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BESIII experiment

BESIII
detector

cms MOW up td~4.9 Gev
Design luminosity: 1 X I()33/cm2/s@y/(377())
Achieved luminosity: 1.01 X 10%/cm?/s(2016)
Crossing angle: 1 Imrad

Beam energy: 1.0-2.35 GeV; E,

From Dr. Xiaoshuai Qin’s talk on QCD20

et

Nucl. Instr. Meth. A 614, 345 (2010)

MDC: 6,/P = 0.5% @1GeV, 6, ~ 115um, 64, = 5%
EMC: Energy: 2.5 % @ 1GeV

TOF: Barrel: 68ps
Endcap: 100 — 60ps (update to MRPC)

IEFEVHE: RUR4E;
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Physics of D) meson

i \ * W+
‘ . Cabibbo-favored decay

As the lightest and most common mesons containing a single
charm quark, D mesons can only decay through the weak
interaction and plays a key role in our understanding of charm
quarks.
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Beam constrained Mass (M, )

2
— 2 34 — 2 2
Mbc — Ebeam o Di _— \/Ebeam Pp
7
(5 \[ — b‘],, am (SE M PD (5 ;
WVIhe = M. > beam U M, PD

Pi : measured momentum of daughter particle
pD: measured momentum of D meson

M, . peéks at D meson mass:
momentum conservation

3 PD — l Ey. arm
Note: A — = M

Most uncertainty comes from beam energy smearing.
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BESIIl Data Taken near DDPar Threshold

BEPCII collider: ete- = (3770) — DDbar
2.9 fb-1 dataset at P(3770) resonance

Mpo= 1864.84 MeV Mp.:= 1869.62 MeV
2Mpo= 3729.68 MeV 2Mp.= 3739.24 MeV
3.19 fb-1 dataset at Ecm 4.178GeV
* Ds are produced mostly via ete-—DsDs*
New XYZ dataset at Ecm 4.19 - 4.23 GeV (about .8x of 4180 data)
Advantages of DDbar pair production near threshold

* The DDpar events are clean; not enough energy for even one
additional pion

e Tagging reduces background from light-quark “continuum” and
other charm final states

e Double tag technique can provide access to absolute BFs
* Many systematic uncertainties cancel with tagging technique

6
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DTag Technique

There are two types of samples used in the Dtag technique:
single tag (ST) and double tag (DT).

Single tag: only one D meson is reconstructed through a
chosen hadronic decay.

Double tag: both D and D are reconstructed,

- the D reconstructed through the studied hadronic decay is called
“the signal side”

- the D reconstructed through well-known and clean hadronic
decay modes is called “the tag side”.

(Charge-conjugate states are implied throughout this talk.)

m
The tag side & .

A

+

~ v V The signal side

e —
‘//\
i
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Branching Fraction and Tagging

e Single tag (ST)

tag
e Double tag (DT)
DT
Ntag,sig — 2ND0DOBtangig5tag,sig

Etagsig ~ CEtagEsig (factorization)

where Npopo is the total number of produced D°DP pairs, Byag(sig) is the branching
fraction of the tag (signal) side, and the ¢ are the corresponding efficiencies.
)

a4

rDT .

B.. — l\/tag,sig Etag *'\D”D_“, B..; are canceled.

— sig — NST = . Etag IS approximately o
‘Vtag tag,sig canceled due to factorization

This is the basic idea for branching fraction.
Equations used in analysis vary case by case.
8
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Introduction

D pure leptonic decay D, semi-leptonic decay

v

&M
&

Decay constant fD(f), form factor £, (¢q2): Calibrate Lattice QCD

CKM matrix element | Vears)|: Test the unitarity of CKM matrix and search for
NP beyond SM

Lepton flavor universality test in charm secto

2020/11/07 K.Liu 3
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Introduction

D%(+) samples at y(3770)

2010-2011
3.773 Gev
3000
2500 1 ﬁ
e+
2000 -
1500 1 . O
N S
1000 \
4
500 £ v
0 - - , Ngr =2Xx N5 X By X €g;
MARKI DELCO MARKI MARKII BEw{l CLEOc BESIII
i _ 7 )i o
A DT — 2 X A DD X b%T X B\l! X ‘(’\T VS.Sig
Umiss = Emiss o |?1niss| B = [\qg
2 2 2 S18 rtot .
Mmiss - Emiss R I?missl /\'\T X Esig

N
2020/11/07 K Liu £ = 2 Nz X E51vu/ £51)/ 2 Nig
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Dt - tty,
Phys. Rev. Lett.123,211802(2019)
—IIIIYIIIIIl']l"']""]fi'
(R T, 4 137 £ 27 signal events
Y -
L 25 . : :
> "I First observation with a
S [ significance of 5.10.
~ 20f
o - 1 H-} B(D+ = T+UT) .
o R LN L, -
S F 0z 0 02 (1.20 £ 0.24 £ 0.12) x 1073
€ 15 [ e Total PDFs + +
(o) [ == PDF:D— v D" >t Ve
q>,) L PDF: D — v
- PDF: D -r(:-non-m')v
O 10 T orol Rp= MO 27T vr) 3214077
o L PDF: D — 1 (DY —=putvy)
o = PDF: D — Kt
E o wes PDF: Smooth bkg
5 5 T ] MC: Smooth bkg ]
= El- 1 1L W consistent
o = b ol T—— ; y ~veeull IS O
-03 -02 -01 0 0.1 0.2 0.3
Mies (GeV/C?)’ SM: ,
2 mo ]
) (D* o+, mz(1— Ve )
|Vea| = 0.237 £ 0.0244¢a¢. + 0.0124y5¢. £ 0.001exgyst R,/ = (D" = 770) _ p+' _ o
: : D+ — pty,) ’”f:(l _ \’1".71 )2
fp+ =224.5 + 228,45 + 11.3555t. & 0.9ex.5yst. MeV =B

2020/11/07 K.Liu 9




L EEHE: R

Comeparison of f,+ and |V 4|

Input: |V,.4| =0.22438+0.00044 Input: f,+ =212.3 + 0.6 MeV
PDG2018 from CKM unitarity LQCD average

LI B S S S S B B S B S B B S B B B S B B B
HPQCD RRD8S, 054510 208.3:1.0:33 -
RBC/UKQCD JHEP12, 008 208.7:28:2.1 - SM fit PDG18 0.22438+0.00044 .
ETM (24141) PRD91, 054507 207423709 -
PDG PDG18, D ).214+0.003+0.009 —
FMILC (2+141) PRD98, 7, 074512 212.:03:05 L
CLEO PRI 03, D 0.218:0.0
Average (Theory) 21.7:03:04 -
" i BESIII PRL123, 211802, D 0.237+0.024+0.012 —_—
CLEO-c(u*v,) PRD78, 052003 205.8:8.5:25 ——
BESIII PRD89,051104, D 0.2210+0.0058+0.0047 —
BESIN (u*v) PRD&9, 051104 203.2:5.3:1.8 —
&M
bl A o . .
a8 (v'v) R ey SR BESIII Expected (20fb™), D*—pv 0.2210+0.0021+0.0017 S
. IR W T Y O L T N TN Y O YOO VT T W O VO O O W MY RN O [
R - 0 005 01 015 02 025
1 J
50 100 150 200 250 |VCd|
fo: (MeV)
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Semi-leptonic decay

Vr:q
wh__—
c. . . -
D —¢ & R~ q D - Pe*v(P=Kmn")
g - P
q
f.(a®)
dr _ G2p3 , 2 I 1
dgz Xams 1f+ @)1 |Veas)|” X =1 for K=, m~, K% n"); X = 5 for n°)
— Single pole form W — Modified pole model
5 f+(0) p f+(0)
fr@) =——— f+(g®) = . .
1-q?/M2,, __a _ o
5 (-5 (- r)
— ISGW2 model — Series expansion model -
. 1
) r? = 1+ to)]¥
£u@D = £ Gar) (1 + = (e qZ)) O = B W + ) 1)

2020/11/07 K.Liu 1
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D0(+) — 11'_(0)"_+v”
Phys.Rev. Lett.121,171803(2019)

SM expectation: 0.985 + 0.002 [Eur. Phys.].C78,501(2018)]

- I(D°>nuty,) o [(D* - nutv,)
A 2 Sl ROl W = RT = a8 i
Rieu = (5o =ty = 0922 £ 0,030 £ 0,022 B = o a0

=0.964 + 0.037 + 0.026

1. 70 consistent 0.50 consistent

6: D' Ty o Data LQCD D*— Tty
o i‘: AT/AQ (l=e) —— =
> 4= AT/AG? (=) ——
o
O % Ry —_
£ = e
B : =1
= ”P; "t S g
3 ' gt —_—
1.5 1 ‘
g 1+ : T/ 4 _
o f Al
0.5
0 1 2 0 1 2 3
qX(GeVc?) q(GeV3/ct)
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Events/(6 MeV)

B(D*t = nutvy,) = (10.4 £1.0£0.5) x 104

%

£7(0)| Voy| = 0.087 + 0.008 + 0.002

£7(0) = 0.39 + 0.04 + 0.01

| Ved| = 0.242 4+ 0.022 + 0.006 + 0.033

R =

B(D"—=nuTvy)
B(D"—ne*ve)pDG

SM(0.97-1.00)

no LFU violation within

current sensitivity

=0.91+0.13

Experimental confirmation
for the first time since it was
predicted in 30 years ago.
Phys. Rev. D 39, 799 (1989).

+ +
D™ ->mu’v,
Phys.Rev. Lett.124,231801(2020)
80} F'uP q re;:ion 20l 0'<q’<o.25 GeV/ch { 20l 0.'2§<q’<0'.5 GeVct ]
60l (a) (b) (c)
15} 15¢
40 10} ‘ { ) 10}
20} 4, st y 5t !
0 AW AR : ¥ A + 0 l v‘q _l{ i ikt 0 l i' 4 ; ¥
0.5<¢°<0.75 GeV/ct 0.75<¢°<1.0 GeV?/c* 1.0 GeV¥/ci<q?
208 (g 1 20 (o 1 208
15¢ 15 15¢
10¢ ‘ 10} 10¢ 1
al st = /. S H
’ -0.1 0.0 0.1 ¢ 0.1 0.0 0.1 ° 0.1 0.0 0.1
eri.\\ (Gev) L"mi“ (Gev) b’mi,\\ (GCV)
- - 1.0 - -
~ (a) i:l.’}' (b)
,}- 1.0 <Data A 0.8 1
Z ~Fit
o T.0.6 |
2 < :
505 ] 0.4 1
> 0.2 1
00 05 10 15 0005 10 15
¢ (GeV¥cd) ¢ (GeVcd)
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D* - ) e*vy,
Phys.Rev.D 97,092009(2018)

— T
ez ®) F | (c) L .
ne‘ve ne’ve
F -y 06-1.2 [ N7y >1.2 0.6 = l .
—e— Data
L + s + I I Simple pole ]
.-‘--\F ’ 3 Modified pole 1
S () (e ) - —— Series expansion g
3 20} ney, ne'v, ne'v, 04|
o o 0006 | nomen® 061.2 | noyronn ST oo I s =
2 = | T
= 0.2} -
L ]
+ t
1 Ly A.fl I 1
01 0 01 01 0 01 01 0 o1 0L~ — - T
U,,.(GeV) 0 0.5 1 1.5
qX(GeVZ/ct)
Fit parameters Simgly pole Modified pole Series expansion
J+(0)[Vea| (x1072%) 8.15+0.45+0.18 8.24 +£0.51 +£0.22 7.86 £+ 0.64 +0.21
Shape parameter 1.73 £0.17 = 0.03 0.50 £+ 0.54 £ 0.08 -7.33 £ 1.69 + 0.40
p 0.80 -0.85 0.90
7% /ndf 0.1/(3-2) 0.3/(3-2) 0.5/(3-2)

n —n' mixing angle ¢p can be determined
r(D} —=n'etve)/T(Df 5netve)
F(DF—n'etve)/T(DF —netve)

2020/11/07 K_Liu 17
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D" - wptv,
Phys.Rev.D 101,072005(2020)

40 Data
= I)n:ulﬁl B(Dt — wp? vy )=(17.7+18+11)x10~*
« « =« Peaking BKG

30 — Fitted CBKG

Simulated CBKG

This BF is consistent with theretical
calculation (LFQM, CCQM, and LCSR
methods).

LB LN LN R BLELELELE L

Events /6 MeV
I;{

< I TR R= gt =105+ 014
RO L L L e i g w e)PDG
= -0.1 0 0.1
U s (GEV) ¥ SM(0.93-0.99)

no LFU violation within current statistics

Experimental confirmation for the first time since it was predicted in 30 years
ago. Phys. Rev. D 39, 799 (1989).

2020/11/07 K.Liu 18




Events/(0.02 GeV)

Phys.Rev.D 97,092009(2018)

D* - ") etv,

Fo. (b) . (c) L
ne‘ve ne‘vy
Fn=yy 06-1.2 | N7y >1.2 0.6
& e |
| (d) e (e E o ) 04 I
NorR® 0.0-0.6 | o 06-1.2 | nonern® suxlll o T
. L
£ -
< L
0.2}
01 0 01 -0.1 0 0.1 0.1 0.1 0 -

U, (GeV)

miss’

—e— Data
Simple pole
Modified pole
—— Series expansion
............ || —
T
]
T
PP RS S S |
1 1.5
qA(GeVcet)

Fit parameters

Simgly pole

Modified pole

Series expansion

F1(0)|Veal (x1072) 8.15+0.45+0.18 824 +0.51 +£0.22
Shape parameter 1.73 £0.17 £ 0.03 0.50 £ 0.54 + 0.08
P 0.80 -0.85

2> /ndf 0.1/(3-2) 0.3/(3-2)

7.86 +0.64 +0.21
=7.33 £ 1.69 + 0.40
0.90
05/(3-2)

n — 1’ mixing angle ¢p can be determined

4, _ T(Df—n'etve)/T(Df 5netve)
COt PP = FDFSyleTve)/T (D

2020/11/07 K.Liu

rnet ve)

Op = (40.1+2.14+0.7)°
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D%* = ay(980)/%e*v,
Phys.Rev. Lett. 121,081802(2018)

2ot (b .
¢ ( ) A model-independent way to study the
0(980) " eT v nature of light scalar mesons proposed by
N ~ PRD82(2016)034016
S )
© ]
(O] S N | " ' syl B 4
b4 (=} pBD1 = £,(980)etve)+B(DT = f3(500)et ve)
=] 1S B(DT —>aq(980)0etve)
= 20F (c) 12
s N S . B
o 3 R=1.0+0.3 for two-quark description;
w \ R=3.0+0.9 for tetraquark description.
4 Dt 4098
We have r>2.7 @0% C.L. at BESIII
P BRI T oy 7S Which favors the tetraquark description.
0.8 1 12 0" ¥
M,.(GeV/c?) U(GeV)
Decay BF (x 1()_‘1) Significance
0 o = = ~2F0.33 5
DY 5 ag(980) " eTve, ag(980)~ — nw 1.331 .59 £ 0.09 6.40
.»+0.81
DT = ag(980)°%eT v, ag(980)° — nx? 1.66_¢ gg + 0-11 2.90

< 3.0 (90% C.L.)

2020/11/07 K.Liu 19
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Pros pect From White Paper (Chin. Phys. C 44, 040001 (2020))

With 20 fb-' of data set at 3.773 GeV in the coming two years

Leptonic Decay

293yl 20 fb!
fp+ 2.6% 1.0%
V.l 2.5% 1.0%
Rp+ (LFU) 19% 8%
B e e e e e e e e L ————— - T
FNALMILC  PRDS98,074512 2127:06 °
RBC/UKQCD  JHEP1712,008 208.7:287% —— SMfit  PDG18 0.22438:0.00044 .
ETM PRD91,054507 207.4:38 —c—
FNALMILC  PRDS90,074509 2126:0477 -
HPQCD PRD86,054510 2083:3.4 —c— CLEO PRD78,052003, D 0.218:0.009+0.003 ——
B
FNALMILC  PRDBS,114506 2189:113 R |
- e e : BESHI  PRD89,051104, D" 0.2150:0.0055:0.0020  =ewme
BESH PRD89,051104, 2038:52:18 —_—
BESIIl  Expected (20fb™), D*—uv 0.2150+0.0021:0.0017 ——
BESHI Expected (20b"), yv  203.8:2.0:1.5 —
Y PSR [NAEr e R PR SSR SE S| L L | " L L 1
140 160 180 200 220 0.15 0.2
f.. (MeV \'
o (MeV) v

BESIII is expected to provide unique data in the next decade to improve the
knowledge of f+ and |V.4| and test LFU in D* — [*v, decays. 25




(Semi-) leptonic decays of Ds
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D} — nVe™y,

A simultaneous unbinned maximum likelihood fit I PSR A
600 - ' ’ ' ' i ' § : " 150
400i n ev, _ n, eV, ] Two modes: constrained to be

1100  the same branching fragtion

& [ ; after considering the different
»f 200 T 150  efficiencies and subdecay

= [ i : branching fractions.

g I

P [ 100

EO 4 omoevad [\ meeve 1

z - Non-peaking !

20 50 | background
. D¥ > getv,
02 0 02 04 02 0 02 04
MM? (GeVZ/c?)

‘%D;“—weﬂ/e = ‘%Dj—nfeﬁ/e =

(2.325 £ 0065, 0.063Sysl) % (0.824 £0.073,, = 0.027Sy5l) %
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D — ppe™v,
PRD 100 (2019) 112008
It is useful input in understanding the baryonic transition of D' mesons;
Search for the near-threshold enhancement in pp system.

A simultaneous fit sharing the same branching fraction

4
E KK

2 Ni, =03%5  Statistical significance: 1.2¢
T ’ _ +0.63 —4
- (@[)f—’/)/_)(d—l/‘. e (0.50_()44) X 10

10

3 I KtK— =«

=~

3 N2 =14+!8 o

H Sig -1.3 Upper limit @ 90% CL.:

B(D} - ppetv,) <2.0x 1074

05 " Usig

0.0 -
1.90 1.95 2.00
M(D;) (GeV/c?) 18
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o
o

Branching fraction measurements

of charmed meson hadronic decays
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Observation of the DCS decay D+ — K*trtr 7"

Phys. Rev. Lett. 125, 141802 (2020)

%)

e = 150
< z
E = 100

Decay mode Nprt B, (x1073) PP .

) g = £ 50)

D* = K*n*aFa0350 £ 22 1.21 £0.08 2

DE - K*w L)_:T‘:v(" (5.712 i‘, x 1072 1.88] o signal region o signal region

Dt - Ktntn=2® 181 £ 15 1.25 +£0.11

D~ - K nata® 165+ 15 1.16 =0.11

M,E (GeVie?)
S

1.88} o sideband  sideband

Events / (2.5 MeV/c?)

subtracting the 7, ®, ¢ z " 10
S 186
Bpes = (1.13£0.08 £0.03) x 1073 = Eobefbbod oo
= .#4 1.86 1.88 T1.84 1.86 : 1.88 1.84 186 1.;;
Mye (GeVie?) Myt (GeV/c?) Myi (GeV/c?)

Bpes/Bep = (1.81 +0.15%) = (6.28 + 0.52)tan’ -

Significantly larger than (0.21~0.58%) from other DCS decays
Possible sizable isospin symmetry violation effects

9
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50

g

2
—-1

Events / (1.2 MeVi/c?)
Events / (1.2 MeV/c?)

o
L
°

Measurements of SCS
+ O + 0 m‘w;? :c:ev.!‘c’)m. m‘w: :c:.xvvc’)‘“
D™ - K¢, K (") |

£ " DK | T 4 KK |
2 3
Phys. Rev. D 99, 032002 (2019) 3 h‘ S d f
= 4 ]
£ = i
% 20¢ ,’ | 1 % 20 I “ \;11-?
To select the candidates of Ki, the momentum = owﬁm-,-{;?‘ x"t— ¢ owfu,.jﬂm‘-;f Bod
. . ~ . . e 2 (GeV/c) My (GeV/c)
direction of the K. particle is inferred by the position R %
of a shower in the EMC, and a kinematic fit T DKK | T DoKK |
imposing momentum and energy conversation for the = ;‘ﬂ 8 ‘f\‘
. - . . = f T4
observed particles and a missing Ky particle is 2 | {' \ g ] I\
o . . s & o s P’
performed to select the signal. RITTRTP S, T JANPRPIRNC,2, *Y
My (GeVic) My? (GeVicY)
First measurements of three SCS D decays € [p-kk'w| g [ooKKkm |
29 2w ¢
S \ S it
CP Asymmetry is also examined, but no 3% 1 P i
evidence is observed E mé%&:ﬁ%ﬂ s wﬁwm{g‘_
M3 (GeVic) M (GeVic)
Signal mode B(D") (x1073) B(D™) (x1073) B (x1073%) B (PDG) (x107?%) Acp (%)
KOK* 296+£0.11+0.08  3.07+0.12£0.08 3.02 +0.09 + 0.08 2.95+0.15 -18+27+16
KOK*20 51440274024 5.00+0.26+0.22 5.07 +0.19 +0.23 14437424
K} K* 3.07+£0.14 £0.10 334 +£0.15+0.11 321+0.11 £0.11 —-42+32+12
K)K*n° 521 +£0.30 +0.22 5274030 +0.22 524 £0.22+0.22 -0.6+4.1% 1.7
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Measurements of 14 exclusive D — yX decays

Phys. Rev. Lett. 124, 241803 (2020)

1500F p'=K=n D'-Kln' 10F p'SK*Kn
n 200
1000f g A i
st
s00f : i 100§ y ‘& H ,
&
50, . R N W
l;;' D"-KIKn 15;;- DK n*z" (';;_ D"-K{n*nn
. J&L 100f A aof h
o S *
L s0f 20f
> i l l ,n—JL—- SR L.
g 1;_ D"-K n'n" D% i’y I 'K
- 100f 4 400
wy  10f # f
S s0f J \ 200f A
= & :
g opE=E opEm———— () z
= 10k D*-KK™ D' Kn*n'n D'—=Kgn'n'n
@ 60f 20f
e iy a0 \*
E ok
SEVEEY U R PORRVA Oy 1Y 7
b b T 0184 186 18
2“0_l)~»nxnn m)_llanx:rr]
150f 60F
100f 40f et
sof 20 Projections of
0T84 186 1.8 0184 186 188 2D fit to MBC vs. MBC

M;% (GeV/c?)
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Amplitude Analysis of charmed

meson hadronic decays
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Selected Results in D Decays _

0 o -
. D" > K 7°7"7"  PRD 95, 072010 (2017)
2. D" > K n'72°7"  PRD99, 092008 (2019)
3. D" > Kox'n'm™  Phys. Rev. D 100, 072008 (2019)

4. D" > K r'e'v PRD 94, 032001 (2016)

5. D" > x xte’v, D>z z’'v PRL122,062991 (2019)
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Amplitude analysis of D — Knnr

* The measurement of the sub-modes in D — K777 provides a window to
study the decays]) —s AP and ) — V' (A=axial-vector, V=vector),

both of them are important in learning the CPV in charm decays but [ess
effective experimental measurements.

The knowledge of sub-modes can be widely used in many measurements:
Branching fraction measurement
Strong phase measurement
CKM unitary triangle measurement

* There are seven D — K 7wrm modes:

s e S = e 100 350 o ' r— & & D prQ i & = pr0 0
D> Kr'rn K Kn'nrz Kn'r’z"and D* 5 K n*n*z®, Kin*n*n™ , Kn* n°n°.

Previous measurements of sub-modesin D° - K z'z'z ,Kz'z »°and

D' > K x'n'n’,Kin*n*n~ have been perform by Mark Ill and E691.
Both measurements are affected by low statistics.
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