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L4 construction
 2008: test run

4 2009 - now: BESIII physics run
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Beljing Spectrometer |11 (BESIII)
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Data samples of BESII|I

Taking data Total Num. / Lum. Taking time

J/u 225+1086 M 2009+2012
P(25) 106+350 M 2009+2012
P(3770) 2916 pb~t 2010~2011
T scan 24 pb~t 2011
Y(4260)/Y(4230)/Y(4360)/scan 806/1054/523/488 pb™1 2012~2013
4600/4470/4530/4575/4420 506/100/100/42/993 pb~? 2014
J /W line-shape scan 100 pb~1 2012
R scan (2.23, 3.40) GeV 12 pb~1 2012
R scan (3.85.4.59) GeV 795 pb~1 2013~2014
R scan (2.0, 3.08) GeV ~525 pb~! 2014~2015
Y (2175) ~100 pb-t 2015

Other newly collected data samples






e The valence-quark picture of proton in quark model: f,
. gl

Down guark
sark ‘
s together to form a proton
n fi 5 A an

etp — e*p (space-like g°<0) efe-—pp (time-like q2>0)

e The structure of proton can be measured in two processes:

= | J— il 1
K=, K) PL=(E,p)

I=rneer> BESII

k() P.~(E,. )
e \ector current of the interaction vertex with hadronic structure

[0, p) = Y F1(q%) +- “": F,(q?)

e Structure functions F, and F, can be recombined into two form factors
- Electronic:  G.(¢?) = F,(¢?) + ™, F>(q?) el o B

- Magnetic: G, (¢?) = F,(¢?) + x,F,(q?)

o G and G,, relate to the spatial distribution of charge and magnetization in
Breit-frame, the charge density distribution:

dS -
p() = [ 5 5e7 7 2 Gr () 7

=pp —1



Two methods

For time-like process

x=2E,/\/s
Energy Scan Initial State Radiation
Epeam discrete fixed
L low at each beam energy high at one beam energy
do s Q d2 T
. d(cosd) = qc[|GM| (1 + cos? 6) d;;%i- — W(S_X.H?)Jpﬁ(qz)
| 1t _2x1x2 -
?|GE|2SII'I Q] W(S‘X. 9#}.) — -ﬁx(zsiﬁéf}: _ Xj)
q° single at each beam energy from threshold to s
e itttk \l, ----------------------------------------- \=, -------------------------

This talk In progress 8



Cross section

e For the reaction ete™ — pp, differential cross section:

: 20 :
u’r:lr — L7 7 {s}\z(l—t:?t_,rrﬁ'gﬁj—l—l s)|?sin® 4] B=+/1—4M?2/s
df 4s T M
e the Born cross section oM/
—_Lrl ,u,f Y=TQL [N\ S
o= CllG ()] +—|(TF )]

o Coulomb correctlon C is subtle and Important near threshold (5—0).

1—¢ 11)[—:;}
e Due to the I|m|ted statistics, early experiments assume |G¢| = |G| = |G

G

BES Collaboration, Phys. Lett. B630, (2005)14

s(c;ev")

e BESII measured |G| and parameterized as (A: QCD scale, A: free parameter)
A 9
(_T — :
G)] s2In*(s/A2)




Some question to make clear

e Recent years, statistics of data samples increased, the behavior of form

factor seems clear, but some questions still left:

0.5F -

04F i

- steep rise toward threshold ?
- two rapid decreases around 2.25 and 3.0 GeV ?
Are they true?

- ratio |G¢/G,,| disagreement by PS170 and BaBar
- poor precision (~11%, 43%)
- limited energy range

which one is reliable?

Form factor
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Measurement of cross section

Experimental formula for cross section:
Nobs_kag

L-e:(14+0)
» Nops: the observed number of signal in data

OBorn—

7 Npgg: the number of background evaluated from MC

» L: the integral luminosity

» ¢: detection efficiency by MC sample, with Conexc generator
» (1+0): radiative correction factor

~ 6T T T — 3 T 1
= * BESII =, 10 1‘#'?1 * BESII
= 500 + BABAR ;" w2k | | BABAR
= BESII k= | e . BESI
B 400 « FENICE b 10 ﬂ:_{ _ * FENICE
E * CLED E 1 | tul # CLED
® 300 - E760 @ . 5 E760
o {. O ER3S S o T E835
O  200F Y &
107 I
|
107 -
I[]"‘II- | 1 1 1 | 1 1 1
22 24 26 28 30 32 34 36 2 4 6
M p,151[15;.e'w'f:::) Mpﬁ(Ge‘Wez)
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Extraction of effective form factor

e In order to compare with earlier measurements, it is still assumed
|Ge|=|G\|=[Ger|, and the cross section reads

’3'111p‘r [l + ] |[IE“|

e The effective form factor could be extracted

| G
':-'eff — | 'Born 5
| [J zmp_
86.83 - = (1 +—F)
"\

o=

h n.zd :'l LI I LI I LI I LI I T 11 I LI I T T 1T I T 1 E E I I I I I I I . ulh$[u I I E
S 022f s BESII 1 - ) 7
E n.zn& BABAR S 10" f }i | :::;R E
= 0.18 i,u, BESII = E %% * FENICE E
= 0.16 Y ‘ * FENICE = i % CLEO 1
= O0.l4F L * CLEO = 2 = ! _¢~_.L & ET60 3
0.12F 7, e ol B o Ems :
0.10F ™, _rf ‘ 35 - o )
0.08F T l s |
0.06F | 'r .y 107F E
00if T, : ]
0.02F r—~‘.——."— i
Sl [ T O O T T N O T O O T O [ | 1 Ll L1 ] 74 | L L L 1 L L 1
0005554 26 28 30 32 3,4 1.6 L 4 6
M (GeV/e) M_(GeV/c?)

e The BESIII results are consistent with other measurements within errors.
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Events/(0.2)

Extraction of electromagnetic |G./G,/| ratio
e Angular distribution:

do
dﬂ*

Fit function:
dN
dcose

the overall normalization

2mtaZBL |
— K¢ _p 2
e Results: '
250 ehE 124 4 '[1'1' """"" ] —~ 20 T T T
; fracl = 1230 + ] N E I'ru; 1= 984 431
c o C
200 . g 200 -]
L - m C
1507—_"=‘_“;]L _l__+_#;’=;% < 150F -
g ] @ f —+
100; E 100 ——
50F @2.2324 GeV - 500 @2.40 GeV .
T Qe
COSG 0089

Events/(0.2)

= Nporm [(1 + c0s%6,) + Rép, = sinzﬂp]

160F

140E
120F

) =8 G [(1+cost0,) + 12, Lo,

B Rem = GE(qZ)/GM(qZ)
6, : polar angle of proton
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0089



Extraction of electromagnetic |G./G,/| ratio

e Moment method:

; : 2 _ 1 ..2n do
second moment of cos6,,: (cos?6,) = Nmmfmb 6, =5 dcosb,,
- Estimator of cos0); (cos?0,,) = cos20, = TN, cos?0, /¢,
- Extraction of |G /G,|=R = j s__ (cos?6p)-0243
4mg, 0.108—0.648(cos?6p)
- I . 2 _ 1
Uncertainty: (cos Bp);a{mzﬁp} = JE (cos*8,) — (cos26,)]
E.ﬂ:'"I"'I"'I"'I"'I"'l':
e Result: 3 g
_ 14—Ji_++Jr Psi70 _
g 12f N ;
~w 1.0F | ‘ E
9 osf [ | =
0.6F E
0.4F E
0.2F E
ﬂﬂ ) I T T B

PR I TN T T [N TN T TN N S TN T [
20 22 24 26 28 30
M, (GeV/c?)

e BESIII measurements are consistent with BaBar’s, but not with PS170u4



The electromagnetic ratio |G./G,,|

Vs (MeV) Cr/Cul G| (x107%) X*/ndf
Fit on cos 6y
2232.4 0870244005 1842 500095 1.04
2400.0 091 =038+0.12 1130x473 =153 0.74

(3050.0, 3080.0) 095 +0.45 £0.21 3.61 £1.71 £0.82 0.61
method of moment

2232.4 0.85 = 0.24 18.60 = 5.38 -
2400.0 0.85 = 0.37 11.52 = 5.01 -
(3050.0, 3080.0) 0.88 £ 0.46 3.3441.72 -

Phys. Rev. D 91, 112004. (June 9, 2015)
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The Dirac equation of a charged fermion in electromagnetic field (A ( ,B)

%, 1 e - eh —
h—p = P4 -A B — edlg
ot [?m( o "+ Em.c.g edlp
e point-like fermion has magnetic moment
. eh e =
L= — g=——-25

2mece me
e define Bohr magneton:
eh

2mce

HB =

¢ the magnetic moment of bare fermion:

L= gupS i9:2!
e considering the radiative correction of the vertex

"1” /,rlg;-.l
\xlsrj

— g # 2 = anomalous magnetic moment: a,= (g,-2)/2 17



The Standard Model (SM) prediction for muon (g-2):

= (QED) (11658470.35 + 0.28)107'9 (5-lcop!)
* (had, LO) (684.7 to 709.0 £ 6)10- 0 (Big spread, largest error)
+ (had,HO) (—10.0 £ 0.6)10°1¢

(8.0 + 4.0)10-1? (sign change since 1998)
(15.4 + 0.2)10719 (2-100p)

+ (had, LBL)

+ (weak)
a::f:{.'_-_:* from data via dispersion integral Recent data included CMD-2, 003 | | _Ziiiifii‘é;i?; .
nadlo_ 1 [ 0 SND, BES 2-5GeV, ALEPH 7. | £ -8 o
Wt [  Orad SRS New: oMD-2 prelim update | £
< 0.01
{Iﬁad bare cross-section for @Y€~ — hadrons, i.e. taking out radiative corrections. M“ ______
QED kernel K (8) ~ m2/3s, gives strong weight to low energy data. 0 s L =



Motivation

Ratio of the contribution to theoretical uncertainty of (g-2) from the measured
hadronic cross section in different energy region:

a;:ad,L{} from data via dispersion integral 52 ['E‘u]
. I
aﬂadm = — [ Gﬁqd{S]K{S}dS
| 4m- Jdm? )

K(s) ocl/s  o(S)ocl/s

The largest contribution is below 1 GeV.

Channel ¢"¢” = " is the most important one

&5 BaBar

ISR spectra measured by

cross sections, nb

10°
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Discrepancy between SM and experiments:

0, = 116592089 (63) x 104 || E82! - Final Report: PROT3 (2006) 072

uf,_,” x 10™ (Aa, = uﬂxp — af,”} x 10"
1] 116591773 (53) 316 (82)

9] 116591782 (59) 307 (86)

3

-':l: 116591 773 45} 316

79)
160 (82)

(

116 591 834 E-—m} 255 Eau}
[ (
( (

116 591929 (52)

5-

with a #Ho(Ibl) = 105 (26) x 10

[1] HMNTO6, PLB649 (2007) 173.
[2] F. Jegerlehner and A. Nyffeler, arXiv:0902.3360.
[3] Davier et al, arXiv:0908.4300 August 2009 (includes BaBar)
[4] Hagiwara, Liao, Martin, Nomura, Teubner, Oct '09 (preliminary)
[®] Davier et al, arXiv:0906.5443vZ2 August 2009 (x data).
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Initial state radiation (ISR return)

For e*e™ collision, photons emitting from initial e* decrease the effective
energy s' = s(1 — E,/E) continuously, this makes measurement at lower
energies possible (ISR return).

IIIII| I LT T T 1T T I R

¥
e
i
L=
o
.

Data taking at fixed E__ = 3.77 GeV L=2.91b!

CIms

- A T/ -

JIp ]

P (25) =

J r T ]
M"I : Z =
b ; 5

| . qﬂx'ﬂﬁ}‘. 1 _
radiative < A ! —
return - 5‘*-:1__*__ i ]
. i\ ]

'. e o *'-11, :,' 'nll _E

| T S .

5

v,
&

| 10 10°

E [GeV]



Initial state radiation (ISR return)

- +
(H— r ¥ T
Study the channel
+ - + -
ee =Y
'\.\ —
€ JT
to measure the cross section of (—’f+€_ ﬂ“;’f.ﬂ.'_
via
do,.. (M, 2M,
fSR( --T) — T W (_-.; v 6 } D—(Mﬁ ) (neglecting FSR)
) r > zF _-\.T
dM - ) *
invariant mass of 2m Radiator function
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Two normalization methods

e Normalization to integrated luminosity

e Normalization to u*uy events, i.e. R ration «*
— L., H.4 0,4 Canceled, uncertainty decreased.

Ty an” [I'Ih]

= Y
TSR — Tt

luminosity / R ratio

:ﬂi— —+— using the luminosity

::;: —+— using the R ratio % % Besm

1200 E— PRELIMINARY

f b W b 4

e ot

wf _pbett e

m:fq:ﬁt* ) | | | | + mﬁﬂm“w
[1L:] 0BS5S 0.7 0TS 0.8 0.85 I'E G :1?]
y = | T C . ;;,ﬁgﬂmg i Iﬁﬁ'fﬁﬁﬁ___"ﬁfﬁﬁﬁﬁ":ﬁfﬁ:ﬁf:ﬁﬁ;’Fﬁfﬁ:ﬁfﬁﬁﬁfﬁﬁﬁfﬁﬁﬁfﬁ%’ifﬁﬁ
% "%F'.“'“'LI"IH.'"'“# jrh‘ O CTIR T ¥ Jf |
SRR TR T *r+ T TH—T ++ f B e +'T TT

(ijrf (E'? +E’ -

=T (Vi) =

N

Ty

.'"r &

L

it

- H

rad

0, (L+0,4)
Ty Ty

Luminosity / R ratio - 1
=(0.35£1.68) %

imited by u*p-y statistics
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Cross section of wint
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Extraction of form factor

e The picture of pion structure in quark model: @ &
“‘\Q,/' TC+
e Non point-like particle = pion form factor:
L T IO
o e —=mIJ \) ;  (§) = — '
xaf(s) ' \
45:_I I ! I I ! I I I ! ! I I ! I I I | I I I I I I. I ! I_:
- — BESIIfit
40 —4- BESII =
350 =
30 =
= =
= 25 g
20F =
15E =
10F —
D-E' 1 1 | IEI.‘IEIE'I | 1 I[:II_III' | | I'_Iul_lrﬁl 1 1 I[:l-lB 1 1 1 ID-Iaﬁl 1 | Iﬂg
\s' [GeV]
Fit function: Gounaris-Sakurai Parameterization -

v2/ ndf = 33.2/ 51



IF.f

Comparisons between BESIII and BaBar/ KLOE

T L
0.8 QES o7

Pion form factor F_

— HECI
Babar
KLOE 04
KLOE 10
KLOE 17
BECH

HII IIII IIII T
-
IIII IIII IIII

BESII

" PLB 753, 629 (2016

) ;

\?Tée‘u"]
New BESIII measurement agree with
KLOE! and BaBar [2

oe 0.85 LR

Small shift wrt BaBar’s results above
p—w interference

[ B. Aubert et al., Phys. Rev. Lett. 103, 231801 (2009).

J.P. Lees et al., Phys. Rev. D86, 032013 (2012)
[EI'F. Ambrosino et al. Phys. Lett. B 670, 285 (2009).

F. Ambrosine et al. Phys. Lett. B 700, 102-110 (2011).

D. Babusci et al. Phys. Lett. B 720, 336-343 (2013).

IF_F/BESHI fit - 1

|F F/ BESIII fit - 1

i Y 065

BESIT -

’

\s' [GeV]
BESII :
L
[ I T L :i
imm T- ' i -asr .
bl et
- ! b | ¢!2 . 19
1t 1 - '
6 065 07 075 08

I N L N ) | A bl
0.7 0.75 0.8

BESII fit
BaBar
BESIN

0.85

BESN fit
KLOE 08
KLOE 10
KLOE 12

T
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Contrlbutlon of T to a

-1 | ' | L T ' rr !
. KLOEO8 368.1+0.4+23+2.2([2]
BESII
- BaBar 09 376.7+20+1.9 [!]
- - KLOE10 365.3+09+23+22][2]
* - KLOE 12 366.7 +1.2+2.4 + 0.8 [2]
* BESIII 368.2+ 2.5+ 3.3 PLB 7|53, 629 (2016)
'l 1 1 1 l 1 L 1 1 I 1 1 L L I. L 1 L Il I. L L L L ] ] il 1 1 I L L 1 ]
160 365 370 375 380 385 390 395

a**%(600 - 900 MeV) [1079)
e Precision compatible with previous measurements

e a (mLO)=(370.0 £ 2.5, * 3.3,,5)*x10*

stat — Sys

e Confirm deviation of (g-2) between experiment and theory larger than 3o

1 B. Aubert et al., Phys. Rev. Lett. 103, 231801 (2009). J.P. Lees et al., Phys. Rev. D86, 032013 (2012)

[21'F. Ambrosino et al. Phys. Lett. B 670, 285 (2009). F. Ambrosino et al. Phys. Lett. B 700, 102-110 (2011). 27
D. Babusci et al. Phys. Lett. B 720, 336-343 (2013).
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Charmed baryon family

Singly charmed baryongs
- ground states: Af, =, =, Q.
- excited states

LLHCb Collaboration observed
doubly charmed baryon = via

decay =i+ — AJK-mrat,
AT — pK—7t" arXiv:1707.01621

No triply charmed baryon observed

A¢ i decays only weakly

5o B(Ec— A7) ~100%

=c: decays only weakly; no absolute Bl

measured, most are ratios relative to
' |

= T )

()¢: decays only weakly; no absolute BF
measured

(GeV)

Charmed baryon mass

1.1

(a) Charmed baryons
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Iu' m
A 4‘h"E.] w2 ly
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e
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A.: Charmed baryon family

(a) Charmed baryons

Quark component: ud-c

. o1

The lightest charmed baryon:
ma,. = 2286.48 MeV

Most of charmed baryons decay to A,

Charmed baryon mass (GeV)

A 1s Important tagging charmed baryon
In high energy production.

Br(A,—»pK-n*) contributes dominant
error for V, via A, decay

2= 130820
=c(5080) 0.8
r
AKn
1 =¢(2980)
)
F
o A Km
8pU) —06

L -=c(2815
B, (2800) E=¢¢ 15)

. [ w2 e Qc(2770)
=-(27BQ) —=

| |

- 0.4
u g e
'\'.}—\] I Y
T BT [
=c(2645)
2%95)
12*y =/
= - X
--, :-L[lﬂl}l ¥
) .-'”.1- 12" 'l"f.:-,_ 02
J
-—- 00
¥ = Q
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a(nb)

Data samples used for A_A_ measurements

Belle Collaboration: BESIII data samples

0.6 |- PRL 101, 172001 (2008)

: /s (Ge ot (Db
ol H BESII collected data here! féi__ f;) L”’il;%; )
| \l %/ h ' | 1580 5,545

o2 ]l ]lH H + £590 3162
ﬂ_+ J/HH H]l ++1‘ Jf ’rJﬁ Jr# 4.5995 566.9
45 4.6 4.7 4.8 49 5 5.1 :z :1 -.4

M(AZ A GeV/c*

At /s =4.5995 GeV, the hadronic, semi-leptonic and inclusive decays
of A can be measured directly

The Samples make precise measurement of the Born cross section
line-shape of e"e™ — AT A near threshold possible

At /s = 4.5745 and 4.5995 GeV, the polar angular distribution of A, can
be studied and the |Gg|/|Gpy| ratios can be extracted
31



Production cross sections of baryon pairs

Born cross section for the process ete” — y* — BB

—l'-[ﬂf (.IT 127
t_‘.rBEIft]" T |(_;Ul£, |' { ,_’—|L;_ q)

- Baryon speed B = \;'1 —4m3ct /g, T =q*/(4myct)

- Coulomb factor C results in a non-zero cross section at threshold

000

- . % ++++++ :
ete™ - pp : an enhancement and wide plateau g 5 +o
® 500} P .
e AT - :@ s
e"e” = AA : non-zero cross section near threshold ° PRD 87 092005 (2013)
It could be anticipated that behaviour of A is similar R (Y
to that of proton 400 1
_ _ EBDD?' (a) = BESIII
Belle Collaboration has measured the cross section 3 ' o
of ete= — AFA; using ISR return method o200 — pach
PRL101, 172001(2008) 5100
Df.




Cross section of ALA_

BESIII preliminary results: S O e A b T T
= _ -@- BESIII data ]
\/E (GeV) o {pb] © 300 @ Belle data E i -
[ ssss Threshold = 259 i
45745 236 = 11 £ 46 »oo[ —BESIIAt i1 —¢ ] 3
4.580 207 +17 + 13 : ; :
45995 237 43 4 15 - + :
® = 456 aST ass ass a6
DT .,,/_‘”r \s (GeV)
- — X e The cross sections are measured

p* with unprecedented precision

K -
ST™ @ e Enhanced cross section of process

» 10 hadronic decays of A, are emploved _
: o ete~ — A A close to threshold

» Single Tag method (AE & Mpe) is used ) ) ] ]
SR e P o is discerned for the first time

» AS and A are reconstructed
independently e The enhancement: the Coulomb
» Total cross sections are obtained from effect or dynamics?

welghted average 33



Fit of angular distribution of A A,

400F

200F
[00E
)| S

Events/ (.2

300 q.jihr‘}*

L i —

/5 = 4.5745 Ge\

L | —

1 05

0

0.3

=
i

C ua@_\c

Studied at 4.5745 and 4.5995 GeV only

The bin—b}f—bin effi::ien-.:}' correction 1s
applied on the total yields

Combined the corrected yields from
A and A bins

The x? fit on the angular distribution

with shape 1 + o _cos” O

r., I |_ L T T | T T L | T T T J | T T T T _|

——

Z 6000F ]

% :b,,cf"?'_'_'__t “—72'—*3,&_5

5 4000F ]

5 i ]
TMNN 3 3
2000 /5 = 4.5995 GeV i
)

M I 1

Ol

I 05 0 05 1
L'UBBAC
e BESIII preliminary fit
V5 (MeV) A Gr /Gy

4.5745
4.5995

013+0.12 +0.08

1.14 = 0.14 £ 0.07
0.20 = 0.04 + 0.02 1.23

53 = 0.05x0.03

e First time that ratios |G./G,,| of
A, are measured near threshold
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Events/2.0 MeV/c2

Cabibbo Favored hadronic decays of A,

ST events:
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Branch ratios %, of A, hadronic decay

Mode

This work (%)

PDG (%)

pK

pK x'

Py’

pKin a~

pK-nta”

Ax?

Arta®

Artn~n
:,JT {

-

F A 1

M 4 4 14

i

1.52 +0.08 = 0.03
584 +£0.27 £0.23
1.53 011 =0.09
4534+ 023 +0.30
1.24 4+ 007 = 0.03
7.01 £0.37 +£0.19
381 £0.24 +0.18
1.27 +0.08 £0.03
118+ 0.10+0.03

425+ 024 £020

1.56 &+ 0.20 = 0.07

1.15+0.30
50+ 1.3
1.65 £ 0.50
1.30 £ 0.35
34+1.0
1.07 +0.28
36113
2.6 +0.7
1.05 £ 0.28
1.00 £ 034
361+ 1.0
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PRL 116, 052001 (2016)

e The first direct measurement of the

Ac near the production threshold

Branch ratio of pK ~n™ is consistent

with Belle’s results

Measurements of the 11 modes of
semi-leptonic decay improved °°
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Decay A. - prtn and pK*K
0 Sensitive to nonfactorizable contributions from 1*\.5{-9xchnnge diagrnms

0O A —pd is particular interest due to only internal W-emission diagrams

N @

& (8] O

0 g = I =30 b

@ ® 20 m?ﬂ - L

S 2y, % 2 2

o o | o |

E 100 "‘m'~1ﬂ ..t

C L i 1—-1[}_

) c c

4 _ i o D I

i s —Fpm 1 > >

[ | - . I-Ll & LIJ U_ O AT
7% 22 227 2-252 228 230 225 226 227 228 229 23 1 1.05 11 1.15 122 125 13
Mgo(GeV/c?) Mg (GeV/c?) +(GeV/cd)
Decay modes B /B¢ (This work) B . /B (PDG average)
\! = pr*x (6.70 + 0.48 + 0.25) x 1072 6.9+36) x 107 » Single tag method is used
A —= pg (1.81 £0.33 £0.13) x 1072 1.64 + 0.32) x 10 : =
Al = pKtK~ (non-gh) (936 +£2.22+0.71) x 107? (T£2+2)x 107} . -, s
Bows. (This work) Byuse (PDG average) » Using the decay pK™ 7™ as

III. + "J by 30l 0284 U_.].'-" 1 ”_‘—l < 10~ :-':\ } :1_| ® ]lf' ll"lE; rete]-El1ce 1]10\19

\l = pé 1.06 £ 0.19 + 0.08 + 0.06) x 102 82+27) x 10

A\ = pK*K™ (non-gh) (547 + 1.30 + 0.41 £+ 0.33) = 10~ 3.54 1.7 = 107"

e First observation of the singly Cabibbo suppressed decay A —p n*n

e precision of decays A, —p K*K- (non-¢) and A, —p¢ improved 36



Decay A. > nKcm*

O A precision test for the isospin symmetry and final states interaction

0 DT method: M2, =E2. /c* — |fpiss|?/c?

Miss ~ 1Miss/
. .o ~  PRL 118,|/112001 (2017)
054 Cy _ o (a4 sof (b)
0.52 : E 2 ]'1:
t?.;_: ' . 8 20 ‘l 2 2 l'
g I : § : fl
S 05 Fhre 5 F ) : ||
i s l-.}q.'-'.l+ E 10k iJI -II LE 10
E : 5 _ }
= 048 ' Crda |
ulqﬁ T 1
0.7 0.8 0.9 1 1.1 ' 0.7 0.8 l:.l.’g 1 1.1 046 048 05 0.52 054
Mies (GeV7/c) M, (Geviich M__ (GeVicY)

@ B(AL — nKn™) = (1.82 £ 0.23 £ 0.11)%
@ B(AF — nK%t)/B(AF — pK—nt) = 0.62 +0.09
@ B(AF — nK'7+)/B(AF = pK°7’) =0.97 +0.16

The first direct measurement of A%, decay involving neutron in final state
____________________________________________________________________________________________________________________________________________________________ a7
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Decay A, > Al*v,
O A stringent test for non pert urbative as pec ts of strong interaction them'}f
O The key ingredient in calibrating Lattice QCD calculations

0O There is no absolute measurement of A

O N‘lutuall}' confirm and test the leptﬁnic university
A = Ae ™ ve A = Autvy

E PRL 115, 221805 (2015) (b) W PRB 767, 42,(2017)
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» B(A; =+ Ae"ve) = (3.63£0.381+0.20)%
» B(A = Ao Vi) (3.49 4+ 0.46 + 0.27 1%

» B(AD = Ae"ve)/BIA = Antvy,) =096 +0.16 + 0.04

semi—leptonic deca}' yet

DT method is used, 11
modes are tagged

111i:+:+in:.»; mass lm:hniquc

at threshold

¢l 7 miss|

ul'l'libh — E miss—C| P miss

_________



Decay A, > A X

0 This decay is mediated by ¢ — s and dominates the lifetime of A
0 Help to understand the quark structure and decay dynamics of A

0 Provide an essential input for decays of b-flavored hadrons

B
. \. . - 1 ot —
o =*.**-‘p#"i » DT method is LIHL‘LL modes ‘IPK 7T and
. — ,
;JK‘S are singly tagged.
| B(AF=A+X)—B(A; =A+X)
B > Agp = FAT e e
BAS SA+X)+B(A, A+X)

. LU L

...................

1.1 1105 1.11 1.115 112 1125 1.13 1.135
M, (GeV/c?)

Preliminary result:
B(AF - A+ X) = (38.2735 £ 0.6)% and Ag = (21770 £1.1)%

e Sum of known exclusive decays Ay —>A X; Is (24.5+2.1)%, which
means other unknown decays

e No CPV is observed at current precision 39



¢ Proton pairs
¢ The effective form factors are measured with improved errors
e The ratio |G./G,,| are extracted with uncertainty of 25% — 30%
e The ratio |G¢/G,,| are close to unity between 2.2 — 3.08 GeV
¢ Pion pairs
e The cross section and form factor are measured with ISR return
e The difference of Aa, between experiments and theory is confirmed
e Systematic uncertainty (~0.9%) still dominant.
¢ A A, pairs
e Cross section and form factor close to threshold are measured

e Absolute branch ratio of A, decays are studied
40



