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Introduction

® Hadrons are not point-like particles.
® Electromagnetic Form Factors (EMFFs) are fundamental properties of baryons.

» Connected to charge and current distributions. Nobel Prize in 1961
Rev. Mod. Phys. 30, 482 (1958)

» Crucial testing ground for theoretical models of hadron structure. X ——
ELECTRON SCATTERING
10729 FROM HYDROGEN
\ 188 MEV (LAB)
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Sachs FFs: inside the nucleon
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Introduction

® The production cross section of eFe~ — BB (1/2 baryon) is given:

________________________________ ;
| B 2 1 |
I — 2 2 2ci 2
, =7 I ()I*(@+cos 9)+—| ()|*sin <], |
|
— — — — |
: =72z TgT— = / (or =1 for neutral baryon) |
L e e e e e e e e e e e e e o o e e o e e e e = = = -
Integrated cross section:
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® The enhancement of  pair production near threshold:
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Introduction:

Introduction to BEPCII and BESIII
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0, /D= 0.5% at 1 GeV
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Introduction:

Data Samples at BESIII

® The advantages in BESIII: v/ Large datasets at tau-charm region.
v Only experiment enabls both energy scan and ISR methods.

10 T T T - - -
L ® Energy Scan Method:
e , | , » Well-defined c.m.energy
’ LT e > Very good energy resolution
: | 1.84~1.97 GeV: 13 points ~25 pb~! > l
_ 14 oo = ow background
10 1 2.23~3.67 GeV: 14 points ~110 pb
EET S e T | R PR » Discrete values, leaving gaps without information
0.5 1 1.5 2 2.5 3
7 I ! ' T i ' ' : ¢ e 0 . .
/v %(25) [T ® [Initial State Radiation(ISR) Method:
6 W w8 | | PY(2S): 2.7 X 10° b~
o (4040): 0.5 fb™2 .
. L vy Ry > Ata fixed c.m.energy v/ , collecting events from
R IR -~ gk 2R 1o threshold to v/
’ i ’ i’;j ARSI iy e
s | \ | | A{* (o | seshrinea | » Systematic uncertainty in a coherent way
. I 1 | I L R scan data above open-charm threshold . .
2 T timese ey 380-459 GeV: 118 points, ~950 pb" » Large luminosity needed

» Higher background

BESIII provides an ideal environment
to measure inclusive/exclusive
hadronic cross section!
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Study of ™ = -~ near threshold:

@ o
Motivation
: : _ _ 2 of
® Anomaly production cross section for * T 5 g | ot
L] o T B 0.4
v" very sharp step-like behavior. oo NI
ST e | rE
v" The plateau indicates anomaly threshold effect. [ Lo ﬁt%:ﬂk -
i %_:’%, 18T S
v" Uncertainty is still large. o +
. _ - PLB 794, 64-68 (2019)
® Anomalous behavior around the ™ threshold has also been R
observed in other channels. 1650 1900 1950 2% e
12::_ (a) E . M * I J : 2 o *
S Sy Iy 1: MR- £ M T
2 .b s sl N S R P ) — Nt 11
/ey 1 e A U i N
2w ??{} lﬁ%;%‘ﬁ'\‘r@-?% ~~~~~ et b ; - 0'6; R © f <
® s 0 : . PLB 794, 64-68 (2019) 5
2 PLB 365, 427 (1996) o g i :
RETCX M D O L D : e
Ve Tis e Is‘(cl:sé;vgl)‘ T R T ®4s00 600 1700 1800 1900 ZC":O VoV S0 qe00 700 1800 1900 IEC’.m%OI?/IO(‘a v

® [t seems that there 1s a similar origion? = FSI effects; bound states; meson resonances...

® BESIII has collected data sets from 1.840 to 1.970 GeV in 2024, which can be used to
study ~ near threshold via scan method.

-
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Study of ™ = -~ near threshold:
Analysis Strategy

€ Unconventional reconstruction method is used, due to low momentum of p/P.

® Case I (Ecm<1.940 GeV): ® Case Il (Ecm=1.940 GeV):
»  are ionized and stopped before MDC » Most protons and antiprotons can reach
due to high ionozation energy loss. MDC and be detected.
> Reconstruct the —  annihilation point > Only detect ~ to improve efficiency.
(, ) fromsecondary particles. » Extract signal from the momentum

» Extract signal from the distribution. distribution of antiproton ( -).

® Data below = threshold can be used to study the beam-induced background.

Y -

p
Missing ~.

Typical process for Casel 350F - Typical process for Case I1
., T — 300 e
T N\ - ;‘: Inner Wall ol T Inner Wall
27" ofMDC > ol gt - of MDC
\ ,”/ o] 200 ¢ ® Ec,=1880 MeV
s : Szt :
‘w‘ / \ Annihilate Beam plpe < 150F SRS Penetrate Beam plpe\
\ \ o E Ecm = 1890 MeV >
| | = ) 100 F s o Ecp=1904 MeV ) <€ =
‘ | e p £/ Ecn = 1944 MoV e
“‘ K L Fg [ Ecmf19:74 MeV /
Stop 2 : /

1880 1900 1920 1940 1960 1980 2000
E., (MeV)
Song Hailin (USTC - | Analysis Strate
g \ gy




Study of ™ = -~ near threshold:
Event Selection

Event Selection for Case 1

» Good Charged Track:

|cos | =0.93; >
» Good Photon:

parrel = 25 MeV (|cos | < 0.80); engcap = 50 MeV
(0.86 < |cos | <092);0< < 700 ns.
» PID: Only use dedx

: prob( )>0.001 and prob( )>prob( , , ).
Require: += and -=

» Vertexfit:
A vertex fit is performed to all the selected charged

tracks. Interacion points( , ) are obtained.

<& //

Event Selection for Case 11

» Good Charged Track:

|cos | =093,| | <1lcm,| ,| <10cm;
>

» PID: use normPH
~: normPH>(5, 8) for 1943.7 and 1973.5 MeV

Require: - =

> Further Selection:
Momentum window for ~:
021 < -<0.28GeV/c for 1943.7 MeV

026 < -<0.33GeV/c for 1973.5 MeV

\\

.

™ —
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Study of ™ = -~ near threshold:
Analysis Challenges

® High background after event selection for case I: 000 r00e
. F e'e’ — pp @ Vs = 1878MeV j;ﬁc‘ﬂ 3500 ;e*e’—>p5@#§=1B7BMeV tzﬂc'ﬂ
» High beam background. (~150:1) g 10000 s | 2 000 A = e
) ) S 8000 TvommNe 2500} ' TG
» Overlap with signal peak. S 6000} S 2000 '
5 4000 g 1500}
> - > F
= 2000} M 1000F
. ) [ 500
=» Machine learnlng method: 0557 56 25 3 32 34 36 38 4 a2 Qi
v" Use a GNN model (Particle Net) to supress the BN eut: B score=0.087 ™
background. (BDT method as a cross check) o o o
v" Use low level variables for training. Eosop Wi | & 1 Mo o
I 40p N jof
S 00 S s

=1 L = £
10° Score>0.98 — Signal 5 20p z i
T g
10* — Background : ; 2
%.2 24 26 28 3 32 34 36 38 4 42 O—

—
S
W

R,y (cm)

Events/0.01

I Approximately 90% signal efficiency is achieved
W with a background rejection exceeding 99.98%.

—
(==

O|'|'|'|'|'|'| IIII|T[|'| IIII|'|T|'| !

v e b b b v Ly u Lo oo Ly

| | |
01 02 03 04 05 06 07 08 09 1
Score
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Study of ™ = -~ near threshold:
Analysis Challenges

® Discrepancy between data and MC: e . ' .
_ _ _ 34 v L
v" Use ~ control sample selected from / - + < E * .
: : : < 32p 4
v" Compare key variables and evaluate efficiency correction. =~ 30k 4
= .
_ / - ~ data 5 28 4 e
4+ — — — + - — — - e’e’ — pp MC
- g M C L‘_‘ r —&— Jly - ppr'n Data
/ - MC L.[_T_j 26 C + F— Uy - ppr' MC
) . 24 :_4 —#— e’ — pp MC Corrected
® Mismatch of T0 (event start time): S D D I
_ . 1880 1885 1890 1895 1900 1905
v" Data and MC are consistent in Case 1. Updated Energy Point (MeV)
v" Considered as a source of systematic uncertainty in Case II.
10000 575 mev F
—~ - - xﬁ e e 140 Fete—s pp @ Vs = 1943.69 MeV +Data
(éj 8000 C — Jiy - ppr'n’ MC [75) 120:_ —MC
S ase I = - Casell
S . v' Caused by long fly < 100 : v Caused by poor TO
S i TO shift ] . _ : S b TO shift :
2 w000l / 5&51 : time of ~ beforeits 2 algorithm.
i g o . 0] C
S i I JHLH”H annthilation. 2 a0b \#
2000 - ) HW‘ :
: j\mf ql{lﬂ:mﬁ g
T T R 9325 20 -5 10 5 0 5 10
t.. (ns) exp_tofp (ns)
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Study of ™ = -~ near threshold:
Signal Extraction

® The signal yields are extracted via an unbinned maximum-likelihood fit to or - distribution.
> Caselat/ = 1880.9 MeV: > CaseIlaty =1973.5 MeV:
301 ——Data — blSO 5 <Data -
5 (@) — Fit > —Fit
oL - Signal ! 2100l - Signal -
S nl B 100 gna
e N bkgl _ S Y O bkg
2 | bkg?2 ] =
§ 1 O:— sub-thr. data % 50} i
2 :
0= i a 26 --------- 028 050 | 0.32
Ry, (cm) PI17 (GeV/c)
v' Total fit = MC shape ® Gaussian (Signal) + v' Total fit = MC shape ® Gaussian (Signal) +
2nd-order Polynomial (bkgl) + MC shape ® Gaussian (bkg)

v Fix ~ contribution to the data driven estimation.

Song Hailin (USTC) * ~ . 7| Signal Extraction
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Study of ™ = -~ near threshold:

v" All the possible systematic uncertainties are considered for Case I and Case II.
v" The total one calculated by adding all individual contributions in quadrature.

v' The total systematic uncertainties range from 2.2% to 10.7%.

Vs (MeV) |e corr. GNN—rela(‘:cifie_;(:;algi(; T-TPID Fit |MC model | MC stat. | Energy cali. | Lum. | Total
1876.0 22 8.2 - - - |54 0.2 0.2 3.5 1.0 | 10.7
1878.0 2.3 3.7 - -1 - 103 0.2 0.2 3.5 1.0 | 5.7
1879.1 1.4 3.0 1.0 - - 0.1 0.1 0.2 3.7 1.0 | 5.1
1880.1 1.0 6.0 1.2 - - (0.1 0.5 0.2 1.1 1.0 | 6.4
1880.9 1.0 4.2 1.1 - - 0.5 0.1 0.2 0.6 1.0 | 4.7
1882.2 0.9 2.6 0.7 - - 0.1 0.1 0.2 0.2 1.0 | 3.1
1886.0 0.7 1.5 0.4 - - 0.9 0.2 0.2 0.4 1.0 | 2.2
1890.2 0.9 2.3 0.4 - - (04 0.4 0.2 0.4 1.0 | 2.8
1903.8 0.9 3.0 0.2 -1 - 10.5 0.3 0.2 0.1 1.0 | 34
1943.7 0.2 - - 5.0 3.1 |2.2 0.8 0.1 0.7 1.0 | 6.5
1973.5 0.1 - - 1.4 1.6 (0.9 0.8 0.1 0.2 1.0 | 2.7

Song Hailin (USTC) * = o 7| Systematic Uncertaint
g Yy Yy



Study of ™ = -~ near threshold:
Analysis Results

® The Born cross section has been measured with unprecedented precision near threshold.
v" A pronounced threshold enhancement is observed.
v Compared with the CMD-3 results, the BESIII cross section rises more gradually.
v' Provide precise constraints on different theoretical models. =~ oo

1875 1880 1885

—— Coupled-channel

1943.7 817431 2040 536 0.91 824431453
1980 1973.5 1287438 2229  69.0 0.93 904427424

1+ )
: : : | : : | : | : : : : . .
1200 [ - Vs (MeV)  Nug £ (pb™?) cor(%) (1+3) 0Born (pb)
) 1876.0 344+7  2.014  24.7 - 68 + 17+ 7
1000 T . 0 1878.0 170+14 2019 255 0.70 473+ 39+ 27
S 0 # : »—%H' I : *—%—{'{' - 1879.1 177+14 1485  29.8 0.73 548 +43+ 28
& . 1880.1 295+19 2.035 30.8 0.74 634441440
E 60 —e— This Work (Scan) ; N 1880.9 195415 1.341  33.1 0.75 582445+ 27
mb'& —=— CMD3 (Scan) 1000¢ g i 4_1%; ++ i 1882.2 360+21 2.021 32.5 0.77 715+42+22
400 o Ezzlalfl ((:22 MY - - 1886.0 4314+22 2.033  34.7 080 768+39+17
£== NLO prediction g 1890.2 482423 2.031 355 0.82 820439+ 23
200 = NNLO prediction 0 . 1903.8 534+24 2.022 34.2 0.85 903 +41+31
|

O | 1
1880

L I L Il Il | Il Il 1 | 1 L

L | Il
1960

I19OO 1920 1940I
(s (MeV)
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Study of ™ = -~ near threshold:
Moveto| / | Measurement

® | / | hasbeen measured across a borad 4/ range.

gL 7 E= Fit (y2/ndf=0.719) -&- BESIII(Tagged)
. . . . . | T == Monopole mod. =& BESIII(unTagged)
® Damped oscillation distribution. T = Osoaton - 8ABARI(Tagged)
L i Ei= Kuraev mod. —~ CMD3
® Results near the threshold are very scarce. S IPYRY FToolos  Sauesu
Q) i i - E835
= i
. %) L —_—
v' Angular analysis to exact| / |. & ) L
————————————————————————————————————————————————— m 1
| 2 2 1 1 * 5 “‘.‘:3-“""‘:'-.. __ -------------------------
1] ()P . i i 2 e T,
| I 1 o T —
| = | (O)JP[(L+cos %) +=-—+5sin ?], T e
i 1+ )x 2 | OP | R 25 3 3.5
I
I =—F, = — =/ [ /s [GeV]
I 1- I
L e e e e e e e e e e e e e e e e e e e e e o e e = = e e = = e = = = ——— |
B(1T) A needs a small correction 0f 250} \
< X 14();_ 200‘1_‘_“—‘—*1\[\1‘\
/77 g 120 g _F
- E 100 i_ —4— Data E 10 :_ —4— Data
! /) [5 50 ;_ o 2:1373.00 Mev LS 100 a o 2:1943.69 Mev
1 60 A=72.646+22.182 F A=87.450+18.245
’ wf- Spsiorew s0f s s
! > 3 g
: - O 005 0 0 05 o 0 os 0o 03 oA 0k 05 08 T or o
X cosf; cosf;
l O Corrections for efficiency, ISR factor need further study.
/y Beam pipe O Systematic uncertainty.
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Improved TOF Reconstruction for Antineutron at BESIII:

Motivation

» At BESIII, TOF measurements yield the velocity of a
charged particle to do particle identification.

» The neutral particle can also produce light in scintillators,
which can be employed to measure the time of flight.

» The efficiency of TOF reconstruction for neutral particles

1s (very) low.

» TOF reconstruction of neutral tracks may be highly

beneficial for some special decay channels, such as
T —, Y5~ 7" andsoon.

— ) —

it HUBL T
Y E

\ﬂ_____ -:@ AN m%% /IW\/WW 9:‘ _____»\/
T, (ORI T, &) T e (FECAGHRIN 18], PH3)
Ty RATH ]

T, (FLFJE BRI [A]) e
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TOF Reconstruction | Motivation

Innermost Layer...

» ...Outermost Layer

. L L
. AEEBEMC

A A

o BTOF (%(1/2) BTOF (#22)

¢ 511 - 1330 =)

i =
ETOF
b MDC

Y

103 (PMTER) | | 2300 o

BTOFN {4 # K '
Tracking  Electromagnetic Hadron Muon
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et
e
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Improved TOF Reconstruction for Antineutron at BESIII:
Method of TOF Reconstruction

® Matching the EMC showers to the TOF hits and using standard TOF calibrations. ‘

Raw Data
/ _ = _ _ (_) Converter
> mea Is the matched tof hit time. ‘ =N
> o Is the event start time.
> exp(_) — exp( )/ . Provi = Recol\nds]frfx:cﬁon
> exp() = exp/ o
Barrel / Endcap
TOF Data Vector ‘
® ~—samples selected from / - — T are used to study the TOF EG ek

reconstruction method.

16000
14000

== Total

=TT /71 Some strange shifts

12000 == Tof2>Tofl
Soooo __________‘_ _________
'58000 | How to understand? 1
s 6000 O A Ll L e e e e e e e e e o o o o o o o o

4000 ‘

2000 0 WMAE 0 O R, A 0000 S=EmEmmsmsmsmssmsmmmmmmm—m———

| .
ohmmetly e — . Perform calibration | Flow chart of TOF reconstruction
Atys) —CTTTTTETTETTTTTTTTS for charged tracks
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Improved TOF Reconstruction for Antineutron at BESIII:
Study -

» Study - by MC, highly related to  %"™" and dtof (tof2-tof1).

,’— --------------------- ~\\ ,’ ------------------------ \\
/ . \ / \ 3
/" Partl: MDC and TOF1 \ Part2: TOF2 \ e ——
- — Ry < cm

: : : : 100 - - s1y< RI 86,5 cm

72 -
: : : : : g0k — 865<Ry"<93cm
: 1 : I g : —— 93 <R < 124 cm
1 EMC : I : - 0 — R%"> 124 cm
I i1 I g I
: 1! | 2 40 -

20—
! TOF1 : ! ! i
I ] I 0-
" MDC H [ )5
| 1 N U
I P /
I 1
| |
I I l’ \\ 90000 E truth
1 11 1 — Ry <8lcm
1 11 | 80000 fruth
| — 81<R"86.5cm
I I I I goooo = ruth
| 11 I 0000 E- — 86.5<R"<93cm
I : : I g —— 93 <RU"<124.0m
i EMC 1 0000 F
1 11 | ~ — RO > 124 ¢m
] : : I H0000
! TOF2 i1 P S
11
: TOF1 1| TOF2 1 30000
| MDC |} | TOF1 1 10000
\ I MDC | %5 2 0 o0 1 2 3 4
\

dtof (tof2-tof1) (ns)
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Improved TOF Reconstruction for Antineutron at BESIII:
Classification

® How to distinguish these three parts in Data?
v' Using shower and TOF infos to training a BDTG
model to classify these three parts.

01 02 03 04 05 06 07 08 09 1

o= =
0 10 20 3 40 50 60 70 80 90 100

v" Only can be trained by MC sample. 07 sl Rt

v’ Red he data/mc diffi by reweight (XGB :
educe the data/mc difterence by reweig 00st). 25
£ = MC[Part3] . 120 = MC[Part3] N
~ 100[~ £
b2}
§ 80|~
TMVA response for classifier: BDTG TMV A TMVA response for classifier: BDTG Tava TMVA response for classifier: BDTG TMVA m 605
| EMET [T | T EMC (training Sarhple) " T x iWTWTTTﬁETFW .g """ T T ""EMC'(iraining Sarplej "1 ' 401
— 777 ToF2 ‘ = TOF2 (lraining samp le) E L7771 T « TOF2 (training samp le) ~ ‘ « TOF2 (lmining sample) £
z 12 E ] TOF1+MDC « TOF1 + MDC (training sample) )— Z 10/ Tortemnc < TOF1 + MDC(l ing sample )— Z 18 Mpc * TOF1 + MDC (tralning sample] E T y E &
E g C g s 3000 4000 5000 6000 7000 8000 9000 1 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 1000C
= b= 1 qch2 qch3

Reweight

T

T

T

B i o5 & I A pbletorine st o i 0 mi ;
0 01 02 03 04 05 06 07 08 0.9 1 00 01 02 03 04 05 os 01 og 0.9 1 0 0.1 02 03 04 05 06 07 08 09 1
BDTG response for TOF1 + MDC BDTG response for TOF2 BDTG response for EMC

T

Ty

S

Data [%] MC [%] 0 10 20 30 S?cN[S‘EGeé\e] 70 80 90 100 %001 02 03 Uzim?'(sie\o"]é 07 08 09 1
Ratio Ratio/Purity/Eff. : :

Partl 49.6 49.5/75.1/84.3 o o B
BDTG |G
Classification Part2 21.9 18.3/70.0/48.0 I 15; - gt
Part3 28.5 32.2/69.9/77.2 60 20n 0 0 T i e o e
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Improved TOF Reconstruction for Antineutron at BESIII:

Calibration
» The ~ sample are divided into three subsets via BDT classification, and the calibration
correction for - 1s performed separately for each subset.
1 i
_ = — — _ ! _ data/MC
> = mea 0~ w0 [
v" Introduce S:ﬁa/MC to make - to be 0. —) i __exp() rec I
_ = L, I !
| exp() i

» 2D calibration (slice on dtof and dtg):

2f 41D
= Pol3 Fit

k10
= Pol3 Fit

. . - 0. 05 & = T = = -
A tof (tof2-tof1) (ns) A tof (tof2-tof1) (ns) A tof (tof2-tof1) (ns)
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Improved TOF Reconstruction for Antineutron at BESIII:
Results

M =-0.030 ns
0=0.254 ns

Part3

M =-0.005 ns 22000
0=0.155 ns 20000

Partl 6000

M =-0.010 ns
0=0.161 ns 18000

Part2 %’6000

1 35000
|

: 30000

M =-0.029 ns
o=0.281ns

Part3

M =0.006 ns 12000
0=0.222 ns

Partl

0=0.249 ns

Part2

I—

v Dataj 200
| (D]

000
I

: 10000

5000

Song Hailin (USTC) TOF Reconstruction | Results



Improved TOF Reconstruction for Antineutron at BESIII:
Results

50000 F 16000
- PE[0.0,1.2] U = -0.003 i: . E PrEI00,1.2] U = -0.002 oo E PrE10.0,1.2] U =0010
soo00 |- En€[0.0, 1.4] o =0.063 :i [ ErS100,14] oo F En€100,1.4]
[ h
Foooo |- Partl I oo 49000
> f 000 @000
L5]0000 6000 mﬁOOO
4000 4000
10000
2000

2000

0
-06 -05 -04 -03 -02 -01 O 01 02 03 04

(A P)/P (D)

0
-06 -05 -04 -03 -02 -01 O 01 02 03 04

(A P)/P (D)

ok
-06 -05 -04 -03 -02 -01 O 01 02 03 04

(AP)/P (D)

20 12 2r .
1t 1- 1+
S 08[ = S 081 S 08f-
< F - - ~ - ~ -
> b > f > b
(] ro. (D] r () o
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Improved TOF Reconstruction for Antineutron at BESIII:
Results
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Improved TOF Reconstruction for Antineutron at BESIII:
Comparison with ML Method

® Full reconstruction of neutral tracks by machine learning is going on at BESIII.
v' MrCAL(Mixed-representation Calorimetric Network), EMC and TOF infos!.

(a) True vs predicted P (a) True vs predicted P

500
700 1 EMC (0=191.6 MeV)
12000 4 [ EMC+TOF (0=92.2 MeV)
400 600
10000 A
o)
> 500
o 300 ,, 8000 -
o < 400 £ g
o 3 S g
% u S 2 6000 A
5 200 300
o
& 200 4000
100
100 2000 A
0 2. 0 0 : ; . .
0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.2 0.4 0.6 0.8 1.0 1.2 1.4 -0.4 -0.2 0.0 0.2 0.4
True P (GeV/c) True P (GeV/c) Ppred = Prrutn (GeV/c)

® Instead of machine learning, we adopt a more conventional approach.
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Improved TOF Reconstruction for Antineutron at BESIII:
Summary

O TOF reconstruction for 71 is performed.

v The momentum resolution is around 10%.

v The momentum resolution of ~ with low momentum is better than high momentum.
O Next to do:

» Try to improve momentum resolution.

» Study efficiency.

+

» Trytoapplyto ™ = - 5 ~ process.

Song Hailin (USTC) TOF Reconstruction | Summary



Summary and Prospects

Summary:
» Study of ¥ T - 7 near threshold:

v" The Born cross section has been measured with unprecedented precision near threshold.
v" Draft under BESIII review.

» Improved TOF reconstruction of antineutron at BESIII

v’ 71 sample is selected to study the TOF reconstruction of antineutron.
v The momentum resolution is around 10%.

Prospects:
O Continue the study of © = -~ near threshold:
» Angular analysistoexact| / |

O Studyof © = - o —at3.773 GeV.

Thank you for attention!!!

Song Hailin (USTC) Summary and Prospects




—
o - o N
Pionic multiplicity distribution Final state Frequency (in %)
From Table 7 From [263] a—nn® 164+ 0.5
-0

7 piotis 0.38 4 0.03% 0.38 + 0.03% et 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 352+£3.7% 45.8 £3.0% _ 0

6 pions 23.3+2.8% 22.1+1.5% 2n” 't nn 59.7+1.2

7 pions 33+03% 6.1+ 1.0% 2~ at 1.57£0.21

8 pions 03+0.1% 2 ntad 218423
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%

KoK 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 10-3 142£026 A i

KKEnF 42540.55 425 £0.20 K'KTn™n 36.0 +4.2

(KK, + KKDn—zt 4.02+0.52 3.90 +0.46 KsKen™ 14.7+2.0

KKyn— ot 2.4140.36 226+0.45 KsKyn™ 212436

KOK*nFal 8.944+1.06 938+ 1.10 P

(KsKs + KjKpa— a0 2.98 + 0.4 2.20 £0.28 KOK“ﬁf 24.8+2.6

KOREnF 7=t 0.59 + 0.08 0.71 £ 0.07 KoK ~ntn~ 342£3.5

KOK;E4TL. ~() ~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:
Control sample

3
0 z(103
—3— Data = -
—_ - . 140 — —4— Data
= g : — 10.7 FTFP_BERT mE —— 10.7 FTFP_BERT
S S _ on.., 107 FTFP_INCLXX B 407 FTEP_INGLXX
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05) 5 80 [—
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20
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g ”é\ Number of charged tracks Number of w©
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N N F 200
Cd M 250 — I Data 180 ?““““““i I Data
r —— 10.7 FTFP_BERT 160 - : —— 10.7 FTFP_BERT
200 — 10.7 FTFP_INCLXX 140 E- § —— 10.7 FTFP_INCLXX
g E | e 9.3 QGSP_BERT :: 120 _'_|— Gt e
S 150 |— g 100
> E F "
m E /= 80  esseemsssaees
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Appendix:
T0 mismatch

® The determination of the event start time is the first step in event reconstruction at BESIII.

= L i -
FHlEaaI 1A (Event Start Time T, io0Es | |l [ pe
recontruction segment linear fitting identification
RF 499.8MHz ' FeTimoAls |
2ns \ E LY T IINC T X gy i
T T A ' have
e L TOF TOF information? R
Bunch .!—! .... ’ .. 0 00
Trigger/DAQ @) | gpe o e
——> Trig, Clock :
Clock 24ns g f ] / -
TOF —— calculate 7y, with calculate Tygr with MDC
_ f ' barrel TOF time and time nformation and

T =" . TDCTOR) fast tracking information fast tracking information

MDC ‘ H L 2
f A | calculate Tpqp with
L E— oy end-cap TOF time and
fast tracking information
TDC =T, +T,, el
determined from v
Test =i ffline dat
olifine” data Fig. 2. The event start time programme flow.

v" MDC Fast Tracking, dE/dx, EMC, PID...
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Appendix:
TO mismatch: Case 1

Use TOF to calculate Tegt Use MDC to calculate T gt ]
‘ E t =—(R"E‘"‘g ns)
TOF ol & T;: Time of flight A-B sk R
A T, Time of B-C Sense wire Eqn = 1879 MeV
@p.‘../.- ....... e / __x\_/@ duift - . ~ 4 Ecn=1880 MeV ...
PMT B Twp: Tlme Of C-D ere(X,y,Z) g :L Eon = 1881 MeV
5 . \ N—r H m= 1882 MeV
Tyr: Time of flight A-B T delay t"fle 4% b . B(x)y,2) ,%‘ 3X ;=1sae wev
Tpr: Time of B-C / electronics / |8 *B: Time of fly (IP-B) = o) - : zm::zj ::: .........
Tomi: dTilme of C-D 1 . Ao S gt i B-C: Time of drift E N B 1044V
T,.: delay time at electronics ] C.D: Time of signal Tran, 1 - g Eun = 1974 MeV;
T‘:TDC—T — - / O:\I\IlII\I\ll\ll\l\ll\il‘\li\IT
ek o Tey = TDC -Tey 1880 1890 1900 1910 1920 1930 1940 1950
Tev :TtOf +Tpr° v Tpmt T Telc Tev = Tf + Tdrift £ Twp + Telc Ecm (MCV)
. — 1 Sl . 2 . . . .
True case: = =(before annihilation) + is underestimated, is overestimated.

But in Alg: = 1 (hefore annihilation) + 2 - If - large than 3ns, g will mismatch.

\9/
. Y - i 4 - 3 pro
____Inner wall TA\ IF / /7{ /7{ PM € b ele
N of MDC B
Y
620 cm_____Beam = 2
pip Annihilate

3148564 ¢ =P MDC
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Appendix:

T0 mismatch:

4000
3500
3000
2500

1
1
— 1
+ + :
Lo e e e e o o o e e e e e e e e e e e e e o o 1
+ Data
— MC
—— Jly — ppnn data
1878 MeV : ' — Jhy = pprn MC
L]
s ¥

Events/0.12ns

Events/0.12ns
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14000
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Appendix:
TO mismatch: Case 11

= + + + : =
140 i*e"e'—> PP @ Vs = 1943.69 MeV 4+ Data TOF
2 120F —MC .
- : C \PID for 7/ / :
< 100F PM :
S ok TO shift A o
g2 M \ v" use E/p to identify =,
) 60 -
D 40k ! v' use dE/dx to identify (7).
- MDC -
201 ) v’ others are regarded as  *.
930 -25 20 -15 -10 -5 O 5 10 >/«
exp_tof (ns) P
p - h_Estime_mct0 F h_pidl
: o'y TR e m s L
300 ;—e"e'—) PP @ Vs = 1973.48 MeV 1 + Data é g i ' 40000 T :
é 250 :_ { —hiC Q‘ 103 = -9 C TobarreiTof - mct0 > teut
< . f z - £30000|-
5 200 i 2 f g
% E TO Shlft g ) -_ 88 20000 :, p
£ 150F m 107 i
5 . : H J”J‘ 10000 [ o e
> r r r
0 1005 ] 1()4“..|...H‘\.. I | | (= . . [ R R
ok P 20 -10 0 10 20 30 40 0 1 2 3 4 5 6
0 c Estime - mctO (ns) pid1
=30 -25 20 -15 t—lff) (—5) 0 5 10 81 - 81 135
exp_tot (ns = . = .
P 30 02 30 ~
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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 - < 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.

. . . —_ —_— + J—
® Compare the ML relative efficiency givenby ~MCand / - control sample:
TMVA overtraining check for classifier: BDT
3 6i‘s‘g nal (testsample) '~ ' | | - Signal (training sample) = J
% gl d (test le) + B ckg (training le) ] /; 76 - /‘o\ 98 F
g 5 o o e A \O: 74 '_BDT MethOd —$—e'e = ppMC é/ 96 C PN MethOd —— e’e” — pp MC
N > C —— JIy — ppr'r Data > E —&— Jiy — ppr'n Data
F Q 72 :_ #— Jhy — ppr’m MC S} 94 :— ¥ Jiy — ppr'n MC
°F g s i i 8 C
2 g 70 :_ i 5 92 :_ i i A
: = 681 =O90F
: M geEqs e B g
BD:r response G>) i B } o F % 4
- > r
— - 2 Chyp i ;
— 10 Score>0.98 — Background J o 62 :_{ © 84 :_. e ‘e s .
S =7 YT P Y PRI IR BRI R ~ QoL v
S 1880 1885 1890 1895 1900 1905 1880 1885 1890 1895 1900 1905
o s .
z Updated Energy Point (MeV) Updated Energy Point (MeV)
________________________________________________________________________________________ !
] \/ Take GNN method as the nominal one, and BDT as a cross-check. !

0 010203040506070809 1
Score
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Appendix:

Machine Learning Method

Features of Changed Tracks:

o Azimuth angle: ¢ and 6 in lab frame.

track.

® XdE/dx*

Charge: the charge of track.

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

Points of Tracks:

.(,

Song Hailin (USTC)

) as the position of particles.

/e

edge features

Linear

BatchNorm

| Rews |
1

Linear |

BatchNorm

RelU |

Linear |

RelU |

Aggregation

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

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

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

EdgeConv Block
k=16, C = (64, 64, 04}

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

——

EdgeConv Block
Ic=16,C=

(256 256, 256)

Global Average Pooling

{ EdgeCo nv Block

Fully Connected
256, ReLU, Dropout = 0.1

¥
[ Fully Connected

2
¥

Softmax

-y 0 &0 &= U W

Features of Neutral Tracks:

Azimuth angle: ¢ and € in lab frame.

Energy: the energy of this shower.

Hit Number: the number of hitting crystals in EMC.
Time: the time information of shower.

Ejr and Ey: the ratio of energy deposited in the 3 X 3 or 5 X 5 crystal around the center of the

shower, respectively.

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

E; .
E i 1 ; img
An,m i E., fn,m(rz /Ro)e > 9

with fo0(x) = 2% — 1 and fy, = 4x* — 322,

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

Here i denotes the different crystals, E; is the energy

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

lateral moment: defined as Y./, E;r?/(E 1} + Eard + Y; Eir?).




Study of ™ = -~ near threshold:

[ J o
Motivation
® The Born cross section for ¥ ~ -~ has been measured by many experiments:
v Both scan and ISR method. L — Py——— oo e
. - B 8 SE:::: zso/iﬂsra BESIII (SASR)
v" Energy dependent lineshape. ?ij T sesnans e
. . SW, : Egr?rl:\: . Eg:iie
v Fewer measurements with large uncertainty ‘ = om G
near threshold. - = 5] % 1 A
[ v CMD-3 0.1 i*%*y A ADONET73
i th PLB 817, 136328/ (2021)0.05- %mﬁ_
_‘.I‘..‘I‘..I‘\H%ﬂ'w il | Oi\\\\l...l.\ \*ﬁ"ﬁ"ﬂ
4 5 6 7 8 9 10 11 4 6 8 10 12 14 16
q[(GeVicy] q[(GeVicy]
® Various theoretical models describe time-like form factors in non-perturbative region:
v' ChEFT, VMD, Relativistic CQM, parton model, pQCD etc.
. PRL 124, 042001(2020)
v’ Experimental data near the threshold W seima o s i =

BaBar(unTagged)

» BESIll(unTagged) =+ PS170
* PS170

arc very scarce.
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Improved TOF Reconstruction for Antineutron at BESIII:
/~ Sample

® Anti-proton control sample is selected from / - — ~ + . data, and here is the event selection:

» Good Charged Track:
lcos | =093; | xy| <05cm; | | <50cm; charged = 2;

» PID: use dE/dx and TOF information > Further Selection:

: prob( )>prob( , ) 092< -, <096GeV/c?, 2r<20, 2z <10,
: prob( )>prob( , ) > Select —/
: prob( )>prob( , ) Select good photon, and take the leading shower as 71/n candidate.

= 1 and |

18000 - 30000
dAng,z/n < 15/10° o -
» Vertex fit: Y ol B}
~$0000 |- i E
Loop all the  tracks, and select the Swoo- gr
. . . .. 6000 - iy
combination with minimum o
0.52 0.’;25 0.‘93 0.9‘35 0.:94 0.9‘45 0.:95 0.9‘55 0.96 00- 012 0?4 PO‘?G \O/I?) ‘1 I12 1.4
o . M; (GeV/c?) . (GeVie
» Kinematic fit: : :
4500 —Data 10000
.o _ . . 2 —MC o
Missing 3-momentu of =/ , do 1C kinematic fit, Zp St Sawo
93"00;" 6000
» Recoil : Eo Buwo
: : : s i
—~ = ems—  —  with 4-mom before Kinematic fit. A RS
0.92 0.925 0.93 0.935 0.94 0.945 0.95 0.955 0.96 0 0.2 0.4 0.6 0.8 1 1.2 1.4
M, (GeV/c?) P, (GeV/c)
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Improved TOF Reconstruction for Antineutron at BESIII:
Sample

® Gamma control sample is selected from / - * 7 data, and here is the event selection:

» Good Charged Track:
Icos | <093; | x| <05em; | ;| <50cm; charged =25 net =0

» PID: use dE/dx and TOF information
: prob( )>prob( , , ), prob( )>0.0001

> .
, E/p>0.8 > Further Selection:
=land -=1 —05< hiss < 05GeV/c?, niss = 0.2 GeV/c
10° x10°
> Select : ol Com | wf —
. —MC o 100[- —MC
Select good photon, =1 L wof =
3 80 O :
> Vertex fit: g of z “F
2 sf S a0
Vertex fit for the  tracks. = Wb = F
. . O_ ..: \\\\\\\\ _. ............................. O N T T N e
» 4C Kinematic fit: R Geviey” e ° Gevi

Loop all the good photon, do 4C kinematic fit, select the
the photon with smallest Zg, and require Zg < 200.
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Improved TOF Reconstruction for Antineutron at BESIII:
/~/ Sample

® /~/ control samples are used to study the TOF reconstruction of neutral tracks.

v’ /7 sample is selected from / - ~+ | data.

v' sampleis selected from / - * 7 data.
mea 1S the matched tof hit time.

>
® The TOF reconstruction gives mea and exp( ). ; o 1s the ezent Start/time-
exp("/ ) — exp( ) ~/ -
>

exp( ) = exp/ -

v -/ / = —/ /)

‘\
= Total 3000 = Total 45000
== Tof1>Tof2 === Tof1>Tof2 40000
= Tof2>Tof1 2500 = Tof2>Toft
35000
2000

16000
14000

== Total

=== Tof1>Tof2

12000 = Tof2>Tof1
& &
F10000 = 0000
£ 8000 2 w00 P 25000
] ]
5 6000 2 20000
1000 K 5000

4000
2000

r 10000
5000

2 -1 0 1 2 3 4 5 2 -1 0 1 2 3 4 5 097208 06 04 02 0 02 04 06 08 1
Aty (ns) At (ns) At, (ns)
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Information from Geant4

» Process Name: anti_neutronlnelastic
» Typical process:
v Ryy=3.2cm: T+ Be(9) » ot + 0%+ K™+ K + 2a
Ry =80 cm: A+ C(12) —» B(10) +2m* + 21~ + p
Ryy = 84 cm: n+p-2ot+mo + 30"
Ryy = 87 cm: n+p—-not+30°
Ryy =87cm: T+ C(12) > ot +4n°% + p+2n+2a
Ryy=90cm: 1+ C(12) - 20"+ 20"+ p+ D + 2«
Ryy =103 cm: T+ Cs(133) » Sn(116) + o+ + 3+ 1~ +10n+4p + D+ n+ 2y
Ryy =118 cm: T+ I(127) » Sn(117)+ 20t + o~ +20° + 7n+ 2p + 2y
Ryy =127 cm: M+ Fe(56) - Mn(53) +3n™ + 20~ +2n + 3y
Ryy =150cm: m+ AlI(27) > Ne(2l)+n+n+p+a+2y

v
v
v
v
v
v
v
v
v
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Different Parts

h_dang_pi0 h_dang_pil 6000 [h_dang_pi2)]
40000 R;“ [0 'nf_] cm Entries 4132664 6000 R:(m [0 1] cm Entries 631987 R;r; [ 65] cm Entries 588213
35000 Mean 7601 5000 Mean 7687 5000 Mean 7627
SWDev 442 SWDev 4432 SDev 443
o 30000 o ° 4000
— —
~25000 74000 :
g 2 2
50000 £ 3000 5000
(55000 5 5
M 2000 M 2000
10000
EMC 5000 1000 1000
0 1 1 1 1 1 I 1 1 0 1 1 1 1 1 1 1 1 0 L 1 1 1 1 1 1 1
0 20 40 60 80 1000 120 140 160 180 0 20 40 60 80 100o 120 140 160 180 0 20 40 60 80 1000 120 140 160 180
TOF2 dang _(°) dang _ (%) dang _ (%)
nht it it
h_dang_pi3 h_dang_pi4| [ h_dang_pi5
MDC 18000 R;m [ ,93] cm Entries 1863717 7000 R:; i 24] cm Entries 742503 3000 :_R',f;"he[124, inf] cm Enties 306244
16000 Mean 7578 Mean 7581 o Mean 7571
14000 SWDev 4425 6000 SWDev 4401 2500 3 SdDev 4395
12000 = 5000 —2000f-
~ ~ ~ F
7] 7] F
&0000 8 4000 3 _F
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Improved TOF Reconstruction for Antineutron at BESIII:
Study -

> Study - by MC, related to """ and dtof (tof2-tof1).
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Improved TOF Reconstruction for Antineutron at BESIII:
Comparison
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Improved TOF Reconstruction for Antineutron at BESIII:
MC Reweight

® A machine learning method(XGBoost) was used to reweight MC to data,
and the variables Eseed, Nhit, Enbar, qch1234 are used.
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TOF Reconstruction for Antineutron at BESIII:

BDTG Training

® Training a BDTG to distinguish these three parts.

Input variable: eraw_gam_nbar

H TMVA response for classifier: BDTG TMVA response for classifier: BDTG
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Improved TOF Reconstruction for Antineutron at BESIII:

Efficiency

Data Data MC MC
Re. Eff. [%] | Abs. Eff. [%] | Re. Eff. [%] | Abs. Eff. [%]
eme => 0 86.6 86.6 85.9 85.9
EMC
- <15° 78.2 67.8 81.6 70.1
TOF mea = 0 60.6 41.1 52.6 36.9
TOF1 and TOF2 1,2>0 52.1 21.4 63.9 23.6
Data [%] MC [%]
Ratio Ratio/Purity/Eff.
Part1 49.6 49.5/75.1/84.3
BDTG Part2 21.9 18.3/70.0/48.0
Classification Part3 28.5 32.2/69.9/77.2
Others 0 0

v Ratio: £1IBDTREEIEN BB HIELIHI,
v' Purity: Zi3BDTHEERZ NN HEE.

v’ Efficiency: S5i5B50 IERf7 SRAVSEFIE/ 5518 truthRIEEFIEL,
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Efficiency
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