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Experiment status of D(5) — {v, decays:
@ Belle Preliminary

o Dy — pv
e Dy — v, T — evv, pov, v

@ Babar [PRD82,091103(2010)]
e Di — pv
e Ds — tv; T — evv, pvv

@ CLEO-c
o D, 5 v [PRD79,052001(2009)]
e Dy = 1v; T = W [PRD79,052001(2009)]
e Dy = 1v; T — evv [PRD79,052002(2009)]
o Ds — tv; T — prv [PRD80,112004(2009)]
e D— pv [PRD78,052003(2008)]

@ Prospects at BESIII

A. Zupanc (KIT) s 4 CHARM2012, May 2012 2 /30



Motivation: B(Ds — fv) = Ds decay constant fp,

In Standard Model:

o I e
Q90

1
w

o

2
+ + GE 2 2 2 m,%
B(DS — f VZ) = 87fD5|VCS| TDSMDSmZ ]_ — W
@ Extract Ds decay constant, fp,, by measuring B(Ds — (v)

o to test lattice QCD calculations (needed in extraction of the SM
parameters from measurements in B(5) meson system)

o Measurements of D and D/ decay constants provide the SU(3) flavor
breaking ratio fp,/fp

e To good approximation fg,/fg = fp,/fp
[see JHEP,1112,(2011)088 and references therein]

e sensitive to charged Higgs contribution, ...
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heoretical status

Table taken from arXiv:1201.2401

Model fD+ (MeV) fD* (MeV) fD: /fD+
Experiment (our averages) 260.0 £ 5.4 206.7 + 8.9 1.26 £ 0.06
Lattice (HPQCD) [1] 2480 £ 25 21314 1.164 £ 0.018
Lattice (FNAL+MILC) [2] 260.1 + 10.8 218.9 +11.3 1.188 + 0.025
PQL [3] 244 1+ 8 197 £9 1.24 £0.03
QCD sum rules [4] 205 + 22 177 £ 21 1.16 £0.01 £0.03
QCD sum rules [5] 2453+ 15.7+45 2062+7.3+51 1.193+0.025+0.007
Field correlators [6] 260 £+ 10 210 £10 1.24 +£0.03
Light front [7] 268.3+19.1 206 (fixed) 1.30 + 0.04

[1] PRD82,114504(2010); [2] arXiv:1112.3051; [3] JHEP0907,043(2009); [4] JHEPO511,014(2005); [5] PLB701,82(2011);
[6] PRD75,116001(2007); [7] PRD81,054022(2010)

Experiment and HPQCD lattice calculation consistent at 20 level.
In past the discrepancy was around 4o.

Previous Belle measurement (548 fb~!) with Ds — pv decays only:
fp, = 275 4 20 MeV [PRL100,241801(2008)]

Competitive measurement of fp_ using final Belle data sample is possible.
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hod overview

@ Recoil method in charm events
ete™ — ¢€ = Diag K Xirag D2

At B-factories /s = 10.58 GeV therefore all charmed hadron pairs are possible and
additional light mesons (Xpag) can be produced in fragmentation process.
2 step reconstruction:
@ Inclusive reconstruction of Dy mesons for normalization

e Reconstruct Diys KXprag and v from D} — Dy decay and identify Ds
in missing mass spectrum (without any requirements upon D decay
products)

Mmiss(btagKXfrag’Y) = |pe+e* — PDiog = PK = PXprag — p’y‘2

@ Within the inclusive Ds sample search for Ds — f decays
o D — pv: peak at m2 =0 in M2, (Diag KXerag i)

e Ds — Tv: peak towards 0 in extra energy in calorimeter
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Method overview: inclusive D,

o Dy =D°, D, AZ, D*~, D™

reconstruction

DO B [%) Dt B (%]
K™zt 3.9 K= xtnt 9.4
K= ntxl 13.9 K~ ntntx 6.1
K= atatn— 8.1 Knt 15
K= ntntr=x0 4.2 K8W+W0 6.9
Kdntm— 2.9 K57T+7r+7r 3.1
K§7r+7'r_7r0 5.4 K"K~ 7t 1.0
Sum 38.4 Sum 28.0

D*t — Do‘rrJr, D+7'r0; D*0 D07'r7, Do'y;

AF B [%]
pK T 5.0
pK77r+7\'0 3.4
pK2 1.1
Art 1.1
Ant 0 3.6
Artoto— 2.6
Sum 16.8

Multivariate tool NeuroBayes used in Di,q selection (trained on ~ 1% of

real data) using sPlot technique to suppress wrong Dy, background
D® » K—ntn0

Basic selection vs.

Optimized selection
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@ Optimized selection rejects ~ 75% of
wrong Diag candidates while keeps
~ 84% of signal

@ ~ 100000 Diqags per 1 b1
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Method overview: obtaining inclusive Ds sample

ete™ = € — DiagK Xirag DI

@ Strangeness balancing kaon: K = K%, K2
o If Etag = A7 additional p is required in the event
@ Fragmentation system:
Xrag = nothing, 7, 70, pEpEt gtpl pEpEgt gpEgg0
@ Inclusive D;: p
[Cxdm = 1001 | fras = T
Mmiss(Dtﬁ.gKXfr:;”)M:TPG+(r — PDgag — PK — Iﬂxfmgl2 o

@ Select one D} candidate with min(|Mpiss — mp3 |) and
2.0 < Mpiss(Drag KXrag) < 2.25 GeV

@ mass constrained vertex fit performed to improve the resolution in missing mass for
inclusive Ds candidates
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d overview: obtaining inclusive Ds sample

ete™ — € = DiagK Xirag DI
@ v from D} — D~y
e E, > 0.12 GeV, in opposite hemisphere wrt. Di,g
@ Inclusive D
® Puiss(Drag KXragy) > 2.8 GeV
e only one candidate per event is allowed (selection based on ~ properties only)

Belle Preliminary (913 fb?)

x10°
—~ 8 —
% B Inclusive D, Signal Xfrag =T
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Inclusive D yield extraction

Belle Preliminary (913 fb")

g Belle Preliminary (913 fb”)

s P P
] ] .
] g Fit to Mmiss(DtagKXgragy) for each
E E Xfrag:
T e e @ Histogram MC templates
st ‘ : ‘ ot ‘ ‘ .
e N R U0, X, ) (GEV] (6 categorles)
gt Belle Preliminary (913 fb?) Belle Preliminary (913 fb)
3 S e Ko =P @ Peak resolution calibrated using
g g real data
H H @ Good description of the observed
0 TR .
5o |5 distributions achieved
M ; ‘ : it o i : !

% 705
Mo, K X)) [GEV]

Belle Preliminary (913 fb")

Incusve, Sgnal Xiag = TOUT

3 2t
M0,y KXiag)) [GeV]

Belle Preliminary (913 fb)

10 incusven, g Xy =T

Events / (0.002 GeV )
Events /(0.002 GeV )

pull
a

.f

THs 15 55

1
% 7t
Moes(©, KX, ) [GeV]

B 205 .
M0, KXy00Y) [GeV]

Belle Preliminary (913 )
Xy = TOUE

0"

Belle preliminary @ 913 fb—?
Nli)“sC1 = 94400 + 1300(stat.) & 1400(syst.)
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Reconstruction of Ds — f and B(Ds — f)

@ Within inclusive Ds sample check if the remaining tracks or neutral pions are
consistent with Ds — f decays:

° Ds+ — K=K+t (cross-check of the method)
° D;L — KO, n7r+ (cross-check of the method and calibration of M2 )

o D} — pty, and D} — 7Fu,

Absolute branching fraction given by:

excl

B(Ds — f) = — o
( ) NIDI”:CI . fbiaS . g(f|il’1C1. Ds — f)

NIl 4 of incl.. recon. Ds mesons
NEt. 4 of excl. recon. Dy — f decays within inclusive D, sample

incl
EDg—f

¥ B(Ds—)ehd

foias = ratio of efficiency to reconstruct Ds meson

inclusively if it decayed to f over average inclusive efficiency
e(flincl. Ds — f)  efficiency to excl. reconstruct f given correct inclusive Ds
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Fit to the exclusive D] inv. mass M(KKny)
D*, - Dy - KK’y  BellePreliminary (913 fo')

. DI - KK Tty
Combinatorial Background

Selection:

@ only 3 charged tracks
pointing to the IP

@ track with opposite charge
to Df is K~

@ KT is taken to be the track
with higher Lx

Events / (0.002 GeV )

Pull
& o g

A —
M(KKmy) [GeV]
NG i = 4094 £ 123
Belle preliminary @ 913 fb—!

B(Df — KTK~nt) = (5.06 & 0.15(stat.) & 0.19(syst.))%

Consistent with BFPY (D} — KTK=71) = (5.49 £ 0.27)%.
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Fit to the missing mass squared —

Selection:
[ Mmiss(DtagKXfrag'Y) signal
region

@ 1 charged track pointing to
the IP

@ passing kaon PID
requirements

Mr2niss ( Dtag K)(fmg’YKi )

—0 .. :
D! K K" Belle Preliminary (913 fb?)
N> 400 Signal
[ B Di- nK*
O] Dio K"
— 300— True D, Background
< Combinatorial Background
o
20
a2
g
o 100
L
g
= 0 bRt Pheddt_alhed g8 B o askeb dell abubec b B oh dagoabes g
[ ””W‘?‘?YWYT@E"’"”’5“9‘"””"@5‘“’“‘
S5 R L1 L L 1 L X L L
-0.2 0 0.2 0. 4 0.6

(D, KXiragVK) [GeV?|

ITIISS

NG ko = 1943 + 82
Belle preliminary @ 913 fb—!

B(D} — K°K*) = (2.84 4 0.12(stat.) & 0.08(syst.))%

Consistent with BPPG(Df — KOK+) =2 x BPPG(DF — K2K*) = (2.96 + 0.16)%.
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Fit to the missing mass squared — aniss(DtagKXfmgfywi)

D! - it Belle Preliminary (913 fb?)
Selection: %
] True Dy Background
o Mmiss(Dtag KXfrag'Y) signal 8 200 [— combinatorial Background
region 3
@ 1 charged track pointing to E 100
the IP S
>
@ passing pion PID w
requirements 9
@ Egcy, > 1 GeV to remove E op :
Ds — 7(m)v decays 5 \ . . MR AR
s Y 0 02 04 06 08
mlss(D KXfragyT[) [GeV ]

Ng©l =773+ 58

Ds—nm
Belle preliminary @ 913 fb—!
B(Df — nwt) = (1.79 &+ 0.14(stat.) & 0.05(syst.))%

Consistent with BFPY (D} — nrt) = (1.83 £ 0.15)%.
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Fit to the missing mass squared — aniss(DtagKXfmg'yui)

Ds - W', Belle Preliminary (913 fb?)
N> 60 Signal
P (3] — True D Backi d
Selection: (O] ’ Cg;ﬂb\nator\aglrgggkgrounu
S
@ Muiss(Diag KXtrag) signal S 40
region @
@ 1 charged track pointing to g
>
the IP m
@ passing muon PID _ é’
requirements D:f 0 Poggeesgbogf b shgin® thyghi s gt g e gt sty e
5k 1 1 1 1

oz 0 '0.22' o4 '20.6
Mmiss(DlagKXfragyu) (GeV?)

NEel  — 489 + 26

Ds— pv
Belle preliminary @ 913 fb—!
B(Df — pty,) = (0.528 £+ 0.028(stat.) £ 0.019(syst.))%

Most precise measurement up to date.
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D, — Tv Selection

T reconstructed in three decay modes (covering 46% of all T decays):
o T — uvv
@ 7T — evr
@ 7 — 7 (first time these decays are used at B-factories in Ds — 7v studies)

Selection:

Mhmiss(Diag KXtragy) signal region

Only 1 remaining track pointing to the IP

charged tracks passing PID requirements

Ds — 7(£)v specific:

o the D, — (v decays are vetoed with M?

miss

(Dyag KXgragyl) > 0.3 GeV2

Dy — 7(m)v specific:
o Due to limited phase space 0.0 < M2, (Diag KXfragyT) < 0.6 GeV?

o | Pmiss( Drag KXiragym)| > 1.2 GeV to reduce the background
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Ds; — 7v Signal Yields

NZ ey, = 952 £ 59

Fit to EgcL:
D! - TV~ €'V, Belle Preliminary (913 fb¥)
@ Signal SoL squa
8 T Crossfeed
< 7 cross-feed between modes, e.g. © 300 True b, Background
. . Combinatorial Background
7(p) — 7(7), is part of signal PDF 3 !
. = 200
and fixed -
- 5 100
@ True Ds background is fixed z o
< £ modes: dominantly Ds — X/v o
— m mode: Ds — K°K, n, pK ?27
o
@ Combinatorial background S6 T 5
Egc, (Gev)
excl excl _
NDSA)T (e = = 758 + 48 ND;*)T(TA')VT =496 + 35
D - TV, — P,V Belle Preliminary (913 fb) [DIRE VIS | VAV Belle Preliminary (913 fb%)
% 300 signal % r Signal
1) 1 Cross-feed & 200 1 Cross-feed
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8 200 Combinatorial Background 8 Combinatorial Background
o o
P P
S 100 S
> >
w w
o F
S o Lt 333 P L 0 L PP WP T [~ B PR R . N O P ey S
I A e e . 1 M P O W i £ A wxwwwww
° T 3 N I 2
Eco (GeV) Eec (GeV)

A. Zupanc (KIT) May 2012 16 / 30



Absolute B(Ds; — (v)

e Ds — 1V

o B consistent between different modes within statistical uncertainties

7 decay mode

B(DF — 77v,) [><10_2]

evy
uvv
v

5.37 +0.337532
5.88 4 0.377033
5.96 4 0.427035

Combination

0.31
5.70 +0.217¢3;

Same precision as achieved by CLEO-c combining e, m and p modes

o Dy — pv

B(Df — uty,) =

A. Zupanc (KIT)

(0.528 + 0.028(stat.) + 0.019(syst.))%.
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Systematics Summary

Source v [%] [ (e [%] T(u)v (%] T(m)v [%] [ Tv [%]
Statistical +5.32 +6.18 +6.33 +7.04 +3.75
Normalization +1.95 +1.95 +1.95 +1.95 +1.95
Tag bias +1.37 +1.37 +1.37 +1.37 +1.37
Tracking +0.35 +0.35 +0.35 +0.35 +0.35
Efficiency +1.78 +1.28 +1.51 +1.88 +0.84
PID +1.96 +2.03 +1.93 +0.88 +1.70
Ds background +0.82 +3.88 +3.56 +3.15 +2.84
Comb. bkg. PDF  +0.02 +0.11 —8.31 +0.92 —2.54
Signal PDF - +3.46 +1.96 +3.43 +2.95
T cross-feed - +0.36 +0.24 +3.71 +0.94
B(r = X) - +0.22 +0.23 +0.64 +0.19
PDF stat. - +2.16 +2.19 +3.05 +1.44
Total syst. £3.67 5 oo 660 Rt

Stat. + Syst. £6.46 T e Toes a0

Most of the systematics scale with luminosity so there is still room for improvement at
Bellell.
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Extraction of fp,
1 87B(Ds — fvy)
st = m2 M
Grmy (1 - Vﬁf) V| V b, 7D,

External inputs:
Quantity ‘ Value

Mbp, 1.96847(33) GeV

m; 1.77682(16) GeV

my, 0.105658367(9) GeV

TD, 0.500(7) ps

Gr 1.16637(1) x 107> GeV~?2
| Vos| 0.97345(22)

Belle Preliminary (913 fb~1)

Ds — (v fp, [MeV]
% 249.0 £ 6.6(stat.) £ 4.6(syst.) + 1.7(7p,)
TV 261.9 & 4.9(stat.) = 7.0(syst.) £ 1.8(7p,)

Combination  255.0 + 4.2(stat.) + 4.7(syst.) &= 1.8(7p,)

Compared to previous Belle measurement (£ = 548 fb—1) total error reduced by factor of 3.
Most precise fp, measurement at single experiment.
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Conclusions and Future Outlook

@ Belle preliminary results presented:

Df —f B [%] | Df = f B [%]
K¥K—7t 5.06+0.15+0.19 [ uu, 0.528 +0.028 + 0.019
KoK+ 2.84+0.12+0.08 | 7, 5.70 +£0.21793%
nrt 1.79+0.14 +0.05

fp, = (255.0 + 4.2 £ 5.0) MeV

@ Belle Il
@ Large inclusive samples of all charmed hadrons (D%, D*, D}, A¢) will enable
< precise measurements of form factors with semileptonic decays
(e.6. o(F7(0))/F7(0) ~ 1%)
— precise measurement of D and Ds decay constants and their ratio

— searches of rare decays, e.g. D — hvw, DY — 1D
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BaBar: D} — pv & DF — 7tv (521 fb1)

Events/ 6 MeV/c*

Events/ 6 MeV/c*

PRD 82, 091103 (2010)

@ Similar method as Belle

@ Inclusive Ds yield extraction different
@ allow multiple inclusive Ds candidates (assign 1/n weight to each candidate)

@ all candidates reconstructed in an event containing Ds meson are tagged as signal
@ background modeled using wrong sign candidates (charm or strangeness not consistent with

charge of Ds)
@ requires yield extraction from 2D fit: missing mass vs. number of pions in Xp..g

Right sign

%1000

8 Wrong sign

%=1

XIOPO

Events/6 MeV/c*
o

Events / 6 MeV/c®

185 19 195 2 205 1j 185 19 195 2 2.05 21’
m (DKXy)  (GeV/cH) m (DKXY)  (GeV/c?)
% .
B
%
=
S
P 185 19 195 2
1 m,(DKXY)
&
185 1.9 195 2 2.05 1,1j 0 185 19 195 2 2.05 l.l’
m (DKXy) ~ (GeVie) m (DKXy) ~ (GeV/c)

A. Zupanc

(KIT)

NB“SCI = 67200 4 1500 in missing mass signal region

205 21
(GeV/e?)

May 2012
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BaBar: D} — u"v & D — 77v (521 fb

@ Branching fractions:
B(DS — ptv) = (0.602 4 0.038 + 0.034)%

B(DF — 7tv) = (5.00 + 0.35 + 0.49)%

@ Decay constant

o, = (258.6 = 6.4 + 7.5) MeV

A. Zupanc (KIT)
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CLEO-c: D™ — p'v (818 pb71)

PRD 78, 052003 (2008)

@ Use ete™ — DTD™ at ¢(3770)
— Pure DD, no additional particles

@ Tag side:

e reconstructed in six decay modes
o tagging efficiency 22%
e in total 460 000 signal tags

@ Signal side:

e single extra track of opposite charge to the tag
and with E., < 300 MeV (minimum ionizing)

e missing mass near zero (neutrino)

o find 149.7 + 12.0 v signal events (fixed 7/p)
or 153.9 £ 13.5 ur and 13.5+15.3 7v

o
o backgrounds: v, w07, K 7t other

B(DT — ptv) = (3.82 £ 0.32+0.09) x 10~*

A. Zupanc (KIT)
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CLEO-c: Dy — fu, (600 pb~1)

PRD 79, 052001 (2009); PRD 80, 112004 (2009); PRD 79, 052002 (2009)

@ Use ete™ — DfDi~, Di~ — D at 4170 MeV
@ Tag side:

e Fully reconstruct Dsy to look for another Dg
e Ds reconstructed in nine decay modes
o tags selected in missing mass recoiling against D7y
— for DD} events this always peaks at Mp,
e in total 44 000 signal tags found in missing mass spectrum

oo 1631108032
eoc0| (@KKpi (BKsk. soof (© 16000 T ' T T T
1000 400 E
4000 300, ¢ 14000 |- i
200 s00 20 E : :
100 etapi o 12000 | H [
> F
ol ® & E :
5 %o} (@ etapi so0o] (¢) ‘m% © 1oo00
] A\ E
& 200) eta->pfpleta {400 3000) 2 8000 |
H - 2000) = F
§ o] KKPIPIO pipipi = F
& 10 2 co00
H 5
g
© 200f ), reoop, O & 4000
o Mum 1200% F 3
b 1200 sof Stapi 2000 |- E
a00 . F E
KFOK*- w00 eta rho aopeta->rho gamma o \ | | | i \ |
190 194 198 202 1 194 198 2.0 1. 194 198 20 35 L a7 38 " 33 4 at “2
Invariant Mass (GeV) MM*2 (GeV?)
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CLEO-c: Dy — pv & Ds — T

D; —» pv & Dy — 7(m)v
@ single extra track with opposite charge to tag, not being identified
as electron or kaon, with
(a) Ecal < 300 MeV (99% u, 55% ) or
(b) Ecal > 300 MeV (1% p, 45% )

Events /( 0.002 GeV?)

@ 2D fit to Ds-tag mass and MM? to extract signal yields of

@ cases (a) and (b) fitted simultaneously 2 Aok

@ find 235.5 + 13.8 puv events e
and 125.6 + 15.7 Tv(7 — 7v) events

Ds — T(p)v

@ backgrounds: about 10 events in total

Events / (0.03 GeV?)

D — 1(p)v
@ event with exactly one charged pion forming pt — 7tz0
@ fit MM? distribution in the first two Eextra bins Wl

@ signal yields:
155.2 £ 16.5, Ecxtra < 0.1 GeV
43.7+11.3, 0.1 < Eextra < 0.2 GeV W

0z oo 02 04 08 08 10
MM (GeV?)
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CLEO-c: Ds — 7(e)v and Summary

@ Tag side: r T T ]
L. + + 140 ® Data 3
F MC Total
e similar to D — pv Iy ] e Total
e only cleanest modes used o f mg gackg&ound (86)
- - Kl e'v, g
(Dy — ¢m~, D — K=K, %100’ IMCBGWOD! > Ke*v, 1
= ) 8 =
D —» K~K?) = ]
@ Signal side: L%
e event with exactly one electron
o estimate D} — KeTv peaking bkg. - :
from MC o ‘ ‘ ‘
i A 0 0.5 1 15 2
e signal yield: 180.6 + 15.9 Eoua (GEV)

CLEO-c averages:
B(Df — ptv) = (0.565 + 0.045 + 0.017)%

B(Df — v) = (5.58 £ 0.33 £ 0.13)%
fp, = (259.0 4 6.2 & 3.0) MeV
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BESIII prospects (with currently available data sets)

Based on Changzheng Yuan's talk at KEK Flavor Workshop (March 2012)
e D" — uty,

e 2.9 fb~! at 4(3770) (0.818 fb~! @ CLEO-c)
o with 1.6 x 10° tagged D+
o expect 400 D" — ptv, candidates

os, /fo ~ 2.5%(stat.) £ 1%(syst.) (CLEO-c: 4.1%(stat.) £ 1.2%(syst.))

e Df — uty,
e 0.5 fb~! at 4.01 GeV (0.6 fb~! at 4.17 GeV @ CLEO-c)
e No need to detect low energy photon at 4.01 GeV, but
@ o(DsDs) = 0.27 nb at 4.01 GeV
@ o(DsDJ) =0.92 nb at 4.17 GeV
e with 11 x 10° tagged D}
o Need larger data sample
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Experimental averages

Experiment Mode B for (MeV)
(s)

CLEO-c utv (5.65 £0.45£0.17) x 10~ 3 257.6 + 10.3 £ 4.3
BaBar wty (6.02+£0.38+£0.34) x 1073 2659+ 8.4+77
Belle why (5.28 £0.28 £0.19) x 1073 249.0+ 6.6+ 4.9
Average utv (5.54 £0.24) x 10~3 255.1+5.5
CLEO-c v (556 £0.33£0.13) x 102 259.1+7.7% 3.5
BaBar Tty (5.00 £0.35 £ 0.49) x 1072 2453+ 8.6 4 12.2
Belle ty (5.70£0.21 £0.31) x 1072 261.9+ 4.9+ 7.2
Average Tty (5.54 £0.24) x 10~ 2 258.2+ 5.6
Experimental Average ptv+7Tv 2572+ 45
Lattice HPQCD 2480+ 25
CLEO-c DY = utv (382+032+009) x 10-% 205.8+85+ 25
Lattice HPQCD 21344
Test of lepton universality: >
m2 (1 — m{ )
D. i M
su _ BDs > 7v) %/ —976 vs. RYP =10.0+0.6

T B(Ds - ) T, (1_ mi) T/

m

D(s) meson decay constants ratio:

fp./fp = 1.250 4 0.022(fp, ) & 0.054(fp)
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fp, Comparison

Average of CLEO-c [PRD80,112004(2009)], BaBar [PRD82,091103(2010)] and Belle Preliminary.

% 300 CLEO-c BaBar Belle Preliminary
S -

‘—'Dm 280l Dg — H'v, D: - T',

(V-

220

Average of experimental determinations is consistent within 1.80 with most
precise lattice QCD calculation by HPQCD.

Need further lattice QCD results with comparable precision to confirm the
calculation by HPQCD.
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Conclusions

@ Experimental value of fp, known with 1.75% relative precision

e enables stringent tests of Lattice QCD calculations
e agreement between experiment and most precise HPQCD calculation
within 1.80

@ In near future BESIII can provide significantly improved measurement of fp

o this will improve the precision of fp_/fp ratio, which is precisely
determined by many Lattice QCD calculations

@ In not-so-near future Super B factories can provide even better
measurements of fp and fp,
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