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The BESIII experiment
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FSCI;TE:”ITE: view of BEPCII /BESIII

Beam energy: 1.0-2.3 GeV
g Optimum energy: 1.89 GeV

) Design luminosity: 1.00x 1033 cm-2s-

__ Data taking from: 2009

9 Achieved luminosity: 1.00x 1033 cm-2s-

RESIIT
detector




‘eijing- lectron- ositron ollider (

— e*e™ collisions with

Vs = 2.0 — 4.6GeV
— Direct production of charmonia
— Designed Luminosity

L=1x%10%¥pm 2s~?
was achieved in April 2016.
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11311 detector

93% coverage of the full solid angle

Main drift chamber o,/p = 0.5%@1GeV
Time-of-flight system o1 = 100ps in Barrel
tlmg. Calorimeter  AE/E = 2.5%@1GeV
Superconducting 1T magnet

Muon system (RPC)




Production near threshold and tag technique

« Dataset used in this talk:
« 293 fb' @E,, =3.773GeV  eTe — )(3770) — DD
- 3.19fb' @E,, =4.178 GeV ete™ — DED!T . D'F — 7" /4 DF
« 567 pb-' @QE,,, = 4.6GeV ete—AS A

 Two ways to study D, decays:

» Single Tag (ST): reonstruct only one of the D D(D,*Dy")
* Double Tag (DT): reconstruct both of D D(D¢*Ds")
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D*—ut+v decay
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Number of Events

e data
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M D+—ntno
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Other D decays =
M non-D D process

G3f2,

F(D(*;) — LTy = ) |
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CLEO-c
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BESIII
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B . . i | — J - | - L3 ] 11 1 l .. 1
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Mzmiss [GCVZ/C4] B ID+ > l,l.+VI

« Decay constant fp, with input |V 4|

« CKM matric element |V 4| with input fLQCD,,
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1 203.245.3+1.8 BESIII (2.9fb")

.y 208.3+3.4 HPQCD
[PRD86(2012)054510]

H 212.6£0.4+10_, ,Fermilab Lattice+MILC
[PRD90(2014)074509]
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fp. [MeV]

B[D+—pv] =(3.71+0.19+0.06)x 10-4
fo. = (203.2+5.3+1.8) MeV

V| = 0.2210+0.0058+0.0047
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Events / ( 0.01 (GeV/c )2)

|||||||||||||'|['||Iiillllilllllllll
LQCD PRD90(2014)074509  249.0+0.3+15 .
DS+_) H-l-v CLEO AT 25284112455 e
CLEO (AT 258.0¢133452 e
CLEO A 278.3¢17.6+:4.4 —_—
0.48fb'@4.01GeV 3.19fb1 @4.178GeV BABR  TEVIANVIN, 4601142 e
R — oy - (e T VI TN, 262.214.007 4 —
16-@  PRDYA(2016)072004 e data 7 |EGEEYIEYY, i
|- — - L'V
1l 1 ~,3000 ™ BKGl:real STD,-and 3 %% L ;z;g:;ﬁ“f r
: ] & D *—putv but wrong y(n%) i BABR . i —
12 H = % 3 ] |BEWL wy, 2408:66:50  wam
- e BKGII: N 1 |sesn@a1rs
m; ] z 200E Wrong ST . \(\(b E prellml(%ry Y 249.1:3643.8 T
B:— 3 DS'Or & 7 pa o by e b a o by o by Loy ia e iayg
& > wrong 1 50 0 50 100 150 200 250 30
M £ FDrouy ] f, (MeV)
E -1:_ ?100 __ 1 I LIL L I LI | LI I I | I R WS T I LILEL L | LI
2f 2 LI = 1 | CKMFitter 0.97343:0.00015 .
= B st 4 | DELPHI W S 0.94+0.3240.13 e
sE * 3 ] | CLEO/BELUBABRBESII D' KTy, 0975:000740025
af }_A_ b e P ! CLEO eI, 0988:0.04440022
e et i1 A WAL AT .2 0.1 : 0 3 40-1 0.2 |cieo (', 1009:0.06240021 ==
TR S ey e M, (GeV'c)) CLEO CETN, 1088:0069:0018 =a=
BABR CEVIUVIN,  0YS6H)03H0056 e
BIDy*— V] = (0.528+0.015+0.014)% SEL ST O e
BESNI@4.009 1V, TRV, 094440063£0027  =a=
— +2 B+ CLEO w, 1007:0.040:0018  w
foslVeol = (242.5+3.5:3.7) MeV 6z T
2 ( me, )2 BELL u', 0076:0.026:0021 =
m-, T
I'Df —- 77p) T M, E;ﬁm{%{‘wm iy, 0974:0014:0016  #
R= ' - - | I | | I l
+ + _1_ 1 I T [ | ] 111 L i i L i i Ll
—_— m-
Dy = p™v) 2 )2 45 4 05 0 05 1
g "o} Ve
SM: R =9.74 +0.01

BESIII: R = 10.2+0.5 7



D*—1*v decay

EEMC S 300 MeV
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Events / (0.6 MeVi/c?)

Events / (0.6 MeVic?)

Absolute B of DO—K v
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Improved analysis of DO—K-p*v dynamics

o)

: Vcw“<u
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£(d*)

dar _ GE|Val? . 2 Wo— Bk q = Ppu+ Py

Ky 2
dqg - SWSmD |pK||f+ l:q :ll ( FEI 2 2 2
Wo = (mp + mi — mp)/2mp

x[lmg|,5’,:<|2 b i/ (mD | mi + 2mpEk)
| ] 5 " F[): W()—EK—I-mg/sz
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Comparison of f,(0) and |V

LQCD

BESII

BELL

BABR

CLEO

BESIII
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KTy

" At
Kev,

PRD82(2010)114506 0.747+0.01t0.015

— —
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0.7368+0.0026+0.0036 -
0.7343+0.0039+0.0030 -

045 05 055 06 065 0.7 0.75 0.8

£(0)

Taking [V|i1; as input

FE(0)Ves| = 0.7148 +0.0038tat. £ 0.0029yt.
r = _194:|:021&.th1: :*'_'0.0733;51;,

S =

—0.7i0.95t.at_ io-lsyst.

[1] CKMFitter
[2] PRD82(2010)114506

CKMFitter 0.97343+0.00015 L]
DELPHI W*> c§ 0.94+0.32+0.13 =—t———
CLEO/BELL/BABR/BESIII D"~ K1'v, 0.975+0.007+0.025 @
CLEO THEV )V, 0.988+0.044+0.022 -
CLEO TPV )V, 1.009+0.052+0.021 o=
CLEO TV )V, 1.088+0.069+0.018 —
BABR T(EVI MV VIV, 0.956+0.036+0.056 -t
BELL THEV VMV VYV, 1.025+0.019+0.029 -
BESII@4.009 u'v,t (1'V,)v, 0.944+0.063+0.027 ===
CLEO Hv, 1.007+0.040+0.018 -z
BABR why, 1.040+0.033+0.031 -
BELL wy 0.976+0.026+0.021 -
Eiﬁminary D’ K, 0.9569+0.0051:0.0241 =
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Taking f.X(0) ;; as input
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LFU test in D*—K-u+v decay

- BESIII PRELIMINARY
1 '5__ SM prediction: PRD 91, 094009(2015)

q? (GeV¥c?
R (D" — Bl — 0.978 + 0.007 & 0.012

/e — T(DF—K-etve)[PRD92,072012(2015)]

« No deviation larger than 2c over the g2 interval

12



Absolute Bf of D,—n0Oe+tv

Comparison of Bfs

--------------
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]! ot e:
I .0 :
2 1 1 CLEOI CLEOM
E ! ]
*]
- —'-—Am#
S 4 y
< 1 ' BESIII BESIII
% e*v, @4.009GeV @4.009GeV
-
o BESIII BESIII
preliminary preliminary
liigfignefseel i ] [iogligolngal gl s

0402 0 02 04 06 08 1 12
B[Ds*—n‘ev](%)

04 12 14 1618 2 92 24 26
2 2
MM- (GeV7/¢?) B[DS+—>1’]€+V](%)

Preliminary Result:
B[D  —netv] = 2.31+£0.06+0.06%
B[D—n‘etv] = 0.82+0.07+0.03%

[1]PRD80 052007 13



Comparisons of f,nO(0)s

Fit to partial decay rates Comparisons of form factors
e C ' ' - T - ' ' - ] AR ALY LAREY LAAL) LARM) LALLIRAALY A AR R AR Raam
N% i LQCD M,=370MeV [1] - LQCD —-—
o I M,=370MeV [1]
R LQCD M_=470MeV [1] a3 LQCD
g M_=470MeV [1]
% - — Slr;lple pole I LCSR[Z] LCSR[Z]
1[ --- Modified pole « U W N,
| - Series 2 Par. % o e
sl T e i e LOSR(3) LoSR(3)
F:E:: 0_5: .. ] — ”’f)fi' BESIII BESIII il
“ i : Preliminary Preliminary t
0_4;/- | | . 1 !l | | | ] gl b bbb b B e s e I A A A —
0 05 1 15 02 04 06 08 04 04502 02503 035 04 0450505506 0 01 02 0-3 04 05 06
qA(GeV?/c?) f10) ()
Case | Simple pole Modified pole Series 2 Par.
f17(0)\Vesl  Mpoie  x*/NDOF 7" (0)|Ves a  x*/NDOF f7 (0)|V.| rn X /NDOF
netv. 0.450(5)(3) 3.77(8)(5) 12.2/14 0.445(5)(4) 0.30(4)(3) 11.4/14 0.446(5)(4) —2.2(2)(1) 11.5/14

netv. 0.494(45)(10) 1.88(54)(5) 1.8/4 0.481(44)(10) 1.62(91)(11) 1.8/4

0.477(49)(11) —13.1(76)(11) 1.9/4

[1] PRD 91 014503
[2] JHEP 1511 138
[3] PRD 88 034023
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n—n' mixing angle

(D — n'e™v)/T(Dy — ne™v)

~ cot*¢
- 1+ + - P

I'(D" = n'e*v)/I'(D" — ne™v)

T | T 1T 1 I T 1T 1 i T T T T T 1 T 171 T T T T T 1 T 171 T T T T

LHCb JHEP 1501 024 " e B e

(Gluon excluded) B—=J/im 43.5+1.4

KLOE PLB 648 267 " —

(Gluon included) ¢—=n'y 39.7+0.7

KLOE PLB 648 267 . —_—

(Gluon excluded) g0 41.30.3=09

CLEO PRD 85013016 Djy—n" e'v, 40:3 .

BESII Dig—n"e'v, 40.1+14:05 ===

preliminary

L | 1 1 1 I L 1 1 | L L L | 1 1 L I 1 1 1 I L L 1 | 1 1 L I 1 1 1 I L L 1 | 1

26 28 30 32 34 36 38 40 42 44
¢, (degree)
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Study of D ,*—K)0e*y,

B[D.*—K*%*v, ]=(2.38+0.26+0.12)x 10

Jr (1.8+0.4)x103 [PDE2017]

30~ B[D, *—Ko%*v, ]=(3.25+0.38 +0.14)x103
= . 40|
&< (3.940.9)x103[PDG2017] &
8 20 S 30
o
b . (\@(\! E
S \ S
7] o 20
= S =
$ 10— $
: \ Jr -
i D +1 1
-L -LL o B e e R I "I :
-0.2 -0.1 0 0.1 0.2 -0.2
MM? (GeV?/c?)

Fit to partial decay rates

in D;* 2K%*v, :
e data
Simple pole model

Modified pole model
Series two parameter

Allef? (ns'GeVFc?)

BESIII|preliminary

MM? (GeV3c?)

! . . B~
0 0.5 1 1.5 2
q? (GeViich) o? (GeV3ich)
Model Parameter Value f,.(0)
Simple pole f1(0)| Vea| 0.175 £ 0.010 £ 0.001 | 0.778 = 0.044 £+ 0.004
Modified pole model f1(0)| Vea| 0.163 + 0.017 £ 0.003 | 0.725 &+ 0.076 + 0.013
v 0.45 + 0.44 + 0.02
Series two parameters | 4 (0)| Vgl 0.162 + 0.019 = 0.003 | 0.720 4 0.084 + 0.013
r —2.94 4+ 2.32 + 0.14
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Events/(0.002 GeV/c?)

Observation of D;*—p n

* Only kinematic allowed baryonic decay of charmed meson, and
help for understanding the dynamical enhancement of W-
annihilation

* Short-distance expected:Br~10°¢  p| B663(2008)326
» Long-distance enhance to: Br~10-3

* First evidence was observed by CLEO-c: (1.30+0.36+%-12_, ,)x10-3

preliminary result

(PRL100, 181802(2008)).

Bpiopn = (122 £0.10) X 107

5
=]
|

o
=
= T T T

e

Wik

N *

* Confirm CLEO-c’s measurement with greatly
improved accuracy

—: * Consistent with the prediction of the enhanced
BR due to long-distance effect via hadronic
loop

09 ‘0.955 T
MmiSS(GeV/C )
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Observation of Dsf—ont and oK+

* To understand the W-annihilation amplitude

« With and without the p—r mixing the Bf of Ds+—w@K+, will be quite different
¢ B[Ds—wK*] = 0.6x10-3(without p—m mixing)
* B[Ds—wK*] =0.07%x10-3(with p—» mixing)

D./—oon*: Evidence by CLEO, BF = (2.1+£0.9+0.1)x 10-3 with a signal of 6.0+2.4 events.
Ds— oK+ CLEO set an UL = 2.4x10-3 @90%C.L.

Fit to the invariant mass M_, .., to get the DT yield:

40 Dst—omt 20F Df— oK
L | 70£11 evtg 2 o 3848 evts
@ 30 @ 150 .
= [k Sig. 2 | 1 6.20 stat.sig.
< 5ok . =10k i
2 elidingry J{
)] i - @ H
@ 10} D 5 J[ :
1 A1} S—r AR e T
M,....ro [GEV/CT] M, [GeVic?]

Prellmmary results: Consistent with CLEO’s measurement, but more precise.

B(D} — wr™) = (1.85 % 0.30514s. & 0.19,,,) x 1073
B(DT — wK™) = (1.13 £ 0.24444¢. £ 0.14,,5.) x 10~ % +—— First observation !

The measurement of Dg*—woK* implies the p—w» mixing is negligiblesg



arXiv:1803.05706,
accepted by PRL

» Mediated by c-s transition which help us understand dynamics of the
lowest-lying charmed baryon [arXiv:1803.02267v3]

* Current PDG: B[A,;~—A+X = (35£11)%] with large uncertainty, and has not
been updated since 1992.

Study of the inclusive decay A.*—AX

» Search for the CPV by measuring the asymmetry
A _ B A+X)-BAL 5A+X)
CP = BATSA+X)+B(As —A+X)

2.3 ¢
2.205 |- Extract yield from 2D distribution
2.29 F-
Es
2.285
N S . NA L NB NC€ + NE
% 2.28 | NS%:NS_T_JA(ND_T)
G 2275
8 227 -
2.265 [ *  BlA;—AX]=(38.228,,40.8)%
2.26 £ A o : . . .
0955 E R A A  All exclusive modes found in PDG is 24.5+2.1%.
2_255..1191 BN LS SN E TR AT S

- (~1/3 BFs are unknown)
1.1 1105 1.11 1.115 1.12 1.125 1.13 1.135

2
M, (GeV/c”) « Acp = (2.1704,+1.4)%. (No CPV observed)
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Study of the inclusive decay A .f—etX

Current PDG: BF (A} —e+X)=(4.5+1.7)%. arXiv:1805.09060
Large rate, but also with large uncertainty 3
S eof
Tagged with A >pK-=* and pK? &
s r
= B(A} = Xetr,) =(3.954£0.344+0.09% < |
a I
5 2
= B(Ar—Aetv.) i
BA S Xetr) — (91.9+£12.5+5.4)% m o

0 02 04 06 08
e+ Momentum
The Al*v; dominate the I'+X =>B (pKi*v;)~10-7.

Result AF = Xetv. FI;((/\DZF:;(;JFUV:))
BESIII 3.95+0.35 1.26 £0.12

MARK 11 4.5+ 1.7 1.44 +0.54

Effective-quark Method 1.67

Heavy-quark Expansion 1.2 20




Summary

* Using e*e~ collision data taken at 3.773, 4.178 GeV and 4.6
GeV with the BESIII detector, experimental studies of
charm decays have been performed.

* Measurements of decay constants fp,, form factors in semileptonic
D decays f,X®)(0): improved calibrate LQCD/

* Determinations of [V y)|: improved test on CKM matrix unitarity

« D.—p n show an enhanced branching fraction due to long-distance
effect. Dst—ont and oK+ confirm CLEO's measurements with
greatly improved precision.

* Inclusive decays are studied in Ac*. i%ﬁ i%ﬁ 1

* More result will be coming in the near future.
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