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BESIII Detector

RPC: 9

,.,:ﬂhﬂ

: RPC: 8
layers ‘ i ,;j{‘; . E'eccslrgegtr:'c s ' _ { ayers
Solenoid ~&lt .
Barrel li: =0 %\?
ToF 11111 é ?o
W"— 2\ %
Endcap i \\\\\\\\\\\\\\\\llllllll Wiy ,{ g |
ToF §\§ ‘s & b=
SC -~ |ll B
Quadrupole = el

 Main Drift chamber: 115 um single-hit resolution, 0.5% p
resolution at 1 GeV/c, <5% dE/dx resolution

* Csl EM calorimeter: 2.5% energy resolution at 1 GeV
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Leptonic and Semileptonic D, Decays

c W+ A G2 ) \2
+ + 2 m
D‘*’CZ VF(D —/ vf):sz Vcd émij['l—m—é)

* Precision measurements test theory (LQCD), apply to B
* Multiple tests with charm: 5, T, (esp. ratios)
e Sensitivity to New Physics

2

P3

K(n)

dT' (D — K()ev) G, Vs

C o~ P q,
D EM - “Req, _ dq 241
 Theory for form factor, extract CKM

e Unitarity + other measurements to test theory (many modes)
* Use charm to reduce theory uncertainty in |V, |
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Charm Physics at Threshold with BESII|

e Just above threshold charm production is justD D

(s)
* Fully reconstruct 220% of D decays

* Hadronic tag on one side uniquely defines the charmed
meson on the other side for leptonic/semileptonic
studies. Neutrino via missing energy/momentum

e Data samples:
2.93 fb! near ¢(3770) peak at E,= 3.773 GeV for D
0.482 fbt at £, = 4.009 GeV for D,
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Phys. Rev. D 89, 051104(R) (2014)

Y(3770) - 2.93 fbL

40000—K47-[-7r- ] _KSOTf | i | ]
s iL lul 41 N_ =(1.703+0.003)x10° h
R ey i o Py N(D" — 'v) =409+ 21
Do ee—d 0 P\ | B(D > p'v)=(0.03710.0019 +0.0006)%
i : :: * : :! : 10000 :!l :: ] K /
o 1 ol " 1% correction for D*>yutv,

5000

1.82 184 1.%;; 1.;88 1.82 184 1.8i6 1;..88 1.82 184 I.Sé 1;..88 Most prECise to date’ Statistics Iimited

M, [GeV/c]

10° é%%;
E | Using |V,,| from PDG (CKMFitter):

10%

f.=(203.2+5.3+1.8) MeV

10 £

Number of Events

Using f, =(207+4) MeV from LQCD:
V| =0.2210+0.0058 +0.0047

-0.2 0 0.2 04 0.6
M2, [GeVZch
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BESIII Preliminary
0.482 fbt at E,, = 4.009 GeV

e Signal side requirements
] — 1 good right-charged track

— Energy of highest energy
shower < 300 MeV

* Compute MM? and fit
— t/u ratio fixed to SM (9.76)

— t/u ratio unconstrained,
sample partitioned with
PID into u-enriched, u-
depleted and PID-
inconclusive subsamples,
fitted simultaneously

Everts /( 0.001 GeV)
Everts /{ 0.001 GeV)
Everts /{ 0.001 GeV)

Events / (0.001 GeV)
Events / (0.001 GeV)
Events / (0.001 GeV)

My(GeV)

il

Events/ ( 0.001 GeV)
Events/ ( 0.001 GeV)
Events/ ( 0001 GeV)

My(GeV) My (Ge!

N _ =15127+312

s tag

My(GeV)
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BESIII Preliminary

0.482 fb! at E,, = 4.009 GeV

SM-Constrained Unconstrained — Cross-Check
y/14 <
: T
TV U- g._
: enriChed 045 01 005 0 0.05 0. 01-5-.62
:>31o: ] %“’ZIIIIII
s " g ) g Color-code:
3 inconclusive | /14
v
i Non-D, bkg
Y
6,_
Non-D, bkg § D, bkg
p- 1
ol depleted
i n il Ihdhn ....ll.T.TIA:‘ﬁT.h“. ::
015 01 005 0 005 01 015 0.2
MM (GeV?) Ds bkg

B(D; > u'v,)=(0.517+0.075+0.021)%

D® — u'v Signal: 69.3+9.3 events
s u B(D; —>1'v,)=(3.28+1.83+0.37)%

B(D; > u'v,)=(0.495+0.067 +0.026)%
f, =(241.0£16.3+6.6) MeV Need more D, data!
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Events / ( 0.17 MeV/c?)

Phys. Rev. D 92, 072012 (2015)

$(3770) - 2.93 fbl

182 184 186 1.88

20000} : . ; * Select SL signal: just positron and K/,
: ] 40000 ' minimal extra energy, and v consistency:
20000 | | 30000¢
| | 20000 U=E__—-c|P_.|=0
10000 f 10000§ miss miss
40000 - 10000F i D° — K e'v, i
30000 : 4000 - 70727 +278 events |
20000 5000 - ] [
E - 2000
10000 f — I
L > L
1 1 1 m -
] 182 184 18 18 = .
] > i s D’ >xe'v
10000 6 = B e |
E |2.7933+0.0037)x10° = 4o 6267 +.87 oents
5000 f D° tags L% 300 -
200 [~

Mg (GeV/c?)

Branching fraction results are in
excellent agreement with previous
measurements and more precise

5 August 2016

100

-0.2 -0.1 0 0.1 0.2
U,ss (GeV)

B(D° - K e'v,|=(3.505+0.014£0.033)%
B(D° — me'v, ) =(0.2950 +0.0041+0.0026)%
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Phys. Rev. D 92, 072012 (2015)

$(3770) - 2.93 fbl

— Single pole form — Modified pole model
o S+ (0) 2 f+0)
2 2y —
2 3 S (@) = =z fild) =
dr(D— K(n)ev) GilVuw| Piny T - R gy
= q) . .
dq’ 247’ " —ISGW2 model — Series expansion model
2 -2 1 ©
F1(d) = fe(dhe) (1 + TISIG%(Q&M - q2)> f(t) = mao(to) (1 + > rlto)2(t, to)]k>
! k=1
100 ' | ' | ' | ' 6 T ' T

E D°—Ke*v, ] - D> metv, -

B —e— data 1 L —e— data -
g~ 80 — — Single pole model — —— Single pole model
NO o <+
S N e Modified pole model - c}]o al ™. Modified pole model _|
v g0 L - == zseries (2 par.) ] = - -- zseries (2 par.)
) L ) ] [0) L
- N T z series (3 par.) ] S e, e z series (3 par.)
g o - -

r . o 2~ —
E C i = i i

20 |- . =
ol— . 0 .
0 0.5 1 1.5 2 0 ] : 3

g2 (GeV?/c?)

Using ff‘”)(O)‘VCS( d)‘ from the 2-par.

series fit and FFs from HPQCD:

? (GeV?/c?)

Single pole model

V.| =0.9601+0.0033+0.0047 £0.0239
V.,|=0.2155£0.0027 £0.0014 + 0.0094
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Decay mode ff(”) (0)|Vesal M1 (GeV/c?) x?/d.of.
D° — K~e*v, 0.7209 =+ 0.0022 + 0.0035 1.921 4 0.010 £ 0.007 18.8/16
D° — z=ety, 0.1475 £ 0.0014 = 0.0005 1.911 £ 0.012 =+ 0.004 20.0/12
) Modified pole model
Decay mode 17 0)|Vesal a x*/d.of.
D° — K~e*v, 0.7163 £ 0.0024 + 0.0034 0.309 £ 0.020 £ 0.013 20.2/16
D° — z7ety, 0.1437 £ 0.0017 & 0.0008 0.279 4 0.035 £ 0.011 12.6/12
£ Two-parameter series expansion
Decay mode F170)| Vel r x7?/d.o.f.
D% - K—etv, 0.7172 4 0.0025 4 0.0035 —2.2286 + 0.0864 + 0.0573 19.6/16
D% - z~e*v, 0.1435 4+ 0.0018 & 0.0009 —2.0365 =+ 0.0807 =+ 0.0257 12.8/12
Three-parameter series expansion
Decay mode fi(”) 0)|Vesal 1 72 z?/d.of.
D° - K~etv, 0.7195 4 0.0035 4 0.0041 —2.3338 4= 0.1587 4= 0.0804 3.4188 + 3.9090 +2.4098 19.1/15

D% - z—etrv, 0.1420 & 0.0024 &= 0.0010 —1.8432 4+ 0.2212 - 0.0690 —1.3874 + 1.4615 £+ 0.4680 11.9/11
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BESIII Preliminary
Y(3770) - 2.93 fb!

< I L L L B L R B B

O - BESII 8.95+1.59+0 67

-~ 0.5

> i 2 1771 g

c — —

= D KK : 1 15D K e i 4 D—)‘lt ‘IIZ‘IIZ CLEO-¢c 8.83+0.1+02

5 4 BHEHSIM

- D (55 oD |l 1o I D LI

o [ : ] 2t PDG 8.82+0.22

~ 2» |

—~ ‘* -

u) 4

-— ! + + ——————t + t BESIII 8.962+0.054+0.206

qc, D—>Kg‘ﬂ:"ﬂ:0 1 D-oKrnrrm* 10 D—>K81l:1t P .0

o or 5‘ i - S
. T - SO R § ] This work 8.6040.056+0.151
5- T 1_ _ b ‘4 v b b b by B Ly
i - 1 i 5 6 7 8 9

182 184 186 188 182 184 186 188 182 184 1.86 188 B(D+—>R0e‘ve)(10‘2)

2
Mg (GeV/icH) N, =(170.31%+0.34)x10*

. 0 0 - 0
ST+e" +(K->K.—>n'n”orm — vyy)
S
—~ x10? | | —~ 5 x10% .
= L _ = _
% 20 i (a) N c—)K’e'v_26008i168 % i (b) + NDO—m’e‘v—3402i’l70 4.05+0.18
w0 15+ 1 o 2F
o~ - e | |
=101 1 =
(2] I . | o 10, i This work 3.6310.075£0 051
T 5t D) [ (& U (D -.
5 5 SESII Prelimy \/ ~ T
L ; b r—— |] ] , R I .
01 O 01 02 _02 0 0.4 24 26 28 3 32 34 36 38 4 42
U .. (GeV) U .. (GeV) B(D'—nle'v,) (107
B[D" - K ¢'v]=(8.604%0.056+0.151)% B[D" - 7°¢'v]=(3.631£0.075£0.051)x10”
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Flts to AT (D*—)K"e*v)

BESIII Preliminary

$(3770) - 2.93 fb!
Flts to A’ (D*—)n"e*v )

100 - 2.5 T
i ID (—n\ ‘ i : I 0 ——>7C°e Ve
\}.\ | ._.)2,l | qll‘(a;_\? "k\{ ) 7 I'\\\'Ol)ala T
vo 80 \__# ) | —»—\— Polle V (‘dcl ( \L < 8 < 1 { (/1 | ( \\ — — Single Pole Model
‘\-’> i . ~BK Model ] “> L S~ » ~ BK Model |
O - *, — ISGW2 Model . ror) — ISGW2 Model
‘SD 60 i \ z series (2 par.) | ‘SD 1.5 z series (2 par.)
' B \«\ z series (3 par.) i '» i z series (3 par.) |
[ a— [~ N = | a—
~— 40 - — — 1.0
o~ L Y | o~
(=n B - i (e |
== N ==
— 20 B ! = 05
E= L e, J -
0 i . I . I . L e ] 0.0 . I
O 0.5 1 1.5 2 @] 1
2/~ 4 2,4
2 (GeV?/c?) 2 (GeV?/c?)
Single pole model \
Decay mode f+(0)|[ Vgl Mpote (GeV /&l
Dt = K%ty 0.7094 + 0.0035 + 0.0111 1.935 + 0.017 t\\\ 06"
Dt — 7%ty 0.1429 + 0.0020 + 0.0009 1.898 + 00204 5.003
Modified pole model @
Decay mode F+(0)|Vzg|
DT — K *u. 0.7052 + 0.0038 + 0.0112 \23\\ 0.031 + 0.010
Dt — n%*t . 0.1400 + 0.0024 + 0.0010 CA0:285 % 0.057 & 0.010 — —+ + —+
S W\\\ 0.9442 +0.0054 £0.0015 +0.0235
Decay mode F+(0)|Vzg| N r (GeV™Y)
DY = K" v. 0.7039 £ 0.0037 + 0.0111 ) 1587 +0.023 % 0.007 _
Dt — n%* v, 0.1381 = 0.0023 + 0.0007 \\\ 2.078 4 0.067 + 0.011 |‘/cd| - 02102 i00039 * 0001 1+ 00092
Two- paramefe\ series erpansion
Decay mode F+(0)|Veq| \ 1
Dt — K%%y, 0.7053 + 0.0040 + 0% —2.18 +0.14 + 0.05
Dt — n%t v, 0.1400 = 0.0026 4 G.900% —2.01+0.13 +0.02
> Three-parameter series expansion
Decay mode f4(@ “/},q\l N 7y o
DY = K%, 0.6983 £ B00562 0.0112 —1.76 + 0.25 + 0.06 —13.4+63+1.4
Dt — 7%t u. 0.1413 *00:0035 + 0.0012 —2.23+0.42+ 0.06 1.4+25+04
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Phys. Rev. D 92, 072012 (2015)

Y(3770) - 2.93 fb'!

D~ tag modes:
Krn  Kor  Krr BG-corrected ST yields + DT yields
S

Korn® Kornn KKz give BF and CP asymmetry

Double-tag selection First Measurements

ST + positron + K? EM shower (direction) B(D" - Kpe'v,)=(4.481+0.027 £0.103)%
Use 4-mom.consandU_ _=E - c‘ p_.|=0 A,= (—0.59 +0.60 +1 .48)%

Gives |p | > E , > q°
KL KL
§ [ oledem |3 & [ okren Extract yields as function of g
: : =" Fit g° distributions to FF
¢ My, parameterizations

q? (GeV?/c?) ¢ (GeV?/c?) K

) T S f*(0)V. | =0.748 £0.007 +0.012
% % el [P KS t tag % - K'K =t tag + cs
< < < ol :
8 8 8 "M Using FF from HPQCD:
s s MU s |V |=0.975+0.008+0.025
it o L% b TTIN D o b L i ol 4 =,

0 0.5 1 1.5 0 0.5 1 1.5 0 0.5 1 1.5

q? (GeV¥cY) G2 (GeV¥c) G2 (GeV?c*)
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Dt — K°e+ve via K® — 7797° BESIII submitted — arXiv:1605.00208

¢(3770) - 2.93 fb!

First measurement using B(D* - K'v,)=(8.59+0.14+0.21)%
K’ - K2 - n°n° AR S AR RS AR LA RRRAS A
S | 1 8.95+1.59+0.67 R°—sm*n-
Six D" tag modes: BES[3]
Kinn Kom™ K n r° | 8.83+0.10+020 R’—rrn-
CLEO[ 4]
Kenn’ Kon'mnm  K'Ka
= 8.83+0.22
800 | N =5013+78 PDG{1]
sig
t - 8.96+0.05:021 K°—K°
600 BESIII[6]
i 8.59+0.14+0.21 RK°—s7or®

This work

8 9 10 11 12 13 14

200 B(D'—K e*v,) (%)

L I L I T 7T [ UL

Events /(0.01 GeV)
=N
S

e ok ntrbetwirr F(DO SN K—e+ve) B B(DO N K_9+V6)XTD+
2 01 o0 01 02 03 r(D°>Kev,) B(D >Kew,)xz,
Uniss (G€VY) ~0.969+0.025
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BESIII submitted — arXiv:1605.00068

Y(3770) - 2.93 fb?
D- tag modes:

Kn Kson‘ K r°

Kgﬂ'_ﬂio KS°7r+7r‘7r‘ KK

B(D" > K°u'v,)=(8.72+0.07 +0.18)%

— o (8.72% 0.07% 0.18)%
K’—>K,—>nrn'n orr’n’ Our result
S

Right-charge track consistent with u e —

2000F : : : . — PDG2014
7['"71'_ N+_=16516i130
3000 — r m —e— (9.27+ 0.69+ 0.59+ 0.61)%
FOCUS
2000 —
% 1000 f———e— (10.30+ 2.30+ 0.80)%
3 BES-II
g o
g, | | ] | ] | ]
g 400 - 0.1 0.15 0.2 0.25
2 wof r(0°>Ku'v,)
»o0 “V) _0.963+0.044
r(o*—Kou',)
100
'(D° - K°u*v
[y ( ) =0.988+0.033
-0.2 1“(D+ — K%* e)
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Form Factor Status

I|I|II|I|IIII|IIIII T

HPQCD  0.747:001%0.015

BESII 07840 (1440 (13

[~ Ket,

Belle 0.89540.00740 022
- Kew, DK,

BABAR  [0.727:0.00740.008
> Ken,

CLEQ-¢  0.739:0.00740.005
- Ken,, 0'- e &,

BESIII 0.7368+0 0026:0.0036
- Ket,

BESII (74840 00740012
0= K,

This work_ ~ 0.72460 004140 0115

HPQCD  0666+0.0240.021

I’IIII‘IIII||I|I’IIII|III

.

BESII  0.73:0.14:0.08
0’5 :.T['e"\'e

Belle  0.624+0.0240.003
iy £, iy IS

BABAR  (0.61£0.02:0.008

D[' s TEMY Fil‘St and
T second errors
CLEO-¢ 0 .BRA£0019:0.005 —gm  are statistical

D ety Do ey and systematic

BESII  0.637240.008+0.0044

for E!"'\.'e

This work 0.6216:0.01150.003

D*2K%tv [ ] I TR DIty | A RRENE RRNRE ARRNE ARRRE ANE
055 06 065 07 075 08 045 0.5 055 06 065 0.7 0.75 08 0.85
f,0) .0




‘VCS‘ and ‘Vc d‘ Status

|IIII|IIII|IIII 7T T T 1T 7 71 II|IIII%IIII
PDG 0.9734340.00015 PDG 022522401 (10061
Glabal fitin SM Global fitin M
PDG 0 986:0.016 PDG | n.zzsiu.uua: o
Serileptonic 0 and leptanic O decays Sermileptonic D decays, neutring interactions
: PDG 0.2240 00640 01
PDG 08530 0060 0 semileptonic D decays
semileptonic D decays PDG 02340011
PDG. 1.008:0.021 —— Newtrino interactions
Leptonic D: decays BESI| 0.25140 04940 044
BESII 08980 05240 145 0= reh,
0=k e, CLEQ-¢ 0234200070 00240025
CLEO-c 09854000940 00640.103 D e, D e,
Pty 0ol BABAR  0.206:0.007:0.003
e O 7ey
0960110 00330004740 0239 ¢
55?\"[ BESII  0.221:0.0058:0.0047
" U=,
BESII ~ DTe000eAL DiEeD0% BESII  02155:0.0027:0001440 0094
DK e, 0 v,
This work 0944240 006410.01540.0235 This work  0.210740.003840 0010 0092
|h++§|ﬁ0éﬂ;| I ol _LD&&OQ*'VI I
V| V |
¢S ¢d
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First and
second errors
are statistical
and systematic.
Third is from
LQCD
ungertpinty |

025 03

17




+ — _+ ot — arXiv:
D %K e ve BESIII accepted by PRD — arXiv:1512.08627

¢(3770) - 2.93 fb!

Objectives: 1) Measure branching fractions and K amplitudes
via Partial Wave Analysis
2) Measure g?-dependent transition form factors for

D" — K*(892)e'v,

. Elllllicliatalllé |
2 f F non-signal D* bkg 18262 signal events
% 10 g_ [T17]] other bkg _§ ~0.7% BG
(\] 2=_ te . —:
< VF " ] B(D"—>Km'e'v,)=(3.71£0.03+0.08)%

B tty ] .
P 105—* | +*+|fii ] For0.8<m, <10 GeV/c® (K dominated)
8 EnomlE Rl | 1 B(D"—Kae'y,) =(3.33+0.03+0.07)%
> H LH I ‘ ©/[0.81]
ad 1_‘ ; ‘ d‘g

06 0708 09 1 1112 13 14 15 1.6

m; (GeV/c?)
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BESIII accepted by PRD — arXiv:1512.08627

¢(3770) - 2.93 fb!

140~ U RRARE RARAS RARRE RARAE RAREE RRARE RAS D) SAARE RRRSS
E LASS para. ]
4-body Decay 120¢ / ’ :
F | Model Ind. . :
. ] fG')\ 100__ K ]
Kinematics 8 & :
an 80__ ]
3 C ]
% 5000 b = 60 E
= : t data = s r .
840005‘ ;th 3 10° 40:— —:
3000F g N, C ]
220005_ E = N 20¢ B
P 1 5 10 ]
i 3 ] 3 N P PR P [P N N Y R T P .
51000 1 8 4 070800 111121314 15 16
M85 08 1 12 14 16 M 06 08 1 12 14 16
my(GeV/c?) my(GeV/c?) my(GeV/c %)
o _ . . .
S At Fractions > 50 significance
8 500F, E g
400, E > _
SR, e D' —(Kx) , e, (9393+0.22+0.18)%
= %0 ] B K™(892) e
2 2000 {1 8
£ 00, { D' —>(Kn') e'v, (6.05+0.22+0.18)%
> k L 1 1 L ] S-wave €
@ 9020406 08 1 12
qX(GeV?c*)
_ FF Parameters
600E
S so0. § m, =(1.81922£0.02) GeV/c* m, =(2.619%+0.03) GeVic?
S 400; >
& 300k < A,(0)=0.573+0.011£0.020
5 g -
2 200 1 8} ; y A
= 100 ] & 100 ; rv=ﬂ=1.411io.0584_ro.007 r,= 2(0)=0.78810.O4210.008
o O A (o) A (o)
-1 0.5 0 0.5 1 -3 2 -1 0 1 2 3
cosO, P
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DJr N a)e+Ve and D+ RN ¢e+ve Phys. Rev. D 92, 071101R (2015)

$(3770) - 2.93 fb!

> > E
Q | ()] 2.2 = 1]
= 100 D+ wetv = 2F D*->detv
i S 18F
% 80 ' w 16
|- : £ 14F
o 60r O 12F
F 1E
- 40 ’ Hi s 2
! 06F
20} | 04E
PR AR Gt e % 24 4 Ll R4, ’ é ;_ — ._J_r-'lr' [P NP PP B
-%.2 -0.1 0 0.1 0.2 0.3 04 -02 -0 0 0.1 0.2 03 0.4
U/GeV U/GeV
B(D' - we'v,)=(1.63+0.11+0.08)x 10" B(D* - ¢e'v,)<1.3x10° at 90% C.L.
g o (b) ‘g i (c) .
feb First measurement
1005— b':_'_,__r_‘_\_\_\_ D+$ (Ue+Ve
E E . “OF
B: 0;5 ] 0.6 LLF%S ' 0f 00:- OIZ 0l4 0'6 0l8 L/; //1.7 14 2::: -0I5 él OI*' F F pa ra mete rs
J ‘ n;?(GeVch“) l (= qQ(Ge\;zlc‘)' . ‘ cos8,
1 BE T
8 b, Rt r,=V(0)/A(0)=1.24+0.09+0.06
80F 60:_ 4
3 L o —— 1
w777 5 4 r,=A,(0)/A(0)=1.06+0.15+0.05
-1 05 0 05 cose; 3002 4 0 1 2 ;'
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Summary and Prospects

BESIII has large and clean e*e” data samples near
threshold, well suited to precision measurements of
semileptonic and leptonic charm decays

Many recent results on D decays at ¢)(3770): leptonic
and semileptonic branching fractions, form factors and
decay constants. More in preparation

First results on D, decays at threshold, statistics limited.
Many more, with greater precision coming soon with
newly acquired 3 fb* data sample at 4.18 GeV

Longer term prospects: additional ¢)(3770), more
samples at higher energy, including 4.6 GeV for A,

Also at ICHEP 2016

— Absolute branching fractions for A decays at BESIII
* Poster presentation, 6 August
* Peilian Li, USTC
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