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Beijing Electron Positron Collider
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BEijing Spectrometer ll|

Muon Counter
Resistive plate chamber
Barrel: 9 layers
Endcaps: 8 layers
Ogpatials 1-48 €M

(0 % j

-F’ Electromagnetic Calorimeter
N CsI(Tl): L=28 cm (15X,)
Energy range: 0.02-2GeV
Barrel o; 2.5%, 6,6mm
Endcap ¢ 5.0%, 6,9mm

SC Magnet 1.0T
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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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> Gg(q®) = Fi(g*) + TKsz(qz) > At =0,
> GM(CIZ) — Fl(qz) + Ksz(qZ) proton: F;=F,=1 G¢=1, G,=,

neutron: F,=0, F,=1, G.=1, G,,=},
B G_ and G,, 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 Gz and Gy .

4 Cﬁ
op5(q) = — [1Gm(@)|? + |GE(CI)|2]
TL'C( = -
=a- TOr acharged BB pair
[ B 1- exp(—5) : P
» 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
do ] Y d T
o | atesm = THEUGMP(1+cos?6) | T = TW(s,x,0,)0,5(q%)
2
+?E|GE|25iI'I 0] W(s,x,0,) = nx(zﬁlﬁ‘;gx - %)
q° single at each beam energy from threéhgld to s
Both techniques, energy scan and initial state L 1
radiation. can be used at BESIII 400




e*e” > pp
Phys.Rev.D 91, 112004(2015)

WUsing 12 c.m. energies from 2.2324 to 3.671 GeV, total
luminosity 156.9 pb~1
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B Ratio extraction AR ++

E
> Fit function: 12
dN

0.8F
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€ € — YIsrRDPP

BCombination of 7 data sets (=3.773 GeV), total
BEvent selection:

luminosity 7.4 fb~1.

pp Invariant Mass

ri-: : ¢ [ Entries = 6415 |
» Two charged tracks from vertex f
» One high energy shower in EMC (ISR-tagged) ~*f 1
> Kinematic constraints applied p ;
> Background subtraction from weighted MC “IE®
BWCross section oy \"'—-q--m...._j
Born ) — (dN/deﬁ)corr : :
g 0-2925 (M p) B dL/deﬁ gsooj— x#ndf= 0.80
MRatio extraction —+ + | +
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do Rim

_ 2
= A [HM(COSH, q°) + = “t
> Hy (cosb,q*) (G = 0) and Hg(cosb,q*) (Gy =,0)
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M Background subtraction and efficiency dividing
M The proton FFs extracted between threshold to 3.0 GeV

| Ren/Ren BGer1/Gor

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

Syst.
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ete” - AA
W 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, which is 1.0 MeV
above the AA mass threshold,is reconstructed final final states of ppm*m~
and nm® + X. The Born cross section is measured to be 305+45758 pb
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WUsing 4 c.m. energies, 4.575, 4.580, g T T
4.590 and 4.600 GeV, total luminosity © 300} & pess

631.3 pb~1

ete”™ > ALAS

HMete™ > ALAC is reconstructed

by tagging 10 decay modes of Af

e'e > AJA,
| ===+ Threshold

i ; . —
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mAngular distribution of A{ is studied at 4.575 and 4.600 GeV.
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Hadron spectroscopy

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

Y (2175) As 2 3D, s§ quarkonium As sSg As 3 s,
hybrid sS quarkonium

Iy in Iy in Flux in Flux Tube in P, model
3P, model  Tube Model Model
Te(MeV) 9.8 23.1 0 0
[eoc(MeV) 167.21 211.9 148.7 378
PLB 657 (2007) 49 10*

» Form factor of kaon
> Charge distribution: F(¢®) = [ d®rp(r)e'?™ =
> Check pQCD predictions: Fiy = 16ma,(s)f#/s,,

102k

Cross section (pb)

-
o
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ete” - KK~

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

M A structure near 2.2 GeV is measured by: 2°°

o = |Ak|?, 0.4,

—e— BESIII
—o— BABAR 2013
—a— BABAR 2015

fit
— al 04 i0 b
Ag = 2rCrBWp +Coon-s™% - € 0.3f LﬁL ﬂ M=2.2298+0.0052;"\ 0172 GeV
r . p, o, ¢ and their excited states LA i# % ['= 143723 7-8 MeV
0.2— % ;ﬂ %
B Form factor extraction: °-17 7 < i% %,r
- T AR S
ok (S) . 0 a(S)p iibia. 255
= = . . 6 28 3 3.2
|FK| ( ) 1'[6!(0)233 Crs ’ O-KK(S) O-KK(S)(Q(O)) 's (GeV)
ok (s) : dressed cross section; o2k (s): bare cross section
Crs: final-state correction
B Form factor fitting function: “ o *ﬁ ol
|FK|2 — Aasz‘ (S)/Sn 0'08§ . {.‘} <\ ‘whed (s > 2.38 GeV
n = 1.94 + 0.09 006 e
(agreement with pQCD prediction n = 2) 0.04]- .
0.rz - L T -
2 22 24 26 28 3
Vs (GeV)
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Precision tests of the Standard Model

gu—2

B The anomalous magnetic moment a,, =

> Experimental measurement: a,,"” = (11659208.9 + 6.3) - 10,10 73, 072(2006)
SM _
> Theoretical prediction: a; (11659580 2+49)- 1[9u|r Phys. J. C71. 1515(2011)

=>discrepancy: 3.6 standard deviations

ED
B o SM= oUED 4 yweak 4 jhadr
M n n A

can not be calculated by means of perturbative calculations

Hadronic vacuum polarization Hadronic light-by-light scattering

VP = (69224 42)-1071° @, " = (105426)- 1071
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Precision tests of the Standard Model

EHadronic vacuum polarization
2 e + -
>a£ad’l'0 _a (0) f4m2 ds K(S)R( ) R(s) = o(ete~—hadrons)

3712 oglete >utu")

B Contributions of hadronic cross sections to the hadronic content

hadr
u g n:ny‘,
= o]
T 102 KK
3 = ﬁ:ix
e K'K
0.0 GeV, oo 8 g KKt
. L] K'Ka'n
0.5 GeV g 10g K
3.1 GeV F =
1E -
6. 20Gev !
T
1he
10" d‘

1.0 GeV

—>PQCD E’, GeV
B The largest contribution is below 1 GeV (e*e™ » ™ m™)

Bete - ¥ contribution > 6%
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e e YISR nn Phy. Lett. B 753(2016) 629-63¢

MData: 2.9 fb~1@3.773 GeV e+ Yisr
M Detected ISR photon
BMC produced with Phokhara m,, T

] - Hadrons
mMain background: utu~y €

n+

» TMVA method (Neutral Network) 2soo| - 5 .
= - i } JOUIy MC
. . _ o B uw*uy MC
BmSystematic uncertainty: 0.9% ¢ | | | data
& 20000 — ' a
E - t
5, N Signal fsdtsahipidy T T\ Sighal rkinig shmplel |2 5 [ 1 Besm
= "~ Background (test sample) » Background (training sam ple‘l_E — | |
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e e YISRn n Phy. Lett. B 753(2016) 629-63¢

N““y(1+811':"[§[R) 45;— T L L LT

BCross section: o%2e ) = T s B TZ

—— KLOE12 —
—— BESH .

3S -
mForm factor: |F|? = Tﬁgaﬁﬁf“ed "

IF_I#
]

M Contribution to the hadronic contribution of a, |
> o ™0(0.6 — 0.9 GeV) = — [ dsK(s)obare vy

KLOE 08 368.1+-04+23+2.2

. BaBar09 376.7+2.0+1.9

* KLOE10 365.3+09+23+22

* ' KLOE12 366.7+1.2+24+0.8
. ' BESIII 368.2+25+3.3
T I IR R E—

“‘”fﬁ-un 900 MeV) [107'9]
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eTe” o Y grT M T

M Data: 2.9 fb~1@3.773 GeV

16005 ' BESN Preimiany 3

o ISR tagged: r_,1400; * Data 3
- > - — backKgrounds
> Clear w and ¢ signals zlzﬁz tagged Beckground

» Huge background in high mass r§gg;tm

§ 400%—. ' ' —

H SR upta_tgged et

» Limited by acceptance s 2 25 3 a5

» Negligible background
M Below 1.8 GeV, fit with VMD model

M3, ( GeV/c?)

(M) = =3 By (m) |3 S ] i o W
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m3 Fon V=w,pw'w" Dy(m) Fpr(my)
» Branching fraction forw, ¢, w'w" consistent with PDG
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Lineshape of J /Y resonance

(a) Strong — A,

(c) Non-resonant Continuum — A_,

<

(a) e'e" — J/\yy — hadrons via strong mechanism;

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

(c) non-resonant e*e” — hadrons via a virtual photon

2
OBorn — |A3g + Ay + Acont|

|A3g|ei¢3g'EM + |AY|eiq)y'cont' + |Acont.| i

[1] M. Suzuki et al., Phys. Rev. D60, 051501 (1999).

[2] M. Suzuki et al. Phys. Rev, D63, 054021 (2001).

[3] M. Ablikim et al. (BESIII), Phys, Rev, D86, 032014 (2012),
[4] K. Zhu et al., Int. T Mod. Phys. A30, 1550148 (2015),
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B Model dependent experimental evidences:

> SU3 and SU3 breaking in 1-0~11, 0—0~11],
1-1~1, 1+0~[2] decay show the phase
between Az and Agy is P30 pm~90°

> If A(ete™ » nn)~ — A(ete™ - pp),

B(nh) _ .
Stog) = 0-98 £ 0.08 > o py~89 £ 8 3]

» Other baryon pairs:
®3opm~ —85.9" £1.7 0r 90.8" + 1.6'1*
» The phase angle between Agp and Aot
Dy cont. = 0 fromete™ — ptp~
» The interference between ¢ and w was
observed at SND, @3, gy ~180°

10% ¢

mete =t leos B¢ 06

00 £ i
f m SLe ) ﬁ_/,./ \ SND

_‘: CDBEEEM wl 0(5

1 H\ 3 [ Phys.Rev.D 63, 072002 L
‘_."-._wl l\~— I E V 4 /‘

| bl | | AT AN AN N R 10 b \//.
3050 3090 300 300 E

320 2130 Eoviloonaloonelonsalorerlonnalonnalannsfey
EMERGY Eqp, (Gev) i 980 1000 1020 1040 1060

a(nb)
R

o {nb)




+ 5 + 4y
e e —-uu
B Data at 16 energy points around ]/ peak, integrated luminosity~100.5 pb~1!

Nj

W Observed cross section: o; = — 5

B Theoretically prediction of Born cross section: ¢9(w) = 4™

aM(W2—M2+iMT)

B Considering ISR : o'(W) = [} ‘W W’ dxF (x, W)oO (W)

B Considering energy spread Sg: o (W) = ;" —=—exp(=5)0’ (W) AW’
E E

[0°Ps(Wy)—a"’ (Wy)]”

do.ll

B Minimization method: y? = 316, 7
(AcOPsw; )2+[Aw1 dW(Wi)]

i 2
3W2 FeeruuelY,CODt

[ —— data
o - : 10— fit
Dy cont. = (—5 £ 9.7), consistent with zero : .

Energy spread: Sg = (0.911 + 0.026)MeV
In \} \\-

O, (Nb)

Energy shift: AM = (0.548 + 0.041)MeV
106 3(]8 3 12

W (GeV)
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ete ot i n®

B For ntn ntm m® process:

» I =
> Br(J/y » ttn it nO)—

» No Az, due to G violation
> (Dy,cont. =

r

4ATtO?
o' (W) = (WZ)2 1+
» B3opy = 83.4° +4.3 0or—83.5 +4.2°

A : 2
(52) Tl + Ce1¢3g'EM|

: 2
3W2 [Teel i (1+Ce!P38EM)

aM(W2—M2+iMTI)

= (4.27 £+ 0.52)%, consistent with PDG value

(—2 £ 39)°, consistent with zero

> Br(/ - ) = S

B Fornntn™ (n —» ntn~n?) process, the formula is similar with that for p*p~

= (3.6 +£0.7) x 10~* much improved than PDG value.

N —
’EF —— data
S

O, (nb)

10 -
3 ot i

O, (M)

P -
3.06 3.08

3.10

I3.12I
W (GeV)

107

3.10
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J/y decay width

M Energy Scan method

M Data at 15 energy points around /Y peak,
integrated luminosity ~83 pb~1

M ISR method
MW 2.93 fb~1 data at 3.773 GeV
B Channel: ete™ - yigrutu~

B Channels: ete™ - ete"andete™ - utu~
M Generator: Phokhara HH

the the
N]/qJ = oy =0 (WO'MIFtOt' Feerll/
Woj/y,(s) === =T u 10s) Ftot, [oely,00) with 11 = ee or pup
max 2 BW' e'e’ »e'e e'e” - u'w
o= '”Z”W(s.mw)—B (TZ“) o e
Mmin up-ee 250 160}
12nB,,l,.T 1aof-
BW (m _ upleeltot 240 i
2 (M3 =M py)? + My T = b
B Fit Tuncton: 20 | “F '
f(x) = N]/q; IM(x) ® Gx)] + (Ntotal - N]/lIJ)p(X) o H‘JL‘* t
BO00E= ' 305 306 307 308 308 31 3.11«‘&.&2‘0 Wﬁ%ﬁiﬂ
Collaboration  Year 1'i (keV) 'y (keV)
BABAR 2004 947144 5612021
= CLEO 2006 96.1+£3.2 5.71x0.16
" Phys. Lett. B 761 (2016) 98-10 KEDR 2010 94.1427  5.59+0.12
g L ! ! FPDG 2014 929428  5.5510.14
BESIIIISE) 2016 — 5.58+0.09
B,, = (3334 +25+44)eV This Work 2016 944419  5.64+0.10




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 pair.

B A vector structure observed in K*K™ spectrum, with
m=2.2298+0.0053 + 0.0172GeVandI' = 143.7 + 12.0 + 7.8
MeV.

[ Progress been made | In vacyum polarization calculation from
visrtH ™ and yggmt o m® processes.

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

M |SR and ES methods performed to extract I[}; and I, on ]/ and
achieved the best accuracy.



Thank you!
Obrigado!
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