Padé approximants)
Phys. Rev. D97 (2018) 016006 Phys. Rev. D86 (2012) 094021
Lo b b e e P R RS RSN R RS S
.0 0.5 1.0 1.5 2.0 2.5 3.0 35 0.0 0.5 1.0 1.5 20 2.5 3.0 35

Q2 [GeV?]

Q2 [GeV?]

* Good agreement with previous
measurements

 Most precise measurement at small Q?

* Excellent agreement with
e Lattice QCD
* Dispersive calculations

* Dyson-Schwinger

* To be repeated with 20 fb-!
* Alsofornandn’

11



Study of yy~

Same principles as yy* — ¥

-n

measurement

Based on full 20.3 fb ' of 3.773 GeV data

« 7x larger luminosity than % measurement

Selectionofn’ » ttn~yandn' » ntn n(- yy)

By far most precise measurement below 4 GeV?

Close to publication
(Spokesperson Review/last step)

Events / 4 MeV/c?

4000—

- 1 +_-

nN—n iy ¥ ete—eteuty

3000(— ;:

i . ete—sete '
2000

e Rt Signal MC
1000 brmsns
2000—

1 + -
1500— M7 T 1
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BESIII Simulation
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Study of yy* —» 1’

0

030 T T TTTTT T T T TTTTT T T T T TTTT T

—~ BESIII MC (STAT)
BESIII MC (TOTAL)

Same principles as yy* — m" measurement

—— CLEO
Based on full 20.3 fb-" of 3.773 GeV data 000l | CEU©
« 7x larger luminosity than % measurement ) Babar
4 L3
— Ekhara3.0 (3-Octet)

Selectionofn’ » ttn~yandn' » ntn n(- yy)

By far most precise measurement below 4 GeV> 0.05
BESII Simulation

Q’IF(Q%) [GeV]
O
o
III|IIII|IIII|IIII|IIII|IIII

Close to publication

llllll | Illlllll | Illlllll | |

III|IIII|IIII|IIIIIIIII|IIII

(Spokesperson Review/last step)

1072 107 1 10
Momentum Transfer Q? [GeV?]



Studyof yy™ = fo/f2 > T

» Single Tag Measurement (20.3 fb' @ 3.773 GeV)
* Select...
... one final state lepton

... four photons (2x 7° - yy)

* Require vanishing second virtuality
» Improved resolution of Q7 ;.. using kin. fit

— Direct constraint of Qrzniss

* Further suppression of background using kinematic
constraints

Events / 0.001 GeV?

0.0

/[A

: + Data vy
: mm ete nn® g4 cont.
| ete e yly
104 T ! : etemn — yw(25)
- : mm cte D°D°
3 i Em cte- [ D"'D‘_
‘ "L\ i r— Ij_i‘:: non-DD
1ok NI  BESIIPRELIMINARY
|
102
10!

0.00 0.05 0.10 0.15 0.20
Missing Momentum Transfer Q3 / GeV?
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Studyof yy™ = fo/f2 o'

Simulations according to [ML et. al. , Comp. Phys. Comm. 327, 110153, (2026)]

2001 B + o | 500" BESHI PRELIMINARY BESHI PRELIMINARY
1< mm ete nd |
| Z - e"e‘n,7 1 400 !
,, 60012 — o | 4001
S 50012 — :
oo e - 300 300
6 4001 % -y :
] . yy(2S 1
33001" v | 2001 200
& ] m D*D” :
2 200_ non-DD
; 100 - 100
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0 o Ml () 0 *
1 2 0 2 4 0.00 0.25 0.50 0.75 1.00
Two-Pion Invariant Mass Momentum Transfer Helicity Angle

W/ GeV Q? | GeV? |cos 6 * |



Studyof yy™ = fo/f2 > T

* Data driven background subtraction

d(orr + €or7)

N

d| cos 6" |

~ AQ2 AW Alcos0*| L e

* Normalize event yield to

Bin widths
Integrated luminosity

Reconstruction efficiency

— TT luminosity function — correct LT term

— correction for finite second Q?

Number of Events / Bin

500 1
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500 1
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0.0

/[A
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Studyof yy™ = fo/f2 > T

* Data driven background subtraction

d(O-TT + & O-LT) _ N
d|cos8*|  AQZ AW Alcos8*| L e

* Normalize event yield to
* Bin widths
* |ntegrated luminosity

* Reconstruction efficiency

— TT luminosity function — correct LT term

— correction for finite second Q?

Cross Section o1t + €07/ nb

0.0

n [Phys. Rev. D, vol. 101, no. 5, p. 054008, 2020,

Phys. Lett. B, vol. 789, pp. 366-372, 2019, Prog. Part. Nucl. Phys.,
vol. 107, pp. 20-68, 2019]

BESIII PRELIMINARY

02=(0.4-0.5)GeV?

Q?=(0.1-0.3)GeV? Q?=(0.3-0.4)GeV?

-+ BESII
100 1 = BESIII, stat. err.
—— DV sum
== DVorr

DV g0t

50 1
501

05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0
02=(0.5-0.7) GeV?

Q2=(0.7 —1.0) GeV?

r T T r T T 0 T T T
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

Q2 =(1.5-2.0)GeV? Q?=(2.0-3.0)GeV? Q% =(3.0—4.0)GeV?

10 1
II‘
> + //I \‘\
ol & =

Two-Pion Invariant Mass W / GeV
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0.0

n [Phys. Rev. D, vol. 101, no. 5, p. 054008, 2020,

Phys. Lett. B, vol. 789, pp. 366-372, 2019, Prog. Part. Nucl. Phys.,
vol. 107, pp. 20-68, 2019]

BESIII PRELIMINARY

Studyof yy™ = fo/f2 > T

* The cross sections contain information 02 =(0.1—-0.3)GeV? 02 =(0.3 - 0.4) GeV? 02 =(0.4 - 0.5) GeV?
on Transition Form Factors 1001 3 sesisoter
—= DVorr 0
50_ DV o1 5
. 05 10 15 20 ° 0'5+ 10 15 20 %05 10 15 20
* Different resonances: ' ' ' ' ' ' ' ' ' ' ' '
Q%2 =(0.5-0.7)GeV? Q2%=(0.7 — 1.0) GeV? Q% =(1.0 —1.5)GeV?

 Scalars: f;(500) & f;,(980)
* Tensor: f,(1270)

* Others statistically irrelevant

05 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0

Cross Section o7 + €0.7/ nb

* Extraction of TFFs through partial wave
analysis

Two-Pion Invariant Mass W / GeV
16



Studyof yy™ = fo/f2 > T

e The cross sections contain information
on Transition Form Factors

* Different resonances:
 Scalars: f;(500) & f;,(980)
* Tensor: f,(1270)

* Others statistically irrelevant

* Extraction of TFFs through partial wave
analysis

Cross Section d(orr + €0.7)/d|cos6 *| / nb

101 E—
20 1

ZO‘N
0_ ~

1.0

0.40 GeV

0.95 GeV

-|-=la-1-.;|__:——|_

1.45 GeV

0.0 05

20 1

10
O_
0.0 05

0

Tl'O

0.55 GeV

L =-|_++

1.05 GeV

L ——

1.55 GeV

<
~
~

-~

1.0

10

ol

501

10

0

0.0 05

[Phys. Rev. D, vol. 101, no. 5, p. 054008, 2020,
Phys. Lett. B, vol. 789, pp. 366-372, 2019, Prog. Part. Nucl. Phys.,
vol. 107, pp. 20-68, 2019]

BESIII PRELIMINARY
Q?=(0.3 - 0.4) GeV?

0.65 GeV

1.15 GeV

1.70 GeV

4

T

1.0

10

100 -

Helicity Angle [cos6 * |

0.75 GeV

jasc

1.25 GeV

10

50 1

0.85 GeV

i

1.35 GeV

——

)
N
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Studyof yy™ = fo/f2 o™

e The cross sections contain information
on Transition Form Factors

* Different resonances:
 Scalars: f;(500) & f;,(980)
* Tensor: f,(1270)

* Others statistically irrelevant

* Extraction of TFFs through partial wave
analysis

0.0

/[A

Cross section‘s dependence on partial waves
do Q? g 5 5
dlcos0| 4 <1 +W> (|S Yo +DoYy'e'|” + 2¢|Di Y| + |DoYF| )

Parameterization of S wave using Omnes function
* Provided by Danilkin et. al.

Parameterization of f,(1270) by relativistic Breit-Wigner

TFFs are given by the ratio of amplitudes at Q% and Q*=0
* Normalization needs to be determined
* Combined fit with untagged data

16
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Studyof yy™ = fo/f2 o'

a‘Q
Ao 3‘3‘. Q?2=0 |cosB*|<0.8
a\'_\‘lﬁa %ed Q%0 web Conf., vol. 291 (2024), p. 01002 Phys.Rev.D 79 (2009) 052009 Phys.Rev.D 41 (1990) 3324
. “O‘«\ (\\‘a 175 - BESIII prelim. - Belle - Crystal Ball
?\1‘ . “%0 ] Total + ] Total ] Total A
v 2 150- s A 1o A {oos &
c ] D ] D Q& ] D
~ | Ds 37' Ty ] D, X ] D, g
£ 125; S ] < ] N
0 ] b ~ ] D> $ | D> s
c  100- T ' S : < .]. -l-
O ] ‘TII L?/I ] é’
O 751 /3 Py ] & | { ] Q
g : Q ¥ " ] \Q ] S
w507 S 1 5 j 2 it
0 ] (%) t - 9 - 7
O ] 7 Mi‘ i ] & Q" : Q - ']'
S5 251 Q | S A pH
0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5

Two-Pion Invariant Mass W / GeV

Convolution of the fit function with Gaussian function to
compensate smearing effects
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Studyof yy™ = fo/f2 o™

« Fit to single tagged data to extract Q° dependence of TFFs

* Angular modulations used to differentiate resonances

Smearing effects taken into account

Cross Section ot + €07/ nb

40 -

20 -

0.5 1.0 1.5 2.0

Two-Pion Invariant Mass W / GeV

O_

Cross Section
d(orr + €oy1)/d|cos6 *| / nb

0

Tl'O

0.40 GeV 1.25 GeV

Helicity Angle |cos6 * |
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Studyof yy™ = fo/f2 > T

0.8 1

=
N
1

o o o o
N IN o o)

Transition Form Factor |F(Q?)|/|F(0)|

o
o

=
o

f(980)

I BESIII PRELIMINARY T ™%

Momentum Transfer Q2 / GeV?

|Ftot(0)|

= 0.6 1

2

T 0.5

Transition Form Factor |F(Q

0.7

©c o o o
= N W b

©
o

O

0

| + BESIIl PRELIMINARY ;%70
1+ A=0
+oA=1
+ FoA=2
_I.+
+'—I—'
e S
] -+,
: ._l_'l'_[_‘—i—‘ 3
a— ! S
_}_ ]
o 1 2 3  a

Momentum Transfer Q2 / GeV?

First extraction of TFFs in
a, relevant Q” range

First measurement of
fO(SOO) TFF

Lowest Q° and most

precise measurement of
f0(980) and £,(1270) TFFs

« Compatible with high Q?
Belle data!
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k E + = ‘91400:— ——— MC:Total
St u d Of E f /f n n % E — MC;S? :aI:EkharaS
y yy O 2 31 200 ,‘I ] MC:B:ckground:yy—-n/n'
81 000 ' I MC:Background: p-e*e —e*e mn]
@ C | I VC:Background: e'e —e*e
* The same measurement with charged pions is work 2 8001 BESIII Simulation
in progress o0

* Significant irreducible backgroundine*e™ — 82704 05 08 112714 R
ete m ™ o
82000 - MC:Total
 Dominating source of events o I o MC:Signal:Ekhara3
. g i B MC:Background: yy—n/n'
* Must be subtracted using Monte Carlo S15001- B VC:Background: pre'e —e'e '
e e . '8' i I VC:Background: e'e —e*e uti
Limited by knowledge of pion-vector form factor B ool BESIII Simulation

.. i 500
* Similar phase space coverage as neutral-pion ‘

measurement but higher statistics

8.0 05 1.0 15 20 25 3.0 35 4.0 45 9.0
Q°  (GeV?)
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——— MC:Total

Study of

For - ot B qq gy = - MC: Background yy—=n/n'
T[ T[ BN ctertn . ot 7Y I MvC:Background: p-e*e —een'n]|
gt s rtror® PWA W eten I MC:Background: e'e —e*e iy
B gt 0 B efeputu KsKiL . .
* The same meas 1031 _— KK — (2S)yisk non-DD BESIII Simulation
. . J/Yyisk . _— D+l_)_
I n p rogreSS e+e -n+T[- 7T+7T_71'07To . 7)7T+71'_ - DODO

> See talk by
E 10 Riccardo Aliberti (Mo.) L
* Significantirredf & 1618 2 22
ete nmtm~ £
L%) 101' MC:Total

* Dominating sou
e Must be subtrac
* Limited by kno

——— MC:Signal:Ekhara3

I MC:Background: yy—n/n'
I VC:Background: p-e'e —~e’en*n’
I VC:Background: e'e —e*e u*n’

BESIII Simulation

it N% I| (i .\“'H'"
| 7r+7:'—5invaria2£ massz['cszev]

* Similar phase sj
measurementb

3.0 3.5

1.0 1.5 20 25 3.0 35 40 4.5 ?0
(GeV?)
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Study of yy* — f1(1285)

e Single tagged study of
f1(1285) - aom /fon > ¥y

* Simulation and partial wave analysis based on the

phenomenological framework by X.-L. Ren et. al.
[Phys. Rev. D 110 (2024) 094043]

* Separation of TT and LT f;(1285) TFFs

* First measurement of the f(1285) TFFs

[
w
(=]

Events / 0,005 GeV

50

0

100

BESIII Simulation
x

0.9 1.0 11 1.2 13 1.4

m.','l." n [GEV]

mm f(1285) (LT)
mmm f,(1285) (TT)

B Incl. MC

1.5

1.6

LT dipole model

_I: BESII Simulation & ol moce

"
ﬂ%%m_ _

T T T
0.5 1.0 1.5 2.0 2.5 3.0
Q%[GeV?]

T
3.5

4.0 21



Double-Tagged
Measurements
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Not-So-
Double-Tagged
Measurements

New Idea: Use non finite
second virtuality from
single tagged events for
double virtual studies!




Study of y*y* — f,(1270) - n’n’

BESIII Simulation

Use the same selection as single tagged : + Data -y
. ! ete nn® j cont.
vy* — n°n® study, apply different . : ey
° . 2 . 10 —: : mm eten mm yy(2S)
missing Q° constraint! . |  ete DOpo
~ : m ete- - D+D—_
% "‘\ i [ I;:I:: non-DD
O \W,
* More difficult background situation § 10° & "':"'-w.,
. s 1
e Single virtual events need to be subtracted! = ' “WMH
; " | i LT
c
2 102
. o 10

Large background contamination in mass

range of scalar resonances
* Focuson f,(1270) mass range
10!
0.00 0.05 0.10 0.15 0.20
Missing Momentum Transfer Q3 / GeV?



Study of y*y* — f,(1270) - n’n’

Use the same selection as single tagged —
vy* — n°n® study, apply different 100 g o emntn
missing Q? constraint!

BESIII Simulation

* More difficult background situation
* Single virtual events need to be subtracted!

Events / 20 MeV

Large background contamination in mass
range of scalar resonances

* Focuson f,(1270) mass range

0.5 1.0 1.5 2.0 2.5
Two-Pion Invariant Mass W / GeV
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Study of y*y* — f,(1270) - n’n’

Use the same selection as single tagged
vy* — n°n® study, apply different
missing Q? constraint!

* More difficult background situation
* Single virtual events need to be subtracted!

Large background contamination in mass
range of scalar resonances

* Focuson f,(1270) mass range

Cross Section do(W =[1 — 1.5]GeV)/d|cos6 *| / nb

100

BESIII Simulation

(0.10 — 0.40)GeV2 (0.08 —0.15)GeV? (0.10 — 0.40)GeV2 (0.15—0.30)GeV?

—— DV Sum —— DVenon = BESI
—— DVorr —— DVegyoy <+ BESIII, stat. err.

]
DV erour 40 \l
501
20
0 -+ - ' ==
0.0 0.2 0.4

0 : ;
0.6 0.8 1.0

00 02 04 06 0.8 1.0

(0.40 — 0.70)GeVv2 (0.08 — 0.15) GeV? (0.40 — 0.70)GeV? (0.15 —0.30) GeV?

:o %\&%: ZON\KE,\

0 —+—1 — ]

00 02 04 06 08 10 00 02 04 06 08 1.0

]

(0.70 — 1.00) GeV? (0.08 — 0.15) GeV? (0.70 —1.00) GeV? (0.15 —0.30) GeV?

201

204 |
101 101
0 — e

I/‘ 0

00 02 04 06 08 1.0 00 02 04 06 0.8 1.0
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Study of y*y* — f,(1270) - n’n’

Use the same selection as single tagged

(0.10 — 0.40) GeV?

(0.08 — 0.15) GeV?

BESIII Simulation

(0.10 — 0.40)GeV2 (0.15—0.30)GeV?

yy* - n’n study, apply different P~ o .
. ° 2 . '8 DV s;og o e 40 \ l
missing Q° constraint! S 5]
o 20 S
D
3 0 - ' . : 04 . : . —_
S 00 02 04 06 08 1.0 00 02 04 06 08 10
R . . S,
* More difficult background situation »;; (0.40 — 0.70) GeV? (0.08 — 0.15) GeV? (0.40 — 0.70) GeV? (0.15 — 0.30) GeV?
* Single virtual events need to be subtracted! > —~ i |
S 20 20 \|\
| \&K
- . . T %0 02 04 06 08 ‘710 %0 o0z 04 06 6%/—410
* Large background contaminationinmass 3 CooT T T e e
¢ |. 1] (0.70 — 1.00) GeV2  (0.08 — 0.15) GeV? (0.70 — 1.00) GeV2  (0.15 — 0.30) GeV?
range of scalar resonances 5 o Sl |
* Focuson f,(1270) mass range g ol i ‘
8 —— —
S5 o . : : : 0 . : . :
00 02 04 06 08 10 00 02 04 06 08 10

Applicable to other final states!

Helicity Angle |cos O * |
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Summary

* BESIIl is perfectly suited to provide data on
space-like TFFs at small to intermediate Q2

« World best measurement of °,f,(500),
f0(980), and f2(1270) TFFs

* New technique to access double virtual
events

* Several measurements in preparation/planned:

e yw*->nlnn,ntn,nn ...

Yy — f1(1285) - a((980)m/f,(500)7
» vy ond oy, ntn’

vy* - KKn, ete=n"

Study of azimuthal angular dependencies

e More data to come: 10 fb-' @ 4.68 GeV and
possible BEPCII-UP upgrade
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Fit Results

Fit converges with y2/ ndf =
736/ 1449

* Large systematic uncertainties of
untagged Belle measurement

Good description of all structures

Normalization mostly fixed by
untagged Belle results

BESIII preliminary and Crystal Ball
untagged results necessary to fix

smearing and normalization of
f,(500) and f,(980) TFFs

Cross Section o1t + €07/ nb

100 1

50 1

40 1

20 1

10

Q?=(0.1-0.3)GeV?

= BESII

= BESIII, stat. err..ﬁ'

Total
S

Do
Dy
D,

0.5

1.0

1

5

2:0

Q2?=(0.5-0.7) GeV?

1

5

2.0

BESIII PRELIMINARY

Q?=(0.3-0.4)GeV? Q?=(0.4-0.5)GeV?

A 50 #
50 I ¥ !
§ X o
‘ By R Pl
s\
05 1.0 15 2.0 0. 1.0 15 2.0
02 =(0.7 — 1.0) GeV? 02=(1.0-1.5)GeV?
40 1 _]_ +
201 ; \ "
8k P A\
0 o by .*;".! * T *q“‘]ﬂ,ﬂ,*#ﬁf? h"‘*"“‘%i
05 1.0 15 2.0 05 1.0 15 2.0
02 =(2.0 —3.0)GeV? 02 = (3.0 — 4.0) GeV?
5 5
05 1.0 15 2.0

Two-Pion Invariant Mass W / GeV 27



Comparison To Belle

* First determination of f,(500) TFF! =7 T acsi noso
g | + Belle, f,(980)
=10 BESIII PRELIMINARY

o Fi 9, 1

First rrzleasurement of fo(980) TFF below T o8
3 GeV S
© 0.6
S
* Good agreement to Belle f,(980) data L 0.4
S T+
| i
* Large uncertainty of f,(500) TFF at small £ +_L++++++_H
momentum transfers 0. -
1071 10° 101

> Missing constraints at small W and small Q? Momentum Transfer Q2 / GeV?2



Comparison To Belle

* First measurement below 3 GeV?
* Helicity-2 component dominant
* Very slight tension to existing helicity-1 Belle data

* Otherwise the data seems to be described by a
smooth distribution

 ”Plateau” in helicity-1 TFF

* Drop towards zero required by Landau-Yang?

1(Q?)|/|Fiot(0)]

Transition Form Factor |F,

Transition Form Factor |Fiot(Q?)|/|Ftot(0)]

0.8

0.20

0.10 1

0.05 1

0.00 1

0.71

0.6 1

0.5 1

0.4+

0.3

0.2

0.11

0.0

BESIII PRELIMINARY

I f,(1270), Total
4 BESIII
Belle
+
+
+
+
—F—
3~
I
101 100 101
Momentum Transfer Q2 / GeV?
£,(1270), Helicity A = 1
F  BESII
Belle
101 100 101

Momentum Transfer Q2 / GeV?

e
W
o

o
[N]
U

0(Q?)|/|Fot(0)]

Transition Form Factor |F,

0.71

2(Q?)|/|Feot(0)]|
o
o

o
U

o
w

Transition Form Factor |F,

0.20 1

0.15 1

0.10 1

o
~

0.21

0.14

0.0

1 £,(1270), Helicity A = 0
-+ BESII
-‘- Belle
10! 10° 101
Momentum Transfer Q2 / GeV?
£,(1270), Helicity A = 2
{ +  BESII
Belle
+
+
+
+
+
+
aE
10! 10° 101

Momentum Transfer Q2 / GeV?
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