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Y Beijing electron
positron collider BEPCII
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Beam energy 1.0-2.3 GeV
Ener'gy spread: 5.16 x 10 4

Deélgn lummosn‘ry
1 x1033/cm?/s @ y(3770)

2 Achieved Apr.5, 2016I
‘“ s, o
s 2004 s'rar"r BEPCII construction

8 "T ; 2008: test run of BEPCII
(- 2009-now:: BECPII/BESIII data taking3




BESII

Luminosity!

» After 8-year struggling, BEPCII reached its goal.

2 days ago
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Compton back-scattering
for high precision beam
energy measurement

BESIII is here

7 Apr. 2016, Mainz G.lSPHuang: Timelike Form factors @BESII|

Beam energy:
1-2.3 GeV

Luminosity:
1x1033 cm-?s

Optimum energy:
1.89 GeV

Energy spread:
5.16 x104

No. of bunches:
93

Bunch length:
1.5 ¢cm

Total current:
0.91A

SR mode:
0.25A@2.5GeV
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BESII Detector BCSII

TOF

BTOF: two layers
ETOF: 48 for each

Rinner: 63mm;

R outer: 810mm
Length: 2582 mm B S
Layers: 43 oo \

RPC MUC |

Crystals: 28 cm(15 X,)
Barrel: |cos0|<0.83

BMUC: 9 layers — 72 modules Endcap:
EMUC: 8 layers — 64 modules 0.85< |cosO| <0.93 6




("T
© BESII| Detector BES]]I
MDC MDC EMC
Exps. Wire dE/dx Energy
resolution | resolution | resolution
CLEO 110 pm 5% 2.2-2.4 %
Babar | 125 um 7% 2.67 % TOF
Belle | 130um | 5.6% 2.2% Exps. time
resolution
BESIII <59
(XYZ | 115 pm (Bhab‘;la) 2.3% CDFII 100 ps
data) Belle 90 ps
BESIII
e New ETOF (MRPC), just installed (XYZ 68 ps (BTOF)
100 ps (ETOF)

e New Inner MDC, built at IHEP

data)
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The BESIII Collaboration

Political Map of the World, June 1999 http.//bES3.lhep.ac.cn
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&) BESIII Data Sets BES]]I

 July 19, 2008: first e*e collision event in BESIII
* Nov. 2008: ~14M y(2S) events for detector calibration
«2009: 106M y(2S), 42pb'@3.65GeV
225M J/\|I World'’s largest samples
«2010: ~0.9 fbty(3770)
«2011: ~2.0 fbty(3770)
~0.5 fb! @ 4.01 GeV
+2012: tau scan: ~24 pb!; y(2S): 0.4B; J/y: 1B; J /vy
scan; R scan (2.23, 2.4, 2.8, 3.4 GeV): ~12 pb';
« 2013-2014: ~5.0 fb'! @ 4.26, 4.36 GeV, ..., 19 points for
XYZ studies; ~0.8 fb! R scan in 3.8-4.6 GeV, 104 points;
«2015: ~0.5fb*in 2-3.1 GeV, 20 points; 0.1 fb! Y(2175);

7Ap.>r296,1\ér;z —> 3 fb-l @é.li.'gaz§g:ﬁn§i¥mfr9!;tolr? Sl 9

3.5XCLEO-c



* 2014.12.30-2015.5.1;
* From high to low;
 Added 2.05 GeV;

e 20(21) energy points,

with a total online
luminosity 525 pb;

e Allows for form factor

measurements,
threshold studies, ...

7 Apr. 2016, Mainz

R-QCD scanin 2 — 3.1 GeV BES]]I

Eem Ein | Lnceded [ theam ) Purpose
(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)

2.175 10(+) 8.5 Y(2175)

2.2 13 11 Nucleon FFs, Y(2175)
22324 | 2.2314 11 4 Hyp threshold (AA)
2.3094 | 2.3084 20 16 Nucleon & Hyp FFs

Hyp Threshold (X°A)
2.3864 | 2.3853 | 20 87 | Hyp Threshold (X°%)
Hyp FFs
2.3960 | 2.3949 | =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 (22 )

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 Mys step
2.981 15 2.8 e + Myp step

3.0 15 2.8 Mpp step

3.02 15 2.8 Mypp Step

3.08 120 | 13.2 )} Nucleon FFs (430 pb™')

G.S. Huang: Timelike Form faGem@#¥EM plan, finished in ~4 months.
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Electromagnetic Form Factors

eN — eN ete™ «— NN, AN, ...
Time-like:
Space-like:
EF real FF complex

Vector current, two form factors (F 1 and Fz)

Jiqx

/ 2 K 2y - v
. =eu(p )[Fi (q))7'u+mf2(q2)ig;wq Ju(p)e

Dirac Pauli
Fl(¢®=0)=1 3% =1
Fi'(¢*>=0)=0 F3(q%) =1

Sachs
Kq® _
Gp=Fi+ 355 Gy = Fi + kF;

Ge 4Mf,) = GM(4M2)
7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 11



Space—Like(SL) FF: e.g. proton

There have been many measurements of the proton form factors in the space-
like region. At JLab, the proton factor ratio was measured precisely with an
uncertainty of ~1%, based on which the proton electronic and magnetic radi
could be extracted. na@g{re

= Earlier measurements
B < Punjabl et al,
1.05- & Crawford st a),
i ®  Paolone st al,
4 Hon et al (uodate) .
- JLab Sick
1.00 == T
= | o
S Bernauer et al. — e —
cme 0,95 P
""m ' '
=. ‘m JLab '_i'-_i_'
0.90 Miller LECBM . : :
i Bolfi e al. PECCQM CODATA e
Faessler ef al, I.(__'[__?rt
0.85 B Belushkin, Hammer & Meissner  ——-—. Friedrich & Walcher i ] Pohl et al. 3
de Meloetal. . Updated glohal fit l L
C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
“'u I]'E u'4 "'ﬁ u'H I 1 I | I I I | I I I | I I i 1 | i I I I | I I
Q! [GeV/cF 0.82 0.84 0.86 0.88 0.90

Proton charge radius [fm]
7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 12



Time—-Like (TL) FF:

. do a3
Eep: — =

df) ds

Gl

G e(q)

Most experiments assumed G.=G,,:
dra® 3 2M*= .
To=——(1+ )G (s)[*

- s S

1 - O EFeolisasy
F 4 Eman(ieead
s =¥ ph
m W1 /Do a7
A D200 9AX)

% + FENICE(1904)
=« BES
?\ H» —  fitting PACD G{a)
?kﬁ

" QCD predict |
'"’_n__ _ _';1

C -['-_1-'-.!-:.'1 —

C G ()] s2In*(s/A%)

19

I L L L
-] -] 7 B 2 1o
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[Ge/Cyl

1.5

0.5

e. g. proton

1+ (¢* — 4Mr2 ) /q5] 2
= |Gu(q®)|[1+ (¢° — 4M) /qi] ™

; . J- P r:-
Cl|Gar(5)|*(1 +cos?8)+ —|Gg(s)|*sin” ]

Only two experiments measured

|G¢/G,,|, with inconsistent results:

L | —.—
LY

{

!

D_l 1

® BABAR
¢ PS170

The precision of BaBar -
is 10%~24%.

|
2

G.S. gf@w'ﬁlmellke Form factors @BESIII

2.25 2.5 2.75 13
q (GeWc)
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DFC
Energy scan and ISR at BESIII

Iy o 4040 | 4420 }
‘ 1.3x10° ‘ Q"OS x10 ‘LOSfbl 1
N -

BESS )

A L,
BESE L 4600
Cryst - = 0.5 fb?
i " y(3770) | ANl A5
pluto . 2.9fb? L |
JWM% % Jors

~130 points for R Scan x Y
(1.3 fh)) .

20000

2 4 5
Ecm (Geaw)
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Scan data for form factors

e ~800 pbtin2.0-3.671 GeV;
* For proton, neutron, hyperons, and mesons.

- 103 =
‘0 - @ BESIII 2015
o} — A BESIIl 2009-2013
A — W BESIII 2012 o
1L, e . . . e .
7 OE A o
O — - . - a
c [ e i 4
— - - . - A a
E o e ®d E P AA
_ — : : C m : A A
-: ®em ¥ ;A
. . : H
= i o e 5
10-1-5, | L | L
2 2.5 3 3.5
7 Apr. 2016, M g (GeV/C)

BESII
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BESII

Data Samples for ISR Physics

Yisr

Integrated luminosities at BESIII

e = R Ecm adrons
E - ((3770) ]
= XYZ e
- | . . N
S 10° ) /W) LIJ(ZS.) . - ISR luminosity = Ldt x H,_4
- U (4040) | > T
i 1 2102k —— BABAR (500 fb) -
102 | & ]
; co e e 1 = 10¢ — BESIII E
i ) 1 o f
o b b e e b e e L & 1E E
3 32 34 36 38 4 42 44 46 B | i
E.. (GeV) _IEEU' Eey >3.77 GeV, ~7.4 fb1 3
° A 102 | =
72- 72- %SR 10-3 . 1 [ vy L | P P .E
o T %r 05 1 15 2 _25 3
o pﬁj/ Ecm (GGV)
ISR
[ J

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 16



To measure timelike nucleon em FFs:

® Extraction of R = |G_/G,,| independent from normalisation through angular
analysis

dor a?BC - .
E{ng H} = 4q2 |GM(q2)| l(l + CDSE E‘.) + Remz ; S]_I]E g
Rem = 1Ge(9%) / Gy (@) | T = 4m?/q?

g? : 4-momentum transferred by the virtual photon
0 : polar angle of nucleon at the CM

We need to collect data at different Vs of the collider and fit with:
f(cos@) = Norm -[tau (1+cos?0)+ R, -(1-c0s?0)]

@ Extraction of |G| and |G,,| with the knowledge of the absolute normalisation
(Luminosity, rad. corr., systematics, etc.)

a’BC

do 1,
E(.r;lrz, 6) = el [(1 + cos? 3) |GM(q2)IE + - sin? »Eiﬁllffg('?‘z)l2

T .
G | is supressed at high s by 1/s !!

7 Apr. 2016, Mainz G.S. Huang:lrim%nke Form tactors @BESIII 17



Phys. Rev. D 91, 112004 (2015)

Analysis Features:
* Radiative corrections from Phokhara8.0 (sc

* Normalization to e*e” — e*e’, ete” >yy
(BABAYAGA 3.5)

* Efficiencies 60% (2.23 GeV) .... 3% (~4 GeV)

* | G/Gy, | ratio obtained for 3 c.m. energies

an)

L o

Form factor

1071 - <+ o BESII
" ++ # FENICE
[ +¢+ x CLEO
- + + A E760

++ O E835

11

e,

22 24 26 28 30 32 34 36

Mpﬁ(GeV/cz)

G, /Gyl

1.6
14

12F
10E
0.8F

0.6
04

= Proton Form Factors from 2012 test run

BESII

E../GeV L./ pb?

1.8

2.23 2.6
2.40 3.4
2.80 3.8
3.05, 3.06, 3.08 60.7
3.40, 3.50, 3.54, 3.56 23.3
3.60, 3.65, 3.67 63.0
- | |
- o BESII -
o & BABAR K
__J ++ PS170 _
| + l E
| l ]
3 ’ T ] :
3 | 1 1 | ?
20 30
Mp_p(GeV/cz)

7 Apr. 2016, Mainz
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9 BESIT

~— Proton FF: expectation from 2015 data

Based on the 2015 scan data in 2-3.1 GeV:

(GeV) (pb—lj qE; 164 . Babar 469fb™ data (stat)
20 3 05 9.2% 3% 9% o . B . BES3 energy scan 2-3 GeV proposal
. . &S0 0 0 1.4—_
2.1 10.8 10% 3% 10% i
2.2 13 9.5% 3% 11% 121 ‘
2.3084 20 9.7% 3% 10% L { ][ H J} a !
2.3950 35 8.8% 3% 9% - T [
2.644 65 14.6% 5% 16% 0.8 | |
2.9 100 24% 15% 6% 25% o6l ., ., . 15%
3.1 150 ~ 35% 8.5% 35% 1.8 2 22 2.4 2.6 2.8 3
’ ’ - m_. GeV/c?
pp
O|Rl/IRgyl — 9% - 35% Will top BaBar result

3IGIIG,,| ~ 3% -9% [ First time extraction without any assumption!
O|G|/|Gg| ~ 9% - 35%

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 19



form factors

— 08
T b » FENICE
g Z: = Two measurements:

ost * """ |Gu(a") + Qa/ Qul » Old from Fenice with 74 e*e" — nn events,

0.4F \

ot | M assuming G_=0, motivated by angular distribution

“E e of ni1 events, Nucl. Phys. B517, 3 (1998)

0IF || T

P » Recent data from SND, which is consistent

q%(GeV?)
0.6 ——— =+ With the proton FFs result of BaBar

-|- T ® SND
0.5 [ [' ¥  FENICE -

L-P' [ O BABAR

504 T\Tﬁ,&%‘ 1 1 BESIII Goal
g | It %{T > To extract EM FFs in wide region:;
£ 03} T L . g}iﬂj_n BV , . .

i i T L =3 > To measure the ratio for the first time,
02f ] with an uncertainty as similar as
ol possible to the proton case.

' 1900 1950 2000

2E, (MeV) g: Timelike Form factors @BESIII 20



BESII

Hyperon TL Form Factors

Key question:
“What happens with the baryon structure when
a light quark is replaced by a heavier one?”

Hyperon
o | 0, |
, ‘ 0 ey S i
0_ -~ 0 @ SN (n)——p) S=0
Yy ° K¢
Proton (p) Lambda (A) Xi ()
M, =1115MeY N S=-1

| . -_. '..-._;:r.-.._i:l..
M-1193MeY L iy ey,

29 (20 ... \ ;

(E—

—_
'“-\._

Neutron (n) 9 Sigma (%) Omega (Q2) D 0=-1 O=

+

Il;'-‘i |
b
o
]
ha

Spin > SU(3) octet

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 21



A
BESIT

Baryon-pair production near threshold

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

[1Gu(M)|2 + =16z (m)|?]

a = 317 is fine structure constant, § = \/ 1 — 4m%/m?2 is the velocity,

Amta®CB
3m?2

opp(m) =

T = m?/4m%
T« 1
B 1-exp(-73)

for a charged BB pair

» The Coulomb factor C= =

1 for a neutral BB pair

» For the neutral pair production, the cross section should be 0 at threshold, and
IS expected to increase with the velocity near the threshold.

22
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5
&
Hi

Example: efe"— AA

Cross section and effective form factor from 2012 test run

e S I m e B e — 0o7E T T T

- Fr 3 <3 T
2 350 —| - BESII = = F ’ - BESIII :
= : 3 = OofF E
,g 300F x BaBar E 5 < = BaBar 3
g 2s0F DM2 = A\ \ \d E
P 200 B = A AF -
g 200f + : 04é ]
G 150;— + i 0.3 :—+ 3
100 ++ E 02F '4 3
SOf -+ E 0.15— +ﬁ++ E
25 3.0 35 00 25 3.0 35
M . (GeV/c?) M - (GeV/c?)
Vs (MeV) Reconstruction TBorn (Pb) |G| (x10~%)
2232.4 A= pr=, A—prT 325 £ 53+ 46
A — fir! (3.041.040.4)x10?
combined | 320458 | 63.445.7
2400.0 133 £20 £ 19 12.934+0.97 £ 0.92
2800.0 153+54+£20 4.16 £0.73 £ 0.27
3080.0 39+1.1+£05 2.214£0.31£0.14

» The first point is just 1 MeV above threshold.
> Cross section does not vanish at threshold!

» Possible explanation: Coulomb interaction at quark level.
7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 23



G
BESI

Hyperon: expectation from 2015 data

02'3-5_ BABAR -

= R » For AA, larger data samples

- o BESII, ifR=2 allow to extract angUIar
250 { distribution, no need model

£ b ,WL } - dependent efficiency;

- » Form Factors G &G,, and ratio
151

i R=|G./G,,| can be measured
- % ¥ % at several points with
unprecedented precision.

_I 111 | 111 | 111 | L1 11 L1 11 | I | | 111
8.2 23 24 25 26 27 28 29
Ein GeV

We shall also be able to measure e+e'—>A§°, ZOEO, Z*f', 2'5*, etc.

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 24



BESII

A polarization

* Relative phase in Gp & Gy,;: A) = O, - O;
* Nonzero phase — polarization of A (P, ), to be

extracted from the decay proton angle:
do %(1 + apPpcosh,)

dCGSHP e ——
o
» ~600 events @2.396 GeV (65 pbl) A P
X 3
% | AR

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII



© BESII

Initial State Radiation (ISR)

Rev. Mod. Phys. 83, 1545-1588 (2011)

ISR spectra measured by

_g _
~10° =
e+ Mad o~ YisR A
1077
w
Ecm Miadr @
Hadrons ° F
e 1=
* Needs no systematic variation of _1:_
beam energy 10°E
* High statistics thanks to high 102
integrated luminosities

* Precise knowledge of radiative
corrections mandatory (H,,)
-> Entire E range <E_,, accessible
PHOKHARA event generator, Czyz, Kuhn, et al.

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 26



© IR Analysis: e*e™ — 'y cp BESII

Event yield after acceptance cuts only
The most relevant Channel

>
- 25000 — , vy MC
- KLOE and BABAR dominate the = | ' 0 oY MG
world average Ry - 4 :;:;
- Relatively large systematic %2““““__ .
differences, esp. above p peak > i ]
] had - a
Knowledge of a,"* dramatically 15000 .
limited due to this difference i [ L I
1unun_— ﬁj L<—
5 i |1 initial publication
- 02f T e [ &/ | 600-900MeV
£ b BABARFit § |- [%% 1
= UF © KLOEO5 7 %001~ |
:::l: 0.1E + KLOEO8 i L
3 - - + KLOE10 .
0'05: _d"""»'- . KL0E12 _: u_llllllllIIIIIIIIIIlIIIIlIIIIIIII|IIII
0 1 "o 0.5 1 15 2 25 3 3.5 4
T Tadbbtalel] = Features: m,. [GeV]
-0.05 %— | =
JT . * (3770) data only (2.9 fb?)
'0'15 ] * no dedicated background subtraction
0I5E" Note: KLOEOS5 super-seded by KLOEOS E * tagged ISR photon
-0.2 bbb o e o e o e s - large statistics of e*e" > nny events
05 055 06 065 07 075 0.8 085 09 095 1

—> background dominated by ete” — uuy

- data — MC differences visible
7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 27
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L Measurement of u*u~y: Data vs. QED BESI

Event yield uuy after m-pu separation and
all efficiency corrections

5000 =
E Features:
4000 —
‘:‘-’S - * background from mmty very small
g 3000:— * PHOKHARA accuracy <0.5%
o - * luminosity measurement based
< B on Bhabha events, 0.5% accuracy
9 2000—
s B
:, —
@ 1000 —
3_ 2> excellent agreement with QED
A(MC/QED-data) -1 =
o ot (10203 +0.9) %
E 1 ' G AL 0 T OV R i1 , A OO, TS 2 accuracy on 1% level as needed
5 to be competitive !
(01 S L

7 Apr. 2016, Mainz G.S. Huang: Timelike Form factors @BESIII 28



$Z P

(&)
IS |

/S

) [nb]

w

obare{gte’— atr(y

-3 8 8 B

luminosity / R ratio

. 360
7 Apr. 2016, Mainz

1600
1600

0 1400

1200
1000

14

0.8
06
04

o(e*e”— n'n)and form fa

BESII

ctor

PLB /53, 629 (2016).

f_ —4— using the luminosity ;_ “.. — BESHI Bt _:
= —+— using the R ratio (07T /™ M Statistical ok —F Uelw =
= + | — —}— KLOED& =
- C —— KLOE10 -
= #?# erroronly - —#— KLOE12 -
f— ‘\}T % - —— BESHI -
Tl %ﬁ LE :
= .H;IH’?: ﬁ - +i++ Lt s ]
. :I: = =
il * #Fk*iﬂ = ]
__I L1 | 1 | | 1 1 1 [ B | a0 — -]
5 065 07 (K] 0.8 1.85 0. C 3
15 [GaV1 F .
16 = e =
= -LL | Lo LT | + Lol ob -
L +J}1LL TLﬁ y et Ty T L T e T T -
1_:T + + I +I : ++ T | TJ‘ IT LT +++TI ‘1'+—I+ I + 4_ +[+ -uf 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
= ! ! ' 0.6 0.65 07 o7 02 D25 0.
E Vs'[GeV]
L] n L L] I T T Ll I Ll L] n L] I 1 1 1 1 I 1 L] L] n I L 1 L 1 I 1 1 Ll L]
. KLOEO8 368.1+04+23+22
. BaBar09 376.7+2.0+1.9
- KLOE10 3653+08+t23+22
. KLOE 12 366.7+1.2+24+0.8
. BESII 368.2+25+3.3
L 1 L L SE-!'_, L L 1 3;[} 1 L 1 L I 1 1 1 1 I 1 1 L 1 %5 L 1 L 1 3('}{] 1 1 L L SQrJ

£L0(600 - 900 MeV) [10
™o eV) [1079
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ISR Analysis: e*e™ — 7w %,

e Results from

* Apparent o, ¢, ®’, ®".

— SND: up to 2.0 GeV

— DM2:1.34 ~ 2.4 GeV
— BaBar: 1.05 ~ 3.0 GeV
— Belle: 0.7 ~3.5 GeV

=
0

e
g (1~

ntw n®

o1 E

~—

10

L

‘ ; - DM2(92):ptsibins:sta+sys arr?
é ‘ 4 SND(0102/03):pts

) El BABAR(04):bins
: o BELLE(1X):bins

35 .
f5[Gev] :like For

o (nb)

BESIII work ongoing
Uncertainty potential: <5%

i— A - BABAR

=L . SND 2011
- e
4%
2 L N SR
3 4,

A L# )
- . T H*.t!*{:* e
i e e o

2E (GeV) 30

BESII



ISR Analysis: e*e~ — m*n 7% ¢n
e BESIIl work ongoing

| | T T 1 | L | 1T 1 | 1T 1 | 1T 1 | T 1 | 1T 1 1T 1 ]
'ﬂ B = - ]
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© BESII

ISR Analysis: e*e™ — ppycq
BESIII internal review
» Efficiencies: untagged ~20%, tagged ~6%;
* Dominant bkgd: e*e~— pp #’, subtracted from data;
* Final statistics competitive with BaBar.

Example: E,, = 4.230 GeV, Phokhara MC v8.0
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BESII

Summary

 Excellent data @BESIII offer timelike FF studies;

* Energy scan:
— First result of proton form factors published;
— Preliminary result of A released,;

— High statistics data in 2 — 3.1 GeV for: proton & neutron FFs,
A polarization, ...

* ISR technique allows access to energy below 2 GeV:
— 7 form factor in 600 ~ 900 MeV published;

— More results to follow: 7*7 7% n*n=°7°, pp, ...
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