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Beljing Electron Positron Collider (BEPCII)

New Two-Ring Machine

2%\ W 2004: start BEPCII construction
RS W8 2008: test run of BESPCII
1% 4 2009-now: BESIII data taking
4 Beam energy: 1.0-2.3 GeV
" Design Luminosity: 1x10*cm?s?
- Achieved Luminosity in 2016:
‘ {=0X40° S <S5t



BESII| Detector

Super-conducting magnet
1.0 Tesla

Muon Counter
8-9 layers RPC
ARp = 1.4cm~1.7cm

Time of Flight (TOF)
o.. 90 ps Barrel

T

110 ps Endcap

Beryllium beam pipe

Drift Chamber (MDC)
o/p = 05% (1GeV)
o) = 6%

dE/dx
+

i EMC (Csl)
o NE = 2.5% (1GeV)

0,, = 0.5-0.7 cm/VE
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BESIII Data Taken near DD Threshold

2.9 fb-1 dataset at (3770) resonance

M, = 1864.84 MeV M., = 1869.62 MeV

2 M,,=3729.68 MeV 2 M, =3739.24 MeV
0.48 fb-1 dataset at center of mass energy 4.009 GeV
M_. = 1968.47 MeV

2 M, =3936.94 MeV
Advantages of DD pair production near threshold:

- The DD events 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

New 3.19 fb-1 dataset at E_, 4.178 GeV

- D¢t are produced mostly via e+e-- DD *



Important Variables

« Beam-Constrained Mass (Mg()

MBC — \/Egeam - ‘ﬁDP

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



DTag Technigue

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

Single tag: only one D or 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* 1

G ™ o_ Y Thesignalside
L v |



Branching Fraction and Tagging

e Single tag (ST)
Ntag = QNDODOBtaggtag
Double tag (DT)
NDT . = QNDODOBtangigstag,Sig

tag,sig \

Etag’sig ~ gtagg:Slg (factorization)

where Npopo is the total number of produced D°D° pairs, Biag(sig) 15 the branching
fraction of the tag (signal) side, and the ¢ are the corresponding efficiencies.

B Ntag,51g Etag NDOD_O, Btag ar_e canceled.
—> sig — N ‘ Etag IS approximately
tag 5tag,81g canceled due to factorization

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




Events / 1 MeV/c?

Measurements of the branching
fraction of D_*-n'X

Single tag nine tag modes

4005_ D.— KK 20001_ D~ K'K'm 2000
200f 1000} 1000¢
100F : 500}
: ' First, single tag nine tag modes.
3001 : W Then, reconstruct n' - 11N
200} 2000¢ 2005 with n-vy.
N 1000} 100: The decay mode n'—p° is not
[ : used due to large combinatorial
: : background.
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Events / 2 MeV/c?

100

]
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A two-dimensional fit to M__ (tag) vs. M(n'

T[+T[—n)

(signal) is performed to obtain the DT yields.

- | ' ' | _ 40 I —— total _
r —=—non-ST 1
- b I B ST+n ]
L 1 o L <=~ ST + non-y 4
i, 1 thit 2 ]
) L 4
| r L | [Tl + 4 =2 .
1 | ——— Al - B
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4@ - n
o L
>
= — m =
10 —
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1.94 1.96 1.98 0.92 0.94 0.9 0.98 1 1.0
’ 2
Mg (GeV/c?) M(,,) (GeV/c?)
ST mode « &g (%) Y& epr (%) VDT
K(s)l(_ 47.89 + 0.35 1088 + 40 13.75 + 0.14
KtK~m~ 4416 £+ 0.18 5355 + 118 12.46 + 0.14
KtK—m—n® 13.25 + 0.22 1972 £+ 145 432 4+ 0.08
KgK"‘n_n_ 2427 £+ 037 595 4+ 50 6.05 + 0.09
atm—m~ 60.26 + 0.90 1657 £+ 143 1718 £+ 0.16 68 + 14
TN 48.39 4+ 0.70 843 + 54 14.82 £+ 0.16
77_’7;”1;1 29.48 + 0.52 461 + 41 791 £ 0.11
77_'7,/0;/ 4311 4+ 0.88 1424 + 147 1196 + 0.13
n_nor) 26.02 + 0.32 2260 + 156 790 £+ 0.11

B(DF — n’X) = (8.8 1.8+ 0.5)%
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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. cos@_, to determine the

signal yield.
200 T ' l ' T ' [ C ' | T
% + + 100 i — total =
o, 150 |[+ ++ #%H =L _ — —_— b,agkgrounds N
3 Py Ty 2 S |
s o - ]
N100 - + -4 @ | #
£ [ S 50
S G Hohl WA
W50 |- . 7! TR T o —-
0 - o r e I —.."'11--.."“ l . O ---.._'~-l __________ e e e _ -
1.94 1.96 1.98 2 -1 -0.5 0 0.5 1
Mg (GeV/c?) cosh..
I 1 -
B(D} — n'pHBRCBYC it Kkt
B(Dy — KtK-m+)  yKrKkoat gg;/ff

B(DF - n'pT)=(5.8+1.4+0.4)%
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Observation of the Singly Cabibbo-
Suppressed Decay D* - wrt*
and Evidence for D° - w1t°

Chose six (five) decay modes for DO,

In order to have a better solution for
DO - et ©@ background, DT samples
D*O - ettt @ vs. tag modes are

reconstructed first. Then fits to ' TTT® Mass

are performed.

Note that we are searching for w - 1O,

Z Nqbs,a
>N €

B sig —
tag 51g/ €tag
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FIG. 1. Mpc distributions of ST samples for different tag
modes. The first two rows show charged D decays:
(@) Ktzn~, (b) Ktz z 2% (¢) K4z, (d) Kz n°
(e) KO srtnn~, (f) K"K~ z~, the latter two rows show neutral
D decays: (g) K+]l'_, (h)y K*z=2°, G) KTn~ntn, §) KT 2~ n°2°,
(k) Kt~ a2~ z°. 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.



DT D*©@ - mtrmrm®mt*© vs. tag modes

Fits to M3t distributions of signal 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.

D* - 1T 1T Tt DO - 1t 110710

a b
188} (@) __1.88} ()
2 A s |2 L s
& 1.86 & 1.86}
T P2 T IpC
1.84f 1.84f
. D | B, ‘D [IB| |
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3 3
2 O
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O' " 1 1 1 1
05 0.6 0.7 08 0.9
M, (GeV/c?)

O- 2 1 1 1
05 0.6 0.7 0.8 0.9
M, (GeV/c?)

Red line: total fit
Blue line: background

Hatched histogram:
peaking background
From sidebands

ModeH N” bkg obs
ode 20) (1) Nsng
Dt - wnt 100 £ 16 21+4 79 + 16
DY = wr” 50+ 12 545 45+ 13
D+—)l’]ﬂ'+ 264 + 17 612 258 + 18
D0—>;77z0 78 + 10 342 75 + 10
Mode This work Previous measurements
D+—>am+ 2.794+0.574+0.16)x 107* <3.4x107* at 90% C.L.

x107* <2.6x10™* at 90% C.L.
x107  (3.534+0.21)x1073
x1073  (0.6840.07)x 1073

(
"S> wr® (1.1740.34+0.07
D+—>mz+ (3.074£0.2240.13
D°—nr®  (0.65+0.0940.04

N N N N

PRL 116, 082001 (2016)



Measurements of the branching fractions for
D* - KK K", KK mrand D - K K (K,)

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

An invariant mass cut, M___, is applied during the reconstruction of K,
but the combinatorial 't (not from K,) pairs may also satisfy the cut.
To remove this background, the 2D or 3D sideband regions are studied.

(a) (b)
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Signal region

One 11T pair
sideband region

Two 1T 1T pairs
sideband region
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For modes with two Kg: Nnet = Nyoge — 5Nsm + ZNSbZ — Noher

For mode with three K Nyt + ~ Nopz — - b
Decay modes Niosig Nb1 N2 Neb3 NP o Nnpet € (%) B (x107%)
Dt — KJKIK* 3616 + 66 97 +19 6+8 - 1842 3551 + 67 8.27 4 0.04 25.4+0.5
Dt — KIKIm ™+ 5643 + 88 1464 + 68 69 + 19 E 31+3 4897 + 94 10.72 4 0.04 27.0+0.5
D% — KJK? 888 +36 626 + 31 3+6 - 0 576 & 39 16.28 4 0.30 1.67 £0.11
D% — K2KIK? 622 +27 24+8 14+6 0 16+ 3 597 + 27 3.92 +£0.05 7.21+0.33
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Amplitude Analysis of D°- K-

Double tag:

DO - K-t vs. Do%ar — KH1p

Using only the cleanest tag mode,
since amplitude analysis requires a

clean sample.

An unbinned likelihood fit is performed

using the signal PDF given by

e(p))IM(p;)|*R4(p;)

fS(pj) =

[e(p;)IM(p;)|*Rs(p;)dp,

Four-body phase-space: R,
Measurement efficiency:

Total amplitude: M (p;)

An(p])

N7

Propagator

Amplitude bi Fit fraction (%)
DO[S] — K*p° 2.35+0.06+0.18 6.5+0.5+0.8
DO[P] —» K*p° —2.25+0.08£0.15 23+02+0.1
D°[D] - K*p° 249 +0.06 +0.11 79+04+0.7

D’ — K~aj (1260), al (1260
D° — K~ajf (1260), a; (1260
D° — K7 (1270)z*, K7(1270)[S] = K*%z~
D° — K7 (1270)x, K,‘(127() [D] - K*%z~
D® — K7 (1270)z*, K7(1270) — K=p°

D% = (p°K™)an*, (0°K™)a[D] = Kp°
D® — (K= p%)pr*

D° = (K™7")s yayel”

DO — (K~p°)ya*

DY - (kxoﬂ—)P”+

D® — K (ztn)g

DY = (K77 )yx*

Do - ((K_”+ )S—waveﬂ"_)A’r+

D — K~((z*n™)sa*)a

D’ - (K_”+)S-wave(”+”_)s

DO[S] — (K~ )y(x* 77y

D’ — (K_”+)S-wave(”+”_)v

D® = (K~ z*)y(z*z")s

D° — (K% )p(n*n)s

Do - (K_”+)S-wave(”+”_)T

S] = pnt
D] - pon*

\_,\_/V\_/

O(fixed)

—2.1140.15+0.21

148 £0.21 +0.24

3.00 £0.09 £+ 0.15
—2.46 £+ 0.06 &+ 0.21
—0.43 £0.09+0.12
—0.14 £0.11 £ 0.10
—2.45 £0.19 £+ 0.47
—1.344+0.12+0.09
—2.09 +0.12 4+ 0.22
—0.17 £0.11 £0.12
—2.13+0.10+£0.11
—1.36 +0.08 + 0.37
—2234+0.08+0.22
—1.40 £0.04 £ 0.22

1.59 +0.13 + 0.41
—0.16 +0.17 + 0.43

2.58 +0.08 = 0.25
—2.924+0.14£0.12

245+0.12+0.37

53.2+28+4.0
03+£0.1£0.1
0.1£0.1£0.1
0.7£02+0.2
34+£03+£05
1.L1+02+03
74+£16+57
20£07+19
04+0.1+£0.1
24+£05+05
26+06+0.6
0.8+£0.1 £0.1
56+09+27
131 +19+£22
163 £05+0.6
54+12+£19
19+06+12
29+05+£1.7
0.3+0.1£0.1
0.5+0.1£0.1

ECA (p;)
= PL(m1)P2(m3)S,(pj)Fh(p;)F2(p))F2 (p))

FF(n) =

Yoo

Spin factor

gen

A (PY)[?

Zk =1 IM(p)IP

16

Blatt-Weisskoft barrier factor



Four-body decay is in a five-dimensional phase-space.
Here are 1D projections onto two- or three-body system.

|§v|

Events/6 MeV
E

Lyoooe

Events/6 MeV
-

=
II8II

Events/6 MeV

05 1 12
m(Kr) (GeV/c?)

T T T

400

- 15 F % -
St 127 : |
I N P ' T o
e he 1 | i ® o H L
3t 13 L 1 X value distribution of
L 18 1 R ¥ bins in five-dimension for
At 1977 = goodness-of-fit
s v R A :
Component Fit fraction (%) Mark III'’s result E691°s result
D° — K*0p° 123+04+0.5 142+16+5 13£2+2
DY > K‘a}“(l260)(p°n+) 54628+ 3.7 492 +244+8 47+5+10
D° - K7 (1270)(K*°z~)z+ 0.8+02+0.2 6.6+19+3
D° - K7 (1270)(K~p°)z+* 34403405
D0—>K_7£+p0 84+1.1+£25 84+22+4 5£3+2
D° - KOzt g~ 7.0+044+0.5 140+18+4 11+2+3
D > K ntntn 2194+ 0.6 £ 0.6 242 +25+6 23+2+3
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Branching-fraction measurement of
DO - K _K*K’

Nsig
€BF - lS’Kg_,7r7r - L - 20 popo

5
1

@

Events /0.5 MeVi?
5 i
1

Events /0.6 MeVic?

BD°—>KgK+K— -

gg/Ddbar background peak§ inm, . } ;;._; _____ ‘;-"'}é;""
non-KS background peaks in m,_ ‘.';. L

m, . [GeV/c?]

I)Nlullun o]

PDF models for Signal and background Sk o
> Signal: 3 f <(\ |
S(X) = CB2(mpc) X Gauss(mks) ) “Q?\ | |
> . B1(X) = Qgg [ f
(Argus + Gauss)(mpc ) X (Gauss + pol0)(mks)  _ jfesessssssadd S S
> non-KS: 2 i, éW*IM*WAW
B2(X) = CB2(mpc) X poll(mks) ) 5 ¢ R

my [GeV/e?]

Simultaneous fit of common parameters

Fix shape parameters and determine yields:

Events /0.6 MeV/c*
2w

PDF(ch, mKS) — slg X S(mBC7 mKS)
+NBkgys B1(mBc, mks)

Deviation [o]

+NBkgnonKs B2(mBC7 mKS) ETB-& L85 1.86‘ 1.87 188 U47 048 049 05 051 052 18

my [GeVic?] myq [GeV/c?]



| == Data

l\%eV/cz

|
g[eV/cz
|

e Background

[ — L

2250 - % [ === Model

2] = =

£ 21500 -

5200 1 & '} )

- : X i
150 = 1000 ]

BESIIip*liminaI‘y i BESH,p %lmmary i

100 -

5r '
. f h
{}“ **H*h}* *”HH” ..... *H*H*H*H{*}{*H*

M -
}HH 1 H{mﬁ{ } {H¥f}*}'*“'*'*+'*'}'+'*'* ....... _:
t %

'f.84 1.'85 1.86  1.87 1.88
mg. [GeV/c?] m, [GeV/c?]
Nejy = 11743 + 113

C>

Deviation [G]
o

Deviation [G]

S

47 0.48 049 0.5 0.51 0.52

BFgaea(D° — KeKTK ™) = (4.622 + 0.045 (stat.) + 0.181 (sys.)) x10~>

» Relative uncertainty: 4.0 %

» PDG(2014) value: (4.47 +0.34) x 1073 — Deviation 0.81 ¢
» Ongoing Dalitz plot analysis



Preliminary results on observation of
D_*— Tt 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.
« K9 veto for D} —» wK™ to suppress the background from DF — K*°K*:
If IMnr — 0.4976] < 0.03GeV, Lyecay/0Lypcq, > 2:0, veto this event.

wof + + ZO-E + +
v Dy —» wm v D = wK
é 30F o 15- *
= BESI|| pré mnary
3 20F 3 101
- M
2. F 2
L 10 + w °

i - F O
O " \ AO-‘7A ...... 1 .0‘18',..... " 09 L 96. Wb 07 aechtls .08 Peceniand Logl 1
Mo [GeV/C] o [GeV/cT]
Signal mode Branching fraction (1073) Statistical significance (o)
D} - wm™ 1.85 + 0.30(stat.) + 0.19(sys. 7.7
- (stat.) (ByEglll prellmlnary

DS - wK* 1.13 + 0.24(stat.) + 0.14(sys.)
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Preliminary result for D_— pn®

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

Double tag
. . . _ %, 1001 -
° Klnemgtlc fit to improve missing neutron > oo
resolution & | ditau
. g | [ Ds bg
* Constraint the 4 momenta of the total events. S | gmear
the two Ds and Ds” mass, set anti-neutron 4 3 50- .

S

momenta free: (7-4)C BESHI pr
@

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

reliminary

» Ds*—2>yDs(—2>tag modes) 085 (li'/lgm.gg(Ge%?gz) 1
* Ds*—> yDs(=2pn) )
* No peaking background

* Signal efficiency ~ 48% from inclusive MC

21
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Preliminary result CEERN ]
1 Npr &t a “r ///.O i .
BDS—>sz - ’ ’ 8 73 |
Bp:syp, Nsr €pr S [ )3 :
_ I . 2. Npr ::, 20 } { /'> .
= > E | ° 7]
BDf:—’)’Ds Z(NST ’ Z_;) - I|| I ' H 'l il ]".,! -
o T~
By combining the 11 tag modes together, we obtain (only o .0{185 F. .{019. e iL ]
statistic error here): ' M, (GeV/c?)
-3
BD}L—>pf1 = (122 == 010) Xé@su pre|iminary Signal: MC shape ®Gaussian
Background: Argus function

e Statistically limited.
* Uncertainty due to baryon ID dominates the systematic

e 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 5
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Summary

 DTag and DDvar therehold data allow us to
perform inclusive and exclusive branching
fraction measurement

* Double tag proves clean samples for amplitude
analysis

 Many Do and D+ studies have been published

« More D, studies are on-going
(based on 3.19 fb-1 data at E_, = 4.178 GeV)
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