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BEPCII and BESIII

« BEPCII is a ete™ collider for the studies of light and charm quarks physics and 7-charm physics,
which designed peak luminosity is 1033cm™2s™1 at about 3.7 GeV.

* The BESIII detector with a geometrical RPC: 9 . RPC: 8
Electro Magnetic

acceptance of 93% of 4, consists of: layers Calorimeter ayers
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Fig. 1: Structure of BESIII detector
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AA pair produced

Fig. 2: Illustration of the ete™ — J/y — AA process.

In the CMS, A particle is emitted in the Z direction at an angle 8, between the e~
beam direction. The hyperons are polarized in the direction perpendicular to the
production plane (¥).
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Polarization
* For a spin § particle, the component of polarization is p; =< §; >

* The decay of A, the amplitude and angular distribution are:
° |M|2~1 + CZ_§A ‘ np

_an

a

e < n;n{, > =Y

~1+a_Pp -ny

y

7, n% are the observables of P}, Py, P¥

e So the n;;, n
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Polarized A produced in e "e™ annihilation

Phys. Rev.185 D 75, 074026 (2007)

» Joint amplitude: Nucl. Phys. A190 771, 169 (2006) [hep-ph/0511240]
. 2
e® F,
M = ?Juum) (Flyﬂ + %pm”“ys) v(p2)

* Differential cross section:
do~1+ ay cos? Op + (ay, + cos®0,)sisx +

sin? Opsys; — ay sin® Ops3sx + |1 — a@cosACDsinHAcoseA(s,’fsl—Z\ +

sisx) + /1 — aisinACDsinHAcosHA(S}( +57)

* Only < s” > could be non-zero, if sinA® # 0



Joint angular distribution

Physics Letters B 772(2017) 16-20

The differential-cross-section distribution: do o W(&) dcos 6 d$21d€)s.

%4 aj/w,[A(ﬂ,[a_], bJ) =1+ayy cos® O

+ a_a, [sin2 N (nl,xn2,x - aj/wnl,ynz,y) + (C082 Oa + Q’J/w) nl,zng,z]
+a_ay 1 - a%/w cos(AD) sin O cos O (ny xny , + ny Ny )

+ /1 - a2, sin(A®) sin G cos O (-niy + asm,)

= (4, N3) =a(A - pr™) = a(A - pr™t)

For A -»pn~—,A->nan’ a, - a,(A - nn°)
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Polarization and CP violation

/1—a12psinA<I>sin9AcoseA
P,(cosB,) =

1+ay, cos? O,

e Polarization:

* CP violation: Acp =



Event selection

ForA - pn~, A - prr:
» Using four charged track to reconstruct AA

* Applying a four-constraint kinematic fit on
AA hypothesis

For A - prn~, A —» an":
e A is reconstructed by nimr°
* A one-constraint kinematic fit is performed

because the momentum of 71 1s unmeasured.

Fig. 3: An example J /Y —
(A - prt~)(A - prrt) event in
the BESIII detector.



Data analysis method

Maximum likelithood fit:

e Likelihood function: L=

N N
P ay, AD,a_,ay) = I—I CW(E  ay . AD, a_, a,)e(E),

i=1 i=1

e Normalization factor: c! = L yMe el g, AD, a_, a,)e(E)

Nyc “~j=1

* Minimum function: S = —InLyaia + InLp,
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Analysis results

- prprt

* A clear polarization:

N, 2
m - - a —a, l+a,cos 0,
u(cosHA)zﬁ Z (nl(,'}—nz(,')),) _ 2 y
i=1

P (60,) b
2 3+a, =

Ad = (42.4 4 0.6 + 0.5)°

u(cosd,)

e CP violation:

Acp = —0.006 + 0.012 + 0.007

Fig. 4: The polarization signal for
A(A)inete™ - J /P - AA
2019/6/7

Summer School of cLFV in Beijing

11



Analysis results

Table 1| Summary of the results The measurement of helicity
Parameters  This work Previous results phase AD s firstly.

a, 0.461+0.006 +0.007 0.469 +0.027 (ref. ')

AP 42.4+0.6+0.5° -

a_ 0.750+0.009 + 0.004 0.642 +0.013 (ref. ©) The value of a_ is 17 + 3%
a, —0.758 +0.010 + 0.007 —0.71+£0.08 (ref. ©) hlgher than the current

®g —0.692+0.016 +0.006 =

Acp —-0.006+0.012+0.007 0.006+0.021 (ref. ©) world average.

Fo/ex, 0.913+0.028 +0.012 -

Parameters: J /4> AA angular distribution parameter a,, helicity phase A®, asymmetry
parameters for the A —» pr~ (@), A > pn* (a,) and A > ﬁno(&o) decays, CP asymmetry A, and
ratio @/« ,. The first uncertainty is 1s.d. statistical, and the second is systematic, calculated as
described in the Methods.
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Supplementary



Background analysis
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Fig (supplementary) 1: Identification of J/{ - AA, A > prn~, A - prt
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Background analysis

—
o
'
TT II
P
Q
p
—
o
'
1
P
O
p

—
o
w
|

—
o

w
LU
D ——

—4- Data
—— Signal MC
[[] Background

—4- Data
—— Signal MC
(7] Background

IIIII| T IIIIIIII T

—
o

Events / 1 MeV/c?
=)
o

Events / 0.25 MeV/c?
=)
[

1.08 1.1 1.12 1.14 0.93 0.935R 0.94 0.945 0.95
M_, (GeV/c?) M 5" (GeVic?)

AT’

—
IIIII

Fig (supplementary) 2: Identification of /Y - AA, A - pr~, A - an®
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Systematic uncertainties

Source Oy O_ Op Oy AP
Tracking,n’, 7 1.5 0.1 0.3 0.6 1.1
Kinematicft 0.2 0.1 08 0.6 0.0
Fit method 0.0 05 04 04 0.1
Total 1.5 0.5 09 0.8 1.1
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Table (supplementary) 1:
Relative systematic uncertainties
(in %) for the measurements of
parameters @, @_, @4, &g, and
AD.

Summer School of cLFV in Beijing 16



