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Motivation

® Nucleons’ internal structure can be described in terms of the electromagnetic form factors, electric

and magnetic  , which are complex functions of the momentum transfer squared( ?).

» Connected to charge, current distribution.

» Crucial testing ground for models of the nucleon internal structure.
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® Interaction of final states, lead ) )
to a non-zero cross section for
charged baryon at threshold.
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Motivation

® Various theoretical models describe TLFF in non-perturbative region: ChEFT, VMD, Relativistic CQM,

parton model, pQCD etc. o
Parametrization of TLFF:

" VMD model described the
effect of meson cloud
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Modified scaling expression

in nonperturbative region:
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pQCD predicts continuous
transition at high g?, with
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Data and MC samples

® Data: Boss 7.1.3 ® MC:

Requested | Updated v~ Online > T 7 o 7:0.5M for each energy point higher than the
vV (GeV) (Preli.)(GeV) | Lumi.s(pb™) Run No.

threshold, generated by Phokhara, (will be iterated with

1.840 1.844 1.502 81849-81970 .. . .
energy spread and angular distribution) with considering
1.870 1.874 2.003 81971-82104 energy spread.
s . faad DB » T 7 5 7:0.5M for each energy point higher than the
1.874 1.878 2.019 82657-82783 threshold, generated by Phokhara.
1.875 1.879 1.485 82835-82909
1.876 1.880 2035 82105-62203 ® Here we considered the preliminary results of the
1.877 1.881 1.341 82784-82834 energy calibration and updated the ECM for each
1.878 1.882 2.021 82204-82261 energy point.
1.882 1.886 2.033 82262-82310
1.886 1.890 2.031 82311-82358
1.900 1.904 2.022 82359-82404
1.940 1.944 2.040 82405-82462
1.970 1.974 2.229 82463-82530
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Data and MC samples

® Consider energy spread in Phokhara.
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Before simulation, a Gaussian sampling 1s performed on the

center-of-mass energy, only those greater than the ppbar
threshold can enter the simulation.

pbar[0]+proton[0]+gamma[0]

htemp

Entries 500000
Mean 1877
Std Dev  0.0001267

1.876 GeV
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Strategy of the analysis
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® Almost all the protons and antiprotons are ionized to rest at the 350 o Ly g s e
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nucleon in the detector matter, resulting in many higher \2.‘3 150 ey = s o -
o . o E,,=1890 MeV
. 100 :_h . R e : Ecm:1904 MEV .........
energy secondary particles ( , , ,...). . Y G
> For proton, it just stops, with no information left in the / .
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Strategy of the analysis

- =100 MeV/c

® Below 1.940 GeV, analysis strategy(Case 1):

» Reconstruct the secondary particles produced by ~
® Above 1.940 GeV, analysis strategy(Case 2):

» Reconstruct ~ directly.

Annihilation frequencies of pp annihilation at rest in liquid H into pionic final states (in units of 10~3), from [2,48,216]

Final state BNL CERN Crystal Barrel

All neutral 3245 arte 3543

270 0.65 +0.03

3n0 . 7.0+0.4

40 Physics Reports 413 (2005) 197 — 317 31402

570 92404

670 (1) 0.12+0.01

720 (1) 1.340.1

80 (2) 0.012 +0.001

920 ) 0.025 +0.003

Non-multipion 15 2.5

nta 32403 3.3340.17 3.14+0.12

ata a0 7849 69.0 +3.5 67+ 10

rta2n0 122 +18

ta3a0 133 +20

T 4n0 36+5

rta 520 13+2

MM 345+ 12 358 £8 65 = 20*

27t 2n~ 58+3 69 +6 56+9

202l 187 +7 196 + 6 210 +£32

2227270 177 £27

2727~ 3n0 6+2

272 MM 213+ 11 208 +7 30 + 15*

3nt3n— 19+2 21.0+£25

3nt3n 70 16+3 85+1.5 40 + 32

3nt37~ MM 1643 341

Sum [ 954+18 986 + 6 970 + 58
annihilation.

® At 1.940 GeV, it can be used as an intermediate energy point to carry out two types of measurements.
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Validation of Signal MC Control Sample of —

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

» Good Charged Track:
cos | =093; | x| <05cm; | ] <50cm; 3= (harged =12;

» PID: use dE/dx and TOF information » Further Selection:
: prob( )>prob( , K) 092< -<0966GeV/c?, 2 <20, ? <10
. prob( )>prob( , K) M( 7)>112GeV/c?orM( ~)<1.11GeV/c.
K: prob(K)>prob( , ) 0
200 +Data
=]land +=1land -=1 — S 0 E— mefeighteq)
§ 140
> Vertex fit: 2
Loop all the ™ ~ tracks, and select the E 0 Bke. level: 0.35%
combination with minimum 2 . SN
> Kinematic fit: = gm.m..-#, R
Missing 3-momentu of ~, do 1C kinematic fit, 2 Y 02 04 0§ 08 1o 12
R . 1 5[
» Recoil —: - Almost 0.2 million antiproton with
- = — —  +—  —with 4-mom before Kinematic fit - momentum less than 200 MeV/c obtained
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Validation of Signal MC Control Sample of —

—+

“from / - T~ * 7,and then select the remain tracks, which we think they are

the secondary tracks from = interaction. Then a vertex fit 1s performed.

® Remove the

207 - -
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il 1000 <
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» From ppbar threshold to 1.904 GeV, almost all the antiproton interacts at the beam pipe region.
> At 1.944 GeV, one part of the antiproton interacts at the beampipe region and the other part
interacts at the inner wall of MDC region. (Actually, major part can reach MDC)
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Preliminary Event Selection for case 1

» Good Charged Track: Decay Chain:
+ f— JR—
Icos | =093, 2= charged =9, B -
» Good Photon: K

parrel = 29 MeV for |cos | < 0.80;  endcap = 50 MeV for 0.86 < |cos | < 0.92;
0< < 700 ns.

»> PID: Only use dedx » Further Selection:
: prob( )>0.001 and prob( )>prob( , , ) \2/tx < 200
: prob( )>0.001 and prob( )>prob( , , ) ¢ 22< <42cm(22< ,, <82cm for
: prob( )>0.001 and prob( )>prob( , , ) 1.940 GeV)
: prob( )>0.001 and prob( )>prob( , , ) * | ;|<10cm
Require: +=1and -=1  Ang + - <175°

> Vertexfit:

A vertex fit 1s performed to all the selected charged tracks, and
need to be successful. ,y,, are obtained from vertex fit.

Song Hailin (USTC)
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Preliminary Event Selection for case 1

® Charged tracks:

x10°
250
C — JIy — ppnr data
200 — J/y — phn data )
T B 2= aqed = 9; Inorder to supress the
= 150 _ .
§ g background, and also satisfy the vertex fit
= 100k .
- requirement.
0 ﬁﬁgl_\_l—lﬁ
0E Tl by T T T [ = PSR ISR
o 1 2 3 4 5 6 7 8 9 10
NCharged
x10° x10°
12 = u
B J/y — ppnr data as Sig. 10000 ; JIy — ppnn data as Sig.
10 :_ e'e’— pp data @ 1.840 GeV as Bkg. E e'e’— pp data @ 1.840 GeV as Bkg. » -+ 2 1 and - 2 1
. sk _ 80001
g o g 6000 In order to supress the beam induced
SR 5 2 4000 background.
oL 2000
0'.,..1....1..111 ........ I S e e e = NN ATRFEN O:"""l'
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
Nrt* N1
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Feature Variable ,, from Vertex fit

x10’ x10’
600 160
Ce'e — pp @ Vs = 1874MeV —4- Data -e'e - pp @ Vs = 1940MeV —4- Data
E : 140 T
500 F e : e
- ; : 5 120 F B i
Q N HBeam pipe —— Jly — pPrr data Q n eam pipe —— Jly — pPrr data
— 400 L esrion — C 1regi0n
- 100 = I
S N & - h Inner wall of
..g 300 2 .,g 80 E LJ | MDC region
0 200F L 60F
100 — 20 __
0" 0
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

R,y (cm) R,y (cm)
® The signal region is determined to be 2.2 <, < 4.2 cm for energy points lower than 1.904 GeV;
and 2.2 <, < 8.2 cm for 1.944 GeV.
® The physical background: y, <1 cm.

® The main background is the beam-induecd background.
® The nnbar background 1s also very important.
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Further Selection Compare Data,CS,MC

12000 - :
Ce'e — pp @ Vs = 1874MeV —4- Data 22000 " e'e — pp @ VS = 1874MeV - Data
10000 [ - 20000 - . '
= 3 . 180001
8 8000 o ~—— Jiy — pprr data Oq 16000 ;_ ~—— Jly — pprn data
S - = 14000 &
5 6000 Z 12000 -
= K S 10000 -
Q4000 - 2 80004
&8 - 6000
2000 - 4000 -
[ 2000 &
b < B 0E v T S o v,
950 =20 <10 o0 10 20 30 0 20 40 60 80 100 120 140 160 180
R, (cm) Angle(rt”,) (°)
> > Ang + -:
The distance between the The angle between the most energetic two
vertexfit point and the original point charged pions.

in z direction. » The peak at 180° means the cosmic background.

» Requirement:

| 1< 10 » Requirement:
. cm

Ang + - <175°
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MC Efticiency before ML

i - -t - | sample:
® Compare the efficiency from ~MCand / - control sample:
1 1 IE 1
09 . 09F 09 B
E E E = D l
08 SE 0.8 E 08| .
0.7 TE 0.7E 2 .
Q 0.6 é‘ S t:f 0.6 - ? 0.6~
3) E 3) E 5) E 19) B
g 03E Cutl: Good Tracks &g 05 a s Cutin* 21,21 &g il 5 Cut3: Vertexfit é : Cutd: 7, <200
i) -1 —§ Jly — pprn data m  ™E —§— Jiy — pprn data - = e —§— J/y — pprn data s i —&— J/y — pprn data
03 =3 — J/y — pprn MC el =3 — Jly — pprnt MC " 03 E — J/y — pprnt MC C — J/ly — ppnr MC
0.2 —3—e'e - ppMC 02E- —4—e'e"— ppMC . 02 —4—e’e’ - ppMC 02— —4—e'e = ppMC
0.1E 0.1E- 0.1 -
0 E L 1 1 L 0 E 1 1 1 1 0 E P TS T TSI RS ST B S SR | 0 C L 1 1 1 1
o 14F 2 = o 14 o 14F o 14F
s 12F [ g 12 S 12k s 12F
S 0fm--®- B ® 5 52 5 85 8 B " 1 T s L0F - —_ S e B— S L0EH-@-B--E--E N R
S JoEm EOSE! g RN RN RN s E()_é;;_-ililllli.lni go.s;—. =
2 06k | 06 L 2 06k 0.6 £
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 Q.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
P(P) (GeVl/e) P(P) (GeV/c) P(p) (GeV/c) Py(GeV/e)
- 12 .
i r 45 E-
1 1 o l ) Y & 5 0 E © svee o o 4
- E - l b i L 04f
o0s r o5 035 -
é‘ - ;;;‘ C . c:f C t:f 03
15 I o r 1) = 1) E
g 0.0/ Cuts: 2.2<R,<4.2 &g 06— cuté: |R<10 &g 0.6 — Cutr:6,.,<175 &g 0.25 = Al cuts
B ool —§— J/y — pprr data = N —§— J/y — pprn data = 1 —# Jiy — ppn data m 2k} —§ J/y — ppnn data
C —— Jly — pprt MC C —— JIy — pprn MC o —— Jhy — pprn MC 0.15 = — Jly — pprt MC
02 —$— e’ — ppMC 02— —4—e'e — ppMC 02 —4-e'e - ppMC 0.1E- —$—e'e— ppMC
0 C | | L ! ! oL L I 1 I 1 oL A R R R (R AN E I 1
¢ HE g HE o HE g
2 éig s s s enlg g8 < (1):2 T BN B BN B B RN B N B I R é éig L B BE RN B BN BN B BB B B R B RS B R B RS
R 06E S 06E | o6k A
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25 0.10 0.15 0.20 0.25
PF(GeV/c) Pﬁ(GeV/c) PF(GeV/c) Plj(GeV/c)

® There are significant differences between data and MC in some selection conditions, mainly in
the low momentum region (mainly from the selectionof +=1, -=1).
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MC Efticiency before ML

® Compare the efficiency from ~MCand / - ~ ~ control sample:

50 : : i
Updated v CS Momentum N
MeV/ - : : :
(Preli.)(GeV) Interval(MeV/c) B
1.878 37 0, 50 - e |
020 < mihiiad D ' H "
1.880 57 (40, 80) 5 - i ' ;
S 35 [ R S PIEARETE aaaa |
1.881 65 (45, 85) a E ~&— Jly — pprn data:
30 R ¥ Jiy — pprn MC ........................ 5
1.882 72 (50, 90) - f : |
T S
1.886 94 (80, 110) ., AN (NN IV S SR S
LE.J 02 F
1.890 113 100, 120 e e
e ) | = 0.0 _— . . -
al —02F = . , . _ ,
1.904 161 (155, 165) 1880 1885 1890 1895 1900 1905

Updated Energy Point (MeV)
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MC Efticiency before ML

® Some distributions after all the event selections:

12000 F : F
Ce'e”— pp @ Vs = 1874MeV - Data 2500 Fe'e — pb @ Vs = 1874MeV —4 Data 7000 é—e"e' —Spp@ Vs = 1874Me=/ - Data
10000 - L - e w6000 - ‘, e
5 . Jiy — pprr data E C Jhy — pprr data g C Jhy — pprr data
('O\] 2000 :_ — Uiy - pPR MC \8 2000 - — Uiy - pprr MC 2 5000 f_ .. — S B NE
% 6000 :_ c\cn 1500 % 4000 i—
- C Yt C +— £
g C .
S 4000 S 1000 g 000
> : > i > [
0 _ ] M 00 P [ 2000
2000 - 1000
0‘ . . el EEPRRYON BPar ‘ 0‘ T i b vl ealoa elowes Legr Ty 0:
22 24 26 28 3 32 34 36 38 4 4.2 -10 -8 -6 4 -2 0 2 4 o6 8 10
ny (cm) Rz (CIII)

The background is still over a hundred times the signal (~60000:400), mainly from the beam
background. Stronger methods for background removal are needed.
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ML Method

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

applied to all energy point data and MC.

GeV) and control sample data (as signal, with - < 0.1 GeV), and the trained model was

-~ ~ 7 7 control sample:

- PN MethOd ——c'e > ppMC
—4— Jly — ppr'n Data

L ¥ Jhy — ppr'n MC

— A i i

-4 .

F g |

_; é g ; [ ] ‘ ] §

® Compare the ML relative efficiency given by ~ MC and /
= 76 ~~ 98 :
= 4 BDT Method 3 e o ppNC S 96

- —— Jhy — pprn°r Data

? T2 B " +— Jhy — ppr'r MC ? 94
8 70p | g 9]

= 68F =90
> s 4 t o E
g 64 E_ ; I _‘g 86 ]
e i s
60 & rZ gk
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Rxy Distribution

® After GNN veto (score signal>0.98), use the updated ECM.

16F i 4 Data 60 - 4 Data g feifids 100 - ~# Data
£ b e SigMC £ o 1874 MeV [Jsigme . 605— 1875 MeV SigMC = - 1876 Mev %:ﬂ:{c
S HE Bkg from 1870 o : [ Bkg from 1870 o sob Bkg from 1870 o 80 [ Bkg from 1870
<t E <t 40 =8 <t = <t B
< 10F o - < 40F < 6of
=) E =] E (== F (=) -
& 8 2 30fF - S I
g 6F k= : = . = 40
= 4k e 20p Q 20 S
m 3 : : B
) _ = 10 - K 10 ;— Al r
0 i e SIS 0 E e T " A - 0 E T S S B e T L 0 L Tex - i YT TN
22 24 26 28 3 32 34 36 38 4 42 22 24 26 28 3 32 34 3.6 38 4 42 22 24 2.6 28 3 32 34 36 38 4 42 22 24 26 28 3 32 34 36 38 4 42
xy (Cm) xy (Cm) Xy (Cm) ny (Cm)
g —#-Data :_ —— Data r % Data | —#- Data
60 £ 1877 Mev L sigMe 120F 1578 mev (B SigMC HOE 182 mev [ SigMC 160 1886 mev [ sigvc
E s nnbar E 100F nnbar E 120 nnbar E 140 nnbar
13 50F [ Bkg from 1870 3) - [T Bkg from 1870 15 r Bkg from 1870 Q - [ Bkg from 1870
- = wk < 100f 3 1200
S dop < : S . < 100F
E (e} r ~ (=) r
@ 30F = 60F SR S ok
F =] L - r - m
> r > - C E
F L > 40F > 400
=k M of SR gl
: g 201 201
0 TN g *, | 0 = v L) o | L ' L - — . ’ | 0 & |
22 24 26 28 3 32 34 3.6 38 4 42 22 24 26 28 3 32 34 36 3.8 4 42 %,2 24 26 28 3 32 34 36 3.8 4 42 22 24 26 28 3 32 34 36 38 4 42
R, (cm) R,y (cm) R,y (cm) Ryy (cm)
Updated v/ (Preli.)(GeV) 1.874 1.876 1.878 1.879 1.880 1.881 1.882 1.886 1.890 1.904
Sl Eveis 59 183 192 218
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Time of flight of

® After GNN veto (score signal>0.98), use the updated ECM.

12:_—§—Data
- F [sigMc
S 10} [l 8kg from 1870
<t C
a8
IS F 1872MeV
B 6p
g B
SIS
84| C
2k
0_‘ .
-6
40 F
v 35F
g 30 _ Bkg from 1870
= 25? 1877 MeV
jg 205—
§ 15F
m 10
SE
0 B
-6
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Time of flight of

® After GNN veto (score signal>0.98), use the requested ECM.

2Z2F

—%— Data 40 ;_ —%— Data : —4— Data
20F ey 35F
L 18 —-SIQMC wn 35 = v E -SlgMC
= | 6E Msgfrom 1870 S 3ob [ S 30 E @ exg from 1870
o E <r <t -
N 4F AN 95 A 25 a2 |
% 1(2) : ey % 20 Qﬁ 20F 1877 MeV ‘
§ 8 8§ 15 § 15F
3 > 3
m 2 E Q10 m 10
9E 5 5E
0 — 0 =
—6 6 4 =2 0 2 4 6 =
60 :_ —4- Data 90 £ —#- Data [ —& Data
= SigMC 100 - =3 sigMc
oL, 50k - eilac w80 E nnbar %) L nnbar
& - = 70 £ [ Bkg from 1870 S g0 |- EE Bkg from 1870
S ank S ek S F
Q 1878 MeV ‘l + Q 30 E— 1882 MeV Q 60 - 1886 MeV
g 30 = = 40 E Z §
= r = a ) 40
o 20 Q 30F o L
3 : R - o -
10F 20F 20F
- 10E C
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MC Efficiency Correction

® Due to the particularity of this process, which involves the complex interaction between antiprotons and

the detector, the consistency between MC simulation and data needs to be verified.

Inconsistency between data and MC simulation
of antiproton and detector interactions.

The inaccuracy of MC efficiency.

Inconsistency in TO between the data and MC.

: 1 Do correction or take the
Using the / - control sample to : :
differences as systematic

study the differences between data and MC :
: : : : : uncertainty.
caused by simulation of antiproton interaction.

Study as a systematic uncertainty: By
changing the bunchtime or adjusting the ECM,
to achieve the goal of changing TO, indirectly.
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MC Efficiency Correction

® Compare the finnal efficiency from “MCand / - ~ % ~ control sample:
agEteees 4 E : 36Fesees b8 :
- Ny - % v
QI SLAML I A ECEE AN ‘
= S = gft §,*
> 24F s s LR
2 ; gt = 30F &
S b ¢ BDT Method 5 -4 PN Method
.§ - i —4— s'e = pfMC '§ 28 :_ i —— e'e > ppMC
&I:“ 20 :_ —&— J/iy - ppr'w Data & 26 :_ —&— Jhy — pPr'm Data
il i 18 - + —F— Jly — PP MC ad - + —¥— Uiy - pPr'T MC
C —§— e“e — pp MC Corrected - + e’e — pp MC Corrected
C 24 + ;
) e N R TR TR T R R N R B
1880 1885 1890 1895 1900 1905 1880 1885 1890 1895 1900 1905
Updated Energy Point (MeV) Updated Energy Point (MGV)
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Preliminary cross-section results

® The cross section of © = -~ can be calculated by: 1000
900

— - - 800
700
600
500
2 400
300
200
100

nfi threshold

-

(pb)

» Simply using the survival events of 1.870 GeV data and
nnbar MC as and -,

> is the corrected MC efficiency by control sample.

obs

iﬁéu

o

& PN
-4 BDT

L LR LRI L L B LR LN LN LA
EREEHREANH EERE LR ERA LRALE RASRE RR2E]
-
-

u ;
! 1 II I

0 !
1875 1880 1885 1890 1895 1900 1905
> Particle Net: Energy (MeV)

Updated / (Preli.)(GeV)| 1.874 1.876 1.878 1.879 1.880 1.881 1.882 1.886 1.890 1.904

Survival Events

MC Efficiency (%) - 24.83 25.27 29.71 32.02 33.16 34.24 36.24 36.13 36.13
nnbar events - - - - 49 34 28 19 16 12
- (pb) - 84+13 325+25 407+*30 406*25 413+30 505+27 587+28 632+29 707=*31
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Summary

® The preliminary cross-section results has been obtained, using the method of reconstructing the
secondary particles produced by ~ annihilation (lower 1.940 GeV).
® Next to do:
» Analysis for Ecm larger than 1.940 GeV.
» Angular distribution.

» Selection criteria optimization.

» GNN validation and systematic uncertainties.

> ..

| Thank you for attention!!!

Song Hailin (USTC) studyof © ~— ~
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Back Up: Cut-tflow before ML

MC Event MC MC Relative Data Event ~  data - MC
1874+4 MeV Efficiency Efficiency Efficiency Efficiency

Total 500000 100% 100% 147867603 100% 100%

Good Charged Track 437641  87.53% 87.53% 16743545 86.10% 84.96%
+=1, -=1 334227  66.85%  76.12% 2580182 44.46% 64.22%
Vertexfit 271112 54.22% 81.11% 2534787 34.25% 50.16%
2 < 200 227426  45.49% 83.89% 2485611 28.00% 40.81%

22< <42cm 220838  44.17% 97.10% 284104 27.08% 39.47%
| ,|] <10cm 212860  42.57%  96.39% 81603 26.65% 38.82%
+ -<175° 211861  42.37% 99.53% 60857 26.55% 38.67%
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Angular Resolution

4 X 350 E—Energy Point @Vs = 1878MeV —e'e’ > ppMC 900 ;Energy Point @Vs = 1878MeV —e'e’ - ppMC
300 ;_ +J/w4pﬁnndala 800 E_ +J/\|/—>p151m data
= N ‘O_‘ g — Jiy — pprr MC 'L 700 ;_ — Jly — pprr MC
. S 250f = 600-
7N | 2 200F 2 s500F
Xy II \\ : E 150 E_ E 400 ;_
AN N\ = : = 3000
VTN 100} 200
/ A - 50 100 £
< - _\_,E ______________ E T 05
y | 20 30 4050 =50 —40 —30 20 —10 0 10 20 30 40 50
(o)
R A () A0 ()
1 - -
- 200
: %gg E_Energy Point @Vs = 1878MeV — @' 5 ppMC 180 f_Energy Point @Vs = 1878MeV —e'e > ppMC
: g —i—Jiwspﬁm data 160 F +J{‘1’Ap§““data
| 160 o B — Jly — pPrr MC
1 ol 1405_ — Jiy — pprn MC = 140
___________________________ ~ I A o
1 [72] 120 O 120
_ 17y | g 100f g 1of
— i 5 80F o %0f
2 | 60F 60 F
__________________________ - 40 E_ 40 =
28? il I | | ! | TS e o 285_ S "“""“"""""" 2
250 —40 —30 —20 —10 0 10 20 30 40 30 -50 —40 =30 =20 =10 O 10 20 30 40 50

42D AB (0) AB (0)

) e

2025/2/26 Song Hailin (USTC)



Angular Resolution

® Angular resolution at different energy points:

g 1000 F F i
600 FEnergy Point @Vs = 1879MeV —e'e’ > ppMC EEnergy Point @Vs = 1880MeV —ee > ppMC 1200 [ Energy Point @Vs = 1881MeV —e'e —ppMC 1400 ;_Energy Point @1 = 1882MeV == HMe
500 3 - sy — pprn data 800 - + v pprer data 1000 - 4 Jiy - pprn data 1200 - ¥ v — pprndata
O: E — J/ly — ppr MC ‘o_‘ : — Jiy — pprr MC ‘o_‘ 800 [ — Jhy — ppan MC O: 1000 } — Jly — pprn MC
# 400F B 600 5 e 7 2
5} E O 3 o) r O 800
E 300F k= . ‘E 600 g :
= g = 400 = r = 600F
R 200f o i D 400 M ook
1000 ’/ i 200F 200
- = e : s : : .
0 WPV & ol I B N PR e o | 0\ ol T T .- 0! e T sy el e e 010 . 0 rortl IR AN WA W
-50 40 =30 20 10 0 10 20 30 40 50 =50 —40 —30 20 =10 0 10 20 30 40 50 =50 —40 =30 —20 =10 0 10 20 30 40 50 —-50 40 =30 20 -10 0 10 20 30 40 50
AB (%) A8 (°) A8 (°) A8 (%)
r e 7000 - i
2500 :_Energy Point @Vs = 1886MeV ——e’e = ppMC 3500 ;_Energy Point @Vs = 1890MeV —e'e — ppMC 6000 F Energy Point @Vs = 1904MeV —e‘e > ppMC 1000 [ Energy Point @V's = 1944M6V* —e’e - ppMC
C —+ v - ppem ata 3000 4 iy — ppx data E - iy = pprn data B t 4 sy pprn data
o, 2000F —ysmpmne | o : —wyommuc | o 5000F —wpsgeus | o, SO0 t — sy
> g S 2500F = : i~ :
2 1500F 5 2000 g 00E 5 6
= F =) F £ 30001 = C
S 1000F S 15000 5 : 5 400p
: = oo A i
500 - 5000 1000 |- 2001
0: , B o v Das s el ey [T ) OE . .. . 0: " . i L T T
-50 40 =30 =20 =10 0 10 20 30 40 50 250 —40 —30 =20 —10 0 10 20 30 40 50 —50 —40 =30 =20 -10 0 10 20 30 40 50 -50 —40 =30 -20 -10 0 10 20 30 40 50
A8 (°) AB (°) AB (%) A8 (%)

» With the increase of ECM, the anti-proton angular resolution improves.
» The angular resolution of © = — ~ MCbetterthan / — ~ ™ ~ control sample at

most energy points.
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Angular Resolution

® 1.878 GeV:

50 50 F=—=
40 40F —/—
20 30F=_"—
20 20F —_—
e 10 10E o~
p— E 9-/
< 0 = 15 =
< -10 -10E= <
=20 _20:__
ot -30
—40 —40
—50 ()T = E B AT Y NI PP B SR
MR 64 -2 0 T 4 & R 14 “10-8 6420 2 4 6 8 10
rz (cm) rz (cm)
S0E —= s 50
40 e 40
30F 30
20 20
o g loE= SIRU
D s == o> 0
< g -10 4 10
-20 —20
-30 -30
_:8 e ...1...|..,1.-H_E.|,H . ::8“.1...|...J...|._.4.‘. T P
C10-8-64-20 2 4 6 8 10 -10-8 -6-4-20 2 4 8 10
rz (cm) 1z (cm) rz (cm)
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Angular Resolution

Ad (%)
Ao (%)

AB (%)
A6 (%)

P(p) (GeV/e) Pt(p) (GeV/e)
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Preliminary Event Selection for case 2

> Good Charged Track: For energy points of 1.940 and 1.970 GeV
lcos | =093, /| <lem,| xy| <10cm; charged = 2; Decay Chain:
+ —_— —
» PID: use Dedx and Tof information ”
: prob( )>prob( , K)
Require: =1 -=1
» Further Selection:
* For the proton candidate: / < 0.5, if the track can reach the EMC.
.+ Momentum window cut forbothtracks.
|+ The opening angle - between the two tracks in the rest frame of the * ~ CM |
system is required to be back-to-back.
: . . ' Not used
Lo | 1— >| < 4 ns, where 1 and - are the time of flight meatured by |
. Tofdetector for the twotracks.
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Preliminary Event Selection for case 2

[Fm)

= 1943.85 MeV

NN

= 1973.54 MeV
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Preliminary Event Selection for case 2
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Preliminary Event Selection for case 2

900 —
|
Survival Events - PP
700 F . 8
MC Efficiency (%) 44.87 58.51 =18 #
b 334+19 71823 o 00 =
- =+ =+ _ :
(pb) * * 2 so0f |4
S 400 F h T )
TR = * e !
a © 300" L
@ 1_2;. .......................................................................................................................................... ] 200 E_ i -:Eg_rc(a:z?m
N U S SRS SO [ ] = 14 -#- pp Case2
o L 100 Fw
¢ oL oE& .
- 1880 1900 1920 1940 1960 1980

Energy (MeV)
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Preliminary Event Selection for case 2

20 ¢ n 20
°F |i| Data @1.940 GeV 'E | | Data@1.970 GeV | 74000
o 14F [% e 14F |
= | E
£ s [ £ I 2000
61 :%;,é _ 61 .1
2 Lk B _ghei . & 2F e L e
- . sgem H -fm&'_‘"u-ﬁ - T R P NS TP T
O L PR Y PR | IR R N R 0 MR | L | T SR SR AN SRR S SR T ST NN SR N O
0 02 04 06 08 1 . 0 02 04 06 0.8 | 1.2
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20¢ 3000 20—
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[=F 14 _ o, 14 — ‘? 3 6000
- LE | 2000 = Y
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é 10F o 1500 & 10 3 4000
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Preliminary Event Selection for case 2
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8
[ |
5
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Preliminary Event Selection for case 2

ppbar 44.87% 2580/2580
only pbar 6135550 54.43%-54.42%  3378/3399-3378/3382 1.0 0 192
onlyp 6083758521  58.17%-58.17%  3496/3713 -3496/3668 5.5 0 68297

- : add the cut of normPH>8. T R M Y I
= o E —+—mMc
: = |
v IR TA S S S
= N S A
£ 7 B T S S . Vo ——
S 2 .OE
g 18:— §|5 i N ~ R

- Data @2.2324 GeV i :
1.6~ P(P) (GeV/e)

L. b ; T C
145 Sp_ cam £ oo = - 2
\ak 2 F —~Hata=(D 1. 940 GeV 3 Data @1.940 GeV

L - = e - = -

1:_ 40} ="' 5 L - o .- % [
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0.6 s 3
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MC Efficiency T0 Determination

=) i . hll -
HAFER G5 [a] (Event Start Time T, ) MAHTOFTHET,,,
RF 499.8MHz
Charged
2ns \ TOF particle i / C D
(Rzﬁg MMWMUMMWWMWMWM 0 C‘./--M-.\/.-x\. A _O
Bunch . !_! 0 0 0 o ¢ 0 O 0 0 O /.7
Trigger/DAQ Bn) | g . = PMT / B
Clock 24ns — T(;'ﬁﬁ?'ﬂ T /
or / . ﬂ L T.ime of flight A-B
_oe T T,o: Time of B-C
Tw=% | meaon | pro ) /
MDC el ] H Tpmt: Time of C-D Al
. meeme T,: delay time at electronics
™DC=T,, +T, _
ev est ) Test TDC _TCV
T o determined from
pm— e .
L . offline data Tev :Ttof +Tpr0 T Tpmt T Telc

® Since the flight time of the low-energy antiproton is much greater than that of the pion, the flight time of the
antiproton to the beam pipe is about 2ns. This causes Ttof to undercount by 2ns and Test to increase by 2ns, which
ultimately results in an extra antiproton flight time forward when TO is positioned.
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Compare Weight MC and Data

/

» The number of can

match well between
data and MC.

The number of 1n
data is more than it in

MC.

In the transition
region (200-250
MeV/c), the simula-
tion of ~ is not good.

2025/2/26
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BackUp: Features of — iInteraction (inclusive)

- 10 . 10°
_&3 400 B — All events 8 : — All events
> —— Number of = 0 > 100 —— Number of = 0
0 3 I
& @) I
I 8 ]
© 2001 : —
z | EREy
§ 100 § -
o - = I
T s N
P(p) (GeV/c) P(p) (GeV/c)
lfggaeennnpa
_ B -y More than 10M ~ sample within acceptance
I B
:: § O About 1.2M ~ didn’t been observed =» interacted
5 <[ Below 200 MeV, almost 100% ~ interacted.
B P o I EE RN RN ERERE FE " t
g YE = — We focus on P(7) < 200 MeV following
=, 02 e BRI |
] S SUUOSUP P UPPPPLLLLL AR KT S

0 0.5 1

P(P) (GeV/c)
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Back Up: Control Sample of —

> Further Selection: 0.92 < -<0.96GeV/c?, 2 <20, ? <10.

6
10
sk
E 10°
GJ —_— — B
= & > 10
= = f
o o L 3L
& > > 107 F
o a8 [8d] C
g ]
> 10° £
88} 3
10 F
0.85 0.9 0.95 1 1.05 0 20 40 60 80 100 0 20 40 60 80 100
2 2 >
Mp GeV/c” = =
( ) XVP XKF
rowNo decay initial-final states iDeylFSts nktr nCEtr 8 104 B
1 /-t pp 0 569168 569168 > g ':f:g_fg —
2 T/ -+ wtn " ppy! 3 747 569915 (D] B et
7 I e T i 2 i B IncMC signal
3 Jfp-sratata o KYK 5 221 570136 ) 10° F
1 Jfp --» AOntntateTaTa 24 141 570277 — IE_
5 Jfp - mOnmt T KT K~ 22 136 570413 o C d : I!E‘"C'WC
i ST 00, +_ — —z-4 ¢ B . o "
6 Jp --» 7 Kintn " K 12 114 570527 o 102
T J/p -+ antataT e Kt 13 96 570623 ~ E
8 Jfp - mOntrT KY K~ 27 66 570689 ﬂ H
9 Jfp -+ AOqtpte =T KK mn a4 570743 g
10 T/ --+ mhn pp N 0 570796 > 10 &
11 T/ - a7 ap Bkg. leVel . 0.35 /0 570811 m
12 Jfp-—+ 77 tatn o w o w ow owom 19 aa 570885
13 Jp - a7t e Kt 18 43 570928 1E
14 Jfp - Ot et~ 19 41 570969 E:
15 Jfp -2 nOKintantne K~ 37 40 571009 0 0.5 1
16 Jftp - a0 nta Kt K~ 2 35 571044 :
17 Jftp —» w0t ata—m— 63 34 571078 ( )
18 T/ -+ m T ppy 81 32 571110 Pp GCV/C

> Veto / —  byrequirement: M( 7)) > 1.12GeV/c? or M( ) < 1.11 GeV/c?
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Back Up: Rxy and Rz from Vertexfit
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Method1:MVA-BDT Training

Input variable: chisq Input variable: e_pi Input variable: px_pip
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Method1:MVA-BDT Training

Classifier ( #signal, #backgr.) Optimal-cut S/sqrt(S+B) NSig NBkg EffSig EffBkg Correlation Matrix (signal)

Linear correlation coefficients in %
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Method1:MVA-BDT Training
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Method1:MVA-BDT Training

Classifier ( #signal, #backgr.) Optimal-cut S/sqrt(S+B) NSig NBkg EffSig EffBkg CeEiaialonIMBR S IgRAL

Linear correlation coefficients in %
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Method: Particle Transformer

Features of Changed Tracks:

o Azimuth angle: ¢ and 6 in lab frame.

Charge: the charge of track.

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;, K, ¢o, /l) describing the spatial trajectory of
track.

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

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

Interaction of Tracks:

*  Four-momentum: (

A= - 1P + Ga - P
kr = min (pra. prs) A,
z=min(pra, prs) / (Pra+ Prs).
m* = (Eq + Ep)* = |Ipa + poll*.

Song Hailin (USTC)

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

B .
Anm = — (i /R g s 9
: Z 7 funlrilRo)e 9)

with f50(x) = 2x* — 1 and fy, = 4x* — 3x%. Here i denotes the different crystals, E; is the energy

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

e Secondary moment: defined as ¥, Ei?/ ¥ E;.
7 i

o lateral moment: defined as ¥, Eir?/(E1rg + Earg + Xy Eir}).



Method: Particle Net

Features of Changed Tracks: Features of Neutral Tracks:

e Azimuth angle: ¢ and 6 in lab frame. e Azimuth angle: ¢ and 6 in lab frame.

Charge: the charge of track. o Energy: the energy of this shower.

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

¢ Hit Number: the number of hitting crystals in EMC.
RecMdcKalTrack after Kalman filter.
o Helix parameters: the five helix parameters (dp, d;, &, ¢o, /l) describing the spatial trajectory of e Time: the time information of shower.
track.

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

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

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

Points of Tracks:
~

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

Ei im
... . — : ¢
» (, ) asthe position of particles. / EdgeConv Block Apm Z 15 Jum(ri/Ro)e™|, 9)
k=16, C = (64, 64, 64) i tot
edge features -
near ) EdgeConv Block with f>(x) = 2x*> — 1 and Jaz = 4x* — 3x%. Here i denotes the different crystals, E; is the energy
\k:16.C:(128.128.128) . . Lo .
k o deposited in the crystal and r; is its distance from the shower center.
e = i —l’— EdgeConv Block
€r; = he(x;, Li; )s (e | (= 16.C- 256 25 255 | e Secondary moment: defined as ¥, Eir?/ Y E;.
]:1 BatchNorm ¥ I l

(T { Global Average Pooling }

. 2 2
N o lateral moment: defined as Y\ Eir?/(E1r§ + Earg + Yy Eir?).
Fully Connected
256, RelL U, Dropout = 0.1
¥

Linear ‘

BatchNorm

[ Relu

Fully Coznnected
. ¥
\ [ Reu | /
l Softmax
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Back Up BOSS Version Change

Upgrade of BOSS External Libraries

7.0.9 {0-pre*
OS: SLC6.9 OS: CentOS7
GCC:4.6.3 GCC:49.3
LCG: 65a LCG:84 71.0
Gaudi:v23r9 Gaudi:v27rl o
ROOT:S34 mmmm— ROOT: 6.20.02
CLHEP:2.0.4.5 CLHEP: 2.4.40
Geant4:9.3 Geant4:10

e Take advantage of new CentOS 7.9
e More particle species and precise physics models
e More functionalities of ROOT, and support EOS

e For physics users, minimize the changes needed

— Changes on Service and Algorithm interfaces, due to the upgrade of Gaudi
— Changes due to upgrade of ROOT, C++, CLHEP
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Single MC
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Back Up

Final state

Frequency (in %)

e

Pionic multiplicity distribution

From Table 7 From [263]
2 pions 0.38 +£0.03% 0.38 +0.03%
3 pions 7.4 +0.3% 7.8 +£0.4%
4 pions 18.1 +1.8% 17.5 + 3.0%
5 pions 352+£3.7% 45.8 £ 3.0%
6 pions 23.34+2.8% 22.1+1.5%
7 pions 3.3+£0.3% 6.1 +1.0%
8 plons 0.31+0.1%
Final state BNL CERN
KtK~ 1.104+0.10 0.96 4 0.08
KoK + KKy 0.0107 2012 0.008 £ 0.008
KK 0.71£0.10 0.80 £ 0.05
(KK + KK 1.46 +0.20 1.56 +0.12
KKjn? 0.67 +£0.07 0.67+0.07
(KK + K K )MM 1.28+0.16 10-3 1.4240.26
KsK*nF 42540.55 4.2540.20
(KsKs + KKt 4.02+0.52 3.90 4+ 0.46
KKz~ nt 2414036 2264045
KOKE7F70 8.94 + 1.06 9.38+1.10
(KsKs + K Kpr—nta0 2,98 +0.44 2204028
KOK*aFr—at 0.59 +0.08 0.71 £ 0.07
KOK*4x ~0 ~0
Sum 284415 28.1+14

Physics Reports 413 (2005) 197 - 317
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~nn’
n_no
7270
7~ 4n0
27 atand
2z~ at
2~ ntal
2n 2270

3n 27t nad
3n 2nt
32270
47 3T nn0

Sum

Final state

16.4£0.5

0.40 & 0.04
0.68 £ 0.07
1.324+0.20

39.7+1.2
1.57+0.21
21.8+£2.2
6311

234107
5.15+0.47
15.14+ 1.0

0.39 £ 0.07
955 £1.5%

Frequency (in ]074)

KK w
KKenta—n—
KKintnn~

Sum

147+2.1
36.0+4.2
147+2.0
21.2.+3.6

248+2.6
342435
256+£2.8

1.6+09
33.6 £3.8
35.0£5.2
28+12
1194 1.2

2.5£0:.1%




Back Up: 1.878 GeV before further selection
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Back Up: 1.878 GeV before further selection
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Back Up: GNN

Accuracy of train and validation over Epochs
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Epoch

Accuracy of train and validation over Epochs
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Back Up: GNN variables
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Back Up: Costheta of —

® After GNN veto, but the Ecms of data all plus 4 MeV to match the Signal MC.

1872 MeV
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Back Up:

® The treatment of systematic errors about GNNin * -~  %and * - %

+ + +
- —

» Model uncertainty: » Model uncertainty:
The uncertainties that is caused by limitations of

. — Repeat the analysis procedure for 100 times with
the model, either by errors in the training procedure,

: , exactly same inputs, where a random fluctuation is
an insufficient model structure, lack of knowledge

observed 1n their output signal BF results.
due to unknown samples or a bad coverage of the P s

. The number of channels C for each EdgeConv
training data set.

Using another ML model.
> Domain shift: another 100 times.

As a term from ML community describes the » Domain shift:

mismatch between the data distribution used for Using control sample and perform 1O check.

training and the data distribution which the model

will be applied to in production.

Using control sample.

block are changed, repeat the analysis procedure for
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