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B Factories

 Large data sample
Belle 1ab™
BaBar 530fb ™"
 Acceptance close to 47

e Clean environment

BaBar Detector

Electromagnetic Calorimeter
6580 CsI crystals
e+ ID, = and 7 reco

Cherenkov Detector

(DIRC) &

144 quartz bars . a3
K,x sepa ration,‘fﬂn

= Very high reconstruction efficiency of charged and neutral particles

e Good knowledge about beam energy
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Instrumented Flux Retur
19 layers of RPCs (LSTs)
wand K_ID

Drift Chamber
40 layers
.| Tracking + dE/dx

Silicon Vertex
Tracker
5 layers of double
sided silicon strips




stmrrﬂhm'ﬁ'(ﬁn L e Q(C S u d
5 i Y] 9 Y]
T (cuse) e ' CLEO
o ﬁ
201 r:' 55+ ' -
™ il
[ 4 —_ +
: e * e
3 i t sor +;§ %’. [y —_—— ’y B ——
= IS5 { b |
E [ i 'I as} rusn T8S) T(6S) 4
fF r ' 4 T_a_a_.l_a_a_a_x_xﬁ
' - | 1 Tt 10.5 10.7 109 I
e 10 1| £, . (GeV) s _
s} *’ I ﬁ b —_f— = —
SEA N d
P f » ‘ q\c,s,u,
] , M - N
S SR I S § T@4s) T
4 P, T hd s _e. Al . . ]
Continuum
o production
9.44 9.471000 1003 1033 037, "i0.53 10.62

Moss lbeV/c )

£
Figure: Cross-section for inclusive production in the upsilon system

N(g G) @ Belle(1ab™') N(q G) @ BaBar (530b™

o(cc)=1.3nb 13 x10° 7.9%10°
o(bb)=1.1nb 7.7 x10° 4.7 x 10°

e ¢ C production comparable with b b

= B-factories are also charm factories
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" N(g G) @ Bellell (50ab™ ")

650 x 10°
385 x 10°



Experimental Methods

e D reconstruction from the D*: D" — D=«

— P(7g0y) <600MeV/c

— flavour tagging by &
— observables M(D) and AM = M(Dx

slow

* Full event interpretation

recon
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Leptonic Decays
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D, — (v,

e Calculation of the Dg decay constant from the branching fraction

Tp.M

B(D; — (;) = —5—2fp *GE Vsl (1

Test of the theoretical predictions
Lattice QCD fD = (249.0+1.2)MeV (PDG, 2017)

QCD sum rules fp, = (240£10)MeV (Wang, 2015)
Light-front quark model fD = (264.5+17.5)MeV (Hwang, 2010)

o Test of the lepton flavour unlversallty with V-A suppression

B(Dg—uvy)

= Ryje = g 5wy =01

_ R, —BOs—ev) g5, 1976

e/t — B(Dg—1Vy)

n|
<
&~
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Events / 0.05 GeV/c*

Events / 0.05 GeV

D, — ¢V, TUTI

: —1
« BaBar measurement with 521fb~ ' 1 Dy K
: —1
« Belle measurement with 913fb~ ' * \
- +
e Dy = lv)l=e,u /\ -
. 2 * /
fit to mrecoil(DtagKfrangrag'yg) Xfmg(ﬂ—Jr7 ™) Dy ~~p7
« Dy — 1V, v \ﬁ
— 7 — (Vv (Belle/BaBar) l
— 17 —x v, (Belle) B
— fit to extra energy in electro-magnetic g v 5
calorimeter RS
e 3 2.
N% * N 012 D.‘4 0.6 * * -d.2 0 0.2 D.‘4 Al 0.6
E 40 M io5(D KiragXiragh) (GeVZ/C?) M ies(D, KiragXirag) ©) (GeV7/c’)
s 3 Dy, — 1, i Si D _>
@ 1 300 9 gna| TV
g 20 s 7' — eI/ v, Suo ,LLIZZVT
05 1 15 2 05 0 05 1 L5 I £y
m2(DKXyp) (GeV?/ch) m2(DKXye) (GeV?/c*) J , 1
E zi‘mmw“‘”w’ﬂm e E :;xmmmmwmwm stpptalyptaal, b g
100 1 ’ Egc, (GeV) ' ’ Egcy (GeV)

- Dy — 10,
T = T,

50F

Events / 0.05 GeV

Events / ( 0.05 GeV )
]
8

(GeV) (GeV)

b B gt bk ab ks e

e b A i T
L L I
1 2

extra

Pull

extra

Eqc, (GeV)

Tdel Amo Sanchez et al., Phys. Rev. D 82, 091103(R), 2010

*Zupanc et al., JHEP09 (2013) 139
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(=)

D, — ¢V, TUTI

Mode Bgejie; % Bgagar, % R/ predictions

D, —1v, 5.70£0.21+0.30 5.00+0.35+0.49 1
Dg — pv, 0.531+0.028+0.020 0.602+0.038+0.034 0.1

D,—»ev, <00083at90%CL <00230at90%CL 35x107°

Table: Branching fraction measurements

 Consistent with lepton flavour universality

Experiment/Method fp . MeV

Belle 255‘5:|:4‘2:|:4‘8:|:1’8(TD3)
BaBar 258.6+6.4+7.5

Belle Il with 50ab~ ' +0.9

Lattice QCD 249.04+1.2

QCD sum rules 240.0+10.0

Light-front quark model 264.5+17.5

Table: Dy decay constant

Dmytro Levit (TUM) 9



DY s ¢y

e D? = 0t flavour-changing neutral currents
— suppression in the SM through the GIM mechanism: B ~ 10713

— R-parity violating supersymmetry
= BD’ e e")~10 "2
=« BD® > pu ut)~1078

— Leptoquark model’
= BD® > pu ut)~8x 1077

e Lepton flavour violation: D% — ei,u]F

— forbidden in SM
— SM extension with non-degenerate neutrinos and non-zero neutrino mixing: B ~ 10714

SE. Golowich et al., Phys. Rev. D 79, 114030, 2009

1. Doréner et al., Phys. Lett. B 682, 67-73, 2009

IG. Burdman et al., Phys. Rev. D 66, 014009, 2002
Dmytro Levit (TUM)
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DY s ¢y

« BaBar measurement with 486 b~ "

» Belle measurement with 660 f

L1t

» Event reconstruction through decay chain

[II0 Signal at 90% C.L. B D'—n'mw

2.5
2
1.5
1
0.5
0

2

2.5
2
1.5
1
0.5
0

events per 1 MeV/c

2.5
2
1.5
1
0.5

0 =

slow?

DO

AN/

Combinatorial

b : Signal
a) ki Ewindow E
1.82 1.84 1.86 1.88 1.9
. Signal : >
‘b)ee i window | [dEeS
b : : BELLE
H H ; I H
1.82 1.84 1.86 1.88 1.9
Signal
- ©) el window
M(1l), GeV /c?

"*J.P. Lees at al., Phys. Rev. D 86, 032001, 2012

TM. Petric et al., Phys. Rev. D 81, 091102(R), 2010
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DY s ¢y

Mode

D° 5 put
D° se e
D° - euT

Bgelle: at 90 % CL, 660 b Bgagar: at 90 % CL, 486 b~ Bellell projections

<1.40x1077 (0.60,8.10] x 1077 0.16 x 10~/
<0.79x10°’ <1.70x10"’ 0.09x 10’
<260x1077 <3.30x10°7 0.30x 10’

Table: Branching fraction measurements

= No evidence for lepton flavour violation

= Disfavours leptoq

Dmytro Levit (TUM)

uark model
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Semileptonic Decays
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Forbidden Semileptonic Decays

« X3 — hel, with X : D7,DE, AL

* tree level ¢ — s transition via Xér — om0 > 00
— B(D* > [¢"e),) ~2x107°
— B(Dg = m'[¢"¢7],)~107°
— outside of M(£7¢7) ~m(¢) FCNC contribution

= greatly suppressed in SM
= enhancement through R-parity violating supersymmetry models: B ~ 107°

o Lepton flavour violation decays XZ:L — hjLejE[,LqE
— prohibited in the SM

« Lepton number violation XJ — h™¢"¢*
— prohibited in the SM

Dmytro Levit (TUM)
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Forbidden Semileptonic Decays

« BaBar measurement with 384 fb~ 1 ¥

« Combinations of an hadron and a pair of leptons
e Signal yield from fit to the M(hll)

e Results: no significant signal observed in 35 decay modes
— 90 % upper limits on the BR between
BD" s K'ee") <1x107°
BA; —»pu u™) <44x107°
= improves experimental constraints in 32 decay modes
= disfavours R-parity violating supersymmetry models

M) P. Lees, Phys. Rev. D 84, 072006, 2011
Dmytro Levit (TUM)
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Forbidden Semileptonic

Decays
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Rare, Photonic, and Radiative Charm Decays
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DO%W

 Flavour-changing neutral currents forbidden at the tree level in the SM by the GIM mechanism
— short distance contributions B(DO — YY) ~ 107 M"

e Long-distance enhancement due to the Vector Meson Dominance
— B(D® = yy) ~ (3.5758) x 107° )

e Minimal supersymmetric standard model prediction
— gluinos exchange: B(DO — yY) ~ 6 X 10701

* G. Burdman et al., Phys. Rev. D 66, 014009, 2002

fs. Prelovsek, D. Wyler, Phys. Lett. B 500, 304, 2001
Dmytro Levit (TUM)
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DO%W

« BaBar measurement with 470.5fb ' ¥
« Belle measurement with 832fb~ ' S

 Reconstruction of the decay chain
D" - Dz",,,D° = 1y
— normalized to D° — Kgno
e Signal yield
— Belle: fit to M(7y) and AM(D** — D)
— BaBar: fit to M(yy)

'J.P. Lees et al., Phys. Rev. D 85, 091107(R), 2012

SN.K. Nisar et al., Phys. Rev. D 93, 051102(R), 2016
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DO%W

Experiment B(Do — YY)
BaBar <22x10%@90% CL
Belle <85x107©@90% CL

Table: Branching fraction measurements

= sensitive to gluino exchange in the minimal supersymmetric model

104;

- BESIN poBar —— —————

(o)

|
=)
@
o
=
()

10k
t Belle II projections

B(c— uy)

10"k

SM
MSSM
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CP Violation in D° — Vv Decays

cl
cl

 Long range contributions dominate in the SM
— long range contributions ~ 107°
— short range contributions ~ 10°°
= test of the QCD calculations
» CP-violation in the decays D% — Vv due to the weak phase in the SM ~ 1039
— chromomagnetic operators in the extension of the SM can enhance CP-violation
=

avy‘ > O(%) would be a clear sign of the new physics||

3. Brod et al., Phys. Rev. D 86, 014023, 2012

IG. Isidori and J. F. Kamenik, Phys. Rev. Lett. 109, 171801, 2012
Dmytro Levit (TUM)
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D° —+K”y,D° = ¢7,0° — p% Tm

] _q k%
« Belle measurement with 943 fb ™~ i 2000
F r D’ — Ko*fy
300
 Reconstruction of the decay chain S S
D*+ DO + DO V ; E L E
0 — 0 T slow? — '}’ 0 o 200F 2 000
DY — p’y DS AP > 5
O ¢y normalized to D° — K™K~ & 100 &
—N k L re H
D% s KO y D Kzt Lo oK9. -, signal combinat6rial /\}
RO I et L Np
e CP-asymmetry extraction: CTTTe e 2 e e 2

M(D°) (GeV/c?)

N(D°—>f)—N( — 1)
raw — —
N(D —>f)+N( — )

Araw = Acp +Arp +Ai

Slg Slg norm norm
A Araw Araw + A

20-D° — ¢’Y Slgnal

Events / (7.8 MeV/c?)
Events/(0.04)

= Arg and Af cancel

1 7 1 8 19 2
M(D% (GeV/c?)

**T. Nanut et al., PRL 118, 051801, 2017
Dmytro Levit (TUM) 22



DO%Vy

Mode Bgeje, 107° Bgagars 10 °(387.1 167 ') Agp, Belle

D° 59y 2.76+0.19+£0.10 2.78+0.30+0.27 —0.094 - 0.066 + 0.001
D° =K%y 46.60+£2.10+2.10 32.804+2.00+2.70 —0.003 £ 0.020+0.000
D° - p% 1.77+0.30+£0.07 - +0.056+0.152 4+ 0.006

Table: Measurement results

o Constistent with no CP-violation
o First measurement of the branching fraction for the decay D% — poy

« Statistical uncertainties on Agp measurement with 50 ab™' @ Bellell

Mode Belle with 943fb™ ' Belle Il with 50ab ™
D° — 9oy +0.066 +0.010
D° =K%y 40.020 +0.003
D° — p% +0.152 +0.020

Dmytro Levit (TUM)
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D® — Invisible

e D% vv helicity suppressed in the SM
— B(D° = vv)=1.1x10"%

e possible enhancements by non-SM D° decays

Dmytro Levit (TUM)
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D® — Invisible

« Belle measurement with 924fp =1 11

» Reconstruct everything except D°

2. X frag
e \ et
— D ——

stg
3. signal side

t
* MrecoiI<Xcangrag7rslow)
* Result:
B(D® — invisible) < 9.4 x 107> @ 90 % CL

= no sign of the decay
= dark matter coupling = 0(10_15) H

Y -T. Lai et al., Phys. Rev. D 95, 011102(R), 2017

HA. Badin and A. A. Petrov, Phys. Rev. D 82, 034005, 2010
Dmytro Levit (TUM)
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Summary and Outlook

e Measurements of the leptonic, semileptonic, and rare charm decays at the B-factories
— precise measurement of the Dy decay constant

— search for FCNC in the leptonic D° decays

— most precise limits on many the forbidden leptonic and semileptonic decays
: . oo .0

— probing new physics contributions in photonic D” decay

— CP-violation measurement in radiative D° decays

o Bellell starts physics run in 2019

— goal: 50 ab™ ! of the integrated luminosity
= increased sensitivity to physics beyond the Standard Model

Dmytro Levit (TUM)
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DY - Ko*y, D’ - Oy

BaBar measurement with 387.1fb ™ 5

Reconstruction of the decay chain
D" » D%t . ,D° > V(KY,¢)y

Events / ( 0.005 GeV/c?)
Events / ( 0.002 GeV/c?)

slow?
. 0 -+
— normalizedto D" - K &
O l:|17 175 1.8 1.85 1.9 1.95 2 017 1.75 1.8 1.85 1.9 1.95 2 :
— 7z:+s|ow tags the flavour of the D N T e e e
. 0 0 0.25‘1 ‘ L % ‘ eData
 Peaking background through D° — ¢~ and D’ - K"
0 —_+_0 % 02 % !:}:1 1
D" =K'= g Sl | . E
0 S O i
— suppressed by T veto 5 o] ] E
- - - u ° |- I
— further suppression through helicity angle @y I E
CUt 0 -08 -06 -04 -0.2 -0 02 04 06 08 0-: — ‘-0‘.5‘ (; ‘0.‘5‘ — 1‘
cos(6,) cos(6,)

Signal yield from the 2D fit to the M(VYy) and
cos(®y) distributions

SSB. Aubert et al., Phys. Rev. D 78, 071101(R), 2008
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	Introduction
	Leptonic Decays
	Semileptonic Decays
	Rare, Photonic, and Radiative Charm Decays

