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Beijing Electron-Positron Collider Il (BEPCII)
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BESIII Detector

SC magnet, 1T

agnetyoke

RPC

e beam pipe

MDC, 120 um

0.59% at1 GeV/c = 1ot weight 730 ton,

= ~40,000 readout chnls,
Data rate: 5kHz, 50Mb/s

CsI(TI) calorimeter,2.5% @ 1 GeV

Has been in full operation since 2008,
all subdetectors are in very good status!



PhyS|cs at t-charm Energy Reglon
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e Hadron form factors
* Rvaluesand QCD
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Light hadron spectroscopy
Gluonic and exotic states
Physics with T lepton

* XYZ particles
e Charm meso
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e Charm baryons
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10 years data taking at BESIII

Totally about 29 fb! in 10 year running

Data sets collected so far include, 2
10 ; 1 |PDG 1201151 1 I(f 1 1 1 I I I dI 1 1 IQ 1 | 1 _L | | 1 | ;
> 10x10° J/1 events B w 1 4, d, s ]
n | i 3 loop pQCD
> 05X109 l/)l events 10 3 . i ---------- Naive qzula_g: model =
E nj:' . p’ . 0.1 fb—1
» Scan data[2.0, 3.08] GeV; [3.735, 4.600] GeV - i } 4 e © 4130, 4160.
1 & i " Energy Scan 526 pk 4190, 4200,
- 1 -
130 energy points, about 2.0 fb g Can cover 0 4 9 GeV from “Tmmm 33;2 :gig,
» Large data sets for XYZ study above 4.0 GeV 0L # direct annihilation or ISR llllefkgllf.EII.]enris . 4270, 4280,
R 05 1 1.5 2 25 4290, 4315,
1 7 [ e e b e HUS T 4340, 4380,
about 16 fb S #28) | aom0 e i} ) 098,
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New data will be ready soon in 2020

C C
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with non-pole term 1 LEC
e Belle ‘-"""g tggs
— — s
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Roadmap of CP violation in flavored hadrons

1980

INn 1964, the first CPV was discovered in Kaon;

In 2001, CPVin B was established by two B-factories;

In 2019, CPV discoveredin D meson: 104, with 108reconstructed D mesons (LHCb)

All are consistent with CKM theory in the Standard model

But no evidence was found in baryon system?

Baryon asymmetry of the Universe means that there must be non-SM CPV source.

20-04-24 8
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CPV in hyperon decays, # events we need?

CPVin SM issmall : # events Experiments
B meson : o(1) discovered (2001) 108 B factory
K meson : 0(103) discovered (1964) 10¢ Fix targets
D meson : 0(104) discovered(2019) 108 LHCb
Hyperon 0(10%) no evidence (107?) 0(108)

Fix targets

Flavor-SU(3) Octet of spin 'z Flavor-SU(3) Decuplet of spin 3/2
@—0—0—

- yOl A »t =5

8
©



Why Hyperon physics at BESIII?

Hai-Bo Li, arXiv:1612.01775
A. Adlarson, A. Kupsc, arXiv:1908.03102

10 bilion J/psi events collected

> Large BRsin J/i decays

> Quantum entangled pair productions

» Background free

Detection
Decay mode B(x 10—3) Ng (x 109) Efficiency Number of reconstructed
T/ — AA 161+0.15 | 16.1+1.5 | 30% 4500 X 10° |
J/— X050 1.20£0.09 | 12.9+0.9 25% 600 X 103
Jjp— X+tE- 1.50+£024 | 15.0+24 24% 640 X 103
J/y — %(1385) % (or c.c.) 031 £0.05 | 3.1+05
J/¢¥ — ¥ (1385)~ X (1385)F (or c.c.) 1.10£0.12 | 11.0£1.2
F/¢ — Z0=0 120 £0.24 | 120£24 | 149 670 X 10°
Jjp—=="=t 0.86+0.11 | 86+1.0 19% 810 X 10°
J /Y — =(1530)0=0 032+0.14 | 32+1.4
J/¥— =(1530)" =+ 0.504+0.15 | 59+1.5
V(28), 52,2~ 2F 0.05+£0.01 |0.15+0.03 "



Advantage at ete machine

Known initial 4-momentum Single tag use machine-learning algorithms?
ST Uy .

N

under study by
Zhang Jian-Lu

Strongly boosted

Substantial polarization

Decay with neutron & 70

Z+ _) p77.'0

Decay with invisibles

Both hyperons can be reconstructed, and the
systematic uncertainties are under control.

20-04-24 11



Example CPV in A pr (A2 pr?)

-- assume CPV is in P-wave --

v e
- 7/\ S-wave: S e‘5s S-wave:

4 [
______ A <P . —
A
-

T[+

-i8° i(6"—5°)+id S
or (A=3%-5°)

'
2eS . .
ei% ('S + P eids+ibcp)
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a, B and y parameters for hyperon decays
A pr—, Xt - pr

i(87—@3)

§=—2S,'e y

0

1957 Phys. Rev. 108 1645 (1957)

General Partial Wave Analysis of the
Decay of a Hyperon of Spin }
T. D. LeEg* axp C. N. Yaxc = i(ﬁf—¢ip)
Institute for Advanced Study, Princeton, New Jersey P = EP i e *
{Received October 22, 1957) i

_ 2Re(S*P)
-a-g;c;asé‘ 0 |S‘2 +|P‘2
q —|p ﬁzzzthS*P)
S+
s A
" Is[ | f

a’+p+y’ =1

dr

<l+aP, cos@

dcosB

b (a + P, cos 9)5’ +BP X +YP Y
P 1+ 0P, cos®

a+a B+
CP asymmetry A:a—ﬁ’ B—B'

13
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PRD 34,833 1986
hep-ph/991023v1
hep-ph/0002210

CPV observables

p
John Donoghue

PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1 AUGUST 1986

Hyperon decays and CP nonconservation

John F. Donoghue
Department of Physics and Astronomy, University of Massachusetts, Amherst, Massachusetts 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822
{Received 7 March 1986)

We study all modes of hyperon nonleptonic decay and consider the CP-odd observables which re-
sult. Explicit calculations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-
right-symmetric models of CP nonconservation.

20-04-24 14



PRD 34,833 1986

hep-ph/991023v1

: | hep-ph/0002210
John Donoghue

CPV observables

Iy iy
I I 7

PAKVASAN x ¢ e ~

decay rate r _r
. S T, ) ) .
difference Al'= %zﬁ( r ]smAssmqpcp €T,/ Ispin=3/2 (1/2) ampl & A.= 8,,,-5,
%
decay L 2Re(5*P)_ 28] Acos(a; £0,)
asymmetry T s+ ;:12 s+ ;1’
difference o +o.  siA_sinf)
= = =-S5 TP _tnA_ tan € A = 8-
Ao= o —a " cosh.cosf. s tan@,, for A2>pn, need measurement of A.= 85-5;

3

8 =i21m(5*p)=i2|S1|P|sin(ASi¢cp)

s+’ 5|
final-state 5 os c:j n +A | .
izati = == 2= only practica
z;lfae:::::fn o_—a_  cosAgcos(y, e € strong phase cancels out in gEPSIII for

B_-B. _sinA;cos®, .

o—a. coshgeos, € measures the strong phase J =A% or >AK

20-04-24 .



From Sandip

Constraints from Kaon decays

He & Valencia PRD 52, 5257
w Re(g’'/€)=(1.6+0.3)x103

(s W d A2prt Ay W
5 p S-wave <6x10+5| parity violating s d } -
A <u H parity conserving K° W u

P-wave <3x10% d ! Cg} ~

u

d d
~10-5

S- and P-waves Asm ~10 S-wave only

(parity violating (parity violating)
& conserving)

CPV measurement in Kaon system strongly constrains NP in S-waves, but no P-waves.
Thus, searches of CPV in hyperon are complementary to those with Kaons.

20-04-24 16



Entangled hyperon pairs

To determine parameters:
a(A > pr7 ) =a_
a(A = prnt) = oy
a(A = ar?) = ag
a(A = n1?) = ag

20-04-24

Kang, Li, Lu, Phys.Rev. D81 (2010) 051901

AR = x, %nmm —IAYAY]

50 cm

17



eTe™ — J/ip — AA

Production: 2 independent helicity amplitudes: A,,.,, A,, ,

A®= complex phase between A, ,, and A, ,,

d|M|? |Avja,—1/2” — 2| A1j2,1)0/°
d cos b |A12,-1/2]% + 2| A1/2.1/2/?

20-04-24 18

X (]' + Y J /4y COSQ 0)« with QJ/p =



If A %0, A and A are transversely polarized

¥y Polarization is:
perpendicular to the production plane

0,-dependent

Same direction for A and A

20-04-24 19



Correlated 5-dim. angular distribution

W (E; Oy, AD, 0L, 0L ) =1 + 0lycos Oy

” + o0y [sinzeA (n1 312 x — Oayiy yi12.y) + (COSQGA + Oy ) 111 2112 |

Pl

y

+ o0/ 1— ocw2 COS(AD)sinOp cosOp (11 xn2; +n1 ;12 x)

+4/ 1 — oty ? sin(AP) sinOx cosOp (0t_ny y+0ynay),

polarization-term
independent o_ and o, dependence

_ O'i_ ,,/ l—af, sin(A®)cos 6, sin 8,

a”  of P, (cos@,) =
_0.1}\/ y A 1 + awCOSZ 9/\

L
—1 0.5 0 0.5 1

20-04-24 20



Fit results

Ad=42.3°40.6°+0.5°

oosl. ete” = (A— pn)(A - prt)

.
‘* .‘
Q
O -
k ]
3" _ — )
w 4
3
= -0.002]
—g.004}
i - | .
-1 -0.5 0 0% .
cosf,

AD=42.3°+0.6°£0.5°

0.2 T i I‘...;.::'m n. y
0.1 -
BESII
d - EAE
o 0 i
AST?5 _ . 1 Besm
01 = Polarization: |
DAUBY
. max 25% OVES? :
) - - I CROS3
- -05 0 0.5 1 =
o cosel\ 0.5 0.55 0.6 0.65 0.7 0.75 0.8

oom eTe” = (A~ pr)(A — an’)

B

coseA)/0.04
T .o‘ T

= -0.002f

~0.004F

cosf,

" A > pmT: a.=0.750+0.009+0.004
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Nature Physics 15,631-634 2019

BESIII results with 1.3 billion J /4 5"

Only one-tenth of the data used

Parameters This work Previous results L
€ 1) 3x precision improvement
14
Oy 0.461+£0.006 £0.007  0.469 0.027 -same data sample-
AP (42.4+0.640.5)° -
16 .
o 0.7504+0.009£0.004  0.64240.013 € 2) ~70 upward shift from all
oy —0.758£0.010+£0.007 —0.71+£0.08 '® previous measurements
Qo —0.692£0.016 0.006 -
Acp —0.006£0.012+£0.007  0.006£0.021 '
€ 3) ~30 difference from 1.
0 0.913+0.028 £0.012 - .
Oo/0t+ 00 € Is this reasonable?
3 . .
€ Indicates A | = = contribution?
1+4(1, /T, 5

el B )= m)

a
G, 1-+2 (T /T, ) Help to understand Af = > puzzle?
% 1=0.08740.030=3(7, /T, ) =(7,/T,)=0041£0014 Tar=s/2| 1]
& Tar=1/2| 22

k‘

20-04-24 22



o,/&, # 1: Al=1/2 law violation

lifetime=12 ns

Al=1/2law: K*->mn® (Al=3/2 transition): I'(K*->w*n’)= |T;.,|%= Bf (K*>wn0) /v
Ks2mwrn (Al=1/2 transition) : (K> wwtn)= | T/, |%= Bf (Ks2>mwrmw) /v
lifetime=0.21 ns

| ‘T%‘N \/Bf(K+ — )T =\/0.21><0.1ns 1
7| [Br(k, >y, V0.69x12ns 22
<1_\|]37t+>=T%(l+ﬁ(T%/T%)):>a+:aN:%(l+ﬁ(T%/T%))

(Aan’)=1,(1-2(1, 17, )| = &, =@, [1-42(r, /1)

1 ( ) good agreement
1+\T, /T,
?:1_62(;/TA)z1+(ﬁ+\/;)(T%/T%):H%(T%/T%) /

cr-omsomn-3(r, ) =[r,7)-
= 1—0.087i0.030—ﬁ T%/T% = T%/T% =0.041+£0.014

20—04(—)24 23




a- FORA - pzx~

\

INSPIRE search

;DWWENTTD_J

VALUE EVTS 0 TECN COMMENT
0.750 +£0.009 +0.004 420k ABLIKIM 2018AG BES3 Jhy 10 AA |
- - - We do not use the following data for averages, fits, limits, etc. - - -
0.584 +0.046 8500 ASTBURY 1975 SPEC
0.649 +0.023 10325 CLELAND 1972 OSPK
0.67 +0.06 3520 DAUBER 1969 HBC From = decay
0.645 +0.017 10130 OVERSETH 1967 OSPK A from z=p
0.62 +0.07 1156 CRONIN 1963 CNTR A from z—p
References:
ABLIKIM 2018AG  arXiv:1808.08917
ASTBURY 1975 NP B99 30 Measurement of the Differential Cross Section and the Spin Correlation
Parameters P, A, and R in the Backward Peak of z~ p — k%A at 5 GeV/c
CLELAND 1972 NP B40 221 A Measurement of the g-Parameter in the Charged Nonleptonic Decay of the A°
Hyperon
DAUBER 1969 PR 179 1262 Production and Decay of Cascade Hyperons
OVERSETH 1967 PRL 19391 Time Reversal Invariance in A Decay
— \
| — INSPIRE search
ar FORA - pa* 0%
VALUE EVTS DOCUMENT ID COMMENT
—0.758 +0.010 +0.007 420k ABLIKIM 2018AG BES3 Jiy AR
- - - We do not use the following data for averages, fits, limits, etc. - - -
—0.755 +0.083 +0.063 ~ 8.7k ABLIKIM 2010 Jly — AR
—0.63 +0.13 770 TIXIER 1988 Ty — AR
References:
ABLIKIM 2018AG  arXiv:1808.08917
ABLIKIM 2010 PR D81 012003  pMeasurement of the Asymmetry Parameter for the Decay A —
prt
T|X|E2F:)_O4_24 1988 PLB212 523 Looking at CP Invariance and Quantum Mechanics in Jiy — AR

Decay

PDG2019 updates

24



news & views

PARTICLE PHYSICS

Anomalous asymmetry

A measurement based on quantum entanglement of the parameter describing the asymmetry of the A hyperon
decay is inconsistent with the current world average. This shows that relying on previous measurements can

be hazardous.

Ulrik Egede

New input for many other

measurements:

1) polarization

2) Asymmetry of the A, and A,

3) CPVin Aj, and A, decays

4) Decays of other charmed and
beauty baryons

20-04-24 7 25



J/ \|!—)Z"'(->p1t°) >~ (>pn°)

50 year-old measurements

ap FOR £+ — pn?

VALUE _EVTS DOCUMENT ID 1 A :

-0.98010017 ouR FIT o,=1 =» S-wave = P-wave
~0.980+3917 QUR AVERAGE interference is maximum
_0.94570055 1250 ISLPMAN 73 well suited for o +a,/0,-0y
—0.940+0.045 16k BELLAMY 72 . + .

_oss +005 s3s uARRIS 70 if the 2*s are polarized

—0.999+40.022 32k BANGERTER 69

20-04-24 26



A and Y(2S) > 272 CF - pr?, 27 - pr?)
arXiv:2004.07701 to be submitted to PRL

Both J/Y and Y (2S) are polarized

—-Phase Space _
—Fit :

:...l...l...l...l...l...l...l...l...l..." :...I...l...l...l...l...l...l...l...l...:
-1-0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1 -1-08-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1
COSH,. COSH,.

20-04-24 27



Preliminary X+—2>pn° results

arXiv:2004.07701  -- based on 1.3B J/y events -- PDG values
ag FOR £+ — pn0
Only one-tenth of the data used. T 15 DOCUMENTID
—0.980+ 301 OURFIT
Parameter Measured value ~0.0801 .97 oUR AVERAGE
/e —0.508 £ 0.006 = 0.004 +0.055 5
Ad’.]/;,',v —0.270 + 0.012 + 0.009 —0.945_0:042 1259 LIPMAN 73
Qg 0.682 + 0.03 + 0.011 —0.94040.045 16k BELLAMY 72
v 0L . .
Ady, 0.379 + 0.07 + 0.014 ~0.98 T0-5 1335 16 HARRIS 70
oo Fred was correct! —0.998 = 0.037 £ 0.009  —0.99940.022 32k BANGERTER 69
o 0.990 £+ 0.037 £+ 0.011
~~15" measurements

To be submitted to PRL /
Acp,x = (Ozo -+ 540)/(040 — C_)z()) = —0.004 +£0.037 x=0.010

should reach 1% level with the full BESIII J/y event sample

20-04-24
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Monochromatic collision: factor of 10 from reduction of e*te- CM spread

) J /Y production cross-section Xiaoshuai Qin
— J I I I | I I I | I I I [
= i 8E,ms=0 keV:  0;,,=90000 nb
© 800001
i J/¢¥ width: 92 keV
L E E i
65,,,,,:0.(7) MeV SEmg=0.7MeV 60000+
only e*e" pairs with E_,,=3096 + 0.14 MeV i
can produce a J/wy, ~1/30t" of the total i
introduce dispersion 40000 OEms=57 keV: 9;/p=41000 nb
higher energy | -
ower energy
E+AE - i
x E-AE 20000
E £ : OE,,.=1100keV 3400 nb (BESIII)
rms= eV: gy /y= n
| E-AE hi E+AE 9;'*' f I i { l : I -*:ﬂ
ower energy grerenery 094 3.096 3.098
——
S A (s(GeVic?)

more e*e” pairs with E_,,=3096 t 0.14 MeV Alexander Zholents
P e ' CERN SL/92-27/AP

20-04-24 29



Monochromatic collision: in 1996

Hai-Bo Li (IHEP)

30



BESIII collected
10 billion J /Y

20-04-24

Future J /1 factory

Currenttechnology “Topup” X2 +
“improved technology “monochromatic collision” X10 +
Someday with new facility (J /3 factory) x100

$

1013 /1 per year at a super J /3 factory

!

10 Billions of hyperon pairs produced
Billion of hyperon pairs reconstructed
cCPV: 107* —107°

Challenge the SM

31



What did | learn during 30 yrs at BES?

you never have enough J/y events

2019: 10 B J/y's

1996: 8 M J/y’s 2002: 58 M J/y's
» Yy=>1pp m_ T h HewIwe
> @ pp | !‘i :
1 : ”“ib'z" M
s ) p—
7 T2 28 275 3 h ‘ M(Pﬁ)

M(pp) Gev) W1 oy

PRL 76, 3502

E 20
M(r'mn’) (GeVic?)
PRL 95,262001

Steve Olsen

20-04-24

2011: 225 M J/y's

oo Pl'll.l 1‘12003 i
600 08, = 3
500 F J/w->vpp
400 F
200 F
[ . 3
282 A PWA
o P it
0.0 0.1 02 0.3
Mg 2mg(GeVic)
Jy> v’
5(") -
400
300
200 |-
ol A T
4’-‘— o
0 14 16 18 20 22 24 26 28
M NG Vi)
PRL 106,072002

2016: 1.3BJ/y’s

_ sy
m: .* -m

PRL 117,042002

277

BESII: 58 million

BESIII collected
10 billion J /Y

\ 4

1013J /1 per year
at a super J /1 factory

Ih

10 Billions of hyperon pairs produced

Billion of hyperon pairs reconstructed

CPV: 10~ % —10°°

Challenge the SM

32



CP violation with 10 billion J /¢, and future facilities

CP test: Ay = (r_—+a+

a_ —ay
A,=-0.006+0.012+ 0.007

Events ErrorA,
BESIII(2018) 4.2 105 | 1.2- 102 1.31 10° J/y
BESIII 3.106 | 5-103 |10 Jay m
L=0.47- 10®3 AE = 0.9 MeV
SuperTauCharm 6-10% | 3-10¢ L=103% cm2s-1 - ecﬁ
2- 1012 J/y AE = 0.9 MeV ‘b%\)
SuperTauCharm 3-10° [1.4-10¢ L=10% cm-2s™!
+ reduced AE 10 JAy AE < 0.9 MeV?2?
-3x10524, £4x%x10°°
-2x10524; £1x10° CKM
-5x105<4;,<5%x107° Ji+e
= a(Ap) = o(ap)

Tandean,Valencia PRD67, 056001 V2a,

20-04-24 33



A VS. )

Super-charm Factory

B 10 billion Jiy [ ot - 10 trillion J/w
L |~ center value . —f—center value
0.01 =;° BESIII — ~0.004
: Wisze e
5 [ 5x10 3 ;
4? . QP -0.0045
-0.01—
_0.02 i 1 | | | | | | | | | | | | | |
0.73 0.74 0.75 0.76 0.746 0.7462 0.7464 0.7466 0.7468 0.747
o o
A A

20-04-24 34



How about other weakly decaying hyperons?

Q>AK -
=0  heed y'>QQ*data
- e rates are low
final state baryon polarization >E-n0

measurements impractical with BESIII

20-04-24 36



CPV observables in - =2 Ax decay

decayrate FM - FM, 0 € Anfinal states are purely Ispin=1, only Al=1/2 transitions
difference T - allowed, no Al=3/2 transition possible
IRe(S * P 2|S||Plcos(A £
decay a =t B7h)_, 317 2( = P
asymmetry S|+ A S| +|7)
difference o +a, sinAgsin@),, — tanA. tan € in this case, the strong phase (A= 85-8p)
a —oa, cosAgcos(, cr is measureable (see below)
2Im(S*P) 2|S||P|Sin(AS i¢cp)
B.= =% RIRE
. S|+ A 5[ +|A
Ina '_Stat.e B_+B. _ CcosAg sin),., e ]
polarization a -0, cosAgcos@, ce 4= Strong phase cancels out b|g advan‘rage
difference  sinAjcos =)
or E over A
A5, = tanAg € measures the strong phase f
o —o, cosA cos
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a_FOR X~ = nn~

VALUE EVTS DOCUMENT ID
—0.0681+0.008 OUR AVERAGE

—0.062+0.024 28k HANSL 78
—0.067+0.011 60k BOGERT 70
—0.071£0.012 51k BANGERTER 69

2~ DECAY MODES

Mode Fraction (I';/T)

r nm— (99.848-0.005) %

20-04-24

From S.L. Olsen

40~50 year-old measurements,

probably wrong for the same reason
the A measurements were wrong

o._=0 =» 1 partial wave dominates

interference is small not

well suited for o_+o.,/o_— o,
measurements

- = +
no measurements of o, forX

single dominant decay mode
no suitable for AI' measurements
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a FOR 2= - AK™

Some early results have been omitted.

VALUE EVTS

0.0180+0.0024 OUR AVERAGE
+0.0207+£0.0051+0.0081 960k
+0.0178+£0.0019+£0.0016 4.5M

aFORN~ — =0g—

VALUE EVTS
+0.0940.14 1630
aFORN2— = =70

VALUE EVTS
+40.05+0.21 614

DOCUMENT ID
7 CHEN 05
7Ly 05A

DOCUMENT ID
BOURQUIN 84

DOCUMENT ID
BOURQUIN 84

2~ DECAY MODES

Mode Fraction (I';/T)
M  AK™ (67.8+0.7) %
, =0 (23.6+0.7) %
; =0 ( 8.640.4) %

20-04-24

Q?

a=0 = 1 partial wave dominates all modes

interference is small, not well suited
for a + a/0—a measurements

I'(E%) =3x NEn?) €T;/, = Ty,
ATI" will be enhanced
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Rare and forbidden decays

Front. Phys. 12(5), 121301 (2017)
DOI 10.1007/s11467-017-0691-9

PERSPECTIVE

Prospects for rare and forbidden hyperon

SM

decays at BESIII

Hai-Bo Li'>t

of High Energy Physics, Beijing 100049, China

wdemy of Sciences, Beijing 100049, China
uthor. E-mail: Tlihb@ihep.ac.cn

Y "7, 2017; accepted May 8, 2017
Electron Spectrometer IIT (BESIII) is proposed tc
G { pairs, which provide a pristine experimental envirc
! w, c,t ¢ . About 10°-10® hyperons, ie., A, ¥, Z, and (2,
W h the proposed data samples at BESIII. Based o1
branching fractions of the hyperon decays is in th
. i ’ 1e”, rare
Bi — By B (x107%) O~
A= ny 1.75 £ 0.15 -
X+ = py 1.23 + 0.05 —0.76 £ 0.08
X0 5 ny = -
E0 5 Ay 1.17 £ 0.07 —0.70 £ 0.07
04 30y 3.33+0.10 —0.69 £ 0.06
E- Xy 0.127 £ 0.023 1.0+£13
2 5~ < 0.46 (90% C.L.) -

FCNC: radiative decays

20-04-24

Decay mode Current data Sensitivity
B(x10%) B(90%C.L.) (x10~°) Type
A — nete” - <08 j
Yt s pete <7 <04 g
= Aete- 76206 <12 EM penguin
=0 Xete~ <13
ET 5 X ete - <1.0
Q- 5 E"efe - < 26.0 Type A
Y s putps (0.0975:99) < 0.4
QO S Eutp - < 30.0
A — nvw - <0.3 .
Sy Soa Weak penguin
=0 - Avw - <038
=0 - 2% - < 0.9 Type B
ET X v - -
Q- - E"vp - < 26.0
YT s YXTe e - <1.0
X7 > pee - < 0.6 .
= - <04 Neutrinoless
= = e e - < 0.
Q- Stee - <150 double betadecays
YT —spuTpT - <11
ET S pup < 0.04 <05 Type C
Q" = Stuu - < 17.0
XT s peTpT - < 0.8 I
ET > pe - <05 2
E- s Tteu - <038
Q- - Xtepu - <17.0 B, B,

Most of them never studied.
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Search for rare decay and New physics

SM predictions:

W

1/

uw,c,t

£

1/

¢

JT, arXiv:1901.10447 [JHEP 04 (2019) 104]
G Li, JY Su, JT, arXiv:1905.08759

A — nvo

>t — pup

=0 5 Avp

=0 5 Yup

=T = X vr

Q- - E v

7.1 x 10713

4.3 x 10°1?

6.3 x 10712

1.0 x 10713

1.3 x 10713

4.9 x 1012

B(A — nlaNg) < 1.3x 1075,
B(=’ — ANoN3) < 1.9 x 107°,
B(E‘ — E—NQNQ) < 32x 10—6,

B(E+ — pNQﬁa) < 3.5 % 10-6,
B(=" — XNalNg) < 2.6 x 107°,

B(Q— — E-NQNQ) < 1.5x 104,
arXiv:1912.13507
JY Su, Jusak Tandean

Sensitivities from BESIII 10 billion YR

A — nvv

3T — pro

=0 5 Ave

20 5 Y0up

3x 1077

4 x 1077

8 X 1077

9 x 1077

Q- = Zvr J
2.6 x 10°° |
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states:

Semileptonic decays

Fully reconstruct one of the hyperons,
then the momentum of the other hyperon
will be known, which provides hyperon
beam, so we can look for invisible final

— neutrino ; other invisible particles

Decay mode B (x10~) |AS]| 91(0)/f1(0)
A — pe” e 8.324+0.14 1 0.718 £ 0.015
Y+ 5 Aet e 0.20 4+ 0.05 0 -

Y- s ne e 10.17 + 0.34 1 —0.340 £ 0.017
Y~ = Ae e 0.573 + 0.027 0 ~

Y- 5 X% - 0 -
=05 Yte i, 2.52 4 0.08 1 1.210 £ 0.050
ET = Ae v, 5.63 4 0.31 1 0.250 & 0.050
= =5 X%, 0.87 £ 0.17 1 -

= =5 =% w <23(90%C.L) 0 -

2~ = =% v, 56 + 28 1 -

20-04-24

e+ gy s

-
-

ele” > J/y = AA
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Semileptonic decays: V

K, N, =2+1+1, PDG 2018
0.2231+ 0.0008

Kg, N, = 2+1+1, PDG 2018
0.2253 + 0.0007

CKM unitarity, PDG 2018
0.2256 + 0.0009

T — XV

0.2195 £ 0.0018
T—=Kv/t—=Snv

0.2236 + 0.0015

T = Kv

0.2234 + 0.0015

T average

0.2220 + 0.0013

—e—

0.22 0225
AU
us

HFLAV

A
usu

dss

Table 5: Results from Vs analysis using measured g1/ f1 values

= — Ae" 1,

V,s measurements are inconsistent:

between KI3 and KI2 decays and tau decays.

N. Cabibbo, E. Swallon, R. Winston
Ann.Rev.Nucl.Part.Sci. 53:39-75,2003

20-04-24

Decay Rate a1/ f1 Vus
Process (psec™1)

A— pe v 3.161(58) 0.718(15) 0.2224 + 0.0034
Y- ne 7 6.88(24) —0.340(17)  0.2282 + 0.0049
E- = Ae T 3.44(19) 0.25(5) 0.2367 + 0.0099
=0 — Yte v 0.876(71) 1.32(+.22/ —.18)  0.209 + 0.027
Combined — — 0.2250 + 0.0027

arXiv:1909.12524
HFLAV group 2018
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6,5(5) [Pb]

Advantage: data near to the thresholds

“an’C
» Baryon pair productions near thresholds: ‘éme? * BESII 2015 * BESII2012
. . . . . 510 E °
precision branching fractions, unique accessto 3 - | * BESli20M SiRgssnoly
th lati h test of QCD: 107k SND (2011 +2012) —=— BES (1999 + 2004)
e relative phase, testo ! 10* g | —=— FENICE (1991 + 1993)~s— DM2 (1984)
i 10°
» Hyperon and charmed baryon Spin W T = om o
° ° . ° — .
polarization in quantum productions; 10°E N S . ’
10 oo - % g
» Form-factors in the time-like production 168’ [edee o’
» CP violation with quantum-correlated pair 107k
productions of hyperons and charmed baryon B Ty ri 45
. g SGeV/c)
. : . : Energy scan in 2014-2015 at BESIII
— Fit 5 BES o) 3 5400 _ 2m,.
1000 Tomm o m 210 13 - s
*  BESII(unTagged) = E835 c % §am- l . b E e — A‘\;K; H
< BaBar(Tagged) + PS170 9 8 /,-»-‘T‘ " -e- BESIII data :
. BaBar(unTagged) + DM2 2 102 ' ’}Q §1oof -~ 13 300} =Belledata : .
Jindf=0.5863 8 %= —-—,-&,,———ms-—— - —BESII fit  : 1
500 | 2] 1T T MM ] - l , —4
O T 5 : 5 1 _
1 e B — 1 100f ete” = ATA]
02 . 25 - 3 (&4 e % AA 1 ) 1 ] BESIII PRL120 132001 |
. ’_rc\ V] 1.0 1-2 M1-4;/ 1.6 o ,i, L ,Bd'TPR,Lmllno?l| _‘
Vsli(se
Best prze(z)é?sftlbzrfl on o: 3% (systematic dominant) oo Mlhreshold 4.6 457 458 4.9 46



Access to the heavier charmed baryons

- A A Ecic Belle data for charmed baryonl
0.6 — Machine upgrades:
- A 5 v Topup injection (finished)
i e — = v Energy upgrades
..E 0.4 — —c—c v" Lumi improvement *2-3
= - +
ﬂ % ﬂ* Yy +
o - A T Jf .......... + _______ + +++ HHHL
11 1 1 11 1 1 l 11 1 1 l 11 1 1 l l 11 1 l 11 1 1 11 1 1 l 1 1 l 1 l 11 1 1
45 e 48 49 5 51 5.2 53 5.4
M(AT AD) GeV/c?
Energy thresholds

vetem 5 AfXZ 4.74 GeV
vetem > AfX. m 4.88 GeV
vVetem 53, %, 4.91 GeV (10MeV above current limit)
oo vetem 5 E.E, 4.95GeV (50 MeV above current limit) Y



BESIII white paper: Future Physics Programme

arXiv:1912.05983 : Chin.Phys. C44 (2020) no.4, 040001

Table 7.1. List of data samples collected by BESIIVBEPCII up to 2019, and the proposed samples for the remainder of the physics program. The nght-
most column shows the number of required data taking days with the current (7c) and upgraded (7v) machine. The machine upgrades include top-up
implementation and beam current increase.

Energy Physics motivations Current data Expected final data Tc/Tu
1.8-20GeV R values Nucleon cross-sections N/A 0.1fb™" (fine scan) 60/50 days
20-31GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days

J/w peak Light hadron & Glueball J/ decays 3.2 f5° (10 billion) 3.2 5™ (10 billion) N/A
w(3686)peak  Light hadron & Glueball Charmonium decays 0.67 5™ (0.45 billion) 4.5 5 (3.0 billion) 150/90 days
W(3770) peak D/D* decays 29 2008/ 610/360 days
38-46GeV R values yyz/Open charm Fine scan (105 energy points) No requirement N/A

4180 GeV D, decay xyz/Open charm 3287 6" 140/50 days
40-46Gey XYZ/Opencharm Higher charmonia cross-sections 16.0 fo ' at different V5 30fb " at different 5 770/310 days
46-49GeV Charmed baryon/X¥Z cross-sections 0.56 fo " at 4.6 GeV 15" at different 5 1490/600 days

474 GeV XA cross-section N/A 10" 100/40 days

491 GeV %, 5, cross-section N/A 10" 120/50 days

495 GeV Z. decays N/A 10/ 130/50 days

Another 5 to 8 years running to collect another 56 fb-1 data at different energies .
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Time-like form-factors of nucleons and hyperons BESII: 58 million
-- 215t century probes of the structure of baryons

Y4 BESIII collected
B . .
10 billion J /Y
‘- 13
o 10-°J /4 per year
at a super J /1 factory
World’s most sensitive searches for CPV in hyperon decays
-- a new frqntier for CPV studies ‘

N
’ 10 Billions of hyperon pairs produced

Billion of hyperon pairs reconstructed

CPV: 1074 — 1075

Challenge the SM

20-04-24 49
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Summary

Hyperons are a laboratory for strong interaction, baryon

structure and symmetry studies. BESIIl provides huge
amount quantum-correlated hyperon pairs!

Questions Observables

Production
P

== Form factors

Interaction
'

Structure

Hyperons as
diagnostic tool

Symmetries \Spectroscopy

Decays

50



Summary

Hyperon polarization in J/y ({’) decays & new way to study CPV
- complementary to CPV studies with Kaons
—> BESIII as already rewritten the PDG book for A decays
—> about to do the same for E /X ! decays
- good opportunities for Ao measurements with =+

- X~ and Q CPV measurements are probably hard

Charmed baryon
CPV can be accessed via both decay parameters and T-odd observables
STCF will play an important role on the search for CPV in charmed baryon
with quantum correlated data near the production threshold!

Hyperon physics at BESIIl &STCF: next new frontier for CPV studies!
Some of my slides from Steve Olsen, Andrzej Kupscs, Sandip PAKVASA

20194F7 H8-9H E H K% Hyperon physics &
https://indico.ihep.ac.cn/event/9834/overview
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Thank you !

Beginners of CPV and rare decays of Hyperon physics at BESIII:
Andrzej Kupscs(Uppsala University), Jie Liu(IHEP),
Rong-Gang Ping (IHEP), Hai-Bo LI and Jian-Bin Jiao (SDU)

20-04-24
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BESIII achievements
More than 280 papers published or submitted so far, 30% at PRL

Highlights:
* Precision tau mass from BESIII
 Charmonium and XYZ spectroscopy : Zc(3900), X(3872) ...
* Light hadron & searches of exotics: X(1835), X(ppbar)...
* Precision charm physics: decay constant, form factors, |Vcs|, |Vcd |
* Access to amplitudes of quantum-correlated D° decays: relative strong phases
* Charmed baryon production at threshold: A _ production and decay
* Probe EM structures of baryons: Gy, G, of proton, neutron and hyperons

* Hyperon-anti-hyperon pairs: asymmetry parameters, CP Violation, and
polarizations of hyperons

20-04-24 53



Energy and luminosity upgrades

Energy upgrades

> currently, E p:2% =2.3 GeV limited by power supply, cooling of magnets

> upgrade I: E ;X =2.35 GeV, done in summer shutdown in 2019

> upgrade ll: Eg.2° =2.45 GeV, need to rebuild SePtum magnets (2020)
Frg— A 3 ==

Future luminosity upgrades
> improvement of beam power: more bunches with stable running = a factor of 2 or 3

» try crab-waist : a factor of 10 times gain on the luminosity?

20-04-24 54



CPV in charmed baryon

X.W. Kang, HBL, G.R. Lu and A. Datta Int.J.Mod.Phys. A26 (2011) 2523
CPV from asymmetry parameters:

(X ) 4 Q(X )
(X) A, > BV Br Eff. (€) Expected errors at
<A )= (X) (X) BES-III (x10~2)
Gy ~ —Qy
. g Y Ap* — (pr—)(x+70) 3.2 x 102+ 0.65 0.44
Triple pro UCt, asymmetry: ) $(1385)+p° — (An+)(w+7—) 2.4 x 10—3 0.69 1.55
(Ap) = N,(CT >0) - ‘N,(CT <0) s+p0, (pr®)(n+7—) 0.7 x 10—2* 0.62 0.96
]]:(gT >0)+ ‘x(? <0 s (pr0)(x+7—=0) 1.4 x 102 0.49 0.76
(Ar) = N (CT Z g) N(C=T = g) Yte — (pr°)(KTK ™) 0.8 x 102 0.52 3.10
(Cr >0)+ N(Cr <0) o\ puo (pr®)(K —=+) 0.7 x 10-3 0.57 3.17
CT - (ﬁX xﬁw)'ﬁf(
1
Ar = 5 [{(AT) + (AT)] = (AT) #£0 Sensitivities of CPV from triple products:

2.3 million A, pairs at BESIII
2.0 billion A, pairs atSTCF: 103 - 104
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T;,,# 0: decay rate asymmetry in BESIII?
use partial reconstruction of J/{>AA?

Can BESIII measure this with low systematic errors?

Bf(A—nr") Bf(A—un’) N(A,+7') N(A+7")

-\ A —_+) A -\ +
Bf(A>pr) Bf(A—pr') N(A,+7) N(A,+7")
P = - Detect a A>pn or A>pntaccompanied by a t* or nt°
//.\—>pn'- tag side aner presence of the recoil nucleon by missing mass
' or \

!" |I

recoil nucleon I

undetected I|

\ . /
recoil r .
\\ 5|dC: : //'rhe 1010 J/y data sample has >1M events in
each category = statistical precision #10-3
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Decay rate asymmetry in BESIII

using partially reconstructed J/)—> AA events --

ThiS As=63/2'61/2

0 A 7770 -
Bf (A— ))_ 5f (A *Z’i)) -Le L FWF{;’“ rr”’*’r”” ~b(1+\2 )[%]smf sin(PcPW

pr ot pr~ pr’

sensitivity is nominally
reduced by a factor of ~5

here | used:
2
l"p”_ z|T% +\/§‘T%”T% cos(A +¢.,)
2
Fmo ~ T% —‘T% T% cos(A, +¢.,)
5 same data would be useful
F,—m- ~ T% +\/5‘T%”T% cos(A —¢.,) for an oy +o,/0y-0,
s measurement
r =41, —‘T%‘ T, |cos(A, +0,,)
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2)  Why the big change in a.?
Why different?

from: Kiyoshi Tanida * Multiple scattering:
JAEA Japan

* E.g., at 95 MeV with 3 cm scatterer (target),
0, becomes as large as 1.5 degree.
- 5 degree multiple scattering occurs with a probability
of 1 % order and dominates over single scattering

* Actual scatterer thickness is even larger
* Of course, analyzing power for multiple Coulomb
scattering is almost 0
- Can explain the difference
* Note: effective A depends on target thickness
* This is why target thickness is explicit in the new data.
* We have to be careful!!
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Front. Phys. 12(5), 121301 (2017)
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PERSPECTIVE

Prospects for rare and forbidden hyperon

decays at BESIII

Hai-Bo Li'>1

! Institute of High Energy Physics, Beijing 100049, China

2 University of Chinese Academy of Sciences, Beijing 100049, China

Corresponding author. E-mail: Tlihb@ihep.ac.cn
Received April 17, 2017; accepted May 8, 2017

The study of hyperon decays at the Beijing Electron Spectrometer III (BES
tigate the events of .J /1 decay into hyperon pairs, which provide a pristine e
at the Beijing Electron-Positron Collider II. About 106-108 hyperons, i.e.,

produced in the J/1 and ¥(2S) decays with the proposed data samples at
samples, the measurement sensitivity of the branching fractions of the hyper
of 1075-10~%. In addition, with the known center-of-mass energy and “tag
and decays with invisible final states can be probed.

Keywords BESIII, J /¥ decay, hyperon, rare decay, FCNC, lepton flavor v.

BESIIg4 81Uk E

Current data SensiMvity
Decay mode B (x107%) (90% C.L.) B (x107%) AL AR
A— Mt~ < 0.4-3.0 [68] < 0.1 +1 -1
A— M-It < 0.4-3.0 [68] < 0.1 -1 -1
A— Kgv < 20 [68] < 0.6 +1 -1
Y+ o Kglt - < 0.2 -1 -1
Y= = Kgl™ - < 1.0 +1 -1
E- = Kgl™ - < 0.2 +1 -1
Z0 5 M- - < 0.1 +1 -1
E0 5 M-It - < 0.1 -1 -1
ZE0 5 Kgv - <20 +1 -1
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BEPCII luminosity optimized for Y(3770) running

20-04-24

A factor of 2 gain for lattice optimized at J/{¥ running

1x10%}

8x10%}

F SN
x

e
o
[
>

Peak Luminosity [cm™~s™"]

2x10%}

6x 102}

vvvvvvvvvvvvvvvvvvvvvvvvvvv

8.732x 16
1.89~2.3GeV |
1.0~1.80GeV
4
1.ex1e33( En )
1.89
° ....‘
"
.Of
i
]
10 12 14 16 18 2.0 22
Beam energy [GeV]
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Gain on integrated luminosity from “Topup” injection

deet

400
375
350
325
300
275
250
225

20-04-24

30% gain on the integrated luminosity

600,000
575,000
550,000
525,000
500,000
475,000
450,000
425,000
400,000
375,000
350,000
325,000
300,000
275,000
250,000
225,000
200,000
175,000
150,000
125,000
100,000

75,000

50,000

25,000

0

" (0.00052) W@OO0:A53) W (10543228a.u) W (4.0443967a.u)

I

SN N

|

|

NN N NN S

12 injections every 12 hours

N

1]

J

010220 04h  01.02:2005h 01.02:2006h 01-02:2007h 01-02-2008h 01-022009h 010220 10h 01-02:20 11h 010220 12h 010220 13h 010220 14h 010220 16h 01.02:20 16h  01.02:20 17h
Main Time Axis (CST)

01.02:20 18h

010220 19h  01-02-20 20h

010220 21h 010220 22h 010220 23h

01-03-20 00h

0575
0.550
0525
0.500
0475
0.450
0.425
0.400
0375
0.350

0325

0.300

0275
0.250
0225
0.200
0.175
0.150
0.125
0.100
0.075
0.050
0.025

0.000

uBuna ep
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HEITERT
BEMNES, FENBNRLEE
b OBEEET  EBeocEoc  ERERT

o HAEEEEHR T Eo«E HAEREEIEHRT
T IKEEEWHT E-e >« E+c SREEIEHT

XIERIDEEE
Ecy =2E.-E.+ +2m2c* + 2\/E3_ — m2ct \/E3+ —m2ctcos(6)
I X FKITHERT 0=0, cos(0)=1, E,-. =FE(1+e¢€,-), E.+ = E(1+¢€.+),
€e—y €t NARTREEREMBXE, RIZ: E.. ~FE +~F

Loy = 2E\/1 +€e—\/1 i B QE\/I + €o— + €t
ME €e— = €t RRRLEEHEALE.
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11
L~y

BXJHERT(

SEPREBL T, A AERRE — N0 (AR » ARKFRAZE (EER)D
y'=c,+c . xD /] (* : FrRxtH gD
o, EERTIN (= Byey) » By NAHH AIRIRERL, & 3 E 7 1A R AL
o, REBUHIAMAE, D, T fa R K
AU A 2 O REEBON N, (BARFR TN, B REEEH 2.
XX WAR AR B SR U ) ) R R & B R K

o ) L T A
=1+ Biey

AEE AT A2 KT 10
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e*e > pp at threshold

— - 4ro @ )2 |
Integrated cross section: o-pﬁ(mpﬁ)_ ‘qu(mpi) (1+1/2r)
P

2M,
= 00
i ‘il ppP Rydberg states _ o oL
- Il ’, (Bohr-levels) for pPp: C= /ﬁ —
|~ 1-exp(-mo / B) @
0 1 1 1 m
_,[ e L Sommerfeld resummation factor

12.5 kev

w

in point-like approx:

n-zag 2 g pp -
0 ZM: GefT(ZMP )I _ ~
2 |/
~0.85nblG, (2M )| —> [
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e*e > nn (or AA) at threshold

Integrated cross section: (m )= 4o .BC|G m )‘ (1+1/2r)
nn nn 3’
0 o ocﬁ

no Rydberg states for nni ( A _N_ ) C=1

(Bohr-levels)

in point-like approx: L
P PP /" no “jump”

: rnnrr'ZNIn
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ete 2 AA

° oef
Electrically neutral 2 no Rydberg states =

7

- no Coulomb enhancement :/'/ no “jump” expected

:-:’ mm'z MA

in point-like approx:

Isospin singlet, m-exchange not allowed
- A-A molecule is unlikely
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