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Motivation

® Nucleons’ internal structure can be described by electromagnetic form factors, electric G g
and magnetic G s, which are complex functions of the momentum transfer squared(g?).

» Connected to nucleons’ internal charge, current distribution.

» Crucial testing ground for models of the nucleon internal structure.
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Motivation

® Various theoretical models describe time-like form factors in non-perturbative region:

» ChEFT, VMD, Relativistic CQM, parton model, pQCD etc.
» Experimental data near the threshold are very scarce.
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Data and MC samples

® Data: Boss 7.1.3 MC:

Requested | Updated!!l Online Run N > Slgnal MC: .

Vs(GeV) | Vs (GeV) | Lumi(pb~1) S v e*e~ — pp: 0.5M for each energy point; generated by
1.840 1.8441 1.502 81849-81970 Phokhara.
1.870 1.8741 2.003 81971-82104 » Background MC:
1.872 1.8760 2014 82543-82656 v ete” — ni: 0.5M for each energy point; generated by
1.874 1.8780 2.019 82657-82783 Phokhara.
1.875 1.8791 1.485 82835-82909 v eTe” — e'e : X 1, Babayaga
1.876 1.8801 2.035 82105-82203 v ete” — p*p~: % 10, Babayaga
1.877 1.8809 1.341 82784-82834 v e*e- — hardons: x 4, Hybird
1.878 1.8822 2.021 82204-82261

» Control sample:
1.882 1.8860 2.033 82262-82310 _
v Jly - ppatm:2.5M for P; < 0.3 GeV; PHSP
1.886 1.8902 2.031 82311-82358 , _ , _
MC weighted according to the amplitude of data. (for p
1.900 1.9038 2.022 82359-82404 | o seloct
ntr m ion).
1.940 1.9437 2.040 82405-82462 control sa li © s_e ection) .
v J/w - pinmo~: 4.0M for P5; < 0.5 GeV with

1.970 1.9735 2.229 82463-82530

amplitude from PWA results.
[1]:See Mi Wang’s report
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https://indico.ihep.ac.cn/event/24834/contributions/187127/attachments/89717/116371/energy_calibration.pdf

Data and MC samples

® Consider energy spread in Phokhara.
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Control Sample of p

® D samples are selected from J/y — ppr ™~ data. r\
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©
v" Select the remain tracks after removing the p1r™ 1~ tracks. >
v" These remain tracks should come from p N interaction. p;
(=¥
v Vertex fit is performed to obtain the interaction points. -t
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Analysis Strategy

® Case 1 (Vs <1.940 GeV): ® Casec 2 (Vs =1.940 GeV):
> pp are ionized to rest before MDC due to high » Most protons and antiprotons can reach MDC to
ionozation energy loss. be detected.
» Reconstruct the p N annihilation point (R,,,R,) » Only reconstruct p directly to improve efficiency.
by these secondary particles. » Extract signal yields from the momentum
> Extract signal yields from the R, distribution. distribution of antiproton.

@ Energy point @1.874 GeV which is below pp threshold, can be used to estimate the beam-induced background.

Typical process for casel /\ /\ Typical process for case2
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ete” > ppatvs <1.940 GeV:
Event Selection

» Good Charged Track: Decay Chain:
cosf] = 0.93; 2 = Ncharged < 9; i ete” > pp ;

» Good Photon: le—>anythlng ________

Eparrel = 25 MeV (JcosO| < 0.80); Eepgcap = 50 MeV (0.86 < |cosO| < 0.92); 0 = TDC = 700 ns.

» PID: Only use dedx » Further Selection:

p: prob(p)>0.001 and prob(p)>prob(m, K, e) .+ ¥2. <200

1: prob(1r)>0.001 and prob(mm)>prob(p, K, e) + 22<Ry<42cm
K: prob(K)>0.001 and prob(K)>prob(p, 1, e) « |R,/ <10 cm

e: prob(e)>0.001 and prob(e)>prob(p, m, K) « Angg+,- <175°
Require: N+ =1land N,- =1 e ML cut
» Vertexfit:
A vertex fit 1s performed to all the selected charged tracks, and need to Exact signal events
be successful. Interacion points(R,y, R,) are obtained from vertex fit. from Ry distribution.
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ete” > ppatvs <1.940 GeV:

Event Selection
® Charged tracks:
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ete” > ppatvs <1.940 GeV:
Event Selection

x10°

600 14000 = e
F o s op.@ (5. ’ —# Data C e s o5 @ {5 = & Data 22000, =
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> R.., R,: The distance between the vertexfit point » Ang,+g-: The angle between the
Xy z . .
and the original point in xy, z direction. two most energetic charged pions.

® The signal region is determined to be 2.2 < Ry, < 4.2 cm and |R,| < 10 cm for energy points
lower than 1.940 GeV.
® Require Ang,+,- <175 ° to supress cosmic-ray background.

The remain background 1s beam-induced background,
and nnbar background.
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ete” > ppatvs <1.940 GeV:
MC Efficiency

® Compare the efficiencies from pp MC and p
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® There are significant differences between data and MC in some selection conditions, mainly in
the low momentum region (Especially for the selectionof N+ =1, N,- = 1).
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ete” > ppatvs <1.940 GeV:
Distribution after previous selection criteria

® Some distributions after previous selection criteria (take 1.878 GeV as example):

12000
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The background currently exceeds signals by over two orders of magnitude (~60000:400), mainly
from the beam-induced background. Stronger methods for background removal are needed.
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ete” > ppatvs <1.940 GeV:
Machine Learning Method

» Use a GNN model (Particle Net) to supress the
background. (BDT method as a cross check)

» Low level variables are used for training:

v" Use data below the pp threshold as background

Events/0.01

(@1.8441, 1.8741 GeV).

v" Use p data control sample as signal.

v" The trained models were applied to all energy points’

data and MC.

— Signal

Score>0.98

— Background

]

Score

Song Hailin (USTC)

ErviibagwsDipaolmsotoiaollrossleieslivile
0 0102 03040506 07 08

T
09 1

~

Relative Efficiency (%

100 ¢

98
96
94
92
90
88
86
84
82

[RARNRERRRARNRERE RARNRRRE RARNRRRE

—8—e'e’ > ppMC
PN MethOd —&— Jiy — ppr*n Data
Jhy — pprtn MC
i
i Iy 5
4 i
4
Pe

Updated Energy Point (MeV)

RS SRR RN I R R
8?875 1880 1885 1890 1895 1900 1905

12000 F
£ 10000}

Events/0.02¢

2000 F

60
50
40
30
20
10

Events/0.04 cm

Approximately 90% signal efficiency has been achieved
with a background rejection rate more than 99.98%.
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ete” > ppatvs <1.940 GeV:
Rxy Distribution
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ete” > ppatvs <1.940 GeV:
Fit Method

® Model: Unbinned fit
v" MC shape @ GS for signal, 2nd Cheby.for flat background.
v For energy points above nn threshold, use nin MC shape for nin background, and fix the nn events.
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ete” > ppatvs <1.940 GeV:
MC Efticiency Correction

® Due to the particularity of this process, which involves the complex interaction between antiprotons and
the detector, the MC efficiency will be corrected by p control sample.

_ € J|y—ppmm data
Eete~—pp Corr = €ete~5pp MC

Updated | P, | pCSMom. - EJly—ppam MC
Vs (GeV) | (MeV/c) | Interval(MeV/c)

v" For control sample, we use the efficiencies from specific p

1.8760 . (0, 50) . . .
momentum intervals to match with the discrete momentum
1.8780 37 (0, 50) in signal MC.
1.8791 48 (30,70) . "
36t e : .

1.8801 57 (40, 80) <~ 34f* e e F g

IS - )

| — 32 n i ‘
1.8809 65 (45, 85) - -

O . ]

= 30 )
1.8822 72 (50, 90) 0 - .

.2 28 :_ + e*e’ - pp MC
1.8860 94 (80, 110) E 6k —E— Uy o> ' Data

m B + + Jy — ppr'n’ MC
1.8902 113 (100, 120) 24 :_4 ; S ——

1 v ey e 1

1.9038 161 (155, 165) 1875 1880 1885 1890 1895 1900 1905

Updated Energy Point (MeV)
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ete” > ppatvs <1.940 GeV:

Preliminary cross section results

® The observed cross section of ete~ — pp can be calculated by:

i : 1000 prr—r—r
i 00125 _ Nobs - Nnn kag i 900 | E
i pp L PY ECOT' i 8002_ nﬁthré:shold + =
T mmmmmmmmmmsmsooooosmssmosooooo ' —~ 700 F ; =
R = 600 . . <
» Background estimation: =] 4 3
v' N ,7: Estimate with MC simulation. éb'& 400 _ ;{"} _
v' Npig: Estimate with survived events from 1.870 GeV data. ;88; + 4PN (R :
» Ecor 18 the corrected MC efficiency by control sample. 100E , E
07875 1880 1885 1890 1895 1900 1905
Updated Energy Point (MeV
® Particle Net results: P &Y ( )
Fg:;tfd Vs 1.8760 | 1.8780 | 1.8791 | 1.8801 | 1.8809 | 1.8822 | 1.8860 | 1.8902 | 1.9038
Ecor(%0) 24.7 25.5 29.8 30.8 33.1 32.5 34.7 35.5 34.2
Nsig 34+7 | 17014 | 177x14 | 295+19 | 195+15 | 360+21 | 43122 | 482+23 | 534124
Gg%s(pb) 68+14 | 330+27 | 399+36 | 471+36 | 439+39 | 549+36 | 611+33 | 668+34 | 771+36

Song Hailin (USTC)
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ete” > ppatvs =1.940 GeV:
Event Selection

® Reconstruct P only: DecayCham ________________
» Good Charged Track: ete - pp
IcosO| = 0.93, [Vl <1cm, |V, <10 cm; Nchargea = 1 ST :

» PID: use normPH
p: normPH>(5, 8) for 1.9437 and 1.9735 GeV

. 30— = ; 3
Requlre: Np = ]_ . e _ee» pﬁ_@E:-1943:59 Me'_v-. - 500 _ L
% 20 ; Data . . “ % ;: 20 ;
> Further Selection: S "2 =
=5 L3 200 A =9
. _ g 10 é g 10 [
Momentum window for p: : - 5

0.21 < P, < 0.28 GeVjc for 1.9437 GeV 2 o o o oo Bios o o e G ow o o o GG

P, (GeVie) P, (GeVic)
30 30 30 —
0.26 < Pr) < 0.33 GGV/C fOI' 1 .9735 GeV . 255_efe‘gPa@J§=1973.4aMev 60A 25 ;é‘e'%_pﬁ@ﬁ=1973.48Mev 1()()/_\ )
: é 2 - Data 4% 0 "4i§ MC E . 400
Exact signal events from e = 0" "
° ° ° = 20 ) lof é !
momentum distribution. : 2 2
822 o024 026 02 o3 o032 822 024 026 'o',.zs- 03 032 il s 0r240r26 s 03 o
P}3 (GeVic) P (GeV/c) Pp (GeVlic)
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ete” > ppatvs =1.940 GeV:
Background Analysis

® After all the event selections:

1.9437 1180 56.2% 3522/4642
1.9735 1933 69.3% 5348/6497 0 0
240 = 400 F
L 3(2)8 : e— pp @ Vs = 1943.69 MeV L 350 Le'e— PP @ V5= 1973.48 MeV
2 1S0F  +Data + % 300C +Data |
O 160F  #&ddbkg ) - #8q0 bkg
N 140F - Signal o~ 250 - Signal #
S b ' S F i
= 120¢ = 200F +
Z 0F e 7 1501 i
= 80F m = - k
o 60F o 100 -I-'P
> 40F " 1! LE Wy
U popitisititergbin—  # £
0 ‘ T 0 A A A i o
0.21 0.22 023 0.24 0. 25 0. 26 0. 27 0.28 0-22 24 026 0.28 0.3 0.32
P_(GeV/c) P (GeV/c)

Song Hailin (USTC) Case2 | Background Analysis




ete” > ppatvs =1.940 GeV:
Tracking Efficiency

» For p control sample: ;- = N =1/ ~ » Forpp MC: g4k = N =1/
recoil gen
1 —_Data and MC: Jiy — ppr*n” @ P: (240 MeV, 260 Mev) - Data and MC: Jiy — ppr'n” @ P: (290 MeV, 310 Mev)
B 1__ ee0000000000050,,,
8 gedosetesseecesese o i 90888:_..-..--.----1--.._:&‘:83e
08__ 29._.....llnlnl---l... 0 08'__"""'8';1""" """""""""""""""""" Ry
<_>)\ iy -S— @_2; ______________________________________ ; - A g‘ B e o i
8 0.6 === R e L LI RS R e = " cm
. — e | - CSMC Efficiency: 72.22% _ 2 0.6 L & CSMC Efficiency: 83.01% -(:
L,L:;) I CSData Efficiency: 68.96% . q% . CSData Efficiency: 82.60%
Eﬁ 041 . ppbarMC Efficiency: 62.66% o = 04 ppbarMC Efficiency: 75.53% -
- m m m R
I —$— CSData Efficiency ¢ L —4— CSData Efficiency &
021 ¢ —&— CSMC Efficiency ? 0.2 —§— CSMC Efficiency .
iB. —&— ppbarMC Efficiency g A —&— ppbarMC Efficiency s
0..J||||||||||||||1|||||[||||||||||||||| O||||||||||||||||||||||l|||||||||||||;|
-1 -0.8-0.6-04-0.2 0 02 04 0.6 0.8 1 -1 -0.8-0.6-04-02 0 02 04 06 0.8 1
cos0_
| . c:os@13
v Correction:
i gtrk i
] _ J/y—-ppnmo data !
+ £€ote~—pp Corr = €ete—pp MC trk i
| €Jly—ppom MC !
L e e e e e o d
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ete” > ppatvs =1.940 GeV:
Signal Extraction

® MC shape @ GS for signal, g MC shape @ GS for background.

- —— MC Shape - —— MC Shape
100 = 2dof=14 W4 qg MC 140 ydos=13 e L qg MC
) . — Sum RS - — Sum
S 80 ” Nbkg =368+ 23 —— Data > 120 C  Nbkg =219+ 20 —e— Data
% - Nsig =812+ 31 g 100 |- Nsig =1285+ 38
LGS, .= -0.002: 0.000 -GS, ,=-0.002:+ 0.000
= 60~ Gs . =-0.022+0.001 = 80 cs,,,=-0.032+0.002
[72) B 0 :_
*qc: 40 *GC-J' 60
20 o0
||||||| OﬁI s S NI r=
8.21 0.22 023 024 025 026 0.27 0.28 0.26 0.27 028 029 030 031 0.32 0.33
Py (GeVic) P." (GeVic)
v" Cross section:
Updated Vs (GeV) 1.9437 1.9735
i 0bs N ps i Signal Events 812 + 31 1285 + 38
. PP Legcor Ecor (%) 53.6 69.0
e ObS
p» (Pb) 742 + 28 836 + 25

Song Hailin (USTC) Case2 | Fitting Method




ete” > ppatvs <1.940 GeV:
Systematic Uncertainty

® Efficiency Correction: Corrected by p control sample.

£, (data) _ Jae \/ag(MC) o2(data)
’ Jeor — Jcor

r = ’ £~ + ’
feo Etrk(MC) < N 2(MC)  &£(data)

® The selection range of p control sample: Change the momentum match range, and obtain the new

correction factors. The differences between nominal results are assigned to the uncertainties.
® Energy shift: Generate signal MC with Vs shift (= 10), the efficiency differences from nominal’s are
assigned to the uncertainties.

® MC model: Generate PHSP signal MC as an alternative, and the efficiency differences from nominal’s

are assigned to the uncertainties.

® MC statistics: o, = \/8(1]\: 8),

Song Hailin (USTC) Casel | Systematic Uncertaint
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ete” > ppatvs <1.940 GeV:
Systematic Uncertainty

® ML related uncertainty [BAM-632]:

» Still an ongoing research field. - I -
. . P T P T~ 2
* Consider two primary sources. 5l 3 2
O sf SN o
4 =
2F 2F
> Model uncertalnty. 30 40 58 ro:;) Se7(§)ti01810(pb9)0 100 110 80 290 300811.35352% 2(3:(:1(3;:10(;?8)360 370 380 50 360 3708:88389(; 22(:131:)(4;28)430 440 450
v" Caused by shortcomings of the model. - e -
. . . . . 141 —a- cross section 16 ; == ose Sckon Satper I%:fﬁ 14 ;’ : :oss .Sec:t:n Sber by
v' Training for 30 times to obtain different models. , 2 =" I - - I
v' Take the GNN models with colsest output to the © < S q S o
E 4 F
1 2F 2k 2F
ﬁtted mean Values as nomlnal results- %30 440 450 460 470 480 490 500 510 520 990 400 210 420 430 440 450 460 470 480 490 90 520 540 360 580 600
\/ A . . / t t rt . t Cross Section (pb) Cross Section (pb) Cross Section (pb)
ssign sigma/mean as systematic uncertainty.
: : 8 14 _F—1asaMev 8 s ;:E—weonev 8 = ;_G—WOGBMQV
» Domain shift: £ o g freem g iapee
. . . 0 =g - O &
v Mismatch between training and applied datasets, ¢ o H3
) X |
2 E 2t
i.e., data_MC discrep ancy. 270 SéO S%Oroziosgi(ziozé(épgio +64‘10 650 830 640 65|C0roﬁs6sosgi(:io?lé(zp§§0+760 710 920 7?;0 720(;:88788% ;z(t)lgs;lo(;ég)soo 81‘0 820

v" Change the training datasets for signal (from p
data sample to pp MC).

Song Hailin (USTC) Casel | Systematic Uncertainty



https://hnbes3.ihep.ac.cn/HyperNews/get/paper632.html

ete” > ppatvs =1.940 GeV:
Systematic Uncertainty

® Tracking efficiency: Corrected by p control sample.

¢ _ &irx(data) o (1 -9 - o2(MC) +0'§(data)
T gqr(MC) 7 c N Jeor =X \"2(MC) T €2(data)”’

® PID efficiency: Change normPH cut values (minus or plus 0.5), and perform the same analysis. The

differences between nominal results are assigned to uncertainties.

® Energy shift: Generate signal MC with ECM shift + 10, the efficiency differences from nominal’s are

assigned to uncertainties.

® MC model: Generate PHSP signal MC as an alternative, and the efficiency differences from nominal’s
are assigned to uncertainties.

e(l-¢)
N

® MC statistics: o, =

Song Hailin (USTC) Case2 | Systematic Uncertaint
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ete” > ppatvs =1.940 GeV:
Systematic Uncertainty

® Fitting range:

v" Adjust the fitting range by expanding or contracting it.

r —— MC Shape C —— MC Shape C —— MC Shape C —— MC Shape
1000 waof=16 b G@MC 100 wdof=12 W L. qgMC 140 yzdof=15 & . 4G MC 140 yedof=15 4 .. 43 MC
RS C — Sum RS C — Sum vV ok — Sum b 0k — Sum
> g0 [ Nbkg=384+23 —— Data > 80 [ Nbkg=325+23 —— Data > [ Nbkg =281+ 22 —— Data > [ Nbkg =173+ 20 —eData
§ [ Nsig =818+ 31 % [ Nsig =787+ 31 % 100 | Nsig =1313+39 § 100 |- Nsig=1263+ 38
[ GSueant = -0-0020.000 r - E F GS,,=-0.002+ 0.000
T 60 cs,.,=-0021% 0.001 T 60p a2 I 80f - T~ 80f cs,,,=-0033£0.004
0 - 9 C e i ® E
T 40f T 4of £ 0 e o0
2 r 2 - 2 40f 2 sk
L C L C L F L F
20— 20 F
r 20 = 3. 4¥; 20 ﬁ
___________ e ,»5 F e IRl LTV 0k ;é‘...‘...rr-....L?u,llLulu§ 0"' (e T e e O R T [ Oy o0 M,
0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 022 023 024 025 026 0.27 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 027 028 029 030 031 0.32

Ps" (GeVic) Py" (GeVic) P:" (GeV/c) Ps" (GeVic)

Updated Vs (GeV) 1.9735

Fitting Range [0.210,0.280] [0.205,0.285] [0.215,0.275] [0.260,0.330] [0.255,0.335] [0.265,0.325]
Signal Events 812 +31 818 +31 787 + 31 1285 + 38 1313 + 39 1263 + 38
Ecor (%) 53.6 54.1 53.1 69.0 69.8 68.1
0955 (pb) 742 + 28 742 + 28 726 + 29 836 + 25 844 + 25 833 + 25
Song Hailin (USTC)
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Systematic Uncertainty

® Summary of systematic uncertainty:

v’ Casel: Updated /s (GeV) | 1.8760 | 1.8780 | 1.8791 | 1.8801 | 1.8809 | 1.8822 | 1.8860 | 1.8902 | 1.9038
& correction[ %] 2.2 2.2 1.3 1.0 0.9 0.9 0.7 0.8 0.8
Energy shift [%] 3.5 3.5 3.7 1.1 0.6 0.2 0.4 0.4 0.1
MC model[%] 0.2 0.2 0.1 0.5 0.1 0.1 0.2 0.4 0.3
GNN model [%] 8.2 3.0 2.6 2.1 2.2 2.3 1.1 1.2 1.1
Domain shift [%] 0.8 1.9 1.4 1.0 2.5 1.2 0.9 2.0 2.5
MC statistics [%] 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Luminosity [%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Total [%] 9.3 5.6 5.0 3.0 3.7 2.9 1.9 3.1 4.1
v Case [I: Updated /s (GeV) | 1.9437 | 1.9735
€ correction|[ %] 0.2 0.1
Energy shift [%] 0.7 0.2
MC model| %] 0.8 0.8
normPH cut [%] 3.1 1.6
Fitting Range [%] 2.2 1.0
MC statistics [%] 0.1 0.1
Luminosity [%] 1.0 1.0
Total [%] 4.1 2.3

Song Hailin (USTC) Systematic Uncertainty




Cross Section Results

® The observed cross section has been measured.

v" The threshold effect is observed similar to CMD-3 results.

Updated +/s( GeV) Nsig 0% (pb)

1.8760 34 +7 68 + 1501, (14 g1z, + 65y5.)

1.8780 170 £ 14 | 330 = 33,57.(£2751ar. = 1945
1.8791 177 £ 14 | 399 + 41,45 (36,5107, + 2045
1.8801 295+ 19 | 471 + 38,5, (£36ar. + 1445
1.8809 195 £ 15 | 439 + 42,5, (£391ar. £ 165)
1.8822 360 + 21 | 549 + 39, (£37 s1ar. + 165
1.8860 431 +£22 | 611 + 35,5, (£33 51ar. = 125
1.8902 482 +23 | 668 + 39,0 (£3451ar. 185
1.9038 534 +24 | 771 + 43,5, (3641, + 24g,5)
1.9437 812 + 31 | 742 + 41,5, (+2874r. + 30,5
1.9735 1285 + 38 | 836 + 31,7 (+2557ar. + 1945)

Song Hailin (USTC)
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800 % 1]
i % ; ! gro th oy
= 600 - %‘%{- -
TR
—gb% 400 :_ + —4- PN Casel (Fity
200 —_ zg + Case2
- ‘% % cmp-3
B %n
oty T
1880 1900 1920 1940 1960 1980
1000 T
nn ti|1reshold
800 [~ {, =]
~ A1
= 600 % ' ~
& il
%) H ++
S K N ]
obm 400 g T + PN Case1 (Fit)
200 |- [ b L owos N
i .
oL 1 k

L1 v L b by
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Line Shape Fit

» The cross section changes drastically at the threshold, the effect of energy spread should
be taken into account.

» The energy spread, ISR and vacuum polarization(VP) effect are considered together
by convolved with the Born cross section to obtain the observed cross section.

________________________________________ 2
Co1 o0 —(W—w")2! 1‘%-’ “““““““““ 'OB—OT"’ W'\/1—xz,m
ObS(W mg, A) =1 / dW'e ™ 227" 25/ dxF(z, W22 ( 3 p)
VA Jomy oo EVR
. MOdel: C i i i i i i i
v ISR: from Sov.J.Nucl.Phys. 41 (1985) 466-472 E LSp T
N L : Xp. gasurement
v VP: from Phys.Lett.B 63 (1976) 432-434 = I T
€ Try different OB 5 models? or  05F
< -
> y2 fit: g
N OQS W; obs W; 2 05 ﬁ.‘l...i.‘.1..@”.1.a.l..1r...|..‘rl..
v X?‘"it=2i=1 (Oexp. (Wi OZS( ) 08 1 12 1416 1.8 2 22 24 26 28
(A0 225 (W )2+ (G (W )eaW )2 E,.. (GeV)
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Line Shape Fit

v’ Described with an exponentially saturated function:

o B (W) = A+ B[l — exp(—

pp

1200

(W — Eyp)

Oth

1000

600~

Oopserved (Pb)

200

2
X/ pds =0.85

1200

)]

—— Fit Result
==+ Born Cross Section
----- pp threshold: 1.8765 GeV
nn threshold: 1.8791 GeV
i EXP. DATA

1000

800

600

400

200

600

Oobserved ( p b)

—— Fit Result

===+ Born Cross Section

------ pp threshold: 1.8765 GeV'
nA threshold: 1.8791 GeV

# EXP. DATA

-
/
/
/
/
/
/
2 —
o

y
) } | 0 } | |
1.88 1.90 1-‘;9/2E - 1.94 1.96 1.98 1.88 1.90 1.5\3/2§ (Gev) 1.94 1.96 1.98
Reaction B, fb Beam Energy Spread(a), MeV Er, MeV O, MeV | x?/ndf
ete” — pp | 871+22 1.22+0.73 1876.544-fxd | 2.59+0.54 6.8/8
ete” - pp | 881+23 0.04+2.51 1875.14+0.38 | 4.16+0.89 4.3/7

0,,(e'e— pp), nb

— T T T T I T T I —
C PLB.794,.64-68.(2019)......
1.2 2 t 7 ]
- CMD-3 ]
1+ .
0.8F
0.6F
0.4F
0.2f
ot
Table 1
Results of the fit to the exponentially rising function. Only statistical uncertainties
are shown.
Reac. A, nb B, nb Ethr, MeV Othr, MeV X2 /ndf
pp 0 - fxd 0.91+0.02 1877.1+0.2 0.18+0.27 29/26
pp 0 - fxd 0.91+0.02 1876.54-fxd 0.76+0.28 31/27
6 1.554+0.02 -0.42+0.03 1875.84+0.2 0.18+0.67 17/20
6 1.54+0.02 -0.41+0.03 1876.54-fxd 0.0+2.5 18/21
2K2m 4.69+0.08 -0.44+0.12 1878.8+0.2 0.35+2.69 7/10
2K2m 4.70+0.08 -0.45+0.12 1876.54-fxd 2.36+2.01 8/11

v" The threshold effect is observed similar to CMD-3 results, but increased more gradually.

Song Hailin (USTC)
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Summary and Future Plan

Summary

» Two reconstruction method:

«  For Vs < 1.94 GeV, we reconstruct signal process by secondary particles from p N annilation.

e For Vs = 1.94 GeV, we only reconstruct p directly.
> Based the 25 fb~1 Rscan data bellow 2 GeV, the observed cross section of et e~ — pp near
threshold from 1.840 to 1.970 GeV has been measured.
» The total uncertainties for energy points near threshold are about 15%, while for higher energy points
are less than 10%.
» The threshold effect is observed similar to CMD-3 results, but increased more gradually.
» Memo is ready.

Future Plan
O Try more theoretical model for lineshape fit.

Thank you for attention!!!

Song Hailin (USTC) Summary and Future Plan




Appendix:
pN — Anything

® pp — Anything ® pn - Anything

Pionic multiplicity distribution Final state Frequency (in %)
From Table 7 From [263] a—nn® 164+ 0.5
7 piotis 0.38 4 0.03% 0.38 + 0.03% ”_”00 0.40510.04
3 pions 744 03% 7.8+ 0.4% e 0:68:0.07
4 pions 18.1 + 1.8% 17.5 + 3.0% &4z 1.32+0.20
5 pions 35.2+3.7% 45.8 +3.0% _ 0
6 pions 23.3+£2.8% 2.1+ 1.5% 257 nm 59.7+1.2
7 pions 3.3 +0.3% 6.1+ 1.0% 2t 1.57+0.21
8 pions 0.3 £0.1% 2n=mta 21822
2n nt2n0 63+1.1
3n 27t nad 2340.7
3n2nt 5.154£047
3 2nt Al 151+ 1.0
Final state BNL CERN
4n3ntnnd 0.39 £ 0.07
KtK~ 1.10+0.10 0.96 +0.08
KK + KK 001075812 0.008 + 0.008 Sum 95.5 £ 1.5%
KKj 0.71 £0.10 0.80 £0.05
(KsKs + K K)a® 1.46 +£0.20 1.56+£0.12 Final state Frequency (in 10’4)
KKz 0.67 +0.07 0.67 +0.07 o=
(KsKs + KiKMM 128 40.16 s 1424026 A i
KKEnF 4254055 107 4254020 KK *n~n 36.0 £4.2
(KsKs + KKz~ ot 4.0240.52 3.90 +0.46 KKgn™ 14.742.0
KKyn— ot 2.4140.36 226+0.45 KsKyn™ 212436
KOK*nFal 8.944+1.06 938+ 1.10 P
(KsKs + KjKpa—at 0 2.98 + 0.4 2.20 £0.28 KOKW*E* 24.8+2.6
KOREnF 7=t 0.59 +0.08 0.71 £ 0.07 KoK ~ntn~ 342£3.5
KOK:‘E4TE ~() ~0 K5K5ﬂ77[0 25,6 +2.8
S 284+ 15 28.1+ 1.4 KK +n=a~n° 1.6+0.9
KK ntn a0 33.6+3.8
KK~ o 350452
KKsntn o 28+1.2
KKyntn—n— 1.9+12

Physics Reports 413 (2005) 197 — 317

Sum 25+0.1%
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Appendix:
p sample: Event Selection

® Anti-proton control sample is selected from J/@ — ppn*n~ data, and here is the event selection:

» Good Charged Track:
|cosB] < 0.93; [V, < 0.5cm; [V,| <5.0cm; 3 < Ngparged < 12;

» PID: use dE/dx and TOF information » Further Selection:
p: prob(p)>prob(n, K) 0.92 < M < 0.96 GeV/c?, x&r <20, x%r < 10,
r: prob(m)>prob(p, K) M(pn~) > 1.12 GeV/c? or M(pni™) < 1.11 GeV/c?.
K: prob(K)>prob(m, p) 2
200 +Data
Np > 1 and Nn+ > 1 and Nn_ > 1 — § izg —— MC(Weighted)
> Vertex fit: =
Loop all the pn™n~ tracks, and select the g 0
combination with minimum x ¢ ) . Bhe. level: 0.35%
» Kinematic fit: % i gmlw_#f R
Missing 3-momentu of p, do 1C kinematic fit, x%F = | L S
I - - ] <2 L
> Recoil p: i Almost 0.2 million antiproton with i
P5 = Poms — P, — Pyt — Pp- with 4-mom before Kinematic fit | momentum less than 200 MeV/c obtained

Song Hailin (USTC) Appendix



Appendix:
p sample

3
0 z(103
_ —I— Data 140 & - —I— Data
~~ E
= : — 10.7 FTFP_BERT mE —— 10.7 FTFP_BERT
S _ s~ 10.7 FTFP_INCLXX - 407 FTEP_INGLXX
> z 4B |7 B 9.3 QGSP_BERT = W= 0 e 9.3 QGSP_BERT
C ~— = s | feecccccccccnnns
o = 80 — :
> 54 E
[Sa| o - [a] [0 S
Lo 40
20
L L 1 1 1 1 I---.“-l : § L 0 E 1 1 1 &
O a 1.0 : = =
= m ® LI Sl osk N
R 7 R T S S e dE 00E- M ooy W
£~ -0 2 -0sE N
A a _1‘ A —
1 2 3 4 5 6 7 8 9 10 00 05 10 15 20 25 30 35 40 45 50
_ Number of charged tracks Number of w*
Nod x10° x10°
¢ o 200 -
= 250 [— —+— Data 180 - —+— Data
: —— 10.7 FTFP_BERT 160 E- : —— 10.7 FTFP_BERT
200 —— 10.7 FTFP_INCLXX 140 E- § —— 10.7 FTFP_INCLXX
_ Foo — E :
2 S | 9.3 QGSP_BERT :: 120 - _'_|— Gt e
s 150p 5 100
> E E "
m E = 80  esseemsssaees
R,y (cm) Ryy (cm) W00 s 60 -
P; € (0,200) MeV/c so.- | TR ;‘g;_
80000 F ’ F e | S —— ——
#Data C o T E I L 1 I Vi asrdies n
2 70000 e z q Leeey ool s . . SOOI 9° : L : e ——
3 S 9 E g 2F
=t == Sls 2F e E o [ TR & & A
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Appendix:
P sample
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Appendix:
p sample
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Appendix:
T0 mismatch: casel

Use TOF to calculate Teg; Use MDC to calculate T gt ]
—_— S / & 5 T, : Time of flight A-B 5 - . ;::y==1%:¥§§:qz‘:'”‘5n5)~~w
— 2 Tare: Time of B-C Sense wire — . E‘:Zi :ZX
P(E ------------ — {__X_)’égj) Twp: Time of C-D Wil‘e(x,y,z) .\‘\ g 4 | z:=1aa1 Mev
Ty : Time of flight A-B Tl UEIBFOEAL o, N B(X’Y’Z) \é 31 ! zi::iﬂz
Tyo: Time of B-C / electronics / 1B «B: Time of fly (IP-B) & 2A .
T, Time of C-D ) C: Time of dri - :;Zj: il
Tilc: delay time at electronics A Sd"ft ‘ =t T_ fd. ; 1F N . Zm=1974 MoV o
| C-D: Time of signal Tran. . T i ]
de = LD T Te =TDC -T, 01880 1890 1900 1910 1920 1930 1940 1950
Tev :Ttof +Tpro + Tpmt + Telc Tev = Tf + Tdrift g Twp + Telc Ecm (MCV)
. — 71 hilati 2 . . . .
True case: T;,r = Tp(before annihilation) + T3 | T., is underestimated, T .; is overestimated.
. . _ _'|_ . . . . .
Butin Alg: T,,s = Fi{before-annihilation)+ T2 If T large than 3ns, T will mismatch.
. TOF Tom ¢
+ + S i T ’
Inner wall TA\ IF / /7{ /7{ PM pro C D Vel
N of MDC B
Y
6.2pcem_____Beam = T2
pip Annihilate n
1 T1
3.148564 ¢ o g 1 MDC -
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Appendix:
T0 mismatch: casel

Events/0.12ns

Events/0.12ns
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Events/0.12ns
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Appendix:
T0 mismatch: case2

Tev = Ttof + Tpro + Tpmt + Telc ’ Ttof =T
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Appendix:
Machine Learning Method

® Some ML methods are used to supress the backgrounds: MVA(BDT), GNN(Particle Net).

» Training was conducted using data below the threshold (as background, @1.840, 1.870 GeV) and

control sample data (as signal, with P; < 0.1 GeV), and the trained model was applied to all
energy point data and MC.

= o o

» Simply using the 1.870 GeV data and nnbar MC to estimate background events.

® Compare the ML relative efficiency given by pp MC and J/w — ppntn~ control sample:

TMVA overtraining check for classifier: BDT

3 6i‘s‘g nal (testsample) '~ ' | | - Signal (training sample) = J
% g d (test le) « B ckg (training le) | /; 76 [ /‘o\ 98 F
g 5 g SO =000 \O: 74 '_BDT MethOd —$—e'e —» ppMC é/ 96 PN MethOd ——e'e” > ppMC
N > . —— JIy — ppr'r Data > E —&— Jiy — ppr'n Data
E Q 12 ¥ Jhy — ppr'r MC S} 94 :— ¥ Jiy — ppr'n MC
3k g - i i 8 C
2 . § 70 E_ i .5 92 :_ i i A
1 Ej:; 68 . ) E 90 |-
: o S PR L sk
: o aET o AR
BDT response > - } > [
10° — Signal g o4 - L g 86p by
< i < Fy v o
— 10* Score>=0.98 — Background J o 62 :_{ T) 84 :_. i ge° ¢ “
S Qﬁ ob— v b b e Qﬁ g 3 S IS RS RS
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o 3 .
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________________________________________________________________________________________ ,:
| \/ Take GNN method as the nominal one, and BDT as a cross-check. |

00102030405060708091 ________________________________________________________________________________________ ]
Score
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Appendix:

Machine Learning Method

Features of Changed Tracks:

o Azimuth angle: ¢ and @ in lab frame.

Charge: the charge of track.

RecMdcKalTrack after Kalman filter.

track.

Momentum: the momentum of track. To achieve better resolution, this feature is obtained from

Helix parameters: the five helix parameters (dp, d;, k, ¢o, /l) describing the spatial trajectory of

® Xdgsax: the four variables describing the divergence of dE/dx measurement from its expected

values under electron, pion, kaon and proton hypotheses, respectively.

Points of Tracks:

* (8, ¢) as the position of particles.

k
Ty = he(xi, x;,),
=1
h@(mia sz) h@ (.’.Cz, "sz mz):

Song Hailin (USTC)

coordinates @
p

/e ™\

Linear

BatchNorm

RelU |

Linear !
BatchNorm

RelU |

'

Linear J

Aggregation

EdgeConv Block
k=186, C = (64, 64, 64)

P —|

EdgeConv Block
k=16, C = (128, 128, 128)

—

EdgeConv Block
ki=16,C= (230 256, 256)

[ Global Average Pooling

256, RelL U, Dropout 0.1

{ Fully Connected

’ Softmax

Fully Connected }

Features of Neutral Tracks:

e Azimuth angle: ¢ and 6 in lab frame.

¢ Energy: the energy of this shower.
¢ Hit Number: the number of hitting crystals in EMC.

e Time: the time information of shower.

e Eyr and Ey: the ratio of energy deposited in the 3 x 3 or 5 x 5 crystal around the center of the

shower, respectively.

e A, moment and A4 moment: the Zernike moment A,,,, defined as

tmgﬁ
An m Z Erot fn m(rt /RO)e (9)

with f>0(x) = 2x> — 1 and f;» = 4x* — 3x?. Here i denotes the different crystals, E; is the energy

deposited in the crystal and 7; is its distance from the shower center.

e Secondary moment: defined as Z E,-ri2 / Z E;.

o lateral moment: defined as Y., Eir?/(Er] + Ear + Y5 Eir?).




Appendix:
Machine Learning Method
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Appendix:

BDT Method

Input variable: chisq
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normPH cut

v A0;(Rec —Truth) <5

Song Hailin (USTC)

30

3]
(9]

[\
S

p
O

—_
(=)

normPH_ (MeV/c)

()}

o

Pp (GeV/e)

W
[e)
T

21 022 023 0.24 025 026 0.27 0.28

P
— [}®] [\
()] (e (9]

normPH_ (MeV/c)

(9}

022 024 026 028
P}_9 (GeVl/e)

180
160
140
120

100

P

normPH_ (MeV/c)

p

normPH_ (MeV/c)

W
(e}

o
W

o
=]

—_
(=)

i

8.21 022 023 024 0.25 026 027 0.28

P (GeVic)

[\
W

o
[e]

—_
(9]

—_
S

D V5= 197348 MeV |

400

200

-l,:.'.Ir .‘ Rl Atk T Rt LA Sl

22 0.24

Appendix

026 028 03 032
PI_) (GeV/e)



Appendix:
Tracking Efficiency

[ Data and MC: Jiy — ppr'n” @ P: (240 MeV, 260 Mev) 1 [ Data and MC: Jiy — ppr'n’ @ P: (240 MeV, 260 Mev) ) - Data and MC: Jiy — ppr*'n’ @ P: (240 MeV, 260 Mev)
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Appendix:
e e~ — nn and other background

» SND experiment: 0.5+ 0.1 nb

0.3_ 25 ;:‘— ® reaction rate of data
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FIG. 12: The measured e*e™ — nhn cross O other bkg = g
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section in the vicinity of the nucleon thresh-
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old. The vertical line is the nn threshold.
obs — Nother bkg — Nnﬁ
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