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Energy spread: 8
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Compton back-scattering
for high precision beam
energy measurement

BESIII is here
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Beam energy:
1-2.3 GeV

Luminosity:
1x1032 cm2s

Optimum energy:
1.89 GeV

Energy spread:
5.16 x10*

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91A

SR mode:
0.25A@2.5GeV
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The BESIII Detector

Superconducting

Drift Chamber (MDC)
magnet (.0 Tesla

sp/p (Y,) = 0.5%(1Ge
S agax (Vo) = 6%

Time Of Flight (TOF)
s+: 90 ps Barrel
110 ps endcap

/| 2 dzy i S NJ
8- 9 layers RPC
dRF=1.4 cm~1.7 cm

EMC s9 k W9 525 % (1 GeV)
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The BESIII Collaboration

http://bes3.ihep.ac.cn
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&/ BESIIData Sets BESIT

Aduly 19, 2008: first*e" collision event in BESIII
ANov. 2008:~14MYy (2S) events for detectocalibration
A2009: 106My (29, 42pbl@3.65GeV
225MJ/y 2 2 N RQ& kN
A2010 ~0.9 fbly (3770
A2011 ~2.0 foly (3770 [ S° CLES
~0.5 fbl @ 4.01 GeV
A2012: tau scan~24 pb!;y(2S):0.4B;J/y:1B;J/y
scan;R scan (2.23, 2.4, 2.8, 33eV):~12 pb?;
A20132014:~5.0fb’@n ®Hc X n®doc DS*3
XYZ studies=~0.8 flb! R scan in 3.8.6 GeV, 104 points;
A2015: ~0.5fb1in 2-3.1 GeVY20 points; 0.1b"1 Y(2175)
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New scarin 2- 3.1Gev BESII
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A 2.0 =>8.95 14.6 Nucleon FFs
A 2014.12.362015 5. 1| = 105 | 145 Nucleon FFs
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A 20 energy points L fop P

2.3960 | 2.3949 | =64 27.8 Nucleon & Hyp FFs

tOtal Onllne Hyp Threshold (XX )

2.5 (.4895 8h R scan

I I 1- 2.6444 | 2.6434| 65 18 Nucleon & Hyp FFs
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2.7 0.5542 | 4.2h R scan
A Allows for form factor [ = vorms | R s
2.9 100 18.5 Nucleon & Hyp FFs
measu rements 2.95 15 2.8 Myp Step
, ~ ) o 2.981 15 2.8 e + Myp step
n ~ 3.0 15 2.8 Myp Step
u K N\B a K 2 t R 3.02 15 2.8 rrrj:; step
3.08 120 | 13.2 )} Nucleon FFs (430 pb™')
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A Fundamental properties of the nucleon
U Connected to charge, magnetization distribution

U Crucial testing ground for models of the nucleon
Internal structure

U Necessary input for experiments probing nuclear
structure, or trying to understand modification of
nucleon structure in nucleanedium

A Driving renewed activity on theory side

U Models trying to explain all four electromagnetic
form factors

U Trying to explain data at both low and high Q
U Progress in QCD based calculations
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Electromagnetic Form Factors

eN — eN

Space-like: Time-like:
Rt FF complex
FF real P
Vector current, two form factors (F 1 and Fz)
= v K AN i iqr
M= et(p))[F1(¢°) v+ 5 F2(q7)iouwq” Ju(p)e™
2M
Dirac Pauli
Fl(?=0)=1 Y(*) =1
Fi'(g> =0) =0 Fig®) =1
Sachs _
K Gu = Fy + KF.
G£=F1+4MQFZ v = I+ KE2
Ge(4M2) = Gy (4M?2
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There have been many measurements of the proton form factors in the s
like region. AtJLal the proton factor ratio was measured precisely with ar
uncertainty of~1%, based on which the proton electronic and magnetic rac
could be extracted.

105

Earlier measurements
Punjabl et al,
Crawiford et a, Sick
Paolone st al,

Hon et al, (uodate)

JLab
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de Melo et al.
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Bernauer et al.
JLab i
RN CODATA H—t—H
Pohlet al. *
—————— Friedrich & Walcher fif ~ | | | R I
L Upds b .1 . 0.82 0.84 0.86 0.88 0.90
0.4 0.6 0.8 Proton charge radius [fm]
Q’ [GeV/c}
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Only two experiments measured
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How to measure TL Nucleon em FFs

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

Gu(@®| [(1 +cos’6) +R_ 2 Lsine

em T

dG 2
10 (g°,0)

= Ge(a%) / Gy(@?) | T = 4m*/q*
g? : 4-momentum transferred by the virtual photon
d : polar angle of nucleon at the CM

We need to collect data at different as of the collider and fit with:
f(cosd) = Norm -[tau (1+cos?d ¥ R, -(1-cos?d )

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

_(ql g) = QJ'BC [(1 + cos? E) |GM(42)|2 + %s.in2 9|GE(q2)|2

A/
|G| is supressed at high s by 1/s !!
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Proton Form Factors fro2012 test ruBES]]I

Phys. Rev. D 9112004 (201b

Analysis Features E../GeV L./ pb
ARadiativecorrections from Phokhara8.0 (scan) 2.23 2.6
ANormalization toe*e - e*e, ete- 4 1 240 34
(BABAYAGA 3.5) 280 3.8
AEfficiencie$0% (2.235eV .... 3% (~GeV) 505 505, 508 0!
0\ e 970 3.40, 3.50, 3.54, 3.56 23.3
Al GJG,, | ratio obtained for 3 c.m. energies 3.60. 3.65, 3.67 63.0
— I | L L L L L L e - I ! ! ' ! | ' ' ! ' |
% . + o BESII @E 1.8;— o BESII -
g L v | S s
= 107 F +4 T C _J PS170 ]
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&/ Proton FFexpectation fron2015 dataBES]]I

Based on the new 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
U | cR/IRgyl ~ 9% - 35% Will top BaBar result

u| @G, ~3%-9% [— First time extraction without any assumption!
U | 3G ~ 9% - 35%
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form factors

Two measurements: Fenice with 74 e*e" Y Inevents and recently SND

FENICE: Assumption G, = 0,
motivated by angular distributions
of nl events;

Result from FENICE
Nucl.Phys.B517,3(1998);

Confirmed by SND (two years a
eCONF110613(11);

081

*;'B, 50.7; No Coulomb * FENICE
8 F correction —
E 0.6:— — _.acextr. from GM .
S st (N e 1G5 (a) - Qg /Qul Goal: extract em form factors and ratio
S odt ||N for the first time with an uncertainty
ERCEI as similar as possible to the proton case
< 0.22—
0.15— e
i I3|5 -14 4.5I .; 5.‘5 tIS
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