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B Motivation
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* The e"e” annihilation to neutron-antineutron pairs depends on two factors: electric Gg and magnetic

Gy, which also can describe the neutron’s internal structure.

> A testing ground for the understanding of QCD at low momentum transfer g2
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4ma?p

. . —_ 1 J—
Integrated cross section: o(s) = (1 +5) Gerrl®, |Gessl =

Space Like (SL) process Time Like (TL) process

e’ n The gray circle represents the
internal nucleon structure
parameterized by the
electromagnetic form factors

(2]

[1]M. Ablikim et al. (BESIII Collaboration), Nat. Phys. 17, 1200 (2021). & 3
[2]M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 130, 151905 (2023) 5



B Motivation

® Data: Boss 7.1.3
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880 1900 1920 1940 1960 1980 2000

1840
1870
1872
1874
1875
1876
1877
1878
1882
1886
1900
1940
1970

1.502
2.003
2.014
2.019
1.485
2.035
1.341
2.021
2.033
2.031
2.022
2.040
2.229

P,="YVs [4—m?2; E,, = 2m,~2%939.565 = 1879.138 MeV

1844.138 £ 0.083
1874.137 £ 0.084
1876.035 £ 0.079
1878.002 = 0.084
1879.139 £ 0.099
1880.073 = 0.080
1880.925 £ 0.101
1882.185 £ 0.089
1886.032 = 0.081
1890.160 £ 0.083
1903.824 £ 0.080
1943.686 £ 0.088

1973.483 = 0.092

£ 4R



B Strategy of the analysis
L]

€ Deccay channel:
e'e —nn
nN—angthing

€ Data and MC samples

* Data:
> 1 billion J/y data collected in 2012 (EMC)

> 10 billion J/y data collected in 2009-2019

(MDC and pipe) . Y » s
* MC Sample: gy _{)Et{“;fD"g” n\ T / /{ At
> 1 billion J/y inclusive MC (EMC) T - 14
> PHSP MC (EMC) i ff — Annihilate \
> 10 billion J/y mclusive MC (MDC and pipe) e > < S
> DIY MC based on PWA y \ ) S I ) ’
top

hi
o1
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B Control Sample of n from J/wv — pnim~

o
v

Boss Version: 708
Charged Track

v" Recoil n:
d Pﬁ = PJ/W —P

p_PH_

c080] < 0.93; [Vyy| < 0.5 em; [V, [ <5em; o .92 GeV < M < 0.96 GeV

QCharge=0 && nGoodCharge=2

PID: use tof and dE/dx info
prob > 0.001 & highest prob

Ny 21 &N, > 1

Vertex Fit:
Loop all the p, i1~ tracks, and select the

combination with minimum ) ‘Z,ertex fit
IPVxy<1 cm; IPVz<5 cm

2
X vertex fit <35

Addtional track:
No requirement for Vi, . V,
nremaintrack = 0

v EMC

e Time: [0, 700] ns

» Barrel: E, > 25 MeV (|cosB]| < 0.80)

* Endcap: E, > 50 MeV(0.86 < |cosO| < 0.92)
* nGoodShw >0

* Orecoil leadingshw < 300

£90000F 4 Data (stat. rror)
g - — Signal MC |(scaled)
(1180000 | gnal
puy - — Inclusive MC (scaled)
©70000F-
S60000F- *
o) =
50000 0
Ss0000} 9.33%
40000
30000
20000 "
B ».-:.*
10000~ _...ef"ﬁa:-rrr
0 :r-l | 1 1 L 1 1 1 | 1 1 1 | 1 Il 1 ‘ 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

Momentum of n (GeV/c)
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B Control Sample of n from J/wv — pnim~

]
® Background Rate

Table 1: Decay trees and their respective final states.

decay tree decay final state nEtr nCEtr

1 J/ip — 7~ np T np 515241 515241

2 J/P = ney, e = np T npy 700 515941

3 J/p — napy! " apy’ 648 516589

4 J/p = BA° A 5 7 p T np 400 516989

5 J/p = pAT At 517 h nnp 370 517359

—~ 1.2 6 J/p — mapy” napy" 83 517442
52

2% T J/p — m~ AT, AT — 1% o~ np 26 517468

2 8 J/p — 7~ A%, A° — 7°7 O fp 15 517483
©

o 9 J/p = 7ononln o L 13 517496

o 10 J/ — r°r"ap wOr " fp 13 517509

= s s, B b F

8 il J/p = ete vy eTe vy 7 517516

= 0.8 12 J/p > AMA > 7 p A = 7'h O~ fip 12 6 517522

= L 13 J/)p — m®r~KIKT, K — n°x° mOn0nlr~ K+ 29 6 517528

c‘g - 14 J/p = T8 2T 5 2%, 57 s 1 a O fp 18 4 517532

al

0. - 15 J/p = 'y, = ataAF atryfy 25 4 517536

LY 16 J/p = wtr gyt n =4y atr =y 26 4 517540

04l = 17 Jlp—sete ) ete S 28 4 517544

'4'_ 18 J/ — 7°7%h1 (1170), ha(1170) — = p*, pt — %72 F o0t 20 4 517548

= 19 Jppo KR K- 5K K*™ 5 a KO K° — K9 K Kt 30 4 517552

0.2 i I 111409 JATT66. s e N . 20 J/p = nw,n = w77 w — nOr w0t 19 3 517555

L tm" Tzz e guess T B groan grimae BT TS § 21 Jip o KYR R 5 K, K = 1 K% R° = K9, K9 — n°r° monCron— K+ 45 3 517558

F 6 37| 87 108 g g9 0 129 51 22 J/p = nnonta=~F monont AT 66 3 517561

e e L L L L ! 23 J/p — i KK* K — n°n°, K* - 7~ K™+ monmln K 35 2 517563

0 0.2 0.4 0.6 08 1 1.2 4 /o °KYK* K - 1 K°,K° - K9 K K+ 38 2 517565

Neutron Momentum (GeV) 2% J/p - KK, B - n°RO, Kt — 10K+, R° - K9 KO K+ 40 2 517567

26 J/p — n~ K3°K+ K3° — 7°K°, K° — K? O K{n K+t 41 2 517569

. 27 J/p — wtr=nyF n — 7000 won0mlat AT 10 2 517571

NSlg. 37711 98 J/tp — n0h1(1170), hy (1170) = 700, p° — wtm™ Ot 49 2 517573

29 J/1p — 7°7%h1(1170), h1(1170) — 7°p°, p° — 77~ S S 50 2 517575

30 J/ip = pAT AT o T Ryf " apy’ 59 2 517577

31 J/p = A°AYAY 5 77p, AY — 0% O fp 34 2 517579

32 Jp - K*K*y, K* 57 KT, K* - °K°, K° - K% K% - n°=° monlnlr Kty 70 2 517581

hi
oo
pai



B Control Sample of n from J/yv — pnmm m I~

g
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v

Charged Track
|COSQ| <0.93; |ny| < 0.5 cm; |Vz| <5 cm;
QCharge=0 && nGoodCharge=4

PID: use tof and dE/dx info
prob>0.001 & highest prob

N, 21 &N, 22 &N+ > 1

Vertex Fit:
Loop allthe p, m~. m . m" tracks, and
select the combination with minimum

2
X vertex fit
[PVxy<I cm; IPVz<5 cm

2
X vertex fit <35

Addtional track:
No requirement for Vi, . V,
nremaintrack =0

v

Background Rate (%)

Recoil n:

Pz =Py, _Pp_PH__PH_ — Py
0.92 GeV < M52 - <0.96 GeV
EMC

Time: [0, 700] ns

Barrel: E, > 25 MeV (|cosBO| < 0.80)
Endcap: E, > 50 MeV(0.86 <|cosBO| < 0.92)
nGoodShw >0; Orecoil leadingshw < 300

1.2

1

0.8

0.6

0.4f Nsig: 43866

B la49 1184
0.2[—|2

B 6566

: #2191 122010 a8 Lazd

i hi B s g e e

0 I I 1L | 476 0 1 40 1

0 0.2 0.4 0.6 0.8 ol o 01.2

Neutron Momentum (GeV) %9 m



B Comparison of n properties

® Comparing n with J/yw — pnm and J/w — pnom o' 1~

0< p= <100 MeV
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B Comparison of n properties

® Comparing n with J/w — pnm and J/y — pnm o' o
200 < pz <300 MeV 300< pz <400 MeV

r maxE Ti
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Almost identical ! Consider combining J/y — pnm and J/y — pno o' o~ as control sample.
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B Reaction rate in EMC

® Recaction Rate = Ncut/Nall

MDC outer wall

MDC&beam pipe

J/y — pnm™
> Nall:
*  QCharge=0 & nGoodCharge=2
* Ny21&Ny =1
* X%ertex fit <5 ‘
* 092 GeV < M2 <0.96 GeV

> Ncut:

* nremaintrack =0
 nGam>0

* Orecoil leadingshw < 300

J/lw - pnon oto™
Nall:
QCharge=0 & nGoodCharge=4
Ny 21T &N >22&N+>1
X vertex fit <3 '
0.92 GeV < M™% .~ <0.96 GeV

pIr oo
Ncut:
nremaintrack = 0
nGam > 0

Orecoil leadingshw < 300

£121]

g/
Y SUN YAT-SEN UNIVERSITY



B Reaction rate in EMC
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% 100; JW — pnir +Data
3 sof e '\f4+ _x001A_Ec€°7( Lumi.(pb 1) Estimated results Estimated results
g i e abichacta s -A-IrH“* e MeV) P (from (from
8 - &_‘_i_i—" Co b o otototoiotototst '
g 60 %i 1879.139 + 0.099 1.485
0 -

40
Z 0 1880.073 £ 0.080  2.035 372 416

20

: 1880.925 £ 0.101 1.341 245 274
0
0 0.10203040506070809 1 1.112 1882 185 + 0.0%9 5 021 487 443
n momentum (GeV/c)

s 100F + 1886.032 = 0.081 2.033 485 446
~ [ —_— 1 + — Data
E - Jly opnon oo — Signal MC
o 80f e 1890.160 +0.083  2.031 510 475
§ B -z _A_|—A—|—‘—!_ ‘_‘::j__::;::::__:_.:_l“__:_'_._l_._l_i_ :%::_;[—
§ 60 ;thj 1903.824 = 0.080 2.022 503 472
2
S 4o} 1943.686 = 0.088  2.040 506 496
28] B

201 1973.483 * 0.092 2.229 553 545

000102 03 04 05 06 07 08 09 | "

F13 1

n momentum (GeV/c)
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B Control Sample of n from J/wv — pnim~

]
v" Charged Track

g/
Y SUN YAT-SEN UNIVERSITY

« V,<0.5cm,V, <5cm = 140007
) - —— Signal 12000 [~
* NC 2 29 |COSQ| <0.93 §_'3ng} . — ltl:lcuslva 10000;
i - B ata
B i 8000 [
v" PID: use tof and dE/dx info ‘gﬂmﬂﬂ_— f,.—{"'}-f%‘*a so00 -
. . T, - ;# -
Prob> 0.001 highest prob i | ,ﬁyf &l 4000}~
* Np>2I,Np=>1 j,r H 2000~
% o5 15 065553 0.5 06504006008 T 108 T 0%
v Additional Charged tracks: P(n) [GeV] recoilmass (GeV)
e 05<V,.<10cm,V, <30cm Further Selection:
* |cosB] <0.93 Signal region: 0.9 < M. < 0.985GeV

v' VertexFit for p, 1~

5 V. <5,[V,| <10 (select n interact with BP)
SPSIRE )

58<V,.<7,]V,| <30 (selectn interact with MDC inner wall)
v" VertexFit for all additional tracks

o
* Qﬁ—recoil <10 "
£ 151,



B Control Sample of n from J/wv — pnim~
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« V,.<5,|V,| <10 (selectn interact with BP)

_ . . N
12000 - v’ reaction rate = =<
C . recoil
10000 [ ..
i *  Nieac: at least 2 additional tracks
8000 |- .
—d 64200 *  Niecoil: Tecolled n candidates
4000 [ 5F 3r
2000 4-52_ e ® reaction rate of data
S — 4t 35 2
00 1 > 3 4 5 6 —_ 35; E/ - 4 reaction rate of MC
X TE o) 20
Na >= 2, IP Vr (cm) D 3E ol -
®  25F § c  15F —
12l (®)] 2 = i E
- B 150 |5 e
- e N (4] C —A—
10— E ¢ o I T —e———_
- i « 5 & o 0.6 e T
s 05F o L C
L 0'E s 1 v v e ® o o ¢ f o &omon 05 s o Fomoa o oL 1 R B R BT SR
6L 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 1.2
) nbar momentum(GeV) p_(GeV)
: Ecor(GeV) | 1.880 | 1.881 | 1.882 | 1.886 | 1.890 | 1.904 m 1.974
0 nEvent

£ 161



B Control Sample of n from J/wv — pnim~
]
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Control Sample of n from J/wv — pnm m I~
p Y —p

v

v

Charged Track
V,.<0.5cm,V, <5cm
N, >4; |cosB] < 0.93

PID: include tof and dE/dx info
Prob> 0.001 highest prob
Np21,NH*Z2,NH+Zl

Additional Charged tracks:
0.5<V,<10cm,V, <30cm
lcosO| < 0.93

VertexFit for p, 1", I, 1~
Xop <5
VertexFit for all additional tracks

Gﬁ—recoil <10°

Signal region:
0.92 < M ... < 0.96GeV
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i m
: Fo i L | R IR
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Na >= 2, IP Vr (cm)

e 58<V,.<T7,|V, <30

24.2k

Bkg rate(%)

iz o= S

6.2 6.4 66 6.8 7.2
Na>=2, IP Vr (cm)

{nfa e |

7.4
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22F 25
20 ;7 ¢ E ® reaction rate of data
18 2
16 & C 4 reaction rate of MC
14t 150
12 L
10 q E
8E L
61 . L ==
4= 0.5 i::—o—:‘: o —A— ——
L S e+ —A—
2 e LA C —
ot L P IR [ | ol i PRI I AR NSRS RS
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 1.2
nbar momentum(GeV) p_(GeV)
(select n interact with MDC inner wall)
5 251
4.5 ; ; ® reaction rate of data
4 T 2F
35 = E/ ke A reaction rate of MC
c [0} L
3 F : ’ "é' 1.5 :*
255* . ¢ c -
2F . 2 1+ —_
15 3 P
3 2 osf 3 B
0.5 ;* e __A_—o—_._—.—::_._
) T N R R I R P ol PN RS N RS R NS R
0 02 04 06 08 1 1. 0 0.2 04 06 0.8 1 1.2
nbar momentum(GeV) p_(GeV)
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B Summary and To do list

* The reaction rate in MDC and BP is very low, and it is difficult to use this part to reconstruct

antineutrons. Our focus is currently on finding the signal process on EMC.

e Currently in progress: Event selection.

Thank You for your
Attention ! ;)

£19 1]
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B Datavs MC of J/y — pnm in 0~200 MeV
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maxE_nbar
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B Datavs MC of J/y — pnm in 200~400 MeV
]
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B Energy points vs n Momentum
]

® Data: Boss 7.1.3

ERom(MeV) | Lumi.(pb-!) ECOT(MeV)
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B Purtyof J/y —» pnm oo
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Table 1: Decay trees and their respective final states.

rowNo decay tree decay final state  iDcyTr  nEtr nCEtr

1 J/p = ATATT AT - 777, ATT > 1t p T ap 3 37721 37721

2 J/ — 7 ATAY AT 5 TR, A 5 p Tt n T ap 1 37334 75055

3 Jip = 7t AAY A 5 p AT s xR ataTw wp 2 13863 88918

4 J/p s nn ATp, AT s ata ata nap 0 3399 92317

5 J/Yp = RATT AT 5t ata T wp 4 3226 95543

6 J/p = nta aA’, A 5 7 p atr rap 7 784 96327

7 J/p = atn *pAJr At 57 h ata n " ap £l 782 97109

8 J/w —>p 07A° p° - ata A" s 1 p ataTnap 9 479 97588

9 J)p — pon~ np,p L T T fp 5 479 98067

10 J/p —p pA+ e S S N ata T Ap 8 450 98517

11 Jip -t~ ap atr T n T ap 12 442 98959

12 S aTAST Ao p, 3T s T ap 10 219 99178

13 gy — KIAA K s ntn A= 77p aTaTn wp 19 112 99290

14 J/p - A A AT = ot AY — oA atr nnpy’ 15 93 99383

15 Jjp = ATATT AY s aayf AT — 0 p atr nnpy’ 23 82 99465

16 Jip =7 ATAY AT s atayf A s o p atr n apy’ 18 63 99528

17 J/p =58 8 5ot a, B s AA T p aTaTw wp 27 60 99588

18 J)p = n ATATT AY 5 ama, AT o atpyf atr " n apy! 16 50 99638

19 J/b = wpAt,w st , AT 5 1R P 7 6 42 99680

20 Jp 88 s A, st AA ST ataT T mp 21 39 99719

21 J/p - ATAY S AY xR, AT ooty atrT T np'y 34 39 99758

22 J/p =T APAT A 5 mopyf AT 5w atr n npy! 20 37 99795

23 JJp = wiA® w—atr T A 5 7 7p ata T Ap 32 31 99826

24 J/p —m “ATAN AT st A" s ap ataT T np’y 35 27 99853

25 J/ip = K°AA K® - K3 A - 77 p, K% = ot~ ata T fp 13 26 99879

Sig: 55324/64904 = 85.23% 26 J/ = agnp,a; = pPn~,p° = wtw™ T fp 28 25 99904
27 J/th = nAPAT A° 5 7 p, AT — a7 Ayl A e nm 14 25 99929

bkg 89/1 70=52.35% 28 J/p - atAPATYS A® s pp At rrrnapy’ 31 19 99948
bk 29 J/ = - wip.w— atw” atr nqp 39 19 99967
g rate l . . 30 J/p = mn~ap,n° = ete AT ete nmapy” 30 14 99981
all Slg' 553240 31 J/w — fipb] ,b] = T w,w = T atrT T fp 17 8 99989

32 J/h — p°al®, p® — 7ta A 7 p atrn apy! 41 8 99997
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