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Introduction: Physics motivation
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mass - =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c? =126 GeV/c?
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mﬂl k¥ Introduction: Physics motivation
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Pure leptonic decay Semi-leptonic decay

| > ar S Betv,
| P= pseudoscalar,
V— vector, 5 = scalar

(LFU)

o+ Gr o m ., a GZ 2 @) |Veaes|”
F(D(S) - [ Vl) - 87T | Cd(s)| ml mD(s) (1 m% ) qu 24_ 3+ cd(s)
© (X=1forK/n~/n"; X = 1/2 for n°)
| | S o T
> Decay constants and hadronic Form factor(FF) --> Test and calibrate LQCD (s) ¢ |
I > D(s) - P£+Vg I
» CKM matrix elements |V 4(s) | --> Test CKM matrix unitarity > D > VT, |
> D(s) - S€+V{)
> Branching fraction (BF) ratios Rr/w Rﬂ/e -> Test Lepton flavor universality | 5 D5 — ALV, :
I
|

» BF and FF measurement in semi-leptonic decays --> Study light hadrons

Shuse ZAdneatild do'most things as above CHARM2023 4



Introduction : BESIII experiment
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_ﬁ“.-.““l it -~-;::.
[BEPCII and—BESIII ik
= ‘%
S

BESIII Detector

SC magnet

Muon Counter

CsI(T1) calorimeter
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> Two ring symmetric e e~ collider

» Circumference: 240 m

> Design luminosity: 1x1033¢cm 2571 !

Achieved time: 5 April, 2016

> E,.:2-5GeV

» Beam crossing angle: 22 mrad

Shulei Zhang (Hunan University) CHARM2023



LR Introduction : BESIII detector
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| RPC: 8
RPC: 9 Electro Magnetic ayers

layers Calorimeter

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

. WPe TOF EMC
Fp < 0.5% @1 GeV ot 80 ps Barrel %E < 2.5% 01 GeV

5(;,5//;;‘) < 6% 5t 110 ps Endcap 6z =0.6/VE

MUC
d(xy) <2 cm
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Belle, Belle-l|

> Symmetric eTe™ collider > Asymmetric ete™ collider
» E.,:2-5GeV » E,.:10.58 GeV

» Charm collected through pair- > Charm collected through bb

production near threshold decays and cc

Shulei Zhang (Hunan University) CHARM2023 8



%) 7l A k¥ Data sample
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BESIII D*(0).293 fh~1 3.773 GeV 2010-2011
DF: 7.33fb~! 4.123-4.223GeV  2013-2017
At: 45 fb~! 4.600-4.699 GeV 2014/2020

CLEO-c D1t(®).0.82 fb~! 3.770 GeV Till 2008
D¥: 0.6fb=! 4.170GeV
BABAR 468 fb~1 Near Y (4S) Till 2008

Belle 976 fb~1 Near Y (4S5) Till 2010

Shulei Zhang (Hunan University) CHARM2023 9



RS Data sample
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D%(+) samples at y(3770)
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i+ % Analysis method: Double Tag
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Take Ds decay as an example (complicated case)

By(Ds->yDs)

Charge conjugates implied K* Ntag = 2N D DEBtag €tag
K" Nsig = 2Np ¢ p:BragBsigBy€sig
Single tag l

=
e’ ) y(1160) <

1
; . = . —|n . I
. B.. = Nsig :Umlss — Emlss |pmlss| I
Recoil side sig ByNtag€sig/€tag L 5 , :

I . = . — |
|\ Mpiss = Efiss — [Pmiss| 1
¢ SKK C I __ !

fo >na'n
v B.. = Nsig
© et b, fo Y9 By Yo Niag€sig/€tag

Shulei Zhang (Hunan University) CHARM2023 11



i+ % Analysis method: Single Tag sample
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B N 40000 ki E KK ' " 1 '
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D ' 50 (o . g % —~—N ] 8 o
- N ésmo - anoo- <\ 1 S
8 (d) (e) oo H Z2000- ] Q 200k, X 200k _ 100
g 100 i o ‘)'téi (GeVie?) E o ‘i,‘s;i‘ (GeVic?) : o lnéi(cewci) E é 1 1
= e Rtz T R ' 2 150} Tnf 800f 800F
8 | 4t ] et Sa000F 3 3T 1 M/ 600F 600§
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Lﬁ ( ) (g) s K 2 50 S 200}k 200F
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0 . : 0o , . : LSLE TR PP e L TP EP LT EPEP LT 100}
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u-like

120 '

otal S
PDF: D — pv
PDF: D — tv
PDF: D — t(—> non-nv)v
PDF: D — K’n T

80

40

Number of events/0.02 (GeV/c?)?
——
Number of events/0.02 (GeV/c??
&
I

L

_—
3

-0.2 -0.1 0 0.1

M2 (GeV/c?)?

0.2 0.3

-0.2 0 0.2 04 0.6

M2, [GeV2/ct] > 293 fb™! data @ 3.773 GeV = Ny = 137 + 27
> 293 fb~" data @ 3.773 GeV = Ny;, = 409.0 + 21.2 > First observation (5.1 o significance):
»B(D* - u*v,) =(3.71+£0.19 £ 0.06)x10™* (~5.4%) BD* > t7v;) =(1.2010.24 + 0.12)x1073 (~22%)
» [p+|Veq| = (45.75 £ 1.20 £ 0.39) MeV (~2.8%) » Ry =3.21 £0.64 +0.43 vs SM: 2.67 --> No LFUV

> fpelVeql = (504 + 5.1+ 254 0.2) MeV (~11.3%)
Shulei Zhang (Hunan University) CHARM2023 13
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FNAL/MILC  PRD98,074512 212.7:0.6
RBC/UKQCD JHEP1712,008 208.7:2.87,
ETM PRD91,054507 207.4:3.8
FNAL/MILC ~ PRD90,074509 212.6:0.4"7
HPQCD PRD86,054510 208.3:3.4
FNAL/MILC  PRD85,114506 218.9:11.3
CLEO PRD78,052003, uv, t v  206.8:8.7+2.5
BESIII PRD89,051104, uv 203.8:5.2+1.8
BESIII Expected (20fb™), uv ~ 203.8:2.0+1.5
PR I N AN oot ST WUt N MALS] DN Ol G
140 160 180 200 220
for (MeV)

Shulei Zhang (Hunan University)

1 ] U T l 1 T T I T L]
SMfit PDG18 0.22438+0.00044
PDG  PDG18, D" —x Oy 0.21440.003+0.009  me———Ommmm
CLEO PRD78,052003, D"—uv, T v 0.218+0.009+0.003
BESII PRD89,051104, D" >uv 0.2150+0.0055+0.0020 ==t
2.7%
BESIIl  Expected (20fb™), D*>uv 0.2150+0.0021:0.0017 —.—
1%
1 L 1 L I 1 1 1 l 1 1
0.15 0.2
v
CHARM2023
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80 0
=, - : [
Lk = | DY > tt(mtv,)v
72 60 Ds 2T (TV)Vr
=~
3 = ;
§ E : Slg_946 +4‘6
= 20

Bt - ntv,) =10.82%

M,(D) (MeV/c?)

> 6.32 fb~ldata @4.18-4.23 GeV

> 3.19 fb~'data @ 4.178 GeV = Ng;, = 11359 +33.1  » B(DS - u*v,) = (535+0.13 +0.16)x1073 (~3.8%)
foVes| = (243.1 £ 3.0 + 3.7) MeV || (~2.0%)

> B(DF - ttv;) = (5214 0.25+ 0.17)% (~5.8%)

> fpilVeal = (246.2 £3.6 + 3.5) MeV (~2%) foilVis| = (243.0 £ 5.8 + 4.0)MeV [1] (~2.9%)

> Ry, = 9.73%0:25 £ 0.37 vs SM: 9.75 + 0.01 --> No LFUV
Shulei Zhang (Hunan University) CHARM2023 15
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> B(DF - u*v,) = (5.49 + 0.16 + 0.15)x 1072 (~4%)
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B(tt - n+7t0vr) = 25.49% B(T+ —etv,v,) =17.82%

T T, T
C-T5e 150 F + Data —_ P - ran 800 F P -
= 4178 GeV i S sk & 189 GeV L sof * 199 GeV & KK {1000 b K'Kr ] KK’
> - N N E ar 1 H 600 | 1
3 - 2 i H, i
o ) 00 S Lok § 500 ol . M., oo
N p- b 2005 %
< d d
= S = CA . gl ] E =
= = 20F - 20f K ] 150 K o 400 4
E S 5 Z Ik oo 300
k4 - L H it q t
5 z 10 z 10 O sofithgl, 1 200
- g # N 505 T e 1. b ¥ S
0 0bs 0 = KL LY s S 100 00 o)
1 = 2" T ot 4
B2 2 2 i i 1000,
= < 30f = 4.226 GeV £ 2007 mn 4 i B o
2 % % 2 150 Ei 1 400 1 i T
- = i F 50 -EE
e € c 40 10053 1200 W i
2 2 20 2 soft at E )
S S S z %
~ ~ ~ + _ S 0 05 1 1.5 2
£ 2 10} £ 20 | 200l T | 300, KT 1 4 pam
S g S H e 200H .t 1 — Bestfit
= = <] s H it ¢ Non-D; background(BG)
’ : - 1 100p2®" . Di—>Xe'v, BG
0 | 0 i Sk B g D—)K *VBG
0.0 0.5 1.0 0.0 0.5 1.0 05 I 15 0 sy e

MM? (GeV¥ ¢4

tot D—>‘c(—>+vV) signal
E . (GeV) - Signal + all BGs

> 6.32 fb~! data @4.18-4.23 GeV = Ny, = 1745+ 84 > 6.32 fb~'data@4.18 —4.23 GeV = Ny;, = 4940 + 97
> B(DF - 1t v,)=(529+ 025+ 0.20)x1073 (~6%) » B(DF »1tv,) = (527 +0.10 + 0.12)% (~3%)
» [p+|Veql = (244.8 £ 5.8 + 4.8) MeV (~3%) > fprlVes| = (244.1 £ 2.3 + 2.9) MeV (~1.5%)

> iRT/M = 9.89+ 0.71 vs SM:9.75 + 0.01 > RT/[.L = 9.72+ 0.37 vs SM:9.75 + 0.01
Shulei Zhang (Hunan University) CHARM2023 16
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o gt cthod”

— total

— - signal

- - background

Events / 0.02

IIIIIIIIIIIl

Events / (100 MeV)

_aber
¢ ___

¢+u;+u+¢+;+,,+++ N I++I ot
R R

06 04 02 0 '0.2‘
BDT score

Pull
NDON O
ll]ll.._]ll TT

]
Eia 1 (GeV)

> Data: 7.33 fb~1@4.13-4.23 GeV = Ny, = 2172 + 64 ) Data: 7.33 fb™! @4.18 — 4.23 GeV > N;, = 2371 + 74
> B(DF > ttv,)=(534+0.16 + 0.10)% (~3.5%)  » B(DF - 1+ v,) = (541 +0.17 + 0.13)% (~4%)
> foelVogl = (246.2 + 3.7 + 2.5) MeV (~1.8%) > forlVis|l = (247.6 + 3.9 £ 3.2) MeV (~2%)

> Rejy = 9.83£ 043 vs SM:9.75 £ 0.01 > Ry, = 9.79+0.33 vs SM: 9.75 + 0.01
Shulei Zhang (Hunan University) CHARM2023 17
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Motivated by theoretical prediction:
I_a /;X/l/ _2 '20_4 _7 2_7_5 9_ (_Su_bin I_ttgd_tg E FiLl EPJC 82,1037 (2022); PRL 112, 212002 (2022)

> 7.33 fb~! data @ 4.128-4.226 GeV

» First measurement of BF and f,++

B(D;* - e*v) = (213535, . £0.25,5)x1073 (2.90)

for+ = (213.61558 . £ 43.95y5t) MeV

» Combine é%: = 1.12 + 0.01 from LQCD calculation:
5

> mez = (12197836 + 11.8) eV agree with LQCD prediction (70 + 28) eV
--> Indlrectly constrains the upper limit on Flggfal from MeV to KeV level.

D** WIDTH < 1.9 MeV CL=90.0% ~

VALUE (MeV) Cl% DOCUMENT ID TECN COMMENT

<1.9 90 GRONBERG 1995 CLE2 ete”

<45 90 ALBRECHT 1988 ARG Eg =10.2 GeV

® ¢ We do not use the following data for averages, fits, limits, etc. ® ©
<49 90 BROWN 1994 CLE2 ete”
<22 90 BLAYLOCK 1987  MRK3 et e — Df'y X
Shulei Zhang (Hunan University) CHARM2023

Events / (0.05 GeV?/¢#)

e et Lol MR oS S
-0.2 0 0.2 0.4
M2, (GeV?/cY)
xQCD 274 +7 -
ETM 268.8 + 6.6 o
UKQCD 254 +17 —a—
LPTHE 3119 o
LPTHE 272 +16%; —a—
HPQCD 274 +6 -
This work  213.63;;; +43.9, ¢ -
1 | 1 1 1 L | 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I
50 100 150 200 250 300 350
f D (MeV)
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F(D(s) - P(S)f-l_vf)/dqz X |Vcd(s)|2|f+(q2)|2

» Use least x> method to fit the measured partial decay width in different q2 bin
> Taking the correlations among g2 bins into account

» FF parameterized in different form

: — Single pole form — Modified pole model I
40 Q) I

I i (q ) fi(d) = :
I ' - q*IM;,, 11— J(1-g-2 |
Mz, Mz I
: —ISGW2 model — Series expansion mlodel |

-2

| 2 £ = ag(t)(1 + Z r(to) |2(t.2) | )1
| £(4%) = £ (a20) (1 + E(%x _ qz)) PH®(t, 1)) l ] :
I

Shulei Zhang (Hunan University) CHARM2023 20



A+ % The differential decay rate of D — P(S)fv,
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» Point-like differential decay rate:

dT(D(s)>Pttvy)  GEIVcacs)l?

qu = 24173 p?0|f+(q2)|2

» Double differential decay rate (Resonance’s width is considered):

(N. N. Achasov et al., PRD102,016022(2020); W. Wang, PLB759,501(2016) )

dZI‘(D(S)—>S£ Vg) Gplvcd(s)| AB/Z(mD S, q2)|f+(q2)| P(S)

dsd "~ 19274m3
7 Ds)
( 9d1Prn
mZ2—5—i(g1Pnnt+91PkK)?’ Flatte for aq(980)/f,(980)
P(s) = 1 g, I(S)
L (S—mjzc )2+m12r rZ(s)’ RBW for fj (500)
0 0

Shulei Zhang (Hunan University)
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| (a) = _
4000 - v L Woted o e 3
g | imee o 15]
2000 |- IRt 1 % 101
= *% 05 . s 2 w L
3 or o (GeVa/c?) . g
= a0 @ B Uniss (G£V§ >
166 = ; i jg ’ : 2 series (3 par.) ‘;_E; 200 T eries (3 par)
%22 0.1 o o1 oz %o 4 2 3 08
mlss (GeV) & (GeVZ/c?) . ]
’ °? qZ(Ge1v2/c“) b ’ a2 (GeV?/c) ’
> 2.93 fb~'data@ 3.773 GeV >Ny () = 70727(6297) + 278(87) » 2.93 fb~'data@ 3.773 GeV-> Ny = 26008(3402) + 168(70)
> B(D° —» K~e*v,) = (3.505 + 0.014 + 0.033)% (~1.0%) > B(D* - K%*v,) = (8.60 + 0.06 + 0.15)% (~1.9%)
> B(D° - - e*v,) = (0.295 + 0.004 + 0.003)% (~1.7%) > B(D* - n*v,) = (3.63 + 0.08 + 0.05)x 1073 (~2.6%)
> FK(0)|V.s] = 0.7172 + 0.0025 + 0.0035 (~0.6%) > FK(0)|V.] = 0.7053 + 0.0040 + 0.0112 (~1.7%)
> f7(0)|V.4| = 0.1435 + 0.0018 + 0.0009 (~1.2%) > f7(0)|V.4] = 0.1400 + 0.0026 + 0.0007 (~1.7%)
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ES D— P{"v,: D—> K (m)u*v,

HUNAN UNIVERSITY

_______________ r —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_—
:-Phys. Rev. Lett. 121, 171803 (2018)! | Phys. Rev. Lett. 122, 011804 (2019)!
fé 600 — D' 1't'|.l+Vu I D' n"u“lvu_: :’3 ] P°—> L i D'— '
Z { - gﬁgil 13 49 AT/AG? (i=p) —— i
© 400 - — .- BKGII ] % 1 S i
i [ : T 21 J R KO
% 200=:— ] - E K %: i
5 [ . ) Nt h 1.5 - I
0 0.0 0.2 0.4 0.0 0.2 0.4 > o, / [ ]
My (GeVe) Mpis (GeV7/ct) I He T 0.5 1 15 0 0.5 1 15
s g2 (GeVZc?) g2 (GeVZc?)
qA(GeVZc? qA(GeVZc? «10°

L (d) K, DO > K nt no-f

w

> 2.93 fb~1data@ 3.773 GeV

Events / (3.5 MeV)
N

—r

> N0y = 2265(1335) % 63(42)

> 293 fb~1data@ 3.773 GeV : e s
> B(D° ~“utv,) =(0.272 + 0.008 + 0.006)% (~2.9% B :

> B(D* - 7°%*v,) = (0.350 + 0.011 + 0.010)% (~4.2%
(D7 = mpv,) = (0350 % £0.010)% (~4.2%) 5 po K=ptv,) = (3.413 4 0.019 + 0.035)% (~1.2%)

> FK(0)|V.s] = 0.7133 + 0.0038 + 0.0029 (~0.6%)

> Ryje = 0.964 1 0.037 £ 0.026 vs SM: 0.985 + 0.002 > Ryje = 0.974 £ 0.007 + 0.012 vs SM: 0.975 + 0.001
Shulei Zhang (Hunan University) CHARM2023 23

» R e =0.922 +0.030 + 0.022 vs SM: 0.985 + 0.002



S D Pttv,: D K(m)¢*v,

HUNAN UNIVERSITY

IIIIlllllllllllllllllllllll||I Illllllllllllll|||||||||l|||
2010 (2.4%
ETM PRD96,054514 0.765:0.031 ( ) T — W—
4 >4%
HPQCD PRD104,034505 0.7380:0.0044 o
2021 (0.6%)| upacp prDs4,114505 0.666:0.02:0.021
Belle PRL97,061804, D° KTy 0.695:0.007+0.022 il
7.061804, D’ STy .624:0. X
BaBar PRD76,052005, D° sKe'v  0.727+0.007+0.009 o B G i ai s T B
CLEO PRDS80,032005, D>Rey  0.739:0.007+0.005 BaBar PRD76,052005, D’—re'v  0.61:0.02+0.005
+ 0+,
BESIl PRD92,112008, D' >K’e'v  0.748:0.007:0.012 PRl T T T ———
BESIII PRD96,012002, D°»Kle'v  0.7246:0.0041:0.0115
BESII PRD96,012002, D*—=nl*v 0.6216:0.0115=0.0035
BESII PRL122,011804, D° 5K u*y  0.7327+0.0039:0.0030
BESII PRD92,072012, Do ety 0.6372+0.0080+:0.0044 Y
BESIII PRD92,072012, D°K'e'v  0.7368+0.0026+0.0036 0.7% B 1.4%
Al ey 0.5% Y p'_yre* <1%
BESIII Expected (20fb™), D" —>K'e*v 0.7368+0.0009+0.0036 <U.07% BESIII  Expected (20fb™), D' —»x'e*v 0.6372:0.0031:0.0044 ()
IIIIIIIIIIIIIllIlIIlIlIIIIIIII ] I I I I
| I I | | I | | D I | | I | | I I | | I |
02 03 04 05 06 07 08 01 02 03 04 05 06 07
+ f, 7 (0)

Experimental precision is comparable to
the latest LQCD result

Shulei Zhang (Hunan University) CHARM2023 24



/’]‘J*\? D-Setv,:D - ay(980)e* v,

HUNAN UNIVERSITY

'Phys Rev. Lett. 121, 081802 (2018) | 10

> 2.93 fb~1 data @ 3.773 GeV "’;J
[}
0 S H
» Njj, = 25.7%%7 S of
<20
c
> N =10.2459 g

» BFs help to understand the nature of the ay(980)

M, (GeV/c?) U(GeV)
Decay BF (x10~%) Significance
D® — ag(980) " eTve,a0(980)" — pw~  1.337 755 £0.09 6.40
+0.81
D90 gm0y ot 2.90

< 3.0 (90% C.L.)

Shulei Zhang (Hunan University) CHARM2023 25



./’Mk? D} - Se*v,: D} —>f0 etv,, fo ~ m’n® /KK

HUNAN UNIVERSITY

> 6.32fb~1 data @ 4.178 - 4.226 GeV

f0(980) _
> st?g = 54.8 + 10.1 (7.8 o significance)

> First BFs Measurement:
B(DS - £5(980)e™ v, f6(980) — m°r?)
=(794+14+04)x107*

» No significant signal and upper limit on BF @90% C.L. :

B(DF - fo(SOO)e+ Ve, [0(500) - %) < 7.3 x107*
B(Dg - KdKJe*v,) < 3.8 x107*

» BFs help to understand the nature of the f;(500) and
f0(980) , and test different theoretical calculations.

Shulei Zhang (Hunan University) CHARM2023

"2 [t Data .
S 50l — Total fit (a) ]
(3 ------ Signal 3 1
oy | —-Background [

S5 | .

S0

z [

=]

o

> t . :

U-] G S ) N T ...

-0.1 0 0.1
MM?*(GeV?/e*)

L@ ’ ]
Y

% 40F ¢ Data
= | —-ce*v,MC 1
8 | — Background MC ]
~20f | i
E [ -
5 [ .
7 * [ B
Sl s A,

MM? (GeV?/c*)
1+ 2 i
(c)
dé — Nominal
= — Upper limit

10
B(D+—>oe+v o—-n'n’) (x 10

Events / (0.04 GeV/c?)

Events / (20 MeV/c?)

" M.(GeVied)

- (b)

[t Data

- —- K9KSe*v, MC
- — Background MC -

[
|
|
- -

= 1 HIELT Y T "

0.1

0 0.1
MM? (GeV?/c?)

(d |
— Nominal

— Upper limit

0o s 10
B(D!—KKJev,) (x 107
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/’Mk? D - Se*v,:D? —>f0(980)e V., f0(980) > m ™

HUNAN UNIVERSITY

> 7.33 fb™! data @ 4.128-4.226 GeV = Ny, = 439 + 33 T . p
> — Total fi
> B(D - f,(980)e* v,, £5,(980) - m*m~) = (1.72 +£0.13 +0.10)x1073 3 . pal
- 55 is dominant based on |f;,(980)) = sin ¢| \/—%(uﬁ + dcf)) + cos ¢ |sS) % :
= 20
» First form factor measurement with simple pole form and Flatte formula: 2
I‘ _____________________ 8 ki
d?T(DF —>fo(980)¢tvp)  GElVesI? .3 /2 fo | '
| dsdq? T 192mtm?3 A ( Mpgr S 4 ) |f+ (O)| P(s)
| P DY | 10r @ 0.8 =
0 : a i
I fo 2N f+ ( ) P — 91Prm I 8- ~ Data 0.7F
f°(q%) = 1-q2/Mpo1, () Im§—s-i(g1Prn+91PKK)|? | _FDitt

Jo(0)|V5] = 0.504 + 0.017 + 0.035
|[V.s]| =0.97349 + 0.00016 from SM global fit (PDG2022)
> £/°(0) = 0.518 + 0.018 + 0.036

N
T
N
o~
T

dI'/dg’® (ns''/GeV?/c*)
N N\
I |
fo
FA4)
o 9

oA ST S —

L 2
0.5 1 03 0.5 1
q* (GeV?/c*) ¢* (GeV¥c*)

Shulei Zhang (Hunan University) CHARM2023 27



A+ Partial wave analysis (PWA) — Helicity amplitude form

HUNAN UNIVERSITY

2
I'(Dgsy = V(S)€tug) o |Vea(s)| T(A1(q2), A2(q%), V(g?), ... )dm*dq*dcos(B),)dcos(8,)dy

1% K, ¢ | !Formula: Phys. Rev. 137, B438 (1965) !

» Decay intensity T include S, P D wave components
» Un-binned Maximum likelihood (Based on RooFit)

» FF parameterization (single pole)

' :(0) Vo) !
| l( 2) — : 2 2 V(qz) — 2 2 I
! 1—q°/Mj 1—q°/My)
I 7 (0) A3 (0) I
e 2T a0

Shulei Zhang (Hunan University) CHARM2023 28



A+ Partial wave analysis — Maximum likelihood fit

HUNAN UNIVERSITY

» Negative likelihood log (NLL) minimizing :
N
w(é&;,
NIT = — zln ($i M)
— Os

w(&;,7n): decay intensity, g: integral normalized factor is realized by MC sample:

Ngelected
WSk, M)

Nselected e w(&k, M)

. jdfw(ém) €(E) o

» Low background: subtracted directly in NLL:
NLL = (—InLggeq) — (—InLpgg)

» High background: N w(€, ) B (5.)
- I (1- il :
2 “( ) Tagwne) T Taes. (5,))

Shulei Zhang (Hunan University) CHARM2023 29




/’Mk? D> Vetv,:D" - K*¥%tv,

HUNAN UNIVERSITY

Phys. Rov. D 94, 032001(2016) , SR B
) 3000} @ ZZIJZ!SZZ,LZ'LZ—;

> 2.93 fb~! data @ 3.773 GeV Z ool

6 08 1 12 14 16 06 08 1 12 14 16
my,(GeV/c?) my,(GeV/c?)

Events / 0.02 GeV/c?
=

> Ngig = 18262 (Bkg: 0.8%)
> B(D* - K~ mwte*v,) = (3.77 + 0.03 + 0.08)%

fo—wave = (6.05 £ 0.22 + 0.18)%

Events / 0.04

» Form factor measurement by PWA

Events / 0.024 GeV?/c*

0 02 04 06 08 1 12

ry =V(0)/A1(0) =1.411+ 0.058 + 0.007, RN
r, = A,(0)/A1(0) = 0.788 + 0.042 + 0.008 T

Input Gr, Tp+, |Ves| =
A;(0) =0.589 £ 0.010 + 0.012 (zero width)

A{(0) =0.619 + 0.011 £+ 0.013 (consider width)
Shulei Zhang (Hunan University) CHARM2023 30
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a) il A k¥ D - Vetv,:D° - K* e'v,

HUNAN UNIVERSITY

__________________ <1000 | =data (a) ‘S 10°
(Prys_Rev. D99, 01110032019, ¥ |,
%500- §, 104
» 2.93 fb~! data @ 3.773 GeV g g 1 /
107 2 “ -
> Ngig = 3112 + 64 (Bkg: 0.6%) O e e @V
> B(D? - KOte*v,)= (1.434 + 0.029 + 0.032)% & 2°f
S 150 | ~ 200}
fs—wave = (5.51 +£0.97 + 0.62)% ng ool 5 .
= 5 100 -4
> First FF measurement by PWA: 5 %f ,
ry = 1.46 £ 0.07 + 0.02 02 0.4 06 08 1
g2 (GeV-/c*)
r, = 0.67 + 0.06 + 0.01
_ 300 H 2 200
g 200 —I t S 10
g é 100 | |
“ 100 f T |

x (radians)

Shulei Zhang (Hunan University) CHARM2023 ’ 31



Ak D - V(S)e*v,: D}

HUNAN UNIVERSITY

r == . y -
arxiv: 2307.03024 (submitted to JHEP) R
. S . S S D D D D D S D e S D s e D s e . > L
6 | e Signal pr(_)cess
> 7.33 fb! data @ 4.128-4.226 GeV g o e
» Nsijg = 1725 + 68 for BF measurement ?; wol orer e
2 - o
B(D§ - ¢utv,) = (225 £ 0.09 + 0.07)x1072 ! i
™02 T 0 01 02
B(DS — ¢u*v,)/B(DS — ¢peTv,) = 0.94 4+ 0.08 - No LFU violation U,piss (GeV)

(]
)

B(DZ — f5(980)utv,) - B(f(980) » K*K™) < 5.45x10™*@90% C.L. ~2.20

-
wn
S

7]
=
L e e B LI s o B S

» First FF measurement based on single pole parameterization:

Events/ (0.001 GeV/c?)
g

» PWA is performed -> ¢ dominate

» 1 mass is considered in the formula 55 ST 0 :
cx (GeVic) 7% (GeV¥cY)

Table 5. Measured FF ratios and comparison with previous measurements. 00 200 2007 . ' w ]
Experiments TV ro
PDG [42] 1.80-£0.08 0.8440.11 . = = ]
This analysis  1.58+0.174£0.02  0.71=£0.14+0.02 & i ) S J_I_’_r‘—l_’_u_'_l_l_rH_Lk
BABAR [25] 1.807+0.04620.065 0.816-0.03620.030 2 3 2 i
FOCUS [58]  1.549:£0.250:£0.148 0.713+0.202+0.284 = f 1 = = b ]
Theory ry T ! ] ]
CCQM 5] 1.3440.27 0.99+0.20 V_l-—";s—“—&—-———o;————"l P e s
CQM [6] 1.72 0.73 cos6x s %

LFQM [7] 1.42 0.86 : | mlssl < 0.02 GeV :
Tl e Vos CHARM2023 : 939 signal events with (9.8+0.7)% Bkg i 32




c—>s:Di —>Vev,

Decay Mode Exp/Year/Yield BF/FF/Polarization BESIII Status
BESIII/2018/26 Y/N/N
D} - d(K*K )etv, CLEO/2015/207 Y/N/N Internal Review@4.13 ~
BABAR/2008/25k Y/Y/N 4.23GeV
CLEO-11/1994/308 N/Y/Y
BESIII/2018/22 Y/N/N nternal Review@4.13
- nternal keview . ~
DS = ¢(KTK )", FOCUS/2004/793 N/Y/N
4.23GeV
E687/1994/90 N/Y/Y
BESIII/2016/18k Y/Y/N
D* - K°(K~mt)e'tv, BABAR/2011/70k Y/Y/N v
CLEO/2010/5k Y/Y/N
D* - K*°(K~n*)ut*v, CLEO/2010/5k Y/Y/N In process
FOCUS/2002/15k N/Y/N
Dt- K*9(K°n%e*v, N N/N/N In process
D* - K*°(K°n®)utvy, N N/N/N In process
D° - K*~ (K n%e*v, CLEO/2005/94 Y/N/N In process
D° - K*~(K~n%)u*v, N N/N/N In process
D° > K= (K’ )e*v, BESINI/2019/3k Y/Y/N v
CLEO/2005/125 Y/N/N
ShuleiZhang | po - g*=(K°n™)utv, FOCUS/2005/175 Y/Y/N In process 33




4 )\ﬁ D - V(S)e*v, : DtO) o gt (0ot v,

HUNAN UNIVERSITY

| Phys. Rev. Lett. 122, 062001 (2019) | 1D mode: 1498 events (Bkg:~33.3%) !

——————————————————— I D+ mode 2017 events (Bkg ~23 8%) I missl < 0. 06 GeV
> 2.93 fb_l data @ 3.773 GeV ”g :’\3150- ]  300F d ' ('c) 1 300F T . '(d) 3 : .
Do 0 § 3100 §200 t = ﬁzoom §200-_’_|_L:—'—|L_4_|—,~‘—L*_
5 S s s s
» For BFs: Nslg = 1102 + 45 D % %’50_ 2100 t s gloo- __________ . 2100- _______
R - e -

=3
(=]
(=]
(=

D 0 015 I1 115 -1 —OI.S 6 0.5 1 -1 -0.5 0 0.5 1 —I2 0 l2
Ng; sig — = 1667 i 50 qA(GeVZch 080, cosh, X
g.é* ‘2200 T T T . T T ! 400F T y y : 3 400F b y " 7
» Simultaneous PWA fit: 3 S 1sof §3ZZ ® [a00f D 2300 e
D § 3100' %200 i %200- ol E/ZOOM
f o =(76.0+ 1.7+ 1.1)% S S .t 12 BT 12 | ]
g g ) . g e T e SRR TR T e ————_
fw = (128 +0.41 + 015)% > 50 035 m,t,n.(GeV/lcz) % Oé(GeV2/;4) 15 s co(s)(_)1t 05 1 T o3 co(s)ee s 1 T3 ;)C 2
ffos00) = (25.7 £ 1.6 £ 1.1)% > 100 (First observation)
Signal mode This analysis (x10~3
r, = V(0)/4,(0) = 1.695 + 0.083 + 0.051 g ysis (x107)
D% - 2 %"y, 1.445 +0.058 £+ 0.039
r, = A,(0)/A;1(0) = 0.845 + 0.056 + 0.039 D% - p=ety, 1.445 +0.058 £+ 0.039
Dt - nrtety, 2.449 4 0.074 £ 0.073
__ B(D*-£(500)etve)+B(DT-15(980)etv,) Dt = plety, 1.860 + 0.070 £ 0.061
> R= B(D+—>;0(980)e+ve) = > 2.7@90%CL Diowelly o e e e e e e - 2.05.—!:.0.66.—&.0.3.0_|
ID* — f((500)e*v,, fo(500) - z*x~ 0.630 £0.043 +£0.032 |
» Favor tetraquark (R = 3, PRD82,034016(2010)) for f, and a, ID+ — £6(980)et,, £0(980) - nta~ <0.028 :

Shulei Zhang (Hunan University) CHARM2023 34



HUNAN UNIVERSITY

ES D - Vetv,:D° - p utv,

| Phys. Rev. D 104, L091103 (2021) 1 B
————————————————— | — Total fi

v b — sk ‘

> 2.93 fb~! data @ 3.773 GeV = Ny, = 570 + 40 3 80F . maca cuxe
[ Simulated CBKG

> B(DY - p~uv,)=(1.35%0.09 £ 0.09)x1073 % a0l

s D o 0
Agree with some theoretical calculations. s
(LFQM, CCQM, and LCSR methods). E
» Rye =0.90 £ 0.11 vs SM: 0.93-0.96 --> No LFUV

X

Y. L. Wu, M. Zhong, and Y. B. Zuo, Int. J. Mod. Phys. A 21, 6125 (2006)
T. Sekihara and E. Oset, Phys. Rev. D92, 054038 (2015) M2 . (GCVZ/C4)

N. R. Soni, M. A. lvanov, J. G. Korner, J. N. Pandya, P. Santorelli, and C. T.
Tran, Phys. Rev. D98, 114031 (2018)

M. A. Ivanov, J. G. Kérner, J. N. Pandya, P. Santorelli, N. R. Soni, and C. T.
Tran, Front. Phys.14, 64401 (2019)

H. Y. Cheng and X. W. Kang, Eur. Phys. J. C77, 587(2017);77, 863(E) (2017)
R. N. Faustov, V. O. Galkin, and X. W. Kang, Phys. Rev. D101, 013004 (2020)

Shulei Zhang (Hunan University) CHARM2023 35



m”ﬂk? D—>Ve+ve: D+—>we+ve

HUNAN UNIVERSITY

:Zg? (b) 120 (c)
> 140F E

& 120F i 100F

n E N E +

= 100F S 80f
S 8oF 2 6ok

5 E c 60F
2 oo Euwb T T
2 a0F + F

20F 20¢
05 05 06 06 07 0053 0 0% 08 T Tz T4 0T %5 0 05 1

m2(GeV?/c*) (GeV3/c?) cosf,

140F

+ (e)

8120:_
£ 100E
& sof

(<) E

@ 60F +

§ 4ok

@ f
20F
CL 1 1 1 A | 1 1

0-3 -2 -1 0 1 2 3

X

> 2.93 fb~! data @ 3.773 GeV > Ny, = 491 + 32
> B(D* > wetv,) = (1.634 0.11 + 0.08)%

» First FF measurement :
ry = 1.24 + 0.09 £+ 0.06,
r, = 1.06 + 0.15 £ 0.05

40p 4 Data
- —— Total fit
N - - - Peaking BKG
% 30 — Fitted CBKG
s B [ Simulated CBKG
Q 20F
7] L
L
g "
10
> L
i TR
§ = w | ¥
Sp——— — ——
S | ] Y S S . BN SN R Y ORI N W B N Pt
= 0.1 0 0.1
mlss (GeV)

> 2.93 fb~! data @ 3.773 GeV
> Nyig = 194 + 20
> B(D* - wptvy)=(17.7 £ 1.8 £ 1.1)x107*

> Rye =1.05+ 0.14 vs SM: 0.93-0.99 --> No LFUV

Shulei Zhang (Hunan University) CHARM2023 36



.m, HUNA\ UNIVERSITY

> 3.19 fb~! data@4.18 GeV
» Nsig(Ds = K*%e*v,) = 155.0 + 17.2
> B(DS - K*¥etv,)=(2.37 £ 0.26 +£ 0.20)x1073
» First FF measurement by PWA
ry =167 +0.34 £ 0.16, , = 0.77 £ 0.28 + 0.07
» Agree with LQCD and U-spin (d & s) symmetry:
FF is insensitive to spectator quark

Use BESIII and CLEO measurement

Values
FPEK 0y /P77 (0) | 1.16 +0.14 4+ 0.02
p s K °/r5“f’ 1.13 4+ 0.26 £ 0.11
pDF K0y Dt 0.93 4 0.36 + 0.10

Shulei Zhang (Hunan University) CHARM2023

Events/0.2 Events/0.01 GeV/c?

Events/0.2n

.°

85 0.95
M+, (GeV/cz)

10F
///// //////%

X (radlans)

Events/0.12 GeV?/c*

Events/0.2

N WA
o o o
UL
—~~
Q
N

02 01 0 01 02
MM? (GeV?/c*)
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cod:Dg > Vev,

Decay Mode Exp/Year/Yield BF/FF/Polarization BESIII Status
D - K*9(K*tm)etv, CLE0/2015/32 Y/N/N In process@4.13 ~ 4.23GeV
BESI11/2019/155 Y/Y/N
Df - K*(K*n )uty, N N In process@4.13 ~ 4.23GeV
Dt - p°(mr~mt)etv, CLE0/2013/447 Y/Y/N
BESIIN/2019/1.7k Y/Y/N V4
D* = p°(m~nH)utv, FOCUS/2006/320 Y/N/N In process
Dt - w(r~ntn®etv, BESIII/2016/491 Y/Y/N v
D* - w(n~n*n)uty, BESIII/2020/194 Y/N/N v
D° - p~(m e, CLEO/2013/305 Y/Y/N
BESIII/2019/1.1k Y/Y/N V4
D° - p~(r~m%)utv, BESIII/2021/570 Y/N/N v
TS p(KTK)etv, BESIII/2016/- Y/N/N In process
T > p(KTK )y, N N In process

Shulei Zhang (Hunan University) CHARM2023 38



/’]ﬂl k¥ D - A£+v£ : DT > K,(1270)%"v,

HUNAN UNIVERSITY

> 2.93 fb~! data @ 3.773 GeV : "
1.6_' () "\: "
> Ngi, = 119.7 +13.3 P 3
’ 37 POt - P
> Benefit the study of the photon € . . | E
.': 12 3 . ‘ . . S
polarizationin B —» Ky = . g 5
LOF . . =0 TS v ey ¥ Y up—
-0.10 .-0.105 0.(I)0 0.&)5. 0.10 . . 14 1.6
U, (GeV) Mg 10 (GeV/c?)
B(Dt — K1(1270)%*v,)
This work (2.30 4+ 0.26 £ 0.18 + 0.25) x 103
CLFQMI[EPJC77,863(2017)](0k, = 33°) (3.20 4 0.40) x 1073
LCSR[JPG46,105006(2019)](fx, < 0) (17 ~21) x 1073

Ok, is the mixing angle of two states K;4(*P1) and K(°P,)

39
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) /il L5 D - A€+v{) . D® 5 K,(1270)"e*v,

HUNAN UNIVERSITY

> 2.93 fb~1 data @ 3.773 GeV = Ngig = 109.0 £ 12.5

> B(D° - K;(1270)"e*v,) = (1.09 £ 0.13%392 + 0.12)x1073

» Benefit the study of the photon polarizationin B = Ky

» F; =0.50+0.17+ 0.08 agree with LCSR []. Phys. G 46, 105006 (2019)]

s | & (c)
T | >
2 40 <
o | J
<IN a |
10 005 000 005 010 e 12 14 16

M2, (GeV?/cH) Mg ... (GeV/c?)
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8) (il A 4 T D - A¢*v, : D' > b, (1235)" @Detv,

HUNAN UNIVERSITY

> 2.93 fb~! data @ 3.773 GeV
» First search and upper limit measurement on BF:
B(D° - b;(1235) " etv,, b;(1235) > wr™) < 1.12x10™*@90%C.L.

B(D* - by(1235)%*v,, b1(1235)°- wr®) < 1.75x10*@90%C.L.
=> Be comparable with the theoretical prediction [H. Y. Cheng and X. W. Kang, Eur. Phys. J. C 77,

587(2017) 5 ar
: 0 i +
s D | D
> S F
S 3p I
= f S 2
3 o
g N g 1F
m 1'-— e = 76 m -
x gl -
0'======1z:.£r_’/_|_._.;1;1._._._.|_._ () 0 e | O S S W
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/’]ﬂk? A7 - B£+v£ : AL > Ae”
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30+ (b) 300F —+ data
> | R _
o % — total fit T S
CO.J o cae AG A;,L+V” .y s
— 20r = 200f -e A Antn0 . ‘
O. Q === other bkgs 0.5 1
< é . ¢* (GeV?/c%)
0
E 10 — g 100 B 15}
() M _ R
= i ] : 1% :
L 1 22T, o co+
02 -0.1 0 0.1 0.2 -0.2 -0.1 0 01 02 0.5 | | | |
UmiSS (GeV) mlss (GeV) 0 0.5 1 0'40 0.5 1

¢* (GeV?/c*) g* (GeV?/c%)

> 567 pb~! data @ 4.600 GeV = Ny, = 103.5 + 10.9 > 4.5 fb~" data @ 4.600-4.699 GeV > Ny;; = 1253 + 39

» First absolute BF measurement: » Updated BF and first FF measurement:
> B(Af - Aetv,) =(3.63+0.38+0.20)% (~12%) » B(Af - Ae*v,) =(3.56+0.11 £ 0.07)% (~4%)
> Vo] =0.936 + 0.0175 + 0.0241qcp £ 0.024;,

Agree with |V.5| = 0.939/0.972 + 0.038/0.007 (PDG2020/2022)
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w) /A A T Af > B£+v{) : AT > Ayt
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> 30 —+ data
(D] . .
b > | total fit
O (b) % 200 e At A
S 20+ — - .= non-res bkgs
o S
E % =
= £ 100
S 1f S
84 >
| AN B
'l' ; .(.1{ """""" :’I T I ]"'Flll | l"F] " _n:.-?-.'. N
-0.2 -0.1 0 0.1 0.2 02 _01 0 0.1 02 0 02 .
Umiss (GGV) ( GCV) 2 (GeV?)

IIllSS

> 567 pb~! data @ 4.600 GeV = Ngig =7711+114 > 45 fb~! data @ 4.600-4.699 GeV = Ny =752 +£ 31

» First absolute BF measurement: » Updated BF and first FF measurement:
B(AF » Ap™v,) = (3.49 £ 0.46 £ 0.27)% (~15%) B(AF » Aptv,) = (3.48£0.14 £ 0.10)% (~5%)
» Ryu/e =096+ 0.16 £ 0.04 > |Ves| =0.937 £ 0.0145 + 0.024gcp * 0.007,,

» R,/ =0.98 £ 0.05+0.03 vs SM: 0.97 --> No LFUV
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-5 i - l
| Phys. Rev. D. 106, 112070 (2022)
20} +data .
> 4.5 fb~1 data @ 4.600-4.699 GeV = Ny;;, = 33.5 1 6.3 | e e,

> New observed mode clearly confirms that SL A} decays

[~ = other bkgs

Events/0.01 GeV

are not saturated by A£%v,

B(AF - pK~etv,) = (0.88 + 0.17+ 0.07)x1073 (8.2 ¢ )

» To understand the nature of excited A"
B(AF - A(1520)[- pK~]letv,) = (0.23 £ 0.12+ 0.02)x1073 (3.3 ¢ )
B(A} - A(1405)[- pK~letv,) = (0.42 £ 0.19+ 0.04)x1073 (3.2 ¢ )

TABLE I. Comparison of B(A — A(1520)/A(1405)e*v,) [in x1073] between theoretical calculations and this measurement. The
BF of A(1405) — pK~ is unknown [2].

B(A} - A(1520)et,) B(Af —» A(1405)ety,)

Constituent quark model [8] 1.01 3.04
Molecular state [9] e 0.02
Nonrelativistic quark model [10] 0.60 2.43
Lattice QCD [12,13] 0.512 +0.082 e
Measurement 1.02 £0.52 +£0.11 W
Shulei Zhang (Hunan University) CHARM2023
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8) il 41T Af 5> Bttv, : AT > Xetv,
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> 567 pb~1 data @ 4.600 GeV = Nyp = 228.0 + 15.1 > 4.5 fb~! data @ 4.600-4.699 GeV = N, = 3706 + 71
» B(Af - Xe*v,) =(3.95+0.34 £ 0.09)% (~9%) » B(Af - Xetv,) =(4.06+0.10 + 0.09)% (~3%)
> T(Af - Xe™v,)/T(D - Xetv,) =126+ 0.12 - Unknown decays: ~0.5%

TABLE V. Comparison of the branching fraction (in 1072) and + + — + _
ratio of the semileptonic decay width between experimental > F(A — Xe Ve)/ F(D — Xe Ve) =1.28 & 0.05

measurements and theoretical predictions. i i
—TrE— | Phys. Lett. B 843, 137993 (2023) |
FoXetv,)/ 0 Ol e e e e e e em e em m omm omm e
+ . Xet (D — Xet
E:JS;IIItI 12095 ixgs? F(1D26 iX; 1’:)] > B(AF — An*m~etv,) <3.9x107* @90%C.L.
MARK 1II [11] 45+1.7 1.44 +0.54 - -
Effective-quark method [8,9] 1.67 > B(Af = pKdn~etv,) <3.3x107* @90%C.L.

Heavy-quark expansion [10] 1.2 CHARM2023 45




RS Summary and prospect
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Summary:
In this report, many (semi-)leptonic D decays are presented. Thanks to the largest

data samples produced at at DD/D D:/A¥ AZ threshold, in a very clean environment,

BESIII has a leading role as follow:

» Precise measurement of fD(S) and FFs in SL D decay and CKM elements = 1% level
» No evidence of LFU violation found in charm sector = 1.5% precision level
» Many first observation channels, especially 4 modes

» Amplitude analysis = provide necessary information for dynamic study

» Study the nature of light hadrons in semi-leptonic decay (a,, fy, K;)

2021/10/23 SLDdecay@BESlIII 46
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&4

Prospect:

» BESIIl has 8 fb! @3.773 GeV now.
» BESIII will have 20 fb! @3.773 GeV
in total in the coming 2024

» More results are on the way!

e ——— -

'BESIII go after Best!*

ﬁW/

Shulei Zhang (Hunan University)

Summary and prospect

BESIII BESIII Belle Belle 11
Luminosity 2.9 tb~1@3.773 GeV 20 fb~1@3.773 GeV 0.28 ab~1 50 ab~ 1
DY — K_€+I/e 0-4%stat. 0-5%syst. 0-2%stat.0-4%syst. 1.0%5';&1;_ 3.2%:},51;. O-l%stat.l-e’%:yst.
D% — K_p,+l/l,, 0-5%stat. 0.4%syst. 0-2%stat.0-4%syst.
DY — 7T_6+Ve 1-3%stat. 0.7%syst. 0-5%stat.0-4%stat. 3-2%stat. 4-8%;yst. 0'2%Stat.2'4%:yst.

O —
D° — nputy,

NA

O.S%Stat,O-S%syst.

DO — K*_6+Ve

TV 5-0%Stat.2-0%syst- 2-0%stat.2-0%syst. - -
TA 10-%stat.2-0%syst. 4-0%stat.2-0%syst. - _
D° — ag (980)eT v, NA 10.%stat.5.0%osyst. - -
D® — K[ (1270)etv, NA 10.%stas.5-0 Zosyst. = -

Dt — K0€+Ve

O.G%Stat, 1-7%syst.

0.2%stat. 1.0%syst.

Dt — KE€+V6

0.9%51;3,1;, 1-6%syst.

0-4%sta,t. 1-0%syst.

Dt —» Kutu,

NA

0.3%31;3,1;, 1-0%syst.

Dt - K*%ety,
A1(0)

Ty

TA

1.7%sta,t. 2-0%syst.
4.0%31;3,1;_ 0.5%syst.
5-0%stat. 1-0%syst.

0-7%sta,t. 1-0%syst.
1.6%sta,t.0-5%syst.
2-0%stat. 1-0%syst.

Dt — 7Vety,

1.9%51;3,1;_ 0.5%syst.

0. 7%sta‘t. 0.5%syst.

DY - n0uty, NA 1.0%stat.1-0%syst. - -
D+ — ’r)e+lle 4-5%stat_2-0%syst_ 2-0%stat.2-0%syst. B —
Dt — 7]’6+l/e NA 10-%stat.5-0%syst. — —

DT — wety,

Ty 7.2%stat. 4-8Tosyst. 3.0%stat.2-0%osyst. B a
A 14%stat. 5-0%syst. 3-0%stat.2-0%syst. — —
D+ — 018(980)e+ue NA 10-%stat.5-0%syst. — —
Dt K?(]_270)e+1/e NA 10-%stat.5-0%syst. _ _
DY) — p=Oety,

TV 5.0%stat.4.0%syst. 2.0%stat.2-0%0syst. - a
TA 8-0%stat.4~0%syst. 3-0%stat.2-0%syst. ~ -
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