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BEPCII Collider

Symmetric e*e-collider (double rings)
Beam Energy: 1.0 — 2.3 GeV

Crossing angle: 11mrad

Design Luminosity 10** cm® s™
Energy spread: 5.16:10*
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BESIII Detector

[Nucl. Instr. Meth. A614, 345 (2010)]

MDC Csl(Tl) EMC

SC Magnet

R inner: 63mm
R outer: 810 mm
Length: 2582 mm

' 6240 CslI(Tl) crystals: 28cm (15X )

Barrel: |cos©|<0.83
Endcap: 0.85 < |cos®| <0.93

43 Layers
o(p)/p < 0.5% o(E)/E< 2.5%
Ouea/dE/AX < 6% 0,,(E)=0.5-0.7cm

RPC MUC TOF

BTOF: two layers;
ETOF: 48 crys. for each

o(t) = 80ps (barrel)
o(t) = 120ps (endcap)

8 — 9 layers of RPC
p>400 MeV/c
SRO=14~1.7cm




BESIII Data Samples
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BESIII Data Samples for Nucleon FFs

In 2015 world largest scan data sample between 2 and 3.08 GeV!!

World largest J/Psi, Psi(2S), Psi(3770, Y(4260)...
produced directly in e+e- collisions
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Physics program

Light hadron physics

e Meson and baryon spetroscopy

e Multiquark states
e Threshold effects

e Glueballs and hybrids
e Two photon physics
e Form factors

QCD and t

e Precision R measurement

® T decays

Charmonium physics

e Precision spectroscopy
e Transitions and decays

[Int. J. Mod. Phys. A, Vol. 24 (2009)]

Charm physics

e Semi-leptonic form factors
e Decay constants f_and f__

e CKM matrix: |Vcd|, [Vcs|
e Glueballs and hybrids

e DO — DO mixing, CPV
e Strong phases
Precision mass measurements

® T mass
e D, D* mass

XYZ meson physics

® Y(4260), Y(4360) properties
e Zc(3900)+...



Physics program

[Int. J. Mod. Phys. A, Vol. 24 (2009)]

Light hadron physics Charm physics
e Meson and baryon spetroscopy e Semi-leptonic form factors
a Multinniark ctatec e Nerav conctante f and f

e Rich in resonanes: charmonia and charmed mesons

e Threshold characteristics (pairs of 1, D, D, A ....)

e Transition region between continuum and resonances,
perturbative and non-perturbative QCD

e Location of new hadrons: glueballs, hybrids, multi-quark

states
Charmonium physics XYZ meson physics
e Precision spectroscopy e Y(4260), Y(4360) properties

e Transitions and decays e Zc(3900)+...



Nucleon EM Form Factors



Electro-magnetic Form Factors (FFs)

e Spin 2 Baryons: two EM FFs

o’
e (ka) B(p,) T*(p1, p2) = Y'Fi(g*) + . Mqv E(q%)
.%I B:p, n, N\ ... FI(O)ZQ:FZ(O):K
g Gm(q®) = F1(q°) + F2(q°)
0 () 2
e (k1) Annihilation B(pz) GE(qZ) - Fl (qZ) i f_MFZ(qZ)
Space-like region Time-like region
FFs real A FFs
Im(q?) complex
Ge(4M?) = Gy (4M?)
unphysical | physical
Fy (0) — Q; FQ(O) — K \ region region Re(qz)
6 6 4 3 2 4 0 1 2 3 4 5 6 g
G o< (=47) 7%, ¢" = —o0 Connected by G (+00) = G (—00)

dispersion relations



Time-like EM Form Factors (FFs)

e Experimental access: angular distribution of Nucleon in e*e’-center-of-mass
Direct annihilation (fixed g%, g°2 0): [Nuovo Cim. 24 (1962) 170]

N Born,lvy 2 M2
\G) do g &4520[(1 + 008291|GM|2 + 4q2 sin’fGe|?

e ¢

e O.Born(qz) —

N

Ama®BC 2o 2M? "
VHGMW )| +7|GE(CI )71

O-Born(qZ) _
Effective FF: |G| = C: Coulomb factor
2M2 . Ana?pC
(1+ P )( 32 )
Initial State (4M°< g°<s): [arXiv:1105.4975v2]
Radiation ,
d25ISR .
N Tdg, V0T )
— + a [(2—2x+ x?
e . € WO (s, x, 0,) = ( — —
’YL& 0 X sin“0.,

QA r=1-gs=2m5

10



Time-like EM Form Factors (FFs)

e Experimental access: angular distribution of Nucleon in e*e’-center-of-mass

~~ exchange

Born,lvy 2 MQ
do _ ¢ BC[(I + cos?0)|Gum|? + : 5 sin?0|Gg|?]
q

d 4q2
do17®2y 2 2 2 2 4
exchangs interfere ol cosf|co(M,5) + c1(M5)cos”0 + ca(M5)cos™0 + ...
YY
with the Born term i
v
Asymmetry in

angular distributions do do

[PLB659, 197] ——~(cos 6, M,;) — —_(—cos 6, M,;)
A(cos o, M,,;) = ds) dil
»UPPT T do do

49 (cos 9, Mpb) + 40 (— cos 6, Mpp-)

Also interference between ISR and FSR could cause an asymmetry!
11



Direct annihilation vs ISR

Total cross section

c(e*e’— pp)

b/18 MeV)
333

o(e*e’— ppy, Vs = 3.773 GeV)

S 10
1 o(e*e’— ppy, s = 10.57 GeV)

G

107"
1072
10°°
10
10°
10°°
10_7..I...I...I...I...I...I...I...I..l.
2 22 24 26 28 3 32 34 36

q (GeV/c)

Direct annihilation vs Initial State Radiation

® High o x low luminosity = high statistics e Low o x high luminosity = high statistics

e High g° precision (ideal for G_, , thresholds, e Continuous g*-range available: m* <qg”<s
structure studies...) ’ in one experiment

e High geometrical acceptance of NN pair e Luminosity a bin width (low g° precision)
e Low background e Luminosity at threshold and acceptance |=0

12



Experimental situation: proton FFs

0.8 [

o l PRD87,092005(2013) ® BABAR
e First direct measurements of oBom(ee--> pp) had poor statistics | (before 2015) 0 FENICE
— only extraction of effective form factor possible 5 oors ]
_ JBO’F"H 0_2-_ E’?;$0 ;( ::’R';; B
|G| o (1+L)(4WGE§C) A tion: IGI = 1G | = |G I : . 4
2r )\ 3E2 (Assumption: |G| = |G| =G, ]]) - I +¢++ SR
0 L L
New measurements by BaBar (ISR) and pp-experiments: " q (GeV/c) -
0.05 — —
= Steep rise at threshold Jﬁ PROS7,092005(2013) v ciro
0.04 | (before 2015) A NU

= Steps near 2.25 and 3.0 GeV
= Asymptotic behavior in SL and TL regions differ:
|GMTL(1O GeV?)| >|GMSL(‘IO GeV?)|

> E835
] E760

O BABAR (LA ISR)

[ BABAR(SAISR)

|G|
=

0.01 :t+_
q (GeV/c)

e Only BaBar and PS170 with statistics for angular analysis f'g_'F;Rbéfoéz'obs'(zb{?,i """""" 3
— extraction of R=|G_| /|G, | possible 1.6F I_|[_+ (before 2015) . papar 3
, 1.4F PS170 =
..... : Precision between 11% and 43% & 12F | ‘ll‘ | E
1.0F E
© Strong tension between Babar and PS170 < osf | E
. . . . . 0.6 =
~ No individual determination of |G_|and |G| 0.4F E
0.2F =
005750 22 24 26 28 30
(Compilation of all experiments in backup slides) q (GeV/c) 13



Experimental situation: proton FFs

e Babar's statistics not enough to observe an asymmetry in the angular distribution

| T T T T l T I [ I T I T ‘ T T | .

0.1 + R. Baldini (PhiPsi 11) 1 Being the integral asymmetry:

ou Th— A, = 280> )~ oleoty < O

0.1

(A)cos ]

=-0.025 + 0.014 £+ 003

2 225 2.5 2.75 3

V@2 (GeVic)
e Periodic interference near threshold & 5 +BABAR (13)
[Phys. Rev. Lett. 114, 232301] 0.3 — Tripole fit Fyi(p)
. 0.2 —
p = Proton momentum in p rest frame 'S Pacetti

0.1F

Rescattering of proton and antiproton ;(PhlPs! 15) . .
at low kinetic energy and distance 0.04 | ! +Data - Fui(p)
~1fm? = ool —Fit
1fm~ £ 002f f

Sl'i. 0 2 -]—++ +

o C

Q _oo2f

-0.04f— |
0 1 2

3
p (GeV) 14



Experimental situation: neutron FFs

Only two direct measurements of o(e*e" — nn) and neutron effective FF

= 2000 — 1F
o - . S ¢ .
= 1800 —— Fenice 0.9F —e— Fenice
O B C
7 - _ F _
g 1400 — BaBar (ppy ) 07t —— BaBar (ppy )
© 1200} 0.6F
O N . ( 1 C
1000} : 0.5 :
800f kAl 0.4
600} P h ! 0.3f {
400F- gy 0.2}
200[- | i "
0‘.“;’..I...I...I..T“1+|—-—c+r—-—L._a—-—o—-+-— 0-'.--4’..|...|...I...I...I...I
2 22 24 26 28 2 22 24 26 28
g (GeV/c) g (GeV/c)

e At threshold cross section different from zero

e Close to threshold flat cross section and a(nn) = o(pp)
e |G"| seems to be larger than |GP| as q increases (pQCD: |GP| = 2:|G"|)

e No measurement of R = |G_/G |or |G | and |G | without previous assumption
possible so far

15



Proton FFs from direct annihilation

(scan)

16



Energy scan data samples

BESIII 2015: world largest scan samples between 2.0 and 3.08 GeV

BESIII high luminosity scan 2015

BESIII 2015 ® BESII 2014 Bon(GeV) | b ) | Bun(GeV) [ Zob )|
BESIII 2012 ¢ BESII 2011 2.0000 10.074 2.0500 3.343
SND (2011 + 2012) —— BES (1999 + 2004) 21000 | 12167 | 21250 | 108.49
21500 | 2.841 | 21750 | 10.625
FENICE (1991 +1993) —=— DM2 (1984) 22000 | 13.699 | 22324 | 11.856
23094 | 21.089 | 2.3864 | 22.549
EAK:EE EEE . e Em’z ACA_; 2.3960 | 66.869 | 2.5000 | 1.098
O R . o 26444 | 33722 | 26464 | 34.003
S S R L 0% o 27000 | 1.034 | 2.8000 | 1.008
eCee o o i° ; 29000 | 105253 | 29500 | 15.942
% i E oo 29810 | 16071 | 3.0000 | 15881
T T T 30200 | 17.200 | 3.0800 | 126.185
2.9 3 3.5 4 45

q (GeV/c)

e High accuracy in g (Ffs, thresholds, structure studies...)
e High geometrical acceptance (detector coverage 93% of 41r)

e Low background contamination

17



+ - | ]
e e - pp Phys. Rev. D91, 112004 (2015)

Based on 157 pb™ collected in 12 scan points between 2.23 — 3.71 GeV in 2011/2012

Event selection N ame e S manans s —

e Good charged tracks: ' ]
|IRxy| < 1cm, |Rz| <10 cm
|lcos | <0.93

e Particle identification

dE/dx + TOF

prob(p) > prob(K, ) 102

For positive track: E/p < 0.5, cos <0.8
e Ntracks =2 & Np = Np =1
e |[tof —tof | <4ns

P P 107
e Angle between tracks ot Ll LILLLL
e Momentum window for p and p Opp (deg.)

400}

“f .
0F . 3

20 3

Luminosity (pb™)

10:_ *® _:

[ o .
0

-

Events / (0.1)
3

300F

Background analysis

eBeam background: separated beam samples 2001

100f

Events / (3.0 MeV/c)

¢2-body or multi-body with pp studied with MC : :
Negligible or subtracted (Vs > 3.0 GeV) OG5 om0 568 a7

pp pu (GeV/c)




+ - | ]
e e - pp Phys. Rev. D91, 112004 (2015)

Extraction of 0°°"(ee — pp) and |G| for each scan point:

No . _ N gBorn q2
s M) G = |G
L - e(q)R(q) (14 =) (==z")

e Efficiencies between 60% and 3% (ConExc)

e Radiative corrections up to LO in ISR (ConEXxc)

Born(

oo (q) =

e Normalization to e'e*—e’e’, e'e— yy (Babayaga 3.5) [Phys.LettB520,16-24]

L B N B I BN BN I R e e e LI B e
7 « BESIII — 3 o BESIII
- ‘%4;‘ i’ (a) + BaBar g % + (b) < DBaBar
-8_ i ++ o j o BESII %J % o BESII
= 10°F ™. % FENICE E 10 * . “ FENICE -
c - + | * CLEO ] i + l x CLEO ]
-2 - .i wﬁ-—c}t‘r + s E760 . i gr‘f 4 s E760
3 i ++ o E835 1 I Jf'+ o E835
®w 10F E
B : T —— ? —
@] - . - | — i
i i
1'5_ [ + = $ +E
C { ?[1' .E 10-2_ | l? 1]

v b o by b by s by by S
26 2.8 3.0 3.2 34 36
g (GeV/c)

Cl v o 0w v by v by v by v by by sy ull IR
22 24 26 28 30 32 34 36 22 2.

q (GeV/c)

— Overall uncertainty improved by 30%

19



Extractionof R_=|G_/G |and |G|

e From a 2-parameter fit to the proton angular distribution in center-of-mass:
dN q*
— Nnorm 2
€-(1+49) - dcosb, G [4M5

(1+ COS@%) H R? sin@f)]

2M,- L-hc-ma®- SC
7

Nnorm -

e From the measurement of the expectation value (method of moments):

N, -|GM|2f q
2 norm
< Ccos“0, >= € (1+0)-
P ror (1+0) [4M2

p
For cost, within [-0.8,0.8]:

2

(1+ coszep) + Rﬁmsinzﬁp]dcosep

R_ S < cos?6, > —0.243
|/ 4M20.108 — 0.648 < cos?0,, >

0.0741 S
OR = 0 <cos?
"7 R(0.167— < cos?f, >)* 4M3 <cos™Op>

|G,,| extracted from the integral of angular differential cross section and R

20



Events /(0.2)

+ - |
e e - pp Phys. Rev. D91, 112004 (2015)

120_-"|'"|"'|"'|"'|"'"'|"_ 60 —r——r—T 1T 70:"'"'|"'|"'|"'|"'|"'|"'_
100:_ |G, | term b sl —— |G| term _: 6ok —— |G, | term E
r —— |G, [term 1 . TF -~ |G| term 1 505 |G| term
o ——gfﬂf S 4o} 1 g F
[ ™, I __,.r"' ~— E~_~ ~— 40F _ I —
60 | Sl - .‘._._.—' ] — 30 - " - . S - . 7
40 4 £ 20F 4 2 _ ¢ :
r 2 2324 GeV ] 2.4 GeV i W 20f 3.05-3.08 GeV 1
20__ """"""""" ~—_ 10 I n _: 10:‘ -------------------------- _:
0'...|...|...|...|...|...|...|...' ] SRR SR SN I BRI B BRSSP OE..—..I...I...I...I...l...l...l..".--
-0.8 -0.6 -0.4 -0.2 -0.0 0.2 04 06 08 -0.8 -0.6 -0.4 -0.2 -0.0 0.2 04 0.6 0.8 -0.8 -0.6 -0.4 -0.2 -0.0 02 0.4 06 08
cos6, cosh, cosf,
Vs (MeV) |GE /G| G| (x1072) 2 /ndf au 85 3
Fit on cos @, = —e— BESIII PRD91,112004(2015)
2232.4 0.87 +0.24 £ 0.05 18.42 4+ 5.09 1= 0.98 1.04 - BaBar  PRDS87,092005(2013)
2400.0 0.91 £0.38 +£0.12 11.30 £4.73 +1.53 0.74 2.5
(3050.0, 3080.0) 0.95 +0.45 £+ 0.21 3.61 +1.714+0.82 0.61 i —e— PS170  Nucl. Phys. B411,3 (1994)
method of moments g Arxiv:1507.08013v2 (2015
2232.4 0.83 +0.24 18.60 &+ 5.38 - 21 CMD3 ' ' ( )
2400.0 0.85 £ 0.37 11.52 £+ 5.01 - )
(3050.0, 3080.0) 0.88 4= 0.46 3.34+£1.72 -

=]G_l/|G, | consistent with 1
— |G, | (and |G_|) extracted for first time

e Precision between 11% and 28%
e Strong tension between Babar and PS170

0

R
U IS BN A I A B B

2

2.2

24 26 28 3

q (GeVig)



Prospects fore‘e - pp

About 650 pb™ collected in 22 scan points between 2.0 — 3.08 GeV in 2015

Applying similar selection criteria as in previous analysis to MC samples of expected
size, we expect:

; 4 -' —+— BESIII (scan 2015) - Monte Carlo|(*) ] C —— BESIII (scan 2015) - MC] (%)
el0E —— BES3 - —— BES3
c C : —— BaBar tagged
o 3 BaBar tagged 1 BaBar untagged
% 3|4 BaBar untagged BES2
»10°E —— CMD3
@ :E\ —— BES2 E Fenice
o F —_— 5 —=— CLEO
S5 cMD3 107'E —— PS170
102k Fenice r —a— E760
g }ﬁ —=— CLEO : Lt E835
0 1072E H# --
: T -
I 4l
Tl d:nM 10 gl....l.... A N ! ]

1 ]
2 25 3 35 4 45 5 55 6 2 25 3 3. _ _ :
q (GeVlc) q (GeV/c)

®) Phokhara v9.1 [arXiv:1407.7995v2]. Default model based on BaBar's results.
22



Prospects fore*e - pp:

%3000:— —+— BESIII (scan 2015) - Monte Carlo (* :_; —+— BESIII (scan 2015) - Monte Carlo (*) : 60:_ —+— BESIII (scan 2015) - Monte Carlo (*)
= —— BES3 K= . —— BES3 2 - RES3
.5 2500:_ BaBar tagged _E 500: BaBar tagged _g 501 BaBar tagged
© - = i BaBar untagged = X
Q - BaBar untagged 8 s BES? 8 BaBar untagged
% i e BES? @ 400+ ® 40 —— BES2
@ 2000}~ : @ - —— CMD3 o )
o F —— CMD3 o - Fenice o —— CMD3
© 1500 . Fenice O 300 —=— cLEO O 30:— Fenice
[ ’ —=— CLEO __l_ —=— CLEO
[ - T
1000}~ : [ Ill“ 200¢ -[- 20H—
- i
F P ey - L
500f : Ty 100} —l—+—1—___[_ 10F-
3 : '_I_.I_H' "_‘—l-;lq_ :
-.|\E||| |||||||| [ TR [ TS P I | O---l llllllll |||||||..._I._- llllll 0'. ...... {-H#ii_l 1 | |
19195 2 205 2.1 215 22 2.25 23 924 925 926 27 28 3 32 34 36 38 4 42 44
q (GeVic) q (GeV/c) q (GeVic)

— Unprecedented accuracies above 2.0 GeV

Expected accuracies between 0.5% (2.125 GeV) and 26% (2.8 GeV) and
improving all measurements so far

— Also data samples collected around 'steps' observed by BaBar (2.2 and
3.0 GeV) to check this observation

®) Phokhara v9.1 [arXiv:1407.7995v2]. Default model based on BaBar's results.
23




Prospects fore‘e” = pp: a(pp),|G]

—+— BESIII (scan 2015) - MC
—— BESS3
BaBar tagged
BaBar untagged
—— BES2
—— CMD3

Fenice
—a— CLEO
—— PS170
—a— E760

E835

A TP PP P P P P P
19 195 2 205 21 215 2.2 2.2
g (GeV/c)

)

O r —+— BESIII (scan 2015) - MC
N asl —— BES3
0'35: —— BaBar tagged
C BaBar untagged
0.3 —— BES2
i —— CMD3
[ Fenice
0'25: —a— CLEO
r —— PS170
0.2 —=— E760
i E835
0.15}
i+ ‘
0.1F -
: ——
0.05f Pty sy
P PR B o1 PP
2.3 2.4 2.5 2.6 2.7 2.8
g (GeV/c)

0.04

0.03

0.02

0.01

—+— BESIII (scan 2015) - MC
—+— BES3
BaBar tagged
BaBar untagged
—— BES2
—+— CMD3
Fenice
—a— CLEO
i —— PS170
—s— E760
EB35

H@FM

3 32343638 44244

q (GeVic)

— Expected accuracies between 0.3% (2.125 GeV) and 13% (2.8 GeV) and
improving all measurements so far

®) Phokhara v9.1 [arXiv:1407.7995v2]. Default model based on BaBar's results.

24



Prospects fore'e” - pp: R, |G

EM‘

16 scan points between 2.0 and 3.08 GeV with enough statistics for angular

analysis: Space Ilke Time-like
“ T IPRL104,242301(2010)] - Sl | —s— 8ESIN2015) (Monte Carlo)
12 - . o 2.5F :  —e— BESII
1.0 ey - i —s— BaBar |
g 08 me, - of | —e— PS170 ~ EXpeCteC!
< el s : ]| —=— omps accuracies
B o4 I ¥ 1 ] 1.5 + ) 0
o M o ] . 3% to 35%
< 0 -_ﬁ- ne, 2011 I j _
-0.0 S Il 1:
0z [l - osf | l
-0.4 ® Jones, Punjabi 1 ) :
—0.6; T T T T 1: NN T T T T
18 2 22 24 26 28 3 3.2
0.0 2.0 E}g (G:\[;B) 8.0 10.0 Q{GGV!‘C)
1.2 LA R Y | T T T T T —_— :_._
[hep-ph/0612014v2] Sosst 2 peay oo 2019 (Monte Garo)
. oqf —* PS170
o +} + Expected
i accuracies
' "0. 1 to 9%
0.15 °
3 .{ (3 t0 35 %
01 i
0.7 . | . for |GE|)
0.05- | . .+
¢ T e ""'1}',1 ~ T8 2 22 24 26 28 {'Gééwg)'g

® (GeV?)
— Comparable accuracies in SL and TL regions for similar Q* values

©) Babayaga phase: modified Babayaga v3.5 with ppbar differential cross section for the ppbar
channel with R=1 and |G | =22.5(1+q*/0.71)* (1+q%/3.6)"" like in [Phys.Lett.B504,291] 25



Proton FFs from radiative return (ISR)

26



Data samples for e'e” - ppy

BESIII: World largest Psi(3770), Psi(4040), Y(4260),Y(4360), Y(4420), Y(4600)

ISR

produced directly in e+e- collisions

4420 ISR Luminosity
é 6 ® BESI98 4040 oo ed 1 fb-1 10°F
N _ ® BESII(Preliminary) 0.5 fb-1 oo | % — BESII| {?4 fb1)
ST O Gamma2 | T 4600 2 1
L2 e il 4051 2 BaBar (500 fb”)
y Psi(3770 Y Lol
I % | 29 f|b'1 ..4-5!'4"'- ,: i ARyl %ﬂi ,liD
| }’ i H % A &)
et ¥ = |
2 %ﬁ% W it g 4
4230 + 4260 ‘ _NOE _
N 0.5 fb-1 - L -dt=L-W-dt
1 __ - 1 9fbA1 /m M\ /P " I B ISR
3 radlatlve retummmg '............................P.hf’.k.h.a”.r"’f?’?ﬂ.
0 3 T 18 2 22 24 26 28 3 32 34 36
V5(GeV) q (GeVic)
TeT — pp BESIII BaBa o o
i s - — Similar statistics as BaBar
Vs (GeV) | 3.77 — 4.6 10.57 with much smaller luminosity!!
ISR (ph ~8%x10™ | ~0.7%x 1073 ) i )
o (o fm) — Why so little luminosity at threshold?
L(fb™) 7.4 500
“NN in detector 50% 10%
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R Value

Data samples for e'e” = ppy .

BESIII: World largest Psi(3770), Psi(4040), Y(4260),Y(4360), Y(4420), Y(4600)
produced directly in e+e- collisions

4420 ISR Luminosity

T3 e SR | Phokhara vo 1

- = | ==BESIIl (7.4 fb") ?
5 K O Gamma2 4600 2 - 1

% pue /1051 BaBar (500 fb”)
g ic} BESIIl tagged-mas

RS s =

s : o

_ ﬁ% %@W 430 %, 'F
b 1.9 forty g9 O O

f radiative return= =222 = = B 5 ey
0 18 2 22 24 26 28 3 32 34 36

2 3 a \/E(Gevs) q (GeV/c)
TeT — pp BESIII BaBa L. oo
R - — Similar statistics as BaBar
Vs (GeV) | 3.77 — 4.6 10.57 with much smaller luminosity!!
ISR (nb ~8x1073 | ~0.7%x 1073 . .
7 (n_fm) s — Why so little luminosity at threshold?
" _L(fb ) . 500 Only tagged photon analysis
NN in detector | 50% 10% possible
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Properties of e'e” = ppy

4500F
4000f
3500F
3000F
2500
2000
1500f
1000F

500F

ISR
Vs(GeV) = 4.230 GeV, Phokhara v9.1 simulation [arxiv:1407.7995v2]

5000 é
4000(—

3000}

2000(—

100;— B _-_'“‘N&\h

. &
0 02 04 06 08 1 1.2 1.8

E,?M]SR(GGV)

: Photon tagged
10 |cosO | < 0.93
: |COS@p!p| <0.93 12% !

104 53% Photon untagged
: |cos®y| >0.93

41%

Bl
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Analysis of e'e” —» pﬁylSR

Untagged 71sr analysis

e only pp reconstructed (41% of all events)
V/\_/\COFQ =093 e identification of YISk based on missing

4-momentum

Taggednisr analysis

EM
I: VDG j \ e p, P and Visr reconstructed (12% of all
COF@ — 093 events)

V4
/ D
(4
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Analysis of e'e” - ppy .

Untagged 71sr analysis:

e only pp reconstructed (41% of all events)

L
oL e identification of 7isr based on missing 4-momentum
r — — — — — —
Pmiss — Pp =+ Pp — Pet — Pe— — 9m7§387 |pmiss| > OQGGV/C
MErm’ss — (pp +pﬁ = Pet — pe_)z

iz H
= :  Monte Carlo . x
c - G . i [ )
8 ol simulationst™) ... This analysis @ 4.23 GeV
. %)
10° c
i Q0
RH Monte Carlo 2
100 | * =
E ppy |0) simulations (*) I
B (**) : :
100
F 1 - h“v]H il
1014 L. S R Iy S :'! — b o5 0 s T s 2 as
0,,c[rad] M2, [GeV?]

— Remaining ~2% background from ete” — ppr’ subtracted using sidebands

— Signal efficiency increases with q and decreases with Vs
©) Phokhara v9.1 [arXiv:1407.7995v2]

— Region accessible: 2.0GeV < ¢ <3.8GeV/c (**) BesEviGen [Chin.Phys. C32 (2008) 599
(***) Babayaga 3.5 31



Analysis of e'e” = ppy

ISR

Tagged 71sr analysis

I ~: ] ® p, p and V1SR reconstructed (12% of all events)

-\\ e VISR is the highest energetic shower in EMC (> 0.4 GeV)
1

e 4-constraints kinematic fit to et e~ — ppyisr
e ’-veto: find ° and apply 5C kinematic fit to e e~ — ppr’

Invariant Mass of Two Photons Invariant Mass of Two Photons
x10 10" Y
100k * 1600~ * — F I %\ | ~©— MG Sample 3773
I (*) ppy on ppy MG Sample L ) ppy on ppy MG Sample 0141 *)
| 702630 Evis. Rec. 1400 — 702630 Evts. Rec. MC Sample 4600
L r ply on pp® MC Sample -
goH- * PPy on pix’ MC Sample w200k 475773 Evts. Rec. 012~
i 4?5773&%5. Rec. r (**) ppn” on ppa® MC Sampl (>)’s
I} \ 1000 3944771 Evts. Rec. c o1
60— L (O]
‘_ ] M B{]O_—, O i OO+ HO+O-
v ¥ :— 0.08— oo FOe O+C
L 4 Y | oOHCO+OHC
H . I = _rorotO
40— L kug Hda.t X ES?' 800 M1 Lu _XXX%:‘;Y)OOO()QDEPDUN
] - _— n | 0.06— :
- 4 70 7V HM C }( *
20— TEO ‘wﬁ [ | 004l
§ . 200 — - Tk
oliie il ,,]",';';";'i';',';',|‘,';"";";',"--r-.-‘-.--;-\...,_,,,..‘ 0:""}""'--|.‘---m.-.|..‘..|_...__.h._._\_‘_‘_.._|_..—.T'l-ﬁ—.—r- oozl L v v 1 [ E IR
0 0.1 0.2 0.3 0.4 0.5 06 07 e 0 04 0.2 0.3 0.4 05 0.6 07 08 : 2 22 2.4 2.6 2.8 23
M~ (GeV/c?) M~ (GeV/c?) myp(GeV/c?)

_|_

— Remaining 20-60% background from e¢'¢ — ppr subtracted (MC weights)

— Signal efficiency independent on q and decreasing slightly with N

— Region accessible: 2m, < ¢ < 3GeV/c ) Phokhara v9.1 [arXiv:1407.7995v2]
) BesEvtGen [Chin.Phys. C32 (2008) 599] -



Analysis of e'e” - p|T)yISR

Data samples: y",w(4040), Y(4230), Y(4260), Y(4360), Y(4420), Y(4600)
Total: 7.1 fb™

dNi,PZ_WISR (Q)
dq

\

For each data sample (i):
> tagged and untagged

Efficiencies, background, analysis
radiative factor, (functions dependent on q)
/
Add all corrected data from different N?¥(q) — NY(q)
\/g for each q-bin > NPZ_DV(Q) — Z 6'(Q)R'((])
Analysis i I
Strate Normalize with L
i <2 W Fer =L (g) =) L{"(g)
Born cross section, Nm‘w(Q)

Effective form factor

— > O_pﬁ(Q) - LISR(Q)

Angular analysis:

Extraction of R

—» In pp-frame:

dN
dcost,,

= A[Hr(cosb,, q) +

Gl
G |?

Hpg (COSHI% Q)]
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Prospects fore‘e” = ppy

ISR

Untagged 71sr analysis:

-

~ N\

)

o, [pb]

800

600

400

200-

BaBar 2013 (Tagged) (1)
i (2)
+ BESIII (Untagged) - Monte Carlo(*)

i 2.0 < ¢ <38GeV/c
~ ] 25,50, 200 MeV/c g-bins
L |

0.3

0.2

0.1

IIIIII

IITW\

I\IIII

BaBar 2013 (Tagged) (1)
; (2)
BESIII (Untagged)- Monte carlo("*
' 2.0<¢q<38GeV/c
k25, 50, 200 MeV/c g-bins

B
o

— Final statistics competitive with BaBar

Tagged 71sr analysis:

U@L
pZr

4 6 8 10

12 14
7*(GeV?/c?)

(1) PRD87,092005(2013)
(2) PRD88,072009(2013)

— Cross section and effective form factor measured between
threshold and 3.0 GeV in same g-bin sizes as untagged analysis

— Expected about 3 times less statistics than for untagged case

®) Phokhara v9.1 [arXiv:1407.7995v2]
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Prospects for e'e” = ppy

Angular analysis in g-intervals:

dN Ggl?
= A[H s (cosO,, q) + |GE|2
|Gl

from MC with [G_| =0 from MC with |G | =0

R =|G_|/|G,|

ISR

H 0
dCOS(gp E(COS p7Q)]

Two methods used: 2parametrs fit and method of moments

Untagged7isr analysis: Taggedisr analysis
L _ Efficiency 4.230 GeV: (‘ U U ~ Efficiency 4.230 GeV ()
EA %/\/\ 3 : E\; 3

Y ) 0 o0z o4 06 03 1 TR TR, Vo - 0_‘2 555 "og"
pp pp
COSQP cos«9p

Extraction of R at 4 g-intervals possible Extraction of R at 6 g-intervals possible:

[2.0-2.2[,[2.2-2.4[,[2.4-2.6][,[2.6-3.0] [1.876-1.950[,[1.950-2.025],
[2.025-2.1[,[2.1-2.2[,[2.2-2.4[,[2.4-3.0]

— Expected stat. accuracies ~30% — Expected stat. accuracies between
20% and 65% (as g increases)

©) Phokhara v9.1 [arXiv:1407.7995v2] -



Neutron FFs from direct annihilation

(scan)
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Detection of Neutrons

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

Beam line

in BESII|

EMCalorimeter

RPC: 8
Electro Magnetic
Calorimeter ayers
MDC
MUC

CsI(TI): 15X,
A =171.5 g/cm? p = 4.53 g/cm’
P _=52%

Iron + resistive plates
A =132.1 glem?, p = 7.874 g/cm’

56 cm Fe thickness in barrel
P =~96%

n,n
t
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Analysis of e'e” = nn

Current analysis based only on EMC information and final state kinematics

Challenges:

Particle identification

e Only ~50% or n, n interact with EMC
e Energies of n, n not fully deposited in EMC
e Many secondary showers created — shower reconstruction very difficult

e Annihilation star makes it difficult to reconstruct back to back signature

Background

e large neutral backgrounds with photons (o(e*e” — yy)>>o(e’e” — nﬁ)),KL,
e huge background from beam associated processes

Trigger
e lower trigger efficiencies for purely neutral channels
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Analysis of e'e” -» nn

Analysis strategy:
e more than 1 shower in EMC and no charged tracks in MDC
e first identify n:

highest energetic shower (0.5 GeV upto E_ /2 +m )
energy deposited in 40° cone

number of hits in 40° cone
second moment of crystals in a shower

e then neutron identification:

shower energy (smaller than for n)
most back to back shower to n

e cuts against background

back to back signature between n and n
no extra energy in EMC (not associated to n or n)
reject low and large polar angles of n and n

Background status
e Physics background negligible
e Beam background: studied with separated beam samples

n

Energy of Most Energatic Shower [GeV)

B onmy - -
= 2 e
- 1
L L L P P P | L i

Mc nfi sample (PHOKHARA v.9.1)

nA X} 1 I 12 I 14
Energy of Most Backward Shower [GeV]

Energy of Most Energatic Shower [GeV

Mc - sample (Babayaga 3:5)
- ]

i1U
TS T N T ST SO S S ST N N N S A S S | q

0.6 08 1 12 4 18
Energy of Most Backward Shower [GeV]

25
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=
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=
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—
7]
<]
=
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=
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=
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=
v

o
n

Mc g sample [BesEviGen (ConeExc)]

o
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04 06 08 ¥
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Analysis of e'e” -» nn

100

Second Moment

rn
[}

=1

5

5

Second Moment
s 8

]
=]

Mc nf sample (PHOKHARA v.9.1)

- L411 ¢ o
- : .-| 14 ; R LN
L 1 k- r—hi o A L |
0 20 B0 BO 100 120
Number of Hits in 40° Cone
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07| . yy(Babayaga 3.5)
10f| ——— qg(BesEviGen'ConExc')
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Prospects fore*e - nn: o(nn),|G|,R...

Born (2
Born(,y _ Nobs(a) — Nbg(a) G(¢?)] = o om(d)
o <Q) — L ( R( q (1 2M2)<47Toz25ﬁ>
= = —¢— Fenice 1998: nh —— oel— —&— Fenice 1998: nAi
o 1800 — —&— SND 2011/12: niA 9 E —— SND 2011/12: A
IE 1600 — Monte-Carlo Analysis 1: nn (*) 05— Monte-Carlo Analysis 1: nn (*)
O 1400 —¢— Monte-Carlo Analysis 2: nn (*) F —e— Monte-Carlo Analysis 2: nf (*)
t“' 1200:— + 0.4:_ +
8 1000%— + * - i ! *
ﬂ 1 @ n R L N
O 6o 0'2:_ ®
400 — e - -
200 - o1 4
0: I ‘ 2| — ‘2I2 — I2‘4 I ‘ I2‘6 l ? l2‘8 L ._g . E‘ ‘ I T e — r— ? T I.
g (GeV/c) g (GeV/c)

— Unprecedented statistics above 2.0 GeV
Expected o(nn) accuracies between 6% (at 2.396 GeV) and 13% (at 3.0 GeV)

— First measurement of R and |G | (and |G_|) will be probably be possible at
2.396 GeV

— Current selection efficiencies (1% level) will be enhanced with the use of MUC
and TOF detectors in the analysis

®) Phokhara v9.1 [arXiv:1407.7995v2]. Default model based on SL and TL region measurements on neutron Ffs and o(nn)
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Summary
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Summary & Outlook

e BESIII excellent laboratory for Nucleon form factor measurements: energy scan
+ initial state radiation

e First results on Proton Form Factors used a fraction of available scan data

e High statistics energy scan between 2.0 and 3.08 GeV will significantly
improve Nucleon's FFs measurements

Protons: dR/R = 3 — 35%, 6|Gm|/|Gm|=1 - 9%
— Perhaps sensitive to two-photon exchange?

Neutrons: do/o = 6 — 13%, 8|G|/|G| = 3 — 7% or even better
— First measurement of R in the time-like region

Data from 2011 and 2012 will also be added

e Very exciting results from ISR on proton FFs expected very soon. Statistics
similar to BaBar with only 7.4 fb!

BESIII will keep on collecting high statistics at the main resonances — more
statistics for ISR studies!

A new crystal zero degree detector will also enlarge ISR photon acceptance region
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Analysis of e'e” - nﬁV|SR

Same challenges as for e'e” — nn and more!

Detection of ISR photon needed for binning in q*> (¢° = M,,5)

:

Only tagged analysis in EMC possible
(no identification through 4-momentum
conservation) | Only 15 % of
ISR-Photons
i | are detected

Additional backgrounds:
e'e” — nnm’(n), e'e” — yy(y)...

:

Low efficiencies

42



Analysis of e'e” - nﬁyBR

Analysis strategy:
e Energy deposition in EMC:

EgammalSR has a sharp maximum
n has large energy deposition
n has small energy deposition

e Shape of e.m. Showers in EMC:
Gamma ISR has narrow shower shape
n and n have wider shower shapes

e Event kinematics:

back to back signature between nn-system and vy
in e'e-CMS

n and n back to back in e*e'yISR-rest frame

ISR

Background status

Only e'e” — nn1t°(n), e'e” — yy(y) still present —
Multi Variate Analysis with MC signal and bg
validated with data

(1N} dN 7 0.02 F

{(1/N) dN / 0.0148

{1/N) dN | 0.00645 F

- 0e
A20Moment g [F] 43



Analysis of e'e” - ”ﬁV|SR

Analysis strategy:

e Energy deposition in EMC:

(VN)jdN /0.02F

EgammalSR has a sharp maximum

n has large energy deposition : ///%

Problem: selection efficiencies at the 1%o level !!

— The use of TOF and MUC detectors in the analysis will definitely help!!

nmit v v \SITVIY

VF WA A R M ] E
Fr 1t T srrryvrrrreverg ot

16

n and n back to back in e*e'yISR-rest frame

Background status

{1/N} dN | 0.00645 F

L]
Only e'e” — nn1t°(n), e'e” — yy(y) still present — of
Multi Variate Analysis with MC signal and bg :
0

validated with data

A20Mement g [F] 43



BESIII data taking status & plan (run ~8 years)

Previous BESIII present & future
data

BESII 58M 1.2B 20* BESII 10B

\|f’ CLEO: 28M 0.5B 20* CLEOc 3B
v’ CLEO: 0.8/fb 2.9/fb 3.5*CLEOc 20 /fb
Above open charm CLEO: 0.6/fb 0.5/fb @ w(4040) 5-10 /fb
threshold @ y(4160) 2.3/fb@~4260, 0.5/fb@4360

0.5/fb@4600, 1/fb@4420
R scan & Tau BESII 3.8-4.6 GeV at 105 energy points

2.0-3.1 GeV at 20 energy points
Y(2175) 100 pbt( 2015 |
v(4170) 3 fb*( 2016 )

Peak luminosity achieved9.98x1032 cm™ s1



BESIII detector performance

MDC MDC EMC
Expit. Wire dE /dx Energy
resolution  resolution resolution
CLEO 110 ym 5% 2.2 —2.4%
BABAR 125 um 7% 2.67%
Belle 130 ym 5.6% 2.2%
BESIII 115 um < 5% 2.3%

m 2015: Installation of new ETOF modules
(MRPC, ot ~ 60 ps)

= Cylindrical GEM (CGEM) detector to replace
inner part of MDC
(taly, IHEP, Germany, Sweden)

m Small-angle electron/photon tagger

TOF
Expt. time
resolution
CDF 100 ps
Belle 90 ps
68 ps (Barrel)
BESIL 400 ps (ETOR)




ISR vs scan data: luminosity

?.-é 10° X BESIII 2015 scan (per 0.1MeV)
3 ISR luminosities (per 20 MeV)
10% - X x
S X -
N X x o
10 x XXX ’ o
X X
1= . X X X
- -;...4-':




Data Iin TL region

) [arXiv:1210.4689v1]
Direct production Exp. Reaction gjﬂ; 1;'3;?111:13 Range [GeV] [Iii;lil] Events | Ref.
+ — D DM1 ete” —pp | 1979 4 1.925 — 2,180 0.4 ~ 70 14
e'e = BB |y ete” —pp | 1983 | 6 1975-225 | 05 | ~100 215%
DM2 ete” —pp | 1990 1 2.4 0.2 7 [16]
DM2 ete” = AN | 1990 1 2.4 0.2 4 [16]
ADONE 73 | efe” —pp | 1973 1 21 0.2 25 111]
FENICE | efe —na | 1993 | 2 2.0-2.1 <0.1 27 | [19]
FENICE ete” —pp | 1993 1 2.1 0.1 28 19]
. FENICE ete” = pp | 1994 4 1.9-24 0.3 70 12
Aqui falta SND | reNICE | e'e > na | 1998 | 5 1.9— 244 0.4 74 f13}
FENICE | ete” —pp | 1998 1 2.1 <0.1 7 13]
BES-II efe” —pp | 2005 @ 10 2.0 — 3.07 5 80 17] |
CLEO ete” —pp | 2005 1 3.671 21 16 18]
SND ete — nn 2014 11 1.8-2.0 10 ~5000 PRD90,112007(204)
BES3 o yop 2015 12 2.2324-3671 157 ~1370 prpoq 11000a(2015)
Annihilation CMD3 ete™ — pp 2015 12 1.885-2.0023 6.8 2700  Arxiv:1507.08013v2 (2015)
_ 4+ —
pp —re e Exp. Reaction gsz; Pscfi?'f;s Range [GeV] | Events | Ref.
M.S.T. Coll. | pp — e™e™ | 1976/77 2 near threshold 34 [22]
PS170 pp—ete | 1991 4 near threshold | ~ 2000 | [23]
PS170 pp—oete 1991 4 1.94 — 2.05 ~ 1300 | [24]
PS170 pp—ete 1994 9 threshold — 2.05 | ~ 2000 | [10]
B7AN mi _a e TeT 1007 1 1IN _ 2R a0 78]
ISR o Exp. Reaction ;rjzll. B?iz?zg Range [GeV] [;:ﬁlil] Events | Ref.
ete” = B B~y [BaBar | ete »pp | 2005 47 | threshold — 4.5 | 232-10° | 4025 | [9]
BaBar ete” — AA 2007 12 threshold — 3.0 | 232-103 138 28]
BaBar | efe” — AX0 | 2007 4 threshold — 2.9 | 232-10° 24 28]
BaBar | ete” — Z'E0 | 2007 5 threshold — 3.0 | 232-10° 18 28]
BELLE |efe” — AFA, | 2008 50 threshold — 5.4 | 659-10% | not cited | [29]

BaBar eTe  — pp 2013 38 threshold — 4.5 469-10° ~6800 PRD87,092005(2013)
BaBar ete” —pp 2013 8 3.0-6.5 469-10° ~100 PRD88,072009(2013)



+ - |
e e - pp Phys. Rev. D91, 112004 (2015)

Extraction of 0°°"(ee — pp) for each scan point:

Nobs(q) — Nbg(q)
L - e(q)R(q)
e Efficiencies between 60% and 3% (ConExc)

e Radiative corrections up to LO in ISR (ConExc)

Born(

o™ (q) =

e Normalization to e'e—e’e’, e'e— yy (Babayaga 3.5)

Vs MeV)| Nobs Noig €' (%) L (pb™") 0Born (Pb) [G[ (x10~2)
22324 |614+25 1 66.00 2.63 353.0x14.3 £15.5 16.10 =0.32 £0.35
2400.0 |297x17 1 65.79 3.42 132.7x7.7£8.1 10.07 £0.29 £0.31
2800.0 53 7 1  65.08 3.75 21.3+£3.0+28 4.454+0.31+£0.29
3050.0 |914+10 2 59.11 14.90 101 4+1.1+£0.6 3.294+0.17+0.09
3060.0 78 +9 2 59.21 15.06 85+1.0+06  3.03+0.17+0.10
3080.0 |1624+13 1 5897 30.73 89+0.7+0.5 3.114+0.12+0.08
3400.0 2+1 0 63.34 1.73 1.8+1.3+04 1.54+0.55+0.18
3500.0 5+X2 0 63.70 3.61 22+1.0+£06 1.731+0.39 £0.22
3550.7 2415 1 62.23 18.15 20+£04+06  1.6710.17+£0.23
3600.2 14 £ 4 1 62.24 9.55 22+06+09 1.781+0.25 £0.35
3650.0 36 =6 4 61.20 48.82 1.1+£0.24+0.1 1.26 =0.11 £0.07
3671.0 6+ 2 0 51.17 4.59 22+09+08 1.844+0.37+0.33
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Gain From Raw Data Analysis

e From raw data: TOF and iInformation for neutrals
M. Ablikim et al. / Nuclear Instruments and Methods in Physics Research A 614 (2010) 345-399
bk [l RPC: 8
RPC: layers : L l | layers
| | B3
d ' | j
YA R
W zzzzzz772271
I T ITT T I IIFe sl T T FTTFFFssrs
SL‘ Coil FFF T T FFI I FFFFIFrFr I F IS FFsrFrFryrsi
ror DIl e
barrel T
TOF E\M
endcap \\\ u
SCQ  ~ MbC -~ =
| - .
, ﬂ_ ]

(a) BESIII detector

e What do we hope to achieve with these two subdetectors?

— More statistics: drop tagging the neutron, tag only n (and ysR)
—» Suppress bg: v's are faster than n and don’t reach MUC



Detect Cosmic Rays With MUC

e = AIEVIEW \ Segement

1 Layer \

Fig. 1. The illustration of one cosmic ray gocs
through the BESIII detecter.



One Method To Use MUC As n Detector

i
RPC: layers | - | AR J
| Pz | 22 |
/) //g! | = ;§ fans
NN 7&/4*//; /;x,f/////;/ 7772220\ B
Fn NI XA T2 7] 1% 14 /| H
BNV (T7TTTTIXIZI7Z vevevrrresrrall kA1 A
. N NG /f:#x:fffii:wuhm'“ég:u !:,,,.,.;,ﬁ,f,;f1 | N
S(..C(Jll PAININ === ‘..,_.,_.],-_. =====-ai====: =\ AL
HINR i i s B o ————. ,“, ’/
Tor _ HNAIHe NI | e
O 11 v i s 17
R A : A1 T et
M 1 L
TOF |' I/ e
endcap T H \ 1 i
LY : 4
SCQ  ~ MDC = 257
I 3 =) _//
I T
I o
i | T+
! r il ' | i

* Not possible for hits in 2 even layers (only MuC ®-position)

 For hits in 2 odd layers (only MuC z-position) we have at
least the ®-position of segment - need to be studied!

RPC: 8
layers

e But if we detect MUC hits in odd and even layer:

— Linear fit through MUC signal, EMC shower and Vertex
— If no signal from n, this should be enough to select signal



Proposal: The Crystal Zero Degree Detector

An Alternative

crystals realtime event
(option: PWO,) } flash ADC correlation J

POWO,

density 8.28 g/cm?®
radiation length 0.89cm
Moliere radius 2.00cm
T1 (fast component, 97 %) 6.5ns
T, (slow component, 3%) 30.4ns
relative lightyield 0.6% at 20°C
compared fo Nal 2.5% at —25°C




Spatial considerations

@ ISR peaked at 6 = 0° and 180° = position of detector
@ Limited space = compact design

@ Bremsstrahlung even stronger peaked towards 6 = 0°
and 180° = small gap

Magnet “Q1a”




_ : SEDD?
@ Similar layout as ZDD P s
(2 blocks divided by a 00 ey < 60 e
1 cm gap) . -
@ 3 x 4 crystals per
blOCk E P
@ 1x1x 14cm? crystals S A
y z @ Maximum of ISR
~ distribution out of
3 =5 y tance
- | accepta
@ Note: log-scale!
- =it @ But: reduction of

bremsstrahlung



Pion FF in BESIII
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+ " T oy
e e — T[ T[YISR arXiv:1507.08188 (submitted to PLB)

(g _2) v 0.2:-------- R IR I IR MR I N I
e Goal: hadronic vacuum polarization contributiontoa = " € o1sE E’E‘SE‘S‘J“ E
H = 01H + KLOE08
SM = gQED 4 gweak 4 ¢yhadr = = . ¢+ KLOE10 =
ap qp qp qp 0.05 l KLOE12 —
. e | E
— most relevant contribution to a:adrbelow 1 GeV: o(e’e” —»1r'm) 0 E
-0.05 =
3¢* E
2¢ 2 d dy 2 0.1F ]
| F=[*(g%) = YT bl ') = ;
-0.15 (note: KLOEOS superseded by KLOE(S) 3
Disagreement between existing measurements limits knowledge of a_ R YEYRY] '6_'7'5"6_13'"6_'35”65“6_;5';'_1
q (GeVic')
e Features of BESIII analysis: ST .
— BESIII fit
<+ 2.9 fb-1 from W(3770) wf- —+— Badar
+ KLOE 08
..... = studied range between 600 — 900 MeV + KLOE10
Y —#— KLOE 12
""" onIy tagged analysis possible below 1 GeV T

2 main background from e'e —pu"u Y o Prefectly understood (<1% )
<: luminosity from BhaBha events — 0.5% accuracy (Babayaga NLO)

2: FF fit function: Gounaris-Sakurai parametrization
: radiative corrections from Phokhara v8.0

P T SN NSNS SN T N SO T N S NN SRS SO S HY SRR L L
06 0.65 0.7 0.75 0.8 0 85 0.9

q (GeV/c )

KLOE(08 368.9:0.4:23:22

Syst. uncertainty in cross section 0.9%

———— BaBar09 376.7:2.0=1.9

Compatible with prev. measurements (10)

KLOE 10 366.1:0.9:23+22

More than 3o deviation wrt (gp-2)‘°""I prediction confirmed

e KLOE 12 366.7+1.2:2.4+0.8

Data from untagged analysis and above W(3770) will be used

BESIII 370.0+25+3.3
|

Analysis will be extended below 600 MeV and above 900 MeV =% & 5 =g
a™(600 - 900 MeV) [10™] 18




Hyperon EM FFs in BESII!
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e*e = A BEesii Preliminary!!)

Based on 40.5 pb™ collected in 4 scan points between 2.2324 — 3.08 GeV in 2012

eatE_ =2.2324 GeV (1 MeV from threshold!!) E., =2.2324 GeV
From A —pm and A —pm* (BR = 64%)

From A —nt° (BR, , =36%) 1
= n-annihilation and well defined p_
eatkE_ 224 GeV, from A —pm and N —ptr*
= p, P, T and 1" from interaction vertex, in xv-BeEZIr:tl display

time, A\ back to back, E/\,/\ = ECM/2

Results: | /5 (GeV) Channel B (ph) G| (x10~2)
22324 |A—>pr,A—prt | 325+53+46
A — nn® 300 & 100 =+ 40
combined 318 £47+37 | 632+4.7+3.7
24000 |A—pr,A—prt| 1334+£20+£19 | 1294+1.040.9
2.8000 1534+544+20| 42+0.7+0.3
3.0800 39+1.14+0.5 | 221+0.31+0.14

Cristina Morales (Helmholtz-Institut Mainz) Moriond QCD 2016



e+e- - AA (BESIII Preliminary!!)

No Coulomb term for neutral baryon pairs — cross section should vanish at threshold

Born 47[&2,3
(@) =—— |IG
3q

3400:-|---|--1|"'|'"|"'|"'|'*'|": L O.BZ'I"'I"'I"'"'I"'I"'I"'I":
2 350F ~ BES3 E L;;, 07 L ~ BES3 3
c 3 L . ] = E ]
S 300t ~-BaBar 5 06¢ ~BaBar *
O 250F i £ o05F B
O - —-— ** . L E 3
o 200F H+ DM2 = 0.4F .

: ] - » PRD76,092006 (2007
2 1so0b 't BESIII : 03t BESIII Bb7s, (2007)
© 100F ++ Preliminary 3 0.2F |'¢ Preliminary =~ ZPhys C48, 23
= : : E | % (1990)
o S0F - _: 0.1¢ “_._—Q—
m 0_| I +—H.-.|..1,.. ] 00- R a== ==L 3

22 24 26 28 30 32 34 36 22 24 26 28 30 32 34 36

q (GeV/c) q (GeV/c)

Precision increased by at least 10% for low g° and even more above 2.4 GeV

— Origin of unexpected behavior? Coulomb interaction at quark level?(***)

— Precison measurement forseen by BESIII with 2015 data
** Eur. Phys. J. A39:315-321(2009)

Cristina Morales (Helmholtz-Institut Mainz) Moriond QCD 2016



Prospects foree” -» Hyperons

From 2015 scan full determination of lambda- FFs possible:

: . O]
e Imaginary part of FFs leads to polarization observables: =
o )
Parity violating decay: A —ptr 0
dN - : ae
<1+, F,cosé, and P = 8in20smAf /7 =—(cos€ )
dcosé, ~ Rsin® 0/t+(1+cos’°0)/R «,
@p : Angle between proton ©,: /A polar angle in CM
and polarization axis in A-CM @ : relative phase between G_and G|

Expected statistical accuracies for P_between 6 and 17%

Expected statistical accuracies for R _ = |G_|/|G | =1 between 14 and 29%

e Also available from threshold (2015, 2014, 2011 data):

ee — NI, X'E0T T I'T, 02, EE, Q0L AN, s
measurements of effective FF and measurements of effective FF
R__and P_at single energy points R__and |G | atthreshold
possible possible

ee — NX°, 2°%°previously measured by
BaBar, no R__extraction possible

e
o
w

10

® BABAR
3:_ 4 BESII, MCR #1
o BESI, MCR E2

| |
1_ - %

- | | | Phokhara v8 0
0232495 26 27 28 29

q (GeVIic")

| —e— BESIII high luminosity scan (2015)

| —— BESIII scan 2014

- —s— BESIII scan 2012 °

- —e— BESIII scan 2011

| JEF .. Q0 AN,

22

- L ] L ]

FAVA P .

| % q °

— % P ;

- ° ]

[ ee b ® [ ]
‘|..T‘.°.|.‘.‘.|.‘..|.‘.|
2 2.5 3 3.5 4 4.5

q (GeVic')
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