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Form Factor Physics

v" Describe the complex internal structure or intermediate processes

v" It determines the size of hadronic quantum corrections in the calculation

of the (g — 2),

1 5.00 >
a,, = — (g — 2) < Significance will likely decrease Fermilab 1+2+3
I"l' 2 H w?th an updated SMyprediction (2023)
SM _ _QED EW , ,hadr ,hadr _ , HVP HLbL < - | 2,
a[i — a,lt + a’,u + a[i ) aﬂ T aﬂ + a’[l SM:e-I-‘e- HVP World Average
T.I. White Paper (2023)
(2020)
l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
New results in tension L
with White Paper (2020) SM: Lattice HVP
BMW Collab.
(2020)
17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
a,x10° - 1165900
a;/VF = 6845(40)x10-11 aif"Pt = 92(18)x10-1
Hadronic Vacuum Polarization(LO) Hadronic Light-by-Light In 2021, azxp — af‘M ~ 4.20

v Experimental input is needed to improve the accuracy of predictions!
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Form Factor Physics

v ajf*Pk not directly related to measurable quantities. " TFFs are experimentally accessible in three
: : : different processes
v" The coupling of 7%, 1, and n’ with two photons in HLbL p
can be described using transition form factor (TFF). Space-like Time-like
: : e’
TFFs as experimental input! T
P e
Y
P
e -
e Y

* The fusion of both photons to form a meson
is described by the TFFE
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BESIII Detector

v" The BESIII detector records symmetric e*e™ collisions provided by the BEPCII storage ring.

v" The facility is used for studies of hadron physics and t-charm physics.

v" Collected 10 billion J /{r Events!
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An overview of the BESIII detector. A light meson facto ry!
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/ + -
n — ye e Phys. Rev.D 92,012001 (2015)

< Decay mode: |/ — yn, ' = ye'e 108 T
< In 2015, BESIII Collaboration used 1.3 billion J/{ events with
bin-by-bin method getting the results of )’ form factor.

<+ The decay rate 10°
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< Single-pole: F(g?%) = Yy

10 ¢

IF(a”)*
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< Multi-pole: |F(g?)|* = (

o ) .
Ay, = (0.79 £ 0.04 £ 0.02) GeV & ¢

. Y 0 01020.30.40.50.60.70.8
Yo = (0.13 £ 0.06 £ 0.03) GeV M(e'e) (GaVIe)
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/ -
n /rl — ye+e Phys. Rev. D 109, 072001 (2024)

® TFF Results of n'»ye*e: 1w | |
8 10 Fig. 3 “wew -
<> 10 billion J/{s Events available. 3 pesking b
< Performed an unbinned fit based on the amplitude formula. 517
<> Multi-pole formula &
5
PO = e AT 3
q o (A2 — g2)2 + A2y?2
A, = (0.802 + 0.007 + 0.008) GeV/c? o §
¥, = (0.113 + 0.009 + 0.002) GeV/c? e [ :
2(42 = :
< Slope parameter b, = dFd;Z ) lg=0 o Fig. 4
<+ The root mean square (RMS) of the interaction regions, “;i‘_;‘;frzz " .
Ry, = \/6b,, = (0.596 £+ 0.005 £ 0.006) fm B 08 1 12 14 16 16 2 22 24 26

b, (GeVic?)?
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n/n' - ye'e

® TFF Results of n=>ye*e’
< Single-pole is sufficient to describe the data
Pt =
)= 1 g2 /N2

A, = (0.749 + 0.026 + 0.008) GeV/c?

dF?(q®)

< Slope parameter b, = .

|q=0 — A_Z

<> The RMS of the interaction regions,

R, = /619,7 = (0.645 + 0.022 + 0.007) fm
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arXiv:2402.01993 (hep-ex)

< Decay mode: |/U = yn, ' = w'*l*]* (I=e or p)

<> Decay amplitude
2

8k?2

2
2 . . .
|dqn’—>1t+1t‘l+l‘ | (va Si em 91: ¢) — |M(STL'TL" Sll) |2Xl (mn’» St Sll) X [1 o ﬁ% sin’ 01 sin’ ¢]Smtﬁ12t sin’ 011'

> M(Sypm, Sip) = M pnixXVMD(S;, S;;) contains the information of the decaying particle and the VMD input.
<> Within the VMD model, TFF can be parameterized into three separate parts

2
m,z, ] 3 mﬁ my .

3 3
VMD(S;, Sy) =1 — 7 (c1 —c3 + c3) +[Z (1 — ¢z —c3) 2

: +-5C : ,
2 —sy—imyT(sp)| | 2 3 mE—sy—imyT(sy) My o~ Sun—imy 7T (Smr)

R T s Tt
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. e
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VMD contribution
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<> By adjusting the values of the c;-parameters, we can

switch between the various VMD models.

L.

1.
1.

Hidden gauge model: c; —¢c;, =c3 =1

Full VMD model:
Modified VMD:

€1 —C2 =

Cl—CZ:/:

¢ Forn' » ntn~e*e™ decay

NO

>

[

(O]

o

Q
1 £
- — @
C3

v p? only can not describe data well.

v w - wtn~ decay is necessary!

2
mV,n

my

,T

— Spm — imV,n'F(Smt)
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arXiv:2402.01993 (hep-ex)

<> By adjusting the values of the c;-parameters, we can

switch between the various VMD models. S MO g
R
I. Hldden gauge mOdel: C1 o CZ — c3 - 1 30000 LI | l’I-‘l LI | LI I LI I LI | LI
| —e— Data
1 Total Fit ’ ()
[I. Full VMD model: €C1—C2=3,C3= 1 25000~ 0 (c20) ]
N§ 20000 - -_-_ S{-?t:ic.(l;; :nt) (x 20) ]
[II. Modified VMD: C1 — Cz # C3 C - g Pboxint :
= 15000 ~
% 10000 i —_
¢ Forn' » ntn~e*e™ decay M 5000 { =g .
v p? only can not describe data well. +
v w - ntn~ decay is necessary! 07 08 09 1
2
2 2 : . , M...- (GeV/c?)
v + Bet® ms, (1) (GeV/c?)
2
m%,n Spr — My nr(snn’) mey — Sgn — lmwr(sn'n) box_anomaly?

BESIII: PRL120,242003(2018)
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® TFF Results

, o Model 1 Model II Model III
n —atrete
c1—cp=c3=1 cp—ca=1/3,c5=1 c1—co # c3
my (MeV/c?) 954.3 +82.5 + 36.4 857.4+74.3 787.5+£137.9
my.(MeV /c?) 765.3 + 1.1 +20.2 765.4+ 1.1 764.8 = 1.3
my,(MeV /c?) 7T78.7+1.3+17.3 T78.7+1.3 7787+ 1.4
B(1073) 8.54+1.440.7 8.5+ 1.4 8.1+1.4
0 1.44+0.34+0.1 1.440.3 1.4+04
c1 — Ca 1 1/3 —0.03 +£0.87
cs 1 1 1.03 +0.02
% /ndof(ete,ntm™) | 65.3/82.0,44.5/65.0 | 66.1/82.0, 44.3/65.0 | 66.8/82.0, 42.2/65.0
by (GeV/c?) 2 1.10£0.19 + 0.07 1.36 £ 0.24 1.61 +0.56
, I Model 1 Model I1 Model I1I
T S TR
cp—cp=c3=1 c1—ca=1/3,c5=1 c1—co # 3
my (MeV/c?) 649.4 + 52.3 + 35.6 601.6 +24.0 589.6 £+ 24.2
my.~(MeV/c?) 757.3 £22.6 + 18.0 765.4 +£17.6 774.4 +40.7
€1 —Ca 1 1/3 0.01 +0.42
cs 1 1 0.98 + 0.38
X2 /ndof(ptp—,mt7~) | 36.1/34.0, 30.4/46.0 | 36.1/34.0, 30.4/46.0 | 37.4/35.0, 29.9/46.0
by (GeV /c?)~2 2.37+0.38 £0.27 2.76 £0.22 2.88+0.24

All the three models provide good description of data.

Yuyao Ji
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<> Hidden gauge model (ModelI):¢cq; —¢c; =c3 =1

Pull

Events / (6 MeV/c?)

Pull

—— Data (a)
3 — Fit result
10
g “ M-yt MC
102 E_:i ----- Sideband background
10 | =
1 é-_ ."-“- H .:: |~
0 Pt de Ao e b shb b
SR CLONLY, #
5L . ‘ b .
0 0.1 0.2 0.3 04 0.5 0.6
M(e*e) (GeV/c?)
45 ;_ —e— Data
40 —— Fitresult (a‘)
35 = — = Jy—syn = Tmnoptn MC
= —m Jy—yn, M-t MC
30 '+l Jy—ynrrn MC
o5 E_ Other backgrounds
20 |-
15
10
5 ;
S b
51
ok fy 4t bab onda . by
L 'Yﬁ+ ++ et o
sE +
0.1 0.2 0.3 0.4 0.5 0.6 0.7

M) (GeV/c?)

Transition Form Factor of /" at BESIII

1

1

—_

2
Pul Events / (10 MeV/c

Events / (6 MeV/c?)

Pull

400 — D
r —— Data (b)
200 | — Fitresult
E o myn'n MC
000 r Sideband background
800 [
600 [
400 |
200 |
5 - -~ e,
RT3 SUR L TIICR ALY AN S TOPOOR
0
55 ' L) ; $ N #
03 04 05 06 07 08 09 1
M(r*) (GeV/c?)
35| ——Data
I — Fitresult (b)
30 | —-Jy-sywnorrmnopte MC
F - Jy—=yn,n—>nnnn MC
25 . Jy—yr*rrn MC
F Other backgrounds
20 ?
15F
10}
5F
5F
b +1|$+| “1.: L“lll + 1l . 1é l“l +u L .|++
0Ff Wtgs tigt Ty gt 7++ TR
= . .
0.2 0.3 0.4 0.5 0.6 0.7 0.8

M(n) (GeV/c?)
2024/7/8



® TFF Results
, I Model 1 Model II Model III
n —mnrtn eve
c1 —co=c3=1 cp—ca=1/3.¢ca=1 c1 — co # C3
my (MeV /c?) 954.3 +|82.5 1 36.4 857.4 H74.3 787.5 H137.9
my.-(MeV /c?) 765.3 + 1.1 4+ 20.2 765.4+ 1.1 764.8 +1.3
my,(MeV /c2) 7T78.7+1.34+17.3 T78.7+1.3 7787 +1.4
B(1073) 8.54+1.440.7 8.5+ 1.4 8.1+1.4
0 1.440.34+0.1 1.440.3 1.4+0.4
c1— ¢ 1 1/3 —0.03 i@
c3 1 1 1.03 +0.02
2 /ndof(ete,ntn™) | 65.3/82.0, 44.5/65.0 | 66.1/82.0, 44.3/65.0 | 66.8/82.0, 42.2/65.0
by (GeV/c?) 2 1.10 +0.19 £ 0.07 1.36 4 0.24 1.61 £ 0.56
, I Model 1 Model I1 Model I1I
i A TR T
cp—cp=c3=1 c1—ca=1/3,c5=1 c1—co # 3
my (MeV /c?) 649.4 + 52.3 + 35.6 601.6 + 24.0 589.6 + 24.2
my.(MeV/c?) 757.3 + 22.6 + 18.0 765.4 + 17.6 774.4 + 40.7
c1— ¢ 1 1/3 0.01 + 0.42
cs 1 1 0.98 + 0.38
x2/ndof(ptp—,mrx=) | 36.1/34.0, 30.4/46.0 || 36.1/34.0, 30.4/46.0 | 37.4/35.0, 29.9/46.0
b,y (GeV/c?)~2 2.37 +0.38 + 0.27 2.76 + 0.22 2.88 +0.24

arXiv:2402.01993 (hep-ex)

* Limited statistics at the high mass region of e*e

— Large statistical uncertainty of my and ¢; — ¢,

* Atestwithc; — ¢y, =
€C1—C2 =

c3 gives
c3=1.03 +0.02

* Provide a weighted average of the slope parameter

for n'->m*me*e and n'>m*mptp based on Model 1.

b,, = 1.30 + 0.19 (GeV/c?)

This work
TPC/Two-Gamma
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BESIII
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P.Afit to data

1 12141618 2 222426

b,, (GeV/c?)?
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<> Decay mode: J/Y -y, n' » 'ttt

=3
=
T T T

—+— Data
— Fit result

(a)

<> To investigate the doubly virtual isovector contribution. 2 s SN R m=yorrrer AR
< Decay amplitude is constructed with the combination of ~ Z“ Z ol o
] ] 2 a0l »Indof = 0.90 P xrndor =2
the Chiral Perturbation Theory (ChPT) and VMD model. g | 5 I
20 = |
F(5121534) N [ - + 54 — 14 — 23 s e es o 0s 0.7 003 0.4 0.5 0.6
Dy(s12)  Dp(sza) Dp(s1a) Dp(s23) = T I - YO,
) ) E 01 P gt 'ﬁ”"”"*"*?' e 2 0ttt e *##'1'*'#‘ it
N C3 [mp (S12 —S34)  M;(S14 — S23) 403 1\;(4 )(és v e Mo(4 )((0;5 v 06
— n;m,) (GeV/c ) (GeVie
€1 —C Dp(512)Dp (S34) Dp(514)Dp (523)
[ —— Data —+— Data
D,(s) = M2 —s—iM,I,(s) W Theinverse p propagator ., - | s (C) | =, (d)
M 5 % % 60:~ e Js ST Ty % I mmms SWEYILATE TR R
—4M ="l = |
Fp (s) = p( Sz n2> Fp = 40:_ Pindof=096 | = “r Xéindof = 0.81
> L > 20
= 20»— =L
<+ To simplify the model for validation, we assuming ¢; — | |
X .7
= 1t Vi 4 4
c; = 1, the fit yields 2 ot o * = T
— L T PR O = t £
C3 = 1.22+0.29 £ 0. 04’ - *013 0.4 0.5 oﬁf.+ T A : 0.4 0.5 0.6
. . . . . . A Ao 2
which is consistent with the theoretical expectation of c; = 1 M(mm,) (GeVic?) Mlmmy) (GeVic)

Rev. D 109, 032006 (2024)
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—— Data
—— Fit result

s Jly—yrntint (b)
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®Precise TFF of /7’ are needed as inputto (g — 2),,.

®BESIII is a light meson factory, and many studies on the n/n’ TFF have been conducted recently

* n/n' > yete” Phys. Rev. D 92, 012001 (2015),
Phys. Rev. D 109, 072001 (2024)

* 0 >ntrTITIT arXiv:2402.01993 (hep-ex)

c ' >ntnTntnT Phys. Rev. D 109, 032006 (2024)

® There are also many ongoing studies on TFFs, and more results are expected to come soon!
On ->efew

On ->ntnnn-yltl”

Oyt Thank You'!

O ete” »ete ™ n/n
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