Charm meson decays @ II

Peter Weidenkaff, Mainz University
on behalf of the BESIII Collaboration
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The BGS]I[(periment

Beijing-Electron-Positron Collider Il (BEPCII)

- ete™ collisions with > 93% coverage of the full solid angle
Vs =2.0 —4.6GeV Main drift chamber op/p = 0.5%01GeV

> Direct production of charmonia Time-of-flight system or = 80ps

lmg. Calorimeter AE/E =2.5%Q1GeV

[¢]
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° Luminosity
L=1x10%3cm™2s71
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Superconducting 1T magnet
Muon system (RPC)
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Charm production @ threshold

2 6
. o Large sample throughout the
z 7 . +scan data |4 5; charmonium region
g 10 % g o Conservation laws hold for the
A ol - 2 3 combined decay amplitude
o (e
; I . » ‘Tag’ information of the signal decay
o] wes| E
6 — A Mark-1 a'
v 1@
r ® PLUTO ] E
A 4 f— 1’:; Biiz.l Ball z Tag decay
| | |8 > D flavour
- | Loy .
. ij‘iiﬁ | }D‘ 1441 8 » Charge-parity
e &
| 1 | . I | |

» Predict missing track
» Normalization

Signal decay
g \
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(Semi-) Leptonic D decays (WG1, now!)

CPV and D° mixing (WG7, this afternoon)

Charm physics

I

Contribution to gamma/phi (WG5, yesterday)

@

A, physics




Charm physics
@

(Semi-) Leptonic D decays (WG1, now!)

CPV and D° mixing (WG7, this afternoon)

Contribution to gamma/phi (WG5, yesterday)

A, physics

This talk:
* Branching fraction measurement D — pn
* Observation of D - a,(980)e*v,

* Search for ...
o DY =5 D%ty
o D—>h(h)ete~

o DT > yetuy,



Branching fraction
D& — pn
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Branching fraction D§ — pn

* The only kinematically allowed baryonic D * Data set with high cross-section DgDs :
decay mode 3.19fb™' @ E,,, = 4.178GeV

* Help for understanding the dynamical
enhancement of W-annihilation

* Evidence by CLEO-c:
BR = (1.30 + 0.3613:12)1073

Short distance BR~107° Long distance BR~1073

u u,

at g p
Wi d
D f S u
0] d
s n =
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Branching fraction D§ — pn

* The only kinematically allowed baryonic D * Data set with high cross-section DgDs :
decay mode 3.19fb™' @ E,,, = 4.178GeV

* Help for understanding the dynamical

enhancement of W-annihilation
* Double tag analysis 11 tag modes
* Evidence by CLEO-c: .
ag decay K;-K—

BR = (1.30 £ 0.36731¢)1073 /@ e
e = KfKn®

Short distance BR~107° Long distance BR~1073

u u, A —
7t g p BD s—pn T N
W d ST
D f S u
0] d
S —
X T dn
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Branching fraction D§ — pn

* The only kinematically allowed baryonic D * Data set with high cross-section DgDs :
decay mode 3.19fb™' @ E,,, = 4.178GeV

* Help for understanding the dynamical

enhancement of W-annihilation
* Double tag analysis 11 tag modes

* Evidence by CLEO-c:
BR = (1.30 + 0.3613:12)1073

Tag decay K. S:l- K~
K*K m~
KfK—m°

Short distance BR~107° Long distance BR~1073
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Branching fraction D§ — pn

* The only kinematically allowed baryonic D * Data set with high cross-section DgDs :
decay mode 3.19fb™' @ E,,, = 4.178GeV

* Help for understanding the dynamical
enhancement of W-annihilation
* Double tag analysis 11 tag modes
* Evidence by CLEO-c:

BR = (1.30 + 0.3613:12)1073

Tag decay K. S:l- K~

KtK m~
S K{Kn°
Short distance BR~107° Long distance BR~1073 B
v ' B = Npr &t
ot g p Ds—pn =
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Branching fraction D§ — pn

* The only kinematically allowed baryonic D * Data set with high cross-section DgDs :
decay mode 3.19fb™' @ E,,, = 4.178GeV

* Help for understanding the dynamical
enhancement of W-annihilation
* Double tag analysis 11 tag modes
* Evidence by CLEO-c:

BR = (1.30 + 0.3613:12)1073

Tag decay K. S:l- K~

KtK m~
S K{Kn°
Short distance BR~107° Long distance BR~1073 B
v u . 1 Npr est
- § P Bp,—pi : :
W A Bp:—yp, Nst €pr
C S 1
D/ " d _
s s u an
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Branching fraction D§ — pn

* The only kinematically allowed baryonic D * Data set with high cross-section DgDs :
decay mode 3.19fb™' @ E,,, = 4.178GeV

* Help for understanding the dynamical
enhancement of W-annihilation
* Double tag analysis 11 tag modes
* Evidence by CLEO-c:

BR = (1.30 + 0.3613:12)1073

Tag decay K. S:l- K~

KtK m~
S K{Kn°
Short distance BR~107° Long distance BR~1073 B
v . 3 1 Npr est
- § P Bp,—pi : :
W A Bp:—yp, Nst €pr
ch Sn()l)l g - _ 1 . Z NDT
S U . - €
’ ‘ ! Bpi—yp, X(WNst - 1)
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Branching fraction D§ — pn
BESBI preliminary
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Branching fraction D§ — pn

BGS]]I preliminary
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Observation of
D - ay(980)e™v,
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D - ay,(980)e*v,

Observation of D = a4(980)e " v,

* Nature of light scalar meson » Data sample at DD threshold:

> qq or KK bound state 2.93fb™! @ /s = 3.773GeV

R = B(D*-fol*v)+B(D*-altv)
= + +
B(D™-aol™) * Final state aq(980) - nm

* Semi-leptonic D decays * Double tag analysis:

> clean production mechanism 5 N;’igs

.. ; . . Slg — b‘,
» limited final state interaction Za Ntoa; aegag’sig/egag
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Branching fraction D = ay(980)e v,

Single tag yield

(x10%) (x10%
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Branching fraction D = ay(980)e v,

Single tag yield Double tag yield Missing energy:
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Branching fraction D = ay(980)e v,

Single tag yield

(x10%)

(x10%

Double tag yield

Missing energy:

100f 3 5 miss = Emiss — €|Pmiss|
! M
“ 10F
D O 0 = o= B(D® = a¢(980)"etv.) x B(ag(980)™ — nmr )
100 ] - < = (1.3370:33 +0.09) x 107* 6.40 '
% $ 2
S 184 186 188 9 3
S o) (x10%) g ook %
S t@ 50T (e) 8 £
S 100f 1 it @ B(D" = ap(980)%Tw,) x B(ag(980)° — nr?)
z N ——— = (1.66%58L +£0.11) x 107%,  2.90 '
[ 3 g -
D +: 2rm 50T (g)
‘ / M, (GeV/c?)
0 0
® 10 0 T(D° +
20r 1 — ag(980) ey,
( ol )O ?) — 903095+ 0.06
(Dt — ap(980)%etr,)

1 i} A A 1
184 186 1.88 184 186 1.88
My (GeV/c?)

M.
N;,,~1.6M
tag~1.6 Phys. Rev. Lett. 121, 081802 (2018)
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Search for
Dt - DOty
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Search for Dt - D%ty

* Heavy quark does not change

Decay via light quark process

Theoretical prediction: BR ~ 2.77 - 10713

Flavour SU(3) symmetry of light quark
Eur. Phys. J. C 59, 841 (2009)

Double tag method

Data sample at DD threshold:
2.93fb™! @ +/s = 3.773GeV
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Search for Dt - D%ty

D~ tag modes
* Heavy quark does not change of 1 ko
) . ok 1 30000 i
* Decay via light quark process | 20000
sop 1 10000
* Theoretical prediction: BR ~ 2.77 - 10713 2 ol 1 sl )
Flavour SU(3) symmetry of light quark = sowf KsTo ; Ksm™m
Eur. Phys. J. C 59, 841 (2009) G ok ] 2mop
i 10000 -
E 5000 | ]
* Doublet thod ik e P
ouble tag metho I e y— i SO
— 1 10000
* Data sample at DD threshold: Tl ]
_ ] sooo-
2.93fb~! @ \/s = 3.773GeV | 2 | A
0 1..84 l..86 ' >1.§8 0 1..84 l.éﬁ . I;S
M, (GeV/c?) M (GeV/c?)

NST~1'5 * 106
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SearCh fOr D+ — D0€+U D? decay mode

5 T

D® > K—m*

3-
* Heavy quark does not change 4t
2F 3
* Decay via light quark process i il
. . . _13 G’l: 0 = '6: O—T—ﬁ
* Theoretical prediction: BR ~ 2.77 - 10 = of = 8
Flavour SU(3) symmetry of light quark E 4 E 6F
Eur. Phys. J. C 59, 841 (2009) ) }' € af /4/
g 2 8] Tl4s
5 - L E 2 .' l“.‘«
g g Lo
s L z, #
* Double tag method 6F o
— 4-
* Data sample at DD threshold: .t ‘ 1 2b AR+
2.93fb™! @ +/s = 3.773GeV 15 VAL
7787 186 188 0 185 19
M2 (GeV/ch) ML, (GeV/c?)
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SearCh fOr D+ — D0€+U D? decay mode

5 T

D® > K—m*

* Heavy quark does not change 3 4t
2fF 3t
* Decay via light quark process i il
. . . _13 G’l:; 0 el ﬁ\ O—T—ﬁ
* Theoretical prediction: BR ~ 2.77 - 10 = of = 8
Flavour SU(3) symmetry of light quark E 4 E 6F
Eur. Phys. J. C 59, 841 (2009) ) }' € af /4/
B2 ) 8 T
5 - L E 2 .' l“.\
g g Lo
s L z, #
* Double tag method 6F o
— 4-
 Data sample at DD threshold: .t ‘ 1 2b hlH\ 4
2.93fb™! @ +/s = 3.773GeV I Fy VAL
7183 186 188 0 185 19
M2 (GeV/ch) ML, (GeV/c?)

Combined UL:
BR(D* - D% %*v) < 3.0 x 107°
@ 90% C.L.

PHYSICAL REVIEW D 96, 092002 (2017)
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Search for
D - h(h)ete™
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SearchforD —» h (h')e*e™

 FCNC transition ¢ = ul*l™ forbidden on * Data sample at DD threshold:
tree level 2.93fb~! @ /s = 3.773GeV
* Short distance: Loop level BF ~ 107° * Single tag yields:
» Contributions from new physics models D*~15-10° D%~ 2.2-10°

Long distance: BF ~ 107
D — hV® — hi*l~

» overshadow FCNC processes

Recent observations of D — h (R)utu~

Yet, no observations in e*e ™ final states
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SearchforD —» h (h')e*e™

 Data sample at DD threshold:
2.93fb™! @ +/s = 3.773GeV

* Single tag yields:
D*~1.5-10° D%~ 2.2-10°
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SearchforD —» h (h')e*e™

32

2.93fb™! @ /s = 3.773GeV

* Data sample at DD threshold:
D*~1.5-10° D%~ 2.2-10°

* Single tag yields:
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SearchforD —» h (h')e*e™

D'-> K”n"e*:e i | D> 01!‘&3‘9:l E D*— KsK*e"é. E Signal decays B (x1079) PDG [9] (x107%)
E E E E E E D = gtalete <14
: 3 . v F - DT - Ktalte <15
: E : 3 E E 3 E : Dt = Kdntete~ <2.6
E l . E E I Dt —>K2.K+e+e_ <l1.1
o — ; : . T L D’ - K-Ktete™ <11 <315
= wf A oo N ] D° = ztaetes <07 <373
S 15 L D% K'Kete”  + D’ wrete i F D" Krre* ' 8 D! Kne'e’ D’ — K ztete” <4.1 <385
g b ' ; ' 5 00 ! ' DY = e <0.4 <45
S wtkt . . L : ! 3 : ' % : : D° = nete <0.3 <11
2 : ' : : : . H ; ; D’ - wete™ <0.6 <18
> st ook ‘R ! F ; = AL ; D° > Kdete <12 <11
R I ] % : % 0.5 T3 ‘ons:
T . M...(GeV/ch) in M,+,- regions:
- H - : . H ? - [0.00,0.20) GeV/c? <3.0 (15519
4 E o : Cof : Vot b [0.20,0.65) GeV/c? <0.7
3 D' mogve b D' nete b b DS ope : D’ Kleley ! [0.65,0.90) GeV/c? <1.9 (1.059)
b : Pt : Dot : 1 PR ULO(107> ~107°)
0 _A_l_aam_A_l_]_x_l_a:M i El 1 S - El 1 EI | T Y .1 |

184 186 188 184 186 188 184 186 188 184 18 188 * Significant improvements in UL
M (GeV/c?)
Phys.Rev.D97, 072015 (2018)
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Search for
Dt - ye™Tu,
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Searchfor DT — ye™u,

 Strong interaction effects theoretically
simple

* SM predictions range from 107° to 10~

* Data sample at DD threshold:
2.93fb™! @ +/s = 3.773GeV
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Searchfor DT — ye™u,

 Strong interaction effects theoretically :
simple 100000 K* " 1

40000F
aoo0of K @ T m°

20000

500001

* SM predictions range from 107¢ to 107 o000k

30000:-
— sooof. K8 T T

* Data sample at DD threshold: i

2.93fb™! @ +/s = 3.773GeV

10000}

Events/0.5 MeV/c?

10000

T

20000

T

10000F 5000

- -
P | L | PR IR S W Y 1

184 18  1.88 184 18 188
Mg (GeV/c?)
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Searchfor DT — ye™u,

 Strong interaction effects theoretically
simple

. . -6 —4
SM predictions range from 107° to 10 Signal candidate from y and et

150 - '
_ f—+— data
* Data sample at DD threshold: > ! t%tal fitbk
-1 — S 100———- n'e*v, bkg.
2.93fb™" @ +/s = 3.773GeV = : other bkg.
-‘\g .........
£ I
g sof
lu -
0 B b =2 T oo
0.2 -0.1 0 0.1 0.2
U, (GeV)
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Searchfor DT — ye™u,

 Strong interaction effects theoretically
simple

. . -6 —4
SM predictions range from 107° to 10 Signal candidate from y and et

150~ ' '
_ - —+— data ++
* Data sample at DD threshold: > total fit i
2.93fb~1 @ /5 = 3.773GeV 2 100 ——- v, bkg.
' - o " I other bkg.
-‘\g | ccccssene
z I
BR(D* - ye*tv,) < 3.0 X 107° g *r
@ 90% C.L. -
O B 3 >  § TS
-0.2 -0.1 0 0.1 0.2
* Largest systematic from EMC shower model U, (GeV)
* More data needed to discriminate th. models Phys. Rev. D. 95, 071102 (2017)
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Outlook ... ongoing analyses

« D - Kmete™ search for LNV
> Previous limits 10~* ...10;§L86’3969(2001)

> Expected BESIII precision 107

o close to publication

0

Search for D - " vv
o Theoretically clean
o Long distance effects suppressed

Baryon/Lepton number violation
inDT - A(e™) and Z(e™)
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Summary

o BESIII provides large data samples close to
charm related thresholds

Improved BF D¢ — pn

Observation of D — a,(980)e* v,

> Correlated DD production offers unique
opportunities

Improved upper limits D —» h (h)ete~

» DY flavour
» Charge-parity
» Predict missing track Tag decay

> Normali+zation
e

Upper limiton D* - yeTu,

Signal decay
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Summary

> BESIII provides large data samples close to * Improved BF D; — pn
charm related thresholds

* Observation of D - a,(980)e*v,

> Correlated DD production offers unique o . 3
opportunities * Improved upper limits D = h (h')e™e

> D° flavour * Upper limiton Dt = yetv,
» Charge-parity

Tag decay

» Predict missing track
> Normali+zation
€

* Long term perspective - large samples at charm
thresholds

DD 293fb~! - 20fb~1
DiDs 3.19fb71 > 6fb71
A,  0.6fb™1 - 5fp1
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Summary

> BESIII provides large data samples close to * Improved BF D; — pn
charm related thresholds

* Observation of D - a,(980)e*v,

> Correlated DD production offers unique o . 3
opportunities * Improved upper limits D = h (h')e™e

> D° flavour * Upper limiton Dt = yetv,
» Charge-parity

Tag decay

» Predict missing track
> Normali+zation
€

* Long term perspective - large samples at charm
thresholds

Signal decay DD 293fb™! - 20fb7?
DiDs 3.19fb71 > 6fb71
AN,  0.6fb~ 1 > 5fp1
Thank you for your attention!
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