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BESIII detector
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EMCAL: Csl crystal
AE/E =2.5% @1 GeV
6,,=0.5~0.7 cm/NE

Data Acquisition:
Event rate = 3 kHz
Throughput ~ 50 MB/s

o1 = 90 ps Barrel
110->80ps Endcap

Muon ID: 8~9 layer RPC
ore—=1.4 cm~1.7 cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 us

Hermetic spectrometer for neutral and charged particle

with excellent resolution, PID, and large coverage
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Baryon form factors at BESI ||



Proton form factor
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FFs are real FFs are complex
0 4M? q2

® Hadron vertex are described by Dirac FF (F,) & Pauli FF (F,)
L@, ) = vuF1(q®) + %Fz(qz)

® Sachs FFs: electric Gg and magnetic G,,

Ge(q?) = F,(q®) + e, (7)) = @ _ %2 _

= Kn= = U — |
Gu(q*) = F1(q%) + Ksz(qz) 4mg’ P 2 Hp 1

® G & G, : spatial distribution of charge and magnetization,

charge density distribution p(7) = [ £2e-id7 25 G2 (@) 5
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Proton form factor
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Energy scan method Initial state radiation (ISR) method
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® Differential cross section B=/1-4M>/s
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® Coulomb correction C: subtle and *= DM
important near threshold fjj: B ngg_m#_
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® Effective FF, assume |G¢| = |G,v,|
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® Steep rise toward threshold
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® Ratio R=|G./G,,|: disagreement between
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PS170 & Babar/CMD-3
v Poor precision

v Limited energy points

Form factor

® Rapid decrease
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Proton G & G, @ energy scan

® Proton Gg & G,, with 12 scan points between 2.22 and 3.71GeV
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Nops: Observed e*e’ -> pp event number g -qnqjstent with previous results
Npyq: background event number

L: luminosity: : detection efficiency: @ Compared with Babar results,
(1+8): radiative correction uncertainty improved by ~30%
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Proton R=|G¢/G),|@ energy scan

120111 60:---|-'-|"'|'"|"'|"'|"'|"':
wof  2232GeV @ 1 F 2400GeV ®
ot S g
60F — 15 sof 1 3
C 1 E F 1 E
401 4 2 20f 1 2
C ] L E ] L
20p e ¥ o - ]
8 06 04 020002 04 06 08 0806 04 02 00 02 04 06 08
COSﬁp CGSBD
_4dN  _ 2 2 1.2 ]
dcosoy — l(l + cos Bp) + R —sin 0p
2.0 T
18F
16 F
/5 (MeV) Gy (x1072) . };:J+++
(U] =
Fit on cos @, E“J ;'gi
22324 18.42 + 5.09 4 0.98 otd
2400.0 11.30 £4.73 + 1.53 04F
(3050.0, 3080.0) 361 £1.71 +£0.82 02F
0.0
2.0

B e

60F
50
a0f .

(3.050-3.080)

Ge@ _

30F
20F
10E

0'|||||||||
-0.8 -0.6 -0.4 -0.2

P
-0.0 0
COSBD

2 04 06 08

]

T T T
= BESIII

= HaBar
PS170

-

PRD 91 (2015) 112004

22 24

2.6

28

2
M, (GeVi/c?)

3.0 l()



Proton G & G, @ ISR method

® use e*e ->1v,sgr pp With tagged photon

E. (GeV) 3.773 | 4.009 | 4.230 | 4.260 | 4.360 | 4.420 | 4.600
Taking time | 2010-2011 | 2011 2013 2013 2013 2014 2014
Lumi. (pb?) | 2917.00 |481.96|1047.34 | 825.67 | 539.84 | 1028.89 | 566.93
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Baryon pair production
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® Cross section around threshold
v' Charged baryon
v Neutral baryon

® G & G,, form factor
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® First measurement of A, FFs
® \ery close to threshold ~1.6MeV
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® Coulomb correction C ?
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ete- — AA
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® Non-zero behavior around threshold
® Consistent with previous results, improved by 10%
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Prospects: new energy scan 2015

® BESII 2015 ® BESII 2014
* BESII 2012 *  BESII 2011
SND (2011 + 2012) —=— BES (1999 + 2004)
FENICE (1991 + 1993) —=— DM2 (1984)
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® Energy scan between 2 and 3.08GeV (552pb)
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Collins effect at BESI ||



Spin-dependent Fragmentation

[ r PLB396 (1993) 161

= 2 (IA( X PhJ_) ' Sq
(“’PII_L) 31,\111

® D,: unpolarized fragmentation function (FF)
® H,: Collins FF
v" Describes fragmentation of a transversely
polarized quark into a spinless hadron h
v" Depend on z=2E,/+/s, and P,
v Leads to an azimuthal modulation of
hadrons around quark momentum




Collins FF: Global analysis

® University of Collins FF

ee
SIDIS
Q2
1-10 GeV? 25 GeV? 100 GeV?2

® Q2 evolution of TMD FFs
v' BEPCII: Q4similar of SIDIS

v’ e*e” annihilation process at different |

energy with respect to B factories
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Collins FF at BESIII

7.
'

Q2

1-10 GeV? 25 GeV? 100 GeV?

® Jet structure at BESIII is not clear, can not reconstruct
thrust axis correctly.
v ete - i+ X: 0_.>120°, back-to-back pion
® Difficult to suppress backgrounds with on-resonance
datasets, prefer off-resonance data in continuum region
v 62 pbt @ 3.65GeV, below open charm threshold

PRL 116 (2016) 042001 19
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efee—-mm+ X

N(2¢o)
<No>

v N(2¢y): di-pion yield in each 2¢, subdivision
v’ < Ny >: averaged bin content

® Normalized ratio R=

_ P(h) [/ A
v RY: unlike sign (r*x ™) _ \ed// N
. - Kz SN
v’ Rt like sign (m*m®) NAN /
] ] S
v RC: all pion pair X

® Double ratio: reduce acceptance and radiation effect

RU o SiIl2 92 f(HlL(Zl)HlL(ZQ)/A’ILJ\/fz) o UL(UC)
RLO) — Lt cos(2n) = 1 + cos? 64 D1 (21)D1(22) = s 4
Fit RY AYYUCmainly contains Collins effect

= Acos(2¢9) + B

function E“© B should be consistent with unity
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® MC data (without Collins FF): AYYUC are consistent with zero
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Compare with theory
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Compare with other experiments
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Summary

® Rich program on baryon form factor at BESII|I
v Proton FFs are studied by energy scan and ISR methods
v" First measurement of A FFs, very close to threshold
v Non-zero behavior around threshold for AA
® Collins asymmetry @ 3.65GeV
v' Clear non-zero asymmetry
v' Larger that that of Babar and Belle
v' Comparable to theoretical predictions
vete -Knt+ X;etee > nnd/n + X; ete - KK+ X: plan



TABLE I. Results of Ayr, and Aye in each (z1,22) and p; bin. The uncertainties are statistical and systematic, respectively.

Collins FF at BESII|I

-9
sin2g .
The averages (z;), (p:) and _Q_QL(I:::;% ”&q} are also given.

(51[]2 o)

21 &> 2o (z1) (z2) (pe) (GeV) e Aur (%) Avc(%)
[0.2,0.3][0.2, 0.3 0.245 0.245 0.262 0.589 1.28 £ 0.93 £+ 1.38 0.50 £ 0.32 £ 0.60
[0.2,0.3][0.3,0.5] 0.311 0.311 0.329 0.576 240 £ 0.74 £ 1.08 0.67 £ 0.27 £ 0.72
[0.2,0.3][0.5, 0.9] 0.428 0.426 0.444 0.572 2.81 = 1.44 + 1.10 1.36 £+ 0.54 + 0.64
[0.3_, 0.5] [0.3_, 0.5] 0.379 0.379 0.388 0.563 3.69 = 1.07 + 1.65 1.17 £+ 0.39 + 0.62
[0.3_, 0.5] [0.5_, 0.9] 0.498 0.499 0.479 0.564 518 = 1.32 &+ 1.08 217 = 0.47 + 0.65
[0.5,0.9][0.5,0.9] 0.625 0.628 0.499 0.570 18.24 + 3.19 = 1.36 6.37 £ 0.99 + 0.82

pe (GeV) 0 (GV) (en) =) s Ao (%) oo (%)

[0.00, 0.20] 0.133 0.291 0.348 0.574 1.22 £ 1.02 £ 0.48 0.44 £+ 0.36 £ 0.20
[0.20,0.30] 0.253 0.285 0.344 0.579 2.79 £ 0.89 £ 0.93 1.00 £ 0.32 £ 0.34
[0.30, 0.45] 0.405 0.327 0.346 0.570 241 £ 0.79 £ 0.43 0.90 £+ 0.26 £+ 0.43
[0.45, 0.80] 0.610 0.453 0.349 0.571 5.16 £ 0.95 £+ 0.87 211 £ 0.41 £ 0.27
[0.80, 1.40] 0.923 0.646 0.334 0.584 9.13 &+ 2.74 + 1.52 3.50 &+ 0.98 + 1.37
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