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Scattering experiments of particle beams
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Scattering experiments of particle beams
bombarding target materials

80r

1 974 [ 242 Evoms«; !-—
70 SPECTROMETER
- B2 A1 normal current
p+Be—>ete X so| OI-io% e J Dlscovery of the fourth type
- of quark:

Charm quark

JT4Frems O meEmite
50 Years Discovery of the J.Particle o’
" -y -

“November Revolution in Physics”

NSy

Nobel
Prize
1976

J.J. Aubert et al., PRL 33, 1404 (1974)

Scattering experiment must have particle source,
target material, and detector. 4



Baryon octet

One of main goals of
nuclear physics is to
understand baryon-

baryon interaction in a
unified perspective
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Hyperon source

XQ.
2 _l. Limited by availability
,A/ 'I and short-lifetime of

hyperon beams

————————————————————

» Hyperons are obtained by bombarding hydrogen bubble chamber

or scintillating fiber target with K.
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Hyperon source

» Hyperons are obtained by bombarding hydrogen bubble chamber
or scintillating fiber target with K.

» Intensity of hyperon beams is low, experimental measurements are
scarce and have large uncertainty.

» No anti-hyperon source.

————— -\ o

PLB 38, 123 (1972)
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Theory of hyperon-nucleon (YN) interaction has large
uncertainty due to lack of relevant measurements

PRC 105, 035203 (2022)
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"Hyperon puzzle” of neutron stars

» Hyperons are believed to be appeared in inner core of neutron stars.
Bl—)B2+l+17[, Bz‘l‘l—)Bl‘l‘Vl
n-op+e tVg,pte ->n+Ve I ont+e +V,nte oI+,
A->p+e +v,,pte 2A+v, E-SA+e +V,,A+e 2E +v,

» Appearance of hyperons softens equation of state, lead to maximum mass that
neutron stars can sustain is less than mass of already-observed neutron stars.

> A repulsive force is introduced to stiffen equation of state in theory, such as a
combination of AN and ANN interactions. Study of hyperon-nucleon interaction is
crucial to solve "hyperon puzzle” of neutron stars.
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Counts/0.005 GeV/c?

Search for H-dibaryon

» Study of hyperon-nucleon interaction can be
used to search for the H-dibaryon, which has
strangeness -2 and valence quark structure
uuddss. This H-dibaryon is firstly predicted
according to the bag model as early as the
1970s. Later, two lattice QCD groups also
study this respectively, and both predict the
existence of H-dibaryon.

o
T

o.andn .o man

G

» However, so far, although the H-dibaryon has
been searched by many experiments, no any
convincing signals has been found.

» H-dibaryon can be searched in the final
states of reaction process of = and nucleon.
And H-dibaryon is also predicted to appear
as a bound state of X decaying strongly into
EN or AA.
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Some recent experimental results on
hyperon-nucleon scattering

PHYSICAL REVIEW LETTERS 127, 272303 (2021)

(CLAS Collaboration)

Improved Ap Elastic Scattering Cross Sections between 0.9 and 2.0 GeV/c
as a Main Ingredient of the Neutron Star Equation of State

Target K

Ap = Ap
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This is the first data on this reaction since the 1970s. o



Some recent experimental results on
hyperon-nucleon scattering

J-PARC E40 Collaboration
PRC 104, 045204 (2021)
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Some recent experimental results on

hyperon-nucleon scattering
J-PARC E40 Collaboration

é b (a) 0.44 < p (GeV/c) < 0.55 I _|_ N _I_
i S R I o » p — X p
PTEP 2022, 093D01 (2022) S o e NScort
! 8 °r ! 4EFT NLO13 (cutoff 600MeV)
i ------- ¥EFT NLO19 (cutoff 600MeV)
Kinetic energy of recoil proton Lo T PrEL Rl Ml . NIy | ESC08 (0.55 GeVie)
A E289 data (0.35<p(GeV/c)<0.75)
con51stency check B  E251 data (0.3<p(GeV/c)<0.6)
— identification of the X*p scattering . present work
2.2 scattermg Reconl angle of proton g [ (¢)0.65<p(GeVic) < 0.80 i
H, target E i
<] C
8 T
2 , 2 -
1. Z* production: w'p—K* Z* reaction [~
Momentum of X* r

PRL 128, 072501 (2022)

05 =08=06-04-02 0 02 04 06 0.8 —1 —08-06-04-02 0 0204 06 08

1

cos8 cosf,,

CM

Differential cross section of = p — An reaction

Total cross section of Zp — An reaction

= 5 & 100
€ [ (a) 470-550 (MeV/c) T (b) 550-650 (MeVic) E (0 ,
£ - = e 9% 3 ——=—— This work (-0.7< cosb < 1.0)
3 4 - ﬁ s Thiswo 2 sof D. Stephen et al. (-1 6<1
3 F p n o Chiral EFT NLO13 (cutoff 600 MeV) 18 - Stephen et al. (1 < cos6 <1)
-8 ~ an Chiral EFT NLO19 (cutoff 600 MeV) " @ 70F
- ‘ - -- - - fss2 ¢ =} F
3 b ing R ESCO08¢ . O eof
o T ESCO016 s0b
2= om i woF —l— —[—
S Sl T sof "l:,_+
1= 'H]‘ — 20f I
n . 1wk { [
P N I S s R R B R oF I
-1 -0.5 0 0.5 -1 -0.5 0 05 1 100 200 3c-o 400 500 aoo 700
cost coso Momentum (GeV/c)

12



Beijing Electron Positron Collider Il (BEPCII) and Beijing Spectrometer III (BESIII)

tau-charm energy region

Linear accelerator
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Shagretyols | SC magnet, 1T
RPC
CGEM-IT is
BTOF, 70 ps being built &
ETOF, 60 ps placed here

Be beam pipe

MDC, 120 um

0.5% at 1 GeV/c Total weight 750 tonnes,

1 Data rate: 5 kHz, 50 Mb/s

CslI(Tl) calorimeter, 2.5% @ 1 GeV

Has been in full operation since 2008,

all subdetectors are in very good status!

~40,000 readout channels,

14
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Experimental study on particle targeting at BESII|

2 PRL 127, 012003 (2021)
S— CPC 48, 073003 (2024)
AR e ) e np - ntntnnl, n - yy

VN

Beam pipe

particle source: hyperon from J/y decays
S target material: beam pipe
detector: BESIII detector 16
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Experimental study on particle targeting at BESII|

o T = = ~ o >
"‘Hyperon/Antihyperon\l 7 (x1071%)  Decay mode B (x107%) P (GeV/c) Eem (GeV) N (x10°) | NPP (x10°)]
I A/A 1 2.62 J/b — AA 1.88 1.074 2.24 188 o102
: s+ /8- : 0.80 Jjb — SHE- 1.07 0.992 2.28 07 115 ]
: =0 /20 ! 2.90 Jjop — ZOE0 1.17 0.818 2.35 117 I 51
I =-/5+ ! 1.64 J/ip — E-E+ 0.97 0.807 2.35 o7 1 23 |
H A/A i 2.62 »(28) — AA 0.38 1.467 2.36 11 I 7 :
! st /8- ! 0.80 P(28) — RHR- 0.24 1.408 2.40 7 : 2 I
I =0 /20 I 2.90 $(25) — Z0Z0 0.23 1.291 2.47 7 I 4 -
: = /&+ : 1.64 $(28) - ==+ 0.29 1.284 2.47 9 : 3 :
' Q- /Qt ) 0.82 »(28) — Q- Ot 0.06 0.774 2.67 2 oo

I e —— ) —— g

The abundant hyperon-antihyperon pairs are produced,
also as antihyperon sources.
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Recent results on hyperon-nucleon
interactions at BESIII

> First Study of Reaction %7 - Z7p Using Z°-Nucleus
Scattering at an Electron-Positron Collider
PRL 130, 251902 (2023)

> First measurement of AN inelastic scattering with A
fromete™ - J/ip > AA
PRC 109, L052201 (2024)

> First Study of Antihyperon-Nucleon Scattering
Ap - Ap and Measurement of Ap — Ap Cross Section
PRL 132, 231902 (2024)

18



Study of 2%7n - E7p

Reaction chain : PRL 130, 251902 (2023)
]/1/) - E°2%, 2% » An®, A - pr™, ¥ > yy,
‘n— & p,E > AnT, A pr.

% » 10 billion J/y data
7

Beam pipe n

Two-body decay, Pzo =~ 0.818 GeV/c,
a very small horizontal crossing angle
of 11 mrad for e* and e~ beams.

nt ¥V ¥

Analysis method :

Using E° to tag the event and requiring the recoiling

mass in E° region. Then reconstructing £~ and p in

the signal side. 19
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Cross section of 2° + Be - 2~ + p + ®Be

_ N8
c(E' +%Be - E= + p +%Be) = ———
e Eeff
NJ BJ b T x
J— . /v / (1+acos’@)e N (x)C(x)dOdx
2 + ga 0
Parameter Result
Nsig 229+5.5
€ 1.873%
B (40.114 £ 0.444)% [53]
Ny (1.0087 + 0.0044) x 10" [46]
B, (0.117 £ 0.004)% [53]
a 0.514 + 0.016 [56]
L (8.69 + 0.27) cm [53]
Epeam 1.5485 GeV
Mzo (1.31486 + 0.00020) GeV/c? [53]
a 3.148564 cm [45]
b 3.37 cm [45]
N(x) 591 x 1022 cm™, 3.148564 < x < 3.15 cm

1.24 x 102 ecm™3, 3.15<x<323cm
Fi 345 x 102 ecm™, 323 <x <331l cm
db 1.24 x 10% em™3, 331 <x <337 cm

_______ e"  lo € > C(x) 8.437(23.6), 3.148564 < x <3.15 cm
0 z 1.000(1 00), 3.15<x<3.23cm

):
o - 1.090(1.20), 323 <x <331l cm
g XA pure surface process assumption 1.000(1.00), 331 <x <3.37 ¢cm

"is about 2 ~1 (proportional to number of neutrons)
3

21



Study of 27 - E7p

The measured cross section of the reaction process z° + °Be -» 2~ +
p+8Beis o(E' + °Be > £~ + p + 8Be) = (22.1 £ 5.3, + 4.5.,) mb at
Pzo = 0.818 GeV/c.

Sys

® Amn(2006) |

If we take the effective number of reaction 0
neutrons in °Be nucleus as 3, the cross section sz
of 2% — Z7p for single neutron is determined ° «

=0 —— —
to bg o(E°n —» E7p) = (74 & 1.8y, + 1.5) mb, ”
consistent with theoretical predictions. 0
% 200 200 600 800
P (MeV/c)
LO  :H. Polinder, J.H., U.-G. MeiB3ner, PLB 653 (2007) 29
. (a) R 29,36]om  — Daia - (b) Ry36, edom | D NLO16: J.H., U.-G. MeiB3ner, S. Petschauer, NPA 954 (2016) 273
% 10F — Signal MC w 10F NLO19: J.H., U.-G. MeiBner, EPJA 55 (2019) 23
E = I sideband E a I sigeband
° F o F No significant H-dibaryon
5 | l H l i l l signals are seen
W L A
o LT m R TR R L 0
2.25 23 2.35 2.4 23 235 24 245
M(Ep) (GeV/c?) M(Ep) (GeV/c?)

This work is the first study of hyperon-nucleon interaction in electron-positron
collisions, and opens up a new direction for such research. 22



Study of AN - X*X

. . PRC 109, L052201 (2024)
Reaction chain :

J/¥ = AA, A - pret, A+ N(nucleus) —» £ + X (anything),
yt pT[O, T[O - yy.

Signal side p

. Two-body decay,
Py, = 1.074 GeV/c,

\ / \ a very small horizontal
l e

ZJr

a * , — crossing angle of 11 mrad
\j : \ / for et and e~ beams,
: resulting in a small range of
}/ . 0.017 GeV/c above and
Single tag side | = below 1.074 GeV/c for Py.
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Events/(0.5 MeV/c?)

Study of AN - X*X
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The reaction position can not be determined.
These signal events mainly come from the
reaction with beam pipe and inner wall of MDC.
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Cross section of A+ Be—> X"+ X

o(A+°Be > Tt 4+X) =

Ln=

Beam Pipe

= NST

MDC Inner Chamber

Npt 1

path length of incident A
7 NG J 111/7 of iy, event inside jy, layer

ZZMJ v

N\

pure surface process assumption

) oo

3

Be

Qil

Tgl 75

Be

Air

Al [e=THTMAL

(proportional to number of protons)

Parameter Value

Npr 795 + 101

€sig 24.32%

L (17.00 £0.01) x 10 cm™2
Bt — pn’o) (51.57 £ 0.30)%
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Study of AN - X*X

The measured cross section of the reaction process A + °Be » " + X is
o(A+°Be » I* +X) = (37.3 + 4.7, + 3.5,,) mb at Py = 1.074 GeV/c. This
work represents the first attempt to investigate A-nucleus interaction at
an ete” collider.

If taking the effective number of reaction protons in °Be nucleus as 1.93,
the cross section of Ap —» £*X for single proton is determined to be

o(Ap - Z7X) = (19.3 + 2.4, £ 1.8,) mb.
o(Ap - Xtn) is twice of a(Ap - 2%)
NPB 125, 29 (1977) PRC+ 105, 035203 (2022)
l i . Ap — Z'n Ap = Z'p
20 — T T T 1 10 — T T T T T 1
cllhp — Z°%p) ,}1 This experiment -
T Kadyk et al. | 15 L | 8 | -
t 27p—An,
' su(2), and 6| J
™ detailed balance 10 |
E 4k
b o i
| [ 2r
I O - " 1 1 X X 0 | 1 | N | X 1 N
1 0 200 400 600 800 0 200 400 o600 800
2.0 2.5

P, (Gev/c) P . (MeV/c) P . (MeV/c) 26



Study of Ap » Ap and Ap — Ap

0.08 Qil (C, H)
—_—

0.001436 Au
3.148564 ------¥------

n-na _
315 -

PRL 132, 231902 (2024)

Taking the hydrogen in the
cooling oil of the beam pipe as
target material, the information
on the hyperon-proton scattering
can be extracted directly.

7 Two-body decay, Py /5 ~ 1.074 GeV/c

p =«
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Study of Ap — Ap and Ap - Ap

Ap —>Ap

2™ Npohp o
‘.'s, . g 15 —Incl-. MC
B N o }
BRI T [
£ S R T
5 0 . ! MH Onthan
0 0F1( 0)2((§)e?\’//g)'4 0.5 P, ) (GeVio)

]/ = AA

P(Doir) = |Pp + P, — (Po+e- — Pg)| < 0.04 GeV/c

Apoil — Ap
- - - - 2
M(poil) = \/lEA + Ep - (Ee+e‘ - E/_\)lz - |PA + Pp - (Pe+e‘ - P/_\)l
 Ap-Ap e
T -y S Ap-Ap U
= T s e
g 08; :°._.' ‘. " ~ r
= 0.6% | L%’
00.

102 03 04 05
P(poil) (GeV/e)
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Lt

Study of Ap » Ap and Ap — Ap

The center-of-mass energy for the incident A/A and a
static p is about 2.243 GeV/c?.

s Of —-oata Ap = Ap| 3 —+owa Ap — Ap
%’J - — Fit result % - — Fitresult
= 20 ... Background = 20 ... Background
(ap] L m L
o I PE
% 10_— § 10_—
0 I | T I
T I ol T S
2?.15 2.2 2.25 23 2.15 2.2 2.25 2.3
M(Ap) (GeV/c?) M(Ap) (GeV/c?)
sig
‘ rOA Ap/Ap
o(Ap = Ap/Ap — Ap) = T sig
€Ap/Ap eff dO') Ni

dQ /). eBL.AQ
_Nup By / / (1 + acos?0)e TN, dfdx i €L

2+2
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Study of Ap » Ap and Ap — Ap

4r .
—~ [ Ap—Ap cos O, /5 N}® e; (%)  (do/dQ) (mb/sr)
g 3:_ [~0.9,-0.7] (5.078,0.0%,,) (6.94,4.93) (1.7:92,0.0107)
E (-0.7,-0.5] (L07}%,0.0°¢0) (14.13,1044) (02787.0.0°57)
g + +++ (—0.5,—0.3] (10304, 1.0114) (17.32,13.27) (0.2302,0.2+92)
® 1 + (=0.3,~0.1] (11.0237.0.0%55) (17.74,14.66) (1.5297,0.009)
° o —+ (=0.1,0.1]  (6.9139,0.0%55) (19.-11,15.79) (0.9104,0.0507)
Oy 01031 (50782001 (19331682) (06850318
T cosB ' (0.3, 051 (12.035%,7.0139) (19.21,17.68) (1.5502,1.070%)
A 0.5, 071 (13.0132,25.0133) (19.71,17.60) (1.6203,3.4107)
I s 07,091 (60535,37.078) (9809.93) (1.5707.9.07%)
% 10p +
E _ Cross sections in —0.9 < cosf, z < 0.9 are
g sf measured to be
5 | + a(Ap > Ap) = (12.2 + 1.6, + 1.1,,) mb and
A ST o(Ap » Ap) = (17.5+ 2.1, + 1.6,,) mb
-1 05 O 0.5 1 . .
cosf_ Total cross sections are determined to be
First measurement of o;(Ap - Ap) = (14.2 £ 1.8, £ 1.3,,) mb and
antihyperon-nucleon ot(Ap > Ap) = (27.4 £ 3.2, £ 2.54) mb

scattering 30



6(Ap—Ap) (mb)

40

20

Study of Ap » Ap and Ap — Ap

I —— This work

L —$— NPB27,13 (1971)

- —$— NPB 125, 29 (1977)

L —$— PRL 127, 272303 (2021)

r e BESII (2024)
NLO19(600)
SMS(550) NLO
SMS(550) N2LO

w
I||
|

SMS(550) N2LO-A

do/dQ (mb/sr)
n

J. Haidenbauer and U.

Ap - Ap '

1.0

G. Meigner,

Ap = Ap

cos 0

EPJA 60, 119 (2024)

01 g T T g Tl T T Eg i r T

.0 -08 -06 -04 -02 00 02 04 06 08

1.0

Fig. 1 Differential cross section for pj_\ scattering at prap = 1.074 £
0.017 GeV [59]. The curves are predictions by the A A interactions [-1V,

see Ref. [35], at 1.05 GeV/c

cos 0
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X.Y. Wang, Y. Gao and X. Liu,
PLB 862, 139321 (2025)
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More (anti)hyperon-nucleon scattering
can be studied at BESIII

Elastic scattering

Inelastic scattering

Ap — Ap Ap = X0, Apn®, Stpr—
Ap — Ap Ap — X0, Apn®, S—prt
Ytp — XTp Ytp — Apnt, Stpr0, X0prt
STp—=YTp YS7p— Apr—, S pn?, 0
=0 — =0 =Z0p = AT, 208+, E0pr0, E—pat
=20 — =0p =0 — E070, Etpr—
ETp—ZE7p = p = AA, AXY, X050 =-pr0, Z0pr—
=2tp - Etp =tp - ETpn0, E0prt
Q p—=Qp Q p— A=0, 3020 y+=-
Qfp = Qtp
p nt
‘; Ap - Ap/Ap - Ap is studied
Beam pipe i)

using three-body decays
J/Y - pKA, momentum-

dependent cross section

measurement.
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Summary

40 .
1. Using a novel method, hyperon-nucleon 30;_ :AP:A: k
scattering can also be measured at BESIIl. 5§ [ - %% + ;
—~0 — g 20 = Ap-oZ'n -
> E'n->E=ZTp o i :
> AN - XX 10F + ;
» Ap = Ap 93 ,,,,,,,,,,,,,,,,,,,,,,,, 3

> Kp N /—\p 00 800 900 1000 1100 1200

P, (MeV/c)

2. This is the first study of hyperon-nucleon interactions in electron-positron
collisions, and opens up a new direction for such research. Especially,
antihyperon-nucleon scattering is studied for the first time.

3. With more statistics in future super tau-charm facilities, the momentum-
dependent cross section or differential cross section distributions can be
studied based on the hyperons from multibody decays of j/y or other
charmonia.

Thanks for your attention! 13
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Cross section measurement

A. Angular distribution of the process j/y — E°E°

The measured angular distribution of the process J/¢ — Z°Z in experiment is :

dN(6) 5

| 0 1

d(cos0) o (1 + acos“6), (D)

where cosf 1s from —1 to +1.
Because
1
dN(0) —0=0
d(cost) = N CAC) 2
j: | d(cost) (cost) = Ny B & — ) (2)

we can get

dN@®)  NyyBU /[y — E°Z%) Ny B [y — E'Z")

= (1+ a:coszS) = (1+ a'coszfi‘). (3)
d(cos0) f_ ]](1 + acos26)d(cosd) 2+ %ﬂ’
Therefore, the following formula can be obtained :
AN NjuB(Jy — 2020
©) _ N Uy )(1 + acos’6)sind, (4)

de 2+ 2a

where € is from O to .



Cross section measurement

B. Number of the nuclei (Be, C, Au) per unit volume for beam pip

The beam pipe is composed of gold (Au), beryllium (Be) and oil (84.923%C, 15.077%H, C:H=1:2.13),
as shown in Fig. 15. The distance from a position to the z axis is defined as x, so the number of the nuclei

(Au, Be, C) per unit volume N(x) is :

. 19.32g/cm’ _ 2 .3
Aﬁ:lu = 197-1.660§><C]n(;‘27kg =591 x10*? cm™, 3.148564 cm < x < 3.15cm
. 185g/em® _
s = 9_1.6605%(‘1:(';27@ =1.24x10% cm™3, 3.15cm < x <3.23¢cm
N(x) = | (5)

£oil _ _08lg/em® _ 2 -3
AciAp2iiis = (o)t = 249x 107 em™, 323 cm <x<3.31cm

pge  _ __ 185g/em’ 23 -3
Ape i = 916605x10 Tkg — 1.24 x 10~ cm™, 331cm <x<3.37cm

0.001436  Au
3.148564 -+ V-

Figure 15: The sketch map of beam pip, the length units are centimeter (cm). The solid line is x-axis, 3 6
and the dashed line is z-axis.



Cross section measurement

C. Ratio of cross section of 2° + 4X - £~ + p + 471X for Be, C and Au nuclei

There is no definite conclusion about the ratio of cross section of reaction process Z°+4X — E~+p+4-1X
for Be, C and Au nuclei. Generally, from the measurements of other particles interact with nuclei, the
cross section is proportional to A%, where A is the number of nucleon in the nuclei and « is about from %

2. . . . . .
to 1 [45, 46, 47]. a = 51s the most common situation, which is corresponding to a pure surface process Phys. Rev.D 2 7, 2580 (1983)

and the reaction is due to the interaction with single nucleon on the nuclei surface.

Z.Phys.C 76,35 (1997)
Nucl. Phys. A 697,209 (2002)

Here for the reaction process Z° + 4X — E~ + p + 471X, we also assume the @ = 2 to get the

ratio of cross section for Be, C and Au nuclei. We assume the reaction is due to the interaction with

single neutron on the nuclei surface, which is a pure surface process. So the cross section is proportional o & A a
to A3 x B = A where A is the number of nucleons and N is the number of neutron. We can get
Al . 2
oot oM = 30 b LB 94037 12,6207 1 202796 = 1 : 1.090 : 8.437. We define a is about - ~1.
93 125 1973 3
o(x) = C(x)o® = C(x)a(E° + 'Be —» =~ + p+ 8Be), where C(x) is :
8.437, 3.148564 cm < x £ 3.15cm
2
a = — .
L 3.15em < x <323 em We use o = 1 to estimate the
Cx) = (6) t ti taint
1.090, 323em <x <331 cem systematic uncertainty.
1, 33lcm <x <3.37cm
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Cross section measurement

D. Efficiency curve e(x)
The average efliciency in beam pipe region is determined to be € = 18675/997312 = (1.873 + 0.014)%.

The beam pipe region is small, so we can take the efficiency in beam pipe region as a constant. Therefore,

the efficiency curve is €(x) = 1.873%.

E. Cross section of the reaction process Z° + °Be - Z~ + p + ®Be

As shown in Fig. 16, at the position of  and within the range of d6, the number of Z° that can reach the

position of x is :

t v2 x 2 ——= _' m
d—Z g})d(?e_? vima = _d]:; ég)dﬂe_siﬂﬂm\“_? = %d@e o e = %dee mEES )

=)
B3

Figure 16: The sketch map of beam pip, the length units are centimeter (cm). The solid line is x-axis,
and the dashed line is z-axis.
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Cross section measurement

Then these Z° particles interact with neutron # in the target material in the dx range at x position to

produce the reaction process Z° + n — Z~ + p. So the number of signal events survived for the reaction

process is :
dAN@O) e NE2d d
ANO) joe Y NG 0B, (8)
deo sind

where 8 = B(E? —» An")BA — prH)B(r" — yy)B(E™ = Ax)B(A — pro).
So the total number of signal events N survived for the reaction process is :

X

_ bt N BT =00 " o V22,
NSiE = sBIIY = )(1 +acos2)e ™ wd o (ON()e()Bddx. 9)

Therefore, the cross section formula of Z° + °Be - 2~ + p + *Be is :

Nsig

(2" +°Be » &~ + p+ %Be) =

2

_,=0E0 _sin J;E;‘"’M
N8O E"ET)8 Lb foﬁ(l +acos2@)e T w? " C(XN(xX)e(x)dbdx

2+%a
(10)
........... b
3.37 T
0.06
331 - * ,,,,,
0.08 0il
3238 {. .....
0.08
3156 - i .....
0.001436 Au
3.148564 - V-renn
a ;
0 o
Figure 16: The sketch map of beam pip, the length units are centimeter (cm). The solid line is x-axis, 3 9

and the dashed line is z-axis.



Signal MC for Ap - Ap

P yis

Signal MC:
ete™ - XA,
X = Ap,

A pr,

The properties of particle X are same as those of A except for mass. The X
mass is set to be 2.243 GeV/c?, which is center-of-mass energy for A and
static p. And only the events where the position of X decays is in hydrogen

region of beam pipe are used.

To guarantee the A momentum is same as actual one. The e*e™ energy is set
to be

E o = \/P?_\cz + mf_\cdf + \/P%cz + mgct
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Some distributions

Events / 5°
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Some distributions
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Some distributions
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Some distributions
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