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BEijing Spectrometer

Muon Counter
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Endcaps: 8 layers
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R Value

The BESIII data sample
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Baryon form factor

B The FFs are measured in space-like (SL) region or time-like (TL) region. The
proton electromagnetic vertex I', describing the hadron current
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B G. and Gy, can be interpreted as Fourier transforms of spatial distributions of
charge and magnetization of nucleon in the Breit frame
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Baryon form factor

> The Born cross section for eTe™ = y* — BB, can be expressed in terms of
electromagnetic form factor Gg and Gy .

4ma?Cp
055(@) = L 16w (@) + 162 (@)1)
nﬁa — ex;(—ﬂ) for a charged BB pair
» The Coulomb factor C= 7
- 1 for a neutral BB pair
Energy Scan Initial State Radiation
Ebeam discrete fixed
L low at each beam energy high at one beam energy
Tpp T Y d g
o | ey = TSRS lGuP (A eos?6) | ST = LW (s, x,0,)055(q?)
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Both techniques, energy scan and initial state 1

radiation. can be used at BESII| ™~ 200
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Phys.Rev.D 91, 112004(2015)

BUsing 12 c.m. energies from 2.2324 to 3.671 GeV, total
luminosity 156.9 pb™?!
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ete” > YispPP

B Combination of 7 data sets (=3.773 GeV), total luminosity 7.4 fb~1.

BEvent selection:
» Two charged tracks from vertex

» One high energy shower in EMC (ISR-tagged)

» Kinematic constraints applied
» Background subtraction from weighted MC
B Cross section

(dN/dM _)corr
> a5 (M,,,) = i
pp ( pp) dL/dMpp

B Ratio extraction
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ete” > YisrPP
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M Background subtraction and efficiency dividing
B The proton FFs extracted between threshold to 3.0 GeV

| RenRen 56/ Gt

Stat. 18.5-33.6% 4.1-31.6%
Syst. 4.2-15.6% 1.6-12%



ete” > AA
B Using 4 c.m. energies from 2.2324 to 3.08 GeV, total luminosity 40.5
pb~

Hete™ > AA _at the first energy point, 2.2324 GeV, whichi1s 1.0 MeV
above the AA mass threshold,is reconstructed final final states of ppmtm™
and nt® + X. The Born cross section is measured to be 305+45%5 pb

530
N - | T 1
320: &Os:l
2 | [ o
o S
Lﬁ i "5 :I —o— r 2. Bdr

0y QO ¥ - +«-DM2 -

T 0-4_‘5 — pQCD fit )

o
N

----- Signal :
20 e Background N
Exclusive background |

o
o

Events / (7.0 MeV/c)

Qos o.'osw 0.10 '\b.' 0.14
p(nl’% (GeVic)



ete” > ATAL
MUsing 4 c.m. energies, 4.575,4.580, g 40F 77 mmTT T

| - BESII data :

4.590 and 4.600 GeV, total luminosity © 300} & pirac” | I
631.3 pb~1 T e

Mete™ — ATAC is reconstructed ook + j

by tagging 10 decay modes of A

V45 AT asm 4 a6
\s (GeV)
B Angular distribution of A{ is studied at 4.575 and 4.600 GeV.
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Hadron spectroscopy

»Cross section of ete™ - KK~ inBaBar
» Possibleresonance near 2.2 GeV:p(2150), ¢(2170)/Y(2175), ...

Y(2175) As 2 3D1 sS quarkonium As SSg As 3 351
hybrid sS quarkonium

Iy, in [1; in Flux in Flux Tube in 3P, model
3P, model Tube Model Model
[kxk(MeV) 9.8 23.1 0 0
[0t (MeV) 167.21 211.9 148.7 378
PLB 657(2007) 49 510 ——
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»Form factor of kaon
> Charge distribution: F(q*) = [ d*rp(r)e'?™
» Check pQCD predictions: Fy = 16ma(s)fi¢ /So-
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ete” - K"K~

B R scan data from 2.0 to 3.08 GeV, total luminosity ~651 pb~1

B A structure near 2.2 GeV is measured by: 2> R
y 5 b - —o— BABAR 2013
= 04 —a
o | KI , % :tABAR 2015
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r: p, ®, ¢ and their excited states

—_—

% m=2.2298+0.0053, 9)1%2 GeV
:

(# Q# ['= 143.7 4 2.5¥7.8 MeV
e

j |
B Form factor extraction: t < ?‘ i%% %téélk

T ey
3s oxk(S) a(skio——g— — el
Fel2() = o ok(s) = oRe(S)Gr¥? 22 24 28 29 3 a2

okx (s) : dressed cross section; g4 (s): bare cross section

—p—
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Crs: final-state correction

B Form factor fitting function: “ oy % o\
0.08] ¢
|FK|2 — AC(?(S)/S” E ' ® # h_ahenis > 2.38 GeV
n =194+ 0.09 R
(agreement with pQCD prediction n = 2) 0045 ey
0., L
) § T
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Precision tests of the Standard Model

Gu—2

B The anomalous magnetic moment a,, =

» Experimental measurement: a = (116592089 + 6.3) - 105}

PRD 73,072(2006)
» Theoretical prediction: aMM— (11659580.2 + 4.9) - ]Egr |13(;1vs J.C71. 1515(2011)

=>discrepancy: 3.6 standard deviations

SM__ . QED weak hadr
] o = ay + ocu + oy

'

can not be calculated by means of perturbative calculations

/\

q

Q|

B B

Hadronic vacuum polarization Hadronic light-by-light scattering

af® VP = (69224 42)- 10710 @, = (1054 2.6)- 1071
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Precision tests of the Standard Model

B Hadronic vacuum polarization

had, L0 __ a*(0) oo K(s) __o(ete”>hadrons)
> a, = Wfém% ds ——R(s) R(s) = e or i)

-
o
w
LLRLl

tH =2a3A
;?;Qfa’:a' A=

0.0 GeV, >
0.5 GeV

3.1 GeV
2.0 GeV

cross sections, nb
-
L
ARAARXX AR LPH 2R A
P PEE B
e QT 3

-
o
TTTT TJJ I

—_
UL

—
e
I

1.0 GeV

10-2
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B The largest contribution is below 1 GeV (eTe™ » w m™)

BMete™ - w0 contribution > 6%
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ete” S Y gpT' T

BMData: 2.9 fb~1@3.773 GeV
B Dectected ISR photon

BMC produced with Phokhara
BMain background: u*tu~y

Phy. Lett. B 753(2016) 629-63.
Yisr
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v

m,
Hadrons
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» TMVA method (Neutral Network)
B Systematic uncertainty: 0.9%
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e"e” o YgpT' T,

bare

B Cross section: o

BForm factor: |F|? =

B Contribution to the hadronlc contribution of ay,

nr(YFsR)

NTIZT[Y (1+81P%[R)

uuy
"€g1obal ‘H(s)-8vac

35S dressed

— 0
1_[0(263 TITT

th Lett. B753(2016)629 63

I I
— BESII Nt
—— BaBar ]
—— KLOE (8 .
—— KLOE10 ]
—4— KLOE12 -
—4— BESH .

IF_I
5]

,LO 1 c
> o0 (0.6 — 0.9 GeV) = — dsK(s)Gbare of
1 EE 1 | | | !

® KLOEO08 368.1+04+23+22

. BaBar09 376.7+2.0+1.9
o KLOE10 3653+09+23+22
. KLOE12 366.7+12+24+0.38

. BESIII 368.2+25+3.3

360 — ."M!.F. — 3;0 ’ . l — q!P() ! ' 3“;.‘. ’ ! .’i.(lo[) — 305

a L0(600 900 MeV) [10"7]
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B Data: 2.9 b~ 1@3.773 GeV
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Lineshape of J/y resonance

(a) Strong — Ay, B Model dependent experimental evidences:

> SU3 and SU3 breaking in 1~0714, 0=0~11],
17171 1+0~[2] decay show the phase
between A3g and AEM 1S (D3g,EM~9O

> If A(ete™ » nn)~— A(ete™ - pp),

(b) Electromagnetic — A,

B _ 0,984 0.08 — Py, gy~89° + 817
(c) Non-resonant Continuum — A__, B(pp) .
» Other baryon pairs:

®3.pm~ —85.9°+£1.7 0r90.8" + 1.6°1*

» The phase angle between Agy and Aot

P =0 fromete™ - putu-
(a) e*e” — J/\y — hadrons via strong mechanism; y,c?nt. Ll
» The interference between @ and w was

observed at SND, Cb3g,EM~1800

(c) non-resonant e*e” — hadrons via a virtual photon. 10% ¢
rete —ut leos81< 06 i

0 1 sLC N /

(b) e*e” — J/\y — hadrons via EM mechanism;

a(nb)

\e*e‘-}n"ﬂ";z”

2 5 / 'SND
OBorn — |A3g + Ay + Acont| 3 ‘ ‘N i
2 E \ ! 10 ;_ ——e -dif;.“- — _...A;I ..O_(:; _______
_ id id 10 £ } H\ 3 ] 3g,EM
o |}\3g|e 3g‘E:N[_I_lll\‘Y|e y.cont. 4_|[\C0nt|‘ El ) r‘*—-—45 , [L_Phvs.Rev.063, 072002 P
C T~ 1 = | \ //
[1] M. Suzuki et al., Phys. Rev. D60, 051501 (1999). o e R S SR | 167 e o
[2] M. Suzuki et al. Phys. Rev. D63, 054021 (2001). il e M A Sy 050 ovo 020 oa " Toso
[3] M. Ablikim et al. (BESIII), Phys. Rev. D86, 032014 (2012). - - V5 (MeV)

[4] K. Zhu et al., Int. J Mod. Phys. A30, 1550148 (2015).
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B Data at 16 energy points around ]/ peak, integrated luminosity~100.5 pb™*

. N
B Observed cross section: o; = —

€L (B)
4 3W2 [Tl el v.cont|®
B Theoretically prediction of Born cross section: ¢°(W) = L) ce ui”
w2 aM (W< -M*+iMT’)

W Considering ISR : o' (W) = fol‘(Wm)z dxF (x, W) 60 (W)

. . IT; W+nS 1 /
B Considering energy spread Sg: o' (W) = Jw-ns, o Xp( )c (W")dw
[°PS(wi)-o"" (Wy)]”

obs 24 do’! 2
(AcPswy)2+|aw;- S0 (wy)

B Minimization method: x? = Y16,

LT T T TRV TTT R TITTR RSRNTT TR T R VTV
[ —— data
° 100 — fit
Dy cont. = (=51 9.7) , consistent with zero : -

Energy spread: Sg = (0.911+ 0.026)MeV

Energy shift: AM = (0.548+ 0.041)MeV \\} \\\

3 06 3. 08 3 17
W (GeV)
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ete o

B Forntn i n’ process: 6% (W) = (W

> gy gy = 83.4° £4.3 or —835° +4.2°
> Tyn = ()T, |1 + Cei®38EM |

> Br(J/y » ntnntnn?) = Frﬂ = (4.27 £ 0.52)%, consistent with PDG value

4102
2)2

0

- 2
4 3W?2 [Teel upu(1+Ce! P38EM)

aM (W2 —M? +iMTI")

B Fornm™ ™ (n — ntn 1) process, the formula is similar with that for u*p~

» No A3, due to Gviolation
» @, cont. = (—2 % 39)’, consistent with zero

r _
> Br(J/y - ntnT) = % = (3.6 £ 0.7)x10~%, much improved than PDG value.

10’ F —— data
S
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3 VIS0 a8 o o
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l3.l2l
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vvvvvvv

- —— data -
— fit ]
_ ’
N
A A 1 l ' A 1 l s A 1 l A A ' l
3.06 3.08 3.10 3.12
W (GeV)
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J/W decay width

B [SR method B Energy Scan method

W 2.93 fb~1dataat3.773 GeV
B Channel:ete™ - ygrutpu~
B Generator: Phokhara

M Data at 15 energy points around J/W peak,
integrated 1um1n031ty ~83 pb~1

M Channels: ete™ » efe” andete™ » ptp~

the _ _th
Nl/lll u Oy © = O e(WOIMIFtotJ l_‘eer‘ll/

W oy/yy(s) = = lee " By - 1(s) Ftot,,/Fean,GW) with 1l = ee or pp

Mmax My / May A e'e —e'e . e'e” — '

I(s) = fmmm Z—W(s,mw)% Moy & s, el

B (my,) = 127 By Teelror i o

e (mZu —m’ LIJ)Z + m]/Lp thot 2: )  ..|:':—

B k1t function: ok N F

f(x) = Ny, [M(%x) ® Gx)] + (N;oroy — N X)
(®) = Ny M) ® G)] + (Nyorar — Nj /)P () e N-M_J

— FIFFE P P PR P PR P P
8000: 305 3.06 3.07 308 309 31 311 3.12

2000 h b b b b
N 305 3.06 307 308 300 31 311 312
Wo(Ge Wy(GeV)

7000
6000

5000

s
2 P = Collaboration  Year [I'yp (keV) I'y (keV)
% . BABAR 2004 94.7+44 5.61£0.21
% ook CLEO 2006 96.1+£3.2 5.71£0.16
wof-  Phys. Lett. B 761 (2016) 98—108 KEDR 2010  94.1+£2.7 5.59+0.12
ok s L L - o J, PDG 2014  929+28 5.55£0.14
m [GeV/c’) BESIII(ISR) 2016 - 5.58+0.09
H Fee . Buu — (3334 i 25 i 44) eV This Work 2016 944+19 5.64+0.10
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Summary

B Fruitful results from e *e ™ annihilation at BESIII, both energy
scan and ISR methods are performed.

B More precise baryon form factor on proton, A and A, threshold
effect observed near the mass threshold of baryon patir.

M A vector structure observed in KYK™ spectrum, with
m=2.2298+0.0053 £ 0.0172GeVand I' = 143.7 £ 12.0£ 7.8
MeV.

B Pro gress been made 1 In vacyum polarization calculation from
YisgrT 1~ and yggrmttnm® processes.

B First measurement for the phase between |/ strong and EM
amplitude concern multi-hadron final state.

B [SR and ES methods performed to extract [}; and [, on J/¥ and
achieved the best accuracy.
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