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Prof. W. (Pief) K. H. Panofsky
1919-2007

Prof. T. D. Lee & 0 : et e
The flrst meetlng of the Slno-US commlttee on HEP

June 10-13,1979, Beijing, China

This is why we have BEPC/BES in China, and the reason we are here today!

Hai-Bo Li (IHEP) 2



~ BES history: Charmed baryon

From IHEP archives

HE

. L R

March 17, 1982

Prof. Jia-Lin Xie Prof. W. K. H. Panofsky
1920-2016 1919-2007

During the 3" meeting of the Sino-US joint committee on
HEP, March8 -9, 1982, inBeijing. Piefinvited Prof. Xie
adinnerin Beijing Hotel, Pief emphasized the importance
to extend the beamenergy from2.2t02.8 GeV, so that
the charmed baryons can be studied.

BESI & BESII have not done it, since the low luminosities?

But we did it at BESIII with 0.5 fb1 at 4.6 GeV
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E,cam= 5.7 GeV was a dream

From IHEP archives

From IHEP archives

S {* ;. The syn-chrotre

| gval o U

In 1982,
March 8-9

This collider can be raised toE, ., =5.7 GeV
when circumstance permitsin the future.

It can be used to do researchesinY physics of B
particles in the next step.




Planed physics programme

® Light hadronspectroscopy
Meson, exotics, baryons...

® Charmoniumphysics
Spectroscopy and transitions
New states above open charm
Decays

® Charmed meson & baryon physics:
Decay, Mixing, CP violation
CKM ...

® 7 physics, Rvalues

® Searches of rareand forbidden processes

800 pages published in 2009
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10 years data taking at BESIII

Data sets collected so far include,

> 10x10° ]/ events

> 0.5%x10° 3’ events

» Scan data[2.0, 3.08] GeV; [3.735, 4.600] GeV

130 energy points, about 2.0 fb!
» Large data sets for XYZ study above 4.0 GeV
about 12 fb!

Unique data sets at open charm thresholds
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Achievements
More than 250 papers published or submitted so far

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 from ] /{r and Y’ decays: asymmetry parameters,
CP Violation, and polarizations of hyperons
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From BESIII physics (yellow) book to BESIIl white paper
2008 2019

White Paper on the Future Physics
. Programme of BESIII

The BESIII collaboration?
and

L. Calibbi®, J. Charles®, H. Y. Cheng?, S. I. Eidelman®,
S. Descotes-Genon/, F-K. Guo®™,
A. A Petrov/, J. L. Rosner®, Z-Q. Zhang®

® Aiz-Marseille Univ, Université de Toulon, CNRS, CPT, Marseills, France
b Dudker Institute of Nuclear Physics, SB RAS, Novosibirsk, 630090, Russia
© Institute of Theoretical Physics, Beijfing 100190, People’s Republic of China
4 Institute of Physics, Acodemia Sinica, Taiwen 115, Republic of China
* Laboratoire de l'Accélératens Linoire, INEPZ.CNRS et Université Paris-Sud 11,
F.91898, Orsay Cedex, France
/ Loboratoire de Physique Théorigue, UMR 8627, CNRS, Univ. Paris-Sud,
Université Paris-Saclay, 91405 Orsay Cedex, France
3 Novosibirsk State University, Novosibirsk, 630090, Russia
A University of Chicage, 5650 S. Ellis Avenue, Chicago, IL 60637, USA
* University of Chinese Acodemy of Scienees, Beijing 100049, People’s Republic of China
I Wayme State University, Detroit, MI {5201, USA

ITHEP-Physics-Report-BESIII-2019-8-3 for international review

1Auzhwlhsbornantbcinlbﬁqpugu
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ning

BESIII future physics programme after 10 year run

Since 2017, we started to discuss BESIII

further physics programme :
Pl’eliminary report of the |

Alex Bondar

» Potential physics topics

» Competition from other experiments
» The lifetime of BESIII experiment :

detector upgrades ?

> Necessary of BEPCII/BESIII upgrades

190 pages white paper has been done, and
has been reviewed by international committee
(September 3-4,2019)




Competition and complementary

> Super-KEKB/Belle-1l (50 ab* ccbar cross-secion = 1.0 nb@Y/(4S))
arXiv: 1808.10567 (Belle-Il physics book)

» LHCb and its upgrades (50 fb™* & 10! reconstructed charm mesons)
arXiv:1808.08865 (LHCb upgrade-ll)

» proton-antiproton collisions (PANDA...)

» e-p/gamma-p collisions (Glue-X...)

> SHiP experiment at CERN: (10!8 D mesons, 10 7, 1020 y)
arXiv:1504.04855 ; arXiv:1807.02746

18/06/28
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Physics programmes for future data taking

From the white paper

10-17 fb2 on Y( 3770)

 6fb!at4.18 GeV = Ds meson

 5fb?!at4.64 GeV for the charmed baryon

e Scan at the highest energy?

* Continue XYZ scan (500 fb! /point between 4.0 and 4.6 GeV)
* Large Zc samples: 5 fb! each at 4.23, 4.42 GeV

* High-statistics data samples around 2.2, 2.4 GeV

* 3 billion y(3686)

...wishlist comprises about 40 fb

BESIIl has to run another 8 - 10 years to collect these data sets
with current luminosity!

Hai-Bo Li (IHEP) 11



Upgrades to detectors: past and future

Detector has running smoothly, performance generally excellence.

v’ Endcap TOF upgrade (2015)

single layer plastic scintillator

was replaced with multi-gap RPC.
Time resolution: 110 ps = 60 ps
95% 1t /K separationupto 1.4 GeV

v Inner most part of the drift chamber:
1) New inner drift chamber is ready
2) CGEM is in progress

v’ Super Conduct magnet : new valve box

Hai-Bo Li (IHEP)
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Gain on integrated luminosity from “Topup” injection

12 injections every 12 hours 20% gain on the integrated luminosity
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BEPCII luminosity optimized for Y(3770) running

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

Peak luminosity (cm™2s7")

1 % 1033 1 T T T T T T T T T T T T T T T T T T T T T
L » Fast R value scan Eax0.91x (12)¢
| . . 8.732x10% T‘"
* Fixed energy data taking
s ; 1.89-2.085GeV
gx10%| ¢ Lastoperation year 1. 0x10% [i ]‘ ) |
1.89 4
6x 102 Theoretical expectation |
4x10%| N\
L 2.085~2.3GeV
2X1032 r .. 8.5 wioh 2035 3znx0.91x(1”)
[ e o
©
0 = . 2 . 1 . N N 1 2 2 N 1 . N . 1 2 N N 1 N N . 1 N 2=
1.0 1.2 1.4 1.6 1.8 2.0 22

Beam energy (GeV)

Hai-Bo Li (IHEP)
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Lineshape of e¢Te™

0.8 T T T T T T T T

with non-pole term — 1 LEC
o Bele '"’§ tggs
-— - s
- u .
0.6 BESIII -=== 4 LECs

— ATAC

Belle: PRL101, 172001 (2008)
BESIIl: PRL120,132001(2018)

47 Machine upgrades:
v' Energy upgrades

02+ v" Lumi improvement @ higher energy
v' “Topup” injections

0.0 . ' ' ' -

4.55 460 4.65 4.70 475

E(GeV)
+ —
Some tensions between Belle and BESIIl dataon ¢ "¢~ A A

BESIII future data above 4.6 GeV will follow a sharp rise of the Y(4660) or

a flat cross section near threshold?

Hai-Bo Li (IHEP) 15



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?

Hai-Bo Li (IHEP) 16



Access to the heavier charmed baryons

A,

- ECEC Belle data for charmed baryon
0.6 B
— oal J[ =8,
= -
b - +
o2 ﬂ % ﬂ* * | o
0 ".'.'.'T". ol .'.".T. T'. .'1' . .'T'. l'f'.'.'."'.'IT'.'I'T'.J{'T]'.'TTT
4.5 46 47 48 49 5 5.1 5.2 53 5.4
M(AT AQ) GeV/c®
Energy thresholds
veteT 5 ATX; 474 GeV
vetem > AfX. m 4.88 GeV
vVetem 53, %, 4.91 GeV (10MeV above current limit)
vetem 5 E.E, 4.95GeV (50 MeV above current limit) Y



Charmed baryons productions ...« kariiner

i . Belle
In the charmed baryon system, the light quarks are more ;e A arXiv:1706.06791
like di-quarks
n ot
AJ (clud]spin=0), Ec(clud]spin=1) g ok A(2595)°
:: A(2625)"
The spin-0 diquarks: "good" diquarks € 5o I
e [ | S
The spin-1one: "bad" diquarks. 1k Z(2520)"
The bad diquarks are heavier. So if the hadronization : P
I Z(2800)
from the initial (ccbar) proceeds in one step, by attaching T T T T
. . . . . . o 2 23 24 25 26 2.7 2.8
diquarks, it will provide a simple and natural explanation for mass (GeV/c?)

the fact that the A cross section is much bigger than that of X...

Then how about the behaves at the threshold, and to test it at BESIII will be very interesting!

Hai-Bo Li (IHEP) 18



6,5(5) [Pb]

Advantage: unique data near to the thresholds

APT, A
» D/Ds/A_. hadrons near thresholds: ‘?5106? * BESII 2015 * BESII 2012
oo . - . s 107 E °
precision branching fractions, unique accessto 3 - | * BESli20M iy
the relative phase, test of SM il b e sssiians |
p ’ 10* E |- FENICE (1991 + 1993 == DM2 (1984)
i 10° -
» Hyperon and charmed baryon Spin N ARST == o -
) . 0 10‘.__ - . £
polarizationin QC ol .m.: . s i -.
» Form-factors in the time-like production 1kt [edge o
» CP violation with quantum-correlated pair 107"k :
productions of hyperons and charmed baryon B Y I Ty S *;fg‘ ‘
eV/c)
| : - : — Energy scanin 2014-2015 at BEgISI
1000 :Eé::::xg :. ?Eﬁ.ce @103 gﬁ * 13 400 |2.n;f“- L L B =
: BESIll{unTagged) - E;gg - % gax). l . = : ee — A:K; = ]
& BaBar(Tagged) + PS170 o 3 _-H 17 [ -e-BESIT data 1
. BaBar(unTagged) + DM2 2 102 ’}Q §1oof 7 13 300} =Belledata : .
. eMD3 Jindf=0.8863 8 %= 1 - —BESII fit  : 1
2 = B! d
2 10 TQ 1 200} Skl 1 I i .
o e § : 1
I O I —l_— 1 100f ete™ — A:_AC_
02 . ! ! . 25 . . . . 3 e (& _> AA | — \:\ S| E i é BESIII PRL120 132001 |
' SGaVI 1.0 1.2 I\}I4_/ 1.6 ol gy Seonme
Vsi(ae
Best precision on ¢ 3% (systematic dominant) oo Mlhreshold 4.6 457 438 459 46 19



The First Charmed baryon near to the thresholds

/ \
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PRL 116,052001 (2016)

Events/2.0 MeV/c?

RRE S

g £

- ngn*n' ‘ ; 3

226

Feb. 20, 2018

2.28

Almost background free

2.3

ST yields

modes NPT
pKg 1243 + 37
pK 7t 6308 + 88
pK g 558 + 33
pKsmtm— | 454 4+ 28
pK—7ntw0 | 1849 £ 71
Arnt 706 + 27
Anta® 1497 + 52
Anta—nt 609 + 31
»Or+ 586 + 32
S0 271 + 25
Stata— 836 4+ 43
Ytw 157 + 22

Signal Tag Variable : Mgc = \/ E2.  — m/’\; 2
590 pb™! @ 4.6 GeV

Umiss - Erniss - Cli)miss|

B(A" — Ae'v,) = (3.63£0.38+0.20)%

%30 . DT yiEIdS
1
o
- 20
Q
4
(7]
'E 10
)
o
"LJ' | 'I' 1
-0.2 -0.1 0 0.1 0.2
Umiss

(GeV)
We will accumulate at least 10~20x more A, pairs
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High precision charm physics @thresholds: D/Ds
m

B(D* - W) folVeal 1.1% 1.4%
B(D{ - v) fos | Ves| 1.0% 1.0% N/A Belle: 2.5%
B(D* - ) olVeal 1.0% 1.4% N/A
B(D& - v) fos [Ves!

dr(D - nlv)/dq?  fp_;(0)|V.4] 0.6% 1.0% N/A

dT(D -» KIv)/dq?  fpor(0)|Vigl 0.5% 0.9% N/A

dI'(Ds > Klv)/dq?  fps-k(0)|Veal 1.3% N/A N/A

dI'(Ds > ¢v)dq®  fps-¢(0)|Ves] 1.0% N/A N/A

BESIIl: 20fb! @ 3770 MeV, 6fb* @ 4180 MeV, arXiv: 0809.1869 (BESIII physics book)
Belle-1l: 50 ab! @ Y(4S) arXiv: 1808.10567 (Belle-Il physics book)
LHCb: : arXiv:1808.08865 for upgrade-I|
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Belle Il vs. BESIII

ISR produces events at all CM energies BESIII can reach
3000 —Tr———— Bellell schedule:
‘ 2022: 20/ab:
...... - 2025: 50/Clb:

2500

I'l']']'] L N

2000 Ac 4.26 GoV ror i Iy

egesi = 46%

1500 § g5 = 10%

1000 |

Lum (pb'/10 MeV)

BESIII: high efficiency for open-charm

500 Bellell: very low efficiency for open charm

Ecm (GeV)

18/06/28 22



Belle Il vs. BESIII on XYZ study

Full Belle II data sample (50 ab-! at 10.58 GeV, ISR events
in 10 MeV) compared with 0.5 fb-! at BESIII

ISR mode Noe o/ Nooe

iy @ 4.26 GeV 0.51b1 /22107 46%/10% 1.07

mny @4.36GeV  0.51b1/23 1 41%/5% 1.82

@466GeV 05f1/25fb1  35%/6% 1.19

rrh, @ 4.26 GeV  0.5fb1/22f1  2.7%/— > 5
@ 4.36 GeV

K*KJy @4.6GeV 05fb1/2411  29%/7.5% 0.81

@4.9GeV 05fb1/27f1  ~29%/10% 0.54

A A, @46GeV 05f1/2410  51%/7.5% 1.42

@49GeV 05f1/2711 ~37%/7.5% 091

L S IR e



Roadmap of CP violation in flavored hadrons

1980

In 1964, the first CPV was discovered in Kaon ;

In 2001, CPV in B was established by two B-factories;

In 2019, CPV discovered in D meson: 104, 103 reconstructed D mesons (LHCDb)

All are consistent with CKM theory in the Standard model

But no evidence was found in strange baryons?

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

24



CPV in hyperon decays and New physics

CPV in SM is small : # events Experiments
B meson : O(1) discovered (2001) 103 B factory
K meson : 0(107?) discovered (1964) 106 Fix targets
D meson : 0104 discovered (2019) 108 LHCDb
Hyperon : 0104 102 0(103%) Fix targets
-> BESIII ?
Flavor-SU(3) Octet of spin ’2 Flavor-SU(3) Decuplet of spin 3/2
1 (o) & —:
@ g = :

25



Why Hyperon physics at BESIII

10 billion J/psi events collected

» Large BRsin J/psi decays

» Quantum correlated pair productions

» Easy to reconstruct

» Background free

Decay mode B(x10-3) |Ng (x IOG)I
J/— AA 1.61+£0.15 |16.1+£15
J/— X050 1.20+£0.09 |129+0.9
J/p—= X+tE8- 1.50+0.24 |15.0+£24
J/ — X(1385)~ X+ (or c.c.) 0.31+£0.05 | 3.1+£0.5
J/ P — X(1385)~ X (1385)F (or c.c.) 1.10£0.12 |11.0£1.2
J/p— =020 1.20+£0.24 |12.0+24
Jjp—=="=t 0.86 £0.11 | 86+1.0
J/P = =(1530)° =0 032+0.14 | 32414
J/p— =(1530)~ =+ 0.59+£0.15 | 59+1.5
¥(2S) = N~ NF 0.05£0.01 |0.1540.03

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

The number of reconstructed hyperon-
anti-hyperon pairs will be a few millions.

et EP) 26



use machine-learning algorithms?
B |

Advantage at ee- machine

under study by
Zhang Jian-Lu

Known initial 4-momentum

Strongly boosted Single tag - PUU >
Substantial polarization

Decay with neutron & m'

Decay with invisibles

ol

N .
|AA)C ‘—xlﬁ[IMIA) |A)A)],

....

4
]
n
O
.\l
i
A

a(A = pr7)=a_

S
(o
““

a(A = prt) = ay

e,

a(A = ) = ag

a(A —= nm) = ag

Hai-Bo Li (IHEP)



Correlated 5-dim. angular distribution

W(E; Oy, AP, 01—, 0Ly ) =1 + OlyycOs B

+ o0 [Sin29,\ (n1 412 — Oayny yi12.y) + (00826A + Oty ) 111 212 |
+o_0py/1— 0‘\112 cos(AD)sinOp cosOp (11 xn2; +n1:n2x)
+4/1— ch2 sin(A®P) sinBp cosOp (0_ny ,+0yna ),

Fit results

If A is polarized, both a_and a, can
ADP=42.3°£0.6°£0.5°

_ N _ _____ be measured simultaneously, which allow
ooosf. e7e” = (A— pr)(A = P ) oooaf. ete” = (A — pn)(A - an?)
: i I e | us to search for CPV
g 0002'_ + 111 + |
= i _ .
3 oE e ,m sin(A®)cos 0,sin 6,
Sz Ty 4 P (cosb,) = 5
oo ++ 1+a,cos” 6,
-1 —01.5 (l) 0:5 1 -1 -0.5 6 0.|5 1
cosf, L N cosh,
moment:  p(cosfy) = N Z (ni‘; - ng‘;) BES]I[

— 28
(unc&rrected for acceptance)



BESIII results with 1.3 billion J /Y

Parameters This work Previous results
Oly 0.461+0.006 +0.007  0.469+0.027 '
AD (42.44+0.6£0.5)° E

ol 0.7504+0.0094+0.004  0.642+0.013 '®
Ol —0.758 £0.010£0.007 —0.714+0.08 1
oL —0.692+0.016 £0.006 —

Acp —0.006£0.012£0.007  0.006£0.021 '®
Ol /Ol 0.9134+0.028 £0.012 -

|AIl =

Nature Physics May 2019
arXiv:1808.08917

comments on these 3 items:

€ 1) 3x precision improvement
-same data sample-

€ 2) ~70 upward shift from
all previous measurements

€ 3) ~30 difference from 1.
Is this reasonable?

% rule in Kaon decay

29



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
aemzo.g 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?)

Alexander Zholents

CERN SL/92-27/AP BESIII may get trillionJ/Y per year!

A dream (Steve Olsen)? 30

more e*e” pairs with E_,,=3096 + 0.14 MeV



Monochromatic collision: in 1996

Hai-Bo Li (IHE
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CP violation with 10 billion J /¢, plus monochromator
From A. Kupcs
Adlarson and Kupsc,
arXiv:1908.03102

13bilion J/p  CPtest: A, — o=~ %F
a_ — a4
[ A,=-0.006+0.012+0.007] Previous result .1 Bigi, X.W. Kang, HBL
Ap= 0.013 +0.021 arXiv:1704.04708
BESTI _ PS185 PRC54(96)1877
J/Y — AA
J R = A
Events Error A, /?,D — o O (\_. = 7'(')
BESIII(2018) 42105 [1.2-102  [1.3110°J/y
W
BESIII 3106 | 5-103 1010 Jjy _3
L=0.47- 10% AE = 0.9 MeV 2x10
BESIII+ 6x10°% 10%-10° 1012 J /3 —
* 1 -5
reduced AE 1x10
. . AE <100 keV il
32

-3x 10554, 4% 105
-2x105<54; <1x10% CKM
-5 x 105545, <5 x 1075

Tandean,Valencia PRD67, 056001



Summary

* Great achievements

* BESIIl is uniquely well suited for a variety of study of pair
productions at thresholds;

* BESIII provides unique access to strongphase and CPV in hyperons;

* Whitepaper with outline of physics programme for the next 6-10
years is ready for publication. International review has been
finished in September (3-4), 2019;

* Higher energy, higher luminosity, and a lot of exciting physics ahead
of us with BESIII.

Thank you!

Hai-Bo Li (IHEP)
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Back-ups



Discoveries of Zc at BESIIl in 2013

 PRL 110252001 2013) | [ PRL 115, 112003 (2015) PRL 113212002 (2014)

- Lol (21 4220 GeV, 1091 T o
3« fﬂ} S - : 5 %
3 % o e : cou : £ %
g < gl i ,.......,.i{/\\ . | 3
w @ " ' L > = ":,
Ot ‘ R
ee=mwml/ P ee = )P ee = mh e'e = n’h,
PRE 12, 022001 (2014 , PRL 112,132001 (2013) . PRL 115, 182002 (2015)
oo.: ? \ :::n : 7

Events / 4 MeV/c?
Emrts) |2 sMavE )

|
-y
3 . 5 1 15 4.04 450 o St
M(D*'D™) (Gevrc?) M) (Govic™)
e'e =1 (DD} e'e —=n° DD’y ee =1 (DD) e'e =1 (D'D)°

Z(3900) “? Z(3900)°? 2,(4020) *? Z.(4020)"?




Discoveries of Zc at BESIll in 2013
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In e*e—>n*nJ/y events at

4.26 GeV, a particle decays
into n¥J/y is observed!

- Couples to cc
- Has electric charge

- At least 4 quarks
- A tetraquark state?
A DD* molecule?

6

—

PRL110, 252001 (2013)
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What is SHiP? .

UNIVERSITAT

A proton beam dump experiment proposed at CERN
» fixed target facility in the SPS North Area
* Ep = 400 GeV, Npot=2 1020 (protons on target), t =5 yrs
* aim to search for hidden, very weakly interacting new particles
* also good for v.-physics

It would make good use of the full SPS intensity
* which, apart from the ~2 fills/day of the LHC, is not exploited

Data taking to start 2026 (after LS3)
Anticipated yields

* 10" D mesons
* 106 T leptons
* 102° photons
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Rare and forbidden decays
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Prospects for rare and forbidden hyperon

decays at BESIII
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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: radiativedecays

Decay mode Current data Sensitivity
B(x10%) B(90%C.L.) (x10~°) Type
A — nete” - <08 j
Tt s pete <7 <04 .
= JActe 76+06 <12 EM penguin
=0 Xete~ <13
ET X 7ete - <1.0
Q- 5 Z"ete” - < 26.0 Type A
Y s putps (0.0975:99) < 0.4
Q" 5 Eutu - < 30.0
A — nvw - <0.3 g
Sty Soi Weak penguin
=0 — Avw - <038
=0 - 2% - < 0.9 Type B
ET X v - -
Q" - Evw - < 26.0
YT s XTe e - <1.0
X7 > pee - < 0.6 .
- pee” - <04  Neutrinoless
E- s Xteem - <0.7
Q- - Stee - <150 double beta decays
YT —spuTpT - <11
ET = pup < 0.04 < 0.5 Type C
Q" = Stuu - < 17.0
XT s peTpT - <038 |
ET o pep - <05 2
E- s Xte - < 0.8
Q- - Xtepu - <17.0 B, B,

Most of them never studied.

Hai-Bo Li (IHEP)
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Semileptonic decays: V.

Tl oo A o
K., PDG 2016 Vv

o )
0.2237 = 0.0010 usu €

0.2254 + 0.0007
[P CKM unitarity, PDG 2016

0.2258 + 0.0009
—— T — sincl., HFLAV Spring 2017 g
0.2186 + 0.0021 W
—— T — Kv/ 1 — nv, HFLAV Spring 2017
0.2236 = 0.0018 p— — e
—e—i T average, HFLAV Spring 2017 — ; Ae 1/6
0.2216 + 0.0015 dss
A A A ' l A A AL A l ' ' o
0.22 0.225 =
|Vus| Spring 2 Table 5: Results from Vis analysis using measured g1/f1 values
Decay Rate a/f Vus
N. Cabibbo, E. Swallon, R. Winston Process (usec1)
Ann.Rev.Nucl.Part.Sci. 53:39-75,2003
A=pev  3.161(58) 0.718(15) 0.2224 + 0.0034
, S ne T 6.88(24) —0.340(17)  0.2282 + 0.0049
Can we do better : oAy Sug9)  0xG) 0297 000s

20 Ste v 0.876(71) 1.32(+.22/ —.18)  0.209 + 0.027

Combined — — 0.2250 £ 0.0027
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Monochromatic collision: factor of 10 from reduction of e*e- CM spread

Eo E E
SE,m=O,7 MeV OErms=0-7oMEV

only e*e" pairs with E_,,=3096 + 0.14 MeV
can produce a J/wy, ~1/30t" of the total

introduce dispersion

higher energy lower energy
X E+AE E-AE
E E
E-AE E+AE
lower energy higher energy
—_—

more e*e” pairs with E_,,=3096 + 0.14 MeV

J /Y production cross-section

:I—I_ | | |
beamE=

© 80000_ Opeam

[nb]

60000~

J/ width: 92 keV
400001

_=1100keV (BEPCII)
_=56.6keV (HIEPAF)

1
o} /¢=90000 nb

|
SE,,..=0 keV:

H OE, =57 keV:  0y,,=41000 nb

20000~
: SErms=1100keV: a]/¢=3400 nb (BESIII)
E— f | i } | : I .‘S
9.094 3.096 3,098
{s(GeV/c?)
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