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Introduction

Disclaimer

choice of subjects, and especially examples, had to be made;

speaker is to be blamed for not showing your favorite measurement

PDG:  M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018).

HFLAV:  Heavy Flavor Averaging Group, https://hflav.web.cern.ch/

PBF :  The Physics of the B Factories, A. Bevan, B. Golob, T. Mannel. S. Prell, B. Yabsley eds., Eur. Phys. J. C 74 (2014) .

BIIPB: E. Kou, P. Urquijo etn al. (Belle II Coll.), arXiv:1808.10567 

Frequently used references:
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D0

Mixing Dalitz

Multi-body self conjugated states

D0 KSp +p -

no CPV result: 

uncertainty due to

Dalitz model
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T. Peng et al., (Belle Coll.), PRD 89, 091103 (2014)
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D0

Mixing Dalitz

Multi-body self conjugated states

D0 KSp +p -

Belle II:

syst. uncertainty 

dominates @ few ab
-1

in turn, syst. uncertainty 

dominated by the model

uncertainty

Can this be evaded?

by measuring strong 

phase variation across 

Dalitz plane using 

coherent D0D0
pairs (BES III)

s(x) [10-2]

s(y) [10-2]

L [ab-1]

BIIPB
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D0

Mixing Dalitz

Multi-body self conjugated states

D0 KSp +p -

model independent method

Dalitz- and t- dependent amplitude up to O(x2,y2)

integrating over Dalitz- and t-bin

A. Bondar, A. Poluektov and V. Vorobiev, PRD 82,  034033 (2010)

A. Giri, Y. Grossman, A. Soffer, and J. Zupan, PR D 68, 054018 (2003)

CPi

CPer
p

q 
notation:

in limit of no mixing and no CPV 

# of events from D0
in i-th bin

 free param. of fit

cosine and sine of average 

strong phase difference D0/D0

in bin i weighted by rate

 quantum corr. D0D0
pairs

c- i=ci

s- i=-si

2N symmetric bins

C. Thomas, 

G. Wilkinson,

JHEP 2012:185
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D0

Mixing Dalitz

Multi-body self conjugated states

D0 KSp +p -

model independent method

binning of Dalitz plane based on 

(Dd ~ const. across bin)

results using L=0.8 fb
-1

i ci si

uncertainties on ci , si propagate to measured variables (as systematic 

uncertainty);

still statistics dominated  BESIII has 3 fb -1 of data, planning to 

record 10 fb -1 more

A. Poluektov et al. (Belle Coll.), PR D 81, 112002 (2010)

J. Libby et al. (Cleo-c Coll.), PRD 82,112006 (2010)

J. Libby et al. (Cleo-c Coll.), PRD 82,112006 (2010) method p. 42 Daltz t-dependence p. 44
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D0

Mixing Dalitz

Multi-body self conjugated states

D0 KSp +p -

model independent method

:  1.33  10
6

D* tagged D0 KSp +p - /ab
-1

: 100  10
6 D* tagged D0 KSp +p -:

s(x)= [±0.017 ±0.076(ci, si)] 10
-2

s(y)= [±0.019 ±0.087(ci, si)] 10
-2

27  10
6 D* tagged D0 KSp +p -: (Belle II @20 ab

-1
)

s(x)= [±0.032 ±0.039(ci, si)] 10
-2

s(y)= [±0.036 ±0.045(ci, si)] 10
-2

C. Thomas, G. Wilkinson, JHEP 2012:185

T. Peng et al., (Belle Coll.), PRD 89, 091103 (2014)

Cleo-c (0.8 fb
-1

)

BESIII with 3 fb
-1

(only simple 

Scaling with L)
s(x@20 ab-1

)~0.12

s(y@20 ab-1
)~0.06

LHCb need additional 

~1 fb
-1

(in addition to 

existing 9 fb-
1
) to reach 

this stat. accuracy

model dependent

method
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D0

Mixing Average

Where do we stand?

no mixing point

repeat from p. 29, w/o any 

disclaimer:

P(D0  D0
) ~ 3 10

-5

HFLAV

)%07.062.0(

)%50.0(
14.0
13.0





y

x

D0
mesons, like other M0

, 

do mix, with the lowest 

probability of all

D0
mixing is data driven field

(n.b. x, y needed for CPV predictions)
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Charm CPV...

... is small

CKM in Wolfenstein

param. (to O(l3))

elements related to 

charm are real

 no complex phase, no CPV (in SM)

PBFB

)( 4lO+



B. Golob, Charm Exp‘s 10/42Belle Phys Week, KEK, Oct 2019

Introduction Mixing

Facilities CPV

Spectroscopy Decays
Charm CPV...

... is small

CKM in Wolfenstein

param. (to O(l3))

elements related to 

charm are real

 no complex phase, no CPV (in SM)

CKM in Wolfenstein

param. (to O(l5))

PBFB

)( 4lO+

CPV in charm sector is small, asymmetries ~ O(10-3) in SM. 

Potentially good place to look for NP effects. 
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Charm CPV phenomenology

some reminders

f = f = fCP

1)

CPV in decay (CPVDEC)

2) , and 

taking into account 1),                   CPV in mixing (CPVMIX)

3) CPV in interference between decays w/ and w/o mixing 

(CPVINT)
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Charm CPV phenomenology

some reminders

for CPV at least 

two processes with 

distinct weak and 

strong phase 

necessary

(example of CPV in 

decay)

in D meson decays this 

is only possible in SCS 

decays with contribution 

of penguin decays (beside 

tree contrib.)
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Charm CPV CP eigenstates 

D0  K+K-, p+p -

with CPV parametrization 

more involved

(n.B. AM , Adir
f
<< 1)

AM: CPVMIX

Adir
f
: CPVDEC

expression for yCP gets 

modified by keeping terms q/p

in „master“ formulae 

on p. 23:

in limit of no CPV |q/p|=1, f=0  yCP=y; 

moreover, 








 +
 ff sin

2
cos x
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yy m

f
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dt
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Charm CPV CP eigenstates 

D0  K+K-, p+p -

neglecting CPV 

assuming CPV

in limit of no CPV |q/p|=1, f=0  A = 0


CP

fCP

eff

fCP

eff

y+


111

CPVDEC

ff



sincos

2
xy

AA
A m
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dir
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eff

fCP
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fCP

eff

fCP








 +


+




CPVMIX

CPVINT

derivation
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Charm CPV CP eigenstates 

D0  K+K-, p+p -

asymmetry A measured together with yCP (just dividing the sample into 

D0 / D0
tagged) M. Staric et al. (Belle Coll.), PLB 753, 412 (2016)

Subtle / important effects of SVD 

misalignment;

in  measurements O(%) effects my be 

included in syst. uncertainty;

in determination of ‰ effects not

)%07.020.003.0( A

D0 

K+K-

D0 

K+K-

A

cosq

<
>

K
p

cosq

data

MC w/ 

misalign.

MC

D~3%!
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Charm CPV CP eigenstates 

D0  K+K-, p+p -

B Factories:                                                                                LHCb:

using prompt D*‘s ; 

similar result with 

b  cmX

current combined

exp. sensitivity 

O(10
-4

);

th. predictions for 

A ~ O(10
-5

)
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R. Aaij et al. (LHCb Coll.), LHCb-PAPER-2019-032

410)07.05.33.1( 

 A

slope=A

A. Cerri et al., arXiv:1812.07638
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Charm CPV CP eigenstates 

D0  K+K-, p+p -

LHCb:

no physics (CPV) asym. expected

(CF decay)  correct e± in bins

of kinematic variables so that 

N(D*+) = N(D* -) in each bin
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R. Aaij et al. (LHCb Coll.), PRL118 , 261803 (2017)

mag. field

orientation
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Charm CPV CP eigenstates 

D0  K+K-, p+p -

asymmetry A

LHCb using b c

LHCb using prompt 

D*‘s

HFLAV

)%026.0032.0( A
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Charm CPV A

CP

t-independent methods

t-integrated asymmetry ACP

measurement includes

detector induced 

asymmetries

(example of D+
)

|Ai | <<1

difference in h±

interactions on 

material

physics asymm. 

forward-backward 

asymm. in e+e-  cc ;

vanishes if integrated 

over full polar angle

for general f:  ACP
f ~ Adir

f + C1ycosf + C2xsinf
why? p. 48

f=fCP

 sincos
2

x
AA

yAA m

f

df

d

f

CP +
+


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Charm CPV A

CP

t-independent methods

forward backward 

asymmetry Afb

e asymmetries

example of D*+  D0 ( K+K-, p+p -) ps
+

D* -  D0 ( K+K-, p+p -) ps
-

need sample w/o physics asymm. to correct* or two samples to subtract

 CF decays

D*+  D0 ( K-p+) ps
+

D0  K-p+

* MC typically not reliable  at  O(%)

c

e- e+

c

D(*)-

qc
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Charm CPV A
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t-independent methods

asymmetry Ae
ps

depends on 

p
s

kinematics 

binned in  pps, cosqps

... and in cosqD*.... why? 

because qpscorrelated 

with  qD*

integration over qD* in a 

given bin of qpsdoes not 

cover full qD* interval 

does not assure vanishing 

of A
FB

c
o

s
q

p
s

pps

Atag
rec Auntag

rec

Ae
ps(cosqps , pps )

ACP+AFB(cosq*)
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Charm CPV A

CP

t-independent methods

asymmetries
B. Aubert et al. (BABAR Collab.), PRL 100, 061803 (2008)

Ae
ps(cosqps , pps )

M. Staric et al. (BELLE Collab.), PLB 670, 190 (2008)

210)11.030.043.0( KK

CPA

slight deviation of data 

from A
FB 

prediction p. 50
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Charm CPV A

CP

t-independent methods

other ingenuine methods to determine 

unwanted asymmetries,

e.g. LHCb:

DACP=ACP
f-ACP

f‘

f=K+K-, f‘=p+p -

pppp

p

e

pppp

p

e

CP

KK

CPrec

KK

recrec

prodCPrec

prod

KK

CP

KK

rec

AAAAA

AAAA

AAAA

s

s

D

++

++

R. Aaij et al. (LHCb Collab.), PRL 122, 211803 (2019)

M. Schubiger, Beauty 2019

sAAAA prodCPrec

p

e++
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Charm CPV A

CP

t-independent methods

other ingenuine methods to determine 

unwanted asymmetries,

e.g. LHCb:

DACP=ACP
f-ACP

f‘

f=K+K-, f‘=p+p -

pppp

p

e

pppp

p

e

CP

KK

CPrec

KK

recrec

prodCPrec

prod

KK

CP

KK

rec

AAAAA

AAAA

AAAA

s

s

D

++

++

R. Aaij et al. (LHCb Collab.), 

PRL 122, 211803 (2019)

410)9.24.15( D CPAfirst observation of CPV in charm

first observation 

of CPV in charm!

M. Schubiger, Beauty 2019

sAAAA prodCPrec

p

e++
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t-independent methods

other ingenuine methods to determine 

unwanted asymmetries,

e.g. BaBar in D+  KSp +:

U(4S)  BB : strong int. (no CPV), 

isotropic distr. of tracks in B system

the same does not hold for e+e-  qq !

use inclusive sample of tracks from BB ; determine asymmetry of p±
in 

kinematic bins;

use inclusive sample of tracks from continuum; determine asymmetry 

of p±
in kinematic bins;

difference is 

 apply correction to measured asymm.

)(det kinematicsA p

  
detA

FBCPrec
sAAAAA

p

e

p

e +++


P. del Amo Sanchez, et al. (BaBar Collab.), PRD 83, 071103 (2011)

need to be careful not to 

bias inclusivness by selection
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CP

Comparison to predictions

difficult to calculate (ask Alexey/Alex/...)

within SU(3)
flavor

: ACP
KK ~ -ACP

p+p -

but then again, data show SU(3)
flavor

violated at O(30%) in amplitudes

410)9.24.15( D CPA

U. Nierste, Beauty 2019

4

**

*

106~
2

Im 










 udcduscs

ubcb

VVVV

VV

R. Aaij et al. (LHCb Collab.), PRL 122, 211803 (2019)
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Charm CPV A

CP

Comparison to predictions

sorry, need to do (repeat!) a kind joke: U. Nierste, Beauty 2019
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A. Khodjamirian, A.A. Petrov, PLB 774, 235 (2017)

Charm CPV A
CP

Comparison to predictions

so..... 

... but the prefactor??

using QCD sum rules 

actual PREdiction

sign??

separate ACP
KK, ACP

p+p -

U. Nierste, Beauty 2019

4

**

*

106~
2

Im 













udcduscs

ubcbf

CP
VVVV

VV
A

44 103.0100.2~

~

 D



CP

CP

KK

CP

A

AA pp

410)9.24.15( D CPA
R. Aaij et al. (LHCb Collab.), PRL 122, 211803 (2019)

U. Nierste, St. Schacht, PRD 92, 054036 (2015)

U. Nierste, St. Schacht, PRL 119, 251801 (2017)

need further experimental 

information / clarification

A
CP 

sum rules p. 52
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Charm CPV hadronic WS  

D0  K+p -

t-dependent

rates fitted 

separately for D0 

and D0

many parameters... 

similarly  in 

D0  KSp +p -

where |q/p| and f

enter directly as 

fit parameters











+
+













+
+













+
+












++
+++





2
22

2
0

2
22

2
0

2
22

2
0

)(
4

''
'

)(

)(
4

''
'

)(

)(
4

''
'

)(

t
yx

tyrre
dt

fDdN

t
yx

tyrre
dt

fDdN

t
yx

tryre
dt

fDdN

t

t

t

+

+

+




rr

rr
A f

dir

l i

f

f

f

f

f e
A

A

p

q

A

A

p

q




B. Golob, Charm Exp‘s 30/42Belle Phys Week, KEK, Oct 2019

Introduction Mixing

Facilities CPV

Spectroscopy Decays
Charm CPV Average  

Averages

69 meas. of 

individual 

parameters 

enter the fit;

10 free param.

Adir
KK, Adir

pp

enter fit as 

individual free 

parameters;

c2
/ndf ~ 1.5

HFLAV

o

ooy

p

q
x

6.4

5.4
07.0
06.0

12.0
11.0

9.3)%65.0(

05.097.0)%39.0(





f

no CPV

CPV

no mixing

no CPV

bestfit

mixing

no CPVDEC 

o

oo

K

dir

KK

dir AA

24

2326

16.006.016.009.0





p

pp

d

no CPVMIX, CPVINT 

details

p. 54
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Charm Decays  (semi)lepton.

(Semi)leptonic decays

BES III

Double tag 

method

L. Zhang, Beauty 2019

tag side:

signal side:

Mmiss Mmiss
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Charm Decays  (semi)lepton.

(Semi)leptonic decays

B-Factory

method

Nsig(Mmiss) / [e (f) Nsig(Mrec)] = Br(Ds  f)

A. Zupanc et al. (Belle Coll.), JHEP 09, 139 (2013)

c

D*s
-

e- e+

c

D0, D+, Lc (Dtag)

Mrec

Kfrag

p (if Lc)

f

g

Ds
-

Xfrag

Mmiss

n



B. Golob, Charm Exp‘s 33/42Belle Phys. Week, KEK, Oct 2019

Introduction Mixing

Facilities CPV

Spectroscopy Decays
Charm Decays  (semi)lepton.

(Semi)leptonic decays

B-Factory

method

Nsig(Mmiss) / [e (f) Nsig(Mrec)] = Br(Ds  f)

leptonic decays:

A. Zupanc et al. (Belle Coll.), JHEP 09, 139 (2013)

Mrec

Mmiss

f=m n
mn

more p. 57
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Charm Decays  (semi)lepton.

(Semi)leptonic decays

B-Factory

method

for n beside M
miss

also 

E
ecl

exploited

A. Zupanc et al. (Belle Coll.), JHEP 09, 139 (2013)

n

MeV5.1)  4.2  255.5(f

)%0.21  ±(5.70)(

0.020)%  0.028  (0.531)(

sD

30.0
31.0







n

mn

s

s

DBr

DBr

s(Br)/Br

n

mn
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Charm Decays  (semi)lepton.

(Semi)leptonic decays

B-Factory

method can be used for D0/D
s

decays to invisible final state

c

D* -

e- e+

c

D0, D+, Lc (Dtag)

Mrec

Kfrag

p (if Lc)

ps

D0

Xfrag

Mmiss

Eecl

c

c

sensitivity p. 59
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Charm Decays  leptonic

BesIII leptonic decays

D
s
 mn

several important sources of sys. 

uncertainties: 

eg on signal side ~ 1%

amount of bkg. with unmatched g on signal side ~ 1%

contrib. of D
s

radiative decays (D
s 

 mng) ~ 1%

if total uncertainty scalable: s(Br)/Br ~ 0.024% with 10 fb
-1

same as total uncertainty at Belle II @ 7 ab
-1

03.076.9

52.098.9
)(

)(

0.015)%  0.016  (0.549)(

/

/











SM

s

s

PDG

s

R

DBr

DBr
R

DBr

m

m
mn

n

mn

M. Ablikim et al. (BESIII Coll.), PRL 122, 071802 (2019)
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Charm Decays  leptonic

BesIII leptonic decays

D+ ( pn)n

largest sources of 

sys. uncertainty: 

Br(D+ mn) ~ 7%

bkg. shape ~ 4%

first observation

M. Ablikim et al. (BESIII Coll.) arXiv:1908.08877

67.2

43.064.021.3
)(

)(

0.012)%  0.024  (0.120)(

/

/











+

+

+

SM

PDG

R

DBr

DBr
R

DBr

m

m
mn

n

n

D+

mn

m enhanced p enhanced 

D+

n
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Charm Decays  semileptonic

BesIII semileptonic decays

D0 K - m+n

form factor f+(q
2)

Belle II @ 50 ab
-1

using method for 

D
s

 mn probably lower statistics 

than BES III with 10 fb
-1 

p. 60

comparison to LQCD

M. Ablikim et al. (BESIII Coll.) ,PRL122,011804 (2019) 

V. Lubicz et al. (ETM Coll.) , PRD96, 054514 (2017)

N
sig

=47100±259
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Charm Decays  radiative

D0  Vg

radiative decays D0  Vg

V=r0, f, K*0

improved meas. of Br‘s, incl. 

1st observation of 

D0  r0g

NP could enhance 

a
CP

(D0  Vg) ~ O(0.1)

first meas‘s of A
CP

main bkg. D0  h+h-p0 
( gg) 

important p0
( gg) veto to reduce 

backgrounds

NN veto

T. Nanut et al. (Belle Coll.), PRL 118, 051801 (2017) 

G. Isidori, J.F. Kamenik, PRL 109, 171801 (2012)

J. Lyon, R. Zwicky, arXiv:1210.6546

c

u

s

u

d, s

u
g

D0

f, K*0

S. de Boer, G. Hiller, JHEP08 (2017) 091

e

Belle 

Belle II 

p0
veto 

re
je

c
ti
o
n
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Charm Decays  radiative

Br and CPV 

radiative decays D0  Vg

V=r0, f, K*0

helicity angle and M(D0
) 

to isolate signal

Br (and A
CP

) determined 

w.r.t. normalization modes

p+p -, K+K-, K-p+

calculations (0.1 - 1) 10 -5 r0g

(0.1-2) 10 -5 fg

10 x fg                K*0g

r0g
K*0g

fg

T. Nanut et al. (Belle Coll.), PRL 118, 051801 (2017) 

p0
bkg.

S. de Boer, G. Hiller, JHEP08 (2017) 091
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Charm Decays  radiative

Br and CPV 

radiative decays D0  Vg

V=r0, f, K*0

asymmetries other than A
CP

canceled by normalization 

modes

5%

2.5%

0.5%

r0g

fg

K*0g

s(A
CP

)

L
[ab-1]

2%

1%
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no summary

u, d   

1968 isospin violated 

(enlarged to SU(3)
flavor

) 

s

1964 CP violated

b

2001 large CP violation

c

????

remember the words by Karim: „charm is the new beauty!“

predicted by M. Gell-Mann, 

G. Zweig

not predicted

predicted by M. Kobayashi, 

T. Maskawa

not predicted
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Additional material
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method of strong phase difference D0 / D0 determ. using coherent 

production of D meson pairs

y(3770) (CP= +1)  D1 D2; 

if D1  CP+  D2 is CP-;         (CP-tagged)

if D1  D0  fflav  D2 is D0 (flavor-tagged)

# evts in bin i for flavor tagged (D0) decay:

(same for D0
with m+  m- )

D0
Mixing Dalitz

J. Libby et al. (Cleo-c Coll.), PRD 82,112006 (2010)

1

21 )1)(()(  lDCPDCPCP
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Dalitz dist. for CP tagged (CP+, CP-) decays                            

# evts in bin i 

for CP tagged (CP+, CP-) decay:                                         

flavor-tagged:

D0
Mixing Dalitz

back

J. Libby et al. (Cleo-c Coll.), PRD 82,112006 (2010)
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D0

Mixing Dalitz

back

K*+p -

K* -p +

KSr0

R. Aaij et al. (LHCb Coll.), 

PRL 122, 231802 (2019)
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CPV parametrization

Charm CPV CP eigenstates

( )

( )

















 +





+




















 +


+


+






 +











 +
+





+

+












sincos
22

sin
2

cos
2

sincos
2

1
)(

sincos
2

1
)(

)1(2
0

)1(2
0

xy
AAyy

A

x
AA

y
yy

y

xy
AA

yeA
dt

fDdN

xy
AA

yeA
dt

fDdN

m

f

dir
f

DD

DD

DD

m

f

dir
f

DD

CP

m

f

dir
fD

ty

f

m

f

dir
fD

ty

f

D

D

quantity measured by B Factories

back

11
2

22





f

ff

dirm

i

f

f

f

f

f

A

A
A

p

q
A

e
A

A

p

q

A

A

p

q l



B. Golob, Charm Exp‘s 48/42Belle Phys. Week , KEK, Oct 2019

Introduction Mixing

Facilities CPV

Spectroscopy Decays

CPV parametrization

Charm CPV CP eigenstates
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CPV parametrization

Charm CPV CP eigenstates
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t-integrated CPV

why in charm sistem t-integrated asymmetry (A
CP

) beside direct receives 

contrib. from indirect CPV, while in B system @ B-factories only direct 

CPV contributes?

No y term because y  D negligible in Bd system; 

x term: Important difference in production of BB and cc pairs:

former quantum entangled  not t- but Dt-dependence of rates: 

Charm CPV A
CP

 sincos
2

x
AA

yAA m

f

df

d

f

CP +
+



for general f:  ACP
f ~ Adir

f + C1ycosf + C2xsinf

f=fCP
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t-integrated CPV

Charm hadrons produced in fragmentation, not entangled, 

t-dependent rate;

integration over Dt for B pairs 

[-, ]:

part  Im(l) vanishes!

For charm mesons integration 

over t [0, ]:

part  Im(l) is proportional to 

Dm (~x), does not vanish; 

 term with x sinf in A
CP

!

Charm CPV A
CP

back

0)()sin(

2
)()cos(

||

22

||

DDD

D+


DDD








D





D

tdtme

m
tdtme

t

t

22

0

||

22

0

||

)()sin(

)()cos(

m

m
tdtme

m
tdtme

t

t

D+

D
DDD

D+


DDD






D



D



B. Golob, Charm Exp‘s 52/42Belle Phys. Week , KEK, Oct 2019

Introduction Mixing

Facilities CPV

Spectroscopy Decays

t-integrated CPV

slight deviation of data from AFB predicition

observed in several meas‘s; 

probably exp. effect:

large qc (small cosq
c 

):

small qc (large cosq
c 

):

Charm CPV A
CP

c

e- e+

D(*)-

qc

qD* = qc ± Dq

c

e- e+
qc

D(*)-

qD* = qc + Dq

at small qc any

deviation of qD*

from qc can only 

be in direvtion 

of larger 

polar angle
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Charm CPV A

CP

interesting asymmetries

sum rules for A
CP

relating

1) D0  K+K-, p+p -, p0p0

2) D+  K0K+, Ds
+  K0p+, K+p0

(W/O including SU(3)
F

breaking of penguin 

contr., up to 0.3 A
CP

)

other interesting predictions

A
CP

(D0  KsKs )   ≤ ~0.01 

A
CP

(D+  p+p0)   = 0

(up to 10
-2 A

CP
)

S. Müller et al., PRL 115, 251802 (2015)

F. Buccella et al., PLB 302, 319 (1993)

U. Nierste, S. Schacht, PRD 92, 054036 (2015)
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Charm CPV A

CP

CPV in charm 

A
CP

(D+  p+p0)   = 0

D*+  D+ p0, D+  p+p0

s(A
CP

(D+  p+p0) )  ~ 0.2% - 0.4% @ 50 ab-1

(A
CP

SM
(D+  p+p0)   = 0)

s(A
CP

(D+  KsKs) )  ~ 0.25%  @ 50 ab-1

(A
CP

SM
(D+  KsKs)   ~ 1% )

A
CP  

in sum rules

signal x10

bkg

E. Kou, P. Urquijo eds., The Belle II Physics Book

to be published in Prog. Theor. Exp. Phys.

s(A
CP

)[%]

L [ab-1]

p0p0

K+K-

p+p -

0.2%

0.07%

<0.1%

D*+  D+ p0, 

D+  p+p0

back
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Charm CPV Average  

Averages

results

HFLAV

back
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Charm CPV Average  

Averages

c2

HFLAV

back
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Charm Decays  (semi)lepton.

decays

B-Factory

method

Nsig(f) / [e (f) Nsig(Mrec)] = Br(Ds  f)

A. Zupanc et al. (Belle Coll.), JHEP 09, 139 (2013)

c

D*s
-

e- e+

c

D0, D+, Lc

Mrec

K-
(S)

p (if Lc)

f

g

Ds
-

Xfrag

Mmiss

310)3.13.94( inc

DsN
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Charm Decays  (semi)lepton.

decays

B-Factory

method

for n beside M
miss

also E
ecl

exploited

A. Zupanc et al. (Belle Coll.), JHEP 09, 139 (2013)

c

D*s
-

e- e+

c

D0, D+, Lc

Mrec

K-
(S)

p (if Lc)

f

g

Ds
-

Xfrag

Mmiss

n

back
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Charm Decays  (semi)lepton.

decays

B-Factory method

search for invisible D decays

~ 10
5 N

ds

inc 
(1 ± 0.015) / ab-1

@ 20 ab
-1

210
6
(1 ± 0.003)

~ s(N
sig

ECL
) @ 1 ab

-1
~100 

sensitivity to decays to invisible states

(if bkg like in n case ?)

~ 20 100 / 210
6

~10
-3
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Introduction Mixing

Facilities CPV

Spectroscopy Decays
Charm Decays  leptonic

semileptonic decays

D0 K - m+n

Belle: N
sig

(D
s
 m+n) @ 1 ab

-1
=492 ± 26

s(D*)/s(D)

Belle II: N
sig

(D0 Km+n) @ 20 ab
-1

~ 2 10
4

c

D* -

e- e+

c

D0, D+, Lc (Dtag)
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Kfrag

p (if Lc)
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s
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














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D
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