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Leptonic D/Dg decays and decay constants

Semileptonic D decay and form factor
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Introduction
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Why still Charm?

Common feeling: charm physics — great past, no future!

|. Bigi at CHARM2006:

“I know she invented fire — but what she has done lately?”
“fire” = November revolution of 1974!
Charm is closed chapter?

> Why Charm is unique to test QCD in
low energy?

> Why Charm allows us to overconstrain
CKM in B decays?

> Why Charm can be used to probe New w(3770) > DD’
Physics beyond Standard Model? DY s K" 7 .D’ —> K ey
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Precision theory + charm
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Theoretical errors
dominate width of
bands

precision QCD calculations tested with precision charm

data at threshold
=>theory errors of a few % on B system decay
constants & semileptonic form factors
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Last
Decade

The
Lattice
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Lifetimes

G/m’

Muon decay: T = ‘; A
1927 1 ,_I"J v,

Naive spectator model for charm
€, U ud x 3 colors e, 1, 3xu
. N

I, =2+3)I, r_ ’V ‘ I_l_lJ Ver Vo> 3xd
o = To2z Vel C 5
Scaling from the muon: . ;(O;;)Sj 5 2% 106 = 7x 10~

(700 fs)
(D") ~1,000 fs t (D% ~400 fs. Not too bad. Including baryons
lifetimes vary between ~100 and 1000 fs,—> non-spectator processes
and higher order corrections
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SELEX, FOCUS,

Charm Lifetimes

CLEO E791 E687
| ' | | . 7(D*) | 1040+7fs
D*  Charm . g beauty -
7(D) | 501+6fs
2 : PDG2012
PDG2012 (D% | 4103%1.5fs | & .
D’ . Dominated
. N By FOCUS || zz%)| 442+26fs | s, .
c 2002 results 7 | 200267
v c v a3 =
=0 +13 X1.
=0 <‘::I X100 ———> 7(E%) 1127, fs . =
C 7(Q,) | 69+12fs o
QO ‘ : . s .
¢ * PDG(2004) 1.
= FOCUS
7(PS) .-, 7(5s)
D*7 %o, D°4 %o, D, 8 %o, A 3%, Z°10%, =*,6 %, Q3 17% Charm quarks more

some lifetimes known as precisely as kaon lifetimes.

D) _,
T(DO)

7(B")
Z'(BO)

~11 PDG2012 <:|

influenced by hadronic
environment than
beauty quarks.

Errors on lifetimes are not a limiting factor in the measurement of absolute rates.

LLLLLL

LB L O/ by 54 Oy B | \ 11— }

v
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D Nonleptonic Decays

Nonleptonic decays dominate the total rate

D°(c

Comp

D*(cd): 7, =1042.7+6.9 fs } r /T, ~2.5

)iz, =410.5+1.5 fs

Quarks or hadrons? ....1n between

are to kaons and B-mesons:

K*(5u):7, =12390+20 ps

K (5c
B (

B’(bd):r, =1528+9 fs

2012-10

} . /7t,=70
):7, =178.7x£0.16 ps Hadrons

bu): 7, =1643+10 fs |7 /7 =1.08+0.008
Like free quarks
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A little summary for

the production environment of D mesons

e
P A e
— C
P
(a) Hadronproduction (b) e*p production
l’l e_
Vu
P e’
(c) Neutrino interaction (d) electron-positron collision
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D meson decays

a) Leptonic decay

C "E V
D*,D/
d,s |+

+ + + +
D" —>ewv, uv, v, Dy »>e'v, n'v, t'v

b) Rare decay

_ C W
¢ AN, | E y
DO ( ) vd AV| Do \ 4 W
0 VWMWY 0 W y
W
D® S 1°I- D=
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c) Semi-leptonic decay

D C

Do>nxlv,
d) Hadronic decay
W
D : d,s
d, .
T,
K
D — hh,
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%
|+
d,
T,
K
D—->KIv
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The Landscape for open charm

e B factories:
e --BABAR, Belle
-- Super-B factories ?

Hadronic Production:

--Fixed target: FOCUS dominates
--LHCb: on-going now!

--ATLAS and CMS

ete- Colliders@threshold:

-- Precision results dominated by CLEO-c

-- BESIII/BEPCII machine: higher luminosity: 1033 cm2s-1
-- Quantum correlations and CP-tagging are unique
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Open charm data at e*e- machine
s Integrated Luminosity(cal) | |

— J > 1'0 ab-1 CLED-c
—KEKB On-resonance samples:
VA0 PP T T T T G 71 b &
1200 | ~770M BB 5S:121 fb? G -~ S 3 "
35:3.0 fbt NS )
1000 KEKB 25: 24 fbt & U4
for Belle 15:5.7 fb? i) WO

800 Off-resonance: 87 fb? g
600 0 B8 { ~553 fb1

i PEP-II ' onresonance sampies: @ 0.818/fb at 9(3770)

B forBaBar| ./ [/ _~/ ] vl . :
400 — 451%%&1 x 2.4 x 10° DT D~ pairs
13S:30fb?

200 . ,.
125:14 fbt e 0.586/fb at ¥/(4170)
ol et WP N R __| Off-resonance: 54 fb™ % 0.54 % 106 D::l: D;F pairs
1998/1 2000/1 2002/1 20041 2006/1 2008/1 20101

1000~ BEPCII/BESIII (10 month data taking)
o | Integrated online luminosity: 2.9 fb-! @y(3770)
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Leptonic D/D¢ decays
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V,gores + The amplitude

+ ¢
W _Ge ¢ g ;
D+ gluons \/5 f ch vlyy(l_ys)vlz
d v
Phase space factor
The total decay width is then given by

2 2
(D > 1"v)= Ff2 V. m
(0; 1) =72 15, 1V 1 1| mg

Angular momentum conservation requires
helicity for positron and neutrino should be
the same.

Helicity suppressed
m.,, —0

He||C|ty +1% % He“CIty
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Leptonic Decay

& I
Dt F(D+—>€+VE)_‘VM2§—£”"DT”?L1—2

=

* Decay constant fD incorporates the strong
interaction effects (wave function at the origin)

* Use charm leptonic decays to validate theory
(LQCD) and apply to B mixing, which requires fj

* Multiple tests with charm: fj,, f. (esp. ratios)
* Sensitivity to New Physics
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D* leptonic decays and decay constant f

2
2 2
1“(Dq+—>l+v)_GF fo. Veq I ml{l— il ] U

87T 2

SM predicts : (D* > Fv) = 2.35x10°:1:2.65 (/= e:u:1)

CLEO-c [PRD 78, 052003 (2008)]:

B(D* » p*v) = (3.82 = 0.32 = 0.09) x10*
B(D* > 1t* v) < 1.2 x103 (t*—>n*v only)
B(D+ —» etv) <8.8x10-¢

Standard Model: B(D* —» t* v)

= (1.01 £ 0.09) x103
B(D+* —e*v) = 1x

10‘

2
mJ.
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In the SM, decay constant  f  — I 878 (D" —>1"v)
can be extracted as: ° m’ m..7..
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Test physics beyond SM

hep-ph/0308260

v

2HDM(incl. SUSY) —tree level:
D* -l*v can proceed via exchange of D
charged Higgs H* instead of only W*.

H'r* ; Hﬂ.—.

it

. . . i §(2) V(n) B X;Lz.a
Possible scenario in simple R parity 5(2) | Y(n)
violating coupling: correlation with  \», % - _ g\, ds
charged lepton flavor violation (cLFV). fw €(j) I a0
Up to 10% effect possible in large tanf s channel t-channel
regime with relatively massive charged hep-ph/0210376

Higgs — experimentally accessible!

Possible new physics can be probed in D/Ds leptonic decays.

2012-10 Hai-Bo Li (IHEP) 20



Experimental status of D g—>uv

® CLEO-c
D* Suv [PRD78,052003(2008)]
D* >1v; THnV PRD78,052003(2008)]
Ds —»uv PRD79,052001(2009)]
Ds —1v; THnv PRD79,052001(2009)]
Ds —>1tv; THevv [PRD79,052002(2009)]
Ds —»1v; 1>pv PRD80,112004(2009)]

® BESIII CHARMZ2012 conference
D" ->uv

® Belle

FPCP2012 conference

Ds —-uv
Ds —1v; TH>evv, uvv, mv

® BABAR [PRD82, 091103(2010)]
Ds —uv

Ds —1v; Toevv, uvv,
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CLEO-c detector

Excellent Particle Identification (dE/dx and RICH): 0 < p < 1 GeV /e

Tracking Resolution: o,/p = 0.6% at p=1 GeV /e

Csl Calorimeter Resolution: ag/E = 5% at E., = 100 MeV and 2.2% at 1 GeV
'] hrd

Hermetic Tracking and Calorimetry: 93% of 4=

Acceptance, Resolution, and Particle Identification: Well-Understood

These llllillif-i{‘h' enable accurate reconstruction of nliHHiug s 1n Mlluil{ll}tuuir |||{lru_1-'.=~[

CLEO 2230104-002
-C _ . - -
gt Solenold Coll - garrel Very Clean Events
- Calorimeter
Ring Imaging Cherenkov
Detector

Drift
S, Chamber
AN g Q Inner Drift Chamber /
SC Quadrupole e i {f ' Beamplpe
Pylon 5 > o, P
Endcap
5C Calorimeter
Quadrupoles
Rare Earth
Quadrupole Poll:;grece

Magnet Barrel Muoh
Iron Chambers
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Tagging techniques at w(3770)

i\ P ED = Ebeam .
® " CLEO-c [PRD 78, 052003 (2008)]:
»@54 ! M BC — \/Ek?eam — | pD |2 — P 163U6bUB-U15
% o DoK*n-—mn- DoK+tn-n-m0
1 i A E — E beam E 5 20000 |- 1 cooo |

i 4000 |
10000 |- g

[ Pure DD, no additional particles (E, =E,_, ). 7
O Low multiplicity ~ 5-6 charged particles/event gk

2000 |

v 10000

O Good coverage: v reconstruction = 0 D-—>Ks - DoKsn-—n-mn+
O Pure JP€ = 1-- (mixing, CP, strong phase) E soool-
S 3000} 4 so00 [
« Common to all analyses, fully 2 ol i I
reconstruct one D as “the tag” then & oo | = -

analyze decay of 2" D to extract e
Do>Ksn-70 ;

6000 |-

exclusive or inclusive properties

Tagging creates a single D beam 00 ]
of known 4-momentum ouck | oot

Unique to charm: high tagging efficiency: Se—————

1.840 1.850 1.860 1.870 1.880 1.840 1.850 1.860 1.870 1.880

~25% of all D’s produced are reconstructed. Mg, (GeV)
2012-10 Hai-Bo Li (IHEP) 23



Missing mass squared \/

CLEO-c [PRD 78, 052003 (2008)]:

For D+*—u+v 1 additional track (consistent with a

muon) is used to compute missing mass?2: ‘
i
2 2
MM * = (Ebeam -E ) _( Dtag” Pﬂ)
If close to zero then almost certainly we have a missing v

AQ0 e e . S S— — IoI3UbUES-UI1 3
| 5 T ' T ' T ' ]
I i Data: 818pb-1 .
~ 300— — 100 -
3 - -
(CIEE - u ]
o L = - i
: (<] | a

% 200 - "
i s °F
100 i ;’EJ i ]

L 4 -
Ll 1 i
it 1 =
010 -Im;sl T nlnl - Io.lusl T oo e .
MMZ2 (GeV?) | | Sy

| 'l | o ]
—0.10 0 0.10 0.20
Monte Carlo Signal uv MM? (GeV?)
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Measurement of D*—u*v

CLEO-c [PRD 78, 052003 (2008)]: 818fb-1 from CLEO-

Require E.,, <300 T T ]
MeV for candidate; ' :
no extra y > 250 MeV 0% E

Background
tv/uty is fixed to cocktally - J
SM ratio

0 149.7£12.0 pv #l- _
0 28.5 tv - : :
Ttv/pty is allowed to 3l y 5
float y \ \
0 153.9£13.5 v -O-;O L 0-|1;‘-55. r\;;}%‘m -

0 13.5+15.3 tv MM2(GeV 2)
2012-10 Hai-Bo Li (IHEP) 25
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Absolute branching fraction

N observed
Absolute branching ratio: Br(D* - u'v,) = Douy
ED—mv X I\ltagged—D
Niaggea-o - the number of single tag candidates,
€p->pv . the selection efficiency for signal D decay to pv.

Nobserved - the number of signal observed from tagged D.

This branching ratio does not depend on the total
number of D mesons,

ﬂi 2 N, =2N 5B
. - o
,» - N =2Np5B,Bjs;.1# )
e’ b@d e’ nugj n” . .
. ‘ B, = = 0 # ]

If we neglect the correlation between ~ :
©9 . _ g;=¢ & o first order
tag side and signal side

2012-10 Hai-Bo Li (IHEP) 26



BR(D*—u*v) and fy, from CLEO-c

|IVcd|=|Vcs|=0.2245(12) and tp, =1.040(7)pS 818fb: from CLEO-c

Fix tv/uv at SM ratio of 2.65

(D *—>u*v)= (3.82+0.32+0.09)x104
fpe = (205.8 + 8.5 + 2.5) MeV

This is best number in context of SM.

Float tv /HU CLEO-c [PRD 78, 052003 (2008)]
B(D*—>u*v)= (3.93+0.35+0.10)x 104

fp- = (207.6 = 9.3 £ 2.5) MeV

These are final number from CLEO-c with 818 fb-1
The error is still dominated by statistical error (4.3%).

2012-10 Hai-Bo Li (IHEP) 27



Measurement of D+—>r v, T" v

D*>1tfv, 17 my .
Fit to samples of case 1 and 2:
27.8+£16.4 signal events.

Case 1 E(u)<300 MeV

10°F

—_
o
AL LR

give branching fraction 3
@90% C.L. s 0,
B(D"— 7 ) <12X 1077  § w}
I D+ — 'T+If' 101%_ A
. ( T )+ < 1.2 1| ' T’l:v ‘C—)TC\L
265 T(D" — u ) ; ‘ Qe
—0.?0I - IO.G!OI I.I O.'IOI t 0.|20 | ‘(?30

MM? (GeV?)

Requiring the track as electron using energy 818fb- from CLEO-c

deposit in EMC and dE/dx information:

Standard Model predictions:
B(D* — 1t v) = (1.01 £+ 0.09) x10-3
CLEO-c [PRD 78, 052003 (2008)] B(D* —e*v) =1x107

B(DT — eTv) <88 X 107% at 90%c.1.,

2012-10 Hai-Bo Li (IHEP) 28



Radiative correction — D~ —>pu vy

Vector contribution Axial-vector contribution

For D*—>1*v , no sizable D- D™ H D- Dy 4
suppression since tonly z 3 3 N

acquires 9.3 MeV of kinetic
energy. So the radiative Structure dependent diagram contributions

correction is too small.
i Iw~< > IW<’\
G.Burdman et al S

PRD51,111 (1995) Bremsstrahlung diagrams

7 ™ 4 ™
For D*—>u*v, radiative correction could —a I "
play arole due to the process of = -
D*—yD**—>yu*v. The transition D*—pnt*v §
IS not helicity-suppressed: £

this indicates a 1% correction (reduction)

c) 5
One ioop correction

2012-10 Hai-Bo Li (IHEP) 29



BESIITI detector

Magnet: 1 T Super conducting ’

)\dDC: small cell & Gas:
He/C;Hg (60/40), 43 layers
j 0.,=130 um
T, T o /p=0.5% @1GeV
S s I dii/dx=6%

2100

: oy = 100 ps Barrel
..... — ! | 110 ps Endcap

Muon ID: 9 layers RPC
- 8 layers for endcap

EMC: Csl crystal, 28 cm_ Data Acquisition:
AE/E =2.5% @1 GeV Event rate =4 kHz
oz=0.6 cmVE Total data volume ~ 50 MB/s

Comparable capabilities to CLEO-c, plus muon ID

The big advantage: BEPCIT is a two-ring machine designed
for charm

- Design (achieved) luminosity at #(3770): 1 (0.65) x 1033

2012-10 Hai-Bo Li (IHEP) 30



BESIII data set and future plans

- 2009: 106M y(25)
225M J/vy
- 2010-2011: 2.9fb! @ ¢y(3770) 3.5 XCLEO-c
- 2011: 470pb~! @ 4010MeV
- 2012: T mass scan, R scan [2.0 3.65] GeV
0.4 billion y(2S) and 1 billion J/vy

Tentative future running plans:

2013: E=4260 and 4360 MeV:

For "XYZ" studies (0.5 fb-! each point)
2014: E,=4170 MeV for Ds (~2.4 fb-!)
2015: TBD = additional v (3770) data

2012-10 Hai-Bo Li (IHEP) 31




D* Leptonic Decays — Tag Selection
e Nine D- tag K'zn Kz KK~ K'Kz K'zranr
rirn Kza’ Kzrororn Krzra
¢

7 15007

(c) o
(b)

DoKX

Number of Events
Number of Events

100 h
30000 o, Korpt GO 0+ Keren ()

1oy ()

20000 .
5000~ y

18 180 186 18 18 18 1% 18 18 18 18 188

005 01 01 -005 0

N =(1.566 +0.002) x 10° in 2.9 fb™ BESIII Preliminary

2012-10 Hai-Bo Li (IHEP) 32



D* Leptonic Decays

10‘5? e N
=t [ BESIII Preliminary
10*F =k
TP E | N(D" - u'v)=377.3+206
107 | B(D" - u'v)=(3.74+0.21£0.06)x10*
10} . f,,=(203.91+572+1.97) MeV
g \ fo.=(203.91£5.724197) MeV |
10! Consistent with CLEO-c
-0.2 -0.1 0.0 0.1 0.2 0.3 stillstatistics limited — need more data!
M2 [GeVic?]
Experiment B(D — uv) fq
BES Il (preliminary ) (3.744+0.2140.06) x 10=* (203.91£5.72 4+ 1.97) MeV
CLEO-c (3.824+0.3240.09) x 10~%  (205.8+ 8.5 4 2.5) MeV
Average (3.76 = 0.18) x 10— (204.5 £+ 5.0) MeV

The error is still dominated by statistics, more data at threshold is needed.

2012-10 Hai-Bo Li (IHEP) 33



D* Leptonic Decays — Comparisons

MARK-III
=0.07% at 90% C.L. |
BES-I
(© Qg0 154003 )%
T aoson '
BES-II

(0.122*"""'+0.010)2%
<0053

- —a— ~TorTToTrTorer———6EES-t56ph— -

III (205,88 5+2 5) MeV
H (203.5148.72:1.57) MaV
H [21324) MaV
}9..' (217410) MaV
| | (2066232227 MeV

W~ (23548=14) MeV

B (210210 )MeV
m- (2112147 )MeV

| (177421) Me¥

b e wev

Fod  oessaomey

|_‘_| (210:410) Mel
{282:26) MeV

s

MARK-Il ==omsvaisoclL.
BES-l (007 mev
BES-Il (71 a5 eV
CLEO-¢ (818 pb™)

BES-Ill (Preliminary)

Lattice GCD
Lattice QCD
QL (QCDSF)
QL (Taiwan)
QL (UKQCD)
QL

QCD Sum Rule
QCD Sum Rule

QCD Sum Rule
Field Correlations

Isospin mass splittings

] l 1 I

i fud 60440000665 RO LEO-e-{201pb )y i

Bl (0.0382:0.0032:£0.0009)% CLEO-c (818 pb-)

H (0.0374:0.0021+0.0006)% BES-Ill (Preliminary)
i bl (0.0382+0.0033)% PDG2010 I

| | | | | | | | |
0 0,05 01 015 0.2 0.25
B(D' > u'v) [%]

2012-10 Hai-Bo Li (IHEP)
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400

600

f, [MeV ]
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Prospect for D*—>1*v at BESIII

G% mp+Tp+ o [ m2, 5 o
B(DY — Ity) = £ — mi (1 ———| b+ [Veal’
LY ”ED—F

SM predicts : (DY — I"v) = 2.35x10°:1:2.65 (I=e:pn:1)

CLEO-c [PRD 78, 052003 (2008)]: =X BT = X) Npyea/fb
B(D* — p*v) =(3.82 £ 0.32 & 0.09)x10* "3 0.1091 61
S | N OE 14
nm vV U_Eu—ﬁ 1-13
+ + < . -3 + + o
B(D" > 1" v)<1.2x10”° (t* = w'v only) SR 0,093 £
SM: B(D* — t* v) = (1.01 =% 0.09) x10°3 Sum 0.4575 256

B(Predicted) [107°]
Dt =y vy L-25
Dt — et vy [-82

* Sensifive to measuring
radiative lepton decays

2012-10 Hai-Bo Li (IHEP) 35



fos Measurements

CLEO: Use e*e'—>D55; at 4170 MeV
Belle & BaBar: e'fe— cc at Y(4S)

Mo The

o 1 \/SnB(D; Sty

2012-10 Hai-Bo Li (IHEP) 36



Production cross sections for DsDs(")

Maximum production rates:
o(DsDs) = 0.269+0.030+0.015 nb @ 4010 MeV

o(DsDs*) = 0.91640.011+0.049 nb @ 4170 MeV

CLEO-c took 600 pb-ldata @ 4170MeV

Data@4170 MeV

e'e"—»Ds*Ds*, Ds™ —»yDs*

on top of uds *plus* other* charm
continuum (DDbar, DD*bar, D*D*bar)

CLEO-c PRD 80, 072001 (2009)

2012-10 Hai-Bo Li (IHEP)

o (nb) o(nb) G (nb)

o (e’e— Charm) (nb)

0970707-009

B I —
v DD
61— D*D —
¢ 888  opp
4 [ - —
® &
2 I —}
v Y v
—y_ Y : Y:VVV Y :'
i
0.8 | ‘ DS*DS J- T —1
D."Dg T 1
o6 |- @ DD L —
.
04 L ¢ _
0.2 — q Y _
v ¥
. 4 YV Vy v Ei
o8- " D'Dn 1 —
® D'D*xn I J ]
0.6 — 1 —
Tzl
0.4 — —]
11" +
0.2 T —
1 T
J‘g t - t
10 |- 04 —
FY
L § v 5‘“ Qy
> ¥V Exclusive D-meson
5 (5 | Inclusive D-meson o
@ Hadron Counting
0
3.90 3.95 4,00 4,05 4,10 4.15 4,20 4,25

Ecn (GeV)
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@ UseeTe™ —

CLEO-c: Ds tag modes (600 fb-1 at 4170 MeV)
PRD 79, 052001 (2009); PRD 80, 112004 (2009); PRD 79, 052002 (2009)

@ Tag side:

6000

4000

2000

8

Events/2 MeV

b
L=
Q

1000 |

soof

e Fully reconstruct Ds+ to look for another D

D; D:~, D;

— i D 5_

at 4170 MeV

e [ reconstructed in nine decay modes
e tags selected in missing mass recoiling against D~

— for DsD? events this always peaks at Mp,

@ In tDtaI 44 DOO signal tags found in missing mass spectrum

...... 600

ﬁj 11 UE‘U.{B

[ (a)
K+K-J'l:]/\

1 1500
11000

1 s00

[ (b) 500}

[ { a0k
i KSK' 300}
L 1 200F
- ~ 100}

©

8

] 6000

] 4000

.....
||||||

[ (@) f -m%
- 1 3000} ]:

] [ + = r—r0 2000} Ut
o000l KK me |
] i 1000}
{2000 () | { 1600f :
] 1600 N 1200f
11200} . .
. soof v
1 soo} np- ] [ Mx
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CLEO-c: Ds — pv & Ds — 7(m, p)v

D; —» puv & 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% p, 55% =) or
(b) Eca1 > 300 MeV (1% p, 45% )

@® 2D fit to Ds-tag mass and MM? to extract signal yields
@ cases (a) and (b) fitted simultaneously

@ find 235.5 4 13.8 puv events
and 125.6 £+ 15.7 7v(7 — 7wv) events

@ backgrounds: about 10 events in total

D, — 7(p)v
@ event with exactly one charged pion forming p™ — 7+ a®
@ fit MM? distribution in the first two Ecxtra bins

@ signal yields:
43.7 + 11.3, 0.1 < Eextra. << 0.2 GeV

2012-10 Hai-Bo Li (IHEP)
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Error on f,. is 1/2 on this

TABLE III.  Systematic errors on determination of the D] —
p ™ v branching fraction.

Error Source Size (%)
Track finding 0.7
Particle identification of u” 1.0
MM? width 0.2
Photon veto 0.4
Background 1.0
Tag bias 1.0
Radiative Correction 1.0
Total 3.0

2012-10 Hai-Bo Li (IHEP)

Sysfemaﬁc Errors PRD 79, 052001

(2009) 600 pb-'

Largest single error
is # tags:
might be better at
4030 MeV, with no D.*
( but only 30%

of cross-section! )

40



CLEO-c: Ds — 7(e)v and Summary r n\
2 |
émoor ’\ 1 ”
. i { ;____j )
. + + 140 — ! ! AM(D,) (GeV)
e similar to D7 — p"v 120;__|'_] L= Mo Tl i
e only cleanest modes used . FH M Bostoxcurd (353
o [ 4 K e'v, 3
(D — on—, D7 — K~ K*°, gmo‘ [TTIMCBG wio D} K0 ey,
D= — K= K?) 2 E
@ Signal side: E 1
e event with exactly one electron
o estimate D — KPe'r peaking bkg. :
from MC . .
e signal yield: 180.6 £+ 15.9 E e (GEV)
Extra deposited energy
CLEO-c averages: in the Calorimeter.

B(DF — ptr) = (0.565 £ 0.045 + 0.017)%

B(DY — 7Tv) = (558 £ 0.33 £ 0.13)%
fp, = (259.0 & 6.2 + 3.0) MeV

2012-10 Hai-Bo Li (IHEP) 41



B factories experiments

ElectroMagnetic
Calorimeter

Silicon Vertex Tracker
Instrumented Flux Return

Integrated luminosity:
BaBar ~530 fb" Belle ~1000 fb"’

BaBar also collected world-largest
samples at Y(2S) and Y(3S)

Belle also collected samples at
Y(1S) and Y(55)

2012-10

BaBar operated at PEP-Il at SLAC
National Accelerator Laboratory
until April 2008.

Belle operated at KEKB at Tsukuba

Asymmetric e*e colliders with
[5~10.6 GeV

( R Aerogel Cherenkov cnt.
s g . %, n=1.015~1.030

=5 3.5GeV e+

SC solenoidg’ .«
1.5T

Csl(T16Xo —

TOF counter
8GeV e

" | Tracking + dE/dx
- all.cell + He/CzHs

b o

w/ki detection
14/15 lyr. RPC+Fe

Si vix.det.

3 lyr. DSSD
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Belle: D, — puv (913 bl @10.6 GeV) et

charmed
hadron
@ Recoil method in charm events
_ _ = - anti-charme
e+e — CC — Dtag KXfra.g D5 hadron

2D.D, A E....
At B-factories /s = 10.58 GeV therefore all charmed hadron pairs are possible and

additional light mesons (Xf,.44) can be produced in fragmentation process.

2 step reconstruction:

© Inclusive reconstruction of D. mesons for normalization

e Reconstruct Diag KXtrae and v from DI — Dsy decay and identify Ds
in missing mass spectrum (without any requirements upon Ds decay
products)

Mmiss(ﬁtag KXfra.gf:""') — |pe+e— - pog — PK — PXfmLg — p-“;r|2

© Within the inclusive D, sample search for D — f decays
o D; — pv: peak at m?> =0in M?. ( Diag KXtragyit)

miss

e D; — 7v: peak towards 0 in extra energy in calorimeter
2012-10 Hai-Bo Li (IHEP) 43



Belle: D, — pv: method overview

€

@ ~ from D — Ds~

_|_

e £, > 0.12 GeV, in opposite hemisphere wrt. Di,e

@ Inclusive Dq

° pJ_iliLj_ss(thl.g KXJ‘I]L;A) > 2.8 GeV
e only one candidate per event is allowed (selection based on ~ properties only)

2012-10

Events / ( 0.002 GeV )

Pull

Belle Preliminary (913 fb)

x10°
8 —

Inclusive D, Signal

D — D’
Wrong v
Y from T

X T

frag =

1.95 2 2.05
Mmiss(DtangfragY) [GEV]

Hai-Bo Li (IHEP)
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Events /( 0.002 GeV )

Events /( 0.002 GeV ) Pull

Pull

Events /( 0.002 GeV )

Pull

Belle: Ds — uv , method overview

Belle Preiiminary (913 fb°)

Belle Preliminary (913 fa )

@ Histogram MC templates

@ Peak resolution calibrated using

@ Good description of the observed
distributions achieved

10° _ B'/iEI
B Incluse T, Sigmal X.I,ag = nothing 3 Tnclesive D, Sigasl Xmg =r
4]
o B Dy —s D
b ' = Winaz 7 i A i Fit to Mmqu(Dtacr leﬁatF ) for each
-rfrum [-] 3 X
. 2 frag:
H
w
g =
o f I
5 .
! L I 2 2.05
ml“m mey] [GeV] MaeelD, KX, 1) [GeV] ( 6 ca tegor les )
ot Belle Preliminary (913 f&%) W Belle Preliminary (913 /&)
Inclusive D, Sigeal —— 2 | indeive S Ky = 10"
4]
|- [
Wiaag A rea| data
+from =* = +from
2
w
0 0
5 _ SE- 3 |
" 3 0
5 .....D'-S—.|....|...".|....|....|..|
185 19 195 2 2.05
rnmm Kxuag‘l’] [GeV] Mmg,'iDmBKXmg}'] [GeV]
ot Belle Preliminary (913 f5%) 0t Belle Preliminary (913 /5%
10 Inclusive D, Sizzal X.Pag =nn 3 | Inclsive D, Sigsal Xﬂag =nnr
4]
‘.ﬁ'mns'rd g 4 'r‘irodc,'
+from = = tomn
2
€
2
w
sEL 1 1 1 . | o | | = 2 . ) L L A
185 13 195 3 X g 2 7.05
rnlnu':D meq‘f] [GeV] Mm|gg':DlauKX"w}'] [GeV]

2012-10

Belle preliminary @ 913 fb—1!

Ni[;:c‘ = 94400 + 1300(stat.) + 1400(syst.)

Hai-Bo Li (IHEP)
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Belle: D, —» pv (913 fbt @10.6 GeV)

Fit to the missing mass squared — M2 (Dyag KXiragyp™)
D. — nv, Belle Preliminary (913 fb)

Signal
— True D, Background
Combinatorial Background

1]
o

Selection:

o Mmiss ( Dta,.s KXfrag"}") Signal

Events / ( 0.01 GeV?)
8

region
@ 1 charged track pointing to -
the IP
@ passing muon PID _ 50 ________________________________________________________________________________
requirements = g il
] 0.2 0 0.2 _ 0.4 056
aniss(Dtangfrangu) (GEV )

NEsel 480 + 26

Ds—puv

Belle preliminary @ 913 fb—!
B(Df — p*r,) = (0.528 £ 0.028(stat.) 4+ 0.019(syst.))%

Most precise measurement up to date.
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D, — v (Belle: 913 fb!)

R Dy — Thv— e vy, Belle Preliminary (913 fi")

° Tag Slde (DtagKXfragY) %3”“ i?éf.ﬁ:‘#:’-.‘%:‘:&m
— Same as D, — pv mode z
« Signal side (D, — 1v) s

— 3 1 decay modes: t—>evv, uvv,nv T

. . . . DI = Tv— pv v, Belle Preliminary (913 f5')
— Kinematic variable: Extra energy in
calorimeter (Epq)

Events /| 0.05 GeV )
- [x]
g

T decay mode B(D} — 77v;) [x1077]

z
evy 5.37 £0.33103) —
py 5.88 = 0. 3?J_r%§% D — v TV, Belle Preliminary ?;;3 ml)
v 5.96 & 0.4210% =
Combination 570 £0.217530 e B

Events / ( 0.05 GeV )
g

Pull
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BABAR: D, — pv, tv (521 bl @10.6 GeV)

PRD82, 091103(R)(2010)

Recon. Method: Similar to Belle %m

Tag side E

— 4 decay modes (X—nn, n=0 - 3) 05 0 03 1 15 2

_ mADKXy) (GeVic')
— Background model: wrong flavor candidates

(charge of not consistent with D,)
— # of tags: 67200+1500
Signal side
— D, — pv
* Br(D, — uv)=(0.602+0.038+0.034)%
— Dg > tv (1—>evy, pvy)
e Br(D, — tv)=(5.00+0.35+0.49)%

Decay constant: fy, = (258.6 £ 6.4 + 7.5)

c)
v (T>evy

Events £ 0.05 GeV

Events 0035 Gey
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Experimental averages : f,

Experiment Mode B fos (MeV)
CLEO-c pty (5.65£0.454+0.17) x 1073  257.6 £10.3 £ 4.3
BaBar pty (6.0240.38+£0.34) x 1073 26594+ 8.4+7.7
Belle pty (5.284+0.28 £0.19) x 1073  249.04+ 6.6+ 4.9
Average pty (5.54 +0.24) x 103 255.1+5.5
CLEO-c T U (5.58+£0.334+0.13) x 10°¢ 259.1+7.7+ 3.5
BaBar Ty (5.00 + 0.35 £ 0.49) x 1072 2453 +8.6 +12.2
Belle tu (5.704£0.21 +0.31) x 10~2  261.9+4.9+ 7.2
Average TTv (5.54 £0.24) x 10~ “ 258.2x5.6
Experimental Average Vv + 77w 2572+ 4.5
Lattice HPQCD 248.0+ 2.5

Test of lepton universality: 2
y_m (i)
= 9.76

OV B(Ds —
S = (Ds = 7v) _ —9. vs.  R™P =10.0+0.6
o B(Ds — pv) 5 m?, T/
m,u, M2

D d i /o Ds =7 V)~ 01+ 005
(5) meson ecay constants ratio: ;{DH{D,‘_ . Iu_;/J ] D,

fp./fp = 1.250 + 0.022(fp, ) + 0.054(fp)
2012-10 Hai-Bo Li (IHEP) 49



fp. Comparison

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

—
> 300 CLEO-c BaBar Belle Preliminary
D
S =2 U !\"'?l_l s 7 7:-\5{__;{
& 280 — |
[T

260

240

22 0 T = T TTIY Y7 V7 - 4 C ) l " g i '
F oogddsmamadt BT I Y ")) os ) AN Y =L ) & AA S
a8yl L fF 7 51 | N AP B, rr =r / 1 f 72 1
| i I 1 { N { | J e y (J d / f ¥ ’
I /%t LW A { 4L X 4 Y ot S - / —— A’ A VL W}

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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Exercise: how to look for B, = t*1~at super-B

T T — e/ 1t
\ BO Y(4S) goj
d§— Y(5S) — DBy

+ 4
& ! \T‘_, M'/e'

Ks

Step 1. Fully reconstruct one B with hadronic tag
Step 2: missing mass of the tagged B - inclusive reconstruct the other B
Step 3: require ute- or e* u-in the signal side (t* 2> e* vv, T 2 uwv)

Step 4: look for missing mass of tagged B and extra energy, and perform
fits simultaneously.

Then you may access B, = 1"t~ at Super-B factories.

2012-10 Hai-Bo Li (IHEP)
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Semileptonic D/Ds decays

Hai-Bo Li (IHEP)
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Semileptonic D decay

» Decay rate depends on kinematics and V

» Form factor encapsulates QCD bound-state
effects

» Consider Pseudoscalar final states: K, =

darr G?
e = 4;3 V.. I py | fu@)

g =(p,—py)

=M, +My;-2EM,+2p, - Dy

Precise measurement of |V_ |%xf (q?), get Vcx from CKM
unitarity to extract form factor as test of Lattice QCD-

or reverse the logic and test of CKM unitarity.
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Two Key Kinematic Configurations

J. Richman and Burchat , Rev. of Mod. Phys. 67, 893-976(1995)

/ D — xl
dr ’V > 2)‘2 cleanest
theor
dq> 4773 al Px|F. (@ highest y\‘ )
rate q
(before) 0 0.5 1 1.5 2 2.5 3
m Zero recoil
f.(9%) ﬁ @ > Form factor
q 2 maximum, easy to
= O form meson
Form factor
minimum,

> > favor nonresonant

q

Form factor describes the probability to form a meson in the final state.
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The form factor parameterizations

» Pole ansatz:

» dominated by lowest lying vector {1— T }
meson H* with correct flavor

+e.qg. D" for D—nr
+ Ds*for D—K f\a')= e

. / - q? ~ qf
. Modified pole:/ [l {1 ‘ ]

Becirevic & Kaidalov PLB 478, 417 (2000)

A 4
st
p—,
=

[ )
RS

[l

LA P ) pe S )
* expand in z around to iy J:H_m
* better convergence R RPN s
« 2 or 3 parameters t, = (m, £my )

2012-10 Hai-Bo Li (IHEP)



Analysis Overview

K+ ]r[_
« Taghadronic D decay in "golden" \ ~
modes : D- — K*z 7" — "
‘i
_ D >K'zz x’ g A~ \
D’ > K'z~ -~ 0 - =
50 _y K+ e 0 D™ - K7 K
—>K'zx ) 0 - o .
D’ S Ktz ot D" > Ksmz AE = Etag - Ebeam
D > Kz zxt
S M _ E2 _ n2
D> K"K 7~ bc beam ptag

e Cuton AE and fit M, to extract tag yield N

tag
r

 |dentify semileptonic D decay with U=E _ _—|P

miss miss

 Fit U to extract signal yield N .
ﬁmiss = _\/Ebzeam B m[2) pD B ij B rje
ob

2012-10 Hai-Bo Li (IHEP)




Counting D Tags

 Unbinned likelihood fit
to data for D tag yields
and MC for tagging
efficiencies. 2
=
CLEO PRDS80, 032005(2009) <
818 pb-1 5
Mode Yield Efficiency (%)
DO - Kto— 149616 +392  65.32
D° — Ktn—n0 284617 +589  35.15
D — Ktr—m~nt 227536 £517  45.55 : 5
D™ —- K™nm 71— 233670 + 497 55.49 184 186 188 184 186 .' 2'1.193' “i8a 86 188
D~ — Ktr—nn® 69798 + 330 27.39 RS
D~ — K2n~ 33870 £ 194 51.10

D™ — K2n~n¥ 74842 4 357 28.74
D~ — K2n— w7 49117 £ 323 43.58
D~ — KTK—m 19926 £ 171 42.07
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PRD 80 032005 (2009) Signhal Side Reconstruction

CLEQO-c 818 pb-

+ Against the tagged D

= pion candidate
- with dE/dx and RICH

= positron candidate

+ Fit U for signal
U = Emiss — ‘pm:iss

+ Peaks at O for signal

= Kinematic separation for
backgrounds
e Ke"v cross feed to ne+v
e pe™v from known BF

» Fit four modes in g2 bins

DO—> ety 3070109-00

A

0

M
‘ ¢

All Tags
All g° m
Summed

o1/ DD
KetvL, ]

0.1 0.2
U (GeV)

201200 D' Ke'v D 5Kle ‘»-'_iDDﬁ nevD ->nev 58

500

400

300

200

100

0



Signal yields from Double tag

CLEO PRD80, 032005(2009)

818 pb-1
SO0 OSe-H0 S OO0 TR SO -0 S - ALIOC
— 5000 I N — 1
DG — K E+ V [~ D — :[<:.I::I € V J=ooco
4000 - i}
N =14123 = 121 : N = 8467 = 94 | =soo
BOOO — - =ooo
2000 -_ —_ 1500
-_ —_ g sisls)
1000 e
o .igjb ! 11IEEE=============:Q
L= | o= (] [ | L =
600 . 250
- - +
B ooh D'>me Vv Jaoo D" le v -
N =1374 + 39 N=838+33 |=°
B 400
i D> K n’].., 129
SO0 1000
100 50
° o o.1 oz °
L (GeV)

U = Eur.r':—:.w . ‘”| Pn.'..f.n:.n.; |
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BranChlng Fraction Results cLeo proso, 0320052009

818 pb-1

B (D° — 7 etv,) = (0.283 £ 0.008 + 0.003)%,

B (D" — K™et,) = (3.50 £ 0.03 £ 0.04)%,

B (D" — 7’*v.) = (0.405 + 0.016 = 0.009)%,

B(D* — Kty ) = (8.83 £ 0.10 + 0.20)%.

Kaon modes are systematics limited

Pion modes are statistics-limited. Without improvement, they
become systematics limited at ~6 fb-!

But, this is the integral and we’ll need more statistics to nail the
detailed shape of the distribution
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« Make these yield measurements and determine partial
. . . 2 2 T r 2
widths A7 in bins of a°=(E, +E,) —|p, + p.|
— 7 ¢? bins for D - nev and 9 for D — Kev

Inverted Signal Signal Yields
Efficiency Matrix

) Z\:egle'/

AT _IQ§rqh,1dF(D—>P€V)d )
i N quow i d 2 q N /
‘ q Tp tag Etag
CLEO PRDS80, 032005(2009) Tag Yield Ta‘g% Efficiency

818 pb-1

Integrate for total width (BF) and fit for FF parameters

f.(a°)

2

dr'(D — Pev) G2p’

= V
dg’ 2477

cq

2012-10 Hai-Bo Li (IHEP)
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Counting Semileptonic Decays in each g”2 bin

data (points), Signal (clear), Kenu(dark gray), Other Bkgd (gray
Unbinned likelihood fit of U = DoK'rtag | DoK'riag |
. . . ~ | 0.6<q%<0.9 GeV?{ 1.5<q%<2.0 Gev]?°
distributions separately by 201 1

115
15+

g2 bin and tag mode. % o Jr

— Signal (smeared by 5-13 MeV & z _-:
: ‘@B L DoK't tag | DoK'rnt tag |

Gaussian to match data) and € = (Clbene | vaeso G‘eﬁz_.zz

BG shapes from MC o 20 $s

— Free parameters for signal o 10

normalization and DD BG. ° ik )
Non- DD fixed by luminosity ST 7

D" > 7'ev - 4 of 21fits ]

CLEO PRD80, 032005(2009)
818 pb-1
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Signal Efficiencies

_ N(Reconstructed in i, Generated in J)

E'f;rve_ﬁed Sni/?q?' Signal Y] eij = —

e /7'/%' N (Generated in |)
doidT(D—Pev) , 5 22,6 N,
J dq’= CLEO PRD80, 032005(2009)

2 2
QIOW,! dq TDNtagletag

818 pb-1
Tag Yiélﬁ' Ta‘ggﬁ Efficiency

<4——— Generated Bin >

Al =

1

0.420 0.012 0.000 0.000 0.000 0.000 0.000
0.007 0.430 0.015 0.000 0.000 0.000 0.000
0.001 0.008 0.448 0.014 0.000 0.000 0.000
0.000 0.001 0.012 0.457 0.014 0.000 0.000
0.000 0.001 0.001 0.012 0.464 0.009 0.000
0.000 0.000 0.001 0.001 0.011 0.469 0.007
0.000 0.000 0.000 0.000 0.000 0.007 0.469

Reconstructed Bin

Tev/KTr Signal Efficiency Matrix

 Nonzero off-diagonal elements = correlation across
g% in A7, measurements
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Inverted Signal Signal Yields
Efficiency Matrix

Partial Rate Results e

_ @ dI'(D— Pev) B Z'E;le
CLEO PRDS80, 032005(2009) Ar=| da'===rs

818 pb-1 Wi dg? "N tagl éag
P |
Tag Yléﬂ' Te;%; Efficiency

T D sK-ev, 20

1.5

AR A
[ |

on
= qlglal
l
ARX
A3,
.

=
o

B o= -
‘g'!f-

| »

-
[y

AT/0.2 GeV?/c* (ns )

AT/0.3 GeV?/c* (ns )
o

05}

0 1 2 0 0.5 1 1.5
g* (GeV4/c?)

* Averaged over tag modes; verified to be consistent
e Consistent with isospin symmetry
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Form Factor Tests

dI'(D — Pev)
CLEO PRDS80, 032005(2009) = ’ch
818 pb-1 g 247’

3070509013
T T

D> K-erv, —:

q* (GeV?) , q* (GeV?)

e More data, better understood data, can have
significant impact on these tests, especially at high g2

« At BESIII, 2.9 fb'! is just the start (but a good start)
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D-> K/t ev results from CLEO-C

With 818 pb™ yw(3770) data, CLEO has measured

PRD 80, 032005 (2009)

£(0) [V_|=0.150 % 0.004 (stat) + 0.001 (syst)
ff‘(ﬂ) [V _|=0.719 £ 0.006 (stat) + 0.005 (syst)
using the series parameterization form factor model with three parameters

Using LQCD:  £7(0) =0.64(3)(6)  £(0) = 0.73(3)(7)
[V_|=0.234 £0.007 +0.002  0.025
[V_|=0.985 % 0.009 + 0.006 + 0.103

stat syst

LQCD

PDG: [V_|=0.230 £ 0.011 (neutrino beam)
|VCS| = 1.04£006 D »>u,v'v;D->K{V)

Most precise measurements of |V | & [V _| using semileptonic decays
. [

2012-10 Hai-Bo Li (IHEP)
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beam-constrained mass of tag D

mBC (0"} mBC (0 —+krx")
b=f f a3 i
o xE:BESIIIF‘_reliminargr l j: BESII .:rr.alirninarl.r;'1E
= 3 = H

< K [} =K -

P;——_.r‘—‘-——'!———,h?—' -“;: o o = - =5

B (D —sKrx"n"} e i mEC O —Krsx) o
£ ume i i77F K
m.E_EE:’_':»I!I Preliminary i" l'.l" ,n_,?_E'ES;” Preliminary l
s P P |
e Step 1: Reconstruct ~%/4 M tag S \ = K ;-Jg
i isati - OO0 = A

D (provides normalisation) KT[T[ ] ST N (i — gph

TG

My (GeVic?)

BES IIT: CHARM 2012 by Chunlei Liu
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BESIHI Preliminary

s N, = 18460+/-143
nf | D—Kev

L.

BESI Preliminary

e Step 1: Reconstruct Tag D

o ko Ny = 1677+/-45

e Step 2: Find U (~ missing T | L Domnev
mass) from beam constraint B T
sihidl & nER, i . P e .

BES IIT: CHARM 2012 by Chunlei Liu
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D= {K,r1} e* v Branching Fractions

BES Il prelim (0.9/fb)

BESII Preliminary

Mode measured branching fraction(%) PDG CLEOc
DY - Kte i 3.542 +0.030+0.067 3.55 +£0.04 | 3.50 +0.03 £0.04
DY 5 rte i 0.288 +0.008+0.005 0.289 +0.008(0.288 +0.008+0.003

BES III: CHARM 2012 by Chunlei Liu
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DY— {K,m1} etV fits to decay rates

dl/dg?: BES Il data with fits using different form factor models

DO—' Kfe~ vV DV—rmte v
f[] BESII Breliminary ';_ ¢ BESII Prelimina %4[} IIL Sill Preliminary 'hi—{ SESHII Preliminarl

GE

uf  simple pole '--_\ «f modified pole ™. B simplepale

dlr/dg?

! 3 ) E i

v I ", E X E b

[FRUNETH PRTHETHI ENN1 N I NNTE SR TH BT 1 TSI NETE U TH NTRUSTHT NTH1 FATE M. 11 11 SN PErT IUPIT AT S A IT A N IO AT AT ) [ L[] ST AT P S IS A I )
i g8 5 TE T X 74 15 18 wx 0L O T8 [} 1 74 708 18 [ bx 1 13 x I3 LT L 13 x k|
=i = Ere T

g G =k L

] g BESHI Preliminary 4 Mg BESHI Preliminary Zacf ESIN Prafirmir Bk BESIN Preliminary
=T [ ¥k w E

Suf Z i ;:.{w [ ;;‘:_{ '- f

szf- "‘| sl Y : .ai—

\1_ T hY i [ ™ 3 ] ™

Lo 2Ppar.series of 3par.series *E 2 par. series 'S 3 par. series
. I . s \ £

X 14 18 1 1F B od 1 13 14 1B 18 g ] L 1 3 33 L C 13 E
Latas AT e ey

2 2
BES IIT: CHARM 2012 by Chunlei Liu g / Gev
2012-10 Hai-Bo Li (IHEP) 70




BES Ill form factor fit results

BESII Preliminary

Simple Pole
DY = Kev

DY — e

F+(0)|[Vegsl
0.72940.00510.007

0.14240.003+0.001

Mpole

1.943+0.025£0.003
1.876+0.023+0.004

Modified Pole
DY & Kev

DY — wer

F+(0)|Veags)|
0.725+0.0060.007
0.140+0.00320.002

v
0.265+0.04520.006
0.315+0.071+0.012

2 par. series
D" = Kev

DY — e

F+(O)|Veus) |
0.726+0.006+0.007
0.140+0.0040.002

ri
—2.034+0.196+0.022
—2.117+0.163+0.027

3 par. series
D" = Kev

DY = er

f+(0)|Veas) |
0.729-£0.00840.007
0.14420.0050.002

ri
—2.1794+0.355+0.053
—2.7284+0.482+0.076

T
4.5394+8.927+1.103
4.194+3.12240.448

BES III: CHARM 2012 by Chunlei Lin

2012-10
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Form factor shapes: BES Il / LQCD

note: these compare shape-only, no absolute scale.

— r __-" '-'b. p
‘:g E Vi, = | /
- At 25 + ,.-"'.l'
14 i , e i A
N BESII Preliminary Nid BESH| Preliminary L
: f :_/ j _l,':..._.l'"
1.3 _I."':' 4 - __.rf'__.f
C A B e
- f/.f¥)x ‘_z{f
12 A o
- y 150 y
1.4 // ; L
F 24 A
1 — /;/"j/ 1 ’_.__ .___._._:_-"F-f:.:...-
- z/r’ B e =
nal 5 1.!_;/ - o
C i
- P 0.5
n.a — Hﬁ__i".-" -
: 1l I | -} I i I | -l I | -l I | - | [ | Pii | i1 I 1 ¥ e -l | : e I e : | ot el I et I 1
075 ~62 04 06 08 1 12 14 16 18 % 05 1 1.5 2 25
0 GV RiGeV

Points: BES lll preliminary with stat errors
Curves: Fermilab/The Lattice/MILC with 1o stat error band, arXiv:1111.5471 (Nov 2011)

BES III: CHARM 2012 by Chunlei Liu

2012-10
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f,.2~T(0) from experiment and theory

With |[Ved = 0.2252 = 0.0007, 1
get from BES III new result (3

par series - as used by CLEO-c):

Taken from Na. Davies. Follana, Koponen. Lepage and Shigemitsu. Phyvs.Rev,
D84 (2011 114505 and modified (added BES III)

(note: BES Ill result from D° only, CLEO-c use D% and D%)

2012-10

0.9

| HPQCD (2011) |
I D}«.;(O) — 0.666 (10) (21)5}_5 == 4 % error )
| Fermilab/MILC (2005) —— i
B Sum Rules (2009) N
i ETMC (2011, preliminary) it : _
B Experiment + CKM Unitarity 7
B CLEO-c (2009) e i
B Belle (2006) —se— N
[ derived from EE Il (new, prelim) f+(0)|Veq |
| W ng: my own ca .fJ| tion I-*-I T[_'ll I—( 54|
1 | 1 | 1 1 | 1 | I 1 |
0.2 0.3 0.4 0.5 0.6 0 7 0.8
D>, 2
f.- (q=0)
Hai-Bo Li (IHEP) 73

3)



f,.D=K(0) from experiment and theory

Taken from Na. Davies. Follana. Koponen, Lepage and Shigemitsu. Phys.Rev. D82
(2010) 114506 and modified (added BES III)
| | I | | | | | | | | | | | |

B HPQCD (2010) HBH 25 %emror

Other theory

Fermilab/MILC (2005) L > :

— Sum Rules (2009) —

Experiment + CKM Unatarity

i CLEO-¢ (2009) P i
With [V =0.97345, 1 get from | BaBar (2007+update) _
BES IIT new result (3 par series - | . q rom BES I1l (new. prelim) £. OV, . o
as used by CLEO-c): [ ws rning: my own ce culaton H .77%0) = 0.7 1-_”[|.‘] )
| | ) I-' | | | | | | | | | | | |
02 03 04 05 06 07 08 09 |
(note: BES Il result from D? only, CLEO-c use DY and D) f+(q..:0)
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evls | 0.02 GeV®

evts / 0.02 GeV*

PRL 97, 061804
DO —» .ﬂ:”l), Klv (2006) 282 fb-!
Use “Continuum tagging” again: e*e” — D), D* .o X.
Reconstruct all particles (except for neutrino)
Tagging provides absolute normalization ~56,000 tagged D°

Cabibbo suppressed Cabibbo favored
o N oo
wt DY — me'v o £ D0 — Ketv [$]E] remaining signal
20 — 12612 events 300 - 1318+37 fake-DY kg
20 [ 200 = ayvents
10 _ oo
o i T o T
a5 s00 —
i - 0 g
35 400 D =K K ﬂ hadronic|bkg
=0 = 10612 events E
25 ey ey * 300 E 124937 . Klw bkg
] 200 = events Mg Ko plv bl
*‘lhﬂ,ﬂlwuﬁhﬁw oo | | S
u - i i . (. . ase, ol [T

0.5 1 - oS

_rlr"r'm'ssE = Emissz _u pr‘rﬁss2 (GEV) m..; 2 = E

miss

2 (GeV)

2 —
miss pr‘niss
Impressive results in difficult production environment

Both e and m measured, but only D°
vs. CLEO-¢: 1000x lumi, but ~3x less signal events & ~10x worse signal/neoise
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Belle D02 m¢+v & D02 Ké+v

Excellent g2 resolution: o 28 = —
s R P
5(q2)=0.017 GeV? " 122 B simple pole model (16
15 E
Measure rate directly in g2 -
bins s f
oss 0) D
- 00—
dll Gﬁ 2 3 2,2 .
= 4 g
dqg 243'53 | cx‘ pX |f+(q )‘ 11?’:
1.25
ﬂ?;
Compare to p
0.25

ﬂ |
LQCD Form Factor S Y
. . . Lattice Form Factors
Simple Pole parameterization 2Aubin et al. PRL 94, 011601 (2005)
Modified Pole Model 3Abada et al. Nucl. Phys. B619, 565 (2001)
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PRD 76 052005 (2007)
75 fb-

e+e-=>ccC at Vs=10.6 GeV

« Reconstruct D*+->m+D0 and

signal D92 Kev
- Estimate pp and E, with

remaining event & kinematic

fits
- Use Neural Nets to
suppress backgrounds

ZULlZ-1V

BaBar D=2 K-e+v

20000

* Data
s MC
& Signal
M Peaking cc bkg
Non-peaking cc bkg
BB bkg

13000

5

2 MeV/ie

e S S g

*
L

10000

.

eIl

L)
LA ...'l‘!"lr'

Lvents

3000

iiiiii

e ——-
0

025 3

"
0.15 0.2

3m=M(D*)-M(D)

* high statistics: ~74,000
* good S/N

Adl-B0 LI (INEF) ([l



°RD 76 052005 (2007

'BaBar f.(q2) D> Ke+v

75 fb-
I I T T | I I T I T I I I I I ! | ! ! ! | ! ! I ! ! I
i o -« BABAR
15000 - —— - 4 FOCUS
M Background e
2 — = Lattice-QCD (o, = 0.50(4))
. N
2 S |
~1 10000 =
= - i
'\-\__\_ r\lH
£ 215+
E G _
5000 -
. t'rﬁ-*&-"‘-;:-:#::“'::ﬂ?fﬁ*:*}:':ﬁ-
e e e 1 |—F
1 1 1 1 | 1 1 1 1 I 1 1 1
0 0 0.5 1 15 2

=
=
i
L
[

q’(GeV?)

q = (P.D _PX)Z

85K signal/11k background

» Corrected spectrum compared to
LQCD?', FOCUS?

! Aubin et al. PRL 94, 011601 (2005)
2 PLB607, 233 (2005)



2.5

D = Kev Form Factor vs. LQCD

D—=Ke'v,

| P—

—— LQCD mean =~ gyaLmiLc-HPacCD

B | QCD Statistical

Curve — courtesy of

LQCD Systematic Andreas Kronfeld

CLEO-c (tag)
CLEO-c (no tag)

BEELLE
BaBar

| O =

/

/

) (0 1
£t =—L9) :
1-—L — 1—a—L
Mp-::l.i'e Mpﬂfe

Fit of Modified Pole Model
to LQCD simulation
points

IIIIII."

05
- Assuming V,_.=0.9745
B 1 | | 1 I 1 1 | | | | | | ! 1 1 L 1 I |
% 0.1 02 03 03 -
(GeV3)/M?,
D, Belle, BABAR
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D —» {n,n’ or ¢} ev, (CLEO-c: 818 pb!)

CLEO: Phys.Rev. D84 (2011) 032001
Tag side s
— Fully reconstructed D

— 6 decay modes
— # oftags: 481K

Signal side
— Kinematic variable: U,

Generic reconstruction method

— No full reconstruction on Tag side 5|

— Adds up all momenta & energies in the
event to identify v

— Fully reconstruct n, n° and Ks = suppress
background

Combined results (Dorminated by “Generic
recon method”)

— Br(D—n’'ev)=(2.16+0.53+0.07) x10-4 (First
observation, 5.80)

— Br(D—nev)=(11.4+0.9+0.4) x104
— Br(D—¢ev)< 0.9x10+(@90% C.L.)

2012-10 Hai-Bo Li (IHEP)

U= Emiss -

—
|pmiss|

JE0OT18-001

L o' &t
[ —==="nlyy)

1 e

(@)

T 0" —=='n sl

o137

& — KK-

(e} ]

Il

1 n—= n*n s’

1me*v 0.5-10

A

D " i " "
€2 01 0 01 020201 0 01 0202 01 0 01 02
E,— CIP,,,,! (GEV)

2
o
T

AT/ 0.5 Gevalct (ns—)
|

=
2
I

(=]

-
S

+ ® Tagged
i e ® GR
-__'_}___ — FF fit
[ ! 1 1
i} 0.5 1.0 1.5
g* (Gevz/cd)

)| Vea] = 0.086 (Ghmmj(lj‘(m’ﬁi
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D—->VlIv

Kinematics (K*—>Kr as Vector decay
example) 5 degree of freedom (M2 in
K™ system, g2 in Iv system, cos(0,),
cos(0,) and y

For massless | (e: good
approximation), need 3 form factors:

2 axial and 1 vector. Usually
parameterized with simple pole.

Usually measure r,, and r,
Combined with D—pev, D—>K*ev and

BV I* I, to extract |V | from B—pev Vigh) = Il*’_{ﬂ-:: v (0)

(PRD 70, 114005 (2004)) "oy = o

Measure D—{Kr-S wavelev A2 = 29 A1)

component (first observed by FOCUS, = . 1 (1)

PLB535 (2002) 43-51) e - A0 A= T0)
@) = &
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D — K*(Kn)ev, (BaBar 348 fb 1)

Phys.Rev. D83 (2011) 072001

Using 1/4 M tagged D —>Kzev

events, form factors of D—>K*ev

were measured

— m,=2.63+0.10+0.13 GeV
r,=1.463+0.017+0.031
r,=0.801+0.020+0.020

Performed detailed analysis of Kr
S-wave = magnitude and phase
Os

— S-wave component was confirmed
05 measurement (model-
iIndependent) agrees with
scattering data (Lass and

Estabrooks et al) better than the S~

wave contributions measured In
D oKnrr

2012-10 Hai-Bo Li (IHEP)

mu:ﬂ' “ %

Loo -— “|| {H

.|
hll ]lH D+—Knm (points)
:J4 e vs Lass (line)
- = CLED FOCUS
= BE79] — LASS =102 A
.1.
miKm) / GeV

red crosses: Binned analysis

red line: Fit to binned analysis

blue/green: Krt scattering [1-2]
A l A I A

1 1.2 1.4 1.6

m(Km) / GeV
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D — Krt e/u v (CLEO-c: 818 pb- 1)

¢ Plots on left compare model-
iIndependent measurements with

simple pole model -
good agreement.

generally

aH:(q)

e Confirms evidence for S-wave.

q*HZ(g7)

¢ Cleo-c’s analysis consideres
highly-suppressed amplitudes
with right-handed e/p (adds a

helicity, Hr, and a form factor, Aa)

g*Hi{(g7)

e HtHop interference less than

L QCD prediction.

CLEO: Phys.Rev. D81 (2010) 112001

2012-10
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Form factors for D°— p-e*v, D*— ple*v

< 60[ B ! :

= o @l=  § ®]« | ©] =«

2 s DOpety, | b Dp%t, |l Dfowety, | e

S | pr1rTe : p— T ; w— e sof

:b:'J 20} 50[ 10[ w .

GCJ - : : E 2 2

IJ‘:.J- - I s e g*(GeV?/c?)
-0.2-0.1 0 0.1 0.2 -0.2-0.1 0 0.1 0.2 -0.2-0.1 0 0.1 0.2 155.f

_ U =Emiss B CIPmiss I ( - 1005

A1(0) = 0.56 £ 0.01+392

A5(0) = 0.47 £0.06 £0.04 _g
V(0) = 0.84 + 0.09799 €

50f

Decay Mode € (%) Niag, sL BsL

D% 5 p~etv. 26.03 +0.02 304.6 =209 1.77+£0.12=£0.10

D+ o pPetv, 42.84 & 0.03 447.4 + 245 2.17+0.127012

Dt - wetve 14.67 £0.03 1285 £ 12.6 1.8240.18 £0.07

cos 6, X
Bs, (prev) Bsr, (ISGVVQ) Bsr, (FK)
1.94 4+ 0.39 £+ 0.13 2.0
2.1 +04 4+ 0.1 2.0
1:670 04+ 8.1 2.5

I(D°—=p~etue)

CLEO: arXiv:1112.2884 [hep-ex] (Dec 2011 T (DT —pYetue)

2012-10 Hai-Bo Li (IHEP)

= 1.03 &+ 0.0913%
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CLEO-c: D.—¢ev and f (980)ev

CLEO-c performed a full form-factor " CLEO” PRD 80, 052009(2009)
analysis for Ds—¢ev and f,(980)ev s
with f,(980)—m*n- and ¢—->K*K-. 0
pe— L
Suggestion that B, — J/y f can be an o
alternative to B, — J/y ¢ to measure L]
CP violation in the B_ system B

GO 0808 T 112 3 Lh e 16 0% 1 M LB L®

(J/y £ 1s CP-state, no angular analysis) _ .
Stone & Zhang [PRD 79, 074024 (2008)]

160

fye'v form factor it | ™ | ’
| 120 * +

Ny

N k ¢e”v form factor fit

[(D; — £,980)e"v. f, > 7°1"))
[(D; >gevg-KK) |,

=(42£11)%

| 40|

L
i l_ s

Efficency Cormrected Events / 0.2 (GeV©

[(B, - J/'¥f,(980), f, ~ .f:r')}

Predicted to equal , - |
[(B.>J/¥Yp¢>KK) ; S SUPUSTURT §
’ ] o C‘IEE I Iﬂl55 . I-:l TEI- 1.00 (u} 0.258 0,50 0.758 1,00
LHC-b results: g (GeV') ¢ (Gevd)
B(B? - J/ynta~ §
( / ) = (21.28 £ 0.51 + 0.56)% LHCb: arXiv:1204.5643 [hep-ex] (2012)

B gBO —3 f/t O)
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CLEO-c search for Ds—mw e Vv

¢ Highly suppressed. Potential processes
(Gronau & Rosner Phys.Rev. D79 (2009)
074006):

¢ \ia w-® mixing (w has ss
component)? BR<2-104

¢ \Via weak annihilation (radiate an w in D+
a non-perturbative process before S
annihilating)? BR ~ (0.13 = 0.05)%

¢ Anything larger might hint at a four-
quark content of the Ds
(4-quark systems have been suggested to
explain several exotic charmonium states).
2012-10 Hai-Bo Li (IHEP)

/
OLE
O-

Ds—w e v as a probe for a 4-
quark contribution to the Ds

S Vv
W
C |+
=
W > W
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'C
CLEO-c search for Ds—=w e v ‘\L%

e Analysis makes careful use of _ ssi0s1 1405
control channels Ds—nev and wob [|Psnev
Ds— dev. I

30

e No evidence for Ds— wev.

Ds—pev

20 |-

Events / 10 MeV

e At 90% CL.:
B(DF — wetr) <0.20%

Phys.Rev. D84 (20113 012005

10

(compatible with Gronau & of

Rosner’s estimate of (0.13 + S TR A T R R KRR
0.05)%, no evidence of 4-quark M(rtr V) / GeV

content of Ds.) (background subtracted)

CLEO: Phys.Rev. D84 (2011) 012005
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Precise test of CKM and QCD in D decays at
BESIII

Observable CKM QCD Lattice Exp meas Ezﬁp E\rr
BF(D — flr‘) Vg p 2% fD| Vcd| 1.1%
Br(D; — fv) | |V fDe 1.5% foe| Ves| 0.7%

o | | - 1% L 0.8%
dr(D° — 77) | |Ve| || Fo—=(0) | 4% Ved|Fo—=(0) || 0.6%
dri(D" — K=) | |Va| || Fp_x(0) | 3% Ves|Fp_k(0) || 0.5%
dr( Ds — f“{) Vcd FDS_-,;{(G} 2% |Vcd|FD5—'~P{(U} 1.2%

dl(Ds — &) | Ves Fp,—(0) 1% Ves|Fp.—(0) 0.8%

The LQCD impact (in per cent) on the precision of CKM matrix elements.
20fb~! at BES-III.

In reality, about 10pb~! data will be collected @ BESIII in the next four years.
the sensitivity will be 2% or less.
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Impact on CKM from LQCD and charm data

([ Vaa Vus Vi ) Gold-plated LQCD processes
m—lv K —Ilv B —xlv | that bear on CKM matrix
K — v clements: HPQCD, UKQCD,
\ V.. Vs MILC Collaboration:

PRL, 92, 022001 (2004)
PRL, 95, 122002 (2005)
PRL, 94, 011601 (2005)

D—lv D,—lv B— Dlv
D —7alv D— Klv

Vida Vis Vib
\ (BalBa) (Bs|Bs) J

|. Shipsey International J.
of Mod. Phys A V27 5381(2006)
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Summary for Lecture 1

In charm’s role as a natural and clean testing ground for QCD techniques there
has been solid progress.

The precision with which the charm decay constant f_, (f,,) is known has
already improved to ~4.3% (2.4%). And the D->K semileptonic

form factor has be checked to 2-4%. A reduction in errors for decay
constants and form factors to the 1% level is promised.

Recent breakthroughs in precision lattice QCD need detailed data to test against.
Charm provides that data. If the lattice passes the charm test it can be used

with increased confidence by:

SuperB/LHC-b/ATLAS/CMS to achieve precision determinations of the CKM matrix
elements Vub, Vcb, Vts, and Vtd, thereby maximizing the sensitivity of heavy
qguark flavor physics to physics beyond the Standard Model.
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