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B Study of interaction of anti-neutron with material

B Study of hyperon weak radiative decay
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Study of interaction of anti-neutron with material

@® Motivation
@ Strategy & Difficulties

® Progress

@® Status



Anti-neutron analysis — Motivation

Why study charge-exchange (CEX) reaction

® Study the isospin structure of the NN interaction
[=0,1=1)
® Sensitive channel to probe the NN large-distance force

® Measure analyzing power (A) to provide constraints for

theories

Analyzing power

® 4 Fermions, 5 complex amplitudes are needed

to build up the scattering matrix, do/d€2 is not
adequate
® depends on spin dynamics and spin structure

of nucleon-nucleon (NN) system

do 1 doy
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https://www.sciencedirect.com/science/article/pii/055032139390028N
https://www.sciencedirect.com/science/article/abs/pii/S0370157303002333

Anti-neutron analysis — Motivation

® Scarce experimental results of nn till now

Measurements in the world )
® Unique features of n beam

low-energy antiproton and antineutron cross-section and

. | | n Beam features
scattering measurements at LEAR(low energy anti-proton ring)

Measurement Incoming p momenta (MeV/c) Experiment @ ﬁ nOt SUffer mu Ch frOm energy IOSS
Integrated cross-sections
Tt (PP) 222-599 (74 momenta) PS172 . .
_ 181,219,239, 261, 287, 505, 590 PS173 ® free from Coulomb interaction
Gann (PP) 177-588 (53 momenta) PS173
38 to 174 (14 momenta) PS201
Ot (IP) 80—293 (18 momenta) PS201
Gann (IP) 50—400 (18 momenta) PS201

pp elastic scattering

test MEP & ChPT

p 233,272,550,757,1077 PS172
181,219,239,261,287,505,590 PS173
do/dQ 679-1550 (13 momenta) PS172
181,287,505,590 PS173
439,544,697 PS198
Aoy 497-1550 (15 momenta) PS172 /
439,544,697 PS198 dU dQ
Doon 679-1501 (10 momenta, 23 points) PS172 ,
==
pp charge-exchange G L EAR ==
do/dQ 181-595 (several momenta) PS173 =
546, 656,693,767,875,1083,1186, 1287 PS199 3 =
601.5,1202 PS206 _ e
Aon 546,656,767,875,979,1083, 1186, 1287 PS199 2, e
Dono 546,875 PS199 e . . .
. : - differential cross section
Several observables 1424—-1922 (several momenta) PS185 COS 79
0. 0.25 0.5 0.75 1.


https://www.sciencedirect.com/science/article/pii/0370269394906289

Anti-neutron analysis — Motivation

Nucleon interaction study at BESIII

Cornucopia of Antineutrons and Hyperons from a Super J/y Factory
for Next-Generation Nuclear and Particle Physics High-Precision Experiments

1,2, 3.7

Chang-Zheng Yuan " and Marek Karliner
'Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
University of Chinese Academy of Sciences, Beijing 100049, China
3School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel

@ use hadrons from J/y as beam, material of

beam pipe as target

Prospects to study hyperon-nucleon interactions at BESIII"
Jianping Dai ({8&F)!  Hai-Bo Li (ZEE)>'®  Han Miao (IP1#5)>*©  Jianyu Zhang (581 5)0
'Department of Physics, Yunnan University, Kunming 650091, China

*Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
*University of Chinese Academy of Sciences, Beijing 100049, China

® introduced method to measure hyperon-

nucleon interaction cross-section
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.012003
https://www.sciencedirect.com/science/article/abs/pii/S0370157303002333
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.L052201
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.L052201

Anti-neutron analysis — Strategy & Difficulties

Analysis strategies

@ select n sample from J/yw — prn

- restrict distance requirementon pz—:V < 0.5 cm , V, <5 cm

- background rate: 3.81 %

Beam pipe (BP) region: V. < 5, | V,| < 10

® ensure N interacts with beam pipe material

- criteria for additional tracks:0.5 < V. < 10 cm ,V, < 30 cm

[P to Vertex
- vertex fit for all additional tracks: ..., < 10° Recoil from prr~
- background rate: 0.00 %
® pick nn — pp Hmatch

= exact two additional tracks: one p, one p



Anti-neutron analysis — Strategy & Difficulties

. . ] ® MC is generated according to PWA results
MC simulation can not describe data well
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https://docbes3.ihep.ac.cn/DocDB/0014/001450/003/antineutron_p_version_0.2.pdf

Anti-neutron analysis — Strategy & Difficulties

Reasons \/

® Process is not included or has wrong yield in Geant4 — > Jy —

Two strategies

@ Use a self-defined long-lifetime particle (X) to simulate reaction X(nn) — pp

= Current scheme

= Already used in other analysis

® Incorporate latest version of Geant4 to BOSS

= In progress et . o e

= Geant4 11.2 Release note:Hadronic physics: Major extension of the INCLXX

model to handle antiproton annihilation at rest and in-flight.
© PRL(2023) 10


https://journals.aps.org/prc/pdf/10.1103/PhysRevC.109.L052201

Anti-neutron analysis — Progress

Distribution of 1n — pp

® Follow same selection as introduced before to select nn — pp

® Only interaction with BP is considered here

® Momentum of n and p (from interaction) are used to weight MC
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Anti-neutron analysis — Progress

Distribution of nn — pp
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Anti-neutron analysis — Status

Summary:

® Use self-defined particle to perform the preliminary analysis

® The Fermi momentum of neutron with nucleus is found to be large and should be considered in MC simulation

Next to do:

® Refine the MC simulation using self-defined particle

® Read Geant4 documents & implement Geant4 into BOSS

e do/d€2, AN measurement

13



, Study of hyperon weak radiative decay (HWRD)

PP
ST S A
-

@® Motivation

@® Analysis Strategy

@® Summary

@® Status

14



HWRD analysis — Motivation

Hara theorem puzzle Advantages of BESIII
® Prediction: a (X" — py) =0 J/ il
L a, Dy ® The largest J/y sample (10 billion)
® Measured to be large and negative by ® Spin entanglement information of hyperon pairs
: +
Berkeley, KEK, Fermilab and BESIII e BESIIl already measured A — ny, 2™ — py
Phenomenological models T R
i g ® BESII 02—
Decay asymmetry a, o%F - Lmn
= A" s |/ ©
Decay modes | VMD{) NRCQM () ChPT{#Pole model(T){#Pole model(IT) £ PDG T ol = % owr (] .‘l .
A — yn -0.93 —0.67+0.06 -0.19 0.91 -0.49 —0.16 £0.11 =t . x < o5k Jr 308
St —>ap | -0.67 —0.58+0.06 -0.49 -0.92 -0.80 —0.76 + 0.08 osh s | A A
= = E_"}/ 0.89 - 0.84 0 - - r i . _1__ | i | + :; ]cg:lslgT(31)(BFxo.1)
=0 5 A -0.97 0.72+0.11  0.46 0.07 -0.78 —0.70 + 0.07 - . ; AR e
=0 5 4%0 | -0.92 0.334+0.036 0.15 -0.75 -0.96 ~0.69 + 0.06 A T S BEE ) 10D ?
BF(A—ny)(x107)

PRIL12,378(1964) @ PR188,2077(1969) & PR1.59,868(1987) @ PRL68,3004(1992) @ PRL130,211901(2023) @ PRD73,076005(2006)

CPC067(2021) & PRD59,054019(1999) @ PLB190,187(1987) @ PLB101,417(1981) @ JPS8,083C01,(2022) PRL129,212002(2022)
15


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.12.378
https://link.aps.org/doi/10.1103/PhysRev.188.2077
https://link.aps.org/doi/10.1103/PhysRevLett.59.868
https://link.aps.org/doi/10.1103/PhysRevLett.68.3004
https://link.aps.org/doi/10.1103/PhysRevLett.130.211901
https://link.aps.org/doi/10.1103/PhysRevD.73.076005
http://hepnp.ihep.ac.cn/en/article/doi/10.1088/1674-1137/abc067
https://link.aps.org/doi/10.1103/PhysRevD.59.054019
https://www.sciencedirect.com/science/article/pii/0370269387908653
https://www.sciencedirect.com/science/article/pii/0370269381901660
https://link.aps.org/doi/10.1103/PhysRevLett.129.212002
https://link.aps.org/doi/10.1103/PhysRevLett.129.212002

HWRD analysis — Motivation

Why E0 — XV

e Independent measurement from e*e ™ collider experiment

® First absolute branching fraction measurement with C.C.

e Using updated input value a(A — pz™)

e Comparing with =0 Ay result gives

information about hyperon structure

Experiment Branch fraction (x107°) | Decay asymmetry parameter | Events
1989 SPEC 3.06 = 0.42 £+ 0.10 +0.20 £ 0.32 £ 0.05 89
2000 NA48 3.16 = 0.76 = 0.32 - 17
2001 KTeV 3.34 +0.05 = 0.09 —0.63 = 0.08 £ 0.05 4045
2010 NA48 —0.729 4 0.030 = 0.076 15 k
+0.786 £ 0.104 544+ 1404

2010 NA48(c.c. channel)

© PRL63,2717(2002) @ EPIC12,6976(2000) €& PRL86,3239(2001) @ PLB3,693(2010) @ PRL129,131801(2022)

16


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.63.2717
https://cds.cern.ch/record/438907
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.86.3239
https://www.sciencedirect.com/science/article/abs/pii/S0370269310010191?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801

HWRD analysis — Analysis Strategy

Double tag

® Absolute &8 measurement

® Canceled systematic uncertainties from ST selection

PRD108,016011(2023)

 Purpose: Measure 3 & a,

Decay asymmetry
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.016011

HWRD analysis — Summary

Branching fraction and decay asymmetry
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HWRD analysis — Status

Summary:

® The absolute branching fraction and decay asymmetry is measured, both consistent with PDG

® Our results favor the predictions from VMD and PM |

® Draft is in PubCom review within BESIII

In the future:

® The statistics is more sensitive at e e~ collider

(to reach same stat. error with NA48, only a quarter of events are needed)

® STCF will produce J/y sample about 100 times larger than BESIII

Stat. unc. of a,

0.14

0.12}

0.1F
0.08F
0.06 -
0.04F
0.02] -
0t

== Current statistics

- EXpected statistics

|
1000

| |
2000 3000 4000

Number of events




Introduction
® STCF & ITKW

| TKW pre-research
@® Digitization method

@® Clustering
® mMmTPC reconstruction

@® Status

20



Introduction — STCF & ITKW
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ITKW pre-research — Digitization method

® Electric field e X: Primary ionization

)

)
Radial electric field e « driftin EM field (Ti)

® A: avalanche — polya distribution

® sensing signal ((J;) — electronics response function

k& // &\\V//ﬂ K\\\ //Jj wave amplitude, tir.ne t(.) peak
\ — S ® Threshold-crossing time
(//\? //7\/\\ (/[\% @ /% A@ 00000 g g : s

“Digitization jj“’.Beam test

|||||||
0000000000000
Cluster Size



ITKW pre-research — Clustering

Pack up digits into clusters

® Before:

continuous group of digits(one break point is allowed)

® Updated:

two break points are allowed
within 350 ns

signal over threshold (1 fC)

time monotonicity (less than 100 ns per strip)

1200
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stript ID o

‘f.“o

400

200

o
o

[ ]
..
[ ]
* IS

¢ \

s
L1 1 I L1 1 I L1 1 I L 1 I L1 I L1 1 l L1 11 I L1 1 I L1 1 I L1 [

100 200 300 400 500 600 700 800 900 1000

CmT

drift time

Reconstruction efficiency(%):

(87.42, 95.18, 96.31) — (90.50, 97.51, 98.25)
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Micro TPC

Distance

Vdrift * L drift
Strip 1D
Pos = ID|p_s s1m

Distance

ITKW pre-research — mTPC reconstruction

Performance
large deviation
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ITKW pre-research — mTPC reconstruction

Source of deviation % : reach point is not the center of the strip
® Inaccurate estimation of drift time & drift velocity if N, original ionization,
® Time advance caused by multiple signals collected by one strip

the 1, is determined by the first one
® Each step of digitization may bring deviation *

|
|
...... '
1
1

ﬁ—

Temporary solution

@ Data (MC) driven method:
® Get a set of correction matrix based on

® Different momentum, polar angle, particle type




ITKW pre-research — mTPC reconstruction

Correction method: MC driven

I | A0 < 0.05
-
CorrX
CorrV

Cluster info

|
energy loss (dE/dXx)

Generated from MC
26



ITKW pre-research — mTPC reconstruction

Performance
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ITKW pre-research — Status

Summary:

® Construct the digitization & reconstruction strategy of ITKW

® Correct the deviation of mTPC reconstruction to an acceptable level

Next to do:

® Participate beam test to better understand mTPC mechanism
® Optimize detector design based on beam test results

® Refine digitization based on beam test results
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Study of interaction of anti-neutron with material
® Report in BESIII Physics and Software Workshop in Autumn 2025 parallel session

3:08 PM Study of charge exchange process nnbar to ppbar at BESIII
Speakers: Jiajun Tang, 3232 & (FERSRAAR)

Study of hyperon weak radiative decay

® Report several times within BESIII collaboration & on plenary session in 2024

@ Draft IS under PUbC()mm reVieW . Measurement of the hyperon weak radiative decay
Study of = — 2}/ , 29 — 430 at BESIII

Speakers: Jiajun Tang, 238 & (FERFEAKY)

Xi0SigGam_2024_0..

| TKW reconstruction T

® Report at 6th International Workshop on Future Tau Charm Facilities
] ] . ] . s ABSTRACT: Based on (10.087 £0.044) x 10° J/% events collected with the BESIII detector
® Report at 2nd Workshop on Tracking in Particle Physics Experiments e meancs T 20, Toe avosnte raneing T of 1 2 Y90 i dtommind

o tobe (3.69+0.21tat £0.125yst) X 10~3. The decay asymmetry parameter is measured, with

. 10 the complete angular analysis of the cascade decay chain, to be a.y = —0.807 = 0.0955¢,¢ £
STCF ITKW microTPC T ’
]E A Jiajun Tang
Tracking.pdf 2 9
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Anti-neutron analysis

Used data & MC sample

BOSS version 7.0.8 (G4 version:9.3p01)

E _ _ < —— PWA fit Data
2000} PWA fit I g | Lilll 1
Full J/y data sample = 2 o0l T y
o 1500 3 L
%) - Ll
% 1000 T I
eq1° . . Lﬁ ) 500 '
10 billion inclusive MC sample s00| :
© % "5 0 05 1
coso[n]
DIY MC based on PWA

BAMS892 31


https://docbes3.ihep.ac.cn/DocDB/0014/001450/003/antineutron_p_version_0.2.pdf

s ~ n ~ = Y — ol ~ = N s =
== - alars = / — -2 = - o ol v e e a Y

 Anti-neutron a

W PSS IS W, Ly s 2 i e o 2 o ame 5 >
7 A = e = =7 ~Ete

nalysis

'

Sl TT
-

rowNo (decay ii?fg_;f; states) iDeyTr  iDcylFSts nEtr nCEtr
J/Y — 7w np .
L ) 0 0 6827406 6827406
J/d) = NeYsNe =+ T NP
2 s 12 12 32207 6859613
(J/¢ --» n~npy)
J/p — 7 apy’
A SR AR 1 1 29985 6889598
J/p = wntatan-
4 e ) 14 14 9472 6899070
J/p = ntatate a T n”
5 (J/% --» 7r07r+7r+7r+7r_7r_7r_) 21 5 6459 6905529
J/h — A", A" - 77 p
6 (J/4 --» ©—ip) 59 0 5095 6910624
J/ = 't KYK~
T Aot KK 6 6 5082 6915706
A+ A+ -5
g JW—opALATo TR 27 0 4939 6920645
(J/¢ --» n~np)
J/Y = n~apy"
9 T m) 3 3 4490 6925135
Jp s atn  KYK™
10 (J/t > 7r+7r_K+K_) 49 19 3454 6928589
J/p = n°nlntata o™
A A S A S 18 18 3243 6931832
J/v =t pp
12 A 2 2 2469 6934301
R . ey
J/ = wK°K*,w = %7t K 5 K{,K* 5> K"
98 (J/th > WOK2w+w_w_K+) 247 33 255 6991130
J/ = 7tpAtT AT 517 p
9 o 60 2 248 6991378
J/p = 7tn by F, b) = 1w, w — 7Ontae
100 ) 458 194 247 6991625
rest J/¢ — others (8969 in total) - - 60244 7051869

(J/1 --+ corresponding to others)

bkg rate from inclusive mc :

2.69 %

bkg rate from sideband :
3.81 %
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Anti-neutron analysis ackur
decay tree . .
rowNo (decay initial-final states) iDcyTr  iDcylF'Sts nEtr nCEtr
1 g;ﬁp__’_f:%p) 0 0 91780 91780
2 ‘(I ﬁ P ™o 2 2 438 92218
~ oyt
3 ‘(I 5}” A 1 1 1 411 92629
7 _ N
4 ‘(7 j}%‘_’fiﬁ}r - pg) pA= P 4 3 94 92723
J/p — pAT, AT 170
5 g 3 0 60 92783 bk t f t 1 .
s g rate from topology :
6 /¥ = npy 6 5 50 92833

(J/Y --» m~apy")
. {ﬁf)?ﬁo—}z_) TP 8 0 A7 92880 O . 8 6 %

g J/¢Y — w°pp
(J/¢ --» n°pp)

9 ‘(Ij;@__“}io 1;_21)7;_1%1_\—”?0% 10 8 10 92909 bkg I’ate fI’Om Sldeband .

J/p — " KSKT,K$ — nhn~

5 4 19 92899

10 T e K 19 15 8 92017 O O O 7
11 ‘(’J/;@?f;’}ff i ﬁ; P 11 8 7 9202 . 0
2 TR 9 7 7 92031

13 ‘(Z}b ¢__’fﬁ;ﬁip) 13 10 6 92937

\eps e m e a

94 ‘(7 }7’ ¢f’_?"7fﬁ’:+;’_7;%+“_ 93 39 1 93042

95 {f}plp_’:’ﬁogﬂ;]ﬁ 5;) =™ KK 5 mKO K~ K, Kg > mtn 94 59 1 93043

96 ‘(]ﬁw_’f{;ﬁ;f_;{% m K", Kg” =7 K, K° = Kg, Kg = whn” 95 15 1 93044

97 J/p = 1 KKt ,n = n%7%° K% - ntn~ 96 46 1 93045

(J/3p -+ 7m0t~ KT) 3 3



 Anti-neutron analysis Backur

Beam pipe (BP) region: V. <5, |V,| < 10

Additional Charged track . .
ronal LAaarsed tatks MDC inner wall (MDCI) region: 5.8 < V. <7, | V,| < 30

B 05<V.<10cm,V, <30 cm

[ |cosé’| < (0.93

B PID: only dE/dx
Prob > 0.001 & highest prob

B Njoooa = 2, at least two additional tracks

12—

IP to Vertex :

10—

VertexFit for all additional tracks Recoil from pz~ o

B VF must succeed -
Hmatch -

B 0 . <10’ ninteraction



 Anti-neutron analysis Backurg

B Mass of X variate with 7 momentum / \

>, 2
=\ 2mm, o ) g

B X s assigned a decay length

only those decay within beam pipe (3.148564 cm < r < 3.37 cm) are kept Pa

B The momentum of neutron 1s assumed to be at rest

B [nput momentum of p, #~, 11 follow PWA results too

....... A - 35



 Anti-neutron analysis

B Preliminary results

only stat. error of N, 18 considered
welght factors are not used here

Nobs

O - _ =
gﬁ - &

N, - . [
P = APH" g
My

© BAM997

5 (mb)

y NJ/W‘ %(]/l// —> pl/_lﬁ'_)

40

35
30

25
20[

15E
10E

—=— Data

0.3 04 05 0.6 07 0.8 09 1 11
p (GeV)
N

P = 7 - fre — 9= & ~ _y v - S ore = o o= g PESCE - T e Lo __ PP = = ma= S PR _ = = g LY - = o= 7 e L = _ s - _
W YAV % TP eZ NV T 7 DV - IOV X SRR~ o o e P mer N Y > - a e e e o s v e — 1 ——en, DY IS O = > e ol e P e e B - GBSO R e e v e — - - a e o
by
3
A
ABa g~ s - gD ) 4 ETL AR R a8 iy o s R L Lo g sBha B Ve ., ST B> 0 SNy _am fas L Lo b sha o go B> A ARl - L s ST 250 i e o o — g - il e gk S PN IR - RISl e Yga RN SR . & T PG SR TSN
’ - Fdait; R = f =T RN / - ' - [ - \ -
- . _ . _ .= a -~ . . . _ .= N - ~_ - ~_ ~ - = - = = - -~
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https://docbes3.ihep.ac.cn/DocDB/0015/001528/004/v4.0_memo_nbarp_kaons.pdf

'HWRD analysis

Decay chain:
Jhw — B - Zy) 29 - Az")

> = Ay, A > pr, A— prt

© PhysRevD.108.016011 £

P A= .= = B PP = — L d L = P - Lo = T — P At = e — P Sy = e 7= P - P .

PN D S TN P P S S N Y TN P DR ARy P P = =S S = B IV = S R N e T T e P S e N T O R P - =S

y

5

5

(e A Aan R L £ rian Jegl adn S\ € E MO s A el e Ak B Lo b e D W ., e AR TR e ~
~_ - . . - . c _ . e = Q = o e NI \ - - ~

= .7 ey Ml O < - Dpa. 4 B = i) o 3 A < Nes i
=~ . . - o _ _ =~ . . e < - a _ o =~ ) . - o _ _ =~

3 3 ) ) (D)
— = 21X A A
W = E Co b bl a0y
u, v=0 u', v, p=0

Py=1/1 —a}/wsinACD
Yw =1/ 1 —ajz/wcosACI)
)

ﬂl// Sin QEO COS HEO O

0 sin? O 0

(
l+a, c0s? O 0
Y, SN Oz0 €08 O

—p3,, sin O cos Oz 0 a,, sin” Oz 0

O _%// Sin QEO COS GEO O

\ —(a,, + cos’ (950))

For

+
-

( 1 0 0 a )
acos¢gsingd ycos¢cosd —fsingg —pfcos¢pcosfd —ysing cos¢sinf
i asingsin@ fcos¢g+ycosfsing ycos¢—pfcosfsing singsinb
\ a cos 6 —ysiné psin6 cos 6

/

For

A 4
~

(1 0 0 —a )
acosgpsind 0 O —cos¢gsind
W asin@sing 0 0 —sin®sing

. acosd 0 O —cosf
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.016011

' HWRD analysis Backurcr |
@ 1.58 milion DIY DT signal MC

BOSS version: 7.0.8 ; 0 - 4 _
Jiy — E(—= ZpE( - An”), 2 —» A(— pr7)y, A — ps

Data

@ 10 bilion J/y data collected in 2009-2019 @ 51 milion Exclusive MC

Jhy — B - Az)E( - Az"),A - pa~, A — prt
MC samples

@ 10 bilion J/y inclusive MC Input parameters for DI'Y MC

@ 12 milion DIY ST signal MC iy 0.514 UA—pn 0.7551
dz_y,  -0.69 AD= ;. -0.0053

A5 Ay 0 AR5z -0.7448

Jlw — Z%( — anything)Z2%( - Az"), A — pzat
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Selection

@ Charged tracks

B NocutonV,.,V, B |COS(9| < 0.93

B At least 2 good tracks

@ ParticleID

B Proton:

prob(p) > prob(x) & prob(p) > prob(K)

Momentum > 0.3 GeV/c

B Pion:

BN, > 1N, > 1

Tracks other than proton

@® A reconstruction

Keep all pr combinations satisfying

Mﬁﬂ— o M/_\

Events
(6)]
o

0 0.10.20.30.4050.60.70.80.9 1
p (GeV/c)

700

600

500

400

Events

300

200

|IIII|IIII|IIII|IIII|IIII|IIII|I§L

100

1.105 1.11 1.115 1.12 1.125

M (GeV/c?)

Tl:+

< 6 MeV/c? (50)

Events
(@) ]
o

I
1
00 0.102030405060.70809 1

p (GeV/c)

60000} ¢ * Data

— Inclusive MC|

— Signal MC

50000
£40000}
C -
230000f
=

20000

10000

1.1 1105 1.11 1.115 1.12 1.125 1.13
2
MW(GeV/c)
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' HWRD analysis Backur 1
@® ' Selection

@ Neutral tracks B 1C KM fit on yy combinations

B 25MeV @ [cosd| <0.8 B 115< M, <150 MeV/c?
50MeV @ 0.86 < |cos 0| < 0.92

B 0<TDC <700 ns 70000 . Data

60000 |-
- r" = Inclusive MC

_ 50000 v
g Angle between n.t. and c.t.(p) larger than 2,40000!

10°(20°) 30000}

20000*

_ Ny > 2 10000}

Y R— Signal MC
®

o
3
o
4
[ 4

. M PRI S N ST ST T SN B S S e p—p—
0.11 012 0.13 0.14 0.15 0.16
M,, (GeV/c?)
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® ='Seclection

'HWRD analysis

My o = \/ (Ejppe + Ego)> = (Poe + Po) — My + M

Events

300

250

200 |
150 |
100 |

50 |-

B Sclect Ar' combination with

MA]Z'O — Mz

Do

1.28

13

M_(GeV/c?)

o: 4 MeV/c?

o1: 2 MeV/c?, rat
02: 22 MeV/c?,
03:6 MeV/cz, rat

132 134

Mean: 1.313 GeV/c?

io1: 0.51
ratio2: 0.13
io3: 0.36

1.36

18000
16000
14000
12000

c 10000
= 8000
6000
4000
2000

MA]Z'O — Mz

L —

< 12 MeV/c? (30)

e Data

— Inclusive MC|

— Signal MC

126 128 1.3 132 134 136 1.38

M_, (GeV/c?)

Backu D

‘ Flt region

I'GC \/( cms Epn+ o 7‘[0)2 o (pﬁﬂ+ T pﬂo)z T Mpﬂ+ o M/_\

min

Events

B 1.20 < M. < 1.45 GeV/c?

@ Truth match

B To get the efficiency of signal MC

B e Data
5000 — Inclusive MC
4000 f_ — Signal MC
3000 ;

2000 ;

1000}

8809 1 111213141516 1.7 1.8
M... (GeV/c?)

Events

x10°

1000 f
800

600 H

400 H

200 H

n® Match Angle
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HWRD anaIyS|s Backu D

ST yleld 1S extracted from recoﬂ mass dlstrlbutlon

x10° x10°
140 __. i/::acljit;Fs Signal: 1626215 + 2588 140 __. i/::a(lji[;Fs Signal: 1415081 = 1131
K\g 120 } Signal Efficier:)cy: 19.78 % &.Q)\ 120 }‘ Signal Efficie;:)cy: 17.61_%
. S 1001 st R 100 e
’ Slgnal Shape: % 123 E—----Combinatorial bkg 2 100 E—----Combinatorial bkg
truth matched signal MC ® Gauss & S
0 20 0 :
@ Background shape: s bR A
q.2 q.2 1 25 1 3 1.35 1.4 1.45
B 3" order Chebyshev polynomial M (GeV/c?)
B Unmatched signal MC shape Xi to Lam pi0 Xib to Lamb pi0
B Jy— yO0A 0. DTY MC Yield 1626215 £ 2588 1415081 = 1131
_ ST effi 19.78% 17.61%
B J/v - X% from inclusive MC
4 BR /1073 1.281 + 0.002 1.253 + 0.001
Correction 1.006 0.982
Corrected BR /1072 1.273 + 0.002 1.276 + 0.001
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https://docbes3.ihep.ac.cn/DocDB/0013/001305/029/bes3memo.pdf

HWRD analysis

Selection

A LT = B N = o= Sy Lo s T N j e = o = S P At = o= - P Sy = o= 7 e P o P Sy .

—— . . ( o - T AN - /s AN -T% A O Sl B > ” - T AN . I AN - -— r~racadl S “oamder ey > > _ -y b > /. AN - A4 "5 Ale > _ - ey - &P ol 4 7 P e > > - parpasy e &P p o > > - Sy e s & —aml e p, >/, e P e p T > > —_ - DT PeEe-N

¢

»

i

' |

Lo re . _am S . Loy foama D e B ] O =S ) e e g iy e e P BOWY_ eI B wod ., . PR X - SRR & - L A\ . Lo b sBa = o~ - SRR - L s o Lo _Bosha TS T & TR P — - e ga > o O X . Yap Jsha = . o - B S B i Yan . Yoo ashas v <o Sy S e oo = g |
- = - =r—4 o~ L = er! o i - A i - \ - = \ - —

a ~_ - L . - - N . _ .o aQ - . . . _ o= o - - N =~ . . - ~_ - - =_ - e = ~

@® Kinematic fit

@ Charged tracks, PID and A reconstruction B Constrain Mg, Mzo

B PID s same with ST N, N, >

mN, >

@ Necutral Tracks
B Other criteria are same with ST

B Additional two photons y,, ¥,

(together with 1C of 7V and conservation of
4 momentum, 7C 1n total)

1

B Minimizing )(72C by looping
Y1, V> and A to optimize

B Choose M,,, M), closeto My as 2 candidate

Use M5 to extract signal
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Dominant background

® /v 525 AzArY

® J/y-I% Jhy— 220 Jhy - 220V

(decay initial-final states)

decay tree

iDcyTr

iDcylFSts

nEtr

nCEtr

J/p — =020, 20 5 ¢

(J/p -+ m0n°n T pp)

J/p — 080 %0 5 72O, 50 5 A A s 7w p, A 5wt p

(J/% -+ m°n°m 7~ pp)

J/p - 250 5° 5 Ay, 20 5 A A s 7 p A atp

(J/p --» m°nt 7" ppry)

J/p = 7280 2% 5 Ay, 2% 5 Ay, A= 1 p A7t p

(J/% - 7°n "1 ppyy)

J/p — X80 5% 5 Ay, 2*0 5 A A 5 7t p, A > 7 p

(J/¢p --» 7T ppy)

J/p = E°E% B0 5 A E° 5 n'A A 5 p,n® s ete Y A

(J/ --+ete ™ w

Ort iy

)

OA, =0 7r01_\, A — 7 p, A — 7r+f)

-+

p

10

0

229728

3186

886

639

562

369

229728

232914

233800

234439

235001

235370

For XUVZ(Y associated background

B Deccay length of 2 equals to 0, while =
has large decay length ct = 8.71 cm

B Perform secondary vertex fit on A and A

B Keep events with |L/ 0L| > 2.0

1000

S/\S+B




' HWRD analysis

After further selection

_

Z.
o

decay tree

nCEtr

O 00 ~J O D B W N -

Jy — P20, 50 5 20N, Z' 5 %A, A> 7 p, A= ntp
Jy — 920, B9 5 2A, B 5 2%A, 2’ s efeyf ', A> 1 p, A ntp
JIy — nOZofIO, »0 Ay, 30 1—\7, A - np, A— ntp
Jj — £O050 540 _y 20N 540 _, 20K A 5 1 p, A — 1t
JJ — SOF0_ 50 _y gyt $20 208 v+ 200 Ry gt
JIWW—-EE Bt 5 at A, B s a A A>ap, Ao ap
I = ney, ne = BYE0, E0 5 20A, E0 5 2°A, A > p, A > ntp
JIw — B2 520 5 20N, B0 5 2'A, A s e V.p, A > atph

Jy — EV0Z0, B0 5 79N, B 5 %A, A s 7 p, A -t p

234

P e e e = NN WD

234
237
239
241
242

243
244

245
246

Jhy — B2 — Az’Ar’
1s the only important background

A .= = B N = — L = P - L = T — P At = e S P Sy = e O P - P .
- g W IOV %, DRI N T DV TNV X SR R D D O R N >  a e o AR o o e — i — DY IS O L — - DY TG O R L~ B TG O R e s o g — . e oo .
f
3
J
' :
e > g I VD B S WO ETALE A S A iy e o A Loy P sBay SIS E e ., ST T B S 2a i ~ Shzan ~
= - =t 5L A ¢ ’ = = - - -
~_ - » . - o _ . _ .= a -~ _ . . _ .= N - . - - - - _ -
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' HWRD analysis

e

6000 ——— 30—
5000 :_ B?(g from inclusive MC 250 :_ B.kg from inclusive MC
- Signal from DIY MC — Signal from DIY M;)
4000 ."\Wﬁ.‘fowo w'a"e's M 200 - +
[%) - o, . )44 %) - + ! + +
c N Ay
> C > -
LLI - LLI - ¢ ++
2000 [~ 100~ A ¥4 ¢
1000 50 o *
- . RS TS AT S S RS L L . - . TN [ S ET— ﬁ — .
10.12 1.14 116 1.18 1.2 1.22 10.12 1.14 116 1.18 1.2 1.22
M., (GeV/c?) M, (GeV/c?)
100 g
90 E_ Bkg from inclusive MC 70 = Bkg from inclusive MC

)
0]
o

— Signal from DIY MC

@)
o

——— Signal from ++ | L/GL |

ES

P

s
2

Events
o1 O
o O

N
o
|IIII|IIII|IIII|IIII|IIII|IIII|II
w
o

LW
o

——
I_I
e
Events

N

o
|IIII|IIII|IIII|IIII|IIII|

——

N
o
I
——
——
N
o

-
—
o

—l
o

i
fﬁtﬁ. . ++ % .

118 12 114 116 118 1.2 1.2
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—h
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N
N
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|
R
N

—h

N
N |
—o
—t TTTT
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' HWRD analysis
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' HWRD analysis
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Source 20 5 3% /% | 8 - 3% /% | Combined / %
Selection Efficiency Related
Proton track and PID 0.1 0.3 0.2
Pion track and PID 0.2 0.2 0.2
Lambda Vertex fit 0.2 0.1 0.2
Photon detection 0.2 0.2 0.2
Decay length cut 0.3 0.2 0.3
Kinematic fit y? cut 0.06 0.02 0.0
M, cut 0.6 0.3 0.5
Decay parameters 0.1 0.1 0.1
ST yield fit
Range 0.5 0.4 0.5
Bin width 0.5 0.6 0.6
Signal 0.2 0.2 0.2
Self background shape 0.2 0.7 0.5
Continuous background shape 1.5 1.9 1.7
Bump-like background shape 0.4 0.7 0.6
DT yield fit
Range 1.7 1.9 1.0
Signal 1.1 1.4 1.8
Bkg 1.7 0.5 0.8
B(A — pr7) 0.8 0.8 0.8
Summary

Total 3.3 34 3.2

Source 20 - 30 | 2% - ¥0 | Combined
Selection Effi
Track detection 0.0011 0.0025 0.0022
Kinematic fit y* cut 0.0008 0.0044 0.0025
M, cut 0.0043 0.0071 0.0052
Decay length 0.0001 0.0042 0.0023
Signal mass window | 0.0088 0.014 0.0114
Fit related

IO results 0.012 0.0076 0.0079
Total 0.015 0.019 0.015

48



o o -, n
RIS SO B = AR o e el v e — 4 — g
"
2
'; I KW
’ I
-
y
5 sen T - o
¥

X Corre

ion Matrix (Layerl

—

[e2]

o
N

o

o]
o

ClusterCharge/ClusterRange
ClusterCharge/ClusterRange

()
o

N
o

X Correction Matrix (LayerlD=1)

N

o

[0}
o
ClusterChargeV/ClusterRangeV

ClusterChargeX/ClusterRangeX

()
o

N
o

s

— - - = B - - _— .- o < — SRS

:

- c . . c= Q - BN . e o -

V Correction Matrix (LayerlD=2, ClusterSizeV>=3)

—
[e2]
o

—

o

o
N

120

o

100

80

60

40

20

%O 40 60 80 100 120 140 160
Theta

V Correction Matrix (LayerlD=1, ClusterSizeV>=3)

140

N

120

o

100

80

60

40

20

40 60 80 100 120 140

Theta

V Correction Matrix (LayerID=2, ClusterRangeV=1) V Correction Matrix (LayerlD=2, ClusterRangeV=2)

/'

ClusterCharge/ClusterRange
ClusterCharge/ClusterRange

V Correction Matrix (LayerID=2, ClusterRangeV=3)

ClusterCharge/ClusterRange

V Correction Matrix (LayerlD=2, ClusterRangeV=1) V Correction Matrix (LayerlD=2, ClusterRangeV=2)

ClusterChargeV/ClusterRangeV
ClusterChargeV/ClusterRangeV

V Correction Matrix (LayerlD=2, ClusterRangeV=3)

ClusterChargeV/ClusterRangeV




=

ClusterCharge/ClusterRange

ClusterCharge/ClusterRange

ITKW

200

180

160

140

120

100

80

60

40

20

0 20 40 60 80

200

180

160

140

120

100

80

60

40

20

0 20 40 60 80

Size vs Range

e+

Size = Range ratio: 74.49 %

500

400

300

200

100

100 120
ClusterCharge/ClusterSize

Size vs Range

|III|III|III
140 160 180 2000

x10°

K+

Size = Range ratio: 76.33 %

II!lIII-|III|III|III|III|III|III|III

— 500

—400

300

200

100

0

100 120
ClusterCharge/ClusterSize

140 160 180 200

ClusterCharge/ClusterRange

ClusterCharge/ClusterRange

_

- . c _ . ~

Size vs Range

P IS
-

x10°
200 500
180 //t +
o
T
160} 1 lC;lE = —{400
140— Size = Range ratio: 68.72 % L
- et ol
120 300
100—
80— 200
60—
40— 100
20 —
o : 1 1 | | | | 1 1 1 | 1 1 1 | 1 1 1 | | | | | | | 1 1 1 | 1 1 1 0
0 20 40 60 80 100 120 140 160 180 200
ClusterCharge/ClusterSize
Size vs Range
3
200 5t
180 — 200

160

140

120

100

80

60

40

20

o

—180
160

140

120

100

80

60

40
20

0

20 40 60 80 100 120
ClusterCharge/ClusterSize

140 160 180 200

ClusterCharge/ClusterRange

B s S 330 e Sl S = e BN

- = -

VS Range

| ize

200

180

160

140

120

100

80

60

40

20

71'+

Size = Range ratio: 68.37 %

IIJII-Tll-IllllI|III|II-I|III|III|III

0 20 40 60 80 100 120 140 160 180 200
ClusterCharge/ClusterSize
Q/N distribution
x10° -
250 —
— === Pp
__ —ep
200 - oip
150—"F
100 |-
S0 1
OZJl | T_T_m s e e — T S—
0 10 20 30 40 50 60 70

ClusterCharge/ClusterRange

x10

800

700

600

500

400

300

200

100

0



