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Important Variables

« Beam-Constrained Mass (Mgc)

MBC — \/Egeam o ‘ﬁD‘Q

Mg peaks at D mass:
momentum conservation

 Energy Difference (AE)
AE = ED — Ebeam

AE peaks at zero:
energy conservation

Typically cut on AE, then fit to M, obtain yield



BESIII Data Taken near DDbar Threshold

BEPCII collider: ete- = {(3770) — DDpar
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

New 3.19 fb-1 dataset at Ecm 4.178GeV
* Ds are produced mostly via ete-—DsDs*
Advantages of DDbar pair production near threshold

The DDPbar gvents are clean; not enough energy for even one
additional pion

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

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



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.)

The tag side K* T
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Branching Fraction and Tagging

e Single tag (ST)

Ntag — 2‘]VDOZ_)Olgtaggta,g
Double tag (DT)
DT
Ntag,sig — 2‘NVDODO BtangigEtag,sig

T~

Etagsig ~ CEtagEsig (factorization)

where Npopo is the total number of produced DD pairs, Biag(sig) 18 the branching
fraction of the tag (signal) side, and the ¢ are the corresponding efficiencies.

Bsig — N Etag IS approximately
tag Etag sig canceled due to factorization

This is the basic idea for branching fraction.
Equations used in analysis vary case by case.
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Measurements of the branching
fraction of D_"-n'X

Single tag nine tag modes
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A two-dimensional fit to M__ (tag) vs. M(n

n+n-n)

(signal) is performed to obtain the DT Yyields.
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Measurements of the branching
fraction of D_*-n'p*

Using the DT samples from D" —n'X analysis, invariant mass cuts on n' and
p* are applied to enrich the D" —n'p* signal events.

A two-dimensional fit to the distribution of M vs. cos6 . to determine the
signal yield.
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Observation of the Singly Cabibbo-
Suppressed Decay D* - wtt*
and Evidence for D° - wmt°

Chose six (five) decay modes for D*©.

In order to have a better solution for
D*O - e (@ background, DT samples
DO - ot (@ vs. tag modes are

reconstructed first. Then fits to Tt T° Mmass

are performed.

Note that we are searching for w— 1T TC.

Nqbs,a
B. 2

sig — obs, a
Z Ntag tag glg/etag
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FIG. 1. Mgy distributions of ST samples for different tag
modes. The first two rows show charged D decays:
(a Ktzn~, (b) Ktz z= 2 (¢) KSn~, (d) K{n°,
(e) K(’fr*fz‘/z‘ (f) KK #—, the latter two rows show neutral
D decays: (g) Ktn=,(h) KTn= 7", Q) Kt n~ntzn~, () KTn~ 2,

(k) K* 2~z 2 2°. Data are shown as points, the (red) solid lines
are the total fits and the (blue) dashed lines are the background
shapes. D and D candidates are combined.
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DT DO - '™ @ vs. tag modes

Fits to M3t distributions of sighal and sideband regions to obtain the signal and peaking
background yields, respectively.

Events counts in sidebands are projected into the signal region with scale factors.
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Mode This work Previous measurements
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PRL 116, 082001 (2016)



Preliminary results on observation of
D_*— wm" and wK*

With 3.19 fb-1 data @ 4.178GeV collected by the BESIII

Double tag: One M,.,. > 2.1 GeV
* Best candidate: average mass of two D, mesons closet to PDG value.
« KQ vetofor D} - wK™ to suppress the background from D} - K*°K*:
If |M; — 0.4976] < 0.03GeV, Lgecay /ULdecay > 2.0, veto this event.
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D - wn™ 1.85 + 0.30(stat.) + 0.19(sys. _ 7.7
j (stat.) ol preliminary

Df - wK™ 1.13 £+ 0.24(stat.) + 0.14(sys.) 6.2



Measurements of the branching fractions for
D™ - KK K", KK m"and D% - KK (K.)

Single tag the signal mode.
The combinatorial Tt*1t- pair background is the main issue.

An invariant mass cut, M_, , is applied during the reconstruction of K,
but the combinatorial "1t (not from K,) pairs may also satisfy the cut.
To remove this background, the 2D or 3D sideband regions are studied.
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Preliminary result for D_— pn®

With 3.19 fb-1 data @ 4.178GeV collected by the BESIII

Double tag
» Kinematic fit to improve missing neutron = IOOj-'quar | o
resolution 3 B di-tau
. S | EEDsbg
* Constraint the 4 momenta of the total events. S | ggetea "
the two Ds and Ds™ mass, set anti-neutron 4  so- .
momenta free: (7-4)C BESEI preliminary
68

* Set two hypotheses to select the one with
smaller y 2

* Ds*=2>yDs(=2>tag modes) 0.85 ?\'/[9 0.95 I

* Ds*=> yDs(=2pn)

* No peaking background
* Signal efficiency ~ 48% from inclusive MC



Preliminary result CREER N ]
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By combming the 11 tag modes together, we obtain (only o 'O;és' L. {019. Y T . :
statistic error here): | M, . (GeV/c?)

* Statistically limited.
* Uncertainty due to baryon ID dommates the systematic

* Confirm CLEO-c¢’s measurement with greatly improved accuracy
* Consistent with the prediction of the enhanced BR due to long-distance cffect via
hadronic loop

BDI—)pfz = (122 + 010) xéé)s—ﬁ preliminary Signal: MC shape ®Gaussian

Background: Argus function



Amplitude Analysis of Knirtm

eThere are seven D — K31 modes:

D0— K-mr*1r*11- (published on PRD) PhysRevD.95.072010
D0— K-mr*1r9110 (expected to publish on PRD soon)

DO0— KstromroTr0

D0— Kstr*1r-110 (ONn-going)

D*— K-mrt1mr*10 (on-going)

D*— Kstr*10110 (ONn-going)

D*— Kstr*1r*mr- (expected to publish on PRD soon)

e[our-body decays are in five-dimensions

e\\le have
e Partial Wave Analysis Tools based on CPU and GPU kernel
e Great Electro-Magnetic Calorimeter (EMC) with Csl|
— superior resolution and efficiency of 19
e | argest dataset at y(3770) resonance
— small statistical errors and clean background



Partial WWave Analysis
The Slgnal PDF ___— | am going to fit

G(pj) ‘A(aza p]) ‘2R4 (pj) Alai, p;) Zaz
S'(a;,
(CL pj) fé(pj)lA(a’z)pg)‘2R4(pj)dp]

where p; is the daughter particles’ four momenta and @; is the complex coefficient

for amplitude modes. €(p;) is the efficiency parameterized in terms of the daughter
particles’ four momenta. R, is the 4-body phase space

Ai(p;) = Pl (pj) P?(pj)Si(p;) Fi (p;) F7 (p;) F} ()

where FP (p;) is the Blatt-Weisskopf Barrier factor for D meson. P"*(p;) and F"*(p;)
is the propagator and the Blatt-Weisskopf Barrier factor, respectlvely, of the two
resonance states for the quasi-two-body type or of the first and the second resonance

states for the cascade type. S;(p;) is the spin factor. Finally, the likelihood can be
defined as

Fornevents ][ S(a:, p;)
j=1

Define the likelihood 7. — ﬁls(ai,pj)
Pl



Partial Wave Analysis

Independent of a

N 2
selected |14(ajz7 p])‘ R4 (p]) ) Nselected
InL = In + Ine(p;)

; (f6(199')\A(ai,pj)PRzl(Pj)dpj Z ’

1 Nselected

[ elpplAGes ) PRulpdps ~ —— Y [Alaspy)f

generated

Phase space MC sample can be used to deal with the MC integration.
We replace phase space MC sample by signal MC sample
for better precision.

Nnre
1 | A(ai, pj)|”
2 )
/ (pj)‘A( anj)| R4(pj)dpj NAIC’ ; | gen g 2

(a; apy)’

We further consider the effects of detector efficiency difference
between data and MC simulation for pi0 reconstruction, PID, and tracking

Ny
1 | A(ai, p;)|*7e(p;)

€ 'Aaz', j 2R j)dp; ~ x én 5
[ c)lA@ )R, ~ 5 3 S

€5 da a(p)
where 7e(Pj) = I I EJ. Mtc(p{)
")V J

1



Amplitude Analysis of DO— K-+

* This decay is one of the golden decay modes of DTag.
* The knowledge of intermediate process can be Widely
used in many measurements, such as:

Branching fraction measurement
Strong phase measurement
CKM unitary triangle measurement
* Previous measurements (fit fractions) have been
performed by Marklll and E69

Decay mode Mark III E691
D — K—aj (1260) 0.492 +0.024 +0.08  0.47 4+ 0.05 £ 0.10
D° — K*0,0 0.142 4+ 0.016 = 0.05 0.13 £ 0.02 £ 0.02
DY — K[ (1270)7+ 0.066 4+ 0.019 £ 0.03
D’ — K77+t 0.140 £ 0.018 £ 0.04 0.11 +0.02 £ 0.03
DY — K—7tp’ 0.084 +0.022 +0.04 0.05 4 0.03 £ 0.02

D" — 4-body non-resonance 0.242 4+ 0.025 + 0.06  0.23 £ 0.02 £ 0.03

 With the 2.93 fb-1 {(3770) data sample collected by
BESIII, much more precise results are expected.




Amplitude Analysis of DO— K-+

Event selection:
Double tag DO—K-rt+ri+rm- vs. Dobar— K+11-

Peaking background:

K-Kstit with Ks—1t+11- Is the dominate background and
peaks as the signal. Its number is estimated to be

96.8 +- 14.5 based on MC

Other background: < 10

The number of event selected is 15912 with a purity of
99.4%



Amplitude Analysis Results of DO— K-mr+m+m-

Amplitude bi Fit fraction (%)
DO[S] = K*p° 235+0.06+018 65+05+08
D[P] — K*p" —225+0.08x=0.15 23£02=x0.1
D[D] — K*p° 249+ 0.06 £0.11 79+04£0.7
D — K~ a7 (1260), a7 (1260)[S] — p"x* 0(fixed) 53.2+28+4.0
DO = K-ai(1260), aF (1260)[D] = po7+  —211+0.15+021 0.3+0.1+0.1
DO = K7 (1270)x+, K (1270)[S] — K*07— 148+021+024  0.140.140.1
D° = K7 (1270)x+, K (1270)[D] — K*°7~  3.00+0.09+0.15 0.7+ 0.2 + 0.2
D — K[ (1270)*, K;(1270) — K~ p° —246+0.06x0.21 340305
D° = (K )art, (°K)a[D] = K=p°  —043+0.00+012 1.1+02+0.3
D° = (K= %)pr* 0144011010 TA+1.6+57
DO = (K—7+)gp” 24540194047 20+07+19
D’ — (K= p")yn™ —1.34+0.12=0.09 04£0.1=x0.1
D° — (K7 )pnt —2.09+0.12+022 24+05+05
D’ — K*(n* 7 )g —017+0.11x0.12 26£0.6£0.6
D° = (R*n)yr+ —213+0.10+0.11 0.8+0.1%0.1
DY — (K 7t)gm )anm™ —1.36 £0.08x0.37 560927
D — K~ ((mt7n )gm™)a —2231+0.08x=0.22 13.1£19x2.2
DO s (K—n+)g(n+7)s 140 4£0.04+0.22 163+ 0.5+ 0.6
DOS] — (K—n+)v(m*7- )y 159+0.13+041 54412419
DO s (K-m+)g(n+7=)y 01640174043 1.9+ 0.6+ 1.2
O = (K nh)y(rtn)s 258008025 29x+05x£1.7
S (K1) p(rt ) 229240144012 03+0.1+0.1
S (K 7H)s(n ) 2.45+012+037 05+01+0.1




Amplitude Analysis Results of DO— K-mr+m+m-

Projections of invariant mass (a-h) and x distribution (i)
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Amplitude Analysis Results of DO— K-tr*m+m-

According to the intermediate resonances, we divides the 23 amplitudes into 7 subsets
and call them components. Also, their fit fractions are calculated.

Fit fractions(FF) for different components

Component Fit fraction (%)
D — K*%p° 123+04+0.5
D° — K—aj(1260)(p°7+)  54.6+28+3.7
D° — K7 (1270)(K*%7— )7+ 08+0.2+0.2
D° — K; (1270)(K—p%)x+  3.44+03+0.2

DY — K-7tp° 844+1.14£22
D° - K*Ox+n— 7.04+04+0.3
D 5 K atata 219+ 06+06

24



Amplitude Analysis of D*— Ksmr*m*m-

The data can be described with 12 amplitudes with corresponding phases and fit

fractions shown below:

Amplitude

¢

fit fraction

D — K%a1(1260)7, a;(1260)F — p0x7[S]

0.000(fixed)

0.567 £ 0.020 = 0.044

D¥ = K2a1(1260)7, a1 (1260) — fo(500)7" | —2.023 £ 0.068 £ 0.113 | 0.050 £ 0.006 % 0.007
D7 — K (1400)"7, K1 (1400)” » K™~ [S] | ~2.714 £0.038 £ 0.051 | 0.380 £0.013 £ 0.014
DY — K;(1400)°7", K, (1400)° — K*~«"[D] | 3.431 £0.137 £0.117 | 0.015 £ 0.004 % 0.005
D¥ = K, (1270)°77, K, (1270)° = KE1S], L0418 £ 0.070 £ 0.087 | 0.036  0.004 £ 0.002
D¥ — K(1460)°7", K (1460)" — K2p° | =1.850'% 0.120 £ 0.223 | 0.014 = 0.004 = 0.003
D* — (K2p")a[Dlr™ 2.328 = 0.097 £ 0.068 | 0.011 = 0.003 % 0.002

DT = Ko 7 ")p

1.656 £ 0.083 £ 0.056

0.031 = 0.004 £+ 0.010

D = (K 77)alS]7 —1.321 £0.047 £0.073 | 0.132 £ 0.011 £ 0.011
DF = (K~ n)aD]r+ 0.980 £ 0.158 = 0.220 | 0.013 £ 0.004 = 0.004
D = (K3(x¥n)s)ant —2.035 £ 0.060 £ 0.125 | 0.051 = 0.004 = 0.003
D¥ = (K37 )snt)pn™ 1.864 = 0.069 = 0.288 | 0.022 £ 0.003 £ 0.003
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Amplitude Analysis of D*— Ksm*m+m-
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Amplitude Analysis of D*— Ksm*m+m-

With the fit fractions (FF) of every components and the branching fraction of D° —

K~ n ™ nn~, the branching fractions of the components is calculated with
B(Component) = FF(Componet)B(D* - K¢ntn*n™).

The results are listed in the table below:

Component Branching fraction(%)
D* — K%a,(1260)",a,(1260)" — p'n+ 1.769 £ 0.062 £ 0.136 £ 0.062
DT — Kga(1260)™, a1(1260)" — fo(500)7™" 0.156 £ 0.019 = 0.022 £ 0.006
D* — K(1400) 7+, K1(1400)° — K*~ 7+, K*~ — Kor~ | 1.161 £ 0.047 £ 0.051 £ 0.041
Dt — K (1270)"7", K1 (1270)" — K2p” 0.112 £ 0.012 £ 0.007 £ 0.004
DT — K(1460)"7", K (1460)" — K& p" 0.044 +0.012 £ 0.011 £ 0.002
D* — Kot pY threBbadiiPreliminary 0.137 = 0.016 £ 0.015 £ 0.005
D — K* wt 7" three-body, K*~ — Kom~ 0.434 £ 0.037 £ 0.062 = 0.015
Dt — K2ntn" 7 nonresonant 0.231 = 0.016 £ 0.024 & 0.008

In the table, the first and second uncertainties of the branching fractions are statistical and
systematic uncertainties from the fit fractions, respectively. The third errors are the uncertainties

relatedto B(DT = Kdntntm™) in PDG.

« We measure the sub-mode branching fractionsin D™ —» K{n*ntm~decay, which will be
helpful in understandingthe D — AP decays.

* The measurements of the decays with K;(1270) and K;(1400) involved provide some

experimental information in understanding the mixture of the two excited Kaons.
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Summary

e DTag and DDpber threshold data allows us to perform
inclusive and exclusive branching fraction measurement
e Double tag provides clean samples for amplitude
analysis
e Many D0 and D+ studies have been published, including
strong phase and ycp measurements, and more related
measurements are on-going
 More Ds studies are on going based on our new 3.19
fo-1 data at Ecm = 4.178 GeV
e KskK-KLK asymmetry, amplitude analyses of KKm,
nireta, rinrt, and four-body decays, such as KKnrt
and ninrieta



