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Outline

@ BESIII experiments and dataset
@ Latest results
o (Semi)leptonic decays
o Hadronic
o Ac
@ Summary
Also see progress on charmonium and XYZ states at BESIII- Xiaorong Zhou

Flavor and precision physics :Experiments- Bostjan Golob
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BESIII experiment
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» Two ring symmetric ete™ collider;

circumference: 240 m and with a design
instantaneous luminosity of
1x10¥em™2s7L,

> /s: 2-4.6 GeV.

» Beam crossing angle 22 mrad.
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BESIII
» Hermeticity 93% of 47
» MDC: o,/p= 0.5% at 1 GeV
» ToF system:
o = 80 ps (110 ps) in barrel (endcap)
» ECL: 0g/E =25 % at 1 GeV
» Superconducting solenoid (SSM): = 1 T
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BESIII data sets
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D} data
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Singletag and doubletag techniques

Threshold production = no other particles are produced along with a DD, D°Do, A:rAC’.

CRS AE = Ep — Epear
.
o

D5
° i
e AMgc = Egeam - pZD
T 3 o
— ,’(')\
e e D;égg*\ Advantages
nr S ,,‘_/ y(n) o Absolute BF measurements possible.
v\‘ e Full kinematic constraints: possible

to reconstruct v and KE.
e Low background.
Single tag = reconstruct only one D Disadvantage
meson.

) e Low reconstruction efficiency.
Double tag = full reconstruction of

events.
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Leptonic decays of a D:E7 Dsi

Vcd(s) r_
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(D — 1 y/):8—ﬂ_st+\Vcs\ mympg 1-— m2+
DS

Semi leptonic decays of a Di7 DSi

et

+ f function of four momentum of W
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Vcs / Vcd

» Take fg;/f;+ from LQCD and get

Vud Vus Vub
. v
Vie Vi Vi

» Test of unitarity.

£ IEL

» Input Vi /Ve get fgs/thr.
» Test LQCD.

» Precision of experiments still limited
compared to LQCD.

Lepton flavor universality(LFU)

» Hints of LFU violation in B decays (PRD 94,
072007 (2016), JHEP.08 (2017) 055).
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DF — v, (PRL 122 071802 (2019))

» More precise measurement than previous
BESIII result (PRD 94, 072004).

> Dsi reconstructed in 14 different ST
modes.

B(D — ptv,) = (5.49 £ 0.16 £ 0.15) x 103
fo+ | Ves|= 246.2 £ 3.6 &= 3.5 MeV
s

Input |V|: 0973597620010

for =252.9 £ 3.7 £ 3.6 MeV

s

Input fD+ :0.249.9+0.4 MeV
s

|Ves|= 0.985 + 0.014 + 0.014
Using PDG value of B(Ds+ — 1T,

B —tvr)
BTt 9.98 £ 0.52
* Consistent with SM prediction 9.74 = no
evidence of LFU violation observed.

Analysis in 71, ongoing.
Krishnakumar
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D° - K~ u'tu, (PRL 122(2019)011804) D = 7~ v, (PRL 121(2018)171803)

x1 03 :g 600 D’ Tuty, - SDi;':nl
T T T z i ——— BKGI
S ol
- .
3f (d)K'p*y, 3 S
S
< 200
2f et et NN
=0 00 02 04 00 o0z o4
1 M2, (GeVZct) M2, (GeVZct)
_d 1 0 ‘0 1 ST analysis with 3 pseudo-flavor tags for D° and
) u GeV ) 6 hadronic decay modes for D*.
miss ( e )

B(D® — 7~ ptv,) = (0.272 & 0.008 + 0.006)%

B(D* — 7°utv,) = (0.350 £ 0.011 + 0.010)%
DT analysis with 3 pseudoflavor tags.

B(D® — K~ ptu,) = (3.413 £ 0.010 & 0.035)% R0 — l;(fg’oﬂ‘_uivm o oa o oToos
£(0) = 0.7327 + 0.0039 + 0.0030 (DY~ el ve)

e 4+ _ BO % tu,)
|Ves| = 0.955 + 0.005 + 0.004 + 0.024 R" = BOT o0 — 0.964 + 0.037 + 0.026

- R =0.985 4+ 0.002 (SM)
B(D"—=K ™ pvy)

B(DO—>K—eTve)

RO = = 0.974 + 0.007 + 0.012

+ R% and R are consistent with theoretical
expectation of LFU within 1.70 and 0.50.
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First measurement of form factor.
DT analysis with 13 tag modes.

Form factors from fit (least x? fits) to
differential decay rates in various g bins.

Events/0.010 GeV*/c*

Values

SR 0127 (0)

Df =K
ry’

Di—K*
ry’

D*—»ﬂ
Ty

Di oy
r, 7

1.16 = 0.14(st:
1.13 £ 0.26(st:
0.93 + 0.36(stat

at) £ 0.02(syst
at) & 0.11(sys*
) £ 0.10(sys

dr/dg? (ns ‘Ge\/zc‘) z

f1(0) = 0.720 £ 0.084 £ 0.013

ry = V(0)/A1(0) = 1.67 £ 0.34 + 0.16
n = Az(O)/Al(O) = 0.77 :|: 0.28 :l: 0.07

B(DE — K'e've) =
B(DE —

(3.25 £+ 0.38 £ 0.16) x 103
K*%etv.) = (2.37 £ 0.26 & 0.20) x 1073
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— K% T, and K*%e*v, PRL 122, 061801 (2019)
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Hadronic decays

» Different final states possible: PP, VP, SP, AP ,TP...
» Absolute BF measurements.

» Testing asymmetry in decay of D° — K2 | X (X = n,7/,w, ¢).

Amplitude analysis

@ Theoretical treatment of weak decays of charm quark is very
challenging

@ Not light enough to apply chiral perturbation theory reliably.
@ Not heavy enough to apply heavy quark expansion tools.

@ Better understanding the resonant substructures of sub decay modes

@ Inputs phenomenological models for charm meson decays.
@ Explore various binning to measure ¢; and s;.
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Analysis of Df — KK ' and DI — KPK™ (arXiv:1903.04164)

Interference of D — KOX (CF) and D — K°X (DCS) transitions results in measurable
K2-KP asymmetry. (PLB 349, 363, (1995))

Validation of various phenomenological models of Kg—KE asymmetry. (PRD 81 014026 (2010), PRD
81 074021 (2010), PRD 91 014019 (2015), PRD 92 014004 (2017))
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B(Df — K2K*) = (1.425 + 0.038 + 0.031)% (consistent with WA)
B(D} — KPK') = (1.485 4 0.039 + 0.046)% (First measurement; consistent )

B(oF »kIkT)—B(DF > KPKT) . .
= (—2.1+ 1.9+ 1.6)% (First measurement; consistent
B(DF —KIKH)+B(DS —KPKT) ( == == L)% Y ' ! )
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Amplitude analysis of D — 7%y (arXiv: 1903.04118)

First observation of pure W annihilation decays
D& — 20(980)°7 " and D¢ — a(980) " 7°

1239 events with 97.7% purity.

) ao(980)* (7 )

[) 7%(e(980)")

Amplitude dn_(rad) FFn

DI = ptn 0.0 (fixed) 0.783 % 0.050 & 0.021
D = (7t 7%)yn 0.612 +0.172 £ 0.342 0.054 + 0.021 + 0.025
DI = ag(980)m 2.794 + 0.087 + 0.044 0.232 + 0.023 + 0.033
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B(DE — 7t n%n) = (9.50 £ 0.28 £ 0.41)%
B(DE — a0(980) 7%, (29(980) ) — 7)) = (1.46 + 0.15 £+ 0.23)%
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A physics

Lightest in the family singly charmed
meson: X, E¢, Q.

Proposed in 1975 and observed in 1980 by
Mark Il (PRL 44,10,(1980))

Many observations and first measurement
from LHCb, BaBar, Belle and BESIII =
resurgence in interest in charmed baryons.
Precision test of strong and weak
interaction complimentary to charmed
meson.

Charmed baryonic modes are the most
favourable decay of beauty baryon.

Known exclusive decays accounts only
about 60% of the total BF

Krishnakumar
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Events/( 2.5 MeV/c?)

— Xy and =tn’ (arXiv: 1811.08028)

u u
=>):’ d
u

)

Mpgc and AE as selection variable.

Additional variable
AQ = AE — /(.(Mpﬂ_u — my4).

. A
w ¢ w* K determined from 2D fit to AE vs Mp_no
. E>Wﬂ') . §>(ﬂ/ﬂ') with linear function.
@ CF decays proceeds through
non-factorizable internal W emission and
exchange. ‘5
@ Singletag analysis with % @ E;":a % of 0 El‘:fa
A= Sty oty ota0, 5ta0 € + ] g o
B(Ac — Stn) = (0.41 £ 0.19 £ 0.05)% st + H + HﬂH H{ 4
B(A: — 2Tn’) = (1.34 £0.53 £ 0.21)% +
At-rm AQ (GeV) AL>E AQ (G
“§ 10 ‘
2
10 n Decay mode AQ (GeV) N; ei (%)
5 s (a) AT -»%+n  [-0.032,0.022] 14.6+6.6 7.80
5 5 (b) AY »SHy [-0.030,0.020]  13.0+48 4.61
‘L = (¢) AY =2t70  [-0.050,0.030] 12244145  8.98
. - 0 . . (d) A »S*w  [-0.030,0.020] 13544204  7.83
225 226 227 228 229 23 225 226 227 228 229
My (GeV/ch) My (GeV/e))
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Weak decay asymmetries of A, — pK2, An™, 2770, 207" (arXiv: 1905.04707)

» First study of transverse polarisation of
+
Al
> ng and 37" asymmetry parameter.
measured for the first time.

Event /( 2.0MeV/c?)

Decay asymmetry parameter for A — BP:
+
*gp

225 226 227 228 229 23
+ _ 2Re(s.p) M, (GeV/c?)

aBp = T2
s +lpl?

s: parity violating s-wave amplitude p:
parity conserving p-wave amplitude.

final state | atp
pK?2 0.18 £ 0.43 + 0.14 CM e A? et frame
An™ -0.80 4+ 0.11 £ 0.02 dN
Stx® | -0.57 + 0.10 + 0.07 Jeost, L Ot (nta0) Aast)©0s0:
Ot -0.73 &+ 0.17 £+ 0.07
Negative sign of a++ o confirmed and . e . r
deviates by 8o from model predictions * No theoretlcal pridlctlorl consistent thh
(PRD 48, 4188 (1993), PRD 10, 1042 (1992), PRD 50, experiment for apK(J' Y570 and S
5787, (1994))
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Summary

Similar but not presented here

Mainly focused on BF and decay constant

In this talk
measurements.
Leptonic decays D;r — ph
D:r - uty, (PRD 99, 031101 (2019))
D; — wnt, D;r — wK™t
Semi Leptonic decays (arxiv: 1811.00392)
D° — K7p.+l/“ D° = Ko~ etu,,
D — n pty, (PRD. 99 011103 (2019))
D5+ N K(*)Oe+ve D — nmev,
(PRL 122 062001 (2019))
Amplitude analyses Dt — pety,
D — ot 7n (PRL 122 062001 (2019))
Df — netv,
Ae (PRL 122 121801 (2019))
Ac — Stn, 5T/ AP — Anmt, AXT(1385)n
Ac = pKE, Ant, 270, 207 F (PRD 99 032010 (2019))
Many more open charm results in progress
will appear soon.
Highlights
» Improved branching fraction measurements.
» LFU: no violation with current level of statistics.
» Decay asymmetry of D;r — K_gKJr and D;r — K?KJr were measured for first time and is
consistent with the theoretical prediction.
» Weak decay asymmetry of A, — ng, AT, =70 207t were presented - theoretical value

inconsistent with experiment.
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Thank you
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Backup

Events/0.02 GeV¥c¥)

Events/(0.02 GeVi/c*)

Amplitude analysis of D° — K~ 7" 7%x° (arXi

1903.06316)

» K371 modes with two or more 7°’s are not
measured so far.
Amplitude mode FF (%) Phase (0) Significance (o)
» First amplitude analysis and BF D
. D G2 144£250 —075 2015047 = 10
measurement of this mode. D 418 1 2.90 4 0.19 & 0.47 6.0
y7} P
D -+ K 0,(1260)*, p*a®[S]  28.364 250 £ 353 0 (fixed) = 10
D+ K~ay(1260)", p*=°[D] 0.68+020+030 205+ 0.17+0.25 6.1
D = Ki(1270) =", K*~x°[S] 0.15 + 0.0 + 0. 184 4 0.34 = 0.43 49
. ; . . . . . —~ b + K, (1270)°7%, K yr‘* [S] 0.39£0.18£030 —1.55%0.20 £ 0.26 48
400 D = Ki(1270)°7%, K*'7°[D] 0110114011 —1.35 4 0.43 4 0.48 40
2w00F (a) § N D= K (1270)°%%, K~ p*[S] 271+038+029 —2.07 4 0.09 4 0.20 =10
£ b D 3 At K*x0[8] 18540624+ 111 103£0.1020.15 7.8
150F 3 & n Jar?, K*07%[S]  3.13+045+0.58 044+ 012021 > 10
g D Jar? K*%7%D] 046+ 017 +£0.29 —1.84 4 0.26 %042 5.0
100k 3 = 200k D= (p* K Jan". K p*[D] 0.75+040+0.60  0.64 £ 0.36 + 0.53 5.1
3 D= AP, A—5F
< g 10k D 1094 108+ 0.02 % 0.25 + 0.53 7.0
SoF 4 1 = o
. X X D 1463+ 170 £ 241 230+ 0.11 +0.35 =10
00 05 10 15 20 00 05 10 15 20 D [ng”—'fL“—?ﬁ L59 4 0.18 +0.24 41
M2 (GeV2/ch M2, (GeVZ/c ﬁ 01240024002 145 + 048 + 051 4.1
D 225+£043+£045  052+0.12£0.17 10
soof €3 2 s I
= 1 D 51540754128 1244011 £0.23
400F 1 = D 2804 0,10 + 0.18
2 2ok D 2414 0.08 +0.16
300p 1 = D 0.04 % 0.19 + 0.28
so0f ' 1 % D . 10302240325
£ wof D 16640524061 —1.17 % 0.20 + 0.39
100F E h D 51741014182 —L7440.20 +0.31
D
- . D 0300214030 —2.93 +0.31 £ 0.82 5.8
bo o5 . o 00 b3 10 D 01440124010 223+ 0.33+0.65 10
o (GeV3/e') M (GeV?/c' T 9551

B(D® — K~ ntn%x%) = 8.86 + 0.13 £ 0.19%

N% s K= 2.(12A0) = daminant amnlitude 2R% of tatal fit fraction
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Dt — nety, (PRD 97(2018)092009)

B(Dt — netve) = (10.74 + 0.81 + 0.51) x 10~*
B(D" — n’etve) = (1.91 £ 0.51 & 0.13) x 10~*
FPT=(0)| Vey| = (7.86 & 0.64 & 0.21) x 1072

Fit to partial decay widths with various form

factor models --»

QCD LIGHT CONE SUM RULES (LCSR)

=+ 8 I I yl ‘v‘ ' '
1F 2 Nodtea pae 4 AT
— Series 2 Par. R
— -+ n,,e‘v: LCSR calculation
) 0.8 —+1..°v LCSR uncertainties,
=
0.6
b
0.4 ) . T . . .
0 05 1 15 02 04 06 08
qA(GeVic?)

Model independent determination of ®, (PRL 122(2019)121801)

r(DF — n'etv.)/T(DF — netwve)

04

—— Data

~---- Simple pole
Modified pole

—— Series expansion

~ 1
A i
=4
<
0.2
1
t
0 1 Il 1
0 0.5 1 15
q%GeVct)

DF — n"e* v, (PRL 122(2019)121801)

B(Df — ne've) = (2323 £ 0.063 £ 0.063) %

B(D} — n'etve) =

D~>*q

st —n'

F(Dt — n’etve)/T(DT — netre)

®p = (40.1 £ 2.1 +0.7)°

Krishnakumar
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(0.824 + 0.073 + 0.027) %
'(0)] Ves| = 0.446 £ 0.005 £ 0.004
(0)| Ves| = 0.477 & 0.049 + 0.011
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