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Something About Me First

B Background
» Born in Dec. 1988, in Jiangsu Province
» Got a Bachelor’s degree in July 2010, in USTC
» Being a graduate student since Sep. 2010, in USTC
» Join BESIII collaboration since 2011

B Research on BESIII

> First observation of J/\y—ppay(980), a,(980) — n%n, published in
Phys. Rev. D

» Measurement of the proton form factor by studying e*e™ — pp,
submitted to Phys. Rev. D

> Cross section measurement of e*e~™ — AA near threshold, under
internal review, draft preparing

> Cross section measurement of ete™ — AFAZ near threshold,
under internal review

> Cross section measurement of e*e™ — n*ny(3686), under internal
review
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B Academic activities

» 2011.10.07-10.21, Third France-Asia Particle Physics School
(FAPPS11), in Les Houches, France
» 2013.10.07-12.07, academic communication in INFN, Italy
» 2014.06.22-06.27, gave two posters on OCPAS, in Singapore
» 2015.05.25-05.28, will give a talk “Proton pair production cross
sections at BESIII” on NSTAR2015, in Japan
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Introduction

MEvidence of the nucleons are not point-like particles

B The anomalous magnetic moment
» Point-like proton and neutron have magnetic moment of p, and 0

» The measured magnetic moment of proton and neutron are 2.79,
and -1.91p,

M E|astic scattering of electron and proton

T T T
\ ELECTRON SCATTERING
10 FROM HYDROGEN —

» Theoretically, differential cross section is: X (168 MEV LAB)
do _(do 2 6 )

» In experiment, scattering of 188 MeV electron

B 3 (ANOMALOUS)
- ; . ) N CURVE —
with hydrogen target, differential cross section ! \
. . . a X
shows inconsistence with (a), (b), (c) worT CRVE—| "N
EXPERIMENTAL CURVE\\%\J\

» The deviation represents the effect of a >
form factor (FF) for the proton. oI

10732 I
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LABORATORY ANGLE OF SCATTERING (IN DEGREES)

s}
1
o

CROSS SECTION IN CM%/STERAD
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Nucleon Electromagnetic FFs

B Nucleon Electromagnetic FFs (NEFFs) are among the most basic observables of
the nucleon, and intimately related to its internal structure and dynamics.

B NEFFs are semi-empirical formula in effective quantum field theories which help
describe the spatial distributions of electric charge and current.

M The FFs constitute a rigorous test for the phenomenological models which consist
fundamental elements in QCD.

M Models that reproduce proton and neutron, electric and magnetic form factors in
space-like and time-like regions

Vector Meson Dominance (VMD) based models |
R. Bijker and F. Iachello, Phys. Rev. € 69, 068201 (2004).

Perturbative QCD prediction

S. J. Brodsky and 6. R. Farrar, Phy. Rev. D 11,1309 (1975). |
B Successful models in recent years

Chiral field theory
J. Haidenbauer, X.-W. Kang, U.-G, Meipner, Nucl. Phys. A 929, 102 (2014).

Lattice gauge theory
B.~Jager, et al, Pos LATTICE 2013, 272 (2014).
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Nucleon Electromagnetic FFs

B The FFs are measured in space-like (SL) region or time-like (TL) region.
The proton electromagnetic vertex I', describing the hadron current

- -
" (' 1 P'=E', 1
£ 3, =00 p)p> Ee k) (EpP)

P,=(E,.P) P =E, P)

— P 1 — ' _>l
k,~(E_K) K=, K)

k,~E_¥) P,=E,B)

lO'qu

> T, p) = v Fi(g?) + F(q%) » =2
p
> Gg(q*) = F1(¢%) +TKpF2(q2) > At qz 0,

2\ _ 2 2 proton: F;=F,=1 G¢=1, G\=p,
> Gu(q”) = F1(q%) + kpF2(q%) neutron: F,=0, F,=1, Gu=l, Grompt

B G_ and G,, can be interpreted as Fourier transforms of spatial distributions
of charge and magnetization of nucleon in the Breit frame

e p() = [ £Lemi87 G (3?)
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NEFFs in Space-like region

B Nucleon Electromagnetic FFs (NEFF) in Space-like region

B Unpolarized electron-proton elastic 0 AN
> In one-photon exchange approximation, 12 ! 5
do  ,do 2 T2y 1 . 1 . Ul.OW W9 v 71
90— & Gz +-G3)—, &= IS NP L YERRY. Tk
1 = (GoMottGE + 2 Gm) T 2ot Uﬁ;gz 'y H E # ¢ |
the longitudinal polarization of photon. o4t by +

A _E~2 2 0.2 F -
» Rosenbluth Separation: og = -Gg + Gy 00 bt

2 3 4 5 6
Q% [GeV?Z]
. . . Solid circle: recoil polarization
M Polarized electron-proton elastic scattering Open circle: Rosenbluth separatior

» Longitudinally polarized electron beam
» Recoil proton polarization:

0 1

G Pt Ee+E 0
>_E___t e beamtan_

GMm Py ZMp p 2 ] P
® The two-photon exchange contribution y v
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NEFFs in Time-like region

B NEFF in Time-like region
» In one- photon exchange approximation

d C
dco:9 - B [IGm|*(1 + cos? Gp)+ |GE|251nze ]

. . 4
» velocity of proton ine*e- c.m. system, = |1 — My

S

B Sommerfeld enhancement and resummatlon factors:
» Coulomb factor, C, for S-wave only y

24f
22F
20F
1.8F

Coulomb factor

> Step at threshold: Lok
C = O(_, 1.2; \_
B B 1.9 2.0 2.1
do _ m?a’® : ' ;

2 2 1 Go126in2 M,, (GeV)
deosty, 257 [IGm|*(1 + cos” 8) + —|Gg|“sin“Bp]
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NEFFs in Time-like region

HMPrevious experimental results from scan method and ISR method:

Process Date Experiment g (GeV3/dh) ¢ point Event Precision
ete” — pp 1972  FENICE/ADONE [17] 4.3 1 27 15%
1979  DMI/ORSAY-DCI [18] 3.75-4.56 4 70 25.0%
1983 DMZ/ORSAY-DCI1 [19] 4.0-5.0 6 100 19.6%
1998 FENICE/ADONE [20] 3.6-5.9 5 76 19.3%
I 2005 BES/BEPC [21] 4.0-9.4 10 80 21.2% I
2006 CLEO/ [22] 13.48 1 16 33.3%
pTpT —ete” 1976 PS135/CERN [24] 3.52 1 29 15.7%
| 1994 PS170/CERN [25] 3.52-4.18 9 3667 6.1% |
1993 E760/Fermi [26] 8.9-13.0 3 29 33.8% .
1999 E835/Fermi [27] 8.84-18.4 6 144 10.3%
2003 E835/Fermi [28 11.63-18.22 4 66 21.1%

ete” —v+pp 2006 BaBar/SLAC-PEPII [30] 3.57-19.1 38 3261 9.8%
2013 BaBar/SLAC-PEPII [31] 3.57-19.1 38 6866 6.7%
2013 BaBar/SLAC-PEPII [32] 0.61-36.0 8 140 18.4%
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NEFFs in Time-like region

m Still questions left on the proton FFs oS .
> Steep rise toward threshold g ;o ;
> Two rapid decreases of the FF near 2.25 ‘g Zz: +\l/ o ;
and 3.0 GeV S .l \l/ g
» The asymptotic values for SL and TL FFs -
should be identical at high energies, while O Gevidy
G, Is larger than SL quantities
(i.e. at |q|=3.082 GeV?, |G |=0.031, and |G |=0.011) e

BElectromagnetic FF ratio 1op cooe ]
> Poor precision (11%, 43%) and limited energy — 1;‘2‘52%'+JT + | |PS”° ;
range (1.92, 2.7) GeV S ook | | E
> disagreement of |G./Gy,| ratio between PS170 o4t E
and BaBar S 3

2.0 2.2 2.4 2.6 2.8 3.0
M, (GeV/c?)
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NN Production Threshold

B NN production threshold 1000

UL |+'_ L LR |
> At threshold, [G|=IG|=[G.q] geor T :
» The total cross section becomes: S 600F t . .
2C 1 EE ]
h= :fifﬂ [1 + ;] |Getr(a*)17=0o0int (a2 Gegr () |2 & 400 Ty
24 i i
» The point-like cross sections for proton at threshold: 8 200} +y
> 6P (4m2) =% = 0.848 nb of :
o_ . m - — U. n PP B SRR S SR
pointt =R/ 2mg 18 19 20 21 22 23

Mpﬁ(GeV/cz)

B The steep slope at pp has been explained by:

» pp final-state interaction acting near the threshold (i.e. ]/ = ypp)
» a narrow meson resonance below the threshold (phys. Lett. B 643, 29 (2006))
> |G 4m2 |~1 (Eur. Phys. J. A 39, 315 (2009))

_ T ~ 800m T
= 10t I _ -g. C = NO-COULOMB corr. 3
2 C i = TO0F — (couLOMBeorr)+(G, =) =
C ] © E E
e} i —Tor=T 1 600 F- - Belle data
i — IGI““:I & R->R, 500 E_
| —=&— Babar E
i -——— Threshold J 400
300 E—
3l _ C
10 I —2__o 00 0 ———0— ] 200 :_
1 — E
| 100F
T SR TR O- A T IR B
1.9 2.0 21 4550 4600 4650 4700
Eew (GeV) M, - (MeV/c)
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Beijing Electron Positron Collider

1E,.. :1.0-2.3GeV
og: 5.16X10*
:  0.85X10%

cm2s1 @3770

b
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Beijing Electron Positron Collider

M Data taken in BEPCII till July 2014:

Taking data Total Num. / Lum. Taking time

J/W 225+1086 M 2009+2012
W(2S) 106+350 M 2009+2012
W(3770) 2916 pb~! 2010~2011
T scan 24 pb~1 2011
Y (4260)/Y (4230)/Y (4360)/scan 806/1054/523/488 pb~1 2012~2013
4600/4470/4530/4575/4420 506/100/100/42/993 pb~1 2014
J /W line-shape scan 100 pb~? 2012
R scan (2.23, 3.40) GeV 12 pb~1 2012
R scan (3.85, 4.59) GeV 795 pb~1 2013~2014

The red color marks the data sets used in my research topics.
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BEijing Spectrometer (BESIII)

T m A% % (MDC)
Small cell, 43 layer

Gas He/C,H,=40/60
G,,=130 um, dE/dx~6%
oc./p =0.5% at 1 GeV

Sk 1.0 Tesla

|

Barrel: 9 layers
Endcaps: 8 layers

AT [A]THEES (TOF)
Plastic scintillator
or(barrel): 80 ps
cr(endcap): 110 ps

B EREA (EMC)

i

||||||| Resistive plate chamber
i

o MG SRR
Sl o . :1.48 cm

CsI(TI): L=28 cm (15X,)
Energy range: 0.02-2GeV

Barrel s¢ 2.5%, s,6mm
Endcap sg 5.0%, s,9mm
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Reconstruction of eTe™ — pp

'{; 50 :_ ° __

BEvent selection § “f
W Good charged tracks o wp ) ;

>Ryl <1lcm,|R,|<10cm 20 . .

> |COS@| <0.93 10;— :
M Particle identification ..

» dE/dx + Tof

» Prob(p) > Prob(K/ )

» For proton track, require E/p <0.5,c0os0<0.8 =
B Ny, =2 &N, =N; =1 : |
N |t0fp't0f§| < 4 ns 10070 172 '1;/{(;’;:;3' 178 180
B Two tracks angle > 179°

300

B Momentum window cut for proton and anti-proton

Events / (3.0 MeV/c)
N
8

1 1]
0.55 0.60 0.65 0.70
pp - (GeVl/c)
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Measurement of Proton Form Factors

Nobs_kag
L-e-(1+6)
» N,ps: the observed number of signal in data
» Nykg: the number of background evaluated from MC
» L: the integral luminosity
» €. detection efficiency by MC sample, with Conexc generator
» (1+0): radiative correction factor

B ogon=

L —

=) I I I I I I I I =) 3 ! ' 4 I ' ! ! I
2 : * BESII 2 10 *ﬁ * BESII
: 500:'— ¢ BABAR — : 102 ﬁ% %% ¢ BABAR
S : o BESI ] 2 0 o BESI
© 400 # * FENICE - ° 10 * FENICE
2 ¥ * CLEO ] 2 ( * CLEO
2 300 5 E760 3 @ - & E760
e F o E835 3 S 1" v o E835
O 200F - o

i %.4, . ] 107 |

100 - *v‘-F' L. - 10? —
; gl ;
(1] = I P B A s o o = 10% ] . ) ) ] ) . .
22 24 26 28 30 32 34 36 2 4 6
Mpﬁ(GeV/ ) Mpﬁ(GeV/ ()
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Extraction of the effective FF

mEffective FF
» Assuming |Gg|=|Gy|=|G.|, (which holds at pp mass threshold)

Ta

o= [1 + | 1Gegrl?

2
3mpt

> After taking natural units: 1m = 5.0677x 101> GeV~1

Form factor

0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

OBorn
Gefr = 5

2m
86.83 -%(1 + Tp)

et 1 U T T T T T T ™3
E_' § C % e BESII N
] S g .
3 E - # FENICE 3
3 =] - %x CLEO
3 ++ H= 1072 g B & ET760 =
3 + F Nt O E835 3
3 107 F I
E_I PRI T T TN T NN T T NN TN TN T T U T N N N P 10?4 1 1
22 24 26 28 3.0 32 34 36 2 4 6

M _(GeV/c) M _(GeV/c?)
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Extraction of electromagnetic |G¢/G,,| ratio

W Angular analysis to extract the em FFs:
d 2 1 .,
>£(q2) = O;—f |Gp () |2 [(1 + cos?8,) + R%m;smzep]

» Rem = GE(qz)/GM(qZ)
»  0: polar angle of proton of baryon at the c.m.system

B Fit function:

dN . [ 2 2 1 . 9
deosty Nnorm _(1 + cos E)p) + Rem;sm E)p]
2ma?BL [ m3 i .
> Nporm = 4—56 1.94 + 5.04TpR2] Gy (s)? is the overall normalization

60 70¢
s0f 60F

S S S OB

= = 30 e~ = 40 : o

2 2 £ 30f

o Q@ 20f o E

1T} 1] : o 20
°F. 10F
9087706 70.4 7202 70.0 0.2 0.4 06 0.8 0087906 704 702 700 02 04 086 08

cos0, cos@, cos0,
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Extraction of electromagnetic |G;/G,,| ratio

B Method of Moment

» Given a probability density function f(x|0) with unknown parameters 6, the
r-th algebraic moment of the population is defined by:

u-(0) = f x" f(x|0)dx
Q
» An estimation of p.(6) is the arithmetic mean of the r-th power of the

observation x;
IO
0) = — !
Hr(8) = — E X

» Second Moment of cos,. (cos?6,) = N; [ cos?6, j—gdcosep

norm

» The estimator of (cos26,): (cos?6,) = cos?6,, = %Z%\Ll cos*0, /€

» Extract |Gg/Gy| ratio: R = \/ s__ (cos?6p)-0.243

2
4m3 0.108—0.648(cos?0))

» Uncertainty of <C0329p>: O(cos?6,) = \/ﬁ [(COS49p> — (coszep)]
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Extraction of electromagnetic |G;/G,,| ratio

HmResults on |G¢/G,,| ratio:

2.0 1T
Vs (MeV) Ge/Gum| G| (x1072) x*/ndf  18F soem
Fit on cos Qp 1 6;_ + PS170 _;
9232.4 08740244005 184245004008 104 __ 1;‘:% ‘{*+ | | 3
2400.0 0.01+038+£0.12 11.30+473£153 074 O F L E
(3050.0, 3080.0)  0.95+0.45+021 361+1.714+082 061 O g8k ‘ | | E
method of moment 0.6F =
9232.4 0.83 & 0.24 18.60 = 5.38 ] 0.4f 3
9400.0 0.85 & 0.37 11.52 + 5.01 _ 83“

(3050.0, 3080.0) 0.88 = 0.46 3.34 4 1.72 - T 20 22 24 26 28 30

M (GeVic?)
mConclusion:

» The Born cross sections and effective FFs are in good agreement with
previous experiments, improving the overall uncertainty by ~30%.

» The measured |Gg /G| ratio are close to unity (indicates |Gg| = |Gy|)
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Measurement of ete~™ — AA at threshold

M Data set at +/s = 2232.4 MeV, which is 1.0 MeV above AA threshold

M Typical event display
> Reconstruction of A - pn~, A - prt

two low momentum tracks are pions.
no proton information left, anti-proton annihilation will produce high momentum

tracks
» Reconstruction of A —» nm®

at most two track in detector
angle between anti-neutron and pion0 is larger than 14Q°
A - pn,A- prt A - pn,A - nn’

BesDis
Run 728543 Run
4 Event 1681518 e lr_ s/,
50— P

XY Vi

Measurement of ete™ - AA
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Reconstruction of A = pnt™,A - prtt

B Extraction of signal events

B Fit the distribution of the largest V,
» Signal described by the MC shape
» Background described by the sideband of 7 momentum.
> Yields: 4347, detection efficiency: 20.1%

Events /(0.2cm)

=l ....rl-:.‘: sl Lt .J:L.F
2 25 3 35 4 45 5
vr distribution (cm)

e,
o1y,

0% "05 1 15
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Reconstruction of A » nm’

m BDT choices

TMVA overtraining check for classifier: BDT \

‘ TMVA
> To separate the signal from hige background £ ™[ ssasem " " T sera anngvimsii *

» Y2 of MC and background for training
» Minimum leaf size = 400 events

» Maximum tree depth = 3 |
> AdaBoost parameter p=0.5 bl e
» Signal leaf if purity > 0.5 o S e

B BDT output

UIo?iow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

~ 16 il ' " 1 " " " 1 " " " 1 " " " 1 =
. - Mgauss = 20.0020£ 0.0018 |}
g T T 2 14 | ig =0.0024 + 0.0030 [
g 10° — data _§I ; . sigma,, . = 0. 10, '
g signal MC 3 E 12F fisig= 21.8+£ 6.4
E - separated beam bkg il C P xz/ Bin = 0.42
= 2 - > 10 e
g 10 qq background = | m L
= ha 3 8F
10 = 6F
; af
1 T H
N - . 0'_ 1 1 1 B o | P
?20.2 0.0 0.2 0.4 0.06 0.10 0.12 0.14
boosted decision tree output Momentum _, (GeV/c)
T
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Measurement of eTe™ — AA

B Cross section and effective FF

@ 2232.4 MeV
A - pn,A - prt 325+ 53 + 46
A - nm® 300+ 100 + 40
Combined 320 + 58 63.4+5.7
— Neoio—N
> (ete™ - AA) = slg Dbkg

L-g:(148)-Br(A—>pm~)-Br(A—>pm7)

» Assuming |Gg| = |Gy | = |G| (as proton FF case)

Vs (GeV)
2.40 133 £ 20+ 19 12.93 £ 0.97 £ 0.92
2.80 153+ 54+2.0 4.16 £ 0.73 £ 0.27
3.08 39+£1.14+£05 2.21+0.31+0.14
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Measurement of ete™ —» AA

S ! | ! ' ' ' I ' ' ! ' 1 ! E h 1 E' ! ! | ! ! ! ! | ! ! ! ! | !
2 350F = BESIII 3 = F = BESIII

s - L

2 300;— x BaBar — % I +*++ « BaBar

3 250F DM2 ; & 'yt .
2 200f + 3 = + :
bl 5 - T’

S F 3 i '

S 150 + - N I

S0 ~+ E ; ;
o

1 P T TR SR R i
2.5 3.0 3.5 b o 1

2.5 3.0 3.5 I
M, ; (GeV/c) M (GeV/c)

B The cross section of ete™ — AA shows a sudden rise near threshold

The results are consistent with BaBar experiment at high c.m.energies

M The precision of the cross section is between 18.1% and 33.3%, while results from
BaBar experiment is 32.2% and 100.0%

B The uncertainty is dominant by statistics. The dominant systematic source is the
angular distribution of A
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Measurement of ete™ - AA

M Discussions on the non-zero cross section 320 + 58 pb at threshold:

Theory prediction for neutral baryons

_2no? Neutral baryon non-zero cross section at threshold?

Opar = W2 BGgﬁ(Wz)

Coulomb interaction at quark level!
Cross section vanishes as the velocity

B = (1 _ 4MA2/W2)1/2 Na'l've eXpectaﬁon R. Baldini and S. Pacetti
o LM e e el T ]
when: W2 — 4MA2° ¢ UMMA )_0(4Mp )M;\Z eu2+euz+ed2 =400 pb aor ¢ BABAR i
* * BESII (?)
o E ) TR I s @ R_=[(exp(maq/B,,)-1)12 - (1-exp(-maq/B,.) /2 wl [ (400 pb)#R,+B,#Pqcp |
° = oo : ;
E Expected with ) - o
801 no correction + * = A case . £
: T . @ Cross section at threshold = 400 pb ok
60._ - —
. + + ! @ o(AA) = 200 pb, 10~20 MeV above _
401 +* 3 threshold 100 L. I |
8 g T . 225 23 235 24
20F { + + . = spike in the cross section W (GeV)
" Al 1 1
2230 2232 2234
R. Baldini and S. Pacetti WM(GGV)
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Measurement of ete™ = AT AL near
threshold

B Tag A{ with its multiple decay modes:

Af » pTntK~
Af -5 pTKOK? - ntn™
Af > AT, A - ptrr”
A 5 p™ntK nl n® - yy
A 5> pTKIn% K? - P, ¥ - yy
Af - AntnO, A - pto, 0 - yy
Af > p*Kintn , K? - nfn

Af > Attt , A - pTn™
A 520t 20 5 Ay, A > ptr

Af 5Tt 2t - ptn

Sum

1
(0.46+ 0.04)*50%*69.2%
(0.21+ 0.02)*63.9%
(0.66+ 0.12)
(0.65+ 0.08)*50%*69.2%
(0.72+ 0.18)*63.9%
(0.51+ 0.06)*50%*69.2%
(0.53+ 0.03)*63.9%
(0.20+ 0.04)*63.9%
(0.7240.07)*51.6%

2015/5/11 Measurement of ete™ » AFAL

(6.8440.36)%
(1.09+0.11)%
(0.92+0.10)%
(4.51+0.85)%
(1.54+0.21)%
(3.15+0.80)%
(1.21+0.16)%
(2.3240.18)%
(0.87+0.18%

(2.54+0.28)%
(24.99+1.32)%



Measurement of ete™ — AT A7 near
threshold

@ Fit results at /s = 4600.0 MeV for each mode:

A RooPlot of "x" A RooPlot of "x"

= -
F [ nbkg= 235+ 18 -~
%“"’; nsig = 3041+ 66 & [ [nbkg= 386:73 g 180 [nbkg= 86+ 12
Ezm; o+ Ezso} nsig = 54124 21“; nsig= 303+ 19
5 - I r £ 140 | po=70.703 0.28
oo A P T K %zm; A+ N p+K0 & 120
800 Yor ¢ $ 100 A+ d A1T+
= 150 = C
600— F no;
avo- 100— W?
C r 40—
zoo;f so b
B I T N S e a2 266 a6 586 25 b T B 5385 55 5 0es B ey aavs Soe 7205 52 2205 23
M, (GeV/c®) 235 27 2.275 2.28 2.285 2.20 z(zéisw g)s Myc(GeVic?)
& [ [nbkgm 378x31 -~ & [ [nbkg= 873x29
%zso? nsig = 708+ 36 + E 7“; ::I?_' 1:351111 3120? ::I: ;oz;::::: e
gzoo; A;:I' N p+T[+K_T[0 E o AC ->p KS 1'[0 £ 100 | p1 = 70.0766: 0.076 0
& Foo S AT D AT
150? o 6o,
100 30F E
C E 40
F 20— F +
50— E 20—
.................. ol 4 J:F i AL“L E esssmssebeessznskseen 1oL
. _+ 255285226 2.265 2.27 2.275 228 2205 2.20 2295 2.3
Mg (GeVicY)
& [ [nbkg= 17317 « [ ~ -~
g r ko g 8 nbkg = 34.4+ 6.8 S bkg = 215+ 20
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Measurement of ete™ = AT AL near

threshold

B Cross section measurement:

Vs (MeV) Lumi. (pb?) B = \/1 — 4m?/s
4575.0 47.7 0.03
4580.0 8.5 0.05
4590.0 8.1 0.08
4600.0 567.6 0.10

3 1 —r 1 1 T T

T? 000k = BESIII

S °%F © BELLE E

S 400 3 + :

? 300 & } 3
S C

© 200 :_ ¥ + L] —

100 — I —

0 ;LI56. 158 260 262 '4.'64-

M, . (GeV/e)
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Measurement of ete™ = ATAC near
threshold

B AnNgular distribution

» Fitting Mg in different cos6 bin, with detection efficiency corrected.
> The anaular distribution is parameterized by 1 + acos?8.

N
o
o

x2 I ndf
Prob

N

[=]

o
I

]
w

100—

ok

50—

0.8947/8
0.9988

4575.0 MeV

™~

0 0.5

1
coso

x2 I ndf 2.446/8

200—

30001

2800—

2600—

3800 f

3600 f +
3400 f

3200 ;

4600.0 MeV

Prob 0.9642
§ p(1) . 209.2 + 13.73 o8 pO 3858 + 64.38
g p ?0.3686+ 0.1261 2 p1 ?0.2009+ 0.043
& o

» The differential cross section can be expressed as:

dO-Born (S) _ az BC

4
[|Gm(S)|%(1 + cos?0) +

2
mp

O““O.S““1

|Gg(s)|?sin?0] o< (1 + acos?0)

dQ S
G i s (MeV G-/G
> ‘—E‘ ratio can be calculated as: Vs (MeV) ICe/Cul
GMm 4575.0 1.47+40.22
4600.0 1.23+0.06
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Measurement of ete™ = ATA: near
threshold

M Discussion of the |G./G,,| results:
O Always postulated that in efe -> Baryon Antibaryon at threshold :

angular distribution is isotropic, due to FF analiticity
A, A, BESIII, ppBaBar, Expectation

O Outgoing Baryon spins antiparallel: Gz )
Outgoing Baryon spin parallel: Gy c
O Ge=Fo+Fo/T , ©=(2Mp)?/ Q2 l v 1
Gy =Fy+Fp 1.5;
= 1:—"/
O do/dcosd =no?/(2Mg2) BCo [ |1Gml?2 (1+cos6?) + t |Ge|? sind? ]
D wave contribution ? T TS T 5

O P=1 ->L=0,2

O S and D wave form factors

(differences about vt in the literature, not affecting angular distr.):
VG =Gs - 2 Gp
Gy =G+ Gp
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Measurement of ete™ = ATAC near
threshold

BmFitting of the line-shape — test of a hypothesis on threshold
W The function of non-resonant contribution can be parameterized as

4 ZCB 1 _ 1 .G
NonR = 2= |Gl + 5 [GelP1=A1 Gy 21 + 3= (05)?]

3m?2

B The Coulomb factorC = ¢-R
> &= %a IS the enhancement factor

> R is the resummation factor
* In the conventional prediction: R = 11;5/5

* From the prediction by R. Baldini Ferroli, S. Pacetti

J1-52

Ry = 1 — e—Tas/B The coupling constants:
a=1/137

a.=0.5
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Measurement of ete™ = ATAC near
threshold

B Fitting of the line-shape: NonR = A|Gy|*[1 + 2—1T (g—E ’]
M

Ge
Gm

ratio has been extracted as:

4.575
4.6

1.47+0.22
1.23+0.06

B Assuming |G,,| Is a constant value from threshold to § = 0.1 GeV:

-
=3
o

o
=
]

£

300
250[-

200

150

100

0

22 I ndf 89.48/3

Prob 2.827¢719

po 0.5337 + 0.01166
PR S Y S (N (NS S S NN NSRS ST S N
4.575 4.58 4.585 4.59 4.595 4.6
\s (GeV)

Xsectlon (pb)

[
(=]
o

N
[
=]

N
[-]
o

-
[*]
(=]

-
[=
=]

ok

X2 ndf

4131/3

Prob 0.2476
po 1.073 + 0.02173
\\\\\\\\\\\\\\\\\\\\\\\\\\\\
4.575 4.58 4.585 4.59 4.595 4.6
(GeV)

B Using the traditional R to fit line-shape, the fit status is bad

B Using the updated R, to fit line-shape, the fit status is good, |G,,| is 1.07+0.02.
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Observation of ] /{ — ppay(980)

B Chiral Perturbative Theory (ChPT):

> It is an effective field theory which deals with mesons and baryons
» At low energy, the degrees of freedom are hadrons, due to the

confinement of quarks

» The effective Lagrangian is therefore expanded in powers of the external

momenta of hadrons

WA chiral unitary approach from ChPT is used to investigate Four-
body decays ]/ - NNMM with sufficient freedom in its

meson-meson amplitude

M The process ]/ — ppay(980) Is
sensitive to fix the parameters in
theoretical calculation

2015/5/11
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Observation of ] /{ — ppay(980)

B Yields:
» PDF: F(m) = fsiga(m)®[€(m) X T’(m)] + (1 — fsig)B(m)

> Flatté formula T(m): parameterize the a,(980) amplitudes coupling to =%n

and KK
1

(Mg, —m?)? + (Prongs non + PRIz kE)
» The two coupling constants

T(m) «

§ 500; —
SND 2111157 4,207 1491 = o ;
BNL 247 +0.76 1.67 +0.29 % E :
KLOE 2.82 + 0.05 2.15 + 0.08 2 j:: ]
CB 2.87 +0.11 2.09 +0.11 e TR
Average 2.83 + 0.05 2.11 + 0.06 b7 a0 Mor, (GeVIed)

> Br(J /Y - ppay(980) - ppn’n) = (6.8+ 1.2 +1.3) x 107°
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Summary

B The proton effective FFs are measured at 12 c.m.energies. The overall
uncertainty of cross sections is improved by about 30%. The | Gg/Gy|
ratio are extracted at three energy points, with uncertainty in 25% and
50% (dominant by statistics). Submitted to P. R. D.

B The cross section of ete™ — AA is firstly measured near threshold, to be
320 + 58 pb, which contradicts the standard theoretical prejudice. The
result at other three energy points are measured with uncertainty in
18.1% and 33.3%, Under internal review.

B The cross sections of ete™ — At A¢ are measured near threshold. The
|Gg /Gy | at 4.575 GeV is measured to be 1.47+0.22, while at threshold,
It is supposed to be unity if the S-wave dominants. Under internal review.

M The process J /1 — ppa,(980) — ppn’n is observed with a significance
of 6.5¢. The results provides a quantitative comparison with the chiral
unitary approach. Published in P. R. D.
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Prospect-|

B At BEPCII, a new scan with c.m. energy in 2.0 GeV and 3.1 GeV is
ongoing, which suggest following topics:

» Precision measurement of proton form factor
reveal two steps around 2.25 and 3.0 GeV, structures? fluctuation?
Improve the |Gg/Gy/| ratio uncertainty, Babar? PS170?

» Neutron form factor
explain spatial distributions due to isospin difference between p and n
a preliminary study at 2232.4 GeV yields 13 events with 2.0% efficiency

the efficiency would be improved significantly if the TOF information can be
used!

» Baryonic pair production near threshold
If this threshold effect universal for different baryonic pair
source: FSI effect ? corrections on FFs?

2015/5/11 Prospect




Prospect-l|

B From a series Monte Carlo study, we can predict the expected luminosity for a
determined | Gg/Gy| precision

B To achieve a 1.0% precision of | G /G| ratio, the expect luminosity is 1.6 fb~1
(about 690 days of data taken at BEPCII !)

M A future high luminosity factory will be very helpful for the accurate measurement

614 + 28 (data) 24 3.9 930 2.631
769 + 28 22 3.6 1165 3.295

1534 + 39 15 2.5 2324 6.573

3881 + 62 9.5 1.6 5880 16.630

7856 + 89 6.6 1.1 11903 33.662
23572 + 154 3.9 0.65 35715 101.004
31286 + 177 3.4 0.57 47403 134.058
156253 + 395 1.5 0.25 236747 669.533
389898 + 624 0.96 0.16 590755 1670.69
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Backups
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Measurement of Proton Form Factors

B 12 center-of-mass energies:

=
)
g
3
35
. . . ] E., (GeV)
M Back-to-back angle distribution:
10?
= = 10
S s
2 z
g 21 g 107
72 1072
10970 972 174 176 178 180 10970 172 174 176 178 180
epﬁ (deg.) epa (deg.)

B Dependence of resolution of momentum with c.m. energy:

s‘ 400

() —_ L

g §’ [ —+Data g

) o 300 —M

e = ; 2
= N o
< 200F s
~ L ~
g | 2
c r [ =
@ 100} o
@ : @

0_ ode.

35 0.55 0.|60 0.65 0.I70
Ecm(GeV) pp p (GeV/c)
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Reconstruction of eTe™ — pp

B Back-to-back angle distribution:

10° 10?
—4— Data —4— Data
= 10F —wmc = 10F —wMc
S | S
5 g
= c
g il i W
10?2 10?2 |‘,l|
10970 972 174 176 178 180 10970 172 174 176 178
E)pﬁ (deg.) 0 - (deg.)
B Dependence of resolution of momentum with c.m. energy:
¥2 I ndf 0.2298/9
S M ' ;Ob 05000+ 0.004599 400} gop-" "t .
1 B >
5 S 0o} !
QS [ o
< 200} e
2 [ P
[ B [ =
g 1ooE g
0 055 060 065 _ 070 0115 1.20 1.25 1.30
pp /5 (GeV/c) pp - (GeV/c)
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Background analysis

M Beam associated background: interaction between beam and beam pipe,
beam and residual gas and the Touschek effect.

M A special data sample, with separated beam condition, are used to study
such background.

M The physical background from the processes with two-body in the final
state, or with multi-body include pp in the final states.

Vs = 2232.4 MeV (2.63 pb™1) Vs = 3080.0 MeV (30.73 pb~1)
Bkg. |NMS (x10%) NMC o (nb) NME . NMOINMO (x10°) NMC o (nb) NME . NMC
ete” 9.6 0 143501 <096 0 39.9 1 756.86 <254 1
e 0.7 0 1741 <016 0 1.5 0 845 <042
Ay 1.9 0 7044 <024 0 4.5 0 3705 <062 0
nta~ 0.1 0 017 <001 0 0.1 0 <011 <002 0
KTK- 0.1 0 014 <0008 0 0.1 0 0093 <002 0
ppr? 0.1 0 <01 <0.006 0 0.1 0 <01 <007 0
pprtat 0.1 0 <01 <0006 0 0.1 0 <01 <007 0
AR 0.1 0 <04 <002 0 0.1 0 0.002 <0.001 0
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Systematic Uncertainty on oy,

W Tracking:
> Study from control sample J/{ — pprt™ ™ and y(3686) —
'] /Y - T pp
» Tracking efficiency: Nogoq=4/Ngood=3

) L"I"_'.'II"'*'J. @1'02E' L '|' R
51'003“““* ¢ @ 3 S 1.00 _‘I PR =
5 F ] SoosE . 4 @ & ® & 8 3
& 095F - = 0.96 ® 3
&= o 3 B UI0E =
= 090 e A Exclusive = %D 0.54 3 A Exclusive E
N - 2 0 E
085 @ Data = £ 090F4i ® Data -

: ] M o83 F-e 3

0.80 — 0.86 = 3
0.75F E 0.84 F 3

C . 0.82 =

i U R S S ST " Y B R |

0.70 03 ) L5 080 0.5 1.0 L5
Transverse Momentum/GeV (proton) Transverse Momentum/GeV(anti?proton)

= 10ef E 2 10 ' ' 3
= = = 2P = =
% 1.32_5_______ a2 4 __‘__ _ __& | l 3 :?: 1.2(2)_5____ _ o——o—-g ——&——-l-—— 1 __*__ I ® ]
% 0.98 E_ + LA 4 T 1 ‘ P 1 ] 0_5 E 0.98 E_+ N A A v ® hd 1 T _E
g ooF 3 s . F 3
S 096 F 3 0.96 |- | =
I
Transverse Momentum/GeV (proton) Transverse Momentum/GeV(anti?proton)
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Systematic Uncertainty on oy,

M Particle identification

> Different information on the PID method:

* 1) combined information of dE/dx, BTOF, ETOF; 2) dE/dx and BTOF; 3) dE/dx;
4)BTOF and ETOF,;

i ' ' 1 v v v 1 v v 1

3; '_ 1 v ' 1 ' ' ' l g} - _'
E 10F g o2 a a0 90 ¢ 0 ¢ o °] SF g2 22 92 2 0 0o "
'S C g m " B g E R 2 - g m 5 A wop 5
= s - A ] - m N
S 08 n b A % 08 — m N - A—_
= C . ] = C - .
F» [ o - A - & - .
0.6 n @ Com(w ETof) - 0.6 N @ Com(w ETof) -

o | O Com(w/o ETof) - o [} (O Com(w/o ETof) -

B A dE/dx B B A dE/dx 7]

04 B Toftw ETof) - 04 B Tof(w ETof) ]

B Tof(w/o ETof) ] B Tof(w/o ETof) ]

0.2 :— —: 02 -

0.0 ‘-—l L L 1 L L L L 1 L L L L I N L L 1 N N N L 1 N 1
0.5 1.0 1.5 0.0 "= 0.5 1.0 15
Momentum/GeV(proton) Momentum/GeV (anti?proton)

E 104 ' ' = 2 104 3
z.'é 1.02 I | | = 2 1.02F | j =
=] S U S GRS SR P R T . N = = = PN TN S A ANV SRV N R R =
< 1.00 5 i b B N b da 4 + 59 T ® o 1.00-5——--1“'9' vTY Y ‘+ L P 4 * i ® 7
% 0.98 - - % 0.98 - ' I | —
= 096 - = S 0.96 -
0.94 |- 3 0.94 3
002F¢ —% 0oo2F¢ E
0.90 0.5 1.0 1.5 090K —5 . . —' . . . 1'_'5

Transverse Momentum/GeV(proton) Transverse Momentu-I'n/GeV(anti?proton)
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Systematic Uncertainty on oy,

E‘ 1.02—' . ® ® ® 6:

BOther sources of systematic uncertainties ¥ 2f . =y
> E/p requirement: select proton sample froV“"' .
control sample |/ - ppr*m. ke

E -
-}

» Background estimation: use 2D sideband to

0.75 F

5 E
=]
=

estimate the background. \ ~
0. ‘ :

=

> ISR correction factor: use generator Phokhara ok B

to generate signal MC ) SN o

» Model dependence: vary |G¢/Gy| ratio to obtain ;.  ——

the detection efficiency " b

-----._::;.*> . ?

» Integral luminosity: analyze large-angle Bhabha : =

scattering process e s
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Reconstruction of A - prt™, A —» prt”

BMEvent selection
» Two good charged tracks with low momentum [0.08, 0.11] GeV
» PID: Nn+ = Nn"' =0
» The largest V, among all the charged tracks shows an enhancement
around 3 cm for signal MC
» No significant events lie around 3 cm in the background.

L I L B L B AR BN LN ELEARANE
800 |

3 soof E £
= (3]
o 700 — -
o e00f = e
[=
S s500f E £
1T} - [

400 ? - IE

300 E

200 E

100 | E

- YV 4

e e ]
8.05 0.06 0.07 0.08 0.09 0.1 0.12 0.13 0.14
Momentum of n (GeV)
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Reconstruction of A = pnt™,A - prtt

B Background process ete™ — ntn pp

B Requirement on the momentum of pion:
»0.0 <p;<0.07GeV/cand 0.12 < p; < 0.16 GeV/c

» The enhancement around 3 cm could still be observed in
background process

»No enhancement is observed in data
B The background of process ete™ —» ttn™pp is small and can be

[~ 1 1 1 1 1 1 1 1 1 ]
§ 40 E 5 300 f- E
S 35 E S - 1
= E S 250 -
t 30 3 - - i
g ] @ 200 -
w2 E i g
20 = 150’; -
15 E 100 E
10 = ¢
5 E 504} -
- "o ]
obm i DL 1 = OH“'-.-AA_ N DT PP POy VT AP B
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
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Reconstruction of A » nm’

BEvent selection
» At most two good charged tracks

» At least three good showers:
* E>25 MeV in barrel and E>50 MeV in endcap
* Angle related the closest charged track larger than 10°

» The most energetic shower Is selected as n candidate

' ! " M|z Signal MC -
§ = qq background -
separated beams bkg | 3

—e— Collider data

Events
2

»>O0ne m° candidate is selected: 1

EMC timing requirement (0 < T < 14 in unit of 50 ns)

Energy asymmetry requirement: |E,, — E,_|/pro < 0.95"¢
0 10 20 30 40 50

The angle between photon pair and n is larger than 140° 2
The minimum x4 of mas constrained kinematic fit is selected and x4, < 20
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Reconstruction of A — N

B Boosted Decision Tree

N=35805.710938

> Decision Tree S/(S+B)=0.500

ene_40d<0.471

An individual classifier is defined as h(x), h(x)=+1
and -1 for signal and background.
Separation criteria: Gini Index, defined by p - (1 — p)

» Boost (AdaBoost)

» Boost weight

The subsequent tree is trained using alrgodified event sample with a boost weights
applied for misclassified events: ¢ = ——

» Output classifier

YBoost(X) =

err

1

N .
Ncollection . Zi collection ln(ai) ’ hi (X)

» Boosting increases the statistical stability of the classifier and improve
the separation performance compared to a single decision tree.

» The limitation of tree depth can eliminate the overtraining
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Measurement of ete~™ — AA at threshold

B Systematic uncertainty

Source Uncertainty Source Uncertainty
Tt tracking 12.3 n selection 2.2
n PID 1.0 ¥ selection 2.3
I} selection 0.3 BDT output 4.8
Fit procedure 4.6 Fit procedure 8.8
MC generator* 3.2 MC generator* 3.2
Energy spread™ 2.0 Energy spread™ 2.0
Energy scale* 3.9 Energy scale* 3.9
Trigger efficiency 0.0 Trigger efficiency 1.0
Luminosity* 1.0 Luminosity* 1.0
Total 14 Total 12
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Measurement of ete~™ — AA at threshold

B Combined result: weighted least squares method

mxtox= 92O,y [ 1
X Zj Wjj Y Zj Wjj

B w;; is the element of V1. In case of two measurement:

2
o Cov(xq,x
my=(T (122) , 07y = 0f + X[ - €f
Cov(x1,X2) O

M Convariance sysematic error: Cov(xy,X3) = X; * € Xj * i

M The weighted averaged measured values are:

my — X105+X,0% 5 0103 +(x105+X,07)€}
X = 02 +024(x1—Xy)2€2 »Oi = 02 +024(x1—Xy)2€2
1+05+(X1—X2)“€f 1+05+(X1—X2)“€f

A - pn,A-pn’ 325 + 53 + 46

A - at® 300+ 100+ 40
Combined 320 + 58
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Measurement of ete™ — AA at 2.40, 2.80
and 3.08 GeV

BMEvent selection

M Charged track =)
> |Vr|<30 cm, [Vz|<10 cm, |cos0|<0.93 2
> Ngood = 4 &

M Particle identification
»Np =Np =N+ =Np- =1

B Second vertex fitting for pnt™ and prt*
B Mass window cut: [M,/Mz — 1.115]| < 0.01 GeV

B Angle cut between A and A candidate
> 0,7 > 170° at 2.40 GeV
> 0,7 > 176° at 2.80 GeV
> 0,5 > 178° at 3.08 GeV

20F

Events / (0.5)
o
I
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Measurement of ete™ — AA at 2.40, 2.80
and 3.08 GeV

W Background analysis (non-M, peaking background) <

M Signal region: § 114
> My /Mz — 1.115| < 0.01 GeV s

M Sideband region:

> 1.084 < M, < 1.104 GeV, Mz — 1.115| < 0.01 GeV | _
> My — 1.115] < 0.01 GeV, 1.084 < Mz < 1.104 GeV "B~ —Tio 1oz 155716

1.10F -

> M, (2.0 MeV)
® M, peaking background
Source eMC o(pb) NMC €M o(pb) NMC eMC o(pb) NMC
efe">yAA 16% <13 0.1 0.5% <0.16 O 02% <0.04 O
ete” - X030 o 30 0 0.2% 17 0.1 0.2% 3.4 0.2
ete” - AXY 32 2.9 <8.7
ete” - 5050 . 2 - 0 - 0 0 - 0
Sum 0.1 0.1 0.2
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Measurement of ete™ — AA at 2.40, 2.80
and 3.08 GeV

B Systematic uncertainty

Reconstruction of A 3.8 3.8 3.8
Reconstruction of A 3.4 3.4 3.4
M, cut 2.5 2.5 2.5
M3 cut 3.0 3.0 3.0
Angular distribution 12.7 10.8 11.4
Input line-shape 2.2 4.0 2.9
Luminosity 1.0 1.0 1.0
Total 14 13 13

B The uncertainty of angular distribution is the largest contribution to the
total uncertainty.
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Measurement of ete™ = ATAY near
threshold

BEvent selection
» Charge track: |c0s0|<0.93, |Vr|<1 cm, |[Vz|<10 cm
» Neutral track: 0<T<14, E, ., >25 MeV, E >50MeV
» PID identification: proton, kaon, pion
» n° candidates: M, -M,,|<0.06 GeV, y?,.<50
» K candidates: L/L,,>2, |[M__-M,|<5c
» A candidates: L/Lg,>2, M, -M,|<5c

endcaps

err

> In each event, only the combination of A_* candidate with least
|AE| = |Ej+ — Epeam| is kept.
> Fit

Mpc = \/Egeam — p7 4 to get the yield
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Observation of ] /{ — ppay(980)

B Reconstruction of a,(980) — 7°n, by choosing the minimum x2-like variable

2 M 2
M, ., —M o) _
2 _ ( Y1Y2 ) n Y3Va—My
Xnn o o2
- n

< T b data 5 = data

N Ty = ppr®n = 10® Jhy —> pprn

S 3y - ppr’yy S ¥y > ppr’ry

= =33y — pPr’y = =33y — ppr’y

EVw — ppr’n’y E¥w — ppr’nly

<= Iy — ppn°n® < =3 Vv - ppn’n’

S S e

& 3

N b

| =1

o o

> > !
= = N N

10 E NN
\ N i E“ﬁ& S S
0.10 0.15 0.20 0.4 0.5 0.6 0.7
M, , (GeV/c) M, , (GeV/c)
12

M The reducible background only accounts for 4.3% of the survived events, while most
of them are intermediate states of N(1440), N(1535) and N(1650) are the dominant

contributions to J /¢ = pprn.

35F

(S T 4*,' data E 4:: 4.5 [ T T T E 30 {J 4.5 F ] ”
£ ~ ] % : ] : ]
> 30F iy > ppntyy 3 % 40f J 7 2s Ny 2 17920
g £ @J/w—)pp‘nzyo 3 E 3 - B % 4.0E - 1 s
25F Eliw > ppr'ny 3 1S3 35k E 20 g 25k 16
e- E — Iy > pFﬂ:oﬂ:o 3 - [ 3 ~F 14
8 oF — | E ok 34 '*Eﬁ :
N E —— e o . E 30F 12
® I5F = 3 i E : 10
> E = E oF = 5 o 6
= 3 3 208 E 20 4
3 C 1 1 1] o 2
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