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The major charm physics topics (1)
Purpose
To overcome the non perturbative QCD roadblock, to
test pQCD calculations & to probe for New Physics
beyond SM o L
Precision measurements Do_m
e Semileptonic decays of D and Ds A

u
m) |V_|, [V, and form factors w+<
® Purely leptonic decays of D+ and Ds+ ‘r
m) decay constants f, & >
e Absolute hadronic branching fractions fm;)w

=) To normalize B and Z physics
Test QCD techniques in charm sector, and apply

to B sector
% Improve determinations of [V |, |V |, [Vigl & [Vl



The major charm physics topics (2)

Probes for New Physics
e DODO mixing
® Searching for CP Violation decays of D

® Searching for Rare Decays of D and
Ds mesons

Precision measurements on charm decays can be
served as precisely test the Standard Model.



The BEPC-II & the BES-III

SCmagnet 1T

Muon Counter

Designed luminosity: 1x1033
The luminosity achieved to TOF
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BES-I1I data taking plan

~5 months for data taking until next summer.

Possible data taking plans:

 500-1000 M J/v events (2-4 months)
* 100-300 M y(3868) events (2-4 months)  Tobe

decided
» Energy scan over y(3770) (~2 weeks) inefr',i:
o ~1.3 fb~1 y(3770) (4 months) Nov.

Data taking plan in the future:
« ~10 B J/y events ( 1 year)
~3 B y(3686) events ( 1 year)
~20 fb1 y(3770)+ y(4040)+ y(4160) (~5 years)

R scan/resonance scan: 2.0-4.6 GeV ( months)
Tau physics (several months)



DD events near threshold from

different experiments
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Assuming designed luminosity achieved, about 120 M DD events
will be collected at BES-IIl for 4 years data taking at y(3770) peak.



Singly tagged D events

ete~ >y(3770) >DD BES-IIl Monte Carlo
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MC simulation for D? Semileptonic
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V.., V.4 and form factors

Decay rates relates to CKM Matrix elements and form factor

d'(D—Plv) G, B(D — Kev, )
( a7 ) = i eV, P f(@)I | T(D— Kev,)= ( )=1.53|Vcs Pl £E )P x10"s™
B(D —>Drrev )
f (qz)— /. (0) FD > mev.)= =301y Pl £70) " x10" s~
+ - 2 o
et To extract V¢ & V 4 need form factor from theory.
A ch B AB 2 AT o 2 Af 2
v W) Tl ) U BES-III: 4 fb-!
cq
3 y(3770) MC
1. PDGOS: ot = (0.4%

AV IV, ~1.6%

2. 4 fb-1 y(3770) data: (ABBJ ~0.7%,1.8% (AVeo/Vea ~1.8% 0.

, <
3. Form factor (LQCD): Assuming Af/f ~1.5%. D &= ; D /R% Iz
; > | Great contribution
Al £50(0)) (AB)Z Az, Y (AVi ot < to CKM Unitarity
= —_— +| — + -
FPor W28) ) (Ve ) @~
K Al £7(0 K*
ALFEON 4o ALLZO g 4,
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These uncertainties are dominated by the uncertainties of [V 4|



Inclusive semi-leptonic decays

B(D*—e*X)

N B(D%—>e*X)
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S hadrons

D%—e*X 2.6%

~0.3%

BES-III will measure these D*>e*X 1.3%

“"0.30/0

branching fractions and check: DO p*X 22%

~1.0%

9 9 D*>p*X 15%

~1.0%

T, (D" - X0*v,) 2T, (D" — X0'v,) =T, (D} — X*v,)

Accuracy limited by systematic error



Purely leptonic decays

Measurements of fy and fj
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Decay constants

Comparing with Theory BES-IIl Monte Carlo simulation
EXPERIMENT Does not use p Information
CLEO-¢ e 222.6+16.7 '35 Mev - J N 0
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Decay constants
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Single & Double Tag Analyses

DS K-1, D*>K-m* absolute Br's + @ﬁ”_
"? N,(@)= 2NDDﬂr(l)5(l) Z(ZNDDE(I)g(l J)Br(i)Br(j))
Jj=i
XA NaD=NypBriBr(eGyj) (1=) mARKN
N, j)=2N ,,Br(i)Br(j)e(i,j) (i # j) ~ method
Y N.(D)- N N (i NP>, j
ZZZZ( J@)— ())+Z( d( o J)— d(]))z
i=1 O N, (i) i=1,j=i O N, (i)
ields «
’ v G ey = N oo ando ., = Nop-
p’D’ DD
Branching fractions for L L
the D hadronic decays Opp— O oo T O

Normalized constants! |L is the integrated luminosity of the data set



Accuracy on hadronic Br. fractions
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Expected Results on Charm Decays

Statistical error only

Relative error (%) on the measurements

Mode 5B/ B (4fb™) |6B / B (20 fb™)| 5B/ B (PDG 08) | CLEO-c
D’ > K z*| o5 0.2 1.3 2.0 [281 pb-]
D" > K ztxt| 05 0.2 2.3 2.2 [281 pb-]
D' > K e'v| o071 0.3 1.7 1.4 [818 pb]
D' > zr7e'v| 18 0.8 6.0 3.0 [818 pb-]
D’ > K u*v| 09 0.4 3.9
D’ > 7 u*v| 21 1.0 10.1
D" —» u'v 4.0 2.0 15.9 15.2 [281 pb]
f.. 2.0 0.9 7.7 [281 pb]
Mode 0B/ B (4.03GeV)| 6B/ B (4.16GeV) | 5B/ B (PDG 08)|  CLEO-c
Dgs - ¢m " | a0 8.0
D, > ge’v 5 11.0 16.9 [310 pb-1]
D > u'v 5.7 9.7 8.5 [600 pb']
DY > 'ty 9.1 12.9 [600 pb-']
S ~2.8 1.3 3.7 2.8 [600 pb-1]

S

About one year data taking =»4fb! for designed luminosity




D°D? mixing

Definition of mixing

mixing : D' = D'

'produce'—(c;)

Standard Model box diagrams of
flavor-changing neu_tgal current

contribution to I’—D mixing at quark

level

The weak eigenstates are

A A

' decay'—(uz)
,f//;ch\“
D“——-}-——{H\\ - /;l——»—— B°

A hadron-level diagram of a lopg-distance
physics contribution to I/'—D mixing

The eigenvalues are

I z
D)= D’)+q|D’ A, =m ——T
2 \/p21+61|2(p y+alP") B = 211
D)= e 0lD)=efD’) A =m ol



D°D? mixing

Definition of mixing
Am =m, —m, Al' =T, -T))

m, + m I' + T
m = 1 2 1-*:1 2

2 2
m, and m , are the masses of D% and D°, respectively.
[ and I, are the decay widths of D° and D°,, respectively.

v = A m AT R - x'+ y? C
7
Time dependent rate .
. ’ x + h% 5 DCS decay
Ty (1) = e (Ry + /R, y'Tt + %)  goestothe
y, \ 4 v ) staTe flna’:h
. . Y Y states as the
In the limit of / DCS interference mixing mixing does!

CP conservation

X =XCO0SO,_+ysIno, , Y =—XSINO,_+)yCOSO,

The strong phase
5]@ is the strong phase between DCS and CF amplitudes



D°D? mixing at BES-II
Quantum correlation at y(3770)

If we only examine the K=t mode, the DCS decays can not
happen in the final states due to quantum correlation.

[The old C initial stat can not produce the symmetric final state
required by Bose statistics if D? and D? decay into the same K—=*) final
state ]

 Hadronic decay modes

w(3770) = D'D’ p XY NKaNK )

D' SK 7D >D K, "2 NWEKz)NK'z)
 Semileptonic decay modes

w(3770) > D’ D X4y NK TV (K Tv)

R . =

D' SKI'v,D D' — KTty |‘ms 2 NKI'v)(K*'lv)

 Hadronic & Semlleptonlc decay modes

w(3770) »> D’ D' Xyt o N KT
DS K7D D" - KT, 2 P ONK at)NKTV)




Mixing from DD’ (K n+)(K rt) at

w(3770)

Experimental sensitivity
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Background estimate --
In the recoiling side:

K*kvsk*ks 1078 0
rrvsrT 136 0O
Kz vwsK*K 21057 O
K'zovsezw 7470 0
K'Kvsx'n /65 0
K'zvsK z* 150000 2
Sensitivity ~1.5x10#



Mixing from the semileptonic decays

it )

Right sign

[ T
. C ‘VI/:‘< 1% Jlr
D
T u:5K - /

Wrong Sign semileptonic
decay final states can
only occur through Mixing

N Right Sign In principle ideal for mixing,
but suffer from backgrounds.

P
Q

Wrong



Mixing from semileptonic decays
at y(3770)

Experimental sensitivity ~71224000 Ng55,(20 fb 1)

-_JuM_m.__.MW The background is high.

_ W Loy The sensitivity is about
DODOQ(K_G"'V)(KJFG_\_’) lLLUL— 1x10-3

Right sign: —22921

300

200

100

One can not claim a D’
ol —g— b mixing based on the DY
semileptonic decay along.

]

N
t

1.5

-~ ]

D"l_)“%(K—e*\ )(K-e*v) Bigi [SLAC 343(1989)169] pointed out

that an observation of a signal for

- - D0->1-X+ establish only that a certain
I_I [ H H H [ [ H H H selection rule is violated in the

Wrong Sign: ~25 processes, where charm quantum

| H H H ‘ ‘ ‘ ‘ | H H” ” number is changed. This violation

T - B Sy S— can occur either through DODO

; - mixing, or through new physics
Umiss [GeV beyond SM.

=
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Summary for the sensitivity

v(4040)
and/or
v(4170)

DODO mixing
Reaction Sensitivity of R,

y(37700)> (K-n*)(K-=* ) ~2x10*
y(37700)> (K-e*v)(K-e*v)
y(37700)> (K-e*v)(Kptv) ~4 x10-*
y(37700)> (K-pv)(K-utv)
D*D->[r,+ (K*e V)(K'n )]
D*D2>[nt (Ktuv)(Ktnn)] 5 %10-5

D**D"e[ﬂ:; (K+e-V)(othel' D- tag)]
D*D->[r.* (K*p-V)(other D- tag)]

Physics at BES-lII, Int. J.
of Modern Physics, V24,
Suppl., May, 2009




CP Violation at BESIII

If we observe the

CP+(-) eigenstate Tags events with two CP

CP+ n'n, K'K, =% pnl ... odd or two CP
even final states,

CP- Ksn?, Ksp?, Ks¢,Ksw ... such as
for the decay of w(3770)— /" f', f f-
CP(f,/,)=CP(f})-CP(f,)- (-1)" =~
(DOB0 are ina p wave, L =1)

CP[ v (3770 )] = +

e-

CP violating

e e . : . then we may
v(3770)— f f or f f areforbidden K“ observe the CP

CP 4 toenndt violation decays

*
)
>
L ]

L

L 4

L 4

20 fb-!' ¥ (3770) data = ~5x10° CP+ and ~5x10° CP- tags.

With the large CP tagged samples we can search for the
direct CP violation decays.

If we observed two CP odd or two CP even final states simultaneously = we
need to analyze many channels to elucidate the sources of CP violation !



200

CP violation in D decays at BESIII

Experiment sensitivity

' K'K vs KK

440 events

183 1.84 1.85 1.86 1.87 1.88

KK vs 7' 340 events

183 1.84 1.85 1.86 1.87 1.88

7t vs m'n 66 events

iI.83 1.84 1.85 1.86 1.87 1.88

M

BC

Remove the events of K'K vs KK,

K'K vs 7’7 and n'z" vs ©'7 away
from the MC sample to study the

ability of background rejection with
the BES-IIl detector by looking for
these modes from the MC samples

[ — )
20 fb_l _KK vs KK
0.5
0983 184 185 186 1|87 188
2__K+K VS T
P L
0183 784 185 186 167 168
1_+ - + ] | |
Tm VS W
0.5
R | vv|
0783 184 185 186 187 188
M BC
Acp < 2.5x102 @ 90% C.L. for 4 fb-1

Acp <

~10-3 @ 90% C.L. for 20 fb-



The strong phase 6, at BES-111

Flavor mode We can measure the strong phase at
' v(3770) with the CP tags vs Kr

-| Decay rate

T -
A: Kn VST, KiZ'VSf _2 / COS§Kﬂ
1_WKﬂVSfJr + FKﬂ'VSf

R, =(3.7£0.19)x10 "]

Aoy,
C"l’i':"' 1 * 3 Physics at BES-III, Int. J. f
_ A(cosd, )~ 25 of Modern Physics, V24, -
CP eigenstate Kr \/ N o \/ R, : Suppl., May, 2009 |
Kzt 20 —
20 fb-! y(3770) data at BES-III, the ;
expected error: A(cos &, )~ +0.04 | /‘



Rare D decays at BES-111

Charm FCNC decays are much highly GIM suppressed in SM.

W
—— N

B(D’ > ete’)~107% N gz o
W ¥ 504 Al
SM B(D" -y ) ~3x107" >M~\<j —— NN~

|i|l||ll

T

New Physics may enhance these decay processes.
For example, R-parity violating SUSY gives

B(D ">e'e ) up to 10 " Currently, the best limits
B(D" — u ) up to 10°° for these decays are

0 + F -6 from BABAR, [Phys.
B(D" —> e u") up to 10 Rev. D66, (2002)014009]

Observation of charm FCNC and lepton number violating
decays could indicate new physics.

The decay D’ — e 1" is strictly forbidden in the SM.

Search for these kinds of rare decays can probe for NP



Experimental sensmVlty at BES-111
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D" Decays | MC Sample for 4 fb-! Full MC simulation for rare decays of D , mesons



Experimental sensitivity at BES-I11

D" Decay | BES-III(10-¢)
D; > K'eu' 12.2
D: >Keu' 7.14
Dy > rx'ety’ 7.14
Dy > rn ey’ 7.14
Ds — K" ' p1” 7.71
De — Ky u* 4.53
Dy > uw 13.2
Dg > rm uu 7.71
Dg > K'e'e” 6.58
Di >Ke'e 3.89
D > rn'e’e 3.89
D; > rmee 3.89

D* Decay DY Decay
D" Decay ModelUL.xL07(0557) - DY Degay Mode|U.L x107%(0.5 o)
3 i - ::;Z ;’;{’* D' S eter 158
Dt — ntefyt 340 D= ”+”_ 1587
Dt s pmetet 3 89 D' — e*,ui 1.58
Dt —rptut 3.53* DY = getem 7.8%
Dt - aetyt 3.53 D' — gty 78R8 *
Dt = Ktete™ 6.62 U (ﬁEﬂLi 7 88
v gl |
Dt o K-etet 3.73 D= Kyt 057"
Dt = K_,u'l',u-l_ 272+ DU — KUBﬂLi 5.07
Dt = Ketyt 373+ DV — K¥ter 5.52
D' — K*tete 2487 * DV Kty 5.52 *
DE — Ix::p:pi" 24 .87 : o K*Uﬁ,ui 552
o B S
D' K"ty  uaT D= 345°
DY K ety 2487 * D= pleFpt 3.45*

With 4 fb-! of y(4030) data, the sensitivity

can go down to about 10> ~ 106,

Sensitivity can go down to 10-7 with

4 fb-1 of y(3770) data,.



Experimental sensitivity at BES-111

Mode | Exp. Best U.L. | BES-III
(10-9) (x10-8)
ntete- | CLEO-c (7.4 5.6
wrutu- | FOCUS | 8.8 8.7
wrute- | E791 34 5.9
netet | CLEO-c | 3.6 5.6
T utrut | FOCUS | 4.8 8.7
T utet | E791 50 5.9
K+ete- | CLEO-c | 6.2 6.7
K+utu- | FOCUS | 9.2 10.5
K+ute- | E791 68 8.3
K-etet | CLEO-c | 4.5 6.7
K-utu+ | FOCUS |13 10.4
K-ute+ | E687 130 8.3

Mode | Expt. | Best U.L. | BES-III
(10-9) (x10-8)
Y CLEO |28 5.0
Tl DO 2.4 17.0
ue- E791 8.1 4.3
ete- E791 6.2 2.4
moutu- | E653 180 12.3
noute- | CLEO |86 9.7
n%ete- | CLEO |45 7.9
Ksutu- | E653 | 260 10.6
Kspte- | CLEO | 100 9.6
Ks;ete- | CLEO | 110 7.5
nutrnw- | CLEO | 530 15.0
nute- |CLEO |[100 12.0
nete- | CLEO |110 10.0

The sensitivities at BES-IIl are obtained based on fully BES-lIl Monte Carlo
simulation for 20 fb-1 y(3770) data.




Other physics topics

A lost of other physics topics are not mentioned, which
are D->VIlv, Kutv, Ds semileptonic decays, other kinds
of D and Ds hadronic decays, Dalitz plot analyses,
interference between two different D hadronic decay
amplitudes, measurements of the masses of charmed
mesons, production cross sections, and so on ...

Studies of the non-DD decays of the resonances
also are interesting, which will be used to test PQCD
calculations and search for some new physics
phenomenon. These physics topics are also going
to be studied with the open charm data at the BES-III.



Summary
Precision test SM (with 4 fb-1 data)

» Pure leptonic decays fo, — 2.0%; f,, ~ 1.3%

» Semileptonic decays Ve ~ 1.6%; V4 ~1.8%

- Absolute Hadronic Branching fractions B(D°—K-n*) ~ 0.5%
B(D*—K-t*1*) ~ 0.5%

Uncertainties

- Something more......

Search for New Physics (with 20+4 fb-1 data)

. D°D° Mixing Sensitivity : 10
- CP Violation Sensitivity : A;p <1073 @ 90% C.L.
. Rare Decays Sensitivity : 108 for D mesons @ 90% C.L.

Sensitivity : 10-°~10-¢ for D, meson @ 90% C.L.

Other topics

. Uncover the puzzle of y(3770) production & decays
. Search for new particles in the range from 3.7 to 4.8 GeV

. something more ...



Thank You |



The CKM Matrix

The parameters of SM are: «,G, sin’ 6, ,M ,, Fermion
masses and mixings

The 4 quark mixing parameters
(4,4, p,n) reside in CKM matrix

2 CV VOV CAD
d - L d 11— ;_/12 A AP (p—in))
S — Vchcs Vcb \Y
: ! s +O(1Y)
\b v \Vfd Vi Vf’u \b v AXA-p-in) —AX 1
Weak CKM Mass
eigenstates eigenstates CKM

A,A,p and 7 are fundamental parameters in SM

To understand the quark mixing and CP violation in SM, and detect
New Physics in flavor change sector, one must determine the CKM
elements as precisely as possible !



The CKM Matrix at BES-III

The constraints in (rho, eta) plane
arising from some measurements ...
Recent status
0.7 —

N —Now
— \

0.6

0.5

0.4

sucluded arsa has CL<0.05

0.2

0.2

0.1

1tter

The width of the bands is
mainly dominated by
theoretical (LQCD) errors
on fg, fg, and B
semileptonic form factors.
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ﬂmd itte
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eucludsd arsa has GL-:U.US
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oA

The decay constants and
the form factors of
charmed mesons to be
measured at BES-IIl can
be used to calibrate and
improve the LQCD
calculations on the
quantities, in turn, to
improve the constraints

Then the uncertainties
can be reduced
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Experimental

Decay Mode Limit Brsp Br o
D+>X, ‘e*e- 2x10-8

D*>ntete” <4.5x10°° 2x10-6
D* Srtptpe <1.5x10-5 1.9x10-6
D+ - ptete- <1.0x10~* 4.5x10°¢
D> X, le*e- 0.8x10-8

DO > nlete- <6.6x10-° 0.8x10¢
D0 >plete- <5.8x10 1.8x10¢
D0 >p0 uu- <2.3x1074 1.8x1076
DX, vy 1.2x10-15

D> rtvy 5x10-16
D> KOy 2.4x10716
D > ntvv 8x10-15
DO->yy 4x10-10 few x10-8
DO > - <3.3x10-6 1.3x10°° | fow x10-13
D’ Se‘e~ <1.3x10-5 | (2:3-47)x10°

D% >pu*et - <8.1x10-6 0 0

Dt >ntutet_ <3.4x1073 0 0

D0 > pluter <4.9x10-5 0 0




non-DD Br. Fractlon of w(3770)

8 - l BES-II result - - BES-III Physics Book
6 - hadron |- 6 7
~90 pb!
L i | data in 1
O 4 4 I @T70)

region

2
0
3.7 3.75 3.8 3.85 3.7 \' 3.75 3.8 3.85
E GeV Ecm GeV
T, 26.810.5 MeV 26.9 MeV Blw(3770) > D D]
L, 25619 eV 251 eV (88.2 £2.4% ~2.0) % Measured value
Measured value Input value 89 % Input value

With ~90 pb-! of data collected from 3.65 to 3.875 GeV with the BES-III at the
BEPC-II, we can measured the non-DDbar branching fraction of v (3770)
decays at an absolute precision of ~3% (from cross section scans).
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