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Charm Physics

SM predictions :
e arather dull EW phenomenology of CKM parameters Challenging
e alow frequency for the DD oscillations experimental
e tiny CP asymmetries measurement
o extremely rare FCNC decay
Motivations for dedicated and comprehensive studies :
e Provide an unique and powerful laboratory for studying the

impact of non-pQCD dynamics and for testing the validity of

theoretical methods Charming
e Provides a calibration of the theoretical tools for the B decays Promising

e Provide a novel widow on NP search
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e DO-D? Oscillation and CP Violation

e Quantum-Correlated Charm @ threshold

e (Semi-) Leptonic Decay
e Hadronic Decay

e Rare Decay

For each | will highlight recent prgress and speculate on future developments

Apology | can not cover all of results
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Charm facilities

Hadron Colliders (Huge cross-section, energy boost)
e Tevetron (CDF, D0)
e LHC (LHCb, CMS, ATLAS)

et e~ Collider (more kine. constrains, clean envir., ~100% trigger eff.)

o B-Factories (Belle, BaBar)
—  Prompt D* decay : slow pion tag D flavor, D**—D%%* or D*-—D'~
—  Semileptonic B decay : muon tag D flavor, B—»D"u*v X or B->D%u-v X
e Threshold Production (CLEOc, BESIII)

— Can not compete in statistics with Hadron colliders & B-Factories

— Only D meson pairs, no extra CM energy for pions

— Quantum correlations (QC) and CP-tagging are unique

— Systematic uncertainties cancellations while applying double tag technique
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D%-D? Oscillation and CPV
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DY%-D? Oscillation

e DOis the only mixing meson with up-type quarks

e Neutral D mass eigenstates are linear combination of flavor states

|D1) = p|D°) + ¢|D°) pl* + lq|* =
|Ds) = p|D°) — ¢|D°) ¢ = arg(q/p)
e Mixing parameters :
ma — My -
T =—3 ~Mixing frequency
'y —14 e . :
y = ~ Lifetime difference
21
2
P(D° = D°t) = % |g e Tt {— cos(aI't) + cosh(yI't)}

e Short distance is highly suppressed by the GIM mechanism and the matrix elements
withinthe SM. = ~ O(107°), y ~ O(1077")

(NP, e.g. FCNC processes with up-type quark, might manifest in the loop)
e Long distance is dominant, but theoretical uncertainty is large =, y ~ 0(10_3)

e Improving the constraints on the charm mixing parameters is important to testing the

SM, such as long-distance effect.
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e CP Violation occurs if |g/p|1 or CPV phase ¢+0

e InSM, CPV is expected to be small for charm, theory calculation is challenging.
e Enhancement hits at NP, and CPV search in charm provide probe for NP
o CPVindecay: Ay = (|Af" - |Af])/(|A;" — |Af])
o cpvinmiing:  An = (g/p ~[p/a*)/(la/pl +Ip/af)
qA5

e CPVininterference through : ¢ = arg (—)

e No strong evidence for CPV in charm
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DO-D? Mixing in D°—> K

e Measurement of time-dependent ratio of D°—K-r* (RS) PRL 110 (2013) 101802
and D'—K*r~ (WS) decays S
mix 5 DCS mix g CF :—‘; % K » W5 data
= Bf N Et
RS oo RS K-t DV WS K+ m WS E . :_ fl- B Background
CF DCS E
e In limit of small mixing and negligible CPV =
=
t 12 /2 / 2 ~
R(t)~ Rp++Rp - + r_ty (—)

0 2.005 2.01 2.015 2.02
M (D"TH 1GeVic?

4 T

AD® = KT77)JAD* - K n7) = VRp e™® <10 s

. / . TE . Diata =

7 = TCoS0kr +YSindgy, 1 =Ycosdyxy — Tsindg, 6.5 F __ Mixing fit =

6 F —- Mo-mixing fit —i

e LHCb1fb'data@7 TeV: ssf -

=3 s E —

— DO flavor tagged by slow t+ charge from D**—DOx* isE E

—  Extractthe X, y’ and Ry by bin %2fit to R(t) e e -

—  No mixing hypothesis excluded at 9.1 sE , L , 3
0 2 4 y [&] £ 20

T

First observation of D°-D° mixing in a single measurement
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D%-D° Mixing in DO—>Kr

PRL 111 (2013) 231802 PRL 112 (2014) 111801
: 51 976fh"
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D%-D% mixing is confirmed by hadron collider CDF and e*e~collider Belle
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e | HCb updated results with 3fb™" pp collision data

PRL 111 (2013) 251801

E':_ (a) I
e CPV search : splitting D° and D% samples, fit to R*(t) T E LHCh ]
—  Same parameters : no CPV = E
— Differentin Ry* : direct CPV L n
. . , , , , C 61 (b i -
— Differentin (x'?*, y**) and (X4, y~) : indirect CPV _
. . . g e — CPVallowed
e Results compatible with CP conservation : - . ——— Nodirect CPV
r -em— No CPV -
RE — Ry ! -
Ap=—"L ~— D _(_07+1.9%
D RE + Ry (—0.7 9)% E
e The mixing Parameters are consistent with, 2.5 times f :
more precise then previous results = g
0 4 6 T
Ht
]EI_"'I""I""I"''I"__"'|""|""|""|II T T T T T
[ LHCh (a) TPV allowed (b)) No direct CPV ) Ne CPV
8 -+ 1 ]
r’; '6 :_ - r.l-. -
- s I g N
C ~ -+== 99 7% CL Py
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http://lwww.slac.stanford.edu/xorg/hfag/charm/CHARM15/results_mix_cpv.html

g no CPV g CPV allowed
- 1.2 CHA?M 2015‘ g 1.2 cHARM2015
1- j
0.8~ .
0.6 . -
0.4f 4k
0.2 2F
0 oF
_0. . 1o _0. . 1o
. 20 . 20
-0.4- 3o -0.4- 3o
1 40 3 40
_0l50 _l50
-0.6-04-0.2 0 02 04 06 08 1 1.2 -06-04-02 0 02 04 06 08 1 1.2
X (%) X (%)

D9%-D? mixing is well established in different experiments
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Indirect CPV in D%—>h*h-

Time-dependent CP asymmetry for a neutral D meson
decay to a CP eigenstate :

0 4\ _ (DO .
Acp(t):F(D — fit) = T(D” — f;t)

[%]

rive
F

A

T(DY = f;t) +T(D° — f31)

Approximated as linear-time dependence :

—T
—~ ~ (AT /2 — AST) 4y cos d — xsin ¢
CT4T

D flavor tagged by the muon from SL b-hadron decay.

Consistent with no indirect CPV hypothesis
Ar(KTK™) = (—0.134 +0.0771092)%
Ar(mT7n7) = (—0.092 + 0.14575-92%)%
Assume indirect CPV is universal:

Ar = (—0.125 £ 0.072)%

E %ﬁ@ JHEP 04 (2015) 043
CLHCh " 3fp ! +Dbata 4
_ JE.’U —}K_KJ'. — Linegr fit ;

I3l Io band:
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9.7fb"! 1.96TeV ppbar collision
PRD 90 (2014) 111103 (R)

- * Data (9.7 ) 1 e DOis tagged with slow 7 in D**—Do*
0.02 — CP violation allowed —
T 0 R R B No CP violation - o CDF Results:
< : i ﬁ # M :
< 0021 .. Lpkh) Tlﬁ‘ F 11 | E A(KTK™) = (<0.19 £ 0.15(stat) £ 0.04(syst) )%
0o # E Ap(r71) = (<0.01 £ 0.18(stat) = 0.03(syst))%
-0.06 - -
0.04 (b) . | | | — e Compatible with the absence of CPV
0.02~ =
_ - { } 1 e Consistent with determination from other
e 0 { L .
E" -0.022— i H‘{H } } | _i experiments
-0.04 + + + — :
- } 1 o Among the world’s best results
-0.06 — —
0 E
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Indirect CPV in D%—>h*h-

http://lwww.slac.stanford.edu/xorg/hfag/charm/CHARM15/results_mixing.html

Belle 2012

LHCb 2013 KK

LHCb 2013 nint

LHCb 2015 KK+nn

World average
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HFAG-charm
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CHARM 2015

H
’_._<

e

H

02 01 -0 01 02 03

A (%)

-0.120 = 0.120 %

-0.125 = 0.073 %

-0.059 = 0.040 %

-0.030 = 0.200 = 0.080 % arXiv:1212.3478

0.088 = 0.255 = 0.058 % PRD 87 (2012), 012004

-0.035 = 0.062 + 0.012 % PRL 112 (2014) 041801

0.033 £ 0.106 = 0.014 % PRL 112 (2014) 041801

PRD 90 (2014) 111103 (R)

JHEP 04 (2015) 043

World Average : -0.059+0.040%
Consistent with the hypothesis of
no indirect CPV in D—>h+h-
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Direct CPV in D> hth-

e Time integrated CP asymmetry receives

contributions from both direct and indirect CPV

- ot + Yag

CT(DY= f)+ F(DU =)

e Assumingind. CPV is decay mode independent,
Only the effect of direct CPV remain in AAgp
AACP = ACP(K_K+) - Acp(ﬁ_ﬁ+)

- aplac K~ alpl)] S

Vanish in the
limit

JHEP U7 (zum'uzm
LHCb 3fb-! data, muon flavor tagged D% in B

hadron SL decay

The raw asymmetry for a D meson decay :

N(D = f)-N(D
N(D - f)+N(D~

A = ;g = Acp+ Ap(p”) + Ap(B)

And AAcqp
AAcp:Am,(K.I'K ) Am(T T ) ACP(K+K ) Acp(ﬂ+ﬂ_)

No significant CPV in SCS decay at the level 103
AAcp = (+0.14 £ 0.16 & 0.08) %
Acp(KTK™) = (—0.06 £0.15 £ 0.10)%
Acprntn™ = (-0.20£0.19 £ 0.10)%

Most precise measurement of time-integrated CPV A.p(K*K~) and A p(nttn™)

Belle update the results of similar analysis with full data set, please see Tara’s talk at Charm 2015
http://belle.kek.jp/belle/talks/ CHARM15/nanut. pdf
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http://Iwww.slac.stanford.edu/xorg/hfag/charm/April15/DCPV/direct_indirect_cpv.html

Combine time-dependent and time-integrated CPV results

HFAG-charm BaBar

0.010 Winter 2015

Belle prel.

CDF

0.005 ¢

0.000 |

LHCh KK
LHCE =7

LHCb 5L

dir
AGCP

—0.005 |

—0.010

o

no CPV |
BaBar
Belle
CDF

LHCb

Contours contain 68%, 95%
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0.010

i

1 Aa

ind = (0.058 + 0.040)%
dir = (—0.257 £ 0.104)%

P =0.018 of no CPV

17



CP Asymmetry in DK K,

DY decay into a neutral mesons pair is particular
interest for the search of NP and the

understanding of penguin contributions.

CPV is expected larger if CPV exists in D? decay

to charge meson pair

SM predicts a 95% CL UL of 1.1% for direct CPV

in decay D'—>KK

CP asymmetry with 3 fb-! data
NT - N~
N+t + N~

Acp =

D**—DOx+

reconstruction categories
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THES

Acp = —0.029 £0.052 £ 0.022 ¢

arXiv:1508.06087
LHCb-PAPER-2015-030

Consistent with no CP Violation and with SM expectation

Three times smaller for uncertainty than previous

measurement (PRD 63, 2001, 071101)

PIC 2015, Coventry, UK

e LHCb performed the search of time integrated

o The DP flavor is tagged by the slow 7+ from

e The CP asymmetry is obtained in four KsKs




Search for the time integrated CPV using data sample 966 fb-"!

PRL 112 (2014) 211601

DG |-
The flavor of DY is tagged with the slow = in decay D*+—D%r* e
< © : — T ‘I
The reconstructed asymmetry : oof ! T
D*t D% F D*” D% B 3
Nrec - rec Rt e P S S TP T
AT'GC p— T o T =5 a oz a4 0.g a.Be 1
D D s D*— D s_ Cos
Nfrec - T _|_N7’ec - T 0.0 - | °
Zﬁp + App + A7’ o.o2f
[ ]
= " -—{»—- -
The underlying Estimated with CF decay s { '
CP asymmetry D* D0 K1, -ao4f +
i s = | PRI UM B B L s
The Forward-backward asymmetry due to y-Z° @ 8= g a8 fee 7
interference and High order QED effects
Is an odd function of the cosine of D**+ polar angle Lower than leading order QED prediction,
Corrected A . ¢ : High-order correction may bring better agreement
0 0,0
AT = Acp + App(cos0*) Acp(D” — m'm") = (—=0.03 £ 0.64 + 0.10)%
Acp = |AL (cos 0) + AP (— cos07)|/2 No evidence for CP Violation
rec TEec
App = |AS (cos %) — ASOT(— cos07)]/2 : - : :
rB = |Arcc( ) rec )/ An order of magnitude improvement in precision
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Two-body Final States :

e Search for direct CPV in SCS D g;*—>Kgh*
(LHCb, 3fb"", JHEP 1410 (2014) 025, BaBar, 469tb-", PRD 87 (2013), 052012)

Multi-body Final States :

e Model-independent searches for CPV in D*—mtrn—n* (LHCb, 1fb”", PLB 728 (2014) 585)
e Search for direct CPV in SCS decay D*—>K*K-=* with Model-(in)dependent Dalitz analysis
(BaBar, 476fb!, PRD 87 (2013), 052010)

e Search for indirect CPV using D*—n*r-n* with a time-dependent amplitude analysis
(Belle, 921fb-", PRD 89 (2014), 091103)
e Time-integrated CPV in SCS process DO—»>ntnnd (LHCb, 2fb-", PLB 740 (2015) 158)
e Time-dependent Dalitz analysis in DK+
(LHCb, 1fb-!, LHCb-Paper-2015-042, see Canto’s talks at LHCP 2015 meeting)
e CPV via T-odd moments in DO—K*K-n*r~ (LHCb, 3fb-1, JHEP 10 (2015) 005)

No CPV observation, more results are expected soon
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Quantum-Correlated Charm

@ Threshold
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ED For a physical process producing DYDY, such as :

. ete” = — D°D°
¢ o o The DOD? pair should be a quantum-correlated state
s The JPCof y" is 17, a definite C = — 1 state for D°D? pair

.'. - D?mesons will have opposite CP

D'D

The quantum coherence of DYD? pairs play an unique way to study :

Strong phase, cosé : Double tag events, e.g. K-n+ VS. CP+
Strong phase ¢, s, (Dalitz) : Kt~ VS. CP+, Kt~ VS. Flavor Tag, Kt VS, Kt

Charm mixing, yp: Flavor tag VS. CP+ — . .
Typical kinematic variables :

AE = Ep — EBeam

MBC — \/E?Beam _ﬁQD

Mixing parameters, (x2+y?) : (K=¢v)2, (K-nt+)2

DCS : Wrong sign decay K=+ VS. K~ ¢v
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Strong Phase o, in D—Kmn

Time-dependent decay rate of WS process D°—>K*7, 1= 1008, +ysind

most precise measurement for the mixing parameter, sensitive to : y" = 10080, — 2810 O

Strong phase Jy, : Difference between the DCS and CF amplitude
<K_7T+‘DO>DCS

Important for extracting x and y from x”and y’

= —r ,,re_”SK’T

(Kn|D%p,) = ((Kx|D% + (K7|D%)/vV2 = V2Acps = Akx £ Agr

|Acp-|* + [Acp+|?
e coSOp. ~ A =
K Kn CP-—}K?T |A('j})_|2 + ‘A(J'F+|2

BT(DCP_ — K?T) — BT(DCP+ — Kﬂ')
Br(Dgp— — K7) + Br(Dcps — K)

Ignore the mixing effect
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Signal reconstruction :

e Single Tag (ST) : CP Tags (5 modes CP+, 3 modes CP-)
e Double Tag (DT) : Kr + CP Tag

Type
Flavored

S+
S —

Mode

K—m+t.,Ktmx—

KtK-.wtm K279, 7%7x°, pOx©
KQmx°, K2n, K2eo

BESTT 2.9 fb! y” data pLB 734 (2014) 227

Branching Ratio Measurement :

Nkrcp+  €cpt
BT(Dopi — Kﬂ') = ik .
Necp+  ekrcP+

Asymmetry of CP tagged D decay rate :

Acpogr = (127+£1.3£0.7) x 1072

Consider the mixing effect

rgr-cosdgr +y= (14 Rws) - Acpskr .

External input from HFAG2013 and PDG )

coSOr- = 1.02+0.11 £ 0.06 = 0.01
World best precision

The statistical errors dominant the precision
BESIII 20 fb-' data, precision will reach 0.05

) r%(ﬂ, = (0.347 4+ 0.006)%

ey = (0.66+0.09)% CLEO-c results (pnys. Rev. D 86 (2012) 112001]
. . cos 6}{ — 0_81+U.22+D.D7
e Ryys = (0.380 % 0.005)% " 0 10r0.00
cosdgr = 1157777 7os (globalfit)
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The mixing parameters extracted from time-dependent decay DY—Km is highly corrected,

It is important to access the mixing parameters directly.

vor = g [vooss (|7 +[2]) —wsine (|7] - [2])
2 P q p q

In absence of CPV, |P/g|=1 and ¢=0, leadingto y,p =Y

e The D semileptonic decay is sensitive to The semileptonic decay of the CP
flavor content and does not depend on the eigenstates Dp.
CP eigenvalue j‘> Bbops 1~ Bp_i(1 Fyop)
o The total decay width of the D.p, depend —
on its CP eigenvalue : T'cp,=I"(1£ycp) @

]. (BDCP—.‘»l BDCP+—>I>
Yyop = - -
4 BDCP+—>l BDCP_—)Z
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%
9

) Vcp Measurement

BES]]I 2.9 b1 " data PLB 744 (2015) 339

K

K-

et Q e-
-

K
e(u)

E791 1999 H_._H 0.732 = 2.890 = 1.030 %

3420 + 1390 = 0740 %

CLEO 2002 H—.—¢_| -1200 = 2.500 + 1.400 %
Belle 2009 |.|_._|.{ 0.110 = 0.610 = 0520 %
LHCb 2012 H 0.550 = 0.630 = 0.410 %
Belle 2012 H 1110 +0.220 + 0.110 %

0.720 + 0.180 = 0.124 %

BESIII 2015 _._1 -2.000 = 1.300 = 0.700 %

World average H 0.835 £ 0.155 %

TYRT] YT P

| { FETTI FTIT T
432101234
Yep (%)
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PRL 83 (1999) 32
PLB 485 (2000) 62

PRD 65 (2002) 092001

PRD 80 (2009) 052006
JHEP 04 (2012) 129

Measure yp using CP-tagged semi-leptonic D decay

e Single Tag: 3 modes from CP+ and CP-
e Double Tag : CP Tag + Semi-leptonic D
Type Mode
P+ KK~ 77, Kin'q”
(P- K37° ko, K2y
Semileptonic KFe*v, KFptv
e Branching fraction measurement
Bp = Nopiyg  Ecpt
cPF— Ncop+  €cp+il
BESIII Results

Vep = (2.0 £1.30.7)%

Charm 2012
rroe7 ot onzo0e | @ COMpatible with previous measurement
o Statistically limited, less precise than average
e More data may help
PIC 2015, Coventry, UK 26




CKM direct Measurement
oy = (87.6733)°
B/¢1 = (21. 85+8 g?)

v/ ¢s =

Least precisely
measure angle

Mirrored binning over x=y makes
itso ¢=c;ands;=-s;

15-19/09/2015 H.P. Peng

The most sensitive method to constrain y/¢; nowadays
Determine y/¢, through the measurement of the inference between b—c and b—u
transitions when D° and D° both decay to the same final state f(D)

sl2

-
- 0 K- - _
B—)DM}E_ - K B- — DO K-

b c
B—O ODO B~

u

7 /o

{B Dn}‘ ) ilﬂg 5
(B- —rD”I\ f(D)K

Binned Decay rate :

[(B* - D(Kft*m)K®); = T; + r52T; + 2rpyT.T; cos(85 + ¥ — ASp)
=T; + 15°T; + 21/ T; T{c;cos(65 + ¥) +s;5in(65 + ¥)}

e T,:Binyield measured in flavor decays
Measured at

e 1y color suppression factor~0.1 B-Factories

e Jg: strong phase of B decay

o eighted average of cos(Adp) and sin(Adp) respectively Through
—

where A8, is the difference between phase of D° and D° D' —Kgmin
analysis
PIC 2015, Coventry, UK 27



oo |
> 1_ BEST 29 by data
: ’ DK i
H e Still statistical limited, only Statistical
3 i errors are shown
oo e Consistent with CLEO-c measurements,
1— but superior in statistical errors
1§ e
Si
e The reduction in ¢, s; contribution to the uncertainty in y/¢, of ~40% ( ~80% for 20fb! data)
BELLE, Model-ndependent Daliz, | /93 = (T7.3X15g(stat.) £ 4.1(syst.) £ 4.3(ci/s:))°

PRD 85, 112014 (2012)

e Crucial inputs for the future analysis carried out in the LHCb and BELLE Il experiment

(stat. sensitivity reaches 1~2%)
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(Semi-) Leptonic Decay
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FP
+(c=|)

e In CKM, the uncertainty is dominated by the uncertainty of of f5s and f L-7(g?) of B

meson calculated in LQCD

e Precision measurement of (semi-) leptonic decay rata can be used to validate fy ), and
f,P=Km(g?) calculated in LQCD, and then improve LQCD calculation of fz and f b—”T(q?)
for B meson.

e Recentimproved LQCD calculation on fp ), (0.5%) and f,°~K"(q2) (1.7%, 4.4%) provide
good chance to constrain the CKM matrix element [V |, test the unitarity of CKM and

search for NP
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I+

2
D . m2
In SM: P(DE;) — €+I/g) = 87 ) |Vcd(5)|2m§mD?;) (1 — mge )
Bridge to precisely measure :
e Decay constants f p )., with input [V,q| of CKMfit
o CKM matrix element [V )| with input f ), from LQCD

Search for new physics
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ete™ = — DYD™ BEST 2.9 b y” data PRD 89 (2014) 051104
9 D~ tagged modes

—— Data

- S K 409+21 signals

. DT
Other D decays

B non-DD processes

10°

Np- = (170.31 4 0.34) x 10*

tag

e,
»

. .
o" .‘o
*
+ o
., o

. "

I LI ||||||I LA

10? r
e+ e-
. |10k
U e— small background benefit g
\ N
YV from the advantage of 1
threshold production

107!
0.2 0 0.2 0.4 0.6

B(D*—>pv) = (3.71:£0.19::0.06)x 10

|V,.4| of CKM-Fitter Others from PDG f,, of LQCD Most precise measurement,

but statistical uncertainty dominant
fo, =(203.2+5.311.8) MeV |V_4| =0.221040.0058+0.0047
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Tag
18 tagged modes

Nglf = (94.4 4+ 1.3500 = 1-55y6) X 103
ag ~°

€

913 fb-!

Signal - :/m
JHEP 1309 (2013) 139
B(D — ptv,) = (0.531 £ 0.028 + 0.020)%

B(Df — 7)) = (570 £0.21 T3 )%

I

Events / ( 0.01 GeV¥c*)

Ds—'— — €+Vg ij (I\/IeV)
1wy, 249.8 + 6.6(stat.) = 4.7(syst.) + 1.7(mp_)
T, 261.9 + 4.9(stat.) = 7.0(syst.) + 1.8(m_)

Combination  255.5 + 4.2(stat.) + 4.8(syst.) £ 1.8(m_)
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EveTs / (£|.05 (’ie‘l) pull Evienlsf (’2.05 Geb\: ) pull Events'l (0.05 GeV)

Pull
howo 3 8 & 8
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Mﬁﬁss(ntwamExfmgw) (GeV¥c?)

(a) electron mode

Egc, (GeV)

3
Egc, (GeV)

(c) pion mode
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f—=— (0.039310.0035+£0.0009)% CLEO-c
e (0.0371£0.0019+£0.0006)% BESIII
— (0.038210.0033) % PDG2014
wv+tv
S S TN N T N A T T N Y W
0.04 0.06 0.08 0.1

B(D* = it v,)(%)

220

210F

4

200

for (MeV)
=

190

1

CLEO-c
WE.1 6 4 2.6
BESIII

R

BESIII
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Average
M9 4 46 4|09

1 2.7% with 2.92fb™
Expected: 1.5% with 10 fb’

st+ (IVIeV)

300

280

260

240

220

®-| (6.4220.81+0.18)% CLEO-c (T*—n*v)

" (0.565+0.045:0.017) % CLEO-c
o  (5.30:0.47:0.22)% CLEO-c (T*—se*vv)
H (0.531£0.0280.020) % Belle
ol (552:057:021)0% CLEO-c (t—p*v)
|-e-| (5.00+0.35+0.49)% BaBar (T* (e/j1) v)
|—.—| (0.602+0.0380.034)% BaBar
H (5.70£0.2177H% Belle (T* (e/|/m)v)
H Average H average
||\\|\\||\\\‘\\|‘ ‘\l\\l\\\l‘\l\ll\l\\l\\\l‘
0.6 0.8 1 1.2 1.4 5 10 15 20 25 30

B(Dy — pv,) (%)

B(D — v (%)

ey

« o ~ oo o 5 - =
< o ~ — o ~ = —
= T - &1 - + &1
Qo e 2= e Q= © = a Se
R R s B L S M H o H B 5 A
— e 0o mZ = 32 — 3 02 m 2 =3
O 5 = g << & o5 = g << g

: 2.5% with 0.68fb!

BESIII expected: 1.25% with 5 fb?
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The plots taken from Gang’s talk at CMK2014
L T L N I L I I 1
Experiment 203.9+47 256.9 = 4.4 Rl 1.260 £0.036 |—9o—
Lattice(HPQCD) 208.3 +[3.4 246.0=3.6 |u| 870 01}394
Lattice(FNAL+MILC) l] ' e
AL H=H F=
QCD Sum Rules — —_ ———
QCD Sum Rules F—— v
QCD Sum Rules = =
QCD Sum Rules — Em——
QCD Sum Rules == |
QCD Sum Rules ——] =
Field Correlations ] e
Light Front (Fixed) -] ——|
150 190 20 2000 240 280" TS S - R v
fp- (MeV) fpr (MeV) fps/fo+
Experiments | Femilab Lattice+MILC (2014) HPQCD (2012)
Averaged Expected A Expected A
fo.(MeV) 203.944.7 | 212.6£0.4*'°, 1.80 | 208.313.4 0.80
fos.(MeV) 256.914.4 249.0£0.3*11 , . 1.70 | 246.0+3.6 1.4c
TR 1.260+0.036 | 1.1712+0.0010*0%02% .| 2.5¢ | 1.187£0.013 | 1.9¢c
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D(s)+

The experiment have worse

precision

Precision of the LQCD
calculation of f,,, foss, fosifpss
reach ~0.5%, are really

challenging the experiments

The experimental measured
and the LQCD calculation
different by ~2c for fp,:fps.

Improving measurement with

larger data samples is expected
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G%’|Vcd(s) |2

In SM, the differential rates :

W~
C : > nr\\J\'\,\J\\H" -~
’x . i ----"f" o
% TN
D . \ o l:.-'dl I - dF _
q dq”

f ()

Bridge to precisely measure :

s ()P

Different FF parameterization

e Form factors 2K, (q?) with input [V 4| of CKMfit
— Validate ), (q2) calculated in LQCD

— Improve f8-7,(0) calculated in LQCD, then improve |V

Simple Pole Model
Modified Pole Model

ISGW2 Model
Series Expansion

), (0) from LQCD

— Improve the precision of the unitarity triangle

o CKM matrix element [V | with input 2Kz
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&,
Q

- lg,
S0,
( 5
ivi’
%

— /! 0 O
ete” — " — DD BEST 2.9 b1 y” data arxiv:1508.07560
5 DO tagged modes
6 K+
Npo = (2.793 £0.004) x 10 F 4000 |-
s JL " ;
© 2000
**"'.---".. E B
et e S o
o 400
K(TE)- Clean signals benefit S 300l
> i
et % V from the advantage of W 50 -
threshold production 100
%

B(D" = K~ e*v,) = (3.505 + 0.014 4 0.033)%
B(D" = netw,) =(0.295 4+ 0.004 +0.003)% | Most precise measurements
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AT/q? (ns”'GeV2c)

100 ‘ S — 20 ———— . 5
o D—Ke'y, i D =K vy 2 . 9
r —e— data - | —e— data
80 L —— Single pole model | — Single pole model — LacD
N mma Modified pole model 15" Modified pole model . o v 15 | |:| LQCD =tat. error
60 - --- zseries(2par) | | === Zsedes2par) g P LQCD syst. error
s z series (3 par.) ] ﬁb‘ | == z series (3 par.) "‘b— 1
40 - 1% =
i ] 10~ e 1.0 -
r b e
20r ] o ] 5 1
0 I ] 05 * . : ' * L : 0.5 . 1 . 1 . I
0 0.5 1 1.5 2 0 0.5 1 1.5 2 o 05 1 15 2
2, 4 2t
¢ (GeVc?) ¢ (GeV/cT) F (GeV2/ch)
6 T T T T . T . T . T T T
L D”aﬂ'e’fve B Du—.on:'e".'z Ne (b) D —me'y,
—e— data 4 3 —— gata —=— data
2 - Sing-\e pole model —— Single pole model | E tzzz - i
4 v, Modified pole model _| R Modified pole madel stat. eror
| - == zseries (2 par.) I - - zseries (2 par) — o L LQCD syst. error i
..... z series (3 par.) 1 & 2. 2 series (3 par.) E
’ ] == - _
7 L

........

¢ (GeV?/c?) ¢ (GeV2/c) 2 (GeVi/ct)
Fit with different FF Projection on FF with Comparisons of measured

parameterization |Veg(s)| from CKMfiter FF with LQCD predictions
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3000

Events in 2 Me V/c?

ign sideband ' sidebbnd 2 |

I o o data after final
2000+ |

1000

o data after first
ol kinematic fit

selection

## signal
peaking
== non peaking |
— BB ]
Il light + tau |

I-F‘......L-,-n

T
T TH T T AT T

0.15 01?‘3 0.2 027’5 02‘3 0.275 0.3
m(D rr]—m{D ) ( GeVz’L )

events / 0.3 GeV?

80000

40000

20000 |

60000 -| * |

» unfolded spectrum

- === gtatistical uncertainty

1
qzi GeV?)

2

0.6~ * BaBar data i—

/
. Y
- — Z—expansion 4 1

04l -- effective 3 pole _
0.2 i
0 | I \ 1
0 1 2 3
q* (GeV)’

B(D" - 1 ety,) =

(0.2770 = 0.006810r == 0.0092, 57 = 0.0037 ¢t )%

LQCD calculation

£7(0) = 0.610 = 0.029,.,,

Vea| = 0.206 £ 0.007¢4, £0.009100p

Vel

= |Vius| = 0.2252 £ 0.0009

15-19/09/2015 H.P. Peng

f2(0) = 0.610 £ 0.020,4p £ 0.005.44

PIC 2015, Coventry, UK
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Comparisons of BR

Finetv) /Tioem

= (0.279+0.027+0.016)% BELLE

MK e*v) MTen
——— (3.420.520.4)% MARE-III
p———] (3.8240.40+0.27)% BES-TI
|—-—| (3.45+0.10+0.19)25 BELLE

H (3.5040.0320.04)% CLED-¢

H (0.238x0.008+0.003)% CLEO-c

{0.2950+0.0041+0.0026)%0
BEEIII

H (0.2770+0.0065+0.0092+0.0037)%
BaBar PRD31,052002(2015)

(3.505£0.014£0.033)% BESIII

PG R I(me*v) /T (K etv)x T

P——  (0.359+0.071+0.011:0.005)% E&91

(K e*v)

MK e*wv) /TE o5 )=
|——| (3.53+0.27+0.4320.05)% Es91

— (3.49+0.23+0.2320.05)% CLEOD I {0.366+0.138+0.046+0.005)% CLEO
— (3.80+0.10£0.17£0.05)% cCLEO2 | | (0.20140,021+0.018+0.004)% CLEOZ
- (3.6040.03+0.05+0.05)% BaBar
H (3.5540.05)% PDC14 H (0.2585+0.008)% PDG-I-'I
|||||||||||||||||||||||| |||||||||||||||||||
0 -+ 0 0 -aT 0
B[D'— Ke*v] [%] B[D'— me*v] [%]

BESIII experiment achieved most precise measurement.
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Comparisons of FF

o0, 7840.0410.03
PLB597, 39

BES-II

FH  0.739+0.007+0.005 CLEO-c
PRD80, 032005, 3.Par.Ser.

F—=— 0.6950.007+£0.022 BELLE
PRL97,061804, Mod.Pole
= 0.72710.007+£0.005 BABAR

PRD76, 052005, ISGW2

f—— 0.747+0.011+0.015 HPQCD
PRP32{201E'}1 4506
| | 1

- (.7310.1440. BES-I
PLB597, 39

= 0.666+0.019+0.005
PRDB8O, 032005, 3.Par.Ser.

— 0.624+0.020+0.007 BELLE
PRL97, 061804, Mod.Pole
— 0.610+0.017+0.011 Babar

PRD91 (2015) 052022
Baba —P3 Ser.

F—o— 0.66610.02010.021
PRDB4 (2011) 114505

HPQCD

CLEO-c

I

D

15-19/09/2015 H.P. Peng

0.8 09 1
f.%(0)

06 07 08
£,7(0)

e BESIII experiment achieved most precise measurement.

e The experimental accuracy is better than that of theoretical predictions

PIC 2015, Coventry, UK
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0.230+0.011 PDGE15 (vV)
CDHS, CCFR, CHARMII,, CHORU

0.2210+0.0058+£0.0047 BESIII(D*—u'v)
Reported at Charm2012
PRDS89(2014) 051104

0.223+0.0100.004 HPQCD Calculation

PRD26 (2012) 054510, CLEO-c (D*—p*v)
Based on CLEO-c¢ measured B[D —p’v]

0.2250.006=0.010 HPQCD Calculation

PRD84 (2011) 114505, CLEO-c (D—n"e*v)
Based on CLEO-c £ (0)<|V_,

BESITI D'—netv)

0.206£0.007=0.009 PEDY1,052022(2015)

L.01320.040=0.013

15-19/09/2015 H.P. Peng

0.3 04 05 06 07

v

cd

 — 0.975+0.026+0.021 Belle
- 1.041+0.033+0.032 BaBar
1.093+0.060+0.020 CLEO-c (rn'v)
0.993+0.044£0.024 CLEO-c (e'wv)
1.014+0.052:0.022 CLEO-c (p*v)
— 0.965+0.034:0,049 BaBar ((e/p}v)
| 1.030+0.019:0.030 Belle((e/p/x)v)
H average {D:—>l*v}l
i %ﬁg}fzzﬂf %ln]_fgiﬂﬂa; 506 Q TR0 ciBasar
I_l BESIII
| | | | | | | | | | | | |
1 1.2 1.4 1.6

Ve
Ccs

BES used the leptonic D*—pu*v, to extract the [V 4| for the first time

The accuracy is better than that of PDG2015 average from vv interactions

PIC 2015, Coventry, UK
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@ Comparisons of |V_4;| and |V_|

e

T T T | T T T | T T T | T T T | T T T | T T T T T T | T T T | T T T | T T T | T T T | T T T
lcbnaelwansyél?isun | el 02157400045 {‘E’)‘Obif‘"ﬂsjs . o 0.983+0.011
o — [V, —RevgalU =1V
PLBT743, 315(201 EPJCT5, 10{2015) |
HFAG-charm'2014 HFAG-charm'2014 ' " '
D oro D oy A 0219+0.006 D-Ke'v, &D ) 0.998+ 0.020
, DELPHI at LEP-2
PDG142014 0.230+0.011 —
(v-¥ interaction) (W= c5) 094, :+0.13
PDG2014 N PDG14'2014 -
s s, 4 nlracton) -0 0.225 + 0.008 Do Ke's, ADs [ 0.986+0.016
lobal fit in the SM 0.22522 + 0.00061 Global fitinthe SM » 0.97343 £ 0.00015
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1 | 1 1 | | | | | | | | |

016 018 02 022 024 026 028092 094 09 098 1 1.02
vV | V_
cd cs

Comparison between the PDG 2014, HFAG-Charm 2014, Global analysis and Global fit in SM

The values from the global analysis deviates from that obtained from the SM global fit by 2.1c
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D+—K*etv,, KoK+

 m* = (Pt +pg-)

@ ¢’ =(pt +hpve)
K

@ cos(f.) = — TK f
e

15-19/09/2015 H.P. Peng

Decay rates depend on 5 variables and 3 form factors
G| Vs
(4n)fr

@ X = pxxmp, pxr is the momentum of the K system in the D rest frame

¢TI = XBI(m. q°. 8. be. x)dm*dg*d cos(f )d cos(he)d

@ 3=2p"/m, p is the breakup momentum of the K7 system in its rest frame

@ T can be expressed in terms of helicity amplitudes Hp +:

) 1 2 ) 2 2 mh ek )
Ho(q°) = 5— l(mo —m" —q°)(mp + m)Ai(q°) — 4= Ay (q )]

— 2myg mp+m
He(d?) = (mo + m)As(¢7) F 72KV ()
@ Vector form factor: V(¢?) = %{; or: FF ratio ry = V(0)/A1(0)
@ Axial-vector form factor:A;(¢*) = %, As(q?) = %; or: FF ratio r, = Ay(0)/A1(0)
A T /My
o BESIII: 2.92fb"", PWA of D*—>K retv,,
Preliminary results, see Fenfen’s talk at CHARM 2015
e BESIII:2.92fb", Study of D*—>w/de*v,,
ArXiv:1508.00151
e CLEO-C:818pb', D'—pl+v, ,D*—pYmly,
PRL 110 (2013) 131802
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Hadronic Decay
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CLEO-c (281pb") y" data did not obeserve CSC
decay D®¥—wnt® [PRL 96, 081802 (2006)]

Theory predicts D*¥*—wnt? ~1.0x10-* due to the
destructive interference between color-
suppressed diagrams [PRD 81, 074021 (2010)]

BESIII first observation :

—
o~
9
-2
b
&)
(K]
o
S
o
e
—
o
i
-
(b
=
Ll

— Consistent with theory prediction in BR

— o helicity angle ~cos?0 distribution

— BR(D—>nmn) consistent previous measurement

Decay mode This work

Previous meausurements

Dt - wrt
DY = wr
Dt = prt
DY — ‘I}?TO

2 )
1.05 4 0.41 £ 0.09)
3.13+0.22+0.19) x 1073
0.67+0.10£0.05) x 10~3

[ —

T4+0584+0.17) x 107% < 3.4 x 10~*at90% C.L.
x 107% < 2.6 x 10~*at90% C.L.

Events/(0.01GeV/c?)

(3.53£0.21) x 10~3
(0.68 +0.07) x 10-3

See Peter’s talk at CHARM?2015 for details
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@ Absolute BR of A_*hadron decays

Absolute branching fraction of A_* are not well determined since its discovery

— BFs of ~85% decay modes are measured relative to A;F—pK "

— However, no completely model-independent measurements of the absolute BF of A *—pK-r*
(from Argus and CLEO very old results)

— The uncertainties of BFs of A "decays are 25%~40% in PDG2014

Until Belle’s first “model-independent” measurement:

—  B(A,;—pKn")=(6.84%0.24-0.27+0.21)% precision reaches to 4.7% [PRL 113 (2014) 042002]

Measurement using the threshold pair-productions via e+e- annihilations

(ete~—A A, ") is unique: the most simple and straightforward
— BESIII preliminary analysis based on 567pb" data @ 4.6GeV

— Kinematics does not allow additional particles, clean

—  Fully reconstruct the pairs and double tagged method

15-19/09/2015 H.P. Peng PIC 20135, Coventry, UK
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@7 o
i
® — |
.

@

BESIT 567 pb' @ 4.6 GeV

See Xiaorui’s talk at CHARM2015 for detail
A least square global fitter [CPC 37, 106201 (2013)]

bal it B | PDG B
8008 L 15+030
| @ 5774027 | 5.0+1.3 @»
T 0121651050
12 Decay Modes @ %éﬁ 143 +0.10 | 1.30 +0.35
+ 70 4.25+022 | 34+1.0
Mod T
oce \\\A7r+ 1.20 + 0.07 | 1.07 +0.28
pKS % + -0 K
oo+ Q Amtm 6.70+0.35 | 3.6+1.3
pKG o Q Arta—mt 3.67+0.23 | 2.6+0.7 .
P S0zt 1.28 +0.08 | 1.05+0.28 Global fit :
P 4 o S0 118 +0.11 | 1.004+0.34 | Stat. Err. only
i LT Stata- 3584022 | 3.6+1.0
iy
At 0 S tw 147 +0.18 | 2.74+1.0
Anta—xt ° B(AC+—)pK_7'C+ ) :
30+
s+ 0 — BESIII have comparable precision of Belle’s results, but smaller rate
Stata o o
S+w » Improved precision of the other 11 modes significantly (mostly <8%)

15-19/09/2015 H.P. Peng
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Others Hadronic Decay

A lot of others progress on multi-body hadronic decay
(Amplitude/Daltiz) analysis (e.g. D> KK*K-,/KK*r-),

please see the talks :

e Peter Weidenkaff’s talk at Charm2015
e Angelo Di Canto’s talk at LHCP2015
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Rare Deca
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@ How rare of rare Charm Decay

e

107°

1071

1072
1073
1074
107>
10°®
107
1078
107°
10-10
10-11
10-12
10-13

10—14
1071

A

Charm provide a unique environment for
testing the SM rare/forbidden decays and searching for NP

Cabibbo favor
Single Cabibbo suppressed SM predictions and experimental reaches
Doubly Cabibbo suppressed 1 CLEO-c
Radiative decays DO K%/dy/ay/py  [BESIII
D+ —>Ky/pty | BESIII final/B factory

Long distance:

\ector meson Dominance D%—yy/VV () hV(I1) hh'V(I+1) LHCDb
Super-B

Short distance FCNC D0/+—>W/V|+|_/h|+|‘/hh'|+|‘ Super-r-charm

DY ptulete”

D—(hh)utut/(hh)ete*
D—(h)ute~
Forbidden decays: LNV, LFV, BNV D—(h)pe-
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FAG : http://lwww.slac.stanford.edu/xorg/hfag/charm/April14/Rare/rare_charm.html
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e Many channels studies more than a decade ago
e LHCb shows great potential in several process, (e.g. D%—pu*u-, but still 100xSM and 10x NP)
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Summary & Prospects

« Charm physics provide a unique environment for the testing SM and searching
from new physics, very broad topics

DO-D'Mixing : is well established in a single experiment
— CPV :no CPV observed at 10 level, need more data and new method

— Quantum-Correlated @ threshold : unique input for testing CKM, mixing
and searching for CPV

— Semilepton decay : Validate LQCD calculation and improve the CKM matrix
elements measurement. LQCD prediction is precise, and challenge
experimental measurement.

— Hadronic decay : more precise measurement are necessary

— Rare decay . lots of measurements, but limits are still well above SM
prediction
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Summary & Prospects

e Results still coming in from Belle with full data set (~950fb-)

o BESIII team has built and developed technology with charm at threshold, and
more and wide results are coming
e LHCb is producing a wide new results, including Dalitz plot/amplitude analyses
e Perspectives :
— BESIII will continue to run 6-8 years, will continue play role with the data
produced at threshold.
— LHCb runll (2015-2018), 10 times charm data (2xo(cc);q,, 2xbetter trigger,

50fb") will play the key role for charm in next few years. %
— BELLE-II will collect 50 ab-' from e*e~ collision @
— Super t-Charm Factory (Russia, China)? im@
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Backup Slides
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CPV in D ,*—Kh* @ LHCb

Paras Naik’s talk at Charm 2015 JHEP 1410 (2014) 25
= Search for direct CP asymmetry in the SCS decays 3fb -1
* Measured asymmetries are affected by other asymmetries
+ - g - + - g - +
w R AT AL+ A + Ay
measure i Production f’'s detection Con:ection due to
asymmetry asymmetry CPV in kaon system

= Combine with CF decays where CPV is not expected.
Take asymmetries to isolate CP asymmetries e.g.

DKot DE 3 KOrt + A;'O = (-I—OOT:E 002)%
-Acp_} 8T = Amea: s Aﬁga;"?” - AKD ce:IcuIation described in
JHEP 07 (2014) 041

+ 0t
« Results: Acp 5% = (+0.03£0.17 £0.14)%

D KOnt

Acp %" = (+0.38+£0.46 £0.17)%
= (Can also get a sum of both SCS asymmetries using CF D¢)* = Ksh+
DESKIKE D5 Krt
Acp 5 +Amp % =(+041£049+0.26)%
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Paras Naik’s talk at Charm 2015
= Search for CPV in the SCS decay D — KKt using triple products
D' K-Ktnnt D' KtK-ntn

CT = PK+ (pn+ X pw‘) €T = PK-- (p':r‘ X p?r"')

* These are non-vanishing since there are four distinct final state particles
* These triple products are odd under T (hence the name “T-odd")
= We cannot reverse the decay, their P-odd nature is more important

* |n the absence of final state'interactions (FSI) due to long-distance
strong interaction effects, if the number of decays with Ct < 0 is different
from the number of decays with Ct > 0 this implies parity violation.

*  We form triple-product asymmetries for both D flavors:

) _F(CT>0)—F(CT<U) _4__F(—€T>0)—F(_€T<U)
‘CT_F(CT>0)+F(CT<0), JCT_F(_WT:’O)"FF(_UT(O)
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CKM Fitter 2015 Summer

Direct Measurement

a/ps = (87.6733)°

B/¢1 = (21.8570:67)°

Vs = (13.2183)°
v/d5 is the least precisely measured angle
Precision is statistically limited
Precise measurement of y/¢ is needed to test
the UT of CKM
Any difference between tree measurement to
loop measurement might be a sign of NP in

flavor sector

Y = arg(=VuaVip /VeaVp)

GGSZ (Dalitz) method in B-——DK is Most
sensitive method to constrain y/¢; nowadays
With the amount of data LHCb collecting, y/$3
measurement soon will be systematically limit
BESIII can help reducing the systematics with

providing more information on D%—K%r*r~
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Binning in Dalitz plots

BESIII performing analysis with 2.9fb! " data

Same method as CLEO-c (PRD 82 (2010) 112006)
BaBar 2008 Optimal Bins

BaBar 2008 Equal Distance Bins

ol b b b 1

0.5 1.0 1.5 2.0
m? (GeV?/c*)

Result of splitting the
Dalitz PHSP into 8

2.5

equally spaced phase
bins base on BaBar
2008 Model
15-19/09/2015 H.P. Peng

3.0

o = N WA OO N

o - N W H~ o (o] N o

T
1.0

I
1.5 2.0

m?2 (GeVa/ct)

Starting with the equally spaced

2.5 3.0

bins, bins are adjusted to optimize
the sensitively to y. A secondary
adjustment smooths binned areas

smaller than detector resolution

PIC 2015, Coventry, UK

m?2 (GeV?/c?)

BaBar 2008 Modified Optimal Bins

3 0 TeUvs v vuo

(b)

25|

n
=}

—_
(6]

[0 0
0.5

L G
1.0

L g ) oo e g

1.5 2.0 2.|5
m?2 (GeV/ct)
Similar to the “optimal

3.0

binning” except the
expected background is
taken into account before
optimizing to y sensitivity
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100 : : : : : 6 ' —
> D’—Ke'v, ] - D '>mety, .
B —e— data 1 & - —e— data 4
80 B —— Single pole model | N(J —— Single pole model
NS e Modified pole model '> a4l v~ e Modified pole model |
60 B --- z series (2 par.) o | - == zseries (2 par.) |
e S L z series (3 par.) ] ‘T(D ----- z series (3 par.)
= _ w [~ —
40 - 7 = B -
g 1T 2 B
20 — - & i |
i 14 < L \\
%0 o5 1 15 2 0 | ' | ‘ |
: 5 4 : 0 1 2 3
GeV-/c 2, 4
o ( ) F (GeVZc?)
Single pole model
Decay mode K{ N0 Vieaiay | Mpaie (GeV/c?)
D" —+ K= etu. 0.7209 + 0.0022 =+ 0.0035 1.921 £+ 0.010 £ 0.007
D — 7 etw. 0.1475 + 0.0014 + 0.0005 1.911 + 0.012 + 0.004
Modified pole model
Decay modo K{ Yoy|v, e (e} | s
DY — K—e* 0.7163 + 0.0024 £+ 0.0034 0.300 = 0.020 £ 0.013

D" >« E+il'

0.1437 4+ 0.0017 = 0.0008 0.279 £+ 0.035 £+ 0.011

Decay mode

DY - K—ety

€

Two-parameter series expansion

K{ f0)|1.-3fd]| T
0.’?1?? 4 0.0025 £ 0.0035 —2.2286 4 0.0864 £+ 0.0573

D" — 7 etv. 0.1435 4+ 0.0018 =+ 0.0009 —2.0365 <+ 0.0807 & 0.0257
Three-parameter series expansion
Decay modo K{ 0| Vearay | 1 T2
DY » K—et 0.7193 + 0.0035 &= 0.0041 —2.3338 4= 0.1587 + 0.0804 34188 4 3.9000 + 2.4008
DY & & e"‘;r 0.1420 4 0.0024 4= 0.0010 —1.8432 4 0.2212 4+ 0.0690 —1.3874 4 1.4615 + 0.4680
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Study of D*—>K, etv,

Never been studied

[PLB 353(1995) 31, 363 (1995) 266]
— K reconstruction :
e Get position of the K, in EMC by fining a neutral cluster

o Use the constraint of Umiss=0 to get the momentum of K,

BESIII Preliminary Results
Acp(DT = Kretve) = (—0.59 £ 0.60510; £ 1.48551)%
B(D" = Kpe"v,) = (44824 0.027¢01 £ 0.1034,5:)%
F1(0)|Ves| = 0.728 4 0.006 £ 0.011

Vs = 0.975 4 0.008 4 0.015 + 0.025
with f5(0) =0.747+0.019 (PRDS2,114506)

Events # (0.018 Gewv?rct)
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Events 7/ (0.018 Gev?rct)

BGSI'I Preliminary, 2.9 fb! " data, see Fenfen’s talk at Charm2015
— A CP asymmetry with magnitude of about ~-3.3x10-3 due to K’~K®mixing

Simultaneous fit to event density

with 2-parameters series FF

O =K 17 tag

Events /{0.018 Gev?/ct)

s0h

“WHLI

-

I Dr—>K*T:*rc*Tc“tag

05 1
2 (GeVHeh)

Events /{0018 Ge\»’zf'c")

i D" oK tag

LN BN B
D =K W tag % 1
' 1% %
L] )
U] 9]
w [14)
o o
| g 2 Hh
i T IR it
Mk g gt ol I::.‘;-‘ _‘
o C C g 17 Ik M
i ] i LJ:" L
. -y =3 Il ‘;1"!
iz @ | & 1 ﬁh‘ N “]» q,mw
D
g (Ge\fzfc“) q2 (GeVred)
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PWA of D*—>K-tetv,

B'GS]]I 2.9 fb' " data, see Fenfen’s talk at Charm2015
140

[T T T T [T T T T [T T T T [T T T T[T T T T[T T T FeT T T [ 71
— ..* .:
BESII S+K n{392) based on LASS Para. 4 :

4 BESII Mod. Ind. S+K '(892)

120

} BABAR Mod. Ind. S+K ' (892)+K ' (1410)

100

O, (degree)
= (@) oo
= = =

o
o

IIIIIII|III|III|III|IIIIII"‘I.

11 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I L1 1 1 I L1 1
07 08 09 1 1.1 12 13 14 15 1.6
m,(GeV/c?)

)

Model-independent measurement of BESIII are consistent
with its result from amplitude analysis within 1o.
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Paras Naik’s talk at Charm 2015 JHEP 10 (2015) 005, 3.0fb™?

= To eliminate the effects of FSI, which conserve P, we form an asymmetry
of asymmetries which cancels out the FSI; any remaining asymmetry
implies that either C or P is violated, i.e. we have CPV
1

a‘g;odd (D%) = 5 ( Acy — Eﬁr)

* | HCb measured these asymmetries using SL flavor-tagged D decays.
Ac, = (—71.8 £ 4.1(stat) &+ 1.3(syst)) x 107°

raCh —'_C'"r = (—75.5 £ 4.1(stat) £ 1.2(syst)) x 1072

alp° (DY) = (1.8 4 2.9(stat) + 0.4(syst)) x 107

* We also searched for local CPV in bins of phase space, and evidence of
CPV in bins of proper time. No CPV was found.
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c;and s; can be calculated from double tags of D' K ntn~ VS. D'— (Kg, w+n or CP eigenstates)

Kt VS Kgr'r Kg o VS K i

CP Tags VS. Kgmin™ CP Tags VS K m*m~

Relationship between (c;, ¢’), (s;, ")

Only c;, s; from D'—>Kgrtn~ is used to calculated y.
However adding in D°— K w*n~ to calculate c’,, s’,and use the relationship to c,,

s, to further constrain the results in a global fit
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Events/ 0,025 GeVz/c4

7

t

8 1 1.2 > 1.4
my  (GeV/c?)

Events/ 0.047

o~ %2/N,. = 55.80/49 = 1.14 E

- o -l

0.5 =5

K*(892) mass and width
= (894.60 £ 0.25 + 0.08) MeV/c?
= (46.42 + 0.56 £ 0.15) MeV/c?

M 40(392)
[k 40(892)
The fractions of components

—)(Ki’/’T )K*0(892)€ I/e) (93 93i022i018)(y
< (K1) g_pavet ) = 6.05£0.22£0.18)%
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X
Pole mass

my = (1.817935 £ 0.02)GeV/c?
ma = (2.611072 +0.03)GeV/c?

Form factor and ratios :
A1(0) = 0.573 £ 0.011 + 0.020

ry = V(0)/A;(0) = 1.411 4 0.058 + 0.007
ra = Az(0)/A1(0) = 0.788 & 0.042 + 0.008
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Study of D*—>w/detv,

e Form factor of decay D*—we*v, have never been measured BES]]I 2.9 fb-1 \V" data arXiv:1508.00151

o D*—detv, proceeds only by w—¢ mixing or non-perturbative “Weak

— C er
Annihilation” (WA) process, measure of its BR can help to judge the we
dominant process D
3 250F (a) 3 160F 8 ok = d Ve
g 2 140f P
8 200¢ < 120F § 1o0F 0 o
3 1500 % 100F & o f L (
5 f 5 sof -
|.u1[][]:— w 60F 3
Bs%% o5 de o7 PR R P>k, L R T R 2
n{GeV3ict) (GeVic?) cosé, o
) S <
< >
; 3 ol !
| JIs
P b $2 01 0 01 02 03 04
U(Gev) U(GeV)
\ M This work Previous
rv = V(0)/A1(0) =124 £009£0.06  _ode WO eviou

weTve (1.63£0.11£0.08) x 103 (1.82£0.18%0.07) x 103

ra=A0)/A0) =106 £ 0052005 — e — 0 (@O0%O L] < 9.0 x 10°° (90%C.L]
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Events/(0.01GeV)

Events/(0.017 Gev/c?)

818 pb-' @ w", PRL 1

(=]
L]

B
[
— T

B
(=]

B(D" — p~fyy) = (1774 0.12 £ 0.10)%
B(D" = p%yy) = (2.17 +0.12012y5
B(DT = wlyy) = (1.82£0.18 £ 0.07)%

]
=]
—T—

o]
(]
T T T —

0201 0 0102

150 |

100

50}

(b)

L t'1*\"ll_
-02-01 0 01 02

U :Emiss - C|pr"iss | (GEV)

10 (2013) 131802

30}
20|

10 |

150

100 -

50F
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80}
60
40t

20F

(e)
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05 10
Invariant Mass (GeV/c?)
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i IR
0201 0 01 02 2]
c
]
>
w
0
3 150 |
Q
U] + +
ol
g 1o} t —W
)
@
= 50
)]
e
w ek TFPF R L L
L | | L L | |
0.5 0 0.5 -2 0 2
CoS 6, 1

T(D° — p~fluy)
2I'( DY — p=Lluy)
ry = V(0)/A1(0) = 1.48 & 0.15 + 0.05
ra = A2(0)/A;(0) = 0.83 & 0.11 + 0.04

= 1.03 £ 0.0977 05
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\ Comparisonofr / A IN D>V,

T T T T ‘ T ‘ LB ‘ LI LI T 1 T 7T T 1 1 7T L T 1 1T | T T T T T T T T I T T T T
|
D—pe’v DoK'e'v D_)(De\
Theory:
Theory QM PRD62, 014006(2000) . 1.56 Theonj
QM PRD62, 014006(2000) . 153 SR PROMA. 3567(1391) : — :
|—-—|2.00¢O.89 LCSR PRDG7, 014024(2003) |—.—| 1.36+0.39 PRD72034029(2005} ' ”2
] 196:0.25 PRD72, 034029(2005) o 160
LF PRD&9, 074025(2004 . 148 Experiment: Experimem'
BaBar H 1.463+0.017+0.031 '
PRD72, 034029(2005) . 1.72 H | 4110.088+0.007
I BESHII 4110.056+0.
TR Iy il B e
CLEO-cPRL110, 131802(2013) H 1.48+0.15£0.05 ‘U ng s ‘ ‘ ) ‘ | | ‘ ‘ | | | |
covc e v b e vy by e L TN N I ST YT S T N S T N T S T
2 -1 0 1 2 3 4 05 0 0.5 1 1.5 2 25 3 0 05 1 15 " 25
rv = V(0)/A1(0) rv =V(0)/A1(0) rv = V(0)/A4,(0)
T L L L L L L L LI L T | IIII+IIIIIIIIIIllllllllllllllll| |
DLK*e*\‘J D—pe'v Dﬁﬂle V
Theory: Theory: .
?En PRD62, 014006(2000) | 0.74 | aM PRos 0110080000, . 083 Theory
SR PRDA4, 3567(1991) I 1201047 1 S,
LCSR PROG7,014024(2003) |t 0.93:0.29 SR e I_—I 0.80:0.38 PRDU 034029(2005) ' 051
PRD72, 034029(2005) o 0.50 LCSR PRDE7, 014024(2003 — 0.9%0.18
Experiment: LF PRD69, 074025(2004) . 0.83 Expe”mem
BaBar H 0.801+0.020+0.020 PRD72, 034029(2005) ® 0.51
BES-III H 0.788+0.042+0.008 Experiment: !
Average(BaBar&BES IH) H 0.797+£0.024 ® BES ”l | | 106+U 15&005
(Igno = commo CLEO-cPRL110, 131802(2013) |—-—| 0.83+0.110.04 | | | | | | | | |
\\\\\\\\\| [ v b b b b 1 Lo e e b e b PRI AN U A A AR SNV I T AN IR A B M A B NI
02 0 02 04 06 08 1 12 14 16 05 0 05 1 15

ra = A2(0)/A1(0)
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ra = A2(0)/A1(0)
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U Measurement of D;t—n

-1 .
e Inclusive measurement on BR : BGS]]I 482 pb' @ 4.009GeV arXiv:1506.08952
— BR(Dg*—n'X)=(11.7+1.8)% [CLEO-c, PRD79, 112008 (2009)]

— BR(Dg*—>n'X)=(18.61+2.3)% [sum over all exclusive measurement in PDG]
o Exclusive measurement on BR: | | | |

— BR(Dg"—>1'p*)=(12.5:2.2)% [CLEO2, PRD58, 052002 (1998)]

— BR(Dg*—1 mtn’(p*))=(5.6+0.5+0.6)% [CLEO-c, PRD88, 032009 (2013)]
o Afactorization method predicts :

A interesting situation
on BR measurement

-

50 —

Events / 2 MeV/c?

— BR(Dg*—n’ mr0(p*)=(3.0+0.5)% [F. S. Yu et al, PRD84, 074019 (2011)]  ° ™ ¥ i ?

Mg (GeVic)

e BESIII Measurement based on 482pb-! data at 4.009 GeV Pt |
— BR(Ds*—1'X)=(8.8+1.8+0.5)%
— BR(Dg*—1'p*)=(5.8+1.4+0.4)%
— BR(Dg*—n' nnd(p*))<5.1%@90% C.L.

Events / 2 MeV/c?
8
T
+
|

Consistent with CLEO-c recent measurement,

Reconcile the tension between experimental data and theoretical prediction
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Number events/0.015 GeV

‘..:ﬂh‘. —C‘. N H 2 .1 - 0.2 ?-—i'l - ll.?SI - Il_SI - I1_85I - ll_lgl - I1_95I - I_Z
AET(GeV) m(yy) (GeV/c?)
BESIII Double tagged method (5 tag modes) Belle Il (470.5fb-1) :
o 29fb! results: B(D" = yy) < 38 x 107° @ 90% C.L. B(DO — 'y’y) <2.9x107% @ 90% C.L.

e 10.0fb" expected: B(D" =4y) <10x10°@90% C.L.  Theory prediction :
0 VMD . (q =440 8
BESIII has much smaller bkg than that at B factory, B(DO - W)SD = (3'5—2-631X 10
peaking bkg from D°—>n’x? is under control B(D" = ) ~3x 10
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S 0.9fb", 2011 data -

= 1 PLB 725 (2013)15 E LHCb

S 80 T~"

g 40 a8 = -

5 0¥+ 3 1
R T  —- : ——

Amy.,- [MeV/c] B(D° — it w)[10°]

S

e e Using D* chain : D*—>D( )"

;ﬂ: B(D0—spu+11-)<6.2(7.6)x10° @ 90 (95)% C. L.

% o Current best limit

S e But still 100xSM or 10xNP prediction
00 TS0 55000 e Also best limit for FCNC in charm

m,,. - [MeV/c?]
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BELLE-II

o Should collect 50 ab ! from e'e

Prospects on Rear Decays

e For run II (2015-2018) expect mild improvements wrt run I

o LHCDb upgrade:
o(ct)iamev ~ 20(ce)rTev, trigger ~ Px better, ~ 50 fb~1

LHCb :

@ 10x charm per year

Modes Run| Run I Upgrade
D°— ptu- few 10° | fewer 10° | few 107'°
D= few 10% | Fewer10® | fFew 107
D* - Ky few 107 | Fewer 107 | few 10
D?— h*h'Op- Few 107 | Fewer 107 | Few 10°

e Rare charm program in LHCD includes/foresee:

DO — ¢+t¢'—, A, — ptte—, D — h(h)el', D° — ¢~
with £ = p, e (FCNC, LFV and LNV modes)

low background, excellent y and 7° reconstruction

o Simple projections from BaBar X, — h{{ analysis prp s (2011) 07200

~ 100x statistics

should achieve U.L. of ~ 10 " for D' and 10 ® for D" At on
semileptonic FCNC, LNV and LEFV

o also extrapolating from BaBar, could reach B(D® = 7y) <107

s

o Can do a great job in h¢{ with h = 7% 0, w
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Super t-charm Factory

0 Assuming o collect ~ 10" D pairs = 10°x Cleo-c

0 can achieve U.L of few 10 for 3hody D" and 10 " for &-body D°

0 could reach B(D° = y7) <101

Carla’s Talk at CHARM2015
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