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® Status of R value

® Pion form factor with ISR method

® Baryon form factor

® Fragmentation function

® Exclusive decay modes @ R scan data



R value

® R value: The born cross section of e*e GM
annihilation into hadrons normalized by . A VTR
e _

theoretical p*p cross section.

® Uncertainty of R value @ +/s €2, 5]GeV: :
v' by BESII: average 6.6%
v Few points by BESII and KEDR: about 3%

-~ e BESII2002 v gam2
5 = BESII 2000

R value

x pluto

Precision !!!
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Muon magnetic moment (g-2),,

® The Standard Model prediction for muon a,=(g,-2)/2

SM _ _QED EW Had
a, =a, +a, —I—a#

H H

® muon a, @ PDG2014:
> a QFP =116584718.95(0.08)x101!

1)
> a FW =153.6(1.0)x101!

> a, [LO] = 6923(42)(3)x10% sl - (&) [ulnors
> a,"d[NLO] = 7(26)x 10
> Aa =a > -a,M=288(63)(49)x10*,

v’ 3.6c!!! Error or New Physics 7?7

> New experiments at FNAL/JPARC: 6a P = £16 -107

H HoH



EM fine structure constant

® The running of the electromagnetic fine structure constant is
Governed by the renormalized vacuum polarization function.

a.(0)
1 - Ao, (s) — Aa,,(s) — Aa,,,(s)

top

a(s) =

Aa,,,(M2) = 0.03142
Aa.,,, (MZ) = 0.00007(1) top quark very heavy
Aa’ (M2) = 0.0280 + 0. 0009

2
a(0)M? Re [ ds R(s)

Ao (M7) = —
head T 3n mr s(s — My) — ie




Aap,4(M?,) and 8a e

TABLE I: Contributions to Aai?d (m3%) uncertainty
- e
Range /3, GeV Aa Relative error Q% @Q@D
p 0.00349 0.5 % 5 - P
Narrow resonances 0.00184 3.1 % o, &
1.05 - 2.0 0.00156 15 % b
20-5.0 0.00371 5.0 %
57 0.00183 6 %
7-12 0.00304 14 %
> 12 0.01203 0.2 % 20-5GeV 1.05 - 2.0 GeV
0.02750 1.2 %
Had ® R value @ [2, 5] GeV by ener
8a,Had[LO]  kek? @ [2, 3] y gy
KK scan

® Exclusive modes < 2GeV by ISR
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R value

® R values are measured as

hadrons
lowest
order
= 2Qf
flavor
color
(@)
+
e
1

R — 1 _ Nhad_Nbg
c,.. L-g. Q+05)

N,.q Observed hadronic events
N,, from background events

L Integrated luminosity

€nag Selection efficiency

1+6 radiative correction factor
c,, Borncrosssection of p pair

production in QED



Data sets for R value

® Phase I: test run @ 2012
v Ecm = 2.2324/2.400/2.800/3.400 GeV, ~12pb-t
® Phase Il: fine scan for heavy charm resonant @2013-2014
v' Ecm € [3.800, 4.590]GeV, 104 energy points, ~800pb-t
® Phase Ill: R & QCD scan @ 2015
v' Ecm € [2.000, 3.080]GeV, 21 energy points, ~500pb-!

oD r Charm T
4.5 — * BES, Phys. Rev. Lett. 88, (2Z002)10180 lHWDnb
® BES, Phys. Lett. B677, (2009)239 3 50 r_A_‘
4
3.5 : Jf
T Il
3 [ Y(2175)7 I
2.5+ L 1Ll 1141 i ‘Babar
o | YR ! + ++ +JIL [ 5. LH\L
2 ¢ | ' | H';HJHH jliwir
Ecm (GeV) L == 8
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Status of R value

1 . Nhad_Nbg
C,.,. L-&. Q+5)

H+p

R —

® N, ., and Ny : hadronic event selection
v below open charm finished; above open charm in progress
® Luminosity L:
v Finish, with 1% uncertainty
® 1+0: theoretical calculations:
v' Compare different schemes, with 1.5% uncertainty
® ¢, MC generators
v Two schemes, cross check, largest contribution to uncertainty
® Uncertainty analysis: goal AR/R ~ 3%



cross section (nb)

MC generator

LUNDA

‘ BeskvtGen “;lﬁiil
a = £

Mhadrons (GeV)

® LUNDA: LUND Area Law
® Generator: ConExc & LUNDA

v Exclusive processes (measured)
v" Unknown: LUNDA
v Similar J/y decay
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Heavy vector charmonia

® Fit to R values: resonance parameters of J°¢=1- conventional
charmonium (3770), Y(4040), g(4160) and Y(4410).
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e*e - 'n and plon form factor

- = —
= 5_ B BABAR Fit _5
T O15¢ © KLOEO5 1
W= 0.1F + KLOEO8 1
= » KLOE10 -
0.05F 1 © KLOE12 =
L L - ;
PE T o TR :
#IT | SEREd et aPhS e
0(}5 ]L% + . J4-)'\.r$ “‘;;' E
0.1F i =
0.15F 3
Had R e P R
ﬁau [LO] KoK 5 0. 6 0. 7 0. 8 0. S
s’ [GeV]
KtK—= 3 . .
o(e’e” —=a a7 )(5)
QY " 2B ()

0 Large contribution to a,: <1GeV,

e*e” - ' IS the most |mportant

® KLOE and BABAR (1% uncertainty)
dominate world average. relatively large
systematical difference, 12

ato— ww'




e*e” — ' and pion form factor

= .
gﬂﬂm— — *® | | | I BESI;Iﬁt
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able 3

- Table
Fit paramete d statistical errors of the Gounaris=Sakurai fit of the pion form
metnoda wi Fit p2

ters an
. Also shown are the PDG 2014 values [33].

data, with 0.9% uncertainty  _rmr=

m, [MeV/e2] 776.0 = 0.4 77526 = 0.25

- L o - T, [MeV] 1517 = 0.7 1478+ 09

’ GOU narIS-SakU ral flt Wlth mF_, [MeV/c2) 7822 = 0.6 782,65 £ 0.12
Ta [MeV] fixed to PDG 8.49 + 0.08

phase ¢,=Ic,/exp(id,) ek e

PL B753 (2016) 629
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Had
Impact on oa,,

PL B753 (2016) 629

015 —
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- BESII fit - s
01 —&— KLOE 08 1 (0.6GeV)

—4— KLOE 10

""" 4 @ Reduction of 8a,>=+(3.0 — 2.6)
HIm, 1 x10-10 by BESIII data
® Goal @ arXiv:1311.2198, a Had=
+ (4.2- 2.6)x 1010

/s [Gev] | ' 14




Proton form factor

Annihilation:Time-Like region

® Proton: electric G¢, magnetic G,,

£ R— v’ probe size of proton @ low g2
E; pp—een v’ test QCD scaling @ high g

/'l

® R=G./G,, ratio at DIS: a few %

FFs are real FFs are complex . ]
Space-Like region 0 4M? o2 ® Rate'e: |al‘ge Uncertalnty
1.8 - o 3r
- W Qatanetal O Bartel et al. N 4 BaBar
181 A Christy et al. < Berger et al. - H | EAR
1 4: 0 Andivahisetal.  * Littetal ) 2.51 ¥ FENICE+DM2
AL 0 Walkeretal # Janssens et al. I B
C C E835
1.2~ l L 4 A 2 | = CMD-3
n(.DE 1: T ] T‘EIJl - 1 g 1] C
= - ARy ﬁT J i 1'[ Tl J [ 1.5
= DIS Tyt :
- 1 ;
0.6 ¥ % I
- ® Punjabi et al. (GEp-I) A Gayou et al. (2001) * B
04 w cayouetal (GEp-l)  + Mibrathetal % 0.5
C ® Crawford etal. (BLAST) ¥ Pospischil etal. + C
02— & Ron et al. (LEDEX) A Dieterich et al_ -
- Hu et al. Jones etal. (RSS) 0_—| L v v by e e e ey g
?{;1 I I I T N |!1 I I I I 4 6 8 10 122[614\./2]
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Form factor

Proton form factor

g \ P

Y (@)
Energy scan method

e+

<

= BESIN

@ BabBar

o BESI

* FENICE
CLEO
E7G0
EB35

PR D91 (2015) 112004 | 1

10
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M(GeV/c?)

Yy (@)
ISR method

Effective Form Factor

g n.?_—
0.6f : mnm
{I.E:—
?w\@ =
JOY [ el |
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o [[Gavicl]

Details @ Zhaoxia’s talk
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Size of proton

Electron scattering i o

o 1 Hydrogen spectroscopy
———-—a—— CODATA 2006

® Muonic hydrogen spectroscopy

’ T ' T ' T ’ T ¥ T ¥ T ¥ T ¥ T X 1
0.84 0.85 0.86 0.87 0.88 0.89 0.90 0.91 0.92
Proton size (femtometres)

—6dGE"M
I | 1 l I dQ?

= <742€U> = PJQE,M
Q2=0

® atom physics & DIS: about 7o
® use G @ e*e ?

DIS @ 1974 I v’ Contribution from resonance
s {Js ] S v' How to extrapolate
q? (fm?
Geu(Q?) =1— Loz ) Q* + — (L) Q* - L6 Q%+
= 6\ EAM 120 \ B 5040 \ B/

17



e*e- > BB

cm E!.Fi L,’\'ﬁﬁdﬁd tbeam Plll‘]}{)ﬁ[.‘
(GeV) | (GeV) | (pb™!) | (days)

2.0 =>8.95 14.6 Nucleon FFs

2.1 10.8 14.8 Nucleon FFs

2.15 2.7 2.29 Y(2175)

2175 10(+) 85 Y(2175)

2.2 13 11 Nucleon FFs, Y(2175)
2.2324 | 2.2314 11 4 Hyp threshold (AA)
2.3094 | 2.3084 20 16 Nucleon & Hyp FFs

Hyp Threshold fT‘OT}
2.3864 | 2.3853 20 8.7 Hyp Threshold fT‘O"_'
Hyp FFs
2.3960 | 2.3049 | =64 27.8 Nucleon & Hyp FFs
Hyp Threshold (XX )

2.5 0.4895 8h R scan

2.6444 | 2.6434 65 18 Nucleon & Hyp FFs
Hyp Threshold (Z7Z7)

2.7 0.5542 | 4.2h R scan

2.8 0.6136 4h R scan

2.9 100 18.5 Nucleon & Hyp FFs

2.95 15 2.8 Mpp step
2.981 15 238 Te , Mpp step

3.0 15 2.8 Myp Step

3.02 15 238 Mypp step

3.08 120 13.2 | Nucleon FFs (+30 pb~1)

BE [ E (GeV) =T C ap
) 999
U‘_ 2.232 * A
XA 2. ?}[]‘3 -
Yy 9 i S
i 38t 0z | s+
T i'»":.h -++_
" i
Yo% | 2386 TR
EYY | 2.395 ft
ST | 2.305 or o REETL )
¥-E | 2395 B ik T .
_g=0 i 4 ]
=5 2.644 [ | | _+j
== 644 o L - T . l
22 24 26 28 3
m {(GeVic™)
e+ ‘
v T, N e-
Il" o
a m,

® A form factor G./G,,, and phase angle between G¢ and G,,
for polarization effect
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Fragmentation function (FF)

® Fragmentation function D", (z): probability that hadron h is
found in the debris of a parton carrying a fraction z=2E,/./s of
parton’s Momentum.

® FF: QCD first principle (NOT YET)
» FF evolution function: DGLAP (similar to that of PDF)

» Fitting: parametrization & experimental data
» Universality: e*e-, DIS, pp, pp



ete—-n/K+ X

| World Data (Sel.) for &’e” — 1*+X Production |

| World Data (Sel.) for e*e’ = K*+X Production ‘
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PRL 111 062002 (2013)  ee—mX e
[ % oV =36 GeV _:
) . o5 =5 GeV ]
- = EE
® Lack of dataat low energy and highz [ .
2 F )
. . 3 :
» Poor precision s ’
mm,— T ﬁ
» BESIII energy: [2, 4.6]GeV : :
NRB.148 189 (hg

X= 2En/_
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2Dz

2D (200))

Pion FF

PRD 91 014015 (2015)
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® For z>0.8, uncertainty rapidly increase because of the lack
of experimental data.
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Strange quark polarization puzzle

Polarization strange parton PDFs: As(X)+As(X)
» Polarized inclusive DIS: negative for all values of x
» Semi-inclusive DIS: positive for most of measured X
» PRD 84 014002 (2011) : HKNS FF, negative for SIDIS

a3

anir

aat

adg4a

Aaif

ad3

anir

agr

adg4a

a9t

G

433

PRD 84 0140

. ; LT T T
—LE S0 (OES FFa)
——LE ST (HEMNES FFa)
T -aai} b
l\.\'.
| \ J
".
/\ e gzt T
el \_f
O = 2 S0 ——L&&H (055 FFa
. Taaaf 4 — ]
XAT i LEET (HEME FFa)
T i s e
. . .4 .
—LEEE (S 0.3} ——LE8% (DES FFa -
——LSS10/0E5 FFa) ] ——L&&E i1 (HEMSE FFa)
——LES11 HENE FFa) =3 3 7
1 aaf :ﬁ 1
...
- .4
—-._..___._ __."'-.l.-"'
'=‘-'.-_-_\.__ F A A o 1
T - e,
=S azf
. 1 a3l wy
XAE - XHG
-1-51 -1'1 i - -1-51 -!l.'1

02 (2011)

®|nclusive DIS: e+N—e’+X
> PDF

® Semi-inclusive e+N—e’+h+X
» PDF and FF

Inclusive kaon production
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Luminosity (pb™)
3

10

ete—nl/K + X

= e BESIII2015
[ A BESIIl 2009-2013
. m BESII2012
=5 ® ' : 1 ® ® :
: R S i
[ ‘o @ : :
oo i 0
= I : P A,
= ®op U , W : A4
B . . . B
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i A S T-T T~ T N TN SR RN S R S SR -

2 2.5 3 3 5

q (GeV/c)

® Study of e*e—n/K + X at BESIII
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Spin-dependent Fragmentation

® Relate the polarization of quark to st
that of the final hadron. N

® Collins FF: chiral odd function that
describe fragmentation of a transversely

Quark into a spinless hadron

unpolarized FF  Collins FF Py, 8
5 : X Ppy )-8,
Digt (2, Pus) =D (=, PRL)|H{HT (2, PR e

e (SIDIS) g Unpolarized e+e- annihilation

. — //V
o Vel
~ 4

7*S 7 e’ - )
h /@ R b g (12
7 > \/\/
( = TR
Pg + X e & |

Collins FF @ transversity Collins FF @ Collins FF 24




Collins Effect

® Collins effect: transverse quark spin relates to an azimuthal
asymmetry.
® Correlation of quark and anti-quark @ unpolarized beams

i A P, (hy)
.Y L 0. ~ /\\
Y\ < Y Puh)
P q 'FF} e%\\\ /*’/\
~ B 1'“-?; : t /<
;N\

Collins FF & Collins FF

® The normalized di-hadron  a cos(2¢,) + b

leld i '
yield Is parametrized as a = a®,,z,2,)

z=2Eh/\E



efe—n X

N(2¢o)
<No>
® N(2¢,): dipion yield in each 2¢, Py
subdivision \eé//
® <N,>: averaged bin content ) ——
® Three types of ratio b 4
v Unlike sign (mtm*): RY -
v’ Like sign (m*n): Rt
v" Uall pion pairs (rtr): RC

® Normalized ratio R=

® Double ratios: reduce acceptance and radiation effect

R" AYLUC): mainly contains Collins effect
RLO A cos (2¢,) + B B: consistent with unity



RYR"

Collins Effect

1.2 3 z,a[01.3,0.5].2,9[0.5,0.9]
08 puooseotr, Batoosftn, yindteid
15 2w{0.5,0.9)2 w[0.5,0.9)]
|

AmD 18=0.03, Bwi02=0.02, Hnchei2
0.5 -

-2 0 2

28,

® Obvious asymmetry is observed
® Asymmetry dependence on
transverse momentum.

0.2F oAy : [ -
_‘-_'ﬁ'ui: ' E
0ASE A, prediction : E
0.1k [T A, prediction . : £
3
6
L.z
( T ilhin
! 1 1 | 1 1 | 21
I]:.E 0.3 0.5 ﬂ.‘BIFIl:I 0.5 ﬂ.‘ﬂ:"l].ﬁ I]:.ﬂzl
0.2 0.3 0.5 0.9
0.15f * 4« 3
[ *Aun ]
0.1k | A, prediction 7

L []Ayc prediction




Exclusive decay @ [2.0-3.0]GeV

6 | ls | | | I | L) S
- 0 E't' . - Ty, o Tl|"'::i. m
s [ E c © — hadvohs R _l ]
= QCD 1 :

&4 — i T Hone -
. o I e
Mk .I :
'2 - p—
B Coystal B.
L ~ - EES o MARRKL _:
- oo — exclusive data . e A PLUTO

0 roal IPEECE- W Rl L0 SPPEPEPE BPEF IS BPET A AT AT IPEP P A A B
0.5 L LS 2 25 3 3.5 4 4.5 5

s (GeVv)

® JPC=1-vector states can be produced directly
® /s €[2.0,3.0]GeV: $(2170) and p(2150) states
® PDG2014 lists many “further states”,
v p(2000), p(2270)
v ©(1960), ®(2205), ®(2290), ®(2330) 28



¥

- ol X) (b

Some results by BABAR
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Exclusive decay @ [2.0-3.0]GeV

L ek 2010 :
elle Jab, 2010 :

Belle 1L, 1.0/0;{;, 2020

)

L

Luminosity (pb’

0_|||E|w;ill|=1||=||l‘ljllllli|||||

28 3
Ecm (GeV)

3.2 3.4

Yisr

3.6

Hadrons

—_
o
)

—_
o
™

—_
o

10"

® BESII2015
B BESII 2012
[ ] ; B,
P¢

‘e @

io'ﬁ

A BESIlIl 2009-2013

By
q (GeV/c)

® Compared with BABAR’s results,
better results by BESIII.

® Belle 11 data !
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Summary and outlook

® BESIII already collected for R values, there are some progress.
® Pion form factor is measured with ISR method with 1%
uncertainty, and has improvement on éa,

® BESIII study baryonform factor by energy scan method and
ISR method .

® The Collins asymmetry is observed at BESIII.

® The energy dependence of exclusive decay modes is useful to
JPC=1-vector states.



HERMES data

® DSS FFs could describe HERMES ep pion data at 10% level.
® Born level: DIS Q% = e*e- cms s; e*e-data at low energy s: 2?7
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MLLA/LPHD prediction

® MLLA: Modified Leading Log Approximation
» calculating partonic distribution

® LPHD: : Local Parton Hadronic Duality

» bridge of partonic distribution & hadronic distribution

4.5

¢ = —1n(2p / s)

‘w25

— MLLA fit (BES Data only)

F1 e BES

* Other e+e-

PRD 69 072002 (2004)

2
Ectn (GeV)

® The fitted line
by BES data
could describe
e+e- & ep data
at high energy
at 5% level.
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