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BESIII Detector

Drift Chamber (MDC)
cP/P (°/,) = 0.5%(1GeV)
G gesax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

pCounter
8- 9 layers RPC
ORM®=1.4cm™1.7 cm

EMC: GE/VE(Y/,) = 2.5 % (1 GeV)
(Csl) o,,(cm)=0.5-0.7 cm/VE




Data samples In this talk

O 2.93 fb! data@3.773 GeV for D°D?, D*D- production;
[ 0.48 fb~! data@4.009 GeV for D.*D,~ production;
O 0.57 fb! data@4.599 GeV for A-* A~ production;
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Analysis Technique

Single Tags (ST)
th \/ beam ‘ﬁ

Example: ST

Double Tags (ST)
lJ . =

miss miss Elpmissl .
[For Semi-Leptonic decays]

Clean sample of ST charmed hadrons can be fully reconstructed
by hadronic decays with large BFs. Based on this, one can access
to absolute BFs and dynamics in the decays.
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Measurement of B[D*>p*v], f,, and |V

vy PRD89(2014)051104R
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N, = (170.31+0.34) x10*

B[D*>utv]=(3.7120.19+0.06) X 10

Input tp,, mp,, m,, on PDG and
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Comparisons of B[D*>u*v ]| and f,

—— 209.0+9.3+2.6 CLEO-c

— (0.0393+0.0035+0.0009)% CLEO-¢

H 203.2+5.3+1.8 BESIII
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Measurement of B[D°2>K(w)e*V]

e*e"2>y(3770)>DD° _ PRD92(2015)072012
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Measurement of f,K®(0)

Input [V yq| of CKM-Fitter

fD%K(n)_'_(O)lVCS(d)l ‘ﬁ fD%K(Tt)_F(O)

55— 0.78£0.04+0.03 BES—-II f—0.73+0.14+0.06 BES-II
PLB597, 39 PLB597, 39
F  0.739+0.007+0.005 CLEO—c = 0.666+0.019+0.005 CLEO-c

PRD80, 032005, 3.Par.Ser. PRD80, 032005, 3.Par.Ser.

— 0.624+0.020+0.007 BELLE

F—=— 0.695+0.007+0.022 BELLE
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f,K(0) ()

10



Events /(0.018 GeV/ch)

Events /(0.018 Gevi/cH)

Analysis of D*=2>K, e*v

[PRD92(2015) 112008]
> Regardless of long flight distance, K_ B(D*> K, e*v) =(4.482+0.027+0.103)%
interact with EMC and deposit part of

energy, thus giving position information B(D¥ = K%*u,) — B(D- — K2 5,)
L & [

- B(Dt = Klety.)+B(D- — Kle 7,)

OF =
» After reconstructing all other particles,

K_ can be inferred with position
information and constraint U ;.20

Slmultaneous flt to observed numbers of DT candldates
' fThe first

imeasurement of the
1BR for D*>K et*v,

AcpPPKLev=(-0.59+0.60 + 1.50)%

wso WA D‘—)K*T:*T:*Tc“ tag
‘I':JIILI
[ b

Events/(0.018 Gevzfc“)
Events /(0.018 Ge\ﬂmﬂ

g v

n”,_,. H

It g | e H{le

T
0.5 15

Events /(0.018 Gevzﬁ)
Events /(0.018 Ge\fzfc“)

g2 (Gev?rot) g2 (Geviict) g2 (Ge\,-’zfc“)

fK,(0)|V | =0.728+0.006+0.011 1



Analysis of D*=2>K-rte*v

arXiv:1512.08627

MKn distribution Projections of data and fitted MC distributions

o, i dﬂtﬂ JJDGU_ -h..il
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- 112 L 2 600
my(GeV/c?) i': 500, e
B(D*>K-m*e*v,) =(3.714£0.0340.08)% =
= 300
B(D*2>KTr e+ve) [0.8.1] =(3.3320.03£0.07)% <=
% 100
Fit Results (Preliminar o
( y) 2 UTeTeieeuE

= Fitted fractions of the component R(GeVe?)

FD* = (K)o goyy €°V,) = (93.93 + 022 + 0.18)% .~
FD* = (K TT)s_ume €7V,) = (6.05+0.22 + 0.18)% 2 3 \
= Parameters of K*0(892) ; E _
Myeo(gezy = (894.60 + 0.25 + 0.08) MeV/c? E 2 o
[yogony = (4642 +0.56 +0.15) MeV/c? i T

cosOy X



Study of D*->we*v and search for D*->¢e*v

U distribution

U distribution PRD92(2015) 071101R

> I 2 22F
g 100i % 2_ D+9(I)e+V
= g0 < 1o Red dots: data;
g 60 § i Arrows: signal
Y ow st region.
2 04 !
N
) Y2707 0 o1 02 03 04
U/iGeV
Mode This work Previous Better preC|S|On
we 1.63 +£0.11 £ 0.08 10—3(1.82 =+ 0.18 + 0.07 10—3 iyt
weve | 1 +0.08) x ( 20.07) x or sensitivity
detTre < 1.3 x 10— (90%C.L.) < 9.0 x 10— (90%C.L.)
(@ 3 123 (b) £ raof (©) _ ]
g e Amplitude analysis of
2 100F & 8of .
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£ 40k / / . .
3 : N for the first time
8565 o6 065 o7 000204 06 08 1 12 14 Rk Y 005 1
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coso, %

Results of form factor ratios:
ry = V(0)/A; (0) = 1.24 + 0.09 + 0.06
ry = A,(0)/A; (0) = 1.06 + 0.15 + 0.05



Dalitz Plot Analysis of D*2> K %"

Distribution of (a) fitted p.d.f, and projections on (b) M?

+mn0’
2 2
(c)M Ks0n0! and (d) M4gqo- PRD89(2014) 052001
92 a0 @ F ] E d
S 200 % ++ _____ (b)__ L S 00 © 2004 L ( '
2 B 2000 Mﬁ +++¢*¢w“ nese e '3 . 20?3*“‘“ Dl
] 2 = & 200F o 400F
E 1000} =" :lﬁmlﬁ erent (5 A 200: <
W 500_;“__ . %15000_ - E%j;gmu“d{ﬂ} N% 6000_ n'%' 6000:
- ' 310000'— ------- 2[045%’1 8 so00/ 4 g r
9 s | TRy S | g 40o0f
o 14 1 :E 50001 8, o :g 2000 :-g 2000
)“:N /G 0.5 L%J [ B2 L :% :, ; L%J : et T,
L K 2 O-ba B E— e
M, (GeVic’ MEs,e (GeVic? Mo (GeVic’y’
Partial BFs calculated by combining fitted fractions with PDG’s B[D*> K n].
Mode Partial Branching Fraction (%)
Dt — K2r*+7% Non Resonant 0.3240.054+0.257 3 _ _ _
D+ — pt K9 p+ — atao 5.8340.16:£0.301012 Partial branching ratios
Dt — p(1450)T K Y, p(l-laU) — wta0 0.1540.0240.0970 97 are measured with higher
D* — K (892)"m+ K (892)° — K¢ 0.250 4 0.012 + 0.015¥505% precision than previous
D+ 5K, (1430)'3“+ K (1430)" — K270 026+ 0.04+0.05+0.06  measurements
Dt - K (1680)'7+, K" (1680)" — ng, 0 0.09 £ 0.01 £ 0.057) 0
Dt » 7 +—‘3'—>I1'} 0 0.54 £ 0.09 4 0.28+73%
N R+7 1.30+£0.1240.12) 32
K97Y S-wave 1.2140.1040.161)32 14




DD mixing parameter yp

PLB 744, 339 (2015)

We measure the y ., using CP-tagged semi-

leptonic D decays, which allows to access Compatible with the
CP asymmetry in mixing and decays. previous measurements.
*
K CHARM 2015
CP-Tag K- E7911999 : . || 073222890103 %
Q 3.420 £ 1390 + 0.740 %
e+ e
. Belle 2009 H 0.110 = 0.610 + 0.520 %
« ? E Flavor-Tag
LHCb 2012 0.550  0.630 = 0410 %
e(n) ' -
Vop A 1 (BDCP—_”{ _ Boori=t  paenn o 1.110 + 0220 + 0110 %
A\ Bpep, -l  Bpeop_—l
Reconstructed Modes: P - 0720+ 0150 0124 %
Type Mode Ll
P+ KTK=, ntm=, KinOx" BESINI 2015 | [ -2.000 + 1.300 = 0.700 %
P— K7% Klw, Ky
Semileptonic K¥etv, KFutuv
Norld average H 0.835 £ 0.155 %
| FETTY FRETY FYTRE YT Y YT I e |
pr:(-21i13i07)% 4 3210123 45




Strong phase difference o,

PLB 734, 227 (2014)
Quantum correlation = Interference - access strong phase!

If CP violation in charm is neglected: mass eigenstates = CP eigenstates

CP tag at threshold ~  ©
L

]

Ccp b,
Eigenstate (-) |

KX; )
7 y(3770)L=1 C=-1
CP anti-correlated

T

ACP — Bps- L g-n+ —Bps+_g-n+
Km —

Bps— L g-n+ +8ps+ L g-n+-
Q?icos -+ v=(1+ Rws) - AcrPokn,

|D1:, _ |f_)”} + |El]> _ |L)”} _ IE(‘J}

AD" 5K

Sy, IS Important to relate to mixing
parameters x and y from x’ and y

Reconstructed Modes:

AR =(12.741.340.7) X 102

Type Mode

Flavored K~ nt Kta~

S+ K+K_.:r+:rr_.KE:rD:rrU.:rﬂ:rr':'.pﬂ:rr':'
5— K279 k9n. Ko

With external inputs of the parameters in HFAG2013 and PDG
Rp = 3.47 £ 0.06%0, y = 6.6 £ 0.9%¢ Rws = 3.80 %+ 0.05%c

COSO ,=1.02+0.11+0.06+0.01

most precise to date
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Observation/Evidence for SCS decay D*©-2> @ *©)

Suppress background via DT method arXiv:1512.06998

a + + — 0 0 - -
¢ 8 Donn S P ")ﬂl’fn 115 11> Predications of B[D->wn] at
& 60} E 3 1.0 X 10* level.
3 i S '
S 40f | S > D> on were studied at
ﬁ i ‘ @ )
€ 20 | € CLEO-c with ST method, but
[1h] i . -
AR AT s it only set BF upper limits

85 06 07

M, (GeV/c?) M, (GeVIc?)
600§T£|C|ency corrclected4g/0|_e:!gs versus |H_| Summary of BEs measurements
- _ ndf=9.7/4 - 2indf=5.6/3 L~ J Mode This work Previous measurements
o] 400: " s 200k o D+ — wrt (279 £0.57 £0.16) x 104 < 3.4 x 10—* at 90% C.L.
%200' % [ — DY — wr® (117 +£0.3440.07) x 10=4 < 2.6 x 10~4at 90% C.L.
= [ = [ Dt — prt (3.07£0.224+0.13) x 10—3 (3.53 £0.21) x 103

z D._,_ —I»— < CI'_L_—:-— D — :';?rc' (0.65 £ 0.09 &+ 0.04) x 10—3 (0.68 £ 0.07) x 103

0 02 04 06 08 1 0 02 04 06 08 1

|H | |H |

Improve understanding ot U-spin and SU(3) flavor symmetry
breaking effects in D decays and benefitting theoretical prediction
of CP violation in D decays



D" 2 n’X and n’p”

PLB750 466(2015)
About 15.6 K ST D~ events by N o
using 9 ST modes -
4nu§— D KK so00l D.— K'Kw 2000F D, K'K'wn® g
300f t b S T 2%
200 — I*Il‘ 1000} "' 1000 +k\ &
100} ' UOAY 500F
Wﬁ.l&m . . \Tw‘\l\ . , , , | WA | . e ] | ]
© 300; D;— KiK' D, w*ww [ e 1.96 1.98 2 092 094 096 098 1 1.0
E, E 000l 300f My, (GeVic?) M) (GeVic?)
= b L e | A | NIDS 2 m°p*]=210450
E 100?1}} i "}Hﬁ“’ﬁmfm\ “"\ IWWW*M % + 1 ,
CTR . . . — e 1 100 — total =
F Do), 1500} Dy—m,, 2000 bty L 1«
100 1500 ! s
i 1000 | 2
s g ” W wuuwmﬂ'mr/.\?\;\ E“’O: 7 %
UM\MML 1 — \ L T gmi ] ’
1.94 196 1.98 2 194 19 198 2 1.94 196 1.98 2il i
My (GeV/c?) L e L o
° 1.94 1.96 1.98 2 D-1 | -0.5 09 0.5 | 1
GeVic? cost..
B[D,* 2 n’X]=(8.8X1.8X0.5)% M (GeVicd)
Consistent with CLEO measurements B[D,*2>1’X]=(11.7X1.8)% [PRD79 112008(2009)]
B[D,* 2 n’p*]=(5.8X£1.4X0.4)% |[B*P[Ds" = n’p*1=(3.00.5)% [PRD84 074019(2011)]

Resolve the disagreement between theoretical predication and CLEO-c’s previous
measurement. B[D,*2>n’p*]=(12.5%2.2)% [PRD58 052002(1998)]



14415+ 159 events with 11 ST modes

Events/0.001 GeV/c?

Absolute BF for A.;*>Ae'v,

Theoretical calculations on the BF ranges from 1.4% to 9.2%

PDG2014: (2.1+£0.6)%
PDG2015: (2.9+0.5)%

— ]
300{PKg i
i
200f "t 1 1000k
100} S
‘*—.-&
K
400f h {200
'y
200} 4 1 100f
ﬂM‘H&\
Anm® '
400f a1 200
200t ',.'i, 1 100}
[asynonto e ¥
0
100{ ™ 1 400
|
S50 ;I!‘ 1 200
LTI

2000F

1 200

Input B[A-*2pK-nt]=(6.841032_, ,,)%

&== by BELLE [PRL113,042002(2014)]

226 228 2.30

226 228 2.30

i‘rfB(j (GC"Y/(‘.Z)

B[A. "> Ae*v]=(3.63+0.38+0.20)%

PK ' PK o
# A
1 100 i
Mosmtamindd 5|
200F— .
pKgm'm o Ar }

it 100} o

gt 7 ¢

} ] 1
Mdgﬂa'ﬂﬂ -, o
— 2001 ]
AT . rm }

h 100} #

A f *;
vt mptantad oy s _
S ; 226 228 2.30
W‘ Yo

10F

=
c|

Events/0.010 GeV

-0.2

PRL115(2015)221805
(b)
104+11 DT
1%
-0I.1 (I) OI.1 0:2

Umiss (GeV)

First absolute measurement

Important for test and calibrate the LQCD calculations.



IS unique: the most simple and straightforward

Events/1.0 MeV/¢

Absolute BFs for A" hadron decays

Measurement using the threshold pair-productions via e*e— annihilation

1003— PKZ pK* - pK tn®
502— 3 ;
E o« S - LN
29 :‘ F Z'mtm
10
t, 1. 441 4 /
ig%: PKOT{U i ATt >0+
10f
57
}
15,
10;— pKU;-; T E >0 { Tt l
st AI i
E L 1A A S g
2.26 2.28 2.3 2 26 2 28 2. ‘ﬁ 2.26 2.28 2.3
My (GeVieh)
Mode This work (%) | PDG (%) Belle B
mﬁ---- [1.52 £0.08 £ 0031115 5030 L o
Ipfx mt  |5.84+£0.27£0.23| 5.0+ 1.3 | 6.84+0.2470:2]
KT T TR LU E DS [ E R0 T T T T T T T
pK 2 Dm+ —11.534+£0.11 £0.09|1.30 £ 0.35
pK~ 'r+ 01453 4+0.234+0.30| 3.4+£1.0
Axt 1.24 + 0.07 £ 0.03[1.07 £ 0.28
Anta 7.01 £0.37+£0.19| 3.6+ 1.3
Arta 7 T]3.81 £0.24 £0.18| 2.6 £ 0.7
Yort 1.27 £ 0.08 £ 0.03 [1.05 £ 0.28
EH—" 1.18 £0.10 £ 0.03 [1.00 £ 0.34
Strtr— |4.25 £0.24 £0.20| 3.6+ 1.0
Stw 1.56 £ 0.20 £ 0.07| 2.7+ 1.0

arxiV:1511.08380
Accepted by PRL

A global least-square fitter is
utilized to improve the measured
precision for 12 A_* hadronic decay

channels.
rDT DT r DT
Z Navj- =+ Z Nisje £

it £ i1
v Absolute BFs are improved

significantly.

v BESIII BF for A*2>pK-rt is
smaller.
v Improved absolute BF of pK- i+

together with BELLE’s result are
key to calibrate other decays.

rDT
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Observation of A_f2>nK '+

First observation of A-* decays to final states involving the neutron.

—_ . .
o, 0.54 ' : e
= BESIII preliminary .
© 052 ‘ Y
U ~
5]
T 0s | e
ko T'ﬁ,‘l':: 2
t =
048 =
= &
g
=
0.46 &
| Y l |
0.7 0.8 0.9 1 1.1

M2, (GeV?/ch)

The missing neutron is detected by:

| | | |
= data (a)
M- romae BESII prefif
— A, bkg
=]
20 o 20
>
=
=
10 210
o
-
m
=
g
=
=
10 10F (b")
5 5

2 _
miss ('p‘-\j' o pﬂ"‘) 1111‘:‘:

‘ 1[2 —C ‘_%Hll‘-ﬁ‘

— PKY

83+ 11 net signal events
BESIII Preliminary results:

| [Tl [T FELLLIT T |

I a1 Ty T e Sl

0.7 0.8 0.9 1
Mz (GeV?/ch)

11 046 048 05 0.52 054

M, +,.- (GeV/c?)
Fitto M2 . and M_, _spectra in (a,b) A
signal region and (a’,b’) A~ sideband
region simultaneously.

The relative BF of neutron-involved mode
to proton-involved mode is essential to test

B[A, > NKn*]=(1.8240.23+0.11)% the isospin symmetry for A * decays.

[arXiv:1601.04241]



Summary

o BESIII provides important results on charm decays

> leptonic and semi-leptonic decys

> D hadronic decays
> DY mixing and strong phase
» A" hadronic and semi-leptonic decays

Important to test LQCD calculations, CKM matrix UT, search
for NP beyond SM

o More fruitful results will come out!
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Thanks!



Introduction

Precision measurement of charm decays provide rich information
to probe for strong and weak effects

m Unitarity test of CKM matrix: direct access quark mixing
matrix element |V | Or strong phase constrained y/¢,

= LQCD calibration: precise decay constant f ., form factors
foskm(9?) and others

= New physics BSM: evidence of rare decay/CP violation, or
significant deviation of CKM untarity/LQCD calculation

s Important inputs for beauty physics: Significantly improved
decay rates or dynamics
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D leptonic and semi-leptonic decays

Bridge to extract D" decay constant(s) fy ., form factors f,>>K®(g2)
and quark mixing matrix elements [V )|

f.(9°)

GEf? 2\
D m G2|Viea(sy?
r(D+ ) — C; 2.2 1t dlr ElVeais)l© 5 242

= Improved fy,, £,0?K™(g?) of D semi-leptonic decays calibrate LQCD
calculations at higher accuracy. Once they pass experimental test, the
precise LQCD calculations of fo/fg, fp/fg, and form factor ratios are
helpful for measurements in B decays

= Recent LQCD calculations on fy),[0.5(0.5)%0], f.°2*®(0) [1.7(4.4)%)]
provide good chance to precisely measure [V )|
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dq?d cos O1d cos Oadydmprr 84w )

dl’ 3 ‘Q P’ Blu

M3,

— )| BW (1 )|

[(1 + cos 99)2 sin® 61 [Hy (¢, g )|

+ (1 — cos 99)2 sin? 64 |H_ (qg, -'m...,r.mr)\2 + 4sin? 09 cos? 6y | Ho( qg. -'m.ﬂ,rm)\g
+ 4sinfs(1 4 cos by) sin # cosby cos Y H (q mﬂrﬁr.,r)HD(q g —

— 4sinfs(1 — cosby) sin by cosfy cos YH_(¢*. miprr ) Ho(q . Mprr)

— 2sin? 0 sin By cos 2y H+(q mmﬂ)H_(q Marr)|.

Mpp, -.
H(q?) =M Ai(q*) F 2=V (@)
1
Ho(¢?) =—————[(M3 —m2__ — *\MA(¢?
U(f ) ?"fl?-qﬂq\/q_g[( D T 1’) 1(1') (3)
UDIL
— A=A )

where M = Mp+mgrq. For the ¢* dependence. a single

pole parameterization [2] is applied:

Vi) = T« Aale?) =

Ay,2(0)
1 —q?/m? "’
where the pole masses my and my are expected to
be close to Mp.3-y = 2.01 Ge 7/c? and Mp«+y =
2.42 GeV/c? [14] for the vector and axial form factors,

(4)

respectively. The ratios of these form factors. evaluated

V(o) A2(0)

ot A2 — () e, — cnel e
at ¢° =0, ry = A1(0) and r9 = A0) ¢ measured in

this paper.
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