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»Ac hadronic decays | apolrbg‘ize that I couldn’t cover
- BF(A& — p K" 1*) N other recent results today
- BF(A — n Ks® it¥) | — — —
- DCSD: BF(A:* — p K* )
- BF(A* = A ptvy)
»D hadronic decays
- Line-shape of o(e*e — DD)
- Amplitude analysis : D° = K" it* t* 1v
- BF(D — wn)
- BF(D® — Ks K* K°)
»Quantum-Correlated Charm analysis

- D% Kst* it via GGSZ method
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measured guessed unknown
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— most of the charmed baryons other NKR 0o o
. . other e N e
will eventually decay into A.. e | oo
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not men:liumd; - igun...“n: %
e Absolute BFs are not well é“fgxf.i;%"&d | e P ] v
. pRntn and S
determined, yet. o NN Uy SO I =
Often, used the golden mode, ) PRt N
+ R . Pk 4 Artind
A — p K it* to normalize. .
not measured; _— & Antntn
* Total measured BF is ~ 50%. e R e
fractions Artad
® Also, no neutron mode has been N e
e normaliza- nrvy
measured. fon mode: oK Ay,
6.8413-3204 0 0
N modes ALZ, E modes
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4 Belle:BF(A: — p K t¥) A

PRL 113, 042002 (2014)
- First model independent measurement on the golden mode.

- Sample: 978 fb! near the Y(nS) resonances, withn =1, 2, 3, 4, 5.

- Reconstruct ete — D)\ p t* A
# of inclusive A.*is obtained from the recoil against D) p nt.
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- Reconstruct Ac* — p K" t* based on the inclusive sample.

- BF = (6.8410.24+%21 4 ;)%
The most accurate measurement to date!
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d BESIII: BE(A: — p K 1t¥) N
PRL 116, 052001 (2016)

- First absolute BF measurement.

- Sample: near A\ mass threshold, Ecm = 4.6 GeV.
567 pb1: Simple pair production: No additional particles produced.
— Makes possible to employ the double-tag technique.

- For instance, for the case of A = p K m*and Ac = ATt

Signal side

Singe Tag: Nst = Nachc X BF(Ac AT ) x e(Ac — A n)
Double Tag: Npr = Nachc X BF(Ac — A 1v) x BF(A; — p K mt*) x g(N\c = A1 and A& — p K mt*)

Then, BF(Act — p K 1t*) = Npr/Nst X €(Ac — A Tv)/e(Ac — A Te and A& — p K- Tt).
Notice that the systematic uncertainty associated with the reconstruction of

~ - _' N - [ ) 0 ° ° e
\l\c N\ 1t tends to be canceled in the ratio of efficiencies. W,
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00k ng pK* L pKnn® \

?xtracting Nst and Npt -

50F

._._.\.A___Aﬁ_
¢ Look for 12 different tag modes. %
i - s
L d Flt tO MBC - \I(Ebeamz = I p/\ I) ;
3000 — ng . oK " oK T =
2000 - s -
1000 3
L 600 10t ngn%— ] o | ] >0 i
S a00f 5f - { g
E 200 226 228 23 226 228 23 226 228 23
G M (GeVie?)
S 3005—
= 200¢ ¢ In the above DT case,
100
; summed over the 12 tag modes
200 . °
ol e Simultaneously fit to the all
------------ L NDT - N/\cch BFtag X BFsigx EDT, While

226  2.28 23 2.26 2.28 2.3 226 2.28 2.3

My (GeVie?) constraining Nacae, taking into account
correlations over modes.

Nacac Will be a byproduct.
\—_ J
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Mode This work (%)

pKY 1.52 £ 0.08 & 0.03

pK-nt 5.84 +0.27+0.23 o -

pKOx° 1.87 £+ 0.13 £ 0.05 Also obtained 5
pKOnt 1.53 4+ 0.11 £ 0.09 Nacac = (105.944.810.5)x10°.
pK—nt a0 4.53 +0.23 + 0.30 . N

At 154+ 0.07 - 0.03 Other BF(A. hadrons) are measured
An* 0 7.01 +0.37 +0.19 with improved precisions.
Arta ot 3.81 +0.24 £0.18

307t 1.27 £ 0.08 4 0.03

>+ 70 1.18 £ 0.10 4 0.03

Stata 4.25 +0.24 +0.20

>tw 1.56 = 0.20 & 0.07

- BESIII : BF(A — p K" 1) = (5.84+0.27+0.23)%
Belle : BF(A: — p K t*) = (6.84%0.24%%-21 4 ,7)%

- Consistent? ... within ~20 ...
Hopefully, the agreement would improve further in the near future.
(more data? new technique?)
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BESIII: BF(A* — n Ks® t*)

- BESIII preliminary result based on the same ‘4.6 GeV sample’.
- First direct measurement A. decaying into the neutron.
- Employing the same double tag technique based on the 11 tag modes.
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bl
0.7 0.8 0.9 1 1.1
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~ Belle: BF(A:* — p K )
arXiv:1512.07366

- First observation of Doubly Cabibbo-suppressed decay of A..

- 980 fb! near the Y(nS) resonances, withn=1, 2, 3, 4, 5.

- Stat. significance = 9.40.
Nsic = 33791380(stat)+78 (SCS contamination:A.t — A(—pr)K*)
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BESIII: BF(A: — A I* v)

— Total fit
e At AT

) BE"s'l'li'b'r'éi[r'ﬁ]Hé'r'&'"'
78.71+10.5 sighals |

r
v=++ other bkgrounds

.l‘

0.1

0.2

- | = 0.96+0.1610.04

c—sltvy

- Not really a hadronic decay of A, but still interesting A decays.

Last year, BESIII reported BF(AH — A et ve) = (3.63+0.381£0.20)%
(PRL 115, 221805 (2015)).

Based on the data taken near the threshold: 567 pb* at E., = 4.6 GeV.

- They now have a preliminary result on A¢" = A u* v,

_BE(AG — At V) = (3.4910.46i0.26)%

consistent with the measured electric mode. |

- Thus;
F(AE — At v)/T(A — N et ve)

|

\
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BESIII: line shape of DD pair
‘near the mass threshold

T

00 mp » b

12

KEDR
PLB 711, 292 (2012)

10~

4 Scan 1
v Scan 2
e Scan 3

—— Solution 1 (VDM)
% e Solution 2 (VDM)
% e VDM fit

ceentHemnannnT

/
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W, MeV

events/(5 MeV/c?)

Coulomb

- Measurement of Y(3770) parameters.
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- It has been seen the distorted resonance shape in other experiments.

\

BABAR

PRD 76, 111105 (R) (2007)

m(D D) (GeV/c?)

- Total ~ 70 pb! in 3643 < Ecm < 3890 MeV.
- Single Tag method.

- Observed cross section = Np/(2xepxLuminosity) in each E.m bin.
25 (WV1 —2)op5(WV1 — ) F(z,W?) dz

Born Level

ISR




Hajime Muramatsu U of Minnesota FPCP 2016 JUN/2016 14

- _ N
Oobs(€*e"— DD) around E¢, = 3770 MeV

- Simultaneously fit to oons(W) of D°D° and D*D-.

- Only oons(e*e"— D*D) is shown here.

E, : ¢ Data
a 5 s Fit 00
bﬂ : m om OBorn -
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII. B l Resonant-w(377o)_>D+D
Based on the ‘on-resonance sample’: 54 A ] “ = = = Non-resonant -(2S)
_ - ] - On- ) 1
-o(e*e” — D°D°) = 3.641#0.010 (stat.)nb & | R § . BESI-On-peakData[2.92fb ] |
[ | - ' .
_o(e*e" — D*D’) = 2.844:0.011 (stat.) nb T F ¢ a0 Following the same procedure
g EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETSRm \ ‘ aSIntheKEDRpaper:
= ‘ "
L I . :
0000000000000 B 1 1 O'bom(Ecm)oc |ANR+ARes'eI¢|Z§
) ° = /' |
. Noteasytofit - o[ .
L] ° ° =
- With a single BW?* :
e o 0 0 0 o oooooo. B

2 III III h
2 3.74 3.76 3.78 3.8 3.82 3.84 386 3.88 3.9

Yo
~

I's [GeV]
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Results

;‘Cah-nly determine I'ge‘l’-(37l7°)xBF’(L|J(377.0)'—>D5)» o :
| (this is essentially, our DD YIELDS). '.

MVYG77D[MeV / ¢?]
3783.0 £ 0.3 27.5%0.9
3781.5 0.3 25.2+0.7

Source ¥ @3770) [MeV] F;@(3770) — DD [eV]

* Exponential 270 £24 |

230 +£18 :

+78 +72

160 55,420 _g

3773.2 + 0.3 27.2+1.0 [262 £ 18] X Bpp |

1 B(3770) - DD)

- The shown errors are statistical errors only.

- Consistent with the KEDR’s result (as they should).
Higher mass than |
the results without any interference effect considered.
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BESIII: D? > K t* it v
- One of the 3 golden modes of neutral D decays.

Based on the 2.93 fb! taken at E.,, = 3.773 GeV.

- The knowledge of various intermediate states improve
measurements such as;

Hajime Muramatsu U of Minnesota

/

» its branching fraction

» strong phase difference between D° and D? in this final state
thus, eventually the CKM unitary triangle y.

Existing experimental results are old (from Mark Ill and E691).

Double tag method:

/ D°DP fully reconstruction

e

K+
/a-[—

_—<
@
Tt_
A

Opposite charge
of K tracks
No shared tracks

Yields ~16k events with
>99% purity!
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Constructing amplitudes

- Total decay amplitude = coherent sum of each amplitudes:
M(pj) — annei(pnAn(pj)

p and ¢ are magnitude and phase of the nt" amplitude.
A, describes the relative contributions of the nt" amplitude:

An(pj) = PL(my)BE(my) S, (p)EL (p)E2(0,)F5(p))-

= | N\

Propagators of intermediate resonances Spin factors Blatte-Weisskopf barriers

The spin factors are constructed with covariant tensor formalism.
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Fitting to masses A

PrOJectlons of mvarlant mass (a h) and X d|str|but|on (|)
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Fitted phases and fit fractions (FF)

(
U= (K~at)p(rtn)s
(

o K_?r"')g (?T+?T_)T

245+012+0.37

Amplitude o; Fit fraction (%)
D[S] — K*p° 235006018 65+05+08
D°[P] — K*p° —225+0.08+0.15 23+0240.1
D°[D] — K*p° 249+0.06+011 7.9+04+0.7
D° — K~ai (1260), af (1260)[S] — pon* 0(fixed) 53.24+28+4.0
D° — K—af(1260), af (1260)[D] — p°nr+  —2.11£0.15+0.21 031011@1
D° — K (1270)7+, K; (1270)[S] = K*°7~ 148 £021+0.24 0 1401401
D" — Ky (1270)r+, Ky (1270)[D] — K*°7~  3.00 £0.09 £0.15, ‘ ,_0.?1(1.210.2
D° — K[ (1270)x*, K[ (1270) — K~ p ~246% 0.06 :I: 0\21) 34403+05
D° — (0"K)an™, (0"K~)a[D] = K=" —(} 43\i 000%012 11402403
D° — (K= p%)pr™ ) 0 014 £ 0114010 7T4E16+57
D° — (K-7+)sp” o o & '—‘2.45 £0.10+£047 20£07+19
D — (K=p%)vmt o \ 4\ —1.34£0.12+0.09 04+0.1£01
D° - (K*07= pm\\\ \ —2.09+0.12+022 24405405
D’ — K*D(Tr""'_'}s o N —017+£011£012 26+06+06
D° = (/I Oy it | —213+0.10£0.11 08+0.140.1
Do (K “nH)em)amt —1.36+0.08+0.37 56+09+27
D 5 K~ ((ntn)gmt)a —2234+0.08+0.22 131+1.9+22
D° — (K—nt)g(ntn)g —140£0.04£022 163+05+06
D[S] = (K—7H)y(mta )y 159+0.13+041 54+12+19
D° — (K—nt)g(ntm )y —016+017+£043 19+06+12
O & (K—nt)y(rtn)s 258+008+025 29+05+1.7
—2.9240.1440.12 03+0.1+0.1

0.5£01+0.1
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- K*(892) and a1(1260):
RBW w/ energy
dependent width

- p(770): GS formula
(PRL 21, 244 (1968)

- K1(1270): RBW

- Kt S-wave: the same
parametrization used in the
BABAR’s Dalitz analysis of
D% — Ks rttme
(PRD 78, 034023)
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BESII: DO > K it t* 1t

into 7 ‘components’.

- According to the intermediate resonances, group the 23 amplitudes

Component Branching fraction (%) PDG value (%)
D" —>K'*“p“ 0.99 + 0.04 4 0.04 +£0.03 ~ 1.05 £ 0.23
D — K~ af (1260)(p°7")  4.41+0.2240.304 0.13 3.6 +£0.6
0 - k0| _— I

DY — K (1270)(K_ O —)rt 0, OT(fOng 40,024 0.00 - S OEBA/D.03
D" — K (1270) (K~ p%)mt ¢ 0127 +£0.02 4 0.02 4+ 0.01 <77

DO s K- 7t pY 0.68 4+ 0.00 +0.18 £ 0.02  0.51 4+ 0.23
D’ —» K*97tn 0.57 £ 0.03 £ 0.034+0.02  0.99 4+ 0.23
D° - K—ntatn™ 1.77 4+ 0.05 4+ 0.04 £ 0.05  1.88 + 0.26

BF = FFxBFppg(D° — K 1t* t* mv).

The first and second errors are statistical and systematic uncertainties.

The third error is due to the PDG input.

Improvements over the existing results!

20

\
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BESIII: D — wrmt
PRL 116, 082001 (2016)

- The first observation of this
singly Cabibbo-suppressed decay

- Sample: 2.93 fb! at Ecn = 3.773 GeV.

- Double tag technique to
suppress contamination from continuum.

- Also measured D — nn

Mode

This work

Previous measurements

Dt s wont
DY = wr”
DT —nprt

DO—>7’[7TO

AN TN N N

2.79£0.57+0.16
1.174+0.34+0.07
3.07£0.22£0.13
0.65+£0.09+0.04

N— N N

x10™* <3.4%10~% at 90% C.L.
x10™% <2.6x10™* at 90% C.L.

x 1073
x 1073

(3.53+£0.21)x 1073
(0.68+0.07) x 103

N—

Events/(0.01GeV/c?) Events/(0.005GeV/c?)

FPCP 2016 JUN/2016
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BESIII: D° — Ks° K* K-

- PDG: BF(D? — Ks° K* K') = (4.4710.34)x103 : 7.6% uncertainty
And no absolute BF measurement.

- Has rich substructure: e.g., ao(980): Dalitz analysis is ongoing.

- Preliminary result on the BF measurement via Single Tag.

H ({4 ”
Flt to MBC vs Mnn ° :§ oooooooooooo _ ogo—loloololololorololoo 0.§0+0 s s e e e 0000 e :
L4 == Data E L - ]
Projectlons E === Monte-Carlo : B E_Sl | | _ry r
25000 N ]
E §18000 ; g:(t:i round n ~~~~~~~
§20000:— _: 316000 —MOdegl : 1 11 12 13 14 1.5m16 [ge‘;/.i] l ll 12 13 .lléll.“ll_i;.ili;. [1(';7e‘1,/8c] 1 11 12 13 14 15 if{ [lée‘l,'/i] °
515000:— -
10000 BESIII ’re iminary 4 "‘7 / - _ 7 | |
; : | BF(D? — Ks° K* K') .
5000 - ‘
; = (4.6210.05+0.18)x103
El(} 515 ............ . "4,*5 .......... g E 4'0% uncertainty now'
£ of £ obuh W’*yw“”i«,‘ﬁ. S ;,,4 H«w‘#ﬂk"h“ﬂf E , e
'5_5 ki _5_ ................................................................ E S -
~P83 1.85 186 187 188 , 0048 049 0'.5 051 052 .
m, . [GeV/c?] my [GeV/cT]
— % J
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Quantum-Correlated Charm ®
near mass threshold

DO

At E.™ M(P(3770)), a pair of D°D° (and nothing else) is produced via
ete > vy (— P(3770)) — DDO.
The produced D°D? is a C=-1 state.
Or
the two produced neutral mesons must have opposite CP
(i.e., see Goldhaber and Rosner, PRD15, 1254 (1977).
(one could also throw in an extra photon to have C=+1 state in D°D%y)

One application of this is to measure the strong phase difference
between

D% and D? — K° it* it over Dalitz bins.
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o~ (1952055

+3.5\ | Least known!
b2/t (876 33)

+63) /

$3/v = (73.2

= 2015 CKMfitter (Drr-ect Measurements)

>

ith bin

0 ( | | T
0 05 1 16 2 25 3
m (GeV e’

Mirrored binning over x=y makes itso ¢; = c_; and s; = —s_;
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W :
] C
_M Vep A 0
5 Vit
u
- _0 —
<B - D K > = ‘rBei(aB_¢3)
(B~ - DOK~)

Determine ¢3 through the measurement of
the interference between b >c and b - u transitions

when D%and D° both decay to the same final state (D).

Dist ipy:ci n sensitive to variables:

IIIIIIIIIIIIIIIIIIIII..

; : Bin yield measured in flavor decays
1y : color suppression factor ~ 0.1
63 strong phase of B decay

YCi s weighted'average of costAsy) -

L Y
|}
| |
l
I
L}
| |
I

L)
n
n
n
n
n
L]

is the difference between phase of
D°and D°

'.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

‘IIIIIIII. ‘.......

an® !

"~ Contributing to the measurement of y/ds

- For the case of D° — Ks t* it’, the binned decay rate over the Dalitz plot is given by;

and sin(Adp) respectively where Adp:

.lllll

f(D)K-

N

B-Factories measure y/¢s through B — D K.

Measured at
B-Factories

Through QCA at
Charm-Factories

_/
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Relations between
¢i si and yields in Dalitz bins

- Define ‘CP tags’ (CP definite final states):
CP Tag modes

Type
CP+ KK, ntn—, Kgn’n?, Krn®
cr- | Ksm¥, Ken(— v7), Ken(— ntr—7Y%), Ksw, Kgnf/

- Efficiency-corrected yields in the it" Dalitz bin are;
(see PRD82, 112006 (2010) for more details)

» & +cifor DT: D — CP(t) states vs D — Ksmt*rr
» & cicj + sisjfor DT (two Dalitz): D — Ksrt*rt vs D— Kstt*rr

- Simultaneously fit to them to extract ¢; and s..
\— J
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For the case of “CP tag vs Ksit'it

CP'I' Tag T ‘Y.Pr‘oj.ec-tic‘)n.: |20_:th )
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CP Tag modes
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D decay, D° — Ksp!!
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BESIII: Results on ¢; and s; A

151 Ci VS S;

- Based on BESIII 2.93fb?! at Ecm = 3.773 GeV.

- Only statistical errors are shown.

- Consistent with the previous CLEO measurement.

Toy MC ¢ estimate

o5sf — :
- O Model prediction i
- @ BESIII £
T V CLEO-c e

— BESIIl: RMS 2.165

‘1'-51.-5' B B B B 1S p— - CLE_O_C : RI\./IS 3.927
SL EmnE ’Q"
K 5 TR - ‘.v‘. %.“.415..‘45\[; ;“‘so””als"”'rloll ‘75”"‘
! - What thls result could do to the v/<I>3 is, ST ¢s i

if we take the Belle’s Dalitz result (PRD85, 112014 (2012)), “‘4
vy (in degrees) = 77.3*15-1 1, 9 (stat.) £ 4.2 (syst.) £ 4.3 (ci/si)) = 2.4 (ci/s))
We expect the uncertainly would be reduced by ~45% f

‘- Very important inputs for the future analyses by LHCb and Belle Il, where
t  the statistical sensitivity starts to reach ~1~2 degrees.
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Summary : Charmed baryon

- We are starting to;
» see precision measurements in A. decays
» fill the unknown charts in the PDG
» observe doubly Cabibbo-suppressed decays.

- B factories and BESIII will collect more data in the near future.
Soon, we should be able to;

» hopefully the agreement in BF(A: — p K* ') would be
improved

» push the precisions to the level as we have in D/Ds

» and certainly start to improve the limit (or discovery) on the
forbidden or rare decays.

\—_ _J
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~ Summary : Charmed mesons

- The large Y(3770) sample of BESIII allows to make measurements
with improved precisions, such as;
» amplitude analysis of D° = K it t* 1t
» the first observation of SCSD, D = wn
» improved BF(D? — Ks? K* K)
» as well as resonance parameters of the {(3770) state.

- Quantum-correlated D°D? in e*e” annihilations near threshold
provides unique inputs to the CKM angle measurements,

such ¢; and s;.
Could we see similar results based on ‘D°D%’ (C=+1 state) in the

future?

- As BESIII is accumulating ‘Ds’ data around E., ~ 4180 MeV,

(the goal is to collect 3 fb?),
___expect new results on Ds decays in the near future.

\




