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Charm Production

2~4.6GeV

2 ® BEsi|es
S ® BESI|(Prelimi
= B :‘ i nary) reca 1)
sr O QGamma2
<+ pluto)
al

|
% ﬁ % 1 44(3770)
%w dit o y DTD”
F S
: Threshelds ?‘-.g:%';og. DD ATATW(4.56) z’;__‘-f}f;)}
° = ; a Ecm (Ge;V)

(Semi)leptonic decays: decay constants, form factors, |V 4(s)l;
Rare and forbidden decays: search for new physics.
Quantum correlated D°DO: strong phase measurements.
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el e
Analysis Method

@ Single Tag (ST)
Mec = \/E3,.../c* — P/

@ Double Tag (DT) _
particles not used to form single tag D

Q Biy= — iz
& Za Ntaageéxag,sig/eltlag
@ absolute branching fraction
measurements

@ tag D~ via Ko~ 7n—, Kfn— 7w a K2n—, Ko7 Klr—ntn—, KtK- 7~
@ tag DO via Ktn—, Ktn— %, Ktn—nta—
@ reconstruct the 'missing’ neutrino via Upiss = Emiss — C|Pmiss|
@ fully reconstruct the final state particles via ME%

all charge conjugates are implied
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Introduction Analysis Method

Single tag yields and efficiencies [pro 97, 072015(2018)]

10 x10* » 'm’

b ke : [ Do Kmnn 15 f Do K

100 » 1

» e s
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1 50.47 £ 0.06 755661 & 922 $ o 0 8 o A0
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@ about 28% of the total DT B’s and 26% of the total D% B’s

@ highly suppress the background from non-DD decays and high
reconstruction efficiencies
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(Semi-)Leptonic Decays [IETEICeIRTe g R SE EL gy

Charmed leptonic decays

c as
W+
d Ve
F(D+ — £+ vy

BDJF—MLJU/M

D7 — puTy,

T T T
CLEO-c 205.8+8.5:2.5
PRD 78, 052003 (2008)

BESIII 203.2+5.31.8
PRD 89, 051104(R) (2014)
Average 203.9+4.7

LQCD 211.9:1.1
Averaged by J. Rosner, S. Stone and R. Van de Water
[see Review in PDG2015]

1 1 1
170 180 190 200
o (MeV)

2
2

)= Fe it (1- )
D+

determine the decay constant fp+ and [Vq|

= (3.71+0.19 + 0.06) x 10~* by BESIII [PRD 89, 051104 (2014)]

Bpi rty. < 1.2 x1073@90% C.L. by CLEO [PRD 78, 052003 (2008)]

< m
R — F(D:—M':u,-) _ D+
- r(bt— - m2

( I3 Vu) (1 )
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Sz D = o
Search for D™ — 77v., 77 — 77D,
EEMC < 300 MeV EEMC > 300 MeV

o200 * 30

%ok - i i
810 BESII ] 3 [ BEsm . :
Nieof Preliminary 5 H § 25| Preliminary i H
S0 LY - P 3 i i 4 n
Bt R : ¥ DT =Ty,
S100E »E :«} 5 15E " + +.0
5wk %,' R } DT — nhr
€ _F . € 10
ERd3 " 2 AF i D+—>7T+KE
ol
zo; L " q : D+ - 7T+T]
° -03 02 -01 0 0.1 0.2 03 ° -03 -02 -01 0 0.1 0.2 03
MM2 (GeVic* MM2 (GeV/ic
L
BESIII 8w BESmM k
Preliminary & | Preliminary
s I ® Ny =137+27
5
% @ ZSD*HTJWJ.r =
] (1.2040.245:. ) x 1073
5
z . o
@ significance >40

-03 -02 70. 0 . 02 0. -03 -02 -0.1 0 0.1 0.2 0.3
MM2 (GeV/c)? MM2 (GeV/c)?

Ml%liss = (Ebeam - E7r+)2 - (_ﬁD— — [5;7-%—)2
R=3.21 + 0.64, consistent with SM prediction 2.66 within 0.90
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(Semi-)Leptonic Decays [IETEICeIRTe g R SE EL gy

Semileptonic decays to pseudoscalar D — P{ Ty,

ng

W+ vy

c d(s)

/“_\

o partial decay width

drP€+u£
dg? — 8m3mp

Wo = (m? + m? —

@ Simple pole: fi(q?) = _fi(0)

@ Modified pole:

fi(q?) =
+(q%) (1_%)(1_(1;;7)

@ Series expasion: fi(q?) =

mZi‘;o a(t0)[z(a?, to)]"

G2|V|? | o
= Sl G| P () P(Yor

m3)/2mp, Fo =

Wo — Ep + m%/ZmD

@ measure Vq(s) to test the unitary of CKM matrix
o measure the form factors £(0) to calibrate the Lattice QCD

calculation

e test lepton universality via R =T/l
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(Semi-)Leptonic Decays [ISEIgelield Dt — v,

| Vea(s)| determination via D — K /me" v,

L e LA e e T T
Belle 0.6770.007+0.021 e —
PRL 97, 061804 (2006) [D°— K'e"v,,, D’— K u*v,]

Belle 0.140:0.004+0.007
PRL 97, 061804 (2006) [D°— we'v,, D= m'j'v,]

BABAR  0.707:0.007+0.005+0.007
PRD 76, 052005 (2007) [0~ K'e*v,] CLEO-c  0.150:0.004+0.001
PRD 80, 032005 (2009) [D°— we*v,, D'~ v, ]
CLEO-c  0.719:0.006+0.005

PRD 80, 032005 (2009) [D°— K'e*v,, D'~ K e*v,] BABAR  0.1374:0.0038+0.0022+0.0009

BESIII 0.7172+0.0025+0.0035 PRD 91, 052022 (2015) [D°— we*v,]
PRD 92, 072012 (2015) [D°— K'e*v,
[ 8l BESIII 0.1435+0.0018+0.0009

BESIII 0.728:0.00740.011 PRD 92, 072012 (2015) [D°— T'e*v,]

PRD 92, 112008 (2015)[D*— Kle'v,]
0.1400£0.0026:0.0007

BESIII 0.705340.00400.0112 BESIII
PRD 96, 012002 (2017) [D*— n’e*v,]

PRD 96, 012002 (2017) [0"> Kle, d

Average  0.1426:0.0014

Average 0.7156+40.0033

0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.1 0.12 o 0.13 0.14 0.15
a1\ 27OV

@ BESIII contribute to the [V 4| determination dominantly

|Veg| = 0.214 = 0.002¢xp. =+ 0.0091,cD,

|Ves| = 0.214 £ 0.004cxp. £ 0.0241,gcp with LQCD calculations for

D—K
fJr - /W(O) [[PRD 82, 114506 (2010); 84, 114505 (2011)]

@ CKM matrix elements determination suffers from large LQCD

uncertainties
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(Semi-)Leptonic Decays Search for DT — T+I/T

FP75/7(0) determination via D — K /ret v,

HPQCD 0.747£0.0110.015 HPQCD 0.666+0.020£0.021
PRD 82, 114506 (2010) [N =2+1] PRD 84, 114505 (2011)[N=2+1]

Belle 0.695:0.00740.022 el _-—— — = — . —
PRL 97, 061804 (2006) [D°~ K'e',, D~ K'u'v,] Belle 0. 00

PRL 97, 061804 (2006) [D°— Tte*v,, D°~ Tu'v,]
BABAR 0.727£0.007+0.009
PRD 76, 052005 (2007) [D°~ K'e",] BABAR o o005
CLEO-c 0.739£0.007+0.005 PRD 91, 052022 (2015) [D°~ Te*v,]

o . Ke'v. D' . Rlen
PRD 80, 032005 (2009) [D° -~ K'e'v,, D'~ Ke'v,] CLEO-C  0.666:0.019:0.005

BESIII 0.7368+0.0026£0.0036 PRD 80, 032005 (2009) [0°~ Te'v,, D'~ 1fe*v]
PRD 92, 072012 (2015) [D° ~ K'e*v,]

BESIII 0.6372£0.00800.0044

BESIII 0.748:0, ‘20710 012 PRD 92, 072012 (2015) [D° - re"v,]
PRD 92, 112008 (2015) [D" ~ Ke*v,]

Sl 0.7246+0.004150,0115 BESIII 0.6216£0.0115:0.0035
PRD 96, 012002 (2017) [D* - K3e'v,] PRD 96, 012002 (2017) [D+ - Tee+y]
T M SN S IRt o b e by

0.6 0.65 0.7 0.75 0.45 0.5 0.55
D-K D -
£.750) . 710)

@ assuming the CKM matrix is unitary, BESIII contribute to the
erDHK/ﬂ(O) determination dominantly

@ LQCD uncertainties overwhelm the experimental uncertainties
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Study of the decay D° — K™y 7wy
0 —
Bof D° — K puty,

X103 R o R o AR R R RS SRS
< r T T T ] PDG2017  3.33:0.13 —-—
> 3 E IBRo_,,+
O r - ] DY —pTX
2 3L Ku VP- BESII PRELIMINARY _] EMUL 2.14+0.34£0.34+0.19

[ ] E653 3.16+0.34+0.27+0.28 —_—
0 1
o - CLEO 3.0740.3140.350.03 —_—
= 2 1 e
Z _ ] 687(1993) 3.19+0.51£0.51:0.03 _—
.9 [ ] E687(1995) 331:0.18:0.110.08” B0 _, jo— o+ —m=
g 1._ _- BELL 3.4540.10+0.21 .
Ii 1 Dminary 3:42940.01940.035 .

4 _— NI IVEAVENT VERVINT SVETEVINI SEEVITI SETEVITI SATEVIVE SASTATEN SR O ) AR
-0.1 0.1 05 0 05 1 15 2 25 3 35 4
. \Yj B(D’>Kptv) (%)
U,iss (GeV) M

o Nyjg = 47100 £ 259, Bp+ iy, = (3.429 £ 0.019 % 0.035)%

@ statistics similar to the BESIII measurement
BD+—>K—e+ue = (3.505 +0.014 + 0.033)% [PRD 92, 072012 (2015)]

@ BESIII made the most precise measurement

Yu Zhang (UCAS) D (Semi-)Leptonic and Rare Decays May 24, 2018 11 /25



(CEUDIRTILIADIIEVEIN  Study of the decay po = K~ u™ vy

Form factor of D* — K~ u*v,

(@) 1 ] () ]

80}

2 :

: ]

o 60 7

Tm ]

£ 40F 7

= C 1

Eg 2(): -

< L 1 1 1 N [ 1 1 1
0 0.5 1 15 0 0.5 1 15

q2 (GeVZc?) q? (GeVZ/c?)

@ taking the form of second order series expansion,

FK(0)P(0)¢(0,
FE() = proiin i) (1 4y (to) (¢, 1o)])

° X2 = AT TCLAT is constructed, where AT = Al pea — ATl xp.
° ff(O)I Ves| = 0.7148 + 0.0038 + 0.0029
@ statistics similar to the BESIII measurement
fK(0)|Ves| (Dt — K~ etve) = 0.7172 £ 0.0025 £ 0.0035 (pro 92, 072012

(2015)]
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(Semi-)Leptonic Decays

Study of the decay D° — K~ ut vy

fX(0) and | V| determination via D™ — K~ u"u,

IR R R
E;ngt()zm 0)t14506 0747200110015 |

BESI  Ke'v,  0.80+0.04:0.03  —
BELL KT, 0.695+0.007+0.022 =t

BABR  Ke'v,  0.727+0.007£0.009 -

CLEO  Ke'v,  0739+0.006:0.005 -

BESII  Ke'V,  0.7368+0.0026:0.0036 -

géﬁwmary K, 0.7343+0.0039+0.0030 -

v b b b b b b el B

045 0.5 0.55 0.6 0.65 0.7 0.75 0.8

ff(o) Ostat. & Osys.

T
CKMFitter

0.87343:0.00015
DELPHI W 0.94£0.32£0.13  —mt——r|
CLEO/BELL/BABR/BESM D’ Ky, 0.975+0.007+0.025 -
CLEO 0.98840.044:0022 =
CLEO 1.009+0.05240.021 -
CLEO 1.088+0.069:0.018 -
BABR 0.956+0.036+0.056 —
BELL V)v: 1.025£0.019+0.029 -
BESIII@4.009 | 0.944+0.063+0.027 -
CLEO 1.007+0.040+0.018 -
BABR 1.040£0.03340,031 -

! 0.97610.026:0021  +
iiﬁ:‘ﬁ‘:f 8 0.974+0.014+0.017 )
E‘Eﬁmmaw DOK ey, 0.957+0.006+0.024  #

-1.5 -1 -0.5 0 0.5 1
|Vcsl Texp. + OLQCD

taking f_f_((O) = 0.747 £ 0.011 4 0.015 from LQCD [pro s2, 114506(2010)],
|Ves| = 0.957 + 0.006 £ 0.024, LQCD uncertainties are dominant

o taking | V| from CKMfitter, £5(0) = 0.7343 = 0.0039 + 0.0030
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(CEUDIRTILIADIIEVEIN  Study of the decay po = K~ u™ vy

Test the lepton universality

" BESIII PRELIMINARY

1-5_' SM prediction: PRD 91, 094009(2015)| |

0 0.5 1 1.5
q2 (GeV¥c?)
@ deviation from SM prediction in B semileptonic decays
B — D(*)T_ﬂT [PRL 109, 101802(2012); PRD 88, 072012(2013); PRL 115, 111803(2015)] and

B — K(*)f+€_ [PRL 113, 151601(2014); PRL 118, 111801(2017)]

_ M(DT—K~utv,) _
° Rye = F(D+—>K*e*ue)[PRD/;2,0‘;2012(2015)] =0.978 £ 0.007 & 0.012, no

deviation larger than 20 over the g2 interval
Yu Zhang (UCAS)
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(CEUDIRTILIADIIEVEN  Study of the decays D — wu+ vy

Study of the decays D — 7T,u+Vu arxiv: [hep-ex] 1802.05492

600

:_ D“—m’p‘;\@l _
400:_ _: ° BD‘*’—MrD;ﬁ'V =
T _f (0.342 £ 0.011 + 0.010)%
L 200 ]
3 L ° BD0—>7T_H+II =
Y e = (0.267 = 0.007 = 0.007)%
e E D'—nfuty,
2 300F ° Ru/e = B, /B. = 0.905+0.02740.023
= 200§— Me = B,,/Be = 0.94240.03740.027
100f o RE = Y
ot et 0.990 =+ 0.041 & 0.035
-0.2 0.0 0.2 0.4

(GeV¥ch)

M

. o(+
[} taklng BD“O)HWO(*)ere from [PRD 92, 072012 (2010); 96, 012002 (2017)], RD( )

coincides with SM prediction 0.97 (pis 633, 61 (200 Within 1.9(0.6)c
° 7?,75 is consistent with no isospin violation and the value of electronic
decay Rjg [PRD 96, 012002 (2017)]
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Branching fractions of Dt — n()eT g anv: (hep-ex] 1803.05570

Events(0.02 GeV)

(Semi-)Leptonic Decays

Study of the decays DT — n( Jet Ve

60 [
40
20

(a)

(b)

20
15
10 |

-01

ll'llSS

(nl = cos ¢p (ng| — sin dp (ns,

(n'| = cos g (sin ¢p (ngl-+cos dp (ns|)+sin ¢c (ggl;
r(Dr—=n'ttvy)

r(DT—nttuy)

= kD tan? bp,

r(DF —n'ttvy)/T(DF =netv,)

F(DT—n/FTvy)/T(DT—nttv,) —

Yu Zhang (UCAS)

0 0.1
(GeV)

B

netve

= (10.74+0.8140.51) x 10~*

B,yety, = (1.914£0.51+£0.13) x 107*
¢p = (40 £3+£3)°(d6=0)

cot* pp(next talk)
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i i + () et
e
(CEUDIRTILIADIIEVEIN  Study of the decays D™ — n\Je ' v,

Form factor fit of D™ — ne*v,

L B L B R R LI
06 = { —— Data 7
I vo— ] Q simple pole: £ (¢?) = —=(0)—
- r —— Series expansion 4 1— s
i) - i pole
EM | 1 £,(0)| Veg| = 8.15 + 0.45 £ 0.18
< @ Modified pole:
L ] £ (a?) = £.(0)
02 1 4 (%) et
L 1 mpole mpole
I ! £1(0)| Veg| = 8.24 £ 0.51 & 0.22
0 0 0‘5 ‘1 1'5 @ Series expasion: fi(q?) =
o - 1 oo 2 k
F(GeVct) Py i) 2ok (00)[2(a fo)]
f+(0)|Veg| = (7.86 £ 0.64 £ 0.21) x 102

In the fit, x2 = ATTV~IAl is
constructed, where Al' = Al'y,, — Al
and are f,7(0)|V,q| consistent with CLEO’s measurement [PRD 84, 032001(2011),

° Bn(’)e+us
tag+'GR’ method]
decays (x10~ %) _ BESIII (tag) CLEO (tag) CLEO ('GR) _ CLEO (tag+'GR)
B, .. 10.74(81)(51)  11.1(1.3)(0.4)  11.7(1.0)(0.4) 11.4(9)(4)
Bty 1.91(51)(13) 2.5716(0.1) 2.16(53)(7) 2.16(53)(7)
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Search for the radiative leptonic decay Dt — ve™ v,
[PRD 95, 071102(2017)]

@ no helicity suppression in contrast to pure leptonic decay, and simpler non-perturbative
QCD calculation without final-state hadron

models pC{’CD1 light front quarkZ & NR constituent quark model® vmD? factorization®
Biheo. 10—% 10~° 10> (enhanced by LD) 10~°

[1][PRD 51, 111 (1995)] [2]MPLA 15, 2087 (2000); [3]PLB 562, 75 (2003);
[4]MPLA 27, 1250120 (2012);[5]Nucl. Phys. B 889, 778 (2014); 914, 301 (2017)

2]
150 T o F
r total fit £ 8000 |-
o [signal 5 i
s —bgckground O 6000 |
< 1001rle 5
= L H6 4000 -
(2] r L
—— L — L
@ 2000 [
o So¢ 8 20
> r E L / ‘
L [ =] 0
r > -002  -0.01 0 0.01 0.02

B(D*—y ev,)(%)
Byey, < 3.0 x 1075 @90% C.L.
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Search for the rare decay D* — DPe™ v, [PRD 96, 092002(2017)]

Events/(1.2 MeV/c?)

@ the heavy ¢ quark remains unchanged while the lighter d quark
decays weakly

@ Biheo. = 2.78 X 10713 by it's form factors in the SM [epic 59, 841 (2009)]

3E:ot Lfit || D9 i "
,signal E
tbackgrou 2
1+ 1 i
9 D12 R~

= 6
4 1=

< 4
2 182 L Tl

2 /
0 = 9 A
6| _

— K7
4
2 r

185 19

184 1.86
MY (GeV/eY)

1.88

Yu Zhang (UCAS)

MY, (GeVic)

@ 2D fit to each D° decay mode
@ Nops =0.2£2.8, 5.9+2.9, 10.0£4.3

® Niy =2.840.6, 6.04+0.9, 12.4+1.3
obtained by fitting to "inclusive” MC

upper limit

Nsig = Nobs — Npkg = NtSOTt X e X Bpo X B
likelihood values of different Bs
Bp+ . poety, < 1.0 x 107°@90% C.L.
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Experimental status of D — X, /"¢~ measurements

[EPJC 77, 895, HFLAV2016]

90% C.L.

a Aeom
v
104 ]} A &
A §‘
a0
10
o %o
> 4
1070 by > B
H
107 *

DY (observation)

LHCb

Belle
BESIII

rmTr—ete~
I T T

K- ntete™
K-ntutp™

KtK~eTe™
Mark3 K+t K_u+u_

9.64(48)(51)(97)
x10~7 [

4.17(12)(40)
%1076 [2]

1.54(27)(9)(16)
%1076 [

[1][PRL 119, 181805(2017)]
[2]PLB 757, 558(2016): M_,

e

@ D — X,£"¢~ are good channels to study the ¢ — u FCNC transitions

@ electronic modes haven't been observed, compared to muonic modes

@ both are essential to test the lepton universality and new physics search

Yu Zhang (UCAS)
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Search for the rare decay D — h(h("))e*e~@ BESIII

[PRD 97, 072015(2018)]

D%ﬁ K'n‘e'fe' data
oo background from
: : DD 'inclusive’
?ﬁi,(&;ew& MC
P MgE sideband

Event/(0.003 GeV/c?)

<%

D’ o eve’ i b D’ Keete

1.84 186 1.88 184 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88

S = N oW s

M(GeVic)

@ inset: M,.,— distributions in D® — K~ n"eTe™ shows some contributions from
the photon pole [0, 0.2) GeV/c? and p — w region [0.65, 0.90] GeV/c?
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RETCNDIIEVEIN  Search for the rare decays D — h(h('))eJrs*

Upper limits of D — h(h("))ete™

Joint likelihood of ngps, Nyke and signal efficiencies|Nucl. Instrum. Meth. A 551 493]

MC _MC MC
L :P("obs: Ntag - B- Esig + Nbkgl + nbkg2) : g(Esig:ESig »Esig " O0e )

1)

SB MC MC
: P(”bkgl’ Mpkgl * f)- g(”bng: Mykg2s Ubkgz)

1 1| 1
D' w'nlere” D= K'nle'e” D' Kin'ete” D' KIK'ete
05 os | os | os
N L I . I L o, . L
0 001 002 003 004 0 002 004 006 0 002 004 006 0 0 004 006
1f 1 1
SE D% K'Ke'e’ D% n'mete’ D% Krete”

0 L 0 0 .

0 0o o,z 03 o0 001 002 0 00 004 006 008
1 ' 1 1

D’ e’ D’ nete D’ oete D% Kle'e'
os | o5 [ os | 0s

N h o, . o, h oy,

0 omws ool oms 0 o5 ool o015 0 o5 00l 0015 0 o0l o0z

B (x10%)
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Search for the rare decays D — h(h{"))e*e™
Upper limits of D — h(h("))ete™

decay modes B PDG2015
(x107%) (x10~%)
Dt — ntalete™ <1l.4 -
Dt — Ktrlete < 1.5 -
Dt — ntK2ete™ < 2.6 -
Dt — K*K’E’e*e* <11 -
DY — K- Ktete™ <11 <315
D% — ntn—ete™ < 0.7 < 37.3
D% s K—atete T < 4.1(2.5+1.1, 2.60) < 385
DO — nlete™ < 0.4 <45
D% — nete~ <03 <11
DO — wete™ < 0.6 <18
D% — Klete™ <1.2 <1

Tin Me+e_ regions:

[0.00, 0.20) GeV/c?
[0.20, 0.65) GeV/c?
[0.65, 0.90] GeV/c?

< 3.0 (1.575%)
<0.7
0.
<1.9(1.0%%5)

@ study the 4 body Dt decays for the first time, improve the sensitivity of D° 3 and 4 body
decays by a magnitude of 10

@ the current results are all within SM predictions
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Summary

© 00

measure DT decay constant via leptonic decays

determine form factors £'(0) and CKM matrix elements |V ()| via
semileptonic decays and leptonic decays, test the CKM matrix unitary
and calibrate the LQCD calculations; precision measurements of
muonic semileptonic decays provide more data to determine fK/ﬂ( 0)
and |V 4(5)| and test the lepton universality in charged current process

f'(0)| Veq| measurement will perhaps never be used to determine the
f'(0) and |V,4| due to rather limited statistics and absence of LQCD
calculations, but Bn(’ Jety, are useful to extract the n — 1’ mixing angle
study the charm FCNC decays, constrain the new physics models

low background to search for charm rare decays

based on the world's largest 1)(3770) data taken near threshold, more
results are on BES/II PUBLICATIONS
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http://bes3.ihep.ac.cn/pub/physics.htm

The End
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