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Outline

* Amplitude analysis of charmed meson decays
« DY -> K'ntnOn0; D* -> KO mtmtn; DY -> wtndn pesm

» D" -> KK'K" i

» Two body decays of charmed mesons
* D*; > p n; D%, -> on* and oK* ; D*, -> K%K* and KO K* sest

* Charmed baryon decays
e A ->Zmand A2 -> T A -> Aqmtand A ->Z7(1385)n Besh
« I 5 DfpK 7t EF — po ik

« Charmed baryons lifetimes g4

* Not covered in this talk:
 Mixing and CPV in charm (see Fabio Ferrari's talk )
. gr,e|||o(‘rc)>nic and semileptonic decays of charmed hadrons (See Sifan Zhang's
a
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= Charm Production at Threshold

« Single tag: fully reconstruct the signal D(s), A,

« Double tag:
* Fully reconstruct the tag D(s), A, taking advantage of kinematic constrains
 Search for the signal mode in the recoil system
« Possible to measure absolute Branching Fraction

K~ Tt
mg/ 77:: Signal side @éﬁo Signal side
4 T 0F my  4.178GeV  © e
€ s (3770) e €7 2y
X @
Tag side ”_>® Tag side n_%/
-

AE=E —E

Beam

2 2
MBC = \/EBeam N pD
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THES Charm Production in the Forward Region

Prompt taggin
* Gluon fusion is main production mechanism for heavy ptag9ing h

(c & b) quark-antiquark pairs Primary
vertex (PV)

* Produced charmed hadrons go together in forward

direction (LHCb acceptance 2<n<b) D** ; ~ ke
« Lorentz boost provides signature for c-& b- hadrons s
selection
« Tagging for prompt-c production gives the highest Secondary h
tagging rate (semileptonic) 4

« Tagging for ¢ from b decays gives the most efficient
triggering
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Amplitude Analysis of
Charmed Meson Decays

//////



3CSII

Double tag analysis: tagmode: DV — K™

Events/(0.02 GeV?%/c%)

Events/(0.02 GeV?/c%)

Amplitude Analysis of DO -> K- mnon’

6100 events with 99% purity used for amplitude analysis
(8.86 + 0.13(stat) + 0. 19(syst)%

B(D" - K—n*tn%7%) =
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arXiv: 1903.06316

Q+/s = 3.T73GeV

2.93fb ¢

Amplitude mode FF (%) Phase (¢) Significance (o)
D — SS

D — (K1) swave(r°7%)s  6.92+1.44+£2.86 —0.7540.1540.47 > 10
D — (K™ 7°)swave(m77%)s 418 £1.02 4+ 1.77 —2.90 £ 0.19 4 0.47 6.0
D — AP,A—VP

D — K~ a1(1260)*, p*7°[S]  28.36 £2.50 £ 3.53 0 (fixed) > 10
D — K~ a1(1260)", p T 7°[D] 0.68+0.29+0.30 —2.0540.17+£0.25 6.1
D — K1(1270) 7t K*~7°[S] 0.154£0.094+0.15  1.84 +0.34 4+ 0.43 4.9
D — K1(1270)°7°, K*%O [S] 0.39+0.18+0.30 —1.5540.20 4+ 0.26 4.8
D — K1(1270)°7% K*°7°[D] 0.11£0.114+0.11 —1.35+0.43 4+0.48 4.0
D — K1(1270)°7° K~ pT[S] 2.71£0.384+0.29 —2.07 £ 0.09 & 0.20 > 10
D — (K 7% art, K* 7°[S] 1.854+0.62+1.11  1.934+0.1040.15 7.8
D — (K*71%) am®, K*°7°[S]  3.134£0.45+0.58  0.44 £0.1240.21 > 10
D — (K*°71%) a7, K*°7°[D]  0.46 £0.174+0.29 —1.84 +0.26 4 0.42 5.9
D — (p" K~ )an®, K pT[D] 0.75+0.404+0.60 0.64 +0.36 & 0.53 5.1
D— AP, A— SP

D — (K™ 7)) swaver)am®  1.99 £1.08 £ 1.55 —0.02 +0.25 4 0.53 7.0
D—VS

D— (K« )S wavep 14.63 £ 1.70 £ 2.41 —2.39 +0.11 +£0.35 > 10
D — K*~ (77 7%)s 0.80£0.384+0.26  1.59+0.194+0.24 4.1
D — K*(r%7%) s 0.12+0.1240.12  1.454+0.48 £0.51 4.1
D—-VPV VP

D — (K* 7")yn° 2.25+0.434+0.45 0.5240.12+0.17 > 10
D—-VV

D — K* pt[9] 515+0.75+1.28  1.244+0.11 £0.23 > 10
D — K*~ p*[P] 3.25+0.554+0.41 —2.89+0.10+0.18 > 10
D — K*~p*[D] 10.90 £ 1.53 £2.36  2.414+0.08 +0.16 > 10
D — (K~ 7%)vp"[P] 0.36 +0.19+£0.27 —0.94 +£0.19 +0.28 5.7
D — (K~ 7%)vp"[D] 2.134+0.56 £0.92 —1.93 +0.224+0.25 > 10
D — K* (rtn%)v[D] 1.66 £ 0.52 £0.61 —1.17 4 0.20 +0.39 7.6
D — (K~ 7%y (nt7°)v[S]  517+£1.914+1.82 —1.7440.20+0.31 7.6
D—TS

D — (K~ 7") sowave (7?77 0.30£0.21+£0.30 —2.93 +£0.31 4 0.82 5.8
D — (K™ 7°)swave(r 7% 0.144£0.1240.10  2.23+0.38 4+ 0.65 4.0




BEST  Amplitude Analysis of D* -> KO mtmtm— [ rozosese

Double tag analysis: tag mode D™ - K n™m~ 2-93fb—1@\/§ — 3.773GeV]
4559 events with 97.5% purity used for amplitude analysis

& N ) =AM B B e s P
X L b)) {2 [
%z | % B 100
= 200 = | s L
E: " %'m: ; § Component Branching fraction (%)
B 50 1 5 s Dt — K%a1(1260)+ (pOnT) 1.197 £ 0.062 £ 0.086 + 0.044
—_ m 50 -1 =
[ i 1 Dt 500)7 1) [0.163 4 0.021 £ 0.005 =+ 0.006
[ e Q"‘ o K1(14OO)O(K*_7r+ §7r D 0.642 £ 0.036 4 0.033 £ 0.024
0 08 T r;ll(l’(“’nl) (lGeV/c) 0E==5% T Im.(;{%’;*) (Gg;/&) 0 Dt — Kl(um) (Rgp )71' 0.071 £ 0.009 £ 0.021 + 0.003
~ T C e T o DT — K(1460)0(K* )t 0.202 4+ 0.018 = 0.006 £ 0.007
L S @ 12 = | DT — K(1460)° (KZp?)r ™ 0.024 £ 0.006 = 0.015 = 0.009
= [ i =t 2 ol DT — K1(1650)0(K* at)nt 0.048 +0.012 + 0.027 £ 0.002
S 0oF 13 | ST Dt — K97t p0 0.190 + 0.021 4 0.089 + 0.007
E . gun E 5(1 Dt — Kontntm— 0.241 +0.018 + 0.018 £ 0.009
sof- R I i *
ot O#J 08 . ol 7 B TS (T R L "(—).x“ T2 ia s
m(im) (GeV/e?) m(ri) (GeV/c?) m(Kin) (GeV/c®) . .
& T & P T T TR & . - T ' Impr'oved precision for sub dZCCly modes
§|50:— — §150:— (h) — g 35?mm=o.as:u7 (i) A
2 | 12 3 B + - Agreement with previous measurement
< 100f- 4 S0 2 . . B B
g | g | ’ i « Comparison with neutral mode D° -» K n*n*n
o 1 & of _
50_ S()_ _E o N 7_[
. _ Dt - K,(1400)°x* larger
oL ol [— ol . e v —r
1 1.2 14 1.6 06 08 1 1.2 14 . B . .
m(Kmn) (GeV/e?) m(m'') (GeV/e?) X
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BESIT Amph'l'ude Anqusis of D+S -> 1'5"'7'5011 arXiv: 1903.04118

Double tag analysis:

3.19fb" @+/(s) = 4.178GeV

fag modes D; — KK~ ,D; — KK n~,D; — KoK n°,D; — KtK n =",

D - KeKtr n~,D; - 7 n

1239 events with 97.7% purity used for amplitude analysis
ap(980) (") m(ap(930)")
m(ap(930)") ) ap(980)* ()
“n) = (9.50 & 0.28(stat) £ 0.41(sys))%
Amplitude én (rad) FF,
DI — pty 0.0 (fixed) 0.783 + 0.050 + 0.021

D = (7t 7%)yn 0.612 +0.172 £ 0.342 0.054 £ 0.021 =+ 0.025
DT — ao(980)7 2.794 + 0.087 + 0.044 0.232 + 0.023 + 0.033

B(DY — ag(980) 7% ) ag(980)T(©) — 7 (On) = (146 & 0.150ar. & 0236y )%

First observation of D*s -> a° n*, 16.206 significance
5/9/19
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§488 Dalitz Plot Analysis of D* -> K-K*K* (1)

Dalitz plot analysis performed with the isobar model and a
phenomenological model based on an effective chiral lagrangian
(Triple M amplitude).

Possible contributions in the Isobar Model:
Isoscalars: fo(980),fo(1370), fo(1500)
Isovector ag(980), ag(1450)

Vector ¢(1020)
Tensor f2(1270)

Different Diagrams contibute to | PRD 98,056021(2018)

Tr'ipleMAmpliTude:

LHCb
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§i&e  Dalitz Plot Analysis of D* -> K'K*K* (2)

3000

2500

2000

Isobar model: several variation of the decay amplitude give

similar fit results
Baseline result includes ¢(1020) K*, fo(980) K*, fo(1370) K*

1500

candidates/(0.0095 GeV?)
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Triple Mamplitude has a non resonant component plus the

III|IIII|IIII|IIII|IIII|IIII|II—r

minimal SU(3) content corresponding to $(1020), a(980), T e e T

1.9

fo(980), fo(1370) K* M2(K*K-) [GeV?]
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Both approaches give a good description of data

Resonance structure is largely dominated by S-wave
component with a 7% contribution from ¢(1020) K*

candidates/(0.0095 GeVz)
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Two Body Decays of
Charmed Mesons

//////



BESIT

D+S -> p n Phys.Rev.D99, 031101 (2019)

3.19fb""@+/(s) = 4.178GeV]

At short distance BR expected to be 0(10-%), due to the chiral suppression factor (m,/mps)*
Long distance effect can enhance BR up to O(10-3)

P AL

Short Distance Long Distance
First evidence by CLEO-c: (1.30 £ 0.361012) x 10~3 | PRL 100, 181802(2008)
BESIT B(D+ — pa) = (1.21 £ 0.10(stat) = 0.05(sys)) x 10~ .

—. : : - —t— dat
Double tag analysis: D*s -> p n'is reconstructed in the recoil L an
of a fully reconstructed Dq 40 e Signal ,‘
Signal yield from unbinned likelihood fit o the missing mass C Background

o M, Sideband

‘ i

Irfil ﬂll g u‘ |||| r. ”. ------- |"|“.||I'1r"|r i m s

The short distance weak annihilation process is not the

driving mechanism
The hadronization process driven by non-perturbative

dynamics determines the underlying physics

[\°)
<>

Events/(0.002 GeV/c?)

0

0.85 0 90 0.95 1 00
(GeV/c?)
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BESII

From CLEO: evidence of D*s -> on* and UL on D*s -> oK*

D*. -> on* and wK*

Pure W annihilation processes, sensitive to direct CP violation

Using B(D*s -> @n*) as input, Q. Quin et al. [PRD 89, 054006] predict:
B(DY — wK") =0.6 x107%, Acp(DI — wK™) = —0.6 x 10°* (without p — w mixing)

B(DT —» wK")=0.07x 107", Acp(DI = wK") = =23 % 107" (with p — @ mixing)
D*s -> on* (6.7 o)

Double tag technique.
Signal yield from fit to M, and M,

First evidence

the order of -0.6 x 103

RS
>
)
=
o
B(D} — wrnt) = (1.77 + 0.32(stat) + 0.12(sys)) x 1073 5
B(D} — wK™*) = (0.87 £ 0.24(stat) + 0.07(sys)) x 1073 &
L
NQ.)
According to Q. Quin et al. this results imply that >
p - ® mixing is negligible and that direct As is of E
2
()
>
(NN

5/9/19
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arXiv: 1811.00392

3.19fb'@+/(s) = 4.178GeV
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BESIT

| arXiv: 1903.04164 I
and KOL K*

+
D s ~ 3.19fb—1@§7(s)=4.178Gei7|

\'4
N
o
n
N
+

_ 3003— :r: g
D; candidates from the process % 3 > UF
efe” — D:*DF — yDfD; Z wf 3 wE
' N - 2 n
Double tag analysis - : SRR =
Signal yields from UML fit to g "F 2 b
M(KO,K?) g F g E, o W
MM? = (Pe+,- - Pp- — Py — Ppe+)? . P S—
R0 N S g e ARRECRL X E"\;‘*‘Wﬂﬁm’ *ﬁ%*&é&**‘«m%
ST 195 > B 02 04
M(K%K*) GeV | MMZGeV
B(Df — KgK™) = (1.425 £ 0.038at. £ 0.031syst. )70 «——— Compatible with WA
B(Df — KYK™) = (1.485 %+ 0.039at. & 0.0464ys:.)%
B(DF-KAKT)—B(DT-KOKT) > New
- = = — — (_2.1 :l: 1.98tat. :I: 1.6syst,)%

B(D —»KQK+)+B(DF - K9 K+)

~
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Charmed Baryons
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Charmed Baryons

Studies of charmed baryon decays provides insights on internal dynamic
complementary to the ones coming from charmed meson decays.

Until 2014, the charmed baryons measurements had large experimental uncertainties
and the development in theory was limited

Afterwards, more extensive measurements from BESIII, BELLE and LHCb:
— The absolute BF measurements (BESIII/BELLE)
— The observation of DCS mode A{ —» pK*nt™ (BELLE)
— The observation of £ (LHCDb)
— The lifetime measurement of £ and Q.

These experimental progresses stimulated renewed theoretical efforts

5/9/19 16



arXiv: 1811.08028

Ac+ -> 2+n Gnd Ac+ -> 2+n' (1) 567pb—1a\/(S) = 4.6GeV

15—

Q

Events/( 10.0 MeV)
o
* T

u u
S > =t u >2+
A+ W\i%<u A+ <S
C C W+

d Dam |, S JH_ H} ﬁ Hu HJT H {
A I
-0.1 0 0.1
CF decays that proceed through non-factorizable A& -> T A Q (GeV)
internal W emission and exchange
Single tag analysis, A fully reconstructed in m, geor—g; T we
', >*n0, Ztm channels E I ~4-data
S 60 -
Applied a mode dependent selection on AQ z |
AQ = AE — k(Mo — Mx+) o OF I ]
AE = Bpeam — By 20 }HH+ +t PL gy
K is determined from data with a fit to the two- N + 1 ,MH’*%&##
dimensional distributions of AE versus My, with a 01 0 AQ (GeV)
linear function A -> Xnd
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BESII

=
Signal yields from UML fit to Mgc distributions &
Nyp =146 6.6 Nypr = 13.01: 4.8 §
BAL=ST) () 3540.16+0.03 < 0.58 @ 90% o’
B(AT »3+7x0) . . '
B(AT—2Tny - | A
BB ) — 0.8640.344007 <12 @90%CL
Using previous BESIII measurement of =
B(A}f — Xt7%) and B(A} — X*w) from .
PRL 116, 052001 (2016): z

2

B(A, — 1) = (0.41 £ 0.19 £ 0.05)% < 0.68% @ 90% CL
B(A, = X ) = (1.34 £ 053 £ 0.21)% < 1.9% @ 90% CL

5/9/19

Al ->Zmand A -> EM
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Jr T
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BESIT PRD 99, 032010(2019)

A -> Anmtand At -> Z+(1385)n

567pb—10\/(S) = 4.6GeV

. . E 80 :_ + (c) §100 — — Daa ¥2/ndf=8.40/15
 Single tag analysis. e ][ 2 b e
« Cuts on M(pﬂ:'), M('YY) and AE. % 6oL + + % - eeeeeees Signal curve
 Event yield for Ann* from UML fit fo Mgc 5§ | .H. + + § [ 7o Background curve
Event yield for 2+(1385)n from UML fit to = 4o +++ #H-} H- } = sl
M(Ar*) on events within the Mg signal | Jq f H;f Hﬂ Jq +++ .H | ﬁ;
region 20 f 1 _T++' THEE LK
o1 005 0 005 o1 Y ey 2'29 .......... 23
AE (GeV) M (GeV/c?)
A777T+ 2*+?7 40 - + —4— Signal region (©
Nsig 154 £17 54 £ 11 i —— Sideband region
e(%) 15.73 +0.01 12.84 +0.01 .

B(%) 1.84 £0.21 £0.15 0.91 +0.18 £ 0.09

Events/(0.07 GeVZ/c*)
(F%)
[—)

2 : |
‘ 1++t ﬂﬁ%ﬂi -

5/9/19 1.5 2 2.5 3
M2(AT) (GeV/c?)
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Search for =t+ — DtpK—7t (1)

- CC

arXiv: 1905.02421

1.7fb~1Q/5 = 13TeV

Searched for =" — DT pK~ 7" (CF) D* — K~ 77T (CF)in 2016 data

Ndive expectation: B(=l.m — DTpK 7)) ~ B(Z{ = ATK nnT)

C > C > > C
C: d u > u A
- ‘ i < .
—cc U »- u 7[+
C: : .
a u
C VI/H/C: S c > > S K
u u
i W% +
a” a’”
In addition:

LHCb has an excellent D™ — K~ 7™ trigger

Longer D* lifetime implies that D* flies further away from =! " decay vertex

5/9/19 20



{88 Search for =t — DtpKk—7t (2)

- LHCb Preliminary
- +Data RS

[a—
[\
=)

After selection:

* 80°/O pUI"ITy D+ S(lmple 100 F —F%t _:
+ No =t — D¥pK~nsignal in 2016 data  Bkeround :

« RS andCCWS candidate mass distributions look similar

Set Upper Limits on: )

Candidates /(0.5 MeV/c?)

20 f

™ B(E?_.LQL — D+pK_7r+) B K Ml

S y—— T o_ = e e
B(—cc — AK—nmtnt 0 850 1860 1870 1880 1890
N(D+TpK— =+ At K-t M(K rttt) [MeV/c?]

- ( p 7.‘- ) >< B( ¢ % p 7T ) 250_' L L DL UL L B
(AFK—mtat B(Dt — K—nt7w™T) - LHCb Preliminary :

200F -Ecc = D'pKn* (RS) *_'

. . 4= - DK (WS) * H

— 184 £ 29 (from data) = 0.46 + 0.01 (from simulation) = - DK (WS) + il 31

100 F

R < 1.7(2.1) x 107* at 90% (95%) CL

Candidates /(5 MeV/c?)
E
|

N
)
TT [ TT1

Better understanding of resonant and non resonant contribution
is needed to explain large difference in Branching Ratios

ittt
ol

0_ A
3500 3550 3600 3650 3700 3750 3800
5/9/19 m(D*pKx) [MeV/c?]




e

Measured the ratio:

B(ZF — po)

}%%xﬁ —

Fraction of ¢ in KK mass spectrum

pKm
6total

R .=
T Bl K+K-) - Nyer . ¢

total

Candidates/(1 MeV/c?)
: g & 8 ¢

_

S

=)
[

B \
s Y
1 il ot | 1 1 1 [~y 1

B(Zf— pK-nt)

= (19.84+0.7+0.9+0.2) x 107°

Observation of DCS Decay =ZF — p¢

JHEP 04, 084 (2019)

2fb71@+/(s) = 8TeV/|

— U
—d P

From knowledge of ¢ -> KK branching fraction

)
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IIIIIo T T 11T
) —e—
\NN==F
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e Charmed Baryons Lifetimes

=1 background subtracted data

Eér;r lifetime

PRL 121, 052002 (2018)

Measured in =1+ — AT K~ 77" decays

— CC

relative to A} — ATn 7w~ decays

From a fit t to data: 7(=/"

€2 lifetime PRL 121, 092003 (2018)

Measured in Q%— pK K rn*
from Q,—Qou vX
relative to DT — K ntnt
from B — Dtum,X

2 _ 9258 + 0.023 + 0.010.
TD'

Too = 268 £24 + 10 + 2 fs,

5797 19

O T
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Candidates / (0.095 ps)

— T
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-o- Data ]
— Fit
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1.5 2
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EXPZCTGTiOH: TEj > TAEL > TE(C) > TQQ

QI (PDG) —o— =y —— Q0 (LHCb, 2018)

) = 0.25670:0°% (stat) 4 0.014 (syst) ps
LHCb Q>0 VX
8 102; + Data
g - — Fit
o
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Summary and Outlook

» The present:
»Many new interesting results from BESIIT and LHCb

»More can be extracted from the already existing dataset of
BESIIT, LHCb, BaBar and Belle

» The future looks bright for charm:

»More data from BESIII are being collected and Belle II has
started data taking with the complete detector

»And then there is the LHCb upgrade to higher luminosities
»And may be a super tau-charm factory in China or in Russia
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Amplitude Analysis of D -> Knnr

 Seven D -> Knre modes:
D' > K rn'ntn K ntn’n’, Kin‘'n o’ ,Kin'’n’n’
D" >Krn'n'n’ Kin'n'n Kin"n'n’

 Knowledge of different modes can be used in many measurements:

 Branching fraction measurements
« Strong phase measurements
« CKM measurements

* Previous measurements of D’ > K z'z"z",Kix" 7 z° and
D" > K n'n'n’ ,Ken'n'n~ performed by Mark ITI and E691 are
affected by low statistics

« Now all modes are measured by BESTIT and/or LHCb
* Presented in this talk: D9 -> K'nta%n%; D* -> KO .tmtn
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% D -> Kn'ntn= (RS) and D -> K*m—n—n+ (WS) (1)

Yield
Signal Combinatorial Mistag
Background — Background

D" — K-ntntn

2011 266368 £490 977 £ 10 —
2012 624332 £ 765 2475419 —
Total 890701 £927 3452 +24 —
D' — Ktr—n—nt

2011 875 £ 32 151+£3 47T+£6
2012 2154+£51  340+£5 108£9
Total 3028 £+ 61 491 £7 155 £ 11

RS: 890,000 sig. evts, >99% purity
WS:s3/000 sig. evts, 80% purity

3fb1@ 7and 8 TeV
Reconstruct B -> D*(2010) [D%] p X as a clean source of DO
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RECB D - Ko (RS) and D -> Kt (WS) (2)

« DY four-body decays are described in terms of a sequence of two-body states.
« TIsobar model is used.

D -> Kntntrn~ (RS) D -> K'nnrn+t (WS)
Largest contributions from: Largest contributions from:
0 D — a;(1260) T K~ ~ 40% O DY — K,(1270/1400) 7~ ~ 40%
0 DY — K*(892)%p(770)° ~ 20% O DY — K*(892)°%p(770)° ~ 20%
0 D° — [K—at]" " [xtr=]" " ~ 20% O D° — [K+r= 1" [ata=1"7° ~ 20%
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Doubly Cabibbo Suppressed WS Decay studied for the first time
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Events/10 MeV?/c*

A. measurements @ BESII

PRL 118,112001(2017)

PRD 95, 111102(R) (2017)

B(AY - pn) = (1.24+ 0.28 £ 0.10)x1073

B[A{ >nK°r*]=(1.82+0.23+0.11)%

B(AY - pr®) < 2.7x107*
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=, measurements @ (&4

PRL 119, 112001 (2017)

PRL 121, 162002 (2018)
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