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BESIII Detector

v Beam energy: 1.0 — 2.3 GeV

v' Luminosity reached the design
value (04/05/2016)
1.0x1033cm—2s!

Muon Counters
9/8 RPC layers (barrel/endcaps)
Cut-off momentum: 0.4 GeV/c

CsI(TI) ElectroMagnetic Calorimeter
or/E (at 1 GeV): 2.3%
0,4 (@t 1 GeV)5~7mm

Time of Flight (TOF)
o1: 68/100 ps (barrel/endcaps)

Drift Chamber(MDC)
a,/p (at 1 GeV): 0.32%
adE/dX < 5% (Bhabha)



Data samples of charmed meson and baryon
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v’ 2.93 fb! data@3.773 GeV for DYD®/D* D~ production
v’ 0.48 fb! data@4.009 GeV for DS D; production
v’ 0.57 fb! data@4.599 GeV for AL A7 production



Charm physics at BESIIl: Motivation

B Unitarity test of CKM matrix: measuring |V | and |V 4|

B Lattice QCD calibration: fp_k/-(q*) and other formfactors,
fp(s)+ decay constant

B New Physics: finding evidence of CP violation, rare
decays, significant deviations from CKM unitarity or from
LQCD calculations, D — D mixing

B Providing inputs for b-physics



Measurement of Absolute Branching Fractions

(Illustration: e*e~ — ¥(3770) — DD

» Single Tag (ST)
v Tag the charmed meson or baryon via hadronic decays
with large Branching Fractions (BF)
v AE = Erec. — Epeam
v 1\41§CC4 = Elgeam B pzcz

» Double Tag (DT)
v Reconstruct signals in the recoil side against
v For (semi)leptonic decays: U,,iss = Emiss — Pmiss

S

Signér‘~t \,‘ » Absolute BF BF(D — sig) = Nsig

NtagX€sig/€tag,sig

only need the yields (N) and the efficiencies(e) of ST and DT

The advantage of data at threshold

v

v
v
v

D D /At A; pairs produced at threshold, no additional hadrons
Effectively suppress the background with the DT technique
Enable the measurement of absolute BF, without knowing the number of DD pairs

Most systematic uncertainty in tag side are cancelled out.



Absolute hadronic BFs of Al baryon

A- 12tagm
O ST events P V- tag modes
o i + _
[I{l'l} P“i E KT Iill- K 'R0 (23 GeV) € ' wm—) *— e~ (23GeV)
IDWE" - s o
1000 - 3 | & - - + H
AL e T \ A¢ 12 signal modes
L m? AR’ E An'n® f. F I'n'n f
o [\ e | L O DT events
:E-'f iuu;— F’“z"‘” A E An'TTt lif ] Flgs i lﬂﬂ'? PKS - pK r* I* — pK n*n?
- _[mi_ o o f' s0F - h - 4
100+ | - ‘.' * 3 [ [ [ [ ;‘j
Wﬁh M'lﬁh_ﬂ-__ﬂi-._-b-_ .. L '-A"‘-* X : v h-—
m; ngn*n H: Tl . 'w é \ [ i
mu; I 'f - h i !.,"a =
5-"'.'""'"""7'" ;'ﬁ‘ M:".‘-‘Iﬁl A N | -.-h-'!_ E
1% 228 23 226 228 23 26 128 13 # E E
My (GeV/e) ; i'i: F’Kgﬂfn : An'mmt : e
ST yieldof A; - «a T 3 1
e N : s fm &
NST—NA-CI-KZ'BF‘X'SST 4 h E 0. i ELo 4
155 » E
_ _ _ _ 1of PKIT'T 3o ' T
O Extraction of the 12 BFs: Simultaneously did 24 fits & L ] &h
v" BFs are constraint to common variable N +3- SN TR 3 .
] . o ) clfic 226 228 23 226 228 13 226 228 23
v’ Considering statistical and systematic My, (GeV/c)

correlations among the different hadronic
modes : .
v x%/ndf =9.9/(24-13) = 0.9 pr = Naga; 'BFszaBFa * Epr

Total DT yield of A} > sover12A; -» «



Absolute hadronic BFs of Af baryon

O The first absolute measurement of the A} BFs at the A¥A; production threshold, since the A}
discovery 30 years ago pPR|_116, 052001 (2016)

Mode This work (%) PDG (%) BELLE B
pK¢ 1.52+0.08 +0.03 1.15+0.30

pK—=nt 5.84+027+023 50+1.3 6.84 + 0.24792L
pK2n® 1.87 +0.134+0.05 1.65 + 0.50

pKirt7~ 153+0.11+0.09 1.30+0.35

pK #xt7x® 453+023+030 34+1.0

Art 1.24 +0.07 +0.03 1.07 +0.28

Antn® 7.01+037+0.19 3.6+1.3

Artr~nt 3.81+0.24+0.18 26+0.7

YOrt 1.27 +0.08 +0.03 1.05+0.28

Y +#9 1.184+0.104+0.03 1.00+0.34

Ytata~™  425+0.24+020 36+1.0

Ytw 1.56 +0.20+0.07 2.7+1.0

v' The precisions are improved by factors of 3~6
v' The golden mode Af - pK—nr*
» Our measurement is consistent with the PDG value, but lower than Belle’s with 2c
significance
» Improved absolute BF of pK~m™ together with Belle’s result are key to calibrate other
decays



Absolute BF of A7 - Ae™v,

PRL115, 221805 (2015)
11 ST modes except A - 2w
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¢ The first absolute measurement

¢ Improvement of the precision of the PDG value (2.9£0.5)%
+ Important for the testing and calibration of the LQCD calculations



Observation of DT - wm™ and Evidence for D° - wmr®
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Observation of DT - wm™ and Evidence for D° - wmr®

Suppress background via DT method PRL116, 082001 (2016)
ot
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, , v" Improved understanding of U-
Mode This work Previous measurements .
D¥ S wnt (279 £057+0.16) x 10-2 < 3.4 x 10-2 2t 90% C.L. spin nd SU(3)-flavor symmetry

« 10~4 < 2.6 x 10~4 at 90% C.L. breaking effects in D decays
x 1072 (3.53+0.21) x 103
x 10~3  (0.68 £0.07) x 103
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Study of D*¥ - we*v, and Search for D* — ¢e* v,

Events/10MeV

PRD92, 071101R(2015)

D* - ¢pe*v, | Dots: data

Arrows: signal region

Events/10MeYV

~ 02 03 04
U(GeV)

Mode This work Previous

wetve (1.63+0.11 +0.08) x 103 (1.82 +£0.18 + 0.07) x 10~3

detve < 1.3x107% (90%C.L.) < 9.0 x 1075 (90%C.L.)

O No significant excess of D* - ¢e* v, is observed

O More precise BFs
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Form factors measurement of D* - we™ v,
| - PRD92, 071101R(2015)

Ve dr _
| dg®d costhid cos adydMerr
FV(a*), Aa(q?) --)

A five-dimensional maximum likelihood fit is
performed in the space of m?, g2, cos,, cosé,
and y

B Amplitude analysis of D*>we*v is performed for the first time
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Study of dynamics of of DO - (K /n Yetv,
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Study of dynamics of of D - (K~ /m™)etv,

DO—s(K— /n—)e* DO—s (K~ /m-) PRD92,072012(2015)
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The most precise form factor measurement to calibrate the LQCD




Decay dynamics and CP asymmetry in D™ — KVe*tv,

O Regardless of long flight distance, KY interact with EMC and deposit part of energy, thus
giving position information

O After reconstructing all other particles, K9 can be inferred with position information

and constraint U,;;;20
PRD92, 112008(2015)
B Simultaneous fit to observed numbers of DT candidates
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v The first measurement of BF(D* —» K, e*v,)

_ BF(D*->Kpetv,)-BF(D™>Kpe V)

v Acp =
CP = BR(D*—Kie*v,)+BF(D~—K e v,)

=(-0.59+0.60 + 1.48)% 16



Study of D™ - K e v,

arXiv:1512.08627
O Mg,
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O Parameters of K*9(892)
M0 (gopy = (894.60 £ 0.25 + 0.08) MeV/c?
[yroaen) = (4642 £ 0.56 + 0.15) MeV/c?

O Fractions of the component
F(D* > (K™T*)groggen €7Ve) = (9393 +£0.22 £0.18)%
F(D* = (K™ )s_yyave €7Ve) = (6.05 +0.22 +0.18)%
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Events / 1 MeV/c®

Study of DY » n'Xandn’'p™

About 15.6 K ST D~ events by

PLB750 466(2015)

e
using 9 ST modes -_ } R
| <=== ST+ non-n
3 | 1
-mn?— D, KIK 000l D, K'K'x W o KK=® § _T\}f o4 .
1 - B } il | .
300f j ) el Y, 2 : LUt ‘_& :#__
ZIHI;— +|; 1000 | -rl'. 1000 J\\ E I , . "'.. ] +"_++H. '+
100F M o] s00 ' 15 R
Mﬁi W’m I L‘MJ\\ 1 R I..: . r ~ A | " -
- n;_, Kgl(*:rt':rt' D, D', ST 0 1.4 1.96 1.88 2 o8z 004 n.iIJﬁ I:I.BE_| 1 10
g so00l 300 - + Mm{eaw;:?: + M) (GeVic)
e} F‘ an\ mﬂhp . flﬁ' N(DS - n p ) — 210 i 50
a ] 1000 | NN . 2001 T T — T I LE— T T
W thoinadel wﬂw,,,\ B i M mﬂ"t"m\ } } iy ] .
: I1 _I' I I II_ - - 000 F I_ I_ I - %150 T . —- 100 1. :g?ﬂ!ﬁgfﬂum
D=, 1500f Dy—mm, D, —nrM 2l ) 1z O e 13
1o 1500 2 | 18 |
i 1000 | o g [ 1a |
of iLu , . 1000 Briipaed Em' ] Efﬂ-
3 £ S0 500} g 1a :
194 196 198 2 194 196 198 2 194 196 198 2 I ]
Mﬂcﬂ?ﬁvfc?} 0 I — l‘.""_-|-_=-_,.,..,._____|__L 0 . e T 1 R .
194 1.96 198 2 1 05 0 05 1
BF(D;- =l n’X) = (8 8+1.8+0. 5)% My (GeVic) cosé),.

Consistent with CLEO measurements (11.7+1.8)% [PRD79 112008(2009)]

BF(DY - n'p*)=(5.8+1.4+0.4)%

Theoretical expection=(3.0£0.5)% [PRD84 074019(2011)]

Resolve the disagreement between theoretical predication and CLEO-c¢’s previous
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measurement BF(DY - n'p*)=(12.5%£2.2)% [PRD58 052002(1998)]



Other results

Dt = H+”.u (Phys. Rev. D 89, 051104(R) (2014))
Dt - K2m*m® (Phys. Rev. D 89, 052001 (2014))

D% = yy and D? - 7°7% (Phys. Rev. D 91, 112015 (2015))

Strong phase difference in D® - K~m* (Phys. Lett. B 734, 227(2014))
Yep 1 D° _D' oscillation (Phys. Lett. B 744, 339 (2015))

BF of D" decay (Phys. Rev. D 91, 031101(R) (2015))

Observation of A.*>nK L+ BESIII preliminary
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summary

B \With DD/D}D; /At A;produced at mass threshold, BESIII
released many new results

O Form factors measurement in (semi)leptonic decays of charmed hadrons
provide important test to LQCD calculations and CKM matrix unitarity

O Hadronic charmed hadrons decays improve the understanding of non-
perturbative QCD

O The first absolute BFs measurement of the A7 hadronic decays

B BESIII is taking data at 4.18GeV to study physics related to D

B Many charm analyses are ongoing!

Thanks!
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