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® The used dataset.
® Amplitude analysis.
® Recent results for D) hadronic decays
1. Amplitude analysis of D°/D* — Knnm.

2. Amplitude analysis of D} —» wt7%n and the first observation of

D} > a,(980)w

® Summary



Used Dataset

* 2.93fb'atEcm =3.773 GeV :
ten millions of DD pairs (totally 21 M D° and 16 M D ™).

* 3.19fb'at Ecm =4.178 GeV :
hundred thousands of D;D¢ pairs (totally 400K D).

Paired production allows two different ways:
* Single Tag (ST): reconstruct only one of the charmed meson.
* Double Tag (DT): reconstruct both of two charmed meson.

» provides access to absolute branching fractions (BFs).
» provides clean samples for amplitude analysis.
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Amplitude analysis

® Based on RooFit:

> Use RooFit framework to construct the PDF
» Use RooMinuit to perform the unbinned likelihood fit
> Use RooFitResult to deal with the fit results

Using GPU to accelerate the analysis:

C99 standard for programs in kernel

Connect the RooFit and GPU kernel with OpenCL and C++

YV V.V @

Much faster than CPU version. (One or two weeks— three hours for a fit to data
in Amplitude analysis of D® - K~n*ntn™)



PDF construction

Isobar model is used in amplitude analysis:
the total amplitude M(pj) is the coherent sum of the sub-amplitudes An(pj),

M(pj) = z pnei('bnAn(pj)

Topology A Topology B P;
P1 Pl
P2 P2
D P,
P;
P, — Ps
\ Y J P,  Three-body hadronic decays

Four-body hadronic decays
An(pj) = PHm)PE(my) S, (p;)EL (p))F2 () EP () An(pj) = Pa(mp)Sn(pj)E (p)FY ()

* P,(mg): Propagator of intermediate resonance.
Sn(pj): Angular terms, constructed with covariant tensor formalism (Zemach tensor).

. Fn(pj): Blatte-Weisskopf barriers 5



Propagator of intermediate resonance

* For the resonance p, the GS formula (PRL 21, 244) is considered. In the decay of
Dt - Kdntm*tn, the obviously p — w interference effect should be considered.
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Propagator of intermediate resonance

For resonance g (fy(500)), the Bugg formula For resonance a,(980) and f;,(980), the
is used (PLB 572, 1): flatte formula is used,

1
P 1) = :

1
T m3-m?—i(3;g%p))

where, ['y,;(m) is decomposed into two parts: _
Here, only two channels coupling (mn, KK

Tyon(m) = 01 Prxlm) p4.,T(m) | for ao(980) and mm, KK for f5(980)) is
prr(mo) pPar(mo) considered.
and The parameters for ay,(980) are fixed to Ref.
2 _ 5 PRD 95, 032002.
g1 = (by + bym?) o —T5/2 (o —?) o
mp — m /2 The parameters for f;,(980) are fixed to Ref.
16mz 2.8—m? PLB 607, 243.
Par = <1 - )/(1 +e 35 )

All the parameters are fixed to Ref .PLB 598, 149.

* The pyy (pj) above is the two-body phase space factor, 2q/m, q is the magnitude of the
daughter momentum in the resonance rest frame.

* For other resonances, the RBW is used.



Propagator of intermediate resonance

The (KT)s_, qve Parameterization:

The LASS model used in the analysis of D? —
KJm*m~ of BABAR (PRD 78, 034023),

A(m) = Fsindpe'9F + Rsindpe'0ret29F,
N 1450) e

1,1 rq
5F:¢F+C0t 1(a_q+?,

MF(mKn))

Or = ¢ + tan™1 (
M? — m12<7t

)

The parameters are fixed to BABAR results.

M (GeV/c?) 1.463 £ 0.002
I'(GeV/c?) 0.233 £ 0.005

F

OF
R

OR

a
r

0.80 = 0.09
2.33 £0.13
1(fixed)
—5.31 =0.04
1.07 +£0.11
—1.8+£0.3




Angular terms

> The decaysof D° - K ntn*n~ and D° —» K n*n%%° allow the decay chains shown as

topologies A and B.

> The decay of Dt - Kdm*ntm™ only allows the decay chain of topology B since the

contributions from doubly Cabibbo suppressed decays are negligible with our data statistic.

Decay mode S(p)

D[S] = Vi Va, Vi = P P2, Vo — P3Py tOr(v)EP (Vo)

D[P] = V1Va, Vi = P1 Py, Vo = P3Py oD (D)TVY (D) EDX(V)iV7(V,)

D[D] = Vi Vs, Vi — Py Py, Vo — P3Py T (DY (V)Y (Va)

D — APy, A[S] = VPa, V — P3Py - TH(D)YPY (AFVY (V)

D — APy, A[D] = VP, V — P3Py TOe(DYED (AT (V)

D — APy, A — SP5, S — P3Py TOR DY (A)

D— VS, V- P; Py, S— P3Py TWH(D )t(“( V)

D — Vi Py, Vi — V3 Py, Vo — P3Py qw)\gp*vlqvlppiqvg

D = PPy, P — VPy, V= P3Py P (P2t (V)

D— TS, T— P1 Py, S— P3Py T@wr (D)2 (T)

Three body _
S,=1 (S wave), * The determination of T and t are the same with
5, = 7OK(D, )E{”(R) (P wave) ref. EPJA 16, 537.
* The amplitudes with angular momentum > 2 are

Sn = TP (D)iS)(R) (D wave),

not considered.




Likelihood construction

Independent with the
floated parameters

The signal PDF f(p;) is given by:
a6 LIGHIRCE T

flpj) =
( ]) E(p])lM(pJ)| depn (0))
where, e(p j) is the efficiency function; d¢,, (p;) is the n-body phase space. Then the

likelihood is:

InL =y wadetamp )y + 30 (—w ) ing (p)),

Signal part Background part

* Background sample can be simulated events or sideband events in data.

* The normalized integration is performed with MC integration method.
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Fit Fraction and the statistical uncertainty

The fit fraction is calculated with MC integration method:
N
e 1 An(py) |7

NMC |M(p]) |2

FF(n) =

* Ny is the number of MC sample events.
Ay (p;) is either the n™* amplitude (A, (p;) = pre’® A,(p;)) or the n™ subset
(component) of coherent sum of amplitudes (/Tn(pj) = an Pn, e”””lAnl(pj)).

To obtain the statistical uncertainty, the fit results are randomly modified according to
the covariance matrix of the fit result. Under the RooFit framework:

the function: randomizePars() returns the randomly shifted values.

shift S0
parameters :

40
Fit with a Gaussian :
30

20

Entries/0.0015

10
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Fit quality

Binned method:

* The global y? is calculated in a five-dimensional
(two-dimensional) phase space for four-body (three-

2 (vp=N5™)
body) decays: y“ = X, xp and xp, = T
p

60

¥ distribution

. Np and N;Xp is the number of data and simulated

events in pt" cell. .

e Cells with expected events less than 20 will be
merged with next cell until they satisfy the minimum
number of events criterion.

Unbinned method:

mean = 0.02+ 0.04
width = 1.06 = 0.03

|

| I I I I I I I I I I 1 1 1 1
DY s K mtntm~
(PRD95, 072010)

A mixed-sample method is used in D° — K~n*n%z" unbinned likelihood fit to
determine the fit quality (M. Williams, Journal of Instrumentation 5, P09004

(2010)).
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Recent results for Dy hadronic decays
Amplitude analysis of D°/D* — Knnm:

* These decays provide windows to investigate the decay modes D — V'V and D — AP (P:
pseudo-scalar, IV: vector, A: axial-vector), which are important in searching for CPV and
learning D°D%mixing.

* The amplitude analysis results can also be used in many other experimental measurements:

» Branching fraction measurement.

> Strong phase determination (Only for D°)
> y angle determination (Only for D°)

* There are seven decays of D°/D* — Knnm, previous amplitude analyses for D? —
K ntntn™, Kdntnn® and Dt - Kdntntn~, K ntn*n° have been performed by
Mark Il and E691. Both measurements are affected by low statistics.

* Theresultsof D° » K ntn*n~, K- ntn'n® and D* - Kdn*n*n~ are presented here.



Result of D — K~ w1~ (Proos, 072010)

Double tag: D° — K~ n*n*m~ vs D - K*™m™ are reconstructed. About 16K events with a
purity ~99.4% are selected for amplitude analysis. Model is constructed with 23 amplitudes.

Amplitude ¢, Fit fraction (%)
DO[S] — K*p° 235 +0.06 +0.18 6.5+0.5+0.8
D°[P] — K*p° ~2.25£0.08 £ 0.15 23+02£0.1
DO[D] — K*p° 2.49 £+ 0.06 = 0.11 7.0 404 +0.7
D° — K=ai (1260). af (1260)[S] — p°z* O(fixed) 532428 +£40
D° — K=aj (1260). a;f (1260)[D] — pOz* —2.11 £0.15+0.21 03+0.1£0.1
D° — K7(1270)z*, K7 (1270)[S] — K" 148 +0.21 £0.24 0.1 £0.1£0.1
D° — K7(1270)x+. K1 (1270)[D] — Kz~ 3.00 £ 0.09 + 0.15 0.7+02+02
D° - K (1 270) (1270) — K" ~2.46 +0.06 = 0.21 34+£03£0.5
1 — (1K) (/)OK D] = K" ~0.43 £ 0.09 £ 0.12 1.1£02+0.3

~ (K- p ~0.14 £ 0.11 £ 0.10 74+ 1.6+57

— (K~7%)g. MW,@ ~2.45 £0.19 + 0.47 20+0.7+19
DO — (Kp%)yx ~1.34 £0.12 £ 0.09 0.4 %0.1£0.1
D° — (K7 )pr* ~2.09 £+ 0.12 +0.22 24+05+05
D° — K1) ~0.17 £ 0.11 £0.12 2.6+ 0.6+ 0.6
D" — (K7 )yn* ~2.13£0.10£0.11 0.8+ 0.1 £0.1
D° = (K~ 7% )g.qune™ ) ATt ~1.36 = 0.08 + 0.37 5.6+09+2.7
D° — K~((zta )snt), ~2.23£0.08 +0.22 13.1+19+£22
DO — (K1 )g g (1777 —1.40 £+ 0.04 £ 0.22 163+05+0.6
DOS] — (K~n )y (7 )y 1.59 £ 0.13 = 0.41 54+12+19
D° = (K~ 7% )g e (777 )y ~0.16 %+ 0.17 +0.43 1.94£0.6+12
D° — (K~1%)y (7577 )g 2.58 £ 0.08 + 0.25 20405417
D° — (K~ 7%)p(ntn)s ~2.92 £0.14 £ 0.12 03£0.1£0.1
D° = (K~7)g e (1777 )1 245 4+0.12 £ 0.37 0.5+0.1 £0.1




PrOJectlonS OfDO > K ntntn™ (PRD95 072010)
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Points with error bars: data, curves: fit, red histograms: background.

The two identical 7t are required with: m(n{n™) > m(nyn™)



Branching fractions for different components (progs, 072010)

Component Branching fraction (%) PDG value (%)
DY — K*0)0 0.99 + 0.04 +0.04 £+ 0.03 1.05 +0.23
D° — K~a{(1260)(p'z") 441 £0.224+£0.30+0.13 3.6 £0.6
DY - K7(1270)(K* 7 )n* 0.07 £0.01 £0.02+0.00  0.29 £0.03
D" — K7 (1270)(K=p°)z* 0.27 +£0.02 £0.04 £ 0.01

DY = K=zt p’ 0.68 + 0.09 +0.20 £+ 0.02 0.51 +£0.23
DY = KOzt n~ 0.57 £0.03 £0.04 £ 0.02 0.99 4+ 0.23
D' = K-atntn 1.77 £ 0.05 + 0.04 + 0.05 1.88 +0.26

Stat. uncertainty from FF
Sys. uncertainty from FF

uncertainties related to B(D? - K ntntn™) in PDG

Significantly improved than previous PDG values.



Result of D® — K~ %mY (8esii preliminary)

Double tag: D¥ —» K n*n%n% vs D° - K*m~ are reconstructed. About 5.95K events
with a purity ~99% are selected for amplitude analysis. Model is constructed with 26
amplitudes.

Amplitude mode FF (%) Phase (¢) . .

D — 55 BESII Preliminary
D = (K~ ) smave(r070)s 6,92 1.44 22,86 —0.75 £ 0.15 & 0.47

D — (K 7% swave(rF7%)s 418 +£1.02+ 1.77 —2.90 %+ 0.19 + 0.47

D — AP, A - VP
D — K ai(1260) ", p+ﬁ°[5]

D — K~ a(1260)", pt 7 [D]
D — I&l(IQrO) ’i'T+ I’*—J.U[S]

D — K:(1270)°x O KOr0[S]

D — K1(1270)°7°, K*°x°[D]
D — f«,l(mm)%ﬂ K p*[s]
D — (K" =° ).4“. r*—?r [S]

D—P(Iﬂ*o D)q r*D D[S-]
D—P(Iﬂ*o D)q r*D D[D]
D — (pt K—)an®, I& pt D]

28.36 &= 2.50 £ 3.53

0.68 £ 0.29 = 0.30
0.15+£0.09 £ 0.18
0.39 £ 0.18 = 0.30
0.11 +£0.11 +0.13
2.71 £ 0.38 £ 0.29
1.85+£0.62+1.11
3.13 £ 0.45 £ 0.58
0.46 = 0.17 £+ 0.29
0.75 &= 0.40 == 0.60

0 (fixed)
—2.05 +£0.17 £ 0.25
1.84 +0.34 + 0.43
—1.55 4+ 0.20 + 0.26
—1.35 4+ 0.43 £ 0.48
—2.07 = 0.09 £ 0.20
1.93 +=0.10 £ 0.15
0.44 +0.12 £ 0.21
—1.84 4+ 0.26 + 0.42
0.64 = 0.36 = 0.53

D 5 AP, A - SP

D — (K 7)) s waven?)an”

1.99 £1.08 £ 1.55

—0.02 £ 0.25 &= 0.53

D — Vs

D — (K™ w ) cwaveP 14.63 £1.70 £ 2.41 —2.39+0.11 £ 0.35

D — K*(w* 0) 0.80 &= 0.38 = 0.26 1.59 +0.19 £ 0.24

D—:-I’*D( i ) 0.12 4+ 0.27 = 0.27 1.45 4= 0.48 &= 0.51

D— VPV = VP BESIT Preliminary
D — (K* 7 )ya® 2254+ 043 +045 052+0.12+0.17

D—=VV

D[S — I{*_p+ 5.154+£0.75 = 1.28 1.24 4+ 0.11 £ 0.23

D[P — K™ 3254055041 —2.859+0.104+0.18

p
D[D] — K* p*
D[P] — (K~ )y pt
D[D] — (K =° )1 Pt
D[D] — K (x* )1

10.90 £ 1.53 4 2.36

0.36 £0.19 £ 0.27
2.13 £ 0.56 £ 0.92
1.66 &= 0.52 = 0.61

2.41 £0.08 &= 0.16
—0.94 £ 0.19 4 0.28
—1.93 +£0.22 4+ 0.25
—1.17 £+ 0.20 = 0.39

D[S] —= (K~ 7%)v ( v 517+ 1.91+1.82 —1.744+0.20 4+ 0.31
D —TS T
D — (K 7)) swave(@?7%)r+ 0304+ 0.21 £0.32 —2.93 +0.31 + 0.82

T
T

T 0 }S—v.—'a,ve (?r_ ?rDJT

D — (K~

0.14 =0.12 = 0.10

2.23 = 0.38 &= 0.65



Event Fraction

Event Fraction

Projections of D° — K~

_B&SH Preliminary
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0 + O 0
Branching fractions for D¥ — K™ m (BESIII Preliminary)
Fits to M4 distributions of DT and ST data:
Beam-Constrained Mass: M. \/Ebeam—| Py I Signal: Mg peaks at D mass
%103?+Data % - _w Data
G [ —Total ©  — Total BESII
= Signal o, el Signal 1 1
3 - — Background §10§ — Background Preliminar
(o] S E 9
:102? o
§ ‘2103:
L g C
L
10?
HH 10°F
1%\I\\ | | | I | I | I |l i 1 A1 A LI 1T | I L1 | L1 LT 7\\\\‘\\\\‘HH‘H\\‘HH‘IH\‘HI\‘\H\l\l\\‘\\\I
1.83 1.84 1.85 1.86 1.87 1.88 1.89 1.83 1.85 1.86 1.87 1.88 1.89 1.84 1.8451.851.8551.86 1.8651.87 1.8751.88 1.8851.89
Mg (GeV/c?) Mg (GeV/c?) Mg (GeV/c?)
DT (K—7tr%79) DT (KTn™) ST

Yields: DT, 6101 + 83; ST, 534581 + 769.
The amplitude analysis results are used to determine the reconstructed efficiency.

First measurement!

B(D" — K ntn r”) — (8.98 4+ 0.13(stat) + 0.40(syst))%
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Resultof Dt — K5(~)T[+T[+T[_ (BESIII Preliminary)

Double tag: D¥ - Kdntn*tm~ vs D~ —» K*m~m™ are reconstructed. About 4.56K events with a
purity ¥99% are selected for amplitude analysis. Model is constructed with 12 amplitudes.

BESIT Preliminary
Amplitude o Fit fraction .
D" — Kgai1(1260)", a1(1260)" — p"n 7 [9] 0.000(fixed) 0.567 £ 0.020 & 0.044

Dt — K%a1(1260)", a1(1260)" — fo(500)7+ —2.023 4 0.068 & 0.113 0.050 £ 0.006 £ 0.007
D' — K1(1400)°7", K1(1400)° — K*~n"[S] —2.714 & 0.038 & 0.051 0.380 £ 0.013 £ 0.014
D' — K1(1400)°7", K1(1400)° — K*~n"[D] 3.431 4+ 0.137 & 0.117 0.015 £ 0.004 £ 0.005
DY — K1(1270)°7", K1(1270)° — K2p°[S]  —0.418 & 0.070 & 0.087 0.036 £ 0.004 + 0.002

Dt — K(1460)°7 T, K(1460)° — K2p° —1.850 4 0.120 £ 0.223 0.014 4 0.004 £ 0.003
Dt — (K2p")a[D]r™ 2.328 £+ 0.097 £ 0.068 0.011 4 0.003 £ 0.002
Dt — K%(p°nH)p 1.656 + 0.083 £ 0.056 0.031 4 0.004 £ 0.010
DY — (K*~ 7 ) [S]xt 1.962 4 0.047 4= 0.073 0.132 £ 0.011 £ 0.011

DY — (K*~7)a[D]x™ 0.989 & 0.158 £ 0.229 0.013 £ 0.004 + 0.004
Dt = (K2(ntn™)s)an™ —2.935 4 0.060 & 0.125 0.051 £ 0.004 £ 0.003
DY = (K3n )saH)pr™ 1.864 £ 0.069 £ 0.288 0.022 4 0.003 + 0.003
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Projections of D+ —> KS(v)?T+7T+7T_ (BESIII Preliminary)
BESH Preliminary

= TTTTs0p T T I ] £1s0
9250 12 o [
= b= p=
o N o
:',200 100 4 100t =
& 1= =z [
=i = =
2 : e
100 1 ] L ]
m 50 50
sof 7 I
PV TN P | BT ol | P! e iz B o . el il e o i 1o
0.8 1 12 1o 85 0.8 1 12 14 85 0.8 1 12 14
m(KSTc') (GeV/c™) m(Ksn:D (GeV/c™) m(KSn';) (GeV/cT)
T T T T T T T T T T 7N T T T T T | T T T | T T T | T T 1]

Events/(12 MeV)

1 1.2 0.4 0.6 0.8 0.4 0.6 0.8 1

0.8 :
m(mn) (GeV/c? m(mn) (GeV/c?) m(m; ) (GeVic?)
g\ T ] T ] T ] | T L ] T T ] 9 l ' k l T G & l T G ¥ l T T ¥ l T | ;\200-_1 ] T T T l T T T ] T T T l T T t
0200 O A [ * M’ + ]
= >150F 1= I 1
=150 = Sy, ]
+~ -+~ +— F 4
5100 5 51000 .
3 i = ]
50 A ] sof ]

0 = - 0 AT T T SO YG C HO [NTTN HN P M L 0 L1 . L
0.6 0.8 1 12 14 0.8 1 12 14 16 1 12 14 16
m(r; ) (GeV/ic) m(K ) (GeVic) mK ) (GeVieT)

Points with error bars: data, red histograms: fit, green histograms: background estimated from MC.

The two identical 7t are required with: m(n{n™) < m(nin™). 21



Branching fractions for different components (sesiii preliminary)

BESI Preliminary
Component Branching fraction (%)

DT — KUa1(1260) (p7T) 1.684 £+ 0.059 4+ 0.131 £ 0.062
Dt — K0a1(1260) (fo(500)7T)[0.149 £ 0.018 £ 0.021 + 0.006
Dt — K1(1400) (K*_TT+)7T+ 1.105 £ 0.045 4 0.048 £ 0.041
Dt — K1(1270)0( pO )T 0.107 + 0.012 £ 0.006 4 0.004
DT — K(1460)° (K Obp )t 0.042 + 0.012 £ 0.009 4 0.002

Dt — KOWJVp 0.131 £ 0.015 £ 0.015 4 0.005
DT - K* ntqt 0.413 +0.036 £ 0.059 4+ 0.015
Dt — K%W+7r+7r_ 0.220 + 0.015 £ 0.024 4+ 0.008

Stat. uncertainty from FF
Sys. uncertainty from FF

uncertainties related to B(D® —» K n*trn*m™) in PDG
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Amplitude analysis of D - w7 %n:
* Extract the branching fraction of the W-annihilation process involved decay D — p*n.

* Improve the precise of B(DS - ntn'n).
» A Cabibbo favored decay with large branching fraction but poor precision (PDG: (9.2 + 1.2)%

* Search for the pure W-annihilation decay D — a,(980).
> The pure W-annihilation decay D — wm™ has been observed with BF ~0.1%.

» Theoretical analyses based on previous measurement show the size of W-annihilation

amplitude is about 0.1-0.2 of the size of tree-emission amplitude in the decay modes of D —
PP and VVP.

» No experimental or theoretical studies on W-annihilation processes are performed for the
decay mode D — SP (S: scalar)

(The W-annihilation processes, induced by FSI in charmed decays, can not be calculated with perturbative
theory. Determination W-annihilation amplitude with the experimental input is the only method.)



Result of D& = w97 (gesiit pretiminary)

Events are selected with double tag:

e Tagmodes: Dy » KK, Dy > K"K n~,D; - KK n°, D » K*K n~n® D; -
KJK*m~n~, Dy = m™nyy,and Dy — n‘n;ﬁn_n.

* Signal mode: D - ntnOn.

* Multi-variate analysis is performed to suppress the background from fake 1.

1239 events are selected with a purity of (97.7 + 0.5)% for amplitude analysis.

The significances, phases, and FFs for intermediate processes obtained from the amplitude
analysis.

DI > p*n > 20 0.0 (fixed) 0.783 + 0.050 + 0.021
D} - (w+tr®),n 5.7 0.612+0.172 4+ 0.342  0.054 + 0.021 + 0.026
D} - ay(980)m 16.2 2.794 + 0.087 + 0.041 0.232 + 0.023 + 0.034

The amplitudes agree with the isospin conserved expectation (A(DF — a,(980)*w?) =
— A(DS - ay(980)°7 1)) within statistical uncertainty, thus we set the magnitudes of these
two amplitudes to be the same and the phase difference to be m. 24



Projections of D;_ — 7T+7TOT] (BESIII Preliminary)

Dalitz plot and projections
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Dots with error bar: data; solid: total fit; dashed: D& — p*n;
dotted: D — (m*n®),n; long dashed:D& — a,(980).

Obvious peaks for two
a,(980) mesons!
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Branching fraction measurement (sesiii preliminary)

Fit to Mn"'no

200-B€ST Preliminary

~ DTyield: 2626 + 77
H * Dots with error bars: data.

e Total fit.
e Signal: MC shape convoluted

n

—
o)
o

with a Gaussian.
* Background: second-order
Chebychev.

Events/2 MeV/c?
3

o0

8 19 . 195 - > SR
M zon (GeV/c )

Efficiency is determined with the amplitude analysis result.
BF(D§ - n*m®n) = (9.50 + 0.284,4;. + 0.41,5 )% BESII Preliminary

The systematic uncertainty on BF (DS - ntm%n) is dominated by #° and 7 reconstruction (4%).

26



Branching fraction measurement (sesiii preliminary)

For the nt™ amplitude, the BF can be calculated with:
BF(n) = BF(D - ntn®n)FF(n)
BF (D - p*n) 7.44 £ 04844 + 0.444y5 8.9 + 0.9
BF(DF - a,(980)) * 2.20 + 0.22444;. £ 0.34,

BF (D} - ay(980)*7®) *
BF (DY - ay(980)°7*) *

*Here, a((980) — ntn.

- BEST Preliminary
1.46 + 0.155,4, + 022y -

« The BF (D} — ay(980)*/°7%*) is larger than the PDG values of BF (DS — wn™)
((2.4 +£0.6) x 1073) and BF (D - p7) ((1.3 + 0.4) x 1073) by one order of magnitude.

The magnitude for the ratio of the W-annihilation amplitude over tree-emission amplitude
|A/T| is obtained to be 0.8410.23 in the decay mode of D — SP, which is much larger than
the level of 0.1-0.2 in the decay mode of D — VP (PRD 93, 114010).

* The contribution from W-annihilation processes should be taken into considered in
investigating the D — SP decays.

This provides theoretical challenge in understanding such a large W-annihilation contribution
in D — SP decays.
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Summary

BESIII provides large data samples close to charm related threshold to study the D multi-

body hadronic decays.

 Amplitude analysis is a powerful method to investigate the multi-body decays and to extract

the physical information.
* Three amplitude analysis results for D —» Knrrmr and one for D& decay are presented.

« Amplitude analyses for D° —» K~ n*n%%% and D} — n*n%n are firstly performed.

> With the amplitude analysis result, the BF(D? - K~ ntm%r?) is firstly measured to be
(8.98 + 0.1344. + 0.404,,5)%.

> The precision of BF (D& —» ntn¥n) is improved with a factor of 2.5 to the PDG values.

> The decays BF (D& - a(980)* %) and BF (D — a¢(980)°7™) via ay(980) - mn
are firstly observed and measured to be (1.46 £ 0.154:4; £ 0.224y5)%

* More results for D5 multi-body hadronic decays are coming.

Thank you! .



