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_/* BESIIl detector

* Charm meson semileptonic decay
e D} - 1) e*v, decays
* Rare semileptonic decays of D
« D" - D%™*v, decay
« DT - yetv, decay

« DT 5 49(980)°e*y, decays

* Summary
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\/., " BESIll Detector D
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Magnet:1T Super conducting
— s60 MDC: small cell & Gas:
He/C3Hg(60/40),43 layers
It || =111 Y Oyy = 130um
|||||| e H oy /p=0.5%@1GeV
—— | ‘| X dE/dx=6%

S100

TOF: o <70pS

nnnnnnnnnnnnnn

EMC: Csl crystal, 28 cm C
AE/E=2.5% @ 1GeV
0, = 0.6cm/VE
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» Differential partial widths
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D . i . ) :
* Measurements of f, = (0) will be crucial to calibrate the theoretical calculations

* Extraction of |V_¢| provides complementary data to test the unitarity of the CKM matrix

* The ratio of B[DF — ne*v,]/B[DF — n’e*v,] helps to determine n — 7’ mixmgq gle (Pp)
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Analysis Technique

Single tag yield:
(i i i
NST— 2 X ND§+DS_ X BST X EST
Double tag yield:
EéTvs.SL

Branching fraction:

NDT Niot —
By — DS L N

Average efficiency:

€sL =
i1 (Nst X €s1ys.51/€57)/ Lia N
i=1\"'ST STvs.SL/ =ST i=14'ST
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Single Tag Dy

* The blue curves are total fits:
signal MC shape convoluted
Gaussian + polynomial function

* The red dotted curves are the

fitted combinatorial backgrounds:
polynomial function

ete” - DitD;, DY - (y/n?)D{ +c.c.

39514241923 tagged D, mesons
with 3.2 fb~1 @4178 MeV
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Decay 1) decay e xoysL (%) Npp Bst, (%)
T ) Fa— —
ne' ve 4y 41.11£0.27 ., , et .
: oo o 1834447 2.3240. .
Ortr— 16.0640.31 834447 2.3240.06+0.06
netve nrinm 14.07£0.10
~p° 18.98+£0.10

261+22 0.82+0.07+0.03

CHEP201 8, Shanghai

The blue curves are total fits:

Signal shape: MC simulated shape

convolved with Gaussian

Black dotted-dashed curve is the fitted
background from D} — ¢pe*v,: MC

simulated shape

Red dotted curve are fitted

combinatorial background in signal

side: MC simulated shape

Constraint fit: The branching fractions
of Df - ne*v, or D} - n'etv, for

two different 11(') subdecays are

constrained to be same



J \Zémparlsons Of Branching Fractions bl

[

POG2017 2.2010.19

CLEO PRD 80 052007 2.26+0.1410.18

BESIII PRD 94 112003 2.30:0.31:0.08
(@4.009 GeV)

BESIIl prefiminary  2.32+0.06:0.06
stat, syst.

PDG2017

CLEO PRD 80052007  0.68£0.15+0.06

BESIII PRD 94 112003  0.93+0.30£0.05
(@4.009 GeV)

BESIII preliminary 0.82£0.07£0.03

0.74£0.14

stat. syst.
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Fits to-partial decay rates and projections on form

J factors

N
-~ — r T T T 28 L B L B
8 « T L]
“ 5 40 7 * Partial decay rates are
0 B T L] L]
< s 4 fitted simultaneously
= B i /
T a0 ) ] by two 17/1’ subdecays
oy I 1 ]
2
— + 1
= ; - ; - } -
AL I il ple | ;
I~ odifie! pole -1 rlln°1r7 e 't;
| — Serigs 2Par. / e, - ‘4 * Based on th.e result .
0.8 :21 e’ Ve [ — LCSRecalculation extracted with the series
o~ " / 1 LGSR uncertainties 2 Parameters, we
w = - L]
3 06 M ] determine |V | and
i ] Q)
: i ()
0'4 . 1 . 1 . 1 . N P R RS IS T ST BT
0 05 1 1.5 02 04 06 0.8
q%(GeV*/c?)
Case %mlple pole Modified pole Series 2 Par.
b Pkl b, () T e )
(n)|1 Myote  x°/NDOF ff‘ (0)|Ves| o x?/NDOF (7 (0)|Ves| r x?/NDOF
netve 0 1f0(5)( ) 3.77(8)(5)  12.2/14  0.445(5)(3) 0.30(4)(3) 11.4/14 0.446(5)(4) —22(2)(1) 11.5/14

ey, 0.494(45)(10) 1.88(54)(5) 1.8/4  0.481(44)(10) 1.62(91)(11) 1.8/4  0.477(49)(11) —13.1(76)(11) 1.9/4 |

Uncertainties on the least significant digits are shown in parentheses, where the first
(second) uncertainties are statistical (systematic) /
10

¥\
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\/ — Comparisons of form factors

)
Taking | V.5 | CKMfitter and f'}_ (0) | V5| extracted with the series 2 Parameters as input, we obtain

£1(0) = 0.458 £ 0.0055,4, £ 0.004,,, ff'(O) = 0.490 £ 0.0505,4, £ 0.011,

No systematic uncertainty is considered

LQCD M,=370MeV  £0.542 + 0.013 -
PRD 91 014503
LQCD M,=470MeV  0.564 + 0.011 -

PRD 91014503

LCSR JHEP 1511 138 0.495 £ 0.030 ——
LCSR PRD 88 034023 0.432 £ 0.033 ——
BESIII preliminary 0.458 £0.005 £ 0.004 -

stat. syst.

LQCD M =370MeV
PRD 91 014503

0.404 £0.025 el

LQCD M =470MeV
PRD 91 014503

0.437 £0.018 —t—

LCSR JHEP 1511 138 0.588 £ 0.047

LCSR PRD 88 034023 0.520 + 0.088

BESIII preliminary 0.490 £0.050 £ 0.011 F——————

stat. syst.

0.1 015 0.2 0.25 0.3 0.35 04 045 05 055 06 0 01 02 03 04 05 06
n

£0)
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-/ Comparison of |V ]| b

9
N/
I | 1T 1 | I T 1 | I T 1 | [T 1 | 1T 1 | T 1 T 1 T 1 I
PDG2017 Global fit in the SNMD.97343+0.00015 =
Only reported one
uncertainty, but include PDG2017 WE 0.9450.30
both statistical and oson R
systematic .
PDG2017 D" = K" e"v, 0.975+0.007+0.025 -
PDG2017 Di—lv 1.008+0.021 -
BESIII D;—n' e'v, 0.917£0.094+0.156 =
. DS_)U(’) reliminar
Taking f, (0) P y
BESIII D:—m et*v, 1.032+0.012+0.080 —a—
PRD88 034023 as preliminary
: 8 | | | | | | | | | | | | | | | | | 1 | | 1 1 | I | | | | | | |
= obtain 04 02 0 02 04 06 08 1 1.2
V. |
cs 2,
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\/ 7 Comparison of mixing angle

-

Paper only reported
one uncertainty, but
include both statistical
and systematic

Combining the branching
fractions measured in this
work and B[D* —
netve] =
(10.74x0.81£0.51) X
BIDE > n'etv, =
BEONE0.5] —0.13) X
10~* (BESIIl Phys. Rev. D
97, 092009 (2018)) into
below equation, we
obtain

I'(Df — n'e”»)/I(Dy — ne’v)

-/

T | T T T | T T T | T T T T 171 T T T T T T T T T T T T | T T T | T
LHCb JHEP 1501 024 0 e
(Gluon excluded) B—>Jd/vm 43.541.4

KLOE PLB 648 267 0 o R

(Gluon included) o>y 39.7x0.7

KLOE PLB 648 267 0 ——

(Gluon excluded) o'y 41.3+0.3+0.9

CLEO PRD sﬁﬂs Deyon” e*v,  40£3 -

BESIII Dgon” €'V, 402414105 ===

preliminary

1 | 1 1 1 | 1 1 1 | 1 1 1 | 111 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

26 28 30 32 34 36 38 40 42 44
¢, (degree)

I'D* — p'etv)/T' (DT — netv)
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= D*® S g,(980)°ety,

* Study of the nature of light scalar ay(980) ~
and f,(980) is one of the central problems
of nonperturbative QCD
Known Scalar Mesons
* This study are important for understanding Mass
. . . . 1500 MeV e £, (1500)
the way that chiral symmetry is realized in V| ———— a{14350) L 430)
the low-energy region and confinement B0
physics
a,(980)
* Explore the nontrivial internal structure of 100““7 - 950)
light hadron mesons, traditional qq states, ) (300)
[su]fst]
tetra quark system o Gl
—— — £,(600)
* Improve understanding of classification of fud][ud] DMV \\ o
. '1 0 l
light scalar mesons Isospin

B(Dt->fottv)+B(Dt—ottv)

B(D*-agttv) /
15

CHEP201 8, Shanghai

e R =




Z ! S
| ] About 2.2 million =
< ==Lz¥- N |5 =
Q e 1ee 188 tagged D° mesons g z
8 (x10%) (x10%) A
R e R e ™ %Orb
S100f - " T\ D S
E . ;liL Oﬁ‘*‘: 0 o 1‘" --2 .1-..“2
o L 0 : 50f (g) & M, (GeVic?) U(GeV)
L ] It 4
] f
s T T 540 B(D” - ay(980)"e™v,) X B(ay(980)~ —» nu~)
20} o] o i =(1.33193% + 0.09) x 10~*
[ ’ 4 .
" i3 4 0,+ 0 0
e e e o 290 B(D™ - ao(980) 'e7v,) X Blaa(ES
M p(GeV/c?) =(1.66%06 £ 0.11) X 107% 2
About 1.5_m|IIion B(D*— ay(980)%*v,) X B(ay(980)° — nr®)
tagged D™ mesons <3.0% 10~%
CHEP2018, Shanghai i -
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<~ D*o ye' v,

)

S
* Not subject to the helicity suppression
rule due to the presence of a radiative
photon. @

* Nonperturbative strong interaction
effects in theoretical calculations is

relatively simple without final-state

hadron \ y
. T N/
* Long-distance contribution is considered \ /
via the vector meson dominance model X
and the decay rate may be enhanced N
significantly q P

CHEP201 8, Shanghai
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/, \/J D+ = ye+ve —

150 T T -,
[ —+— data
E 100k ——. :?oﬁlvmbkg. Source Relative uncertainty (%)
o [ W otherbkg. i i il Signal MC model 3.5
% Foeee AT e tracking 0.5
S ! et PID <::\ 0.5
> H ;
T : y.r s tion 1.0
i L&eg moment 4.4
0 n’e* v, backgrounds 2.7
-0.2
2 f B(D*—ye*v,)<3.0 x10° @ 90%C.L..
[ N
£ -
g 000F Approach to the factorization method
o ! L
5 4000 prediction: 1.92 X 107> (Nucl. Phys.
ézmﬁ- B?14, 301 (2017).)
- (
g 0 i (PP L \/
-0.02 -0.01 0 0.01 0.02

B(D— vy e*v,)(%)
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~ D* —D%* v,

* In the rare decay processes of
D*—D%*v_, the heavy-quark flavors (c)
remain unchanged, and the weak decays
are managed by the light-quark sectors.

* Applying the SU(3) symmetry for the light
quarks, this rare decay branching fraction d
can be predicted by theoretical
calculation and its theoretical value is

2.78x 107'3 [EPJC, 59:841-845(2009)]. €

* Measuring this decay may share light
on testing the SM predictions for the
rare semileptonic decays.

CHEP201 8, Shanghai




C

D* —>D% v,

Events/(1.2 MeV/c?)

N’
F ' ] St ]
3D 5K E 0 Sianal 3
: ] : — 3
C E 3F - E
: 12 all
: I E 1 =
C ;ﬁ‘ 1 - __ ] Source DK a" D' K aar DK nn°
%“gﬁ’fyf@-key,ﬂ e : Tracking 2.0 1.0 2.0
P, s —
D" 5K 1T'& 1,% ] PID 2.0 4.0 2.0
I i: (-2 . Quoted branching fraction 1.3 2.6 3.6
L _: - B 7¥ reconstruction - - 2.0
5l _ 1z ] Summation of Signal side 3.1 6.2 5.0
1 2 E Signal side 3.8
0 - AN 1 = = Background estimation 11.5
6 Do ] I ] MC statistics 0.5
i 1 4r . Mpgc fit (ST) 0.5
A . [ ] Probability requirement 2.6
i 1 aL L b 2D fit 2.9
2r ] i R i Total 12.7
184 186  1.88 0 185 1.9
M. (GeV/c?) M2, (GeV/c?)
Two dimensional fit <

B(D*—D%*v_)<1.0 x10 @ 90%C.L.

CHEP201 8, Shanghai
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= Summary

* With 2.93, 3.19 fb~! data taken at 3.773, 4.178 GeV, BESIIl have
studied dynamics of D — n(')e+ve, and search for D)
a®(980)°ety,, yetv, and D%etv,

Q)
* First measurement of form factor f_ﬁ (0) helps to tune the LQCD
calculation

* Determination of quark mixing matrix element |V.| and 1 — 1’ mixing

angle ¢p provide complementary result

* First measurement of branching fraction B(D*(®) — q°2(980)°ety,)

opens one more interest page in investigation of the nature of puzzling

a®(980) states.
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